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700mc Soguk Haddeleme Sacinin, Kaynakl ve Biikiimlii Uretilmis V, U, L
Numunelerinin, Hidrolik Pres Test Diizeneginde Mekanik Olarak
Incelenmesi

“Doguhan AVCI, %Siileyman NESELI

YDepartment of Mechanical Engineering, Selcuk University Faculty of Technology, Selcuklu, Konya
adoguhan@gmail.com , 2sneseli@selcuk.edu.tr

Abstract - The choice between welding or bending manufacturing processes, which are commonly used manufacturing
methodologies, is determined by factors such as cost, mechanical or other profit and loss analyses made during the assembly of
components for the welding process and the area where the part will be used, cost and process speed for the bending process.
Applications are carried out without examining in detail the cost or mechanical strength of the preferred method compared to the
other and without further stretching the time constraint.

In this study, the advantages and disadvantages of materials such as U sheet, L sheet, V sheet produced using the welding
methodology produced with S7T00MC hot rolled sheet metal are analyzed by subjecting them to structural hydraulic test analysis
between each other by producing them with the press brake bending method based on the same dimensions. Detailed examination
and comparison were made about the mechanical strength and cost of the structure related to welded manufacturing and punch
bending manufacturing methods, which have an important place in terms of production methods. The method, method, welding wire,
welding nozzle, welding nozzle, Itab information used for the production of V, U, L profile materials in welded manufacturing
processes are In addition, the K factor, punch angle, punch radius used in the press brake bending process of the part to be produced
with V, U, L profile bending were given and the production was completed and the advantages and disadvantages were examined.
In general, parts produced by the welded process are more durable, more costly and provide more opportunities for complex part
production. Twisted production method is fast, advantageous in terms of cost, more suitable for mass production, and sheet material
should be selected by making good calculations according to the loads to which it will be exposed due to strength.

Keywords: bending strength, bending process, welding strength, welding process

Ozet — Sik kullanilan iiretim metodolojilerinden olan kaynakl1 imalat veya biikiim imalat prosesleri arasinda yapilan se¢im, kaynak
prosesi i¢in bilesenlerin bir araya getirilmesi sirasinda yapilan maliyet, mekanik veya diger kar zarar analizleri ile biikiim prosesi
i¢in ise iretilen parganin kullanilacag alan, maliyet ve siire¢ hiz1 gibi faktorler ile belirlenmektedir. Tercih edilen metodun digerine
gore maliyet veya mekanik dayanim durumlari detaylica incelenmeden ve zaman kisitini daha fazla esnetmeden uygulamalar
gerceklestirilmektedir.

Bu galismada S700MC sicak haddelenmis sac ile iiretilen kaynak metodolojisi kullanilarak tretilmis U sac, L sac, V sac gibi
malzemelerin aymi 6l¢iiler baz alinarak abkant biikiim yontemi ile {iretip birbiri arasinda yapisal hidrolik test analizine tabi tutularak
ne gibi avantajlar ve dezavantajlara sahip oldugu incelenmistir. Uretim yontemleri bakimidan &nemli yeri olan kaynakli imalat ve
zimba biikiim imalat yontemi ile ilgili yapinin mekanik dayanimi ve maliyeti hakkinda detayli inceleme ve karsilastirma yapilmistir.
Kaynakli imalat proseslerinde V, U, L profil malzemelerin iiretimi i¢in kullanilan metod, yontem, kaynak teli, kaynak agzi, Itab
bilgileri verilmistir. Ayrica V, U, L profil biikiimle iiretilmek istenen parganin abkant biikiim prosesinde kullanilan K faktorii, zimba
acisi, zimba radiusu bilgileri verilerek {iretimi tamamlanip, avantaj ve dezavantajlar incelenmistir. Genel olarak bakildiginda,
kaynakl1 proses ile iiretilen parcalar daha mukavim, daha maliyetli ve kompleks parga {iretimi igin daha fazla olanak saglamaktadir.
Biikiimlii tiretim metodu ise hizli, maliyet agisindan avantajli, seri imalata daha uygun, mukavemet geregi maruz kalacag yiiklere
gore iyi hesaplamalar yapilarak sac malzeme se¢imi gerekmektedir.

Anahtar Kelimeler: biikiim mukavemeti, biikiim proses, kaynak mukavemeti, kaynak prosesi

1.Giris
Sac biikiimii ve sac kaynagi, metal isleme endiistrisinde yaygin olarak kullanilan iki énemli sekillendirme
yontemidir. Her ikisi de metal levhalar sekillendirmek ve 6zel projelerde kullanmak i¢in uygundur, ancak farkli
prensiplere dayanmaktadir ve farkli avantajlar1 ve dezavantajlar1 vardir.
Sac biikiimii, metal levhalarin belirli bir sekle evrilmesi/doniistiiriilmesi islemidir. Genellikle hidrolik veya
mekanik presler kullanilarak gergeklestirilir. Sacin biikiilmesi sirasinda, malzemenin lizerine baski kuvveti uygulanarak
istenen sekil elde edilir. Sac bilkiimii 6zellikle diisiik maliyetli iiretim planlamalarinda ve hassasiyet gereken
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sekillendirmeler icin tercih sebebidir. Ozellikle boru imalati, otomotiv endiistrisi, savunma ve uzay gibi bir¢ok
endiistriyel uygulamada yaygin olarak kullanilmaktadir.

Sac kaynagi ise, iki veya daha fazla metal levhanin birlestirilmesi islemidir. Bu islem, farkli kaynak yontemleri
kullanilarak gergeklestirilebilir, 6rnegin, ark kaynagi, MIG kaynagi veya TIG kaynag gibi. Sac kaynagi 6zellikle metal
parcalarin dayanikl ve sizdirmaz bir sekilde birlestirilmesini saglar ve bu nedenle ingaat, gemi yapimi, havacilik ve daha
bir¢cok endiistriyel uygulamada yaygin olarak kullanilir. Kaynak, ozellikle biiyiik 6lcekli yapilar icin en 6nemli
birlestirme islemlerinden biridir ve bir¢ok endiistride (otomobil, gemi, ucak vb.) yaygin olarak kullanilmaktadir. Bu
arada, montaj dogrulugu ve servis performansi iizerinde genellikle olumsuz etkisi olan kaynak deformasyonu ve kalinti
gerilim, birgok aragtirmaci ve mithendis tarafindan siirekli olarak odaklanilmistir [7-10].

Sac biikiimii ile gerceklestirilen nihai iiriin geometrisi ile sac kaynagi kullanilarak yapilan nihai iiriin
geometrilerinin kullanildiklar1 yerler itibariyle davranislari mekanik olarak farklilik gosterir. Buna mukabil sac biikiimii
genellikle daha hizli bir iiretim siireci sunar, bu da biiyliyen talebe istinaden iiretim kapasitesinin artirilmast durumlarinda
kaginilmaz bir iiretim metodu olarak ragbet goriir. Sac kaynagi ise daha saglam bir baglanti saglar ve bu nedenle yapisal
mukavemet gerektiren uygulamalarda tercih sebebidir.

Bu calismada, sac biikiimii ve sac kaynagi yontemleri arasindaki kalite, mukavemet ve maliyet acisindan tercih
edilebilirligin belirlenmesinde bir metodoloji gelistirilmistir.

Bu maksatla tasarlanan konstriiksiyonlarda siklikla kullanilan U, V ve L profillerinin hem biikiilerek hem de kaynakli
hallerinin kullanim yerlerindeki dayanimlar1 hakkinda bir 6ngérii olusturup endiistriyel uygulamalar i¢in referans olacak
veri ¢iktist saglamaktir.

1.1. Literatiir incelemesi

Literatiir incelemesi yapildiginda, birgok tez ve makale bulunmaktadir. Genellikle ¢aligmalar biikiim prosesi
veya kaynak prosesini ayri ayri inceleyen ve benzer bir uygulama ile karsilastirma yapilmayan sekillerde sunulmustur.
Incelenen calismalar kaynak bazli iiretilmis konstriikksiyon veya saclarin sonlu elemanlar ydntemi ve farkli test
diizenekleri ile detayli incelemesi olarak goriilmektedir. Diger yandan incelenen diger caligmalar da biikiim prosesi ile
iiretilmis konstriiksiyonlarin veya saclarin sonlu elemanlar ve farkli test diizenekleri ile detayli incelemesi olarak
goriilmektedir. Literatiir arastirmasi detaylica yapildiginda asagidaki gibi farkli ¢alismalar bulunmustur.

Herrmann (1967), yapisal plakalarin biikiilme analizine uygulanabilen genel yaklagik bir ¢dziim yontemi
sunmustur. Bu yontemde plakalarin degisken kalinliklara ve istege bagh sekillere ve malzeme Ozelliklerine sahip
olabilecegi ifade edilmistir. Sac plakalarin 6l¢im ve testleri igin, katlanmig plaka ve kabuk yapilarmin analizine
kolaylikla uyarlanabilecek sekilde formiile edilmistir. Calisma, enine sapmanin ve egilme momentlerinin fonksiyonu
olarak yazilan plaka egilme denklemlerinin bir varyasyon teoremi araciligiyla ifade edilmesidir. Analiz edilecek plaka
bir dizi sonlu elemanla temsil edilir. Birincil bagimli degiskenlerin, (enine sapma ve momentler) her bir komponent igin
ayr1 ayr1 incelenmesi ile tamamlanmaisgtir.

Huang (1995) tarafindan yapilan arastirma, ¢elik sacin V-kalip biikme isleminin, igslem kosullarin1 agikliga
kavusturmay1 amaglamaktadir. Bu ¢aligma malzemenin ¢ekme &zelliklerine ve takimlarin geometrisine bagli olarak
biikme i¢in dogru zimba yiikiinii ve bosaltma sonrasinda iiriinlerin kesin son seklini tahmin eden bir model 6ne siirer.
Islem degiskenleri zimba yarigap: (Rp), kalip yarigapt (Ry), zzmba genisligi (W), zzimba hiz1 (1},), siirtiinme katsayisi
(k), gerinim sertlesmesi {issii (n) ve normal anizotropidir (R). Bu aragtirma bazi deneyler yapilarak ve sonlu elemanlar
simiilasyonu ile ger¢eklestirilmistir. Zimba yarigapi, zimba hiz1 ve yaglama gibi ¢esitli islem degiskenleri igin biikme
zimbasini belirleyen deneyler gerceklestirilmistir. Sonug olarak zimba yarigapr ve zimba hiz1 arttik¢a veya yaglama
azaldikc¢a zimba yiikiiniin arttig1 bulunmustur.

Zhang (2014) ise, biiyiik 6l¢ekli ekipmanlarda, U-gekilli kaynak yapisi, konteyner duvarinin kaynagi igin yaygin
olarak kullanilmaktadir. Bu bildiride, basingl kaplarda ve kule ekipmanlarinda yaygin olarak kullanilan U-gekilli dikis
kaynag islemi, diizlem modeller kullanilarak ABAQUS yazilimi ile simiile edilmistir. Sekil 1.1 de gosterildigi gibi
kaynak modeli li¢ boyutlu ¢izim programinda olusturulmustur. Kaynak malzemesi kismi i¢in hesaplamada sonlu
elemanlar teknigi kullanilmistir ve kaynak malzemesi kism1 daha ince meshlere boliinmiistiir. Her bir kaynak sicaklig
dagilimi ve gerilim dagilimi igin hesaplama yapilmistir. Ayn1 zamanda kaynak isleminde kaynak sonrasi sogutma
dikkate alinmistir. Bilgisayar simiilasyonu, gerilim dagilimi ve gerinim enerji egrisinin genel yapisini olusturmustur.
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weld seam

Substrate material

Sekil 1.1. Kaynak prosesi gosterimi.

Baska bir kaynakli iiretim prosesini inceleyen calisma ise, Hubert (2020), tarafindan yapilan, lazer 1sin1
radyasyonu kullanilarak ¢elik levha bindirme kaynaginin sonuglarini sunmaktadir. Bindirmeli baglant1 kaynaginda derin
malzeme niifuzu i¢in lazer 1s1inin kaynak agzi bdlgesindeki detaylari incelenmistir. Lazer kaynaginin termodinamik
mekanizmasi malzeme Ozellikleri ve proses parametreleriyle ilgilidir. Kaynak parametrelerinin tahmini ve baglanti
ozelliklerinin analizi sayisal simiilasyon yoluyla gerceklestirilmistir. Sekil 1.2 de kaynak prosesinde 1s1 etkisini
modelleyerek gostermistir.

Sekil 1.2 Kaynak prosesinde is1 etkisinin gosterimi.

Celik sac kaynag sirasinda lazer emilimini ve anahtar deligi etkisini simiile eden yiizey ve konik hacimsel 1s1
kaynaklar igin sayisal hesaplama yapmustir. Sertlik dagilimlar ve kaynak geometrisi formundaki sayisal ve deneysel
sonuglar karsilastirilmistir. Elde edilen kaynagin metalografik analizi, kaynak saci kesitindeki kristalografik yapilar ve
kalintilar dahil olmak tizere sunmustur.

2. SAC KAYNAK METODOLOJI

Kaynak prosesi yapilirken bir ¢ok tip ve gegerli metod vardir. Biikiim prosesi ve kaynak prosesi benzer sekilde
parcalara sekil vermek ve nihai parga 6l¢iisiinii elde etmede rol oynar. Her iki islem de metal isleme endiistrisinde dnemli
rol oynar ve farkli avantajlar sunar. Projelerde ve proseslerde gereksinimlerine ve uygulamasina bagli olarak, sac
biikiimii veya sac kaynagi tercih edilebilir. Bu nedenle, her iki yontemin avantajlarini ve dezavantajlarini degerlendirmek
onemlidir.

Kaynak ile birlestirme, giiniimiiz imalat yontemleri icerisinde en yaygin ve gegerli tekniktir. Kaynakli
birlestirme yliksek bir maliyet girdisine sebep olmamakla birlikte gerekli teknik detaylara uyuldugu takdirde yiiksek bir
saglamlik da saglamaktadir. Kaynak teknigi yaklasik 3500 yillik bir gecmise sahiptir. Ilk olarak Sam’da Araplar
tarafindan kullanilmistir.

Kaynakl iiretimde proses detay parametreleri icin ¢ok sayida degisik faktdr bulunmaktadir. Bu degisen
parametreler dogduran proses kalitesine etki etmekte, onay veya ret alacak parcalar bu parametrelerin dogruluguna
baglidir. Parametrelerin biri bile degisse sonug i¢in biiylik degisiklikler olusturabilmektedir. Kaynakli imalat i¢in amag
kaynak proses sonrasinda goriinen kaynak dikisinin dzelliginin ana malzemeye yakin ve diizgiin olmasidir [3].

Kaynakli imalat i¢in 6n hazirlik ve parametreler belirlenirken amag, hazirlanan kaynak talimatlarina gore yapilan
kaynak prosesleri icin dikisler tek bir kalitede ve seviyede olmalidir. Yapisal olarak kaynak parametreleri ile pargada
meydana gelecek 6n gerilmeler ve deformasyonlar1 6n hazirliklar ile engellemek her zaman miimkiin olmayabilir. Bu
sebeple parametreler ve diger detaylar parca bazinda degerlendirilmeli ve gerekli bilgiler detayli olarak aktarilmalidir.
Kaynakli imalat proseslerinde 1s1l tesir altina kalan bolge (ITAB) malzemenin mikro yapisini bozarak sekil, 6l¢i, i¢ yap1
ve diger deformasyonlara sebep olabilmektedir. Bu da liretilecek parga bazinda Olgii toleranslar1 baz alindigi igin
olciilerde kalabilmek adina kesim resimleri diizenlemek gerekmektedir.
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2.1. Kaynak Kabiliyeti ve Yontemi

Kaynak kabiliyeti, Sekil 2.1°de gosterildigi gibi bir dongii halinde diisiiniilerek farkli parametreler olsa dahi
Sekil 1.1°deki ana proses yapisi ile uygulanabilen prosestir. Kaynak yapilabilirlik sekillerinin temek etkilerini
olusturmaktadir. Kaynak yapabilmek i¢in olusturulacak yontem, is pargasi, konstriiksiyon gibi ii¢ ana baslik kaynagin
kalitesini etkileyen temek faktorlerdendir. Bu {i¢ ana baslik arasinda kaynak edilebilirlik, kaynak emniyeti ve kaynak
imkani1 gibi baglantilar mevcuttur (Kayaoglu, 2019).
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Sekil 2.1. Kaynak kabiliyeti.

/ N\
/ Yontem

Kalict (homojen) bir bag olusturmak i¢in birlestirme kenarlariin dolgu metali olsun veya olmasin 1sitildigi ve
kaynastirildig1 bir metal birlestirme yontemi kaynak olarak bilinir.

Ya da bagka bir deyisle, “Kaynak, tam bir birlesme elde etmek i¢in ayn1 veya farkli malzemelerden iki veya
daha fazla pargayi birlestirme islemidir.” Bu yekpare yapilar gelistirmenin tek yontemidir ve genellikle 1s1 ve/veya basing
kullanilarak gerceklestirilir. Percinleme, civata ile birlestirme, lehimleme gibi birlestirme yontemlerinin tiimii gegici ve
uzun vadeli mukavim birlestirme prosesi olarak secilememektedir. Kaynak, metalleri kalici olarak birlestirmenin tek
yontemidir [3].

Kaynak dikis boyu hesaplamalar1 cogu kaynak metodunda asagidaki parametreler ile hesaplanmaktadir.

3mm <a [mm] < 0.7 X thin

€9 ~

Kaynak dikisi kalinlig1 “a” veya “z” olarak verilmektedir. Kose kaynak dikisleri i¢in hesap kalinlig1 “a” dikis i¢in ¢izilecek
en biiyiik ikizkenar dik iliggen yiiksekligi olarak adlandirilir.

esas metal H+ ezaz metal kaynek bolgesi

Sekil 2.2.  Kaynak yontemlerinin sematik gosterimi.

Gegici baglantilar su durumlarda ayrilabilir:
- Perginin bagi kesilmesi
- Civatanin somunu gevsemesi
- Lehimleme i¢in gerekenden daha fazla 1s1 verilir ise ayrilmalar goriilmektedir.

Kaynakli birlestirmeler, birlestirme kenarlarinin birbirine 1sitilip kaynastirilmasiyla homojen hale getirildigi i¢in
lehim ve sert lehim gibi birbirinden ayrilamaz. Sekil 2.2°de gdsterilen kaynak yontemlerinin sematik gosterimi genel
proses kaynak yapis seklini anlatmaktadir. Kaynak agzi hazirlanmasi ile baslayan proses, arada kullanilan
parametrelerdeki degisiklikler ile olusan farkli yontemleri olusturur. Nihayet tiim kaynak prosesleri iki parganin
ayrilamaz birlestirilmesi ile sonlanir [1].
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3. SAC BUKUM METODOLOJISI

Biikiim ile sekillendirme, genellikle yassi malzeme tipinde sac levhalara, belli bir form verebilmek adina yapilan
imalat prosesidir. Metal bitkme, plakayi, sac1 ve seridi biikmek icin kullanilan bir iiretim siirecidir. Bu siiregte otomobil,
ucak, demir yolu, gemi gibi farkli sektorler i¢in bir¢ok parga iiretilebilmektedir. Farkli biikkme iglemi tiirleri olmasina
ragmen, V seklinde kalipta bitkkme, sac sekillendirme islemleri arasinda en yaygin ve yaygin olarak kullanilanidir. Bu
islemde, malzeme, kalip ylizeyi ile alt plaka yiizeyi arasinda ve ayrica zimba ile {ist plaka ylizeyleri arasinda temas
gerceklesene kadar zimba tarafindan bir kalibin iginde preslenir. Zimbanin serbest birakilmasindan sonra, mekanik ve
fiziksel kisitlamalar nedeniyle iiriinlerin nihai seklinde geri yaylanma adi verilen geometrik degisim meydana gelir [1].

Kalint1 sekil degistirmeler, plastik deformasyon nedeniyle plaka kalinligi i¢inde olusturulur. Bu nedenle, geri
yaylanma ve artik gerinimler, biikme islemlerinde en yaygin problemlerdir. Bu problemlerin kontrolleri oldukg¢a zordur
ve minimum hata ile dogru boyutlara sahip olmak icin siirekli olarak arastirilmasi gerekir. Geri esneme miktar1 ve artik
gerinimler, malzeme 6zelliklerinin yani sira temel olarak V sekilli kalibin ve zzimbanin geometrisine baglidir. Biikme
isleminde takim tasariminin optimum se¢imini saglamak igin {i¢ 6ge anlasilmaldir. ilk olarak, zzmba bir is pargasina
bastirildiginda bir ilk biikiim meydana gelir ve ardindan baslangi¢c asamasina geri doner. Sekil 3.1 de gosterilen geri
esmene simiilasyonu mevcuttur. Ikincisi, metal bir zimba ucu yaricap1 ile damgalandiginda dibe vurmaktir. Ugiinciisii
ise zzimba ucu ile damgalanan metalin {izerinden zzmba kuvvetini geri ¢gekmektir [8].

— ]

Basma

Geri Esneme

Sekil 3.1. Geri esnemenin elastik izlenimi.

Literatiirde sekil degistirmeler araciligiyla geri esneme ve artik gerilmeler ile ilgili cesitli ¢aligmalar
bulunmustur. Huang, biilkme islemi boyunca gerilme durumunu belirlemek igin temas problemini ¢ézmek igin
giincellenmis bir Lagrange formiiliinii kullanarak bir sonlu elemanlar kodu gelistirdi. Deneysel ve sonlu eleman
sonuglar arasinda iyi bir kalibrasyon ortaya koydu.

Biikmede egme yaricapi (R) sac kalinligina bakilarak kiigiik ise, biikkme esnasinda sac uzama egilimi olusturur.
Son biikiilen kesitin gerdirme olmaksizin dnce tarafsiz eksen boyu ifade edilir ve egme toleransi degeri elde edilir.

a
Ab = Zﬂ%(R + Kbat)

Bu baglanti kullanilabilir.

Biikiilme pay1 faktorii, bilkme yarigapimin is pargas1 kalinhigma gére kiigiik oldugu durumlarda énemlidir. Is
pargasinin notr ekseni, sac imalatinin bilkme bdliimiiniin gerilmesi nedeniyle kiigiilecektir. Bu esneme nedeniyle
olusabilecek uzunluk degisikliklerine biikiilme pay1 denmektedir ve bunun parcalardan gerekli boyutsal beklentileri
karsilamasi gerektigini hesaplamamiz gerekmektedir.

Bu formiilde 'a' is pargasinin biikiilme ag1si, 'R' biikiilme yaricap1 ve 't' is parcasinin kalinlhigidir.

2t>R ise ‘K’ 0,33 degerine sahip olmalidir. 2t<R ise 'K' 0,50 degerine sahip olmalidir. Bunlar 'K' degerinin
standardizasyonlaridir.

Farkl1 biikme sac metalleri, yalnizca is ¢iktisinda hassasiyet saglamakla kalmayip ayn1 zamanda daha estetik bir
is pargasi Uriinii saglayan standart tekniklerle birlikte ayn1 amagla biikme agis1 ve biikkme yarigcapt bakimindan farkli
parametreler icermektedir (Sekil 3.2).
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Sekil 3.2. Biikiim Parametreleri.

Asagida sac metal islemlerinde bazi 6nemli biikme yontemleri ve tiirleri belirtilmistir.

V Biikme

V biikme, en yaygin sac metal biikme islemidir. Kalip ve delme ad1 verilen makine aletlerinin kullanimini igerir.
Bu biikme isleminde kullanilan kalip, V seklinde bir kaliptir, delme de V agil1 bir sekilde tasarlanmistir. Delme, metal
levhalari bir V kalibina bastirir ve sac metalin V biikiimii bu sekilde elde edilir.

Rulo Biikme

Bu sac biikme teknigi, saclar1 kavisli formlara biikmeyi icerir. Bu teknik, ii¢ silindir, bir hidrolik pres sistemi ve
bir frenin kullanimini ieren rulo biikkme sac metal kriterlerini kullamir. Ug silindir arasindaki mesafe, iireticinin saclari
egriler halinde biikkmesine olanak tanir.

U-Biikme

U-biikkme, V-biikme yontemine tam olarak benzerdir. Bu yontem, U-sekilli bir kalipla birlikte U-sekilli bir zimba
kullanir. V-biikme ile U-biikme arasindaki tek fark, ortaya ¢ikan sacin V sekli yerine U seklinde olmasidir.

Rotary Biikme

Doner biikme yontemi, 90 dereceden daha biiyiik bir acida biikmenin gerektigi her yerde kullanilir. V biikmeye
de benzer olarak diisiiniilebilir, ancak bu islemdeki ¢ikt1 daha diizgiin ve estetiktir ¢iinkii bu yontemde kullanilan metal
sac biikme makinesi sacin ylizeyini ¢izmez.

Cizgi Bitkme

Bu kenar biikme sac metal teknigi, iireticinin kenarlar1 hasar vermeden biikmesine yardimer olur. Sac metal
kenar bilkkme yontemi, genellikle kalan metal par¢adan daha kisa olan sac metal boliimlerinde kullanilir. K&selerin
keskinligini ortadan kaldirmaya yardimci olur ve sonucun estetik goriintimiinii artirir.

Silme Biikme

Bu biikkme yontemi, silme kalib1 kullanir. Metal levha, silme kalibinin i¢ine dikkatlice yerlestirilir ve bir basing
yastigl levhaya basing uygular. Daha sonra, delgeg¢ levhada istenen biikiimii yapmak i¢in kullanilir.

4. MATERYAL ve METOT

Bu c¢aligmay1 imalat sektoriinde sik kullanilan V, U, L gibi ¢elik konstriiksiyonlar i¢in hidrolik test merkezinde
basma ve ¢ekme deformasyon testi ile konstriiksiyonlar test edilmistir. Konstriiksiyonlar biikme ve kaynakli proses
yontemi ile tiretilmis 100mm boyutunda S700MC sicak haddelenmis saclar ile olusturulmustur. 12 adet olan saclar, V
konstriiksiyon i¢in 2 adet biikiimlii 2 adet kaynakli proses ile {iretilmis numune, L konstriiksiyon i¢in 2 adet biikiimlii 2
adet kaynakli proses ile liretilmis numune, U konstriiksiyon igin 2 adet biikiimlii 2 adet kaynakli proses ile iiretilmis
numune olarak toplam 12 adet tiretilmistir. Sekil 4.1 de 6rnek olarak gdsterilen V biikiim prosesi ile liretilmis olan imalat
saciin test diizenegine sabitlenmis ve deformasyon i¢in hidrolik silindirden gelecek yiik degeri beklenmektedir.

Hidrolik Pres
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Sekil 4.1. Hidrolik test merkezinin gosterimi.
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Hidrolik test merkezinde bu saclar sirasiyla; basma ve ¢ekme testleri ile tahribath olarak test edilmistir. Test
merkezi i¢in hidrolik pompa, orifis, basing sinirlayic1 valf, emniyet valfi, hidrolik hortumlar, rakorlar, test sonuc
sensorleri gibi birgok komponent kullanilmistir.

Hidrolik hortumlar i¢in % inc ISO 18752 standartinda 300 bar basinca dayanikli kauguk hortumlar kullanilmstir.
Hidrolik olarak degisken deplasmanli pompa ile kademeli olarak artirilan basing degeri(bar) es zamanli olarak test
diizeneginden kuvvet-zaman ve deformasyon-zaman olarak grafikler alinarak numunenin aldigi tepkiler 6l¢iilmiistiir.
Numunelerin hidrolik silindirden gelen eksenel harekete karsi gosterdigi formundan kaynaklanan davranis ile kaynak
ve biikiim karsilastirma sonuglarina gidilmistir.

Tablo 1. S700MC malzeme ozellikleri

\YAV/ Rm Re Rmt Ret E v
S700MC 900 700 900 700 200000 0.27

Tim olusturulmus biikiimlii numuneler abkant biitkme makinasinda @6 zimba ile biikiilmiistiir. Ayrica tim
kaynakli numuneler ise MIG kose kaynagi ile Tablo 2 de gosterilen, aristorod elektrodu kullanilarak 6n 1sitma prosesi
olmadan kaynak prosesi ile tiretilmistir. Sonuglar arasinda minimum farklar olugmast i¢in tiim numuneler benzer sekilde
ve parametreleri ayni tutularak iiretilmistir.

Tablo 2. Aristorod(12.63) malzeme 6zellikleri

A\YAY/ Rm Re Rmt Ret E v
AristoRod 550 450 550 450 -

Tablo 1 de bulunan malzeme 6zellikleri ile Sekil 4.2 de verilen 6rnekte L biikiim prosesi ile tiretilmis S7T00MC sact igin
yapilan test diizenegini gérmekteyiz. Bu testte sabitlenmis par¢anin ¢ekme ve basma sonucunda kN-mm ve KkN-time
grafigi cikarilmistir.

8300 1000

84000\ 1000

Sekil 4.2. L kaynakli konstriiksiyon pargasi.

Kaynak hizi1 dogrudan 1s1 girisi miktarina baghdir ve dolayisiyla kaynak proseslerinde parametreler kaynak
malzemesi, kaynak elektrodu, ortam sartlar, yiizey sartlari, kaynak agz, 1s1l bolge, kaynak tor¢ hiz1 gibi bir¢ok faktore
bakarak optimum sekilde uygulanmistir. Kaynak hizi proseslerde mekanik bozulmay1 ve stresi azaltmaya yardimci
olmaktadir. Diger yandan kaynak hizinin yavaslig1 da prosesi negatif etkilemektedir. Ark ve lazerin enerji oraninin artik
gerilim tizerindeki etkisine odaklanilmistir. Kaynakli modeller olusturulurken kaynak hizi parametresini tiim modeller
i¢in ayni1 tutulmaya caligilmstir.

5. Biikiimlii ve Kaynakh Uretilmis Sac Testleri

Sac metal kaynak islemi, hassas imalat proselerine uyacak dogru yontemi kullanarak hem maliyetten hem de
zamandan tasarruf etmemizi saglar. Tiim sac iglerinde oldugu gibi erken planlama ve karar verme gibi parametreleri
dogru se¢mek, projenin kaynak asamasmin basarili olmasini saglamaktadir. Sekil 5.1 de prosese uygun olarak
uygulanmus bir kaynak dikisi gosterilmektedir ve V, U, L saclar da bu parametreler en dogru sekilde uygulanmistir.
Kaynak, iki veya daha fazla parcanin 1s1, basing veya her ikisi yoluyla birbirine kaynastirildigi bir islemdir. Daha sonra
pargalar sogudukca bir birlesme noktasi olustururlar. Kaynak prosesleri dogru sekilde uygulanmis, V, U, L profil
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malzemelerin ¢ekme ve basma testleri hidrolik pres ile yapilmis ve es zamanli olarak veriler alinmistir. Bu verilere gore
karsilastirma yaparak biikiim ve kaynak arasi farklar, avantajlar ve dezavantajlar yorumlanmustir.

e

Sekil 5 1. Kaynak prosesvi <é(')"stefmi.

Birlestirilen parcalar 'ana’ malzeme olarak bilinir. Baglantinin olugmasima yardimci olmak i¢in eklenen
malzemeye plaka, boru, dolgu teli veya elektrot gibi yardimer komponentlere 'dolgu’ adi verilir. Bu dolgu maddeleri
cogunlukla bilesim agisindan ana malzemeye benzer. Homojen bir kaynak olustururlar.

Sac biikme, bir yari¢ap olusturmak i¢in bir metal saca kuvvet uygulama iglemidir. Bunu bagarmanin en yaygin
yolu abkant prestir. Bu islem ara¢ govde panelleri, buzdolaplari, elektronik muhafazalar ve braketlerin imalatinda
kullanilabilir. Sac metal biikme, daha diisiik liretim hacimli uygulamalar veya dokiimiin etkili olmadig1 ¢ok ince metal
kullanan firiinler i¢in en uygunudur. Sekil 5.2 de abkant pres diizenegine baglanmis biikiim prosesi gosterilmektedir.

Sekil 5.2. Abkant V biikiim prosesimfﬁ gosterimi.

Bu ¢alismada, sanayi uygulamalarinda siklikla kullanilan U, L, V profillerde kaynakli yontem kullanilarak imal
edilmis saclar ve biikiim yontemi kullanilarak imal edilmis saclar ¢ekme ve basma testlerine tabi tutularak plastik ve
elastik deformasyon degerleri, parcalara kuvvet uygulanarak ve test cihazindan gelen grafik baz alarak
karsilastirilmigtir. Karsilastirma sonucunda saclarda meydana gelen akma gerilmesi degerleri dikkate alimmis olup
iiretim yontemine gore sac dayanimi, iiretim kolayligi, iiretim maliyeti, is giivenligi, proses zorlugu, sarf malzeme
sarfiyati gibi bir¢ok parametre agisindan incelenecek ve yontemler arasinda detayli bir karsilastirma yapilmistir.

@
Sekil 5.3. Abkant V biikiim prosesinin sematik gosterimi.

Sac metal sekillendirmedeki proses parametreleri kalip ile zimba bdlgesindeki bosluk, sacin kalinligi,
malzemenin cinsi, sac malzeme mukavemeti ve Sekil 5.3 ve Sekil 5.4 de goriinen, F kuvvetinin uygulandigi kesme
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uzunlugudur. Abkant prosesinde kesme i¢in par¢a boslugu optimum seviyede olmalidir. Aksi durumlarda istenen biikme
degeri alinamaz veya yapilan bitkmede istenilen parga dlgiileri net bir sekilde elde edilemez.

Basing
uygulama

Sekil 5.4. Abkant L biikiim prosesinin sematik gosterimi.

c = t.AC

Zimba ile biikme prosesi uygulanacak sacin cinsine ve kalinliga bagli bosluk formiilii yukarida verilmistir.
Burada t sac kalinlig1 ve A, miisaade edilebilen bosluk degeridir. diisiik dayanimli malzemeler i¢in 0,045; orta dayanimli
malzemeler i¢in 0,060 ve yiiksek dayanimli malzemeler igin 0,075 degeri kullanilir [2].

Hidrolik sistemlerin gesitli endiistriyel uygulamalarda kullanimi onlarca yildir yaygindir. Ozellikle hidrolik
piston silindirleri, kaldirma, presleme ve sekillendirme gibi gorevler i¢in saglam ve etkili bir kuvvet uygulama yontemi
sunarak ¢ok sayida miihendislik siirecinde énemli bir rol oynar. Imalat ve makine miihendisligi alaninda malzemelerin
deformasyonu, ¢esitli endiistrilerde etkileri olan temel bir siiregtir. Bu ¢alismada da hidrolik pres, test merkezinde son
cikt1 olarak alinacak degerlerin, valf, manometre, debi, basing, piston hiz1 ve malzeme 6zellikleri gibi degerlerden anlik
algoritma olusturarak ¢ikt1 olarak istenen degerlere doniistiirmesini saglamaktadir.

Sekil 5.5. L Biikiim Parca Cekme Deneyi

Imalat ve makine miihendisligi alaninda malzemelerin deformasyonu, tahribatli malzeme deneyleri, gesitli
endiistrilerde etkileri olan temel bir siirectir. Sekil 5.5 de L konstriiksiyon biikiim proses ile iiretilmis par¢a deneyi
gosterilmektedir.

Arastirma metodolojisi, deneysel arastirmalar ve hesaplamali simiilasyonlarin bir kombinasyonunu
icermektedir. Test numunelerinin degisen kosullar altinda deformasyon davranigini goézlemlemek ve 6lgmek igin
laboratuvar deneyleri yapilmistir. Hesaplamali ve anlik veri alabilen test diizenegi ile deneysel verileri grafik ¢iktisi
olarak alinmistir ve deformasyon siirecinin altinda yatan mekanik sebeplere odaklanilmistir.

Elimizde V, U, L profil saclardan ayni olgiiler ile iiretilmis hem kaynak proses ile birlestirilmis hem de biikiim
proses ile ayni Olgiilere getirilmis toplamda 12 adet parca bulunmaktadir. Bunlarin biikiimle iiretilmis V, U , L
konstriiksiyonlarinin ii¢linii basma ve ii¢linli ¢ekme testlerine tabi tuttuk, ardindan kaynak proses ile tiretilmis V, U, L
konstriiksiyonlarin tigiinii basma ii¢iinii de ¢gekme testlerine tabi tutarak, hidrolik tahrikli(Sekil 5.6) silindir sisteminden
anlik olarak kN-sn ve Kn-mm degerleri alinmistir.

Grafikleri incelerken ayni tiirden saclarin kN-sn grafigi ve kN-mm grafigi karsilastirilarak pargalarin elastik ve
plastik deformasyona ugradigi degerler tespit edilmistir. Bu arastirmanin bulgularinin imalat mithendisligi alaninda,
hidrolik sistemler kullanilarak kaynakli ve biikiimlii Giretilmis standart tip konstriiksiyonlarin deformasyonu alaninda
bulgu olusturmak ve bulgularin yorumlanmasina katkida bulunmasi beklenmektedir. Deformasyon sonuglarini etkileyen
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faktorleri agiklayarak ve optimizasyon stratejileri onererek, imalat sistemleri i¢in daha saglam mekanik ¢iktilar tiretmeyi
amaclamstir.

Sekil 5.6. Hidrolik Silindir

“kN-sn” terimi tipik olarak bir itme veya momentum 6l¢iisii olan kilonewton-saniye (kN-s) birimini ifade eder.
Miihendislikte, bir saniyelik bir siire boyunca bir kilonewtonluk (1 kN) kuvvet uygulandiginda bir nesnenin yasadig
momentum degisimini 6lgmek i¢in yaygin olarak kullanilir. kN-sn'nin grafiksel bir temsili tipik olarak, analiz edilen
spesifik senaryoya bagli olarak darbenin (kN-s) zamana (saniye) veya bagka bir ilgili degiskene karsi grafiginin
cizilmesini icerir. Bu, kuvvet ve zaman arasindaki iliskiyi veya kuvvetin bir siire boyunca kiimiilatif etkisini
gorsellestirmeye yardimer olmaktadir.

Sekil 5.7. Biikiim Prosesle Uretilmis “V” Parcamn Basma ve Cekme Deneyi Sonucu

Sekil 5.7 de bulunan V konstriiksiyon parganin deney i¢in hazirlanmis hali bulunmaktadir. Bu deney diizenegi
ile test edilecek parca oOncelikle sabitlenmistir. Ardindan tahrik uygulayacak olan hidrolik silindir ile baglantist
kelepgeler ile yapilmigtir. Hidrolik silindir tarafindan tahrik edildigi durumda par¢anin plastik ve elastik deformasyon
degerleri alinmasi i¢in basing kontrol igin sensdrler ve manometre bulunmaktadir. Bu sensorler ile es zamanli olarak
kN-saniye ve KN-mm degerleri alinmistir. Numune V, U, L konstriiksiyon saclar iizerinde birlesik kuvvet(combined
force) etkisi mevcuttur. Bu kuvvet ¢ekme durumuna ve basma durumuna gore siirekli olarak nonlineer sekilde degisen
eksenel, kesme ve biikme kuvvetleri olarak saclara yansimaktadir.

10
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Sekil 5.8. V Biikiim Parcanin Hidrolik Test Diizenegi Grafik Degerleri

Sekil 5.8 de V biikiim parcanin hidrolik test diizenegi grafik degerleri sonucunda alinan sonuglar mevcuttur. Bu
grafiklere bakildiginda V biikiim proses ile iiretilmis konstriiksiyonun kN-mm ve kKN-sn degerleri hidrolik silindir test
diizeneginden es zamanli olarak alinmistir. Grafiklerin V biikiim konstriiksiyon modellerin, hidrolik silindir test
diizenegi ile cekme ve basma sonucunda grafikleri mevcuttur. Metallerin davranisina bakildiginda V biikiim ¢ekme 26
kN degerlerinde pik degerlere ulagmistir ve ardindan metal plastik deformasyonun sonuna gelmistir. Malzeme akma
degerine kadar rijit bir sekilde sekil bozukluguna ugramistir ve ardindan kopma gerceklesmistir. 88sn degerinde
malzeme kopma noktasina gelmektedir. Malzeme 6l¢iisti nedeni ile ortalama 140mm malzemeden alinabilecek tepki
mesafesi mevcuttur.

Basma analizine bakildiginda yine malzeme 26 kN degerlerine kadar lineer sayilabilecek bir sekilde
deformasyona ugramaktadir, ardindan V parcanin biikiim i¢in daha fazla basma sonucu ezilecek mesafesi kalmadigi igin
test cihazinin giicii kesilmistir. Basma testinde malzeme daha az bir mesafede test edilmektedir ¢linkii ¢ekme testinde
malzeme uzamakta iken basma testinde malzeme iki sikistiran sistem arasinda kalmaktadir. Malzeme 6l¢iisii nedeni ile
100mm malzemeden alinabilecek tepki mesafesi mevcuttur. Biikiim prosesinde abkant presten gelen zimba kuvveti
bolgesinde uzama tamamlandiktan sonra sacin baglanti noktasinda 25kN degerinde akma baglamustir.

‘ 'iﬁEEEST

Sekil 5.9. Kaynak Prosesle Uretilmis “V”’ Parcanin Basma ve Cekme Deneyi Sonucu

Sekil 5.9 da kaynak proses ile lretilmis “V” konstriikksiyonun ¢ekme ve basma deneyi ve deney sonucu
malzemenin deformasyona ugramis hali bulunmaktadir. Elastik davranig, uygulanan yiik kaldirldiginda malzemenin
deformasyon sonrasinda orijinal sekline donme yetenegini tanimlar. Bu davranis, gerilmenin elastik sinir dahilindeki
gerinim ile dogru orantili oldugunu belirten Hooke Yasasi tarafindan yonetilir. Young Modiili (E), bir malzemenin
elastik bolgedeki sertliginin bir dl¢iisiidiir. Hidrolik test diizenegi sonucunda alinan grafik degerleri, bu malzemenin
mekanik olarak davranisi ve malzeme formunun malzemenin akma ve ¢ekme degerlerine gore nasil davrandigim
gostermektedir.

11
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Sekil 5.10. V Kaynakli Par¢amin Hidrolik Test Diizenegi Grafik Degerleri

Sekil 5.10 da V kaynakli par¢anin hidrolik test diizenegi grafik degerleri mevcuttur. Malzemenin kaynakli proses
ile tiretilmis halinde, daha 6nceden plastik deformasyona ugramamis saclardan kaynak dikisi ile birlestirme saglandigi
icin grafikte farklar mevcuttur. Sekil 5.8’de bulunan V biikiimlii proses ile iiretilmis par¢anin hidrolik test diizenegi
grafik degerleri sekil 5.10 grafik degerlerine gore farklidir. Kirmizi ile isaretlenmis bolgeler aslinda malzemenin plastik
deformasyona ugradig: ilk yeri gostermektedir. Grafik sonrasinda kuvvet(kN) diisiisli yasayarak biikiimle tiretilmis
parcanin degerlerine benzer seyretmektedir.

5.11. Biikiim Prosesle Uretilmis “L” Parcanin Cekme ve Basma Deneyi Sonucu

Sekil 5.11°de bulunan L konstriikksiyon biikiim proses ile {iretilmis par¢anin deney i¢in hazirlanmis hali
bulunmaktadir. Deney diizenegi hazirlanirken, parganin test cihazindan alacagi tepkiyi tam olarak hissedebilmesi igin
kelepce diizenegi ile sabitlenmistir. Ardindan lineer bir sekilde parga iizerine kuvvet uygulanmistir. Parganin verdigi
tepkiyi ve parca seklinin diger konstriiksiyonlar ile karsilastirilmasi yapilmigtir. Sekil 5.11°de biikiim proses ile liretilmis
“L” konstriiksiyon ¢ekme deneyi ve deney sonucu malzemenin deformasyona ugramis hali bulunmaktadir. Malzemenin
davranis1 geregi ¢ekme deformasyonu sonucunda siinek bir sekilde kopma yasanmadan sonug alinmistir.

Cekme mukavemeti (c_ts), bir malzemenin ¢ekme yiiklemesi altinda hasar gérmeden 6nce dayanabilecegi
maksimum gerilimdir. Nihai mukavemet (¢_u), kirilmadan 6nce gerinim egrisinde gézlemlenen maksimum gerilimdir.
Sekil 5.11’de biikiim proses ile tiretilmis “L” konstriiksiyon basma deneyi ve deney sonucu malzemenin deformasyona
ugramis hali bulunmaktadir. Parca formu ve sekli geregi V konstriiksiyon ile benzemekte fakat biikiim agis1 90°
seklindedir. Kuvvet esit sekilde dagilmakta ve V parcasina benzer sonuglar alinmaktadir.

12
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Sekil 5.12. L Biikiim Par¢anmin Hidrolik Test Diizenegi Grafik Degerleri

Sekil 5.12’de L biikiim parcanin hidrolik test diizenegi grafik degerleri bulunmaktadir. Grafik degerlerine
bakildiginda, L biikiim ¢cekme grafiginde ortalama 70sn sonra 160mm ile par¢a maksimum uzama seviyesine gelmistir.
Malzeme Ozelliklerine bakildiginda diger testler ile benzer bir senaryo ile parca 25kN seviyelerinde deformasyonun
maksimum degerinde kalmistir. Parga SkN ve 120mm uzama sonrasi deformasyonu yavaglamaya baglamakta ve
stineklik degerinin sonuna gelmektedir.

L biikiim basma testinde ise parca esneme yapmadigi i¢in 120mm seviyelerinde maksimum deformasyon
degerine ulagsmustir. Abkant pres makinasinda bikiim isleminde basma deformasyonuna ugrayan malzeme, test
diizeneginde tekrardan basma degerine devam ettiginde degerler cekme testine gore farkliliklar gostermektedir. Parca
ortalama 5kN ve 60mm basma sonrasinda deformasyonu yavaslamaktadir.

Sekil 5.13. Kaynakli Prosesle Uretilmis “L” Parcanin Cekme ve Basma Deneyi Sonucu

Sekil 5.13’te bulunan L konstriikksiyon kaynak proses ile iiretilmis parganin deney i¢in hazirlanmis hali
bulunmaktadir. Hidrolik test diizeneginden kademeli olarak artarak ¢ekme ve basma senaryolar1 uygulanmistir. Test
parcalar1 100mm iki sacin V kose kaynagi ile a5 boyutlarinda MIG kaynak metodu ile aristorod elektrot teli ile kaynak
prosesi tamamlanmustir. Sekil 5.13°te kaynak proses ile tiretilmis “L” konstriiksiyon ¢ekme deneyi ve deney sonucu
malzemenin deformasyona ugramis hali bulunmaktadir. Malzemenin davranisi geregi ¢ekme deformasyonu sonucunda
stinek bir davranigta bulundugu i¢in kopma yaganmadan sonug¢ alinmstir.

13
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Sekil 5.14. L Kaynakli Par¢amin Hidrolik Test Diizenegi Grafik Degerleri
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Sekil 5.14°te L kaynakli par¢anin test diizeneginden alinmis grafik degerleri mevcuttur. Bu grafik degerlerine
detayli bakildiginda, V konstriiksiyon test degerine benzer sonuglar ¢ikmistir. Parcanin malzemesi ve kaynak prosesi
ayn sekilde yapildigi icin grafik degerleri benzer ¢ikmistir. Parga test diizeneginde ¢ekme test sonucuna bakildiginda,
parca ilk etapta kaynak bolgesinde akma degerine kademeli olarak ¢ikmaktadir. Akma degerinden sonra parga plastik
deformasyona ugradigi i¢in kademeli olarak elastik davranis gostererek kirilma noktasina kadar ¢ikmaktadir. SkN
degerine kadar ¢ikan ¢ekme testi, ardindan 2 kN bandindan elastik sekil degistirmeye ugrayarak biikiimlii tiretilmis
numuneler gibi davranmaktadir. Basma test diizeneginde de benzer senaryo mevcuttur. Basma testinde numune 6lgiileri
geregi cekmeye gore daha az bir mesafe kuvvet uygulanmistir. Fakat yine ¢ekme ve basma arasinda parca deformasyon
kuvvetleri agisindan benzer degerler mevcuttur.

Sekil 5.15. Biikiim Prosesle Uretilmis “U” Par¢anin Cekme ve Basma Deneyi Sonucu

Sekil 5.15°te bulunan U konstriiksiyon biikiim proses ile iiretilmis parcanin hidrolik silindir test cihazinda gekme
deney i¢in hazirlanmis hali bulunmaktadir. Test diizenegi hazirlanirken U parga ile hidrolik test silindiri kelepge ile
sabitlendikten sonra kademeli olarak kuvvet arttirilmistir. Kuvvet ve parca deformasyonu ile ilgili grafikler test
diizeneginden otomatik olarak alinmistir. Parcanmin verdigi tepkiyi ve parca seklinin diger konstriiksiyonlar ile

karsilastirilmasi yapilmistir.
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Sekil 5.16. L Kaynakli Par¢anin Hidrolik Test Diizenegi Grafik Degerleri

Sekil 5.16°da bulunan U biikiimlii proses ile iiretilmis par¢canin hidrolik test diizenegindeki test degerlerine
bakildiginda, U biikiim ¢ekme degerlerinde 5 kN degerine kadar uzamanin hizli oldugu ve 5 kN degerinden sonra lineer
olarak uzamanin kuvvete gore azaldig1 goriilmektedir.

Sekil 5.17. Kaynakli Prosesle Uretilmis “U” Par¢anin Cekme ve Basma Deneyi Sonucu

U parganin kaynakli proses ile iretilmis modeli sekil 5.17°de mevcuttur. Diger test senaryolari ile benzer yapida
olusturulmus profiller ve proses igin benzer test sonuglar1 alinmigtir.
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Sekil 5.18. U Kaynakli Par¢amn Hidrolik Test Diizenegi Grafik Degerleri

Sekil 5.18’de U kaynakli parcanin hidrolik test diizenegi grafik degerleri mevcuttur. Grafik degerlerine
bakildiginda ayni diger senaryolar gibi 5 kN degeri parcanin deformasyon i¢in esik degeri oldugu goriilmektedir. 5 kN
degerine bakildiginda ilk etapta diger, V ve L profiller gibi plastik deformasyon degerini astiktan sonra lineer olarak
artan bir grafikle kars1 karsiya kalmaktayiz.
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SONUC VE ONERILER

V, U, L konstriiksiyon biikiim ve kaynakli proses ile iiretilmis numuneleri hidrolik piston test diizenegi ile cekme
ve basma tahribatl teste tabi tuttugumuzda sonuglar tutarli ve birbiri ile malzeme yapis1 geregi benzer kalmistir.

Cekme testlerini detayl inceledigimizde, numunelerin tamaminin 5 kN degerini plastik  deformasyon esik
degeri olarak sayabilmekteyiz. Biikiimlii proses ile iiretilmis V,U,L konstriiksiyon malzemeler i¢in, abkant pres biikiim
makinasinda 3 mm lik zimba ile biikiilen parcalar, abkant makinasinda plastik deformasyon degeri olan 5 kN bandin1
astig1 i¢in grafiklerde lineer bir sekilde ¢ekme ve basma grafikleri goriilmektedir. Bu durumda biikiimlii pargalar kirilma
ve basilma darbelerine kaynakli iiretilmis numunelere gére daha hizli tepki verip bozulmalara ugramaktadir.

Kaynakli proses ile iiretilmis numunelerin grafik degerlerine bakildiginda, sekil degisikligi ilk etapta SkN a
kadar zamana ve kuvvete gore daha yavas olmaktadir. Fakat 5 kN degerinde bir miiddet elastik davranip sonrasinda
plastik sekil degistirmektedir. Bu da kaynakli modellerin, kaynak parametreleri ve kaynak prosesi iyi yapildig: taktirde
daha mukavim oldugu, ilk etapta darbeleri elastik olarak karsilayabildigi goriilmektedir. Kaynakli numuneler igin
kaynak teli se¢cimi ¢ok Onemli olup ¢ekme ve basma durumuna birlesik kuvvetler mevcuttur. Ardindan kuvvet
artirlldiginda elastik sekil degisikligi plastik sekil degisikligine doniiserek lineer olarak, biikiimlii iiretilmis numuneler
gibi davranmaktadir.

Kaynakli iiretim metodlar1 genel olarak diisiiniildiigiinde, maliyet, ISG, zaman, mekan gibi kosullar1 biikiim
prosesinden daha zor ve dezavantajli oldugu ortadadir. Biikiimlii iiretim metodunda ise biikiim yapilabilen pargalar
cesitlilik geregi kaynaktan daha azdir. Abkant pres makinesindeki zimba bdlgesi ve parcalarin ylizeylerinin biikiimii
engelledigi senaryolar geregi kompleks pargalar biikiilemeyebilmektedir.

Genel olarak bakarsak, kaynakli proses ile liretilen parcalar daha mukavim, daha maliyetli ve kompleks parca
tiretimi i¢in daha fazla olanak saglamaktadir. Biikiimlii iretim metodu ise hizli, maliyet a¢isindan avantajli, seri imalata
daha uygun, mukavemet gereg§i maruz kalacagi yiiklere gore iyi hesaplamalar yapilarak sac malzeme sec¢imi
istemektedir.
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Abstract — Communication tools have rapidly advanced with the development of technology. Along with the swift progress of
communication, digital communication and social media have become integral parts of our lives. Among the widely used digital
media platforms today, WhatsApp stands out as a leading example. Although primarily known as a messaging platform, WhatsApp
is used for various purposes, with photo, video, and status sharing being among its most popular features. However, it remains
unclear whether the shared information benefits the user or manipulates them. To ensure more efficient use of technology and the
protection of individual rights, it is essential to enhance the level of awareness and knowledge.The aim of this study is to examine
the reliability of platforms like WhatsApp, which have emerged with the rapid development of digital communication and social
media, and to assess situations requiring the protection of users. Beyond its messaging functionality, WhatsApp is utilized for photo,
video, and status sharing, yet uncertainties remain regarding how the shared information impacts users and the risks of manipulation
associated with this data. The study analyzes WhatsApp’s privacy policy within the framework of the general principles of personal
data protection laws, investigating how the application collects, uses, and shares user data. Furthermore, it evaluates how the platform
ensures user protection under personal data protection legislation.

Keywords — Personal data, social media, digital platform, KVKK

Ozet — Teknolojiyle birlikte iletisim araglar1 cok izl bir sekilde gelismistir. Iletisimin hizla gelisimi ile de dijital iletisim ve sosyal
medya hayatimiza girmistir. Glinlimiizde yaygin olarak kullanilan dijital medya platformlarinin basinda da WhatsApp gelmektedir.
Mesajlasma platformu olarak bilinse de farkli amaglar i¢inde kullanilmakta olan WhatsApp’in en ¢ok kullanilan 6zellikleri arasinda
fotograf, video ve durum paylasimi yer almaktadir. Paylasilan bu bilgilerin kullaniciya geri doniisiiniin yararlt olup olmadigi,
kullaniciy1 manipiile mi ettigi bilinmemektedir. Teknolojinin daha verimli kullanimini saglamak ve bireysel haklarin korunmasini
temin etmek amacuyla, bilgi diizeyinin artirilmasi gereklidir.

Bu calismanin amaci, dijital iletisim ve sosyal medyanin hizli gelisimiyle hayatimiza giren WhatsApp gibi platformlarin
giivenilirligini ve kullanicilarin korunmasi gereken durumlari incelemektir. WhatsApp, mesajlasma disinda fotograf, video ve durum
paylagimi gibi ¢esitli 6zelliklerle kullanilmakta, ancak paylasilan bilgilerin kullaniciya nasil geri dondiigii ve bu bilgilerin
manipiilasyon riskleri hakkinda belirsizlikler bulunmaktadir. Calisma, kisisel verileri koruma kanununun genel ilkeleri cergevesinde
WhatsApp gizlilik s6zlesmesini analiz ederek, uygulamanin kullanicilarin verilerini nasil topladigi, kullandig1 ve paylagtigim
incelemektedir. Ayrica, kisisel verilerin korunmasi kanunu kapsaminda kullaniciy nasil korudugu degerlendirilmistir.

Anahtar Kelimeler — Kisisel veri, sosyal medya, dijital platform, KVKK

GIRIS
Internet, dijitallesen giiniimiizde en yaygin kullanilan iletisim arac1 olmustur. Anlik mesajlasma, fotograf ve video
paylasim ile de sosyal medya ve dijital platformlar hizla biiylimiistiir. Son yillarda akil almaz bir sekilde kullanma
oranlarinda artis yasanmustir. TUIK ve bu arastirmalar1 yapan sosyal medya ajanslarin raporlar incelendiginde son
yillarda hem mobil cihaz kullanimi hem de sosyal medya kullamiminin arttigi gériilmektedir [2]. Internet ve dijital
ortamlarda yapilan her islemde dijital ayak izi birakilir. Yapilan bir paylasim, video altina yapilan bir yorum, begeni
kullanicinin dijital ayak izidir. Biitiin bunlar1 yaparken hak ve sorumluluklarinin farkinda olunulmalidir.

WHATSAPP VE GIiZLIiLiK POLITIKASI

WhatsApp, 2009 yilinda kurulmus 2010 yilinda iilkemizde kullanilmaya baslanmig anlik mesajlasma
platformudur [3]. 2014 yilinda META sirketleri tarafindan satin alinmistir. Artis orani her gecen yil bir énceki yila gore
daha fazla olan WhatsApp, kendini siirekli gelistirerek kullanicilara yeni 6zellikler sunmaktadir.

17


mailto:1*aysedemirci88@hotmail.com

Selcuk University 3 International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

WhatsApp gizlilik sdzlesmesi, uygulamanin kullanici verilerini nasil topladigi, sakladigi ve iicilincii sahislarla
nasil paylastigina dair bilgi veren bir belgedir [1]. Uygulama yiiklenirken onaylanmasi gereken bu belge, kullaniciya
hangi tiir verilerin toplandigini, nasil islendigini ve lgiincii sahislarla nasil paylasildigini agikga belirtir. S6zlesme
onaylandiginda, WhatsApp’in sartlart kabul edilmis olur ve verilerin islenmesine izin verilmis sayilir. Uygulama,
kullanicidan en basit diizeyde cep telefonu numarasini alirken, ayrica IP adresi ve konum bilgisi gibi daha fazla veri de
toplar. WhatsApp, bu verileri hizmetini iyilestirmek, eksiklikleri gidermek, giivenlik saglamak ve kullanic1 destegi
sunmak gibi amaglarla kullanir [8].

Mesajlagma hizmetinde ise ugtan uca sifreleme teknolojisi kullanilmaktadir. Bu 6zellik, gonderilen igeriklerin
yalnizca gonderen ve alici tarafindan okunabilmesini veya dinlenebilmesini saglar. Yani, WhatsApp dahil higbir tigiincii
taraf, iletilen mesajlar1 goriintiileyemez veya dinleyemez [4]. Bunun sebebi, uctan uca sifrelemenin mesajlari bir kilitle
giivence altina almasi ve bu kilidi agacak 6zel anahtarlarin yalnizca gonderen ve alicida bulunmasidir. Ugtan uca
sifreleme, otomatik olarak devreye girer ve kullanicilarin herhangi bir ayar yapmasina gerek kalmaz. Ancak, mesajlar
alictya ulasmadiginda WhatsApp sunucularinda bekler ve 30 giin sonra iletilmezse silinir. Bu da mesajlarin bazi
durumlarda okunabilme ihtimalinin oldugu anlamina gelir.

WhatsApp topladigi verileri diger meta sirketleri ile paylasmaktadir. Diger sirketler bu verileri reklam ve pazarlama
amagli kullanabilir. Kullanicilar WhatsApp’ta isletme hesaplari ile iletisime gegtiginde ise sirketler bu verileri isletme
politikalarina gore igleyerek bu mesajlar tiglincii kisilerle paylasabilirler [5]. Kisacasi kullanicilarin paylastig verilerin
giivenligi, yalnizca platformun sundugu giivenlik 6nlemleri ile sinirhidir. Platformlarin kullanicilar i¢in sundugu haklar
ise yasa ve kanunlar ile diizenlenmektedir.

KiSISEL VERILERI KORUMA KANUNU (KVKK)

Internet basta olmak iizere gelisen teknoloji ile birlikte dijital ortamlarda yapilan islemler kisisel verilerin
islenmesini beraberinde getirmektedir. Bu yiizden kisisel verilerin korunmasi i¢in 2016 yilinda kisisel verileri koruma
kanunu kabul edilmistir. Kanunun amaci, kisisel verilerin islenmesinde 6zel hayatin gizliligi basta olmak iizere kisilerin
temel hak ve 6zgiirliiklerini korumak ve kisisel verileri isleyen gergek ve tiizel kisilerin yilikiimliiliikleri ile uyacaklari
usul ve esaslar1 diizenlemektir [6]. Bu kanun ile ad soyad, IP, plaka, TC No vb. bilgiler kisisel veriler olarak kabul edilir.
Bu verileri islemek isteyen kamu ve 6zel kuruluslar ilgili kisiden onay almak zorundadir.

WHATSAPP GIZLILiK SOZLESMESI VE KVKK

Kisisel veriler islenirken kanunun doérdiincii maddesinin ikinci fikrasinda belirtilen kisisel verilerin islenmesinde
uyulmasi gereken ilkelerden bahsedilmistir. Bu ilkeler [6];

a) Hukuka ve diiriistliik kurallarina uygun olma.

b) Dogru ve gerektiginde giincel olma.

¢) Belirli, agik ve mesru amaglar i¢in islenme.

¢) Islendikleri amagla baglantil, snirl ve 6liilii olma.

d) ilgili mevzuatta 6ngoriilen veya islendikleri amag icin gerekli olan siire kadar muhafaza edilme.

Veri isleyen tiim kamu ve 6zel kuruluslar bu ilkeleri géz 6niinde bulundurarak verileri isleyip paylasabilir.
Islenen bu verilere kars: ilgili kisinin haklar1 da vardir. Bunlar verinin islenmesine onay verme, diizeltme, silme ve
islemeyi engelleme hakkidir [6]. Ancak bu uygulama ve platformlart kullanirken kullanicilarin da dikkat etmesi gereken
durumlar vardir. Ornek verecek olursak yapacagi paylasimlarin hukuka aykiri olup olmadigmi bilmeli, tehdit, santaj ve
hakaret iceren mesajlar yazmamali, 6zel hayatin gizliligini ihlal edecek icerikler paylasmamali, kisisel bir veri
paylasirken ilgili kisinin a¢ik rizasint almahidir [10,9].

WhatsApp, yaptig1 sozlesme ile kullanicilarinin agik rizasim almaktadir. Kullanici, uygulamayi indirip
telefonuna kurarken bu sézlesmeyi kabul etmis olur. WhatsApp, sdzlesmesinde kullanicidan topladigi verileri agik bir
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sekilde listeler, ancak bu durum kullaniciy1 kanunlara karsi savunmasiz birakma riski tasir [7]. Pek ¢ok uygulama gibi,
WhatsApp da telefon numarast ve IP adresi gibi verileri otomatik olarak alir. Ayrica, konum bilgisi de genellikle
kullanict tarafindan saglanmis olur. WhatsApp, yalnizca gonderici ve alic1 arasinda iletisimde bulunan mesajlarin ugtan
uca sifreleme ile giivence altina alindigin1 ve bu mesajlarin ne WhatsApp’in ne de iiglincii sahislarin erigsimine agik
oldugunu belirtmektedir. Ancak burada dikkat edilmesi gereken bir nokta, iletilmeyen mesajlarin WhatsApp
sunucularinda saklaniyor olmasidir.

Kisisel verileri koruma kanununda yurtdisina aktarim konusunda kesin hiikiimler oldugundan WhatsApp isledigi
verileri yurtdisina dogrudan aktaramaz. WhatsApp kanunun 9. Maddesindeki tiim sartlar1 sagladigi zaman ancak veri
paylasimi yapabilir. Asagida kanunun 9. Maddesi daha net anlasilmasi i¢in Sekil 1°de gosterilmistir.

Yurtdisina Veri Aktarnimi

Kanunun 5/2 ve 6/3
Agik Riza Varsa maddelerindeki sartlar
saflaniyorsa
AN vy A ey
T
™ Y Y
Alctarlabilir Yeterli Koruma Varsa Yeterli Koruma Yoksa
N A AN S AN "y
Y Y
Turkiye'deki ve veri
aktanlacak Glkedeki veri
Aktarilabilir sorumlulanmin taahhit
etmeleri ve KVK Kurulu
izni ile aktanlabilir
~ ey AN ey

Sekil 1. Yurtdisina Veri Aktarimi [12]

Sekil 1°de goriildiigii iizere, kanunun 9. maddesi bu sekilde islemektedir. WhatsApp, yurtdisina veri aktarimi
konusunda acik riza almadigi i¢in dogrudan veri paylasimi yapamamaktadir. Ancak, kanunun 5. maddesinin ikinci
fikras1 ve 6. maddesinin ii¢iincii fikrasi sartlar1 saglaniyorsa ve verilerin paylasildig: iilkede yeterli koruma dnlemleri
bulunuyorsa, yurt digina veri aktarimi yapilabilmektedir.

Yaygin olarak kullanilan dijital medya platformlarindan biri olan WhatsApp, kullanicilarin birinin digerine 6zel
hayatina ait bir fotografi gondermesi ve diger kullanicinin bu fotografi telefonuna kaydetmesi durumunda, tek basina
0zel hayatin gizliligi ihlali sucu olusmaz. Ancak, 6zel hayata ait bu fotografin izinsiz bir sekilde iigiincii kisilerle
paylasilmasi sug teskil etmektedir. Tiirk Ceza Kanunu’nun 134/2. maddesi uyarinca, bu sug i¢in iki yildan bes yila kadar
hapis cezas1 ongortlmektedir [13].

Sonug¢ olarak, WhatsApp uygulamasi, kullanicilarin paylastigi fotograf, video ve diger icerikler araciligiyla
kullanicilar hakkinda daha fazla veri toplayarak ilgi alanlari, hobiler gibi bilgilere ulasabilir. Bu veriler, kullanicilar
tarafindan aleni bir sekilde paylasildig1 i¢in agik riza verilmis olur [11]. Bu durum, kisisel verilerin korunmasi
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kanununun bu veriler iizerindeki yaptirimlarini simirlamaktadir. Bu nedenle, 6zel hayati1 etkileyebilecek paylagimlar
yapilirken daha dikkatli olunmasi 6nemlidir.
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Abstract - Developing technology is radically transforming healthcare, especially through innovative approaches such as
telerehabilitation. Telerehabilitation offers a significant opportunity for individuals who have difficulty accessing traditional
rehabilitation services by eliminating barriers such as distance, time, and cost, thus making rehabilitation more accessible. The aim
of this project is to make the telerehabilitation process more effective and efficient by using artificial intelligence (Al) and image
processing technologies. The system to be developed will monitor and analyze patients' exercises and treatments and will enable
doctors to remotely ensure that the therapy is applied correctly and efficiently. Gamified treatment programs specifically designed
to increase motivation, especially for pediatric patients, will be developed and an engaging and encouraging experience will be
provided through positive feedback. All these features will be integrated into a mobile application and made accessible to a wider
audience.

The project management plan is divided into five main stages: data collection, preprocessing, classification, model development and
training, and integration of the model into the mobile application. In addition, machine learning models will be developed and trained
using libraries such as TensorFlow and YOLO algorithms. This project aims to utilize artificial intelligence and image processing
technologies to monitor and analyze rehabilitation processes, providing real-time insights for doctors. With remote monitoring,
patients can receive treatment in a comfortable environment, while early diagnosis enables timely interventions for possible health
problems. In addition, gamified treatment programs will increase patient motivation, and the mobile application will provide
accessible remote rehabilitation options for people with disabilities, making the health and rehabilitation experience more effective
and enjoyable.

Keywords - Artificial Intelligence (Al), Telerehabilitation, Health, Telehealth, Image Processing

INTRODUCTION

This research project aims to develop an Al-powered mobile telerehabilitation system to make rehabilitation
processes for physiotherapy patients and individuals with disabilities more accessible, efficient, and sustainable. The
proposed mobile application will enable patients to continue their therapy independently at home while allowing doctors
to remotely monitor and analyze their progress using advanced image processing and posture analysis technologies.

By optimizing treatment processes and facilitating early diagnosis, the system will support better health outcomes.
Features like gamification aim to engage especially young patients, enhancing their motivation and participation in
therapy. Additionally, the application will improve accessibility for individuals with disabilities, reducing logistical
barriers and accelerating rehabilitation.

The project also seeks to ease the workload of healthcare professionals and improve patient-doctor
communication. With a user-friendly interface and innovative approach, the mobile app is expected to reach a wide
audience, making rehabilitation services more prevalent. Success will be measured through user adoption rates, feedback
from healthcare professionals, and patient satisfaction, supported by available technological resources and expertise.

LITERATURE REVIEW

Rehabilitation is a process that includes services such as assessing, monitoring, intervention, and coaching to
address functional limitations that emerge with the aim of improving an individual's quality of life [1]. It involves
educational and therapeutic processes to address physical limitations arising from temporary or chronic health problems.
Its primary goal is to help individuals achieve the highest possible level of independence during work, education, and
recreational activities and to enhance their daily living activity levels. However, the length and cost of the rehabilitation
process can make achieving these goals challenging. Factors such as location, time, finances, and access to technology
are just some of the constraints affecting access to healthcare services [2,3]. Historically, home healthcare services have
been provided worldwide through volunteers, social welfare organizations, almshouses, public or private hospitals, and
healthcare centers, particularly among trained families [4]. Considering that health is evaluated as a state of physical and
mental well-being, these services become even more significant. In Maslow's hierarchy of needs, health is considered a
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fundamental step [5], while the use of technology in the healthcare sector has become a crucial tool for monitoring
patients, diagnosing diseases, and planning treatments. However, even before the COVID-19 pandemic, the increasing
elderly population and chronic diseases worldwide began to place significant pressure on healthcare systems. This
situation has further emphasized the importance of providing healthcare services at home, as well as developing
alternative and complementary methods [6].

Telerehabilitation, a subset of telehealth, refers to the provision of healthcare services through information and
communication technologies. This concept emerged in 1997 with the establishment of the Rehabilitation Engineering
Research Center under the National Institute on Disability and Rehabilitation Research, affiliated with the U.S.
Department of Education [7]. Telerehabilitation aims to deliver rehabilitation services to patients and clinicians by
reducing barriers such as distance, time, and cost through the use of information and communication technologies. This
method enables patients who cannot access traditional rehabilitation services due to geographical, economic, or physical
constraints to benefit as well. In this way, individuals can meet their rehabilitation needs more effectively, and barriers
to accessing these services can be overcome. Community-based resources, home healthcare services, and volunteer
support can also contribute to the successful implementation of telerehabilitation. This approach allows rehabilitation to
reach a broader audience and addresses individuals' health needs more effectively [8]. Telerehabilitation eliminates the
problem of distance, providing an effective solution for individuals living in remote areas, those with limited access to
specialists, those facing difficulties with transportation, or those unable to visit rehabilitation centers due to pandemics
[64]. This method strengthens home healthcare services for patients who do not sufficiently benefit from traditional
rehabilitation services. It ensures the sustainability of rehabilitation by overcoming the challenges of exercising at home,
especially for patients whose treatment has ended [9].

The use of telerehabilitation also provides cost savings in healthcare expenditures. Reducing travel time in home
care services allows therapists to serve more patients and helps lower costs [10]. As a result, barriers to accessing
healthcare services are removed, and more people are provided with effective rehabilitation opportunities. In this context,
the use of technology continues to play an important role in delivering healthcare services to society over extended
periods [11]. Technologies such as image processing and analysis play a critical role in medical diagnosis, treatment
planning, surgical interventions, patient monitoring, and many other healthcare applications. Image processing is defined
as a method for analyzing pictorial information [12], while image analysis involves obtaining numerical data suitable
for statistical analysis from these images. Image processing is considered one of the first applications of artificial
intelligence [13], and artificial intelligence is closely related to image processing [14].

Artificial intelligence (Al) is an approach based on simulating the functions of the human brain through machine
systems. Al has a long history, but it remained theory-based until the 2000s due to insufficient computer hardware [15].
Recently, the development of high-performance processors and graphics processors has led to numerous Al applications
[16]. Machine learning and deep learning algorithms, which are applications of Al, have motivated many studies in
literature [17].

This project focuses on telerehabilitation. The study aims to address challenges in the rehabilitation process by
leveraging advanced Al and image processing technologies to provide a modern approach. To overcome challenges such
as the length and cost of traditional rehabilitation processes, the project integrates modern technologies to deliver more
effective home healthcare services. The use of technology in healthcare aims to make treatment and monitoring processes
more flexible for patients while ensuring greater accessibility to home-based rehabilitation. Unlike other studies, we
plan to utilize Al and image processing algorithms to obtain detailed data on patients' posture and movement analysis.

This project involves developing a rehabilitation monitoring and analysis system that uses Al and image
processing technologies. This system is designed to monitor and analyze patients' exercises and treatments. The analysis
results are shared with doctors and patients. Doctors can use this data to verify whether remote treatment is being applied
correctly and efficiently. Additionally, posture and movement analyses can help identify potential health problems early.
For children, gamified therapy programs designed to enhance motivation provide a positive experience through
encouraging feedback. The system also offers remote rehabilitation opportunities for individuals with disabilities. By
integrating all these features into a mobile application, more people can access this service. This mobile application aims
to make the healthcare and rehabilitation experience more effective and enjoyable.

Research questions and hypotheses:

o How accurately can physical therapy and rehabilitation patients perform their remote treatments?
e How can we make it easier and more accessible for doctors to monitor patients?
o Can we use image processing and Al technologies to detect diseases affecting individuals' physical conditions
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early?
o How can we make physical therapy for children and individuals with disabilities more efficient?

The mobile application-based rehabilitation monitoring and analysis system, integrated with image processing
and Al technologies, aims to more effectively track patients' treatment processes. This system specifically seeks to
improve remote treatment methods, enabling doctors to closely monitor patients' conditions and enhancing patient
motivation with entertaining gamified therapy programs. The successful implementation of this system will help patients
undergo their rehabilitation processes more quickly and efficiently, ensure early diagnosis of physical disorders, and
increase participation in therapy for children through engaging gamified therapy programs.

Today's rehabilitation processes can reduce patient motivation and commitment to treatment due to their repetitive
and tedious nature [18]. Additionally, factors such as time and cost can make attending sessions challenging,
necessitating home-based rehabilitation for many [19]. This project's goal is to make home-based treatments more
effective for both patients and doctors. Like other sectors, various studies have been conducted by researchers to improve
service processes in healthcare alongside technological advancements. These studies aim to bridge the gap between
information seekers and providers in healthcare services. Research focuses include automatic disease extraction (ADE),
medical terminology determination, biomedical image processing, authentication, and data security [14,20].

This research, in line with other studies, aims to facilitate information exchange between patients and doctors,
focusing on topics such as early disease detection and health image processing analysis. The fundamental technologies
used in this study—image processing and Al—play a crucial role in the diagnosis and analysis of diseases in healthcare
services. These technologies provide significant convenience for doctors in disease diagnosis and analysis, speeding up
the decision-making process [21]. Especially in physiotherapy and rehabilitation treatments, image processing methods,
such as Haar-like features, Random Forest, K-Nearest Neighbor, and Kalman Filter, are effectively used [23,24].
The healthcare sector has seen three key developments in image processing: the emergence of extensive databases, the
increased use of computational systems for complex image analysis and machine learning, and the expansion of analysis
opportunities through machine learning techniques [25].

Despite many studies, there remains a need for new developments in the field of image processing in healthcare
services [26]. However, with these advancements, solutions to issues such as quantitative measurement, interpretation,
classification, enhancement, and correction of image features can be found [27]. According to Weese and Lorenz [28],
there are various challenges in image processing in healthcare services, including specialized imaging technology, the
development of machine learning techniques, the emergence of new algorithms, and the analysis of heterogeneous image
data. It is also important not to overlook issues related to data quality and standardization.

For image processing in healthcare, sub-disciplines of Al, such as machine learning, are increasingly being used
as health sector image formats become more digitalized [30]. Al technology has rapidly developed in recent years and
has provided benefits in many critical sectors, including healthcare [31,32,33]. Using methods such as machine learning
and deep learning, healthcare professionals adopt new approaches in processes like diagnosis, treatment, rehabilitation,
and health maintenance. These methods facilitate cost and healthcare professional efficiency for healthcare institutions.
In recent years, more than 30,000 studies have been conducted in Al and healthcare, with intense efforts ongoing in
university-hospital collaborations, public-private partnerships, and R&D laboratories [5]. Al helps enhance patient
diagnoses, improve prevention and treatment, increase cost efficiency, and contribute to the goal of providing equal
access and treatment for all [34,35].

Al has various applications in healthcare, including classification, prediction, clustering, and decision-making
[36]. It provides extensive information that allows healthcare personnel and patients to make accurate and informed
decisions about treatment plans [37]. This technology can precisely analyze various physiological issues patients may
experience and provide instant information for cases requiring rapid intervention [38]. Researchers envision three
scenarios for Al's future in healthcare services [39]: eliminating the need for doctors, reducing doctors' workloads
through Al, and lowering healthcare costs, with Al making clinically better decisions than doctors [40]. While Al has
been used for over half a century in many areas [41,42,43], its success in healthcare services has been limited [44]. This
limitation is attributed to Al's need for high-quality, precise, and reliable e-data to guide algorithm development and the
lack of access to electronic data (e-data) [45].

To make Al more effective and efficient in healthcare services, greater access to reliable e-data is necessary. Like
other sectors, the unique demand in healthcare, along with advances in processing power and storage technology,
highlights the potential of Al beyond human and traditional methods due to the rapid growth of data volume [46].
Compared to traditional statistical methods, machine learning stands out in terms of flexibility and scalability [47]. These
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collaborations, which began in the past, continue to accelerate today [48]. Experts predict that with Al adoption,
technological progress will hold significant economic potential, reaching $15.7 trillion globally by 2030 and $150 billion
for the healthcare sector by 2026 [46,49].

METHODOLOGY

The project consists of five main stages. The first stage is data collection. At this stage, images and videos of
exercises from physical therapy and rehabilitation patients are collected. Necessary datasets for the early diagnosis of
certain diseases are created and augmented using various techniques. The second stage is preprocessing. In this stage,
the collected data is processed in a digital environment using image processing methods, where OpenCV technology is
frequently employed. The next stage is classification. Here, the processed data is classified for machine learning
purposes, utilizing the Teachable Machine platform. Another stage involves model creation and training. At this stage,
an Al and machine learning-based trainable model is created using the processed images, and the model is subsequently
trained with input data. The fifth and final stage is integrating the final model into a mobile application. In this stage,
the model obtained after four stages is integrated into a mobile application to allow users to access it conveniently from
anywhere.

1. Image Processing and Analysis

Image processing is a research area focused on developing algorithms that operate on digitized images. It covers
a wide range of fields, from signal enhancement to image understanding. The image processing method consists of five
main steps: acquisition, preprocessing, segmentation, definition, and interpretation. Each step involves interaction with
a database [11]. In this project, image processing methods play a critical role in achieving the goal of monitoring and
analyzing rehabilitation processes using Al and image processing technologies.

e OpenCV

OpenCV is a versatile open-source image processing library developed by Intel in 1999 for real-time applications.
It supports several programming languages, including C, C++, Python, and Java, and operates seamlessly across various
platforms, including mobile and desktop. OpenCV is designed to accelerate and optimize image processing tasks,
making it ideal for real-time applications. It offers several functions and filters for operations like noise reduction,
contrast enhancement, and brightness adjustment.

Some of the usage areas of OpenCV include:
e Motion tracking
o Detection of body parts like face, eyes, mouth, and nose
e Object recognition
e Motion detection in videos
e Applications in mobile robots and augmented reality
The OpenCV library consists of four main components: CV, MLL, HighGUI, and CXCore [51]:
e CV: Contains image processing and high-level image processing algorithms.
e MLL.: Includes machine learning commands with various statistical classifiers and clustering tools.
e HighGUI: Manages I/0 operations and functions for saving and loading videos and images.
e CXCore: Includes fundamental data structures and features for tasks like drawing images.

For the necessary operations in this study, Python was chosen as the programming language due to its open-source
nature, platform independence, and strong capabilities in image processing. Python's extensive library support and its
suitability for data science tasks are additional reasons for its selection. The NumPy package will be utilized, and the
PyCharm Community Edition IDE, a commonly used Python development environment developed by JetBrains, will be
employed.

2. Artificial Intelligence and Machine Learning
Artificial intelligence (Al) refers to the capability of a computer or a computer-controlled robot to perform tasks
usually associated with intelligent beings. This concept is often used to develop systems equipped with human-like
cognitive abilities, such as reasoning, discovering meaning, generalizing, or learning from past experiences. In the early
1950s, Alan Turing's question, "Can machines think?" introduced the concept of machine learning, while the term
"Artificial Intelligence” was first used by John McCarthy during the "Dartmouth Conference,” the first Al conference
held in 1956 [52].
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Al technologies encompass various devices capable of perceiving their environment and exhibiting behaviors that
maximize their chances of success toward a specific goal. These technologies include machine learning, deep learning,
rule-based systems, and natural language processing.

Machine Learning

Machine learning, a sub-discipline of Al, involves the application of statistical models to data using computers. It
focuses on training machines to analyze data like humans, aiding the development of Al systems. Machine learning
enables Al to process data for decision-making and predictions. Instead of solely programming algorithms, machine
learning employs training sets of example data and results to build models that allow machines to make predictions [55].

Types of machine learning models:

e Supervised learning

e Unsupervised learning

e Semi-supervised learning

e Reinforcement learning

An advanced stage of machine learning, deep learning, mimics the neural network structure of the brain. It enables
machines to analyze relationships within layered data and create their algorithms for new situations. Deep learning
makes various tasks possible, such as facial and voice recognition or medical image analysis [56].

Libraries Used in Machine Learning

1. Scikit-learn: A widely used Python package for machine learning, consisting of simple and effective tools for
data mining and analysis. Built on popular Python libraries like NumPy, SciPy, and matplotlib, Scikit-learn is
suitable for beginners and simpler data analysis tasks.

2. TensorFlow: An open-source software library developed by Google, focused on training and inference of deep
neural networks. It supports a wide range of programming languages and tasks, including linear regression and
convolutional neural networks [58, 59].

3. PyTorch: A Python library for creating deep learning models using GPU acceleration. Developed by Facebook's
Al lab, PyTorch is known for its flexibility and speed and is often considered an alternative to TensorFlow.
Examples of its use include word-level language modeling, time series prediction, and training image classifiers
[57].

Yolo Algorithm

Yolo (You Only Look Once) is an object detection algorithm developed in recent years, widely used in real-time
image processing. Yolo performs object detection by applying a single Convolutional Neural Network (CNN) to the
image, dividing the image into grids, and calculating bounding boxes and associated confidence scores for each grid.
These bounding boxes are analyzed using the predicted confidence scores [60]. Yolo is significantly faster than other
object detection algorithms, processing images at approximately 40-90 FPS (frames per second), making it highly
efficient for real-time applications.

Teachable Machine Platform

Teachable Machine is a platform developed by Google as part of an artificial intelligence and learning project. It
is commonly used for object classification and recognition tasks. The platform enables users to create simple machine
learning models using their own image, audio, or text data. Teachable Machine utilizes TensorFlow, a machine learning
library, in the background for training and generating models. Users can easily create datasets with images captured
from their webcam and produce models without any coding. In this project, Teachable Machine will be specifically
employed during the classification stage [61].

3. Mobile Application Development

Flutter is a framework that can be used to develop mobile, desktop, and web applications. As a cross-platform
framework, it allows developers to create applications for both iOS and Android. Developed by Google, Flutter is an
open-source Ul software development kit that is particularly well-suited for building mobile applications. In Flutter, the
user interface (Ul) and business logic are written using the Dart programming language.

Flutter provides Material Design and Cupertino widget libraries to create Ul elements using Dart. Dart, also
developed by Google, is a programming language designed for browser-based and mobile application development. It
shares structural similarities with languages such as C++, Java, and JavaScript.

In Flutter, the application's business logic is implemented using classes and functions written in Dart. To manage
the Ul's state, Flutter provides StatefulWidget and StatelessWidget widgets [62, 63].
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CONCLUSION

This study demonstrates the successful integration of artificial intelligence (Al) and image processing
technologies in mobile telerehabilitation, presenting a modern approach to address existing challenges in traditional
rehabilitation practices. By leveraging the capabilities of Al, the proposed system enables accurate monitoring and
analysis of physical therapy exercises, ensuring enhanced accessibility and effectiveness in treatment.

Key findings include the optimization of hyperparameters such as batch size and epoch values, which critically
influence model performance and generalization capabilities. Specifically, the study highlights the impact of these
parameters in the classification of yoga poses using the TechEmbble Machine platform. Five distinct yoga poses—
Warrior 2, Tree, Plank, Goddess, and Downdog—Wwere classified with varying performance levels depending on batch
size and epoch values. A batch size of 32 and 100 epochs provided the best balance between stability and accuracy,
while the Goddess pose demonstrated challenges due to class imbalance.

The introduction of gamified treatment modules further underscores the system's adaptability, particularly for
pediatric and differently-abled users, by boosting engagement and adherence to therapy routines. Additionally, data
augmentation techniques were suggested to address imbalances in class representation, improving generalization for
underrepresented poses like the Goddess.

The results validate the hypothesis that Al-powered tools, when effectively implemented, can bridge gaps in
healthcare access, especially in remote or resource-limited settings. Moreover, the study reinforces the potential of Al
in early diagnosis, enabling timely intervention and improving overall health outcomes.

The integration of this Al-based system into a mobile application not only democratizes access to rehabilitation
services but also paves the way for future innovations in digital health. While the findings are promising, the model's
performance in real-world scenarios and diverse user conditions warrants further investigation to ensure robustness and
scalability.

DiscussION

The implications of this study extend beyond the immediate scope of telerehabilitation, highlighting the
transformative potential of Al in healthcare. The ability to monitor and analyze patient movements through Al-driven
image processing sets a precedent for other medical applications, such as surgical planning, diagnostic imaging, and
personalized treatment strategies.

The study provides valuable insights into the role of hyperparameters like batch size and epoch values in
determining model performance. Smaller batch sizes introduced variability, which occasionally hindered accuracy,
while larger batch sizes offered stability but struggled with underrepresented classes. A batch size of 32 emerged as the
most balanced, yielding optimal accuracy for the Tree pose (1.00) while maintaining reasonable performance for the
Goddess pose (0.61). Similarly, epoch values showed diminishing returns beyond 100 epochs, with risks of overfitting
observed at 150 epochs. Early stopping technigques and adaptive parameter tuning were identified as potential strategies
to further refine model training.

The integration of gamification into the rehabilitation process marks another innovative aspect of this project. By
addressing motivational challenges inherent in repetitive therapy routines, the system ensures better patient compliance,
particularly among younger and differently-abled demographics. Positive feedback loops within the gamified modules
enhance engagement and foster psychological well-being—a critical yet often overlooked aspect of physical
rehabilitation.

However, the study is not without limitations. The controlled dataset used for yoga pose classification, while
effective for initial training, may not represent the diversity of real-world conditions. Challenges such as varying lighting,
occlusion, and patient compliance during exercise execution highlight the need for further validation in diverse
environments. Additionally, the underperformance of the Goddess pose underscores the necessity for data augmentation
and broader dataset collection to improve class representation.

Future research should focus on incorporating adaptive learning mechanisms that dynamically adjust to varying
user conditions and environments. Advanced augmentation techniques and the inclusion of more diverse datasets will
be crucial for enhancing model generalization. Testing the system in real-world scenarios will also validate its
applicability beyond the laboratory setting.

The socio-economic benefits of such a system are profound. By reducing dependency on in-person therapy
sessions, the system alleviates logistical burdens and associated costs, making rehabilitation more accessible to
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underserved populations. Furthermore, the early diagnostic capabilities of the system can significantly reduce long-term
healthcare costs associated with delayed treatments.

In conclusion, this study reaffirms the critical role of Al in revolutionizing healthcare delivery. The optimization
of hyperparameters like batch size and epochs, combined with innovative elements such as gamification and Al-powered
analysis, lays the groundwork for subsequent advancements in telerehabilitation and other Al-driven medical
technologies, ensuring a more inclusive and efficient healthcare ecosystem.
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Abstract - Electroencephalography (EEG) has become a critical tool for studying brain activity, offering insights into cognitive
processes and neural states. This study explores the classification of cognitive states during diverse tasks, including reading,
problem-solving, and social media browsing. EEG data was collected from 32 participants (15 females, 17 males) under four
conditions: baseline (eyes closed), reading, problem-solving, and social media browsing. Features such as Hjorth parameters, band
power ratios, and entropy measures were extracted to analyze time-domain, frequency-domain, and statistical characteristics of
neural signals.

Machine learning models, including Random Forest, Support Vector Machines, and Neural Networks, were employed to classify
these states. Neural Networks achieved the highest accuracy (90% for problem-solving tasks), contributing to an average
classification accuracy of 85% across all tasks. Statistical analyses revealed distinct neural patterns, with increased beta-band activity
and Hjorth complexity during problem-solving and higher entropy in social media browsing tasks.

The findings emphasize the potential of EEG as a scalable, non-invasive tool for cognitive state monitoring and applications in
education, healthcare, and adaptive human-computer interaction. Despite challenges like small sample size and artificial task
designs, the study provides a foundation for future work in real-world EEG-based cognitive monitoring systems.

Keywords - Brain computer interface, EEG analysis, Machine learning applications, EEG, Cognitive State Analysis, Machine
Learning, Hjorth Parameters, Band Power Ratios, Entropy Measures

INTRODUCTION

Brain science has become an important field of study to clarify the unknowns in life and to causally explain our
habits with developing biomedical technologies [1]. Analysis of brain electrical activity is one of the main areas of
interest in brain science [2]. Developed by Hans Verger in 1924 [3], the Electroencephalogram (EEG) is a technology
that allows the electrical activity in the brain to be recorded over time and plays a critical role in understanding
neurological processes. EEG is widely used in areas such as diagnosis of neurological diseases such as epilepsy, brain
inflammation, Alzheimer's, brain tumors and sleep disorders, human-computer interaction, psychological tendencies and
analysis of cognitive processes [4]. In particular, determining the concentration and attention levels of individuals is an
interesting research topic in the fields of education, psychology, advertising, health and neuroscience [5].

In this study, brain activities of individuals during different tasks were analyzed using EEG signals and the
relationship between these activities and concentration levels was examined. Data were collected from individuals in
four different situations. These situations were; eyes closed, which is the neutral cognitive state of the brain [6], the
participant's silent reading of a text in his/her native language, solving a math question and browsing on social media.
Four two-minute recordings were taken from each participant. The raw EEG data collected were first analyzed in the
frequency domain and meaningful features were extracted [7].

While the recording taken with eyes closed aimed to observe the neutral cognitive state of the person, it was aimed
to make determinations specific to the person by focusing on signal differences with other situations. Attention was
drawn to the differences in cognitive status in reading a text and solving a math question.

Recording while browsing on social media was done in order to investigate the participant's unconscious state
with neuroimaging [8], contrary to the tradition of leaving the data to be obtained to the participant's conscious level,
which is a deficiency and limitation of conventional research methods on the effect of social media on the human brain.
In the current literature, EEG-based concentration analysis studies are usually based on limited feature sets or are limited
to classical machine learning methods [9]. However, the use of deep learning algorithms allows to better understand the
complex structure of EEG signals and to achieve higher classification performance [10]. In this context, our study both
proposes a deep learning-based approach and provides a new perspective on determining concentration levels. This
paper aims to present the data collection methods used, signal processing and analysis techniques, the performance of
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the classification models and the obtained findings in detail. In addition, important conclusions were made about the
interpretation of the results and application areas.

MATERIAL AND METHOD

This study included 15 women and 17 men between the ages of 20-25. Each participant was recorded while
performing four separate tasks of two minutes each. These were: eyes closed, reading text, solving math problems, and
browsing social media. Brain signals were recorded using a mobile EEG device during all four conditions to monitor
real-time neural activity related to attention and cognition.

Participants

A total of 32 healthy individuals (15 males, 17 females) participated in the study. All participants provided
informed consent and had no known neurological disorders.

Recording Device

In this study, the Neurosky Mindwave device was selected as the primary tool for EEG data collection. The
Neurosky Mindwave is a single-channel EEG device that can monitor attentional focus and sleep patterns by detecting
neural oscillations and eye movements. This device features a grounding electrode placed above the ear and a sensor
placed in the center of the forehead, providing a non-invasive setup that is ideal for young participants. The device
records EEG data at a 512 Hz output frequency and includes a proprietary algorithm that measures attention levels on a
scale of 0 to 100. One of the main reasons we chose the Neurosky Mindwave was its lightweight design and single-
electrode configuration, minimizing potential discomfort for participants. The EEG device and cochlear implant operate
independently; while the cochlear implant emits minimal electromagnetic interference, the spatial separation of the
Neurosky Mindwave’s electrode effectively prevents significant interference. Additionally, the shared grounding loop
between the EEG and cochlear implant further minimizes electromagnetic interference, ensuring the integrity of the
EEG data.

The Neurosky Mindwave also offers compatibility with various applications, allowing for data acquisition through
its software development kit (SDK), which was used to record and analyze attentional responses during the study [11].
Figure 1 represents the Neurosky Mindwave EEG device.

Adjust Head Band

Sensor Tip/Arm

Battery Area

Ear Clip

Figure 1. Neurosky Mindwave EEG device.

In Figurel, each component of the device is also represented.

Experimental Design
Participants participated in sessions that provided four conditions.
1. Baseline (Condition 0): Eyes closed, resting state.
2. Reading (Condition 1): Silent reading of textual material.
3. Problem-Solving (Condition 2): Solving mathematical problems of moderate difficulty.
4. Social Media Browsing (Condition 3): Simulated browsing of a social media feed.
Each condition lasted for 2 minutes.
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Data Analysis

EEG data were segmented into frequency bands associated with attention and cognition. Machine learning algorithms
were applied to distinguish between cognitive responses during conditions.

Signal Acquisition and Analysis Procedure: To acquire EEG signals, participants were assigned to text reading, math
problem solving, and social media browsing tasks, and neural recordings were collected for two minutes each. Resting
brain signals were recorded to eliminate individual differences. These baseline signals were then subtracted from other
data, allowing the dataset to focus only on signal variations related to attention and learning.

To isolate the signal at rest, a frequency spectrum transform was applied by subtracting these values from other data
to obtain the net cognitive activity. The Fourier transform was used for this purpose because it decomposes a continuous
signal into its component frequency components over a defined time interval. This technique produces the frequency
spectrum of the signal by allowing the amplitude and phase of each component to be identified [12].The mathematical
representation of the Fourier transform is given in Equation 1.

flx)= ag+ ¥i,(a,cosnnx/L + b,sinnux/L) (1)

The Fourier series expansion of a function
f(X) expresses it as an infinite sum of sines and cosines with varying frequencies and amplitudes. In the formula the
term ap represents the average value (or the DC component) of the function over the interval. The coefficients a, and b,

nwx

determine the amplitude of the cosine and sine components, respectively, at each harmonic frequency & . This series
allows f(x) to be represented as a combination of fundamental and harmonic sinusoidal waves, each with a frequency
that is an integer multiple of a base frequency, effectively decomposing f(x) into simpler periodic components.

Data Preprocessing

. Acrtifact Removal: Independent Component Analysis (ICA) was applied to remove eye movement and muscle
artifacts. Independent Component Analysis (ICA) is a commonly used dimensionality reduction and feature selection
algorithm. It relies on iteratively applying reduction by removing the worst feature at each step [13]. ICA was used to
remove eye movement and muscle artifacts, with manual inspection of the independent components.

. Baseline Correction: Data from the baseline condition (0) were subtracted from the other three conditions to
normalize task-specific signals.

. Outlier Removal: The Local Outlier Factor method was employed with a contamination rate of 20% to eliminate
anomalous data points.

Feature Extraction

Features were derived in three main categories:

1. Time-Domain Features: Hjorth parameters (Activity, Mobility, Complexity), mean energy, and variance. Hjorth
parameters, a commonly used method in EEG signal analysis, are calculated using the first and second derivatives of
the signals [14].

2. Frequency-Domain Features: Band powers in Delta, Theta, Alpha, Beta, and Gamma bands.

3.  Statistical Features: Entropy measures (Tsallis, Renyi), skewness, kurtosis, and standard deviation.

Classification Process

These data were then subjected to machine learning methodologies, wherein the classification efficacy was evaluated,
and an analysis was conducted to ascertain whether a statistically significant classification could be established between
the signals.

The selected classification algorithms encompass methods suitable for both supervised and unsupervised learning,
enabling a comprehensive comparison of performance across different learning paradigms. This approach allows for the
evaluation of algorithms based on their capabilities in both labeled (supervised) and unlabeled (unsupervised) data
scenarios. The chosen algorithms include a mix of traditional and advanced techniques, each with distinct strengths. The
list of selected algorithms is as follows:
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. Random Forest (RF)
. Support Vector Machines (SVM)
. Neural Networks (NN)

Validation:

. 10-Fold Cross-Validation was used to ensure robustness.

. Metrics included accuracy, precision, recall, and F1-score.

By examining these diverse models, it is possible to gain insights into their adaptability and effectiveness in handling
various data structures and learning requirements.

RESULTS

Descriptive Statistics
The dataset comprised 96 instances with 25 features per instance. Outlier analysis excluded 18 instances, leaving

78 for analysis.

Table 1: Performance Metrics by Class and Algorithm

Class Random SVM Neural
Forest (Accuracy) Network
(Accuracy) (Accuracy)

Reading 80% 83% 85%

Problem- 84% 88% 90%

Solving

Social Media | 82% 84% 88%

Browsing

Neural Networks outperformed other models across all conditions, particularly in problem-solving tasks.

Feature Analysis

. Hjorth Complexity: Higher during problem-solving, reflecting increased cognitive engagement.

. Alpha/Beta Ratios: Lower ratios in problem-solving tasks indicated heightened focus.

. Entropy Measures: social media browsing tasks showed greater variability, suggesting less structured cognitive
engagement.

Table2: Performance Metrics Table

Metric Random SVM Neural
Forest Network

Accuracy 84 85 88

(%)

Precision 82 86 89

(%)

Recall (%) 83 85 90

F1-Score (%) | 83 85.5 89.5

1. Accuracy (%)

Definition: It represents the proportion of correctly classified instances (both positive and negative) out of the total
instances in the dataset. It provides a general sense of how well a model performs but can be misleading if the dataset is
imbalanced.

Accuracy = (TP+TN) / (TP+FP+TN+FN) (2

2. Precision (%)
Definition: This measures the proportion of correctly predicted positive instances out of all instances predicted as
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positive. It focuses on the reliability of positive predictions and is important in cases where false positives need to be
minimized.

Precision= TP /(TP + FP) ()

3. Recall (%)
Definition: This metric quantifies the proportion of actual positive instances that were correctly identified by the
model. It emphasizes minimizing false negatives, ensuring that as many true positives as possible are captured.

Recall = TP /(TP + FN) 4

4. F1-Score (%)

Definition: The F1-score is the harmonic mean of precision and recall, offering a balanced evaluation of both metrics.
It is particularly useful when there is a need to balance the trade-offs between precision and recall, such as in scenarios
with imbalanced data.

F1 Score =
2 x (precision x recall)/(precision + recall) (5)

Overall Classification Results
Neural Networks consistently achieved the highest precision, recall, and F1-scores, validating their robustness in
distinguishing between cognitive states.

DISCUSSION

This study demonstrates the utility of EEG signals in capturing neural activity patterns corresponding to different
cognitive states. By employing a robust experimental design and advanced machine learning techniques, we identified
significant differences in neural features between tasks such as reading, problem-solving, and social media browsing.
Neural Networks, in particular, emerged as the most effective classification algorithm, consistently achieving higher
performance metrics across all conditions.

One of the critical findings of this research is the elevated beta-band power and Hjorth Complexity observed
during problem-solving tasks. These metrics strongly correlate with increased cognitive engagement and task-specific
focus, aligning with existing literature on EEG-based cognitive analysis. In contrast, social media browsing exhibited
higher entropy values, indicating less structured cognitive engagement and greater variability in neural responses. This
underscores the flexibility of entropy measures in capturing dynamic and non-linear neural patterns.

The performance metrics further highlight the effectiveness of combining time-domain, frequency-domain, and
statistical features for EEG signal analysis. For instance, alpha/beta ratios provided a reliable indicator of attentional
states, while Hjorth parameters offered a nuanced understanding of signal complexity and frequency content. The
integration of these features into machine learning pipelines significantly improved the classification accuracy,
particularly for tasks with distinct cognitive demands such as problem-solving.

Despite these promising results, the study has several limitations. The relatively small sample size may limit the
generalizability of the findings, and the artificial nature of some tasks, such as simulated social media browsing, may
not fully reflect real-world scenarios. Future research should aim to include a more diverse participant pool and
incorporate ecologically valid tasks to enhance the applicability of the results.

Moreover, while the machine learning models demonstrated robust performance, further exploration of deep
learning techniques and advanced feature selection methods could yield even better classification outcomes. The
integration of additional physiological signals, such as heart rate or galvanic skin response, may also provide a more
comprehensive understanding of cognitive states.
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The implications of this study extend across multiple domains. In education, EEG-based systems could enable
personalized learning experiences by monitoring students' engagement and cognitive load in real time. In healthcare,
these methods could assist in the early detection and management of cognitive impairments or neurological disorders.
Additionally, EEG-driven human-computer interfaces could adapt to users' mental states, enhancing usability and
efficiency in various applications.

In conclusion, this study underscores the potential of EEG signal analysis for cognitive state classification and
lays a foundation for future research. By addressing current limitations and leveraging advancements in machine learning
and signal processing, EEG-based systems can become indispensable tools for understanding and enhancing human
cognition.

This study highlights the potential of EEG signals for understanding cognitive states. Neural patterns such as
increased beta-band power during problem-solving and higher entropy during social media browsing indicate task-
specific neural dynamics. Machine learning models, especially Neural Networks, showed high accuracy, making them
suitable for real-time EEG applications.

Limitations include the small sample size and artificial task scenarios, which may limit generalizability. Future
research should focus on larger, more diverse populations and ecologically valid tasks.

CONCLUSION

The findings of this study underscore the efficacy of EEG-based cognitive state classification in diverse task
scenarios. By leveraging a combination of advanced feature extraction methods and machine learning models, we
successfully distinguished between reading, problem-solving, and social media browsing tasks with an average
classification accuracy of 85%. Neural Networks, in particular, demonstrated exceptional performance, achieving up to
90% accuracy for problem-solving tasks.

The study provides robust evidence that EEG signals can reliably capture neural dynamics associated with
different cognitive states. Key features such as Hjorth parameters, band power ratios, and entropy measures were
instrumental in characterizing these states. The elevated beta-band power and Hjorth complexity observed during
problem-solving tasks reflect heightened cognitive engagement and task-specific focus, while the increased entropy in
social media browsing highlights the variability and non-linearity of neural activity during less structured tasks.

The implications of these findings are significant. In education, EEG-based systems could revolutionize learning
environments by providing real-time feedback on students' cognitive states, enabling adaptive and personalized
instruction. In healthcare, these methods could facilitate early diagnosis and monitoring of neurological disorders by
identifying deviations in typical neural patterns. Furthermore, in the field of human-computer interaction, EEG-driven
adaptive systems could enhance user experience by dynamically responding to users' mental states.

However, the study is not without limitations. The small sample size and the controlled nature of experimental
tasks may limit the generalizability of the findings. Future research should aim to address these limitations by including
larger, more diverse participant pools and incorporating more ecologically valid task designs. Additionally, the
integration of complementary physiological signals and the application of advanced deep learning models could further
improve the accuracy and applicability of EEG-based cognitive state classification.

In conclusion, this study highlights the potential of EEG as a powerful, non-invasive tool for cognitive monitoring
and classification. By building on the findings presented here, future work can expand the boundaries of EEG
applications, paving the way for innovative solutions in education, healthcare, and beyond.

EEG-based cognitive state classification offers significant potential for applications in various fields. This study
demonstrated the ability to distinguish cognitive states using advanced signal processing and machine learning methods,
achieving an average classification accuracy of 85%. By addressing current limitations, future work can expand EEG
applications in adaptive learning, healthcare diagnostics, and human-computer interaction.
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Abstract — This paper presents a comprehensive review of various target tracking algorithms used in autonomous underwater
vehicles (AUVs). Key methods such as the Kalman filter, Particle filter, Multiple Target Tracking systems, SLAM, and
Reinforcement Learning are discussed in detail [1,2]. The unique challenges posed by the underwater environment—such as
turbulence, variable currents, and limited visibility—make target tracking a complex problem [3]. To address these challenges,
various algorithmic approaches have been developed, demonstrating varying levels of success in different scenarios [4]. This work
highlights the Kalman filter’s optimal performance in linear systems and its efficiency in real-time applications [5]. A practical
target tracking application based on the Kalman filter was developed in a Python simulation environment to support the theoretical
framework. The results underline the strengths and weaknesses of the methods reviewed and suggest potential directions for future
research [6]. This review serves as an up-to-date resource for researchers in the field of underwater robotic systems.

Keywords — Autonomous Underwater Vehicles, Target Tracking, Kalman Filter, Particle Filter, SLAM, Reinforcement Learning

INTRODUCTION

Underwater target tracking systems have evolved significantly, transitioning from traditional sonar technologies
to advanced artificial intelligence-driven systems [6,7]. Numerous approaches have been developed to tackle the
unique challenges of underwater environments, such as variable currents and sensor noise [8]. In recent years,
advancements in sensor technologies and computational capacities have enabled the creation of more sophisticated
algorithms for target tracking [9,10].

The Kalman filter is among the most widely utilized methods due to its optimal performance in linear systems
and computational efficiency [11,12]. However, the nonlinear dynamics of underwater environments often necessitate
alternative approaches like the Particle filter, which performs better in high-uncertainty scenarios [13,14,15]. In
multiple target tracking scenarios, the Joint Probabilistic Data Association (JPDA) algorithm effectively handles data
association problems [16,17]. Meanwhile, Simultaneous Localization and Mapping (SLAM) provides AUVs the ability
to navigate and map unknown environments [19,20].

Recently, reinforcement learning approaches have emerged as a promising paradigm for underwater target
tracking due to their adaptability to dynamic environments [21,22]. When combined with deep learning techniques,
these methods can deliver reliable results even in highly complex scenarios [24,25]. This study provides a detailed
analysis of these approaches, with a focus on a practical application of the Kalman filter. A Python-based simulation
environment was developed to demonstrate the real-time efficiency and accuracy of the Kalman filter [29,30].

MATERIALS AND METHOD

Methodological Approaches, Advantages, and Disadvantages
Underwater target tracking algorithms continue to evolve to meet the challenges posed by dynamic underwater

environments [1,2]. Each algorithm has distinct advantages and disadvantages depending on the scenario. Below, five
commonly used approaches are reviewed:
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1. Kalman Filter
The Kalman filter is preferred for its computational efficiency and optimal performance in linear systems [3,4]. Its
core principle is to combine prior system state estimates with new measurements to provide the most probable state
estimate [5].
 Advantages: Fast and computationally efficient, ideal for real-time applications in linear systems.
» Disadvantages: Performance degrades in nonlinear systems or with non-Gaussian noise.

2. Particle Filter
The Particle filter offers a flexible solution for nonlinear dynamics in underwater environments [8,9]. It outperforms
the Kalman filter when tracking targets with sudden maneuvers [10].
 Advantages: Effective in nonlinear systems and multi-target tracking.
« Disadvantages: High computational cost; less suited for real-time applications.
3. Joint Probabilistic Data Association (JPDA)
JPDA is essential for resolving data association issues in scenarios involving multiple targets [11,12]. It is particularly
effective in distinguishing closely positioned targets [13].
» Advantages: Robust in multi-target tracking and uncertainty management.
» Disadvantages: Computationally intensive; performance may decline in high-noise conditions.
4. Simultaneous Localization and Mapping (SLAM)
SLAM enables AUVs to simultaneously map and navigate unknown underwater environments [14,15]. It is widely
used in deep-sea exploration and reconnaissance missions [16].
« Advantages: Reduces reliance on GPS; enables simultaneous mapping and positioning.
« Disadvantages: Requires significant computational power and is sensitive to sensor noise.
5. Reinforcement Learning
Reinforcement learning approaches are effective in adapting to dynamic underwater conditions, particularly in variable

current environments [17,18].

» Advantages: Adaptive to changing environments; capable of strategic decision-making in complex
scenarios.

+ Disadvantages: Long training times; generalization can be challenging and computationally expensive
Performance Analysis and Visualization

A Python simulation was developed to model the tracking of a target moving along three axes (X, y, z) [20]. The
simulation environment consists of:

» Target AUV (Red)
» Tracker AUV (Green)
* Predicted Position (Yellow)
Simulation results demonstrated that the Kalman filter achieved a mean position error within £0.5 meters

[23,24]. These findings confirm its effectiveness in tracking targets moving at a constant speed in real-time applications
[25].
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.. FPS: 59
Manual Control: False
Target Energy: 100%
Target Health: 100%
Controls:
M - Toggle manual/auto
Arrow keys - Control target
SPACE - Boost
S - Shield
P - Pause
ESC - Quit
| - Toggle info

Image-1. An image from my simulation shows the process of the AUV tracking a moving target in real time. The Kalman filter
allows the tracker to continuously update the estimated position of the target, while the simulation environment reflects the
dynamic conditions under the sea. The tracked path highlights the complex motion of the target and the tracker's adaptability

Comparative Evaluation

The performances of different algorithms have been evaluated according to the following criteria [26,27]:

In Linear Systems

In Nonlinear Systems
Computational Cost
Multi-Target Tracking
Adaptation

These evaluations have shown that the Kalman filter stands out especially in terms of computational
efficiency and performance in linear systems [28,29,30].

EVALUATION TABLE OF METHODS

Linear Systems Very Good Good Moderate Moderate Poor

Nonlinear Poor Very Good Moderate Good Very Good

Systems

Computational Low High Medium-High  |Very High Very High

Cost

Multi-Target Poor Good Very Good Moderate Good

Tracking

Adaptation Static (Fixed Moderate Static (Fixed Very Good Very Good
System) System)
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RESULTS

Target and tracker Position Tracking Plot and Covariance Ellipses Plot were generated to evaluate the
simulation. In general, the model showed a consistent behavior.
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Figure 2. Target and tracker position tracking graph: created to track the movement of vehicles moving in the depths of the sea.
We can clearly see the differences between the actual position, sensor measurements and Kalman filter estimates. This allows us
to easily evaluate the accuracy and prediction performance of our algorithm. On the other hand, the distance-time graph measures
the tracker's proximity to the target, once again demonstrating the effectiveness of the algorithm.
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Image 3. Covariance Ellipses Graph: This graph shows the relationship between the actual position of the underwater vehicle and
its estimated position. The single blue ellipse represents the range of uncertainty in the position estimate. The size and shape of
the ellipse reflects the reliability of the estimate - smaller ellipse means more precise estimate. Green shows the position of the
tracker, Blue the estimated position and finally red the position of the target.
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DISCUSSION

The Kalman filter-based tracking system we developed provides an effective simulation environment for
underwater vehicles. Although our system shows strong features in terms of real-time visualization and user control,
there is room for improvement in some key areas.

The strengths of the current system are energy management, tactical capabilities and user-friendly interface. In
particular, the acceleration and shielding features make the simulation more realistic and interactive. However, the lack
of modern artificial intelligence techniques and the simplicity of underwater physics modeling are the main limitations
of the system.

Future Improvements: System Improvements:

Artificial Intelligence Integration: Multi-vehicle coordination Dynamic
Motion prediction systems with deep learning route planning Autonomous task
Intelligent decision-making mechanisms Image management Emergency protocols

processing based target detection Learning

behavior patterns

Physical Enhancements Sensor Systems:

Realistic underwater current models Multi-channel data fusion

Depth pressure effects Acoustic communication simulation
Simulation of thermal changes Changes Sonar systems integration Bathymetry
in visibility mapping

These improvements can significantly expand the use of the system for training, testing and research purposes. In
particular, the integration of artificial intelligence can increase the adaptive learning capabilities of the system, making
it more intelligent and autonomous.

The addition of underwater acoustics and communication protocols will create a simulation environment closer to
real-world applications. Furthermore, multi-vehicle coordination and swarm intelligence applications will enable the
simulation of complex missions.

These improvements will enable the system to become a platform that can be used not only in academic research but
also in industrial and military applications. It can be a valuable tool especially in the planning of underwater search
and rescue, reconnaissance and surveillance operations.

SIMULATION CODE AND GRAPHIC CODES GO HUB LINK:
https://github.com/talhavatan98/pl/tree/9e7db170495¢187a66d825dch1b4a5a6f49c1db6/AUVSs Project

41


https://github.com/talhavatan98/p1/tree/9e7db170495c187a66d825dcb1b4a5a6f49c1db6/AUVs_Project

Selcuk University 3 International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

REFERENCES

[1] Chen, Y., Fu, Z., Geng, Y., Zhu, H., & Yang, X. (2023). Multi-information fusion-based positioning and tracking method
for underwater vehicles in shallow water. Wireless Networks, 29, 4441-4455,

[2] Ananthakrishnan, S., & Chandrasekhar, V. (2018). Ocean wave energy based design and motion control of an autonomous
underwater vehicle. Ocean Engineering, 165, 352-364.

[3] Elhaki, O., & Shojaei, K. (2018). Neural network-based target tracking control of underactuated autonomous underwater
vehicles with fixed and moving targets. Ocean Engineering, 167, 23-37.

[4] Eiler, J. H., & Grothues, T. M. (2014). Tracking the movements of juvenile Chinook salmon in the Sacramento-San
Joaquin Delta using acoustic telemetry. North American Journal of Fisheries Management, 34(6), 1175-1194.

[5] Salem, F. A., & Rady, H. A. (2011). Design and implementation of an underwater remotely operated vehicle control system.
Journal of Engineering Sciences, 39(2), 469-484.

[6] Xu, D., & Tang, Y. (2019). Robust finite-time attitude tracking control of a spacecraft with input saturation. IEEE
Transactions on Industrial Electronics, 66(12), 9439-9449.

[71 Ahmed, Y., & Khan, A. (2020). An observation of vision-based underwater object detection. International Journal of
Advanced Computer Science and Applications, 11(4), 606-611.

[8] Sathisha, M. B., & Kumar, S. (2017). Detection of flaws in ship hull using underwater robotics. International Journal of
Engineering Research & Technology, 6(13), 1-7.

[9] Kartal, M., & Cantekin, K. (2021). Autonomous underwater pipe damage detection and monitoring system. Ocean
Engineering, 219, 108424,

[10] Antervedi, S., & Chen, I. M. (2019). Terrain relative diver following with autonomous underwater vehicles. Ocean
Engineering, 182, 351-362.

[11] Hamamatsu, Y., & Matsuda, T. (2018). Short-range tracking method of underwater vehicles using visual servo control.
IEEJ Transactions on Electronics, Information and Systems, 138(12), 1514-1520.

[12] Li, X., & Yang, Y. (2022). Comparative study on real-time pose estimation of underwater robots using deep learning.
Robotics and Autonomous Systems, 148, 103915.

[13] Song, W., Wang, M., Huang, L., Wang, H., & Chen, L. (2022). Research on underwater target detection based on
improved YOLOV5. Applied Sciences, 12(10), 5233.

[14] Yuan, F., Karjanto, J., Quan, W., & Zhang, H. (2021). SSNet: A deep learning approach for real-time semantic
segmentation of underwater images. Sensors, 21(1), 143.

[15] Xie, L., Wang, S., Markham, A., & Trigoni, N. (2021). Underwater image enhancement based on improved dense block
and attention mechanism. Applied Sciences, 11(17), 8038.

[16] Wang, Y., Wang, X., Liu, W., & Xie, L. (2021). Real-time semantic segmentation for underwater images based on
lightweight FCN. Sensors, 21(4), 1149.

[17] Li,J,Bi, Y., Li, K., Wang, K., Luo, F., & Yang, Y. (2019). Real-time simultaneous localization and mapping for UAV: A
survey. Applied Sciences, 9(12), 2516.

[18] Zhang, L., Fan, X., Wang, Y., & Wu, X. (2023). Deep learning-based underwater target detection and tracking: A
comprehensive review. Engineering Applications of Artificial Intelligence, 119, 1059109.

[19] Wang, Y., Zhang, J., & Li, X. (2021). Vision-based autonomous underwater vehicle navigation: A survey. IEEE
Transactions on Systems, Man, and Cybernetics: Systems, 51(1), 446-461.

[20] Liu, M., Wang, S., & Chen, M. (2020). Visual tracking of underwater targets: A comprehensive review. IEEE Access, 8,
27623-27645.

[21] Chen, Y., Zheng, W., & Li, X. (2022). Deep learning for underwater target detection: Current status and future directions.
IEEE Journal of Oceanic Engineering, 47(2), 412-426.

[22] Kim,J., & Lee, S. (2024). Underwater object detection using transformer-based deep learning. IEEE Access.

[23] Wang, X., Liu, Y., & Zhang, H. (2022). Deep learning-based underwater target tracking: Challenges and solutions. IEEE
Transactions on Neural Networks and Learning Systems, 33(9), 4215-4227.

[24] Park, J., Zhou, Y., & Lawrence, N. (2020). Toward underwater visual simultaneous localization and mapping with
autonomous underwater vehicles. Journal of Field Robotics, 37(3), 466-490.

[25] Yu, F., & Li, X. (2020). Deep learning-based multimodal detection and tracking for underwater robots. IEEE Transactions
on Industrial Electronics, 67(12), 10832-10841.

[26] Chen, X., & Wang, Y. (2021). Vision-based underwater target tracking using deep learning and particle filter. IEEE
Transactions on Industrial Informatics, 17(12), 8080-8090.

[27] Liu, Y., Zhang, X., & Li, J. (2023). Underwater object detection and tracking with deep learning: A comprehensive
review. Remote Sensing, 15(2), 533.

[28] Zhang, L., & Chen, M. (2021). A survey on deep learning for underwater target detection and tracking. arXiv preprint
arXiv:2105.123009.

[29] Li,J., & Wang, X. (2022). Recent advances in underwater target detection and tracking: A comprehensive review.
International Journal of Computational Intelligence Systems, 15(1), 1-22.

[30] Sun, Y., & Liu, M. (2023). Development of an underwater target tracking system based on deep learning. Ocean

42



Selcuk University 3" International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

Engineering, 270, 113515.
[31] Wang, H., & Zhang, Y. (2022). Underwater target detection and tracking using deep learning: A review. Sensors, 22(12),
4563.

43



Selcuk University 3 International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

Two Pillars of Artificial Intelligence: Machine Learning and Deep Learning
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Abstract — This paper provides comprehensive definitions of the concepts of algorithm, artificial intelligence, machine learning, and
deep learning, detailing their applications in various domains. It explains which technologies are preferred in different fields,
addressing the specific requirements of these fields and how the technologies respond to them. Additionally, the importance of the
application areas of both methods and their contributions to these fields are emphasized. Several machine learning and deep learning
algorithms are explained in detail, focusing on how they function and the problems they solve. In the later sections of the paper, the
fundamental differences between machine learning and deep learning are compared, with their methodological distinctions clearly
outlined. These differences offer valuable guidance in determining the effective use of both technologies and when each should be
preferred.

Keywords — Artificial intelligence, Machine Learning, Deep Learning, Algorithm

Ozet — Bu makalede, algoritma, yapay zeka, makine 6grenmesi ve derin 6grenme kavramlari kapsamli bir sekilde tanimlanmis ve
bu kavramlarin farkli uygulama alanlarindaki kullanimlar1 detaylandirilmistir. Hangi alanda hangi teknolojilerin tercih edildigi,
alanlarin gereksinimleri ve teknolojilerin bu gereksinimlere nasil yanit verdigi agiklanmigtir. Ayrica, her iki yontemin kullanim
alanlarinin énemi ve bu alanlarda sagladiklar1 katkilar vurgulanmistir. Makine 6grenmesi ve derin 6grenme algoritmalarindan
bazilar1 ayrintili olarak agiklanmis, bu algoritmalarin nasil ¢alistig1 ve hangi problemlere ¢6ziim sunduklari iizerinde durulmustur.
Calismanin ilerleyen bdliimlerinde ise, makine 6grenmesi ve derin 6grenme arasindaki temel farklar karsilagtirilmis, bu iki yontem
arasindaki metodolojik farkliliklar net bir sekilde ortaya konmustur. Bu farklar, her iki teknolojinin etkin kullanimini ve hangi
durumlarda tercih edilmesi gerektigini belirlemek adina énemli bir rehber sunmaktadir.

Anahtar Kelimeler — Yapay Zeka, Makine Ogrenimi, Derin Ogrenme, Algoritma

Giris

Algoritmalar amaca veya bir problemi ¢6zmeye yonelik takip edilmesi gereken sirali ve sonlu adimlardir. Kisaca
algoritma sonug degil, sonuca giden yoldur. Algoritma denildiginde akla ilk olarak programlama gelse de giinliik hayatta
da siklikla algoritmalardan yararlanilmaktadir. Sabah ise gitmek igin kullanilan rota bu duruma &rnek olarak
gosterilebilir. Algoritmalar yapay zeka uygulamalarinin da temelini olugturmaktadir.

Yapay zeka, bilgisayarlarin insan benzeri zeka islevlerini yerine getirmesini saglayan bir teknolojidir. Gegmis
zaman dilimlerinde yapay zekayla ilgili fikirler ortaya konulmasina ragmen eldeki imkanlarin kisitliligindan kaynakli
cok fazla ilerleme kaydedilememistir. Giliniimiizde ise teknolojinin gelismesiyle birlikte yapay zekanin da kullanim
alanlar1 giderek artis gostermektedir. Bu alanlar arasinda saglik(hastalik teshisi), finans(dolandiricilik tespiti),
egitim(kisiye 0zgii 6grenim materyalleri), tarim(otomatik sulama sistemleri), savunma(tehdit tespiti ve analizleri), gibi
alanlar 6ne ¢ikmaktadir.

Yapay zeka tek bir kavram olarak degil, kullanim alanlarina bagl olarak onu kapsayan terimleriyle birlikte ele
alinmalidir. Bu terimler arasinda makine 6grenmesi, derin 6grenme, robotik siire¢ otomasyonu, nesnelerin interneti ve
gorsel analiz yer almaktadir.

Makine 6grenmesi ve derin 6grenme iki temel dinamik olarak ele alinabilir. Cogu zaman birlikte kullanilsalar da
temel farklarini barindiran ince ¢izgiler bulunmaktadir. Makine 6grenmesi “Makineler diisiinebilir mi?” sorusuyla ortaya
¢ikmus, lizerine arastirmalar, deneyler yapilarak ¢alisma alani artirilmistir. Derin 6grenme ise makine 6grenmesinin bir
alt kategorisinde yer almaktadir. Fikir olarak makine 6grenmesi ile yaklasik olarak ayni zaman diliminde ortaya ¢ikmis
ancak kisitli imkanlardan dolay1 gelisim gosterememistir. Gliniimiizde gelisen teknoloji ile birgok kullanim alam
edinmistir.

Daha az karmasik ve daha kiiciik veri setleriyle az zaman harcayarak makine 6grenmesi teknolojisinden, kapsamli
veri setleri ve karmagik gorevler i¢inse derin 6grenme teknolojisinden yararlanilmaktadir. Makine 6grenmesi ve derin
6grenme, her biri kendi iginde farkli algoritmalardan faydalanan yaklasimlardir.
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Bu caligmada; algoritma, yapay zeka, makine 0grenmesi, derin 6grenme gibi kavramlarin tanimi yapilacak,
kullanim alanlar1 belirtilecek, yararlandiklar1 bazi algoritmalara deginilecek ve makine 6grenmesi ile derin 6grenme
arasindaki temel farklar ele alinacaktir.

1.Algoritma

Algoritmalar, bir problemin ¢ézlimiine veya belirlenen bir amaca nasil ulagilacagini sirali adimlar yardimiyla
aciklayan yapilardir.[1] Baslangi¢ durumundan sonuca ulagmak i¢in yapilan sistematik iglemler biitiiniidiir. Algoritma;
adim adim ve mantikl bir siralamayla ilerlemeli, bu adimlar acik ve net sekilde tanimlanmali, her adim uygulanabilir
ve pratik olmali, sonlu sayida adimda tamamlanmalidir. Algoritmalarin arama, siralama, sifreleme ve makine 6grenimi
algoritmalar1 gibi cesitleri bulunmaktadir. Giiniimiizdeki teknolojik gelismelerin arkasindaki temel giiclerden biri de
algoritmalardir. Gerek gilinlik yasami kolaylastiran uygulamalardan endiistriyel siireglere gerekse bilimsel
arastirmalardan yapay zeka tabanl sistemlere kadar bir¢ok alanda etkin bir sekilde kullanilmaktadir.

2.Yapay Zeka
Yapay zeka felsefesi ilk olarak “Makineler diisiinebilir mi?” sorusunu ortaya atarak bu tartigmay baslatan Alan
Turing tarafindan ortaya konulmustur. Yapay zeka kavramu ise ilk olarak 1956 yilinda Dartmouth Yapay Zeka Arastirma
Projesi’nde John McCarthy tarafindan kullanilmigtir. Bu konferans yaklagik olarak alt1 ile sekiz hafta arasinda siirmiis,
sonucunda ise zekay1 taklit edecek sekilde bir makinenin prensip olarak yapilabilecegi goriisii ortaya konulmustur.[2]
Diinya satrang sampiyonu Garry Kasparov ile Deep Blue adl1 siiper bilgisayar arasinda 1997 yilinda gergeklesen satrang
karsilasmasi, yapay zekanin insan zekasina kars1 tistiinliigiiniin ilk kez genis capta tartisilmasina yol agmuistir.

THE HISTORY OF ARTIFICIAL INTELLIGENCE

1950 1956 1965 1972 1986 1997

& ———— % F &

Alan Turing John McCarthy First Expert Expert System Neural 1BM’s Deep Blue
creates Turing Test  coins “Artificial System, Dendral is MYCIN is created Networks widely defeats Chess
in “Computing Intelligence” created used with the Grandmaster
Machinery and Back-Propogati Gary Kasparov
Intelligence” on Algorithm

B coderspace

Sekil 1. Yapay Zekanin Tarihgesi

Tam bir tanim bulunmayan yapay zeka i¢in; insan tarafindan yapildiginda zeki olarak adlandirilan davranislarin
makine tarafindan yapilmasi, insan aklinin nasil ¢alistigin1 gostermeye calisan bir kuram, insan zekasimi bilgisayar
araciligiyla taklit etme gibi tanimlamalar yapilmistir.[3] Bilim diinyasinda kabul edilen tanimina gore ise yapay zeka;
bir bilgisayarin ya da bilgisayar destekli bir makinenin, genellikle insana 6zgii nitelikler, ¢6ziim yolu bulma, anlama, bir
mana ¢ikartma, genelleme ve gecmisteki deneyimlerinden 68renme gibi yliksek mantik stireclere iliskin gorevleri yerine
getirme yetenegidir.[4]

Tablo 1. Yapay Zeka Icin Dért Olas: Hedef
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insan Temelli ideal Akilaiik
Akl Yiiriitme Tabanh Insan gibi diisiinen sistemler. Rasyonel diisiinen sistemler.
Davramisa Dayah Insan gibi davranan sistemler. Rasyonel davranan sistemler.

Tablo 1’de goriildiigii izere yapay zeka, insan temelli ve ideal akilcilik yaklasimlarina gore iki ana perspektifte
degerlendirilmistir. Ayni zamanda bu perspektifler de akil yiiriitme tabanli ve davraniga dayali olmak iizere iki boyutta
ele alinmigtir. Buradaki yaklagimlarin farkli kullanim alanlari(saglik, etkilesim ve eglence, oyun ve problem ¢dzme,
ulasim) vardir. insan gibi diisiinen sistemlere tibbi teshis sistemleri (6r. MYCIN), insan gibi davranan sistemlere
Chatbotlar ve sosyal robotlar (6r. Sophia) 6rnek verilebilir. Rasyonel diigiinen sistemler arasinda Deep Blue, rasyonel
davranan sistemler arasinda ise otonom araglar dne ¢ikmaktadir. Bu 6rnekler, yapay zekanin farkli hedeflerini temsil
etmektedir.

Yapay zeka tek bir kavram olarak degil, kapsayici terimleriyle birlikte ele alinmalidir. Bu terimler arasinda baglica
makine 6grenmesi, derin 6grenme, nesnelerin interneti, dogal dil isleme ve kisisel asistanlar yer almaktadir.[5]

Makine
Ogrenmesi
Derin Dogal Dil
Ogrenme eme

B~ YAPAY ZEKA

Gormel/Gorsel
Anali

Sekil 2. Yapay Zekanin Temel Bilesenleri

Glinimiizde ise saglik, egitim, endiistri, medya, ticaret, politika ve sosyal hizmetler gibi alanlarda, Sekil 2’de
verilen dinamiklerin sagladig1 teknolojik altyapi sayesinde yapay zekadan etkin bir sekilde yararlanilmaktadir. Bu
baglamda 6ne ¢ikan iki temel disiplin makine 6grenimi ve derin 6grenme olarak dikkat cekmektedir. Biiyiik miktarda
veriyi analiz etme ve isleme yetenegi sayesinde, bu teknolojiler simdiden tibbi goriintiileme analizi, dogal dil isleme,
konusma tanima ve otonom siiriis gibi alanlarda onemli etkiler yaratmistir. Bu teknolojiler, karmasik sistemleri
anlamamiza, bilingli kararlar almamiza ve gercek diinya problemlerine daha verimli ve etkili ¢ozlimler liretmemize
olanak tanima potansiyeline sahiptir.[6]
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Field of Artificial Intelligence

Field of Machine Learning

Field of Deep Learning

Sekil 3. Yapay Zekanin Iki Onemli Alam

3.Makine Ogrenimi

Makine 6grenimi terimi 1959'da bilgisayar oyunlar1 ve yapay zeka alaninda dncii ve IBM c¢alisani olan Amerikalt
Arthur Samuel tarafindan icat edilmistir. Arthur Samuel’e gore, makine Ogrenimi, bilgisayarlara agikca
programlanmadan dgrenme yetenegi kazandiran ¢alisma alanidir. Birgok endiistri, ilgili verileri ¢ikarmak i¢in makine
O0grenimini uygular. Makine O&greniminin amaci, verilerden Ogrenme saglamaktadir. Makinalarin agikca
programlanmadan kendi kendine Ogrenmesini saglamak igin bir¢ok g¢alisma yapilmistir. Bir¢ok matematikgi ve
programct, biiyiik veri kiimelerine sahip bu sorunun ¢6ziimiinii bulmak i¢in ¢esitli yaklagimlar uygular. [7]

Makine ogrenimi, iyi performans gosteren acgik algoritmalar tasarlamanin ve programlamanin zor veya
uygulanamaz oldugu bir dizi hesaplama gorevinde kullanilmaktadir. Ornek uygulamalar arasinda e-posta filtreleme, ag
saldirganlarin1 veya bir veri ihlaline yonelik ¢aligsan kotii niyetli i¢ tehditleri tespit etme, optik karakter tanima (OCR),
siralama Ogrenme ve bilgisayarli gorii yer almaktadir. Makine 6grenimi, bilgisayar kullanarak tahmin yapmaya
odaklanan hesaplamali istatistiklerle yakindan iligkilidir ve siklikla ortiigmektedir. [8]
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Sekil 4. Makine Ogrenimi Uygulamalar
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Makine 6grenimi algoritmalar1 denetimli, denetimsiz ve takviyeli 6grenme olmak fiizere li¢ ana kategoriye
ayrilmaktadir.[9]

Denetimli 6grenme, dig yardima ihtiya¢ duyan bir algoritma kullanir. Saglanan giris veri tabani, egitim ve test
veri kiimelerine ayrilmaktadir. Cikig degiskeni, egitim veri tabanindan tahmin edilmekte veya siniflandirilmaktadir.

Denetimsiz 6grenme, yeni bir veri tabani1 saglandiktan sonra, verinin sinifini belirlemek i¢in daha 6nce 6grenilen
Ozellikleri kullanmaktadir. Cogunlukla 6zellik azaltma ve kiimeleme i¢in tercih edilmektedir.

Takviyeli 6grenme, karar verme kavramina dayali bir aksiyon 6grenme yontemidir. Aksiyonlar alinan karara gore
belirlenmekte, boylece sonuclar ¢iktida daha degerli veya istenen olumlu duruma ulagmaktadir. Ancak, 6grenicinin
veriye dair Onceden bir bilgisi yoktur. Durum saglandiktan sonra, hangi aksiyonun alinmasi gerektigini &grenir.
Ogrenicinin aldig1 karar, mevcut ve gelecekteki durumu etkilemektedir. Takviyeli 6grenme, gecikmeli sonug ve deneme-
yanilma aramasi olmak iizere iki kosula dayanmaktadir.[10]
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Sekil 5. Makine Ogrenimi Algoritmalar:

4.Derin Ogrenme
Derin 6grenme aglarinin temelleri, 1960'1arda Ivakhnenko ve Lapa'nin denetimli derin ileri beslemeli ¢ok katmanli
algilayicilar i¢in ilk genel ve islevsel 6grenme algoritmasini yayimlamalariyla atilmistir. Bu aglarin birimleri, toplama
ve carpmalar1 Kolmogorov-Gabor polinomlariyla birlestiren polinom aktivasyon fonksiyonlarina sahiptir.[11]
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Derin 6grenme, makine dgrenmesinin bir alt dali olarak ¢ok sayida katman ve parametre igeren bir sinir agi
mimarisi sunmaktadir. Cogu derin 6grenme yaklasimi, sinir ag1 yapilarindan faydalanmakta ve bu nedenle genellikle
derin sinir aglar1 olarak da adlandirilmaktadir.

HIDDEN HIDDEN HIDDEN HIDDEN
LAYER 1 LAYER-2 LAYER-3 LAYER-N

INPUT LAYERS QUTPUT LAYERS

A"L . —_—
w‘v '» (" 'm'
A‘\ .ﬂz\ . . .
ANA

Sekil 6. Derin Ogrenme Mimarisi

Derin 6grenme, 6zellik ¢ikarimi ve doniisiimii gergeklestirmek amaciyla dogrusal olmayan isleme birimlerinden
olusan ¢ok katmanl bir yap1 kullanir. Veri girisine yakin alt katmanlar daha temel ve basit 6zellikleri 6grenirken, iist
katmanlar bu alt katmanlarin ¢iktilarindan daha karmasik ve soyut 6zellikleri 6grenir. Bu mimari, hiyerarsik ve giiglii
bir 6zellik temsili sunar. Dolayistyla, derin 6grenme hem biiyiik 6l¢ekli veri kiimelerinin hem de farkli kaynaklardan
toplanmis heterojen verilerin analiz edilmesi ve anlaml1 bilgiler ¢ikarilmasi i¢in etkili bir yontemdir.[12]

Bu alandaki arastirmalar, daha iyi temsiller olusturmay1 ve bu temsilleri biiyiik 6l¢ekli etiketlenmemis verilerden
ogrenmek i¢in modeller gelistirmeyi amaglamaktadir. Bazi temsiller, sinirbilimindeki ilerlemelerden ilham almakta
olup, sinir sistemindeki bilgi isleme ve iletisim desenlerinin yorumlanmasina dayanmaktadir. Ornegin, sinirsel kodlama,
cesitli uyaranlar ile beyindeki iliskili ndronal yanitlar arasindaki iliskiyi tanimlamay1 amaglayan bir yaklagimdir.

Gunilimiizde derin 6grenme, neredeyse tiim disiplinlerde etkili bir sekilde uygulanmakta olup, siklikla evrensel bir
O0grenme yontemi olarak nitelendirilmektedir. Makine zekasinin faydali olabilecegi genis bir uygulama yelpazesinde
kullanilmaktadir. Ozellikle, gbrme sistemleri, konugma tanmima, dil isleme, biyometri ve belirli durumlar i¢in
kisisellestirilmis ¢oziimler gibi alanlarda 6ne ¢ikmaktadir. Ayrica, karmagik veri analizlerini otomatiklestirme ve biiyiik
veri kiimelerinden anlamli bilgi ¢ikarma yetenegi, bir¢ok bilimsel arastirma ve endiistriyel uygulamada tercih edilmesini
saglamaktadir.
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Sekil 7. Derin Ogrenme Uygulamalar

Derin 0grenme algoritmalar1 farkli veri tirleri ve problemlere yonelik gelistirilmis gesitli yaklagimlari
icermektedir. Bu yaklagimlara drnek olarak Derin Sinir Aglari (DNN), Evrisimli Sinir Aglar1 (CNN), Tekrarlayan Sinir
Aglar1 (RNN) ve Uzun-Kisa Siireli Bellek Aglar1 (LSTM) verilebilir.

Derin sinir aglar1 (DNN), birden fazla diigiim katmanindan olusan karmasik bir yapiya sahiptir. Bu katmanlar
arasinda yer alan baglantilar ve agirliklar, veri isleme ve modelleme siireglerinde 6nemli bir rol oynamaktadir. Ornegin,
goriintii isleme, dogal dil isleme ve zaman serisi analizi gibi alanlarda spesifik gereksinimlere uygun yapilar
tasarlanmaktadir.

Evrisimli sinir aglari (CNN), biyolojik siire¢lerden esinlenerek gelistirilmistir. Bu aglar, 6zellikle biiyiik veri
kiimelerinde otomatik 6zellik ¢ikarimi yapma yetenekleriyle dikkat ¢ekmektedir. Goriintli ve video tanima, Oneri
sistemleri, dogal dil igsleme gibi alanlarda genis bir uygulama yelpazesine sahiptir. Ayrica, evrisimli katmanlarin yerel
baglam bilgilerini yakalama yetenegi, nesne algilama ve yiiz tanima gibi gorevlerde iistiin performans sergilemelerine
olanak tanimaktadir. Bu aglar, yiiksek dogruluk oranlariyla modern yapay zeka uygulamalarinin temel bilesenlerinden
biri haline gelmistir.

Tekrarlayan Sinir Aglari (RNN'ler), sirali girislerin islenmesini gerektiren metin ve konusma gibi gorevler i¢in
kullanilir. Baglangicta, RNN'lerin egitimi i¢in geri yayilim (backpropagation) algoritmasi kullanilmistir. RNN'ler, bir
girig dizisinin her bir 6Zesini sirayla isler ve gizli birimlerinde bir durum vektorii tutar. Bu durum vektori, ilgili dizinin
gegmisteki tiim degerlerinin bilgisini dolayli olarak igerir. RNN'ler oldukga gii¢lii ve dinamik sistemlerdir, ancak egitim
stirecinde bazi sorunlar ortaya ¢ikabilir. Geri yayilim algoritmasinda, gradyanlar her bir zaman adiminda ya biiyiir ya da
kiigiiliir; dolayisiyla birgok zaman adimindan sonra kaybolabilir.
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Uzun-Kisa Siireli Bellek Aglar1 (LSTM), Tekrarlayan Sinir Aglari'nin (RNN) bir uygulamasidir. Daha 6nce
aciklanan ileri beslemeli ag mimarilerinden farkli olarak, LSTM &nceki durumlarin bilgisini koruyabilir ve bellek veya
durum farkindalig1 gerektiren gorevler igin egitilebilir. LSTM, RNN'lerin temel sinirlamalarindan biri olan kaybolan
gradyanlar problemini, gradyanlarin degismeden ge¢cmesine izin vererek kismen ¢6zmektedir. LSTM, Google, Apple ve
Amazon tarafindan ses tanima platformlarinda kullanilmaktadir.
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Sekil 8. Derin Ogrenme Algoritmalar:

5.Makine Ogrenimi ve Derin Ogrenme Arasindaki Temel Farklar

Tablo 2. Makine Ogrenimi ve Derin Ogrenme Arasindaki Temel Farklar

Makine Ogrenimi

Derin Ogrenme

algoritmalarin gelistirilmesini icermektedir.

Genellikle  verilerden  6grenmek  i¢in Biiyiik veri setlerinden 6grenmek igin sinir
istatistiksel yontemleri kullanmaktadir. aglarim kullanmaktadir.

Makinelerin verilerden acikca Insan beyninin yapist ve islevinden ilham
programlanmadan  O0grenmelerini  saglayan | alarak yapilandirilmamis ve etiketlenmemis

verilerden 6grenme yetenegine sahiptir.

Goriintii tanima, dogal dil isleme ve tahminsel

Nesne tanima, konusma tanima ve otonom

modelleme gibi gorevlerde kullanilmaktadir. araglar  gibi  karmasik  gorevler  i¢in
kullanilmaktadir.
Finansal veya pazarlama analizi gibi Goriintiiler, konusma veya metin gibi
yapilandirilmig  verilerle c¢alisirken Ozellikle | yapilandirilmamis verilerle basa ¢ikmada biiytik
faydalidir. bir potansiyel gostermektedir.

Belirli o6zellikler veya kurallar setine dayali
olarak calismaktadir.

Daha Dbiiyilk veri setleriyle, &6grenme
siireglerinde  insan  miidahalesine ihtiyag
duymadan, daha karmasik ve soyut temsiller
Ogrenebilmektedir.

Ozellik ¢ikarma siireci

dayanmaktadir.[14]

uzman Dbilgisine

Verilerden yliksek seviyeli (soyut) ozellikleri
dogrudan 6grenebilmektedir.[14]
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Problem genellikle daha kiigiik ve yonetilebilir
parcalara (alt problemler) boliiniir ve her bir alt
problem ¢oziiliir.

Veriden 0grenme siirecini ugtan uca (end-to-
end) yapar, yani ham veriden nihai sonuca kadar
her sey tek bir modelde gerceklestirilir.

Daha az parametreye sahip olduklari igin
egitim siiresi ¢ok daha kisadir.

Cok sayida parametreye sahip olmasi ve biiylik
veri setlerine dayali olmasindan dolay1 modelin
egitim siiresi daha uzundur.

Veri miktarina bagl olsa da genellikle test
stiresi uzun stirmektedir.

Egitilen modelin test siiresi kisa stirmektedir.

Modelin verdigi kararlar daha anlagilir ve
seffaf bir sekilde agiklanabilmektedir.

Modelin i¢ isleyisi ve karar verme siirecleri
genellikle opaktir ve sonuglarin nasil tiretildigi

agiklanamamaktadir.
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Abstract - The purpose of the card we designed is to measure the temperature, current, and voltage values of systems operating with
high currents and to analyze the system's abnormal behaviors. Using the ACS-758 150B sensor, the system can read current ranges
up to 150 amperes, while the 10k NTC temperature sensor provides precise measurement capabilities. The relay on the card allows
for easy control in case of abnormal situations or manual shutdown. The built-in CAN bus transmits data to multiple devices.
Additionally, the touchscreen NEXTION display enables the user to monitor real-time data and interact with the system when
intervention.

Keywords — High current monitoring, ACS-758 150B Sensor, CAN bus communication, NEXTION touch screen

Ozet- Tasarladigimiz kartin amaci yiiksek akimlarla calisan sistemlerin sicaklik, akim ve gerilim degerlerini 6lgmek ve sistemin
anormal davraniglarini analiz etmektir. ACS-758 150B sensoriinii kullanan sistem, 150 ampere kadar akim araliklarini okuyabilir,
10k NTC sicaklik sensorii ise hassas olgtim yetenekleri saglar. Kart lizerinde bulunan réle, anormal durumlarda veya manuel
kapanma durumunda kolay kontrol imkani saglar. Yerlesik CAN veri yolu verileri birden fazla cihaza iletir. Ayrica dokunmatik
NEXTION ekrani, kullanicinin ger¢ek zamanli verileri izlemesine ve miidahale sirasinda sistemle etkilesime girmesine olanak tanir.

Anahtar Kelime — Yiiksek akim izleme, ACS-758 150B Sensorii, CAN veri yolu iletisimi, NEXTION dokunmatik ekran

GIRIS
Hyperloop teknolojisi, yenilik¢i ve siiratli ulagim sistemlerinin gelistirilmesinde 6nemli bir rol oynamaktadir. Bu
calisma, hyperloop aracinda kullanilmak iizere gelistirilen, yiiksek akim ile ¢alisan sistemlerin giivenligini ve kontrol

edilebilirligini saglamaya yonelik bir giic kontrol karti tasarimina odaklanmaktadir. Kart, sistemlerin enerji akigini
yonetmenin yani sira, operasyonel verileri izleme ve kontrol etme imkéani1 sunmaktadir.

Tasarlanan bu kart, giliclin akisinin yonetilmesini saglayan bir H kopriisii, sistemin akim yiiklerini izleyen bir
ACS758-50B akim sensorii ve ¢cevresel sartlarin takibini saglayan bir NTC sicaklik sensorii igermektedir. Ayrica, kontrol
kartinda bulunan ve 25V tetik gerilimi ile ¢alisan bir role, CN17F-3 optokupldrii kullanilarak izole bir sekilde
anahtarlanmaktadir. Optokuplér, hem elektromanyetik parazitten korunma saglamakta hem de kontrol sisteminin
giivenligini artirmaktadir.

Ayrica, kart lizerinde bulunan Nextion ekran, akim, sicaklik, gerilim ve kontaktdriin agilip kapanma durumlarin
izleme ve kontrol etme imkani saglamaktadir. Bu kart, 6zellikle tizerinde g¢alistigimiz hyperloop aracindaki birgok
yiiksek akim ile ¢alisan sistemin verilerini yonetmek amaciyla kullanilmaktadir. Ayn1 zamanda, bu veriler CAN Bus
aracilifiyla ankarta aktarilmaktadir.

Bu ¢alisgmanin amaci, yukarida belirtilen biitiin bilesenleri entegre eden ve etkin bir sekilde ¢alisan kompakt bir
kontrol kart1 tasarimi ve gerceklestirilmesidir. Kartin tasarimi ve uygulanmasi sirasinda uluslararasi standartlara
uygunluk gozetilmistir. Bu makale, gelistirilen sistemin tasarim detaylarini, bilesen se¢im kriterlerini, deneysel sonuglari
ve potansiyel uygulama alanlarini detaylandirmaktadir.[3]

DEVRENIN ORTAYA CIKIS AMACI VE KULLANILAN MALZEMELER

Hyperloop projelerinde yiiksek akim ve gerilim degerlerine sahip elektriksel sistemlerin hassas bir sekilde kontrol
edilmesi ve bu sistemlerin performansinin izlenmesi ihtiyact dogmustur. Geleneksel kontrol sistemlerinin karmasiklig
ve yetersizligi, bu tarz ¢oziim odakli ve entegre bir kart tasarimina olan gereksinimi ortaya ¢ikarmistir. Bu kart,
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sistemlerin enerji yOnetimini optimize ederken, gilivenilirligi artirmak ve operasyonel riskleri azaltmak amactyla
gelistirilmigtir.

Gic¢ kontrol kart1, hyperloop aracinda ¢alisan yiiksek akimli bilesenlerin hem korunmasini hem de etkin sekilde
kontrol edilmesini saglamak {izere tasarlanmustir. Kart, agir1 akim durumlarim algilayarak sistemleri koruyabilmekte ve
sicaklik ile gerilim gibi kritik verileri merkezi bir birime aktarabilmektedir. Ayrica, CAN Bus protokolii kullanilarak
aracin ana kontrol sistemine entegre edilen bu kart, operasyonel verilerin anlik olarak izlenmesine ve uzaktan
miidahaleye olanak tanimaktadir.

Nextion ekranin entegrasyonu sayesinde kullanicilar, sistemin sanidaki akim, gerilim ve sicaklik bilgilerini aninda
goriintiileyebilmekte ve kontaktorlerin durumunu kontrol edebilmektedir. Bu yenilik¢i tasarim, hem sistemlerin daha
giivenli ve verimli bir sekilde calismasini saglamakta hem de hyperloop aracinin genel performansina katkida
bulunmaktadir. Bu kartin ilk tasarimini yaparken Hyperloop teknolojisinde kullanmak i¢in yaptik fakat kartin tasarimini
ve mantigini kompakt bir sekilde olusturdugumuzdan dolay1 bir ok farkli sisteme rahatlikla entegre edilebilir .

Sistemimizde kullanilan mikrodenetleyici ve elektronik komponentler , {izerinde calisti§imiz projenin
gereksinimlerine ,sistemin ihtiyaglarina ve i¢erigine gore segilmistir

e STM32F103C8T6 MIKRODENETLEYICIi :

STM32F103C8T6 mikrodenetleyicisi, STM32 serisinin F1 ailesine ait olup performans, enerji verimliligi ve
maliyet arasinda dengeli bir ¢6zlim sunar. Bu mikrodenetleyiciyi segmemizin avantajlar1 ve 6zellikleri sunlardir:

Avantajlari:
1. Genis Periferik Destegi:

o Cesitli haberlesme protokollerini (UART, 12C, SPI, CAN, USB) destekler, bu da sistemimizde farkli
bilesenlerle uyumlu ¢aligsmasini saglar.

o CAN Bus destegi, hyperloop gibi endiistriyel sistemlerde kritik bir iletisim protokolii olan CAN
protokoliiniin kolayca entegre edilmesine olanak tanir.

2. Yiiksek Performans:

o 72 MHz islemci hiz1 ile diisiik gecikmeli islem yapabilme yetenegi sunar. Bu dzellik, ger¢ek zamanlh
verilerin islenmesini gerektiren uygulamalar i¢in idealdir.

o Dahili donanim birimleri sayesinde islem yiikii mikrodenetleyici ¢ekirdeginden alinip hiz artirilabilir.
3. Diisiik Gii¢ Tiiketimi:

o Enerji verimliligi saglamak i¢in gii¢ yonetimi modlar1 sunar. Bu, enerji kisitlamasi olan sistemlerde
0zellikle onemlidir.

4. Genis Hafiza:

o 64 KB Flash bellek ve 20 KB SRAM ile, hem kod depolama hem de ¢alisma zamani i¢in yeterli alan
saglar.

o Bu kapasite, sistemin karmasik kontrol algoritmalarini ve veri isleme gorevlerini rahatlikla
gerceklestirebilmesini saglar.

5. Kolay Programlanabilirlik:
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o Acik kaynakli gelistirme araglariin yani sira STM32CubelIDE gibi resmi araglarla kolay programlama
ve hata ayiklama imkan1 sunar.

o Cevrimi¢i kaynaklar, kiitiiphaneler ve genis bir kullanici toplulugu sayesinde yazilim gelistirme siireci
hizlanr.

6. Maliyet Avantaji:

o Rakip mikrodenetleyicilere kiyasla uygun fiyatli olmasi, projenin biitgesini optimize etmeye yardimci
olur.

STM32F103C8T6 mikrodenetleyicisi, hyperloop gibi yiiksek teknolojili projelerdeki karmasik veri isleme,
iletisim ve kontrol gereksinimlerini kargilamak igin ideal bir se¢imdir. Genis 6zellik seti, uygun maliyeti ve endiistri
standartlarina uygunlugu ile sistemimizin verimli, giivenilir ve 6lgeklenebilir bir sekilde ¢aligmasini saglar.

ACS758-150B AKIM SENSORU :

Avantajlari:
1. Genis Akim Aralg::

o 150 A'e kadar dogrusal olgliim kapasitesi sunar. Bu, yliksek akim gerektiren sistemlerde genis bir
uygulama yelpazesi saglar.

o Bipolar 6l¢lim destegi sayesinde hem pozitif hem de negatif akimlar1 algilayabilir.
2. Yiiksek Hassasiyet:

o Dahili Hall etkisi teknolojisi ile akim degisikliklerini hizli ve dogru bir sekilde algilar.

o 1 mV/A gibi hassas bir ¢oziiniirliik sunarak kii¢lik akim degisikliklerinin dahi izlenmesine olanak tanir.
3. Galvanik izolasyon:

o Sensor, iletken yol ile 6l¢iim elektronigi arasinda galvanik izolasyon saglar. Bu 6zellik, yiiksek gerilimli
sistemlerde giivenligi artirir.

4. Diisiik Gii¢ Kaybn:

o Diisiik seri direngli (1.1 mQ) iletken yol sayesinde gii¢ kaybin1 minimumda tutar.

o Bu, enerji verimliligi saglamak ve sistemin agir1 1ssnmasini 6nlemek acisindan énemlidir.
5. Yiiksek Cikis Dogrulugu:

o Lineer analog c¢ikisi, akim Olglim verilerinin mikrodenetleyici gibi birimler tarafindan kolayca
islenmesini saglar.

o Minimum ofset hata ile dogrulugu artirir.
6. Genis Sicaklik Arahg::

o -40°C ile +150°C arasinda caligma sicakligi sunar, bu da zorlu ¢evresel kosullarda bile giivenilir
calismay1 saglar.
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7.

8.

Kolay Entegrasyon:
o Kompakt boyutlar1 ve lehimlenebilir terminal yapisi ile sistem tasarimina kolayca entegre edilebilir.
o Standart analog ¢ikis voltaji sayesinde mikrodenetleyicilerle dogrudan kullanilabilir.

Dayamkhhik:
o Asin akim korumasi ile yiiksek akimlara kars1 glivenilirlik sunar.

o Fiziksel olarak saglam yapisi, uzun 6miirli kullanim saglar.

ACS758-B150 serisi akim sensoril, yiiksek akim 6l¢iimii gerektiren uygulamalarda hassas, giivenilir ve enerji
verimli bir ¢6ziim sunar. Galvanik izolasyon ve genis sicaklik aralif1 gibi 6zellikleri, hyperloop gibi ileri teknolojili
projeler i¢in ideal bir se¢im yapar. Kolay entegrasyon ve yiiksek hassasiyet sayesinde, sistemin izlenmesi ve kontrol

edilmesi siireclerinde kritik bir rol istlenir.

10K NTC SICAKLIK SENSORU :

10K NTC (Negative Temperature Coefficient) sicaklik sensorii, gevre sicakligimi izlemek ve elektronik
sistemlerde giivenilir sicaklik kontrolii saglamak amaciyla tasarlanmis bir bilesendir. Hyperloop gibi ileri teknoloji
sistemlerinde bu sensorii tercih etmemizin nedenleri, genis kullanim alani, yiiksek hassasiyet ve basit entegrasyon

ozellikleridir.[6]

Avantajlari:

1.

Yiiksek Hassasiyet:

NTC yapisi sayesinde kiiciik sicaklik degisimlerine bile hizli ve dogru bir sekilde tepki verir.

Ozellikle 10°C ile 50°C arasindaki sicaklik araliginda dogruluk orani yiiksektir.

Genis Uygulama Alam:

Hyperloop sistemlerinde motorlar, bataryalar ve elektronik devrelerin sicaklik kontroliinde kullanilabilir.
Hem sabit sicaklik izleme hem de asir1 sicaklik koruma devrelerinde islevseldir.

Basit ve Ekonomik:

Diisiik maliyeti ve kolay bulunabilirligi sayesinde genis 6l¢ekli projelerde uygun maliyetli bir ¢dztim sunar.
Caligma prensibi karmasik devrelere ihtiyag duymadan uygulanabilir.
Kompakt Tasarim:

Kiigiik boyutlari, devre kartlarinda minimum yer kaplayarak tasarim esnekligi saglar.

Fiziksel olarak dayanikli yapisi, zorlu ortamlarda uzun siireli kullanim sunar.
Genis Calisma Arahg:

-40°C ile +125°C gibi genis bir sicaklik araliginda ¢aligabilir.

Cesitli ¢evresel kosullarda kararli performans sergiler.
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6. Diisiik Gii¢ Tiiketimi:

e Pasif bir eleman oldugu i¢in enerji tiiketimi yok denecek kadar azdir.

7. Kolay Entegrasyon:

o ADC (Analog-Dijital Cevirici) ile kolayca kullanilabilir.

e Sicaklik-voltaj iliskisi dogrusal olmadigi igin sicaklik 6lgiimleri mikrodenetleyicilerle dogrulukla islenebilir.
Kullanim Alanlari:

¢  Motor sicakligi izleme ve kontrolil.

e Batarya yonetim sistemlerinde sicaklik 6l¢iimii.

e Elektronik devrelerin agir1 sicakliktan korunmasi.

o Hyperloop gibi ileri teknoloji sistemlerinde termal kontrol.

10K NTC sicaklik sensorii, basit tasarimi, ekonomik yapisi ve yiiksek hassasiyeti sayesinde hyperloop
sistemlerindeki sicaklik 6l¢tim ihtiyaglarini etkin bir sekilde karsilar. Genis ¢alisma aralig1 ve ¢evresel dayanikliligi,
sensorii zorlu kosullarda kullanilabilir kilar. Kolay entegrasyonu ve diisiik maliyeti, hyperloop gibi yiiksek teknoloji
projelerinde bu sensorii ideal bir se¢im haline getirir.

BARIYER BLOK:

Bariyer bloklar, elektriksel izolasyonun saglanmasi ve hassas elektronik sistemlerin korunmasi amaciyla
tasarlanns énemli devre elemanlaridir. Ozellikle yiiksek akim ve gerilimlerin bulundugu devrelerde, giivenligi artirmak
ve sistemin uzun Omiirlii ¢aligmasii saglamak i¢in kullanilir. Hyperloop gibi ileri teknoloji uygulamalarinda, bariyer
bloklarin sistem giivenligi agisindan 6nemi biiyiiktiir.

Avantajlari:
1. Elektriksel izolasyon:
e Yiiksek gerilim veya farkli topraklama noktalar1 arasinda elektriksel izolasyon saglar.
o  Kiitik bilesenlerin arizalanmasini 6nler ve kullanici giivenligini artirir.
2. Parazit Korumasi:
e Elektromanyetik girisimden (EMI) kaynaklanan sinyal bozulmalarini dnler.
e Hata algilama ve kontrol sistemlerinde daha hassas ve giivenilir sonuglar elde edilmesini saglar.
3. Modiiler Tasarim:
o Kolay montaj ve devre diizenlemelerine uygun kompakt bir yap1 sunar.
e Devreye eklenmesi veya degistirilmesi oldukg¢a basittir.
4. Yiiksek Gerilim Dayanim:
e Yiiksek gerilimlere kars1 dayanikli yapisi sayesinde, gii¢ sistemlerinde giivenle kullanilabilir.

5. Genis Uygulama Alani:
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e Endiistriyel otomasyon sistemlerinden Hyperloop gibi ileri teknoloji projelerine kadar genis bir kullanim
alanina sahiptir.

6. Termal Dayamkhhk:

e  Yiiksek sicaklik kosullarinda giivenilir performans sergiler.

e Agirt isinmadan kaynaklanan hasarlar1 dnler.

Kullamim Alanlari:

Hyperloop Sistemleri:
e Yiiksek akim ve gerilim hatlarinda izolasyon saglamak.
e Elektronik kontrol iinitelerini korumak.
Endiistriyel Uygulamalar:
e Motor siiriiciileri ve gii¢ doniistiiriiciilerde.
e Yiiksek gerilim gii¢ dagitim panolarinda.

Elektriksel Giivenlik Sistemleri:

e Insan ve ekipman giivenligi igin kritik bilesenlerin korunmasinda.
e Asin gerilim ve kisa devre kosullarinda sistem giivenligini saglamak.

Bariyer bloklar, hyperloop gibi karmasik ve ileri teknoloji sistemlerinde giivenligin saglanmasi agisindan kritik
oneme sahiptir. Yiiksek izolasyon kabiliyeti, termal dayanikliligi ve elektromanyetik girisime karsi sagladigi koruma
ozellikleriyle, hassas elektronik bilesenlerin korunmasina katkida bulunur. Kolay montaj ve modiiler tasarimi, bu
bileseni projelerde vazgecilmez bir ¢6ziim haline getirir.[7]

DEVRENIN CALISMA ALGORITMASI

AKIM SENSORU SICAKLIK SENSORU

SICAKLIK DEGERI HABERLESME

CANBUS

KONTAKTOR KAPAT SRS

OKUYuCu

NEXTION EKRAN UART

Sekil 1. Devrenin Calisma Algoritmasinin Blok Diyagrama Dékiilmiis Hali
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Devremizdeki temel algoritma Sekil 1’de gosterilmistir. Devrenin temel mantigi akim ve sicaklik sensorti, gerilim
boliicii devresi kullanarak burada alinan parametreleri bir mikrodenetleyici vasitasiyla degerlerini okuyup yazilimsal bir
isleme ve denetleme islemi yapip sistemimizi kontrol altinda tutmaktir.

DEVRENIN SEMASI
STM32 ve CAN Haberlesme Devresi

Bu devre, STM32F103C8T6 mikrodenetleyicisi ile CAN haberlesmesi i¢in SN65HVD234 transceiver
entegresini icermektedir.
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Baglanti Klamensi
Sekil 2. STM32, CAN, SP ve UARTI Sematik Cizimi

1)STM32F103C8T6 Mikrodenetleyici:

e Mikrodenetleyici, CAN_TX ve CAN_RX pinleri {izerinden CAN protokolii ile haberlesir.

e Akim, sicaklik ve tetik sinyalleri gibi ¢esitli verileri okuma amaciyla farkli giris pinlerine baglanmistir.[1]
2) SN65HVD234 CAN Transceiver:

e Buentegre, CAN veri hatti (CANH ve CANL) ile STM32 arasinda elektriksel doniisiim saglar.

e CANL ve CANH hatlar1, hat sonlandirmasi igin 60.4€Q direnglerle tamamlanmugtir.

e GND ve 3.3V beslemesi stabilize edilmis kondansatorlerle filtrelenmistir (47uF ve 100nF).[1]
3) RJ45 Baglant1 Arayiizii:

o CAN verilerini iletmek i¢in RJ45 konektorii kullanilmaktadir.

e  Shielding (koruma) uglari, EMC uyumlulugunu artirmak amaciyla topraga baglanmistir.[1]
4)UART ve SPI Baglantist:

e NEXTION ekran ve SD kart okuyucusu baglantisi i¢in klamens kullanilmistir. [1]

Optokuplor izolasyon ve Gerilim Béliicii Devresi

Bu devre, yiiksek gerilim sinyallerinin izolasyonu ve diisiik voltajli mikrodenetleyici girisine uygun hale
getirilmesi i¢in kullanilir.

59



Selcuk University 3" International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

Volta) Beslemesi

Us
1 = -
2 E cls Voltaj Beslemesi _
L | L
0 _ Lo Gerilim Boliicii
CNYI7F3 ! D3
1N4001

Opto
Sekil 3. CNY17F-3 ve Gerilim Boliicii Sematik Cizimi

1)CNY17F-3 Opto izolasyon:

e CNY17F-3 optokuplor entegresi, tetik sinyalinin izole edilmesini saglar.
LED, R6 direng ile siiriiliir ve transistor tarafindan tetik sinyali ¢ikisi olusturulur.[1]

2)Gerilim Boliicii:
22kQ (R4) ve 1.5kQ (R5) direnglerden olusan gerilim boliici, yiiksek voltaj sinyalini mikrodenetleyiciye

[ ]
uygun bir seviyeye diisiiriir.
e Bu boliim, 6zellikle ADC girisinden voltaj okuma i¢in optimize edilmigtir.[1]

3)Koruma Diyotlart:
1N4001 diyotlar, ters polarite korumasi ve ani gerilim artiglarindan sistemi korumak i¢in kullantlmigtir.[1]

Gii¢ Boliimii
Bu boliim, giig sisteminin baglantilar1 ve sigorta koruma mekanizmalarini icermektedir.

_=3OVACS Cilag

Kontakior_Gikiy

Power Part

Sekil 4. Power Part Sematik Cizimi

1)Sigorta Baglantilar:

e Devre, pozitif besleme hattin1 korumak i¢in giris ve ¢ikis arasinda sigorta bilesenleri kullanir.
Bu sigortalar, sistemde kisa devre veya asir1 yiilk durumlarinda devreyi kesmek igin tasarlanmigtir

[ ]
2)Kontaktor Baglantilari:
Kontaktor giris ve ¢ikiglari, S0V DC gii¢ hatlarinin anahtarlanmasi i¢in kullanilir.
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o Kontaktor ¢ikisi, enerji dagitimi veya farkli yiiklerin baglantisi icin optimize edilmistir.
3)Topraklama ve Besleme:

e Tiim gii¢ hatlar1, topraklama ve diizgiin ¢calisma i¢in ortak bir GND hattina baglanmustir.
AKkim Sensorii Devresi (ACS758)

Yukaridaki ilk sema, ACS758 akim sensoriinii temel alarak bir akim 6l¢iim devresini gostermektedir. Bu devre
asagidaki temel bilesenlerden olugmaktadir.

VCC =~

Giris Beslemesi [P+ VIOUT

Voltaj Beslemesi - IP-
GND g GND

ACS758LCB-100B-PFF-T

ACS

Sekil 5. ACS758-150B Sematik Cizimi

Z

1)ACS758LCB-100B-PFF-T:

e Bu, hassas akim 6l¢iimii i¢in kullanilan bir akim sensoériidiir. Akim sensorii, IP+ ve IP- terminalleri iizerinden
gecen akimu algilar ve ¢ikista (VIOUT pininden) bu akima orantili bir analog voltaj saglar.

2)Besleme Gerilimi (VCC):
e Devre, 3.3V'luk bir besleme ile ¢galismaktadir.

3)Cikis Filtreleme Kapasitorii (C1):
e  VIOUT pinine bagli olan 0.1 uF degerindeki kondansator, ¢ikis sinyalini filtreleyerek daha kararli bir 6l¢ctiim
saglar.

4)Topraklama (GND):
e Sensoriin referans noktasidir ve devredeki tiim sinyaller bu referansa gore ol¢iiliir.

H-Koépriisii Motor Siiriicii Devresi

IR2101 siiriicii entegresi ve IRFZ44N MOSFET'leri kullamilarak tasarlanmis bir H-kOpriisii motor siiriicii
devresini gostermektedir. Bu devre, motorun yoniinii ve hizin1 kontrol etmek i¢in kullanilir. Devrenin temel bilesenleri
ve iglevleri sunlardir.
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Sekil 6. H-Bridge Sematik Cizimi

e [R2101 entegresi, MOSFET lerin siiriilmesi i¢in gerekli olan yiiksek ve diisiik taraf sinyallerini saglar.

e HIN ve LIN pinleri, motor yoniinii ve ¢aligmasini kontrol etmek i¢in mikrodenetleyiciden sinyaller alir.
2)MOSFET'ler (IRFZ44N):

e [RFZ44N tipi MOSFET'ler, motorun gii¢ kaynagini kontrol eder. Q4, Q5, Q6 ve Q7 olmak iizere dort
MOSFET, bir H-kopriisti yapisini olusturur.
3)1N5819 Diyotlar:

e Budiyotlar, MOSFET'lerin korumasini saglar ve motor indiiktif yiikiinden kaynaklanabilecek geri EMF'yi
bastirir.
4)Yiiksek Taraf Besleme Kapasitorleri:

e Bu kondansatorler, yiiksek taraf siiriiciiniin kararli bir sekilde ¢caligmasi i¢in gerekli olan sarj gerilimini saglar.

DEVRENIN PROGRAMLANMASI

Devrenin  kontroliinii  saglamasi i¢in mikrodenetleyici olarak STM32F103C8T6  kullanilmustir.
STM32F103C8T6’nin segilme sebebi igerisinde CAN-UART-SPI ve RTC sistemleri icin ekstra entegreye ihtiyag
duymadan bu isleri yapabilmesidir. Mikrodenetleyici programlamak icin STMicroelectronics firmasmin kendi
mikrodenetleyicileri ile uyum c¢aligmasin1 saglayan STM32CubelDE uygulamasi ile programlanmistir. Sistemleri

diizgiin calistiracak kodlarin 6rnek kesitleri bagliklar halinde birakilmistir.[2]
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CAN:
HAL_CAN_Start(&hcan);

HAL_CAN_ActivateNotification(&hcan, CAN_IT_RX_FIFO0_MSG_PENDING);
pTxHeader.DLC = 5;

pTxHeader.IDE = CAN_ID_STD;

pTxHeader.RTR = CAN_RTR_DATA;

pTxHeader.Stdld = 0x0101;

sFilterConfig.FilterActivation = ENABLE;
sFilterConfig.FilterBank = 0;
sFilterConfig.FilterFIFOAssignment = CAN_FILTER_FIFOO;
sFilterConfig.FilterldHigh = 0x303<< 5;
sFilterConfig.FilterldLow = 0x303<< 5;
sFilterConfig.FilterMaskldHigh = OXFFFF << 5;
sFilterConfig.FilterMaskldLow = OxFFFF << 5;
sFilterConfig.FilterMode = CAN_FILTERMODE_IDMASK;
sFilterConfig.FilterScale = CAN_FILTERSCALE_32BIT;

HAL_CAN_ConfigFilter(&hcan,&sFilterConfig);

HAL_CAN_GetRxMessage(&hcan, CAN_RX_FIFOO0, &pRxHeader, &rCount);
if (rCount ==1){

HAL_CAN_AddTxMessage(&hcan, &pTxHeader, dizi, &pTxMailbox);
HAL_Delay(100); }

SD KART YAZMA:

void Sdkartyazma(){

HAL_RTC_GetTime(&hrtc, &Time, RTC_FORMAT_BIN);
HAL_RTC_GetDate(&hrtc, &Date, RTC_FORMAT_BIN);

f_open(&file, "data.txt”, FA_OPEN_ALWAYS |FA_WRITE | FA_READ);
sprintf(buffer, *"%02d/%602d/%02d %02d:%602d:%602d, %lu, %lu, %lu\r\n*,
Date.Date, Date.Month, 2000 + Date.Year,
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Time.Hours, Time.Minutes, Time.Seconds,

dizi[0], dizi[1], dizi[2]);

if (f_write(&file, buffer, strlen(buffer), &bytes written) == FR_OK) {
printf(""Veri basariyla SD karta yazildi: %s"", buffer);}

else {printf("'SD karta yazma basarisiz!\n"*);}}

ADC ile Veri Okunmasi:

void Read_ADC()

{sConfigPrivate.Rank = ADC_REGULAR_RANK 1;
sConfigPrivate.SamplingTime = ADC_SAMPLETIME_1CYCLE_5;
sConfigPrivate.Channel = ADC_CHANNEL_0;
HAL_ADC_ConfigChannel(&hadcl, &sConfigPrivate);
HAL_ADC_Start(&hadcl);

readValue Akim = HAL_ADC_GetValue(&hadcl);
rawVoltage = readValue_Akim * 3.3 / 4095.0;
rawVoltage = (rawVoltage - 1.589) / 0.0267;

toplam += rawVoltage;

akim = toplam / 200.0;

dizi[0]=akim;

toplam = 0;

HAL_ADC_Stop(&hadcl);

sConfigPrivate.Channel = ADC_CHANNEL _2;
HAL_ADC_ConfigChannel(&hadcl, &sConfigPrivate);
HAL_ADC_Start(&hadcl);
HAL_ADC_PollForConversion(&hadcl, 1000);
sicaklik = HAL_ADC_GetValue(&hadcl);

sicakhik 1= (sicakhk 1 *3.3)/4095;

R = (33000/gerilim)-10000;

sicakhk_1 = a+b*(log(R))+(c*(log(R))*(log(R)));
sicakhik_1 = 1/sicakhk_1;

sicaklik_1 = sicakhik_1 - 273.15;

dizi[1]=sicakhk 1;
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HAL_ADC_Stop(&hadcl);
sConfigPrivate.Channel = ADC_CHANNEL_3;
HAL_ADC_ConfigChannel(&hadcl, &sConfigPrivate);
HAL_ADC_Start(&hadcl);
HAL_ADC_PollForConversion(&hadc1, 1000);
voltaj = HAL_ADC_GetValue(&hadcl);

voltaj = (voltaj*3.3)/4095;

voltaj = voltaj*((22000+1500)/1500);
dizi[2]=voltaj;

HAL_ADC_Stop(&hadcl);

}

[31[4]

SONUC

Yaptigimiz arastirmalar ve devrenin isgleyisinde gordiigiimiiz sonuglara goére bu kartin iseyisinde bir sorun
olmadigimi ve sorunsuz bir hareket alan1 saglamaktadir. Spesifik bir amag i¢in tasarlanan kartin bir¢cok endiistriyel
uygulamada basit ve efektif sonu¢ odakli islerde verimli bir sekilde calistig1 basari ile gézlemlenmistir. Bu kartin
tasarimini yaparak isleyis sirasinda yanlig gidisatin tespiti ve olas1 goz ard ile hasara yol agacak verilerin sd karta anlik
olarak saat dakika ve saniye olarak kayit altinda bulunmasi ig veren ve is¢i arasinda yasanacak tartismalarda ciddi bir
kanit olarak kullanilmasi ISG ve sosyal yasantida huzuru saglayacaktir.
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Abstract - This paper addresses the inadequacy of traditional image processing algorithms such as OpenCV. Even though OpenCV
can be preferable because of flexibility, ease of use, low cost, and the ability to provide fast results, it cannot detect text from
complicated images, different resolutions, distances, and non-standard texts. This case limits the use of image-processing algorithms
for visual data in disorganized and unstructured environments. This paper discusses why it is necessary to use EAST ( Efficient And
Accurate Scene Text Detection), which is a deep learning-based algorithm that yields more accurate results. EAST can provide high
accuracy using Convolutional Neural Networks (CNN) even in low-resolution images and complicated backgrounds. While classical
OpenCV methods focus on rectangular or horizontally aligned text regions and fail to detect inclined text, EAST can effectively
detect even inclined text regions. This paper compared OpenCV-based algorithms with deep learning-based algorithms such as
EAST. It analyzed why deep learning-based algorithms should be preferred for image processing in real-world applications. This
study aspires to guide researchers and developers in selecting the appropriate methods for improving text detection and recognition
technologies.

Keywords — Image Processing; Efficient And Accurate Scene Text Detection (EAST); OpenCV; Text Detection; Deep Learning; Algorithm
Comparison

Ozet - Bu makale, OpenCV gibi geleneksel goriintii isleme yaklasimlariin gorsellerdeki yazilari algilamadaki yetersizliklerini ele
almaktadir. OpenCV kullamim esnekligi, kolayhigi, diisiik maliyeti ve hizli ¢dziimler sunabilme kapasitesi ile tercih edilebilir olsa
da karmagik gorsellerdeki, farkli ¢oziiniirlik ve uzakliktaki yazilari ve standart olmayan yazi tiplerini tespit etmede yetersiz
kalmaktadir. Bu durum, ozellikle diizensiz ve yapilandirilmamis ortamlardaki gorsel veriler i¢in bu yontemlerin kullanimini
sinirlamaktadir. Bu makalede goriintii islemede daha yiiksek dogruluk elde edebilmek igin neden derin Ogrenme tabanli
algoritmalardan biri olan EAST’in (Efficient And Accurate Scene Text Detection) kullanilmasi gerektigi lizerinde durulmaktadir.
EAST, CNN (Convolutional Neural Networks, Konvoliisyonel Sinir Ag1) kullanarak diisiik ¢6ziiniirliikklii ve karmasik arka planl
goriintillerde dahi metin algilama alaninda yiiksek dogruluk orami saglamaktadir. OpenCV’nin klasik yontemleri genellikle
dikdortgen veya yatay diizenli metin bdlgelerine odaklanip egimli metinlerde basarisiz olurken EAST egimli metinleri dahi tespit
edebilmektedir. Bu ¢aligmada, OpenCV tabanli yontemler ile EAST gibi derin 6grenme tabanli modeller karsilastirilarak, gercek
diinya uygulamalarinda neden derin 6grenme tabanli yontemlerin tercih edilmesi gerektigi detayli bir sekilde analiz edilmistir.
Calisma, metin algilama ve tanima teknolojilerinin gelistirilmesinde dogru yontemlerin segilmesi konusunda arastirmacilara ve
gelistiricilere yol gostermeyi amaglamaktadir.

Anahtar Kelimeler — Gériintii isleme; EAST; OpenCV; Metin Algilama; Derin Ogrenme; Algoritma Karsilastirma

GIRIS

Glnlimiizde yapay zeka algoritmalari, gelisen teknoloji ile birlikte ¢esitli alanlarda yaygin bir sekilde
kullanilmaktadir. Kamera verilerinin islenmesi ve bu verilerden anlamli sonuglar ¢ikartilmasi, otonom sistemlerden
robotik uygulamalara kadar genis bir yelpazede kritik bir rol oynamaktadir. Kamera ile alinan goriintiilerin
siiflandirilmasi kadar, goriintiilerde yer alan yazilarin tespiti ve anlamlandirilmasi da ¢esitli uygulamalar i¢in biiyiik
onem arz etmektedir.

Bu alandaki ¢alismalar, 6zellikle otonom araglarin ¢evre ile etkili bir sekilde etkilesim kurmasini saglamak icin
kritik bir gereklilik haline gelmistir. Ornegin, bir otonom aracin trafik levhalarindaki yazilari tespit ederek buna uygun
hareket etmesi beklenmektedir. Benzer sekilde, insansiz hava veya deniz araglar gibi sistemlerin, goriis alanlarindaki
metinleri algilayip bu bilgilere dayanarak karar vermesi gerekmektedir. Bu sekildeki bir uygulama Teknofest gibi
yarigmalarda 6ne ¢ikan insansiz deniz araglar1 (IDA) kategorisinde de karsimiza ¢ikmaktadir. Bu tiir bir senaryoda, bir
insansiz deniz aracinin limanda bulunan belirli bir numaray1 algilamasi ve bu bilgiyi verilen talimatlarla karsilagtirarak
dogru limana yaklagmasi beklenmektedir.
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Bu projede, goriintii isleme teknikleri kullanilarak yazi tespiti ve bu tespitin performansi iizerine bir arastirma
gerceklestirilmistir. Ozellikle, OpenCV ve EAST algoritmalari iizerine yogunlasan bu calisma, her iki sistemin de yazi
tespiti konusundaki Ozelliklerini ve ¢ikti performanslarini karsilastirmayr amaglamistir. OpenCV, g¢esitli sablon
eslestirme ve kenar algilama teknikleri ile goriintiileri islerken; EAST (Efficient and Accurate Scene Text Detector) ise
daha modern bir yaklagim sunarak derin 6grenme tabanli bir yontemle ¢aligmaktadir.

Calisma kapsaminda, her iki algoritmanin ¢esitli test senaryolarinda performansi karsilastirilmis, 6lgiitler arasinda
dogruluk orani, gibi faktorler dikkate alinmistir. Elde edilen sonuglar, hem akademik caligsmalar hem de uygulamali
projeler i¢in en uygun algoritmanin se¢imine rehberlik edecek 6nemli bulgular sunmaktadir.

Bu ¢alisma kapsaminda yatay, ¢ok yonlii ve egri yazilardan olusan Total Text Dataset isimli veri seti kullanilarak
kapsamli bir performans analizi gerc¢eklestirilmistir. Bu veri seti, farkli yonelimlere ve sekillere sahip yazilar icerdigi
icin, algoritmalarin gercek diinyadaki cesitli zorluklarla basa ¢ikma kabiliyetini degerlendirmek adina ideal bir platform
saglamistir. Bu degerlendirme, akademik arastirmalar ve endiistriyel uygulamalar i¢in dogru algoritmay1 belirleme
stirecine 151k tutacak dnemli bulgular sunmustur.

MATERYALLER VE METHOD

Gorsel verilerin dijitallesmesi ve gilinlik hayatin birgok alaninda yayginlagmasi, metin tespiti gibi zorlu
problemlere yonelik daha verimli ve yenilik¢i ¢coziimlerin gelistirilmesini zorunlu hale getirmistir. Ozellikle modern
goriintli isleme ve yapay zeka teknolojilerindeki hizli ilerlemeler, bu tiir karmasik gorevleri daha hassas ve hizli bir
sekilde ¢ozme imkani saglamaktadir. Bu baglamda, OpenCV (Open Source Computer Vision Library) ve EAST
(Efficient and Accurate Scene Text Detector), sokak tabelasi, reklam panosu ve arag plakasi gibi dogal goriintiilerde yer
alan metinlerin tespitinde ve analizinde 6ne ¢ikan etkili yaklagimlar sunmaktadir.

OpenCV, goriintii isleme alaninda ¢ok yonlii ve esnek yapistyla yaygin olarak tercih edilen bir kiitiiphanedir.
OpenCV'nin metin tespiti i¢in sundugu algoritmalar, geleneksel yaklasimlarla modern ¢éziimler arasinda bir koprii iglevi
gormekte ve goriintili isleme sistemlerinde hizli ve etkili ¢oziimler sunmaktadir. Bu algoritmalar, metin tespiti siirecinde
ozellikle basitlik ve uygulama esnekligi sunarak diger goriintii isleme modiilleriyle kolayca entegre edilebilmektedir.
Aralarinda en yaygin olarak kullanilanlar Eslestirme Tabanli Yontemler (Template Matching), Kenar Algilama (Edge
Detection), MSER (Maximally Stable Extremal Regions) ile Kontur (Contour) Tabanli Algilamadir.

Her ne kadar OpenCV metin tespiti icin ¢ok sayida ara¢ sunsa da, bazi siirlamalar1 bulunmaktadir. Ornegin,
karmasik arka planlara sahip goriintiilerde veya ¢ok diisiik kontrastli metinlerde performansi azalmaktadir. Ayrica, cok
yonli ve egri metinleri algilamak i¢in ek islem adimlar1 gerektirmektedir.

Diger yandan, EAST algoritmasi ise metin tespiti siirecinde OpenCV gibi geleneksel yontemlere kiyasla daha
etkili ve dogruluk oran1 yiiksek bir algoritma olmasiyla dikkat gekmektedir. Karmagik 6n isleme adimlarinin olmamasi,
diizensiz sekillerdeki ve farkli yonelimlerdeki metinleri algilayabilmesi dnemli bir avantajidir.

EAST; ozelliklerin ¢ikarilmasi, 6zelliklerin birlestirilmesi ve nihai ¢iktinin olusturulmasi asamalarindan olusan
bir tam evresimli sinir agidir. Bu asamalar, metin bdlgelerinin detayl bir sekilde analiz edilmesini ve geometrik
Ozelliklerinin hassas bir sekilde tanimlanmasini saglar. EAST, goriintiideki metin bdlgelerinin geometrik dzelliklerini
tespit edebilmek i¢in geometri haritast olugturur. Her pikselin dort farkli yonde ( {ist, alt, sag, sol) en yakin metin sinirina
olan mesafesini hesaplar. Bu sayede metin bolgelerinin sekil ve sinirlar1 dogru sekilde belirlenmis olur. Geometrik
ozellikler tespit edildikten sonra metin bolgelerini tanimlamak icin RBOX( Rotated Box) ve QUAD( Quadrangle) olmak
tizere iki farkli geometri sekli kullanilir. RBOX, dondiiriilmiis dikdortgen, egik veya dondiiriilmiis metin alanlar1 igin
kullanilirken QUAD ise dortgen metin alanlarinin daha esnek bir sekilde modellenmesini saglar. Bu 6zelliklere ek
olarak, tespit dogrulugunu optimize etmek i¢in ise her geometrik sekle farkli kayip islevi ( Loss Functions)
tamimlanmaktadir. EAST, Loss Functions’a ek olarak bir puan haritas1 ( Score Map) olusturarak piksellerin bir metin
bolgesine ait olup olamayacagini belirler. Bu sayede hassas ve genis yelpazedeki metin tespiti gérevlerinde dahi basarili
olmaktadir.
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Bu makalede, EAST ve OpenCV’nin metin tespiti performanslarinin karsilastirilmasinda analiz i¢in Total-Text
Dataset kullanilmustir. Total-Text Dataset, mevcut metin tespiti veri setlerinden ¢ok daha genis bir ¢esitlilik sunmaktadir.
1555 farkli goriintii igeren yatay, cok yonlii ve kavisli metinlerden olusan bu dataset, karmasik metin tespiti gorevleri
icin daha cesitli ve zorlu senaryolar1 desteklemektedir. Bu ¢esitlilik, gercek diinya uygulamalarinda daha dogru ve
kapsamli sonuglar elde etmek icin ideal bir kaynak saglamaktadir. Dolayisiyla, Total-Text dataset, EAST ve OpenCV
gibi metin tespit araglariin performansini degerlendirmek ve daha etkili metin tanima uygulamalar gelistirmek i¢in
onemli bir referans durumundadir.

Dataset Statistics Dataset Statistics
Distribution of Text Instances Across All Images of Total-Text
No. of Text o Multi-
Datasets I:: zfs Text instances Ho;[:::\ e Oriented c.ll.ler;:
9 Instances | per image Text

ICDAR

2013 462 1943 4.2

ICDAR

2015 1670 11886 T2

MSRA-

TD500 500 1719 34

COCO-

63686 | 173589 | 2.73
Text

Total-

o 1555 11459 7.37 TS L PARKING

P AT REAR

Sekil 2. Analizde Kullanilan Gérseller

Bu makalede yapilan ¢alismada, OpenCV ve EAST kullanilarak toplam 632 adet metin kutusu i¢eren gorseller
anlik olarak bir bilgisayardan beser saniye araliklarla dondiiriilmiis, diger bir bilgisayarda ise bu gorsellerde bulunan
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metinlerin tespit islemi gergeklestirilmistir. Analizde 8 megapiksel 3288 x 2512 ¢oziiniirliikli, 1.8 agiklikli diyafram ve
2.8 mm odak uzakligina sahip IMX179 8MP USB Kamera kullanilmigtir. OpenCV ve EAST i¢in iki ayri sekilde islem
yapilmig olup her iki yontem de ayr1 ayri analiz edilmistir. Yapilan analizde, gorsellerdeki gercek metin kutusu sayisi,
dogru tespit edilen metin kutusu sayis1 ve toplam tespit edilen kutu sayis1 gibi kritik degerler incelenmistir. Bu degerlere
ek olarak, tespit edilen metin bdlgelerinin ne kadarimin gercekten metin oldugunun (precision), tespit edilen dogru metin
bolgelerinin oranmin (recall), algilama basarist ve dogruluk orani degerlerinin dengeli bir ortalamasinin (h-mean)
hesaplanmasi gercgeklestirilmistir. Bu sayede, OpenCV ve EAST’in metin tespiti yetenekleri karsilastirilmis ve her iki
sistemin hangi durumlarda daha iyi sonuglar sundugu belirlenmistir. Sonug¢ olarak, yapilan bu analiz, metin tespiti
stireclerinde kullanilan farkli yontemlerin nasil dengeli bir sekilde degerlendirildigini ve dogru sonuglara ulagsmak igin
hangi kriterlerin dikkate alinmasi1 gerektigini ortaya koymustur.
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Sekil 3. Metin Tespiti Analizi

OPENCYV VE EAST YONTEMLERININ KARSILASTIRILMASI

Metin tespiti lizerine yapilan bu ¢calismada, farkli algoritmalarin performanslari derinlemesine analiz edilerek elde
edilen sonuglar karsilastirilmistir. Calismada kullanilan iki yontem, OpenCV ve EAST algoritmalaridir; bu yontemler,
belirlenen veri seti {izerinde dogruluk, algilama basarisi ve genel etkinlik bakimindan incelenmistir. Analiz sonuglari,
OpenCV algoritmasinin 632 gergek metin kutusundan yalmizca 247 tanesini dogru sekilde tespit edebildigini
gostermektedir. Ote yandan, EAST algoritmasi bu veri setinde 314 metin kutusunu basarili bir sekilde tanimlamistir. Bu
bulgu, EAST algoritmasinin metin tespiti siirecinde daha yiiksek bir hassasiyete ve giivenilirlige sahip oldugunu ortaya
koymaktadir.

Toplam tespit edilen metin kutular1 agisindan da algoritmalar arasinda belirgin farklar gézlemlenmistir. OpenCV
algoritmasi, analiz edilen goriintiilerde 1486 metin kutusu tespit ederek, yiiksek oranda yanlis pozitif sonuglar liretmistir.
Buna karsin, EAST algoritmasi toplamda 432 metin kutusu tespit etmis ve yanlis pozitif oranin1 daha diisiik seviyede
tutmay1 basarmistir. Bu durum, EAST algoritmasinin gergek metin kutularini tespit etmede daha segici ve etkili oldugunu
gostermektedir.

Yontemlerin performans degerlendirmesi i¢in Dogruluk Orani (Precision), Algilama Basaris1 (Recall) ve
Harmonik Ortalama (H-Mean) metrikleri kullanilmistir. Dogruluk orani, bir algoritmanin yaptig1 toplam tespitlerden
kaginin dogru oldugunu 6lcerken su sekilde tanimlanir:

Dogru Tespit Edilen Metin Kutusu Sayis

Dogruluk Orani ( Precision) = ——— -
Toplam Tespit Edilen Metin Kutusu Sayis

Algilama basarist ise, veri setindeki gercek metin kutularinin ne kadarinin dogru sekilde tespit edildigini ifade
eder ve su formiil ile hesaplanir:
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Dogru Tespit Edilen Metin Kutusu Sayis

Algilama Basaris1 ( Recall) =

Gercelk Metin Kutusu Sayis

Bu iki metrigin bir arada degerlendirilmesi i¢in kullanilan H-Mean, dogruluk orani ve algilama basarisinin
harmonik ortalamasini ifade eder ve su sekilde hesaplanir:

PXR

H-Mean =2 ——
P+R

Calismanin sonuglarma gore, EAST algoritmasi, hem dogruluk hem de algilama basarisi agisindan OpenCV
algoritmasina kiyasla daha iistiin bir performans sergilemistir. EAST'in diisiik yanlis pozitif orani, algoritmanin gereksiz
tespitlerden kaginarak daha yiiksek bir dogruluk sundugunu kanitlamaktadir. Buna karsilik, OpenCV algoritmasi, yiiksek
yanlis pozitif oraniyla daha az gilivenilir bir performans sergilemistir.

Bu calisma, metin tespiti algoritmalarinin farkli 6zelliklerini ortaya koyarak, algoritma se¢iminin uygulamaya
0zel ihtiyacglara gore yapilmasinin 6nemini vurgulamaktadir. EAST algoritmasinin {istiin performansi, 6zellikle hassas
tespitin kritik oldugu uygulamalar i¢in bu yontemi daha cazip hale getirmektedir. Gelecekte yapilacak ¢alismalarda, bu
iki yontemin farkli veri setleri iizerindeki performanslarinin daha kapsamli bir sekilde incelenmesi, daha genis bir
perspektif sunacaktir.
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Sekil 5. Analiz Edilen Veri Ornekleri

SONUC

Bu caligmada, metin tespiti alaninda kullanilan OpenCV ve EAST algoritmalarinin performanslart detayli bir
sekilde karsilastirilmis ve dogruluk orani, algilama basarist ve harmonik ortalama (H-mean) gibi temel metriklere dayali
degerlendirmeler gergeklestirilmistir. Elde edilen bulgular, derin 6grenme tabanl yaklagimlarin geleneksel yontemlere
gore Ustiinliiglini agikca ortaya koymus ve EAST algoritmasinin, 6zellikle karmagik ve diizensiz gorsellerde daha etkili
oldugunu gostermistir. Calismanin sonuglarina gore, OpenCV igin dogruluk orani ( Precision, p) %16 ¢ikarken bu oran
EAST igin %72 ¢ikmistir. Algilama basaris1 ( Recall, r) agisindan EAST algoritmas1 %64’liikk bir oran yakalarken,
OpenCV yalmzca %39’luk bir bagar1 gostermistir. H-mean degerlendirmelerinde ise OpenCV algoritmas1 %23’te
kalirken, EAST algoritmasinin degeri %68 olarak hesaplanmistir. Bu sonuglar, EAST algoritmasinin yalnizca yliksek
dogruluk ve algilama basaris1 sunmakla kalmadigini, ayn1 zamanda daha dengeli bir performans sergiledigini ortaya
koymaktadir.

Bu ¢alismanin katkilar1, metin tespiti algoritmalarinin teorik ve uygulamali performanslarini karsilagtirarak EAST
algoritmasinin istiinliiklerini vurgulamis ve bu alandaki gelistirme ¢alismalarina rehberlik etmistir. Gelecekte, EAST
algoritmasinin farkli ve daha karmasik veri setleri {izerindeki performansinin incelenmesi, hibrit modellerin
gelistirilmesi ve ger¢ek zamanli performansin optimize edilmesi gibi konulara odaklanilmasi onerilmektedir. Sonug
olarak, EAST algoritmasi, metin tespiti teknolojilerinde 6zellikle karmagik uygulamalar i¢in daha uygun bir ¢éziim
olarak 6ne ¢ikmaktadir. Bu c¢alismanin, algoritma se¢iminde arastirmacilara ve gelistiricilere rehberlik etmesi
beklenmektedir.
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Abstract — This study aims to develop a next-generation control and monitoring system for industrial refrigerators, optimizing
temperature and humidity control to achieve energy savings and ensure the safe storage of sensitive products. The system offers an
integrated, low-cost solution using the ESP32 microcontroller, DHT22 and HDC1080 sensors, and a relay module. Data is securely
stored through PHP and MySQL integration, with remote access capabilities. Relay control via the RS485 protocol ensures a reliable
and compatible mechanism with industrial environments. Additionally, the system allows users to set upper and lower limits for
temperature and humidity values via the system panel. When the system exceeds these limits, a notification is sent to the user via
the interface, providing flexibility and ease of control. The user-friendly web interface visualizes temperature and humidity data,
enabling detailed analysis. Experimental results show that the system operates effectively in industrial refrigerators and provides
energy savings. This project can be used as a standard model in cooling processes in the food, pharmaceutical, and chemical
industries, aiming to reduce operational costs while maintaining product quality.

Keywords — Energy-efficient, temperature monitoring, humidity control, industrial refrigerators, ESP32, RS485 protocol, web interface, data
visualization.

INTRODUCTION

Industrial refrigeration systems are essential in industries such as food storage, pharmaceuticals, and chemicals,
where maintaining precise temperature control is vital for ensuring product safety and quality. According to global
energy consumption reports, refrigeration systems account for a significant portion of industrial energy use. As energy
costs rise and environmental concerns grow, improving the energy efficiency of these systems has become a top priority.
Enhanced efficiency not only reduces operational costs but also contributes to minimizing the carbon footprint of
industrial operations.

The key to improving energy efficiency in refrigeration systems lies in optimizing energy consumption while
maintaining the required temperature levels. This project presents a solution to enhance the energy efficiency of
industrial refrigeration by employing advanced sensor technologies and microcontroller-based monitoring systems. By
continuously tracking temperature levels in real-time, the system ensures precise control, adjusting to fluctuations and
minimizing unnecessary energy usage. This approach aims to reduce energy waste while maintaining the stability and
performance of the refrigeration unit.

Through the integration of smart monitoring and optimization strategies, the system not only ensures efficient
energy usage but also enhances the longevity and reliability of the refrigeration equipment. The project demonstrates
how technological advancements can provide practical solutions to energy challenges, enabling industries to reduce their
operational costs, improve performance, and contribute to sustainability goals.

MATERIALS AND METHOD

Materials:

e Microcontroller and Sensors: Temperature sensors (e.g., HDC1080) and humidity sensors (e.g., DHT22) were
used to monitor internal and external conditions, ensuring efficient operation.

e Refrigeration System: A standard industrial refrigeration unit with a variable-speed compressor was used to
adjust power consumption based on cooling demand.

e Energy Meter: An energy meter was used to measure the system's energy consumption during testing.

e Control Interface: A user interface was developed on the microcontroller to allow real-time monitoring and
adjustment of system settings.
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Method:

System Setup: The refrigeration system was set up with connected sensors to collect real-time data. The energy
meter was installed to continuously measure energy consumption (Figure 1 shows the schematic setup).

Data Collection: Temperature, humidity, and energy consumption data were continuously recorded. The data
was analyzed to determine system performance.

Optimization Algorithm: A real-time energy optimization algorithm adjusted cooling capacity based on
temperature and humidity data. Strategies like cyclic operation and adaptive temperature regulation were
tested.

Testing Conditions: The system was tested under varying external temperatures and internal load demands
over [X weeks/months], evaluating efficiency before and after implementing optimization strategies.

Data Analysis: The collected data was analyzed to assess energy savings and compare traditional and
optimized operation modes. Statistical analysis was performed to evaluate the significance of energy savings.
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Figure 1. Experiment Connection Scheme.

TECHNICAL SPECiIFIiCATIONS AND CONNECTION STRUCTURE

The board used in this project provides a platform for accurately monitoring and controlling motors and generators.

Technically, the board includes several key components:

Motor and Generator Connection Terminal: The board has separate connection terminals for each motor
and generator. These terminals allow for the monitoring of voltage, current data, and parameters such as
power factor. The connections for the motors and generators are made using a Delta (A) connection, ensuring
proper operation of the motors. (Figure 2)

A/D Converter (ADC): The board features analog-to-digital converters that convert analog voltage and
current data from the motors and generators into digital data. This data is processed by the microcontroller
and sent to the display or external devices.

Microcontroller: The main processor used to monitor and control the motors and generators is typically an
ESP32 or Arduino-based microcontroller. This microcontroller processes the incoming analog data, performs
the necessary calculations, and displays the results on a screen or sends them to a database. Additionally, it
monitors and controls parameters regarding the motor's operation.
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e PWM Control: Pulse Width Modulation (PWM) technology is used to control the speed and power of the
motors. PWM allows for precise control of the motor's rotation speed, ensuring optimal performance for each
motor.

Figure 2. Circuit Board Design.

DISPLAY AND VISUALIZATION

The visualization of the system is crucial for monitoring the performance of the motors and generators. The
technical details are as follows:
5-Inch ESP32 Display: The system utilizes a 5-inch ESP32 display, offering a larger screen size and higher resolution
for better visualization. This display shows parameters such as motor voltage, current, power factor, and RPM values.
The larger display provides enhanced readability, making it ideal for both real-time monitoring and detailed analysis.

Dynamic Graphs: The screen displays dynamic graphs showing the instantaneous power generation or
consumption of the motors and generators. These graphs allow for quick assessment of whether the system is functioning
efficiently.

Data Updates: The display is updated every second or more frequently, reflecting the real-time status of the
motors and generators. These updates are periodically processed by the microcontroller and displayed on the screen.

Figure 3 shows the system panel design.
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Figure 3. Display Design.
DATA MONITORING AND CONTROL

The system is designed to monitor data and perform control functions based on specific parameters. Key features
include:

Power Factor Calculation: The power factor (¢) indicates the energy efficiency of the system. The microcontroller
calculates the real-time power factor based on current and voltage data, which is then displayed on the screen. If the
power factor falls below an acceptable threshold, the system triggers a warning.

Control Panel: The system includes a web interface that allows users to make adjustments and monitor system
performance remotely. Through this interface, users can modify parameters such as motor speeds, operating limits, and
other settings. The user-friendly web interface ensures efficient control and monitoring from any connected device.
Figure 4 shows the web interface design.

Alarm System and Safety Features: The system includes an alarm function to ensure the safe operation of the motors
and generators. If any monitored parameter exceeds predefined limits, the alarm is activated. The web interface notifies
users via visual cues, ensuring critical issues are detected and addressed promptly to prevent damage to the equipment.

Veritabani bagly

Dis Ortam Depo

24°C -15.35°C

/ - Giunlik Isi Hareketleri Haftalik Is1 Hareketl
Giin Igi Hareketler

06:34 = Depo kapag: acildi  — 3
06:46 + 3° Depo 151 ydlseldi
06:46 = Depo i¢ Unite fanlar devreye girdi
06:52 = Depo kapag: kapandi
07:10 Depo 1s1 stabil seviyeye geldi
07:10 = Depo ic fanlar durduruldu
11:18 = Depo kapag acildi
11:20 = Depo kapagi kapandi
‘ 13:50 = METIN kullanicisi depo alit ast limit yokseltti
CIFTLIGI

t Yilmaz 15:00 = ***DIKKAT*** Master user sistemi kapatti - Sistem kilitendi -

Master user ddeme yapin

16.00 = Master user yetkisi kapatiidi
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SYSTEM PERFORMANCE AND OPTIMIZATION

Energy Efficiency: The board optimizes the energy efficiency of the system by managing the motors and
generators for maximum efficiency. Operating temperatures, voltage fluctuations, and current consumption are
continuously monitored. Motor speeds and generator outputs are automatically adjusted when necessary to ensure
efficient power usage.

Energy Consumption Monitoring: The board tracks energy consumption and suggests ways to optimize energy
use. This feature is particularly important for minimizing energy costs in industrial applications.

PROTOCOLS AND COMMUNICATION

I12C or SPI Communication Protocol: The board uses 12C or SPI communication protocols for data transfer
between the display and sensors. These protocols ensure fast and reliable data transmission. (Figure 5)

Wi-Fi Connectivity (Optional): If remote monitoring is desired, an ESP32-based board can be used to transfer
data to an external server over Wi-Fi. This allows users to monitor data via mobile devices or computers over the internet.
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SOFTWARE AND USER INTERFACE

Software Integration: A user-friendly software interface is provided for monitoring motor and generator data. This
interface can be web-based or a mobile application. Users can perform data analysis, access historical data, and check
the system's operational status.

Data Logging: The system continuously records data from the motors and generators, making it available for
analysis when needed. This feature supports performance analysis over time, enabling users to track long-term trends.

RESULTS AND DISCUSSIONS

In this section, we present the results obtained from the industrial refrigerator temperature control system and
discuss the key findings, challenges, and implications of the project.

1. System Performance
The temperature control system, which utilizes an ESP32 microcontroller and various sensors, has proven to be
effective in maintaining the desired temperature range for the industrial refrigerator. The system collects real-time
temperature data from the DHT22 sensor, which is then processed and displayed both on the web interface and on a
local panel. The temperature remains within the pre-set range, ensuring the preservation of stored goods. This was
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verified through continuous monitoring over an extended period, showing minimal deviation from the target
temperature.

2. Data Transmission and Monitoring
Data transmission from the ESP32 to a MySQL database using a PHP script has been efficient. The system
successfully sends sensor data (temperature, humidity, and door status) at regular intervals. The web-based dashboard
allows for real-time monitoring of the temperature and humidity levels within the refrigerator. Additionally, the door
status is also monitored, with clear indications of whether the door is open (blue) or closed (red). The use of color-coded
door status helps improve system visibility and alerts the user in case of an issue.

3. Control and Automation
The relay-controlled cooling mechanism works seamlessly, adjusting the temperature inside the refrigerator based
on the real-time data. When the temperature exceeds the pre-defined threshold, the cooling system is activated to bring
it back into the optimal range. This automated process has proven to be responsive, with the system reacting promptly
to temperature fluctuations and ensuring stable conditions for the stored items.

4. User Interface and Usability
The user interface of the web dashboard has been designed to be user-friendly and responsive. The data is
displayed clearly with graphs, gauges, and real-time updates. The system's design allows users to view the temperature,
humidity, and door status at a glance. The use of toggle switches for fan control and intuitive buttons for navigation
contributes to the overall ease of use. The responsive design ensures that the interface works well on both desktop and
mobile devices, improving accessibility.

5. Challenges Encountered
Despite the system's overall success, a few challenges were encountered during the implementation:

Sensor Accuracy: While the DHT22 sensor provides reliable temperature and humidity readings, occasional
sensor drift was observed, which required recalibration to ensure consistent accuracy.

Data Syncing Delays: There were occasional delays in data synchronization between the ESP32 microcontroller
and the web interface. This was mainly due to network instability and the frequency of data transmission, which was
eventually optimized by adjusting the intervals at which the data was sent.

Power Consumption: The system's power consumption, especially when the cooling system is engaged, was
higher than initially anticipated. Future iterations of the project may explore more energy-efficient components or
strategies for optimizing power use.

6. Future Improvements
There are several potential improvements that could be made to the system:

Sensor Calibration: To ensure greater accuracy, the system could be equipped with an automatic calibration
feature that adjusts the sensor readings periodically to minimize any drift.

Advanced Cooling Control: The cooling system could be enhanced with more sophisticated control algorithms
that optimize energy consumption while maintaining temperature stability.

Remote Alerts: Adding a remote alert system via email or SMS notifications when the temperature deviates from
the acceptable range or if the door is left open for too long would increase the system's reliability and responsiveness.

7. Conclusion
The industrial refrigerator temperature control system has demonstrated the capability to maintain stable and
optimal conditions for temperature-sensitive products. The integration of real-time monitoring, automated cooling
control, and web-based visualization provides a robust solution for industrial refrigeration applications. The challenges
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encountered during the implementation phase were successfully addressed, and the system's performance met the
project's objectives. With further optimization, the system can be enhanced to provide even greater efficiency and
reliability in future deployments.
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Abstract - This article covers the design and production processes of unmanned underwater vehicles. In the study, the basic elements
to be considered in underwater vehicle design, the materials used, and the production stages are examined in detail. In addition, the

engineering difficulties encountered in the design process and the solution approaches to these difficulties are also included.
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Ozet - Bu makale insansiz su alt1 araglarimin tasarim ve iiretim siireclerini kapsamaktadir. Calismada su alt1 araci tasariminda dikkat
edilmesi gereken temel unsurlar, kullanilan malzemeler ve iiretim agamalart detayli bir sekilde incelenmistir. Ayrica tasarim

siirecinde karsilagilan mithendislik zorluklar1 ve bu zorluklara yonelik ¢6ziim yaklasimlarina da yer verilmistir.

Anahtar Kelimeler — insansiz sualt1 araci, sualti arac, sualti araci tasarimi, otonom

insansiz Su Alti Araci1 Nedir ?

Insansiz su alt1 araglari, insan miidahalesi olmaksizin su alt1 ortaminda gorev yapabilen, genellikle otonom ya da

uzaktan kumanda ile kontrol edilen, gelismis teknolojilere sahip araglardir.

Sekil 1. Aselsan i Tasarlamis Oldugu DERINGOZ 100M/600 Insansiz Su Altr Aract

Insansiz Su Alt1 Araclar1 Hangi Alanlarda Kullamlmaktadir ?

Batik gemilerin, ucaklarin veya su alt1 yapilarin kesfi gibi bir¢ok alanda insansiz su alt1 araclarini gérmekteyiz.

Deniz tabaninin haritalanmasi ve topografik analizlerin yapilmasi.

Su alt1 ekosistemlerinin incelenmesi, canl tiirlerinin izlenmesi ve drnek toplanmasi.
Petrol ve dogal gaz platformlarinin bakim ve onarimi.

Denizalt1 mayinlarinin tespiti ve etkisiz hale getirilmesi.

Askeri istihbarat toplama ve deniz giivenligi operasyonlari.
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1.Su Alt1 Aracinin Mekanik Tasarimi
e Mekanik tasarim siireci boyunca aragta birgok degisiklik yapilmuistir.

1. Tasarim: Ilk tasarlanan su alt1 aracinda toplamda 8 adet itici motor kullanilmistir. Bunlardan 4'i ileri, geri
ve eksen hareketleri igin, diger 4 motor ise asagi ve yukari hareket i¢in kullanilmigtir. Bu tasarimin
kullanilmamasinin sebepleri arasinda, asagi ve yukari hareket motorlarinin aracin u¢ kisimlarinda etkisiz
kalmasi, ylizdiiriicii haznesinin yetersiz olmas1 ve kamera haznesinin iist kistmda yer almasi nedeniyle aracin
altindaki nesnelerin goriilememesi yer almaktadir. Bu sorunlarin ¢oziilmesi amaciyla tasarim iizerinde
tyilestirmelere baglanmistir.

Sekil 3. HOYTEK Firmasinn Tasarlamis Oldugu Insansiz Su
Alti Araci

Sekil 4. 1. Tasarim Sekil 5. 2. Tasarim

2. Tasarim: Bu tasarimda, ilk tasarimda ortaya ¢ikan u¢ kisimlarda etkisiz itici sorunu, motorlarin su alti
aracinin dis kismina yerlestirilmesiyle ¢6ziime kavusturulmustur. Ardindan, aracin kamera haznesi alt kisma
taginarak daha net ve kaliteli goriintiiler elde edilmistir. Ayrica, ylizdiiriicii haznesi yeterli biiyiikliige
getirilmistir. Ancak, bu tasarimda da bazi eksiklikler bulunmaktaydi. Kullanilan iticiler, aracin agirhigi ve
boyutuyla karsilastirildiginda yetersiz kaliyordu.
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Nihai Tasarim: Nihai tasarimda, 1. ve 2. tasarimlarda karsilasilan tiim sorunlar ¢oziime kavusturulmustur. Ayrica,
iticilerin daha verimli bir su akig1 saglamasi i¢in duvar deliklerinin genigligi artirllmigtir. Daha net bir goriintii elde
edebilmek amaciyla fener eklenmistir. Bunun yani sira, aracin verimliligini artirmak icin cesitli mekanik degisiklikler
yapilmig ve su alt1 araci nihai sekline kavusturulmustur.

Sekil 6. Nihai Tasarim

1.1. Mekanik Tasarim Siireci

Mekanik tasarim siirecinde, su alt1 aracinin kiitle merkezi ve hacim merkezi dikkate alinarak denge saglanmaya yonelik
bir tasarim yapilmistir. Bu yaklasim, aracin su altindaki stabilitesini artirmayr hedefler. Tasarimda, kiitle merkezi
asagiya, hacim merkezi ise {ist kisma yerlestirilmis ve iticiler igin yiikselticiler kullanilarak kiitle merkeziyle ayni hizaya

getirilmistir.

Sekil 7. Su Alti Aracimin Kiitle Merkezi Analizi

Kiitle merkezini ayarlamak icin, aracin tist haznesine elektronik sistem (aviyonik) yerlestirilmis, daha agir olan

bataryalar ise aracin altindaki hazneye konulmustur.
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Hacim merkezini ayarlamak icin ise, iist kisma yerlestirilen ylizdiiriicii hazneler sayesinde hacim merkezi

yukariya ¢ekilmistir.

2. Su Alt1 Aracinda Kullanilan Malzemeler

PLA filament: PLA filamentinin basimi1 oldukga kolaydir ve su alt1 araci {iretimi i¢in hafiflik
saglar. Bu hafiflik, aracin manevra kabiliyetini ve verimliligini artirarak, daha az enerji
tilketimiyle daha uzun menzile ulasmasint miimkiin kilar. PLA, aracin hazne kelepgeleri, itici

il yiikselticileri, L baglantilarini ve yiizdiiriicii haznesinde kullanilmigtir.

7

/4 i / 1
Sekil 8. PLA Filament

Sekil 9. Polietilen Levha

SR

Sekil 10. O-Ring

Py

Sekil 11. Su Aln Iticisi

L

(-

Sekil 12. Penetrator

Polietilen Levha: Su alt1 araglarinda dayanikliligi ve suya karsi direngli dzellikleri nedeniyle
tercih edilmektedir. Yogunlugunun suyun yogunlugundan diisiik olmasi, aracin suda askida
kalmasini saglar. Ayrica, su altindaki basinca kars1 yiiksek direng gostererek aracin uzun siireli
kullanimini saglar. Aracin sasesinde polietilen levha kullanilmigtir.

O-Ring: Aviyonik sistemi koruyan sizdirmaz haznede bulunan flanglarin yuvalaruna
yerlestirilerek sizdirmaz haznenin sizdirmazligini saglamaktadir.

Su Alt1 iticileri: Utras Su Alt iticisi su gegirmez bir motor tiiriidiir. Mekanik aksamlar
enjeksiyon yontemiyle iretilmistir ve darbelere yiiksek dayanim saglayan yeni iticilerle
donatilmistir. Poliliretan gévde ve pervane malzemeleri ile uzun omiirlii performansi garanti
eder.

Penetrator: Penetratorler kapaga takilarak igerilerinden kablolar gegirilir. Gegirilen kablolar
ile penetratorler arasinda epoksi malzeme ile yaliim yapilarak su gegirmezligi saglanir.
Penetratorler aliiminyum malzemeden iiretilmistir.
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3. Su Alt1 Arac1 Uretim Yontemleri

= CNC Router: CNC router cihazi, bir bilgisayar tarafindan kontrol edilen ve
yiiksek hassasiyetle ahsap, plastik, metal, kompozit ve diger malzemeleri
| islemek icin kullanilan bir makinedir. CNC router'lar, is pargasini belirli bir
i desen veya sekil ile kesmek, oyma yapmak, frezelemek gibi islemleri

gerceklestirir. Aracin sasesinde kullanilan polietilen levhalar (yan duvarlar, alt
duvar ve kanatlar) bu yontemle iglenerek tasarima uygun hale getirilmistir.

Universal Freze: CNC freze ile talas kaldirma islemi, kesici takimlarin
dogrusal ilerleme hareketi yaparak is pargasi iizerinden talas kaldirma islemidir.
Genellikle dik igslem yapan bir kesici aletidir. Diiz ve agil1 yiizeylerin islenmesi,
kanal agma, diiz ve dairesel boliintiiler yapmak i¢in bu yontem kullanilir. Su altt
aracinin sizdirmaz haznesinin penetrator deligi giriglerine, penetrator capi
boyutlarinda bu yontemle delikler agilmigtir

3D Yazicr: Sanal ortamda tasarlanmis 3 boyutlu nesneleri kati formda somut
nesnelere doniistiiren makinelere 3 boyutlu yazici denir. 3D baski teknolojisi ile
ihtiyag duyulan her tlirli model basilabilir. Bu yontemle, aracin hazne
kelepgeleri, itici yiikselticileri, L baglant1 elemanlar1 ve yiizdiiriicii haznesi
iretilmistir.

Sekil 15. 3D Yazicit Makinasi

4. Proje Uzerinde Yasanmilan Zorluklar ve Coziimler

Su alt1 araglariin tasariminda karsilasilan mekanik zorluklar, su alt1 ortaminin benzersiz ve zorlu kosullarindan
kaynaklanmaktadir. Bu zorluklarin etkileri ve mithendislik ¢éziimleri, tasarim siirecinde dikkate alinmas1 gereken kritik
unsurlardir. Bu ¢alismada, s6z konusu zorluklar ve bunlara yonelik ¢6ziim yontemleri detayli bir sekilde incelenmistir.
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4.1. Su Geg¢irmezlik ve S1zdirmazhk

Su alt1 araglarmin en kritik tasarim gerekliliklerinden biri, tamamen su gecirmez bir yapiya sahip olmalaridir.
Herhangi bir su sizintisi, aracin gorev performansini ciddi sekilde tehlikeye atabilir. Bu baglamda, su gegirmezlik
saglama siireci 6nemli bir zorluk olarak kargimiza c¢ikmaktadir. Bu sorunun ¢oziimii icin sizdirmazlik recineleri
kullanilmaktadir. Ancak, zamanla bu regineler gevrekleserek catlama riskine yol agabilmektedir. Eger bu durum diizenli
olarak kontrol edilmezse, catlaklar aracin aviyonik sistem haznesine su girisine neden olabilir, bu da sistem arizalarina
ve gorev kaybina yol agabilecek kritik bir problem olusturur.

Aviyonik sistem haznesine su sizintis1 aracin i¢ yapi bilesenlerinin zarar gérmesine neden olur. Ozellikle,
maliyeti yiiksek olan elektronik bilesenlerin suyla temas etmesi, telafisi zor hasarlara yol agabilir. Bu durum, finansal
kayiplara ugramasina neden oldugundan, kesinlikle 6nlenmesi gereken bir sorundur.

4.2. Stabilite ve Denge Sorunlari

Su alt1 araglarinin etkin bir sekilde yonlendirilmesi ve dengede tutulmasi, basarili bir operasyon i¢in kritik neme
sahiptir. Suyun sicakligi, basinci ve akintilar gibi degisken ¢evresel kosullar, aracin hareket kabiliyetini olumsuz yonde
etkileyebilir. Bu zorluklarin iistesinden gelmek i¢in ara¢ tasariminda destek yiizdiiriicli elemanlar kullanilir. Dengeyi
saglamak amaciyla, yiizdiiriiciiler ve agirliklar stratejik bir sekilde yerlestirilerek aracin stabilitesi artirilmaktadir.

4.3. Korozyon ve Asinma

Suyun igeriginde bulunan kimyasal maddeler, su alt1 araglarinda kullanilan malzemelerin korozyona ugramasina
neden olabilir. Bu durum, aracin yapisal biitiinliigiinii ve uzun vadeli performansini olumsuz etkileyebilmektedir.

Su alt1 araglarinin operasyonlarinda karsilagilan bir diger zorluk, araclarin test veya kullanim alani olarak tercih
edilen havuzlarin temizlik amactyla klorlanmasidir. Havuz suyunda bulunan klor, su alt1 araglarinda kullanilan mekanik
malzemelere ciddi hasarlar verebilmektedir. Ornegin, motor tutucular klorun asindirici etkisi nedeniyle zamanla
zayiflayarak kirilma riski tagimaktadir. Bu durum, arag¢ performansini dogrudan etkileyen bir sorun olusturmaktadir.
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Sensor Tabanh Akilli Takip ve Kontrol Saglayan Organ Nakil Kutusu

*Nazli Beyza Bayraktar, 2Beyza Akkog

L2Geleuk Universitesi. Konya/Tiirkiye, 1 223311138@ogr.selcuk.edu.tr , 2223311138@ogr.selcuk.edu.tr

Ozet - Organ nakilleri tedavi siirecinde onemli bir yer kaplar. Siiregte kullanilan geleneksel organ nakil kutularinin eksiklikleri
oldugunu goézlemledik. Eksiklikleri gidermek adina tasarlayacagimiz projemizde nakil kutulari iizerine entegre edecegimiz sicaklik
ve nem sensOrlerinin yani sira bulunan GPS sensdriimiizle konum takibi yapip, bu sensorlerden alacagimiz verileri mobil uygulama
iizerinden goriintiileyerek siirecin en saglikli sekilde yiiriitiilmesini hedefliyoruz. Projemizin bu kismi, nakil kutular1 iizerine entegre
edecegimiz sicaklik, nem ve GPS sensorleriyle elde edilen verilerin mobil uygulama iizerinden izlenebilmesi, siirecin en saglikli
sekilde yonetilmesine olanak tantyacak ve projeye 6zgiinliik katacaktir.

Projedeki en biiyiik amacimiz saglik alaninda teknoloji kullanimini artirarak etkili bir tedavi siireci yaganmasinda rol oynamak.
Bunun sonucu olarak hastalarin ve saglik personellerinin siireci daha sorunsuz ve stressiz ge¢irmesini hedefliyoruz. Arastirmamizda,
organ tagima siireclerini izlemek, ¢evresel kosullart (sicaklik ve nem) gozlemlemek ve acil durumlarda hizli miidahale imkani
sunmak amaciyla deneysel bir tasarim yaklasimi benimsenmistir. Python tabanli bir backend (API) kullanilarak organ nakil
kutusundan alinan sensor verileri islenecek ve veritabaninda saklanacaktir. Flutter ile gelistirilen mobil uygulama, bu API ile iletisim
kurarak kullanicilara anlik olarak sicaklik, nem ve konum verilerini sunacaktir. Sistemde, organ tasima cantasina yerlestirilen
organin konumu GPS ile takip edilip, sicaklik ve nem degerleri siirekli olarak izlenecektir. Bu veriler belirlenen siirlarin disina
cikarsa, kullaniciya bildirilecektir. Sicaklik degeri istenilen seviyenin disina ¢iktiginda fan sistemi, nem seviyesi digina ¢iktiginda
ise peltier modiilii devreye girerek ortam kosullarini uygun hale getirecektir. Bu yaklasim, organ taginmasi sirasinda giivenligi
artirarak, tagima siirecinin etkin ve verimli bir gsekilde ger¢eklesmesini saglayacaktir.

Bu yenilik¢i sistem, organ tasima siireglerinde hata oranlarini azaltmayi ve organin giivenli sekilde taginmasini saglamayi
amaclamakta olup, potansiyel olarak patent veya faydali model tescili alabilecek bir ¢6ziim sunmaktadir. Ayrica, proje kapsaminda
elde edilen veriler, bilimsel arastirmalar i¢in degerli bir kaynak olugturabilecek ve organ nakli alaninda yapilan ¢aligmalara katki
saglayacaktir. Proje, saglik alaninda teknoloji kullanimini artirarak, ulusal etkinliklerde yer edinmeyi ve bu sayede organ nakli
stireclerini daha verimli hale getirmeyi hedeflemektedir.

Anahtar Kelimeler — Organ nakil, sensor, akilli control, saglik teknoloji

OZGUN DEGER

Gelisen teknoloji saglik alaninda da bir¢ok yeniligin ve gelisimin kapisini acti. Tedavi yontemleri igin kullanilan
araclar da bu gelisimin bir pargasi. Bu araglara 6rnek olarak organ nakilleri siirecinde kullanilan "organ nakil ¢antalar1”
gosterilebilir. Mevcut durumda bulunan nakil ¢antalari, gerekli kosullarin anlik olarak takip edilmesine olanak saglamaz.
Bu durum, organ tasima sirasinda meydana gelebilecek ani deger degisimlerinin gézlemlenememesi ve dolayisiyla
miidahale edilmesinin zorlagmasi anlamina gelir. Organlarin optimum degerlerde tutulmasi hayati 6nem tasir, degerlerin
disinda kaldig1 durumlarda organ kalitesinin bozulmasi sonucu nakilde basari orani diiser.(TBB Dergisi, Say1 83,2009).
Ayrica takip sisteminin olmamasi sebebiyle ger¢ek zamanli konum takibi yapilamaz. Bu sorun organlarin kaybolma
riskini ve dogru alictya zamaninda ulasamama sorununu beraberinde getirir (Eski & Ozceylan, 2023). Bunula birlikte
olas1 tasima gecikmeleri veya giizergah degisikliklerinde gerekli miidahalenin yapilmasi i¢in zaman kayiplari
yasanabilir. Saglik personellerinin anlik bilgi alamamasindan kaynakli olarak olas1 sorunlar karsisinda hizli ¢oziimleri
hayata gegirmesi zorlasir. (SDU Saglik Bilimleri Dergisi, 2018) Biz de bu olumsuz etkileri en aza indirmek amaciyla
geleneksel nakil kutularina teknoloji entegre ederek kullanimi daha kolay hale getirmeyi ve nakillerde daha basarili,
saglikli bir siire¢ yasanmasini hedefliyoruz. Eksikliklerin ¢6ziimii olarak tasarlayacagimiz mobil uygulama ile sicaklik
ve nem degerlerini gézlemlemeyi, GPS iizerinden konum takibi yapmayi planliyoruz.

Oncelikle nakil kutularinda kullanacagimiz sensorlerle ortamdaki sicaklik ve nem seviyesi takip edilecek.
Kutunun kapagina entegre edecegimiz GPS sensorii ile anlik konum tespiti yaparak gergek zamanli konum takibi

87



Selcuk University 3" International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

yapmay1 amagliyoruz. Bu sayede organlarin uygun kosullarda tasindigindan emin olmay1 saglayarak, organin kalitesini
korumay1 ve nakil basar1 oranini artirmayi hedefliyoruz. Ayrica sicaklik, nem ve GPS sensoriinden alinan veriler,
sensorlii kutularla entegre olarak calisan mobil uygulama {izerinden takip edilecek. Bu; saglik gorevlilerinin organlarin
durumunu stiirekli izlemelerine olanak taniyacak ve potansiyel sorunlara hizli miidahale etmeyi miimkiin kilacak,
kullanict dostu bir arayiize sahip oldugu i¢in karmasik verileri basit bir sekilde sunarak saglik ekiplerine verileri kolayca
anlama ve hizli kararlar alabilme firsati saglayacak, sicaklik veya nem seviyeleri olmasi gereken deger araligi disina
ciktiginda uygulama kullaniciya yani saglik personellerine aninda uyarilar géndererek olasi bir sorun karsisinda hizl
aksiyon alinmasinmi saglayacak, nakil ekibi ve saglik personelleri arasinda iletisim saglayarak ekipler arasinda anlik
durum giincellemelerini paylasip koordinasyonu artirabilir, mobil uygulamaya ulagim basitliginden dolayi saglik ekipleri
herhangi bir yerde ve anda bilgiye kolayca erisebilecek, hastalar ve yakinlar1 mobil uygulama sayesinde organlarinin
durumu hakkinda bilgi sahibi olabilir boylece siire¢ hakkinda daha fazla bilgiye sahip olmalar1 saglanarak kaygi
diizeyleri azaltilabilir.

Bu projemizde; halihazirda bulunan geleneksel nakil kutularinda bulunmayan GPS takibi sistemiyle ve bununla
uyumlu olarak ¢alisan anlik degerleri gézlemleme imkani sunan mobil uygulamamizla yeni nesil teknolojinin sundugu
firsatlari, tedavi yontemi olarak kullanilan nakil isleminde hastanin ve saglik g¢alisanlarinin bu siiregte islerini
kolaylastirmay1 amacladik. Yenilik¢i yaklagimi ve takip sistemi ile organ nakil siire¢lerinde degisim sunarak, saglik
alanindaki mevcut yontemlere biiyiik katkida bulunmay1 hedefledik.

Amacg ve Hedefler

Bu projenin temel amaci organ nakil siirecinde tasinan organlarin giivenli ve saglikli bir sekilde tagimasini
saglayan bir nakil cantasi gelistirerek siirecin hasta, hasta yakinlar1 ve saglik personelleri i¢in en giivenilir sekilde
gerceklesmesini saglamak. Nakil siirecinde kullanilan ¢antalar; organlar i¢in olmasi gereken optimum degerde sicaklik
ve nem seviyesinde ortam sunmasi, bu degerlerin mobil uygulama tizerinden izlenerek anlik takibinin yapilmasi, olasi
bir sicaklik yiikselisi ve diisiisii durumunda mobil uygulama iizerinden kontrol sistemleri agilarak tekrar optimum
seviyeye getirilmesi, organlarin tasinmasi sirasinda bu islemin en gilivenli ve hizli bicimde yapilmasina katkida

bulunmasi amaciyla tasarlanacak.

Bu baglamda hedeflerimiz, sensorler sayesinde aldigimiz ve mobil uygulama iizerinden goriintiileyebildigimiz
sicaklik ve nem degerlerini optimum seviyelerde tutmak sicakligin bu seviye disina ¢tkmas1 durumunda ise uygulamadan
anlik bildirim alarak tekrar gereken sicaklik degerlerine getirilmesi. Mobil uygulama {izerinden siirecin izlenebilirligini
saglamak ve daha gilivenli bir siire¢ olusturmak adina GPS takibi yapilarak ger¢cek zamanli konuma erisilmesi. Acil

durumlarda, durum tespiti ve gerekli miidahalenin hizli ve dogru sekilde yapilmasina yardimci olmak.

Bu projemizde organ nakli siireglerinin giivenligini artirarak hem organ nakli bekleyen hastalar hem hasta
yakinlar1 hem de bu siiregte rol alan saglik ¢alisanlari igin kritik noktada hizmete yardimci bir ara¢ sunmak en biiylik

hedefimiz.
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YONTEM

Peltier odemetieyicd  1cp Ekran

Sekil 2.1. Yeni Nesil Organ Nakil Tasima Cantast Prototipi

Bu ¢aligma, sekil 2.1°de gosterilen prototipte oldugu gibi organ nakli siireclerinde kullanilan geleneksel tagima
kutularina GPS sistemi entegre ederek ve anlik olarak ortamin sicaklik, nem degerlerini takip ederek organlarm giivenli
ve zamaninda ulastirilmasini saglamak amactyla gerceklestirilecektir.

Arastirmada deneysel bir tasarim benimsemeyi planliyoruz. Ongériilen hedefler; organlarin tagima siireclerinin
ve yollarinin izlenmesi, tasima siiresince sicaklik ve diger ¢evresel kosullarin gézlemlenmesi, acil durumlarda hizl
miidahale olanaklarinin artirilmasidir. Bu baglamda mobil uygulama gelistirme siirecinde Flutter tabanli kullanici
arayiizli tasarlamay1 amacliyoruz. Projemizde, Python tabanli bir backend (API) kullanilarak organ nakil kutusundan
alian sensor verileri islenecek ve veritabaninda saklanacaktir. Flutter ile gelistirilen mobil uygulama, bu AP ile iletisim
kurarak, kullanicilara sicaklik, nem gibi verileri sunacaktir.
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Sekil 2.2. Organ nakil kutusunun yazilim gelistirme siireci

Organ nakil kutusunun yazilim gelistirme siireci, platformun temel ihtiyaglarmi karsilayacak sekilde
yapilandirilacaktir. Bu siireg, organ nakli sirasinda kullanilan verilerin toplanmasi, giivenli bir sekilde saklanmasi ve
paylasilmasi islemlerini igermektedir. Sistemin etkili bir sekilde calisabilmesi i¢in, organ nakil kutusunun {izerinde
bulunan sensorlerden elde edilen verilerin hizli bir sekilde islenmesi ve mobil uygulama iizerinden kullaniciya
aktarilmasi saglanacaktir. Bu amaca ulagsmak i¢in kullanict dostu bir arayiiz tasarlanacak ve verilerin hizli bir sekilde
iletilmesini saglayacak API entegrasyonlari yapilacaktir. Projemizin isleyisi, Sekil 2.2 ’deki cergeveye gore
sekillenecektir. Organ, tasima ¢antasina yerlestirildigi anda GPS sensoérii devreye girecek ve organin konumu takip
edilmeye baslanacaktir. Bu asamada mobil uygulama araciligiyla kullaniciya konum bilgisi ile birlikte bir bildirim
gonderilecektir. Ayrica, organin tasinma siirecinde sicaklik ve nem degerleri siirekli olarak izlenecek ve bu veriler mobil
uygulama lizerinden takip edilecektir. Sicaklik ve nem degerlerinin belirlenen aralikta olmasi durumunda, kullaniciya
olumlu bir bildirim yapilacaktir. Ancak, bu degerlerin istenilen smnirlarin  disina ¢ikmasi durumunda, kullaniciya
olumsuz bir bildirim gonderilecektir. Sicaklik degeri belirlenen seviyenin diginda oldugunda, sistem otomatik olarak
fan aktiflestirerek ortamin sogutulmasimi saglayacaktir. Nem degeri istenilen seviyenin disina ¢iktiginda ise peltier
modiilii devreye girerek ortam kosullarini uygun hale getirecektir. Bu siire¢ler, organin saglikli bir sekilde taginabilmesi
icin gerekli ortam kosullarmin stirekli olarak saglanmasina olanak taniyacaktir.
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Ozet- Faydali yiik, roketlerin bilimsel, ticari ve askeri gorevlerini yerine getirebilmesi igin tasidig1 ekipmanlardir. Haberlesme,
gozlem, bilimsel arastirma ve askeri uygulamalar gibi bir¢ok alanda faydali yiiklerin 6nemi biiyiiktiir. Bu makalede, faydal ytikiin
tanimi, 6nemi, tasarim siiregleri ve kullanim alanlari ele alinmigtir. Faydal yiik tasariminda agirlik, hacim, malzeme se¢imi, enerji
sistemleri, veri iletisim sistemleri ve ¢evresel faktorler gibi dnemli unsurlar detaylandirilmistir. Ayrica, faydali yiik tasariminda
karsilagilan zorluklar ve teknolojik gelismelerin faydali yiiklerin gelecekteki etkisi {izerinde durulmustur. Faydali yiiklerin, uzay
aragtirmalarindan savunma teknolojilerine kadar genis bir uygulama alaninda insanligin teknolojik ilerlemesine katki sagladigi
vurgulanmaktadir.

Anahtar Kelimeler —Faydal1 Yiik, Roket Teknolojileri, Uzay Gorevleri, Aerodinamik Tasarim, Malzeme Se¢imi

Faydah Yiik: Tamim, Onemi ve Tasarim

Roketler, yalnizca belirli bir yiikii bir noktadan digerine tagimakla sinirl degildir. Ayn1 zamanda bilimsel, askeri
ve ticari gorevleri yerine getirerek insanligin ileriye birgok teknolojik ve stratejik amacini destekler. Bu taginan yiik ise
“faydal1 yiik” olarak adlandirilir ve roketlerin bagarili bir sekilde gerceklestirdigi her gorevin temel bilesenidir.

Roket Teknolojilerinde Faydah Yiikiin Onemi

Uzay ¢aginin baglangicindan bu yana, roket teknolojileri hayatimizin vazgecilmez bir pargasi haline gelmistir.
Ancak bir roketin amaci sadece bir aract gokyiiziine gondermek degil, bu aracin belirli bir gorevi yerine getirmesidir.
Roketlerde bu gorevi listlenen parca, “faydali yiik” olarak bilinir.Faydali yiik, roketin tagidigi en kritik ekipman ve
cihazlar1 ifade eder. Bu cihazlarin dogru bir sekilde tasarlanmasi ve entegrasyonu, roket gérevlerinin basarisinda anahtar
rol oynar.

Faydali yiikiin ©Onemi, bilimsel ve endiistriyel alanlarda genis bir uygulama alanina sahiptir. Uydu
haberlesmesinden atmosferik verilerin toplanmasina, askeri gorevlerden bilimsel deneylerde kadar bir¢ok farkli alanda
faydali yiikler kullanilmaktadir. Bu yazida, faydali yiikle ilgili temel kavramlari, tasarim asamalarini ve faydalarii
detayli bir sekilde inceleyecegiz. Neden faydali yiiklere ihtiya¢ duyariz? Faydal yiikle ilgili karsilagilan tasarimsal
sorunlar nelerdir? Bu sorularin cevaplarina birlikte ulasacagiz.

Faydah Yiik Nedir ve Neden Onemlidir?

Faydali yiik, roketin belirli gérevleri yerine getirmek i¢in tagidig1 ekipmanlari ifade eder. Bu ekipmanlar genellikle
haberlesme, gozlem, bilimsel arastirma, atmosferik sondaj veya askeri uygulamalar igin tasarlanir. Ozellikle uydu gibi
faydali yiikler, diinya genelindeki iletisim altyapisini desteklerken, bilimsel cihazlar ise uzay ortamini daha iyi
anlamamiza yardimei olur. Ancak bu ekipmanlarin tasarimi ve entegrasyonu oldukga karmasik bir siiregtir.

Faydal Yiikiin Zorunlulugu

Bir roketin ana amaci, belirli bir faydal1 yiikii hedeflenen yoriingeye tasimaktir. Faydali yiik olmadan bir roket,
yalnmizca bos bir aragtan ibarettir. Bu yiik, roketin varolus nedenini tanimlar ve nihai amacini gerceklestirir. iletisim
uydularmin eksikligi diinya genelinde haberlesme altyapisini sekteye ugratabilirken, atmosferik verilerin toplanamamasi
cevresel degisikliklere dair kritik bilgilerin kaybina yol agar. Bu nedenle, faydali yiiklerin tasarimi ve kullanimi biiyiik
bir zorunluluk haline gelmistir.
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Faydah Yiik Tasariminda Onemli Faktorler

Faydal1 yiik tasarimi, bir roketin basarisini etkileyen en 6nemli agamalardan biridir. Bu siirecte ¢esitli faktdrlerin
dikkatlice ele alinmasi1 gerekmektedir:

Agirhik ve Hacim:

Faydal1 yiikiin roketin tasima kapasitesine uygun olmasi, roketin hedef yoriingeye ulagma yetenegini dogrudan
etkiler. Agirlik ve hacim, tasarim siirecinde dikkat edilmesi gereken temel unsurlardir.

Aerodinamik Yapi:

Faydali ytikiin, roketin aerodinamik 6zelliklerini olumsuz etkilememesi i¢in dogru bir tasarimin gergeklestirilmesi
gerekmektedir. Aerodinamik uyum, roketin giivenilir bir sekilde ugus yapabilmesi agisindan kritik 6neme sahiptir.

Yiizey Malzemeleri:

Uzay ortamimin zorlu kosullarina dayanikli olan malzemelerin segilmesi, faydali yiikiin gbérev boyunca
islevselligini siirdiirebilmesi i¢in 6nemlidir. Agir sicaklik degisiklikleri, radyasyon ve mekanik etkiler bu malzemelerin
dayanikliligini artirmalidir.

Enerji Sistemleri:

Faydali yiik tasman cihazlarin veya sensorlerin islevlerini siirdiirebilmesi i¢in gerekli enerji kaynaklarmin
tasarimi, hayati bir faktordiir. Bu sistemler, gorev siiresince verimli bir sekilde ¢alismay1 saglamalidir.

Veri lletisim ve Kontrol Sistemleri:

Faydali yiik, gorev sirasinda veri toplama, isleme ve iletisim gorevlerini yerine getirdigi i¢in bu sistemlerin
tasarimi kritik dneme sahiptir. Dogru bir iletisim ve kontrol sistemi, faydali yiik ile roketin sorunsuz bir sekilde
caligsmasini saglar.

Cevresel Faktorler:

Uzay ortamindaki ekstrem kosullara dayanacak sekilde tasarlanan faydali yiik, radyasyon, sicaklik degisiklikleri
ve diisiik yer ¢ekimi gibi faktorlere karsi direngli olmalidir.

Faydal Yiik Kullaniminin Faydalar

Faydali yiiklerin kullanimimin sagladigi birgok avantaj bulunmaktadir. Bunlardan ilki, haberlesme alaninda
uydularm diinya genelindeki iletisim agim destekleyerek bilgi alisverisini kolaylastirmasidir. Iletisim, giiniimiizde
hemen her sektorde 6nemli bir rol oynarken, uydu sistemleri sayesinde uzaktaki noktalar arasinda hizli ve giivenilir bir
baglant1 saglanmaktadir. Ayrica, bilimsel arastirmalar da faydali yiiklerin sagladig1 veriler sayesinde atmosfer ve uzay
ortami hakkinda kritik bilgiler sunar. Bu bilgiler, ¢evresel degisiklikleri izlemek, gezegenimizin farkli bolgelerinde
arastirma yapmak ve uzayda daha giivenli operasyonlar gergeklestirmek i¢in biiyilk 6nem tasir. Ayrica, askeri
uygulamalarda kullanilan faydali yiikler, stratejik avantajlar saglamakta olup savunma alaninda kritik gorevler tistlenir.

Karsilasilan Sorunlar

Faydal1 yiik tasariminda ve entegrasyonunda gesitli zorluklar yasanmaktadir. Agirlik kisitlamalari, roketin toplam
tagima kapasitesini agmamalidir. Bu, 6zellikle uzun siireli gérevler veya yiiksek yoriingelere yapilan tasimalarda 6nemli
bir sinirlamadir. Tasarim karmagikligi ise, malzeme se¢imi ve tasarim siireglerinde maliyet ile dayaniklilik arasindaki
dengeyi saglamak i¢in zorluklar yaratabilir. Ayrica, faydali yiik ile roketin entegrasyonu, uzun test siireclerini
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gerektirebilir. Bu siiregler, yiik ile roketin uyum iginde ¢alismasini saglamak adina detayli ¢aligmalari icerir ve basarili
bir entegrasyon i¢in zaman alabilir.

Faydah Yiiklerin Gelecegi ve Onemi

Faydali yiik, bir roketin nihai amacini gerceklestiren ana bilesendir. Bu nedenle, dogru bir tasarim ve entegrasyon
stireci biiylik bir 6nem tasir. Teknolojinin gelismesiyle birlikte, daha hafif, daha dayanikli ve daha verimli faydal1 yiikler
gelistirilmektedir. Haberlesme, bilimsel aragtirmalar ve savunma alanlarinda kullanilan bu sistemler, gelecekte hem
bilimsel hem de endiistriyel ilerlemelere katki saglamaya devam edecektir. Faydali yiik tasarimi, sadece bir roketin
basarisin1 degil, ayni zamanda insanligin ilerlemesini de destekleyen kritik bir alandir.
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Abstract — Vibration damping is of critical importance in rocket design and directly affects the structural integrity of the rocket,
the safety of the payload, and mission success. This article examines the basic principles, materials, and engineering approaches
of vibration damping technologies. Solutions such as shock absorbers, isolation systems, and active damping technologies have
been developed to reduce the impact of high-frequency vibrations generated during rocket launch. In addition, vibration analysis
and testing processes play a critical role in optimizing the performance of damping systems. Developing vibration damping
methods contribute to the development of more reliable and efficient systems in both space missions and defense applications.

Keywords — Rocket design, Structural integrity, Shock absorbers, Isolation systems, Active damping, Vibration analysis.

1. Introduction

Vibration damping is a crucial aspect in the design of rocket systems, as it directly influences the structural
integrity of the rocket, the protection of payloads, and the overall success of the mission. Rockets are subjected to
dynamic forces during their ascent, especially during launch, which generate high-frequency vibrations that, if not
properly controlled, can lead to catastrophic structural failures or damage to sensitive components. These vibrations
can originate from various sources, including engine thrust, aerodynamic forces, and mechanical interactions within
the rocket’s structure.

To mitigate these vibrations, effective damping systems are essential. These systems help absorb and dissipate
energy, preventing vibrations from propagating through the rocket and affecting its stability. The integration of
vibration damping technologies is particularly important for components such as backup flight computers, sensors,
and payloads, which must operate reliably despite the harsh launch conditions. This paper explores the principles
behind vibration damping technologies used in rocketry, the selection and integration of sensors like the MPU6050
accelerometer for vibration monitoring, and the methods used for analyzing and optimizing damping system
performance post-flight using software tools like MATLAB, Excel, and C#.

Materials and Methods

1.1 Vibration Damping Technologies

The primary objective of vibration damping systems is to mitigate the high-frequency oscillations caused by
various forces during rocket launch and flight. The following damping technologies are typically used in rocket
systems:

e Shock Absorbers: Shock absorbers are mechanical devices that convert vibrational energy into heat, thereby
reducing the amplitude of vibrations. These devices are designed to absorb shocks produced by rapid
acceleration and deceleration, particularly during launch. The materials used in shock absorbers, such as
elastomers, rubber, and composite materials, are chosen for their ability to provide high damping while
maintaining structural integrity under extreme temperatures and pressures.
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o Isolation Systems: Isolation systems decouple sensitive components from the vibrating body of the rocket.
These systems are typically made up of mechanical springs, elastomeric materials, or advanced composites.
By placing sensitive equipment (such as flight computers, sensors, and payloads) on isolated platforms or
mounts, these systems ensure that vibrations from the rocket body are not transmitted to the equipment,
preserving its functionality.

o Active Damping Systems: Unlike passive damping systems that rely on the properties of materials to dissipate
energy, active damping systems employ sensors and actuators to actively counteract vibrations. These systems
monitor vibrations in real-time and generate forces to cancel out or reduce the amplitude of unwanted
oscillations. Active damping is particularly useful for controlling high-frequency vibrations that passive
systems may struggle to attenuate.

1.2 Sensors and Data Acquisition

Vibration monitoring plays a vital role in the performance evaluation of damping systems. The accelerometer
used in this study is the MPUG6050, a widely used sensor that integrates a 3-axis accelerometer and a 3-axis gyroscope
on a single chip. The MPUG6050 provides real-time data on acceleration and angular velocity, enabling the
measurement of vibrations in multiple directions.

e MPUG050 Sensor Integration: The MPUG050 sensor is connected to the flight computer via 12C (Inter-
Integrated Circuit) communication, allowing for continuous data acquisition during flight. The sensor provides
a digital output, which is read by the onboard microcontroller and stored in memory for later analysis. The
accelerometer data can be used to assess the rocket’s motion along the three axes (X, Y, Z), providing valuable
information about the forces acting on the rocket and its components.

e Additional Sensors: Along with the MPUB050, other sensors such as temperature sensors, pressure sensors,
and strain gauges are integrated into the system. These sensors provide complementary data that helps
contextualize the vibration measurements. For instance, temperature and pressure changes during flight can
influence the material properties of damping systems, making it important to monitor these parameters
alongside vibration data.

o Real-Time Data Logging: The data from the MPU6050 and other sensors are continuously logged during the
flight. This data is stored in a non-volatile memory to ensure that it is preserved even if power is lost. Post-
flight, the data is retrieved for analysis, allowing engineers to assess the behavior of the damping systems
under real flight conditions.

1.3 Data Analysis Methods

Once the flight data has been collected, it must be thoroughly analyzed to determine the effectiveness of the vibration
damping systems. Several advanced data analysis techniques are employed to extract meaningful information from
the raw sensor data.

e Time-Domain Analysis: The first step in data analysis involves examining the time-domain data, where
the acceleration and angular velocity readings are plotted against time. This allows engineers to visualize
the intensity and duration of the vibrations during the flight. Specific flight phases, such as launch, ascent,
and re-entry, are analyzed to identify any spikes in vibration levels that may require further attention.

e Frequency-Domain Analysis (FFT): To identify and isolate specific vibration frequencies, Fast Fourier
Transform (FFT) is applied to the time-domain data. The FFT converts the time-domain signal into its
frequency components, allowing engineers to identify dominant frequencies associated with structural
vibrations. By isolating these frequencies, it is possible to pinpoint which parts of the rocket are most
affected by vibrations and optimize damping strategies accordingly.

e Statistical Analysis: In addition to time and frequency analysis, statistical methods such as mean, standard
deviation, and variance are used to evaluate the overall performance and consistency of the damping
systems. For instance, a high variance in vibration data may indicate that the damping system is not
effectively attenuating vibrations across all flight phases, suggesting areas for improvement.

o Data Visualization: The data analysis is supported by various data visualization techniques, including 2D
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and 3D plots, heat maps, and spectrograms. These visualizations help to highlight trends in vibration data,
making it easier to interpret the results and identify potential issues.

2. Electrical Load Considerations

The integration of sensors and active damping systems introduces additional electrical load to the rocket’s power
system. Managing this load is critical to ensure that the sensors, data loggers, and actuators operate reliably without
compromising other critical systems.

e Power Consumption: The MPUG050 accelerometer, along with other sensors, requires a constant power
supply. Power consumption calculations are carried out to ensure that the electrical system can support the total
load of all onboard components without exceeding the available power budget. Power-saving techniques, such
as sleep modes and low-power operation modes, are employed to minimize the impact of sensor systems on
the overall power consumption of the rocket.

o Battery and Power Management: Since rockets operate in harsh environments with high levels of vibration
and extreme temperatures, the choice of battery and power management system is crucial. The battery must
be capable of maintaining consistent voltage and current output throughout the flight, even under stress.
Redundant power systems are often used to ensure that critical systems remain operational in case of failure.

o Data Transmission and Storage: Efficient data transmission and storage are also key considerations. Data
from the sensors are stored in onboard memory and periodically transmitted to the ground station for real- time
monitoring when possible. The onboard memory is designed to withstand the harsh conditions of spaceflight,
ensuring that all data is preserved for post-flight analysis.

3. Mechanical Load and Vibration Behavior

During rocket launch and ascent, the rocket is subjected to various mechanical loads and dynamic forces. These
forces result in the propagation of vibrations throughout the rocket structure. Understanding the mechanical behavior
of the rocket under such loads is essential for designing effective vibration damping systems.

e Mechanical Load Measurement: The mechanical load on the rocket is measured using accelerometers, strain
gauges, and load cells. These measurements help to determine the forces acting on different components of
the rocket during launch, providing insight into the potential sources of vibrations.

o Vibration Propagation: Vibrations induced by mechanical loads can propagate through the rocket structure,
affecting not only the rocket body but also sensitive internal components such as avionics and payloads. The
effectiveness of isolation systems in preventing these vibrations from reaching critical components is evaluated
based on the measured vibration levels at different points in the rocket.

4. Results and Discussions

The results of the vibration analysis are presented and discussed in this section. Key findings include:

o Vibration Profiles: The vibration profiles measured at different stages of the flight reveal the intensity and
frequency of vibrations experienced by various parts of the rocket. Peak vibrations were observed during
specific flight phases, such as engine ignition and aerodynamic drag at high speeds.

o Effectiveness of Damping Systems: The performance of the passive and active damping

5. Electrical Load Considerations

The integration of sensors and active damping systems introduces additional electrical load to the rocket’s power
system. Managing this load is critical to ensure that the sensors, data loggers, and actuators operate reliably without
compromising other critical systems.
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e Power Consumption: The MPUG050 accelerometer, along with other sensors, requires a constant power
supply. Power consumption calculations are carried out to ensure that the electrical system can support the
total load of all onboard components without exceeding the available power budget. Power-saving
techniques, such as sleep modes and low-power operation modes, are employed to minimize the impact of
sensor systems on the overall power consumption of the rocket.

o Battery and Power Management: Since rockets operate in harsh environments with high levels of
vibration and extreme temperatures, the choice of battery and power management system is crucial. The
battery must be capable of maintaining consistent voltage and current output throughout the flight, even
under stress. Redundant power systems are often used to ensure that critical systems remain operational in
case of failure.

o Data Transmission and Storage: Efficient data transmission and storage are also key considerations. Data
from the sensors are stored in onboard memory and periodically transmitted to the ground station for real-
time monitoring when possible. The onboard memory is designed to withstand the harsh conditions of
spaceflight, ensuring that all data is preserved for post-flight analysis.

6. Electrical Load Considerations

The integration of sensors and active damping systems introduces additional electrical load to the rocket’s power
system. Managing this load is critical to ensure that the sensors, data loggers, and actuators operate reliably without
compromising other critical systems.

e Power Consumption: The MPUG050 accelerometer, along with other sensors, requires a constant power
supply. Power consumption calculations are carried out to ensure that the electrical system can support the
total load of all onboard components without exceeding the available power budget. Power-saving
techniques, such as sleep modes and low-power operation modes, are employed to minimize the impact of
sensor systems on the overall power consumption of the rocket.

o Battery and Power Management: Since rockets operate in harsh environments with high levels of
vibration and extreme temperatures, the choice of battery and power management system is crucial. The
battery must be capable of maintaining consistent voltage and current output throughout the flight, even
under stress. Redundant power systems are often used to ensure that critical systems remain operational in
case of failure.

o Data Transmission and Storage: Efficient data transmission and storage are also key considerations. Data
from the sensors are stored in onboard memory and periodically transmitted to the ground station for real-
time monitoring when possible. The onboard memory is designed to withstand the harsh conditions of
spaceflight, ensuring that all data is preserved for post-flight analysis.

7. Electrical Load Considerations

The integration of sensors and active damping systems introduces additional electrical load to the rocket’s power
system. Managing this load is critical to ensure that the sensors, data loggers, and actuators operate reliably without
compromising other critical systems.

e Power Consumption: The MPUG050 accelerometer, along with other sensors, requires a constant power
supply. Power consumption calculations are carried out to ensure that the electrical system can support the
total load of all onboard components without exceeding the available power budget. Power-saving
techniques, such as sleep modes and low-power operation modes, are employed to minimize the impact of
sensor systems on the overall power consumption of the rocket.

o Battery and Power Management: Since rockets operate in harsh environments with high levels of
vibration and extreme temperatures, the choice of battery and power management system is crucial. The
battery must be capable of maintaining consistent voltage and current output throughout the flight, even
under stress. Redundant power systems are often used to ensure that critical systems remain operational in
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case of failure.

o Data Transmission and Storage: Efficient data transmission and storage are also key considerations. Data
from the sensors are stored in onboard memory and periodically transmitted to the ground station for real-
time monitoring when possible. The onboard memory is designed to withstand the harsh conditions of
spaceflight, ensuring that all data is preserved for post-flight analysis.

8. Mechanical Load and Vibration Behavior

During rocket launch and ascent, the rocket is subjected to various mechanical loads and dynamic forces. These
forces result in the propagation of vibrations throughout the rocket structure. Understanding the mechanical behavior
of the rocket under such loads is essential for designing effective vibration damping systems.

e Mechanical Load Measurement: The mechanical load on the rocket is measured using accelerometers, strain
gauges, and load cells. These measurements help to determine the forces acting on different components of
the rocket during launch, providing insight into the potential sources of vibrations.

e Vibration Propagation: Vibrations induced by mechanical loads can propagate through the rocket structure,
affecting not only the rocket body but also sensitive internal components such as avionics and payloads. The
effectiveness of isolation systems in preventing these vibrations from reaching critical components is evaluated
based on the measured vibration levels at different points in the rocket

9. Results and Discussions

The results of the vibration analysis are presented and discussed in this section. Key findings include:

e Vibration Profiles: The vibration profiles measured at different stages of the flight reveal the intensity and
frequency of vibrations experienced by various parts of the rocket. Peak vibrations were observed during
specific flight phases, such as engine ignition and aerodynamic drag at high speeds.

o Effectiveness of Damping Systems: The performance of the passive and active damping systems is
evaluated by comparing vibration data from flights with and without damping technologies. The results

indicate that active damping systems significantly reduce high-frequency vibrations, while passive shock
absorbers and isolation systems perform effectively during lower-frequency vibration events.

e Comparative Analysis: The experimental results are compared with theoretical models of vibration
behavior in rockets. The comparison shows a good match between predicted and actual vibration levels,
suggesting that the damping systems are functioning as expected.

e Optimization Recommendations: Based on the results, recommendations for improving the damping
systems are provided. This may include changes in sensor placement, adjustments to damping materials, or
the addition of more advanced active damping technologies.

10. Conclusion

Vibration damping systems are essential for maintaining the structural integrity and functionality of rocket
systems under dynamic flight conditions. By integrating advanced sensors like the MPUG6050 and utilizing
sophisticated data analysis techniques, engineers can optimize damping system performance and enhance mission
reliability.

Further advancements in sensor technologies and active damping systems will continue to improve the
performance and efficiency of rockets in future space missions
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Abstract — This paper presents the design and implementation of a 500W DC-DC buck converter using the PIC16F877A
microcontroller. DC-DC converters are essential components in modern power electronics, widely used for voltage regulation in
various applications, such as power supplies for industrial equipment, renewable energy systems, and electric vehicles. The focus
of this design is to develop a highly efficient, reliable, and cost-effective converter capable of delivering stable output power while
minimizing energy losses. The PIC16F877A microcontroller is chosen for its versatility, ease of integration, and ability to handle
control tasks efficiently. It is employed to regulate the pulse-width modulation (PWM) signal that controls the switching of the
power transistors in the converter's power stage. The converter is designed to step down the input voltage efficiently, maintaining a
regulated output voltage with minimal ripple, even under varying load conditions.

This paper discusses the design process, including the selection of key components such as inductors, capacitors, and the power
switches, as well as the control algorithm implemented in the microcontroller. Key challenges, including thermal management,
voltage regulation accuracy, and maintaining high efficiency at full load, are addressed. Simulation results are presented to
demonstrate the performance of the converter, followed by experimental results that validate the design. The converter achieves a
power output of 500W, with an efficiency exceeding 90%. The results confirm that the PIC16F877A-based DC-DC buck converter
provides a reliable and efficient solution for high-power applications. The work highlights the importance of optimal component
selection and microcontroller-based control strategies in achieving desired performance levels in power converter designs.

Keywords — Buck Converter, Pulse Width Modulation, Microcontroller, Energy Efficiency, Switch-Mode Power Supply

Ozet — Bu makale, PIC16F877A mikrodenetleyicisi kullanilarak S00W DC-DC buck déniistiiriiciiniin tasarimini ve
uygulamasim1 sunmaktadir. DC-DC doniistiiriiciiler, endiistriyel ekipman, yenilenebilir enerji sistemleri ve elektrikli
araclar i¢in gii¢ kaynaklar1 gibi ¢esitli uygulamalarda voltaj diizenlemesi i¢in yaygin olarak kullanilan modern giic
elektroniginde temel bilesenlerdir. Bu tasarimin odak noktasi, enerji kayiplarini en aza indirirken kararli ¢ikis giicii
saglayabilen son derece verimli, giivenilir ve uygun maliyetli bir donistiriicii gelistirmektir. PIC16F877A
mikrodenetleyicisi, ¢ok yonliiliigii, entegrasyon kolaylig1 ve kontrol gorevlerini verimli bir sekilde ele alma yetenegi
nedeniyle secilmistir. Doniistiirliciiniin giic asamasindaki gii¢ transistorlerinin anahtarlanmasini kontrol eden darbe
genislik modiilasyonu (PWM) sinyalini diizenlemek i¢in kullanilir. Doniistliriicti, giris voltajin1 verimli bir sekilde
diisiirmek ve degisen yiik kosullar altinda bile minimum dalgalanma ile diizenlenmis bir ¢ikis voltajin1 korumak igin
tasarlanmistir. Bu makale, indiiktorler, kapasitorler ve giic anahtarlar1 gibi temel bilesenlerin se¢imi ve
mikrodenetleyicide uygulanan kontrol algoritmasi dahil olmak {izere tasarim siirecini ele almaktadir. Termal yonetim,
voltaj diizenleme dogrulugu ve tam yiikte yiiksek verimliligin korunmasi gibi temel zorluklar ele alinmaktadir.
Doniistiiriictiniin performansini gostermek icin simiilasyon sonuglar1 sunulmakta ve ardindan tasarimi dogrulayan
deneysel sonuglar sunulmaktadir. Doniistiirticii, %901 asan bir verimlilikle 500W'lik bir gii¢ ¢ikis1 elde etmektedir.
Sonuglar, PIC16F877A tabanli DC-DC buck déniistiiriiciiniin yiiksek gii¢ uygulamalari i¢in giivenilir ve verimli bir
¢Oziim sagladigini dogrulamaktadir. Calisma, gii¢ doniistiiriicii tasarimlarinda istenen performans seviyelerine ulasmada
optimum bilegen se¢imi ve mikrodenetleyici tabanli kontrol stratejilerinin dnemini vurgulamaktadir.

Anahtar Sozciikler — Buck Doniistiiriicti, Darbe Genigligi Modiilasyonu, Mikrodenetleyici, Enerji Verimliligi, Anahtar
Modlu Gii¢ Kaynagi

GIRIS

Anahtarlamali gii¢ doniistiiriici devrelerinin bir alt kiimesi olan buck doniistiiriiciiler, yiiksek giris voltajlarm
daha diisiik ve kararli ¢ikis voltajlarina doniistiirmek i¢in kullanilan verimli enerji doniisiim sistemleridir. Bu devreler,
enerji kaybini en aza indirerek, pille ¢aligan sistemler ve endiistriyel gii¢ uygulamalar1 gibi enerji verimliliginin kritik
oldugu uygulamalarda 6ne ¢ikar. Buck doniistiiriiciilerin temel ¢aligsma prensibi, bir anahtarlama elemani (genellikle bir
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MOSFET), bir diyot, bir indiiktér ve bir kapasitor tarafindan kolaylastirilan anahtarlama tekniklerini kullanarak giris
voltajini diizenlemeye dayanir.
Bu yaklagim, en aza indirilmis dalgalanma ile kararl bir ¢ikis voltajini korurken yiiksek verimli enerji doniigiimii saglar.

Buck doniistiiriiciiler glinlimiizde ¢ok sayida uygulama alaninda yaygin olarak kullanilmaktadir. Genellikle
yenilenebilir enerji sistemlerinde giines panellerinden gelen voltaj1 diizenlemek, elektrikli ara¢ sarj iinitelerinde akii
voltajint azaltmak ve telekomiinikasyon sistemlerinde hassas cihazlara gii¢ saglamak i¢in kullanilirlar. Ayrica, buck
doniistiiriictiler bilgisayar donanimlarinda, tasinabilir elektronik cihazlarda ve LED siiriicii devrelerinde siklikla
kullanilir. Bu c¢alisma, 54-84V giris voltaj araliginda ¢alisan ve sabit 48V c¢ikis saglayan 500W'lik bir buck
doniistiiriicliniin tasarimina odaklanmaktadir.

Tasarimda, devreyi kontrol etmek i¢in PIC16F877A mikrodenetleyicisi kullanilmistir. Kapsamli giris/¢ikis
secenekleri, PWM (Darbe Genislik Modiilasyonu) sinyalleri liretme yetenegi ve uygun maliyetli yapistyla PIC16F877A,
bu tiir uygulamalar i¢in ideal bir ¢6ziimdiir. PWM sinyali, buck doniistiiriicliniin anahtarlama elemanini kontrol ederek
cikis voltajinin hassas bir sekilde diizenlenmesini saglar. Mikrodenetleyicinin PWM kontrol o6zelligi, genel sistem
verimliligini artirirken ¢ikis voltaji dalgalanmasini en aza indirir.

Bu calismada kullanilan PIC16F877A, genis bir ¢alisma voltaji araligina ve programlanabilir yap1 taglaria sahiptir.

Ayrica, yiiksek frekanslarda kararli PWM sinyalleri liretme yetenegi, buck doniistiiriiciiniin ¢ikis voltajinin
dogru bir sekilde kontrol edilmesini saglar. Tasarim siirecinde, mikrodenetleyicinin performansi giris voltajinin
degiskenligi ve ylik akimindaki dinamik degisimler dikkate alinarak optimize edildi. Ek olarak, tasarimin etkinligini test
etmek icin simiilasyonlar ve teorik hesaplamalar yapildi ve sonuglar pratik uygulamalarla karsilastirildi.

Sonug olarak, bu makalede tartisilan buck doniistiiriicii tasarimi hem teorik analiz hem de deneysel dogrulama
yoluyla kapsamli bir sekilde incelenmistir. PIC16F877A mikrodenetleyicisinin kullanimi PWM sinyalinin etkili bir
sekilde kontrol edilmesini sagladi ve sistemin kararliligini iyilestirdi. Bu galigma yalnizca buck doniistiiriicii tasarimi
i¢in bir rehber gorevi gérmekle kalmiyor, ayn1 zamanda bu tiir uygulamalarda PIC mikrodenetleyicilerinin kullanimina
iligkin degerli i¢goriiler de sunuyor.

YONTEM

DC-DC Buck Converter devresinin kendine ait ~ belli bir devre semas1 bulunmaktadir. Buna ek olarak devrede
bulunan komponentlerin, tasarimi yapilacak degerlere gore diizenlenmesi gerekir. Makale igeriginde bu hesaplamalara
deginilerek nelere dikkat edilmesi gerektigi belirtilmistir. Devrede ani ylikselme ve al¢almalara karsi alinacak dnlemler
arastirmalar sonucu elde edilmistir. Giris ve ¢ikis degerlerine uygun olarak devre elemanlar1 ve kontrol yontemi
secilmistir. PWM sinyali, mikrodenetleyici kullanilarak iiretilmistir. Cikis gerilimi, gerilim boliicii bir devre ile
algilanmis ve mikrodenetleyiciye geri beslenmistir.

ANALIZ

Sekil 1.de DC-DC Buck Converter devresinin genel devre semasi verilmistir. Bu devrenin baglica elemanlari
olarak yar1 iletken anahtar, bobin ile kapasitdr (LC algak geciren filtre), diyot ve yiik bulunmaktadir.
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Sekil 1. Buck Converter Devre Semast

Buck Converter devreleri anahtarlamali gii¢ kaynagi oldugu i¢in i¢inde bir anahtar olmak zorundadir. Bu anahtar
icin genel olarak MOSFET 6n plana ¢ikmaktadir. Buck Converter devresi, mosfetin kapal1 ve ac¢ik olarak bulundugu iki
farkli baslik altinda incelenir. Adim adim bakilacak olursa; devrede voltaji diisiirmek i¢in gerilim kaynagi, mosfet,
mosfetin tetiklenmesi i¢in gerekli pwm sinyali ve bir yiik kullanilabilir. Fakat bu durumda mosfetin iletimde olmadig:
halde yiik islevini yerine getiremeyecektir. Bu durumun 6niine ge¢ebilmek i¢in yiike paralel bagli bir kapasitor eklenirse;
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mosfet kapali oldugu durumda kapasitor iistiinde biriken sarjini yiike bosaltmaya calisacak ve yiik voltaji sifira
inmeyecektir. Fakat bu durum mosfet kapandiginda kondansatdriin gerilimini anlik olarak degistirmeye ¢alisacaktir ki
bu imkansiza yakindir. Bu denendiginde devreden agir1 miktarda akim gegmesine yol agacak ve devre elemanlarina zarar
verecektir. Bu sorunun ¢oziilebilmesi icin ise kapasitore seri bagli bir bobin eklenmistir. Bu bobin kondansatdriin
cekecegi akimi limitlemek igin kullanilmigtir. Ancak yeniden buna benzer bir sorun ortaya ¢ikmistir. Bu sorun ise
bobinin yapisi geregi akimmnin anlik olarak degistirilemeyecegi gergegidir. Bu durumda bir diyota ihtiyag
duyulmaktadir. Bu diyot, mosfet a¢ildig1 anda akimin kesilmesi yerine devrenin kendi icinde donmesini saglayacaktir.
Sekil 2a. ve 2b.de anahtarlama elemaninin kapali ve acik oldugu iki durum gosterilmistir.

CLOSED | =V — V.

L l,'(,
+

o o
= t
]
<
Y|
7
!
=
MWW

A

D

Sekil 2a. Anahtar Kapali iken Devre Semast

Sekil 2a.da anahtarin kapali oldugu halde yani iletimde oldugu durumda diyot kesimdedir. Anahtarlama elemani
acik hale geldigi siire boyunca giris gerilimi sayesinde diger devre elemanlari beslenir. Bu siiregte kondansator gerilimi
cikis gerilimine esit olurken, bobin gerilimi ise giris gerilimi ile kapasitor geriliminin farkina esit olur. Bu esitlikler
sonucunda ¢ikan (1), (2), (3), (4), (5) numarali1 denklemler asagida gosterilmistir.
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Sekil 2b. Anahtar Agik iken Devre Semasi
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Sekil 2b.de anahtar agik halde yani kesim durumunda iken; diyot iletimde olur ve giris gerilimi pasif hale gelir.
Anahtar agik oldugu siirece bobin desarj olmaya baslar, voltaj isaret yonii tersine doner, bobin {izerindeki yiik
kondansator tizerinden akmaya baslar. Bu siire zarfinda ise bobin kapasitor ve yiik birbirine paralel duruma geldikleri
icin iizerlerine diisen gerilim birbirine esit olur. Bu esitliklerden (6) ve (7) numarali denklemler ¢ikar.

diy

—Vo =L~ (6)
_ Y _di
L dt ()

Sekil 3.te bobin {izerine diisen voltaj degerinin grafigi verilmistir. Anahtarin iletimde oldugu durumda ten= DT
iken anahtarin kesimde oldugu durumda tos= (1-D)T olur.

Inductor Voltage
VS = V() [

_VO L

Sekil 3. Bobin Voltaj Grafigi

Bobin iizerine diisen gerilim anahtar iletimde ve kesimde olarak iki bdliimde incelenirse bu iki degerin toplami sifira
esit olur. Yani grafikte goriilen bir tam periyot boyunca bulunan alanla toplam sifirdir. Bundan dolay1 (8) numaralt
denklem elde edilir.

(Ve =V)DT + (—Vp)(1 = D)T =0 (@)

(8) numarali denklemde gerekli sadelestirmeler yapildiginda denklem (10)’daki Duty Cycle (D) denklemi edilir.

Vo = DV, (©)

W
pD=-2= _ tom (10)
Vs toff+ton

Ozetle ¢ikis voltaj1 giris gerilimi ve duty cycle degerine baglantilidir.
TASARIM DEGERLERI

Bu makalede tasarimi yapilacak olan devreye 6zgli degerler Tablo 1.de belirtilmistir.

Tablo 1. Tasarimi Yapilacak Devrenin Degerleri

Giris Voltaji 54V-84V
Cikis Voltaji 48V
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Gilig 500W

Anahtarlama Frekansi 150kHz

Ripple %1
HESAPLAMALAR

Tablo 1.de verilen degerleri kullanarak bazi hesaplamalar yapilmistir. Bu degerler yardimiyla ¢ikis akimi, akim
dalgalanmasi, bobin degeri, kapasitdr degeri gibi devrenin tasariminda kullanilacak olan komponentlerin degerleri
belirlenmistir. Devrenin ¢ikis akimi;

500 = 48V.1,

I, = 10,4167A olarak bulunur.

(10) numarali denklemdeki esitlik kullanilarak maksimum ve minimum giris voltajina gore iki adet duty cycle degeri
hesaplanmustir;

Dpin = 0,5714

Dypax = 0,8889

Bobinin peak to peak akimi;

AIL; = 0,2.1,

AIL; = 2,0833 A olarak bulunmustur.

Bobin i¢in gerekli olan degerlerin hesabi asagida verilmistir. Bobin hesabi i¢in asagidaki denklem (12) kullanilmistir.[1]

_ Vo(1-D)

Al fs 12

_ 48(1-0,5714)
2,0833-150000
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L = 65,83uH
Bobin degeri 70uH olarak secilmistir.

Maksimum ve Minimum bobin akim degerleri asagidaki gibi bulunmustur.
Aly
Imax =11 + 5 11.4584A

Imin = Iy + 5 = 9.37514

Inductor Current

IL,max

IL,min

Sekil 4. Bobin Akim Grafigi

Sekil 4.te bobin akiminin degisimi sonucu olusan grafik verilmistir.

Kapasitor hesabi i¢in (13) numarali formiil kullanilmistir;

1-D
C= oAz (13)

sL(T)%

o 1—0,5714
~ 8(70 = 10-)0.01(1500002)

= 3,4uF

BILESEN SECIiMi

Bir buck convertoriin verimli ve kararli ¢alismasi, kullanilan bilesenlerin dogru se¢imine baglidir. Bu birlesenleri

secerken yukarida hesaplamalar da elde edilen degerler kullanilmistir.

Buck convertorler de anahtarlama eleman1 olarak kullanilan MOSFET, devrenin verimliligini ve kararliligim
dogrudan etkiler. MOSFET seciminde, ¢alisma gerilimi, maksimum akim kapasitesi ve RDS(on) direnci gibi
parametreler dikkate alinir. Caligma gerilimi, girig voltajimin maksimum degerinin iizerinde olmal1 Yiiksek giivenlik

marj1 i¢in giris voltajimin 1,5 kat1 kadar bir deger segmek iyi bir uygulamadir. Bu durumda:

Vps = 84V X 1.5 = 126V

Alkim kapasitesi ise yiik akimini rahatca karsilayabilecek sekilde secilmelidir. Buck converter'da, yiik akimi 10.42
A degerinde hesaplanmistir. Devredeki akim, bobin akim dalgalanmasi (AlL) ve verimlilik gibi faktorlerden dolay1 biraz
daha fazla olabilir. Ancak, genellikle yiik akiminin en az %1,5-2 kat1 kadar akim kapasitesine sahip bir MOSFET se¢gmek

iyi bir giivenlik marjidir. Bu durumda:
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Ip =210,42Ax 1,5 =15,63A

Ayrica, diisiik bir RDS(on) direnci tercih edilerek iletim kayiplart minimize edilir ve gii¢ kaybini azaltir.

Gerekli durumlarda MOSFET'lerin gerilim dayanimini artirmak igin seri, akim kapasitesini artirmak i¢in paralel baglanti
yapilir. Seri baglama, toplam gerilimin MOSFET'ler arasinda paylastirilmasini saglar ve her bir MOSFET'in daha diigiik
bir gerilimle ¢aligmasina olanak tanir. Ancak, gerilimin esit dagilimini saglamak i¢in direngler veya dengeleyici devre
elemanlar1 kullanilmasi gereklidir. Paralel baglanti ise akimi MOSFET'ler arasinda bolerek daha yiliksek akimlarin
taginmasini saglar, ancak gerilim dayanimini artirmaz. Eger hem gerilim hem de akim dayanimi artirilmak istenirse, seri
ve paralel baglantilarin bir kombinasyonu kullanilabilir. Her iki durumda da siirticii devresi ve dengeleyici elemanlarin
dikkatle tasarlanmasi, giivenli ve kararli bir ¢aligma i¢in énemlidir. Bu tasarimda, 150V ¢alisma gerilimi, 20A akim
kapasitesi ve 0,01Q altinda RDS(on) degerine sahip IRFB4110 mosfet kullanilmistir.

DC-DC buck converter tasariminda kullanilan bobin, Bobinin ¢ekirdegi genellikle ferrit malzemeden segilir,
clinkii ferrit cekirdekler yiiksek frekansta diigiikk enerji kaybi, yiiksek manyetik gecirgenlik ve etkili EMI
(elektromanyetik girisim) kontrolii saglar. Ferrit yerine farkli bir ¢ekirdek kullanildiginda, kayiplar artabilir, bobin
1sinabilir ve devrenin verimliligi diisebilir. Ayrica, diisiik manyetik gecirgenlik nedeniyle bobin boyutlar biiyiiyebilir
ve elektromanyetik parazitler daha fazla yayilabilir. Ferrit ¢ekirdek kullanimi, hem kompakt bir tasarim hem de yiiksek
frekansta stabil ¢alisma sagladigi i¢in 6zellikle yiliksek performansli buck converter devrelerinde tercih edilir.

Diger bir dnemli konu ise bobini saracagimiz telin 6zellikleridir. Cikis akimi dalgalanma ile yaklasik olarak 12-
13 Amper e kadar c¢ikabileceginden 15 Ampere dayanikli bir tel secilmelidir. 15 amperlik bir akim tagimak i¢in 14
AWG veya daha kalin bir tel 6nerilir. 14 AWG telin ¢ap1 yaklagik 1.63 mm'dir en az 2.5 mm? kesit alanina sahip emaye
kapli bakir tel (yaklasik 1.8mm capinda) genellikle bu akim kapasitesini rahatlikla tasir. Eger devre yiiksek bir
anahtarlama frekansinda ¢alisiyorsa, skin effect nedeniyle akim yalnizca telin ylizeyinden akabilir. Bu durumda, daha
az kayip icin Litz teli (¢ok telli 6rgiilii tel) tercih edilmelidir.

Kapasitor, c¢ikis gerilimindeki dalgalanmalar azaltarak yiikiin giivenli ve sabit bir gerilimle beslenmesini saglar.
Kapasitor seciminde, kapasitans degeri, calisma gerilimi ve ESR (esdeger seri direng) gibi parametreler onemlidir.
Yiiksek kapasitans degeri, gerilim dalgalanmalarini daha etkili bir sekilde bastirirken, diisiik ESR degeri, gii¢c kayiplarimi
azaltir. Calisma gerilimi ise ¢ikis geriliminden daha yiiksek bir deger olarak se¢ilmelidir. Kapasitdriin nominal gerilim
degeri, giris veya cikis geriliminin en az 1.5 kat1 olmalidir. 84V ¢ikis i¢in en az 130V dayanimli kapasitor secilmelidir.
Genellikle diigiik ESR 6zellikli elektrolitik veya seramik kapasitorler tercih edilir.

Diyot, MOSFET kapali konumdayken bobinden gelen akimu yiik tarafina ileterek akim siirekliligini saglar. Buck
konvertorlerde kullanilan diyotlar, yiiksek hizda anahtarlama yapabilen Schottky diyotlar veya hizli geri besleme
diyotlaridir. Diyot seciminde, ters voltaj dayanimu, ileri voltaj diisiimii ve hizl1 anahtarlama kapasitesi gibi parametreler
g0z Oniine alinir. Disiik ileri voltaj diistimii, giic kaybini azaltirken hizli anahtarlama kapasitesi ise verimliligi artirir.

MIKRODENETLEYIiCi KULLANIMI

Tasarimi yapilan buck converter devresinde PWM sinyali iiretmek ve ¢ikis voltajini denetlemek i¢in iki farkli yol
izlenebilir. Bunlardan biri hazir entegreler kullanmak iken bir digeri islemci kullanmaktir. Hazir entegreler kendi
datasheet’inde bulunan devreleriyle beraber buck converter devresine entegre edildiginde gerekli sinyali iiretmekte ve
geri beslemeyi kontrol edebilmektedir. Ancak bu entegreler kilif yapilar1 sebebiyle baski devreye elle yapilacak olan
lehimleme siirecinde sikinti ¢ikaracak durumda olabilmektedir. Bunun yaninda bu entegrelerin tedarik siireci uzun
zaman almaktadir. Hazir entegrelerin bu proje dahilinde en biiylik avantaji, kendi igerisinde MOSFET siirmek i¢in hazir
devreler bulunduruyor olmasidir. Ama zaman ve uyumluluk problemi bu avantajin 6niine gegmektedir. Bu entegrelerin
yan1 sira mikrodenetleyiciler kullanilmaktadir. Mikrodenetleyicinin kullanildigi senaryoda MOSFET siiriicii gerekli
olmaktadir. Bu projede PWM sinyalinin {iretimi ve geri besleme kontrolii igin PIC16F877A kullanilmistir. Sekil 5.te
kullanilan mikrodenetleyicinin pin baglantilar1 verilmistir.[2]
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MCLRVPP —=01 -/ 40 < RB7/PGD
RAO/ANO =[] 2 39 0 - RB6/PGC
RA1/AN1 «—[]3 38 [] <« RB5S
RA2/AN2/VREF-/CVREF <[4 37 ] - RB4
RA3/AN3/VREF+ <—e[ 5 36 0 <— RB3/PGM
RA4/TOCKI/C10UT <=6 350 <= RB2
RAS/AN4/SS/C20UT =07 & 34[ <= RBI1
REO/RD/ANS <=8 &~ 330 < RBO/NT
RE1/WR/AN6 <[] 9 3 32 <— Voo
RE2/CS/AN7 =+010 & 310 <«—Vss
VoD—w]11 & 300 < RD7/PSP7
Vss .12 & 290 < RD6/PSP6
OSC1/CLKI —e(}13 & 28[) < RD5/PSP5
OSC2/CLKO «—[]14 S 27[ == RD4/PSP4
) RCO/T10SO/T1CKI < 15 26 [ <—= RC7/RX/IDT
RC1/T10SI/CCP2 <[] 16 25 ) «— RCB/TX/CK
RC2/CCP1 -] 17 24 [] < RC5/SDO
RC3/SCK/SCL -] 18 23 - RC4/SDI/SDA
RDO/PSP0 = (] 19 22 [] =— RD3/PSP3
RD1/PSP1 == []20 21 - RD2/PSP2

Sekil 5. PIC16F877A Pin Baglantilari
Yukarda bahsedilen duruma ¢6ziim olarak IR2112 modelli bir MOSFET siiriicii kullanilmistir.
SIMULASYON

Sekil 6.da elde edilen degerlerle kurulan devrenin simiilasyon sonucu gosterilmistir. Tasarlanan buck converter
devresi, teorik hesaplamalarin dogrulugunu ve sistemin kararliligin1 degerlendirmek amaciyla simiilasyon ortaminda
test edilmistir. Simiilasyonda kullanilan bilesen degerleri ve PWM sinyali, hedeflenen 48V ¢ikis gerilimini ve S00W
giic kapasitesini saglayacak sekilde optimize edilmistir. Simiilasyon sonucunda, bobin akimi, ¢ikig gerilimi
incelenmistir. Cikis gerilimindeki dalgalanmalarin beklenen sinirlar iginde kaldigi ve sistemin yiiksek verimlilikle
calistig1 gozlemlenmistir.
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Sekil 6. Simiilasyon Sonucu
SONUC

Bu ¢alismada, 500 W giice sahip bir DC-DC buck converter tasarimi ve analizi gerceklestirilmistir.
PIC16F877A mikrodenetleyicisi kullanilarak tasarlanan dontistiiriicti hem yiiksek verimlilik hem de stabil bir
cikis gerilimi saglamayr basarmistir. Tasarim siirecinde gergeklestirilen matematiksel hesaplar ve
simiilasyonlar, donanim testi sonuclariyla uyum gostermistir. Bu calisma, yiiksek giliclii uygulamalar i¢in
uygun bir buck converter tasarimi ortaya koyarken, mikrodenetleyici tabanli kontrol sistemlerinin etkinligini
de gostermektedir.

108



Selcuk University 3" International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

KAYNAKCA

[1] Ejury, J. (2013). Buck converter design. Infineon Technologies North America (TFNA) Corn Desion
Note, 1(2013).

[2] https://www.alldatasheet.com/datasheet-pdf/view/82338/MICROCHIP/PIC16F877A.html

[3] Endo, H., Yamashita, T., & Sugiura, T. (1992, June). A high-power-factor buck converter. In PESC'92
Record. 23rd Annual IEEE Power Electronics Specialists Conference (pp. 1071-1076). IEEE.

[4] Lopa, S. A., Hossain, S., Hasan, M. K., & Chakraborty, T. K. (2016). Design and simulation of DC-
DC converters. International Research Journal of Engineering and Technology (IRJET), 3(01), 63-70.

[5] Uran, S., ve Milanovic, M., “Advanced control of buck converter”, IEEE International Conference on
Industrial Technology, 1, 602-607, 2003

[6] Nagaraja, H. N., Kastha, D., ve Patra, A., “Magnetic Component based Analysis for Multiphase DC-
DC Buck Converter”, IEEE International Conference on Industrial Technology, 138-143, 2006

[7]  Jaber A. Abu-Qahoug, Yangyang Wen, Liangbin Yao, Ehab Shoubaki, Issa Batarseh and Geoff Potter,
"Digital Controller for an Isolated Half-Bridge DCDC Converter”, IEEE Applied Power Electronics
Conference 2005, Vol. 2, pp. 1217-122

[8] K.J. Astrom and B. Wittenmark, “Adaptive control”, vol. 2, pp. 390- 417, Addison Wesley, 2006

109


https://www.alldatasheet.com/datasheet-pdf/view/82338/MICROCHIP/PIC16F877A.html

Selcuk University 3" International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye
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Abstract — Researching and following the finest details of developing, growing and constantly renewing automation systems, we
have designed a highly innovative and advanced Market Automation. The main purpose of automation is to keep up with all kinds
of technological developments and to work with the same functionality even if time passes. Taking this impression as a directive,
we used C# and SQL languages, which are accessible, flexible and very easy to use. Another goal we have adopted is to be customer
and company oriented. Knowing the importance of time management in the changing and growing world population, we have
designed our automation in a fast, effective and reliable way in order not to keep the customer waiting and not to leave the company
in a difficult situation. In this context, every market company can use this technology that we have produced in an easy and
comfortable way.

Keywords — C#, market, market automation, automation, sqgl, database, visual studio.

Ozet — Gelisen, biiyiiyen ve siirekli yenilenen otomasyon sistemlerinin en ince ayrintilarini arastirip takip ederek, son derece yenilikci
ve gelismis bir Market Otomasyonu tasarladik. Otomasyonun temel amaci, her tiirlii teknolojik gelismeye ayak uydurmak ve zaman
gecse bile ayni islevsellikle caligmaktir. Bu izlenimi bir yonerge olarak alarak, erisilebilir, esnek ve kullanimi ¢ok kolay olan C# ve
SQL dillerini kullandik. Benimsedigimiz bir diger hedef ise miisteri ve sirket odakli olmaktir. Degisen ve biiyiiyen diinya niifusunda
zaman yonetiminin dnemini bilerek, miisteriyi bekletmemek ve sirketi zor durumda birakmamak i¢in otomasyonumuzu hizli, etkili
ve giivenilir bir sekilde tasarladik. Bu baglamda, iirettigimiz bu teknolojiyi her market sirketi kolay ve rahat bir sekilde kullanabilir.

Anahtar Kelimeler — C#, market, market otomasyonu, otomasyon, sql, veritabani, visual studio.

GIRIS

Teknolojik gelismelerin hizla ilerledigi giiniimiizde, otomasyon sistemleri, isletmelerin operasyonel verimliligini
artirmak ve miisteri memnuniyetini saglamak adina kritik bir rol oynamaktadir. Market otomasyon sistemleri de bu
ihtiyaglara yanit verebilecek sekilde esnek ve uzun vadeli islevsellik sunacak bigimde tasarlanmalidir. Bu baglamda
gelistirilen sistemin temel hedefi, teknolojik yeniliklere uyum saglayabilen, kullanici dostu ve giivenilir bir altyapi
sunmaktir.

Pazarin biiyiiyen tiiketim oranlar1 ve hizla degisen dinamikleri, marketlerde verimliligi arttiracak hizl, giivenilir
ve etkin ¢dziimlere olan ihtiyact daha da belirgin hale getirmistir. Bu dogrultuda tasarlanan market otomasyon sistemi
hem miisterilerin bekleme siirelerini kisaltmay1 hem de firmalarin operasyonel siireclerini daha verimli hale getirmeyi
amaclamaktadir. Sistemde kapsamli testlerle olas1 hatalar dnceden tespit edilerek kullanicilarin gilivenilir bir deneyim
yasamasi saglanmistir.

Otomasyon sisteminin 6ne ¢ikan 6zelliklerinden biri, miisteri ve firma odakli bir tasarima sahip olmasidir. Satig
ve yonetim ekranlari, gorsel algi teknikleriyle optimize edilerek kullanim kolayligi saglanmistir. Ayrica sistemin
tasarimi gelecekteki teknolojik gereksinimlere de uyum gosterebilecek bir sekilde esneklik sunmaktadir.

Bu makalede, gelistirilen market otomasyon sisteminin tasarim asamalari ve genel 6zellikleri detayl bir sekilde
ele almacaktir.

MATERYALLER VE YONTEM

Market otomasyon sistemi Visual Studio yazilim gelistirme platformu tizerinde C# ve SQL dilleri kullanilarak
gelistirilmistir. Bu se¢im, sistemin siirdiiriilebilirligini, erisilebilirligini ve esnekligini saglamak amaciyla yapilmistir.
Ayrica, sistemin tasariminda miisteri ve firma odakl1 bir yaklagim benimsenmis, kullanim kolaylig1 ve etkinlik 6n planda
tutulmustur. Bu mimarilerin kullanilmasinin en temel sebepleri kolay kullanimlart ve her durumda giincelleme
yapilabilir durumda olmalaridir.

Projenin ana bilegenleri sunlardir:
1. Veri Tabani1 Tasarimi: Microsoft SQL Server Management Studio 2018 programi kullanilmistir. SQL veri tabani
tablolar1, kullanici bilgileri, stok ve satis islemleri i¢in optimize edilmistir.
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2. Kullanic1 Dostu Araylizler: Microsoft Visual Studio 2019 programini kullanilmistir. Satis ekranlari, stok takip
sistemleri ve hizli {irlin tanimlama ekranlar1 tasarlanmustir.
3. Test ve Hata Yonetimi: Kullanicilarin gilivenilir bir deneyim yasamasi adina sistem kapsamli testlere tabi
tutulmustur.
Ayrica projede kullanilan gorsel materyaller i¢in IconFinder, Flatlcon sitelerinden yararlanilmisgtir.
Kullanilan gorsel materyaller, se¢ilen nesnenin islevine uygun olacak sekilde diizenlenmistir. Market otomasyonu
icin olusturulan logoda market arabasi gorseli ile 6zgiinliik agisindan farkli bir gorsel birlestirilmistir. (Sekil 1)

V4

Sekil 1. Market Otomasyonu Logosu

1. Veri Tabanimin Hazirlanisi
1.1. SQL Nedir?

SQL, veri tabanlarindan bilgi almak ve yonetmek i¢in kullanilan bir programlama dilidir. Veri tabanlari, satir ve
stitunlardan olusan tablolarla veri saklar; bu yapilar, bankacilik, sosyal medya ve e-ticaret gibi web sitelerinin temelini
olusturur. SQL, veri tabanlariin yonetilmesini ve giincellenmesini saglar.

Facebook, Instagram, WhatsApp gibi biiyiik sirketler verilerini SQL ile depolar ve isler. Glinliimiizde en yaygin
kullanilan veri tabani dili olan SQL, 6grenmesi kolay bir dil olup, MySQL, Oracle, SQL Server gibi iliskisel veri tabani
yonetim sistemlerinde kullanilir.

1.2. SQL Veri Tabani Sistemleri

SQL ile veri tabanlarinda sorgu yapilabilir, kayit eklenebilir, glincellenebilir veya silinebilir. Veri tabani
sistemleri, gelistiricilerin veri tabanlariyla etkilesim kurmasini saglayan yazilimlardir. MySQL, agik kaynakli ve popiiler
bir veri taban1 yonetim sistemidir. PostgreSQL, bir diger agik kaynakli SQL veri tabani olusp, daha fazla standart SQL
uyumu saglar.

2. C# Nedir, Ne Ise Yarar?

C#, Microsoft tarafindan gelistirilen ve .NET ortaminda kullanilan bir programlama dilidir. Hem sunucu hem de
gomiilii sistemler igin tasarlanmis olup, masaiistii ve web uygulamalar gelistirmek i¢in yaygin olarak kullanilmaktadir.
CH#, basit, genel amagli, nesneye ydnelik ve giiglii tip kontrolii dzelliklerine sahip bir dildir. Ozellikle yiiksek performans
gereksinimleri olan uygulamalar i¢in idealdir ve gelistiricilere hem basit hem de karmasik projelerde verimli ¢6ziimler
iiretme imkani tanir.

3. Proje Form Ekranlar1 Tasarimlari
3.1. Giris Ekram

111



Selcuk University 3" International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

KEPS MARKET

HOS$ GELDINIZ

& wutanc A [ IEG——
& s NN
= cins Toro: [

3 Giris Yap

3.2. Baslangic Ekram

@ KEPS MARKET

KULLANICI  YAZICI - TERAZI - KOMISYON - ISYERI BILGI
KULLANICI- &

& Stok Takibi

3.3. Kullanici islemleri

W Sabs Ekran
Ad Soyadk

@ Rapor Ekrans

Numara

W Stok Takp

Email Adresi B Urin Gons

B Ayarlar

3.4. Yazic1 — Terazi - Komisyon ve Is Yeri Bilgi Diizenleme
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> aen

RN <10k Durumu ; Fitrolome TorG Uron Grubu: FEESER ) Baglangi; Tanhi
O Tamd @ Oron Grubuma Gore 27 Mays 2022 Cuma ]

Bilig Tarit

30 Mays 2022 Pazartes)
Stokta Bulunan Urun Sayst 223

TOK LISTESI

Barkod | Acikiome| AN - Kullanics | FirmoNo
| Fiyats

2700016 Meyve 7,00 X ¥ Moyve
2700015 Yegillik £10,00 X Moyve
86900 Gofret 4,00 X X Atglir
2700014 Sebze 7,00 X 5 Moyve

B6900 Kok ©7,00 X R Atgtir
86900 Gubuk 7,00 ; X Yiyocok
86900 . Cikolsta  ©5,00 . ; 3 Atigtir

3.6. Uriin Giris Ekram

URUN GIRIS BILGILERI

Fima Ack s s

Firma Toro: [ Acxiama: [ wiktar: [
Siparis Tarihi Uran Grubu: [QESRIERS kdv oran:: [

(53 vt Jame
2: Elma 0.08
222

9

2700016  Meyve 700 ©10,00 £0.80 Meyve 30.052... GreenGo | Person.. 3

Nane 2700015  Yesillik ©1000 ©1300| 008 1,04 Kg 2825 Meyve 2905.2.. GreenGo PERSO.. 3

221 Eti Cikol... 869000... 'Kek £700 ©1000, 008 0080 Adet 18 Abgtrm... | 29.052... Eti PERSO... 2
220 Eti Var 869000... 'Gofret 4,00 8,00 008 00,64 Adet 6 Atigtrm... | 29.052.. Eti PERSO... 2
219 Kabak 2700014  Sebze +7,00 9,00 008 $0.72 Kg 50 Meyve 29052 Ulker PERSO... |1
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3.7. Satis Ekrani

an
/4

s GinAd  Mkar  R@t | Toplm N
' . 1 139,50 |639,90 X
INDIRIM: 00 TOPLAM ODENEN PARA USTU
£39,90 £0,00 £0,00

4. Barkod Olusturma Algoritmasi

[ ceri

EKMEK IADE
ADET ODENEN
Q

R 5 6

Barkod olusturma butonuna tiklandig1 zaman girilen firma kodu bilgisi de goz 6niine alinarak EAN-13 standardina

gore barkod iireten metot tetiklenir.

Barkod numarasinin bir {iretim algoritmasi vardir. Genellikle EAN-13 standartlarina gore iiretilir. Adindan da
anlasilacagi ilizere toplam 13 rakamdan olusan bir numaradir. 13.hanesi kontrol basamagi degeridir.

EAN-13 standardina gore barkod iiretmeyi bir drnek tizerinden inceleyelim:

EAN-13 tipindeki 8697543170035 barkod rakaminda 5 sayisi kontrol basamagidir.

1.Adim: Barkod rakaminin ¢ift haneleri toplanir.
2.Adim: 1.adimda ¢ikan say1 3 ile carpilir.
3.Adim: Barkod rakaminin tek haneleri toplanir.

6+7+4+1+0+3=21
21*3=63

8+9+5+3+7+0=32
4.Adim: 2’°nci adimda elde edilen say1 ile 3’{incli adimda elde edilen say1 toplanir.

63+32=95

5.Admm: 4.adimda elde edilen say1 (yukarida 95 sayis1) kendisinden biiyiik 10’un kat1 olan 100’den ¢ikartilir.  100-

95=5

5’inci adimda elde edilen say1 (yukarida 5 olarak elde edilmis) kontrol basamagi rakamidir.
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sender, EventArgs e)
t onek 5
ng firmakodu txtFirmaKodu.Text;
barkc
m random F dom() ;
ingBuilder builder ew StringBuilder();
(int i ); 1 ; 1vs)

barkod Convert r(Con (random.!
builder.A i(barkod) ;

» basla onek. ing() + firmako + builder;
kontrol;

: basla2 Convert

tekcifttoplam topl ft(basla2)

kalan (int)te fttoplam );
tekcifttoplam tekcifttoplam kalan
kontrol ((int)tekcifttoplam kalan)
txtBarkod. Text basla t () + kontrol;

number)
g Sonuc

(number

bolum number
number number
(bolum

sonuc sonuc + bolum;

sonuc;

Sekil 2. Barkod Olusturma Metodu Bir

g number)

sSonuc

ile (number

bolum = number
number number

(bolum 2 @)

sonuc sonuc + bolum;

sSonuc

Sekil 3. Barkod Olusturma Metodu Iki
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: number)

(number

bolum number
number number

(bolum

SONuUC SOnuC ‘ l’w,)lnm,

Sekil 4. Barkod Olusturma Metodu Ug

Aligveris stireclerinde verimliligi artirmak adina, hizli tiriin ekleme butonu énemli bir yenilik sunmaktadir. Bu
ozellik, barkod taramasi veya iiriin kodu girisine gerek duymadan yalnizca iiriin miktarini belirleyerek satis yapilmasini
saglanustir. Ozellikle sik¢a satilan iiriinlerde, islem hizin1 énemli Slgiide artirarak kasiyerlerin verimli bir sekilde
calismast miimkiin kilinmigtir. Hizli iirin ekleme, yogun aligveris donemlerinde islem siiresini kisaltirken, hata
oranlarin1 da diisiirerek miisteri memnuniyetini giiclendirmistir. Bu sayede, perakende satis noktalarinda islem
verimliligi saglanmistir. (Projede hizli {iriin ekmek olarak belirlenmistir.)

bH1_Click( sender, e)

id ToInt32(bH1.Name.Substring(2, 1));
Beep(960, 1660);
satirsayisi datagridSatis.Rows.Count;
miktar 1,
if (txtMiktar.Text .e)
{
miktar Parse(txtMiktar.Text);
}
urun db.HizliUrun.Where(x => x.HizliUrunld id) .FirstOrDefault();
if (datagridSatis.Rows.Count 2] datagridSatis.Rows.Count datagridSatis. Rows Count)

{

datagridSatis.Rows.Add();

}

datagridSatis.Rows[datagridSatis.Rows 1].Cells["UrunAdi®].value = urun.UrunAd:
datagridSatis.Rows[datagridSatis.Rows 1) .Cells["Sat Ark ).value = urun.Barkod;
datagridSatis.Rows[datagridSatis.Rows 1) .Cells["Mi ].value = miktar;
datagridSatis.Rows[datagridSatis.Rows 1].Cells["Fiyat"].value = urun.Fiyat;
datagridSatis.Rows[datagridSatis.Rows 1).Cells[" ) ].value miktar » urun.Fiyat;
datagridSatis.ClearSelection();

GenelToplam();

Sekil 5. Hizli Uriin Tanimlamast
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Keps Market

Telefon: (555) 225-9457
islem No: 23
Tarih: 29.05.2022 18:11:35

Urin Adi Miktar Fiyat Tutar
EKMEK 2 3,00 &6,00
Eti Cikolatali Kek 2 10,00 20,00

TOPLAM: £26,00

(Mali Degeri Yoktur)
Sekil 6. Market Otomasyonu Fis Gortintiisii

5. islemler Class’1 (Sinifi)

Bu class, stok kontrollerinin gerceklestirilmesi, komisyon hesaplamalarinin yapilmasi, satis islemlerinin
diizenlenmesi, iade siireclerinin ydnetilmesi ve veri tablolarinda (DataGridView) gorsel diizen saglanmasi amaciyla bir
dizi metodun olusturulmasini kapsamaktadir. Bu kapsamda, sistemin iglevselligini artiracak ve kullanicit deneyimini
iyilestirecek ¢esitli algoritmalar ve yontemler kullanilarak kodlama yapilmaistir.

6. SONUCLAR

Arastirmalar sonucunda referans alinan mevcut sistemlerin eksik yonleri tespit edilerek, projede bu eksiklikler
giderilmeye calisilmustir. Ozellikle satis ekraninda sik¢a kullanilan hizli butonlarin sayist optimize edilerek gereksiz ve
dikkat dagitici tasarim unsurlari ortadan kaldirilmistir. Bu diizenleme sayesinde satis personelinin karmasik detaylarla
ugrasmak zorunda kalmadan, daha hizli ve hatasiz islemler gergeklestirebilmesi saglanmistir. Ayrica, kullanici
deneyimini iyilestirmek amaciyla tasarim siirecinde yapilan testler ve iterasyonlar sonucunda elde edilen geri bildirimler
dikkate alimmistir. Calismanin ilerletilmesinde hem internet kaynaklarindan hem de danismanlardan saglanan bilgiler
etkin bir sekilde kullanilmistir. Bu yaklagimlar, projenin daha verimli ve kullanic1 odakli bir hale gelmesine katkida
bulunmustur.
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Analyzing the Effects of Underwater Camera and Deep Learning Methods
on FPS

Elif Sude KIPER

1 Selcuk University-Electrical and Electronics Engineering, Sel¢uklu, Konya
elifsudekiper@gmail.com

Abstract — This article presents a method to optimize real-time object detection in autonomous underwater operations. An underwater
vehicle developed with Raspberry Pi 5 and Pixhawk 2.4.8 was used to compare the FPS performance of different deep learning
models and identify the most efficient solution. Raspberry Pi 5 served as the main computer running the model, while Pixhawk 2.4.8
controlled the vehicle's motors and maintained balance. The devices communicated via MAVLink protocol, with interaction through
Python and the pyMAVLink library, supported by libraries such as OpenCV, TensorFlow, and PyTorch.

The study analyzed YOLOvV8 and TensorFlow Lite models in terms of FPS and accuracy. YOLOVS8 provided fast and accurate object
detection, while TensorFlow Lite offered low power consumption in resource-limited environments. Both models were tested on
Raspberry Pi 5 to identify the most suitable performance for underwater vehicles. Additionally, the study examined the impact of
camera types on image quality. Comparisons were made between the Raspberry Pi v3 camera module and GoPro cameras in terms
of image quality, energy consumption, and underwater adaptability.

For data collection, circular images suitable for underwater object detection were selected, and datasets simulating various
underwater conditions were created. These images were annotated using Roboflow and Labellmg software. Model training was done
in the Google Colab environment with GPU support, and the performance of different models under underwater conditions was
analyzed.

In conclusion, this study identified the most efficient deep learning model and camera system for underwater vehicles. It aims to
improve energy efficiency and object detection in autonomous underwater operations and can serve as a resource for other low-
power applications.

Keywords — Deep Learning Model, Dataset, FPS, Camera Modules

Ozet — Bu makale, otonom su alti operasyonlarinda gercek zamanli nesne algilamay1 optimize etmek icin bir yontem sunmaktadir.
Raspberry Pi 5 ve Pixhawk 2.4.8 ile gelistirilen bir su alt1 araci, farkli derin 6grenme modellerinin FPS performansini karsilagtirmak
ve en verimli ¢dziimii belirlemek i¢in kullanilmistir. Raspberry Pi 5, modeli ¢alistiran ana bilgisayar olarak hizmet ederken, Pixhawk
2.4.8 aracin motorlarini kontrol etmis ve dengeyi korumustur. Cihazlar, OpenCV, TensorFlow ve PyTorch gibi kiitiiphaneler
tarafindan desteklenen Python ve pyMAVLink kiitiiphanesi araciligiyla etkilesimle MAVLink protokolii iizerinden iletisim
kurmustur.

Calismada, YOLOvVS8 ve TensorFlow Lite modelleri FPS ve dogruluk agisindan analiz edilmistir. YOLOvVS8 hizli ve dogru nesne
algilama saglarken, TensorFlow Lite kaynak siirlt ortamlarda diisiik gii¢ tiiketimi saglamistir. Her iki model de su alt1 araclar1 i¢in
en uygun performansi belirlemek amaciyla Raspberry Pi 5 iizerinde test edilmistir. Ayrica, ¢alismada kamera tiplerinin goriintii
kalitesi tizerindeki etkisi incelenmistir. Raspberry Pi v3 kamera modiilii ile GoPro kameralar1 arasinda gorlintii kalitesi, enerji
tiiketimi ve su alti uyumlulugu agisindan karsilastirmalar yapilmustir.

Veri toplama i¢in su alt1 nesne tespiti i¢in uygun dairesel goriintiiler segilmistir ve ¢esitli su alt1 kogullarini simiile eden veri kiimeleri
olusturulmustur. Bu goriintiiler Roboflow ve Labellmg yazilimlari kullanilarak agiklanmistir. Model egitimi GPU destegiyle Google
Colab ortaminda yapilmistir ve farkli modellerin su alt1 kosullar1 altindaki performansi analiz edilmistir.

Sonug olarak, bu c¢alisma su alt1 araglari i¢in en verimli derin 6grenme modelini ve kamera sistemini belirlemistir. Otonom su alt1
operasyonlarinda enerji verimliligini ve nesne tespitini iyilestirmeyi hedeflemis ve diger diisiik gli¢ uygulamalari igin bir kaynak
gorevi gorebilmektedir.

Anahtar Kelimeler — Derin Ogrenme Modeli, Veri Seti, FPS, Kamera Modiilleri

GIRIS

Otonom su alt1 araclari, deniz tabammin haritalanmasindan cevresel izleme, deniz alti arama-kurtarma
operasyonlari, deniz alt1 hedef ve imhasi, deniz alt1 altyap1 bakimina kadar genis bir uygulama yelpazesinde giderek
daha fazla kritik rol oynamaktadir. Bu araglar, su alt1 diinyasinda insan erisiminin sinirh oldugu alanlarda veri toplamak
ve analiz yapmak i¢in 6nemli bir konumdadir. Su alt1 aracinin otonom siiriisiinii saglamak i¢in ugus kontrol kart1 olan
Pixhawk 2.4.8, su alt1 aracinda motorlar1 yonlendirme ve aracin dengesini saglama gibi gorevleri iistlenmektedir.
Pixhawk 2.4.8, Raspberry Pi 5 ile MAVLink protokolii izerinden haberlesmektedir. MAVLink, yer istasyonu ile su alt1
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araci arasinda giivenli veri aligverisini saglayan bir iletisim protokoliidiir. Hareket degisiklikleri gibi mesajlar sifreli
olarak ileten MAVLink, aracin giivenli yonlendirilmesini saglar. [7]

Su alt1 kosullar1, diisik 151k seviyeleri, yliksek viskozite, giiclii akintilar ve kisitli iletisim olanaklar1 gibi
zorluklarla sekillenmektedir. Bu baglamda, otonom su alt1 araglarinin etkin bir sekilde calisabilmesi i¢in, 6zellikle nesne
algilama sistemlerinin yiiksek dogruluk ve hizda ¢aligmasi gerekmektedir. Nesne algilama, bu araglarin ¢evresindeki
nesne, engel ve tehlikeleri dogru bir sekilde tanimlamalarini saglayarak, giivenli ve verimli operasyonlarin yapilmasina
olanak tanir. Nesne algilamanin sorunsuz bir sekilde gergeklesmesi icin, sinirli islem giicii ve enerji kaynaklariyla ¢calisan
gOomiilii sistemler tizerinde yiiksek performans saglanmasi gerekmektedir. Bu nedenle, hizli ve dogru algilama sistemleri
gelistirmek, su alt1 araglarmin giivenligini artirmak ve operasyonel verimliligi saglamak i¢in kritik 6neme sahiptir. Bu
calismada, Raspberry Pi 5 ve Pixhawk 2.4.8 kullanilarak gelistirilen bir su alt1 aracinda, derin 6grenme tabanli nesne
algilama modellerinin FPS (kare/saniye) performansi detayl: bir sekilde incelenmistir. YOLOv8 modeli, hizl1 ve yiiksek
dogruluklu nesne algilamasi saglarken, TensorFlow Lite diisiik gii¢ tiiketimi ve sinirli donanim ortamlarina uyum
saglama avantaji sunmaktadir. Caligma, her iki modelin FPS performansi ve dogruluklart iizerinde testler yaparak, su
altt araclarinin nesne algilama ihtiyaglarint en verimli sekilde karsilamak i¢in hangi modelin daha uygun oldugunu
belirlemeyi amaglamistir. Ayrica, Raspberry Pi v3 kamera modiilii ve GoPro kameralarin su alt1 kogullarindaki goriintii
kalitesi, enerji tiikketimi ve dayaniklilik gibi faktorler tizerinden karsilagtirilmasi yapilmistir. Literatiirde, otonom su alti
araclarinda FPS performansi iizerine yapilan calismalarin sayist smirlidir ve genellikle derin 6grenme model
performansina odaklanmaktadir. Bu arastirma ise hem kullanilan modellerin hem de donanimlarin uyumlulugu agisindan
kapsamli bir analiz sunarak bu boslugu doldurmay1 hedeflemektedir. Sonug olarak, bu ¢alisma, su alt1 araglari i¢in en
verimli derin 6grenme modelini ve kamera sistemini belirlemeye katki saglayacak, otonom su alt1 operasyonlarinda
nesne algilama performansini optimize etmeyi amaglayan 6nemli bir kaynak olacaktir.

GEREC VE YONTEM

Derin Ogrenme, nesne tamima gibi alanlarda yaygin olarak kullanilan ve ¢ok katmanli yapay sinir aglarini temel
alan bir yapay zekd yontemidir. Makine dgrenmesinin bir alt dali olarak, geleneksel yaklasimlardan farkli olarak,
kurallara dayal1 bir 6grenme siireci yerine, resim, video, ses ve metin verilerinden otomatik olarak bilgi ¢ikarimi
yapabilmektedir. [1]

Su alt1 ortamindaki kosullarin zorluguna, bu zorlu kosullardaki performans farkliliklarina deginen sinirh sayida
kaynak vardir. Bu makale, su alt1 araglar1 i¢in FPS a¢isindan en uygun derin 6grenme modelini belirlemeye yonelik bir
yontem gelistirerek hem otonom su alt1 araglarinda hem de gomiilii sistemlerde derin 6grenme modellerinin performans
analizine 6zgiin bir katki saglamay1 hedeflemektedir. Suyun altinda performans diisiikliigii yasanmasinin bir siirii nedeni
olabilir. Bunlar; su alt1 akintilari, zayif goriis, 151k kirilmasi, zayiflama, su kirliligi olabilir. Su altinda akintilar, aracin
dengede kalmasini zorlastirarak goriintiide bozukluga yol agar. Su altinda derinlik arttikca 151k azalir, 151k kirnima ugrar.
Kirilan 151k, renklerin kontrastini azaltarak tespiti gerceklestirilen nesnenin algilama performansim diistirtir. Suyun kirli
olmasi da goriintii kalitesini diigiirerek egitilen modelin nesneyi tespit etmesini olumsuz yonde etkiler. [2]

e Derin Ogrenme Modellerinin Karsilastiriimast:

Bu makalede karsilastirilmasi yapilacak iki derin 6grenme modeli YOLOvV8 ve TensorFlow Lite’dir. YOLOVS,
nesne algilamayip izleme, goriintii siniflandirmasi, nesne tespiti dahil olmak iizere ¢ok gesitli goérevler ig¢in uygun hale
getiren hizh tasarlanmistir.[3] Tensorflow Lite Google tarafindan gelistirilen agik kaynakli cergevedir. Tensorflow Lite,
diisiik giic tiiketimi, hizl1 performans 6zelliklerine sahiptir.[4]

YOLOVS, smirli donanim kosullarinda galistirildiginda biiyiik avantajlar sunar. Modelin verimliligi, optimize
edilmis ag yapis1 ve kiigiiltiilmiis parametre sayilari sayesinde, daha hizli ve daha diisiik bellek kullanimu ile ¢alisabilir.
Bu 6zellik, Raspberry Pi sinirli islem giiciine sahip platformlarda bile ger¢ek zamanli nesne tespiti yapilabilmesini saglar.
YOLOVS, sinirlt veri ve kaynaklarla dahi yiiksek dogruluk oranlarit sunabilir. Ancak, sinirli donanimda galisirken
modelin hiz ve dogruluk arasinda bir denge kurmasi gerekir. YOLO modellerinin hiz kiyaslamasi Sekil 1’de
gosterilmisgtir.
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Sekil 1: YOLO Modellerinin Hiz Kiryaslamasi
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TensorFlow Lite, sinirli donanim kosullarinda ¢alistirildiginda modellerin verimli bir sekilde kullanilabilmesini
saglar. Bu, TensorFlow'un daha hafif bir versiyonu olan TensorFlow Lite’1n optimize edilmis yapisi sayesinde miimkiin
olur. Model boyutlarini kiigiiltmek i¢in kullanilan kuantizasyon, model kesme ve agirlik paylasimi gibi teknikler, diigiik
islem giiciine ve sinirh bellege sahip cihazlarda bile derin 6grenme uygulamalarinin hizli bir sekilde ¢aligmasina olanak
tanir. Ancak, sinirli donanimda ¢alisirken, modelin dogrulugu ve ¢alisma hizi arasinda bir denge kurmak gerekebilir. Bu
nedenle, TensorFlow Lite, daha az kaynak tiiketerek hizli sonuglar elde ederken, performans gereksinimlerine gore

model optimizasyonlar1 yapilmasi dnemlidir. Tablo 1’de YOLOVS ve TensorFlow Lite modellerinin karsilagtirilmasi
verilmistir.

Tablo 1. YOLOV8-TensorFlow Lite Karsilastirilmasi

Ozellik YOLOvVS Tensorflow Lite
Kullanim Amaci Nesne tespiti ve segmentasyon Mobil ve gomiilii cihazlarda makine
icin optimize edilmistir. 6grenimi uygulamalari igin optimize
edilmistir.
Performans Diisiik gecikme ile hizli nesne Mobil cihazlar, Raspberry Pi gibi

tespitini gergeklestirir. diisiik giiglii cihazlarda ve

mikrodenetleyicilerde verimli ¢aligir.
Model Boyutu Birden fazla versiyonu vardir. Hafif modeller olusturmak igin

optimize edilmistir; genelde daha
kiiciik model boyutlarina sahiptir.

Caligma Ortami1 Yiiksek performans saglar; CPU, GPU ve TPU' da ¢alisabilen
genellikle GPU veya TPU hafif bir kiitiiphanedir.
iizerinde daha iyi calisir.
Esneklik Nesne tespiti i¢in 6zellestirilmis Farkli makine 6grenimi modellerini
bir modeldir. caligtirabilir.
Desteklenen Python ve PyTorch ile Android, iOS, Raspberry Pi gibi
Gelistirme uyumludur. diisiik giiclii cihazlarda da ¢aligabilir.
Platformlari
Gelistirme Kolayligi | Hizli model gelistirme ve yiiksek Tensorflow modellerini kolayca
dogruluk saglar. doniistiirmeye imkan tanir.

e Modelde Kullanilacak Verilerin Toplanmasi:

Egitilecek modelin veri toplama siireci, farkli boyutlarda olusturulan gemberlerin fotograflarinin ¢ekilmesi ile
gergeklestirilmistir. Veriler; Raspberry Pi v3 kamera modiilii, GoPro aksiyon kamera ve cep telefonu kamerasi
kullanilarak ¢ekilmistir. Bu makale kapsaminda 4000 adet veri toplanmus, veriler su altinda gekilerek model su altindaki
cember goriintiilerine hazir hale gelmistir. Modelin su altt ortaminda kullanilacak olmasi nedeniyle, tiim ¢ember
fotograflart su ortaminda c¢ekilmis olmasi gerekmektedir. Ciinkii su altinda olmayan ya da etrafi su ortamu olarak
goziikmeyen her arka plan, model dogrulugunda azalmaya neden olmakta, modelin ¢ember olmayan alanlari dahi
¢ember olarak algilamasina neden olabilmektedir. Dogrulugun korunabilmesi i¢in ¢ekilen ¢ember fotografindaki su,
modelin kullanilacagi su ortamu ile miimkiin oldugunca yakin olmalidir. Sekil 2’de veri setinde bulunan gorsellerden
birisi gosterilmigtir.
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4

Sekil 2. Kullanilan Verilerden Bir Tanesi

e Toplanan Verilerin Etiketlenme Siireci:

Etiketleme islemi Roboflow ve Labellmg yazilimi kullanarak gerceklestirilmistir. Roboflow ile etiketleme
yapildiginda, veriler segilen derin 6grenme modeline uygun formatta diizenlenerek bir zip dosyasi seklinde
kaydedilmektedir. Ancak internet kesilmesi veya tarayici sekmesinin kapanmasi durumunda veriler kaydedilmedigi igin
etiketlenen veriler kaybolabilmektedir. Labellmg kolay bir arayiize sahiptir; etiketlenecek veri seti klasorii agilir,
YOLOVS kullanilacak ise YOLO secenegi, TensorFlow Lite kullanilacak ise PascalVOC secenegi secilerek
etiketlenmeye baslanir. Labellmg, etiketlenen verileri bir txt dosyasina kaydetmekte Roboflowdan farkli olarak

uygulama kapansa dahi etiketleri txt dosyasinda korumaktadir.[5] Sekil 3’te Labellmg kullanilarak, Sekil 4’te Roboflow
kullanarak veri etiketleme islemi gosterilmistir.

3

Sekil 4. Roboflow Kullanilarak Etiketlenen Veri

e Model Egitme Siireci:
Model egitimi, 2 saatlik ticretsiz GPU destegi sunan Google Colab {izerinden yapilmistir. GPU islemci kullanan
sistemler, CPU (Merkezi Islem Birimi) islemci kullanan sistemlere gore daha hizli performans saglamakta ve daha diisiik

diizeyde enerji harcamaktadir. [6] Google Colab ise T4 GPU kullanmaktadir. Kullanilacak derin 6grenme modeline gore
egitim kodlarinda farklilik olabilmektedir.
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Model egitilirken etiketlenmis verilerin boyutlar1 ayni olmalidir. Model boyutlar1 ayn1 oldugunda sinir aglari
tutarli bir sekilde calisarak model dogrulugunun artmasinda gorev alir. Sekil 5’te YOLOVS kullanilarak egitilen model
kod ¢iktisi, Sekil 6’da TensorFlow Lite kullanilarak egitilen modelin kod ¢iktist verilmistir.

o lyolo task=detect mode=train model=yolov8m.pt data=/content/drive/MyDrive/caprisun cilekli/data.yaml epochs=40 imgsz=648 plots=True workers=5

Sekil 5. YOLOvS Kullanilarak Egitilen Modelin Kod Ciktist

[]
Ipython /content/models/research/object detection/model main tf2.py \

--pipeline config path={pipeline file} \
--model dir={model dir} \

--alsologtostderr \
--num_train steps={num steps} \
--sample 1 of n_eval examples=1

Sekil 6. TensorFlow Lite Kullamilarak Egitilen Modelin Kod Ciktist

o Raspberry Pi V3 Kamera Modiilii ve GoPro Kamera Karsilastirilmasi:

Raspberry Pi V3 kamera modiilii ve GoPro kameralar, farkli kullanim senaryolarina uygun sekilde tasarlanmis iki
ayr1 goriintilleme cihazidir. Raspberry Pi V3 kamera modiilii, diisiik maliyetli bir ¢6ziim sunarak dogrudan Raspberry
Pi ile biitlinlesmis calisir. GoPro kameralar, yiiksek kaliteli video ve fotograf ¢ekimleri i¢in optimize edilmistir. Genis
dinamik aralik, su gegirmez yap1 ve gelismis stabilizasyon 6zellikleriyle 6ne ¢ikan GoPro, 6zellikle hareketli gekimlerde
ve zorlu g¢evre kosullarinda {istiin performans saglar. Raspberry Pi V3 kamera modiilii, ¢oziiniirliik ve islemci
kapasitesine bagli olarak 30 FPS'ye kadar sabit kare hizi sunabilir. GoPro kameralar ise genellikle yiiksek FPS
performansi ile taninir. Modern GoPro modelleri, diisiik ¢oziiniirliikklerde 240 FPS'ye kadar, 4K ¢oziiniirliikte ise 60 FPS
gibi yiiksek kare hizlar1 sunarak hizli hareketlerin akici bir sekilde yakalanmasina olanak tanir. Raspberry Pi V3 Kamera
Modiilii ve GoPro karsilastirilmasi Tablo 2’de verilmistir.

Tablo 2: Raspberry Pi v3 Kamera Modiilii ve GoPro Karsilagtirilmasi

kullanilmasi gerekmektedir.

Ozellik Raspberry Pi v3 Kamera Modiilii GoPro
Goriintii Kalitesi 12 MP, orta kalite 4K, yiiksek kalite
Dayaniklilik Su gecirmez bir ortamda Su gecirmezdir.

Entegre Edilmesi

Raspberry Pi ile dogrudan
uyumludur.

Ek bir adaptor ya da yazilima
ihtiyac1 vardir.

Goriinti Akist

Anlik isleme i¢in uygundur.

Ek bir adaptor ya da yazilima
ihtiyac1 vardir.

Gériintii Isleme

Anlik goriintii isleme i¢in

Gergek zamanli uygulamalarda

Uygulamalari idealdir. stnirlidir.
Entegre Edilmesi Raspberry Pi ile dogrudan Ek bir adaptor ya da yazilima
uyumludur. ihtiyac1 vardir.

Goriintii Akist

Anlik igsleme i¢in uygundur.

Ek bir adaptor ya da yazilima
ihtiyaci vardir.

Goriintii Isleme
Uygulamalar

Anlik goriintii isleme i¢in
idealdir.

Gergek zamanli uygulamalarda
stnirlidir.
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SONUC

Bu makale ile otonom su alt1 araglari i¢in derin 6grenme tabanli nesne algilama sistemlerinin FPS performansim
ve dogrulugunu analiz etmek amaclanmistir. Yapilan testler, Raspberry Pi 5 ve Pixhawk 2.4.8 platformlar1 {izerinde
YOLOVS ve TensorFlow Lite modellerinin su alti ortamlarinda nasil bir performans sergiledigini gostermektedir.
YOLOV8 kullanilarak egitilen ve %98,6 dogruluk veren modelin Raspberry Pi platformu iizerindeki FPS’1 0.5 iken
TensorFlow Lite kullanilarak egitilen ve %99,4 dogruluk veren modelin FPS’i 10 ¢ikmigtir. TensorFlow Lite, diisiik giig
tilketimi ve sinirh iglem giicline sahip cihazlarla uyumlu calisabilmesi nedeniyle, 6zellikle Raspberry Pi 5 gibi diisiik
giiclii cihazlarda yiiksek verimlilik ve dogruluk sunmaktadir. Bu modelin optimize edilmis yapisi, su alt1 kosullarinda
hizli nesne algilamasina olanak tanirken, diisiik islem gliciine sahip cihazlarda bile yiiksek hizda calisabilmesini
saglamaktadir.

Raspberry Pi v3 kamera modiilii kullanilarak yapilan testlerde, diisikk ¢oziintirliikteki goriintiilerin daha hizli
islenmesine ragmen, goriintii kalitesinin GoPro kameralarina gore daha diisiik oldugu goézlemlenmistir. Ancak,
Raspberry Pi v3 kamera modiilii, sinirhi enerji tiiketimi ve diisiik maliyet avantajlar1 sunarak, daha diisiikk performans
gereksinimlerine sahip uygulamalarda etkili bir ¢oziim olarak 6ne ¢ikmaktadir. GoPro kameralarin ise su alti
kosullarinda daha yiiksek ¢oziiniirliik ve FPS performansi sundugu, ancak ek adaptér veya yazilimlar gerektirdigi
belirlenmistir.

Sonug olarak, TensorFlow Lite ve Raspberry Pi v3 kamera modiilii kombinasyonu, su alt1 araglarinda gercek
zamanl nesne algilama uygulamalar1 i¢in yeterli hiz ve dogruluk saglamaktadir. Ancak, daha yiiksek ¢oziiniirlik ve
daha hizli kare hizlar1 gerektiren durumlar i¢in GoPro gibi daha yiiksek performansh kamera sistemlerinin tercih
edilmesi gerekmektedir. Bu ¢alisma, sinirli donanim ve enerji kaynaklarina sahip sistemlerinde verimli derin 6grenme
modelleri kullanarak nesne algilama performansini optimize etmenin 6énemini ortaya koymaktadir.
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A Program That Understands the Emotional State and Fatigue Symptoms
of Long-Haul Drivers with Artificial Intelligence and Takes Precautions
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Abstract - Artificial intelligence is now everywhere and directly intervenes in our lives. Let's look at the positive side of this
technology, which has both positive and negative aspects. Nowadays, the need for manpower has decreased a lot, but long-distance
drivers are among the sectors that still need manpower, be it trucks or buses. Drivers may inevitably be sleepy on the road, or they
may become tired and sleepy during the long journey. In this case, chain accidents bring risks such as disability and death to the
lives of the people in the vehicle. It is also possible to take a hand in this field with artificial intelligence. An infrastructure that
analyzes drivers' emotions is possible. Thanks to this infrastructure, the nervous sleep and fatigue states of bus, minibus and truck
drivers will be analyzed. In this system, which will operate gradually, a warning will be given if the driver goes into sleep mode. If
it does not work, the vehicle will take control autonomously and stop in a suitable place, thus preventing fatal and risky accidents.

Keywords — Artificial Intelligence; Driver Safetylnduction Motor Modelling

Ozet - Yapay zeka artik her yerde ve hayatimiza dogrudan miidahale ediyor. Hem olumlu hem de olumsuz yénleri olan bu
teknolojinin olumlu tarafina bakalim. Giiniimiizde insan giiciine olan ihtiya¢ ¢cok azaldi ancak uzun yol soforleri, kamyon veya
otobiis olsun, hala insan giiciine ihtiya¢ duyan sektorler arasinda yer aliyor. Soforler yolda ister istemez uykulu olabilir veya uzun
yolculuk sirasinda yorgun ve uykusuz hale gelebilirler. Bu durumda zincirleme kazalar aragtaki insanlarin hayatlarina sakatlik ve
Olim gibi riskler getirir. Yapay zeka ile bu alana da el atmak miimkiindiir. Soforlerin duygularint analiz eden bir altyap1
miimkiindiir. Bu altyap1 sayesinde otobiis, minibiis ve kamyon soforlerinin sinirsel uyku ve yorgunluk halleri analiz edilecektir.
Kademeli olarak caligsacak bu sistemde, sofor uyku moduna gegerse uyari verilecektir. Caligmazsa arag otonom olarak kontrolii ele
alacak ve uygun bir yerde duracak, boylece 6liimciil ve riskli kazalarin 6niine gegilecektir.

Anahtar Kelimeler - Yapay Zeka; Sofor GlivenligiEndiiksiyon Motor Modelleme

GIRIS

Gelisen Diinya teknolojisi artik her yerde ve her alanda etkili, insan giiciine olan ihtiya¢ her gecen giin azaliyor.
Bazi alanlarda ise Ornegin, insaat, tarim veya acil durum miidahalelerinde esnek diisiinme ve hizli uyum saglama
gereklidir. Zanaat ve El Isi,Politika,hukuk gibi daha saymakla bitmeyen insan giicii ve beynine ihtiya¢ duyulan alanlar
halen mevcuttur.Bunlardan biriside uzun yol soférleridir. Soforlerimiz gerek uykusuz gerek yorgun gerekte sinirli ve
mutsuz yola ¢ikmaktadir. Uykusuzluk ve yorgunluk, trafik kazalarinin onemli nedenleri arasinda yer almaktadir.
Arastirmalar, stirtictilerin yorgun veya uykusuz olduklarinda kaza yapma risklerinin belirgin sekilde arttigimi
gostermektedir. ABD Verileri: ABD Ulusal Otoyol Trafik Giivenligi Yonetimi, tiim kazalarin yaklasik %1,5'inin temel
nedeninin uykusuzluk ve yorgunlukla iligkili oldugunu tahmin etmektedir. Uluslararasi1 Uyku Federasyonu: Her yil
yorgun siiriiciiler nedeniyle diinya genelinde yaklasik 100.000 trafik kazas1 meydana gelmektedir. Ozellikle uzun yol
stirliciilerinin yorgunluk ve uykululuk nedeniyle kaza yapma riskinin daha yiiksek oldugu belirtilmektedir. Peki
Tiirkiyede ki duruma bir géz atalim. Emniyet Genel Miidiirliigii Verileri: Tirkiye'de trafik kazalarinin %70,3"liniin
uykusuz ara¢ kullanmaya bagli oldugu goriilmektedir.Bu ¢ok ciddi ve tizerine disiilmesi gereken bir
konudur.Uykusuzlugun siirlis performansina etkilerine bir bakalim. Uykusuzluk, siiriiciilerin tepki siirelerini
yavaglatarak tehlike aninda zamaninda durabilmelerini engeller. Uykusuzluk, genel dikkat diizeyini azaltarak siiriiciilerin
performansini diisiiriir ve tepkisizlik siirelerini artirir. Trafik kazalari, diinya genelinde ve Tirkiye'de 6nemli bir halk
saglhigr sorunu olarak one c¢ikmaktadir. Bu kazalar, her yil milyonlarca insanin liimiine, yaralanmasina ve sakat
kalmasina neden olmaktadir. Diinya Saglik Orgiitii (DSO) verilerine gore, her yil yaklasik 1,3 milyon kisi trafik kazalari
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sonucu hayatin1 kaybetmektedir. Her yil 20 ila 50 milyon kisi trafik kazalar1 nedeniyle yaralanmakta veya sakat
kalmaktadir.

Tiirkiye Istatistik Kurumu (TUIK) verilerine gére, 2022 yilinda Tiirkiye karayolu aginda toplam 1.229.366 trafik
kazas1 meydana gelmistir. Bu kazalarin 197.261'1 6liimlii ve yaralanmali kazalardir. 2022 yilinda, Tiirkiye'de giinliik
ortalama 644 olumlii ve yaralanmali trafik kazasi meydana gelmis; bu kazalarda giinliik ortalama 18 kisi hayatini
kaybetmis ve 961 kisi yaralanmistir.2022 yilinda meydana gelen trafik kazalarinda toplam 5.229 kisi hayatin1 kaybetmis
ve 288.696 kisi yaralanmistir. Bu rakamlar korkungtur.Bizde yapay zekanin bu tip bir agig1 en aza indirgeyebilecegini
diisiindiik.

Yapay zeka, giiniimiiz diinyasinin en etkili teknolojik gelismelerinden biridir.Bu teknolojiyle entegre olan
milletler ve medeniyetlerin ayakta kalacagini diisiinmekteyim. Uzun yol siiriiciilerinin duygusal durumunu ve yorgunluk
belirtilerini yapay zeka ile analiz eden ve buna gore 6nlemler alan bir program fikri de bu yiizden ¢ikmistir peki yapay
zeka ile insan analizi yapmak miimkiin miidiir? Evet miimkiin. Yapay zeka ile bir insanin uykulu veya yorgun oldugunu
analiz etmek i¢in genellikle ¢oklu veri Bu analiz, fiziksel, davranigsal ve biyolojik belirtilerin degerlendirilmesiyle
yapilir.

Iste bu tiir bir analizin yontemleri:
1. Goriintii Analizi

Teknikler:
Bilgisayarla Goriintiileme
(Computer Vision):
o Gozlerin kapanma siiresi, goz kirpma hiz1 ve gozlerin acikhig: analiz edilir.
o Yiiz kaslarimin gevsekligi ve ifadesizlik tespit edilir.

Yiiz Tamima Modelleri: Uykulu bir yiiziin karakteristik 6zelliklerini tanimak igin egitimli sinir aglar1 (Convolutional
Neural Networks - CNN) kullantlir.
Karanhk Halka Tespiti: Goz altindaki koyu halkalarin belirlenmesi.

2. Fiziksel Davrams ve Hareket Analizi
Teknikler:
e Postiir ve Hareket Algilama:
o Egik oturma, bagin diigmesi gibi fiziksel durus degisiklikleri tespit edilir.
o Hareket Sensorleri:
o Akilli saatler veya telefonlar tizerinden toplanan hareket verileri kullanilir. Yorgun kisiler daha az
aktif olabilir.
3. Ses Analizi

Teknikler:

125



Selcuk University 3rd International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

e Ses Tonu ve Konusma Hiz:
o Yorgun kisiler genellikle daha yavas ve monoton bir sekilde konusur.
o Duraklama Siiresi ve Telaffuz Hatalar:
o Konugma sirasinda artan duraklamalar ve dil siirgmeleri yorgunlugun isaretidir.
4. Biyolojik ve Fizyolojik Sinyaller
Teknikler:
o Kalp Atis Hiz1 (HR):
o Diistik kalp hiz1 veya degiskenlik genellikle yorgunlugu isaret eder.
o Cilt letkenligi (Galvanik Cilt Tepkisi - GSR):
o Yorgunluk durumunda cilt direnci degisir.
e Beyin Aktivitesi (EEG):
o Alfave teta dalgalarinin artig1 uykulu bir durumu gosterir.
Dogal Dil Isleme (NLP) Teknikler:
e Yazili metinlerin (6r. mesajlar, e-postalar) veya konusmalarin analiz edilmesi.
e Uykulu kisilerin daha kisa, tekrarlayici ve bazen yanlis ifadeler kullandig: tespit edilebilir.
Kombine Sistemler
En etkili sonuglar, birden fazla yéntemin bir arada kullanilmasiyla elde edilir. Ornegin:
e  Goriintii analizi ve hareket algilama birlikte ¢alisabilir.
o Biyometrik sensérlerden alinan veriler, ses analiziyle eslestirilebilir.

Bu tip yontemler ile gelisterelecek yapay zeka uygulamalart ile trafik kazalarimin en aza indirilmesi
dikkatsiz,yorgun soforlerin kendisinin ve ¢everinin hayatini tehlikeye atmasini 6nlemektir.
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Technologies Developed Against UAV Threats and Global Approaches

"Poyraz BAYDEMIR, 2Tahir CAKIR,® Ham S. H. ALGHALAYINI

123 Department of Mechanical Engineering, Selcuk University Faculty of Technology, Sel¢uklu, Konya
" hoyrazbaydemir@gmail.com, 2yfghaniou@gmail.com, 3cakirtahir389@gmail.com

Abstract — Unmanned Aerial Vehicles (UAVSs) have rapidly become one of the most prevalent technologies in modern battlefields,
transforming the nature of warfare. These aerial platforms are used for various operations such as reconnaissance, surveillance,
intelligence gathering, and offensive strikes, presenting both strategic advantages and significant risks. UAVSs' capabilities have
forced militaries around the world to develop technologies that can counter their threats. This article explores the core technologies
designed to neutralise UAVS, including frequency jamming systems, Al-assisted detection techniques, and directed energy weapons.
Additionally, it provides examples of national efforts by countries like the US, China, Russia, Israel, Turkey, and others to address
the growing UAV threat.

Keywords — UAV Threats, Counter-UAV Technologies, Frequency Jamming, Directed Energy Weapons, Global Defense Strategies

INTRODUCTION
UAVs have revolutionised modern warfare by offering low-cost, flexible, and highly versatile solutions for both
military and civilian applications. Their ability to perform complex missions while maintaining a low radar signature
and high manoeuvrability makes UAVs hard to detect and counter. The increasing use of UAVs by state and non-state
actors has raised the stakes, compelling nations to invest in developing advanced counter-UAV technologies.

The misuse of UAVs in illegal activities such as espionage, smuggling, and targeted attacks has only increased
the urgency to develop effective countermeasures. Technologies such as frequency jamming, Al-based threat detection,
and directed energy weapons are at the forefront of these efforts. This article examines these technologies in-depth and
discusses how different countries are integrating them into their defence arsenals.

FREQUENCY JAMMING AND UAV COMMUNICATION PROTOCOLS

Frequency jamming is one of the most fundamental countermeasures against UAVs. UAVSs rely on radio
frequency (RF) signals for communication, including control commands and data transmission. Figure 1 shows a
schematized diagram of the communication between a UAV and its control station with its intermediaries.
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Figure 1. Communication diagram between AUV and controller

By jamming these signals, defence systems can disrupt the communication link between the UAV and its operator,
rendering the UAV ineffective.
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Most UAVs operate in RF bands such as 2.4 GHz and 5.8 GHz, making them vulnerable to jammers that target
these frequencies. Table 1 shows the range and operational usage areas of these frequency bands.

Table 1. Frequency Bands and Their Characteristics

Frequency Band Range Data Rate Operation
2.4 GHz Short Moderate Hobby drones, video
transmission
5.8 GHz Very Short High High Video transmission
900 MHz Long Moderate Long-range applications,
agriculture

However, some advanced UAVSs use sophisticated techniques like Frequency-Hopping Spread Spectrum (FHSS),
which allows them to "hop" between frequencies rapidly, making it difficult for traditional jammers to intercept and
neutralise their communications [16].
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Figure 2. Frequency-Hopping Spread Spectrum (FHSS) Schematic

In response to such advancements, countries like the US have developed tools like the DroneDefender, which can
target these complex communication strategies. Similarly, Russia’s Krasukha-4 system is designed to disrupt UAV radar
signals, making it harder for drones to maintain communication and be detected by enemy forces [1].

Al-Assisted Selective Jamming

One of the challenges in using frequency jammers is ensuring that only enemy UAVSs are targeted, leaving friendly
communications unaffected. Al-assisted selective jamming addresses this issue by using advanced algorithms to identify
and isolate the frequencies used by enemy UAVs. By analysing communication signals, Al can distinguish between
friendly and hostile UAVSs, allowing for precision jamming.
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Figure 3. Structure diagram of intelligent anti-jamming frequency-hopping communication system.[4]

Figure 3 shows the main structure of an artificial intelligence-based detection and jamming system. The aim of
this system is to analyse incoming signals and establish an effective defence mechanism against jamming signals. The
diagram includes the transmitter and receiver components of a communication chain, as well as the Al-based anti-
jamming architecture integrated into this chain. The operational flow of the model is detailed as follows: The system
uses the source as the information or message to be transmitted, which is converted into a signal by modulation and then
transmitted through the communication channel. Using a frequency synthesiser, the signal is hopped through different
frequencies, increasing its security against jamming signals. During transmission, filtering protects the signal from
external noise and interference. At the receiver end, the incoming signal is demodulated back to the original message.
The receiver follows the frequency hopping sequence used by the transmitter to correctly decode the signal. Filtering
further removes the noise introduced by the jamming source, ensuring that a clean signal is obtained. The Al-based anti-
jamming mechanism analyses the characteristics of the signal to detect potential jamming scenarios. The CNN
(Convolutional Neural Network) component learns the characteristics of the incoming signal, while the GRU (Gated
Recurrent Unit) component tracks temporal variations in the signal for more accurate decision making. This mechanism
identifies jammed frequencies and redirects the signal to a safer frequency sequence. The system significantly improves
resilience to high-speed and dynamic threats, minimising communication disruption. The hybrid CNN-GRU architecture
provides superior performance in time-frequency analysis and signal processing, while enabling easy adaptation to
different protocols through transfer learning techniques.

Israel’s system exemplifies this approach. The system effectively uses Al to differentiate between UAVs based
on their communication protocols, ensuring that only threatening UAVs are neutralised [2]. Likewise, in the US,
the Drone Defender system utilises similar Al-based techniques for selective jamming [3]. These developments
highlight the increasing role of Al in enhancing the precision and effectiveness of UAS (Unmanned Aerial Systems)
countermeasures.

Directed Energy Weapons
Directed energy weapons are emerging as a powerful tool in countering UAV threats. These weapons use
concentrated beams of energy, such as lasers or high-powered microwaves, to disable or destroy UAVS.
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Laser-based directed energy weapons can physically damage UAVs by burning through their bodies or critical
components, effectively neutralising them.

Microwave-based systems, on the other hand, target the UAV's electronic systems, causing them to malfunction
or shut down completely.

The US has invested heavily in the research and development of laser-based systems. Companies like Lockheed
Martin and Raytheon are playing pivotal roles in these efforts, creating systems such as ATHENA and HEL-MD that
can target and destroy UAVSs using high-powered lasers [6].

Russia has also made significant strides in this area. The Peresvet laser system, for example, is a high-powered
energy weapon designed to neutralise UAVs and other aerial threats by targeting their electronic systems [13].

Figure 4. Iron Beam Laser Defence System

Integration with Mobile Platforms
The deployment of maobile counter-UAV systems offers a flexible and dynamic response to UAV threats. Mobile
systems can be rapidly deployed to different locations on the battlefield, providing tactical advantages in fast-moving
combat scenarios. In this regard, the US has developed solutions like the Tactical Anti-Drone System (TADS), which
can be mounted on armoured vehicles and equipped with multiple technologies, including lasers, microwaves, and
jammers [6].

China has also made significant progress in this area. Its Silent Hunter laser system can be mounted on mobile
platforms and is particularly effective against low-altitude UAVs. The system uses high-powered lasers to damage the
structural integrity of enemy UAVS, rendering them inoperable [7].

As drones have become increasingly prevalent threats on the modern battlefield, militaries around the world have
been rushing to develop new countermeasures and protective technologies. The documents provided highlight several
key developments in this rapidly evolving domain.

One of the most prominent systems is the Trophy Active Protection System (APS) developed by Israeli defense
contractor Rafael. Originally designed to defend against anti-tank missiles and rockets, Trophy has now been upgraded
with new capabilities to defeat top-attack threats, including weaponized drones. The system uses an array of radars and
Kinetic interceptors to detect and destroy incoming airborne threats before they can strike the vehicle. Rafael recently
unveiled an enhanced version of Trophy with improved ability to engage targets approaching from steep angles, better
protecting armored vehicles like tanks against drone attacks.
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Another key anti-drone technology is the addition of physical shielding or "cope cages" on top of armored
vehicles. These protective structures, made from materials like metal grids, slat armor, and even improvised materials
like bed frames, aim to detonate or disrupt the flight of small munitions dropped by drones before they can penetrate the
vehicle's armor. Both Russian and Ukrainian forces have been rapidly installing these types of add-on defenses on their
tanks and infantry fighting vehicles in response to the drone threat.

Electronic warfare capabilities are also proving critical in the counter-drone fight. Militaries are deploying mobile
electronic warfare vehicles equipped with jamming and spoofing systems to disrupt the control signals and GPS
navigation of hostile drones. These systems can blind or confuse enemy unmanned aerial systems, denying them the
ability to effectively locate and attack ground forces.

Beyond specific defensive systems, militaries are also adapting their overall tactics and operations to mitigate the
drone threat. This includes dispersing armored formations to avoid presenting concentrated targets, using overhead cover
to conceal vehicles, and deploying distributed networks of drone detection sensors. The documents highlight how the
proliferation of low-cost, commercial drones with kamikaze capabilities has necessitated a rethinking of armor
employment and protection.

Chinese defense conglomerate NORINCO, for example, is showcasing an integrated "digitally empowered combined
arms brigade combat system" designed to provide comprehensive, resilient, and agile defenses against the full spectrum
of modern threats, including small drones. This includes equipping their main battle tanks and other armored vehicles
with purpose-built anti-drone modules and electronic warfare capabilities.
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Figure 5. CSGC & NORINCO High-Energy Microwave Weapon System

Overall, the documents paint a picture of an accelerating technological arms race as militaries race to stay ahead
of the evolving drone menace. While traditional tank-versus-tank combat remains important, the vulnerability of heavy
armor to small, agile unmanned systems has become a critical concern. The solutions emerging span kinetic hard-kill
systems, passive physical shielding, electronic countermeasures, and adapted operational concepts - all aimed at
protecting ground forces from this growing class of threats. As drone technology continues to advance, the need for
effective, multi-layered counter-drone capabilities will only grow more pressing for militaries around the world.

Russia's Armored Vehicle Additions and Effectiveness

Additional Protection Kits: Armored vehicles such as the BMP-3 and BMD-4M are equipped with additional
protection kits. These kits enhance the armor, increasing resilience against UAV attacks. However, the effectiveness of
these protection systems varies depending on the type of ammunition used and the angle of attack [1][2].
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Camouflage Systems: The infrared camouflage systems known as "Nakidka" reduce the visibility of armored
vehicles, decreasing the likelihood of detection by UAVs. The effectiveness of these systems is based on their capacity
to significantly reduce the thermal and radar signatures of the vehicles [1][25].

Air Defense and Electronic Warfare Systems: Russia provides effective protection against UAVs through
integrated air defense systems on armored vehicles. Additionally, electronic warfare systems help neutralize enemy
UAV communication and control systems, rendering these vehicles less vulnerable [1][2]

Ukraine's Responses

Ukraine has developed various strategies in response to these measures from Russia:

1. Advanced UAV Usage: Ukraine employs its own UAVS to target Russian armored vehicles and identify their
weak points. Notably, direct attacks are conducted using FPV (First Person View) drones.

2. Targeting and Intelligence: Ukraine has increased intelligence-gathering activities to determine the locations of
armored vehicles, using this information to carry out effective strikes.

Defensive Tactics: Ukraine is developing tactics aimed at exploiting the weak points of Russian armored vehicles,
particularly through attacks on the sides and rear of these vehicles.

Protection Kits in T-80 and T-90 Tanks

Russia's T-72, T-80, and T-90 tanks are equipped with various protection systems to counter threats encountered
on the battlefield. These protection Kits are designed to strengthen the armor and increase resilience against various
attacks. Here are some of the protection systems used in these tanks:

1. Reactive Armor: T-72, T-80, and T-90 tanks are equipped with reactive armor systems. These systems use
explosive materials to reduce the impact of incoming projectiles, attempting to prevent penetration [21].

=TT

Figure 6. One of the radically modernized T-72B in Novorossia with dynamic protection on MTO
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Figure 7. Russian Mod Screencap

2. Additional Protection Kits: These tanks are reinforced with additional protection kits that strengthen the armor,
especially against threats from cumulative ammunition and vertically droppable RPG-type ammunition.[21]

3. Bar Armor: Bar armor is an additional protection system mounted on the sides of tanks. It is designed to reduce
the impact of RPGs and other projectiles by diminishing their explosive effects before they reach the main
armor.
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4. Electronic Warfare Systems: Modern tanks like the T-90 are equipped with electronic warfare systems to
mitigate the effects of enemy UAVS and other threats. These systems disrupt enemy communication and control
systems, reducing the likelihood of the tanks becoming targets [3].
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Figure 9. The abandoned T-90M with the drone jammer on top of the turret.[24]

Nakidka System
Nakidka is a camouflage system developed for Russian armored vehicles. Its principles and features include:

Reduction of Thermal and Radar Signatures: Nakidka is designed to reduce the thermal and radar signatures of
armored vehicles, making it more difficult for enemy UAVs and other detection systems to identify them.[25]

o Material Properties: Nakidka is made from synthetic thermal insulation and radar-absorbing materials. These
materials help reduce the vehicle's temperature and radar signature, lowering the chances of detection by enemy
observers .

o Weight and Application Time: Nakidka weighs approximately 2 kg per square meter, and the application time
can take up to an hour per square meter. This makes the effective deployment of the system a time-consuming
process .

In summary, Russia's T-80, T-72, and T-90 tanks are equipped with various protection systems, and the Nakidka
system enhances their survivability on the battlefield by reducing visibility. Figure 10 shows a T-90 tank equipped with
the Nakidka system and anti-mine kits to operate on the Ukrainian front.
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Figure 10. T-90M Nakidka Thermal Cover & Kits

Advanced Detection and Tracking Systems

The detection and tracking of UAVs are critical to the success of any counter-UAV system. Modern defence
systems use a combination of radar, electro-optical (EO) sensors, infrared (IR) cameras, and acoustic sensors to detect
and track UAVSs. These systems can differentiate UAVs based on their size, speed, altitude, and flight paths.

Israel’s Iron Dome system, primarily known for intercepting missiles, has been adapted to detect and destroy
UAVSs. The system combines radar and EO sensors to track incoming UAVs and neutralise them in mid-air. Similarly,
the US uses the Sentinel Radar system to detect and track UAVs across a wide range of altitudes and speeds [8].
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Figure 11. Ground-based electronic suppreion module 1RL257E Krasukha-4

Russia’s Tor-M2 and Pantsir-S1 air defence systems also integrate radar-supported detection and tracking

mechanisms. These systems are designed to rapidly detect and engage UAVS, even in complex and high-threat
environments [9].
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Al and Autonomous Systems

Al plays an increasingly vital role in the detection and neutralisation of UAVSs. Al-based systems can analyse
UAV movements, speed, flight paths, and communication signals to distinguish between friendly and enemy UAVs.
Autonomous systems equipped with Al can make real-time decisions to neutralise threats without requiring human
intervention.

In the US, DARPA (the Defense Advanced Research Projects Agency) is leading the development of Al-assisted
autonomous UAV counter-systems. These systems aim to detect, track, and destroy enemy UAVs with minimal human
input, significantly speeding up the response time [10]. China has also developed Al-driven systems like SkyNet, which
can autonomously detect and neutralise UAV threats [11].

Global Perspectives on Anti-UAV Systems
The United States

The US leads the development of anti-UAV technologies, with a strong focus on both frequency jamming and
directed energy weapons. Systems like DroneDefender, TADS, ATHENA, and HEL-MD highlight the country’s
commitment to countering UAV threats. The US military and private sector collaborate extensively on these projects,
ensuring that they remain at the forefront of innovation [12].

Russia

Russia has taken a different approach by investing heavily in electronic warfare and laser systems. Its Krasukha-
4 system, for instance, uses electronic warfare to disrupt UAV communication and radar signals. The Peresvet laser
system provides another layer of defence by neutralising UAVs with directed energy [1][13].

China

China is rapidly advancing its counter-UAV capabilities, focusing on mobile solutions and autonomous systems.
The Silent Hunter laser system and the Al-driven SkyNet are examples of China’s efforts to develop cutting-edge
technologies that can effectively neutralise UAV threats [14].

Israel

Israel has developed some of the most successful anti-UAV technologies. The Iron Dome and Drone
Dome systems have proven their effectiveness in intercepting UAVs, making Israel a leader in counter-UAV technology.

The Need for International Cooperation in Anti-Drone Technologies

Why We Need Anti-Drone Technologies

As UAYV technology becomes more accessible, its potential for misuse grows. From criminals using drones for
smuggling to terrorist organisations deploying UAVs for attacks, the need for robust anti-drone technologies is critical.
The 2018 Gatwick Airport incident, which disrupted air travel for thousands of passengers, underscores the severity of
the UAV threat.

Key Components of Anti-Drone Technologies
Effective anti-drone technologies must address several components, including:
Detection: Using radar, RF sensors, acoustic sensors, and cameras.

Identification and Tracking: Advanced software analyses and monitors drone movements.
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Neutralisation: Methods like jamming, spoofing, and physical interception.
International Cooperation

International cooperation is essential in developing effective counter-UAV systems due to the global nature of the
threat. Collaborative research accelerates innovation, while shared intelligence ensures that countries remain up-to-date
on emerging threats. Multilateral organisations like NATO and the International Civil Aviation Organization
(ICAO) have been instrumental in fostering international cooperation on anti-UAV efforts.

RESULTS AND DISCUSSIONS
The rapid rise of UAV technology in both civilian and military domains has introduced a new set of challenges
to global security. UAVs have proven to be a double-edged sword—while they offer unparalleled capabilities in
surveillance and warfare, they also introduce significant risks when misused.

The development of advanced counter-UAV systems, ranging from frequency jammers to directed energy
weapons, is essential to mitigate these risks. Countries like the US, Russia, China, and lIsrael are at the forefront of this
technological race, each developing unigque solutions to the UAV threat. However, the global nature of UAVs
necessitates international cooperation. Only through collaboration, intelligence sharing, and joint development can the
global community effectively counter the growing UAV threat.

By working together, countries can better protect themselves from UAV misuse, ensuring a safer and more secure
future.
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Abstract — The AIM-120 Advanced Medium-Range Air-to-Air Missile, commonly known as AMRAAM, is a crucial component of modern
air combat. Developed as a successor to the AIM-7 Sparrow, AMRAAM represents a significant leap forward in air-to-air missile
technology. This article will examine the history, characteristics, variants, and ongoing development of the AMRAAM weapon system.
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INTRODUCTION

The AIM-120 Advanced Medium-Range Air-to-Air Missile, commonly known as AMRAAM, is a crucial
component of modern air combat. Developed as a successor to the AIM-7 Sparrow, AMRAAM represents a significant
leap forward in air-to-air missile technology. This article examines the history, characteristics, variants, and ongoing
development of the AMRAAM weapon system.

BACKGROUND AND DEVELOPMENT

The AMRAAM program originated from a 1975 study proposing the development of a missile capable of
countering air threats at ranges between 3 and 40 miles (up to 60 km). This resulted in the creation of a Joint Service
Operational Requirement for an Advanced Air-to-Air Tactical Missile, deemed necessary for the post-1985 timeframe.
The conceptual phase concluded in February 1979 when the U.S. Air Force selected two of five competing companies,
Hughes Aircraft Co. and Raytheon Co., to proceed to the verification phase.

During the 33-month validation phase, both contractors produced real hardware to demonstrate their technological
concepts. This phase ended in December 1981 after both contractors successfully showed that their flight test missiles
met the requirements of the Air Force and Navy. The Air Force subsequently selected Hughes Aircraft Co.'s Missile
Systems Group as the full-scale developer [17].

AMRAAM was administered as a joint program by the Air Force and Navy. The Air Force established a Joint
System Program Office (JSPO) at the Air Force Materiel Command/Aeronautical Systems Center, Eglin Air Force Base,
Florida. The JSPO was led by the Air Force AMRAAM Deputy (Code ASC/YA) and the Navy AMRAAM Program
Manager (Code PMA268).

During the development phase, Hughes Aircraft Co. completed missile development, while Raytheon was selected
as the secondary manufacturer. In 1987, a production contract was signed with both companies. More than 200 test
missiles were launched during flight tests conducted at Eglin AFB, Florida; White Sands Missile Range, New Mexico;
and various other locations, including Point Mugu, California [11].
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Specifications & Capabilities

The AIM-120 AMRAAM is a supersonic, air-launched, air-interception guided missile that employs active radar
target tracking, proportional navigation guidance, and active Radio Frequency (RF) target detection. It utilizes active,
semi-active, and inertial navigation methods to provide an autonomous fire-and-forget capability against single and
multiple targets in various environments.

Key specifications of AIM-120 AMRAAM include:

Table 1. Key specifications of AIM-120 AMRAAM [12, 28]

Specifications
Engine High Performance Guided Rocket Motor
Launch weight 152 kg (335 Ibs)
Length 3.66 m (12 ft)
Diameter 17.8 cm (7 inches)
Wingspan 52.6 cm (20.7 inches) (only available for AIM-120A/B)
Speed Mach 4
Warhead High Explosive blast-fragmentation

Reasons for Range Differences in AMRAAM Models

The differences in range are mainly due to the energy management of the missile, its aerodynamic design, the
rocket motor's performance and thrust-torque optimizations.

Rocket Motor Performance

Propulsion and Fuel Capacity: AIM-120D models utilize larger or more efficient rocket motors. Modern versions
are equipped with high-energy solid rocket motors, enabling more efficient fuel combustion and extended propulsion
duration for the missile.
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Dual mode propulsion systems: Newer models (e.g. AIM-120C-7 and AIM-120D) are equipped with dual mode
propulsion technology. This allows the rocket to operate in the mode of high acceleration at the first stage, and then
maintaining the thrust with low drag.

Aerodynamic Design and Mass Optimization
Smaller Wings: Since the AIM-120C series, the size of the missile blades has been reduced, resulting in less drag.
The reduction of drag leads to the fact that the missile loses less energy in the atmosphere, thereby extending its range.

Optimized Body: A narrower and more streamlined body design has improved aerodynamic efficiency, especially
from the AIM-120C models onwards.

Navigation and Power Management

Next Generation Electronic Systems: The AIM-120D can use energy consumption more efficiently thanks to
guidance system and data link optimizations. These systems increase the range by making fewer deviations from the
target.

Table 2. Characteristics and types of AIM-120 AMRAAM [24]

e of the Rocket AIM-120A AIM-120B AIM-120C-5 | AIM-120C-7 | AIM-120C-8 AIM-120D
Characteristic
Maximum Range 50-80 / (31- 50-80 / (31- 105/ (65) 120/ (75) 120/(75) Above 160
km / (mile) 50) 50) /(100)
Warhead Weight 23/(51) 23/(51) 18/ (40)
Kg/(Ibs)
Blast-Fragmentation WDU-33/B WDU-33/B WDU-
Type 41/B

AMRAAM's sophisticated design allows it to perform impressively in a variety of combat scenarios. In long-
range conflicts, the missile initially uses inertial guidance and receives updated target information from the launch
aircraft via data link. When the target comes within range of its own set of monopulse radars, it switches to self-guided
terminal mode.

One of the notable features of AMRAAM is its "home-on-jaming" guidance mode, which counteracts attempts at
electronic mixing. This, combined with its high approach speed and excellent endgame maneuverability, makes
AMRAAM extremely difficult to evade. Upon interception, the active radar proximity fuse detonates the high-explosive
warhead to destroy the target.

At closer ranges, AMRAAM is able to orient itself entirely using its own radar, freeing up the launch aircraft to
hit other targets. This capability significantly increases the combat effectiveness of fighter aircraft, allowing them to
engage multiple threats at the same time.

Variants and Improvements

Over the years, several variants of the AIM-120 AMRAAM have been developed to enhance its capabilities
and adapt to evolving threats. The main variants are:

1. AIM-120A: The first production version was delivered by Hughes to the 33rd TFW (Tactical Fighter Wing) in
Eglin AFB, Florida, in 1988. This variant is not reprogrammable and requires hardware changes to upgrade the
missile software.
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2. AIM-120B: Improvements have been made to the reprogrammability of the software. Deliveries began in fiscal
year 1994,

3. AIM-120C: Has smaller control surfaces to enable internal transport on Air Force F-22 aircraft. Deliveries began
in fiscal year 1996. The AIM-120C has "clipped"” wings and ailerons, which are not interchangeable with the AIM-
120A and AIM-120B missiles.

4. AIM-120D: The latest variant with improved range, GPS-assisted navigation, two-way data link, and improved
kinematic performance.

All three main AMRAAM variants (A, B, and C) are currently approved for use on F-15C/D/E, F-16C/D, and F/A-
18C/D aircraft. The AIM-120B and C variants have been made reprogrammable through the missile hub using Common
Field Memory Reprogramming Equipment (CFMRE).

An ongoing improvement program known as Frontline Product Improvement (P3l) aims to further develop
AMRAAM capabilities. This program includes software reprogrammability, enhanced countermeasures, and improved
propulsive force options.

P31 Phase 2 includes several important upgrades:

1. A larger rocket motor for a higher probability of kill (Pk) with faster average terminal speed and better
endgame ability against maneuvering threats.

2. A warhead developed for improved target destruction capability.
3. A quarter target detection device to increase the chances of the warhead destroying the target.

4. Continuously refined Operational Flight Programs (OFPs) to improve the missile's ability to detect, track
and guide targets.

P31 Phase 3 is designed to update the guidance system (seeker) and includes:
1. Improved missile guidance and Electronic Counter-Countermeasures (ECCM) capability [14].

2. Increased ability to detect, track and direct incoming targets through additional signal paths, control functions and
processing capability [14].

3. Improved capability in the short-term and long-term flexibility for threat expansion.

4, More directional control functions to counter current and future threats .

Detailed Composition

The AIM-120 AMRAAM consists of several main parts, each of which contributes to its overall performance and
effectiveness :
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Figure 2. AMRAAM Internal and External Main Parts

1. Guidance System(Weapon Guidance Unit-WGU):

The WGU radome consists of a tracker/seeker head, servo, transmitter-receiver, electronic unit, Inertial Reference
Unit, Target Detection Device(TDD), harnesses and frame structure. Most of the components are housed in a sealed
structure consisting of a pyroceramic radome, titanium-plated sections, and an aluminum back chamber. TDD, RF and
video processor and antennas are connected to the stern fairing section as a testable complete assembly. Thanks to the
antenna, information such as the position and speed of the enemy is constantly updated throughout the intermediate
routing process [10,26].

(@) (b)
Figure 3. (a) ECU Module (b) Antenna Assembly (c) IMU Module

Different versions of WGU are used for each AMRAAM variant:
- WGU-16B for AIM-120A
- WGU-41/B for AIM-120B

- WGU-44/B for AIM-120C
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The guidance sections on the AIM-120B and AIM-120C missiles contain Electronic Erasable Programmable Read-Only
Memory, which allows the missile software to be reprogrammed.

2. Armaments Section(Weapons Disposal Unit - WDU):

It forms an integral part of the WDU-33/B tactical missile hull and includes the warhead, FZU-49/B (modified Mk
3 Mod 5) safety arm detonator and Mk 44 Mod 1 booster. In safe condition, the FZU-49 does not explode even when
an explosion signal is received, and since it is physically separated from the pre-explosive charge, only a small
amount of ignition charge explodes, even if it explodes accidentally, and the pre-explosive charge and warhead do
not explode. When in loading mode, the electric motor moves the ignition powder to the position where the booster
(at full charge) explodes and the safety device is released. When the explosion electrical signal arrives, the ignition
powder explodes, and the booster explodes with the explosion, and the booster returns to the grid[1].

This  part  also Figure 4. Electronic Card Cage includes the forward launch
hook. The WDU-33/B warhead meets the
requirements of the Insensitive Munitions (IM) program. Most of the weight, excluding explosives, is made up of the
warhead body, which is made of cylindrical steel (AISI 4130) with a thickness of about 10.6 mm. There are grooves
with a grid pattern on the inside of the warhead, so when the warhead is exploded, the body of the warhead breaks into
pieces of the appropriate size and falls apart [30].
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Figure 5. WDU-33/B Warhead

Propulsion Section (Weapon Propulsion Unit - WPU):

The WPU-6/B consists of an airframe, integrated rocket motor, a blast tube and outlet cone, and an Arm/Fire
Device (AFD) with a visible safety-arm indicator. The high-performance rocket engine uses low-smoke, hydroxyl-
terminated polybutadiene propellant in a boost-sustain configuration. It has an integrated back cover, blast tube and
nozzle assembly with an asbestos-free insulated casing (inseparable part from the body) and a detachable outlet cone to
facilitate the installation/removal of the control section.

(o]
w
= Detonation point
Standoff distance

8 Donor warhead (programmed Acceptor warhead
e bum model). (Reactive bum model)

|

Figure 6. Problem Setting Parameters
Igniter/AFD Launch Hook Aft Hanger Exit Cone

(removabile)

Propellant Case Insulation Blast Tube/
Grain Nozzle

Figure 7. ATK Engine CAD Sectional View
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Figure 8. Predictive Engine Body CAD Geometry

Control Section(Weapon Control Unit - WCU):

The WCU-11/B consists of four independently controlled electro-mechanical servo actuators, four lithium-aluminum
batteries connected in parallel, and a steel body section bolted to the drive section rear skirt. Each actuator consists of a
brushless DC motor ball screw, an infinite resolution potentiometer directly connected to the output shaft, and pulse-width
modulated control electronics.

3.Cable Harness and Cable Insulation:

Cable insulation extends from the rear end of the guide section to the front end of the control section, protecting the
main cable harness. This harness electrically connects the hub connector, guide section, and control section.

1. Thermal Initiated Ventilation System (TIVS):

The TIVS is located inside the harness cover and is designed to relieve rocket engine pressure in the event that the
missile is exposed to a fuel fire.
It consists of an external thermal cord that, when fired, ignites the Linear Shape Charge, weakens the rocket engine and
triggers an Out-of-Line Device (OOLD) that allows it to ventilate without exploding.

2, Wing and Aileron Assemblies:

All four wings have ball joints for quick insertion and removal. Four fins allow the creation of movable control
surface area. The AIM-120C has "clipped" wings and fins that are not interchangeable with the AIM-22A and AIM-120B
missiles to meet the internal transport requirements of the F-120.

Operational Use and Combat Experience
Since its introduction, the AIM-120 AMRAAM has demonstrated exceptional performance in various conflicts,

including:

1. Gulf War (1991): A small number of AMRAAMs were transported by F-15 aircraft during Operation Desert Storm,
but none were used in combat.

2. Implementation of the No-Fly Zone (1992): The AIM-120 was redeployed to the Persian Gulf for use on F-15
and F-16 fighters.

3. First Combat Use (December 1992): An F-16 pilot fired the first AMRAAM in real combat and successfully shot down
a MiG-25 Foxbat during a skirmish over southern Iraq .

4, Operation Southern Watch: AMRAAM carried out two kills during this operation.

147



Selcuk University 3rd International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

5. Bosnia: One person confirmed killed in the conflict in Bosnia [17].

6. In 2015, the Turkish Air Force shot down a Russian Su-24 fighter-bomber with an AIM-120. For more information,
see the 2015 Russian Air Force Su-24 downing incident [7].

7. On March 1, 2020, the F-16C fighter jet of the Turkish Air Force AIM-120C-7 was launched to the Syrian forces.
Two SU-24 fighter-bombers were shot down [7].

8. OnJune 18, 2017, Lieutenant Colonel Michael Tremel, the pilot of a U.S. Navy F/A-18E fighter jet, attacked Syrian
forces attacking the SDF group. The Su-22 was shot down and AIM-120C-7 was used for the downing [7].

9. Saudi Arabian Air Force F-15SA fighter jets used AIM-120s to intercept drones and cruise missiles belonging to
the Houthi rebels [7].

These combat experiences demonstrated AMRAAM's effectiveness in real-world scenarios and confirmed its design
and capabilities.
Launchers & Integration
The AMRAAM system includes three new Missile Rail Launchers (MRLS):

1. LAU-127A/A: Used in conjunction with LAU-115 on F/A-18C/D aircraft [9].
2. LAU-128A/A: Used on F-15 aircraft.
3. LAU-129A/A: Used on F-16 aircraft.

These launchers can be installed and operated in all available AIM-18 Sidewinder positions on all candidate aircraft,
with the exception of F/A-9C/D wingtip stations. They also have the ability to launch AIM-9 Sidewinder missiles to
complement the Sidewinder launchers on AMRAAM-capable aircraft [5].

The Built-In Test (BIT) power of the pre-launch stationary missile is provided by converting the aircraft power in the
AMRAAM Electronic Control Unit. Before launch, the transfer of signals and data between the missile and the aircraft is
carried out through a buffer connector located between the launcher cable and the missile umbilical connector.

Maintenance & Testing

Maintenance units at the organizational level receive AMRAAM as an All-Up-Round (AUR) with four missiles
per container delivery. Its maintenance is carried out by specialized personnel:

- U.S. Navy: 230 Aviation Munitions (AO) with Naval Classification (NEC) codes 8342 and 8842 Operating Center
- U.S. Marine Corps: Personnel with Military Occupational Specialty (MOS) 6531

Various special test sets are used for maintenance and pre-loading checks:

1. ANJAWM-54 Aircraft Firing Circuit Test Kit: Used to test leakage voltage in aircraft weapon circuits before
loading ammunition [9,19,22].
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Figure 9. 180 Degree Rotated TS-3021/AWM-54 Figure 10. A member of Marine Attack Squadron
224 (VMA-224) pointing to the cockpit while using
the AN/AWM-54 aircraft firing circuit test set to test
the multiple launch rack (MER) on the wing of the A-
6E Intruder aircraft

2. ANJAWM-96 Aircraft Weapon Control Test Kit: Primarily tested by Aeronautical Electronics Technicians (ATs) for
the functionality of aircraft weapon circuitry before installing AMRAAM It is used to. It is also used by AOs in
squadrons using the Integrated Weapons Team concept.

3. Built-in testing: Carried out using the missile's Built-In Test (BIT) capability.

Future Developments

The AMRAAM program continues to evolve to meet emerging threats and improve its capabilities. Key areas of focus
include:

1. Increased range and kinematics: Future variants are aimed at expanding the missile's range and improving its
performance against highly maneuverable targets .

2. Improved guidance and seeker technology: Ongoing developments improve the missile's ability to detect, track and
intercept targets in harsh electronic warfare environments aims to develop.

3. Improved warhead lethality: Research into advanced warhead designs aims to increase the destructive power of the
missile against various types of targets .

4, Integration with Next-Generation Fighter Jets: As new platforms like the F-35 enter service, ensuring full
compatibility and leveraging advanced sensor suites is a priority [6].

149



Selcuk University 3rd International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

5. Anti-hypersonic capabilities: With the emergence of hypersonic threats, adaptation of AMRAAM to hit these high-speed
targets or the development of new variants is being considered.

6. Network-assisted warfare: Improving the missile's ability to receive mid-route updates from extravehicular sensors
and other networked assets is a key area of development.

Conclusion

The AIM-120 AMRAAM has proven to be the cornerstone of air combat capability for the United States and its allies.
Its evolution from the original AIM-120A to the latest AIM-120D variant demonstrates the continued determination to maintain
air superiority in the ever-changing battlefield environment.

As threats continue to evolve, the AMRAAM program's focus on continuous improvement through Pre-Planned Product
Improvement initiatives ensures that this versatile missile system remains at the forefront of air-to-air warfare technology. The
missile's combination of long-range capability, advanced guidance systems and proven combat effectiveness makes it a critical
component of modern air warfare.

However, challenges remain, especially when it comes to countering emerging threats such as hypersonic weapons and
advanced electronic warfare systems. The future of the AMRAAM program will likely include not only incremental
improvements to the current design, but also potentially revolutionary changes to address these new challenges.

As air combat continues to evolve, the AIM-120 AMRAAM and its successors will play a crucial role in shaping the
outcome of air conflicts, maintaining the balance of power in disputed airspace, and ensuring the safety and effectiveness of
allied air forces around the world.
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Abstract — This study addresses industrial air pollution monitoring in Konya, Turkey, through an autonomous UAV-based
measurement system. The developed rotary-wing UAV, equipped with sensors for nitrogen oxides, sulfur oxides, ozone, carbon
monoxide, and particulate matter, collects real-time air quality data along predefined routes in industrial zones. The collected data
is analyzed through correlation and multiple regression analyses, comparing results with existing measurements from the Konya
Metropolitan Municipality's monitoring stations. Findings will be publicly shared via a dedicated website, supporting evidence-
based environmental policy decisions. This project contributes to the United Nations' Sustainable Development Goal 13 (Climate
Action) by demonstrating effective use of autonomous systems in environmental monitoring.

Keywords — Autonomous UAV; Air Pollution Monitoring; Industrial Pollution; Environmental Data Collection; Sustainable Development Goals

1.INTRODUCTION

Air pollution, a result of harmful gases, particulates, and biological molecules released into the atmosphere, has
profound adverse effects on both human health and the environment. In Turkey, the primary contributors to this pollution
are industrial activities, vehicle emissions, energy production, and residential heating systems. According to the Turkish
Statistical Institute (TUIK), industrial emissions, particularly from the iron, steel, and textile sectors, account for
approximately 40% of Turkey's total CO. emissions. Urban areas such as Istanbul, Ankara, and lzmir are particularly
affected, facing significant pollution levels due to the increasing number of motor vehicles and industrial activities.
These activities lead to elevated concentrations of nitrogen oxides (NOx), carbon monoxide (CO), and particulate matter
(PM10 and PM2.5). The Ministry of Environment, Urbanization, and Climate Change (2021) reports that the
concentration of these pollutants often exceeds air quality standards, contributing to an increase in respiratory diseases
and environmental degradation. Additionally, the combustion of fossil fuels not only contributes to local pollution but
also exacerbates global warming and climate change.

Monitoring air pollution is essential to understanding its sources and mitigating its adverse impacts. Conventional
air quality monitoring systems, which generally consist of stationary stations, are limited by their fixed location and
coverage. These systems often fail to capture the spatial and temporal variations of pollution, especially in industrial
zones where pollution levels are the highest. To address these limitations, this study aims to assess the effectiveness of
Unmanned Aerial Vehicle(UAV) based monitoring in capturing spatial and temporal variations in air pollution levels,
validate the collected data against stationary monitoring systems, and enhance the accessibility of air quality information
for policymakers and the public. The research objectives include evaluating the effectiveness of UAV-based monitoring
in capturing spatial and temporal variations of air pollution, comparing UAV-collected data with stationary monitoring
systems to ensure accuracy and reliability, and developing a user-friendly web interface for public access to air quality
data. The scope of this study primarily focuses on industrial zones as these areas significantly contribute to air pollution.
Other potential pollution sources, such as agricultural activities or natural phenomena, are beyond the scope of this
research. Furthermore, the UAV’s operational capacity, including flight time and sensor capabilities, defines the
technical boundaries of this project. The research does not address long-term atmospheric trends or pollution mitigation
strategies beyond monitoring and data collection.

Several studies have highlighted the potential of UAVs in environmental monitoring. For instance, UAVS
equipped with gas and particulate sensors have been used in urban and industrial areas to assess air quality in real-time.
However, upon reviewing other studies and relevant literature, it is observed that these systems are predominantly
stationary [3]. In this study, we aim to address this limitation by utilizing autonomous vehicles to collect data from
various regions, offering a dynamic and comprehensive understanding of air pollution patterns. These systems have
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demonstrated high spatial resolution and adaptability compared to stationary monitoring systems. However, most
existing solutions lack integration with public data platforms and focus predominantly on data collection without
actionable outcomes for policymakers. While stationary systems provide historical data with limited coverage, UAV-
based systems offer a dynamic and scalable solution. This project bridges the gap by validating UAV data with existing
municipal data and making it accessible through an interactive platform, enabling policymakers to make informed
decisions.

For this purpose, the UAV is equipped with MICS-6814 and sensors, which are capable of measuring both gas
pollutants (SO2, CO, NOx, Os) [4] and particulate matter (PM2.5, PM10) with high accuracy. These sensors enable the
UAYV to gather continuous, high-resolution data, surpassing the capabilities of conventional monitoring systems. The
collected data will be compared with measurements from the Konya Metropolitan Municipality’s Open Data Portal
(2023) [1,3,5,6] to evaluate the accuracy of existing air quality monitoring systems. Additionally, the data will be shared
through a user-friendly web interface, allowing for public accessibility and enabling detailed analysis of pollution trends
over time.

This innovative approach to air pollution monitoring will provide valuable insights into the relationship between
industrial activities and air quality. By utilizing autonomous UAVSs, this project will help improve air quality monitoring,
support the development of more effective environmental policies, and raise public awareness about the importance of
clean air. In line with the United Nations' Sustainable Development Goal 13[8], "Climate Action," the project aims to
improve monitoring capabilities, particularly in industrial regions where air pollution poses a significant threat to human
health and the environment. The project’s outcomes will contribute to better management practices for air pollution and
the development of sustainable environmental strategies.
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-
Figure 2. The UAV Prototype-1 Figure 3. The UAV Prototype-2

2.MATERIALS AND METHOD

This project employs an autonomous unmanned aerial vehicle (UAV) to collect air pollution data. The UAV will
be controlled using the open-source ArduPilot software[2,7], enabling it to autonomously follow pre-programmed flight
paths while collecting data from onboard sensors. The UAV will be equipped with a GPS module to continuously update
its location, ensuring precise navigation along the designated routes. The system architecture, comprising the UAV,
onboard sensors, GPS module, and data transmission components, is designed to enable seamless integration and reliable
operation. A diagram illustrating this architecture will be included to provide a clear overview of the setup.

Flight planning involves a thorough analysis of the target areas, including industrial and residential zones, using
satellite imagery and Geographic Information Systems (GIS) to identify optimal flight paths. ArduPilot's [2] mission
planning tools, such as Mission Planner or QGroundControl, play a central role in defining and refining these paths.
These tools allow users to input waypoints, adjust altitude settings, and configure flight behaviors, ensuring the UAV
adheres to the designed routes. Factors such as no-fly zones, wind conditions, and battery life are carefully considered
to ensure safety and efficiency. Routes are designed using a grid system to ensure comprehensive coverage of the area
while minimizing overlaps and flight time. The optimization process includes simulations within ArduPilot's software
environment to validate the routes under different environmental conditions and UAV performance metrics.

The data collection process will involve the UAV flying over industrial and residential areas, with flight paths
optimized to maximize coverage and efficiency while minimizing flight time. Collected data will be georeferenced using
GPS coordinates, timestamped, and subjected to a thorough data validation process. This process includes anomaly
detection using statistical thresholds and cross-referencing with known air quality standards to ensure accuracy and
reliability.

Sensor calibration procedures will be implemented prior to each flight to ensure accurate measurements. This
involves the use of pre-flight calibration tools and reference environments to eliminate sensor biases and improve data
precision. Once the data is collected, it will be processed through a well-defined pipeline, encompassing data cleaning
to remove noise, integration to merge datasets, and transformation to align the data with required formats. Accuracy
checks will be performed, followed by a comparison with air quality measurements available from the Konya
Metropolitan Municipality’s open data portal [5,6]. Statistical methods, such as correlation and multiple regression
analysis, will be used to analyze the data.

Geospatial data will be visualized using Geographic Information System (GIS) software to map the spatial
distribution of pollution across industrial and residential areas. Temporal variations in pollution levels will also be
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analyzed. Finally, all collected data and analysis results will be made publicly accessible through a user-friendly web
platform, enabling easy access for both the scientific community and the general public.

2.1 SYSTEM LIMITATIONS

Despite the advanced capabilities of the UAV and sensors, several limitations impact the operation and data

collection process. These include:

Battery Life and Flight Duration: The UAV’s operational time is limited by its battery life, allowing for
approximately 30 minutes of continuous flight. This constraint requires careful flight planning to cover target
areas effectively. For large-scale monitoring, multiple missions may be needed, increasing logistical complexity.
Environmental Factors: Weather conditions such as strong winds, rain, or extreme temperatures can affect
UAYV stability and sensor accuracy. These factors may limit data collection in certain conditions, requiring
flexible scheduling.

Sensor Limitations: While the MICS-6814 sensors are highly accurate, their performance can degrade over
time or in high-humidity environments. Regular calibration and maintenance are essential to ensure reliable
data.

Coverage Area: The UAV’s limited flight range restricts the area that can be monitored in a single mission.
This requires a multi-flight strategy for large regions, which increases operational time.

Regulatory Constraints: UAV operations are subject to aviation regulations, such as restricted airspaces and
altitude limits. Compliance with these rules may delay data collection in specific areas.

Data Processing and Storage: The high-resolution data collected generates large datasets, necessitating robust
data processing pipelines and secure storage solutions. Managing these datasets efficiently while maintaining
accessibility poses a challenge.

These limitations define the scope of this project and highlight areas for future improvements, such as enhancing

UAYV endurance, improving sensor durability, and optimizing data management strategies.
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The MICS-6814 is a highly sensitive electrochemical gas sensor designed for detecting multiple gases, including
carbon monoxide (CO), nitrogen dioxide (NOz), sulfur dioxide (SO:), and ozone (Os). It is specifically tailored for air
quality monitoring applications, making it ideal for integration into unmanned aerial vehicles (UAVSs) for real-time
pollution data collection.

The MICS-6814 sensor offers precise detection of these harmful gases, contributing to a comprehensive analysis
of air quality in both industrial and residential areas. Its ability to measure gas concentrations with high accuracy is
crucial for understanding the environmental and health impacts of air pollution. Additionally, its compact design allows
for easy integration into UAV systems, providing a portable and efficient solution for large-scale air quality monitoring

Figure 6. PMS5003 Digital Particle Concerntration Sensor

The PMS5003 is a compact and reliable particulate matter (PM) sensor designed to monitor air quality by
detecting concentrations of particulate matter in the air. Based on a laser scattering principle, the PMS5003 provides
accurate measurements of particulate sizes, including PM1.0, PM2.5, and PM10, making it a versatile sensor for
environmental monitoring and loT applications. Its ability to deliver real-time data with low power consumption and
high accuracy makes it an ideal choice for air quality monitoring systems, wearable devices, and smart home
applications. The sensor is easily integrated into embedded systems, offering serial communication for seamless data
acquisition and analysis.

Connector Assignments

Support CAN GPS,CAN
optical flow sensor,and CAN pitot

ADS-B Antenna » the i tem
4 < o1 Telemet
Telemetry « 1ia 3 7

P )
Analog-to-Digital « 3 — — « Support dual
(osnvmee E:]E; GPS/Compass
Buzzer « =
/,-' )

< l2cexpansion
board

« Support Cual
Power input

auxiliary output can
* be used to control
[ camera,gimbal,
sprayer selay,etc
Support $.Bus, CPP
M, DSM, SPK receivers

Supportup
to 8 motors HEE O TR T AN

Figure 7. Orangecube We Have Been Using Figure 8. Orangecube Connector Assignment

156



Selcuk University 3rd International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

The OrangeCube microcontroller board, based on the STM32 series, offers a versatile and compact solution for
embedded systems and 10T applications. Its high processing power, ample memory, and flexible I/O options make it
ideal for real-time control systems, including robotics and UAVS.

For this specific application, the OrangeCube will be used in conjunction with a GPS module for telemetry,
enabling the autonomous operation of an aerial vehicle. The microcontroller will process GPS data, control navigation,
and execute flight commands, facilitating the vehicle’s autonomous flight. The OrangeCube’s compatibility with various
communication protocols and development platforms ensures seamless integration with the UAV system, making it a
key component for building reliable and efficient autonomous flight systems.

AT

Lo
O
o d
$
4

s

==t

ﬁlf e "‘5-7‘; ":;"‘ -
- ] @ 15

5T s @ ddd {
C e Y R
: ET o 5 | j_
22 -3 m

- TS ="1 A L SRR

[ |Ncrn

Kft/Accessories

Figure 10. Brushless Motor Sizes

The SunnySky X3108S-19 kv:720 motor is a high-performance brushless motor designed for UAV applications,

Figure 9. Brushles Motor Side Shot Figure 11. Brushless Motor Parts

providing reliable thrust and efficient power delivery. With a KV rating of 720, this motor is optimized for
moderate-speed operations and is well-suited for multi-rotor configurations. Powered by a 14V LiPo battery, it enables
a stable and responsive flight experience.

This motor, operating under a 14V supply, is capable of reaching approximately 10,000 RPM at full throttle.
Speed control is achieved through a pulse-width modulation (PWM) signal sent to the electronic speed controller (ESC).
The PWM range typically spans from 1000 ps (minimum throttle) to 2000 ps (maximum throttle), allowing precise
control of the motor's RPM.

In our application, the setup involves two motors driving forward and one in reverse, which provides versatility
in directional control and maneuverability. The motor's precision engineering ensures durability and consistent
performance under varying load conditions, making it ideal for autonomous aerial systems.
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Flight Controller

Power Module Here3

Figure 12. Here 3 GPS Picture Figure 13. Here 3 GPS Connection

As I mentioned about GPS before in my write. We use a GPS which called "Here 3”, module stands out as a highly
reliable and precise positioning system, ideal for advanced UAV and robotics applications. Supporting multiple GNSS
constellations and featuring RTK compatibility, it provides Centimetre-level accuracy for demanding navigation tasks.

With its robust CAN communication protocol, integrated compass, and weather-resistant design, the Here 3 ensures
seamless operation in diverse environments. This module's compatibility with flight controllers like OrangCube makes
it an excellent choice for autonomous aerial systems, enhancing stability and precision in navigation.

4. RESULTS AND DISCUSSIONS

This study successfully demonstrated the significant advantages of using autonomous UAVs for industrial air
pollution monitoring in Konya, Turkey. The rotary-wing UAV, equipped with advanced components such as the MICS-
6814, PMS5003 sensors, OrangeCube flight controller, SunnySky motors, and powered by a LiPo battery, enabled
comprehensive, real-time data collection on critical pollutants, including nitrogen oxides (NOx), sulphur oxides (SOz),
ozone (03), carbon monoxide (CO), and particulate matter (PM2.5 and PM10).

The UAV's ability to navigate multiple altitudes and locations provides a dynamic and precise assessment of air
quality, overcoming the spatial limitations of traditional stationary monitoring systems. This capability allows for a more
detailed understanding of pollution hotspots in industrial zones, facilitating targeted mitigation strategies. The
comparative analysis with data from Konya Metropolitan Municipality's monitoring stations validated the accuracy and
reliability of the UAV system, emphasizing its role as a complementary or alternative monitoring solution.

The practical benefits of this project are substantial. It contributes to the development of evidence-based
environmental policies by providing high-resolution pollution data, supports industrial stakeholders in meeting
environmental standards, and raises public awareness about air quality issues through a user-friendly web interface.
Furthermore, the flexibility and mobility of the UAV system offer a scalable model for other regions facing similar
challenges, making it a valuable tool for environmental management.
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In addition to these immediate benefits, the project aligns with the United Nations' Sustainable Development Goal
13 (Climate Action), showcasing the innovative application of autonomous systems in addressing global environmental
challenges. By advancing air pollution monitoring capabilities, this UAV system fosters sustainable practices, aids in
reducing health risks associated with poor air quality, and enhances efforts to combat climate change. Ultimately, it
represents a significant step forward in leveraging technology for environmental sustainability and public well-being.
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Abstract — This study focuses on the development of a web-based appointment system that detects occupancy in shared spaces, such
as libraries and cafes, using image processing and artificial intelligence. The system tracks individuals entering and exiting an area
in real-time, providing reports on occupancy levels. Designed for low cost and high accuracy, it operates efficiently on standard
CPUs.The implementation utilizes Python with OpenCV for image processing and the MobileNet-SSD model with Caffe for person
detection. Enhanced tracking accuracy is achieved through centroid tracking and correlation filters. Tests reveal that the system
achieves over 94% accuracy and processes real-time video streams at 25-35 frames per second. Results are displayed to users via
an intuitive interface and tabular reports, making it a practical tool for managing shared spaces.

Keywords — Occupancy Detection, Real-Time Tracking,Image Processing, Deep Learning,People Counting

INTRODUCTION

Today, especially during busy hours, time is wasted in cafes, libraries or other public places, and users largely
rely on guesswork when deciding whether to go or not, which leads to an inefficient and stressful experience.Our project
aims to provide peace and justice by detecting the instant occupancy rates in different places (cafes, libraries, restaurants,
shopping malls, offices, etc.) with image processing techniques and artificial intelligence-based analysis and conveying
this data to users.

Users will use their time wisely by determining peak hours. Respecting privacy and security, the number of people
and the occupancy rate are analyzed without recognizing the users and determining their identities. It is mobile
compatible.Confusion is prevented with the appointment system, and we make the business easier by ensuring order in
the cafe. This will allow businesses to increase customer satisfaction and be managed more efficiently.

We aim to provide the most efficient use of areas by accurately and reliably transferring the occupancy rate to the
user with artificial intelligence-supported image processing technologies.Our project aims to reduce time loss by 30-
40% by providing users with instant information about occupancy rates in the places they visit. Users instantly view
empty areas and make their settlements accordingly.

In the algorithms developed on Python, OpenCV will be used for standard computer vision/image processing
functions and MobileNet-SSD (Single Shot Object Detection) and Caffe (Convoluted Architecture for Fast Feature
Embedding) models, which are deep learning methods, will be used to detect people to be counted. In order to track the
detected people with improved tracking accuracy, two different object tracking algorithms, including both centroid
tracking and correlation filters, will be used. Due to the high accuracy provided by deep learning techniques and the
processing power limits overcome with developing technology, it can be evaluated as a reasonable decision for future
people counting Technologies

MATERIALS AND METHOD

A system was designed to determine the direction of people's movement using an overhead camera image and
count people as they cross a virtual line [1]. With the camera placed on top, the occlusion problem that may occur when
groups of people pass through the camera's field of view is prevented and a space-time image is used to determine the
direction of people.

Using a special imaging system (IR-sensitive ceramics, mechanical joinery and IR-clear lenses) in the Hashimoto
system, they developed a system that can count people passing through a 2-meter door with 95% accuracy [2]. The
system needs a minimum of 10 cm separation to distinguish two separate people passing side by side.Tesei uses image
segmentation to track people and manage occlusions, and background discrimination to extract regions of interest [3].
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They use the area of the blob, the height and width, the bounding box area, the perimeter, and the average gray level to
track the blob.

By memorizing all these features over time, the algorithm solves the problem of merging and separating bubbles
caused by occlusion. When the bubbles merge during occlusion, a new blob is created with other features. However, this
new blob stores the data from the features of the bubbles that created it. When the blob is separated back, the algorithm
can assign the original labels to the original blob.

As a simple and effective approach, Sexton uses a simplified segmentation algorithm [4]. They tested their system
in a Parisian train station and got an error between 1% and 20%. Their system uses a simple background subtraction
method to isolate people from the background and only takes the centroids of the drops to match between frames.

To increase the robustness of the system, the background model is continuously updated, reducing the effect of
environmental changes on the system. The camera is suspended from an overhead position, which reduces occlusions
and simplifies the drop detection problem. Another approach, which focuses on post-segmentation image processing,
extracts the drops using a simple background subtraction method and then tracks their features between frames [5].

The paths of each drop are stored and used to detect the intersection point and direction when crossing a virtual
line. This system does not deal with occlusion problems, so its performance is greatly reduced in crowded environments.
The performance of the path intersection algorithm was also negatively affected in crowded environments. Haritaoglu
adopted a different method to deal with the problem of real-time tracking of people [6].

They use a background subtraction based on color and pixel intensity to segment the foreground. Pixels are divided
into three different groups: foreground, background, and shadow. The foreground regions are divided into individual
people using two motion constraints: temporal and global. To track individuals, the algorithm uses an appearance model
based on color, edge intensities, and the average shift tracker. Gary Conrad and Richard Johnsonbaugh use a head-
mounted camera to simplify the occlusion problem [7].

Instead of using background subtraction to overcome the problems of illumination changes, they use consecutive
frame differences. Due to their limited computational power, their algorithm is designed to move only in a small
rectangular area of the image. They were able to achieve 95.6% accuracy on 7491 people. Toyama presents an adaptive
system for background maintenance. A pixel-level component that performs the Wiener filter estimates the expected
background. A comparison of the system with other algorithms,a region-level component that fills homogeneous regions
of foreground objects and a frame-level component that detects sudden,global changes in the image, allowed them to
establish five basic maintenance principles [8].

People Counting with Deep Learning Architectures

Current studies and applications in the field of deep learning help to overcome the difficulties encountered with
classical methods in people counting systems. In classical methods, Separating features required a large amount of
experience and experimentation.

However,by modeling the human visual system with convolutional neural networks,high accuracy results can be
obtained in real time in computer vision techniques,the us ability of the different models and libraries developed for this
purpose can be operate data single point with Opev-CV,the us ability of these techniques has increased.With these
models,features belonging to images can be learned with the need to select features in deeper layers.Features of images
can be learned with across-scene method using a deep convolutional neural Network model.The training data contains
two objectives,person counting and person detection[4].

Boomina than and his colleagues proposed the Crow Net system,again using a convolutional Neural network
model. They used deep networks and convolution al neural networks together to estimate the density map of an area.
With this model, semantic information (body, face) could be captured.Data augmentation closed the gaps in the training
samples. With the first data augmentation, the problems in multi-person sampling were solved, and with the second, it
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was tried to reduce the errors and improve the performance of the model for dense situations. The deep learning
architecture here is similar to the VGG-16 network [5].

In 2016, Z hang and his colleagues applied a convolutional neural network structure to estimate the number of
people with images created from changing perspectives. The multi-layered convolutional neural network model maps
the image to a multi-density map. The important feature of this structure is that it allows input at arbitrary resolution and
size. With various filters,the features corresponding to the changes in the image are learned. Thus, with this method, it
is possible to prevent distortions in the image of any size [6].

Onoro has developed a model called Hydra convolution al neural network (Hydra CNN) and a scale-based
counting model. With this system, which includes all deep and convolutional neural networks, the person density can
be calculated. The CCNN (counting convolutional neural network-CNN) model, which consists of a six-layer structure,
reaches the goal by processing these layers in parallel.lt is considered a successful model in counting objects and people

[7].
Computer Vision Tools

In this project, Python-based OpenCV was used for image processing, and the MobileNet-SSD model running on
the Caffe framework was used for person detection. While OpenCV provided basic operations such as processing images
from video streams and object detection, MobileNet-SSD performed real-time person detection with its low-cost and
lightweight structure.

Database systems such as MySQL were used for data processing and storage. In addition, MATLAB was used in
mathematical analysis and algorithm development processes. Center tracking algorithms and correlation filters were
applied to increase tracking accuracy; these tools enabled the system to operate at 25-35 frames per second and provide
over 94% accuracy.

f ‘—\ = (ln 1 ) '< Out : 0 >

Figure 1. People counting camera as computer vision application
OpenCV Libraries
* Numpy: NumPy is the foundational package for scientific computing with Python. Among other things:

an advanced N-dimensional array object for integrating useful linear algebra, Fourier transform, and random number
capabilities into C/C++ and Fortran code and sophisticated (broadcast) function tools. In addition to its open scientific

162



Selcuk University 3rd International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

uses, NumPy is an efficient multidimensional generic data container. Arbitrary data types can be defined. This allows
NumPy to integrate seamlessly and quickly with a wide range of databases.

* Dlib: Dlib is a modern C++ toolkit that includes machine learning algorithms and tools for building complex software
in C++ to solve real-world problems. It is used in a wide range of areas, including robotics, embedded devices, mobile
phones, and large high-performance computing environments, both in industry and academia. Dlib's open-source license
allows you to use it in any application for free.

* Imutils: A set of utility libraries that facilitate basic image processing functions such as translation, rotation, re sizing,
skeletonization, and easier viewing of Matplotlib images with OpenCV.

» Date-time: The Date-time module provides classes for manipulating dates and times. While date and time arithmetic
is supported, the focus of the application is on efficient feature extraction for output formatting and manipulation.

* Collections: This module implements special container data types that provide alternatives to Python's general-purpose
built-in containers, dicts, lists, sets, and tuples.

» Math: This module provides access to mathematical functions defined by the C standard. These functions cannot be
used with complex numbers;

» Matplotlib: This is the main Python library we use for data visualization. It allows us to make 2D and 3D drawings.
While Matplotlib is generally used in 2D drawings, other libraries are used in 3D drawings.

Object Detection / Object Tracking with Open-CV

Before people counting systems, the basic differences between object tracking and object detection and their use
together should be understood in theory.When we apply object detection, we determine where an object is in the image
/ frame.An object detector also requires more computationally work than an object tracking algorithm and is therefore
slower.Examples of object detection algorithms include deep learning-based object detectors such as Haar, YOLO and
Single Shot Detectors (SSDs).Objects can be taught to classifiers using deep learning methods. The template matching
method performs the matching process by cycling through all the pixels in the source image to find the searched image
template.On the other hand, an object tracker accepts the (X, y) coordinates of the location of an object in the image and
assigns a unique ID to the object in question. It tracks an object as it moves through a video stream by estimating the
new object location in the next frame based on various attributes of the frame (gradient, optical flow, etc.).Highly
accurate object trackers combine the concept of object detection and object tracking into a single algorithm, usually
divided into two stages.

- Stage 1-Detection: In the detection stage, the object tracker is run to detect whether new objects enter our view and in
the tracking stage, to see if it can find “lost” objects. For each detected object, an object tracker with new bounding box
coordinates is created or updated. Since our object detector requires more computation, this phase is run once every N*2.

- Stage 2-Tracking: When not in the “Detection” stage, we switch to the “Tracking” stage. For each detected object, an
object tracker is created to track the object as it moves around the frame. The object tracker should be faster and more
efficient than the object detector. The tracking continues until the nth frame is reached and then the object detector is
run again.

The benefit of this hybrid approach is that highly accurate object detection methods can be implemented without
a large amount of computational burden.

Deep Learning and Open-CV

With the Open-CV 2.4 version, many developments in deep learning were introduced. The ability to import
models created with different libraries for image classification, the ability to create different classifier networks, the
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ability to create models, etc. With the OpenCV 3.3 version, an almost final distribution was created and support was
provided for structures such as Caffe, TensorFlow, Torch DarkNet. Support is provided for popular networks such as
Alex Net,GoogLeNet, ResNet, SqueezeNet, , VGG, ENet, VGG-based SSD, MobileNet-based SSD. In this project, the
most up-to-date version to date, 3.4, was used.

System Design

The proposed system for people counting mainly includes the steps shown in . In the first step, frames are obtained
and background estimation is done, in the second step, people are detected, in the third step, tracking is done and finally
people are counted.

Tracking is done to create people's trajectories. Thanks to the descriptions of the trajectories,counters are updated. These
algorithms are compiled on the OPENCYV program.
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Figure 2. System flow chart

For the counting to work correctly, the background of the system must be updated correctly and people must be
introduced successfully. In our system, background modeling is divided into two stages: comparison stage and update
stage. In the comparison stage over a certain number of frames, the minimum/maximum intensity values of each pixel
of the image are obtained and in the update stage, the background is updated with the equations of the comparison stage
and update stage.

To obtain a better foreground, morphological operations are applied to the difference frame obtained by
subtracting the background from the current frame. The first difference image is threshold-ed to obtain the binary
foreground image. After thresholding, Dilation is applied to fill the small holes produced by it.

Different paths are constructed by tracking the detected people. In this case, the camera capture speed must be
sufficient for the individual movements in consecutive frames to be linear in time for tracking people. Here, the
movement of people is considered linear, so the Kalman filter is very suitable for tracking. Therefore, the estimates
provided by the Kalman channel were used. The state variables for the Kalman filter to construct the people's states are
as follows.

There is not necessary to know the person's real position and speed, the person can be tracked according to his/her
position and speed in the image.Kalman Filter is a modified linear and recursive method divided into two stages. The
estimation stage estimates the movement, while the correction stage corrects the errors in the predicted movement by
the estimation stage.Different algorithms have been proposed to count people entering and exiting the monitored area.
First, there are two types of techniques, namely single reference line and second, multiple reference line. The single
reference line method will be used in this project. When the person enters the monitored area, the trajectories of that
person are generated and counted by directing them. Then, this information will be transmitted to the end users via the
internet by the processor through the interface system, a sketch of which is shown in Figurel.

Camera Placement

Using a general camera is usually the best option to avoid blockages when groups of people pass through the
camera’s field of view. This placement should be preferred whenever possible.
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Figure 3. Camera placement
Shadow Segmentation

This process is critical in our system, because without it we cannot distinguish shadows from their owners.A color
model that separates brightness from chromaticity in the RGB color space is proposed [8].

In this model , the background image is first statistically modeled pixel by pixel. Then, each pixel i can be
represented by the expected color Ei, its standard deviation si, and its current color li. The difference between li and Ei
is decomposed into the brightness (ai) and chromaticity CDi components.

In this study, a system is designed that detects people entering and exiting an area, reports total entry and total
exit data, and can run in real time on a standard CPU in order to track the density of people in a certain area. In the
algorithms developed on Python, OpenCV was used for standard computer vision/image processing functions, and deep
learning structures MobileNet and SSD (Single Shot Object Detection) Caffe (Convoluted Architecture for Fast Feature
Embedding) model were used to detect people to be counted. Using these two techniques together greatly increases real-
time performance on devices with limited resources. In order to track the detected people with improved tracking
accuracy, two separate object tracking algorithms were used, including both centroid tracking and correlation filters.

The working steps of the algorithm are listed as follows;
i A video stream or any recorded video is loaded into the system in real time.

ii. Obiject Detection Module: Bounding boxes are determined using SSD object detector. Afterwards, MobilNet is
passed through the Caffe convolutional neural network and by comparing the inputs with the trained model, an estimate
is obtained as to whether the object is a human or not. At this point, estimates with low weight percentages are filtered
in order to sharpen the results. Objects that are determined to be people are assigned their identities.

iii.  Object Tracking Module: Centroid tracking and correlation techniques are used with the dlib library for object
tracking. By examining the correlation status of the positions of the objects whose centers of gravity are determined and
whose identities are assigned in the previous frame in each frame, it is assumed that the person is heading to the most
probable distance. In this way, the movement directions of the people can be tracked.

iv.  On the interface, identity information is assigned to the centroids of the defined person objects and each person
is recorded in the database in the background and people who cannot be detected in 40 consecutive frames are removed
from the system.

V. While the system is running, total input and output data is instantly printed on the screen.A person/time report
is created by terminating the system.
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RESULTS AND DISCUSSIONS

The project process, which started with an in-depth research on people counting technologies, ultimately found
that the problem of tracking the number of people in an environment could be solved with the help of cameras placed at
the entrances and exits or security cameras. As a result of the studies within the scope of the project, the designed
algorithm uses deep learning object detectors (Mobile-Net and SSD) for improved person detection accuracy and two
separate object tracking algorithms, including both centroid tracking and correlation filters for improved tracking
accuracy, and a system that can run in real time on a standard CPU, can track people entering or disappearing from the
image by applying both “detection” and “tracking” stages, and can obtain entry and exit data to an area in line with their
movement directions. In order to evaluate the developed system, some analyses were performed on a series of images
obtained from the internet. Since the accuracy results obtained were quite close to the desired final sensitivity, the result
was evaluated as satisfactory. However, since there are various scenarios that need to be addressed in order for the
system to be evaluated correctly in all previously defined situations, the testing process should be continued with future
studies.The main problem to be solved is that background pixels can be detected incorrectly due to various light sources
and shadows. In a one-minute test video, the system works with 5-8% error rates. According to the results, the system
can track the density of people in closed areas such as stores, restaurants, shopping malls, classrooms, etc. It can also
work in crowded places such as airports and train stations, if it can detect the whole body and there is not too much
congestion.
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Abstract — With the development of the digital revolution, mobile applications offer various opportunities to individuals. The rapidly
developing mobile world is now with individuals at every step. A university notification application was developed to provide
opportunities for individuals who care about their academic and personal development. This mobile application provides individuals
with notifications about scientific events (symposiums, conferences, hackathons, etc.) organized on national and international
platforms. This cross-platform mobile application, developed using Flutter and Firebase, processes event data obtained from the
websites of universities in Turkey through BeautifulSoup and Selenium libraries. This application provides real-time data
synchronization and user authentication. By designing a user-friendly interface with Figma, event information is presented to users
in Turkey where there is no centralized access to academic event information.

Keywords —AcademicEvent, Notification, Mobile Application, Socialize, Flutter, RecommendationAlgorithm

INTRODUCTION

The UBI mobile application aims to overcome the shortcomings such as academic and scientific event
announcements organized in universities and institutions not reaching students and academics. The target audience of
the project is university students, academic staff and individuals who want to improve themselves scientifically. With
the application, it is aimed to provide users with event notifications according to their interests and thus contribute to
their personal and professional development.

The aim of the project is to ensure that users are informed about academic and scientific events in the easiest and
fastest way, to encourage their participation in these events and to contribute to expanding their social circles. In addition,
it enables participants to meet experts in their fields and the certificates they earn from the events have a positive impact
on their professional lives.

When the literature studies were examined, it was seen that the existing applications generally offer general events
such as concerts and theater, but there is no special application for academic and scientific events. “UBI” application
has emerged to overcome this deficiency. In addition to providing users with event notifications, the app will customize
their experience by using recommendation algorithms based on their personal interests. The unigqueness of the
application is that it will provide users with customized recommendations and will fill an existing gap in this field.

MATERIALS AND METHOD

In this section, the development process of the “UBI Mobile Application” project, which aims to ensure that users
are informed about academic and scientific activities in the easiest and fastest way, is detailed. The interface design we
used for our mobile application named UBI, the dart language and flutter framework preferred for its software, firebase
database and web scraping processes are explained [1].

Interface Design

The user interface (Ul) of the UBI application was designed to optimize user interaction and ease of navigation.
Using Figma, a popular UI/UX design tool, the design process started with wireframe drawings to outline the basic
layout and user flow [2].

As [Jones & Taylor, 2020] emphasizes, “well-structured design systems not only improve usability, but also
promote a seamless user experience.” These principles have guided the transition from conceptual designs to interactive
prototypes. Interface designs are given in figure 1.
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Figure 1. (a), (b) UBI Mockup ; (c), (d) UBI Pages

Frontend Development

Flutter enables fast development of user interfaces for both iOS and Android platforms with a single code base. It
simplifies the development process with its rich widget library and powerful performance. In addition, its large
community and supportive ecosystem gives developers easy access to the resources they need. With these features,
Flutter has become our preferred mobile framework for mobile app development.

In the home page design, users can easily access the application services, realized and planned events. The
“Calendar” button at the bottom of the page allows users to browse upcoming events and past events. The “Explore”
button allows users to access other events and directly access the events they are curious about by entering the event
name, while the “Profile” button allows users to access their own profile and access other features. In addition, the
category buttons on the home page allow users to access the events of the categories they are interested in in a practical
way [3].

Backend Development
The backend was developed using technologies such as Firebase, Firestore and Python.

Firebase is a platform developed by Google that offers cloud-based solutions. It enables developers to develop
mobile and web applications quickly and efficiently by offering many features such as secure data storage,
authentication, real-time data processing, and sending notifications. Firebase also facilitates and accelerates application
development processes by gathering analytics, data storage, hosting and various other services that users need on a single
platform. Firebase played a critical role in the backend infrastructure of the project. Firebase offers cloud-based data
management to mobile and web developers, enabling databases to be used securely, quickly and effectively. With
Firestore and Firebase Authentication, user data was stored securely and authentication processes were successfully
performed [4].

was realized. Firebase's real-time data processing capability allowed instant notifications to be sent to users and
accelerated the participation process. Data scraping was performed with the BeautifulSoup library. BeautifulSoup is a
library written in Python programming language and is used to parse, analyze and process HTML and XML data. This
library is used to easily extract and structure data from web pages. In the project, event data collected from different
websites was processed with BeautifulSoup and imported into Firebase database. In this way, users can easily access a
wide network of events and get instant information about related events. From a technical point of view, the MVVM

170



Selcuk University 3rd International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

(Model- View-View-Model) architecture separates the business logic and interface layers of the application, which
increases the sustainability and extensibility of the application [5]. MVVM manages the user interface (View), business
logic (ViewModel) and data-related operations (Model) independently. The Model includes functions such as data
processing and database access, while the View manages the user interface, reacting only to data display and user
interactions. The ViewModel acts as a bridge between the Model and the View, providing data in an appropriate format
and communicating user interactions to the Model. Thanks to this separation, the code of the application has become
more organized and maintainable, and maintenance and expansion processes have been simplified. Thanks to the cloud-
based solutions provided by Firebase, data security has been ensured and the system has become scalable. The
recommendation system developed within the scope of the project was integrated into Firebase to provide personalized
activity recommendations to users. The recommendation system uses users' static and dynamic profiles to recommend
activities that match their interests, providing a customized experience for each individual.

Web Scraping Techniques

Within the scope of the project, web scraping method was used to collect event data from university websites.
This process provided access to important information about seminars, conferences and other events organized by
various faculties and student societies of universities, such as date, topic, location and organizer.

Python programming language and BeautifulSoup and Selenium libraries were used. BeautifulSoup is preferred
for parsing HTML elements in static pages [6]. Selenium was used in cases where data and user interactions on dynamic
pages were required.

Event data was extracted from static pages using BeautifulSoup. In particular, HTML elements containing event
listings and announcements were identified and data such as title, date and location were parsed within these elements.

Selenium was used to navigate and extract data from dynamic pages. For example, only a few events were
displayed on the event pages of some universities, and more data was accessed by clicking on buttons such as “show
more” [7].

Since the data obtained during web scraping was extracted in raw form, data cleaning processes were performed.
Empty or missing data were extracted.

The data were organized in columns such as title, date, location, organizing unit and detailed description and
transferred to the table.

Analyses were made on the collected activity data and reports were made under categories such as frequency of
activities, organizing faculties, and types of activities.It was made to be used in the application.

Results and Discussion

In conclusion, the UBI mobile application customized the announcements of academic and scientific events
organized by universities and institutions according to the interests of the users. The application has made a significant
contribution to the personal and professional development of users by increasing their awareness of and participation in
such events. Moreover, thanks to the application's recommendation algorithm, each user receives recommendations
tailored to their interests, maximizing the user experience. This project has met a need that is not present in the existing
literature and has enabled academic-scientific events to be announced to a wider audience and filled the gap in this field.
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Abstract — In this article, it has become necessary to convert analog values that we use in daily life, such as temperature, pressure,
flow measurements, into digital signals in order to make them more understandable and to prevent these values from being affected
by noise. As a result of these difficulties, it was necessary to convert analog signals into digital signals with two states. This was
done by microcontrollers and since these very complex structures convert analog signals into digital signals, LCD screens are used
to make this value visible. Analog signals such as voltage are converted into digital signals by microcontrollers and reflected on the
LCD screen with the necessary software codes. It is possible to do many examples like this.

Keywords — Microprocessor circuits, Microprocessor conversion, LCD screen projection

Ozet — Bu makalede, giinliik hayatta kullandigimiz sicaklik, basing, akis dlgiimleri gibi analog degerleri daha anlasilir hale getirmek
ve bu degerlerin giiriiltiden etkilenmesini 6nlemek i¢in dijital sinyallere doniistiirmek gerekli hale gelmistir. Bu zorluklar sonucunda
analog sinyalleri iki durumlu dijital sinyallere doniistiirmek gerekmistir. Bu, mikrodenetleyiciler tarafindan yapilmistir ve bu ¢ok
karmasik yapilar analog sinyalleri dijital sinyallere donistiirdiigiinden, bu degeri goriiniir hale getirmek i¢in LCD ekranlar
kullanilmustir. Voltaj gibi analog sinyaller mikrodenetleyiciler tarafindan dijital sinyallere doniistiiriiliir ve gerekli yazilim kodlartyla
LCD ekrana yansitilir. Bunun gibi bir¢ok 6rnek yapmak miimkiindiir.

Anahtar Kelimeler — Mikroislemci devreleri, Mikroislemci doniisiimii, LCD ekran projeksiyonu

GIRIS

Mikrodenetleyicilerin tarihi, bilgisayarlarin tarihine paralel olarak gelismistir. Mikrodenetleyici, ilk olarak
1970'lerin baglarinda Intel firmasi tarafindan gelistirilmistir. Bu gelisme, bir¢cok diger firmayr da mikrodenetleyici
iiretimi konusunda tesvik etmistir ve giinlimiizde ilk ¢ikan mikrodenetleyiciye nazaran ¢cok daha islevsel ve kapsamli
olmustur. Mikrodenetleyiciler icin de de Arduino, kolay programlanabilmesi ve ¢ok sayida sensor ve modiille
uyumlulugu nedeniyle 6zellikle hobi elektronigi alaninda popiilerdir

Mikrodenetleyiciler farkli sensorler ve modiillerle birlikte kullanilarak birgok farkli projede de kullanilabilirler.
Mikrodenetleyicilerin programlana bilirligi sayesinde, kullanicilar kendi 6zel projelerini tasarlayabilirler. Projelerin
yapimi i¢in, mikrodenetleyicilerin programlama dillerini 6grenmek ve gerekli bilesenleri bir araya getirerek devreler
olusturmak gerekmektedir. Bir devrenin gerilimini 0-5 VDC arasinda degerlerini dijital olarak goriintiilemek istersek
kullanmamiz gereken mikrodenetleyici C kodu analogRead komutudur bu komut analog olarak verdigimiz sinyali okur
bu degerin giris gerilimi olan 5 voltun 1023 analog degerine boliinmiis halinin ¢arpilmasi ile olur. Bunun gibi
uygulamalar ve komutlar araciligi ile sicaklik,basing,is1k yogunlugu gibi projeler yapmak da miimkiin.

Analog bir bilgi, sonsuz ani degerler toplamidir, Analog bir bilginin degerlerlenin toplanmasi ve bu degerlerin
saklanmasi, oldukca gii¢ bir islemdir, Analog bilgi degerlerinin saklanmasi i¢in,6nce bu degerin sayisala doniistiiriilmesi
gerekmektedir. [1]. Bir mikroislemci gorevini yerine getirebilmesi i¢in mutlaka, verilerin saklanacagi bellek birimine,
dis diinyadan veri aligveriginin diizenli yapilmasini saglayan giris/¢ikis birimine ihtiya¢ duyar. Bunlar bir mikroislemcili
sistemde ayr1 ayri birimler (entegreler) seklinde yerini alir. Bundan dolayr mikroislemcili sistemlere ¢ok entegreli
sistemler denilir. * Bilgisayar ayn1 anda milyonlarca isi yapabildiginden ve ¢ok yer kapladigindan bdyle yerlerde
kullanilmasi mantikli olmaz ve maliyetli olur. Bundan dolayi, sistemi meydana getiren elemanlarin birgok
oOzelliklerinden feragat edilerek ve bir entegrede birlestirilerek mikroislemcilerin yeni tiirevleri (mikrodenetleyiciler)
olusturulmustur. [2,3]
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Giiniimiiz teknolojisindeki olagantistii geligmeleri tiim uygulamalar sayisal denetimi gerektirmektedir. Bunun
temel nedeni, programlama olanaginin bulunmasi, programlandiktan sonra dis miidahaleye gereksinim géstermemesi ve
bir¢ok islemi hizli bir sekilde yapabilmesidir.Sayisal teknik tiim endiistriyel uygulamalarin gelismesine 6nayak oldugu
gibi kendi teknolojisini de gelistirmektedir.[4].

Giinliik yasamda otomobilde, televizyonda, telefonda, kap1 otomatiginde, asansorde, trafik i1siklarinda, hesap
makinesinde, miizik aletlerinde, daktilolarda, oyuncaklarda, cep telefonlarinda ve benzeri bir¢ok cihazda farkinda
olmadan mikroislemcileri kullanmaktayiz. [5]. Mikroislemeci sisteminin isleyebilmesi i¢in dért ana unsurun uyum i¢inde
calismasi gerekir . Bu unsurlar sunlardir;

a) Merkezi islem birimi (MiB) b) Bellek c¢) Coklu yol (BUS) d) GiriS/Cikis birimleri (I/O port) [6].

Mikrodenetleyicinin Mikroislemciye Gore Artilar1 * Mikroislemcinin kullanimi ve mikroislemcili sistemin
tasarimi1 mikrodenetleyicili sisteme gore hem daha masrafli hem de daha karmasiktir. « Mikrodenetleyicili bir sistemin
calismasi icin elemanin kendisi ve bir osilasyon kaynaginin olmasi yeterlidir. « Mikrodenetleyicinin ihtiya¢ duydugu
onbellek ve giris ¢ikis birimi bir yonga igerisinde bulunmaktadir. Ancak mikroislemcili bir sistemde 6nbellek harici
olarak bulunur. [7,8]. LCD’ler elektrikle kutuplanan sivinin 15181 tek fazli gegirmesi ile ¢alismakta olan ekranlardir ve
mikrodenetleyicili sistemlerde sik sik kullanilmaktadirlar. Devrede Olgiilen sicaklik bilgisinin goriintiilenmesi i¢in
ucuzlugu ve kullanim kolayligindan dolay1 gosterge ekrani olarak LCD panel gosterge kullanilmistir[9]. Son zamanlarda
analog ve digital sinyalleri alarak islemek, sensorlerden gelen sinyalleri kullanarak gevresiyle etkilesim igerisinde olan
robotlar ve sistemler tasarlamak ve tasarladiginiz projeye 6zgii olarak dis diinyaya hareket, ses, 151k gibi tepkiler
olusturmak i¢in Arduino ve Raspberry Pi etkin olarak kullanilmaktadir. [10]. Mikroislemci, bir bilgisayarin merkezi
islembirimi (CPU) olarak islev goren elektronik bir ¢iptir. Baska bir deyisle, mikroislemci herhangi birbilgisayar
sisteminin kalbidir. Sinirli kaynaklara sahip mikroiglemci tabanli sistemleremikrobilgisayarlar denir. [11]. Ayni saat
dongiisii sirasinda birden fazla talimati baglatma yetenegi olan stiperskaler igsleme, daha hizli mikroiglemciler iiretmeyi
amaglayan uzun bir mimari yenilik serisinin en sonuncusudur. Bu on y1lin baginda tanitilan siiperskaler mikroiglemciler
artik tim mikroislemci saticilar1 tarafindan iist diizey iirlinler i¢in tasarlaniyor ve Uretiliyor. Birgok kisi tarafindan
1980'lerin azaltilmis talimat seti bilgisayar1 (RISC) hareketinin bir uzantis1 olarak goriilse de, stiperskaler uygulamalar
ashinda artan karmagikliga dogru ilerliyor[12,13].

Bu makale de analog diye adlandirilan sinyalleri 6rnegin sicaklik, 151k yogunlugu, gerilim degeri gibi sinyallerin
degerlerini depolamak gibi sorunlar ortaya ¢ikmistir. Mikroislemciler analog sinyali dijital ortamda isleyerek daha fazla
veri saklama ve isleme imkani saglar. Ayrica analog sinyaller, giiriiltii ve parazitlere karsi hassastir. Bu nedenle iletim
sirasinda sinyalin kalitesi bozulabilir. Analog sensorlerin 6lgiimleri ADC (Analog-Digital Converter) ile dijitale
donistiiriiliir ve mikrodenetleyicilerde islenir. Bu zorluklara karsi giinlilk hayatimizin pek ¢ok yerinde kullanilan
sensorlerin analog degerlerini depolamak ve kaydetmek i¢in mikroiglemci kullanildi. Goriintiileme igslemi igin de LCD
veya OLED gibi ekranlar kullanilir.

Mikroislemci Nedir?

Mikroislemci, islemci olarak da bilinen, merkezi islem biriminin (CPU) fonksiyonlarini tek bir yar1 iletken tiim
devrede (IC) birlestiren programlanabilir bir sayisal elektronik bilesendir. Mikroislemci, genellikle toplama, ¢ikarma,
sayilar1 karsilagtirma, sayilar1 bir yerden digerine aktarma, aritmetik ve mantik islemlerini gergeklestiren bilgisayar
sistemlerinin merkezi birimidir. Basitce, islemci, merkezi islem birimi veya mantik yongasi olarak da bilinmektedir.
Bilgisayarin acildig1 anda baglayan, bilgisayar1 harekete gegiren bir beyin gibi diigiiniilebilir. Bir CPU’nun (merkezi
islem birimi) iglevlerini tek bir IC (entegre devre) iizerinde birlestiren, ¢ok amacgli programlanabilir bir cihazdir. Tipik
olarak bir veya daha fazla mikroislemci, bir bilgisayar sisteminde, gémiilii sistemde ya da bir mobil cihazda merkezi
islem birimi olarak goérev yapar.

Mikroislemci Cesitleri: 8’e ayrilir.

1)Karmasik Komut Seti Mikroislemciler:
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CISC, sistemi desteklemek i¢in indirme, yiikleme vb. gibi diger diisiik seviyeli etkinliklerin yani sira siparisleri
de tstlenebilir. Ayrica sadece bir komutla karmagsik matematiksel hesaplamalar yapabilir.

Daha basit derleyicilerle iyi ¢alisan iyi kisisel bilgisayarlar yaparlar. Talimatlar1 birden fazla saat dongiisiine
sahiptir. Baz1 6rnekler — Intel 386 & 486, Pentium, vb.

2)indirgenmis Komut Seti Mikroislemci

RISC, kiiciik 6zel komutlar1 daha hizli ve yiiksek optimizasyonla yiiriitmektir. Komut seti, basit komutlar ve
ayni uzunluk nedeniyle daha kisadir. Kayitlar ekleyerek bellek referanslarini azaltirlar.

RISC, talimat alma ve yiiriitmenin ¢akismasina yol agan ardisik diizen izler. Cogunlukla yiiriitmek i¢in bir CPU
dongiisii alirlar. Bazi 6rnekler — AMD K6 ve K7, vb.

3)Acik¢a Paralel Komut Hesaplama(EPIC)

EPIC, her iki igslemcinin de en iyi 0zelliklerine sahip, RISC ve CISC’nin bir karisimidir. Sabit bir genislik
olmaksizin paralel talimatlar1 takip ederler. Derleyicilerin sirali anlambilim kullanarak donanimla iletisim kurmasini
saglarlar. Baz1 6rnekler — Intel 1A-64, Itanium, vb.

4)Siiperskalar Mikroislemciler

Superskalar iglemci, ayn1 anda birden fazla gorevi gergeklestirmeyi destekler. Birden ¢ok komut tagiyabilmeleri
nedeniyle ALU’larda veya carpanlarda yaygin olarak bulunurlar. Islemci icinde talimatlar1 iletmek icin farkli
operasyonel birimler kullanirlar.

5)Uygulamaya Ozel Entegre Devre(ASIC)

ASIC’ler, otomotiv emisyon kontrolii kullanimi i¢in veya kisisel dijital asistan olarak yaygidir. Mimarileri ¢cok
diizgiin bir sekilde belirlenmis ancak ayni zamanda kullanima hazir diglilerle yapilmigtir.

6)Dijital Sinyal Cok islemcileri(DSP)

DSP’ler, video dosyalarini kodlamak ve kodunu ¢dzmek veya analogu dijitale doniistiirmek ve bunun tersi ile
unliidiir.

Matematiksel hesaplamalar i¢in miikemmeldirler. RADAR, ev sinemalari, SONAR vb. gorevlerin yliriitiilmesi
i¢in bu ¢ipleri kullanir. Intel, Motorola, DEC, vb. gibi sirketler bunun gibi bir¢ok mikroislemci yapti.

7)SIMD islemciler

Tek Komutlu Coklu Veri, elemanlar: seri yerine paralel kullanan vektdrlerdeki hesaplamalar igindir. Birden
fazla ALU’lar vardir ve her birinin veri depolama i¢in yerel bir bellegi vardr.

8)Bit Dilimli islemciler

Bit-Slice islemciler, kullanici tercihine gore belirli kelime uzunluklarina ve yapi taslarina sahiptir. 4 bitlik
ALU’lara, jeneratorlere ve mikro program siralayicilara sahiptirler. Bazi 6rnekler sunlardir: AMD-2900, 29300 serisi ve
Texas Instrument SN-74AS88XX serisi

Grafik IslemcilerIntel tarafindan yiiksek ¢dziiniirliiklii oyunlar ve filmler icin iiretilmis bir mikroislemci. Baz1
ornekler Intel 82786, Intel 1860 ve Intel 1750’ dir.

Mikroislemci Nasil Cahsir?
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Adres ve veri yolu 8 bitlik bir mikroiglemciyi ele alirsak 28 = 256 bayt bellege sahiptir ve bu mikroislemci 8
bit bellek okuyup yazabilmektedir. (Burada, 4-8-16-32-64 bit mikroislemciler birbirinden farklidir.)

Mikroislemciler hem RAM hem de ROM’a sahiptir. RAM (Random Access Memory), gecici hafizadir.
Mikroislemci kapandigi takdirde buradaki veriler silinir. ROM (Ready Only Memory), kalict hafizadir ve sistem kapansa
dahil buradaki veriler silinmemektedir.

Burada kayitlar 0/1’lerle yapilacaktir. Burada ALU birimine gonderilen bilgilerle islemler yapilarak 1/0’lar
tizerinden sonuglar alinmaktadir. Bu sonuglar ii¢ durumlu (3-State) i¢in kullanilmaktadir. Burada, 0/1 bilgileri okuma
yazma sayesinde kayitlanir ve gerekli adres verilerinde kullanilmak i¢in bekletilir.

Komut kod ¢6ziicii daha sonra ALU tarafindan gergeklestirilen islemin ¢iktisinin kodunu ¢6zer ve karsilastirma
kaydiyla birlikte getirir. Talimat setine bagli olarak, gorevleri her saat dongiisiinde gerceklestirir ve bitis dongiisiinde
program sayaci artirilir. Cesitli bit desenleri kiimesi olan ¢oklu talimat kiimesi tizerinde ¢alistigindan. Bu talimat bitleri
koleksiyonu, islemcinin montaj dili olarak bilinir. Bu kaliplar1 ¢evirmek i¢in bir montajc1 kullanilir ve ¢ikti, iglemcinin
programu yiiriitmesi i¢in bellekte saklamaktadir.

Mikroislemci Nerelerde Kullanilir?

Mikroislemcilerin pek ¢ok kullanim alanlar1 vardir. Bunlar evlerden baslayip endiistriyel alana kadar
uzanmaktadir. Bu kullanim alanlar1 6rmegin; Evlerde sicakligi ayarlamak igin bir sensor vasitasiyla mikroislemciler
kullanilmaktadir. Camasir, bulasik, kahve makinesi v.b. ev aletlerinde siklikla mikroislemciler kullanilmaktadir.

Mikroislemci Nasil Kodlanir?

Bir mikroislemciyi kodlamak i¢in bir derleyici (IDE) kullanmaniz gerekmektedir. Burada, kullanilacak dillerin
say1s1 ¢ok fazladir. C ve Assembly genelde en ¢ok kullanilan dillerdir.

Bir IDE yardimiyla kodlanan mikroiglemcinizi IDE {izerinde bulunan Debug yardimiyla kodladiginiz kodu
derleyerek, adim adim kontrol edebilirsiniz.

Tekrardan IDE yardimiyla yazdigimiz kodu mikroiglemcinin igine atarak, mikroislemcinin kodlamasini
tamamlayip ¢alismasini saglayabilirsiniz.

Devremizde Mikroislemciyi Kullanma Amacimz:

DC olarak vermis oldugumuz analog sinyali dijital sinyale ¢cevirmesidir. Bu islemi yaptiktan sonra devremizde
bu islemi yapan Arduino’nun UNO serisinin($ekill.0’da resmedilmistir.) iizerindeki pinler sayesinde dijital sinyal
cikisimizi goriintiilemek i¢in 2X16 LCD ekran(Sekill.1’de resmedilmistir.) aracilig1 ile degerleri okuruz.

Arduino Uno’nun genel anlamda ozellikleri asagidaki gibidir:
. Mikrodenetleyici: ATmega328

. Calisma Gerilimi: 5V

. Giris Gerilimi (6nerilen): 7-12V

. Giris Gerilimi (limit): 6-20V

. Dijital 1/0 Pinleri: 14 tane (6 tanesi PWM ¢ikis1)

. Analog Giris Pinleri: 6

. Her G/C i¢in Akim: 40 mA

. 3.3V Cikis icin Akim: 50 mA
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. Flash Hafiza: 32 KB (ATmega328)
. SRAM: 2 KB (ATmega328)
. EEPROM: 1 KB (ATmega328)

Arduino Uno Pinout ve Datasheet

1) Giig:Arduino Uno(Sekill.0’da resmedilmistir.), giiciinii USB iizerinden veya adaptor girisinden alabilir. Yani
bilgisayarmizin USB girisinden veya bilgisayarimizdan bagimsiz olarak bir adaptdr veya bataryadan giic elde
edebilirsiniz. Dogrudan Vin (+) ve GND (-) pinlerinden de besleyebilirsiniz.

Harici gii¢ kaynag1 olarak 6-20V arasi limit degerleri bulunmaktadir. Onerilen harici besleme gerilimi ise 7-12 V
arasidir. Bunun sebebi 7V altindaki gerilimin stabil ¢alismayip, 12V {izeri gerilimin de asir1 1sinma sebebi olabilmesidir.
Kart lizerinde bulunan regiilator sayesinde 7-12V arasi gerilim 5V a diisiiriiliir ve kart bu sekilde ¢alisir.

. Vin: Harici gii¢ kaynag i¢in kullanilan pin.

. 5V: Regiilatorden ¢ikan 5V ¢ikis gerilimini saglar.

. 3V3: Kart {izerinde bulunan 3.3V regiilatorii ¢ikis pinidir. Maks. 50mA ¢ikis verebilir.
GND: Toprak (-) pinleridir.

2)Giris/Cikas (I/0):14 adet dijital, 6 adet analog girig/¢ikis pini bulunmaktadir. Bu pinlerin tamaminin lojik seviyesi
5V’dur. Her pin maksimum 40mA giris ve ¢ikis akimi ile galigir. Ek olarak, bazi pinlerin farkli 6zellikleri
bulunmaktadir. Ozel pinler asagida belirtildigi gibidir:

3)Seri Haberlesme- 0 (RX) ve 1 (TX): TTL Seri veri alip (RX), vermek (TX) i¢in kullanilir. Bilgisayardan karta
program yiiklenirken veya bilgisayar-UNO arasinda karsilikli haberlesme yapilirken de bu pinlerden faydalanilir. Bu
sebeple, karta program yiiklendigi esnada veya kartla bilgisayar arasi iletisim kuruldugunda bu pinleri kullanmamak
gerekir.

4)Harici Kesme (Interrupt)- 2 ve 3: Bu pinler yiikselen kenar, diisen kenar veya degisiklik kesmesi pinleri olarak
kullanilabilir. Ayrintili bilgi igin attachInterrupt() fonksiyon sayfasini inceleyebilirsiniz.

5)PWM- 3,5,6,9,10 ve 11: 8-bit ¢oziiniirliikte PWM (Sinyal Genislik Modiilasyonu) ¢ikis pinleridir.
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Sekil 1. Arduino UNO serisinin karti ve komponentleri resmedilmigtir.

LCD Goriintiilleme Secenekleri:LiquidCrystal kiitiiphanesinin kullanabilecegimiz 19 farkli fonksiyonu vardir. Bu
fonksiyonlarin yazinin konumunu degistirme, ekran boyunca yaziy1r kaydirma veya goriintiiyii acip kapatmak gibi
islevleri vardir. Simdi bu fonksiyonlarin devrede kullandiklarimizi kisaca inceleyelim:

Arduino LCD Komutlari:

1)LiquidCrystal ( )islevi Arduino’nun LCD’ye baglanmak i¢in kullandig1 pinleri ayarlar. LCD’yi kontrol etmek
icin Arduino’nun(Sekil1.0’da resmedilmistir.) dijital pinlerinden herhangi birini kullanabilirsiniz.

Arduino pin numaralarini bu sirayla parantez i¢ine koyunuz: LiquidCrystal (RS, E, D4, D5, D6, D7). RS, E, D4,
D5, D6, D7 LCD (Sekil 1°de resmedilmistir.) pinleridir.

Ornegin, LCD pini D7’nin Arduino pin 12’ye baglanmasini istediginizi varsayalim. D7’nin yerine su sekilde
“12” koyunuz: LiquidCrystal (RS, E, D4, D5, D6, 12). Bu islev, programin void setup () boliimiiniin Oniine
yerlestirilmelidir.

2)lcd.begin ( )Bu islev LCD’nin boyutlarini ayarlar. Programin void setup () bdliimiinde herhangi bir LiquidCrystal
islevinin 6niine yerlestirilmelidir. Satir ve siitunlarin sayisi led.begin (siitunlar, satirlar) olarak belirtilir. 16x2 LCD igin,
Icd.begin (16, 2) kullanmaniz gerekiyor ve 20x4 LCD i¢in lcd.begin (20, 4) kullanmaniz gerekiyor.

3)lcd.clear ( )Bu islev, LCD’de halihazirda goriintiilenen herhangi bir metni veya veriyi siler. Icd.print ( ) ile lcd.clear
() 6gesini ve void loop ( ) bolimiinde delay ( ) islevini kullanirsaniz, basit bir yanip sdnen metin programi
olusturabilirsiniz

4)lcd.print ( )Bu islev, LCD’ye metin yazdirmak igin kullanilir. Programin void setup () bdliimiinde veya void loop ()
boliimiinde kullanilabilir.

5) lcd.setCursor ( )Benzer, ancak lcd.home ( ) ‘dan daha kullamshdir. Bu islev, imleci (ve herhangi bir yazili metni)
ekranin herhangi bir yerine yerlestirir. Programimizin void setup () veya void loop () boliimiinde kullanilabilir.imleg
konumu, lcd.setCursor (siitun, satir) ile tanimlanir. Siitun ve satir koordinatlar1 sifirdan baslar (sirasiyla 0-15 ve 0-1).
Omegin, “hello, world!” programinin void setup ( ) boliimiinde lcd.setCursor (2, 1) kullanilarak, “hello, world!” alt
satira yazdirilir ve saga iki alan kaydirilir.

Asagida Arduino UNO serisinin (Sekill) sicaklik calisma komutu ve giic tliketimi ile alakali bilgileri
datasheet’deki karsilig1 vardir. Verilen sicaklik degerinin iistiinde yani 85°C iistlinde olursa voltaj regiilatorii ve kristal
osilator beklendigi gibi ¢aligmayacagini soylemektedir. Ayrica Max ve Min voltaj degerlerini bu tablodan (Sekil 2’de
resmedilmistir.) gorebilirsiniz. Sekil 3.” de ise Arduino’nun dijital pinlerinin ne is i¢in kullanildig1 yazmaktadir.

Symbol Description Min Max
Conservative thermal limits for the whole board: -40 °C (-40 °F) 85°C(185°F)

NOTE: In extreme temperatures, EEPROM, voltage regulator, and the crystal oscillator, might not
waork as expected.

Symbol Description Min |Typ |Max Unit
VINMax Maximum input voltage from VIN pad [ - 20 v
VUSBMax Maximum input voltage from USB connector - 5.5 v
PMax Maximum Power Consumption - - XX mA

Sekil 2. Arduino UNO serisinin sicaklik ve gii¢ tiiketimi DataSheet bilgileridir.
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3
3 »

| Function | Type Description
1 Do Digital/ GPIO Digital pin WGPIO
2 IR | Digitalrario Digital pin 1/GPIC
3 D2 DightalfGPIO Digital pin 2/GPIO
] D3 | DigitalfGPIO Digital pin 3/GPIO
5 | Da Digital/GPIO Digital pin 4/GPIO
& b= | DigitalvGPIO Digital pin S/GPIC
7 |oe | DigitalrGrio Digital pin 6/GPIO
8 D7 | Digitalrario Digital pin 7/GPIC
) D8 DighalfGPIO Digital pin 8/GPIO
10 09 | Digital/GPIo Digital pin WGP
11 |55 Digital SPI Chip Select
12 | mosi | Digital SPI1 Main Out Secondary In
13 | MISCr | Drigital 5P Main In Secondary Out
14 |sck | Dgital SRl serial clock output
15 GND Power Ground
16 AREF | Digital Analog reference voltage
17 | AdSSD4 Digital Analog input 402C Data line (duplicated)
18 ASISDS Drigital Analog input 5J12C Clock line (duplicated)

Sekil 3. Arduino 'nun dijital pinlerinin DataSheet bilgileri.
LCD Ekranin Pinlerinin Islevleri:

Tablo seklinde resmedilmis (Sekil 4) da LCD ekraninin pinleri ne ise yaradiklarini gérmektesiniz.

1) Vss Toprak (Ground)

2) Vce +5 V (Besleme Gerilimi)
3) VEE Kontrast

4) RS Register Select

5) RW Read / Write

6) E Enable

7-14) DO - D7 Data(Veri) girigleri

Sekil 4. LCD ekran pinlerinin islevleri.

Asagida LCD ekrani olan 2x16 LM016L nin proteus goriimiinii Sekil 5’te resmedilmistir.

LCD1

LMO16L
<TEXT>

o
> oo w (=] (==t e oo o

Sekil 5. LCD 2x16 LMO016L’nin proteus goriintiisii.

Asagida (Sekil 6) de LCD ekraninin DataSheet’ini gormektesiniz. Bu tabloda LCD ekran i¢in gerekli giic
kaynaginin minimum ve maximum degerlerini goriiyoruz ve maximum 6.5V oldugunu gérmekteyiz. Calisma sicakligi
50°C-40°C’dir. 25°C’de VDD=5V+0.25V imis.

Tabloda ¢ikis akimlarin1 da gérmekteyiz. Cikisimiz yiiksek voltaj da olursa Ioh=0.2mA iken ¢ikisimiz diisiik
voltajda iken de Iol=1.2mA akim ¢ektigini bize sdylemektedir.
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ABSOLUTE MAXIMUM RATINGS min, max.
Power supply for logic (Vpp —Vsg)....... O 6.5V
Power supply for LCD drive

Vop=Vo) ... . 4] 6.5 V
Input valtage (Wi} .. ... .. ......... . Vss Voo V
Operating temeprature (Ta} ... .. .. _.... 0 50 40*°C
Storage temperature (Tstg)l . . . . ... ... —20 70 60" °C

* Shows the value of type LMO16XMBL.

ELECTRICAL CHARACTERISTICS
Ta=25°C, Vpo = 5.0 V £ 0.25 v '

[

Input “"high’" voltage (Min) . ... ., . ...... . 2.2V min.
Input “jow" voltage (ViL} .. .. ... ... . ... 0.6 Vmax.
Output high®voltage (Vo) (~lgn = 0.2 mA) . . 2.4 V min.
Output’low voltage (Vo Ll gL =12mA). ... 0.4 Vmax. .
Power supply current {Igg ) (Vop =56.0V) .. 1.0 mA typ. ¢
3.0 mA max,

Sekil 6. LCD ekranimin DataSheet 'ini gormektesiniz.
Yapmis Oldugumuz 1.Devredeki Kullandigimiz Malzemeler:
1) Arduino UNO serisi (Sekil 7°de resmedilmistir.)
2) LCD Ekran (Sekil 8’de resmedilmistir.)
3) 1K’lik Potansiyometre (Sekil 9°da resmedilmistir.)

4) Voltmetre (Sekil 10’da resmedilmistir.)

129,5 Valt Adaptir-

diyot.net

SPWMAMOSE 5V

Sekil 7. Arduino UNO serisi karti. Sekil 8. LCD Ekran.

WOASONANTE)

Sekil 10. Voltmetre.

Sekil 9. 1k’lik Potansiyometre.
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Devremizin Amaci: DC olarak vermis oldugumuz 5VDC analog sinyali dijital sinyale ¢evirmesidir. Voltajin degerini
0-5VDC arasinda ayarlamak i¢in 1k’lik potansiyometre (Sekil 9°da resmedilmistir.) kullaniriz. Bu islemi yaptiktan sonra
devremizde bu islemi yapan Arduino’nun UNO serisinin (Sekil 1’de resmedilmistir.) T{izerindeki pinler
sayesinde(AO0,2,3,4,5,11,12 pinleri) dijital sinyal c¢ikisimizi goriintiilemek igin 2X16 LCD ekranin (Sekil 5°te
resmedilmistir.) pinlerini (VSS,VDD,RS,RW,E . D4,D5,D6,D7) araciligi ile degerleri okuruz.

Devredeki Onemli Hususlar Ve Hesaplamalar:LCD ckrandan (Sekil 5°te resmedilmistir.) kag amper akim
gectigini 6lgmek i¢in LCD ekraninin (Sekill.1) VSS, VDD pinlerine paralel direng baglariz, dirence seri de ampermetre
baglar akimi dlgeriz ve direng 10Q’iken V/R=I formiiliinden 5/10=0.5A akim c¢eker. Eger direncin degerini 100€2
yaparsak akimla direng ters orantili oldugu i¢in ayni oranda akim diisecektir yani 5/100=0.05A akim ¢eker bunu da mili
amper seviyesinde yazarsak S0mA tekabiil eder. Sekil 11 ve Sekil 12 ‘de simiilasyondaki goriintiisii gosterilmektedir.

LCD1
LMO16L LCD1
LMO16L
Vol Uoltal:!
Hha Analod:
oy O w wow
2ey 2S¢ 2Zu
Sekil 11. 1.devrenin Simiilasyon gériintiisii. Sekil 12. 1.devrenin Simiilasyon gériintiisi.

Devrenin Proteus Simiilasyon Uygulamasindaki Cizimi: Nasil ¢izildigi derste sunumda anlatilmigtir. Sekil 13°
de resmedilmistir.

Devrenin KiCad Uygulamasindaki Cizimi: Nasil ¢izildigi derste sunumda anlatilmistir. Sekil 14°te
resmedilmistir.

Devrenin Altium Designer Uygulamasindaki Cizimi: Nasil ¢izildigi derste sunumda anlatilmigtir. Sekil 15°te
resmedilmistir.
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Sekil 13. 1.Devrenin proteus uygulamasindaki ¢izimi ve simiilasyonu.
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Sekil 14. 1. Devrenin KiCAD uygulamasindaki ¢izimi.
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Sekil 15. 1. Devrenin Altium Designer uygulamasindaki ¢izimi.

Devreyi Cahstirmak Icin Proteus Uygulamasindaki Kodlar:Proteus uygulamasindaki Source Code
boliimiinden agilan pencereye kodlarimiz yazarak devremizin yazilimsal olarak ¢aligmasini yapmis oluruz. Devrenin
calismasi icin gereken kodlar Sekil 16’da resmedilmistir.
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1 #Finclude<liquidCrystal.h>
2 LiquidCrystal lcd(12,11,5,4,3,23;
= wvodd setup ()
= led.begin(ls,2);
5
L=}
B
a8
= wvodd loop()
10 int pot=analogRead(A8);
11 fFloat woltaj= pot®* (S.@51823.a);
12 locd.print( s
13 led.print{woltaj);
14 led.setCursor(@,1);
15 locd.print( s
15 locd.print(pot);
17 delay{laaa);
13 .clear ()
149
20
21 +

Sekil 16. 1. Devrenin kodlart.
Yapmis Oldugumuz 2.Devredeki Kullandigimiz Malzemeler:
1) Arduino UNO serisi (Sekil 17°de resmedilmistir.)
2) LCD Ekran (Sekil 1.8’de resmedilmistir.)
3) 10k’lik Direng (Sekil 19’da resmedilmistir.)
4) LDR (Sekil 20°de resmedilmistir.)

12,9,5 Volt Adaptor-

TIMSHAREF

e haracterLCH

GND  1-PWM-MOSI 3V d|y0t. net
Sekil 17. Arduino UNO serisi kart:. Sekil 18. LCD Ekran

—CAll —

Sekil 19. Direng Sekil 20. LDR

Yapmis oldugumuz 2. Devrenin Proteus Simiilasyon Uygulamasindaki Cizimi: Sekil 21°de resmedilmistir.
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Sekil 21. 2. Devrenin Proteus uygulamasindaki ¢izimi.

2. Devreyi Cahstirmak icin Proteus Uygulamasindaki Kodlar: Proteus uygulamasindaki Source Code
boliimiinden agilan pencereye kodlarimiz yazarak devremizin yazilimsal olarak ¢alismasini yapmis oluruz. Devrenin
calismasi icin gereken kodlar Sekil 22°de resmedilmistir.
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1 #include<lLiquidCrystal.h>

2 LiquidCrystal lcd(13,12,11,18,9,8);
3 wvoild setup () {

4 lcd.begin{l6,2%;

5

-]

7

=

=

10 voild loop() {

11 int ldr=analogRead(Al);

12 lcd.setCursor(@,a);

13 locd.print( b}
14 lcd.setCursor{@,1);

15 locd.print{ldr);

16

iF 7}

Sekil 22. 2. Devrenin kodlart.

Yapmis Oldugumuz 2. Devrenin Amaci: Arduino Uno serisi ile LCD ekrana 151k yogunlugunu okuyarak yansitma
sistemi. Devredeki temel amag analog sinyali dijital sinyale dondiirme islemidir. Devre de analog sinyali LDR (Light
Dependent Resistor) Tiirkcede “Isiga Bagimli Direng sensorii araciligi ile aliyoruz. LDR “Isiga Bagimli Direng
sensOriiniin 2. bacagindan analog sinyal ¢ikar ve 1518a bagimli olarak da degiskenlik gdsterir.

Arduino yardimi ile gelen bu analog sinyali dijital sinyale dondiiriiliir ve LCD ekranda 151k yogunlugu degeri okunur.
3. Yapmis Oldugumuz Devrenin Datasheet Bilgileri:

Devremizde PIC16F877 kodlu mikrodenetleyici oldugu i¢in ilk ondan bagliyorum.

PIC16F877:

1)islem hiz1 DC-20 MHz dir. (bir komut DC-200 ns hizinda ¢alismaktadir.)

2)Dallanma komutlari iki ¢evrim (cycle) siirede, bunlarin disindaki komutlar ise bir ¢evrimlik siirede
uygulanir.

3)8 Kword Flash ROM programlama bellegi (EEPROM 6zellikli program bellegi), 368 Byte kullanici

4)RAM bellegi ve 256 Byte EEPROM bellegi olmak iizere ii¢ adet bellek blogu vardir.
5)8 Kword 'liik Flash ROM programlama bellegi 1000000 kez programlanabilir.
6)CPU azaltilmis komut setine sahiptir.

7)CPU azaltilmis komut setine sahiptir.
8)Ogrenilecek gereken her biri 14 bitlik 35 komut vardir.

9)14 kaynaktan kesme yapabilir.

10)PIC16F877 dolayli ve goreceli adresleme yapabilme 6zelligine sahiptir.
11)CMOSFlash EEPROM teknoloji ile diisiik gii¢le yiiksek hiza erisebilir.

12)Ener;ji tasarrufu saglayan uyku modu ( Sleep Mode) 6zelligi vardir.
13)Programla kod giivenligi saglanabilir.

14)Diisiik gerilimli programalama 6zelligine sahiptir.

15)Sadece 5 V giris ile devre i¢i seri programlanabilir.

16)2 pinle programlanabilir.

17)Program bellegine okuma/yazma 6zelligi ile erisilebilir.

18)2,0 Vile 5,0 V arasinda degisen genis isletim araligina sahiptir.
19)Kaynak akimi 25 mA dir.

20)Genis sicaklik araliginda ve diisiik giicle ¢aligabilir.

21)Devre i¢i iki pin ile hata ayiklama 6zelligi vardir.
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Bacak Yapis1:PIC16F877 'nin 40 pininden 33 tanesi 1/0 ( input/output - giris/¢ikis ) pinleridir. PIC16F877; 6 bitlik A
portu, her biri 8 bitlik B,C ve D portlar1 ve 3 bitlik E portu olmak iizere 5 porta sahiptir. /O pinlerinin gerekli
konfigiirasyonlar yapilarak bagka amaclarla kullanilmas1 da miimkiindiir.

Yukarida agiklamis oldugum bilgilerin datasheet’deki tablosu Sekil 23’deki Mor kutucuk ta resmedilmistir.

Hey Feoatures
PICmicro™ Mid-Range Reference ~IcCiernTa PiIcCiarasTa PicCisraTe P IernTT
Manual (O%33023)

4 1
N raneg Frequency DC - 20 Mz OC - 20 pHz OC - 20 Mz DC - 20 Mz
RESETS (arvd Detays) { POl O | O, o PO ot PO ok
(PYWRT. OST) CPWRT, OST) FWRT. OST) PWRT, OST)
arx A PR n
e I TN B Us
1on 1 o9 Zeos S
Tt rupts | 13 | 14 13 14
C o Pors AR G | Porte A B C D F Forts A B C Pors A HC D -
a 1
| MSSPE USART | asss usaT PSS LSANT

5 weul charewes 8 e 5 werul charnreis

Instroctoa Sot 3% aSuctions A6 INBtrOCtonys 35 Instinuchons A5 watructhons

Sekil 23. PIC16F877 nin DataSheet’i.

LM35 Sicaklik Sensorii:L.M35 sensorii sicakligi okuyarak analog veriye doniistiiriir. LDR uygulamamizda yaptigimiz
gibi analog veriyi okuyup yorumladigimizda ordamdaki veya LM35 bagli oldugu cismin sicakligini 6lgmiis oluruz.
LM35 ile -55°C ile +150°C derece arasinda 6lglim yapabilirsiniz. Lineer ¢alisan, yani sicaklik arttik¢a ayni oranda
cikistaki gerilimi arttirarak 10mV/°C hassasiyetinde ¢alisir. LM35’in {i¢ bacagi bulunmaktadir. Sensoriin iizerindeki
kesim kisim ayni1 zamanda yazili Kisima 6nden baktiginizda sagda kalan bacak negatif(-), solda kalan bacak pozitif(+)
ve ortadaki bacak ise sinyal ¢ikigidir. Agiklamig oldugum bilgilerin datasheet’deki tablosu Sekil 24’deki Mor kutucuk
da resmedilmistir.

Absolute Maximum Ratings (vote 10) T0-92 and TO-220 Package.
If Military/Aerospace specified devices are required, (Solaeting, 19 seconds) 20'C
please contact the National Semiconductor Sales Office/ SO Package (Note 12)
Distributors for availability and specifications. Vapor Phase (60 seconds) 215'C
Infrared (15 seconds 220°C
Supply Voltage +9Vcto-0.2V ESD Suscepl(lnm(y (Note )11) 2500V
Oufput Vottage HoVi1as 1.0y Specified Operating Temperature Range: Ty 10 T pax
Output Current 10 mA (Note 2) - 24
Storage Temp. [ LM35, LM35A -55°Clto +150°C
TO-46 Package -60°C to +T80°C LM35C, LM35CA ~40°C to +110°C
T0-92 Package. -60°C to +150°C LM35D 0°C to +100°C
S0-8 Package, -65°C to +150°C
TO-220 Package -65'C to +150°C
Lead Temp.
TO-46 Package,
(Soldering, 10 seconds) 300°C

Sekil 24 LM35 sicaklik sensertiniin DataSheet .

3. Devrenin Amaci:Devredeki temel amag analog sinyali dijital sinyale dondiirme iglemidir. Devre de analog sinyali
Lm35 sicaklik sensorii araciligr ile aliyoruz. Lm35 sicaklik sensoriiniin 2. bacagindan analog sinyal ¢ikar ve sicakliga
bagimli olarak da degiskenlik gosterir.

PIC yardimu ile gelen bu analog sinyali dijital sinyale dondiiriiliir ve LCD ekranda sicaklik degeri okunur.
Yapmis Oldugumuz 3.Devredeki Kullandigimiz Malzemeler:

1)PIC16F877(Sekil 25°te resmedilmistir.)

2)LCD Ekran: (Sekil 5’te resmedilmistir.)

3)LM35 Sicaklik sensorii: (Sekil 26’da resmedilmistir.)

4)Kristal Osilator: (Sekil 27°de resmedilmistir.)

5)2 adet 22pF kondansator: (Sekil 28°de resmedilmistir.)
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6)10k’lik direng: (Sekil 29’da resmedilmistir.)

/A
I
Sekil 25. P1C16f877 Sekil 26. LM35 Sekil27. Osilator
‘ — G
Sekil 28. Kondansator Sekil 29. Direng

Devrenin Proteus Simiilasyon Uygulamasindaki Cizimi: Nasil ¢izildigi derste sunumda anlatilmistir. Sekil 30
da resmedilmistir.
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Sekil 30. 3. Devrenin Proteus uygulamasindaki ¢izimi.
Devreyi Calistirmak Icin Gereken Kodlar:

Microsoft Visual studio kisminin ¢ kodu kismindan yazilmistir. Sekil 31°de resmedilmistir.
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clock=U868088)
OWDT , NOPUT , NOLVP, NOCPD , NOPROTECT , NODEBUG , NOBROWNOUT , NOWRT

PSP_DISAELED);
imer 1(T1_DISABLED);

_clock_div_32);
CALL_ANALOG) ;

cd_g (1e,1);
ntf(led_putc, "%f C",sicaklik);
s(188);

Sekil 31. 3. Devrenin kodlari.
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Current, Voltage and Motor Speed Measurement from Each Phase of A 3-
Phase (Bldc) Motor
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Abstract — In this article, the advantages of brushless motors, which are generally used in drones, compared to brushed motors are
high power-to-weight ratio, high speed, almost instant speed and torque control, high efficiency and low maintenance. Thanks to
these advantages, the use of brushless dc motors in projects such as drones was needed. It is necessary to use mosfet driver integrated
circuits to drive brushless dc motors and the display of analog values such as voltage, current, speed affects our use of the project
more accurately, so thanks to the microcontrollers used in many places in daily life, we convert the analog signal to digital by
displaying it on the LCD screen with the necessary codes.

Keywords — 3 phase motor, speed voltage current reading, LCD display

Ozet — Bu yazida, genellikle dronlarda kullanilan firgasiz motorlarim firgali motorlara goére avantajlari, yiiksek giig-agirhik orant,
yiiksek hiz, neredeyse aninda hiz ve tork kontrold, yiiksek verimlilik ve diigitk bakimdir. Bu avantajlar sayesinde, dron gibi projelerde
firgasiz dc motorlarin kullanilmasina ihtiya¢ duyulmustur. Firgasiz dc motorlart siirmek i¢in mosfet siiriicii entegre devreleri
kullanmak gerekir ve voltaj, akim, hiz gibi analog degerlerin goriintiilenmesi projeyi daha dogru bir sekilde kullanmamiz etkiler,
bu nedenle giinlitk hayatta bir¢ok yerde kullanilan mikrodenetleyiciler sayesinde, analog sinyali gerekli kodlarla LCD ekranda
goriintiileyerek dijitale doniistiiriiyoruz.

Anahtar Kelimeler — 3 fazli motor, hiz voltaj akim okuma, LCD ekran

GIRIS

Projelerde kullanilan Arduino, agik kaynakli bir mikrodenetleyici platformudur ve elektronik devrelerin
kontroliinii saglamak i¢in siklikla tercih edilir. Arduino’nun en yaygin kullanilan modellerinden biri olan Arduino Uno,
ATmega328P mikrodenetleyicisi ile ¢alisir. Bu mikrodenetleyici, 8-bit bir islemciye sahiptir ve 16 MHz hizinda calisir.
Arduino’nun programlanmasi i¢in kullanilan dil, C ve C++ tabanli Arduino Programlama Dilidir.Arduino ¢ok sayida
sensor ve modiile uyumlulugu nedeniyle popiiler bir sekilde kullanilir.Ornegin arduinolu devrelerde motorun akimini
dlgmek igin bir Hall etkisi prensibine dayali akim sensérii kullanilir. Ornegin, ACS712 gibi bir sensor, motor fazlarindan
gecen akimin olusturdugu manyetik alani algilar ve bu sinyali Arduino’nun okuyabilecegi orantili bir voltaj degerine
doniistlirtir. Sensoriin ¢ikisi, Arduino’nun analog pinlerine baglanir ve bu pinler, gelen analog sinyali dijital bir degere
cevirmek i¢in 10-bit ¢6ziiniirliige sahip bir Analog-Dijital Cevirici (ADC) kullanir.

Enerji ihtiyaci yillar ilerledikce her alanda artmaktadir. Sanayi ve endiistriyel alanlarda her gecen giin daha fazla
enerjiye ihtiyag duymaktadir. Sanayi ve endiistride ¢alisgan ¢ogu ekipmanlar motorlar ile hareket etmektedir. Yani
enerjinin belirli bir yiizdesini motorlar harcamaktadir. Motorlarin kullandigi bu enerjinin verimliligi i¢in motor
stirliciilerin motor kontroliinii minimum enerjide maksimum performansta kullanmasi gerekmektedir. Motorlarin {izerine
diisen yiik arttiginda verimin %5-%8 aralifinda azaldigini, bu diisiisiin motor siirliciiniin kontrol algoritmalarini
kullanarak %2-%3 seviyelerinde geriletilmesi ¢aligmasi yapilmistir. Genel olarak sanayide endiistride veya herhangi bir
alanda kullanilan motorlarin en az enerji ile en iyi performans sergilenmesi beklenmektedir. Baska bir ifade ile girig
enerji ile ¢ikis enerjisinin ayni olmasi beklenmektedir. Bu yiizden iiretilen motorlarda baslica aranan 6zellikler verim,
ucuzluk, az bakim ve giivenilirlik olarak sayilabilecek nitelikler aranmaktadir. Ozellikle otomotiv gibi sanayi
sektoriinde, motorlarda bu 6zelliklerin yani sira, hiz degisiminin de hassas bir sekilde ayarlanabilmesi istenmektedir. Bu
dogrultularda tercih edilebilecek en avantajli motorlar Fir¢asiz DC motorlardir. [1,2].

Firgasiz dogru akim motorunun uygulamasinda motor tasariminin yanmisira giderek kontrol tarafi 6n plana
cikmaktadir. Temel gii¢ elektronigi devreleri ile kontrol ediliyor olmasina ragmen gelistirilmis kontrol algoritmalari ile
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uygulamalar gelistirilmesi artan ihtiya¢ konusudur. Mikroiglemcilerin yeteneklerinde ortaya koyulan artis elde edilen
matematiksel modellerin uygulanmast ve bu modellere yonelik gelismis sayisal kontrolorlerin tasarlanmasini
kolaylagtirmistir [3],Genel olarak, dogru akim motorlari, birgok uygulamada kullanilmasina ragmen, komiitatorlerin
rutin bakimu, firgalarin sik degistirilmesi ve yiiksek baglangi¢c maliyeti gibi dezavantajlara sahiptirler[4]. Giiniimiizde
teknolojinin ve endiistrinin gelismesine bagli olarak fircasiz dogru akim motorlar1 6n plana ¢ikmaktadirlar. Geleneksel
firgali dogru akim motorlar1 bakim masraflari, firca ve kolektérde meydana gelen kayiplar ve diisiik verimli olmasi gibi
sebeplerden dolay1 firgasiz dogru akim motorlarinin kullanimi artmaya baglamigtir. Fir¢asiz dogru akim motorlarin
avantajlar1 asagidaki gibidir. « Sabit tork ile hiz kontrolii « Yiiksek verimlilik ¢ Fir¢a kolektdr mekanizmasinin olmamast
* Boyutlarina gore daha yiiksek giic yogunlugu  Yiiksek devirlerde caligsma imkani * Sessiz ¢alisma * Uzun 6miir * Daha
az bakim ihtiyaci Fir¢asiz dogru akim motorlarin dezavantajlart asagidaki gibidir. « Siiriicii ile kullanim zorunlulugu
Geri besleme i¢in pozisyon sensorii zorunlulugu (Sensorsiiz kontrol yontemleri bu ¢alisma kapsaminda degildir.)
Yiiksek maliyet [5,6]. BLDC motorlar kendi i¢erisinde sensorlii ve sensorsiiz olarak iki gruba ayrilir ve uygulamalarda
her iki motor tiiriinii de gérmek miimkiindiir. Ancak kontrol kolaylig1 ve konum dogrulugu agisindan sensoérlii BLDC’ler
farkli uygulamalarda fazlaca tercih edilmektedir ( [7]. Firgasiz dc motorun kontrol devresi; motor, ag1 ve agisal hiz
algilayicilari, akim, gerilim, manyetik aki algilayicilari, transistor PWM inverter ve bu donanimlari kontrol eden analog
ve dijital entegrelerden olusan yar1 iletken giic konvertdriinden olusur. Ek olarak firgasiz dc servo motor siiriiciisiinde
tiim sistemin kontrol edilmesi i¢in pozisyon, hiz ve kuvvet kontrolorleri ( konum kontrolii ) bulunur; Yar iletken gii¢
konvertorii sintizoidal ¢ikigh akim kontrolii, manyetik aki ile akimin kontrolii, esdeger alan zayiflatma kontrolii vs. gibi
islemleri yerine getirir.[8,9] Fircasiz motor tarihgesine kisaca deginirsek; 1983' de Demerdash iki farkli malzeme
(Samaryum-Kobalt ve Ferrit) kullanarak ayni gii¢lii iki firgasiz DC motor gergeklestirmistir.1985 yilinda llzuka, evirici
devresindeki gii¢ yari iletkenlerini bir bilgisayar ile tetikleyerek geri besleme kullanmadan firgasiz DC motorunun hiz
kontroliinii yapmustir.1989°da ise Pillay siirekli miknatisli senkron motoru iki fazda modellerken, fircasiz DC motorlarini
da ti¢ fazda modellemistir.1992’de Low, moment kontrol yontemini pozisyon kontroliinde ve hiz kontroliinde
uygulamistir.Daha sonra 2003’de Lee ve Ehsani , tarafindan yapilan ¢alismada, fir¢gasiz DC motor siirliciilerin ileri
simiilasyon modelleri gelistirilmistir.Ve en sonunda 2008’de Cunshan Zhang ve Dunxin Bian Firgasiz DC motorlarda
stator manyetik alaninin olusturdugu moment salimimlarinin ortadan kaldirmak i¢in yeni bir PWM kontrol algoritmast
sunmustur. Bu zamandan sonra fir¢asiz DC motorlar piyasada gerek maliyet gereksede sistemde kullanilmas1 gereken
elektronik devre karmagiklig1 yiiziinden hakettigi yeri alamamis ve piyasaya sunulamamistir. Ancak teknolojinin hizla
gelismesi, tirliin kalite ve Omiir siirelerinin artmasi ve talep edilmesi bu iirliniin tekrardan giindeme gelmesine sebep
olmus ve talep edilir hale gelmistir[10,11]

ADC, giris sinyalini 0 ile 5V arasinda (veya kullanilan Arduino modeline bagli olarak farkli referans voltajinda)
bir degere karsilik gelen 0-1023 arasinda bir dijital say1 olarak isler.Gerilim Sl¢limii i¢in devrede bir gerilim boliicii
kullanilir. Gerilim béliicii, iki direncten olusur ve yiiksek bir gerilimi Arduino’nun giivenli bir sekilde okuyabilecegi
daha diisiik bir seviyeye indirger. Burada ve diren¢ degerleridir. Cikis gerilimi, Arduino’nun analog pinine baglanir ve
bu pin lizerinden ADC ile okunarak dijital bir degere ¢evrilir.Motorun devri, faz akimlarindaki degisimden veya rotorun
manyetik alan degisiminden tiiretilen bir yontemle belirlenir. Eger Hall sensorli bir BLDC motor kullaniliyorsa, Hall
sensorlerinin gikislari Arduino’nun dijital pinlerinden okunarak her bir elektriksel dongiide tiretilen darbeler hesaplanir.

Mikroislemci Nedir?

Mikroislemci, islemci olarak da bilinen, merkezi islem biriminin (CPU) fonksiyonlarini tek bir yar iletken tiim
devrede (IC) birlestiren programlanabilir bir sayisal elektronik bilesendir. Mikroiglemci, genellikle toplama, ¢ikarma,
sayilar1 karsilagtirma, sayilar1 bir yerden digerine aktarma, aritmetik ve mantik islemlerini gerceklestiren bilgisayar
sistemlerinin merkezi birimidir. Basitce, islemci, merkezi islem birimi veya mantik yongasi olarak da bilinmektedir.
Bilgisayarin ac¢ildig1 anda baglayan, bilgisayar1 harekete geciren bir beyin gibi diisiiniilebilir. Bir CPU’nun (merkezi
islem birimi) iglevlerini tek bir IC (entegre devre) iizerinde birlestiren, ¢ok amacli programlanabilir bir cihazdir. Tipik
olarak bir veya daha fazla mikroislemci, bir bilgisayar sisteminde, gdmiilii sistemde ya da bir mobil cihazda merkezi
islem birimi olarak gorev yapar.
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Mikroislemci Nasil Cahsir?
Adres ve veri yolu 8 bitlik bir mikroiglemciyi ele alirsak 28 = 256 bayt bellege sahiptir ve bu mikroislemci 8
bit bellek okuyup yazabilmektedir. (Burada, 4-8-16-32-64 bit mikroislemciler birbirinden farklidir.)

Mikroiglemciler hem RAM hem de ROM’a sahiptir., RAM (Random Access Memory), gecici hafizadir.
Mikroislemci kapandigi takdirde buradaki veriler silinir. ROM (Ready Only Memory), kalict hafizadir ve sistem kapansa
dahil buradaki veriler silinmemektedir.

Mikroislemci Nasil Kodlanir?
Bir mikroislemciyi kodlamak icin bir derleyici (IDE) kullanmaniz gerekmektedir. Burada, kullanilacak dillerin
sayisi ¢ok fazladir. C ve Assembly genelde en ¢ok kullanilan dillerdir.

Bir IDE yardimiyla kodlanan mikroislemcinizi IDE {izerinde bulunan Debug yardimiyla kodladiginiz kodu
derleyerek, adim adim kontrol edebilirsiniz.

Tekrardan IDE yardimiyla yazdigimiz kodu mikroislemcinin igine atarak, mikroislemcinin kodlamasini
tamamlayip calismasini saglayabilirsiniz.

Devremizde Mikroislemciyi Kullanma Amacimiz:

Fircasiz DC motorun 3 fazindan da gecen akim ve gerilim okumak icin kullandigimiz sensorler analog sinyal
tiretiyor ve bu iiretilen analog sinyalleri Arduino ile dijital sinyale gevirip, mikrodenetleyiciyi kodlayarak LCD ekranda
gosterilir.

Arduino Uno’nun genel anlamda 6zellikleri asagidaki gibidir:
e Mikrodenetleyici: ATmega328

Calisma Gerilimi: 5V

Giris Gerilimi (6nerilen): 7-12V

Giris Gerilimi (limit): 6-20V

Dijital 1/0 Pinleri: 14 tane (6 tanesi PWM g¢ikis1)

Analog Giris Pinleri: 6

Her G/C icin Akim: 40 mA

3.3V Cikis icin Akim: 50 mA

Flash Hafiza: 32 KB (ATmega328)

SRAM: 2 KB (ATmega328)

EEPROM: 1 KB (ATmega328)

Arduino Uno Pinout ve Datasheet
1)Giig:
Arduino Uno(Sekill.0’da resmedilmistir.), giiciinii USB iizerinden veya adaptor girisinden alabilir. Yani
bilgisayarmizin USB girisinden veya bilgisayarimizdan bagimsiz olarak bir adaptdr veya bataryadan giic elde
edebilirsiniz. Dogrudan Vin (+) ve GND (-) pinlerinden de besleyebilirsiniz.

Harici gii¢ kaynag olarak 6-20V arasi limit degerleri bulunmaktadir. Onerilen harici besleme gerilimi ise 7-12
V arasidir. Bunun sebebi 7V altindaki gerilimin stabil calismayip, 12V {izeri gerilimin de asir1 1sinma sebebi
olabilmesidir. Kart {izerinde bulunan regiilator sayesinde 7-12V arasi gerilim 5V a diiiiriiliir ve kart bu sekilde ¢alisir.

e Vin: Harici gii¢ kaynag icin kullanilan pin.

o 5V: Regiilatdrden ¢ikan 5V c¢ikis gerilimini saglar.

e 3V3: Kart iizerinde bulunan 3.3V regiilatorii ¢ikis pinidir. Maks. 50mA ¢ikis verebilir.
o GND: Toprak (-) pinleridir.
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2)Giris/Cikis (1/0):

14 adet dijital, 6 adet analog giris/¢ikis pini bulunmaktadir. Bu pinlerin tamaminin lojik seviyesi 5V’dur. Her
pin maksimum 40mA giris ve ¢ikis akimi ile galisir. Ek olarak, bazi pinlerin farkli zellikleri bulunmaktadir. Ozel pinler
asagida belirtildigi gibidir:
3)Seri Haberlesme- 0 (RX) ve 1 (TX):

TTL Seri veri alip (RX), vermek (TX) i¢in kullanilir. Bilgisayardan karta program yiiklenirken veya bilgisayar-

UNO arasinda karsilikli haberlesme yapilirken de bu pinlerden faydalanilir. Bu sebeple, karta program yiiklendigi esnada
veya kartla bilgisayar arasi iletisim kuruldugunda bu pinleri kullanmamak gerekir.

4)Harici Kesme (Interrupt)- 2 ve 3:
Bu pinler yiikselen kenar, diisen kenar veya degisiklik kesmesi pinleri olarak kullanilabilir. Ayrintili bilgi
icin attachInterrupt() fonksiyon sayfasini inceleyebilirsiniz.

5)PWM- 3,5,6,9,10 ve 11:
8-bit ¢oziiniirliikte PWM (Sinyal Genislik Modiilasyonu) ¢ikis pinleridir.

13. PiN LEDI

DIJITAL GIRiS/CIKISLAR

RESET

I B =T )

POWER LEDI

v o o o 2 2
USB PORT ;
-
- ICSP PORTU

KRISTAL
______________ ATmega328P

POWER

ISR | &S . 5 oo
ANALOG IN .

o= NM T W

L LaL XL

AN /S N\ /S
POWER ANALOG
PORTU GIRISLER

Sekil 1. Arduino UNO serisinin karti ve komponentleri resmedilmigtir.

LCD Goriintiileme Secenekleri:

LiquidCrystal kiitliphanesinin kullanabilecegimiz 19 farkli fonksiyonu vardir. Bu fonksiyonlarin yazinin
konumunu degistirme, ekran boyunca yaziy1 kaydirma veya goriintiiyii acip kapatmak gibi islevleri vardir. Simdi bu
fonksiyonlarin devrede kullandiklarimizi kisaca inceleyelim:

Arduino LCD Komutlari:
1]#include <LiquidCrystal.h>
Bu kiitiiphane, ¢ogu metin tabanli LCD'de bulunan Hitachi HD44780 (veya uyumlu) yonga setine dayali bir
Arduino kartinin LiquidCrystal ekranlarimi (LCD'leri) kontrol etmesini saglar. Kiitiiphane, 4 veya 8 bit modunda caligir
(yani ts, enable ve istege bagli olarak rw kontrol hatlaria ek olarak 4 veya 8 veri hatt1 kullanir).

2) LiquidCrystal ()
Islevi Arduino’nun LCD’ye baglanmak icin kullandigi pinleri ayarlar. LCD’yi kontrol etmek igin
Arduino’nun(Sekill.0’da resmedilmistir.) dijital pinlerinden herhangi birini kullanabilirsiniz.
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Arduino pin numaralarini bu sirayla parantez igine koyunuz: LiquidCrystal (RS, E, D4, D5, D6, D7). RS, E,
D4, DS, D6, D7 LCD(Sekill.1’de resmedilmistir.)pinleridir.

Ornegin, LCD pini D7’nin Arduino pin 12’ye baglanmasini istediginizi varsayalim. D7 nin yerine su sekilde
“12” koyunuz: LiquidCrystal (RS, E, D4, D5, D6, 12). Bu islev, programin void setup () bolimiiniin 6niine
yerlestirilmelidir.

3 Volatile:
: Volatile degisken niteleyicisi olarak bilinen bir anahtar sézciiktiir , genellikle bir degiskenin veri tiiriinden 6nce
kullanilir ve derleyicinin ve sonraki programin degiskeni ele alma bi¢imini degistirir.Bir degiskeni bildirmek volatile
derleyiciye bir direktiftir. Derleyici, C/C++ kodunuzu Arduino kartindaki Atmega ¢ipi i¢in gercek talimatlar olan makine
koduna ¢eviren bir yazilimdir.

4) Unsigned long:

Imzasiz uzun degiskenler say1 depolama i¢in genisletilmis boyutlu degiskenlerdir ve 32 bit (4 bayt) depolar.
5) pinMode:

Belirtilen pini giris veya ¢ikis olarak davranacak sekilde yapilandirir.
6) Icd.begin ():

Bu islev LCD’nin boyutlarini ayarlar. Programin void setup () boliimiinde herhangi bir LiquidCrystal iglevinin

Oniine yerlestirilmelidir. Satir ve stitunlarin sayisi lcd.begin (siitunlar, satirlar) olarak belirtilir. 16x2 LCD igin, lcd.begin
(16, 2) kullanmaniz gerekiyor ve 20x4 LCD igin lcd.begin (20, 4) kullanmaniz gerekiyor.

7) attachinterrupt();
[k parametre attachInterrupt()bir kesme numarasidir.
8) Icd.setCursor ():
Benzer, ancak lcd.home ( ) ‘dan daha kullamighdir. Bu islev, imleci (ve herhangi bir yazili metni) ekranin
herhangi bir yerine yerlestirir. Programinizin void setup () veya void loop () bdliimiinde kullanilabilir.

Imle¢ konumu, lcd.setCursor (siitun, satir) ile tanimlanir. Siitun ve satir koordinatlar sifirdan baslar (sirastyla
0-15 ve 0-1). Ornegin, “hello, world!” programimin void setup ( ) boliimiinde lcd.setCursor (2, 1) kullanilarak, “hello,
world!” alt satira yazdirilir ve saga iki alan kaydirilir.

9) lcd.print ():
Bu islev, LCD’ye metin yazdirmak i¢in kullanilir. Programin void setup () boliimiinde veya void loop ()
boliimiinde kullanilabilir.

10) Icd.clear ():
Bu islev, LCD’de halihazirda goriintiilenen herhangi bir metni veya veriyi siler. led.print ( ) ile lcd.clear ()
Ogesini ve void loop () boliimiinde delay () islevini kullanirsaniz, basit bir yanip sonen metin programi olusturabilirsiniz

Asagida Arduino UNO serisinin (Sekil 1.) sicaklik galigma komutu ve gii¢ tiiketimi ile alakali bilgileri
datasheet’deki karsiligi1 vardir. Verilen sicaklik degerinin iistiinde yani 85°C Ustiinde olursa voltaj regiilatorii ve kristal
osilator beklendigi gibi ¢alismayacagini sdylemektedir. Ayrica Max ve Min voltaj degerlerini bu tablodan (Sekil 2 ‘de
resmedilmistir.) gorebilirsiniz. Sekil 3° de ise Arduino’nun dijital pinlerinin ne is i¢in kullanildig1 yazmaktadir.
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2.1 Recommended Operating Conditions

Symbol Description Min Max
Conservative thermal limits for the whole board: -40 °C (-40 °F) 85°C(185°R

NOTE: In extreme temperatures, EEPROM, voltage regulator, and the crystal oscillator, might not
work as expected.

2.2 Power Consumption

Symbol Description Min | Typ | Max | Unit
VINMax Maximum input voltage from VIN pad 6 - 20 \
VUSBMax Maximum input voltage from USB connector - 5.5 v
PMax Maximum Power Consumption - - X mA

Sekil 2. Arduino UNO serisinin sicaklik ve giic tiiketimi DataSheet bilgileridir.

5.2 JDIGITAL

Pin Function Type Description

1 DO Digital/GPIO Digital pin 0/GPIO

2 D1 Digital/GPIO Digital pin 1/GPIO

3 D2 Digital/GPIO Digital pin 2/GPIO

4 D3 Digital/GPIO Digital pin 3/GPIO

5 D4 Digital/GPIO Digital pin 4/GPIO

6 D5 Digital/GPIO Digital pin 5/GPIO

7 D6 Digital/GPIO Digital pin 6/GPIO

8 D7 Digital/GPIO Digital pin 7/GPIO

El D8 Digital/GPIO Digital pin 8/GPIO

10 D9 Digital/GPIO Digital pin 9/GPIO

11 55 Digital SPI Chip Select

12 MOSI Digital SPI1 Main Out Secondary In

13 MISO Digital SPI Main In Secondary Out

14 SCK Digital SPI serial clock output

15 GND Power Ground

16 AREF Digital Analog reference voltage

17 A4/SD4 Digital Analog input 4/12C Data line (duplicated)
18 A5/SD5 Digital Analog input 5/12C Clock line (duplicated)

Sekil 3. Arduino 'nun dijital pinlerinin DataSheet bilgileri.

LCD Ekranin Pinlerinin Islevleri:
Tablo seklinde resmedilmis (Sekil 4) da LCD ekraninin pinleri ne ige yaradiklarini gérmektesiniz.

1) Vss Toprak (Ground)

2) Vce +5 V (Besleme Gerilimi)
3) VEE Kontrast

4) RS Register Select

5) RW Read / Write

6) E Enable

7-14)DO0 - D7 Data(Veri) girisleri

Sekil 4. LCD ekran pinlerinin islevieri.

Asagida LCD ekrani olan 2x16 LM016L nin proteus goriimiinii Sekil 5’te resmedilmistir.

LCD1

LMO16L
<TEXT>

38H o=
=
>>§ oo w QQDD oono

0 W P~
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Sekil 5.L.CD 2x16 LMO016L 'nin proteus goriintiisii.

Asagida (Sekil 6) de LCD ekraninin DataSheet’ini gérmektesiniz. Bu tabloda LCD ekran i¢in gerekli giic
kaynaginin minimum ve maximum degerlerini goriiyoruz ve maximum 6.5V oldugunu gérmekteyiz. Calisma sicakligt

50°C-40°C’dir. 25°C’de VDD=5V+0.25V imis.

Tabloda ¢ikis akimlarini da gérmekteyiz. Cikisimiz yiiksek voltaj da olursa Ioh=0.2mA iken ¢ikisimiz diistik
voltajda iken de Iol=1.2mA akim ¢ektigini bize s6ylemektedir.

ABSOLUTE MAXIMUM RATINGS min. max.
Power supply for logic (Voo—Veg)....... 0 6.5V
Power supply for LCD drive

Voo=Vol - oL 0 6.5V
Input voltage (Vi) ... ........ .. .. . Vs Voo V
Operating temeprature (Ta) ..... .. .. ... 0 50 40*°C
Storage temperature (Tstg) . . ... ... .. -20 70 60*°C

* Shows the value of type LMO16XMBL.

ELECTRICAL CHARACTERISTICS
Ta=25°C, Vpp =50V 2025V

— A = -

Input “high” voltage (ViH) . ... ... .. ... . 2.2 V min,
Input “low” voltage (ViL} .. ... . ... .. . 0.6 Vmax.
Output:high"vortage (Von) I=lgy =0.2mA) . . 2.4 V min.
Output low voltage (VoL llogL =1.2mA). ... 0.4 Vmax.
Power supply current {Inn) (Vog =5.0V) .. 1.0 mA typ. ‘
3.0 mA max.

- Sekil 6. LCD ekraninin DataSheet ’ini gérmektesiniz.

IR2110 DIP-14 Mosfet Siiriicii Entegresi:
R2110/IR2113, bagimsiz yiiksek ve diisiik taraf referansh ¢ikis kanallarina sahip yiiksek voltajli, yiiksek hizli

giicli MOSFET ve IGBT siiriiciileridir. Tescilli HVIC ve mandal bagisikli CMOS teknolojileri, saglamlagtirilmis
monolitik yap1 saglar. Mantik girisleri, 3,3 V mantigina kadar standart CMOS veya LSTTL ¢ikistyla uyumludur. Cikis
stirliciileri, minimum siiriicii ¢apraz iletimi i¢in tasarlanmis yiiksek darbe akimi tampon asamasina sahiptir. Yayilma
gecikmeleri, yiiksek frekansh uygulamalarda kullanimi basitlestirmek igin eslestirilir. Yiizer kanal, 500 veya 600 volta
kadar galigan yiiksek taraf konfiglirasyonunda bir N-kanalli giic MOSFET veya IGBT'yi siirmek i¢in kullanilabilir.

Datashhet bilgileri asagidaki tablodaki (Sekil 7) gibidir.

Seri IR2110
Besleme Gerilimi 10V - 20V
Cikis Akimi 25A
Siiriicii Sayisi 2 Siirticti
Cikis Sayisi 2 Cikis
Pin Sayisi 14 Pin
Paket Tipi DIP-14

Sekil 7. IR2110 DIP-14 Mosfet Siiriicii Entegresi Datasheet Bilgileri.

Asagida IR2110 Mosfet siirme Entegresinin datasheetindeki bilgileri gormektesiniz (Sekil 8) ve bize IR2110
ile alakal1 yliksek taraf kayan mutlak voltaj, yliksek taraf degisken besleme ofset voltaji, yiiksek taraf degisken ¢ikis
voltaji, diisiik taraf ve lojik sabit besleme gerilimi, baglant1 sicaklig1 gibi degerler yazmaktadir.
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Symbol Definition Min. Max. Units
VB High side floating absolute voltage -0.3 625
Vg High side floating supply offset voltage Vg-25 Vg + 0.3
VHo High side floating output voltage Vg-0.3 Vg + 0.3
Veo Low side and logic fixed supply voltage -0.3 25 v
Vio Low side output voltage -0.3 Voo +0.3
DT Programmable dead-time pin voltage (IR21094 only) Vgg-0.3 Voo +0.3
Vin Logic input voltage (IN & SD) Vgg - 0.3 Vee +0.3
Vgs Logic ground (IR21094/IR21894 only) Vee -25 Voo +0.3
dVg/dt Allowable offset supply voltage transient — 50 Vins
Pp Package power dissipation @ Ta <+25°C (8 Lead PDIP) — 1.0
(8 Lead SOIC) — 0.625
(14 lead PDIP) - 16 w
(14 lead SQIC) — 1.0
Rthya Thermal resistance, junction to ambient (8 Lead PDIP) — 125
(8 Lead SOIC) — 200
(14 lead PDIP) — 75 oW
(14 lead SOIC) — 120
Ty Junction temperature — 150
Ts Storage temperature -50 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Sekil 8. IR2110 DIP-14 Mosfet Siiriicii Entegresi Datasheet Bilgileri-2.

IRF540 MOSFET:
IRF540, cok hizli anahtarlama islemleri ve amplifikasyon islemleri i¢in kullanilan N-Kanalli bir MOSFET 'tir.
Gelistirme modunda calisir. Giris empedansi genel transistore kiyasla oldukga yiiksektir, bu nedenle bunlara kiyasla ¢ok
hassastir.

Giinliik hayatta birgok uygulama alan1 vardir, 6rnegin anahtarlama regiilatorleri, rdle siiriiciileri, anahtarlama
dondstiiriictiler, motor siirticiileri, yiiksek hizli gli¢ anahtarlama siiriiciileri vb.

Kullanim Alanlari
e Anahtarlama doniistiiriiciisi
e Role siirticiileri
e Yiiksek hizli anahtarlama siirtictileri
e Motor siiriictleri
e Hizli anahtarlama ve amplifikasyon islemleri

IRF540°IN DATASHET’i:

Asagida mosfetin gii¢, akim ve ¢alisma gerilimini (Sekil 9)’da gérmektesiniz.

SYMBOL QUICK REFERENCE DATA
d
- Vpss = 100V
@ lb=23A
? Rosion € 77 MQ
Seri IRF
Vdss 100V
1d 28A
Giic Pd 150W
Rds(on) 0.077Q
Paket Tipi TO-220

Sekil 9. IRF540 i Datasheet bilgileri.
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ACS712 Akim Sensorii Modiilii:
Akim Sensorii, gii¢c hesaplama ve yonetim uygulamalarinda énemli bir cihazdir. Akimi bir cihaz veya devre
iizerinden Slger ve Olciilen akimla orantili olarak uygun bir sinyal {iretir.

ACS712 Akim Sensorii, AC ve DC akimlarinin kesin 6l¢limii i¢in kullanilabilen Allegro MicroSystems
iiriiniidiir. Bu sensor Hall Effect’e dayanir ve IC entegre bir Hall Effect cihazina sahiptir.

ACS712 Akim Sensoriiniin ¢ikisi ise, AC veya DC akimlarla orantili bir analog voltaj iiretir. Bu ¢ikis AC veya
DC secimine gore degisir. ACS712 IC, 8 uglu bir SOIC paketinde mevcuttur ve asagidaki goriintii, pin diyagramini
gostermektedir.

Fircasiz DC Motorlar:
Fircasiz Dogru Akim Makineleri 6zel elektrik makinesi grubundan olup senkron motor siifindandirlar. Rotoru

sabit miknatislardan meydana gelir. Yapi1 olarak senkron makinalara benzemektedir. Bu motorlar uzun 6miirlii olmalari,
bakim gerektirmemeleri, giiriiltiisiiz calismalar1 ve yiiksek verimli olmalar1 gibi bir¢cok avantaja sahiptirler.

Firgasiz dogru akim motorlar1 (BLDC); {i¢ adet faz sargisinin bulundugu stator, daimi (siirekli) miknatistan
olugan bir rotor, konum sensorii ve siirliciiden meydana gelir. Bu motorlarda faz sargilarinin sarildig: stator ¢ikilarmin
say1s1, kutup sayisi ile dogru orantilidir. Motor; stator, rotor, konum sensorii ve siiriicii sistemleri olarak dort kisimdan
meydana gelir. BLDC’lerde rotor lizerinde sabit miknatislar bulunmaktadir. Bu miknatislar sabit manyetik alan
olusturmaktadir. Geleneksel dogru akim motorlarmin aksine BLDC’de donen manyetik alan stator tarafindan
olusturulmaktadir.

Fircasiz motorda sargilarin statorda yer almasi, sargilarda meydana gelen 1sinin en etkin sekilde disari
aktarilarak motorun daha kolay soguyabilmesi ve boylece dmriiniin arttirtlmasini ve yiiksek hizlarda mekanik sorunlara
en aza indirilmesini saglar. Sekil 10. Ug fazli fircasiz DA motorun sematik diyagrami goriilmektedir.

Yarnm Kopra
Motor Sdrdca

otor

' . & 5\) e 11

S ~ J
>

Sistem
Kontrolcisii !

Sekil 10. Ug fazl fircasiz DA motorun sematik diyagrama.

Alt1 asamali degistirme teknigi, fircasiz DA motorun ii¢ fazli motor siiriiciiniin alt1 adet MOSFET sirastyla
degistirmek amaciyla kullanilmaktadir. Belirtilen bu yontemle, her bir sinyal ¢ikiglarinda MOSFET ler ti¢ fazdan iki
tanesini enerjilendirirken tek faz pasif konumda kalmaktadir. Anahtarlama dizilerinin ters ¢evrilmesi motorun doniis
yoniinii degistirir.

Fircasiz DA Motorlarda Manyetik Alan Ve Manyetik Aki1 Hesaplamalari

H=N*1/L

Burada, H manyetik alan siddeti, N sarim sayisi, [ akim siddeti, L stator kol uzunlugu

B=p *H veya B=p (H+M)

Burada, B manyetik aki yogunlugu, p = 4n* 10-7 manyetik aki gegirgenligi, M silisyumlu sacin manyetik gegirgenligi.

Fircasiz DA Motorlarda Harcadig Gii¢ Ve Verdigi Gii¢ Denklemleri

Pharcanan=\

Burada, motor iizerinde harcanan gii¢, V gerilim, I akim, cos¢ gii¢ faktoriidiir. Giig faktorii 1 e yaklastikca en ideal akimda ~ caligma
araligindadir.
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Pveren==
Burada, Pveren motorun verdigi giig, I] motorun verimidir.

Asagida BLDC(Fircasiz DC motor)’un siirme, gerilim, akim degeri okuma ve hiz kontroliiniin devre semasini
gormektesiniz. (Sekil 11°de resmedilmistir)

. o - -
s1 53 S5 e
¥ 3 =N
E) / Ra La +~Ea \
i | N, r 1‘/ Rp Ly Ep \
e f—— M= |
b9 X R c E /
EQ H * . BIDC _;
Al Algilama S—
. -
e
: Gerilim Huz
Sensérleri Sensérii

Sekil 11. (BLDC ile yapilan devrenin semast)

Devredeki Kullandigimiz Malzemeler:
1) Arduino UNO serisi (Sekil 12’de resmedilmistir.)
2) LCD Ekran (Sekil 13°te resmedilmistir.)
3) 10k’lik Potansiyometre (Sekil 14°te resmedilmistir.)
4) IR2110 Mosfet Siiriicii Entegresi (Sekil 15°te resmedilmistir.)
5) IRF540 Mosfet (sekil 16’da resmedilmistir.)
6) ACS712 Akim Sensorii (sekil 17°de resmedilmistir.)
7) BLDC Motor (Fir¢asiz Dogru Akim Motor) (sekil 1.8’de resmedilmistir.)
8) 100nF kapasitor (sekil 19°da resmedilmistir.)
9) 10k’lik direng ve 100k’lik direng (sekil 20°de resmedilmistir.)

TIHSHARF

-+ acterLCH

R diyot.net
Sekil 12. Arduino UNO serisi karti. Sekil 13. LCD Ekran.
I
Sekil 14. 1k’[ik Potansiyometre. Sekil 15. IR2110 Mosfet Siiriicii Entegresi.

200



Selcuk University 3rd International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

b
-

Sekil 16. IRF540 Mosfet. Sekil 17. (ACS712 Akim Sensorii.

) N \
\\
Sekil 18. BLDC (Fur¢asiz DA Motor. Sekil 19. 100nF Sekil 20. Direng .
kapasitor .

Devrenin Amaci:
BLDC (Fir¢asiz DA) motorun her bir fazindan gerilim ve akim degerleri okumak ayrica BLDC motorun rpm

degerini okuyup devrede kullanilmis olan LCD ekrana yansitmaktir. LCD ekranda bu degerleri okumak i¢in bir
mikrodenetleyiciye ihtiya¢ vardir ve bu ihtiyacin giderilmesi i¢in Arduino UNO serisi kullanilmistir. Devre de dl¢iilecek
akim degeri i¢in motorun her bir fazina (Faz A, Faz B, Faz C) ACS712 olarak adlandirilan akim sensorii baglanmistir.
Devre de okunmasi gereken gerilim degeri i¢in, motorun her fazina gerilim boéliicii devresi uygulanarak Arduino’nun
analog pinlerinden(A3,A4,A5) deger okunup LCD ekrana yansitilir. LM393 sensorii ile de rpm degeri okunur. Fir¢asiz
dogru akim motorlar1 ESC (Electronic Speed Controller) olmadan c¢aligmazlar bunun i¢in bir mosfet siiriicii devresi
kurarak motorun stiriilmesi saglanmistir. Bu islemde IRF540 entegresi ve IR2110 mosfet kullanilmistir.

Devrenin Proteus Simiilasyon Uygulamasindaki Cizimi: Sekil 21 ve Sekil 22°de resmedilmistir.
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Sekil 21. BLDC motorun ESC (Electronic Speed Controller, 3 fazindan, akim, gerilim okuma devresinin proteus sematik ¢izimi
ayrica LCD ekramindaki gerilim okuma esnasi
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Sekil 22. BLDC motorun ESC (Electronic Speed Controller, 3 fazindan, akim, gerilim okuma devresinin proteus sematik ¢izimi
ayrica LCD ekranmindaki akim okuma esnast
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Abstract — Rocket avionics is a critical component of modern rocket design, consisting of electronic systems that perform functions
such as guidance, control, communication, and data processing. This article discusses the key components of rocket avionics, the
technologies used, and the considerations that must be taken into account during the design process. The use of innovative solutions
like GNSS, telemetry systems, and sensor technologies enhances the performance of avionics systems, while factors such as weight,
durability, and energy efficiency play a significant role in the design. Advances in rocket avionics continue to make important
contributions to the successes of the space and defense industries.

Keywords — Rocket Avionics; Telemetry Systems; Sensor Technologies; Space Technologies

INTRODUCTION

Rocket avionics is a critical discipline in aerospace engineering that encompasses the systems used to control,
monitor, and guide rockets through their journey from launch to the desired trajectory. In modern rocketry, avionics
systems are essential for the safe and efficient operation of rockets, ensuring they stay on course, maintain stability, and
gather crucial data for analysis. With the growing interest in space exploration, particularly through initiatives such as
TEKNOFEST and the advancements in commercial space travel, the role of rocket avionics has become even more
significant.

Key Components of Rocket Avionics
1. Navigation and Guidance Systems

Navigation and guidance systems are at the core of rocket avionics. These systems rely on sophisticated
algorithms and hardware to calculate the rocket's trajectory, adjust its orientation, and ensure it reaches its
intended destination. According to studies published in Google Scholar, current guidance systems utilize GPS,
inertial navigation units (INS), and star trackers to offer precise positioning even in remote space regions
(Giinay, 2023). The data gathered from these systems is continuously analyzed to adjust the rocket’s course in
real-time.

2. Flight Control Systems

Flight control systems are responsible for maintaining the rocket’s stability and orientation throughout the flight.
These systems control the rocket's attitude (orientation) and trajectory by adjusting the flight surfaces and
actuators. As noted in the TEKNOFEST publications, advanced flight control algorithms are designed to
respond to disturbances such as wind shear, atmospheric pressure changes, and mechanical vibrations (Y1lmaz
et al., 2022). The design of these systems ensures that rockets remain stable and follow the correct flight path.

3. Telemetry Systems

Telemetry systems play a vital role in collecting and transmitting data from the rocket to ground control. These
systems measure critical parameters, such as altitude, speed, fuel levels, and the health of avionics components.
In recent innovations, these systems have been optimized to handle vast amounts of data with minimal latency,
ensuring real-time communication during high-speed flights (Sar1, 2021). Advanced telemetry also allows for
the remote diagnosis of potential issues, significantly improving the safety of space missions.

4. Power Supply and Distribution
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Rockets rely on highly efficient power systems to maintain the operation of avionics and other subsystems.
Battery technology, as well as fuel cells, is widely used in modern rocketry. The power systems must be carefully
designed to ensure that avionics components receive a stable power supply throughout the mission. Studies have
highlighted the importance of redundancy and fail-safe mechanisms to prevent power loss from affecting critical
systems (Cetin et al., 2020).

Challenges in Rocket Avionics

1. Harsh Environmental Conditions

Rocket avionics are exposed to extreme conditions such as high G-forces, vibrations, extreme temperatures, and
electromagnetic interference during launch and flight. These harsh conditions make designing robust avionics
systems a significant challenge. As noted in Google Scholar, materials engineering and rigorous testing
protocols are key to ensuring that avionics components can survive these environments (Ozdemir & Aksoy,
2021).

Miniaturization and Weight Reduction

The aerospace industry faces constant pressure to reduce the weight of rockets, as even small weight reductions
can lead to significant cost savings and increased efficiency. Avionics systems must be miniaturized without
compromising on performance, a challenge that has led to significant advancements in microelectronics and
lightweight materials in recent years. According to TEKNOFEST reports, new techniques in chip design and
packaging have enabled more compact, high-performance avionics units (Karaca, 2023).

Real-Time Decision Making

The ability of avionics systems to make real-time decisions based on vast amounts of incoming data is crucial
for the success of space missions. Rocket avionics must be capable of making split-second decisions in response
to unexpected variables such as atmospheric conditions or component malfunctions. Researchers like Cetinkaya
(2022) have worked on improving the speed and reliability of onboard processors to enable these critical
decisions to be made autonomously

Innovations in Rocket Avionics

The future of rocket avionics is poised for significant developments. Some of the key innovations that are expected to
shape the next generation of rocket systems include:

Autonomous Flight Control: Artificial intelligence (Al) and machine learning algorithms are increasingly
being integrated into avionics systems. These systems can analyze vast amounts of data from sensors and adjust
flight parameters autonomously, improving mission efficiency and reducing the need for ground control
intervention (Cetin et al., 2020).

Quantum Navigation Systems: Quantum sensors, which offer extremely high precision, are expected to replace
traditional navigation systems in future rockets. These systems will provide more accurate positioning and
guidance, making long-duration space missions more reliable and efficient (Giinay, 2023).

Reusable Rocket Systems: With the success of companies like SpaceX, the development of reusable rocket
technologies is gaining momentum. These systems will require avionics that are capable of handling multiple
flights without failure, pushing the limits of current design practices. TEKNOFEST has highlighted the
importance of developing avionics systems that can withstand the stresses of re-entry and repeated launches
(Yilmaz et al., 2022).
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CONCLUSION

Rocket avionics is a field of rapid innovation, with advancements in technology driving improvements in efficiency,
safety, and reliability. As commercial space exploration grows, the role of avionics becomes ever more critical. The
integration of artificial intelligence, quantum sensors, and autonomous flight systems promises to redefine the future of
space exploration. Events like TEKNOFEST, with its emphasis on cutting-edge aerospace technologies, provide an
essential platform for the exchange of ideas and innovations that will continue to shape the future of rocket avionics.
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Abstract — Strain gauges are indispensable tools in the investigation of the mechanical behavior of materials and structures. This
paper emphasizes the critical impact of strain gauge calibration on measurement accuracy and reliability. A detailed analysis of
calibration processes is presented, including various calibration methods and standards. Furthermore, real-world examples of strain
gauge applications in aerospace, automotive, and civil engineering are provided to underscore the significance of calibration in these
industries for safety and optimization. The role of calibration certificates in legal requirements and quality control processes is also
comprehensively addressed.

Keywords — Strain gauges, calibration, measurement accuracy, reliability, mechanical behavior, materials testing, structural analysis.

INTRODUCTION

Aircraft, marvels of complex and delicate engineering, enable us to travel the skies safely. The reliability of these
massive, intricate, and critical systems hinges on the continuous monitoring of their structural integrity. Every
component, from the fuselage to the wings and landing gear, is subjected to various types of stress during flight.
Accurately measuring these stresses is paramount to ensuring the safe operation of aircraft. Strain gauges are among the
most crucial tools employed for these measurements. However, given the significance and critical role of strain gauges,
regular calibration is indispensable to guarantee the reliability and accuracy of their readings. This study delves into the
importance of strain gauges in the aviation industry, their applications in diverse aircraft components, and particularly
the impact of calibration on flight safety. Additionally, calibration methods that adhere to aviation standards and the
advantages and disadvantages of these methods are evaluated. This page aims to serve as a comprehensive resource for
researchers seeking to gain in-depth knowledge about the significance of strain gauge technology in the aviation
industry.

STRAIN MEASUREMENT iN AIRCRAFT STRUCTURES

The choice of strain gauge depends significantly on the specific area of the aircraft where it will be used. For
instance, to measure strain distribution in different regions of an aircraft wing, such as the leading edge, mid-chord, and
trailing edge, foil or semiconductor strain gauges are commonly employed. Foil strain gauges are suitable for large
surfaces with complex geometries and offer a wide measurement range. Semiconductor strain gauges, on the other hand,
exhibit higher sensitivity compared to foil gauges and are used in small structures requiring precise measurements and
in regions subject to high-frequency vibrations. In aircraft engine mounting points, vibrations and stresses can affect
engine life. Metal film or semiconductor strain gauges are typically used in these areas due to their resistance to
chemicals and abrasion, along with their durability and longevity.

Semiconductor Strain Gauge

ﬁ >, ‘ ey -

@ (b)
In summation, the judicious selection of strain gauges within the aerospace domain is contingent upon the unique
attributes of the measurement locale and the specific objectives of the measurement campaign. The diverse array of
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strain gauge technologies enables the acquisition of indispensable data for ensuring the safe and optimal performance
of aircraft.

The judicious selection of strain gauges is paramount in high-stakes industries like aviation. An inappropriate choice
can jeopardize structural integrity and flight safety. Factors such as the geometry of the measurement area, environmental
conditions, stress level, measurement frequency, desired accuracy, and cost are pivotal considerations in strain gauge
selection. A mismatched strain gauge can produce erroneous and unreliable data, resulting in flawed structural analyzes
and subsequent misjudgments. Consequently, this can lead to miscalculations of fatigue life and the premature or delayed
detection of structural damage, thereby compromising flight safety. Furthermore, the necessity for repeated
measurements and incorrect decisions can incur substantial additional costs.

Unmanned Aerial Vehicles (UAVs) have become increasingly prevalent in both military and civilian applications.
Critical components of UAVS, such as wings and fuselage, are subjected to constantly changing aerodynamic loads
during flight. These loads induce stresses in the materials, leading to fatigue and structural damage over time. Strain
gauges measure these stresses in real-time, providing insights into the structural behavior and enabling the prediction of
potential risks. The use of strain gauges in UAVs offers numerous advantages, including predicting the lifespan of the
structure, optimizing materials and design, and enhancing flight safety. An incorrect selection of a strain gauge or
erroneous measurements can result in premature fatigue, in-flight failure, and environmental damage. This can lead to
loss of life and property. In conclusion, the use of strain gauges in UAVs is of paramount importance for safety,
performance, and cost-effectiveness.

WHY CALIBRATION MATTERS IN AVIATION

Calibration is the process of comparing a measuring instrument or system with a known standard to determine any
variation from the accepted norm. In the context of strain gauges, calibration involves establishing a precise relationship
between the electrical output of the gauge (typically a change in resistance) and the corresponding mechanical strain
applied to the gauge.

Accurate strain measurements are critical for ensuring the structural integrity of aircraft components. Incorrect
measurements could lead to overstress or understress of components, compromising flight safety.

Strain gauges are used to monitor the performance of aircraft structures under various loading conditions. Accurate
calibration ensures that performance data is reliable and can be used to optimize aircraft design and maintenance.

Strain data is used to predict the fatigue life of components. Accurate calibration is essential for reliable fatigue life
predictions, helping to prevent unexpected failures.

In conclusion, strain gauge calibration is a fundamental aspect of ensuring the accuracy and reliability of structural
measurements in aviation. By establishing a precise relationship between the electrical output of a strain gauge and the
applied mechanical strain, engineers can make informed decisions about aircraft design, maintenance, and safety. Given
the critical role of strain gauges in aviation, ongoing calibration and verification are essential to maintain the highest
standards of safety and performance.

CALIBRATION PROCESS

The calibration process for strain gauges is essential to guarantee precise measurements. A known mechanical strain
is applied to the gauge, and the resulting electrical output is recorded. This data is then plotted to create a calibration
curve, which serves as a reference for future measurements. It is crucial to conduct calibration under controlled
environmental conditions to minimize the influence of factors like temperature and humidity on the gauge's performance.
Additionally, non-linearity and hysteresis effects should be accounted for to ensure the highest level of accuracy.

Calibration certificates are indispensable documents in aviation that attest to the accuracy and reliability of strain
gauges. These certificates verify that the strain gauges have been compared to a known standard and that any deviations
from the expected values fall within acceptable tolerances. In the aviation industry, where safety is paramount,
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calibration certificates ensure that the data obtained from strain gauges is trustworthy and can be used to make critical
decisions about aircraft maintenance and structural integrity. Without a valid calibration certificate, the data collected
from strain gauges may be considered unreliable, potentially leading to unsafe flight conditions.
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Ozet —Hava savunma sistemleri, iilkelerin hava sahasi giivenligi icin kritik bir role sahiptir. Giiniimiiz teknolojisi ile birlikte her
gecen giin geligen hava tehditlerinin ¢esitliligi ile harp sahasinin karmagikligina kars1 yapay zeka (YZ) teknolojileri hava savunma
sistemleri 6zelindeki problemlere de ¢oziimler sunaktadir. YZ’ nin hava savunma silahlarina entegrasyonu, tehdit tespiti, durumsal
farkindalik, otomatik karar verme ve simiilasyon alanlarinda 6nemli avantajlar saglamaktadir. Radar, uydu ve ¢esitli sensorlerden
gelen verileri analiz eden YZ, tehditleri hizli ve dogru sekilde siniflandirabilir, potansiyel saldir1 senaryolarin1 tahmin edebilir ve
insan miidahalesine gerek kalmadan etkili karar segceneklerini alabilir ya da kullaniciya sunabilir. YZ'nin sundugu hiz, dogruluk ve
biiyiik veri isleme kapasitesi; karar alma siireglerini optimize ederken operasyonel maliyetleri de diisiirmektedir. Ancak, veri
giivenligi, algoritmik hatalar ve insan-makine isbirligi gibi zorluklar ¢dziilmesi gereken kritik sorunlardir. Gelecekte, otonom
sistemler, kuantum bilgi islem ve daha gelismis YZ algoritmalartyla bu sistemlerin yetenekleri artacaktir. Etik sorumluluklar ve
uluslararas1 diizenlemeler ise teknolojinin giivenli ve dengeli bir sekilde kullanilmasini saglayacaktir. YZ, hava savunma
sistemlerinde hiz, verimlilik ve stratejik Gstiinlilk sunan bir oyun degistirici olarak konumlanmistir. Diger taraftan bulanik alanlara
getirdigi ¢oziimlerle ¢ok kriterli karar verme yontemlerinin (CKKV) de yapay zeka ile birlikte kullanilmasiyla en dogru kararin
verilmesi siirecine olumlu katkilar saglanacaktir. Hava savunma sistemlerinde konuslanma hususu karar vericiler i¢in birgok kriterin
degerlendirilerek karar verilmesi gereken bir durum olarak ortaya ¢ikmaktadir. YZ’ nin sundugu 6grenme ve optimizasyon yetenegi
ile bu probleme ¢dziim iiretmek miimkiin olabilecektir.

Anahtar Kelimeler — Hava Savunma, Yapay Zeka, Konuslanma, CKKV

GIRIS

Hava savunma sistemleri, bir ulusun hava sahasini korumak ve diisman tehditlerine kars: stratejik bir savunma
hatt1 olusturmak i¢in kritik 6neme sahiptir. Modern savas teknolojilerinde, tehditlerin karmasikligr ve gesitliligi arttikca,
bu sistemlerin daha akilli ve etkili hale gelmesi gerekmektedir. Yapay zeka teknolojileri, hava savunma sistemlerinde
devrim yaratma potansiyeline sahiptir.

Hava savunma sistemleri ile korunacak hava sahasini en etkin sekilde kapsayabilmek, bir baska deyisle en
optimum kaplama diyagramini elde etmek igin bir ¢ok kriteri ayr1 ayr1 degerlendirip en uygun konuslanma tarzinm
belirlemek gerekir. Ayrica bunu yaparken katmanli hava savunma mimarisini olusturmak ¢ok kritiktir. Hava savunma
sistemleri sabit kanatl hava araglari, doner kanatli hava platformlari, balistik fiizeler, seyir fiizeleri ve insansiz hava
araclart gibi hedeflere karsi sahip oldugu fiize ve radar sistemleri ile miimkiin olan en uzak noktada 6nleme yapan
silahlardir.

Terminolojide uzun menzilli, orta menzilli ve nokta hava savunma sistemleri olarak anilan silahlarin her hedef
tipine gore farkli farkli avantaj ve dezavantajlar1 olabilmektedir. Bu sebeple bahsi gegen sistemlerin bir biitlin olarak
kullanilarak katmanli bir mimari olusturulmasi gerekir.

Tiim bu mimarinin olusturulmasindaki en énemli noktalardan biri de hava savunma sistemlerinin konuslanacagi
bolgeleri en etkin performans: saglayabilecek sekilde segebilmektir. Sistemlerin mevzilenecegi bolgeyi belirlerken;
diisman hattina uzakligi, radar kaplamasi, sistemlerin ihtiyag duyacagi minimum arazi alani, savunulacak bolgeye
hakimiyet gibi bir¢ok kriterin dogru sekilde analiz edilmesi gerekir. Karar vericiler tiim bu kistaslar1 sahip olduklart
tecriibe ve silah yetenekleri dogrultusunda yorumlayarak en dogru konuglanma diizenini belirlemeye calisirlar. (Coskun,
2021)

Teknolojide yasanan gelismeler YZ’nin karar verme siirecindeki basarisin1 ortaya koyan orneklerin ortaya
cikmasini saglamistir. Bu kabiliyet ile birlikte YZ’nin, hava savunma sistemlerinin konuglanmasi ile ilgili sorulara da
cevap bulabilecegi fikrini ortaya ¢ikarmaktadir.

Bu makalede, YZ teknolojileri ile ¢ok kriterli karar verme yontemlerinden faydalanilarak hava savunma
sistemlerinin konuslanmasi konusu ele alinacaktir.
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HAVA SAVUNMA SISTEMLERI
Nokta Hava Savunma Sistemleri
Nokta savunma sistemleri, diigiik irtifada ucan tehditlere karsi koruma saglamak i¢in tasarlanmis sistemlerdir. Bu
sistemler, genellikle 0 ila 20 km mesafedeki insansiz hava araglar1 (IHA), helikopterler ve algaktan seyir gerceklestiren
savas ucaklarina kars: etkin bir savunma saglar. Ozellikle modern savas senaryolarinda, bu tiir tehditlerin yayginlasmasi,
alcak irtifa hava savunmasinin 6nemini artirmaktadir. Genel olarak Resim 1’de gosterildigi sekliyle namlulu silahlar ve
omuzdan atilan fiizeler seklinde kullanilan sistemlerdir.

Resim 1. Nokta Hava Savunma Sistemi Ornekleri (MCT, MANPADS)

Orta Menzilli Hava Savunma Sistemleri

Orta menzilli hava savunma sistemleri, belirli bir alan veya kritik altyapry1 korumak amactyla yaklasik 20 ila 50
km mesafedeki hava tehditlerine kars1 kullanilan savunma sistemleridir. Bu sistemler genellikle savas ucaklari, seyir
fiizeleri, balistik fiizeler ve insansiz hava araclar1 (IHA) gibi tehditlere kars1 etkin koruma saglamaktadir. Tehdidin
seviyesine gore maliyet etkin bir hava savunma hiyerarsisi i¢in vazgecilmezdir.

—

Resim 2. Orta Menzilli Hava Savunma Sistemi Ornegi (Hisar-O)

Uzun Menzilli Hava Savunma Sistemleri
Uzun menzilli hava savunma sistemleri, yiiksek irtifada ucan, uzak mesafelerdeki tehditlere karsi savunma

saglamak amaciyla tasarlanmis ileri teknoloji iiriinleridir. Bu sistemler, diigman hava araglari, balistik fiizeler ve seyir
fiizeleri gibi yiiksek hizlarda hedeflere kars1 50 km {izeri menzilde etkili bir koruma saglar. Uzun menzilli hava savunma
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sistemleri, hava savunma mimarisinin ¢atisin1 olusturur. Kritik tesis ve bdlgelerin hava savunmasi en uzakta dnleme
yapilabilmesine olanak tanir.

Resim 3. Uzun Menzilli Hava Savunma Sistemi Ornegi (S-400)

Katmanh Hava Savunma
Katmanli hava savunma tabiri korunacak bdlgenin hava savunmasini ger¢eklestirmek amaciyla ayni ya da farkli
kabiliyetteki silah sistemlerinin bir arada kullanilmasiyla elde edilen hava savunma semsiyesini ifade etmek icin
kullanilir. Katmanli savunmadaki amag; hedeflere karsi kademeli bir savunma hatt1 kurmaktir. Bu kademeli yapi ile
birlikte en optimal angajman stratejisinin olusturulmasi hedeflenir. Diisman unsurlarin niteligine gore hedef-silah
eslestirmesi yapilirken, maliyet etkinligi de 6n plana ¢ikar. Ayrica herhangi bir hava savunma sisteminin tahrip edilmesi
durumunda alternatif bir manevranin yapilabilmesine olanak tanir.

Layer 6 Tluyet 5 layer3&4 7 Layer 2 Layer 1

Resim 4. Katmanli Hava Savunma Mimarisi

MATERYAL VE YONTEM

Yapay zeka, biiyik miktarda veriyi analiz etme, dgrenme ve sonug ¢ikarma kabiliyeti ile hava savunma
sistemlerinde farkli seviyelerde kullanilmaktadir. One ¢ikan entegrasyon alanlart sunlardir:
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1. Tehdit Tespiti ve Siniflandirma:
YZ algoritmalari, radar, uydu goriintiileri ve diger sensorlerden gelen verileri isleyerek diisman ugaklarini, fiizelerini
veya insansiz hava araglarmi (IHA) tespit edebilir. Derin grenme algoritmalari, bu tehditleri hizli ve dogru bir sekilde
siniflandirmak i¢in kullanilabilir.

2. Durumsal Farkindalik ve Tahmin:
YZ, gercek zamanli verileri analiz ederek operatorlere daha iyi durumsal farkindalik saglar. Ornegin, potansiyel
tehditlerin hareket modellerini analiz edebilir ve gelecekteki olasi saldirt senaryolarini tahmin edebilir.

3. Otomatiklestirilmis Karar Verme:
YZ, insan miidahalesine gerek kalmadan tehditlere hizli ve etkili bir sekilde yanit verebilir. Ozellikle hipersonik tehditler
gibi ¢ok hizli hareket eden hedeflere karsi, otomatik karar verme mekanizmalari kritik bir rol oynar.

4. Simiilasyon ve Egitim:
YZ destekli simiilasyon sistemleri, operatdrlerin egitimine katki saglar. Ger¢ekgi savas senaryolar1 olusturularak, hava
savunma personelinin tepkileri test edilebilir ve gelistirilebilir. (Sharma ve Pradeep, 2019)

Yapay zekanin avantajlarina deginecek olursak; YZ yiiksek hiz ve dogrulukta veri analizi yapabilir. Bu 6zellik,

ozellikle ¢ok kisa siirede karar verilmesi gereken durumlarda biiyiik bir avantaj saglar. Biiyiik verileri siirekli olarak
isleyerek ¢dziime yonelik ¢iktilar sunabilir. insan hatasini minimize ederek maliyet etkinligi artirabilir.
Tiim bunlarin yaninda bazi zorluk ve sinirlamalar1 da beraberinde getirebilir. Ozellikle yapay zekanin elde ettigi verilerin
korunmasi ¢ok 6nemlidir. Bu verilere siber saldirilarla miidahalenin miimkiin olmasi1 6zel giivenlik katmanlarini sart
kilar. Ote yandan yanlis veri girilmesi ya da YZ tarafindan verilerin yanlis islenmesi ciddi sonuglar dogurabilir.(Cheshire
ve ark., 2022)

Ayrica YZ altyapili mekanizmalarda insan ve makine uyumu da dikkatli bir sekilde yonetilmelidir. Ozellikle
makinenin kendi kendine yorumlayamayacagi, insan tecriibesi ve birikimi gerektiren hususlarin YZ’ye 6gretilmesi
elzemdir.

Hava savunma sistemlerinin konuslanmasina yonelik yapilan ¢alismalarda; hava taarruzlarma karsi savunma
flizelerinin 6nceden konuslandirilmasiyla, en kotii durum senaryosunda olusabilecek zararlarin minimize edilmesini
amaglayan bir ¢ift yonlii optimizasyon modeli gelistirilmistir. En kotii durum, saldirganin savunma stratejileri (6nceden
konuslandirma kararlar1) hakkinda bilgi sahibi oldugu ve her iki tarafin da hedef degerler, fiize firlatma noktalari, silah
sistemlerinin kapasiteleri gibi bilgilere erisebildigi kosul olarak tanimlanmistir. Model, Kuzey Kore'nin saldiri
senaryolari tizerinden bir vaka analiziyle test edilmistir.(Brown ve ark., 2005)

(Jang ve ark., 2019) tarafindan yapilan ¢aligmada, koruma tesislerinin savunma gereksinim seviyesini yansitan ve
her bir aday bolgenin optimal biiyiikliigiinii ve yerini belirleyen bir karar modeli Onerilmistir. Sistemin kurulacagi
bolgeyi se¢mek icin, onceden belirlenen aday bolgeler i¢in alan, iklim, diisman tehdidi ve yonetilebilirlik gibi 9 kriter
belirlenmis ve bu kriterlerin her bir aday bolgeye iliskin degerleri, karar vericiler tarafindan belirlenip TOPSIS
(Technique for Order Preference by Similarity to Ideal Solution) yontemiyle siralanmigtir. Bolgelerin savunma
kapasitesi, diinya ¢apinda yaygin olarak kullanilan Extended Air Defense Simulation (EADSIM) simiilasyon araciyla
hesaplanmustir. Onerilen matematiksel model, bdlge savunmasini maksimize ederken, aym zamanda yerlestirilen
savunma sistemlerinin sayisint minimize etmeyi hedeflemistir.

(Kim ve Seol, 2016) tarafindan yapilan ¢alismada, hava tehdidine kars: etkili bir savunma saglamak amaciyla

Hava Savunma Sistemlerinin optimal konuslandirilmast konusu ele alinmistir. Calisma, Kuzey Kore’nin Giiney Kore
ve diinya genelindeki niikleer ve kimyasal balistik fiize tehditlerini incelemistir. Tehditlerin ve savunma sistemlerinin
hiz, irtifa gibi farkli 6zelliklere sahip olmasi nedeniyle, kesisme noktalar1 ve basari olasiliklar1 yerine savunma sisteminin
konumuna dayal1 bir analiz yapilmasmin daha gercek¢i ve uygulanabilir oldugu vurgulanmistir. Gergekte, Kuzey
Kore’deki hangi fiize iissiiniin, Kore'deki c¢ekirdek savunma tesislerine saldiracagi kesin olarak bilinemediginden,
savunma yeteneginin en iyi sekilde optimize edilebilmesi, Kuzey Kore’nin tiim filize {islerinin, balistik fiizeleriyle
cekirdek savunma tesislerine yapilacak tiim saldirilar1 engelleme kapasitesine sahip olmasi durumunda miimkiin
olacaktir. Bu baglamda, belirlenen savunma tesislerini en az sayida savunma sistemiyle koruyacak sekilde tesis
yerlestirme ve konuslandirma i¢in bir matematiksel model dnerilmistir.
En iyileme, ya da diger adiyla optimizasyon, bir¢ok bilim ve miihendislik alaninda yaygin olarak kullanilan bir tekniktir.
Optimizasyon, bir problemi en uygun (veya miimkiin olan en iyi) sekilde ¢ézme siireci olarak tanimlanabilir.
Matematiksel modeller kullanilarak en iyi ¢6ziim aranirken, bu ¢oziimii elde etmek i¢in uygulanan yontemlere
odaklanilir. Giinlimiizde, zaman ve islem giicli gibi kisitlamalar nedeniyle miihendislik yaklasimlari, yaklasik ¢6ziim
yontemlerini de kullanma gerekliligi dogurur. (Ozkan)
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Hava savunma sistemlerinin konuslanma problemi i¢in yapay zekadan faydalanmanin yan sira ¢ok kriterli karar
verme yontemleri de kullanilabilir. Bu yontemler kriterlerin birbirine olan etkilerinin ya da birbirlerine karsi ne derece
iistiin olduklarinin ortaya koyulmasi i¢in kullanilan etkili ¢6ziim yollaridir. Kesin ¢izgiler ile ayrimi yapilamayan, gri
alanlar olusturan bolgelerin tanimlanmasi ve agirliklarinin belirlenmesi i¢in Bulanik AHP (Fuzzy Analytic Hierarchy
Process), Bulanik TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) gibi yontemlerden
faydalanilabilir. Asagida verilen (Tablo-1,2 ve 3) 6rnek matrislerde birbirinden bagimsiz kriterlerin bulanik ¢ok kriterli
karar verme yontemleri ile agirliklandirilmasi gosterilmistir.

Tablo 1. Ornek Bulanik AHP Matrisi

Sacsxer;_a Kriter-1 | Kriter-2 | Kriter-3 | Kriter-4 | Kriter-5
Sistemi

Bolge-1 1 0,5 1 0,2 0,25
Bolge-2 2 1 2 0,25 0,5
Bolge-3 1 0,5 1 0,2 0,25
Bolge-4 5 4 5 1 3
Bolge-5 4 2 4 0,33 1

Tablo 2. Alternatiflerin Degerlendirilmesinde Kullanilan Bulanik Sayi Karsilikiar: (F-TOPSIS)

Cok Kétii (CK) (0,0,1)
Katii (K) (0,1,3)
Orta Kétii (OK) (1,3,5)
Orta (O) (3,5,7)
Orta Iyi (O1) (5,7,9)
Tyi (i) (7,9,10)
Cok lyi (CI) (9,10,10)
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Tablo 3. Ornek Bulanik TOPSIS Matrisi

Hava Savunma Fayda Fayda Maliyet Maliyet
Sistemi Kriteri-1 Kriteri-2 Kriteri-1 Kriteri-2
Bolge-1 5 |7 |9 3 5 |7 |3 5 |7 |3 5 |7
Bolge-2 7 |9 |10 |3 |5 |7 |3 |5 |7 |3 |5 |7
Bolge-3 5 |7 3 |5 |7 |3 |5 |7 |3 |5 |7
Bolge-4 1 |3 9 |10 (10 |9 |10 |10 |9 |10 |10
Bolge-5 3 |5 5 |7 |9 |5 |7 |9 |5 |7 |9

Fayda Kriteri 10 10 10

Maliyet Kriterleri 1

Cok kriterli karar verme yOntemlerinin sozel kistaslar1 analitik diizleme dokme kabiliyeti ile yapay zekanin
getirdigi biiylik verileri islemede kapasite, karar vermede siirat ve analizde dogruluk gibi baslica yeteneklerin hava
savunma sistemlerindeki karar mekanizmalarina pozitif anlamda katki saglayacagi aciktir. Hava savunma sistemlerinin
en 0onemli meselelerinden biri olan konuslanma probleminde bu yontem ve teknolojilerden faydalanilmasi, tam otonom
sistemlere geciste mihenk tasi olacaktir.

SONUC

Yapay zeka teknolojilerinin siirekli gelismesiyle birlikte, hava savunma sistemlerinin daha da yetenekli hale

gelmesi beklenmektedir. Otonom hava savunma platformlari, daha gelismis tehdit analizi algoritmalari ve kuantum bilgi
islem gibi yeni teknolojiler, bu alandaki ilerlemeyi hizlandiracaktir. Ayrica, yapay zekanin etik kullanimi ve uluslararasi
diizenlemeler de gelecekte dnemli bir giindem maddesi olacaktir.
Hava savunma sistemlerinde yapay zeka teknolojilerinin kullanimi, modern savas ortaminda bir oyun degistirici olarak
karsimiza ¢ikmaktadir. Tehdit tespiti, en dogru tercihin belirlenmesi, durumsal farkindalik, otomatik karar verme ve
simiilasyon gibi alanlarda sagladig1 faydalar, bu teknolojilerin vazgecilmez oldugunu gostermektedir. Ancak, veri
giivenligi, algoritmik hatalar ve etik sorunlar gibi zorluklar, dikkatli bir planlama ve uygulama gerektirmektedir. Yapay
zekanin hava savunma sistemlerindeki rolii, hem ulusal giivenlik hem de uluslararasi istikrar agisindan kritik bir 6neme
sahiptir.

Ulusal giivenlik ve hava sahasinin kontrolii anlaminda 6nemli bir kuvvet ¢arpani olan hava savunma sistemlerinde
otonom karar vericiler kullanilmasi, taktik anlamda karar vericilerin yiikiinii alma ve insan hatalarindan
kaynaklanabilecek hatalarin 6niine gegebilmek igin yapay zeka destekli programlardan istifade edilmesi stratejik
seviyede manevralara imkan saglayabilecektir.
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Abstract - This project focuses on the automated detection of retinal diseases using artificial intelligence, specifically targeting the
identification of drusen through OCT (Optical Coherence Tomography) imaging. Drusen, yellowish deposits beneath the retina, are
significant markers for conditions such as age-related macular degeneration (AMD). Utilizing a dataset sourced from Kaggle, which
includes 1,335 labeled images across two categories ("normal™ and "drusen™), the YOLOv8 model was trained to perform efficient
and accurate disease classification.

The dataset was augmented using the Roboflow platform to enhance model robustness, applying transformations such as rotation,
brightness adjustment, and noise addition, effectively tripling the available data. The model demonstrated high performance in
detecting the "normal” class, with a precision of 0.987 and recall of 1.0, while the "drusen” class achieved a precision of 0.705 and
recall of 0.564. The overall model performance metrics, including a mean Average Precision (mAP50) of 0.824 and mAP50-95 of
0.523, highlight its effectiveness.

The system was further integrated with a graphical user interface built using Python's Tkinter library, enabling real-time image
analysis through a user-friendly application. This tool facilitates early diagnosis, enhances diagnostic accuracy, and reduces clinical
workloads, offering significant benefits in both clinical and remote healthcare settings.

Keywords - Artificial Intelligence (Al), Optical Coherence Tomography (OCT), Medical Imaging, Automated Diagnosis, Eye Health

INTRODUCTION

Retinal diseases, such as age-related macular degeneration (AMD), pose significant threats to vision and quality
of life, especially among the aging population. Early detection and intervention are critical for mitigating the progression
of these conditions. Drusen, characterized as yellowish deposits beneath the retina, are prominent indicators of AMD
and other retinal disorders. The advent of Optical Coherence Tomography (OCT) imaging has revolutionized the
diagnosis and monitoring of such diseases by providing high-resolution cross-sectional views of retinal layers. However,
manual analysis of OCT images is time-consuming and prone to human error, emphasizing the need for automated
solutions. Advances in imaging libraries like OpenCV [1] and programming frameworks like Python [2] enhance the
ability to analyze OCT images

This project leverages artificial intelligence, particularly the YOLOv8 object detection model [3], to automate the
identification of drusen in OCT images. By employing a robust dataset sourced from Kaggle and enhanced through
preprocessing and augmentation on the Roboflow platform, the model aims to provide a reliable and efficient tool for
disease detection. The integration of advanced machine learning techniques with user-friendly applications further
broadens its accessibility, enabling usage in both clinical environments and remote healthcare settings.

The goals of this project extend beyond disease detection. It seeks to improve diagnostic accuracy, reduce the
workload of ophthalmologists, and facilitate early interventions, ultimately enhancing patient outcomes. By automating
the analysis of OCT images, this system demonstrates the potential of artificial intelligence to transform ophthalmology
and redefine the standards of retinal disease diagnosis and management. Figure 1 represents an optical coherence
tomography image.
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Figure 1. Optical Coherence Tomography (OCT) image

Material and Method

Dataset

The dataset used in this project was sourced from Kaggle’s “Kermany2018” collection [4,5], consisting of 1,335
labeled OCT images divided into two classes: “normal” (731 images) and “drusen” (604 images). The dataset includes
high-resolution images capturing retinal structures, providing a robust foundation for training an object detection model
to identify drusen.

Data Preparation and Augmentation

To enhance the model’s robustness and generalizability, preprocessing and augmentation were conducted using
the Roboflow platform. Key preprocessing steps included resizing the images to ensure uniformity and compatibility
with the YOLOvV8 model. Data augmentation techniques, such as random rotation (up to 15 degrees), brightness
adjustment, noise addition, blurring, and exposure modification, were applied. These transformations increased the
dataset size threefold, ensuring that the model could learn from diverse scenarios and handle variations in real-world
OCT images effectively. Data augmentation was conducted using Roboflow, a robust image dataset tool [2].

Model Architecture

The YOLOV8 (You Only Look Once) object detection model was selected for its state-of-the-art performance in
real-time object detection tasks. YOLOVS utilizes a lightweight yet powerful architecture optimized for speed and
accuracy. The model was trained to classify images into "normal™ or "drusen™ categories while simultaneously localizing
drusen regions within OCT scans.

Training and Validation

Model training was conducted in the Google Colab environment, leveraging GPU acceleration for efficient

processing. The training parameters included:

Batch Size: Optimized based on dataset size and hardware limitations.

Epochs: Set to ensure convergence without overfitting.

Learning Rate: Adjusted dynamically using a scheduler.

The dataset was split into training and validation sets, ensuring a balanced representation of both classes. Validation
metrics, including precision, recall, and mean Average Precision (mAP), were monitored to evaluate the model's
performance. Figure 2 represents classification result of an OCT image
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Figure 2. Classification result of an OCT image

Testing and Deployment

The trained model was tested using unseen validation images to assess its accuracy and robustness. Post-training,
the best-performing model weights ("best.pt™) were exported for deployment. A Python-based graphical user interface
(GUI) was developed using Tkinter, enabling real-time image analysis. The interface allows users to upload OCT images
and receive immediate diagnostic outputs, visualizing detected drusen regions alongside confidence scores. The
graphical interface, built using Tkinter [6], facilitates real-time analysis.

Real-World Simulation

To simulate real-world applications, the OBS program was used to stream OCT images from a local directory as
virtual camera inputs. This setup demonstrated the model's capability to process dynamic inputs and provide real-time
diagnostic feedback. OBS Studio was used to stream OCT images as virtual camera inputs [7]

This pipeline, encompassing dataset preparation, model training, testing, and deployment, underscores a
comprehensive approach to developing a practical and efficient Al-driven diagnostic tool for retinal disease detection.

Discussion

The results of this project demonstrate the potential of artificial intelligence in revolutionizing the diagnosis of
retinal diseases. Using the YOLOv8 model, we successfully automated the detection of drusen, a critical marker for
conditions such as age-related macular degeneration (AMD). The model's performance, particularly its high precision
(0.987) and recall (1.0) for the "normal" class, highlights its capability to accurately identify non-diseased cases,
reducing the likelihood of false negatives. However, the relatively lower precision (0.705) and recall (0.564) for the
"drusen" class indicate areas where further improvement is necessary to enhance the model's sensitivity and specificity
for disease detection. Table 1 represents the classification results of all datasets.

Table 1. Classification results of all datasets.

Class | Images | Instances | Box(P) | R mAP50 | mAP50-95

all 265 270 0.846 | 0.782 | 0.824 0.523
drusen | 265 123 0.705 | 0.564 | 0.652 0.293
normal | 265 147 0.987 1.000 | 0.995 0.752

The dataset augmentation process, conducted via Roboflow, played a vital role in increasing data diversity and
model robustness. By applying transformations such as rotation, brightness adjustment, and noise addition, the dataset
size was effectively tripled, allowing the model to generalize better across various scenarios. Despite these
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enhancements, the model's performance on the "drusen™ class suggests that additional measures, such as incorporating
more diverse and high-quality training data, could further optimize its accuracy.

The integration of this automated detection system into a user-friendly graphical interface exemplifies its practical
applicability. By allowing real-time OCT image analysis, the system provides an accessible tool for both clinicians and
remote healthcare providers. Additionally, the use of the OBS program to simulate real-world scenarios underscores the
versatility of this approach in handling dynamic inputs.

While the current implementation achieves promising results, there are limitations to address. The imbalance in
class performance indicates a need for more sophisticated techniques, such as class-weighted loss functions or synthetic
data generation, to better handle underrepresented categories. Moreover, validating the model's performance on external
datasets and real-world clinical settings would be essential for assessing its generalizability and reliability.

In summary, this project highlights the transformative potential of Al-driven solutions in ophthalmology. By
automating the analysis of OCT images, the proposed system not only accelerates diagnosis but also improves
accessibility to retinal healthcare. Future work will focus on addressing the identified limitations and extending the
system's capabilities, paving the way for widespread adoption in clinical practice.

Conclusion

This project demonstrates the potential of artificial intelligence in transforming ophthalmology by automating the
detection of retinal diseases such as drusen using OCT images. Leveraging the YOLOv8 model, a robust dataset, and
comprehensive data augmentation techniques, we developed an efficient diagnostic tool capable of identifying retinal
abnormalities with high accuracy.

The results underline the system's ability to provide reliable outputs, particularly for the "normal" class, while
highlighting areas for improvement in detecting "drusen." By integrating the trained model into a user-friendly graphical
interface, we bridged the gap between advanced Al technology and practical clinical applications. Additionally, real-
world simulations using OCT image streams showcased the versatility of the system in dynamic healthcare
environments.

Despite its promising performance, challenges such as class imbalance and limited dataset diversity remain.
Future work will focus on enhancing the model's sensitivity for underrepresented categories, validating its performance
across external datasets, and exploring advanced techniques like transfer learning and synthetic data generation.

In conclusion, this project marks a significant step toward Al-assisted diagnostics, offering a scalable and
accessible solution for early detection and management of retinal diseases. By reducing diagnostic time, improving
accuracy, and alleviating clinical workloads, this system has the potential to make a meaningful impact on patient care
and the broader healthcare landscape. This project leveraged Python [8], OpenCV [1], and Tkinter [6] to build a scalable
and effective diagnostic tool.
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Abstract — This project aims to develop a security system capable of target tracking and secure triggering, utilizing facial recognition
algorithms and a two-axis turret mechanism. The system processes live camera footage and detects faces, dynamically tracking them
on two axes, thereby continuously monitoring moving targets to provide an effective security solution. When a security risk or any
other unwanted situation arises, the secure triggering mechanism is activated, enabling swift intervention. This intervention may
involve actions such as the turret firing, sending a notification to a higher authority, or similar responses. The software infrastructure
of the project ensures high accuracy and low latency through optimized real-time image data processing. This system, with its low-
cost hardware and compact design, aims to provide an innovative alternative in areas such as home security, workplace monitoring,
shopping mall surveillance, and target recognition, appealing to a wide range of users. The project's approach will be carried out
through the integration of mechanical and software components, performance testing of the system under different conditions, and
tests in various security scenarios. This solution combines critical functions such as facial recognition, dynamic tracking, and secure
triggering at a low cost, making an innovative contribution to the industry.

Keywords — Facial Recognition; Dynamic Face Tracking; Secure Triggering Mechanism; Real-Time Image Processing; Defense Systems

INTRODUCTION

Security systems are integral to modern-day safety measures, addressing challenges in residential, commercial,
and public environments. Traditional surveillance solutions often lack the capability for dynamic interaction, limiting
their effectiveness in real-time threat response. This project introduces a two-axis face tracking turret system as an
innovative approach to address these limitations. By combining facial recognition algorithms with a dynamic tracking
mechanism, the system continuously monitors and reacts to moving targets. Designed with low-cost hardware and a
compact structure, this solution aims to enhance security measures in diverse applications such as home safety,
workplace monitoring, and public surveillance. The system not only detects and tracks faces but also activates a secure
triggering mechanism when necessary, offering a proactive and effective response to potential threats. This introduction
sets the foundation for exploring the system's design, functionality, and practical applications.

MATERIALS AND METHOD

The system, with its cost-effective hardware and optimized software infrastructure, is designed to detect and track
defined faces, activating the triggering mechanism when necessary.

The mechanical components of the system were designed using the SolidWorks program, with precise
measurements and calculations conducted. Mechanical parts were meticulously 3D-printed with high accuracy to create
prototypes and test the accuracy of the design. These parts will undergo various tests to evaluate the system's real-world
performance and implement necessary improvements.

Figure 1 illustrates the computer-generated design of the setup prepared using SolidWorks, providing a visual
representation of the system’s overall structure and its fundamental components.
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Figure 1. Turret System Mechanism

SOFTWARE AND HARDWARE COMPONENTS

HARDWARE COMPONENTS

Raspberry Pi 4: The primary hardware component used in this project is the Raspberry Pi 4 model. Equipped with
a powerful processor (Quad-Core Cortex-A72) and sufficient RAM, the Raspberry Pi 4 provides the necessary
performance for running real-time data processing and facial recognition algorithms.

CAMERA SYSTEM

Logitech Brio 100 Webcam: Another key component is the Logitech Brio 100 USB webcam. This webcam offers
1080p resolution, enabling high-quality image capture, and can be easily connected to the Raspberry Pi via USB. High-
resolution images enhance the performance of facial recognition algorithms and provide a critical feature for security
applications.
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SOFTWARE LIBRARIES

OpenCV: OpenCV s a popular open-source library with a broad range of applications in computer vision and
machine learning. It includes numerous algorithms for facial recognition, face tracking, and image processing. When
used with the Python programming language, it provides efficient and fast solutions for real-time applications. Notably,
Haar cascade classifiers and DNN (Deep Neural Network) modules are widely utilized in real-time facial recognition
systems.

Haar Cascade Classifier: This is a commonly used face detection method within the OpenCV library. It uses
simple features to quickly detect faces in an image. Essentially, it is designed to identify a specific object (e.g., a face)
in an image rapidly and efficiently.

DATASET CREATION

A dataset was created by labeling hundreds of human face photos obtained through Artificial Intelligence. To
enhance the accuracy of the facial recognition process, this dataset was enriched with both positive human face photos
and negative photos.

The dataset was designed to enable the system to recognize human faces and accurately differentiate between
faces and non-face objects. This dataset underwent a training process, resulting in an XML file that defines the facial
recognition algorithm. This file was integrated into the project code and prepared for testing in subsequent stages of the

algorithm.
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FAcCE DETECTION AND TRACKING

Using the trained dataset, live video is captured from the camera. A human face in the video is detected, enclosed
within a box, and classified into a "human" class. Based on this detected face, a tracking process is performed.
This is illustrated in Figures 2 and 3.
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Figure 2. Human face Figure 3. Face Detection

FACE TRACKING

The tracking algorithm will work as follows: When a human face is detected, the camera will identify it and
classify it as part of the human class. A blue square drawn using OpenCV will be positioned in the center of the camera's
view. The main goal of the system is to center the detected green square (representing the target) within the blue square.
In this way, the camera will continuously track the target, keeping the face centered in the frame. If an abnormal situation
occurs, the triggering mechanism will activate, preventing the abnormality.

To control the servo motors, the pigpio library, which has the ability to perform more precise operations, will be
utilized. This allows the system to perform real-time human tracking and respond to small positional changes with high

sensitivity.

RESULTS AND DISCUSSIONS

The development of the two-axis turret system with integrated facial recognition and dynamic tracking yielded
promising results during both the testing phase and in simulated security scenarios. The system successfully detected
and tracked human faces with high accuracy, thanks to the well-trained dataset and optimized algorithms implemented
through OpenCV. The facial recognition process, utilizing Haar Cascade Classifiers, was able to distinguish between
faces and non-face objects effectively, enabling real-time tracking.

The real-time performance of the system was critical in ensuring that the facial tracking remained smooth and
continuous. The Raspberry Pi 4, paired with the Logitech Brio 100 webcam, provided sufficient processing power and
image quality to handle the real-time video feed. The camera’s 1080p resolution played a key role in ensuring that the
face detection was precise, even under varying lighting conditions. This resolution allowed the facial recognition system
to maintain a consistent level of accuracy in detecting and tracking faces, which is crucial for security applications.

In terms of face tracking, the system was able to maintain the human face centered within the camera's frame,
ensuring that the tracking remained stable as the face moved. The servo motors, controlled by the pigpio library,
responded well to small positional changes, with high sensitivity, enabling the turret mechanism to adjust its position
smoothly and accurately in real time. This dynamic tracking feature proved to be effective in continuously following
moving targets, without losing focus, even when the target moved quickly within the frame.

Furthermore, the secure triggering mechanism was successfully integrated into the system. Upon detection of any
abnormal situation, such as the loss of tracking or detection of an unauthorized face, the system activated the triggering
mechanism. Depending on the scenario, this led to various responses, such as sending notifications or simulating turret
firing in response to potential threats. These interventions demonstrate the system's ability to provide a proactive and
effective security solution.
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The combination of low-cost hardware, such as the Raspberry Pi 4 and Logitech Brio webcam, with efficient real -
time processing algorithms, provided a scalable and cost-effective solution for security applications. However, the
system did exhibit some limitations under extreme conditions, such as very fast movements or rapid changes in lighting.
In these cases, the tracking accuracy slightly decreased, and additional processing power or enhanced algorithms could
improve performance in these edge cases.

In conclusion, the system demonstrated strong potential as a security solution that combines facial recognition,
dynamic tracking, and secure triggering. Its application can be extended to various environments, including home
security, workplace monitoring, and public surveillance, providing an innovative and cost-effective alternative to
traditional surveillance systems. Further improvements to the algorithm and hardware could enhance its robustness and
reliability, making it a more adaptable solution for diverse security needs.
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Abstract — This research proposal aims to develop a safe, functional, and user-friendly ground control station (GCS) design for
unmanned aerial vehicles (UAVs). The project will focus on creating an innovative GCS system that enables efficient UAV
management during flight, equipped with a user-friendly interface and a high level of functionality to provide an optimal control
experience.

The unique contribution of this project lies in integrating advanced features such as object tracking, multi-UAV scenarios, and
image processing into the GCS, setting a new standard in UAV control. The software infrastructure will be developed based on the
ArduPilot and MAVLink protocols to ensure reliable data transfer between UAVs and the GCS. The GCS interface will be designed
using PyQt5 and implemented with DroneKit, enabling both simulation and real-world testing. The development process will involve
testing the system's accuracy and reliability in a variety of flight scenarios using the Gazebo simulation environment.

Project management will ensure that each phase is carried out efficiently within the defined timelines and resources. Simulation,
algorithm development, testing, and evaluation stages will be regularly documented to monitor progress. Potential risks have been
identified in advance, and necessary mitigation plans have been prepared.

The broader impact of the project extends beyond academic contributions, such as articles, technical reports, and guidebooks to be
shared within the scientific community. It is also expected to create significant influence in commercial domains by developing
prototypes for practical applications. This project will enhance UAV utilization safety and efficiency, providing significant
advancements, particularly in fields such as agriculture, security, and search-and-rescue operations.

Keywords — Unmanned Aerial VVehicle, Ground Control Station, Image Processing, Simulation

Purpose and Objectives

The main objective of this research is to develop a user-friendly, cost-effective, and modular ground control station
(GCS) design for unmanned aerial vehicles (UAVS) that ensures reliability, efficiency, and ease of use during operational
processes. Ground control stations are crucial for the safe management, real-time monitoring, and intervention when
necessary of UAVs. The GCS to be developed in this project aims to provide superior performance compared to existing
systems, with features such as a user-friendly interface and multi-task management, while improving operational
efficiency for UAV operators.

Research Objectives:

1. Develop a User-Friendly Interface: The first goal is to create a simple and clear interface that helps operators
make quick decisions while managing the UAV. This interface will provide the operator with real-time
information such as the UAV's location, speed, altitude, battery status, and other critical data in a clear and
accessible manner. The success of this goal will be determined by the operator’s ability to access all necessary
information quickly, especially in field conditions or during critical missions, without having to navigate through
complex menus.

2. Ensure Low-Latency Data Communication: The second goal is to ensure minimal latency in data
communication between the UAV and the ground control station. This is essential for the UAV to respond
quickly to rapid direction changes or emergency commands. Real-time data transmission will allow decisions
made by the operator to be directly transmitted to the UAV, minimizing the risks posed by delays. The success
of this objective will depend on the efficiency of the communication protocols used in the GCS's infrastructure
and the overall data transfer rate.

226


mailto:1213302047@ogr.selcuk.edu.tr
mailto:2*semaservi@selcuk.edu.tr

Selcuk University 3rd International Technology and Innovation Student Symposium

December 26-28, 2024 Konya, Tiirkiye

3. Create a Modular and Flexible Architecture: The third objective is to design the GCS with a modular
structure that can be adapted to various UAV types and mission requirements. This modular architecture will
allow the GCS to be configured according to user needs and be flexible enough to accommodate future
developments. For example, different modules can be added or removed for UAVs used in agricultural mapping
or security purposes. Modularity will provide ease of use during field operations, as well as during maintenance
and updates.

4. Support Multi-Task Management: The fourth objective is to enable the management and monitoring of
multiple UAVs simultaneously. This feature is particularly critical in swarm UAV applications, such as
monitoring large agricultural areas or coordinating large search-and-rescue operations. Multi-task management
support will allow operators to monitor multiple UAVs on a single screen and intervene quickly when necessary.

5. Enable High-Resolution Image Transmission: The fifth objective is to ensure that images received from the
UAV are transmitted to the ground control station in high resolution with low latency. This is particularly
important in fields such as mapping, security, or disaster management, where high-quality, real-time images are
necessary for making informed decisions. The success of this objective will be facilitated by the integration of
high-bandwidth data transmission infrastructure.

6. Human Tracking Algorithm: High-resolution images received from the UAV will be used to implement a
human tracking algorithm trained with artificial intelligence, enhancing the system's ability to identify and track
human targets.

All of these objectives are clearly defined with measurable and realistic criteria to ensure effective utilization of the
ground control station. As a result, the GCS design developed in this research is intended to provide flexibility, security,
and efficiency in UAV operations, offering a solution suitable for field use. This ground control station aims to address
the shortcomings of existing systems and contribute significantly by providing a solution that can be used across various
sectors.

Introduction

This research proposal details the methods and techniques employed in the development process of a ground control
station (GCS) design for unmanned aerial vehicles (UAVS). The research methodology has been tailored to align with
the objectives of the GCS under development, integrating various software libraries and tools during the data collection,
data analysis, and system development stages. In this context, the software infrastructure of the ground control station
has been developed using the Python programming language, with the project further refined through the use of PyQt5,
DroneKit, and pymavlink libraries.

Figure 1. General Overview of the Program
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1.Libraries Used

1.1. User Interface Design with PyQt5

One of the primary objectives of the research is to ensure that the ground control station has a user-friendly interface.
Accordingly, the PyQt5 library was utilized in developing the user interface [9]. PyQt5 is a powerful and flexible tool
used for creating graphical user interfaces (GUIs) in Python-based applications. Within the scope of the research,
interface components were designed using PyQt5 to display real-time UAV information such as speed, altitude, battery
status, and location. Additionally, an interface was developed to manage multiple tasks, enabling the tracking of various
UAVs with minimal user interaction. This allows users to manage numerous data points through a single screen
effectively.

1.2. UAV Control and Data Communication with DroneKit and pymavlink

To ensure data communication between UAVs and the ground control station and monitor various UAV parameters
in real time, the DroneKit and pymavlink libraries were integrated [1,2]. DroneKit is an open-source library that
facilitates UAV control in Python environments and ensures data communication using the MAVLink protocol [14]. By
leveraging this library, data such as flight modes, location, speed, and altitude were obtained and presented to the user.
Moreover, commands were sent to the UAV to activate autonomous flight modes.

1.3. Multi-Task Management with Threading and Time Libraries
The threading and time libraries were utilized to ensure multi-task management in the ground control station [10,11].
The threading library enables the simultaneous execution of multiple threads in Python, making it highly suitable for
managing multiple tasks. Throughout the research, threading was employed to manage processes such as data
transmission, user interface updates, and the analysis of real-time data received from UAVs concurrently.
The time library was used to allow the system to update data at specified intervals. This ensured that users were provided
with current and real-time data, enabling rapid communication of operator decisions and changes made in the GCS to
the UAV.

2. Communication and Application Introduction

2.1. Communication with MAVLink Protocol
The primary communication protocol for DroneKit is MAVLink. MAVLink (Micro Air Vehicle Link) is a
communication protocol developed to transmit telemetry data and commands for unmanned aerial vehicles. MAVLink
can operate over both UDP and serial port connections [13].

Telemetry connections are anticipated to be used for data transmission. These connections can be established via USB,
serial ports, or radio modules, commonly operating on 915 MHz or 433 MHz radio frequencies. To establish a connection
with telemetry using DroneKit, it is sufficient to specify the port to which the telemetry device is connected. Typically,
this connection is identified as COM3 or COM4 for serial ports, or /dev/ttyUSBO on Linux systems. Additionally, the
baud rate must be specified, which is usually set to 57600 or 115200.

2.2. Connection Screen

To receive data in the application, it is essential to define a connection type. For this purpose, a connection screen
design was implemented within the application. Based on the selected port address and baud rate, the application
initializes and establishes the connection accordingly.

BAGLANTI EKRANI

Adres:  /dev/ttyUSBO M
Baud: 57600 v

Version: JUSTGCS v

Connect ’

Figure 2. Connection Screen
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Y, "wW") oas file:

Figure 3. Port Address Figure 4. Baud Rate

In Figure 2, the login.py Entry Screen application assigns the value selected in the combobox to the files
my_variable.txt and baud_rate.txt.

Figure 5. Reading from the Application

The values retrieved from my_variable.txt and baud_rate.txt are placed into the connect function, allowing the data
from the port where the telemetry device's receiver is connected to be read when selected.

3. Widgets Used (Application Tools)
Note: All the application tools we used have been designed in a way that allows us to view the values we desire. This
demonstrates that our ground control station can be customized as needed.

3.1. Attitude Indicator (Gyroscope)
This code represents a PyQt5 widget that displays a flight indicator (Attitude Indicator) and ensures the indicator is
updated by receiving drone data. A display of this type, developed with Qt, is structured to be continuously refreshed by
repeatedly redrawing itself with data received from DroneKit. Within the code, the Attitudelndicator class is defined,
and the main function that draws the indicator is specified within the paintEvent function. The drawing process runs in
a continuous loop, ensuring that the drone's pitch, roll, and yaw information are updated each time. This principle applies
to all the other indicators we designed.

Figure 6. Attitude Indicator

AttitudeIndicator{QtWidgets.QWidget):
__init_ (self, parent=| ):
super(AttitudeIndicator, self)._ init_ (parent)

self.pitch = @
self.roll = @

self.yaw = @
self.inituI()
self.vehicle = vehicle
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Figure 7. Definition of Variables (Attitude Indicator)

In Figure 7, the class inherits from QtWidgets.QWidget and contains the functions for the indicator. Initially, parameters
such as pitch, roll, and yaw are set to zero. Additionally, the vehicle object is included within the class. This object
provides access to the flight data received through DroneKit.

def updateAttitude(self):
roll v = self.vehicle.attitude.roll
pitch v = self.wvehicle.attitude.pitch

yaw v = self.vehicle.attitude.yaw
self.update()

Figure 8. Assignment of Variables (Attitude Indicator)

In Figure 8, the function ensures that the data retrieved through DroneKit is continuously updated.

def paintEvent(self, event):

roll value = self.vehicle.attitude.roll * (180 / 3.141592653589793)
pitch_value = self.vehicle.attitude.pitch * (186 / 3.141592653589793)
yaw_value = self.vehicle.attitude.yaw * (180 / 3.141592653589793)

Figure 9. Variable Conversion (Attitude Indicator)

Since the values sent by DroneKit are in radians, we need to convert them to degrees. In Figure 9, the converted

variable is placed into the paint.rotate() function in Figure 10. As a result, the indicator will be updated with each new
value received from the UAV.

Sekil 10. Roll(yuvarlanma) A¢isinin Gostergeye Aktarildigr Kisim

3.2. Speed Indicator (Speed Gauge)

The indicator written under the name SpeedIndicator displays the vehicle's speed in the air.

Airspeed: 0.09 km/h

Figure 11. Speed Indicator
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painter. setPen(QColor( "#FFoeoee" ))
painter. setBrush(QColor("#FFooaa" )}
painter. translate(center)

angle = self.vehicle.airspeed/1@

angle_kmh = angle * 3.6

painter. rotate(angle_kmh * 43 - 135)

needle = QPolygon([QPoint{-5, 8), QPoint(5, @), QPoint(®, -int(outer radius) + 6@)])
painter.drawPolygon(needle)

Figure 12. The Section Where the Speed Data is Transferred to the Indicator

In the code snippet shown in Figure 12, during the drawing event, the speed data received from the UAV
(vehicle.airspeed) is provided in meters per second (m/s), so it is multiplied by 3.6 to convert it to kilometers per hour
(km/h). Then, the corresponding angle value for the desired speed is calculated, and the drawing is updated accordingly.

3.3. Navigation

Figure 13. Navigation

This indicator (Figure 13) visualizes the UAV's heading angle, providing real-time direction information. Along with
the main and intermediate directional lines, it displays the UAV's speed in a specific format. The code includes details
such as angles, positions, and font styles to create a more visually appealing interface.

class Navipasyon(Qtwidgets.qQuidget):
def _ init_ (self, parent=none):
super(lavigasyon, self)._ init_ (parent)
self.setWindowTitle("Drone Speed Indicator™)
self.setGeometry( 100, 100, 300, 308)
self.vehicle = vehicle
self.heading angle = @

self.timer = QTimer(self)
self.timer.timeout.connect(self.update_navi)
self.timer.start(1)

Figure 14. Variable Definitions (Navigation)

def paintEvent(self, event):
painter = QPainter(self)
painter. setRenderHint(QPainter.Antialiasing)
center = self.rect().center()

painter.save()

background_image = QPixmap("uad.png")
painter.drawPixmap(center.x()-87, center.y()-10@, 175 , 226, background_image)

painter. translate(center)
painter.rotate(-self.vehicle.heading)
painter.translate(-center.x(), -center.y())

Figure 15. The Section Where the Head (Navigation) Data is Transferred to the Indicator
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3.4. BATTERY INDICATOR AND DATA

‘Voltage: 12,60V (1/3:4.20V)

‘Current: 0.00 A

BatteryIndicator(Qtwidgets.QWwidget):
__init_ (self, parent=| JE
super(BatteryIndicator, self)._ init_ (parent)
self.setWindowTitle( 'Batarya Gostergesi')
self.setGeometry(300, 300, 300, 150)
Jayout_widget = Quidget(self)
Jayout_widget. setGeometry(QtCore.QRect(0, 0, 300, 50))

Ugus Modu: GUIDED

IHA ARM DURUMU: Armed

layout_widgetl = Quwidget(self)

layout_widgetl, setGeometry(QtCore.QRect(d, 5@, 300, 508))
layout_widgetl. setStylesheet("background-color: #fffdda;")
layout_widget2z = Quidget(self)

layout_widget2. setGeometry(QtCore.QRect(®, 10@, 320, 50))
layout_widget2. setStylesheet("background-color: #fffdde;")
Jayout_widget3 = Quidget(self)

Jayout_widget3. setGeometry(QtCore.QRect(8, 150, 300, 50))
layout_widget3. setStylesheet("background-color: #fffdda;")

Airspeed: 0.09 km/h

Groundspeed: 0.09 km/h

Roll derecesi: 0.01

Jayout = QvBoxLayout(layout widget)

Jayoutl = QvBoxlLayout(layout widgetl)
Jayout2 = QvBoxLayout(layout widget2)
Jayout3 = QvBoxLayout(layout widget3)

Pitch derecesi: 0.04

Yaw derecesi: -0.33

Yikseklik: 10.00 metre

Koordinat:
Enlem: -35.3632623
Boylam: 149.1652376

Figure 16. Battery Indicator and Data Figure 17. Creation of the Indicator (Battery)

Our battery indicator has a layout structure that differs from the other visual components. In Figure 16, the first section
displays the battery's voltage percentage using a progress bar. The second section shows the written value of the voltage
(vehicle.battery.voltage) and the number of cells in the UAV's battery (\Voltage/Cell count). Finally, the third section
displays the current drawn by the UAV (vehicle.battery.current).

updateBattery(self):

battery = vehicle.battery

if battery:
self.voltage label.setText("voltage: v (1/4: v)".format(battery.voltage, battery.voltage / 4))
self.current_label.setText{"Current: A" . format(battery.current))

Figure 18. Updating of Values (Battery)

In Figure 16, we can also see the "Data" section, which contains the status of the vehicle along with the numerical
values of the indicators. The updating of these values is managed as shown in Figure 18.

titude. pitch)
cle.attitud

e_frame.lat), wlam: " format(vehicle.location.global_relative_frame.lon))y
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Figure 19. Updating of Values (Data)

3.6. Map

S . AR S, N 2
Keyboard shortcuts | Map data ©2024 | Terms | Report a map eror

Figure 20. Map

This indicator determines the location of our UAV based on latitude and longitude (latitude and longitude) data. We can
also retrieve satellite imagery through the Google Maps API.

updateiMap(self):

currentCoords = {
‘lat’': self.vehicle.location.global relative frame.lat,

"lng': self.vehicle.location.global relative frame.lon

Figure 21. Updating of Values (Map)

html = Fron
CLDOCTYPE html>

ttent="initial-scale=1.8, user-scalable=no":

mumlalﬂn -.:al:.l-anacaéﬂ dizi

Figure 22. HTML and JavaScript Code Plugin
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This HTML content configures the layout of the map and enables the operation of the map and location markers using
the Google Maps API with JavaScript. This allows us to display the map using self.map_view.setHtml(html).

3.7. Altitude

%_

- Figure 23. Altitude Figure 24. Creation of the Indicator (Altitude)

Our final indicator, the Altitude indicator, is one of the examples where we used PNG images for visualization. As
shown in Figure 24, we placed the PNG using the QPixmap function, and the same function was used in other application

tools to symbolize our UAV.

3.8. Movement or Task Buttons

Miihimmati Birak Miihimmat: tak

LAND

Figure 25. Buttons

1. MAV_CMD_CONDITION_YAW: Allows the vehicle to turn to a specific direction. It is used to adjust the

heading angle.
MAV_CMD_DO_CHANGE_SPEED: Changes the vehicle's speed to a specified value.
3. MAV_CMD_DO_FLIGHTTERMINATION: Immediately stops the motors in case of an emergency,

causing the vehicle to enter free fall.

N
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4. MAV_CMD_DO_PARACHUTE: The command to deploy the parachute, typically used for emergency

landings.

MAV_CMD_DO_SET_ROI: Allows the camera or vehicle to focus on a specific point.

MAV_CMD_NAV_TAKEOFF: Enables the vehicle to automatically take off and reach a certain altitude.

MAV_CMD_NAV_LOITER_UNLIM: Allows the vehicle to circle and wait indefinitely at a specific point.

MAV_CMD_NAV_RETURN_TO_LAUNCH: Automatically returns the vehicle to the launch position.

MAV_CMD_NAV_LAND: Enables the vehicle to perform an automatic landing.

0. MAV_CMD_PREFLIGHT_REBOOT_SHUTDOWN: Restarts or shuts down the vehicle's flight control
computer.

By assigning these commands to the buttons, we can trigger the desired actions.

2 ©O©oo~No O
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Abstract — This study examines the application monitoring processes in Kubernetes environments and the role of tools such as
Prometheus and Grafana in these processes. While Kubernetes provides flexibility and scalability in modern application
management, monitoring the performance and troubleshooting issues of applications running on this platform is critically
important. The study details Prometheus's capabilities in collecting, storing, and querying time-series data, and explains the process
of visualizing this data using Grafana to create user-friendly dashboards and reports. The integration of Prometheus and Grafana
with Kubernetes is addressed, and methods supporting the efficient use of these tools together are presented with
examples.Additionally, the advantages of monitoring tools such as automation, real-time analysis, and proactive issue detection are
emphasized, and best practices and strategies for effectively monitoring systems are discussed. This study serves as a valuable guide
for developers, system administrators, and DevOps engineers working on Kubernetes, helping them improve monitoring processes
and enhance operational efficiency.

Keywords — Equivalent Electric Circuit; Squirrel Cage Induction Motor; Induction Motor Modelling; Loading of Induction Motor

1.INTRODUCTION

Kubernetes has become one of the cornerstones of modern software development processes. With advantages like
microservice architectures, flexibility, and scalability, Kubernetes is preferred by many organizations. However,
monitoring the applications running in Kubernetes environments plays a critical role not only in maintaining success but
also in identifying and solving potential performance issues. In today’s world, powerful and scalable tools are required
for application monitoring and management. This article will discuss the monitoring processes of applications on
Kubernetes and how popular open-source monitoring tools like Prometheus and Grafana can be integrated in this
context. Kubernetes, while a popular platform for managing containerized applications, also brings along many factors
that complicate management [1]. To overcome this complexity and ensure the system remains healthy continuously,
effective monitoring solutions are necessary. Application monitoring involves tracking various system metrics (CPU,
memory, network usage, etc.). Traditional monitoring methods rely on manual system inspections and periodic reports,
while modern monitoring tools can collect, process, and visualize data in real time. Prometheus and Grafana are prime
examples of such monitoring solutions and can be used effectively in Kubernetes environments.

Prometheus is an open-source monitoring and alerting system, particularly strong in collecting, storing, and querying
time-series data [2]. Prometheus can pull metrics from various sources for data collection and store this data in a time-
series format. This allows users to understand the system’s past performance while enabling real-time monitoring.
Additionally, Prometheus’s flexible query language, PromQL (Prometheus Query Language), provides users with the
ability to analyze metric data in detail.

Grafana [2], on the other hand, is an open-source visualization platform that enables the creation of user-friendly
dashboards and reports by visualizing the metrics collected by Prometheus. Users can visualize Prometheus data in real-
time with Grafana and easily monitor the health of the system using this data. Grafana offers various dashboards, alerts,
and widgets for customizing the visual representation of data [3]. These features provide significant advantages in
monitoring microservices in a Kubernetes environment, detecting potential issues, and optimizing the system'’s
performance.

The integration of Prometheus and Grafana in Kubernetes environments greatly simplifies the monitoring and evaluation
of system performance. Prometheus integrates with the Kubernetes API to collect metrics from pods, containers, nodes,
and other Kubernetes components [4]. Grafana then visualizes these metrics meaningfully, allowing users to monitor
performance reports, system alerts, and health status . This type of integration provides a comprehensive monitoring
solution for applications running on Kubernetes.

The advantages of modern monitoring solutions include faster issue detection, proactive problem resolution, better
performance management, and reduced system downtime. Additionally, the automation of monitoring systems reduces
human errors and alleviates operational burdens by using resources efficiently. Monitoring with Prometheus and Grafana
in Kubernetes environments not only detects potential issues but also guarantees that the system operates within
performance limits at all times.
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However, integrating monitoring tools and visualizing data accurately presents challenges. Especially in large-scale
systems, monitoring numerous microservices and pods, collecting data, and visualizing it can become complex. This
article will step-by-step examine the integration of Prometheus and Grafana on Kubernetes and how these tools can be
used efficiently. We will also provide practical suggestions on how users can configure these tools more effectively.

MATERIALS AND METHOD

This study investigates the implementation and evaluation of a robust monitoring framework for Kubernetes applications
using Prometheus and Grafana. The methodology involves deploying these tools within an Azure Kubernetes Service
(AKS) environment to achieve comprehensive observability and actionable insights into the system's performance and
reliability. Leveraging existing research and practical case studies , this section provides a detailed account of the
technologies, configurations, and steps involved.

Azure Kubernetes Service (AKS) as the Hosting Environment

Azure Kubernetes Service (AKS) was selected as the orchestration platform for its ease of deployment, scalability, and
seamless integration with Azure’s cloud infrastructure. AKS abstracts the complexity of Kubernetes cluster
management, allowing administrators to focus on application deployment and monitoring. This managed Kubernetes
service also supports horizontal scaling, high availability, and secure integration with Azure resources, which are critical
for large-scale monitoring solutions .

The AKS environment was configured to host multiple containerized applications [5]. Nodes in the cluster were
provisioned to handle varied workloads, with configurations optimized for both general application demands and the
resource-intensive monitoring tools. The cluster's role-based access control (RBAC) was enabled to ensure secure
access, while namespaces were used to logically separate monitoring components from application workloads.

Prometheus for Metrics Collection and Alerting
Prometheus, an open-source monitoring system, was the primary tool for metrics collection. Its pull-based model enables
it to scrape metrics from multiple targets, including Kubernetes nodes, pods, and external exporters [6]. This approach
ensures real-time metric retrieval with minimal performance overhead.
Prometheus’s architecture is highly modular, consisting of the following core components:
e Prometheus Server: Responsible for scraping metrics from defined targets and storing them in a time-series
database.
o Exporters: These expose metrics from third-party systems and hardware components, such as the Node
Exporter for OS-level metrics.
e Alertmanager: Used to handle and route alerts generated based on user-defined conditions.
Configurations were managed via the prometheus.yml file, which defined scrape jobs for AKS components. Metrics
collected included CPU utilization, memory consumption, network throughput, and application-specific data points such
as request latency and error rates. Prometheus was integrated with Kubernetes's service discovery to dynamically identify
monitoring targets, reducing manual configuration efforts.

Grafana for Visualization

Grafana was employed to visualize the metrics collected by Prometheus. This visualization tool supports various data
sources and provides customizable dashboards to analyze real-time and historical performance metrics. Grafana’s
dynamic dashboards enabled the creation of detailed views for specific applications, allowing developers and
administrators to monitor key performance indicators (KPIs) effectively [7].

Grafana’s features, such as panel customization and templating, facilitated the development of interactive dashboards
that displayed trends in resource usage and system health. Alerts configured in Prometheus were visualized in Grafana,
enhancing the ability to track and respond to critical events.

Node Exporter for Infrastructure Metrics

To complement Kubernetes-specific metrics, Node Exporter was deployed on each AKS node to collect hardware and
OS-level metrics [8]. This tool exposed data such as CPU usage, memory utilization, and disk 1/0 in a Prometheus-
compatible format. The combination of Node Exporter and Prometheus provided comprehensive visibility into the
physical and virtual infrastructure supporting the Kubernetes cluster.
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Deployment Methodology

The methodology for deploying and integrating Prometheus and Grafana involved several key steps. First, the AKS
cluster was initialized with nodes pre-configured for scalability and reliability. Prometheus and Grafana were then
deployed using Helm charts, a Kubernetes package manager, which simplified installation and configuration.

Prometheus Deployment

Prometheus was installed using its official Helm chart, which includes pre-configured templates for typical
Kubernetes monitoring scenarios. The configuration file specified scrape intervals, target endpoints, and alerting rules.
Kubernetes’s native service discovery mechanisms were leveraged to ensure that Prometheus could dynamically identify
and monitor new pods and services without requiring manual updates.

Grafana Deployment

Grafana was deployed alongside Prometheus. It was connected to Prometheus as a data source to enable seamless
data visualization. Dashboards were customized to display application-specific and infrastructure-wide metrics, with
panels designed for intuitive representation of data trends.

Load Testing and Monitoring Validation

To validate the effectiveness of the monitoring framework, load tests were conducted using Apache JMeter. Simulated
user traffic generated stress on the application, allowing Prometheus to capture performance metrics under varying loads.
Grafana visualizations helped identify system bottlenecks and verify the accuracy of collected data.

Challenges and Optimizations

The integration of Prometheus and Grafana presented several challenges. For example, the high cardinality of metrics
in a Kubernetes environment led to increased memory consumption in Prometheus. This issue was mitigated by
optimizing scrape configurations to exclude redundant metrics. Similarly, configuring effective alerts required careful
consideration of threshold values to minimize noise and avoid alert fatigue.

Resource allocation was another critical consideration. The resource-intensive nature of Prometheus and Grafana
necessitated deploying them on dedicated nodes within the AKS cluster to prevent interference with application
workloads.

Experimental Setup

The experimental setup included an AKS cluster with nodes provisioned for both application workloads and
monitoring tools. Prometheus and Grafana were deployed in dedicated namespaces, isolating them from application
resources. Node Exporter was configured to run as a DaemonSet, ensuring that metrics from every node in the cluster
were collected.

The monitoring framework was tested under various scenarios, including normal operation, high-traffic conditions,
and simulated failures. Performance metrics were analyzed using Grafana dashboards, and alerts were tested for
accuracy and reliability. This setup demonstrated the ability of Prometheus and Grafana to deliver actionable insights
and maintain system stability under diverse conditions.
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Azure Monitor Metrics

Native
Azure resources m
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Platform .lll =
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Alerts
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Figure: Architecture diagram illustrating the integration of Prometheus and Grafana within Azure Kubernetes Service (AKS).

This comprehensive methodology showcases the robust capabilities of Prometheus and Grafana in monitoring
Kubernetes environments. The study provides a template for implementing scalable and efficient monitoring solutions,
offering insights into best practices and real-world challenges. By combining these tools with AKS, the framework
ensures high visibility, proactive issue detection, and enhanced operational efficiency.

RESULTS AND DISCUSSIONS

The implementation of Prometheus and Grafana within the Azure Kubernetes Service (AKS) environment yielded
significant results, demonstrating their effectiveness in monitoring containerized applications and infrastructure. The
metrics collected by Prometheus provided granular insights into the performance and behavior of various Kubernetes
components, including nodes, pods, and services. During load simulations using Apache JMeter, the collected data
revealed critical performance trends[9]. For instance, CPU usage on certain nodes peaked at 85%, while memory
consumption averaged around 70%. These metrics not only highlighted the system's resource allocation efficiency but
also identified potential bottlenecks under stress. Such detailed data enabled administrators to make informed decisions
about optimizing resource usage and improving the system’s resilience under heavy workloads.

Prometheus

- + « | Unt » Res. s O stacked

Figure: Graph displaying performance metrics such as CPU usage and network traffic collected from Prometheus.

The integration of Grafana added a powerful visualization layer to the monitoring framework, transforming raw metrics
into actionable insights. Custom dashboards provided real-time visualizations of resource usage, latency, and error rates,
enabling teams to monitor the health of applications and infrastructure at a glance. For example, a heatmap displaying
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CPU usage across the cluster revealed nodes consistently operating near capacity limits, prompting immediate workload
redistribution. Additionally, Grafana’s alerting functionality facilitated real-time notifications for critical issues, such as
memory leaks or high network latency. These alerts, visualized alongside historical data trends, allowed teams to
contextualize anomalies and respond more effectively.

€& geomap / Edit Panel

Query inspector

Figure: Screenshot of a heatmap panel in Grafana displaying real-time system status.

Comparative analysis with Azure Monitor, the native monitoring tool for AKS, highlighted the superiority of
Prometheus and Grafana in terms of customization and depth [10]. While Azure Monitor integrates seamlessly with
AKS and provides a user-friendly interface, it lacks the flexibility and precision offered by Prometheus’s PromQL
language and Grafana’s dynamic dashboards. Prometheus and Grafana enabled teams to tailor queries and visualizations
to specific use cases, such as analyzing application-specific metrics like request latency or error rates, capabilities that
were limited in Azure Monitor. This level of customization proved crucial for complex and large-scale deployments,
where granular insights were necessary to ensure optimal performance.
D& & OO

Prometheus OpenTelemetry Query data via PromQL
Remote Write based Collector (Grafana, Workbooks, Rules, KEDA, ...)

Ingestion Prometheus query
endpoint endpoint

Azure Monitor Metrics

timeseries database

Figure: Diagram comparing the features of Prometheus and Azure Monitor.

Real-world applications of this monitoring framework further illustrated its practical benefits. In one instance, an e-
commerce platform experienced a 300% surge in traffic during a promotional event. The system's alerts and dashboards
identified performance bottlenecks in real time, enabling engineers to scale resources dynamically and maintain service
availability. Similarly, monitoring memory usage trends led to the identification of underutilized resources, resulting in
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optimized pod configurations and reduced operational costs. These examples underscore the framework’s ability to
enhance system reliability, optimize resource utilization, and improve incident response times.

Despite its many advantages, the deployment of Prometheus and Grafana was not without challenges. One significant
issue was the high cardinality of metrics in a Kubernetes environment, which led to increased memory consumption in
Prometheus. This challenge was mitigated by refining scrape configurations to exclude unnecessary metrics and
reducing scrape intervals where possible. Another challenge was the initial noise generated by alerting rules, as frequent
and low-priority alerts overwhelmed administrators. By refining alert thresholds and conditions, the team reduced alert
fatigue and ensured that notifications were actionable and relevant. The resource-intensive nature of Prometheus and
Grafana also necessitated the use of dedicated nodes within the AKS cluster, ensuring that monitoring tools did not
interfere with application workloads.

88 Network Activity -

Destination Countries

Source Countries

Figure: Table displaying optimized alert thresholds alongside corresponding performance metrics.

The results of this study demonstrate the transformative impact of Prometheus and Grafana on Kubernetes monitoring.
By providing a comprehensive view of system performance, these tools empowered teams to identify bottlenecks,
optimize resource allocation, and respond proactively to potential issues. However, as Kubernetes environments
continue to grow in scale and complexity, there is room for further innovation. Incorporating advanced analytics, such
as machine learning-based anomaly detection and predictive modeling, could enhance the framework’s ability to
preemptively address performance issues. Additionally, integrating log monitoring tools like Loki or extending the
framework to support multi-cloud environments could further expand its capabilities.
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Figure: Diagram illustrating the architecture of Prometheus and Grafana operating within a Kubernetes environment.
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In conclusion, the combination of Prometheus and Grafana has proven to be a robust and adaptable solution for
monitoring Kubernetes environments. The insights gained from this framework enable organizations to enhance system
reliability, improve operational efficiency, and ensure the scalability of their applications. As the demands of modern IT
infrastructures evolve, the continuous refinement and extension of this monitoring framework will remain essential for
maintaining high levels of performance and reliability.
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Abstract — While rotary wing unmanned aerial vehicles (UAVS) are used in tasks such as search, rescue and observation, the payload
they can carry and flight duration create limitations in design. In this study, a single-axis PID test rig and PID control system were
developed to enable rotary wing UAVSs to fly more stably. The parameters to be used in the PID controller system were analyzed by
equation solution and Matlab Simulink's "tune" feature. It has been observed that the values automatically adjusted with Tune
stabilize the system faster and reduce the oscillation percentage and peak time.

The test rig combines electronics, mechanics and software disciplines, allowing the controller system to be analyzed before physical
tests. As a result of the study, unique and stable PID values were obtained, providing safer and more stable flight. These methods
and values can be used in flight control algorithms of rotary wing UAVs.

Keywords — PID Test Device, PID Control System, Unmanned Aerial Vehicle, Stable Motion, Rotary Wing

INTRODUCTION

In recent years, the demand for Unmanned Aerial Vehicle (UAV) platforms has been steadily increasing, especially
in military applications, making them a strategic technology. UAVSs are aerial vehicles capable of flying without a human
on board, operating autonomously or being controlled via remote control. They are used in a wide variety of fields such
as research and development, search and rescue, communication and broadcasting, aerial photography and videography,
border security, traffic control, forest fire prevention, working in environments with toxic chemical gases, preventing
illegal hunting, exploring and extracting natural resources, spraying, archaeology, and many similar applications. To
achieve movement along three axes, balloon structures, fixed-wing aircraft, single-rotor helicopters, and bird-like
configurations are employed. These structures have advantages as well as numerous disadvantages. However, rotary-
wing structures offer many advantages over their counterparts due to their ability to perform vertical takeoff and landing,
hover in place, fly at low speeds, have small sizes, and possess better maneuverability. A quadrotor can be cited as an
example of a rotary-wing UAV. The quadrotor is one of the most widely used systems within its classification due to its
cost-effectiveness, ease of control, manufacturability, and functional versatility, such as payload enhancement. It falls
into both the "rotary-wing" and "multirotor" categories and is defined as a four-rotor system. Quadrotors are capable of
vertical takeoff and landing and have forward, backward, right, and left movement capabilities. The ascent and
movement of the vehicle are achieved through the thrust force produced by the four propellers. In a quadrotor, one pair
of opposing propellers rotates clockwise, while the other opposing pair rotates counterclockwise. This control
mechanism is further explained in [9], [10], and [11]. Differences in the rotational speeds of the propellers cause
variations in force and torque, leading to the movement of the vehicle [2]. In addition to the main frame, UAVs
incorporate essential hardware components such as motors, electronic speed controllers, sensors (barometer,
accelerometer, gyroscope, magnetometer, GPS, ultrasonic, etc.), propellers, power systems, cameras, and
communication systems.

The inability to properly adjust the flight control parameters of UAVs can lead to unwanted accidents during flight. Due
to the high cost of the hardware components used and the lengthy procurement process, it is crucial to accurately
configure the controller parameters in such aerial vehicles. Maintaining the balance of UAVs during flight is highly
complex due to several factors that complicate control, such as managing multiple motors, accounting for sensor error
margins, calculating angle parameters with high precision, and adapting to weather conditions. This requires the use of
advanced control algorithms. Examples of such algorithms include PID, LQR, SMC, and FBL. Among these, the PID
control algorithm is the easiest to implement [12]. Its simplicity, fewer adjustable parameters, reliability, and robustness
are the primary reasons for its widespread use. Therefore, for a multirotor UAV to operate autonomously, it must undergo
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several tests, including those involving control algorithms.

To ensure seamless adjustment of the required parameters, address potential damages and safety issues during the testing
phase of the device's development, and reduce development time, various test setups should be prepared. The planned
test setup will include a PID controller system. Most flight control programming applications for UAVs provide
predefined PID values. However, rotary-wing UAVs may require different PID values for various tasks. To achieve
more stable operations, PID controllers must be specifically designed. Moreover, the values for the variables in a PID
controller system can be calculated using various methods. One approach involves solving a custom transfer function to
determine the necessary values, or alternatively, the automatically calculated parameters using the tune feature in Matlab
Simulink can be tested. In this study, a controller system was developed, PID parameter values were calculated, their
results were analyzed and compared, and a test setup was designed for physical implementation. The results obtained
are planned to be applied to a rotary-wing UAV defined for a specific task. Summary information on some solutions
available in the literature is presented in Table 1.0. One of the methods used in the literature, the Matlab tune feature,
was found to stabilize the designed controller system much faster compared to values obtained through equation solving.
This was achieved by reducing characteristics such as signal oscillation percentage and peak time. In this study, the
advantages and disadvantages of both methods were assessed, and potential scenarios were evaluated.

Table 1.0
Denklem Coziimleme ile Bulunan Veriler ~ Matlab Tune Ozelligiile Bulunan Veriler
Sistemin Kararliiga Gegme Stresi (5) 6,89 1,61
Salinim Yiizdesi 791 A1
Pik Stiresi(s) 1,79 1,21

By comparing the results obtained through the necessary analyses, PID values specific to rotary-wing UAVSs can be
determined using both methods, leading to a more unique structure and a much more stable flight system. But is it not
possible to design a setup and controller system to test control algorithms and flight control parameters for multi-rotor
rotary-wing UAVs? With this test setup, it is aimed to prepare single-axis controlled flight setups for multi-rotor UAVs
and adjust their flight control parameters. The proposed setup will enable control of the UAV system on individual axes,
and the data collected will facilitate autonomous flight scenarios. The data, analyses, and methods obtained through the
literature will allow for flight scenarios with UAVs that can be used for various applications such as autonomous search
and rescue operations in both open and closed environments [15,16].

MATERIALS AND METHOD

2.1 System Description

PID control is an acronym for proportional, integral, and derivative. It is essentially a control feedback mechanism.
A PID controller calculates an "error" value by taking the difference between a measured process variable and a desired
setpoint. The PID algorithm is applied to this error value. The proportional (P) term is multiplied by the instantaneous
error and makes corrections based on the magnitude of the error. The integral (1) term accumulates the error over time
and is used to correct slow or persistent errors in the system. The derivative (D) term calculates the rate of change of the
error and is used to dampen sudden changes. PID controllers are formed by combining the three basic controllers
(proportional, integral, and derivative), and the control signal u(t) is represented by Equation 1. The output values are
then calculated and redirected back to the input to determine the error variable again, thus completing the loop. The
block diagram of the PID control algorithm is shown in Figure 1.

¢
d
u(t) =k e(t) +kif e(t)di+ k e(r)
P o d dt (1)
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Figure 1. PID Control Algorithm Block Diagram

Multicopters have three axes of motion: roll, pitch, and yaw. Figure 2 illustrates the movements of a quadrotor, a type
of multicopter, along the X, y, and z axes. This system, fixed at its center, has three degrees of freedom. As shown in
Figure 2, the roll movement occurs as a rotational or circular motion around the x-axis, pitch around the y-axis, and yaw
around the z-axis. The roll movement corresponds to the vehicle's linear right and left motion, while the pitch movement
represents the forward and backward orientation of the vehicle. Yaw refers to the circular motion of the vehicle rotating
left or right around its own axis. The PID control algorithm in multicopters determines the angles of the UAV along the
three axes relative to the ground using sensors. Desired angles are provided by the user. The algorithm aims to minimize
the difference between the measured and desired angles. The PID algorithm's task is to calculate the necessary motor
speed values to reduce this difference to the lowest possible level. These terms, multiplied by the system error, use three
fundamental mathematical functions. The goal of the PID control method is to minimize error and ensure the system
operates stably, regardless of the task. In multicopters, separate PID control algorithms are applied for each of the three
axes.

= [ty
J\ ]

Figure 2. Movements of the Quadrotor Along the x, y, and z Axes

2.2 Test Setup System Design

The computer-aided design of the single-axis PID test setup to be developed is shown in Figure 3. In this test setup, the
sigma profile housing the motor and propeller is supported with ball bearings and shafts, and it is positioned to operate
based on data received from the accelerometer sensor located precisely at the center.
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Figure 3. Designed Single-Axis PID Test Setup

In the mechanical assembly, 30x30 sigma profiles will be used for ease of assembly and durability. The dimensions of
the sigma profiles, in centimeters, are shown in Figure 4. Corner connectors will be used to mount the sigma profiles to
each other. M3 and M4 bolts will be utilized for the connections. The sigma profile responsible for axis movement will
be supported by 8 mm diameter shafts with opposing ball bearings positioned at the exact center, enabling the movement.
The part designed to mount the motors onto the sigma profile will be produced using a 3D printer. To prevent accidents
caused by the propellers striking the ground during sudden oscillations, a 9-centimeter-long sigma profile will be added
at the center.

Figure 4. Dimensions of the Sigma Profiles to Be Used in Centimeters

The A2212 1000KYV brushless motor has been selected for use. The KV rating, which indicates the revolutions per volt,
has been chosen as 1000 KV to ensure it is neither too low nor excessively high to lift the system. This motor, paired
with a 1045-sized compatible propeller, allows for obtaining the reference thrust value. Considering the current draw of
the motors, 30-amp ESCs will be used. At the center of the test setup, the MPUG6050 6-axis gyro and tilt sensor will
provide data from the desired axis. The Arduino Uno has been selected as the microcontroller to facilitate the required
communication. Communication between the sensor and the control board is achieved using the 12C communication
protocol [3]. This system will be powered by a 3S LiPo battery. The electronic circuit diagram of the single-axis PID
test setup is shown in Figure 5. The brushless motors will be connected to the output terminals of the ESCs.
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Figure 5. Electronic Circuit Diagram of the Single-Axis PID Test Setup

2.3 PID Control Equations and Transfer Function Calculations

PID controller settings may vary depending on the type of vehicle, design, flight requirements, and performance
objectives. Therefore, they must be adjusted to meet the specific requirements and design characteristics needed to
precisely control the vehicle's rotational movements. Below is an example of a system's transfer function representing a
PID control system, which will be used in our PID test setup and Matlab environment for testing and analysis. This
example demonstrates the relationship between the input signal U(s)U(s)U(s) and the output signal Y (s)Y(s)Y(s).

The coefficients calculated using the transfer function in the PID controller system will be tested in the Matlab
environment, and the output graphs will be analyzed. Additionally, using the same transfer function, the output graphs
obtained through Matlab's tune feature will also be evaluated, and a comparison between the two methods will be
conducted. Let us first consider a system whose differential equation can be expressed as follows (Equation 2).

d2
. v( 1) +bdy(t)
dt? dt

+ cy(f) =du(r) 2

Let's apply the Laplace transform to this equation:
as?Y(s) + bs¥Y(s) + cY(s) =dU( s)

Let’s calculate the transfer function of the PID control system. The transfer function represents the dynamic relationship
between the input and output values in a process. It is defined as the ratio of the Laplace transforms of the output and
input variables, expressed as deviation variables. A deviation variable indicates how far the variable deviates from its
steady-state value (unstable value — steady-state value).

Y(s) _ d
U(s) as?+ bs+c

G(s) =

In our study, several function values were tested to evaluate the data in the analysis environment. The most suitable
function, which will be used as an example for comparison, was selected once the necessary coefficient values were
determined. To stabilize this function, a PID controller needs to be created. Figure 6 shows the block diagram that will
be used to calculate the transfer function of our closed-loop system.
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Here, the PID control equation represents the controller, and the function represents the process to be placed in the closed
loop.

PID >
R(s) e(t) ©) s—2 C(s)

Ge(s)

Gp(s)

Figure 6. Block Diagram of the Closed-Loop System

In a closed or feedback system, the transfer function is calculated using Equation 3 [6].

G.-G,
vl ©
14G,.- G
r
1
G =
Pog—2

1
G =K +—K +sK
¢ P s 1 d

dez+K s+ K.
P i

G(c) =

Let us substitute the values into the equation:

2
de +K'pS+KI. 1

§ s—2

Kd52+[( s+ K.
r 1

1+
s-(s=12)

If the equation is rearranged, the general transfer function of the system with PID control becomes:

K'dsz+l( s+ K.
P i

(Kd+1)s2+(Kp—2)s+Ki

To stabilize this equation, the chosen poles must be tested. The roots of the characteristic equation in the transfer function
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of the PID controller can be at or near -1. If we select the poles as -1, for a second-order equation, we can choose two
poles.

Kd+l=l , I(dz()

K —2=2 , K =4
P P

This result means that if we take both poles as -1, the system will be stable with these PID coefficients.

2.4 System Modeling and Analysis
To test the obtained data, Matlab and Simulink simulation programs were chosen [13]. The PID controller system's
block diagram will be modeled, and the calculated values will be entered. Additionally, using the same transfer
function, the PID tuner feature in Matlab Simulink will be utilized to automatically calculate the Kp,Ki,K_p, K_i,Kp
,Ki, and KdK_dKad values through equation solving. A comparison will then be made to evaluate the advantages and
disadvantages of each method. Figure 7 illustrates the PID Controller Matlab Simulink Model.

) ()

s—2 y(t) Output

I yref

Process(TF)2

Figure 7. PID Controller Matlab Simulink Model

The transfer function block parameters created for the PID controller system have been entered into the model.
Additionally, the desired value of the input signal has been set to 1. This indicates that the output graph should stabilize
at the value of 1. The yellow graph represents the desired value, while the blue graph represents the output of the PID
controller system created. Figure 8 shows the graph generated as a result of the analysis.
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Figure 8. Analysis Result of the PID Controller Matlab Simulink Model

The analysis results show that the system stabilizes around the 10th second after some oscillation. This confirms that the
PID controller system we designed and solved is functioning correctly. To utilize the PID tuner feature in Matlab
Simulink, we add a PID controller block to the existing model, using the same transfer function and feedback system.
Figure 9 shows the constructed block diagram.
Using Matlab Simulink's PID tuner feature, the KpK_pKp, KiK_iKi, and KdK_dKd values were found to be 15.6, 21.6,
and -0.2, respectively. Figure 10 presents the analysis results, which include the manually calculated Kp, Ki, Kd values
derived from the equations and the automatically computed values from the PID tuner feature, along with the desired
value.
In the graph:

e The yellow curve represents the desired value.

e The red curve represents the output graph generated using the PID tuner feature.

e The blue curve represents the output graph obtained using the values calculated from the equations.
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Figure 9. Block Diagram of the PID Controller Matlab Simulink Model Created for Tuner Feature and Comparison

RESULTS AND DISCUSSIONS

Figure 10. PID Controller-Matlab Simulink Tuner Feature Comparison Analysis Result

The analysis results show that the controller system created using the Matlab PID tuner feature achieves stability much
faster. Additionally, it was observed that the oscillation rate significantly decreased. As a result, it has been determined
that the PID controller values obtained through equation solving and those obtained via the Matlab PID tuner feature
differ, each stabilizing the system with varying oscillation levels and durations. Both methods are deemed suitable for
testing in the single-axis PID test setup we are developing.

These scenarios can be applied to rotary-wing UAVs defined for different tasks. For instance, if we want the movements
of a rotary-wing UAV along the axes to stabilize quickly during flight, the PID parameters obtained using the Matlab
tuner feature should be applied. Conversely, if slower movements along the axes are desired, the PID parameters derived
from the equations should be used.

The results obtained will also be tested in the single-axis PID test setup designed for this research project. Additionally,
the data from the single-axis PID test setup will be prepared for implementation on a rotary-wing UAV. Control
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parameters, performance metrics, robustness values, other graphs, and simulation results from the data inspector for the
designed PID controller system and comparisons are provided at the end of the literature.
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Abstract. Unmanned Aerial Vehicles (UAVs) serving as mobile base stations (UAV-BSs) are
emerging as a transformative solution for advancing communication networks, particularly in the
context of smart cities, disaster recovery, and areas lacking traditional infrastructure. These aerial
platforms can be rapidly deployed to ensure seamless connectivity during emergencies, network
overloads, or failures of terrestrial base stations. This study addresses the challenging problem of
optimizing UAV-BS placement to maximize downlink coverage while minimizing energy consump-
tion, taking into account user distribution and UAV altitude. To solve this intricate optimization
problem, we employ the Reptile Search Algorithm (RSA), a cutting-edge metaheuristic inspired
by the adaptive predatory behavior of reptiles. RSA effectively balances exploration and exploita-
tion to uncover optimal solutions in complex search spaces. Comparative analysis across multiple
scenarios demonstrates that RSA surpasses established algorithms such as the Marine Predators
Algorithm (MPA), the Whale Optimization Algorithm (WOA), and the Grey Wolf Optimization
(GWO), providing a robust and efficient approach for UAV placement in static environments. The
findings of this research pave the way for innovative UAV-based solutions in modern communication
systems.

Keywords: UAV base station- Replite Search Algorithm- Energy Efficient- Downlink coverage-
Smart Cities.

1 Introduction

The landscape of global communication is advancing at an unprecedented pace, driven by cutting-edge
technologies that are reshaping connectivity. Among the most transformative innovations are Unmanned
Aerial Vehicles (UAVs) functioning as flying base stations (UAV-BSs). These versatile aerial platforms
are revolutionizing mobile networks and heralding a new era of global connectivity. With the proliferation
of the Internet of Things (IoT), the emergence of smart cities, and the expansion of precision agriculture,
the demand for adaptable, high-performance communication networks has become more pressing than
ever. UAV-BSs provide a promising solution to address the connectivity challenges posed by conventional
infrastructure, particularly in remote regions or during disaster recovery.

As IoT devices become increasingly ubiquitous, from environmental sensors to agricultural tools, the
importance of UAV-BSs continues to grow. These platforms enable the rapid deployment of communi-
cation networks, making them invaluable for disaster response, rural connectivity, and high-bandwidth
applications such as real-time surveillance and IoT systems [1], |2], [3]. Despite their immense potential,
integrating UAV-BSs into existing network architectures presents significant challenges.

The surging demand for dependable and efficient wireless networks is further compounded by the
exponential growth of IoT devices. UAV-BSs are well-suited to fill coverage gaps, but their deployment
requires meticulous optimization. Each UAV has a limited energy reserve, necessitating a balance between
expanding coverage and conserving energy. While increasing transmission power can extend coverage, it
also accelerates battery depletion. Therefore, the primary challenge lies in determining optimal UAV
placements to maximize user coverage while minimizing energy consumption.

The UAV placement problem is recognized as NP-hard, making it challenging for traditional optimiza-
tion methods to address its complexity. Consequently, researchers have increasingly turned to metaheuris-
tic optimization techniques, which are well-suited for solving high-dimensional, complex problems. In the
past decade, several approaches have been explored, including the Grey Wolf Optimizer (GWO) for 3D
placement [4], Particle Swarm Optimization (PSO) and Exhaustive Search (ES) for optimizing Quality
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of Service (QoS) [5], and Genetic Algorithms (GA) for 2D UAV positioning [6]. More recently, hybrid
methods, such as combining the Whale Optimization Algorithm (WOA) with Simulated Annealing (SA),
have been proposed to enhance the accuracy of UAV placement [7].

Among the newest metaheuristic algorithms, the Reptile Search Algorithm (RSA) has gained attention
for its versatility and efficiency across diverse optimization problems. RSA, inspired by the predatory
behavior and movement strategies of reptiles, effectively balances exploration and exploitation in the
search space. This unique approach makes RSA particularly suitable for addressing complex challenges like
UAV placement, where optimal solutions require navigating high-dimensional, nonlinear search spaces.

In this paper, we employ the Reptile Search Algorithm (RSA) to solve the UAV placement problem
in a static environment. By leveraging the adaptive and dynamic nature of RSA, we aim to identify
optimal UAV positions that maximize coverage while minimizing energy consumption. RSA’s ability to
balance global exploration with local exploitation provides a robust framework for tackling the challenges
inherent in UAV placement optimization.

The remainder of this paper is structured as follows: Section [2] details the formulation of the UAV
placement problem, including the system and mathematical models. Section 77 provides an overview of
the Reptile Search Algorithm. Section [4] explains the application of RSA to the UAV placement problem.
Section [5] presents the simulation results, and Section [6] concludes the study.

2 UAV-BSs Placement Problem Formulation

2.1 System model

This study addresses the UAV placement problem in a 3D urban environment, modeled as a spatial region
with dimensions W x L x H. The area is populated with M ground users distributed at fixed positions
(z4,y;) as illustrated in Fig. |1} The deployment includes:

— A set of N UAVs, denoted as D, where each UAV D, is located at coordinates (x;,y;,h;). The
parameter h; represents the altitude of UAV D;, which determines its coverage area and energy
consumption.

« A))

éGround Base Station Ground users Other type of ground users

Area Length L

Area Width W

—

g
Interfering Links / Communication Links ‘.\ /\ Coverage Zone

Fig. 1: System model

The altitude h; of each UAV directly influences its coverage radius R; and energy consumption. The
energy consumed by UAV D; is modeled as:

Ep, =Mp, - g-h; (1)

where Mp, is the mass of the UAV, and g is the gravitational acceleration constant.
The goal is to optimize the placement of UAVs to ensure maximum coverage quality for ground users
while minimizing energy consumption, which increases with altitude.
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2.2 Problem Formulation

The optimization problem focuses on maximizing user coverage while maintaining energy efficiency. UAV
placement must balance the trade-off between maximizing coverage quality and minimizing energy con-
sumption.

Objective Function The primary objective is to maximize the total coverage quality, defined as:

M

D.
p— J 2
max f(7) 2 pax Y, (2)

Here, vgj quantifies the coverage quality provided to user U; by UAV D, which is determined based on
the distance d(U;, D;) between the user and the UAV.
The coverage quality is calculated as:

Yo = max (0, R; — d(U;, D;)) (3)

where R; is the coverage radius of UAV Dj, influenced by its altitude h;.

Constraints

1. Altitude Range: The altitude of each UAV must lie within permissible limits:
hmin < hj < hmax,  Vj (4)
2. Coverage Constraint: Each user U; must be within the coverage radius R; of at least one UAV D;:
dlU;,Dj) < R;, Vie{l,...,M},Vje{l,...,N} (5)
3. Deployment Boundaries: The UAVs must remain within the deployment area:
0<a; <W, 0<y <L, Vj (6)

4. Energy Efficiency: Energy consumption Ep, must be proportional to the altitude of the UAV,
encouraging efficient altitude selection:

Ep,=Mp, -g-h; (7)
2.3 Mathematical Model
Objective:
M
= 0,R; —d(U;, D, 8
wax f(0) =3 g, (max(0, R, = d(T5, D) (5)
Subject to:
1. Altitude range:
hmin S hj S hma)u VJ (9)
2. Coverage constraint:
d(U;,D;) < Rj, Yi,Vj (10)
3. Deployment boundaries:
0<z; <W, 0<y; <L, Vj (11)
4. Energy efficiency:
EDj:MDj'g'hj (12)

This formulation ensures a balance between user coverage and energy consumption while adhering to
deployment constraints, enabling effective UAV placement for urban environments.
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3 Overview of the Reptile Search Algorithm (RSA)

The Reptile Search Algorithm (RSA) is a nature-inspired meta-heuristic optimization algorithm that
mimics the unique hunting behaviors of crocodiles. RSA leverages the strategies of encircling, stalking,
and cooperative hunting observed in crocodiles to achieve an effective balance between exploration and
exploitation in the search space. The algorithm is particularly effective for solving complex optimization
problems with continuous and discrete variables.

3.1 Algorithm Inspiration

The inspiration for RSA comes from the hunting mechanisms of crocodiles, which involve four main
behaviors:

High walking: Exploration phase where crocodiles search for prey over a wide area.

— Belly walking: A stealthy approach phase where crocodiles move closer to their prey.

— Hunting coordination: Cooperative hunting strategy among crocodiles to encircle the prey.
Hunting cooperation: The exploitation phase where crocodiles attack the prey collaboratively.

3.2 Initialization Phase

In the initialization phase, RSA begins by defining the following parameters:

Population size N (number of candidate solutions).
— Dimensionality d of the problem.

— Maximum number of iterations 7.

Control parameters «, 3, and e.

The positions of the candidate solutions are initialized randomly within the search space:
X;.5(0) ~ U(Xmin, Xmax), 1=1,...,N, j=1,...,d, (13)
where U denotes a uniform distribution.

3.3 Encircling Strategy

The encircling strategy (ES) is used to update the positions of candidate solutions. It is mathematically
expressed as:

t
ES=2- (1-2 14
S randn ( T) (14)

where ES(t) determines the influence of exploration and exploitation at iteration ¢.

3.4 Phases of RSA

The RSA operates in iterative phases, switching between exploration and exploitation behaviors based
on the current iteration t:

— For t < % : "High Walking"
It is the exploration phase where the position update equation is:

T j(t+ 1) = Xpest,j (t) = 1i5(t) - B — Ry j(t) - rand(), (15)

where Xpeqt(t) is the best solution at iteration ¢, n; ;(¢) is an adaptive parameter, and R; ;(t) is a
randomization factor.

— For % <t< % : "Belly Walking"
It is the intermediate exploration where the position update equation is:

% i (t+ 1) = Xvest,j () - ry 5 (t) - ES(t) - rand(), (16)

where z,, ;(t) is a randomly selected candidate solution.
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— For % <t< % : "Hunting Coordination"
It is the transition phase where the position update equation is:

miJ(t + 1) = Xbest,j (t) . Pi’j (t) . rand(), (17)
where P, ;(t) is a probabilistic parameter guiding the candidate towards the best solution.

— For ¢ > %: "Hunting Cooperation"
It is the exploitation phase where the position update equation is:

Ti,j (t + 1) = Xbest,j (t) — Mi,j (t) c€— Ri’j(t) . rand(). (18)

3.5 Termination Criterion

The algorithm terminates when the maximum number of iterations 7" is reached or a satisfactory solution
is found. The best solution Xy,es; is returned as the optimal result.

4 Reptile Search Algorithm for Solving UAV-BSs Placement

The Reptile Search Algorithm (RSA) is employed to optimize the placement of UAV-based base stations
(UAV-BSs) in wireless communication networks. RSA is well-suited for this problem due to its efficient
balance between exploration and exploitation, inspired by the dynamic and adaptive behaviors of reptiles.
The algorithm simulates these behaviors, enabling effective navigation of the solution space.

The process begins by initializing a population of candidate UAV positions, which are divided into
distinct groups for exploration and exploitation. During the exploration phase, the solutions (UAV posi-
tions) are broadly spread across the solution space to ensure a diverse range of potential configurations.
In the exploitation phase, the algorithm focuses on refining the most promising solutions, guided by the
best-performing individuals within the population. This dual-phase approach allows RSA to efficiently
identify UAV-BS placements that maximize coverage and minimize energy consumption.

5 Simulation results

This section presents an evaluation of the Reptile Search Algorithm (RSA) in optimizing the UAV place-
ment problem. A comparative study is conducted between RSA and several established optimization
algorithms, including the Marine Predator Algorithm (MPA), Whale Optimization Algorithm (WOA),
and Grey Wolf Optimizer (GWO). All algorithms are implemented using Matlab. The performance of
RSA is assessed based on metrics such as the mean coverage radius and overall coverage quality. Sim-
ulations are carried out in a static environment across 16 different scenarios. The deployment area is a
100m x 100m grid, with the number of users randomly distributed between 5 and 40 in each scenario.
The number of UAVs ranges from 1 to 8, with each UAV having a maximum coverage radius of 25 meters
and a 45-degree field of view. The coverage radius is assumed to be equal to the UAV altitude. Each
simulation runs for 1000 iterations per configuration. The detailed simulation parameters are provided in
Table [1I

5.1 Impact of Changing the Number of UAVs

This section examines the effect of varying the number of UAVs, from 1 to 8, on coverage performance
while keeping the number of users fixed at 30. The results are presented in Table[2] with coverage outcomes
shown in Figure [2] and the average coverage radius in Figure The findings, as presented in Table
and Figure 2] demonstrate that increasing the number of UAVs improves coverage, eventually achieving
near-complete user coverage when the UAV count exceeds 8. However, this increase in UAVs leads to
a reduction in the average coverage radius, which corresponds to a decrease in energy consumption per
UAV. By deploying additional UAVs, the area is covered more effectively, and the workload is balanced,
leading to lower energy consumption for each individual UAV. The RSA consistently outperforms the
MPA, WOA, and GWO algorithms in most scenarios, providing superior coverage while optimizing energy
efficiency.
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Table 1: Parameters values considered in our simulations

Parameter Value

N° of UAVs m 1 §]

N° of users n |5 40]

Width W 100 m

Length L 100 m

Max coverage radius R 25 m

Population size N 30

N° of iteration tqz 1000
RSA

Alpha « 0.1

Beta 0.005
MPA

Fish Aggregating Devices FFADs|0.2

Constant P 0.5
GWO

Control parameter amin 0

Control parameter amqz 2
WOA

Control parameter amin 0

Control parameter amqz 2

Table 2: Coverage and mean radius coverage under various numbers of UAVs
‘n 1 2 3 4 5 6 7 8 ‘

| Coverage (%) |

RSA 31% 47% 60%  73.33% 86%  95%  97.1% 100%
MPA 30% 43.3% 53.33% 70%  86.66% 90%  93.33% 100%
WOA 30% 46.66% 53.33% 70%  70%  86.66% 86.66% 93.3%
GWO 30% 43.33% 53.33% 73.33% 76.66% 90%  93.33% 93.33%

| Mean coverage radius (m) |

RSA 20 14 16 13 144 13.5 13 12.1

MPA 21.32 15.87 12.23 13.38 15.82 15.05 1242 12.04
WOA 21.3215.85 20.59 13.94 16.38 16.57 15.89 12.44
GWO 21.33 15.88 12.28 14.33 16.34 14.01 13.98 12.06

258



Selguk University 3rd International Technology and Innovation Student Symposium
December 26-28, 2024 Konya, Turkey

T
[ =
I

90 [ vion
G0

nr 1
S 0r 1
g
)

g 1
3
¢
2
0

o 1

- 1

il 1

0r 1

0

2 3 4 5 6 7 8

Number of Drones

Fig. 2: Coverage under various numbers of UAVs

30

; ;
I RSA
[ MPA
25 | |[EE=JwoA
I cwo

1 2 3 4 5 6 7 8

Number of Drones

]
o

Mean radius coverage (m)
S o

&

Fig. 3: Mean radius coverage under various numbers of UAVs

Table 3: Coverage and mean radius coverage under various numbers of users

|m 5 10 15 20 25 30 35 40 |
| Coverage (%) |

RSA 100% 100% 99%  96% 88% 87.7% 86%  85%
MPA 100% 100% 100% 95% 80% 86.66% 77.14% 82.5%
WOA 100% 100% 93%  90% 76% 70%  80%  70%
GWO 100% 100% 86.66% 85% 88% 176.66% 77.14% 82.5%

| Mean coverage radius (m) |

RSA 03 17 8 7 12 119 16.1 18.1

MPA 0.34 3.05 10.28 15.2911.73 15.81 16.72 19.28
WOA 1.98 4.55 6.14 13.8713.3212.33 17.31 18.29
GWO 0.03 3.10 7.66 12.94 14.3713.26 16.73 19.20
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5.2 Effect of Varying the Number of Users

This section investigates the effect of increasing the number of users, from 5 to 40, while keeping the
number of UAVs fixed at 5. The analysis focuses on coverage and average coverage radius, with results
summarized in Table 3] Figure[4 and Figure [f|

As illustrated in Figure [4 and Table [3] the coverage metric significantly decreases as the number of
users increases. This decline occurs because the available UAVs are insufficient to cover the additional
users. To meet the increased demand, the coverage radius of each UAV must be expanded, as shown in
Figure[5] The RSA consistently outperforms the MPA, WOA, and GWO algorithms in terms of coverage,
providing better coverage performance with optimal energy management.
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6 Conclusion

This study introduced the Reptile Search Algorithm (RSA), a novel metaheuristic inspired by reptilian
behaviors, to optimize the placement of UAV-based base stations (UAV-BSs) in wireless communication
networks. RSA efficiently balances exploration and exploitation, enabling rapid convergence to optimal
solutions. The algorithm leverages a unique search mechanism that mimics the adaptive movements of
reptiles, improving solution diversity and preventing premature convergence. This makes RSA particularly
effective for solving complex optimization problems, such as UAV-BS placement. A comparative analysis
was conducted, assessing RSA’s performance against several well-known algorithms, including the Marine
Predator Algorithm (MPA), Whale Optimization Algorithm (WOA), and Grey Wolf Optimizer (GWO).
The simulation results revealed that RSA outperforms these algorithms in terms of both coverage and
energy efficiency. Its ability to optimize coverage while minimizing energy consumption, coupled with its
robustness across various scenarios, establishes RSA as a powerful tool for UAV placement in wireless
communication networks.
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