OZET

ASENKRON MOTORLARIN HIZ-ALGILAYICISIZ KONTROLU ICIN GENISLETILMIS
KALMAN FILTRESI TABANLI FPGA UYGULAMASI

INAN, Remzi; Nidde Universitesi Fen Bilimleri Enstitiisii Elektrik-Elektronik Miihendisligi
Anabilim Dali

Danisman: Yrd. Dog. Dr. Murat BARUT

Bu tez calismasinda mevcut literatiire gore ilk kez, sincap kafesli asenkron motorlarin
(SKASM'lerin) hiz-algllayicisiz dogrudan vektor kontrolli icin Olglilen stator akim ve
gerilimlerini kullanarak stator akimi, rotor akisi, rotor agisal hizi ve ylik momenti durumlarini
es zamanl olarak kestiren bir genisletiimis Kalman filtresi (GKF) algoritmasi, 100 MHZ'lik saat
frekansina sahip bir FPGA'de gergeklestirilmistir. FPGA’nin yapisinda bulunan paralel islem
yapma 0Ozelligi kullanilarak bu galisma kapsaminda gergeklenen GKF algoritmasi ile 250
MHZ'lik saat frekansina sahip DS1104 gibi diger uygulama gelistirme donanimlarinda
gerceklenen GKF algoritmasina kiyasla, yaklasik 11 kat daha hizli olarak gercek-zamanli
kestirimler yapilabilmektedir. Yani, GKF gibi hesap yilkl fazla ama matematiksel islemleri
paralellestirilebilen algoritmalarin, FPGA ortaminda daha kliglik 6rnekleme zamani ile
kosturulabilecegi gercek-zamanh uygulamalarla gosterilmis olmaktadir. Diger taraftan,
FPGA'da gelistirilen GKF algoritmasinin sonuglari, MATLAB m-file ortaminda gergeklenen ayni
GKF algoritmasinin sonuglar ile karsilastirlarak dogrulanmigtir. Ayrica, FPGA ile kisisel
bilgisayar arasinda cift yonli bilgi alig verisi igin seri haberlesme ve ethernet haberlesme
protokolleri de gergeklestirilerek, ©onerilen GKF algoritmasinin sonuclan grafiksel olarak
izlenebilir hale getirilmistir. Bu yonleriyle literattirde bilinen ilk calismadir.
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In this thesis, according to the existing literature, an extended Kalman filter algorithm
including the simultaneous estimations of stator currents, rotor flux, rotor angular velocity,
and load torque by using the measured stator currents and voltages is the firstly
implemented for the speed-sensorless direct vector control of squirrel cage induction motors
(IMs) on a FPGA, with a clock frequency of 100MHz. The EKF algorithm implemented in the
scope of this thesis by using inherently capable of parallel processing FPGA’s performs real-
time estimations approximately 11 times faster than the EKF algorithm realized in the other
hardware platforms, such as DS1104 with the clock frequency of 250 MHz. In other words,
the algorithms including computational complexity but parallel mathematical operations, such
as EKF, are shown to be run with the less sampling time in a FPGA in real-time applications.
From the other side, the results of the EKF algorithm implemented in FPGA are compared
and verified with the results of the same EKF algorithm realized in MATLAB m-file. Moreover,
serial and ethernet communication protocols used for two way data transferring between
FPGA and PC are realized to see graphically the proposed EKF algorithm results. From these
points of view, it is first known research in the literature.



