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KISA OZET

YONLU QUASI-YAGI MIKROSERIT ANTENLER ILE BLUETOOTH RF
ISARETLERININ APPR ALGORITMASI KULLANARAK GUC VE DoA
ANALIiZI

Gokhan Sert

Radyo Frekans (RF) tayfi araligindaki elektromanyetik dalgalar1 kullanan
teknolojiler, Radyo, TV, Kablosuz iletisim, Mobil Telefonlar, GSM, GPS, Uydu,
Internet, Radar ile WiFi, XBee, ZigBee, LoRa, Bluetooth gibi ¢esitli iletisim
protokollerini kullanan RF modiilleri gibi insan yasamindaki sayisiz teknoloji,
yontem, alan ve uygulamay1 kapsamaktadir.

Uygulamalarin ¢ogu SINR (signal to interference plus noise ratio) performansini
artirmak, daha iyi veri aktarimi saglamak ve bazen de sinyal kaynaginin ya da RF
modiilii tasiyan cihaz ya da nesnelerin konumunu bulmak i¢in sabit ya da hareketli
radyo frekans sinyal kaynaklarindan alinan DoA (direction of arrival) bilgilerine
gerek duyar ve bu bilgileri kullanir. Giinlimiizde, bu teknolojiler arasinda,
bilgisayarlar, cep telefonlari, tabletler, kulakliklar, otomobiller, TV'ler, ev aletleri ve
endiistriyel makineler gibi elektronik cihazlarin ¢ogunda kullanilmasi nedeniyle RF
cihaz1 olarak Bluetooth, sensor elemanlar1 olarak PCB antenleri ve DoA algoritmasi
olarak bitisik Oriintii gii¢ oran1 (APPR) gibi algoritmalar daha fazla 6ne ¢ikmaktadir.

Bu yiiksek lisans tezinde, tezin Onerisi olarak, Mikrodenetleyici (MCU) tabanh
gomiilil bir sistemin kontrolii ve yOnetimi altinda, yonlendirilmis PCB Quasi-Yagi
antenlerinden olusan diizgiin dairesel anten dizisi (UCA) ile birlestirilmis basit bir
tek Bluetooth modiilii kullanilarak, alinan sinyal giicii gostergesi (RSSI) verileri
APPR algoritmasinin dogrusal regresyon yaklasimi (LRA) ile degerlendirilerek, DoA
acisinin  ¢ozlinlirliigliniin artan anten yonliligi (D) ve kazancit (G) ile arttif1
kanitlanmistir. Bir sinyal filtreleme yazilimi (SFY), ortam erisim kontroli (MAC)
adresini bulmaya ve RSSI'yi ¢ikarmaya yardimer olur. Bu sayede tek merkezli bir
Bluetooth sistemi icin i¢ ve dis alan uygulamalarinda herhangi bir Bluetooth
sinyalinin DoA'sin1 bulma isleminin duyarlhilik ve kullanim kolayligi acisindan da
tyilestirildigi gosterilmistir. Bu nedenle, yukarida agiklanan 6zelliklere sahip onerilen
calisma, iki veya daha fazla Bluetooth taban RF cihaz1 arasindaki ve ayrica
cogunlukla i¢ mekan kullanimi i¢in konumu bulan sistem ve hedef RF modiilleri
arasindaki mesafeleri tahmin etmek i¢in RSSI'yi degerlendiren sinyal faz farki
algilama antenlerini ve ag baglantilarim1 kullanan diger Bluetooth DoA tahmin
sistemlerinden farklidir.
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ABSTRACT

POWER AND DOA ANALYSIS OF BLUETOOTH RF SIGNALS WITH
DIRECTIVE QUASI-YAGI MICROSTRIP ANTENNAS USING APPR
ALGORITHM

Gokhan Sert

Technologies using electromagnetic waves in the radio frequency (RF) spectrum
cover countless techniques, methods, fields, and applications in human life, like
radio, television, wireless communications, mobile phones, GSM, GPS, satellites, the
internet, radars, and various RF modules that use several wireless connectivity
protocols like Wi-Fi, XBee, ZigBee, LoRa, Bluetooth, etc.

Most of the applications need and consider direction of arrival (DoA) information
from stationary or mobile radio frequency sources to increase the performance of the
signal to interference plus noise ratio (SINR), achieve better data transfer, good
communications and find the location of the source and objects that bear the RF
device. Nowadays, among these technologies, some of them stand out more, just like
Bluetooth as an RF device because it is used in most electronic devices, including
laptop computers, mobile phones, tablets, headphones, automobiles, TVs, and other
many home appliances and industrial machines, PCB antennas as sensor elements,
and the adjacent pattern power ratio (APPR) as the DoA algorithm.

In this thesis, as the thesis proposes, it is proved that the resolution of the DoA angle
increases with increasing antenna directivity (D) and gain (G) by evaluating received
signal strength indicator (RSSI) data with the linear regression approximation (LRA)
of the APPR algorithm, using a simple single Bluetooth module combined with a
uniform circular antenna array (UCA) consisting of directive PCB Quasi-Yagi
antennas, under the control and management of a microcontroller (MCU)-based
embedded system. A signal filtering software (SFY) helps to find the media access
control (MAC) address and extract the RSSI. In this way, it has been shown that the
process of finding the DoA of any Bluetooth signal is also improved in terms of
sensitivity and ease of use in indoor and outdoor applications for a single-center
Bluetooth system. Thus, the proposed work with the features described above is
different from other Bluetooth DoA estimation systems that use signal phase
difference sensing antennas and mesh connections that evaluate RSSI to estimate the
distances between two or more Bluetooth base RF devices and also between the base
and target RF modules, which find the location for mostly indoor use.
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