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Dersin Adi

Course Name

Telsiz Haberlesme igin Ileri Isaret Isleme Teknikleri — 1

Signal Processing Methods in Wireless Communications - 1

Kodu Yariyih Kredisi AKTS Kredisi Ders Seviyesi
(Code) (Semester) (Local (ECTS Credits) (Course Level)
Credits)
BLU 611/ Giiz/Bahar 3 7,5 Doktora
BLU 611E (Fall/Spring) (PhD)
Lisansiistii Program Bilisim Uygulamalari
(Graduate Program) (Applied Informatics)
Dersin Tiirii Segmeli Dersin Dili Ingilizce/Tiirkge
(Course Type) (Elective) (Course Language) | (English/Turkish)

Dersin I¢erigi

(Course Description)

Isaret islemeye giris ve haberlesmede kullanim &rnekleri. Ayrik zamanli isaretler. Fourier
analizine giris. Fourier serileri, ayrik-zamanli Fourier donisimii (DTFT), ayrik Fourier
doniigimii (DFT). Hizli Fourier doniisiimii. Ayrik zamanli sistemler (LTI filtreler, konvoliisyon
ve modiilasyon, fark denklemleri, FIR ve IIR filtreler, kararlilik analizleri). Aradegerleme ve
ornekleme. Ornekleme teoremi. Ortiisme. Kuantalama. A/D ve D/A ceviriciler. Z-Déniisiimii.
FIR ve IIR tasarim yontemleri. Filtre yapilari. Stokastik isaret isleme. Rastgele siiregler. Izgesel
gdsterimler. Coklu ¢oziiniirliiklii isaret isleme. Ust ve alt 6rnekleme. Asir1 rnekleme. Sayisal
haberlesme sistem tasarimi. Kanal Kkestirimi ve kanal dengelemeye giris. Yiiksek dereceli
istatistikler kullanarak kanal kestirimi ve kanal dengelemesi. Korlemesine kanal kestirimi igin
basarim sinirlari. Kdrlemesine tanima ve dekonvoliisyon i¢in altuzay yontemi.

Introduction to signal processing and its application in communications. Discrete-time signals.
Introduction to Fourier analysis. Fourier series, discrete-time Fourier transform (DTFT), discrete
Fourier transform (DFT). Fast Fourier transform (FFT). Discrete-Time Systems (LTI filters.
Convolution and modulation. Difference equations. FIR vs IIR, stability issues.) Interpolation
and Sampling. Sampling theorem. Aliasing. Quantization. A/D and D/A converters. Z-transform.
FIR design methods. IIR design methods. Filter structures. Stochastic Signal Processing.
Random processes. Spectral representation. Multi-rate signal processing. Upsampling and
downsampling. Oversampling. Digital communication system design. Introduction to channel
estimation and equalization. Channel estimation and equalization using higher order statistics.
Performance bounds for blind channel estimation. Subspace method for blind identification and
deconvolution.

Dersin Amaci

(Course Objectives)

1) Ogrencilerin telsiz haberlesme alaninda doktora c¢aligmalarina temel teskil edecek
matematiksel yontemlerin kavratilmasi.

2) Sayisal igaret isleme ve telsiz haberlesmenin temel 6gelerinden olan kanal kestirimi ve kanal
dengelemenin teorik altyapisina dair bir bilgi birikimi olusturulmasi.

3) Giincel yaklagimlara yer verilerek yeni nesil haberlesme system tasarimlari konusunda
altyapi olusturulmasi.

1) Teaching mathematical methods that shall be a basis for their PhD studies on wireless
communications area.

2) Developing background knowledge on signal processing and channel estimation and channel
equalization, which are the key elements of wireless communications.

3) Formation of a basis on communication system design by providing the current state-of-art
on channel equalization and estimation.

Dersin Ogrenme
Ciktilar

(Course Learning
Outcomes)

Bu dersi basartyla tamamlayan 6grenciler;

1) Haberlesme igin isaret islemenin temelleri ve yontemleri,
2) Kanal kestirimi ve kanal dengelemesi konularinda gerekli ileri matematiksel yontemler,
3) Yontemlere iligkin algoritmalarin gelistirilmesi,

4) Sayisal haberlesme sistem tasarim hakkinda bilgi sahibi olacaklardir.

Students who pass the course will have knowledge on:

1) Basics and methods of signal processing for communications,

2) Advanced mathematical methods for channel estimation and equalization,
3) Algorithm development skills for the methods,

4) Digital communication system design.




Kaynaklar 1) S. K. Mitra, Digital signal processing, A Computer-Based Approach, McGraw Hill,
4th Ed., 2010.
(References) 2) G. B. Giannakis, Y. Hua, P. Stoica, L. Tong, Signal Processing Advances in Wireless
and Mobile Communicaitons, Vol. 1., Prentice Hall, 2001.
3) Jia-Chin Lin (2010). Channel Estimation for Wireless OFDM Communications,
Communications and Networking, Jun Peng (Ed.), ISBN: 978-953-307-114-5,
InTech, 2012, DOI: 10.5772/10156.
4) Gregory E. Bottomley, Channel Equalization for Wireless Communications: From
Concepts to Detailed Mathematics, Wiley, ISBN-13; 978-0470874271, 2011.
5) Erik Dahlman and Stefan Parkvall, 4G: LTE/LTE-Advanced for Mobile Broadband,
Second Edition, Academic Press, Dec 20, 2013.
6) Andrea Goldsmith, Wireless Communications, Cambridge University Press, ISBN-
13: 978-0521837163, 2005.
Odevler ve Projeler 1 Dénem Odevi
(Homework & 1 Homework
Projects)
Laboratuar -
Uygulamalar
(Laboratory Work)
Bilgisayar Kullanim --
(Computer Use) -
Diger Uygulamalar --
(Other Activities) --
Basar1 Degerlendirme | Faaliyetler Adedi* Degerlendirmedeki Katkisi, %
Sistemi (Activities) (Quantity) (Effects on Grading, %)
Y1l i¢i Siavlan 1 30

(Assessment Criteria)

(Midterm Exams)

Kisa Smavlar - -

(Quizzes)

Odevler
(Homework)

Projeler
(Projects)

Dénem Odevi/Projesi 4 30

(Term Paper/Project)

Laboratuar Uygulamasi - -

(Laboratory Work)

Diger Uygulamalar - -

(Other Activities)

Final Sinav1 1 40

(Final Exam)




DERS PLANI

Dersin
Hafta Konular Ciktilar
1 Isaret islemenin haberlesmede kullanim 6rnekleri. 1
2 Ayrik zamanli igaretler. Fourier analizi. 1
3 Fourier serileri, ayrik-zamanli Fourier doniigiimi (DTFT), ayrik Fourier doniisiimii (DFT). Hizli | 1, 3
Fourier doniisiimii.
4 Ayrik zamanli sistemler (LTI filtreler, konvoliisyon ve modiilasyon) 1,3
5 Ayrik zamanli sistemler (fark denklemleri, FIR ve IIR filtreler, kararlilik analizleri) 1,3
6 Aradegerleme ve 6rnekleme. Ornekleme teoremi. Ortﬁsme. 1,3
7 Kuantalama. A/D ve D/A ¢eviriciler. 1,3
8 Z-Doniisiimii. FIR ve IIR tasarim yontemleri. 1,3
9 Stokastik isaret isleme. Rastgele siirecler. izgesel gosterimler. 1,3
10 Coklu ¢oziiniirliiklii isaret isleme. Ust ve alt rnekleme. Asir1 drnekleme. 1,3
11 Sayisal haberlesme sistem tasarimu. 4
12 Kanal kestirimi ve kanal dengeleme konularindaki yeni yaklasimlara giris. 2,3,4
13 Yiiksek dereceli istatistikler kullanarak kanal kestirimi ve kanal dengelemesi. 2,3,4
14 Korlemesine kanal kestirimi ve Cramer-Rao sinirlari. Korlemesine tanima ve dekonvoliisyon | 2, 3, 4
icin altuzay yontemi.
COURSE PLAN
Course
Weeks Topics Outcomes
1 Signal processing applications in communications. 1
2 Discrete-time signals. Introduction to Fourier analysis. 1
3 Fourier series, discrete-time Fourier transform (DTFT), discrete Fourier transform (DFT). Fast | 1, 3
Fourier transform (FFT).
4 Discrete-Time Systems (LTI filters. Convolution and modulation.) 1,3
5 Discrete-Time Systems (Difference equations. FIR vs IR, stability issues.) 1,3
6 Interpolation and Sampling. Sampling theorem. Aliasing. 1,3
7 Quantization. A/D and D/A converters. 1,3
8 Z-transform. FIR design methods. IR design methods. 1,3
9 Stochastic Signal Processing. Random processes. Spectral representation. 1,3
10 Multi-rate signal processing. Upsampling and downsampling. Oversampling. 1,3
11 Digital communication system design. 4
12 Introduction to trends in channel estimation and equalization. 2,3,4
13 Channel estimation and equalization using higher order statistics. 2,3,4
14 Performance analysis and Cramer-Rao bounds for blind channel estimation. Subspace method | 2, 3, 4

for blind identification and deconvolution.




Dersin Bilisim Uygulamalan Yiiksek Lisans Programyla iliskisi

Programin mezuna kazandiracag bilgi, beceri ve yetkinlikler (programa ait ¢iktilar)

Katki
Seviyesi

1

2

Lisans diizeyi yeterliliklerine dayali olarak, Bilisim Uygulamalar: alaninda bilgilerini uzmanlik
diizeyinde gelistirebilme ve derinlestirebilme (yeterli bilgi birikimi) (bilgi).

Bilisim Uygulamalari alaninin iligkili oldugu disiplinler arasi etkilesimi kavrayabilme (bilgi).

Bilisim Uygulamalar1 alaninda edindigi uzmanlik diizeyindeki kuramsal ve uygulamali bilgileri
kullanabilme (beceri).

Bilisim Uygulamalar1 alaninda edindigi bilgileri farkl1 disiplin alanlarindan gelen bilgilerle
biitiinlestirerek yorumlayabilme ve yeni bilgiler olusturabilme (beceri).

Bilisim Uygulamalari alani ile ilgili karsilasilan sorunlari arastirma yontemlerini kullanarak
¢oziimleyebilme (beceri).

Vi.

Bilisim Uygulamalari alani ile ilgili uzmanlik gerektiren bir ¢calismay1 bagimsiz olarak
yiiriitebilme (Bagimsiz Caligabilme ve Sorumluluk Alabilme Yetkinligi).

Vii.

Bilisim Uygulamalari alani ile ilgili uygulamalarda karsilasilan ve 6ngoriillemeyen karmasik
sorunlarin ¢6ziimi i¢in yeni stratejik yaklagimlar gelistirebilme ve sorumluluk alarak ¢6ziim
iiretebilme (Bagimsiz Caligabilme ve Sorumluluk Alabilme Yetkinligi).

viii.

Bilisim Uygulamalari alani ile ilgili sorunlarin ¢6ziimlenmesini gerektiren ortamlarda liderlik
yapabilme (Bagimsiz Caligabilme ve Sorumluluk Alabilme Yetkinligi).

Bilisim Uygulamalari alaninda edindigi uzmanlik diizeyindeki bilgi ve becerileri elestirel bir
yaklasimla degerlendirebilme ve 8grenmesini yonlendirebilme (Ogrenme Yetkinligi).

Biligsim Uygulamalar1 alanindaki giincel gelismeleri ve kendi galismalarini, nicel ve nitel veriler
ile destekleyerek, alanindaki ve alan disindaki gruplara, yazil, sozlii ve gorsel olarak sistemli
bicimde Tiirk¢e ve/veya Ingilizce olarak aktarabilme (Iletisim ve Sosyal Yetkinlik).

Xi.

Sosyal iligkileri ve bu iligkileri yonlendiren normlari elestirel bir bakis agisi ile inceleyebilme,
gelistirebilme ve gerektiginde degistirmek iizere harekete gecebilme (iletisim ve Sosyal
Yetkinlik).

Xii.

Bilisim Uygulamalar1 alaninin gerektirdigi diizeyde bilgisayar yazilimi ile birlikte bilisim ve
iletisim teknolojilerini ileri diizeyde kullanabilme (letisim ve Sosyal Yetkinlik).

Xiii.

Bilisim Uygulamalari alani ile ilgili verilerin toplanmasi, yorumlanmasi, uygulanmasi ve
duyurulmasi asamalarinda toplumsal, bilimsel, kiiltirel ve etik degerleri gozeterek denetleyebilme
ve bu degerleri §gretebilme (Alana Ozgii Yetkinlik).

Xiv.

Bilisim Uygulamalari alani ile ilgili konularda strateji, politika ve uygulama planlari gelistirebilme
ve elde edilen sonuglari, kalite siiregleri cergevesinde degerlendirebilme (Alana Ozgii Yetkinlik).

XV.

Bilisim Uygulamalari alaninda 6ziimsedikleri bilgiyi, problem ¢6zme ve/veya uygulama
becerilerini, disiplinler arasi ¢calismalarda kullanabilme (Alana Ozgii Yetkinlik).

XVi.

Kendi ¢aligmalarini, Bilisim Uygulamalari alanindaki uluslararasi platformlarda, yazili, s6zli
ve/veya gorsel olarak aktarabilme (Alana 6zgii yetkinlik).

1: Az, 2. Kismi, 3. Tam




Relationship between the Course and Applied Informatics Graduate (MS) Curriculum

Program Outcomes

Level of

Contribution

1

2

3

Developing and intensifying knowledge in Applied Informatics area, based upon the
competency in the undergraduate level (sufficient knowledge) (knowledge).

X

Grasping the inter-disciplinary interaction related to Applied Informatics area (knowledge).

The ability to use the expert-level theoretical and practical knowledge acquired in Applied
Informatics area (skill).

Interpreting and forming new types of knowledge by combining the knowledge from Applied
Informatics area and the knowledge from various other disciplines (skill).

Solving the problems faced in Applied Informatics area by making use of the research methods
(skill).

Vi.

The ability to carry out a specialist study related to Applied Informatics area independently
(Competence to work independently and take responsibility).

Vii.

Developing new strategic approaches to solve the unforeseen and complex problems arising in
the practical processes of Applied Informatics area and coming up with solutions while taking
responsibility (Competence to work independently and take responsibility).

viii.

Fulfilling the leader role in the environments where solutions are sought for the problems
related to Applied Informatics area (Competence to work independently and take
responsibility)

Assessing the specialist knowledge and skill gained through the study with a critical view and
directing one’s own learning process (Learning Competence).

Systematically transferring the current developments in Applied Informatics area and one’s
own work to other groups in and out of Applied Informatics area; in written, oral and visual
forms in Turkish and/or English (Communication and Social Competency).

Xi.

Ability to see and develop social relationships and the norms directing these relationships with
a critical look and the ability to take action to change these when necessary. (Communication
and Social Competency).

Xil.

Using the computer software together with the information and communication technologies
efficiently and according to the needs of Applied Informatics area (Communication and Social
Competency).

Xiil.

Paying regard to social, scientific, cultural and ethical values while collecting, interpreting,
practicing and announcing processes of Applied Informatics area related data and the ability to
teach these values to others (Area Specific Competency).

Xiv.

Developing strategy, policy and application plans concerning the subjects related to Applied
Informatics area and the ability to evaluate the end results of these plans within the frame of
quality processes (Area Specific Competency).

XV.

Using the knowledge and the skills for problem solving and/or application (which are
processed within the area) in inter-disciplinary studies (Area Specific Competency).

XVi.

The ability to present one’s own work within the international Applied Informatics
environments orally, visually and in written forms (Area Specific Competency).

1: Little, 2. Partial, 3. Full
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