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ABSTRACT

Today, acceleration of internet and common use of web pages, revealed the necessity of work with any browser smoothly
for each application without of requirement of any plug-in. Generally, HTMLS is a new body of standards which is formed
with the combination of CSS and JavaScript. In this context, by analysing game engines developed for HTMLS, their
features and advantages are investigated. Although, these game engines are close to catch up with the level of popular
game engines, it is seen that none of artificial intelligence library was developed for HTMLS5 based games up to now. In
this study, DignityAl artificial intelligence library is developed to fill this deficiency. Developed library has ability to be
integrated to all HTMLS games independently from game engine and to add artificial intelligence dynamics to these
games.

Keywords: HTMLS, WebGL, Artificial Intelligence Library, DignityAl, Computer Games.

HtmlS tabanh oyunlar icin yapay zeka kiitiiphanesi: DignityAl
(074

Giinlimiizde internetin hizlanmasi ve web sayfalarinin yayginlagmasi, her uygulamanin her tarayicida herhangi bir eklenti
gerektirmeden sorunsuzca ¢alismasi gerekliligini ortaya ¢ikarmistir. HTMLS genel olarak, CSS ve Javascript'in birlesimi
ile olusan yeni bir standartlar biitiiniidiir. Bu noktada, HTMLS i¢in gelistirilen oyun motorlart incelenerek; dzellikleri ve
sunduklar1 olanaklar arastirilmistir. Bu oyun motorlar1; popiiler oyun motorlarinin seviyesini yakalamaya yakin
olmalarina ragmen, herhangi bir yapay zeka kiitiiphanesinin simdiye kadar HTMLS5 tabanli oyunlar i¢in gelistirilmemis
oldugu goriilmiistiir. Bu ¢alismada, s6z konusu eksikligi gidermek amaci ile DignityAl yapay zeka kiitliphanesi
gelistirilmigtir. Gelistirilen kiitliphane, oyun motorundan bagimsiz olarak tiim HTMLS oyunlarina entegre edilebilen ve
bu oyunlara yapay zeka dinamiklerini katabilme yetenegine sahip bir kiitiiphanedir.

Anahtar kelimeler: HTMLS, WebGL, Yapay Zeka Kiitliphanesi, DignityAl, Bilgisayar Oyunlari.
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1. INTRODUCTION

HTMLS and WebGL are among the most popular and
latest technologies which are especially focused by the
World in recent years. Also, with each research on game
developing field, which became stronger by accelerating,
increases its invaluable position. Besides, the topic of
artificial intelligence, which the large technology
companies interested in, perhaps can be shown in the first
place in addition to the rising popularity of this valuable
research subjects. This situation has gained even more
importance by the help of personal assistant with artificial
intelligence published by three technology giants such as
Apple, Microsoft, and Google.

In this research, first of all, the development of artificial
intelligence systems in games and current artificial
intelligence libraries are described by considering the
history of artificial intelligence in computer games.
During the research, all games that can be integrated with
the artificial intelligence engine library were analyzed
independent of any game engine. However, it was
observed that there was no such library that can be used
for games based on HTMLS. In this point, developed
DignityAl library have the feature of being first of its kind.
Furthermore, it was observed that each developed artificial
intelligence library focuses on a particular type. In this
context, the investigations are carried out on the
relationship between artificial intelligence and game types.
It is centered upon the action (FPS, TPS), role-playing
game (RPG), real- time strategy (RTS), adventure,
platform, sports and racing from game types. The use of
methods of finite state Machine(FSM), hierarchical
artificial intelligence, fuzzy state machines (FuSM),
behavior trees, path- finding, data driven systems and
fuzzy logic artificial intelligence has seen and some
information is given.

Subsequently, information about the development of
HTMLS and WebGL is given. Then, HTML game engines
are examined, the stable and current most popular game
engines, which can develop both 2D and 3D games, are
handled. Investigated game engines include Construct 2,
ImpactJS, PixiJS, PlayCanvas, Three.js, Phaser, Kiwi.js
and enchant.js. The sample game in this study is
developed by using PlayCanvas game engine.

Finally, information about general structure and all classes
of DignityAl artificial intelligence library within the scope
of such study is given. In addition, a small game developed
by using this library is presented at the end of the study.

2. LITERATURE REVIEW

Wexler, in his work, firstly made an introduction to the
history of computer games and examined the development
of the artificial intelligence in the computer games.
Although the main scrutinized issue was artificial

intelligence in computer games, he studied the artificial
intelligence system of Black and White, Lionhead Studios’
game, and where can the artificial intelligence come in
games [1].

Middleton, in his work, observed the history of artificial
intelligence in computer games and development of
artificial intelligence systems in the last 25 years of
history. In the study, he made detailed examination and
comparison from chess artificial intelligence designed by
Alan Turing in 1950’s to Deep Blue computer that
defeated Garry Kasparov, from the famous RPG game
Dungeons&Dragons to another legendary RTS game
Dune II, from Age of Empires series to artificial
intelligence systems of Valve’s most popular game in the
FPS genre Half Life [2].

Stall, in his work, proceed through a very natural example
experienced by him to explain the finite state machines and
described the finite state machines in a very clear manner

[3].

Schwab, in his work, made a very detailed investigation on
the s details of developing Al (artificial intelligence) game
engine from simple components like navigation, decision-
making and inputs to detailed research of game genres and
components, from the detailed method analysis such as
finite state machines, fuzzy state machines, messaging
systems to complete Al game development. Some
advanced issues such as genetic algorithms, neural
networks, fuzzy logic, behavior trees were described
particularly in his book [4].

Lubbers et al., in his work, elaborated on details of HTML
programming from HTML and XML which is the basic
components of HTMLS to presently JavaScript and CSS
that comprise HTMLS5. He also searched intimately all API
libraries of HTMLS which was widely used and had not
been examined yet, besides with such review it was given
useful examples to learn what browsers are supported by
which API [5].

Freeman, in his work, scrutinized JavaScript and CSS that
constituent the HTMLS5 and revealed the detailed guide to
use the full power of HTMLS by using such technologies.
Focusing on HTML programming he mentioned the
methods of forms and form verification and after referred
the detailed CSS resource [6].

Parisi, in his work, opened the doors of the world’s of
WebGL and described the formation and history of the
WebGL up to today. Primarily making an introduction to
WebGL and then by using Three.js game engine he
developed a simple WebGL application. He referred the
use of WebGL with graphics, animations, 2D and 3D
environments for promotion and developed the sample
WebGL game [7].
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Rabin, in his work, expressed the artificial intelligence
method that depends on the level of detail (LOD) which is
a new artificial intelligence approach in RPG games. He
mentioned it was an effective technique that speeded up
the artificial intelligence system together with the
adaptation to artificial intelligence of such technique in
graphic programming and that helping to reduce the CPU
load [8].

Compton et al., in his work, studied on procedural section
design, which is one of the most difficult artificial
intelligence subjects, in the platform games and developed
the new algorithm for section design improving four-level
method [9].

Beirne, in his work, handled the artificial intelligence in
the racing games and explained the development of tuning
and car modification artificial intelligent with their most
used models [10].

Moreover, some projects on github.com has been added
within the works in this field by referring some parts of
artificial intelligence in HTMLS5 games.

Gordon, in his work, presents us a framework called
Javascript State Machine and focused on finite state
machines (FSM) [11].

Cowart, in his work, described behavior trees creating with
Machine.js project focused on finite state machines (FSM)
similarly [12].

Xu, in his work, just focused on path-finding and studied
Pathfinding.js project which is one of the best projects that
is specialized in this area by hosting several search
algorithms [13].

3. ARTIFICIAL INTELLIGENCE IN COMPUTER
GAMES

3.1. History of Artficial Intelligence in Games

Computer games arose with the game named “Tennis for
Two” in 1958 which was developed by William
Higinbotham, who was a researcher in Brookhaven
National Laboratory. This first game developed by
William, was only possible to be played with an
oscilloscope. The first game that can be played on
computer was “Spacewar” developed by Steve Russell
from MIT. In 1970s, Nolan Bushnell and Ted Dabney,
who will later be the founder of Atari, developed the game
named “Computer Space” which would be the first video
arcade game. In 1980’s, the first 3D game Battlezone was
developed by US government for use of military training
and 4 years later namely in 1984, Nintendo game console
provided computer games to commercially enter to houses
by hitting the market. Afterwards, it became a huge
industry together with the acquisition of PlayStation by

Sony and spread of computer games in personal computers

[1].

When looking the history of artificial intelligence in
computer games, it can be said it was revealed firstly on
board game genres. The artificial intelligence for chess
game in 1950s developed by Alan Turing and Claude
Shannon, who are the fathers of artificial intelligence, is
shown as the first example of it. In 1952, the checker game
“The Samuel Checkers-playing Program” developed by
Arthur Samuel from IBM is known as the first game to be
self-learning and considered within the earliest examples
of artificial intelligence [2].

In 1990s, the fictionalizing period of more intelligent
systems began with the use of artificial intelligence in
computer games and developing processor technology.
Many games in “Turn-base Strategy / TBS” genres (Chess,
Checker, Go etc.) are considered as the first game genre
which the artificial intelligence was used and “Role-
Playing Games /RPG” genre follow it. In 1992, with Dune
II’s, which is developed by Westwood Studios and known
as the first example of the “Real-Time Strategy /RTS”
genre, the working requirement of new and faster
algorithms on artificial intelligence real-time calculations
and decision-making structures appeared.

In 1998, Half-Life game in “First-person shooter /FPS”
genre developed by Valve is varied as the one of the
innovative games in artificial intelligence. One of the
major innovations on Half-Life game is the use of new
genre called “schedule-driven state machine” instead of
behavior model that is named finite state machine used on
artificial intelligent games and composed of limited
numbered states, transition between states, actions.

In 1999, the improving requirement of more intelligent
“non- player characters” (NPCs) of developed artificial
intelligence in RPG, RTS and FPS game genres was
noticed, revealing the games such as Age of Empires IT and
Unreal Tournament and it began the process of coming up
today the use of very high level features.

Nowadays, we are moving forward to a system where the
navigation algorithms are risen to next levels, where act
and tracking sensors responds faster and the game
characters that act and think like humans can be
programmed. In a computer game to be created in future,
it will be possible to create games with super intelligent
NPCs in which the artificial intelligent characters take over
the game and all of the humanity struggles to beat the
artificial intelligent characters in the game.
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3.2. Artificial Intelligence Libraries Used in Games

Many different artificial intelligence libraries have been
used in games and until now most of them were integrated
to game engines and not functional without using the game
engine. The main point to study is the artificial
intelligence libraries that work independent from game
engines. DignityAl developed in this study is designed
with completely independent structure from the game
engine and can be applied to all game engines.

Kythera artificial intelligence library is a library which is
well known in present days and started to be used in large
games. Star Citizen is the leading of these games. It gets
ahead of other libraries with respect to both usual
functions, such as detection, target selection, hiding, group
coordination, and dynamic navigation and behavior trees.
Kytera, was designed to be a system based on C++ that
supports Windows, Mac and Linux with 32-bit and 64-bit
processor architecture and to be integrated to all game
engines. However, it cannot be integrated with the
HTMLS.

Havok Al artificial intelligence library is a library that
focuses on the main navigation functions like path-finding
and path-following. One of its most significant features is
to create automatic navigation mesh. In spite of the fact
that Havok AI was developed by using C++, it can still
give support to all leader platforms. However, there is no
integration with the HTMLS.

Rain artificial intelligence library is developed for Unity
game engine but it is sold and distributed independent of
it. It consists of the advanced navigation features like
automatic navigation meshing, path-following and path
finding. However, it has no HTMLS support. WebGL
export option was improved with Unity 5 but it doesn’t
give native HTMLS output.

Kynapse artificial intelligence library is a large artificial
intelligence library which is developed by Autodesk
Company and nowadays separated to two products named
Gameware Navigation and Gameware Cognition.
Gameware navigation is the artificial intelligence library
searching for options to the requirements of usual path-
finding and navigation. Gameware Cognition is a tool that
helps to create behavior trees supporting the visual
programming platform.

PathEngine artificial intelligence library is the artificial
intelligent library that focuces on the best path-finding
algorithms that is improved until now. PathEngine which
has a very well designed action model with the features of
dynamic navigation mesh creation, obstacle recognition,
crush monitoring proved itself by being used by many big
projects.

Masa Life artificial intelligence library is an artificial
intelligent library that focuses on decision-making. Masa
Life which is developed with C++ that works on Windows
and is a small integration of Unity Windows integration,
approaches mostly to subjects such as decision-making
mechanisms, behavior trees and navigation. In addition to
this, it has the working fields like reasoning, information
provision and processing.

Cyntient artificial intelligence library is an artificial
intelligent library developed for the game industry. It is a
system that provides virtual characters’ to analyze by
learning each other’s behaviors and to take action. The aim
of Cyntient is to develop an open world space game named
Galak-Z through providing a realistic experience by
creating intelligent and emotional characters.

As it mentioned above, there are many artificial
intelligence libraries and additional to these there are
integrated artificial intelligence modules inside the game
engines. But, because none of these systems can be
integrated to technologies such as HTMLS and WebGL at
one point they are platform dependent and require
advanced systems to improve. In this manner, improved
DignityAl library contains many classic artificial
intelligent items such as path-finding, decision-making,
behavior and task managing that focuses on HTMLS5 and
WebGL.

Dignity Al is completely open source coded and with this
aspect it differs from other artificial intelligence libraries.
Besides, it is aimed to be use in all browser based systems
with the power of HTLMS5 and designed in architectural
structure to be used for nearly all game genres with
powerful basis.

3.3. Artificial Intelligence Relationship with Game
Genres

Most of game engines designed until now carried out their
works following the way based on to develop games
belong to specific a genre and to fulfill certain functions
within these games. One of the major factors in the issue
being specific to genre can be summarized with that the
games are very complex compared with the other systems
and game and/or game engine developers focuses on the
ways to solve the problems by dividing them into pieces.

Game genres customized the artificial intelligence libraries
while shaping the game engines. Such an extent that there
are unique different mechanics of each game. In following
each paragraph, the relationship between artificial
intelligence and game genres are described.

Action (FPS, TPS) games are generally developed in game
genres of First Person Shooter (FPS) and Third Person
Shooter (TPS). The path finding property is one of the
main mechanics of action games. The other property is
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EnemyAl term it can be called enemy artificial
intelligence. In this type of action games, there usually is
an enemy that can act differently in certain intelligence
levels. Behavior trees must be present for these behaviors.
They must know what kind of response they should give
against which kind of events and their decision-making
mechanism must have been developed. Since the action
games were designed for single player, all other items
except the player must have artificial intelligence. It is one
of the most widely used game genres of artificial
intelligence with this aspect.

Role-playing games (RPGs) is emerged as the game genres
that have existed since the first release of computers. RPG
games can be described as which is played with huge maps
and the level reaching of the player by performing certain
duties. However, although this game style is defined as
simple as this, it evolved into very complex games and by
including many mechanics and moving to online side as
well it created MMORPG (Massively Multiplayer Online
Role Playing Games). The artificial intelligence in RPG
games begins with the path-finding of controlled character
and going from one place to another. Inventory list of the
character exists, many various types of materials can be
found in this inventory list such as weapons, foods,
clothes. The character learns with trial which weapon to be
used when facing against the enemy to be killed, and also
enemy can have weapons and spell power. However, these
characters can generally manage the basic actions like
using weapons and detection by hosting simple behavior
trees. The main feature that separates RPG type games
from the other types is the multitude of interactive objects.

One of the artificial intelligence techniques used in RPG
games is a method named artificial intelligence according
to level of detail (LOD) and used inside the games that
occurs on huge maps like Baldur’s Gate series. CPU
overuse can be hindered by using this applied technique
preventing the operation of the artificial intelligence of the
objects away from the character. Thus, faster and more
stable artificial intelligence systems can be designed [8].

Real-time strategy games (RTS) is perhaps one of the
game types where the artificial intelligence used most
widely. While any army, city etc. that is managed by
strategy is controlled by player, items such as the army,
city are managed by artificial intelligence. RTS games are
one of the most difficult games to develop with regards to
artificial intelligence. Because CPU must graphically
process the items like characters that are moving and
buildings that are formed while it is busy with the artificial
intelligence. Additional to optimization difficulties, it is
very detailed in terms of diversity of artificial intelligent
items. In this game genre, the finite state machines is
frequently used for static tasked units. It profits from
behavior trees and path-finding abilities. Nevertheless, the
structure named Fuzzy State Machine (FuSM) was used in
modeling of strategic units. Fussy state machines have the

configuration that make a decision by calculating various
situations inside the system. Another case that is used in
RTS game genre is the structure named the Hierarchical
Al This structure can be illustrated as follows: when
attacking to somewhere it is necessary to fight other
enemies that is faced even if they are not the main target.
In this case, the new task will be taken hierarchically and
it is proceeded to the main target after sorting out.

Adventure games is type that is still kept alive today with
Walking Death series and played much despite being a
very old kind. In action games, it is not desired players to
follow a certain flow, it is required to explore the field and
to reach next level by gathering or finding the hidden
objects around the field. Adventure games involve the
general enemy artificial intelligence, detection systems
and classical behavior trees.

Platform games are the game genres that stand the test of
time since the earlier times of computer games and has
again come up with the developed mobile technologies.
Platform games generally do not have an item as path-
finding. It is the simplest and least complicated game type
with regard to artificial intelligence.

The most complicated artificial intelligence used in
platform games is found in map designs of games.
Procedurally the creating of stages in platform games is
usually done by artificial intelligence. Moreover, the
process is even more difficult from the design of stages in
strategy games and RPG. Since because changes are so
few, a clever artificial intelligent algorithm required in
order to design the objects that does not repeat each other
and to eliminate the monotony [9].

Sport games are one of areas that the artificial intelligent
used most heavily. Artificial intelligence is very complex
in sport games; it consists of set of rules and team
calculations about applied sport branch. A complex
artificial intelligence based on sensors, detection and
certain behavior trees is found in sport games.
Furthermore, it is required to contain the tactical artificial
intelligence for situations such as changes to be done with
the progress of the game and the shifting of the tactic
system, etc. Additional to use of finite-state machine
fuzzy-state machines and data-driven systems are used
frequently. The reason is that the data will change during
the games and the parameters like performance of player
and condition will be monitored and processed by state
machines.

Racing games have their own type of artificial intelligence
mechanics. The artificial intelligence in racing games can
be classified as track display, control and detection the
lines of other racers, the control of artificial intelligent
character’s race car (engine, car, plane, etc.). Moreover,
the innovations with artificial intelligence-controlled car
modification and tuning can be seen in this area [10].
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3.4. HTMLS and WEBGL

HTML is one of the oldest text editing languages, whose
roots almost goes back to internet and used since 1993.
HTML used 2.0, 3.0 and 4.0 versions until 1999 and lastly
4.0.1 version in 1999. These HTML versions were
developed by World Wide Web Consortium (W3C)
organization’s group called the HTML Working Group.
Later, stopping their works on HTML, the group diverged
to another web standard XML and then XHTML
accordingly. Afterwards, a small group of people that
wanted a new web standard, gathered under the name of
Web Hypertext Application Working Group (WHATWH)
in 2004 and published the HTMLS specifications [5].

After these researches, W3C began to work about HTML5
in 2006 and the first operational version was released by
them in 2008. HTMLS5 is a new body of standards which
is formed with combination of HTMLS5, CSS and
JavaScript. HTMLS is used with tags and new elements,
CSS is used with the visual parts of these tags and
elements, JavaScript is used to process the content of all
structure and to response the actions of user and to utilize
programmatic advantages of HTMLS5 [6].

HTMLS5 was published as a standard by W3C on
September 28th, 2014. HTMLS brings some new features
like Canvas (2D and 3D), Cross Document Messaging,
Geolocation Audio and Videos, Forms, SVG, WebSocket
API, Local Storage, Offline Web Apps, Drag and Drop,
Web Workers, Servers-Sent Events, XMLHttpRequest
Level, Local Storage, Offline Web Apps, Drag and Drop,
Web Workers, Server-Sent Events, XMLHttpRequest
Level 2.

System has become even stronger by developing several
API on HTMLS. The most important one of these is
display of 3D visual through WebGL without requirement
of any plug-in installation on browser side. WebGL is
essentially OpenGL’s portion adapted to HTMLS5. So,
HTMLS can create 3D objects with JavaScript without the
necessity of use of any other programming language or can
perform animation by importing a character model.

Developers can use all hardware graphic processing power
of computer via any browser with WebGL. Before the
WebGL developers was able to use hardware graphic
processing and other features with games they developed
by making users to install a plug-in (such as Adobe Flash
Player) or providing them to download and install the
application special to own operating system (exe, app, deb,
apk, etc.) to their devices [7].

Khronos Group was developed the WebGL similar to other
HTMLS APIs by building it on OpenGL ES 2.0. 3D
graphic applications became able to use in the regular html
elements and low-level DOM interface through this API.
Additional to this, 3D web applications can be created just

as upper-level computer games can be developed. The
other yield of integration of WebGL on OpenGL ES is to
operate on low-power devices and mobile platforms
(iPhone, iPad, Android Devices, etc.) with the correct
resource management in all leader mobile operation
systems by virtue of the fact that OpenGL ES is adapted
for embedded systems. However, WebGL is a very low-
level library like OpenGL. The use this library requires
expertise and is as complex as OpenGL but the use of
WebGL has become simpler through some game engines.
The best example of this case can be given as PlayCanvas,
Three.js and Babylon.js. By these engines, 3D games can
be developed just like modern game engines Unity, Unreal
Engine, CryEngine and all processes can be performed via
an internet browser.

3.5. HTMLS Game Engines

There are two options about game developing with
HTMLS. The first is Canvas where 2d games can be
developed, the second is WebGL where the 3D games are
developed. Both 2D and 3D games can be developed under
the same platform via game engines. HTML game engines
are briefly described in the following paragraphs.

Construct2 game engine developed originally as hobby by
a group of student in 2007 and emerged with the name of
Construct Classic. Construct 2 was released HTMLS5-
driven in 2011 and many radical changes made on this
game engine. It embodies very important features such as
multi-platform support, easy learning and visual
programming [14]. Construct 2 was designed for
development of 2D games and it was mentioned the users
can develop game without any knowledge of
programming. SDK Template file offered by Construct
must be downloaded in order to use DignityAl library
inside Construct 2. It can be possible to easily add artificial
intelligence features to elements in the game engine
through the codes to be transferred into this template.

Impact]S is one of the popular and paid game engines that
was begun to develop by Dominic Szablewski in 2010.
One of the biggest advantages of this game engine has
Entity structure. It effects the whole by calling update and
draw methods in all Entity structures that are connected to
draw() and update() methods, which located in the engine..
/libs/game/entities/ directory can be found inside the
project, which the Dignity AI will be used. When
DignityAI 1.0.0 version is added to this directory at
https://github.com/berkanuslu/dignityai/releases/downloa
d/v1.0.0/dignityai.v1.0.0.min.js address, artificial
intelligence features can be added to intended objects by
using <script src="libs/dignityai.v1.0.0.min.js"></script>
in index.html page [15].

PixiJS is a game engine which is built by Good Boy
Digital, build on Node.js and distributed free of charge
through Github. Contrary to other 2D game engines, PixiJs
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renders the game with the WebGL to increase the
performance if the browser has WebGL support. However,
it carries on the operation via Canvas with the browsers
which have no WebGL support. PixiJS is showed as a tool
in render parts of most game engines like Impact]S,
Phaser, PandaJS. By creating a /libs/ folder in the project
where the DignityAl will be used and when DignityAl
1.0.0 version is added into this folder at
https://github.com/berkanuslu/dignityai/releases/downloa
d/v1.0.0/dignityai.v1.0.0.min.js address, artificial
intelligence features can be to intended objects added by
using <script src="libs/dignityai.v1.0.0.min.js"></script>
in index.html page.

PlayCanvas differently from other game engines allows
developing the game with a Cloud account on web. Codes
can be modified by the help of the editor named
PlayCanvas Code Editor. One of the most important
properties of PlayCanvas is that it has its own level editor.
This editor helps to design the 3D scene and to edit the
materials just as big game engines (Unity, Unreal Engine
etc.). Another feature that makes PlayCanvas different
from other game engines is that the users can use all public
projects inside their own project repository by forking.
Installation process is completed when DignityAl 1.0.0
version file, which is located in
https://github.com/berkanuslu/dignityai/releases/downloa
d/v1.0.0/dignityai.v1.0.0.min.js address, is downloaded
and when this file is linked to an Entity. By this means
artificial intelligence features can be added to intended
objects.

Three.js might be an engine distributed free of charge and
focused on WebGL and took the first step for developing
3D applications with WebGL. Many renderers can be
found in Three.js such as WebGL, Canvas, SVG, CSS3D,
DOM. It allows many items such as stage, camera,
animation, lighting, material and shader. >An editor
design is making in Three.js like PlayCanvas and it is
planned to realize 3D scenes with the help of this editor.
By creating a /libs/ folder in the project where the
DignityAl will be used and when DignityAl 1.0.0 version
is added into this folder at
https://github.com/berkanuslu/dignityai/releases/downloa
d/v1.0.0/dignityai.v1.0.0.min.js address, artificial
intelligence features can be added to intended objects by
using <script src="libs/dignityai.v1.0.0.min.js"></script>
in index.html page.

Phaser is a HTMLS5 game engine which is distributed free
of charge and published as open source. Phaser is
concentrated on 2D game developing side. Phaser, which
uses PixilS on render side, allows to develop 3D
applications by supporting the HTML5 and WebGL. It
includes many features such as preloader, physical system,
sprite, animation, particle, input, sound, tilemaps, scaling
to devices, mobile browser support [16]. There is plug-in
logic in Phaser. All features added to application is

developed with the help of these plug-ins. The sample
plug-in  file that can be found in the
https://github.com/photonstorm/phaser-
plugins/blob/master/SamplePlugin/SamplePlugin.js
address is already similar with the DignityAl developing
structure. By creating a project inside phaser plug-ins and
then transferring DignityAl files into this folder,
DignityAl will be suitable for this game engine as well.

Kiwi.js is an open source game engine which was designed
to develop mobile and desktop game on HTMLS5. It has
WebGL support for 2D and 3D design features. It benefits
from CocoonJS platform to publish the games [17]. It
supports the plug-in system similarly to most of games
engines like Phaser. By creating a /libs/ folder in the
project where the DignityAl will be used and when
DignityAl 1.0.0 version is added into this folder at
https://github.com/berkanuslu/dignityai/releases/downloa
d/v1.0.0/dignityai.v1.0.0.min.js address, artificial
intelligence features can be added to intended objects by
using <script src="libs/dignityai.v1.0.0.min.js"></script>
in index.html page.

Enchant.js is a considerably simple JavaScript library. It is
used to develop game and application. It is developed by
researchers Akihabara Research Center, Tokyo, at first in
2011 and shared as open source with the license of MIT.
Because of its simple and plain framework, beside game
developing it is frequently used for application developing.
It supports all design methods like Canvas, DOM and
WebGL. By creating a /libs/ folder in the project where the
DignityAl will be used and when DignityAl 1.0.0 version
is added into this folder at
https://github.com/berkanuslu/dignityai/releases/downloa
d/v1.0.0/dignityai.v1.0.0.min.js address, artificial
intelligence features can be added to intended objects by
using <script src="libs/dignityai.v1.0.0.min.js"></script>
in index.html page [18].

Many more HTMLS5 game engines are being developed
and added to this list everyday. Several game engines such
as Babylonjs, GameMaker, Turbulenz, Cocos2d-X,
Isogenic Engine, Panda.js, Crafty, voxel.js, MelonJS,
stage.js has been designed for the ones that want to develop
games with HTMLS. When looked into these game
engines and APISs, it can be seen that lots of items like
graphic, audio, video, physics are thought and they can
already be used in HTMLS based games. However, it is
known there is no game engine or API which hosts any
library about artificial intelligence. DignityAl is developed
in order to complete the missing parts at this point.

4. DEVELOPED LIBRARY: DignityAl

4.1. General Class Structure of DignityAl

Class diagram of the developed library is given in Figure
1. DignityObject is placed at the top when looked at the

Sakarya Universites Fen Bilimleri Entituisii Dergisi, 21(1), 2017, 1-15



B. Udlu, E.U. Kiguksille/ Artificial intelligence library for html5 based games: DignityAl

DignityAl general class structure. All the other classes are
fundamentally inherited from this class. If we are to give a
short information about the classes, what are the
functionalities of all the classes and what they are used for
will be seen in general terms.

4.2. DignityPath

DignityPath class is the class that handles the basic path-
finding. It is specifically designed as to cover the
navigation functions both for 2D and 3D games.

All the items inherited from DignityAIBase type has sets
of DignityPath by the name of a paths. This sets the paths
which the artificial intelligence character will follow in
relation with its tasks. More than one path can be defined
within the tasks. Defining of the DignityPath class in the
DignityAIBase, provides that it can reach previous paths
through any task on DignityMission. Thus, any task
transforms into a more flexible structure.

Structure is developed in this way by flexible design. For
the path given in the DignityPath class, together with the
start and finish locations other sub paths which will be
used to move to those start and finish locations can be
defined. Also, whether the given path will or will not
repeat from end to start and move on a random location
can also be determined through the same class.
Statements defined by this class are actually used by a
move() method for DignityAlBase class and classes
inherited from this class. This method provides the object
to get into act to follow the path designated in the task
definition by reading the paths on the artificial intelligent
object. Fundamentally it is mandatory to determine and to
fill the finish point; at the end the object is moved towards
the finish point. However, some basic algorithms are used
for the object to calculate the path it will take and draw a
route according to the obstacles on the way. There are
many different search algorithms such as A*, IDA*, MA*,
Breadth-First-Search, Best-First-Search, Dijkstra, Jump
Point Search and many more within these algorithms.
From these algorithms, DignityAl uses the most used and
most common A¥* algorithm. However, all the other
algorithms or a library such as Pathfinding.js which has a
HTMLS library containing all these algorithms can also be
easily integrated into DignityAl

Figure 1: DignityAl Class Diagram

4.3. DignityAction

DignityAction is actually a process part of the DignityAl.
All the actions are defined within DignityAction.
DignityAction has move(), sense(), destroy(), create(),
upgrade() and custom() main functions.

With move() function; the pathList member defined in the
DignityAlIBase follows the path which is defined on the
DignityPath class’ object. It finds the shortest path for this
process and creates an action. Here the basic condition is;
to provide the object, which will be moved with the
moveObj property defined in the DignityAction class, to
trigger the move method defined in DignityAIBase.

With sense() function; detection according to enemy lists
(enemyList) and friends lists (friendList) defined in
DignityAIBase is done and main processes are performed
according to these detections. This method also provides
the object, given to senseObj property and detection to be
done, to trigger the sense method defined in
DignityAlBase.

With destroy() function; object pointed as target, which is
defined with destroyObj property and is from
DignityAIBase class or from another class inherited from
this, gets damaged. This damage, reduces life feature by
the value of destroyLevel for the objects inherited from
DignityAIBase class.
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With create() function, any object defined with createObj
property are created on stage. Also, with the function
defined in DignityAction named createObjPos position
where the object will be created is given.

upgrade() function is used to increase all the values of the
object defined with upgradeObj property. In any way
processes, such as level upgrade, health increase are done
by this function. For this, name of the object to be
upgraded in upgradeObjPropName is given in String. With
the upgradeObjIncVal property, information of how much
the property, which is defined with upgradeObjPropName,
will be increased is given. Thus, given increase value adds
to that value. In case a negative value is given, it means
that parameter’s value is decreased. However, in case a
value assignment to be done directly but not as
increase/decrease  the value of the wvariable,
upgradeObjIncVal property shall be given 0 (zero) and
new value of the variable is given to upgradeObjNewVal.
An object’s value assignment to another can be done by
this way.

In the basic custom() function makes required functions of
all the objects’, which are not defined in DignityAction
class, run as actions. It means in case another action apart
from move, sense, destroy, create and upgrade actions,
custom() function shall be used. This function calls the
method, which is given with customActionObjName, of
the object’ which is given with customActionObj, as
action.

4.4. DignityMission

DignityMission class is a class provides the mission
managing and can assign mission to each artificial
intelligent character. Elementarily is has a structure where
missions can be defined as lists, actions for the missions
can be defined by DignityAction and these actions can be
run as synchronously or asynchronously.

Essentially DignityMission consist of description and
action definitions. While description is defined for the
cases in which the mission will be shown to users, action
is defined by an object assignment in DignityAction class.
For this actionStart, actionEnd and actionTime properties
are defined in DignityMission class. By means of these
properties a start action, end action and a timing action
which can be run in any time can be defined. Methods to
be used by actions are decided by DignityAction class
method names (move, sense, create, destroy, upgrade and
custom) which are defined in actionStart, actionEnd and
actionTime properties. Also, whether the action will run
synchronously or asynchronously is determined by a
property named async.

Control of the mission’s end in the DignityMission is
provided with finishTime variable. If finishTime variable
is given 0 (zero) it means the mission will be provided by

temporary actions. If any value is given to this variable,
mission has a time to live in terms of seconds. actionEnd
action runs at the end of this time and comes the next
mission. Another parameter from the mission transition is
async variable. By means of this variable, it is decided
whether the mission will be synchronous or asynchronous.
All the asynchronous missions are run at the same time.
But in case the first mission is synchronous, second and
third missions are asynchronous, then the first mission
runs primarily and then second and third missions are run
at the same time after the first mission is finished.

4.5. DignityAlBase

DignityAlIBase class is the basic class of the artificial
intelligent objects. All the artificial intelligence characters
are characters inherited from this class. Classes such as
DignityStructure, DigntiyHuman, DignityVehicle and
DignityAnimal are the classes to be used for the artificial
intelligent characters customized on DignityAIBase and
artificial intelligent characters inherited from this class.
Also, as much as customization can be done by adding
objects inherited from DignityAIBase.

All the previous classes are classes used to improve the
DignityAl basic mechanics and to develop the basic
properties to be used in DignityAIBase. Basic use area of
these classes is DignityAlBase and classes inherited from
it.

Properties named speed, life, value and level are defined
in DignityAIBase class. These are the common properties
of all the artificial intelligent objects. Together with them
artificial intelligent objects must have a mission list
(missionList). This mission list starts to run respectively
(asynchronous ones are at the same time) to run the
mission list. In any case if it comes to a synchronous
mission, finish of this synchronous mission is to be waited
before running the other asynchronous missions.

Also, there are properties name friendList, obstacleList
and collectableList. With these properties detection
processes in the sense() method, which is within the
DignityAction classes’ main methods, are done. sense()
function realizes the defined detection processes of the
user by looking at these lists and as a result of the detection
process detectedFriend(), detectedEnemy(),
detectedCollectable() and detectedObstacle() methods are
called. Besides, unwanted objects detection can be
determined with the ignoreList property. Objects in the
ignoreList are not subject to object detection process in
any way.

Also, pathList array in the DignityAlBase class, by
holding the object in DignityPath type it provides the use
of these paths. If there are no path lists added to this
artificial intelligent character, it provides it not to be
moved to a newly added path on the system. By this way,
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access to a single source through all the other classes is
provided.

executeMission() method is defined in order to run any
existing mission in DignityAlBase. Also nextMission()
and prevMission() methods are defined in order to
navigate between missions. Likewise for navigation
processes in pathList property nextPath() and prevPath()
methods exist in order to use in move() method.

There is move() method in DignityAIBase, which uses the
DignityPath class for moving the artificial intelligent
objects and in order to regulate the objects movements to
coordinate points within the existing path. This method
respectively provides the movement of the object to all the
points in the calculated shortest way of the path data and
when the movement process is finished (when reached to
final point) to end the action or to move forward to next
point if exist.

For detection processes of the artificial intelligence
objects, sense() method is defined. In this method,
essentially rays are sent from the objects position to the
positions in the scanning area by using classic Ray Cast
method. cast() method is defined for sending ray process.
Objects that hit with the ray (in order to object to detect
this hit process object need collision component) falls into
findHit() method as the result. And in this method, by
looking that the object is not in ignoreList but in which one
of the friendList, enemyList, obstacleList, collectableList
that list’s detection methods triggered. If the found method
is in ignoreList then other lists are not checked.

Also, for the other objects, which are inherited from
DignityAIBase class, to interpret the detection statuses in
different ways, when an object, which does not fall into
any of the lists above, is detected detectedOther() method
is defined in order to be able to reach these objects and to
establish a flexible structure at the detection point. This
method is called if the detected object is neighter in the
ignoreList nor in any of the other lists. Customizations can
be done for the objects inherited from DignityAIBase class
and override this method.

Last defined method is the shoot() method. According to
the detection result, desired objects can be fired at. Objects
to be fired (bullet, cannon, bomb, arrow, etc.) are stored in
file named bullets.js. Different weapons can be determined
according to each object.

4.6. DignityStructure

It is designed to add artificial intelligent features to fixed
objects such as building, structure which are inherited
from the DignityAIBase. By this class mission and action
can be given to a structure. Normally objects such as
buildings and structures do not move; but still to moving
feature can be added to these structures by using move()
action.

There are some customized properties within the
DignityStructure. First of these properties is to define the
structure to be collapsible, destroyable. Second property is
the capacity of the structure. This capacity indicates the
object capacity which it can hold, hide inside. If wanted,
this capacity can be increased by multiplying with the level
feature in DignityAIBase class. Most important property
of the structures is them to have a mechanism which gives
an output in a given time. By this means they can produce
defined objects in given periods and store the outputs if
required.

4.7. DignityVehicle

It is developed to create a vehicle model with artificial
intelligence. There is a drive() function within this class,
which uses the move action of DignityAction class
however managing the movement situation specific to the
class. By means of this method vehicle’s speed is found by
calculating the engine condition and driving speed. When
the engine condition goes bad, speed reduces
automatically. When the vehicle crashes with another
vehicle, engineLife property gets reduced by the valu of
the crash’ intensity and speed is calculated again according
to this. crashVehicle() method controls the status of crash.
There is a repairEngine() method for improving the
engineLife value when received an object such as repair
kit. Lastly there is a stopEngine() method to stop the
vehicle on demand.

4.8. DignityHuman

It is defined to create an artificial intelligence human
model. It additionally contains features such as detecting
the enemy, to search hiding spots for warrior characters
and move towards this spot, getting scared level from
enemies.

4.9. DignityAnimal

It is a class designed just as DignityHuman and customized
according to animalistic properties and able to create
animal objects. DignityAnimal class additionally has the
information of animal types, whether it will hunt down the
humans or not, whether it will hunt down its own kind or
not and whether it lives in packs or not. In the light of these
information; detecting humans and hunt them, detecting its
own kind and hunt them and also detecting its own kind
and go next to them situations are built.

5. ASAMPLE GAME DEVELOPED BY USING
DignityAl

When programming a sample game by using DignityAl
rather than a visually complete prepared and production
oriented structure, a structure which uses the basic
mechanics of DignityAl, and completes missions on a
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simple map and operates necessary actions as required by
using the DignityAlIBase and DignityAnimal,
DignityStructure, DignityVehicle classes inherited from
DignityAIBase was built. Also, while developing the
sample game boundaries of the DignityAl library and extra
properties, which can be developed, are set to be included
in the later studies.

Game to be developed shall define the paths and obstacles
on a randomly created 48x48 grid map. Afterwards, a
simple tank model is controlled by DignityVehicle class
and all the properties such as finding path, detection,
mission managing, action managing are handled. Besides
that, there is a DignityStructure object named
RandomModelCreator which inserts objects that can
gather at random points on the map. Lastly there are
RedCreator and BlueCreator objects which are
DignityStructure objects and produce Red and Blue teams.
These objects create tanks on stage periodically and
provide these tanks to follow the determined path by
assigning coordinates on the random map and meanwhile
making them to show different acts against the enemies
and collectible objects that they detect.

dignity ai demo: tanx

Figure 2. Created random map

As can be seen in Figure 2 the map will be created randomly
every time the page is refreshed. After the map is created, object
named RandomModelCreateor is created and first mission
definitions are made in order to create objects that can gather on
random points on the map.

addRandomModelCreator: function() {

//create random model creator

var _action = new DignityAction();
_action.customActionObj = this;
_action.customActionName = 'createRandomModel';
var _mission = new DignityMission(),
_mission.async = true;

_mission.continuous = true;
_mission.actionTime = _action;
_mission.actionTimeName = 'custom';
_mission.time = 10000, //create every 10 seconds
var _creator = new DignityStructure();
_creator.missionList.push(_mission);
_creator.start();

)

S

createRandomModel: function() {

var model = this.getRandomModel();
model.setPosition(this.getRandomPosition());

b

By means of addRandomModelCreator() method, firstly a
DignityAction object is defined. createRandomModel()
method is defined to this object’s customActionObj and
customActionName properties, which are in the same
script. After the action definition, a DignityMission object
is created to manage how this action will work. This object
contains a mission, which works asynch and continues
constantly. It calls the DignityAction‘s custom() method
in every 10 seconds. And this method also calls the above
described relevant method and the model is created in a
random point. Figure 3 shows models randomly created on
the map.

dignity al demo: tanx

Figure 3. Models randomly created on the map

Together with these one of the 4 models will be randomly
added on the map in every ten seconds. After finish the
creation of these random creations, it is continued to create
tanks one each for red and blue team and to define the
artificial intelligence objects and their functions. Process
of creating a tank for the red team is as follows.

addRedTankCreator: function() {
//create red tank creator
var _action = new DignityAction();
_action.customActionObj = this;
_action.customActionName = 'createRedTankModel';

var _mission = new DignityMission(),
_mission.async = true;

_mission.continuous = false;
_mission.actionTime = _action;
_mission.actionTimeName = 'custom';
_mission.time = 10000, //create every 10 seconds

var _creator = new DignityStructure();
_creator.missionList.push(_mission);
_creator.start();
)
S
createRedTankModel: function() {
var tankName = "tank_' + new Date().getTime();
var newTank = this.tank.clone();
newTank.setName(tankName);
newTank.enabled = true;
newTank.setPosition(this.getRandomPositionRange(2, 10, 2,
10)); //left bottom
newTank.addComponent('collision’, { type: 'box', halfExtents:
new pc.Vec3(0.5, 0.5, 0.5) });
this.tanks.addChild(mewTank),
var ourPath = new DignityPath(),
ourPath.map = this.map.script.createmap.map,
var mapX = Math.round((47.5 - newTank.getPosition().z) / 1.0);
var mapY = Math.round((newTank.getPosition().x - 0.5) / 1.0);
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while(ourPath.movementPath.length == 0) {
ourPath.from =[mapX,map¥];
ourPath.randomable = true;
ourPath.findPath();

}

console.log('red path: ' + ourPath.movementPath);

var vehicle = new DignityVehicle(),
vehicle.appContext = app;
vehicle.enemyList.push("tank');
vehicle.enemyList.push('damage’);
vehicle.enemyList.push('repair');
vehicle.enemyList.push('shield');
vehicle.enemyList.push('default’);
vehicle.ignoreList.push('wall’);
vehicle.pathList.push(ourPath);
vehicle.parentObject = newTank;

newTank.script.tank.setHP(10);
newTank.script.tank.ai = vehicle;
newTank.script.tank. hidden(false),
newTank.script.tank.setTankName('redl’);

var firstAction = new DignityAction();
firstAction.moveObj = vehicle,

var firstMission = new DignityMission();
firstMission.async = true;
firstMission.actionStart = firstAction;
firstMission.actionStartName = 'move’;

var secondAction = new DignityAction();
secondAction.senseObj = vehicle,
secondAction.senseRadius = 10;

var secondMission = new DignityMission();
secondMission.async = true;
secondMission.actionStart = secondAction;
secondMission.actionStartName = 'sense’;

vehicle.missionList.push(firstMission);
vehicle.missionList.push(secondMission);
vehicle.start();

2

addBlueTankCreator: function() {
//create blue tank creator
var _action = new DignityAction();
_action.customActionObj = this;
_action.customActionName = 'createBlueTankModel';

var _mission = new DignityMission();
_mission.async = true;

_mission.continuous = false;
_mission.actionTime = _action;
_mission.actionTimeName = 'custom';
_mission.time = 10000, //create every 10 seconds

var _creator = new DignityStructure();
_creator.missionList.push(_mission);
_creator.start();

b

createBlueTankModel: function() {
var tankName = "tank ' + new Date().getTime();
var newTank = this.tank.clone();
newTank.setName(tankName);
newTank.enabled = true;

newTank.setPosition(this.getRandomPositionRange(37, 45, 2,

10)); //right top

newTank.addComponent('collision’, { type: 'box', halfExtents:

new pc.Vec3(0.5, 0.5, 0.5) });
this.tanks.addChild(mewTank),

var ourPath = new DignityPath();
ourPath.map = this.map.script.createmap.map;

var mapX = Math.round((47.5 -
newTank.script.tank.entity.getPosition().z) / 1.0);
var mapY =

Math.round((newTank.script.tank.entity.getPosition().x - 0.5) / 1.0);

while(ourPath.movementPath.length == 0) {
ourPath.from =[mapX,mapY];
ourPath.randomable = true;
ourPath.findPath(),

/

console.log("blue path: ' + ourPath.movementPath);
var vehicle = new DignityVehicle();
vehicle.appContext = app;
vehicle.enemyList.push('tank’);
vehicle.enemyList.push('damage’);
vehicle.enemyList.push('repair’);
vehicle.enemyList.push('shield');
vehicle.enemyList.push('default’);
vehicle.ignoreList.push('wall');
vehicle.pathList.push(ourPath);
vehicle.parentObject = newTank;

newTank.script.tank.setHP(10);
newTank.script.tank.ai = vehicle;
newTank.script.tank.hidden(false);
newTank.script.tank.setTankName('bluel’);

var firstAction = new DignityAction();
SfirstAction.moveObj = vehicle;

var firstMission = new DignityMission();
firstMission.async = true;
SfirstMission.actionStart = firstAction;
SfirstMission.actionStartName = 'move’;

var secondAction = new DignityAction();
secondAction.senseObj = vehicle;
secondAction.senseRadius = 10;

var secondMission = new DignityMission();
secondMission.async = true;
secondMission.actionStart = secondAction;
secondMission.actionStartName = 'sense';

vehicle.missionList.push(firstMission);
vehicle.missionList.push(secondMission);
vehicle.start();

P

When looked into the process blog above
addRedTankCreator() and addBlueTankCreator(), which
firstly definitions of DignityAction, DignityMission are
made, can be seen. Here also a customAction definition is
made, a mission definition which will work after 10
seconds but won’t repeat is made with DignityMission too.
10 seconds waiting after the opening,
createRedTankModel() method is called and artificial
intelligence tank character is added to scene as shown in
Figure 4.
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Figure 4. Read and blue tank models

When looked into createRedTankModel method, firstly a
tank cloning process is completed. Collision component is
described for tank model too. movementPath property gets
created by means of findPath() method by linking this
object to the created map.

DignityVehicle class is used in order to give artificial
intelligence features to tank model. With the help of this
class, tank’s enemy (enemyList) and friend (friendList)
lists are defined. Meanwhile a wall model is added into
ignoreList in order to not to detect the wall. Afterwards,
previously created DignityPath object is given to pathList
as well. Here, parentObject and appContext properties are
used to access to game engines’s sources.

After the cloning of the tank model, which was created in
the game engine and does not have artificial intelligence
feature, created DignityVehicle object can use the game
engine functions with the ai property in this object.

There are two action and two mission definitions for the
tank. First of them is the move action. This action is set to
work as asynchronously at the beginning. Second action is
the detection function. Here, it is provided for tank to scan
a 10-unit area by giving a senseRadius. By adding all these
properties to DignityVehicle’s missionList, start() method
of the DignityVehicle object is called. This allows the
activation of the artificial intelligence by running these
missions.

After all these processes, two tanks for two different teams
detect the enemies and fire at them with the shoot() method
as in Figure 5 while moving on randomly given paths.

e c =

Figure 5. Tank detects and shoot

6. CONCLUSION AND RECOMMENDATIONS

While having an object, which can be used in HTML5
game engines, object oriented structure, the developed
artificial intelligence library also contains the necessary
items in a HTMLS5 based artificial intelligence library
together with action management and navigation
functions.

With a flexible structure, DignityMission class carries out
the operation of missions, switching between missions and
mission management.

While DignityAction class is able to manage the basic
actions by means of move(), sense(), create(), destroy()
and upgrade() methods, it can be customized with
custom() method and this provides the flexible operation
of the system by supporting the actions which can be
defined apart from these five actions.

Among the existing methods on small and middle sized
maps, with A* algorithm and three basic distance
calculation methods, Manhattan and Diagonal and
Euclidean, DignityPath class is the one that works simplest
and most consistent. However, DignityPath class will be
more powerful by adding other algorithms and also
different calculation methods.

DignityAIBase class manages the basic artificial
intelligence functions as well as being the basic class of
the customized classes. With this aspect, it is in the
backbone of the system. DignityVehicle, DignityHuman,
DignityAnimal and Dignity Structure classes, which are
inherited from DignityAlBase, get more powerful and
more inclusionary when customized within themselves.

Also, by being open source, developing of DignityAl will
move even faster by adapting it to other popular game
engines. It will take its place in the literature by being a
complete artificial intelligence library, which can carry out
all the functions such as situation management, navigation,
mission management and action management.

In this regard, first development was made on PlayCanvas
game engine. Most important reason to choose PlayCanvas
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game engine is because time to start developing game on
this one is fairly short and its game engine infrastructure is
quite powerful. Also with the help of PlayCanvas’ online
editor, stage design and 3D game design can be done
easily. In addition to all these there are open source games
and ready game models in PlayCanvas. These open source
games can be forked from the main project as required and
keep on developing at its own side. Thus, making it
possible to spare more time to DignityAI’s own dynamics
and powerful structure rather than struggling with the
game engine’s and game’s components.

In the next phase of DignityAl, the target is; to develop the
system by adapting it to all artificial engine dynamics and
HTMLS game methods and even by moving out of the
HTMLS5 Dboundaries and contribute to HTMLS’s
development and adapting it to Unity, Unreal Engine and
CryEngine game engines, which are more global game
engines. For this DignityAl is published as fully open
source at social code sharing site Github [19]. Also, the
sample application made with DignityAl is published
through Github [20].

It is foreseen that the next model of the DigntyAl will be a
model which can think, add its own missions by itself and
choose its own actions and learn.
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Trigonometrik, logaritmik, hiperbolik vb. matematiksel fonksiyonlarinin donanimsal gergeklenmesi siklikla
kullanilmaktadir. Bu fonksiyonlarin donanimsal ger¢eklenmesi yontemlerden biri olan CORDIC algoritmasi donanim
kaynagi, gii¢ tiiketimi agisindan 6n plana ¢ikmaktadir. Caligmada sinyal isleme uygulamalarinda kullanmak amacryla
dondiirme ve vektorelmodlarda dairesel ag1 doniigimleri kullanan Jenerik CORDIC algoritmasimin
FPGA’degerceklenmesi anlatilmistir. Uygulamada farkli iterasyon degerlerinde ve veri uzunluklarinda sentez
sonuglariyla birlikte gergekleme sonucunda ortalama karesel hata degerleri karsilagtirmali olarak verilmistir.
Sonuglarda, sabit g¢arpan degerinde iterasyon sayisinin donanimsal gergeklemeyi etkilemedigi ve sabit iterasyon
degerinde c¢arpan degeri arttikga ¢ikista elde edilen sonuglarin hata degerlerinin azaldigr goézlemlenmistir.
Gergeklemede Xilinx firmasina ait Artix-7 FPGA XC7A100T-1CSG324C FPGA entegresi kullanilmustir.

Anahtar Kelimeler: CORDIC, déndiirme modu, vektérel mod, FPGA

Hardware iplementation of generic CORDIC algorithm on FPGA

ABSTRACT

Trigonometric, exponential, logarithmic, hyperbolic and several other mathematical functions, are frequently used in
hardware implementation applications. CORDIC algorithm, which is a widely used method for hardware
implementation of these functions due to its efficient space utilization and low power consumption. In this study,
FPGA hardware implementation of rotation angle conversion and circular vector mode CORDIC algorithm for signal
processing applications is described. The resulting mean squared error values are provided with respect to different
data lengths and different iterations. In this study, the target implmentation platform is Xilinx Artix-7 FPGA platform.

Keywords: CORDIC, rotation mod, vectorial mod, FPGA

1. GIRiS INTRODUCTION)

Teknolojinin gelismesi ve kullanilan cihazlarin siirekli
kiiclilmesi ile birlikte gémiilii sistemler hayatimizin her
alaminda kullanilmaktadir. Ozellikle sinyal ve goriintii
isleme, iletisim sistemleri, robotik gibi ¢esitli alanlarda ki
uygulamalarin ger¢eklenmesinde kullanilan gomiilii

* Sorumlu Yazar / Corresponding Author

sistemler genellikle trigonometrik, logaritmik, hiperbolik
gibi temel matematik fonksiyonlarma ihtiyag
duymaktadir [1][2][3][4][5][6]. Bu fonksiyonlarin
donanimsal olarak gergeklenmesi olduk¢a zor ve
maliyetli olmasi nedeniyle FPGA, ASIC gibi mimariler
iizerinde bu fonksiyonlarin gergeklenebilmesi i¢in farkli
matematiksel yaklagimlara dayali yontemleri
gelistirilmistir [7],[8].

1 Kocaeli Universitesi, Miihendislik Fakiiltesi Bilgisayar Miihendisligi, Kocaeli - suhapsahin@kocaeli.edu.tr
2 Kocaeli Universitesi, Miihendislik Fakiiltesi Bilgisayar Miihendisligi, Kocaeli- burcu kir@kocaeli.edu.tr
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Literatiirde bu mimariler tlizerinde ilgili fonksiyonlarin
gergeklenmesine iligkin kullanim yogunluguna gore 3
donanimsal gercekleme yontemi 6n plana ¢ikmaktadir

[9].

Ik yontem olan seri agilim ve polinom yaklasimi
donamimsal olarak yogun is yiikii gerektirmektedir. Tkinci
yontem olan bak-oku tablosu yaklagiminda ise
uygulamaya ait veri yapisinin ¢oziiniirliiglinii artirmak
icin yiiksek miktarda hafiza birimi kullanmak
gerekmektedir [10].

Ilgili fonksiyonlarin donanimsal olarak ger¢eklenmesine
yonelik  Onerilen son yontem olan CORDIC
(COrdinateRotationalDIgitalComputer) algoritmasi [11],
kartezyen koordinat sisteminde birim uzunluktaki bir
vektoriin dondiiriilerek vektdre ait ag1, uzunluk ve yeni
kartezyen koordinat bilesenlerinin hesaplanmasi esasina
dayanan bir yaklagimdir [12].

Hesaplamalarda iki ve ikinin katlarmi iteratif olarak
kullanan CORDIC algoritmasi, donanimsal olarak
sadece Oteleme islemine ihtiyag duymaktadir. Bundan
dolay1 hiz ve maliyet olarak avantaj saglamaktadir [13].
Boylece son zamanlarda literatiirde sunulan matematik
fonksiyonlarmin donanimsal ger¢eklenmesine iligkin
calismalarda CORDIC algoritmast tercih edilmistir
[14][15][16].

Bu makalede, dondiirme modda (rotationmode) ve
vektorelmodda (vectoringmode) dairesel ag1t doniisiimii
yontemleri kullanan jenerik CORDIC algoritmasinin
FPGA'da donanimsal ger¢eklenmesi anlatilmustir.
Calismada, literatiirde sunulan calismalardan farkli
olarak degisik veri uzunluklar1 ve iterasyon degerlerinde
donanimsal gergeklenen CORDIC algoritmasinin ¢ikis
degerlerinde olusan ortalama karesel hata degerleri ve
donanim kaynagi tiiketim degerleri gosterilmistir.

Gergeklemede Xilinx firmasina ait Artix-7 FPGA
XC7A100T-1CSG324C FPGA entegresi kullanilmustir.
Calismada say1r formati olarak tam say1r formati
secilmistir.

2. CORDIC ALGORITMASI (CORDIC
ALGORITHM)

Trigonometrik fonksiyonlarin bilgisayar tarafindan
hesaplanabilmesi i¢in, 1959 yilinda JackVolder
tarafindan ortaya siirilen CORDIC algoritmasi, 1971
yilinda J.S. Walther tarafindan hiperbolik ve iistel
fonksiyonlar, logaritma, karekdk hesaplamalar
yapabilecek sekilde gelistirilmigtir [17][18].

Denklem (1)’de;

Va T
—; <0< ; smir araliginda tanimli CORDIC algoritmasi

genel ifadesi verilmigtir.

X =X~ ﬂdiyizii
Vi =¥, + ud'x,2” (1)

i i
z, =z —d'e

1

Denklem (1)’de tanimli 4’ parametresi, Denklem (2)’de
gosterildigi gibi Z, degerinin pozitif veya negatif
olmasina gore -1 veya 1 degerini almaktadir. e,

parametresi  dairesel, dogrusal ve  hiperbolik
hesaplamalar1 yapan her denklem icin farkli deger
almaktadir. Dairesel donlisim i¢in tanimli esitlik
Denklem (3)’de, dogrusal doniisiim i¢in tanimli esitlik
Denklem (4)’de ve hiperbolik doniigiim i¢in kullanilan
esitlik Denklem (5)’de gosterilmistir.

d:{l, z >0 o
Co-L 2z <0

e, =tan"(27) 3)
e, =2" )
e, =tanh™ (2") )

Denklem (1)’de tanimlt

hesaplama teknigine gore deger alan sabit parametredir.
Bu degerleri Hata! Basvuru kaynag bulunamadi.’de
gosterilmistir. Her doniisiim tipi dondiirme ve vektorel
olmak tizere iki ¢6ziim moduna sahiptir.

M parametresi yapilacak

Tablo 1. Doniigiim tipine gére p parametresinin alacagi degerler (The
values which p parametres will take according to conversion types)

Doniigiim Tipi 1!
Dairesel 1
Dogrusal 0

Hiperbolik -1

2.1. Dairesel Aci
Conversions)

Doniisiimii  (Circular Angle

Dairesel a¢1 doniisiim islemlerinde, Hata! Basvuru
kaynagi bulunamadi.’den de goriilecegi iizere Denklem
(1)’de tanimlanan g parametre degeri 1 olmaktadir.

Dairesel agt doniisiim islemlerinde dondiirme modu
kullanilarak direkt olarak siniis ve kosiniis degerleri
dolayli olarak ise tanjant ve kotanjant degerleri elde
edilebilmektedir. Vektérel modda ise kartezyen
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koordinat degerlerinin polar koordinat
doniistimii yapilmaktadir.

degerlerine

2.1.1. Dondiirme Modu (Rotation Mod)

Dondiirme modunda dairesel a¢1 doniisiim islemlerinde
temel amag¢ Denklem (1)’de tanimlanan z degiskeni
degerini sifira yaklastirmaktadir (Denklem (6), Hata!
Basvuru kaynagi bulunamadu.).

x, =K, [ xcos(z)-ysin(z)]

v, =K [ ycos(z)+xsin(z)] (6)
z, =0
X K; [xcos(z) - ysin(z)]
— —_—
O
y =) Ki [ycos(z) + xsin(z)]
— o —
S
z 0
—_— _—

Sekil 1. Dondiirme modunda Dairesel Ag¢i Doniigiimii ile elde
edilebilecek degerler (Values which can be obtained by circular angle
rotation in rotation mode)

Dondiirme modda dairesel a¢1 doniisiimii, vektoriin i
anindaki pozisyonu ile (#+1). anindaki pozisyonu
arasindaki ag¢1 degeri @sifirlanana kadar kaydirma
islemlerinin gerceklestirilmesiyle yapilmaktadir (Sekil
1). Denklem (7)’de verilen esitlikle dondiirme modda
dairesel a¢1 doniisiim islemi gerceklestirilmektedir.

‘Xvi+1 1 —tan 91 X i
=cos b, (7
Y, ang, 1 | Y,

XH—lr Y'H-l

i ; N X
7

Sekil 1. Dondiirme modunda Dairesel A¢1 Doniisiimii(Circular angle
conversion in rotation mode)

i. adim ile (#+1). adim arasinda gerceklestirilecek
dondiirme islemi ag¢1 degeri Denklem (8)’deki gibi
hesaplanir. Biitiin adimlardaki agilarin toplam1 dondiirme
agist  @’y1 vermelidir. Denklem (9)’de tammli S,

parametresi {—1 1} degerlerini almaktadir. Bu bilgiler

dogrultusunda Denklem (7)’de tamimlanan tan@, degeri
Denklem (10)’daki gibi ifade edilmektedir.

1
94 = t - 8
; = arc an(zl] )
>.8,6,=6 ©)
n=0
tan 6, = S,27 (10)

Denklem (10)’da verilen ifadeyi Denklem (6)’da yerine
koydugumuzda Denklem (11) elde edilir.

Xi+1 1 Sn 27” Xi
= Kl. B (11
Y, s2" 1LY

Denklem (11)’da tamimlanan K, degiskeni Denklem
(12)’de ki gibi hesaplanir.

K=——»t (12)

K, parametresiiteratif siire¢ igerisinde ihmal edilebilir ve

daha sonra bir Olgekleme faktorii olarak uygulanabilir
(Denklem 13).
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n—1 n—1 1
coelle g

2.1.2. Vektorel Mod(Vectorial Mod)

Vektorel dairesel ag1 doniisiim islemlerinde temel amag
Denklem (1)’de tanimlanan y degiskeni degerini sifira

yaklastirmaktir (Denklem (14), Sekil 2). Baslangig
degerleri x, =1 ve z, =0 se¢ildigi durumda kartezyen

koordinat degerlerimin polar koordinat degerlerine
doniisiimii yapilmaktadir (Denklem (14).

Denklem (14)’de tanimlanan K, parametresi Denklem
(15)’deki gibi hesaplanmaktadir.

_ 2 2
x, =K \x"+y

Y = 0 (14)
z,, = z+arctan (Zj
X
n—1
K =]]v1+27* (15)
i=0
X K:(x* +y?)”*
)
Y () 0
S
z z + arctan(y/x)
—_— _

Sekil 2. Vektorel Dairesel A¢i Doniisiimii ile elde edilebilecek
degerler(Values which can be obtained by circular angle conversion in
vectoriel mode)

3.CORDIC ALGORITMASININ DONANIMSAL
GERCEKLENMESI(HARDWARE
IMPLEMENTATION OF CORDIC ALGORITHM)

Bu bolimde, Bolim 2’de tamitilan Do6ndiirme ve
Vektorel modda Dairesel Ag¢i Doniisiim islemlerinin
jenerik  olarak FPGA  tabanli  gerceklenmesi
anlatilmaktadir. Sekil 3’de CORDIC algoritmalarinin
gerceklenmesi  asamasinda  kullanilan  GENERIC
parametreleri gosterilmektedir. ITERATION
parametresi algoritmanin istenen degeri hesaplamasi i¢in
yineleme sayisini ifade etmektedir. Bu deger arttik¢a
cikista elde edilecek sonuglarin duyarliliginda da artis
gozlemlenecektir. MUL COEFF parametre degeri ise

gercel say1 formatinda hesaplanan tablo degerlerinin tam
say1 formatina doniistiiriilmesinde kullanilacak 2’nin kat1
olan katsayr degerini (2MVL-COEFF) ifade etmektedir.
DATA_SIZE parametresi ise ¢ikista elde edilecek
verilerin uzunlugunu ifade etmektedir. Bu degerin

tanimlanmasi1 sirasinda, MUL _COEFF degerine
ceil (logéTERA”ON) degerinin eklenmesi cikista elde

edilecek sonuclarin dogrulugu agisindan 6nerilmektedir.

(
ITERATION : ;
MUL_COEFF ;
DATA SIZE : ) 7

Sekil 3. Jenerik CORDIC algoritmalarinda kullanilan parametreler
(Paramet resused in Jenerik CORDIC)

3.1 Jenerik Dairesel A¢1 Doniisiimiiniin Donanimsal
Gerceklenmesi: Dondiirme Modu (Hardware
Implementation of Generic Circular Angle
Conversions : Rotation Mod)

Diresel ac¢1 doniisiim islemlerinin dondiirme modda
gerceklestirilmesi asamasinda Oncelikle dondiirme agi
degerlerinin ITERATION parametre degerine bagh
olarak bak-oku tablosu olusturulmas: gerekmektedir.
Doniisiim islemleri sirasinda her iterasyonda ilgili ac1
degeri bak-oku tablosundan okunarak sonug¢ degeri
hesaplanmaktadir.

FPGA tabanli gerceklemede dondiirme ag¢1 degerlerinin
tutuldugu bak-oku tablosu olusturma islemi i¢in gerekli
tip ve fonksiyon tanimlama VHDL kodlar1 Sekil 4’de
gosterilmistir. Sekil 4’te ¢ Cordic_values tipi real
verilerden olusan ITERATION parametre degeri
uzunlugunda bir bak-oku tablosu tanimlamaktadir.
f Calc_Angels fonksiyonu, Denklem (7)’yi kullanilarak
ITERATION  parametre degeri uzunlugunda
t_Cordic_values tipinde bak-oku tablosu iiretmektedir.
ITERATION degeri 12 segildigi durumda Tablo 2’deki
gibi bak-oku tablosu olusturulmaktadir.

Tablo 2. Denklem (7)’de tanimli denklem kullanilarak bak-oku tablosu
degerlerinin olusturulmasi (Formation of look- read table values using
equation(7))

i Denklem (7) i Denklem (7)

1 0.78539816339745 7 0.01562372862048
2 0.46364760900081 8 0.00781234106010
3 0.24497866312686 9 0.00390623013197
4 0.12435499454676 10 0.00195312251648
5 0.06241880999596 11 0.00097656218956
6 0.03123983343027 12 0.00048828121119
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typet Cordic values isarray (0
toITERATION - 1) ofreal;

functionf Calc Angels (ITERATION:

integer) returnt Cordic values is
variablev K angels t Cordic values;
begin

forn 1 in0 toITERATION - 1 loop
v_K angels(n_ i) :=

arctan(2.0**(-1.0 * real(n 1i)));

endloop;

returnv K angels;

endf Calc Angels;

Sekil 4. Ag1 degerlerinin olusturulmasinda kullanilan veri tipi ve
fonksiyonun VHDL kodlart (Data typeused in the formation of angle
value sand VHDL codes of the function)

Denklem (12)’de tanimlanan  parametre degerlerinin
hesaplanmasi icin Sekil 6’da gosterilen f Calc K values
fonksiyonu kullanilmaktadir. Her bir iterasyon degerleri
icin dlgekleme faktorii degerleri hesaplanmaktadir.

functionf Calc K values (ITERATION:

integer) returnt Cordic values is
variablev K values t Cordic values;
begin

v_K values(0) := 1.0 / sqgrt(2.0);

forn i inl toITERATION - 1 loop
v_K values(n_1i) :=
v_K values(n i - 1) * (1.0 / sqrt(1.0
+ 2.0%*(-2.0 * real(n_1))));
endloop;
returnv K values;
endf Calc K values;

Sekil 5. Her bir iterasyon degeri i¢in 6l¢ekleme faktoriiniin hesaplayan
VHDL kodlar1 (VHDL codes calculating the scaling factor for each
iteration)

Sekil 4 ve Sekil 5’dan da goriilecegi iizere
f Calc_Angels ve f Calc K values fonksiyonlariin
dondiirdiigii degerler real veri tipindedir. Bu veri tipi
FPGA i¢in sentezlenebilir degildir. Bu nedenle bu
degerler normalize edildikten sonra MUL COEFF
parametresi ile ¢arpilarak integer veri tipine
f_Conv_Real to_Int fonksiyonu ile doniistiiriilmektedir
(Sekil 6).

functionf Conv _Real to Int(r Cordic va

lues t Cordic values; ITERATION,
MUL COEFF integer ) returnt Int data
is

variable v_Int data
begin B B
forn i in0 toITERATION - 1 loop

v Int data(n i) :=

integer (r_Cordic_values(n_i) *
real (2**MUL COEFF)) ;
endloop; N
returnv_Int data;
endf Conv_Real to Int;

t Int data;

Sekil 6. Gergel say1 veri tipinden tam say1 veri tipine doniisiim islemini
gergeklestiren VHDL kodu (VHDL code processing transformation of
real number to whole number)

Ornegin 0.5 degeri MUL _COEFF parametresin degeri
8 oldugu durumda 4 degerine cevrilmektedir.
f_Conv_Real to_Int fonksiyonu ile elde edilen tam say1
degerleri ile jenerik olarak tanimlanan veri uzunlugunda
islem yapabilmek amaci ile tiir doniisimii isleminin
gerceklestirildigi f_Conv_Int to_Std_Logic_Vector
fonksiyonu Hata! Basvuru kaynag bulunamadi.’de
gosterilmistir.

Jenerik CORDIC algoritmasinin donanimsal
gerceklenmesine iliskin sdzde kod Sekil 8’da verilmistir.
Sekil 9’da tanimlanan 1., 2. ve 3. adimlarin jenerik
parametrelerine bagli olarak gergeklenmesine iliskin
VHDL kodlar1 Sekil 9, Sekil 10 ve Hata! Basvuru
kaynagi bulunamadi.’de verilmistir.

functionf Conv_Int to Std Logic Vector (
r Int values t Int data; ITERATION,
DATA SIZE integer)
returnt Std Logic Vector data is
variable v_Std Logic Vector data

t Std Logic Vector data;
begin
forn 1 in0 toITERATION - 1 loop

v_Std Logic Vector data(n 1i):=
conv_std logic vector(
r Int values(n i), DATA SIZE);
eHdlogp; N N
returnv_Std Logic Vector data;
endf Conv_Int to Std Logic Vector;

Sekil 7. Tam say1 veri tipinden std_logic_vector veri tipine doniisiim
islemini gergeklestiren VHDL kodu (VHDL code processing
transformation of whole number to std_logic_vector number)

Sekil 9’dal. adimda  tamimlanan  islemlerin
ger¢ceklenmesine iliskin VHDL kodlar1 Sekil 10°da
verilmistir. Sekil 10’dan da goriilecegi iizere aci
degerinin pozitif veya negatif olma durumuna goére atama
islemleri yapilmaktadir.
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1. Ag¢i dederine Dbagli olarak Denklem
(2)’"de tanimlanan islemleri
gergeklestir (Sekil 9).

2. Denklem (10)’da tanimlan islemleri
gerceklestir (Sekil 10).

3. Parametreleri glncelle (Hata!

Basvuru kaynag bulunamadai.) .

4. Tum iterasyon dederleri ic¢in islemler

kosturulduysa 5. adima, aksi durumda

1. Adima gecg.

5. Denklem (12)’de tanimlanan islemleri

Sekil 8. CORDIC algoritmasinin donanimsal ger¢eklenmesine iliskin
sozdekod (Pseude code related to the hardware realization of CORDIC
algorithm)

Sekil 8da 1. adimda tanimlanan islemlerin
gerceklenmesine iliskin  VHDL kodlar1  Sekil 9°’da
verilmistir. Sekil 9°dan da goriilecegi iizere ag1 degerinin
pozitif veya negatif olma durumuna gore atama islemleri
yapilmaktadir.

Sekil 10’de Sekil 8’da 2. adimda tanimlanan islemlerin
gerceklenmesine iligkin VHDL kodlar1 verilmistir. Sekil
10’den de goriilecegi tlizere CALC _FACTOR ve
CALC NEW_V  durumlarinda Denklem (10)’da
tanimlanan islemler ger¢eklenmektedir. SET NEW V
degerinde giincelleme iglemleri yapilarak iterasyondaki
yeni degerler, vektordeki yerlerine atanmaktadir.

r teta < 0
r sigma <= (conv_std logic vector (-1 *
2** MUL COEFF, DATA SIZE)):;

r sigma <= (conv_std logic vector(l *
2** MUL COEFF, DATA SIZE)):;

’

Sekil 9.1. adimda tanimlanan islemlerin gergeklenmesine iliskin VHDL
kodlar1 (VHDL codes related to realization of processes in the first step)

CALC_FACTOR =>
r factor <= r sigma * r POW of 2;
r Cordic Cntrl <= CALC NEW V;

CALC NEW V =>
r V new 0 <=
conv_std logic vector (2**MUL_COEFF,
DATA SIZE) * r V vector(0) -
r V vector(l) * r factor (MUL COEFF +
DATA SIZE - 1 MUL COEFF) ;
r V new 1 <=
conv_std logic vector (2**MUL_COEFF,
DATA SIZE) * r V vector(l) +
r V vector(0) * r factor (MUL COEFF +
DATA SIZE - 1 MUL COEFF) ;
r Cordic Cntrl <= SET NEW V;

SET NEW V =>
r V vector(0) <= r V new 0 (MUL COEFF
+ DATA SIZE - 1 MUL COEFF) ;
r V vector(l) <= r V new 1(MUL COEFF +
DATA SIZE - 1 MUL COEFF) ;
r teta delta <= r sigma * r Angel;

Sekil 10. 2. adimda tanimlanan iglemlerin ger¢eklenmesine iliskin
VHDL kodlart (VHDL codes related to realization of processes in
thesecond step)

Hata! Basvuru kaynagi bulunamadi.’de Sekil 8’da 3.
adimda tanimlanan islemlerin gerceklenmesine iligkin

VHDL kodlar1 verilmistir. Bu adimda CORDIC
algoritmasinda  kullanilan  parametre  giincelleme
islemleri yapilmaktadir.

3.2. Jenerik  Dairesel A¢1  Doniigiimiiniin

Donanimsal Gerceklenmesi Vektorel Mod(Hardware
Implementation of Generic Circular Angle
Conversions : Vectorial Mod)

Diresel ag¢1 doniisiim islemlerinin  vektérelmodda
gergeklestirilmesi asamasinda ITERATIONparemetre
degerine bagli olarak bak-oku tablosu olusturulmasi
gerekmektedir. DoOniisiim  islemleri sirasinda  her
iterasyonda 1ilgili deger bak-oku tablosundan okunarak
sonug degeri hesaplanmaktadir.
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r teta <= r teta -

r teta delta (MUL COEFF + DATA SIZE - 1
MUL_COEFF) ;

r POW of 2 <= '0' &

r POW_of 2 (DATA_SIZE - 1 1);

n i+ 2 > VALUE SIZE
r Angel <= '0O' & r Angel (DATA SIZE - 1
1)

r Angel <= r Angels SLV data(n i + 1);

’

Sekil 11. 3. adimda tanimlanan islemlerin ger¢eklenmesine iliskin
VHDL kodlar1 (VHDL codes related to realization of processes in the
third step)

FPGA tabanli ger¢eklemede bak-oku tablosu olusturma
islemi i¢in gerekli fonksiyon tanimlamalar1i VHDL
kodlar1 Sekil 12°da gdsterilmistir. Sekil 12°da tanimlanan
f Calc_tp values fonksiyonunun dondiirdiigii degerlerin
girig olarak verildigi f Calc_atantp_values fonksiyonun
kullanarak ITERATION parametre degeri uzunlugunda
t _Cordic_values tipinde bak-oku tablosu iiretmektedir.

Denklem (14)’de tanimlanan K, parametre degerlerinin

hesaplanmast i¢in Sekil 13°da gosterilen

f Calc_K valuesfonksiyonu kullanilmaktadir. Her bir
iterasyon degerleri igin Olgekleme faktorii degerleri
hesaplanmaktadir.

Sekil 14’de vektdrelmodda CORDIC algoritmasinin
donanimsal ger¢eklenmesine ait sematik gdsterimi
verilmistir.

3.3. Test Sonuclar1 (Test Results)

Tablo 3’te sabit carpan (MUL_COEFF = 18) ve veri
uzunlugu (DATA WIDTH = 24) degerlerinde farkli
iterasyon degerleri igin algoritma ¢ikisinda elde edile
kosiniis ve siniis degerlerinin ortalama karesel hata
(OKH) oranlari ve FPGA {izerinde kullandigi mandal
sayilar1 gosterilmistir. Tablo 3’te iterasyon sayisinin
degismesi  algoritmanin  gergeklenmesi  esnasinda
kullanilan alani etkilemedigi ve 20. iterasyondan sonra
OKH degerleri degismedigi goriilmektedir.

Tablo 4’de sabit iterasyon (ITERATION = 24) degerinde
farkli ¢carpan degerleri igin algoritma ¢ikisinda elde edile
kosiniis ve siniis degerlerinin ortalama karesel hata
(OKH) oranlari ve FPGA iizerinde kullandigi mandal
sayilar1 gosterilmistir. Tablo 4’de ¢arpan degerinin
artmast ile alan kullanimi artmakta fakat OKH
degerlerinde azalma goriilmektedir.

f Calc tp values (ITERATION:
) t Cordic values
v_tp values : t Cordic values;

v_tp values(0)

1.0;v_tp values (1)
1.0;v tp values(2) := 1.0;
n i in3 toITERATION - 1

v_tp values(n i) :=

v_tp values(n i - 1) / 2.0;

v_tp values;
f Calc tp values;
f Calc atantp values(c tp value
s : t Cordic values; ITERATION:
integer) t Cordic values
v_atantp values
t Cordic values;

v_atantp values(0) := c PI /
4.0;v_atantp values(l) := c PI / 4.0;
v_atantp values(2) := c PI / 4.0;
n i 3 ITERATION - 1

v_atantp values(n_ i) :=
arctan(c_tp values(n_1i));
v_atantp values;
f Calc atantp values;

Sekil 12. Bak-oku tablosu olusturmak igin kullanilan fonksiyonun
VHDL kodlar1 (VHDL codes of the function which is used to form
look- uptable)

Tablo 5’de sabit ¢arpan (MUL COEFF = 18) ve veri
uzunlugu (DATA WIDTH = 24) degerlerinde farkli
iterasyon degerleri icin algoritma ¢ikisinda elde edile
genlik ve ag¢i degerlerinin ortalama karesel hata (OKH)
oranlart ve FPGA iizerinde kullandigi mandal sayilari
gosterilmistir.

Tablo 5’den iterasyon sayisinin degismesi algoritmanin
gerceklenmesi esnasinda kullanilan alani etkilemedigi
20. iterasyondan sonra OKH degerleri degismedigi
goriilmektedir.

Tablo 6. Farkli ¢arpan degerlerinde kosiniis ve siniis
degerleri i¢in ortalama karasel hata degerleri ve
kullanilan mandal sayilar1 ITERASYON = 24) (Root-
mean square values for mean cosinus and sinus values in
different multiplier values and flip-flops that are used-
ITERASYON = 24)

Mul ¢ Okh_genlik Okh_act1  Mandal Dsp

oeff

10 2.698429x10-8  1.81201 108 3
0x10-7

12 9,482901x10-9  3,60584 120 3
9%x10-9

16 1,865137x10-10  9,35340 144 3
6x10-11
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20 2,532061x10-13  4,06095 168 6
4x10-13

24 1,108513x10-14  1,84159 227 10
2x10-14

4. SONUCLAR(CONCLUSION)

Bu calismada dondiirme modda dairesel agi doniistimii
kullanilarak siniis ve kosiniis degerlerinin hesaplanmasi
ve vektorel modda dairesel ag1 doniisiimii kullanilarak da
bir vektoriin polar koordinat degerlerinin hesaplanma
islemleri  FPGA  tabanli  donamimsal  olarak
gerceklenmistir.  Gergeklemede iterasyon sayisinin
donanimsal gergeklemede kullanilan alan tiiketimini
etkilemedigi ve 20. iterasyon degerinden sonra OKH
degerlerinin degigsmedigi  Tablo 3 ve Tablo 5’de
gosterilmigtir. Bu durumun nedeni olarak segilen ¢arpan
degerinin bak-oku tablosu degerlerinin tiimiini uygun
seviyelere Olgekleyememesinden kaynaklanmaktadir.
Omegin dondiirme modda f Calc_Angels fonsiyonunun
dondiirdiigii 20 iterasyon degeri 218 ile ¢arpma islemi
gerceklestirdigimizde elde edilen deger 0 olacaktir. Bu
nedenle 20. iterasyon degerinden sonra gerceklestirilecek
olan iterasyonlarda yine fonksiyon 0 degerini
dondiirecektir. iterayon degerinin sabit tutulup carpan
degerinin artirtlmasi ile OKH degerlerinin degisiklikler
gosterdigi Tablo 4 ve Hata! Yer isareti basvurusu
gecersiz.’da gosterilmistir. Tablolardan da goriilecegi
iizere carpan degeri arttikga sabit iterasyon degerinde
cikista elde edilen sonug¢ degerlerinde hata degerleri
azalmaktadir.

’de sabit iterasyon (ITERATION = 24) degerinde farkli
carpan degerleri i¢in algoritma ¢ikisinda elde edile genlik
ve a¢i degerlerinin ortalama karesel hata (OKH) oranlari
ve FPGA izerinde kullandigt mandal sayilan
gosterilmigstir. Tablo 4’de ¢arpan degerinin artmasi ile
alan kullanim1 artmakta fakat OKH degerlerinde azalma
goriilmektedir.

functionf Calc K values(c_atantp values
t Cordic values; ITERATION: integer)

returnrealis
variablev K :
begin

v K := sqrt(2.0) / 4.0;
forn i in3 toITERATION - 1 loop

v K :=v K?*

cos (c_atantp values(n 1i));
endloop;
returnv K;
endf Calc K values;

real;

Sekil 13. fterasyon degeri igin 6lgekleme faktoriinii hesaplayan VHDL
kodlar1 (VHDL codes calculating the scaling factor for iteration value)

Sekil 14,

VektorelModda
gosterimiSchematicdisplay of CORDIC algorithminVectorelmode)

CORDIC  algoritmast  sematik

Tablo 3. Farkli iterasyon degerlerinde cosiniis ve sinils degerleri igin
ortalama karasel hata degerleri ve kullanilan mandal sayilar
(MUL_COEFF = 18, DATA_ WIDTH = 24)(Root-mean square values
for mean cosinus and sinus values in different iteration values and flip-
flops that are used-MUL COEFF = 18, DATA WIDTH = 24)

Iteration Okh cos  Okh sin Mandal Dsp
12 2,335501  1,93478 247 10
x108 0x108
16 2,346898  2,34689 247 10
x10710 8x10-1°
20 2,474788  1,26875 247 10
x10°10 2x10710
24 2,474788  1,26875 247 10
x10°1° 2x10710
28 2,474788 1,26875 247 10
x10710 2x10°1°

Tablo 4. Farkli carpan degerlerinde ortalama kosiniis ve siniis degerleri
icin ortalama karasel hata degerleri ve kullanilan mandal sayilart
(ITERASYON = 24) (Root-mean square values for mean cosinus and
sinus values in different multiplier value sand flip-flops that are used-
ITERASYON =24)

Mul _coef  Okh_cos Okh_sin Mandal Dsp
f

10 1,951241  1,951241x 175 6
x10-6 10-6

12 5,513225  5,115861x% 193 6
x10-7 10-7

16 2,163471 1,697809x% 271 6
x10-9 10-9

20 1,208777  1,208777x% 325 16
x10-11 10-11

24 7,503266  7,503266% 337 20
x10-14 10-14

Tablo 5. Farkli iterasyon degerlerinde cosiniis ve siniis degerleri i¢in
ortalama karasel hata degerleri ve kullanilan mandal sayilar
(MUL_COEFF = 18, DATA_WIDTH = 24)(Root-mean square values
for mean cosinus and sinus values in different iteration value sand flip-
flops that are used- MUL COEFF = 18, DATA WIDTH = 24)

Iteratio Okh_genlik  Okh act  Mandal Dsp

n

12 8.435011x10"  1.87307 202 3
12 0x 10—7

16 5.593260x10-  1.73585 202 3
12 4x 10-9

20 5.593160x10"  8.47966 202 3
12 6x1011

24 5.593160x10-  1.20239 202 3
12 0x 10-11
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28 5.593160x10-  1.20239 202 3
12 0x101!

Tablo 6. Farkli ¢arpan degerlerinde kosiniis ve siniis degerleri igin
ortalama karasel hata degerleri ve kullanilan mandal sayilar
(ITERASYON = 24) (Root-mean square values for mean cosinus and
sinus values in different multiplier values and flip-flops that are used-
ITERASYON = 24)

Mul ¢ Okh_genlik Okh_act  Mandal Dsp

oeff

10 2.698429x108 1.81201 108 3
0x1077

12 9,482901x10°  3,60584 120 3
9x10°

16 1,865137x10°10  9,35340 144 3
6x10711

20 2,532061x101%  4,06095 168 6
4x1013

24 1,108513x10"  1,84159 227 10
2x10°4

5. SONUCLAR(CONCLUSION)

Bu calismada dondiirme modda dairesel agi doniistimii
kullanilarak siniis ve kosiniis degerlerinin hesaplanmasi
ve vektorel modda dairesel a¢1 doniisiimii kullanilarak da
bir vektoriin polar koordinat degerlerinin hesaplanma
islemleri FPGA  tabanh donanimsal olarak
gerceklenmistir.  Gergeklemede iterasyon sayisinin
donanimsal ger¢eklemede kullanilan alan tiiketimini
etkilemedigi ve 20. iterasyon degerinden sonra OKH
degerlerinin degigsmedigi  Tablo 3 ve Tablo 5°de
gosterilmistir. Bu durumun nedeni olarak segilen ¢arpan
degerinin bak-oku tablosu degerlerinin tiimiinii uygun
seviyelere Olgekleyememesinden kaynaklanmaktadir.
Omegin dondiirme modda f Calc_Angels fonsiyonunun
dondiirdiigii 20 iterasyon degeri 2'® ile ¢arpma islemi
gerceklestirdigimizde elde edilen deger O olacaktir. Bu
nedenle 20. iterasyon degerinden sonra gerceklestirilecek
olan iterasyonlarda yine fonksiyon O degerini
dondiirecektir. iterayon degerinin sabit tutulup carpan
degerinin artirtlmasi ile OKH degerlerinin degisiklikler
gosterdigi Tablo 4 ve Hata! Yer isareti bagvurusu
gecersiz.’da gosterilmistir. Tablolardan da goriilecegi
iizere ¢arpan degeri arttikca sabit iterasyon degerinde
cikista elde edilen sonug¢ degerlerinde hata degerleri
azalmaktadir.
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Genis bant spektrumu ve yiiksek ¢oziiniirliikk 6zellikleri ile ¢ok genis bant (Ultra-Wide Band, UWB) teknolojisi, birgok
kapal1 alan konum belirleme probleminde tercih edilmektedir. Bu ¢aligmada; UWB kablosuz sinyallerini kullanan
konum belirleme sisteminin konum belirleme performansinin belirlenmesi ve genellikle agik alan konum
belirlemesinde kullanilan yatay hassaslik 6lgeginin (Horizontal Dilution Precision, HDOP) kapal1 alanda bu sistem
icin kullanilmasiyla, konum tahmin hatasinin iyilestirilmesi i¢in yeni bir yontem sunulmaktadir. Bu yontem kullanissiz
olan konum tahmin noktalarinin elenmesi temel almaktadir ve UWB konum belirleme sistemi ile elde edilen deneysel
konum belirleme sonuglarinin iyilestirilmesini saglamaktadir. Bu yontemin performans analizi i¢in UWB sisteminin
sagladigi konum verilerine literatiirde kullanilan en kii¢iik kareler (Least Squares, LS) ve dogrusal olmayan regresyon
(Non-Linear Regression, NLR) ve 6nerilen HDOP tekniklerinin uygulanmasi ile elde edilen sonuglar karsilastiriimali
olarak sunulmaktadir. Sonuglar gostermektedir ki; dnerilen HDOP teknigi, LS algoritmasinin ortalama konum hatasina
gore yaklasik olarak %9 oraninda, NLR algoritmasina gore ise %5 oraninda daha iyi sonug vermektedir.

Anahtar Kelimeler: Cok genis bant, Bina i¢i konum belirleme, Yatay hassaslik 6l¢egi

Performance analysis and improvement of the ultra-wide band localization
system

ABSTRACT

With the very wide spectrum and high resolution characteristics, ultra-wideband (UWB) communication technique is
chosen various indoor localization. This paper presents the localization performance of a positioning system, which
uses UWB wireless signals, and a novel method to decrease the localization error using horizontal dilution of precision
(HDOP), which uses for outdoor positioning in the literature, for this system. This method focuses to eliminate the
unadaptable localization points and provides elimination of UWB experimental localization results. The comparison
between the proposed method localizations and the results by elimination of UWB system raw localization data with
the least-squares (LS) and the non-linear regression (NLR) techniques are provided for the performance analysis. As
the results, the proposed HDOP technique approximately provides 9% the better performance than the LS algorithm.
In addition, the technique also provides 5% the better performance than the NLR algorithm.

Keywords: Ultra-wide band, Indoor localization, Horizontal dilution of precision
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1. GiRiS (INTRODUCTION)

Kablosuz haberlesme sistemleri bir¢ok basarili uygulama
ile giiniimiiz iletisim problemlerine  kolaylikla
uygulanabilen ¢oziimler sunmaktadir [1]. Bu sistemlerin
sundugu uygulanabilir ¢6ziim yoOntemleri sayesinde
aragtirmacilar son yillarda ¢aligmalarini konum tahmini
ve ger¢ek zamanli kullanict takibi problemine
yogunlastirmaktadirlar. Literatiirde kullanicinin
konumunu tahmin eden ve gerektiginde takip edebilen
farkli ortamlar i¢in ¢alismalar mevcuttur [2]. Agik alanlar
icin sunulan ¢oziimlerden en 6nemlisi olarak kiiresel
konumlama sistemi (Global Positioning System, GPS)
[3] kabul edilmesine ragmen, kapali alanlar i¢in ortak bir
kabul goren teknik heniiz gerceklestirilememistir. Bu
alandaki caligmalar sinyal ¢oziiniirliigli geleneksel radyo
teknolojisine gore ¢ok daha iyi olan ¢ok genis bant
(Ultra-Wide Band, UWB) teknolojisi {izerinde
yogunlagmaktadir [4]. UWB teknolojisini kullanan radyo
alict vericileri, yiiksek bant genisligi ile g¢oklu yol
parazitlerin etkisini azaltarak veriyi daha kiigiik hata ve
yiikksek hizlarda iletebilmektedirler. Boylelikle kapali
alanlarda cihazlar arasinda gilivenli bir kablosuz
haberlesme ortami olugsmaktadir [5].

UWB sistemleri ayni frekans spektrumunda c¢aligan
sistemlerin neden olacagi parazitlerden etkilenmemesi
icin belirli giic seviyelerinde iletim yapmaktadirlar.
Boylelikle kablosuz UWB sinyalleri, 6zellikle konum
belirleme igin sdz konusu olabilen engellerin igine
isleme, kesin konum tahmini, yiiksek hizda veri iletimi,
diisiik maliyetli ve diisiik gii¢lii alici-verici tasarimi gibi
avantajlar  saglamaktadirlar.  Literatiirde, UWB
haberlesme teknigini farkli bigimlerde kullanan ¢ok fazla
sayida konum belirleme teknigi mevcuttur [6]. Kapali
alanlar i¢in Onerilen teknikler ise radyo sinyalinin
parmak izi ve uzaklik tabanli ¢dzlimler olmak tizere ikiye
ayrilmaktadirlar. Uzaklik tabanli konum tahmini
yapabilmek igin temel yoOntem sinyal parametreleri
Olcimlerine dayanan nicelikler kiimesinin gergek
zamanli olarak dogrudan ¢dziilmesini 6ngdren geometrik
tekniklerdir [6]. Bu nicelikler farkli geometrik gekillerin
kesisim kiimelerinin bulunmasimi saglayan geometrik
modellerden tiiretilmistir. Gelis zamani (Time Of
Arrival, TOA) veya alinan sinyal giicii (Received Signal
Strength, RSS) 6l¢iimii hedefin pozisyonu i¢in bir daire
tanimlayan alict ile hedef arasindaki uzakligin
belirlenmesini saglar. Bu sekilde alici ile hedef arasinda
gerceklestirilen gelis acis1 (Angle of Arrival, AOA) veya
gelis zaman farki (Time Difference of Arrival, TDOA)
Ol¢limii ile yine hedefin konumu belirlenebilmektedir [7],
[8], [9]. Kapali alanlarda uzaklik tabanli konum
belirleme performansini alicilarin konumu [10], yapilan
Olciimiin  niteligi ve sayist [11] gibi etkenler
degistirmektedir. Chai ve digerleri kapali alanda UWB
alicilarinin konumlandirilmasi ve konumlari bilinmeyen

farkli sayida diigiimlerin baglantilarini kullanan isbirlik¢i
konum belirleme algoritmast Onermislerdir [12].
Bununla birlikte kapali alanlardaki konum belirleme
ihtiyacinin uygulamaya yonelik artis1 UWB ¢aligmalarim
konum hassasiyetinin artirilmasina yoneltmektedir [13].
Ticari olarak almnabilen bir UWB sistemi ile gercek
zamanlt 3 boyutlu bir konum belirleme sisteminin
sunuldugu calismada konum verilerinin iyilestirilmesi
i¢in triletarasyon ve ii¢ izleme filtresi kullanilmustir [14].
Bununla birlikte GPS i¢in kullanilan GDOP metriginin
kapali alanlarda da kullanilarak konum belirleme
yapilmasina yonelik calismalar da mevcuttur [15], [16].
Kapali alanlarda bu konum belirleme sistemleri igin
optimizasyon ve istatistiksel yaklasim teknikleri de
calistlmaktadir [5]. Bu teknikler giiriiltilii 6l¢iimlerin
kullanildig1 parametreler ile elde edilen fazla sayidaki
pozisyon bilgisi ile konum tahmini i¢in teorik ¢oziimler
ortaya koyabilmektedirler. Ticari olarak iiretilmis UWB
konum belirleme sistemleri giliniimiizde bir¢cok saglik,
giivenlik, askeri ve acil durum uygulamalarinda
kullanilabilmektedir [17], [18]. Uygulamalara gore
degisen konumlama hedeflerinde genelde bir metrenin
altinda hata beklenmektedir. Bu hedefi dogrultusunda
UWB sisteminin kullanacak oldugu konum belirleme
teknigi kesinlik, karmasiklik, kararlilik, 6l¢eklenebilirlik
ve maliyet degerlendirilmesine gore secilmektedir.
Calismalara gére UWB konum belirleme {iriinleri son
geligsmeler ile birlikte yiiksek kesinlikte konum belirleme
saglayabilmektedirler [17], [19].

Bu c¢alismada, ticari olarak iiretilmis olan bir UWB
konum belirleme sisteminin laboratuar ortamina
kurulmasi ve bu ortam i¢in konum belirleme
performansinin degerlendirilmesi yapilmaktadir.
Bununla beraber, konum belirleme sisteminden elde
edilen deneysel konum tahminlerinin, GPS sisteminde
acik alanlar ic¢in kullanilan yatay hassaslik 0Olgegi
(Horizontal Dilution of Precision, HDOP) [20] ile
tyilestirilmesini saglayan yeni bir yontem
onerilmektedir. Bu amacgla HDOP igin esik deger
tanimlamasi yapilarak, bir filtre gibi kullanilmasi
sunulmaktadir. Bu yontemin mevcut teorik ¢aligmalara
gore en Onemli avantaji her hangi ek Ol¢iim
parametresine ihtiyag duymadan, mevcut Olgiimlerin
kaliteli olanlarinin konum tahmini siirecine dahil
edilmesidir. Ayrica yontemin birden fazla alici i¢eren
tiim UWB sistemleri i¢in uygulanabilir olmas1 diger bir
avantajidir. Bu teknigin kullanilabilmesi i¢in 6lgtimlerin
yapilacak oldugu alanin farkli alic1 sayilaria gére HDOP
haritalarinin  ¢ikarilmasi gerekmektedir. Literatiirde,
onerilen HDOP teknigi ile benzer amagla kullanilan en
kiiciik kareler (Least square, LS) [21] ve dogrusal
olmayan regresyon (Non-Linear Regression, NLR) [22]
mevcuttur. Bu  algoritmalar  yiikksek  hesaplama
karmasikligina sahiptirler. UWB teknigi kullanan konum
belirleme sisteminin ayrintili agiklamasi ve konumlar
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bilinen statik test noktalar1 i¢in deneysel sonuglarin elde
edilmesi  ve  degerlendirilmesi  Bolim  2’de
sunulmaktadir. UWB sisteminin sagladig1 tahminlerin
iyilestirilmesi i¢in kullanilacak olan HDOP yontemi, LS
ve NLR algoritmalar1 Boliim 3’te anlatilmaktadir.
Onerilen  teknigin literatiirde konum  belirleme
tekniklerinin iyilestirilmesi i¢in kullanilan LS ve NLR
algoritmalar1 ile karsilastirilmasini kapsayan ayrintili
konum  belirleme  performanslart  Bolim  4’te
sunulmaktadir. Son olarak Bolim 5°te tartisma ve
sonuglar verilmektedir.

2. UWB KONUM BELIiRLEME SiSTEMi (UWB
LOCALIZATION SYSTEM)

Genel bir UWB konum belirleme sisteminde tipik olarak
etiket (tag) olarak adlandirilan; kontrol altinda
tetiklendiginde UWB sinyallerini yayan bir verici ve
UWB sinyallerini alan birden fazla alict vardir. Bu
sistemler hem statik 6l¢iimleri hem de hareketli 6l¢timleri
gerceklestirebilmektedir. Piyasada farkli firmalarin farklh
problemlere yonelik konum belirleme sistemleri
mevcuttur [6]. Bu c¢alismada kullanilan UWB konum
belirleme sistemi, geleneksel tek yonli zaman boliigiimlii
¢oklu erigim kontrol kanali kullanan bir konum belirleme
platformudur ve konumlama islemi i¢cin AOA ve TDOA
sinyal parametrelerini kullanmaktadir. 6-8.5 GHz frekans
bandinda c¢alisan alicilar bina icinde sabit ve Ol¢iim
yapilacak alana gore yiiksek noktalara yerlestirilmistir.
Geleneksel radyo frekans (RF) sinyalinde, bina igerisinde
kesin sinyal zamanlamasi yapmak zordur. Ancak UWB
sinyalleri ile direk yol, yansimalardan ayrilabildigi i¢in
kesin sinyal zamanlamasi yapmak miimkiindiir.
Konumlart ii¢ boyutlu olarak tespit edilmis olan alicilar,
veri kablolar1 ile merkezi bir bilgisayarinda bulundugu
ayni aga baglanmislardir. Bu bilgisayar UWB konum
belirleme sisteminin etiket ve alicilardan sonraki ti¢lincii
bileseni olan konum belirleme yazilimini igermektedir.
Bu yazilim tiim sistemin kurulumu, kalibrasyonu ve
kullandig1 algoritmalar ile alict 6l¢iimlerinden konum
tahminlerinin bulunmasini saglamaktadir. Sistem konum
tahmininde her bir alic1 etiket icin bir AOA vektorii ve
TDOA egrisini olusturur. Bu dogru ve egrinin kesisim
noktasi etiketin konumunu vermektedir. Tiim alicilarin es
zamanl ¢alisabilmeleri ve daha kesin konum belirleme
performansi igin yapilan kalibrasyonda alicilarin ig
boyutlu koordinat sisteminde nereye yerlestiginin tespiti
ve ayni aga bagl olan bilgisayarda bulunan yazilima bu
koordinatlarin bigimde girilmesi gerceklestirilmistir.

UWB konum belirleme sistemi 159 m boyutlarindaki
laboratuar ortaminda, Sekil 1’de goriildiigii gibi toplam 6
adet aliciya sahiptir. Alicilarin tamami yaklagik olarak
2.30 m yiksekligindeki siitunlarin iizerine gerekli
kalibrasyon islemleri yapilarak konumlandirilmislardir.
Bu alicilarin 4 tanesi laboratuvarda birbirlerini gérecek

bicimde digerleri ise koridora yerlestirilmiglerdir.
Toplam 21 tane statik Olcim noktast rasgele
belirlenmistir. Olgiimlerde etiket 0.75 m ve 1.5 m
yiiksekliginde ii¢ ayakli sehpaya sabitlenerek konum
belirlemesi yapilmistir. Bu agamada her bir nokta
iizerinde yaklagik olarak 2.5 dakika beklenerek bir diger
Ol¢iim noktasina gegilmistir. Sekil 1’de UWB konum
belirleme sisteminin farkli yiikseklikteki iki etiket i¢in
alicilardan saglanan 6lgiimler ile her bir dl¢iim noktasi
i¢in tespit ettigi tahmin noktalar1 gosterilmektedir. Etiket
yiiksekliginin 1.5 m oldugu konum belirleme
tahminlerine bakildiginda birbirini goéren alicilarin
bulundugu laboratuvardaki test noktalarindaki hatanin
koridorlardaki noktalara gore ¢ok daha kiigiik oldugu
goriilmektedir. Etiket yiiksekliginin 0.75 m oldugu
Olctimlere bakildiginda da benzer konum tahmin
sonuglar1 goriilmektedir. Bu konum belirleme hatasinin
bu noktalar igin fazlaligi koridorlardaki zayiflatici
etkinin fazla olmasidir.
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Sekil 1. UWB konum belirleme sisteminin farkli yiiksekliklerdeki
etiketler i¢in tahmin noktalari (The estimated positions of the tags at
distinct pitch for the UWB localization system)

UWB konum belirleme sisteminin elde etmis oldugu
verilerden elde edilen konum hatalarinin her iki etiket
yiiksekligi i¢inde ortalama hatalar1 Sekil 2’de
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gosterilmektedir. Ortalama hatalara bakildiginda etiket
yiiksekliginin 1.5 m oldugu sonuclar diger -etiket
sonuclarina goére genel olarak daha iyi sonuglar
vermektedir. Sonuglara gore ortalama konum hatalarinin
tamamu her iki etiket yiiksekligi i¢in de genel olarak 0.6
m’nin altinda kaldigr goriilmektedir. Tim konum
tahminlerinin ve test noktalarinin ortalamalarinda 0.75 m
ve 1.5 m etiket yiikseklikleri igin sirastyla 0.32 m ve 0.23
m konum hatasi elde edilmistir.
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Sekil 2. UWB konum belirleme sisteminin ortalama konum hatalari
(The mean position errors of the UWB localization system)

3. KULLANILAN YONTEMLER (METHODS)

UWB konum belirleme sisteminin sagladigi konum
verilerinin iyilestirmesi i¢in Onerilen yatay hassaslik
Olgeginin kullanimi ile daha fazla alicidan elde edilen
konum verilerin tespiti yapilabilmektedir. Daha fazla
alict ile elde edilmis konum verisi daha iyi yatay
hassasiyete sahiptir. Yatay hassasiyetin iyilesmesi elde
edilecek konum verilerinin de iyilesmesi anlamina
gelmektedir [20]. Literatiirde var olan ve konum
verilerinin iyilestirilmesi i¢in de kullanilan LS ve NLR
teknikleri ise iteratif islemler dizisi ile konum verilerinin
iyilestirilmesini ger¢eklestirmektedirler. Bu ydntemler
bu boliimde anlatilmaktadirlar.

3.1. En Kiiciik Kareler Yontemi (Least Mean Squares
Method)

En kiiclik kareler (Least Square, LS) yontemi, konumu
tespit edilmeye calisilan bir hedefin sistemde kullanilan
alicilara olan uzakliklarinin bir denklem sistemi i¢erisine
yerlestirilerek, hatanin iyilestirilmesi i¢in kullanilan en
geleneksel ¢6ziim yontemlerinde birisidir. Bu yontem
sonsuz uzaylarin kesistigini goz Oniine almaktadir. Bu
uzaylarin kesigim noktasi en kiigiik kareler yontemi ile
tespit edilebilmektedir. Bu tanimlamadan yola ¢ikilarak,
alic1 konumlarinin (x;, yi, z;) ve (xj, yj, z) noktalart ve
hedef noktanin bu alicilara olan uzakliklarmin (d;, d))

oldugu varsayildiginda; hedefin konumu i¢in Denklem
(1) yazilir.

(i =)+ — )2+ (zi—2)* =d}

1
=)+ =+ (-2 =d} M

Denklem (1)’in varliginda kesisen uzaylar arasindaki
fark Denklem (2) ile ifade edilir.

Z(x]- - xl-)x + Z(y]- - yi)y + 2(Z]- - zi)z
= -d—xt -y -z +x] )

+y} + 7}

Denklem (2)’nin siirekli ve dogrusal formu Denklem (3)
ile gdsterilmistir.

Rp=0=p=[% § 2],

2(x0 = x1) 2o —y1) 2(20 —z1)
R=(2(xg —x2) 2o —y1) 2(20—21)|
2(xg —x3) 2o —y1) 2(20—2z1) (3)

di —d§ —x{ —yi —zf + x5 +y5 + 75
0=|d?—d?—x2—y2—z2+x2+vy2+2z}
di —d§ —x3 —yi —z5 + x5 +y5 + 75

Denklem (3)’teki esitlikler kullanilarak hedef nokta igin
iic boyutlu konum tespiti Denklem (4) ile ifade edilir.
Denklem (4) R matrisinin uygun Rank degerine sahip
olmast durumunda tahmin edilecek konum ig¢in ii¢
boyutlu konum bilgisi saglanmaktadir.

p=R'R)7'R"O “

3.2. Dogrusal Olmayan Regresyon Yontemi (Non-
Linear Regression Method)

Bu yo6ntem, lineer olmayan bir veya daha fazla sayida
bilinmeyen parametreye dayanan bir tahmin esitligi ile
karakterize edilmektedir. Kalinti (Residual) hatalarin
karelerinin toplamini minimize etmesi sebebiyle; tahmin
edilen uzakliklarin kolaylikla kullanildigr bu teknik,
konum belirleme i¢in ¢ogu zaman uygun c¢oziimler
sunabilmektedir. Dogrusal olmayan regresyonun bir kez
uygulanmasi ile tiim o6l¢iimlere dayanan bir konum
tahmini gergeklestirilir. Alicinin pozisyonu (u, v, w),
etiketin pozisyonu (x;, yi, z;) varsayildiginda; alic1 ile
etiket pozisyonu arasinda yapilacak 6l¢iimde mutlaka bir
Ol¢iim hatast olmaktadir. Bu iki nokta arasindaki 6l¢iim
hatasini igeren uzaklik Denklem (5) ile gosterilmistir.
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RGN ER N ¢ ) LR CA LR - )

Denklem (5)’te ¢, Olglim hatasini temsil etmektedir.
Ayrica tahmin edilen noktanin aliciya olan uzakligi da
Denklem (6) ile verilmistir.

di =/ (x; = 2)* + (i — 91)% + (z; — 2;)? (6)

Denklem (5) ve (6) ile konum tahmini Denklem (7)’de
verilen standart kalinti hatasinin belirlenmesiyle elde
edilir.

1 N
ot =) (= d)? ()

Denklem (7)’de r; noktanin alic1 ile arasindaki 6lglim
hatasii da igeren uzakligini, d; tahmin edilen noktanin
alictya olan uzaklig1 ve N bu nokta i¢in kullanilan tahmin
sayisini temsil etmektedir. Elde edilen kalinti hatasinin
iistiinde kalan Olciimler disindaki diger olglimler hedef
konum tahminleri olarak kullanilmaktadirlar.

3.3. Yatay Hassashk Olcegi Yontemi (Horizontal
Dilution of Precision Method)

Kiiresel konumlama sistemi saglamis oldugu avantajlar
sebebiyle; kablosuz haberlesme alaninda birgok
¢alismaya konu olmustur. Kesin bir konumlama iglemi
icin bu sistemin o anki uydu geometrisinin konum
belirlemeye uygun olup olmadigina karar vermesi
gerekmektedir. Bu kararin verilebilmesi i¢in calismalar
genellikle hassaslik 6l¢egini (Dilution of Precision,
DOP) kullanmaktadirlar. Bu 6lgege gore yapilacak olan
konum belirleme isleminin giivenilirlik seviyesi
belirlenmis olacaktir. Hesaplanan DOP degerinin yiiksek
¢tkmasi uydu geometrisinin iyi olmadigi, diisiik ¢ikmasi
ise uydu geometrisinin uygun olmadigr anlamina
gelmektedir. DOP &lgegi farkli tiirler ile ifade
edilebilmektedir. Bunlardan biri de yatay hassashk
olcegidir (HDOP). HDOP olgegi yatay diizlemde
gergeklestirilen konumlama islemlerinde kullanilir ve
matematiksel olarak uydularin  geometrilerinden
hesaplanabilmektedir. HDOP degerinin matematiksel
olarak hesaplanmasinda uydularin bilinen ii¢ boyutlu
konumlar1 kullanilarak, konumu tahmin edilen alicinin
her bir uyduya olan uzakliklar: tespit edilir ve Denklem
(8) ile hesaplanir.

R = J (= R)2+ (i —R)2+ (zi—R)2  (8)

Burada R; tahmin edilen nokta ile uydu arasindaki
uzakligi gostermektedir. Ry, R, ve R. konumu tahmin

edilen alicinin ii¢ boyutlu konum bilgilerini, x, y, z
terimleri ise uydularn konum bilgilerini temsil
etmektedir. Bu uzaklik bilgileri ile beraber Denklem (9)
ile verilen formiiller kullanilarak her bir uydu i¢in yonli
tirevler alinir.

xX; — Ry Yi— Ry
Dx; = ,Dy, = ,
xl. RL YI. Rl
(€))
Zj z
DZl' = B Dti =-1
i

Burada D, uydularin zamanlart ile ilgili islem

yapilacaginda kullanilabilir (Time DOP, TDOP).
Alicinin konum tahmininin dogrulanmasi i¢in elde edilen
bu veriler tim uydular i¢in sirasiyla bir matrise (G)
yerlestirilir. Elde edilen bu matrisin kovaryansi
kullanilarak DOP hesaplamalar1 gergeklestirilir. DOP
hesaplamalar1 Denklem (10) ile gosterilmektedir.

2 2 2 2
Oxx O'xy Oxy Oyt
2 2 2 2
(GTG)—l — O'yx ayy O-yz ayt (10)
g2 g2 2 2
zx zy Ozz Ozt

2 2 2 2
Otx Oty Otz Ot

Bu matrisin kosegen elemanlari, her bir eksen ve
kullanict zamami i¢in tahmin edilen kullanici
pozisyonunun varyansini temsil etmektedir. Elde edilen
matrisin elemanlar1 kullanilarak HDOP degeri Denklem
(11) ile tespit edilmektedir.

HDOP = /a§x+ay2y (11)

HDOP 6lgeginin matematiksel olarak hesaplanmasindan
sonra, bu oOl¢egin konum tahminlerinin uygun olup
olmadigina karar vermesi i¢in bir seviye tespiti yapilmasi
gerekmektedir. Bunun i¢in algilayici alanin tamamina bir
HDOP analizi yapilmasi gerekmektedir. Bu analizin
sonucunda Denklem (12) ile verilen matematiksel ifade
ile bir HDOP esik seviyesi (HDOPp) tespit
edilebilmektedir.

Kupopg t Onpory < HDOP, < lypop,, + 0upopy, (12)

Burada uypop, ve tupopy, sirastyla uydu geometrisinin
en iyi ve en koti oldugu durumlarda tiim alan igin
yapilacak HDOP hesabimin ortalamalarini, oypop, ve
Onpopy, ise standart sapmalarim temsil etmektedir. Bu
Onerilen yontemin kapali alanda calisan UWB konum
tahmin sistemine uygulanmasi ile alt1 alicinin yaptigi
Olglimlerin  kalitelerinin  belirlemesi ve kalitesiz
Ol¢iimlerin elenmesi ile gergeklestirilmektedir.
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4. KONUM BELIRLEME SONUCLARI
(LOCALIZATION RESULTS)

UWB konum belirleme sistemi ile konum belirleme
deneysel sonuclar1 iki farkli etiket yiiksekliginde 21
farkl1 test noktasi i¢in elde edilmistir. Bu test noktalarinin
her biri igin etiket yiiksekligi 1.5 m oldugu durumda
UWB konum belirleme sistemi test noktalar1 i¢in 1500
ile 2200 konum tahmini gergeklestirmistir. Elde edilen
bu tahmin sayilar1 yaklasik olarak 100 ms’de bir okuma
ile gergeklestirilmistir. Bu elde edilen tahminler konum
belirleme algoritmalarin her birinde performans
degerlendirilmesi i¢in kullanilmisgtir.

Ilk olarak, deneysel sonuglarin uygulandigi ve HDOP
yontemi olarak Onerilen yoOntem i¢in laboratuar
ortaminda farkli sayida alicilardan veri aldiklar1 durumda
HDOP seviyelerinin tespiti gerceklestirilmistir. Buna
gbre alanin tamaminda biitiin alicilardan veri alindig:
durumdaki HDOP seviyelerini ile yalnizca {i¢ alicidan
veri alindigindaki HDOP seviyelerini goz oniine alinarak
HDOP esik degeri se¢iminde gergeklestirilmigtir. Tim
alicilardan veri alindig1 kosulda; bu deger 0.96 - 1
arasinda tespit edilmistir. Bu deger agik alanlarda konum
belirlemede de ideal olarak nitelendirilmektedir. Yani
tim alicilardan veri alindiginda gergeklestirilen konum
belirleme islemindeki alici geometrisinin en iyi oldugunu
gostermektedir. Farkli kombinasyonlardaki ii¢ degisik
alicidan veri alindigi kosulda; bu degerin 1.5 ile 5
arasinda oldugu goriilmiistiir. Bu seviye kabul edilebilir
seviyenin igerisinde olmakla beraber, alic1 geometrisinin
her zaman i¢in iyi olmadig1 anlamina gelmektedir. Ancak
HDOP seviyelerinin diisiik olmasi alici geometrilerinin
iyi oldugunu gostermektedir. Bu nedenle UWB
sisteminin  deneysel  sonuglarmin  iyilestirilmesi
asamasinda HDOP;, esik seviyesi olarak ¢ok iyi seviye
olarak kabul edilen 1-2 araliginda 1.5 olarak se¢ilmistir.

Sekil 3, test alaninda gerceklestirilen dlgiimlerin HDOP
degerine gore elimine edilmesi sonucunda kalan
Olctimleri gostermektedir. Etiket yiiksekliginin 0.75 m
oldugu sonuglara gore Sekil 3(a)’da 17 numarali test
noktasi i¢in 6l¢limlerinin %99°u elimine edilerek, kalan
tahminlerin ortalamasi 0.15 m ile %64’lik bir iyilegsme
gerceklesmistir. Sekil 3(b)’de 18 numarali noktanin test
6l¢timlerinin %51’ine yakint HDOP seviyesinin iistiinde
kalmaktadir. Bu Olgiimlerin filtrelenmesiyle, ortalama
hatada %8’lik bir iyilesme elde edilmistir. Etiket
yiiksekliginin 1.5 m oldugu durumda test noktasi 16 igin,
Sekil 3(c)’de 0.33 m olan ortalama hata 1570 test
Ol¢limiinden 1417 sinin elimine edilmesi ile 0.20 m tespit
edilmistir. Son olarak, Sekil 3(d)’de test noktasi 13 i¢in
1576 olglimiin 5 tanesi istenilen HDOP seviyesinin
altinda kalmistir. Bu 5 6l¢iimiin ortalama hatasi ise 0.32
m olarak tespit edilmistir.
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Sekil 3. Test noktalarmm HDOP seviyesi ile filtrelenmesi sonucunda
kalan ol¢timler (The rest measurements of test points by filtering with
HDOP level)

HDOP esik seviyesinin kullanilarak yapilan filtreleme
islemi sonunda tiim test noktalart1 ve her iki etiket
yiiksekligi i¢in elde edilen ortalama pozisyon hatalar
Sekil 4’te gosterilmektedir. Bu sonuglara gore etiket
yiiksekligi 0.75 m i¢in yalnizca 16 ve 19 numarali test
noktalar1 harig, diger tiim test noktalarimin ortalama
konum hatalar1 0.5 m’nin altinda kalmaktadir. Bu deger
1.5 m yiiksekligindeki etiket sonuclar1 i¢in ise; 19
numarali test noktasi hari¢ 0.4 m olarak tespit edilmistir.
Bu sonuglar genel bir degerlendirme agisindan
islenmemis Olglimler ile kiyaslandiginda; tiim test
noktalar1 ve etiket yiiksekligi 0.75 m i¢in 0.3133 m olan
ortalama konum hatasti HDOP esik  seviyesi
kullanildiginda 0.2664 m’ye gerilerken, 1.5 m etiket
yiiksekliginde ise 0.2261 m iken 0.2159 m olarak elde
edilmistir.

07 HDOP seviyesi ile elde edilen ortalama hata (%50)

----@--- Etiket yiiksekligi 1,5 m
---@--- Etiket yilksekligi 0,75 m
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Sekil 4. Test alanindaki tiim noktalarin HDOP seviyesi ile filtrelenmesi
sonucunda elde edilen ortalama konum hatalar1 (The mean localization
errors of all test points obtained by HDOP level)

Sekil 5’te deneysel 6lgiimlerin, dnerilen HDOP teknigi
ve diger algoritmalar ile iyilestirilmesi sonucu elde edilen
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ortalama hata performanslarmin  karsilastirilmasi
sunulmaktadir. Sekil 5(a) etiket yiiksekliginin 1.5 m
oldugu sonuglara gore, LS algoritmasinin tim test
noktalari i¢in konum tahmini gerceklestirebildigi, 1 ve 7
numarali test noktalar1 gibi bazi test noktalar1 igin
herhangi bir iyilestirme saglayamadigi, 2 ve 8 gibi bazi
test noktalart iginde performansin  kotiilestigi
goriilmektedir. HDOP teknigi de tiim noktalar igin
konum tahmini gerceklestirebilmektedir. Bununla
birlikte HDOP teknigi de LS algoritmasi gibi bazi
noktalar i¢in daha iyi performans ortaya koyarken, bazi
noktalar i¢cin UWB sistem Ol¢iimlerinden daha yiiksek
hataya sahip tahminler ger¢eklestirebilmektedir. NLR
algoritmasinin genel anlamda LS algoritmasina gore gore
daha iyi goziiken konum tahmin performansi, HDOP
teknigine gore daha kotii olarak gerceklesmistir. Etiket
yiiksekliginin 0.75 m oldugu Sekil 5(b)’deki sonuglara
gore; tiim teknikler 12 numarali test noktas igin yaklagik
olarak ayn1 performansta (0.039 m) bir tahmin ortalamasi
saglamaktadirlar. Ortalama hatalara bakildiginda en iyi
performanst HDOP teknigi saglamaktadir.
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Sekil 4. Test alanindaki tiim noktalarm HDOP seviyesi ile filtrelenmesi
sonucunda elde edilen ortalama konum hatalari (The mean localization
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Elde edilen tiim sonuglar ve  performans
degerlendirmeleri sonucunda genel bir konum belirleme
degerlendirmesi Tablo 1’de verilmektedir. Buna gore LS
algoritmast 0.75 m ve 1.5 m etiket yiiksekliklerinde
sirastyla yaklasik olarak %2.52 ve 9%0.32 oraninda
performans artirimini, %100’lik  konum tahmini
gerceklestirme ile saglamigtir. NLR algoritmasi ise tiim
test noktalar1 i¢in 0.75 m ve 1.5 m etiket yiliksekliklerinde
sirastyla %9.32 ve %0.36 oraninda performans artirimini
saglamistir. Onerilen HDOP teknigi ise her iki
algoritmaya gore daha iyi konum belirleme performansi
saglamaktadir.

Tablo 1. Tiim test noktalar1 ve etiket yiikseklikleri i¢in algoritmalarin
ortalama hatalarda saglamis olduklar1 performans iyilestirmeleri
oranlart (The performance rate of the algorithms provide at mean
position error)

Konum tahmini iyilesme orani

0.75m 1.5m

LS %2.52 %0.32
NLR %9.32 %0.36
HDOP %14.97 %4.4

5. TARTISMA VE SONUCLAR (CONCLUSIONS)

Bu c¢alismada, UWB konum belirleme sisteminin
deneysel olarak bina i¢i konum belirleme performansinin
elde edilmesinin yaninda; bu performansinin HDOP
yontemi kullanilmasina dayanan bir iyilestirme teknigi
sunulmaktadir. Ayrica bu yontem ile iki farkli etiket
yiiksekliginde elde edilen konum tahminlerinin
literatiirde mevcut LS ve NLR tekniklerinin performans
iyilestirmeleri karsilastirilmali olarak
degerlendirilmektedir. UWB konum belirleme sistemi,
kalibrasyon ve alicilarin oryantasyon problemlerinden
dolay1; bazi test noktalari i¢in konum belirleme sonuglari
acisindan sistemin genel performansina gore daha koti
sonuglar verebilmektedir. HDOP Olgeginin
kullanilmasinin 6nerildigi ve bunun icin bir esik seviye
tespiti yapilabildigi konum belirleme teknigi ile UWB
konum belirleme sisteminin elde ettigi konum tahminleri
iyilestirildiginde, tiim performans degerlendirilmesine
gore yaklagik olarak %7’lik bir performans iyilestirilmesi
elde edilmektedir. Bunun disinda onerilen esik seviye
tespiti ile tiim test noktalar1 i¢in, bu teknigin konum
tahmin performans: ortaya koymas: garanti edildigi
gosterilmistir.  Bununla  birlikte  gergeklestirilen
performans  karsilastirilmasinda  HDOP  Slgeginin
kullanildig1 teknik literatiirdeki mevcut LS ve NLR
algoritmalarma gore her iki etiket yiiksekliginde de daha
iyi sonuglar vermektedir.
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Bu ¢alismada miihendislik egitiminde destek olarak kullanilabilecek, DC motorun PID denetleyici ile hiz denetimi igin
internet iizerinden uzaktan erisimli deney diizenegi gelistirilmistir. Deney diizenegi kablosuz olup, ortamda bulunan
bir kablosuz ADSL modem araciliiyla TCP/IP {izerinden uzak sunucu ile haberlesmektedir. Kullanicilar internet
baglantisi olan herhangi bir bilgisayardan uzak sunucudaki web sayfalarina eriserek ger¢ek zamanli olarak deneyleri
gerceklestirebilmektedir. Tasarlanan etkilesimli web sayfalar tizerinden, kullanicilar motorun referans hiz degerini ve
PID denetleyici parametrelerini degistirerek hizin degisimini gorebilmekte ve Ol¢iim degerlerini bilgisayarina
kaydedebilmektedir. Ayrica bir web kameras: yardimiyla deney setinin ¢aligmasi da web sayfasi iizerinden
izlenebilmektedir. Ayrica deney diizenegi i¢in g¢evre birimleri hazirlanarak kullanici-deney seti etkilesimi artirilmustir.
Bu kapsamda kullanic1 web sayfasi iizerinden deney setinin bulundugu ortamin sicakligim1 gérebilmekte, deney seti
izerindeki LCD’ye mesajin1 yazdirabilmekte ve istedigi takdirde deney setini aydinlatabilmektedir.

Anahtar Kelimeler: Uzaktan erisim, Mikrodenetleyici, PID, TCP/IP, uzak sunucu

Design Of A Novel Online Experiment Setup For PID Controller Applications

ABSTRACT

In this study, an internet based remote access experiment setup was developed for induction direct current motor speed
control with PID controller which can be used as a support material in engineering education. The experiment setup is
wireless and communicates with the remote server using transfer control protocol/internet protocol through a wireless
ADSL modem. Users can perform the experiments as real time accessing the web pages in the remote server by using
any computer which has internet connection. By means of interactively-designed web pages, users can monitor the
speed change executing alterations of the PID controller parameter and motor reference speed. Also users can save the
measured values on their own computers. In addition to this, with the support of a webcam, the running of the
experimental set can be monitored on the web page. Additionally, for the experimental set, preparing the peripheral
units card, the interaction was expanded between the user and the experimental set. Relatively to this, the user can
monitor the ambient temperature of the experimental set’s current place on the web page and can make his/her own
message write on LCD of the experimental set and can enlighten it if he/she wants.

Keywords: Remote Access, Microcontroller, PID, TCP/IP, Remote Server.
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1. GiRiS (INTRODUCTION)

Universitelerde bulunan laboratuvar alt yapilari, kisitli
laboratuvar saatleri, yardimec1 eleman azlig1r ve 6grenci
sayis1 ile Dbirlikte geleneksel deneylerin degisik
kisitlamalar1 g6z oOnline alindiginda laboratuvar
ortamindaki gercek uygulamalarin zaman, maliyet,
uygulama  zorlugu agisindan  sikintili  durumlar
olusturdugu goriilmektedir. Bahsedilen problemlerin
giderilmesi i¢in tiim diinyada geleneksel laboratuvarlara
uygun bir alternatif olarak uzaktan laboratuvarlarin
olusturulmasi yaygmlasmistir [1-3].

Gliniimiiz  bilisim teknolojisi sayesinde, internet
iizerinden laboratuvar diizenek ve cihazlarina uzaktan
erisim, ya da bunlarin benzetimi miimkiin olmaktadir [1].
Bilisim teknolojilerinin bu sekilde kullanilmasiyla
internet tabanli laboratuvar ortamlar gelistirilmistir. Bu
laboratuvar ortamlarina giinlin her saati uzaktan
erisilerek caligmalar istenildigi kadar
tekrarlanabilmektedir. Literatiirde, iki g¢esit internet
tabanli laboratuvar ortami géze carpmaktadir. Birincisi
benzetim veya gosterilerle  desteklenmis  sanal
laboratuvarlar, ikincisi uzaktan erisimli deney veya
Olciim diizenekli gercek laboratuvarlardir [1-3].

Internet tabanli laboratuvar ortamlar1 6grencilerin
o0grenmesine katkida bulunan, eldeki tiim kaynaklar1 en
iyi bir sekilde kullanmay1 saglayan, etkin ve etkilesimli
ortamlardir. Internet tabanli laboratuvar ortamlari, zaman
ve yer esnekligi, grup ile &grenme kolayligi ve
kaynaklara aninda ulasma gibi nedenlerden dolay1 ¢ekici
hale gelmistir [2]. Uluslararasi alanda bu konuda yapilan
caligmalar incelendiginde, oOzellikle benzetim tabanli
caligmalara agirlik verildigi gézlenmistir [4-14].

Benzetim tabanli laboratuvar uygulamalar1 her ne kadar
onemli olsa da, higbir zaman gercek laboratuvar
¢aligmasinin yerini alamaz. Bunun alternatifi ise internet
iizerinden kontrol edilebilen, gercek zamanl ve uzaktan
erisimli deney diizenekleri gelistirmektir. Literatiirde bu
konu iizerinde bir¢ok ¢alisma yapilmistir. Ornegin; cok
girigli, ¢cok c¢ikisli es iki tank diizenegi iizerine bir
laboratuvar deneyi, robot kontrolii i¢in bir gercek
zamanli web platformu c¢alismasi, telerobotik, online
Oriintli tanima sistemi, kontrol sistemleri deneyleri, gii¢
elektronigi deneyleri, aglar arasi iletigim calismalari,
elektrik makinelerinin kontrolii ve benzer bir¢ok konuda,
miihendislik egitimine ve teknik egitime katki
saglayabilecek ger¢ek zamanli uygulamalara literatiirde
rastlanilmaktadir [2, 3, 15-19].

Bu caligmada miihendislik egitimi ve teknik egitime
yonelik geleneksel veya uzaktan egitimde destek olarak
kullanilabilecek, internet {izerinden erisimli ve kablosuz
bir deney seti gelistirilmistir. Gelistirilen deney seti ile

DC motorun hiz denetimi PID (Proportional, Integral,
Derivative)  denetleyici  ile  gerceklestirilmistir.
Kullanicilar, internet baglantisi olan herhangi bir
bilgisayardan deney setine baglanarak, PID denetleyici
parametrelerini, arzu ettikleri motor hiz degerini ve
denetim siiresini belirleyebilmekte ve deneyden elde
edilen sonuglart web sayfasi ilizerinde grafik ve tablo
verileri seklinde gorebilmektedirler. Istedikleri takdirde
bu bilgileri kendi bilgisayarlarina kaydederek verilerin
analizini de yapabilmektedirler. Ayrica, bir web
kameras1 yardimiyla deney setinin ¢aligmasi da web
sayfasindan izlenebilmektedir.

Deney seti ile kullanici arasindaki etkilesimin artirilmasi
icin deney seti g¢evre birimleri karti hazirlanmistir.
Hazirlanan bu kart deney seti ile birlestirilerek deney
setinin sundugu islevler artirilmigtir. Kullaniciya bu kart
ile deney setinin bulundugu ortamin sicakligini
gorebilme, deney seti iizerindeki LCD’ye mesajimi
yazdirabilme ve deney ortaminin karanlik olma
ihtimaline karsilik istedigi takdirde deney setini
aydinlatabilme imkanlar1 verilmistir.

Yapilan ¢aligmanin en 6nemli avantajlari, kullanicilarin
internet baglantisi olan herhangi bir yerden, herhangi bir
zamanda sisteme baglanarak deneylerini
gergeklestirebilmeleri, deney setinin kablosuz olmasi ve
deney ortaminda veya yakininda sunucu olarak ¢alisacak
bir bilgisayara ihtiya¢ duyulmamasidir. Bunlara ek
olarak, geleneksel laboratuvar c¢alismalarinda deney
esnasinda yiiksek gerilime maruz kalma, keskin veya
doner pargalardan yaralanma gibi  &grencilerin
karsilagtiklar riskler de ortadan kaldirtlmistir.

Calismada, ikinci boliimde PID denetim ile alakali teorik
bilgi verilmistir. Uciincii boliimde deney seti tasarimi
anlatilmistir. Dordiincli boliimde sistemin haberlesme
yapist anlatilarak gelistirilen web ara yiiziinden
bahsedilmistir.  Son  bélimde ise sonug ve
degerlendirmelerden bahsedilmistir.

2. TEORIK ALTYAPI (THEORATICAL
BACKGROUND)

Bu kisimda oransal (P), integral (I) ve tiirevsel (D)
denetleyicilerin karakteristikleri ile istenen cevabin elde
edilmesi i¢in bu denetleyicilerin nasil kullanilacagi
gosterilmektedir. Sekil 1’ de birim geri beslemeli bir
sistem goriilmektedir. Burada u(t); denetleyici ¢ikisi,
e(t); hata sinyali, Kj,; oransal kazang, c(t); sistem gikisi,
r(t); referans degeridir. Hata sinyali denetleyici
blogundan gecerek uygun sekle gelir. Buradaki
denetleyici P, PI, PD veya PID gibi herhangi bir denetim
algoritmasini igerebilecek bir bloktur. Burada once P, 1
ve D denetleyicilerin karakteristiklerinden, sonra

Sakarya Universites Fen Bilimleri Entitiisii Dergisi, 21(1), 2017, 34-46 35



S. Kagar, A.F. Boz, B. Ancioglu, H. Tekin/ PID Denetleyici Uygulamalar igin Yeni Bir Online Deney Seti Tasarimi

sirastyla P, PI, PD ve PID denetleyicilerden
bahsedilecektir.
r® n e() Denetleyici u@®_, Sistem c(t)=

Sekil 1. Geri beslemeli basit bir sistemin blok semas: (Block diagram
of a simple feedback system)

2.1. Oransal (P) Denetim (Proportional Control)

Oransal denetimde Sekil 1°deki denetleyici yerine sabit
bir K, kazanci gelir. Oransal denetimde denetleyici,
sistemin talep ettigi enerjiyi siirekli olarak denetleme
degiskenini ayarlayarak verir. Gereksinim duyulan enerji
ile verilen enerji arasinda bir dengeye ihtiya¢ vardir.
Denge durumuna gelene kadar sistem ¢ikisinda degisim
olmasi, hatta sistem ¢ikisi ile referans degeri arasinda
belli bir fark kalmasi oransal denetimin en belirgin
ozelligidir. Denetim ¢ikiginin zaman tanim bolgesindeki
ifadesi denklem 1° deki gibidir.

u(t) =K e(t) (1)

Referans degeri ile sistemin oturdugu ve sabit kaldig:
deger arasindaki farka kararli durum hatasi (off-set)
denir. Kararli durum hatasin1 azaltmak i¢in oransal bant
kiigiiltiilebilir. Ancak oransal bant kiigiildiikce ag-kapa
denetime yaklastigi igin referans degeri etrafinda
salmimlar artabilir. Genis oransal bantta kararli durum
hatasinin biiyiik olacag: diisiiniilerek sisteme en uygun
oransal bandin segilmesi gerekir.

2.2. PI Denetim (PI Control)

Oransal denetimde olusan kararli durum hatasi, el ile
(manuel) veya otomatik olarak kaldirilabilir. Otomatik
sifirlama (resetleme) icin denetleyicide, elektronik
integrator devresi kullamlir. Olgiilen deger ile referans
degeri arasindaki fark sinyalinin, yani hata sinyalinin
zamana gore integrali alinir. Integratr devresiyle
sisteme verilen enerji otomatik olarak artirilir veya
azaltilir ve sistem referans degerine oturtulur.

Integrator devresi gerekli enerji degisikligine, referans
degeri ile Olgiilen deger arasindaki fark kalmayincaya
kadar devam eder. Fark sinyali sifir oldugu anda artik
integrator devresinin integralini alacagi bir sinyal s6z
konusu degildir.

Herhangi bir sekilde bazi degisiklikler olup, ¢ikis degeri
referans degerinden uzaklagacak olursa tekrar hata
sinyali olusur ve integrator devresi diizeltici etkiyi

gosterir. Sekil 2’ de PI denetim sistemi blok sema halinde
verilmektedir.

Denetleyici

Sistem >

Sekil 2. PI denetim sistemi blok semasi (Block diagram of PI control)

PI denetimin en belirgin 6zelligi, ilk baslatmada sistem
cikisinin referans degerini gegip, dnemli bir yilikselme
yapmasidir (overshoot). Cikis, referans degeri etrafinda
bir-iki salimim yaptiktan sonra referans degerine oturur.
Blok semada goriildiigii gibi hata sinyali PI
denetleyiciden gegerek sistemi referans degerine
oturtmaya c¢alisir. Denetim ¢ikisinin  zaman tanim

bolgesindeki ifadesi denklem 2’ deki gibidir.
t

u(t) =K e(t)+ K, j e(t)dt 2)
0

Burada Kj,; oransal kazanci, K;; integral kazanci ifade
etmektedir.

2.3. PD Denetim (PD Control)

Oransal denetimde olusan kararli durum hatas1 PD
denetim ile de kaldirilmaya calisilabilir. Ancak tiirevsel
etkinin asil fonksiyonu, sistem ¢ikiginin referans degeri
tizerindeki agimi (overshoot) ve referans degeri altinda
kalmas1 (undershoot) durumunu azaltmaktir. Bu iki
olumsuz durum azalirken bir miktar kararli durum
hatasi kalabilir. Sekil 3’te blok sema halinde PD
denetimi goriilmektedir. PD denetimde denetleyici
¢ikisi, zaman tanim bolgesinde denklem 3° teki gibi
ifade edilebilir:

u(t)=K,e(t)+K, ie(t) 3)
dt

Burada Kp; oransal kazanci, Kj; tiirev kazanci olarak

ifade edilir.
Denetleyici

=0 . —
:

Sekil 3. PD denetim sistemi blok semasi (Block diagram of PD
control)
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2.4. PID Denetim (PID Control)

Denetlenmesi gii¢, karmasik ve P, PI, PD denetleyicilerin
yeterli olmadig1 sistemlerde PID denetim tercih
edilmelidir. Oransal denctimde olusan kararli durum
hatast PI denetim ile giderilir. Ancak, meydana gelen
asimlar, bu denetime tiirevsel etkinin de eklenmesiyle en
aza indirilir veya tamamen kaldirilir.

Sekil 4°te PID denetimin blok semasi goriilmektedir. PID
denetleyicinin kapali ¢evrimde nasil ¢alistigina bakilirsa;
hata sinyali e(t), PID denetleyiciye gonderilir ve
denetleyici bu sinyalin hem tiirevini hem de integralini
alir. Denetim ¢ikiginin zaman tanim bdlgesindeki ifadesi
denklem 4’ teki gibidir.

u(t)=K,e(t)+K, j.e(t)dt +K, ie(t) 4
0 dt

Burada Kp; oransal kazanci, K;; integral kazanci, Kp;
tirev kazanci ifade etmektedir. Denetim sinyali u(t)
sisteme gonderilir ve yeni ¢ikis c(t) elde edilir. Bu yeni
¢ikis c(t) yeni hata sinyali e(t)’nin bulunmasi ig¢in
toplayic1 bloga geri gonderilir. Denetleyici yeni hata
sinyalini alir ve tekrar integral ve tiirevini alir. Bu islem
sistem ¢1kis1 referans degerine esitleninceye kadar, yani
hata sinyali e(t) sifir oluncaya kadar devam eder.

Denetleyici

r(t) e(t)

Sekil 4. PID denetim sistemi blok semas: (Block diagram of PID
control)

Son olarak, gerekmedigi takdirde bu ii¢ denetleyicinin (P,
I, D) hepsinin ayni sistemde kullanilmasinin sart
olmadig1 bilinmelidir. Ornegin, eger PI denetleyici
sistemin yeterince 1iyi cevap vermesini sagliyorsa,
sisteme tiirevsel denetleyicinin eklenmesinin geregi
yoktur. Sistemi miimkiin oldugunca basit tutmak gerekir

[3].

2.5. PID Yontemi ile DC Motorun Hiz Kontrolii
(Speed Control of DC Motor with PID)

PID denetim klasik denetleme yontemlerinden birisi olup
endiistriyel denetim siiregleri igerisinde yaygin olarak
kullanilmaktadir. Bunun nedeni PID denetleyicinin
hemen hemen tiim denetim sistemlerine
uygulanabilmesidir. Sistemin istenilen set degerine

gelmesi ve set degerinin degisimlerinde onu takip etmesi
istenir. Iyi bir denetim performanst i¢in de bu islemin en
kisa zamanda ve az hata ile yapilmasi gerekir. Hatanin
anlamu set degeri ile gercek deger arasindaki farktir. PID
denetleyici, bu hataya ve hatanin degisim hizina bagh
olarak ¢ikis verir.

Sekil 5’te kapali dongii DC motor hiz kontrol sisteminin
blok diyagrami verilmistir. Kapali dongii sistemle motor
hiz kontroliiniin amaci, ¢ikis hizini istenilen referans hiz
degerine oturtmaktir [4].

W e PID u® PWM Sirict
Denetleyici ™ Ureteci Devre
" ©,

Sekil 5. PID denetleyicili DC motor hiz kontrol blok diyagrami (Block
diagram of DC motor’s speed control with PID)

Burada referans hiz (W;), enkoder yardimiyla &lgiilen
motor hizi (Wy) ile kargilagtirilarak hata sinyali (e(t))
iiretilmektedir. PID denetleyicinin olusturdugu u(t)
degeri motor siirlicii devreye uygulanacak PWM
sinyalinin degerini belirler. PWM sinyallerine bagh
olarak siiriicii devredeki gii¢ transistorleri yardimiyla
motora gerilim uygulanmaktadir.

Sekil 5’te PID denetleyicisinin gorevi referans hiz ile
gercek hiz arasindaki hatayr en aza indirmektir. Hata
sinyali PID denetleyiciye girdiginde oransal kazang (K,),
integrali alinarak integral etki kazanci (K;) ve tiirevi
alinarak tiirevsel kazang (K;) ile carpilmaktadir. Oransal-
integral-tiirevsel (PID) tipi denetim, oransal, integral ve
tirevsel denetim etkilerinin birlestirilmesinden meydana
gelir.

PID denetleyicisi kapali dongii bir sistemle
birlestirildiginde, hata sifir olana kadar kontrol etkisinin
degisimine neden olacaktir. PID denetiminin en biiyiik
istlinliigi sistemde kalici durum hatasimnin olmamasi,
kolay uygulanabilirligi ve katsayilar dogru secildiginde
hizli tepki verebilmesidir [4].

Sekil 6’da AT89CS51RD2 mikrodenetleyicisinin PID
denetleyici olarak kullanildigi kapali dongii DC motor
hiz kontrol sisteminin blok diyagrami verilmistir. Kapali
dongili sistemle motor hiz kontroliiniin amaci, c¢ikis
biiytikliigiinii istenilen referans hiz degerine oturtmaktir

[4].
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Mikrodenetleyici (AT89CS51RD2)

Referans
w ]

Hiz T/ Hata Sinyal PID PWM Siiriicii
e Denetleyici | y(t) Modili | ¢ "] Devre

Hiz
Algilama

Sekil 6. AT89C51RD2 mikrodenetleyicisi tarafindan yiiriitiilen PID
denetim algoritmas: ile motor hiz kontroliiniin blok diyagrami (Block

diagram of DC motor’s speed control via AT89C51RD2
microcontroller with PID algorithm)

Motor kontrol kartindaki AT89C51RD2
mikrodenetleyicisi DC motorun hiz kontroliinde PID
denetleyicisi  olarak  kullanilmigtir.  Bu  islem
mikrodenetleyicilerde PID komut ya da program
pargasiyla yapilabilir. Hazirlanan PID denetim

algoritmast AT89C51RD2 mikrodenetleyicisi tarafindan
yiiriitiilmiis ve motorun hiz kontrolii ger¢eklestirilmistir.
Uygulamada denetleyici parametrelerindeki
degisikliklerin DC motorun hiz denetimi iizerindeki
etkileri goriilmek istendiginden bu amacla hazirlanan
PID denetimli programin ihtiya¢ duydugu denetleyici
parametreleri (K,, K;, Kj), referans hz bilgisi ve PID
¢evrim siiresi seri porttan alinmaktadir.

3. DENEY SETI TASARIMI (THE DESIGN OF
EXPERIMENT SETUP)

Tasarlanan deney seti Sekil 7°de de goriilebilecegi gibi 4
ana kisimdan olusmaktadir: Mikrodenetleyici tabanl
PID kart1, motor siiriicii karti, ¢evre birimleri kart1 ve gii¢
kaynagi.

Gergeklestirilen deney setinin genel mimarisi Sekil 8’de
verilmistir. Mikrodenetleyici tabanli PID karti, seri
porttan alinan referans parametrelerin kullanilarak motor
hiz denetiminin yapildigi ve sonuglarinin yine seri
porttan gonderildigi deney setinin asil boliimiidiir. Motor
kontrol karti donanimi, kontrolii yapilacak bir DC motor
ve ona baglanan optik enkoder ile bir motor siiriicii
devresi, tampon devre ve denetleyici olarak kullanilan
bir mikrodenetleyiciden olugsmaktadir. Burada motor
kontrol kartin1 olusturan donanim birimlerinden
bahsedilerek mikrodenetleyicinin PID denetleyicisi
olarak kullanilmas1 ve mikrodenetleyiciye yiiklenen
programin yapist anlatilacak ve son olarak motor kontrol
devresinin baglant1 semas1 verilecektir.

mmmmmmmmmmm oo
Gli¢ Kaynag

»
>

Sekil 7. Gelistirilen deney setinin fotografi (The picture of designed
experiment setup)

Motor Siricl
Karti (H Koprisi) ] D€ Motor =
= Tampon
Giig 5 paes Encoder
Kaynagi

unis

Mikrodenetleyici

Cevre RS232
Birimleri R5232

RS232 Ethernet
Donustlrict

Ethernet

Sekil 8. Deney seti mimarisi ( The architecture of the designed
experiment setup)

Bu c¢alismada genis bir yelpazeye sahip olmasi, hizli ve
giiclii olmasi, genis bir donanim ve yazilim gelistirme
araglar1 desteginin sunulmus olmasi, Diinyada endiistri
standardi tanimlamasina sahip 8-bitlik mikrodenetleyici
olmasi, fiyatinin diisiik olmas1 vb. sebeplerden dolay:
8051 mikrodenetleyicisi tercih edilmistir [21].

DC motorlar, kiicik boyutlara sahip olmast ve
maliyetlerinin diisiik olmasi sebebiyle yaygin kullanim
alanina sahiptirler [5]. Siklikla endiistriyel alanda ve
robotik uygulamalarinda kullanilmaktadirlar [6]. Genis
uygulama alani1 bulmasimin diger bir sebebi de alternatif
akim (AC) motorlarima gore kontroliiniin daha kolay
olmasidir [7].

Motor dogrudan mikrodenetleyicinin ¢ikisina baglandig:
zaman mikrodenetleyicinin ¢ikisindan motoru istenilen
hizda g¢evirecek kadar akim alinamaz. Cikis1 +5V olarak
kabul eden mikrodenetleyici gerekli akimi saglamaya
calisacak ancak basarilt olamayinca kullanilamaz hale
gelecektir. Ayni zamanda Vmaks olarak +5V kullanmak
yerine daha kiiciik ya da daha biiyiik voltaj ile motor
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sirilmek istenebilir. Bu yiizden mikrodenetleyici ile
motor arasinda baglanti kuracak bir elemana ihtiyag

olacaktir. Ara eleman olarak motor siirmek icin
hazirlanmis  olan  motor  siiriici  entegreleri
kullanilabilecegi  gibi  transistorlerin  anahtarlama
ozelliginden  Sekil 9’da  gosterildigi gibi de
faydalanilabilir.

+12V

C
.’%{/*\,(\”I"l
\ y\i_/ y .‘"
1KQ

Mikrodenetleyici
cikist

Sekil 9. Transistorlerin anahtarlama o6zelliginden faydalanilarak
motorun siiriilmesi (Driving the motor by using the switching property
of transistors)

DC motorun uglar1 bir gerilim kaynagina baglandiginda,
motor bir yonde donmeye baslar, DC motorun uglar
gerilim kaynagina ters olarak baglandiginda ise motorun
ters yonde hareket ettigi goriilir. DC Motorun ydn
kontroliinii saglayabilmek icin H-Bridge (H-Kopriisii)
denilen bir ydntem gelistirilmistir. Yapis1 geregi H
harfine benzediginden dolay1 bu sekilde adlandirilir. H-
Bridge genel olarak 4 adet transistor, diyot ya da mosfet
ile gergeklestirilen motorun iki yonlii donebilmesini
saglayan bir yontemdir. H-Bridge yontemi i¢in en ¢ok
kullanilan entegreler L293 ve 1298 dir. Bu g¢alismada
L298 entegresi motorlar1 daha yiiksek akimla siirebildigi
icin bu entegre kullanilmustir.

Mikrodenetleyici ¢ikislart motor siiriicii entegresi i¢in
yeterli akimi saglamadigindan bu devrenin girisine
transistorlii emiter izleyici tampon devresi BC238
transistorleri kullanilarak tasarlanmistir.

Sekil 10’ da tasarlanan tampon devrenin baglant1 semast
goriilmektedir.

Gerilim Kaynagi (+5V)

2
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Sekil 10. Tampon Devresi (the buffer circuit)

4. HABERLESME VE ARAYUZ
(COMMUNICATION AND INTERFACE)

4.1. Kullanic1 — Deney Seti Haberlesme Yapisi (User-
Experiment Setup Communication Structure)

Deney diizeneklerinin internet iizerinden uzaktan erisime
acilmasinda kullanilan yontemlerden birisi, deney
diizeneklerinin web sunucusu olarak c¢alisacak bir
bilgisayarin seri ve/veya paralel portuna baglanmasidir.
Deney diizeneginin yaninda diizenekle birlikte siirekli
calisacak bir bilgisayar ihtiyacinin olmasi, deney
diizeneginin tagimmasinin neredeyse imkansiz olmasi ve
deney diizeneginin kablolar yardimiyla bilgisayara bagl
olmasi bu yontemin olumsuz yonlerinden bir kagidir. Bu
olumsuzluklar birlikte disiiniildiigiinde, farkli bir
yontemin kullanilmasi ihtiyact ortaya ¢ikmaktadir.

Bu c¢alismada kullanici-deney seti haberlesmesi igin
hazirlanacak sistemden beklenen, kullanicilarin internet
baglantis1 olan herhangi bir bilgisayardan, herhangi bir
zamanda deney setine baglanarak  deneylerini
gerceklestirebilmelerine ve deney diizeneginin kablosuz
olarak tasinabilmesine imkan tanimasi, ayrica deney
setinin yaninda ya da yakiminda set ile birlikte siirekli
calisacak bir bilgisayara ihtiya¢ birakmamasidir.

Kullanilan haberlesme sistemi sayesinde deney seti uzak
sunucudaki web sayfalar1 araciligryla kullanict erisimine
acilabilmistir. Kullanicilar internet baglantis1 olan
herhangi bir bilgisayardan uzak sunucudaki web
sayfalarina eriserek, bu sayfalar iizerinden deney igin
gerekli parametre ve referans degerler (K, K;,K;, motor
hizi, denetim siiresi) ile deney seti g¢evre birimlerinin
kontrolii i¢in gereken komut ve/veya verileri (sicakligi
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0l¢, mesaj yazdir, 1siklar1 yak, mesaj bilgisi) deney setine
gonderebilmekte ve setin gonderdigi sonuglar: yine web
sayfasi lizerinden gorebilmektedir.

Deney
Seti

RS232
TCP/IP Modem |Ethernet RS232 Ethernet
) | s

TCP/IP

Web Arayuizi

Sekil 11. Haberlesme mimarisi (The communication architecture)

Tasarlanan deney diizeneginin haberlesme mimarisi
Sekil 11°de  verildigi  gibidir.  Gergeklestirilen
haberlesmede deney diizenegi, ortamda bulunan bir
kablosuz ADSL modem araciligiyla TCP/IP {izerinden
web  sayfalarini  barindiran  uzak  sunucuyla
haberlesmektedir. Bu sayede deney setinin yaninda veya
yakininda, deney seti ile birlikte ¢alisacak bir bilgisayar
ihtiyact ortadan kaldirilmistir. Deney setinin kablosuz
modemle haberlesebilmesi i¢in deney setinin seri port
¢ikisi seri-ethernet ¢evirici entegresine baglanmis daha
sonra entegrenin ecthernet tarafi bir erisim noktasina
(Access point) baglanarak kablosuz olarak modemle
iletisime gecilmistir. Bu sekilde, kullanicilarin internet
baglantis1 olan herhangi bir bilgisayar yardimi ile uzak
sunucudaki web sayfalar1 tlizerinden sadece seri port
girisinden haberlesebilen deney seti ile iletisime
geemeleri miimkiin olmaktadir.

Deney seti tarafinda kullanilan ADSL modem ile uzak
sunucu arasindaki haberlesme ise sunucu bilgisayarda
galisan web yazilimi araciligiyla TCP/IP protokolii
kullanilarak, modem ve sunucu arasinda internet
baglantisinin kurulmasi ile gergeklesir. Bu haberlesme
sirasinda sunucuda c¢alisan web yazilimi ile veriler
modeme kadar iletilirken deney setinden modeme kadar
ulasan sonug verileri de yine web yazilimi araciligiyla
TCP/IP iizerinden sunucuya ¢ekilmekte ve sonuglar web
sayfasi lizerinde gosterilmektedir.

4.2. Seri — Ethernet Cevirici Entegresi ve
Konfigiirasyonu (Serial-Ethernet Converter IC and Its
Cofiguration)

Seri — Ethernet ceviriciler her hangi bir yerden, internet
araciligryla seri haberlesmeli cihazlari izlemek ve kontrol
etmek i¢in kolay ve ekonomik bir yol saglar. Seri-
Ethernet cevirici, herhangi bir seri haberlesmeli cihazi,
kullanict yaziliminda hi¢ bir degisiklik yapilmasma

gerek kalmadan diinya capindaki aga (internet) kolayca
baglayabilir [8]. Cihazlarin doniistiiriicii sayesinde aga
baglanabiliyor olmasi mesafe sorununu ortadan
kaldirmaktadir. Ayrica, RS232'nin kablo mesafe
kisitlamasi da ethernet agina erisim saglanarak ortadan
kaldirilmaktadir. Bu sekilde seri haberlesmeli cihazlarin
tim parametreleri cihazin yanina gidilmeden, internet
yoluyla denetlenebilir.

Bu calismada, Entek Elektronik & Yazilim firmasinin,
temsilcisi oldugu Tayvan uyruklu Tibbo firmasinin
iiriinlerini kullanarak otomasyon sektori icin tasarladigi,
EDS serisinin 1000-GB (4 Port) modeli bir seri-ethernet
(TCP/IP) gevirici entegresi kullanilmistir.

Sekil 12. Seri — Ethernet gevirici entegresi (serial-ethernet converter IC)

Calismada kullanilan seri-ethernet ceviricine ait temel
ozellikler su sekilde verilebilir.

e RS232 protokolii ile haberlesebilen her tiirlii
cihazin ethernet agina baglanmasini miimkiin
kilar.

e Seri port ile ethernet arasinda tamamen seffaf
olarak veri akisina izin verir.

e (Cihaz (seri-ethernet ¢evirici) sadece bir PC ile
degil, ayn1 zamanda baska bir cihaz (seri-
ethernet cevirici) ile de ethernet ag1 {izerinden
haberlesebilir.

e Seri ve Ethernet ayarlar1 temin edilen bir
program (DS Manager) vasitasi ile yapilabilir.

e [P adresi ve diger pek ¢ok parametre ag lizerinde
degistirilebilir.

e Biitiin degisiklikler cihaz ¢aligirken ve baglanti
kesilmeden yapilabilir.

Seri ethernet ¢evirici - modem ve seri ethernet ¢evirici —
deney seti arasinda haberlesmenin gerceklesebilmesi icin
seri-cevirici cihazi once konfigiire edilmistir. Cihazin
konfigiirasyonunu yapmak i¢in Tibbo Device Server
Toolkit yazilimi cihazin calisacagi yerel agdaki bir
bilgisayara kurulmustur.
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Asagida Tibbo DS Manager programiyla calismada
kullanilan seri-ethernet cevirici cihazin genel olarak
konfigiirasyonunun yapildig1 pencere goriilmektedir.

Caligmada cihazin sahip oldugu dort adet seri (RS232)
kanaldan iki tanesi kullanilmistir. Bu kanallardan ilki
(Channel 1) mikrodenetleyici tabanli PID karti ile
haberlesmek igin, ikincisi ise (Channel 2) ¢evre birimleri
kart1 ile haberlesmek i¢in kullanilmigtir. Seri-Ethernet
gevirici entegresi ile deney setini olusturan kartlar
arasinda saglikli bir haberlesme gerceklesmesi icin
haberlesmede kullanilan iki seri kanalinda
konfigiirasyonunun yapilmasi gerekmektedir.

Lorem ipsum dolor sit amet, consetetur sadipscing elitr,
sed diam nonumy eirmod tempor invidunt ut labore et
dolore magna aliquyam erat, sed diam voluptua. At vero
eos et accusam et justo duo dolores et ea rebum. Stet clita
kasd gub rgren, no sea takimata sanctus est Lorem ipsum
dolor sit amet, consetetur sadipscing elitr, sed diam
nonumy eirmod tempor invidunt ut lab ore sit et dolore
magna.

4.3. Web arayiizii (Web Interface)

Gelistirilen caligmada asil hedef, kullanicilarin web
sayfalar1 iizerinden hazirlanan deney setine ve onun
cevre birimlerine eriserek deneylerini
gergeklestirebilmesidir. Amaca yonelik web sayfalar
hazirlanarak, kullanicilara internet baglantis1 olan
herhangi bir bilgisayar ile bu sayfalar iizerinden
deneylerini gergeklestirme ve deneyden elde edilen
sonuglar1  bilgisayar ekraninda gbérme  imkani
sunulmustur. Bu sayede kullanicilar giiniin her saatinde
hazirlanan web sayfalarim1 ziyaret edilebilmekte ve
deneylerini gergeklestirebilmektedir

Deney seti ile haberlesme ve c¢evre birimlerin
kontroliinde biitiin islemler sunucudaki web yazilimi
aracilifiyla gercekleseceginden kullanici bilgisayarinda
internet erisiminin olmasi ve internet sayfalarinda gezinti
yapmaya olanak saglayan bir tarayici programin yiiklii
olmasi yeterlidir.

Kullanicilar  uzak sunucudaki web sayfalarina
eristiklerinde, bu sayfalar {izerinden deney i¢in gerekli
parametre ve referans degerler (K, K;, K;, motor hizi,
denetim stiresi) ile deney seti ¢evre birimlerinin kontrolii
i¢in gereken komut ve/veya verileri (sicaklig 6l¢, mesaj
yazdir, 1siklart yak, mesaj bilgisi) deney setine
gonderebilecek ve setin gonderdigi sonuglar: bilgisayar
ekraninda gorebilecektir.

Deney seti ile haberlesmede ve g¢evre birimlerin
kontroliinde kullanilan etkilesimli web sayfalar
“Microsoft Visual Studio” ortaminda gelistirilmistir.

Web arayiiziiniin ve ve internet tarafindaki diger
sayfalarin hazirlanmasinda HTML ile birlikte ASP.NET
teknolojisi ve Ajax teknigi kullanilmistir. Burada, web
uygulamalar1 gelistirme kavramina getirdigi yeni
yaklagim, yontem, programlama teknikleri ve sunucu ile
deney seti tarafindaki modem arasinda baglanti
kurulabilmesini saglayan gelismis bilesen siniflarina
sahip olmasi nedeniyle ASP.NET teknolojisi tercih
edilmistir. Programlama dili olarak ise gii¢lii, modern ve
nesne tabanli bir dil olan “C#” tercih edilmistir. Sunucu
bilgisayar tarafindaki veritabani iglemleri igin ise
Microsoft Office Access kullanilmustir.

Ik arayiiz
tasarlanmustir.

giris sayfast olarak Sekil 13’teki gibi

©) :.WER TARANLE KDNTROL VE LABCRIATUAR ERISIM SISTEMI. - Pacrosoit intermet Explorer > (2
[ drkoiae gl Jordm >

O - s @ (3-55 B -0)E 3
L ] - I

WEB TABANLI KONTROL VE LABORATUAR
ERiSiM SiSTEMI
Kullamicr Adimz afboz

Fifreniz

am
Sekil 13. Giris sayfasi (The home page)

Burada sadece yetkili kisilerin girisine olanak saglamak
icin ilk kullanici ad1 ve sifre bilgileri istenmektedir.
Dogru kullanic1 ad1 ve sifresiyle giris yapan kullaniciya,
PID ile motor hiz denetimini ve deney seti cevre
birimlerinin  kontroliinii  gerceklestirebilmesi  igin
hazirlanan iki farkl arayiiz segenegi sunulmaktadir. Sekil
14’te giris sayfasinin dogru kullanic1 adi ve sifresi ile
giris yapildiktan sonra alacagi goriiniim verilmistir. Yine
giris sayfasi lizerinden siteye liye olmayan kullanicilar
iiye kayd1 yapabilmektedir.

Dogru kullanici ad1 ve sifresiyle giris yapan kullanici bu
sayfa ilizerinden istedigi arayiize gecis yapabilecektir.
Buradan “PID ILE MOTOR HIZ DENETIMI”
secenegini secen kullanicinin karsisina Sekil 15°teki,
“DENEY SETi CEVRE BIRIMLERI DENETIMI”
secenegini secen kullanicinin karsisina ise Sekil 17°deki
web sayfasi gelmektedir.
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@] - WEB TABANLI KONTRIOL VE LABORATISAR ERISIM SISTEMI_: - Microsalt Intemet Bxplorer o o) |

WEB TABANLI KONTROL VE LABORATUAR
ERISIM SISTEMI

Hoggeldmz ~ ALIFUAT BOZ

] B rtwrt

Sekil 14. Giris sayfasimim kullanic: girisinden sonra alacagi goriinim
(The screenshot of home page after sign-in)

Bu calismada sadece deney seti tasarimi konu olarak ele
almmugtir. Laboratuvar olusturulmak istenildiginde
deney setlerinin donanimsal maliyeti diisiik oldugundan
oncelikle mevcut deney seti sayisi arttirilarak ¢ok sayida
kisinin ayn1 anda calisabilmesi saglanacaktir. Eger tiim
deney setleri kullaniliyor ise yeni bir kullanicinin sisteme
girisi engellenecek daha sonra giris yapmasi i¢in bir uyari
mesaji1 verilecektir.

4.3.1. Motor hiz denetimi arayiizii (The interface of
motor speed control)

DC motorun PID ile hiz denetiminin yapildig1 ¢aligmada,
hazirlanan arayiiz ile kullanicilara degisik parametreler
altinda denetim performanslarim1  ger¢ek ortamda
inceleme imkani sunulmustur.

FAOTOR HIZ DENETIMI 2 - Pcrosoft Intermet Explores SR )
[ ————. "

o B st

Sekil 15. Motor hiz denetimi parametre giris sayfasi (Web page for
entering motor speed control parameters)

Kullanici1  hazirlanan  arayiiz  iizerinden, tabloda
“DENETLEYICI PARAMETRELERI” béliimiindeki
ilgili metin kutularim1  kullanarak hiz  denetleyici

parametreleri K,, K;, ve K;’yi degistirebilmekte ve
referans hiz boliimiinden saniyedeki devir sayisi
cinsinden referans hiz degerini belirleyebilmektedir.
“ZAMANLAMA PARAMETRELERI” béliimiinde ise
denetleyici i¢in ornekleme siiresi baslangict sifir (0)
olarak, ornekleme adimi ise saniye tiiriinden “0.01”
olarak sabitlenmistir. Bu sabitlemenin sebebi PID
denetleyici olarak kullanilacak mikrodenetleyicideki
yazilimda daha once denetim tarama frekansinin 100/s
olarak belirlenmesi ve her deney baslangicinda
zamanlama parametrelerinin  sifirlanmasidir.  Yine
“Ornekleme Sonu” alanindaki metin kutusu araciligiyla
saniye tiiriinden deney siiresi belirlenebilmektedir.
Kullanicinin farkli denetleyici parametreleri (K, K;, Ky)
ile  gerceklesecek  denetimlerin  performanslarini
karsilastirmali analiz yapabilmesi i¢in web sayfasinda iki
farkli deney i¢in denetleyici ve zamanlama parametre
girisleri bir arada bulunmaktadir.

Parametre girislerinin yapildig1 tablolarin en altindaki
“Baglant1 Port Adresi” ve “Baglant1 IP Adresi” boliimii,
deney setinin internet iizerindeki yerinin yazilip baglanti
kurulmasini saglamaktadir. “Port” etiketinin yanindaki
ilgili metin kutusuna, deney seti tarafindaki modemle
baglant1 kurulup, veri akisinin saglanacagi port adresi
yazilmalidir. Bu portun ayni zamanda sunucudan gelecek
veri paketlerinin deney setindeki motor kontrol kartina
ulagmast i¢in yonlendirilmesi yapilan “10001” adresli ag
portu olmasi gerekmektedir; aksi takdirde deney
parametreleri motor kontrol kartina ulagmayacaktir.
“Baglant1 IP Adresi” etiketinin yanindaki ilgili metin
kutusuna ise, deney seti tarafindaki modemin genis ag
(WAN) IP adresi yazilmalidir. Bu calismada deney seti
tarafindaki modemin genis ag IP adresi “78.189.114.77”
oldugundan “Baglanti I[P Adresi” alanina bu IP adresi
yazilmistir. Eger yerel bir agda kontrol yapilacaksa bu
kisma deney setinin bagl oldugu seri-ethernet gevirici
entegresinin yerel IP adresi yazilmalidir.

Degerler dogru bir sekilde yazilip “Deneyi Baslat”
butonuna basildiginda sunucuda c¢alisacak program
araciligiyla, TCP/IP protokolii kullanilarak, internet
iizerinden “Baglantt IP Adres:Baglanti Port Adres”
bilgisi ile deney seti tarafindaki modemle baglanti
kurulacak ve deney i¢in girilen parametre degerlerini
iceren veri paketleri motor kontrol kartina ulastirilmak
izere modeme gonderilecektir. Modeme gonderilen veri
paketine Once mikrodenetleyicide ¢alisan yazilimin
kullandig1 baslangi¢ karakteri sonra parametre degerleri
ve son olarak da bitig karakteri eklenmistir. Modemle
baglantinin kurulmasi ile veri paketlerinin modeme
gonderilmesi ve modemden alinmasi islemlerinde
ASP.NET’in gelismis bilesen (component) siniflarindan
yararlanilmistir. Sunucu ve modem arasinda baglanti
kurulabilmesini saglayan ASP.NET componentleri,
TCP/IP  protokol  kiimesi  Ozelliklerini  tasiyan
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“TcpClient” ve “NetworkStream” bilesenleridir. Bu
smiflar “System.Net.Sockets” isim alani (namespace)
altinda yer almaktadir.

Deney parametrelerinin seri-ethernet cevirici entegresi
lizerinden motor kontrol kartina ulasmasi ile birlikte
deney baslayacaktir. Deney siiresinin sonunda ise motor
hiz denetimi sona erecek ve motor duracaktir. Deneyin
bitmesinin ardindan Deney siiresince saniyede yiiz defa
hesaplanan anlik hiz degerleri motor kontrol kartindan
seri-ethernet ¢evirici entegresi araciligiyla modeme
“10001”  portundan ulagacaktir. Sunucuda c¢aligan
program internet iizerinden modemle kurulan baglanti
kapatilmadan deney siiresince uykuda beklemektedir.
Deney siiresinin sonunda ise baglangicta kurulan aym
baglantt ve akig {lizerinden modeme ulasan veriler
okunarak hiz dizisine degisken olarak kaydedilmektedir.
Verilerin okunmasi iglemi tamamlandiktan sonra akis
sonlandirilip kurulan baglanti kapatilmaktadir. “Deneyi
Bagslat” isimli buton ile galisan program sonlandiginda
olusan ¢ikis sayfasimnin parametre giris alanlarinin
altindaki boliimii Sekil 16°da verilmistir.

EJ:..PID ILE MOTOR HIZ DENETIMI ft

= 6
03

Qwi - O -H[@ = X a3
adres | el nebotomasyon netfpdentrol asp C B e >
[EeoNeeIe) @ue=s] DENEYI BASLAT DENEYI BASLAT 3

L : 2. y
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Sekil 16. PID ile motor hiz denetimi ¢ikis sayfas1 (Web page for result
of the motor speed control with PID)

Deney seti tarafindaki modemle internet iizerinden
kurulan baglantinin kapatilmasinin ardindan okunan
anlik hiz verileri sunucudaki Access veri tabani
dosyasina kaydedilmekte ya da daha onceki deney
sonuclar1 kayith ise dosya yeni hiz verileri ile
giincellenmektedir. Bu islemin ardindan kaynagini veri
tabanindaki anlik hiz verilerinden alan grafik alani, Ajax
teknigi kullanilarak sayfanin tamaminin yenilenmesine
gerek kalmadan giincellenmektedir. Web arayiiziindeki
grafik icin .Net Framework 3.5 SP1 ile birlikte gelen
Chart nesnesi kullamlmistir. iki farkli deney icin
hazirlanan  parametre giris alanlar1  kullanilarak
gergeklestirilen  deneylerin - sonucundaki motor hiz
degisimleri ayni grafik alan1 {izerine cizdirilerek
kullanicinin sonuglar1 yorumlamasi kolaylastirilmistir.

Kullanicinin  anlik sayisal hiz  degerlerini arayiiz
iizerinden gorebilmesi icin sonuglar kullaniciya bir de
tablo halinde sunulmustur. “VERILERI EXCEL
TABLOSUNA  AKTAR” secenegi ile sunucu
bilgisayarda deneysel ¢alismanin sonucunda elde edilen
anlik hiz verilerinden olusan bir Excel tablosu hazirlanir.
Kullanic1 isterse bu dosyayr kendi bilgisayarina
kaydedebilmektedir. Ayrica kullanicilar deney setini
goriintiileyen bir web kamera yardimiyla deney setinin
calismasint  arayiizden izleyebilmektedir. Boylece,
gelistirilen uygulamanin gorsel olarak da etkilesimli bir
yapiya sahip olmasi saglanmistir.

4.3.2. Cevre birimleri denetimi
controlling peripheral units)

(Interface for

Deney seti ¢evre birimlerinin kontrolii i¢in hazirlanan
web araytizii Sekil 17°de gortilmektedir. Kullanici arayiiz
iizerinden ¢evre birimlerin kontrolii i¢in gereken komut
(sicakligr Ol¢, mesaj yazdir, 1s1klar1 yak) ve/veya verileri
(mesaj bilgisi) deney setine gonderebilmekte ve setin

gonderdigi sonuglart yine web sayfasi iizerinden
gorebilmektedir.
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Sekil 17. Cevre birimleri denetimi sayfasi1 (Web page for peripheral
units control)

Hazirlanan arayliz ile kullanictya deney setinin
bulundugu ortamimn sicakligini gorebilme, deney seti
iizerindeki LCD’ye mesajin1 yazdirabilme ve deney
ortaminin karanlik olma ihtimaline karsilik deney setini
aydinlatabilme imkan1 verilmistir.

Kontrol islemlerinin yapildigi boliimiin  altindaki
“Baglant1 Port Adresi” ve “Baglant1 IP Adresi” bolimii,
deney setinin internet iizerindeki yerinin yazilip baglanti
kurulmasint saglamaktadir. “Port” etiketinin yanindaki
ilgili metin kutusuna, deney seti tarafindaki modemle
baglant1 kurulup, veri akiginin saglanacagi port adresi
yazilmalidir. Bu portun ayn1 zamanda sunucudan gelecek
veri paketlerinin deney setindeki ¢evre birimler kartina
ulagmast i¢in yonlendirilmesi yapilan “10002” adresli ag
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portu olmasi gerekmektedir; aksi takdirde kontrol verileri
cevre birimler kartina ulagsmayacaktir. “Baglanti IP
Adresi” etiketinin yanindaki ilgili metin kutusuna ise,
deney seti tarafindaki modemin genis ag IP adresi olan
“78.189.114.77” 1P adresi yazilmistir. Eger yerel agda
kontrol yapilacaksa bu kisma deney setinin bagli oldugu
seri-ethernet ¢evirici entegresinin yerel IP adresi
yazilmalidir.

Arayiiz ile ¢evre birimler kartinda yapilabilecek biitiin
kontrol islemlerinde Oncelikle deney seti tarafindaki
modemle TCP/IP protokolii kullanilarak internet
iizerinden bir baglanti saglanacak ardindan kontrol
veirlerini igeren veri paketleri modeme iletilecektir.

Arayiizdeki “LAMBAYI KAPAT” ya da ledler
yakilmamis iken “LAMBAYI YAK” seklinde goziikecek
butona basildiginda ¢evre birimler kartina (sunucudan
modeme), karttaki mikrodenetleyicide ¢alisan yazilimin
kullandig bir baytlik baslangi¢ karakteri ile lambay1 yak
ya da kapat anlamina gelen komut ve bir baytlik bitis
karakteri gonderilir. LCD’ye yazdirilan mesaja
verilebilecek efekt segeneklerinin islenmesinde de
benzer islem adimlar1 gergeklestirilerek verilmek istenen
efekt yaziya uygulanmaktadir.

“Sicakligi Oku” butonuna basildiginda ise yine bir
baytlik baslangic karakteri, ardindan sicakligi 6l¢ komut
karsilig1 ve son olarak bir baytlik bitis karakteri ¢evre
birimler kartina ulastirtlir ve hemen ardindan internet
iizerinden modemle kurulan ayni baglanti kapatilmadan
gevre birimler kartinin géndermis oldugu ve seri-ethernet
gevirici entegresinden modeme ulasan sicaklik bilgisi
okunarak metin kutusunda gosterilmektedir.  “I.
SATIRDA NE YAZIYOR” VE “2. SATIRDA NE
YAZIYOR” butonlar1 da benzer islem adimlarryla o anda
LCD’de yazan  mesaj bilgisini kullaniciya
gostermektedir.

Mesajin1 Deney setindeki LCD’ye yazdirmak isteyen
kullanici, “1. Satira Yaz” ya da “2. Satira Yaz” butonuna
bastiginda bir baytlik baslangi¢ ve bitis karakterlerinin
disinda 1. satira yaz veya 2. satira yaz komut karsiligi ile
birlikte diger butonlardan farkl olarak mesaj bilgisini de
igeren veri paketleri yine ¢evre birimleri kartina iletilmek
iizere kurulan internet baglantisi iizerinden modeme
gonderilmektedir.

4.3.3. Goriintii aktarma yazilim
software)

(Image transfer

Bir olay1 canli olarak yaymlamak i¢in goriintii kodlayic1
yazilimlar kullanilir. Bu c¢aligmada, Windows media
kodlayicist ortam  goriintiisiiniin  web sayfasinda
yayinlanmasi i¢in kullanilmistir (Sekil 18). Kodlayici

yazilim goriintii verilerini bir media sunucusu iizerinden
web sayfasina aktarir.

Windows media kodlayicisi basit bir araytiize sahiptir. Bir
yaymi gerceklestirmek igin yapilacak islemler oldukga
kolay bir sekilde gerceklestirilir. Oncelikle yeni bir yayin
oturumu olusturulur. Bundan sonraki islemler, yaym
ozellikleri ile kaynak ve ¢ikis noktalarimin programa
bildirilmesinden ibarettir.

Yayn ile ilgili ayarlar program penceresindeki 6zellikler
sekmesine tiklanarak gerceklestirilir. Ag¢ilan pencerede
kaynaklar sekmesinde video veya sesin hangi kaynaktan
almacagr belirtilir. Cikis sekmesinde goriintiiniin
iletilecegi sunucu ve yayimlama noktast belirtilir.
Sikistirma sekmesinden, goriintiiniin kodlanma hizi ya da
saniyedeki kare sayisi segilir. Ayrica bu pencerede video
boyutu ve giivenlik ayarlar1 ile bazi 6zel ayarlar
gergeklestirilir.  Yaym oturumu ile ilgili ayarlar
gerceklestirildikten sonra kodlamayr baslat sekmesine
tiklanarak goriintiiniin belirtilen sunucuya kodlanmasina
baglanir. Gergeklestirilen yayimnin istenildiginde alinmasi,
istenmeden sunucuya dagitilmasi ve bazi istemcilerin
yaymna ulagsmasmin engellenmesi, programin sagladigi
secenekler arasindadir.

@ yaymoturumu - Windows Media Kodlayicist
Dosya GoWinOm  Depekim  Araclar Yardm

m ¥ k|4 Oeelider | (D KodiamayiBaglst O

Chis | Skistima | Video Boputu | Dznitelikler | isleniyor | Eklentiler | Giivenli | Gelsmis |

mak stediinizi segin. Yayrlayabili, dosyada depolayabill veya her

taraindan baslatid}

V| Kedlapeidan isteyerek: ol (balant suneu veya vii r tarafindan baslatid)
B nok. no: 10003 | [Bog BaglantsNoktas Bul

Dasyapa arsivle

(hhernmm:ss)

Kodlayics hazr

Sekil 18. Windows media kodlayicisi (Windows media coder)

Pencerede  baglanti  noktast  “10003”  olarak
belirlenmistir. Belirlenen port bilgisiyle modeme gelen
baglant: istekleri, modemde yapilan port yonlendirme
islemi sayesinde kameranin bagli oldugu bilgisayara yani
“192.168.1.50” numarali IP’nin  “10003” portuna
yonlendirilmistir. Yapilan bu igslemle, “192.168.1.50” IP
numarali bilgisayarda calisan ve “10003” portundan
yayin yapan kodlayici yazilim ile iletisim saglanmakta ve
deney seti tarafindaki kamera goriintiisii web sayfasi
iizerinden izlenebilmektedir.

5. SONUCLAR (CONCLUSION)
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Bu calismada, hazirlanan bir deney diizenegine, internet
iizerinden erisime olanak saglayan bir uygulama
sunulmustur. Deney diizenegi PID denetim ile DC
motorun hiz kontroliinii gerceklestirmektedir. Burada
PID denetleyici olarak piyasadan 8-10 $’a satin
almabilen 8051 tabanl AT89C51RD2
mikrodenetleyicisi kullanilarak maliyet diisliriilmiistiir.

Deney diizeneklerinin internet iizerinden uzaktan erisime
acilmasinda  alisilagelmis  bir  yontem  deney
diizeneklerinin web sunucusu olarak da caligacak bir
bilgisayarin, seri ve/veya paralel portuna baglanmasidir.
Bu c¢aligmada deney diizenegi ortamda bulunan bir
kablosuz ADSL modeme baglanarak TCP/IP {izerinden
uzak sunucuyla haberlesmektedir. Bu sayede deney
setinin yaninda veya yakininda, deney seti ile birlikte
calisacak bilgisayar ihtiyac1 ortadan kaldirtlmistir.

Deney setinin kablosuz modemle haberlesebilmesi igin
deney setinin seri port c¢ikisi seri-ethernet g¢evirici
entegresine baglanmis daha sonra da bir erisim noktasi
vasitasiyla  kablosuz olarak modemle iletisime
gecilmistir.

Caligmanin 6nemli 6zelliklerinden birisi de, uygulama
gergeklestirme  siiresinin - olduk¢a kisa olmasidir.
Deneysel ¢alismada web sayfasindan referans degerlerin
deney setine gonderilmesini takiben, deney setinde;
gelen degerlerin okunmasi, PID denetleyicisi ile motor
hiz denetiminin yapilmasi, sonuglarin sunucu bilgisayara
gonderilmesi ve sunucu bilgisayarda da degerlerin
okunarak grafik ve tablolarin ¢izdirilmesiyle sonug
ekraninin goriintiilenmesi iglemleri gergeklesmektedir.
Bu gerceklestirilen iglemlerin  siiresi, motor hiz
denetiminin yapildig: siire diistildiigtinde yaklasik olarak
2-3 saniye araliginda olmaktadir. Geleneksel laboratuvar
deneylerinde boyle bir deney diizeneginin kurulmasi,
deneylerin gerceklestirilmesi ve sonuglarinin alinmasinin
yaklagik olarak 2 saat gibi bir zaman aldigi
diigiiniildiigiinde, 2-3 saniyelik bir gecikme kullanici
acisindan higbir problem olusturmayacaktir.

Deney setinin ogrenciler  agisindan yarari
disiiniildiigiinde, bilgisayar destekli bu deney seti
sayesinde 0grenciler simiilasyon sonuglari ile yetinmeyip
gercek bir sistem lizerinden elde ettikleri sonuglar ile
daha iyi bir tecriibe edinmis olacaklardir. Ayn1 zamanda
gercek ortam deneyleri ile daha kalici 6grenme
saglanacaktir.
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ABSTRACT

Survivability of optical networks is a growing concern because of strong reliance on the internet to accomplish our
daily activities. This high reliance makes telecommunication infrastructure vital to our daily life. Accordingly, when
large network failures occur due to a disaster, the whole community (network operator and end users) incur grave
consequences. Hence, the quest of telecommunication infrastructures recovery after a disaster is indispensable. Even
though some research focus on how to avoid such large scale failures, sometimes it is inevitable and fast recovery is
required. In this study, we investigate the problem of multi-repairmen scheduling and assignment for disaster recovery
of optical networks. Given a set of repairmen to repair a set of failures in the network in the aftermath of a disaster, the
goal is to allocate each repairman to a set of failures in an intelligent manner such that we maximize recovered capacity
as soon as possible for each recovery schedule thereby recovering more capacity as early as possible. We address the
problem by proposing a Multi-Repairmen Disaster Recovery Algorithm (MRDRA) that provides intelligent recovery
schedule for a given set of failures and repairmen. Finally, we present numerical results that show the potential merits
of our study by considering a 24-node US nation-wide topology and an 11-node COST239 European topology.
Numerical results show that our approach can recover more capacity compared to classical scheduling significantly.

Keywords: Multi-Repairmen, Disaster Recovery, Optical Network

Optik aglarin afet sonrasi onarimi icin ¢oklu tamirci problemi
0z

Giinliik aktivitelerimizi saglamak i¢in internete olan bagliligimiz her gegen giin artmakta ve internetin omurgasini
olusturan optik aglarin dayaniklilig1 da bu nedenle biiyiiyen bir endiseye donligmektedir. Bu nedenle, afet kaynakli
genis capli ag arizalari olustugunda, toplum (ag operatdrleri ve son kullanicilar) agir sonuglarla karsi karsiya
kalmaktadirlar. Bundan dolayi afet sonrasi haberlesme altyapisinin ivedilikle onarilmasi i¢in arayislar kaginilmazdir.
Her ne kadar baz1 aragtirmalar genis ¢apli afetlerden optik baglantilari sakinma iizerine odaklanmis olsa da bazen
arizalarin olugsmasi kaginilmazdir ve servislerin ¢alisabilir hale gelmesi i¢in hizli bir onarma gereklidir. Bu ¢aligmada
afet sonrasi onarim i¢in ¢oklu tamirci zamanlamasi ve atamasi problemi incelenmistir. Afet sonrasi olusan bir arizalar
kiimesi ve ag tamiri tizerine uzmanlagmis bir tamirci kiimesi verildigi diislintildiigiinde, bu ¢calismanin amaci her bir
tamirciyi arizalara uygun bir sekilde atamaktir. Oyle ki onarim siirecinde miimkiin olan en kisa siirede miimkiin olan
en biiyiik miktardaki kapasite onarilmig olsun. Bu problemin ¢6ziimii i¢in, verilen bir arizalar ve tamirciler kiimesi i¢in
akilli bir sekilde kurtarma plani olusturan bir Coklu Tamirci Afet Onarma Algoritmast 6nerdik. Caligmanin sonunda
Onerilen algoritmanin potansiyel faydalari, 24 diigiimli ABD ulusal ag1 ve 11 diigiimlii COST239 Avrupa agi
topolojileri i¢in elde edilen sayisal sonuglarla gosterildi. Sayisal sonuglar, gelistirilen algoritmanin klasik onarim
yaklagimlar ile kiyaslandaginda daha kisa siirede daha ¢ok kapasite onardigini gdstermistir.

Anahtar Kelimeler: Coklu tamirci problemi, afet sonrasi onarim, optik aglar
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1. INTRODUCTION

Network survivability is a growing concern in
telecommunication industry nowadays due to strong
reliability on communication services to accomplish our
daily activities. When there is telecommunication
infrastructure failure the whole community suffers a
grave consequence in terms of monetary and social
aspects [1] [2] [3] [4]. In principal, survivability of a
network is an augmentation of fault tolerance. Authors in
[5] define survivability as the ability of a network system
to accomplish its mission on time in the presence of
attacks, such as natural disasters or man-made attacks.
Thus, the problem of network survivability can be
considered as provisioning network services regardless
of the constraints facing network infrastructures.
Generally, it involves mechanisms that ensure fault
tolerance and fault recovery of a network.

Terrestrial optical networks are susceptible to failures
associated with human activities or natural disasters such
as earthquakes, hurricanes, etc. Failures caused by
natural disasters usually prompt monumental impact to
network operators and network end users due to huge
bandwidth loss and long recovery time [2]. Terrestrial
optical networks are affected frequently by link failures
prompted by human activities thereby causing cable cuts
[6]. Large-scale natural disasters also affect terrestrial
optical networks [6] - [7]. The problem of multi-link
failure (as in a post-disaster scenario) recovery as well as
relocation has been investigated in [8] [9] [10]. In order
to mitigate network failures prompted by disasters some
telecommunication companies have established network
emergency management unit that plans and responds to
network failures. For example, in 2001, AT&T Company
established Network Disaster Recovery (NDR) program
aiming at responding to network failures prompted by
disasters [11].

Recovery after a disaster should consider not only
network restoration through re-provisioning, but also
repair activities executed by the repair crew. Even though
re-provisioning may restore some of the connections
between nodes that are not in disaster zones, the survived
network resources may not be sufficient to carry all the
connections that need to be restored. Besides, if the
source or destination node of a connection is in a disaster
area, this connection cannot be restored by re-
provisioning. Repair of network resources is a
complicated process when the available repair resources,
e.g., number of repairmen, is limited. The problem
involves quantitative limitations such as, at a given time,
number of available repairmen, number of available
repair equipments, number of available vehicles for
transportation, the availability of fuel to operate such
vehicles, the availability of roads, the reliability of

structures to conduct repair activities, etc. It also involves
qualitative limitations such as physical and mental
conditions of repair crew, the management and
coordination of repair activities, interdependency to other
physical and/or management systems, etc. In this work,
we only focus on number of available repairmen (that
dynamically changes in time) and type of failure (e.g., the
number of repairmen to recover that failure, time to
repair, etc.). Surely, the other aspects should be also
taken into consideration; however, this work can serve as
a preliminary work to conduct further research in that
direction. Note that even considering only a few aspects
of the problem, the solution is not straightforward and
requires an extensive work.

Some studies focus on stage-by-stage progressive
network recovery on optical networks [12] [13]. The
approaches proposed in [12] [13]aims to determine the
network equipments to repair at each stage to maximize
the recovered traffic at early stages. Another work [14]
also focuses on network recovery where they propose a
scheme that maximizes traffic during the recovery.
However, these work assume that the required repair
resources for a failure are available when needed, an
assumption that is not practical in real life scenarios.

C. Ma et al. focus on multi-repairmen problem in [15]
and [16] for restoration of virtual networks. They
consider that the problem is static such that number of
failures and number of repairmen do not change during
recovery phases. However, after a disaster, there are
usually correlated failures (e.g., aftershocks) and new
failures may arrive. The size of repair crew may also
change. It may decrease due to injuries, sickness, or stress
(due to relatives and friends lost because of disaster) or it
may increase due to support from other branches. Thus,
the problem of assigning available repairmen to current
failures is a dynamic problem. In this study, we
investigated this problem and provide a heuristic, Multi-
Repairmen Disaster RecoveryAlgorithm (MRDRA),
which maximizes the recovered traffic as early as
possible. The proposed solution is designed to be applied
whenever recovery state changes, i.e., a failure is repaired
or a new failure occurs.

2. PROBLEM DESCRIPTION

The general flowchart of our proposed solution is shown
in Fig. 1. After a disaster, if there is sufficient number of
repairmen to cover all the failures, then recovery is
completed after all the failures are repaired. However, in
practice, the number of repairmen may not be sufficient
and a subset of the failures should be recovered first. In
this case, the determination of failures that will be
repaired depends on the benefit from the repair (how
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much capacity, i.e., bandwidth, will be recovered after
the repair of each failure), the travel time to the failure
location, and the repair time. The goal should be
recovered as much bandwidth as possible and as early as
possible.

Our approach is subject to following assumptions:

e We consider that the number of repairmen may
change in time. Some have to take breaks, some
repairmen’s shifts may over, some may not be
available due to sickness, injury, loss of a relative
or a friend. Thus, every time that a recovery
decision is made, the number of available repairmen
is re-evaluated.

e There are no flaws and setbacks on coordination
and management of recovery activities.

e The network recovery activities are independent
from structural recovery and search and rescue
operations.

e There are always vehicles ready to transport repair
crew to relevant failure locations.

e The repair resources required are always available
at the hands of repair crew.

The repairmen assignment problem can be reduced to
Binary (0/1) Knapsack Problem (BKP) which is an NP-
Hard problem. BKP is applicable in solving dynamic
programming problems [17] [18] [19]. BKP defines
which items to put in a backpack among an item set to
increase the value inside the backpack. Thus given a set
of items, each having weight and value; and the capacity
of knapsack, the problem can beformulated as:

n

maxz vic; €Y)

i=1
Subject to:
n
Z Wit < W (2)
i=1
c; €{0,1} 3

Whereby, c; indicates whether item i is included in the
knapsack or not (c; = 1 if it is included and equal to zero
otherwise). We modify BKP to address our problem by
considering a set of network failures after a disaster and
each failure requires a certain amount of repairmen for
repair. At a given time, we have set of failures (the items
that will be put into the knapsack) with the benefit to be
gained after their repair (the value of each item), the
repairmen required for each failure (the weight of each
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failures that are more
7 valuable considering the
Becovenyls peimine t‘he travel distance
completed number of
I repairmen
Is there
Assign neccessary Yes sufficient No

number of repairmen (—\
tothe current failures

repairmen to >
. coverall -~
N o
\1a\|lur?},

Figure 1. Flowchart of Multi-Repairmen Disaster Recovery Algorithm
(MRDRA).

item), and the total number of available repairmen at that
time (the capacity of knapsack).

Note that failures are heterogeneous. Some failures (e.g.,
transponder failures) can be fixed in minutes with a few
(or even one) repairmen, while some others (e.g., fiber
cuts) may take hours and a significant number of
repairmen. The repair of a failure may depend on other
failures as well. For instance, to recover the bandwidth
of a fiber link all related failures, such as amplifier
failures and/or fiber cuts on that link, should be repaired.
If we consider sole benefit from the repair of an
amplifier on a fiber where there is also a fiber cut on that
fiber, then the benefit would be zero, because the repair
of amplifier alone cannot provide connectivity on that
cable. Thus, we also consider the dependencies between
failures and consider failure sets to be repaired instead
of single failures.

The gain from a repair depends not only the amount of
bandwidth that can be recovered, but also how quickly
it can be recovered. Hence, we define the benefit from a
repair as a division of bandwidth recovered to time of
recovery (sum of travel time and repair time).

We propose a Multi-Repairmen Disaster Recovery
Algorithm (MRDRA) where the flow chart is shown in
Fig. 1 that solves the problem considering a disaster,
multiple links, amplifiers and transponders failures, as
well as number of available repairmen. In this context, a
network is thought of a system of nodes connected by
links of fiber optics. Amplifiers are included in the
network for amplification of signal after a certain
propagation distance (e.g., 100 km). Moreover, there are
transponders for transmission and reception of optical
signal at each node.
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3. FAILURE IDENTIFICATION AND
REPAIRMEN ASSIGNMENT

Given:

e G(N,E,A): network topology where N is a set
of nodes, E is a set of edges, and A is as set of
amplifiers in a network.

e U: set of dependent-failure sets in a network in
the aftermath of a disaster at a given time. Each
element f € ¥ includes the set of failures with
their coordinates, the capacity recovered after
the repair of failure set, and number of repair-
men required to repair all the failures in f.

e (y : capacity recovered after the repair of failure

set f €.

®  Ry:repair time of failure set f € 9.

e By: benefit from repair of failure set f € 9.

e m[i; n7]: maximum benefit that can be attained
with number of repairmen required less than or
equal to n using failure sets up to i.

e u:set of available repairmen at a given time.

® 7y minimum number repairmen required for
failure set f € .

In principle, the problem is divided into two sub-
problems viz: (i) Identification of failures to be recovered
at a given time and (ii) repairmen assignment to each
failure such that the benefit is maximized. The solution
for the first sub-problem is given in Alg. 1. Here, we look
at the failures from the repair of each link. Because, some
bandwidth is recovered if and only if the fiber link is
repaired. The repair of fiber links consists of repairing a
set of dependent failures. First, we need to determine
capacity recovered if we repair each link’s failure set and
number of repairmen required for this failure set.
Calculation of Cf is straightforward and depends on how
many transponders are in the failure set. In current
networks, one transponder at each end node will give a
bandwidth of a wavelength capacity. The determination
of 1y depends on the repair type. For instance, repair of
a transponder can be done by one repairman, while repair
of fiber cable break requires more repairmen. Depending
on the skills of the repairmen and repair policy of
network operator, this number can be considered fixed
for each type of failure.

After the identification of failure sets, we need to
determine the benefit that can be achieved through repair
of each failure set. After this point, the problem becomes
similar to BKP (the number of repairmen required is the
weight and benefit is the value for each failure set, while

2 Our focus on this work is failures of fiber optical cables, amplifiers, and
transponders.

number of available repairmen is the capacity of
knapsack). There is a pseudo-polynomial time algorithm
using dynamic programming [19] that we modify it for
our problem as shown in Alg. 2.

Algorithm 1: Identification of failures to be repaired?

for each link in network G(N, E, A) do

Check if link, amplifiers and transponders are
functional.

if any equipment on the link is not functional

then
Determine the failure set f.
Get coordinate of each failure in f.
Calculate Cr and 7.
Add fto 9.
end if
end for

Since the number of repairmen required for each failure
set (15) and the total number of available repairmen at a
given time (1) are positive integer values, we can define
m[i; n] (the maximum benefit that can be attained with
number of repairmen less than or equal to 7 using
failure sets up to i (first i failure sets)) recursively as
follows:
e m[0;n]=0
e m[1; n] =m[0; n] if n; > n (the new failure
set is more than the current repairmen limit),
else
m[1; n] = max(m[0; n],m[0; n —n4] + By)
e mli;nl=mli—1;n] if n;>n, else
ml[i; n] = max(m[i — 1; n],m[i—1; n —
nil + By)

Then the solution is obtained by computing m[|9|; ]
from the outputs of Alg. 2. The calculations of Ry and B
in Alg. 2 are straightforward. Ry (repair time of failure
set) is equal to sum of time to required of repairmen to
reach the failure locations and time to required to repair.
Estimated times to repair values of different equipments
are usually known and are publicly available. The
calculation of By is division of capacity recovered to
repair time (Cr / By).

Note that we apply Alg. 1 and Alg. 2 consecutively
whenever the recovery state changes, i.e., a new failure
occurs or a failure is repaired, as shown in Fig. 1.
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Algorithm 2: Repairmen Assignment

for each fin9 do
Calculate the repair time of failure set f'(Ry)
based on current locations of available repairmen.
Calculate the benefit (capacity that can be
recovered times over the repair time) of failure set

(By).

end for

for j from 0 to |u| do
m[0; j]: 0.

end for

for i from 1 to |9| do
for j from 0 to |u| do
ifw[i — 1] > j then
mli; j]:==m[i —1,j]
else
m[i; j] == max(ml[i —
Ljlmli—1,j—nl+B)
end if
end for
end for

4. ILLUSTRATIVE NUMERICAL EXAMPLES

We conducted numerical examples on two physical
network topologies namely 24-node US topology and 11-
node COST239 Europe topology shown in Fig. 2 and 3,
respectively. We assume that a link is operational only if
all amplifiers on it are operational and there is at least one
transponder working on each end point of the link.
Moreover, if all transponders are not functional, then the
link is not fully functional. The speed of each repairman
when moving to the repair point is 50 km/hr.The number
of transponders is 16, number of repairmen is 30,
capacity of each transponder is 10 Gbps and the interval
between amplifiers is 100 km. We compare our approach
with a classical approach where repairmen are assigned
to the closest failure points to minimize recovery time.
We report the amount of recovered capacity for each
hour.

We run simulation for 50 scenarios and for each physical
network topology, whereby in each scenario we generate
a random disaster that cause some equipment to fail with
some probability that follows Gaussian probability
depending on distance from the disaster’s epicenter [20].
Examples are conducted on a computer with an Intel 13
2.4 GHZ CPU, 4 GB DDR3 RAM, and 64 bit Microsoft
Windows 10 operating system. Below, we present
numerical results for each physical network that shows
potential benefits of our study.

paNE

e I‘—T\U/S
d/ J m \t/ \w
— N

Figure 2. A 24-node US nation-wide topology

b/a\k

\/ﬁ/
IANVAN
\\d/

Figure 3. 11-node COST239 European topology

Figure 4 presents numerical results for 24-node US mesh
network topology. Since our approach aims to maximize
recovered capacity as early as possible, the recovered
capacity reaches 2 TB in 10 hours, while the same
amount of capacity can only be recovered after 14 hours
with classical approach. Similarly, 4 TB capacity is
recovered in 18 hours with our approach that is 5 hours
earlier than classical approach. After 25 hours, our
approach recovers 6 TB capacity, while classical
recovers 5STB.

e T T T ] 11 T TT 11 T
® MRDR
—+— Classical approach

Recovered capacity (TB)
Trrrryrrrrrr|rrrrrr|rrrrrr

{ . Lo L L [ |
0 5 10 15 20

b
S

Recovery time (Hours)
Figure 4. Cumulative recovered capacity per hour for 24-node US
mesh network.
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Figure 5 reports the cumulative recovered capacity for
COST239 topology. We see a similar trend to Fig. 4. In
early hours (the first3 hours), it seems that both
approaches shows very close results to each other, but
then our approach starts to recover faster than the
classical approach. For instance, our approach recovers 2
TB in 10 hours and 4 TB in 20 hours, while classical
approaches recovers same amounts of capacities in 14
and 23 hours respectively. At the end of 25 hours, while
approach recovers 5.8 TB capacity, classical approach
recovers only 4.8 TB.

. MRDRA
—+— Classical approach

g |

Recovered capacity (TB)

LA AL (LA B N B N B B B B B BN B |

L L 1|
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Figure 5. Cumulative recovered capacity per hour for 11-node
COST239 network.

5. DISCUSSION

In this study, we focus on the network recovery problem
by considering the changes in number of repairmen in
time, new failure arrivals after a disaster,
interdependency between failures. However, the nature
of the problem is more complicated and requires
interdisciplinary work with civil engineers, management
information system experts, behavioral scientists, etc.
Taking this work as a baseline approach, a further
research can be conducted with researchers from
different disciplines.

6. CONCLUSION

In this study, we investigated the problem of optical
network recovery wherein the focus is increasing
recovered capacity while minimizing recovery time
following network failures associated with disasters. We
considered repairing multiple failures in a network such
as amplifier, link, and transponder failures given a
limited set of repairmen to be involved in reparation
activity. We proposed Multi-Repairmen Disaster
RecoveryAlgorithm (MRDRA) that provides recovery
schedule such that we can maximize recovered capacity

at a given time during recovery. The numerical examples
showed for 24-node US and 11-node COST239 Europe
topologies that, with an intelligent recovery plan that
considers dependency between failures, capacity
recovered, and time of recovery (travel time plus repair
time), would provide larger capacity at a given time
during the recovery compared to a blind approach that
only minimizes recovery time.
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Siniflandirma, verilerin analiz edilmesi i¢in énemli bir veri madenciligi teknigi olup tip, genetik ve biyomedikal
miihendisligi basta olmak iizere birgok alanda kullanilmaktadir. Ozellikle tip alaninda DNA mikrodizi gen ekspresyon
verilerini siniflandirmaya yonelik yapilan ¢calismalarda artis goriilmektedir. Ancak, mikrodizi gen ekspresyon (ifade)
verilerinde bulunan gen sayilarinin ¢oklugu ve bu veriler arasinda dogrusal olmayan bagntilar bulunmasi gibi
problemlerden dolay1 geleneksel siniflandirma algoritmalarinin basarimlar1 siirli kalabilmektedir. Bu sebeplerden
dolayi son yillarda siniflandirma probleminin ¢6ziimii i¢in yapay zeka tekniklerine dayali siniflandirma yontemlerine
olan ilgi giderek artmaya baslamistir. Bu ¢alismada, karaciger mikrodizi kanser veri setinin smiflandirilmasi i¢in
Uyarlamali Ag Tabanli Bulanik Mantik Cikarim Sistemi (ANFIS) ve Genetik Algoritmaya (GA) dayali hibrid bir
yaklagim Onerilmistir. Simiilasyon sonuglari, diger bazi yontemlere ait sonuglarla karsilastirilmistir. Elde edilen
sonuglardan, dnerilen yontemin diger yontemlere gore daha basarili oldugu goriilmiistiir.

Anahtar Kelimeler: Neuro-fuzzy, ANFIS, genetik algoritma, siniflandirma, mikrodizi gen ifade

Training ANFIS structure using genetic algorithm for liver cancer
classification based on microarray gene expression data

ABSTRACT

Classification is an important data mining technique, which is used in many fields mostly exemplified as medicine,
genetics and biomedical engineering. The number of studies about classification of the datum on DNA microarray
gene expression is specifically increased in recent years. However, because of the reasons as the abundance of gene
numbers in the datum as microarray gene expressions and the nonlinear relations mostly across those datum, the
success of conventional classification algorithms can be limited. Because of these reasons, the interest on classification
methods which are based on artificial intelligence to solve the problem on classification has been gradually increased
in recent times. In this study, a hybrid approach which is based on Adaptive Neuro-Fuzzy Inference System (ANFIS)
and Genetic Algorithm (GA) are suggested in order to classify liver microarray cancer data set. Simulation results are
compared with the results of other methods. According to the results obtained, it is seen that the recommended method
is better than the other methods.

Keywords: Neuro-fuzzy, ANFIS, genetic algorithm, classification, microarray gene expression
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kullanarak ANFIS'in egitilmesi

1. GiRiS (INTRODUCTION)

Gilinlimiizde  teknolojik  geligmeler ve  gelismis
donanimlar sayesinde artik yiiksek boyutlu verileri
depolamak miimkiin hale gelmistir. Bu yiizden yiiksek
boyutlu verilerden anlamli bilgiler ¢ikarmak igin veri
madenciligi fonksiyonlarinin kullaniminda son yillarda
artis goriilmiistiir. Yiiksek boyutlu verilere genel olarak
genetik caligmalar sonucu elde edilen biyolojik veriler
gosterilebilir.

Insan yapisindaki dokularin hepsi ayni genetik materyali
icermektedir. Fakat her hiicrede aymi genler aktif
degildir. Hangi genlerin aktif olup hangilerinin aktif
olmadig1 bilgisi, hiicrelerin nasil bir fonksiyona sahip
oldugu ve bazi genler normal sekilde c¢aligmadiginda
hiicrenin bu olaydan nasil etkilenecegi bilgisini
vermektedir. Hiicrenin gen ifadesi iste bu aktiflik
bilgisine esittir [1]. Biitiin organlarimiz ayn: genetik
materyali igermesine ragmen genlerin farkli hiicrelerde
farkli ifade edilmelerinden dolayr bobrek, beyin,
karaciger gibi hiicreler birbirinden farkli fonksiyonlara
sahiptir [2].

Bilgisayar teknolojisinin molekiiler biyoloji ile birlikte
gelismesi sonucunda biyoteknolojinin kavramsal olarak
ulasabilecegi noktalardan biri olan mikrodizi ¢ipler (gen
¢ip) ortaya c¢ikmustir [3]. Mikrodizi ¢ip teknolojisi
sayesinde ayni anda birden fazla genin incelenmesi ve
genlerin birlikte arastirilmasi firsati dogmustur [4].

DNA mikrodizi teknolojisi sayesinde yiizlerce genin
ifade diizeyleri es zamanli olarak incelenebilmektedir
[5]. Bu teknoloji sayesinde hasta ve saglikli hiicrelerin
gen ifadelerinin karsilagtirllmasi neticesinde hastaliga
neden olan genlerin belirlenmesi miimkiin olabilmektedir
[6]. Mikrodizi yontemi kullanarak gen ifade verilerinin
analizi sayesinde psikolojik, kalp ve bulasict hastaliklar
gibi bir¢ok hastalik hakkinda bilgi vermektedir. Elde
edilen bu bilgiler sayesinde hastaliklarin Onlemesi
yoniinde tedbirler alinabilmektedir. Bu teknik sayesinde
ayrica gen uzerinde tagman kalitsal hastaliklar, alt
tiirlerine kadar incelenebilmektedir [7].

DNA mikrodizi teknolojisi ile bir ¢alismada ¢ok fazla
veri analizi yapildigindan sonuglar icin ¢ok fazla zaman
gerekmektedir. Elde edilen sonuclar ise ylizlerce genin
ifadesini barindirdigindan dolay1 sonuglari
yorumlamanin bir hayli zor oldugu ve ¢ok pahali bir
yontem oldugundan dolayt ¢ok fazla deneylerin
tekrarlanamamasi ise dezavantajlarini olusturur [7].

Mikrodizi gen ifade wverilerini smiflandirmak igin
literatiirde Bayes Aglari, Destek Vektér Makineleri ve
Karar Agaglar1 gibi istatistiksel yontemler siklikla
kullanilmaktadir. Diaz-Uriarte ve Andres [8], rastgele

orman algoritmasini kullanarak 9 farkli mikrodizi veri
seti iizerinde hem gen secimi hem de siniflandirma
yapmuslardir. Dudoit ve arkadaslar1 [9], gen ifade verisi
kullanarak tiimor smiflandirmasi igin fisher lineer
diskriminant analizi, k-en yakin komsu algoritmasi ve
torbalama yontemlerini kullanmiglardir. Furey ve
arkadaglar1 [10], mikrodizi ifade verilerini kullanarak
kanser dokusu orneklerini smiflandirmak igin destek
vektor makinelerini kullanmiglardir. Lee ve arkadasi
[11], kan kanseri gen ifade verisini kullanarak destek
vektor makineleri yardimiyla ¢ok smifli siniflandirma
yapmuslardir. Liu ve arkadaglari [12], gen ifade
profillerini kullanarak k-en yakin komsu, naive bayes,
destek vektdor makineleri ve C4.5 karar agaci gibi
smiflandirma  yontemlerinin =~ karsilagtirmali  bir
performans analizini yapmuslardir. Statnikov ve
arkadaslar1 [13] ise mikrodizi gen ifade kanser teshisinde
destek vektor makineleri, k-en yakin komsu ve yapay
sinir aglar1 gibi ¢ok smifli yontemler kullanilarak bu
siniflandirma  yontemlerinin ~ karsilagtirmali  bir
degerlendirmesini yapmislardir. Mikrodizi verilerinde
yiizlerce gen bulunmasi ve bu genler arasinda dogrusal
olmayan iligkiler bulunmasi sebebiyle geleneksel
yontemlerin basarimlart smirli  kalabilmektedir. Bu
zorluklar bilim adamlarim1 daha gilicli ve modern
yontemler kesfetmeye yoOneltmistir. Bu amagla,
aragtirmacilarin ilgisi zor problemlerin ¢6ziimiinde yapay
zeka tabanli yontemlerin kullanilmasina yonelik olarak
artmaya bagslamistir. Khan ve arkadaglar1 [14], yapay
sinir aglar1 ve gen ifade profillerini kullanarak kanser
hastaliklarin tahmin edilmesi ve siniflandirilmasi iizerine
bir ¢alisma yapmuslardir. Ringner ve Peterson [15],
yapay sinir aglar1 yardimiyla mikrodizi tabanl kanser
teshisi lizerine bir ¢aligma gergeklestirmiglerdir.

Son yillarda yiiksek boyutlu problemlerin ¢dziimiinde
yapay zeka tabanli  yontemlerin  kullanilmasi
yayginlasmis ve Oznitelik se¢gme ve smiflandirma
problemlerine karsilik algoritmalar  gelistirilmistir.
Pirooznia ve arkadaslar1 [16], mikrodizi gen ifade
(ekspresyon)  verilerini  kullanarak  siniflandirma
calismast yapmuslardir. Bu c¢aligmada istatistiksel
yontemler ile yapay zeka yontemleri karsilastirilmis ve
yapay zeka yontemlerinin daha iyi sonuglar verdigi
goriilmiistiir. Loganathan ve Girijia [17], ANFIS agirhik
parametrelerini Runge Kutta Learning algoritmasi ile
egitmigler ve olusturulan modelin performansini,
mikrodizi  gen  ekspresyon  kanser  verilerini
siniflandirarak 6lgmiislerdir. Kumar ve Punithavalli [18],
ANFIS ile kanser verilerini siniflandirmis ve elde edilen
sonuglari istatistiksel yontemler ile karsilastirmiglardir.

Bu c¢alismada karaciger kanseri mikrodizi gen
ekspresyon verilerini dogru siniflara atayabilmek icin
popiilasyon tabanli bir algoritma olan genetik algoritma
kullanilarak ~ ANFIS  modelinin  parametrelerinin
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egitilmesine yonelik bir yaklasim 6nerilmistir. Onerilen
yaklagimin performanst k-katlh capraz dogrulama
yontemi ile test edilmis ve k parametresi 5 se¢ilmistir.
Onerilen yontem ile bulunan sonuglarn performansi
diger yontemlerin performanslar ile karsilastirilmistir.
Bir sonraki boliimde ise kullanilan yontemler hakkinda
bilgi verilmis, 3. bolimde algoritmanin egitildigi
karaciger kanser veri seti tanitilmistir. 4. Boliimde ise
onerilen yontem hakkinda bilgi verilmis ve elde edilen
sonuglar ise boliim 5°te sunulmustur.

2. METOTLAR (METHODS)

Bir smniflandirma fonksiyonu temelde iki bdoliimden
olusur. Bunlar, Oznitelik se¢imi ve verilerin dogru
siniflara atanmasidir. Bu calismada kullanilan sistem
bilesenleri agsagida agiklanmaktadir.

2.1. Oznitelik Secme (Feature Selection)

Oznitelik se¢gme olay1, Oznitelik uzayr igerisinden
optimal bir 6znitelik alt kiimesinin bulunmasidir. Ayrica
optimal 6znitelik alt kiimesinin bulunmasi ile problemin
boyutunun indirgenmesi ve dznitelik kiimesini en uygun
alt kiimenin temsil etmesidir. Mikrodizi verileri yliksek
boyutlu veriler olduklarindan dolayr smiflandirma
yontemlerinin performanslarini arttirmak igin 6znitelik
secme yonteminin kullanilmasiin  bir  gereklilik
oldugundan s6z edilebilir.

2.1.1. Korelasyon Tabanh Oznitelik Secimi (KTOS-
Correlation Based Feature Selection)

KTOS, Smif ile yiiksek korelasyona sahip ve birbiriyle
disiik korelasyona sahip Ozniteliklerin bir arada
bulundugu alt kiimeleri olusturur.

7" ci
= ()
G Jk+ k(=17

Esitlik (1)’de yer alan k& parametresi veri alt kiimesinin
Oznitelik sayisi, rci parametresi ortalama Oznitelik
korelasyonu ve rii' parametresi ise ortalama 6znitelik i¢
korelasyonudur [19].

2.2. ANFIS
ANFIS)

ile Simflandirma (Classification with

Siniflandirma islemi, ag tabanli bulanik mantik ¢ikarim
sisteminde (ANFIS) bulunan baglangic ve sonug
parametrelerinin genetik algoritmasi (GA) ile optimize
edilmesi ile olusan model kullanilarak yapilmustir.

2.2.1. Adaptif Ag Tabanh Bulamk Mantik Cikarim
Sistemi (Adaptive Neuro-Fuzzy Inference System, ANFIS)

Adaptif ag tabanli bulanik mantik c¢ikarim sistemi
(ANFIS), Takagi Sugeno bulanik modeli dikkate alinarak
gelistirilmis bir yapay sistemdir [20]. Sinir aglarinin
geriye yayillimli 6grenme yetenegi ile bulantk mantigin
sonu¢  ¢ikarma  Ozellikleri  ANFIS  yapisinda
birlestirilmistir. Uyelik fonksiyonlar1 ile bulamklastirdig
giris verilerini bulanik kurallar ile ag tizerinde dagitarak
¢ikis hesaplamaktadir. Bu siire¢ ANFIS modeline
cikarim yetenegi sagladigi icin tahmin problemlerinde
bagarimi oldukca yliksektir.

ANFIS baslangi¢ ve sonug parametreleri olmak tizere iki
tiir parametreye sahiptir. Bu iki parametre tiirii bulanik
kurallar1 birbirine baglar. Modelin egitimi ise bu
parametrelerin optimizasyonu ile saglanir. ANFIS temel
olarak bes katmandan olusmaktadir. Sekil 1’de iki giris
ve bir ¢ikistan olusan temel bir ANFIS yapis1 verilmistir
[21].

5.Katman

3.Katman 4.Katman

Xy

Sekil 1. Temel bir ANFIS yapis1 [22] (A basic structure of ANFIS)

1.Katman

Bulaniklagtirma katmani olarak adlandirilan  bu
katmandaki her diigiimden alinan sinyal diger katmana
aktarilir. Her diigimden alinan sinyal giris degerlerine ve
kullanilan iiyelik fonksiyonunun tiirline bagli olarak

olugsmaktadir. Bu katmandaki diigiimlerin ¢ikislari( 01 ;)
icin Esitlik (2) ve Esitlik (3) asagida verilmistir [23].

O, = p4;(x) i=1.2 (2)

O, = uB, ,(x) i=34 (3)

Burada A, ve B, girislere ait herhangi bir iiyelik

fonksiyonu olup pA, ve uB,; ise bu fonksiyon igin
hesaplanmig {iyelik dereceleridir. Can egrisi tiiriinde
tiyelik fonksiyonu igin u4,

hesaplanmaktadir

asagidaki esitlik ile
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i=12 “)

Burada @, ve ¢, sirasiyla, iiyelik fonksiyonunun sigma

ve merkez parametreleridir.
2.Katman

Kural katmani olarak adlandirilan bu katmanda bir
onceki katmandan gelen iiyelik dereceleri kullanilarak
her kuralin atesleme seviyesi hesaplanmaktadir.

O, =w, = pd,(x).uB,(y) i=12 Q)

3.Katman

Normalizasyon katmani olarak adlandirilmaktadir. Bu
katmanda her kuralin normallestirilmis atesleme seviyesi
hesaplanmaktadir.

i=1,2 (©6)

4.Katman

Durulastirma katmani olarak adlandirilan bu katmanda
her bir kural icin c¢ikis degeri hesaplanmaktadir.
Kurallarmn ¢ikisi, bir 6nceki katmandan gelen normalize
edilmis atesleme seviyesi degerinin, birinci dereceden
polinom ile ¢arpilmasiyla elde edilmektedir.

0, =;lf; =;i'(pix+qiy+ri) =12 (7
5.Katman

Cikig katmanidir. Durulagtirma katmaninda elde edilen
her kurala ait ¢ikis degerleri toplanarak ANFIS'in ¢ikist
elde edilir.

2wt
2w

Bulanik sistemlerin, 6grenme ve adaptasyon siirecini
kolaylagtirmasi,  sinirsel  aglarin  ise  kontrol
parametrelerini ag lizerinde dagitarak dogrusal olmayan
problemlerde basarili olmasi, sinirsel bulanik bir ag
modeli olan ANFIS mimarisine biyik istiinlik
kazandirmaktadir.

ANFIS modelinin egitilmesindeki amag giris ve ¢ikis
degerlerine bagli olarak agirlik degerleri igin optimal
degerlerin iiretilmesidir. ANFIS’in agirlik
parametrelerinin egitiminde tiireve dayali algoritmalar

i=1,2 ®)

Oy=f=2w.f,=

yaygin olarak kullanilmaktadir. Ancak tiirev tabanli
algoritmalarda egim hesaplamast gibi zorluklar
bulunmasinin yaninda yerel minimuma takilma gibi
problemlere sebep olmaktadir. Bu sebepledir ki tiirev
tabanli algoritmalar ile ANFIS in egitilmesi ve
parametrelerin giincellenmesi temel sorunlardan biridir.
Arastirmalar ANFIS’in parametrelerini egitmek igin son
zamanlarda  farkli  algoritmalar  Onermistir. Bu
algoritmalardan bazilar1 ise tiireve dayali olmayan
Genetik algoritma, PSO ve Diferansiyel Gelisim
Algoritmasi gibi sezgisel algoritmalardir [24].

2.2.2. Genetik Algoritma (Genetic Algorithm)

1970°1i yillarda temel ilkeleri John Holland tarafindan
ortaya konulan Genetik Algoritma (GA) pek ¢cok problem
tirinde basart ile uygulanmaktadir [25]. GA,
optimizasyon veya arama probleminde tam yada yaklagik
sonuclar bulabilmek i¢in kullanilan sezgisel bir
algoritmadir. Bu algoritma kalitim, mutasyon, se¢im ve
caprazlama gibi evrimsel biyolojideki tekniklerden
esinlenerek gelistirilmistir. GA arama uzay1 bilyiik olan
ve ayrica degisken sayisi ¢ok fazla olan, ¢ok boyutlu
problemlere bile olduk¢a rahat uygulanabilmektedir.
Problemlerin arama uzaylarinda, uzaym tamamin
aramak yerine daha iyi olabilecek degerleri deneme
egilimi sonucu makul sayilabilecek siireler igerisinde

optimal sonuglar iiretebilme kabiliyetine sahiptir.
GA’nin temel adimlar1 Sekil 2°de verilmistir.
Adim 1. Rastgele degerlerden baslangig
popiilasyonunu {iret
Adim 2. Kromozomlarin  uygunluk  degerlerini
hesapla
Adim 3. Sartlar saglanincaya kadar devam et

(Uygunluk degeri, islem stiiresi vb)

(i) Popiilasyonda kotii uygunluk degerine
sahip kromozomlar1 belirle

(ii) Cocuk kromozomlar icin ebeveyn
kromozomlar1 tayin et

(iii) Caprazlama islemi ile ebeveyn
kromozomlardan ¢ocuk kromozomlar
uret

(iv) Cocuk kromozomlari
ugrat.

(v) Popiilasyona  yeni  dahil olan
kromozomlarin uygunluk degerlerini
hesapla

mutasyona

Sekil 2. Genetik Algoritmanin Temel Adimlar1 (Main steps of the basic
GA algorithm)

GA, popiilasyon temelli bir optimizasyon algoritmasidir.
Popiilasyonu olugturan aday ¢6ziimlerin algoritmadaki
karsilig1 kromozomlardir. Bu kromozomlar gesitli evrim
islemleri sayesinde daha iyi sonuglari temsil eden ¢6ziim
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adaylarima doniistirler. Bu islem kabul edilebilir bir
uygunluk degerine ulasincaya kadar veya Onceden
belirlenen bir islem siiresi veya nesil sayis1 gibi kriterler
karsilanincaya kadar stirdiiriiliir.

GA’da kromozomlar (aday c¢oziimler) temsil ettigi
¢oziime ait ayrik veya siirekli degerlere sahip
degiskenleri tutan katarlardir. Uygunluk fonksiyonu ise
kromozomlarin kalitesini 6lgen amag fonksiyonudur.

a) Baslangic Popiilasyonunun
(Creating Initial Populations)

Olusturulmasi

Baslangi¢ popiilasyonu rastgele aday ¢oziimlerden
olusur. Popiilasyonun biiytikliigl igin belirli bir kriter
yoktur. Ancak popiilasyondaki birey sayisinin ¢ok fazla
olmasinin problemin ¢6ziim zamanina veya elde edilecek
¢Oziimiin iyiligine etkisi olmadig1 degerlendirilmektedir.
Bu yiizden genellikle popiilasyon 20-50 arasinda alinir
[26].

b) Uygunluk Degerinin Hesaplanmasi (Determination
of Eligibility Value)

Uygunluk fonksiyonu yardimiyla hesaplanabilen bir
degerdir. Uygunluk degeri, her bir kromozomun uyguluk
fonksiyonuna tabi tutulmasi ile elde edilir. Uygunluk
fonksiyonu degeri bireyin ¢dziim kalitesini gosterir. Bir
sonraki nesle aktarilacak bireyler, uygunluk fonksiyonu
degerlerine gore belirlenir.

¢) Secim (Selection)

Secim stratejisi i¢in siklikla Rulet Tekerlek yontemi ve
Turnuva yontemi kullanilmaktadir.

Rulet Tekerlegi Yontemi

Bu yontemin temel mantig1 uygunluk degeri yiiksek olan
kromozomlarin ebeveyn kromozom olarak secilebilme
olasiligmin, uygunluk degeri nispeten diisiik olan
kromozomlardan daha fazla olmasidir [26].

Turnuva Yontemi
Bu yontemde popiilasyondan rastgele secilecek n adet

kromozom iginden en iyi kromozomlar ebeveyn olarak
secilir [26].

d) Caprazlama (Crossover)

Caprazlama, genellikle iki ebeveyn kromozomdan alinan
genlerle  olusturulur.  Kromozomlarin  baslangi¢
noktasindan belirlenecek bir noktasina kadar olan genler

ilk ebeveyn kromozomdan alinirken s6z konusu
noktadan sonraki genler ise ikinci ebeveynden alinarak
yapilir. Farkli sekillerde gaprazlama yapilabilmektedir.
Tek noktadan caprazlama Sekil 3°de goriilmektedir.

comtemezem --H

--

Ebeveyn Kromozomlar

Sekil 3. Tek Noktadan Caprazlama (One-Point Crossover)
e) Mutasyon (Mutation)

Mutasyon islemi, popiilasyondaki kromozomlarin
cesitliligini arttirarak yeni ¢6ziim adaylarinin olugsmasin
saglar. Bir bireyin bir veya birka¢ geninin degiserek
farkli bir birey haline gelmesidir. Mutasyon
popiilasyonda  g¢esitliligin ~ olusmasm1  saglayan
operatdrlerden biridir. Mutasyon oranmi genellikle %0,5 -
%S5 arasinda bir sayidir.

3. DENEYSEL VERI SETi (EXPERIMENTAL DATA
SET)

Bu calismada veri kaynagi olarak Karaciger kanseri
mikrodizi gen ifade veri seti kullanilmistir. Bu veri seti
Rutgers Universitesinin Biyoinformatik Laboratuvarinda
bulunan veri tabanindan elde edilmistir [27].

Karaciger Kanseri (Liver Cancer Chen-2002)

Chen ve arkadaslar1 [28] tarafindan 2002 yilinda ¢alisilan
karaciger kanser veri seti, hastalikli ve normal kisilerin
karaciger dokularindan alinmig 179 adet Ornekten
olusmaktadir. Bu veri setindeki her 6rnek 85 mikrodizi
gen dizilimi ile temsil edilmektedir. Veri seti HCC
adinda tiimorlii doku ve normal doku olmak tizere 2 farkli
siif ile temsil edilmektedir. Toplamda 179 o&rnek
bulunan veri setinde 104 adet tiimorlii doku bulunurken
75 adet de saglikli karaciger dokusu bulunmaktadir.

4. DENEYSEL CALISMA (EXPERIMENTAL
STUDY)

Bu ¢aligmada karaciger kanseri mikrodizi gen ifade verisi
kullanilarak  smiflandirma  yapilmistir.  Veri  seti
siiflandirma isleminden 6nce [0-1] araligina normalize
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edilmis daha sonra veri setlerine 6znitelik se¢gme yontemi
uygulanmistir. Bu calismada birgok oOznitelik se¢gme
yontemi incelenmis ve basarisindan dolayi veri setlerinin
bir alt setini olusturmak i¢in Korelasyon tabanli 6znitelik
secimi kullanilmistir. Bdylece yiiksek boyutlu veri setleri
yerine bu veri setlerini en iyi sekilde ifade eden alt veri
setleri ile simiflandirma ydntemlerinin performanslarini
arttirmak ve smiflandirmada daha basarili sonuglar
almak miimkiin hale gelmistir.

Bu c¢alismada, ANFIS modelinin GA kullanilarak
egitilmesine yonelik karaciger kanseri mikrodizi gen
ifade wverisi kullanilarak uygulama gelistirilmistir.
Toplamda 179 o6rnek bulunan karaciger verisini
smiflandirmada 6rneklerin az olmasi sebebiyle, modelin

genellestirebilme  yetenegini  dogru  bir  sekilde
degerlendirebilmek icin ¢apraz dogrulama (cross
validation) — yontemlerinden K  par¢ali  ydntemi

kullanilmustir. K par¢ali ¢apraz gegerlilik yonteminde
ama¢ bir deneyi bagimsiz kosullarda yineleyerek
sonuglarmim  gecerliligini  smamadir. Ornegin,
smiflandirma problemlerinde, bir veri kiimesini asagi
yukar1 esit k£ tane kiimeye bolip, her bir £ igin,
siiflandiriciy1 olugturmak i¢in, £-1 kiimeyi kullanip ve
arta kalan £’ mnc1 kiime tizerinde test islemini yapmaktir.
Bu c¢aligmada, 5-kat c¢apraz dogrulama yoOntemi
kullanilmistir.

Kullanilan veri setlerindeki parametre sayilarinin
¢oklugundan dolayi, bulanik kural ve iiyelik fonksiyonu
sayillarinin  az sayida oldugu ANFIS modelleri
olusturabilmek i¢in, ANFIS ile FCM kiimelemenin
entegre oldugu bir bulanik kural olusturma teknigi
kullanilmigtir.  FCM  uygulanarak olusan ANFIS
modellerindeki giris sayis1 her bir veri setindeki gen
sayisina esit olup her bir girig i¢in iiyelik fonksiyonu tiirii
gauss, iyelik fonksiyonu sayist 10 ve bulanik kural
sayilart 10 olarak belirlenmistir. Yapilan simiilasyon
calismalarinda kullanilan modelin olusturulmasini ve
olusturulan ~ modelin  parametrelerinin  optimize
edilmesini gosteren blok diyagram Sekil 4’de verilmistir.
ANFIS’in gilincellenmesi gereken iki parametre tiirii
vardir. Bunlar baslangi¢ parametreleri ve sonug
parametreleridir. Baglangic parametreleri Esitlik (4)’de
{a;, c;} olarak verilen gauss tiyelik fonksiyonlarina aittir.
Buradaki a; iiyelik fonksiyonlarinin varyansi, c; iiyelik
fonksiyonlarinin merkezidir. Baglangi¢c parametrelerinin
toplam  sayis1  tim  dyelik  fonksiyonlarmndaki
parametrelerinin toplamina esittir. Sonug parametreleri
ise durulastirma katmaninda kullanilan Esitlik (7)’de
{pi, qi,1;} olarak gosterilen parametrelerdir. Tasarlanan
ANFIS modelinin tiim parametrelerinin optimize
edilmesi i¢in GA algoritmasi kullanilmistir.

FCM Clustering

Normalizer

‘ ______

Sekil 4. Onerilen yontemle olusturulan ANFIS’in temel yapist (Basic
Structure of ANFIS with FCM Clustering)

Bu c¢alismada onerilen yontem karaciger kanseri
problemine uygulanmistir. Kanser verisinin dogru bir
sekilde smiflandirilabilmesi Sekil 4’de verilen ANFIS
modelinin 1. ve 4. katmanindaki baslangic ve sonug
parametrelerinin baslangi¢ degerleri icin FCM kiimeleme
yontemi ile bir ¢oziim uzay1 olusturulmus ve sonrasinda
parametreler her bir iterasyonda GA kullanilarak
giincellenmigtir. Esitlik (9) ile tanimlanan RMSE hata
fonksiyonu ¢oziimiin hata degerinin hesaplanmasinda
kullanilmustir. Bu hata fonksiyonunda kullanilan F ve Fy
parametreleri sirasiyla ANFIS tarafindan elde edilen
cikis ve veri setinin gercek c¢ikisidir. GA ile ANFIS
parametrelerinin egitimi siirecinde, MATLAB ortaminda
olusturulan 6zgiin kodlar kullanilmistir.

" (F()-F, ()

RMSE = 2
N

©)

Yapay zeka optimizasyon algoritmalarinin performansi
algoritmalarin kontrol parametrelerine fazlaca baglidir ve
genellikle kontrol parametreleri icin hangi degerlerin
kullanilmas1  gerektigine yonelik kesin kural ve
yontemler bulunmamaktadir. Bu kapsamda, parametreler
icin arastirmacilarin yaygin olarak onerdigi araliklarda
degerler tayin edilmesi veya c¢ok sayida deneme
yapilarak optimal parametre degerlerinin belirlenmesi
yaklagimi  kabul  gormektedir. Calismada, GA
algoritmasinin parametre degerlerine karar vermek igin
bir¢ok deneme gerceklestirilmis ve denemeler sonucunda
GA ig¢in popiilasyon sayis1 25, ¢aprazlama oram 0,7 ve
mutasyon orani 0,15 olarak alinmustir.

Onerilen yaklasimin performansimin farkli yontemlerle
karsilagtirilmasi amaciyla ANFIS agi1 karaciger mikrodizi
gen ekspresyon kanser verisinin siniflandirilmak i¢in BP
ve Hibrid algoritmalarla da egitilmistir. Bu amagla,
kullanilan BP algoritmasi i¢in 6grenme katsayisi 0.2 ve
momentum orani 0.4 olarak seg¢ilmistir. Hibrid algoritma
olarak da en kiigiik kareler tahmini ve BP algoritmasinin
birlestirilmesin olugan bir yontem kullanilmistir. Ayrica
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bu iki algoritma igin iterasyon sayist 100 olarak
belirlenmistir.

Olusturulan ANFIS modelleri BP, Hibrid ve GA
algoritmalari ile egitilerek siniflandirmadaki
performanslar1 karsilagtirilmistir.  Her algoritma igin
ANFIS 15 kez egitilmigtir. Ayrica her model igin elde
edilen RMSE hata degerlerinin ortalamasi alinarak,
ortalama RMSE (RMSE,y¢) degeri bulunmustur. Sekil
5’te yontemlere ait 100 iterasyon igin egitim hata
degerlerinin (RMSE) degisim grafigi verilmistir. Sekil
6’da ise karaciger verisini siniflandirmak icin farkli
algoritmalar ile egitilen ANFIS modellerine giris olarak
verilen test veri setinin gergek cikist ile ANFIS tarafindan
elde edilen cikis arasindaki farki gosteren test hata
degerleri (RMSE) verilmistir.

025 o BP e HB GA

0,2

0,15

RMSE

0,1

0,05

iterasyon Sayisi

Sekil 5. ANFIS modellerine ait RMSE egitim hata degerleri (Training
RMSE error values of the ANFIS models)

Modellerin Test Hata Degerleri

GA 0,28
HB 0,32
BP 0,34
0,24 0,26 0,28 03 0,32 0,34 0,36
RMSE

Sekil 6. ANFIS modellerine ait RMSE test hata degerleri (Testing
RMSE error values of the ANFIS models)

Sekil 5’te goriildiigli lizere en az egitim hata degeri
Hibrid algoritma ile bulunmus olmasina ragmen, Sekil
6’da en az test hata degeri GA ile elde edilmistir. Egitim
ve test hata degerleri arasindaki farkin ¢ok olmasi asiri
o0grenme oldugunu ve egitilen modelin uygulanabilir
olmadigmi ortaya koymaktadir. Egitim ve test hata
degerlerinin ise birbirine yakin olmasi daha giiclii ve
basarimi yiiksek modeller ortaya koymaktadir. Yapilan

simiilasyon ¢aligmalar1 neticesinde optimal parametre
degerleri ile elde edilen siniflandirma performanslarina
ait bilgiler Sekil 7’de verilmistir. Goriildiigii lizere en
basarili siniflandirma performansit ANFIS-GA modeline
aittir.

Algoritmalarin Performanslar (%)
ANFIS (GA) 92,14
ANFIS (Hibrid) 91,59

ANFIS (BP) 89,9

885 8 895 9 90,5 91 91,5 92 925

Sekil 7. Algoritmalarin  Karaciger Kanserini =~ Smiflandirma
Performanslari (Classification performance of the algorithms for Liver
Cancer)

Sekil 7° de goruldigi gibi ANFIS - GA yonteminin
ortalama % 92.14 oraniyla karaciger kanser veri setini
siiflandirmada en yiiksek performansi sergilemektedir.
Ayrica siniflandirma ydntemlerinin ortalama basarimlari
ve birbirlerine gore gelisim yiizdeleri de asamal1 olarak
Tablo 1°de verilmistir. ANFIS aginin Hibrid algoritma
ile egitilmesi durumunda geleneksel BP algoritmasina
gore smiflandirma basariminin % 1.88 iyilestigi, GA ile
egitilmesi durumunda ise Hibrid algoritmasina gore %

0.60 daha basarili oldugu goriilmektedir. Gelisim
yiizdeleri genetik algoritmanin siniflandirma
probleminde diger yontemlere goére daha basarili

oldugunu gostermektedir.

Tablo 1. Metotlarin ortalama basarimlar: ve gelisim yiizdeleri (The
average performances and the percentages of development of the

methods)
Metot Basarim (%) Gelisim Yiizdesi
(%)
ANFIS - BP 89.90 -
ANFIS - 91.59 1.88
Hibrid
ANFIS -GA 92.14 0,60

5. SONUCLAR VE TARTISMA (CONCLUSIONS
AND DISCUSSION)

Bu makalede, karaciger mikrodizi gen ekspresyon kanser
verisinin smiflandirilmasi amaciyla ANFIS modelinin
BP, Hibrid algoritmalart ve GA optimizasyon
algoritmastyla egitilerek performanslari
karsilastirilmistir. Sekil 7°de verilen sonug¢lardan, GA
algoritmasi kullanilarak ANFIS’in egitilmesine dayali
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yaklagimin daha basarili oldugu goriilmiistiir. Ayrica,
GA algoritmasinin tiireve dayali algoritmalar gibi
kisitlamalar icermemesi ve problemlere kolaylikla
uygulanabilir olmasi nedeniyle, ANFIS aginin farkli
problemlere yonelik uygulamalarinda da
kullanilabilecegi degerlendirilmistir.
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ABSTRACT

In this study, a novel algorithm to estimate the optimum value of the fuselage drag coefficient is designed by integrating
the artificial neural network (ANN) which is an artificial intelligent method into the algorithm of simultaneous
perturbation stochastic approximation (SPSA) which is a fast method. SPSA converges to the optimum value for
solution very fast. However using SPSA alone requires a function of problem to estimate the optimum solution. On
the other hand, ANN is able to estimate the solutions for the problem without need of its any objective function.
However ANN needs a certain data set to be effectively trained. Also, the best ANN architecture which accomplish
with different data sets of problem may alter. Thus, ANN architecture alone is not adequate for estimating the best
result for each different data set. The main target of this study is making SPSA able to be applicable for the problem
that has not any objective function by using training capability of ANN. For this purpose, initially, ANN is trained by
the data of fuselage drag coefficient obtained by previous experimental results conducted in wind tunnel and varies
depending on the geometry of fuselage. Thus, ANN becomes capable to estimate the fuselage drag coefficient for each
parameter values of the fuselage shape. Therefore, ANN estimates the fuselage drag coefficient with respect to inputs
without the requirement of any experimental computations. Note that ANN does not estimate the optimum value as
output but estimates the output regarding to the inputs. The ANN is integrated into the SPSA to fulfill the need of cost
function for SPSA. More clearly, the new algorithm evaluates ANN to estimate the fuselage drag coefficient with
respect to inputs while evaluates SPSA to estimate the optimum inputs for the optimum fuselage drag coefficient.
Through integrating the trained ANN into the SPSA, an effective and novel algorithm estimates the fuselage drag
coefficient fast and accurately without defining an objective function is improved.

Keywords: Aerial Vehicle, Fuselage Drag Coefficient, Artificial Neural Network, Simultaneous Perturbation
Stochastic Approximation

En uygun govde siiriikleme katsayisi hesabi icin yeni bir 6grenme algoritmasi
0z

Bu ¢alismada gdvde siiriikleme katsayisinin en uygun degerini hesaplamak i¢in yapay zeki bir yontem olan Yapay
Sinir Aglari (YSA), hizli bir yontem olan Eszamanli Dagilim Rassal Yaklasim (EDRY) algoritmasi igerisine
yerlestirilerek yeni bir algoritma tasarlanmigtir. EDRY en iyi ¢6ziime olduke¢a hizli bir sekilde yakinsayabilmektedir.
Ancak tek bagina EDRY ¢6ziimii bulabilmek i¢in problemin bir fonksiyonuna ihtiya¢ duymaktadir. YSA ise problemin
bir fonksiyonu olmaksizin da ¢6ziimii bulabilmektedir. Ancak YSA’ nin iyi egitilebilmesi i¢in belirli bir veri kiimesine
ihtiyag¢ vardir. Ayrica problemin degisen her veri kiimesi i¢in en iyi sonucu veren uygun ag yapist ve parametreleri de
degisebilmektedir. Bu nedenle YSA yalniz basina kullanilarak tek bir ag yapisi ile her farkli veri kiimesi i¢in en iyi
sonuca ulagsmak miimkiin degildir. Bu ¢alismanin temel amaci YSA’nin 6grenme kabiliyetinden faydalanarak
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EDRYyi bir amag fonksiyonu olmayan problemler i¢in de kullanilabilir hale getirmektir. Bu amagla, 6ncelikle daha
once riizgar tiinelinde yapilmis deneysel ¢aligmalar neticesinde elde edilen govde sekillerine gore govde siiriikkleme
katsayisinin degigimi verileri ile YSA egitilmistir. Boylece YSA sekil degerlerine gore govde siiriikleme katsayisin
kendisi tahmin edebilecek yetenege gelmistir. YSA artik herhangi bir deneysel hesaplamaya ihtiyag duymadan giris
degerlerine gore govde siiriikleme katsayisini tahmin edebilmektedir. Fakat burada YSA ile en uygun deger degil, her
giris degeri icin bir ¢ikis degeri bulunmaktadir. EDRY nin her adimda hesaplamaya ihtiya¢ duydugu maliyet
fonksiyonu bu sekilde YSA, EDRY ’ye gomiilerek giderilmistir. Yani burada tasarlanan yeni algoritma YSA’y1 hangi
durumlarda govde siiriikleme katsayisinin ne olacagini bulmak icin kullanirken EDRY ’yi de en iyi katsayinin olugmasi
i¢in en uygun durumlarin ne oldugunu bulmak i¢in kullanmaktadir. Bu sekilde egitilen YSA, EDRY’ye gomiilerek,
govde siiriikleme katsayisini bir bagintiya ihtiya¢ olmaksizin hizli ve dogru bir sekilde hesaplayan, basarili ve yeni bir
algoritma gelistirilmistir.

Anahtar kelimeler: Hava Araci, Govde Siirikleme Katsayisi, Yapay Sinir Aglari, Eszamanli Dagilim Rassal

Yaklagim

1. INTRODUCTION

Drag force is very important for aircraft due to not only
directly affects fuel consumption but also indicates the
payload of aircraft that includes weather instruments. In
order to minimize drag force, various researches are
conducted. In most of these researches, the optimum
value of the aspects of the fuselage such as the shape of
tail and nose are estimated, convenient materials
described to reduce the aerial vehicle surface roughness,
and aerodynamic shape is optimized [1]. Additionally, in
order to reduce the drag forces, placing vortex generators
on the surface of aircraft that accelerate the transition into
turbulent flow is studied [2]. When designing an aircraft,
it is crucial to decide the most appropriate shape of
aircraft due to its significant effect of the drag force.

Experimentally, by placing the fuselage in the wind
tunnel and using a force measuring system, it is possible
to calculate the aerodynamic forces that effect on the
fuselage. However it is very expensive to calculate the
drag coefficient of each designed fuselage separately by
examining them in the wind tunnels. Moreover it is not
possible to compute the drag coefficient analytically due
to its non-linear complex components. Therefore,
stochastic approximation based estimation methods are
needed to be implemented to estimate fuselage drag
coefficient.

Figure 1. A wind tunnel that provides to calculate the aerodynamic
forces

Simultaneous Perturbation Stochastic Approximation
(SPSA), one of stochastic approximation algorithm, uses
only two observations at each iteration to estimate the
solution among random directions for the computation of
the gradient. That makes SPSA very attractive and fast
optimizer [3]. When compared to computationally
expensive algorithms such as fast simulated annealing
and genetic algorithms, numerical studies showed that
SPSA is more efficient in solving various optimization
problems [4]. Also, SPSA is successful in solving
constrained optimization problems [5] as seen in this
study. In addition, as a stochastic method, SPSA includes
an inherent randomness that protects it to stick around a
local minimum and provides to converge to the global
minimum of the best solution just in a few iterations.

Artificial neural networks [6] are using in solving various
engineering problems because of their many advantages
such as capability of learning, easily applicable to
different problems, capacity for generalization,
requirement of less data compared to the traditional
estimation techniques, ability to work fast because of
parallel structures and flexibility in design. In recent
years, ANN is also utilized in solving problems in
aeronautics [7], [8].

In previous studies, a few researchers [9], [10] are
combined ANN with SPSA, and they used SPSA as a
training method of ANN. However, in this paper, SPSA
is not applied to train the ANN. On the contrary, ANN is
mounted in SPSA algorithm to make SPSA able to
estimate the optimum value of fuselage drag coefficient
without any equation of objective function. The data of
fuselage drag coefficient obtained from experimentally
studies are used to train ANN to be capable of estimating
the fuselage drag coefficient with respect to new
parameter values of fuselage shape. Trained ANN is
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integrated into the SPSA, and so a novel stochastic
algorithm is improved to estimate the optimum fuselage
drag coefficient value without any equation of objective
function. Also, while it is possible to evaluate only the
ANN to estimate the optimum fuselage drag coefficient
value, with the novel algorithm in this study, it is aimed
to make SPSA able to estimate the optimum fuselage
drag coefficient value without using any numerical
computation of cost function. Additionally, using a single
ANN architecture may not deal with any data set of the
problem. On the other hand, valuating only ANN instead
of SPSA requires designing new ANNs for our each
different experimental data set which is not logical.

2. FUSELAGE DRAG COEFFICIENT OF AN
AERIAL VEHICLE

An object located in air flow is influenced by the
aerodynamic forces. The forces acting at the vertical axis
are defined as weight and lift, and thrust and drag acting
at the horizontal axis. Drag force is defined as the
resistance against air flow produced by the object in the
air. This force is expressed by:

D:CDgVZS (1)

where in C,, is the dimensionless drag coefficient, p is

air density, V' is airspeed of the freestream, and §
represents straight wing surface. The air flow speed,
angle of attack, wing shape, density and compressibility
of the air affect the aerodynamic drag force D directly.
The components that affecting dimensionless drag

coefficient, C p» are fuselage, wings, and vertical and

horizontal control surfaces [11].

It is possible to measure the aerodynamic forces acting
on aircraft numerically and experimentally. Numerically,
the aerodynamic forces can be calculated as 2D and 3D
for different angles of attack and speed values by a
numerical analysis program. Experimentally, the
aerodynamic forces acting on an air vehicle or wing
profile placed in a wind tunnel can be calculated by a
force measuring system. In experimental studies [12],
[13] carried out to estimate the fuselage drag coefficient
C by Was realized at high Reynolds numbers

approximately as:

2
! d d
C, =0.0003| 3 +4.5 |-L + 21| L )
‘ d, Iy Iy

where [ ; 1s length of fuselage and d ’ is frontal average

diameter of fuselage.

3. ARTIFICIAL NEURAL NETWORK

INTEGRATED SIMULTANEOUS

PERTURBATION STOCHASTIC
APPROXIMATION

3.1. Model of Simultaneous Perturbation

Stochastic Approximation

In classical SPSA, let g =500 denote the vector
includes optimization variables ( / , and d» , data for this
paper) and Xk is the estimate of x at the kth iteration,
then

Xike] = Xk — U 8i 3)
where @, is a decreasing sequence of positive numbers,
and 8 is the estimate of the objective’s gradient at

Xk calculated using a simultaneous perturbation as

introduced above. Let Ay, € R” be a vector of p
mutually independent mean-zero random variables
{A[k]l A[k]Z"‘A[k]p} satisfying given conditions [14],
[15]. Then,
T

r.-r T,-T.
g = “4)

2d Ay 2dAy,

where T and T"_ are the estimations of the objective

evaluated at  x, +d, A, and  x,, —d Ay,

respectively. In this study, a novel adaptive SPSA that
deal with the constraints which means optimization
variables are required to be between lower and upper
limits (i.e., x, <x, <x,_ , F5 percent for this article)
is developed to solve related problems. All the perturbed

vector elements, X +dkA[k] and Xy — dkA[k], must

also be between the certain lower and upper limits. With
these requirements and the guidelines of [3], [16] for the
selection of sequences d, and g, , d, is chosen as

d, = min{d /k°,0.95 m’_in{min{n,l },min{nul }}} (%)
where 7), and 7], are vectors whose components are
(Xp43 = Ximin, ) / Ay for each positive, A, and
(Xinax, = Xpayi) [ Apye for

respectively. Similarly, g, is selected as

each negative Ay,

a, = min {a /(S +K)*,0.95 min {min(, ), min(z, )}} (6)

Where [, and [, are vectors whose components are

Xt ~ Xmin, )/ &y for each positive g, and
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(Xpax, —X53) / &iy; for each  negative

respectively.

8k

3.2. Artificial Neural Network Architecture

In this paper, the multi layered perceptron (MLP) is
utilized as ANN architectures because of their simple
structure [17]. After several trials, the most appropriate
network architecture was found as two hidden layers with
six and five for first and second hidden layers,
respectively. Two inputs are defined. The first one is the
length of aerial vehicle fuselage, (/ ; ), and the second one

is frontal average diameter of fuselage, (d /.). ANN

estimates the output that is the fuselage drag coefficient
while obeying constraints (variance of F5 percent) on
the inputs. By the evaluation of (2), input and output data
sets are conducted for 100 different / ;> d, and C o

values. Totally, 100 training and testing data are obtained
by using (2) which is an approximation of experimental
results. Then, the data set is divided as the training:
testing ratio that is 80: 20. Because of its fast learning and
good convergence capabilities, Levenberg-Marquardt
[18], [19] algorithm is underlined to train the MLP. The
transfer function is experimentally selected as the linear
transfer functions for the input and output layers and the
hyperbolic tangent sigmoid functions for the hidden
layers to obtain better testing performance. In order to
design the most suitable network architecture the number
of the neurons for the hidden layers is iterated with
combinations of 2—-10 neurons in each layer. The
iterations are performed to minimize the mean square
error function. The best results are the combination of
double hidden layers including 6 and 5 neurons,
respectively. The epoch number is selected as 300 since
any improvement is not seen above this value. After
training and testing the ANN, observed results are
proposed in Table 1.

Table 1. ANN results after training and testing

. Transfer
.. Neurons in . . .
Training Hidden Function Epoch Training Testing
Algorithm for Hidden p Percentage Percentage
Layers
Layers
LM 6-5 Sigmoid 300 92,1 90,2

Although (2) is evaluated to obtain data sets to train the
ANN, note that using this equation is not necessary or
compulsory. The ANN can be trained by experimental
results. Actually, our purpose for using (2) is that it is
already defined after experimental measurements. (2) is
just used as a preliminary study. Here it is important to
note that (2) is just an approximation defined from
experiments. The fuselage drag coefficient data is
extracted from (2) for the initial design of our novel
algorithm. However, after using (2) for this initial design,
the algorithm will be capable of and applicable for our
experimental data which is conducting in our wind tunnel
laboratory. Much bigger data sets conducting at our wind
tunnel laboratory will be used in future studies of this
algorithm. Also note that, the decided ANN architecture
and parameters are compatible for different sized and
parameterized fuselage drag coefficient. More clearly,
parameters such as number of hidden layers and epoch
are selected to be capable of more complex fuselage drag
coefficient data sets. Additionally, the values of ANN
parameters that not given in this section are selected as
their default values.

3.3. Proposed Algorithm

Normally, a classical SPSA algorithm estimates the
optimum value of cost function by using the computation
of two neighbors of cost function. However, our
algorithm estimates the two neighbors via ANN
regardless of computation. Thus, our algorithm does not
need any equation of cost function. All part of this
algorithm is established by operating MATLAB.

The following novel algorithm is generated by using the
ANN integrated SPSA that is improved by handling with
inequality constraints on the design parameters.

The main purpose of this algorithm is to estimate the
optimum fuselage drag coefficient with respect to the
length of aerial vehicle fuselage and frontal average
diameter of fuselage. The other parameters of SPSA such
asd,a, A,®, S arechosen using guidelines provided
in [3], [16].

Step 1. Train ANN.

Step 2. Set initial values d, a, A, ®, S and k =1 and
X =X

Step 3. Estimate the objective value by using trained
ANN within the constrains for X input parameter
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Step 4. Perturb x,, to x,, +d A, and x,, —d, Ay,

and estimate new objective values for these perturbed
values by using ANN to obtain ", and T"_, respectively.

Then, compute the approximate gradient, 8> using (4)
with d, given by (5).
Step 5. Compute @, given by (6). If ||akg[k]||< ox

(where Ox is the minimum allowed variation of X) or
k+1 is greater than the maximum number of iterations
allowed, exit, else calculate the next estimate of X

using (3), set k =k +1, and return to step 2.

Step 6. Show estimation results.

Although the SPSA is a fast converging optimization
method, it has not the ability of converging to the
optimum fuselage drag coefficient value without the
neighbor values of the optimum. Therefore, the cost
functions are supposed to be computed for SPSA.
However, in this article, regardless of computing the cost
functions for each evaluation, ANN is applied to estimate
them for SPSA. This means that ANN estimates the new
fuselage drag coefficients from given length and
diameter of fuselage for SPSA estimating the optimum
fuselage drag coefficient with respect to the optimum
length and diameter of fuselage.

4. RESULTS

Using SPSA parameters, §S =5, 4=0.602, a =500,
d =20 and ® =0.101, as depicted in Figure 2, the

optimum value of fuselage drag coefficient, C D is

achieved by very fast convergence and accuracy of the
algorithm which means the proposed ANN integrated
SPSA algorithm is capable for estimating the fuselage
drag coefficient effectively and properly.

-3

1
11)( 0
0
10¢
UE 18
8.
= &
71 2 3 4 5 6 7

Iterations

Figure 2. Optimization of fuselage drag coefficient by proposed
algorithm.

Although the optimum value of fuselage drag coefficient
is estimated using only two variables (/, and d ) in this

paper, it is seen that the proposed algorithm has the

capacity of solving optimization problems such as drag
estimation using various variables at the same time due
to its two-stepped evolutionary structure. The algorithm
is very effective in decreasing the value of the objective
function in the first several iterations. Also it is very fast
as it is not computing objective function at the each step.
After training ANN one time, the cost function can be
estimated by ANN for each step.

5. CONCLUSIONS

In this article, a novel ANN integrated SPSA algorithm
is proposed. The advantage of ANN which is an artificial
intelligent technique and SPSA that has fast convergence
capability are combined to estimate fuselage drag
coefficient which takes a significant part in aerial vehicle
design. Initially, the data set for training and testing ANN
is obtained using the results of previous experimental
studies in wind tunnels. ANN is trained using the data
includes experimental results of fuselage drag coefficient
with respect to fuselage shape in order to learn to estimate
the new fuselage drag coefficients from given length and
diameter of fuselage. Finally, trained ANN is integrated
into classical SPSA to generate adaptive SPSA which is
able to estimate the objective by two observations for
approximations of each component. With ANN, it is
possible to use experimental results instead of defining
any equations by them.

Although the proposed algorithm is evaluated to estimate
the optimum values of fuselage drag coefficient using
only two design parameter, trials are proven that our
algorithm is capable of estimating the objective using
various design parameters at same time as well as solving
optimization problems that include various variables,
accurately and fast. Using ANN provides the algorithm
to work without an equation of cost function. Thus, it is
decided to implement this algorithm to solve more
complex optimization problems in further studies.
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Universite yerleskelerinde kablosuz aglar son yillarda biiyiik 6nem kazanmistir. Bu aglarin {iniversite yerleskeleri gibi
biiytik bolgelerde planlanmasi, tasarlanmasi ve kurulmasi sirasinda birgok problemle karsi karsiya kalinmaktadir. Bu
problemlerden bazilar, yerleskelerin fiziki 6zellikleri, uygun cihaz konfigiirasyonu ve gerekli olan cihazlarin adedinin
belirlenmesidir. Ozel firmalar proje igin kendi yontemleri ile marka, model, maliyet ve adet belirlemektedirler. Ancak
¢ikan sonug her zaman kurum agisindan pekte uygun olmamaktadir. Bu nedenle yerleskelere uygun sinyal dagilimina
sahip planlama ve tasarimin yapilabilmesi birgok sorunu ¢6zmekle birlikte kullanimi ve memnuniyeti artirici etkiye
sahip olacag diisiiniilmektedir. Bu ¢alismada, Hitit Universitesi Kuzey Yerleskesinde kurulu olan bir adet dis ortam
erisim noktasindan (Access Point-AP) elde edilen sinyal dagilimina gore cografi bilgi sistemleri goriiniirlik analizi
yardimiyla tiim alan ig¢in kestirim yapilarak uygun sinyal dagilimi belirlenmeye c¢alisilmistir. Caligma sonunda 56
hektarlik bir bolgeye toplam 9 adet dis ortam AP ile uygun sinyal dagilimi elde edilmistir.

Anahtar Kelimeler: kablosuz ag, Wi-Fi, sinyal dagilimi, arazi modellemesi, goriiniirliik analizi

Determination of outdoor signal propagation via visibility analysis in outdoor
wireless networks

ABSTRACT

Wireless networks on university campuses has gained importance in recent years. These networks in major areas such
as university campuses, are faced with many problems during the planning, design and establishment. These problems
are among the first that comes to mind, the physical properties of the campus and is selected according to the
characteristics of network equipment. There is no doubt at all points of a wireless network set up in order to provide
uninterrupted service and quality of the signal is expected to be good. However, it should be understood literally cannot
meet these expectations. Therefore, to solve many problems to campus planning and design can be made to have
acceptable signal distribution will have the appropriate use of and satisfaction with increasing effect. In this study, due
to the start of construction on the North Campus of Hitit University, wireless signal spread using the current spread
has been determined with the help of geographic information systems visibility analysis. An area of 56 hectares, with
the total of 9 AP the acceptable signal distribution was obtained.

Keywords: wireless networks, Wi-Fi, signal distribution, terrain modelling, visibility analysis
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1. GIRiS INTRODUCTION)

Kablosuz ag sistemlerinin kurulumunda, uygun yatirim
maliyetleri ile kaliteli bir sinyal dagilimi yaparak daha
genis alanlara ve daha c¢ok kullaniciya hizmet vermek
arzulanan bir durum haline gelmistir. Bu nedenle
planlama ve tasarim asamalarinda miimkiin oldugu kadar
farkli bilim dallarindan destek alarak karar vermek ve
uygulama yapmak gerekmektedir.

Ag projelerinin planlama asamasinda bazi 6zel bilisim
firmalarindan bilgi ve destek alinmaktadir. Bu firmalar
kendilerinin gelistirdigi bazi ydntemler ile cihaz
konfigiirasyonu, adet, yerlesim plan1 ve proje biitgesi
¢ikarabilmektedirler. Ancak bu tiir caligmalar kimi
zaman ger¢egi yansitamamaktadir. Kurumlar proje
sonunda gereksiz mali harcamalar yapabildigi gibi
islerine yaramayacak birgok donanim ve yazilim
sistemini de almak zorunda kalabilmektedirler. Bunu en
aza indirmenin yolu ise yerleskeye uygun projenin
ihtiyac analizinin dogru bir sekilde yapilarak ardindan
alim ve kurulum islemlerinin  yapilmasindan
geemektedir.

Bu ihtiya¢ analizinin ilk agamasinda yerleskenin
biiyiikliigii, sinirlar, arazi yapisi, yapilan ve planlanan
bina yerlesimleri gibi cografi faktorleri géz Oniinde
tutmak gerekmektedir. Bu ve buna benzer faktorlerin
olusturdugu problemleri bilimsel bir yaklagimla
¢Ozebilmenin bir yolu da Cografi Bilgi Sistemlerinden
geemektedir. Son yirmi yildir birgok projede kullanilan
Cografi Bilgi Sistemleri (CBS) destek alinabilecek
alanlar arasinda yerini almis durumdadir [1]. CBS,
disiplinler arasi yaygin bir sekilde kullanilan, sayisal
cografi verilerin bilgisayar ortaminda
degerlendirilmesine imkan saglayan bir bilim daldir.
Sayisal ya da tablosal verilerle amaca uygun alternatifli
gorsel sonuclar elde edilir [1,6].

Goriiniirliik Analizi, CBS’de 6nemli bir mekansal analiz
yontemidir. Bu yontemin kullanim amaci1 bir veya birkag
gOrliis noktast olusturarak arazinin goris alaninin
belirlenmesidir. Bu yontem, kablosuz (wireless) aglarin
ve televizyon sistemlerinin kulelerinin yer se¢iminde
yiksek dogrulugu garanti ederek yaygin bir sekilde
kullanilmaktadir [2].

Chamberlaina ve Meitner’e [3] gore, Goriiniirlik
Analizi, CBS’nin en yaygin olarak kullanilan
fonksiyonlarindan  biridir. Bu fonksiyon, riizgar
tiirbinlerinin yerlesimi, iletigim sistemlerinin
planlanmasi ve arazinin gorsel 6zelliklerini arastirarak
kentsel tasarim yapmak gibi c¢esitli uygulamalarda
kullanilmaktadir.

Uzaktan algilama (UA) cisimler ile fiziksel bir temas
olmaksizin yeryiiziine iligkin verilerin toplanmasi ve
kayit altina alinmasidir. Cesitli algilama, tarama ve kayit
cihazlari ile gergeklestirilen UA islemi igin temel
gereksinim enerjidir. Enerji kaynagi olarak dogal kaynak
olan giines veya yapay bir gii¢ kaynagi kullanilmaktadir.
Cisimlerin gelen enerji ile etkilesimi sonucunda bilgi
alma iglemidir. Bu yontemle cisimlere ait bilgiler hizl1 ve
kolaylikla elde edilebilmektedir [4,5].

Son yillarda bir¢ok planlama c¢alismasinda toplanan
konumsal verilerin degerlendirilmesinde yaygin bir
sekilde CBS ve UA teknikleri kullanilmaktadir [1]. CBS
ve UA konumsal veri ydnetimi, analizi ve tematik
haritalama ozellikleri ile 6ne ¢ikmaktadir. Planlama
caligmalar1 igin gerekli olan haritalama ihtiyaglar
yukarida bahsedilen ydntemler sayesinde daha hizli ve
verimli bir gekilde elde edilebilmektedir.

Ozellikle son 10 yil icerisinde kablosuz aglarin ve
cihazlarin dagilimi ve konumlarinin planlanmasi iizerine
yapilan caligmalarda CBS analiz araglar1 etkin sekilde
kullanilmaktadir.  Yapilan  g¢aligmalarda  biiyiik
yerleskeler veya sehir igerisindeki sinyal siddet
dagilimlar 6l¢iilmiis, elde edilen sonuglar dogrultusunda
kablosuz aglarin tasarimi ve kapsama alanlarinin
gelistirilmesi konular1 6n plana ¢gikartlmistir [7,8,9].

Goriiniirliik analizi (GA), kentsel ve kentsel olmayan

bolgelerde gozlemsel sensor sistemlerinin
modellenmesinde 3D ve Sayisal Yiizey Modelleme
(Digital ~ Surface Model) olarak iki yontem

kullanilmaktadir. Bu modelleme sirasinda binalar, ingaat
sistemleri ve agaclar gibi mekansal 6zellikler beraber
diistiniilmektedir. Analiz sonucunda sensor aglar1 i¢in
farkli gdzlem noktalarindan bdlgenin goriinen ve
goriinmeyen pargalart ortaya koyan raster haritasi
olusturulur [10].

Bu ve buna benzer 6rnek ¢aligmalar 1s18inda, goriiniirlik
analizi yardimiyla {niversite kampiisleri gibi biiyiik
arazilere sahip yerleskelerde dig ortam Wi-Fi aglarinin
tasarimini yapmak amaciyla goriiniirliik analizinden
yararlanilabilecegi fikri 6n plana ¢ikmaktadir.

Bu arastirmada, c¢alisma alam1  olarak, Hitit
Universitesi’nin yaklasik 56 hektar olan kuzey yerleskesi
secilmistir. Kurulu olan erisim noktasinin (Access Point-
AP) sinyal kapasitesinin dl¢iimiinde hata oranini en aza
indirmek amaciyla yaygin olarak kullanilan 2 adet
yazilimm yaninda, arastirmacilar tarafindan mobil
cihazlar iizerinden c¢alisabilen Android tabanli bir
bilgisayar yazilimi daha gelistirilmistir. Bu yazilimlar
sayesinde 870 noktadan yapilan sinyal 6l¢iimii ile AP nin
kapsama alan1 belirlenmistir. Ardindan diger noktalarin
uygun sinyal dagilimina sahip olmasi i¢in harita
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iizerinden isaretlenen yerlerde goriiniirliik analizleri
yapilarak AP’lerin kurulabilecek yerleri ve sinyal
dagilimlar belirlenmeye ¢aligilmistir.

Calismasinin sonunda 9 adet dis ortam AP yardimi ile bu
yerleskenin uygun sinyal dagilimina sahip olarak
planlanabilecegi belirlenmistir. Calismanin bu kapsamda
kablosuz aglara yatirim yapacak kurumlara rehberlik
edebilecegi diigiiniilmektedir.

2. METOT (METHOD)
2.1. Materyal (Materials)

Calismada veri toplama araci olarak, bir adet kurulu olan
ve ¢alisan dis ortam AP ve 3 farkli sinyal 6l¢iim yazilimi
kullanilmistir. Toplanan veriler oncelikle MS Excel
ortamina aktarilmistir. Ardindan veriler ArcGIS yazilimi
ile degerlendirilmeye ¢alisiimustir.

2.1.1.
Point)

Kablosuz Erisim Noktasi (Wireless Access

Kuzey yerleskesinde kullanilan dig ortam AP Cisco AIR-
CAP1552E-E-K9 modelidir. Bu cihazin iretici firma
katalogundan alinan bazi teknik O6zellikleri ve sinyal
dagilim grafikleri asagidaki tabloda ve Sekil 1°de
verilmistir.

Tablo 1. Cisco AIR-CAP1552E-E-K9 model AP’nin baz1 6zellikleri
(Cisco AIR-CAP1552E-E-K9 model AP’s same properties) [11]

Ozellik Aciklama

Frekans 2.4 GHz - 5 GHz

IEEE Standardi IEEE 802.11a/b/g/n,

Arayliz 10/100/1000BASE-T

Kullanici sayisi 32 ve iizeri

Sinyal aralig1 -69 db / -93 db (horizontal beamwidth
360°)

Data rate 300 Mbit/s

Kanal Toplam 8§ kanaldan 300 Mbit/s

Calisma ortami -40 to 55°C

Mesafe 500-1000 ft. (152.4-304.8 m)

Kurulum yiiksekligi |[Max. 35 ft (10.67m)

—
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LLX £ 1)

|

\ A

\ —-_.-IJ,I ,ﬂ—"(-"'l

N

Sekil 1. Cisco AIR-CAP1552E dis ortam AP sinyal dagilimi (Cisco
AIR-CAP1552E-E-K9 model AP’s signal propagation) [11]

2.1.2. Sinyal Olciim Program (Signal Measurement
Program)

Mobil ortamlardan Wi-Fi aglarinin bulunmasmi ve
ozelliklerinin listelenmesini saglayan bircok bilgisayar
programi  bulunmaktadir. Bunlardan en yaygin
kullanilanlar1 arasinda WigleWifi ve Vistumbler d6rnek
gosterilebilir. Bu uygulamada hem bu yazilimlar hem de
aragtirmacilar tarafindan gelistirilen Hwfinder adinda bir
program kullanilmistir. Bu program java kodlama dili
yardimiyla android ortaminda gelistirilmistir.
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Sekil 2. Sinyal 6l¢iim programi islem siireci (Process of signal
measurement program)
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Sekil 2°de gosterildigi gibi s6z konusu programla dis
ortamdaki mobil cihazin konum bilgisi GPS sisteminden
almabilmekte ve eszamanli olarak dig ortam AP’sinden
ortama yayilan sinyal siddeti bilgisi de okunabilmektedir.
Bdylece mobil cihazin ve AP’nin konumu bilindiginden
ikisi arasindaki Oklid mesafesi konum farkindan
hesaplanabilmekte ve mesafe ile sinyal siddeti arasindaki
bagnt1 belirlenebilmektedir.

2.1.3. Arazi Modellemesi (Terrain Modelling)

Kuzey yerleske arazisinin haritalarinin hazirlanmasi,
sayisallagtirilmast ve modellemesi igin bilgisayar
ortaminda yapilan islemler arazi modellemesi olarak
adlandirilmustir.

Bu ¢alismada, ilk olarak uzaktan algilama teknigi ile elde
edilmis olan 2015 yilina ait WorldView-3 uydu
gdriintiisii lizerinde Hitit Universitesi Kuzey yerleskesi
gelisim planinda 1.etap olarak isimlendirilen alan
calisma bolgesi olarak belirlenmistir.  Sekil 3’te
gosterilen bu bolge yaklasik olarak 56 hektarlik (556191
m2) bir alana sahiptir.
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Arastirma Alani

3 Legend
| et Astma soiges

Sekil 3. Uygulama bolgesinin smirlart (The boundaries of the
application area)

Calisma alan1  Corum iline ait 1/1000 olgekli
G33C20C1A, G33C20C1B, G33C20C1C, G33C20C1D
dort pafta sinir1 icerisinde kalmaktadir. Calisma
bolgesine ait uydu goriintiisi ve sayisal verilerin
degerlendirilmesinde ArcGIS v.10 paket programi
kullanilmastir.

2.2. Calisma Plan1 (Work Plan)

Universitenin daha 6nce hazirlamis oldugu yerleske plani
cergevesinde 1.etap olarak adlandirilan arazinin {izerinde
asagidaki islemler yapilmustir.
=  Sinirlarinin belirlenmesi ve ¢aligma bdlgesinin
2 boyutlu haritasinin hazirlanmasi,
= 3 boyutlu modelleme ile yapimi diisliniilen
binalarin arazi T{zerinde sayisallagtirilarak
gosterimi ve dzelliklerinin tanimlanmasi,
=  Sinyal 6lgme yazilimi yardimiyla referans dis
ortam AP’den aliman sinyal dagiliminin
belirlenmesi.
=  Belirlenen sinyal dagilimina gore diger bina ve
alanlara CBS-GA yardimiyla tahmini uygun
sinyal dagiliminin gosterilmesi.

Bu asamalar sonucunda referans AP’den belirlenen
mevcut durum ve gelecekte olmasi planlanan durumun

bir 6n uygulamasi yapilmistir.

Farkli referans sistemlerinde mekénsal bilgiye sahip

sayisal veriler ig¢in ortak bir referans sistemi
belirlenmistir. Calismada kullanilan tiim veriler igin
projeksiyon sistemi olarak
WGS 1984 UTM Zone 36N segilmis [12], farkli
referansa sahip sayisal bilgiler ise bu sisteme
dontigtiirimiistiir.

Caligma bolgesinin  topografik durumunun ortaya
konulmas1 ve boélgenin 3D modelinin olusturulabilmesi
icin calisma bolgesi ve yakin ¢evresinin dogal arazi

durumu ham bilgileri ArcGIS ortaminda olusturulan veri
tabanina alinmis ve Sekil 4’te gosterilmistir.

Aragtirma Bolgesi ve Yakin Cevresi

Sekil 4. Uygulama bolgesinin ve yakin gevresinin dogal arazi ham
bilgileri. (Unprocessed information of the surrounding and the
application area)

Kablosuz sinyal dagilimlarinin  dogal arazideki
karakteristiginin belirlenmesi ve CBS ortaminda
goriinlirlik analizlerinin yapilabilmesi igin sayisal
yiikseklik modellerinin olusturulmasi gerekmektedir.
Sayisal yiikseklik modelleri harita bilimi basta olmak
tizere ¢ok farkli disiplinlerde kullanilmaktadir [13].

Sayisal yiikseklik modelleri sayisal anlamda nokta ve
cizgi elemanlarn ile arazi ylizeyinin geometrik
gosterimini saglanmaktadir. Arazi ylizeyinin, sert veya
yumusak kirikli ¢izgilerle ve noktalarla gosterilerek
topografik detaylarla tamamlanan, farkli 6zelliklerdeki
noktalarla temsil edilmesidir [14,15].

Sayisal yiikseklik modelleri fakli tiplerde ve dzelliklerde
olusturulabilmektedir.  Literatiirde yaygin  olarak
kullanilan sekillerine Sayisal Yiikseklik Modeli (DEM -
Digital Elevation Model) ve Diizensiz Uggen Aglari
(TIN-Triangulated Irregular Network) ornek verilebilir
[14,15].

Bu amagla Sekil 4’te goriilmekte olan ham veriler
kullanilarak calisma bdlgesinin dogal yapisina ait
yiikseklik degerleri Sekil 5’deki TIN yapidaki sayisal
yiikseklik modeline dontistiiriilmiistiir.
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Mevcutta Bulunan ve Gelecekte Yapimi Planlanan
Bina Dagilim|

e C ! 7
Sekil 7. Dis ortam AP’den alinan 6rnek koordinat ve sinyal bilgileri
(Sample coordinate and signal information received from the outdoor
AP)
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Sekil 5. Uygulama bélgesinin TIN yapidaki modeli (TIN model of the

application arca) Olgiimlerin yapildigit AP’nin  konumu miihendislik

fakiiltesi kantininin dig ylizeyine ¢evre sartlarindan
etkilenmemesi amaciyla ve dretici tarafindan tavsiye
edilen yerden yikseklik degeri goz Oniine alinarak
yaklagik 7 metre olarak monte edilmistir. Bu yiikseklik
master planda yapimi devam eden binalarda da referans
olarak alinarak goriniirliikk analizinde kullanilan AP
yerlesim yiiksekligi olarak kabul edilmistir. Bdylece
AP’nin yerden olan yiiksekliginin sinyal dagilima olan
etkisi en aza indirilmeye ¢aligilmistir.

Sekil 5’de TIN fizerinde arastirma bdolgesi olarak
belirlenen Hitit Universitesi Kuzey Kampiisii mevcut
sinirlary, hali hazir durumda bulunan binalar pembe
renkle, yerleske master plam1 kapsaminda yapim
planlanan binalar ise sar1 renkle gosterilmistir.

Calismanin bir sonraki bdliimiinde sayisal yiikseklik
modeli iizerine islenmis uydu goriintiisii, arastirma alani
sinir1 ve mevceut ve yapimi planlanan binalarin ii¢ boyutlu
goriintlisit ArcScene ortaminda hazirlanarak Sekil 6’da

gosterilmistir. 3. BULGULAR (RESULTS)

— Asagidaki sekilde referans AP’nin sinyal dagilimim
> belirlemek amaciyla yapilan Olgiim  degerlerinin
bulundugu noktalar gériilmektedir.

... WIFISinyal Olgiim Noktalar
—
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Sekil 6. Uygulama bolgesinin ArcScene ortamindaki 3D goriiniimii (3D
view of the ArcScene environment in the application area)
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Mevcut binalardan olan Miihendislik Fakiiltesi binas1 dig
ylizeyinde bulunan dig ortam AP’den yapilan 6rnek bir
Olgtimden alinan koordinat bilgileri, sinyal OSl¢iim
degerleri Sekil 7°de gosterilmistir. m
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Sekil 8. Wi-Fi sinyal ol¢iim noktalar1 (Wi-Fi signal measurement
points)

Bu uygulama i¢in toplam 870 noktadan referans AP’den
yayllan  sinyalin  Ol¢limii  yapilarak  degerler
sayisallagtirilmis ve nokta igerisine kaydedilmistir. Bu
bilgiler i¢erinde ¢alismada kullanilmak tizere,

= Noktanin sayisal koordinatlar
=  Noktanin AP’ye olan uzaklig1
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=  Noktadan alinan sinyalin desibel (dB) cinsinden

giicii gibi bilgiler toplanmustir.

Olgiim sonucunda elde edilen veriler degerlendirilmek
lizere Ms excel ve ArcGIS ortamina taginarak
yorumlanmaya ¢aligilmistir.
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Sekil 9. Referans AP’nin sinyal kapsama alan1 (The signal coverage of the reference AP)
Bu islemin ardindan referans alinan AP’nin sinyal  plan c¢ergevesinde yapimi devam eden binalar

dagilimindan yapilan goriiniirliik analizi ile elde edilen
ve 0-300 metre mesafedeki sinyal yogunluk haritas1 Sekil
10°da gosterildigi  gibi olusturulmaya ¢aligilmustir.
Ardindan 56 hektarlik 1.etap yerleske alaninin master

diisliniilerek bu binalarin iizerine veya yakinina takilmasi
ihtimal AP’lerin sinyal yogunlugunun gorinirlik
analizleri yapilmaya ¢aligilmustir.
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Sekil 10. Olgiim noktalari ve sinyal dagilimi1 (Measurement points and signal distribution)

Bu amagla ilk olarak Sekil 10’da gosterilen rektorliik
binasinin arkasina ve BESYO binasinin yan kismina
yayin yapmast i¢in diisiiniilen AP’lerin goriiniirlik

Sakarya Universitesi Fen Bilimleri Enstituisii Dergisi, 21(1), 2017, 69-76

analizi yapilmig ve asagidaki Sekil 11°de goriilen dagilim
elde edilmistir.

74



M. Cosar, F.E. Tombus, I.M. Ozulu, V. Ilgi / Dis ortam kablosuz networklerde uygun sinyal dagiliminin gériniirlik analizi

yontemiyle belirlenmesi

Rektdrlilk Binasi Access Point 2 Noktasi Go

irliik Analizi

Legend

| RekIoiluk Binas: Acosss Point 2
CIEwpt_smr

Kuzey Kampis2015.tif

| res

ERec Band 1

I Green Bano_2

I Clue: Dand 3

Koordinat Sistemi [TRF96 (3Derece)

BESYO Binasi Access Point 3 Noktasi Goriinirliik Analizi

Legend

1 BESYO Binas) Access Point 3
gt smn

Kuzey Kampis2016.t7

RGB

M Rec: Band_1

I Groen: Band_2

o e Benas

Koordinat Sistern ITRF96 (3Derece)

[ B

4. SONUCLAR (CONCLUSION)

Yerleske {tizerinde dis ortam AP’lerin goriiniirlik
analizleri sonucunda, yaklagik 56 hektarlik 1.etap
yerleske alaninin biiyiik bir kismi, 9 dis ortam AP ile Wi-
Fi kapsami alanina sahip olacak sekilde sinyal
dagilimlar ile belirlenmis ve planlanmistir. Sekil 12°de
kapsama alanlarinin farkli renklerde gosterildigi gibi
planlama ile uygun sinyal dagilimi belirlenerek olasi
gelismelere acik bir 6ngorii yapilmistir. AP’ler erisim
kolaylig1 ve ¢evre sartlarina karsi koruma amaciyla bina
ylizeylerine yerlestirilmis olsa da agik alanlara direkler
tesis edilerek kapsama alanlar1 artirilabilir ve goriiniirliik
acilar1 genisletilebilir durumdadir.
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Sekil 12. Hesaplanan dis ortam AP sinyal dagilimi (Calculated the
outdoor AP signal distribution)

Universitenin 1.etap yerleskesinde planlanan 9 dis ortam
AP, kapsama alanlar1 olarak birbirlerine gecis yapsa da
aslinda kablosuz kontrol cihazinin yonetimi yardimiyla

Sekll 11. Rektorluk ve BESYO binalarindan AP goriiniirliik analizi sinyal dagilimi (Visibility analysis signal distribution from BESYO and
Rektorate building's AP)

sinyal sonmesi veya degismesine neden olmamaktadir.
Aksine kullanici yogunlugu ve diger faktorlere gore ayn
noktada es zamanli ¢aligmalar1 miimkiin olabilmektedir.

Bu dis ortam AP’lerin goriis alanlart igerisinde, gelecekte
yapimui planlanan sosyal alanlar belirlendigi takdirde
anten yonleri bu alanlara ¢evrilerek sinyal giicii ve
dagilimi artirilabilir.

Bu calismaya ek olarak, dig ortam AP’lerden farkli anten
modelleri ile 6l¢giimler yapilarak degisik kapsama alanlari
belirlenebilir. Ayrica, farkli zamanlarda farkli cihazlarla
ayni dl¢limler tekrarlanarak sinyal giiciindeki degisim ve
kapsama alanlarindaki degisimler ortaya konularak
karsilagtiritlmali veriler elde edilebilir.
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