SenK:gg.aa.yyyy/no

DERS PROGRAMI FORMU
COURSE SYLLABUS FORM

27.11.2018 Rev 00

Dersin Adi: DogrusalOlmayanKontrolSistemlerineGiris

Course Name: Introduction to Nonlinear Control

Systems
Ders Uygulamasi, Saat/Hafta
Kod Yanyil Kredi AKTS Kredi (Course Implementation, Hours/Week)
(Code) (Semester)| (Local Credits) | (ECTS Credits) Ders Uygulama Laboratuar
(Theoretical) (Tutorial) (Laboratory)
KON 436E 8 3 5,5 3 - -
Boliim / Program Kontrol ve Otomasyon Mithendisligi
(Department/Program) | (Control and Automation Engineering)
Dersin Tiirii Secmeli (Elective) Dersin Dili ingilizce
(Course Type) (Course Language) |English
Dersin Onkosulla.\r! KON 313 MIN DD veya(or) KON 313E MIN DD
(Course Prerequisites)
Temel Bilim ve Miihendislik/Mimar
Dersin Mesleki Bilesene Matematik Temel Miihendislik lik Tasarim Genel Egitim
Katkisi, % (Basic Sciences | (EngineeringScience) | (Engineering/Archit | (General Education)
(Course Category and Math) ecture Design)
byContent, %) >
_ - %100 -

DersinTanimi

Dogrusal olmayan durum modelleri, ikinci derece sistemler, denge noktalar1 ve limit ¢evrim,
periyodik yoriingelerin varhgi, varlk ve teklik teoremi, denge noktalarinin kararhlhigi,
Lyapunov karalilik teorisine giris, degismezlik prensibi, dogrusallastirma, Chataev teoremi,
karsilastirma fonksiyonlar, kararlilagtirma, geribesleme dogrusallagtirmasi

(Course Description)

Nonlinear state models, phase portraits, describing functions, equilibrium points and limit
cycle, existence of periodicorbits, existence and uniqueness theorem, stability of equilibrium
points, introduction to Lyapunov stability theory, the invariance principle, linearization,
Chataev’s theorem, comparison functions, stabilization, feedback linearization.

Dersin Amaci

1.Dogrusal olmayan sistemlerin yoriinge 6zellikleri konusunda bilgi edinimi

2. Limit ¢evrimi, denge noktalari ve kararliik gibi temel kavramlarin 6grenilmesi.
3.Lyapunov kararlilik analizi gibi kontrol mithendisliginde 6nemli olan yontemlerin
6grenilmesi.

4.Grup ¢aligmasi ve kapsamh rapor hazirlama konusunda deneyim kazanilmasi.

(Course Objectives)

1.Gaining knowledge on trajectory properties of nonlinear systems.

2.Learning basic control engineering concepts like limit cycle, equilibrium points and their
stability.

3.Learning to useimportant control engineering methods like Lyapunov stability analysis.
4.Gaining experience to work in groups and prepare comprehensive reports.

Dersin Ogrenme
Ciktilan

(Course Learning

Bu dersibasariyla tamamlayan dgrenciler;LDogrusal olmayan sistemlere iligkin durum
modelleri olusturabilir,IlLFaz portreleri ve agiklayici fonksiyonlar yontemleriyle analiz
yapabilir,ll.LDenge noktalari, limit ¢evrim ve denge noktalarmm kararliligmi analiz
edebilir,IV.Periyodik yoriingelerin varligini arastirabilir,V.Dogrusal olmayan diferansiyel
denklemlerde ¢6ziimiin varligi ve tekligini aragtirabilir, VL. Lyapunov kararhhk analizi yontemi
ve benzeri matematiksel araglart kullanabilir. VILDogrusal olmayan sistemleri, geribesleme ile
dogrusallagtirma yontemini kullanarak kontrol edebilir. VII.Mathematica ve MATLAB gibi
yazilimlar1 dogrusalolmayan sistemlerin analizinde kullanabilir.IX.Kigisel olarak veya grup
halinde kapsamli rapor hazrlayabilir.

Outcomes)

Studentswhosuccessfullycompletethiscoursewill be abletoLConstructstatemodels of
nonlinearsystems,ILAnalyzeusingphaseportraitanddescribingfunctionmethods,IILAnalyzeequi
libriumpoints, limit cyclesandthestability of equilibriumpoints,IV.Investigatetheexistence of
periodicorbits,V.Investigatetheexistenceanduniqueness of solutions of
nonlineardifferentialequations,VLUsemathematicaltoolssuch as
Lyapunovstabilityanalysistechniques, VILControlnonlinearsystems viafeedbacklinearizationme
thodVIILUse software packagessuch as Mathematicaand MATLAB in
controllerdesign,IX.Preparecomprehensivereportsindividuallyand in groups.




DERS PLANI

Dersin
Hafta Konular Ogrenme
Ciktilan
1 Dogrusal olmayan sistem teorisine giris I
2 Dogrusal olmayan durum modelleri I
3 Faz portreleri ve aciklayict fonksiyonlar yontemi I, I, VIII
4 Denge noktalari ve limit ¢evrim 10, I, IX
5 Periyodik yoriingelerin varhigi I, IV, VIl
6 Varlik ve teklik kuramu ve iligkili kavramlar I, IV, V
7 Denge noktalarmin kararliligi 10, VI, IX
8 Lyapunov anlaminda kararhlik analizi VI
9 Degismezlik prensibi VI
10 Dogrusallagtirma VI, VII, VIII
11 Chataev kuramu ve dogrusalolmayan sistemlerde uygulamasi VI, IX
12 Kargilagtirma fonksiyonlar VI
13 Kararlilastirma VI, VII
14 Geribesleme ile dogrusallagtirma VII, VI
COURSE PLAN
Course
Weeks Topics Learning
Outcomes
1 Introductiontononlinearsystems I
2 Nonlinearstatemodels I
3 Phaseportraitsanddescribingfunctions I, 11, VIII
4 Equilibriumpointsand limit cycle I, 10, IX
5 Existence of periodicorbits I, 1V, VII
6 Existenceanduniquenesstheoremandrelatedconcepts I, IV, V
7 Stability of equilibriumpoints 10, VI, IX
8 Stabilityanalysis in the sense of Lyapunov VI
9 Theinvarianceprinciple VI
10 Linearization VI, VII, VIII
11 Chataev’stheoremanditsapplicationtononlinearsystems VI, IX
12 Comparisonfunctions VI
13 Stabilization VI, VII
14 Feedback linearization VII, VIII




Dersin Kontrol ve Otomasyon MiihendisligiOgrenci Ciktilariylailiskisi

Katki
Programin mezuna kazandiracag bilgi ve beceriler (programa ait giktilar) Seviyesi
123
1 Miihendislik, fen ve matematikilkelerini uygulayarak karmasik m tihendislik problemlerini belirleme, X
formiile etme ve ¢6zme becerisi.
Kuresel, kiltlrel, sosyal, gevresel ve ekonomik etmenlerle birlikte 6zel gereksinimleri saglik, glivenlik ve
refahigoz 6niine alarak ¢oziim lireten miihendislik tasarimi uygulama becerisi.
3 Farklidinleyici gruplariyla etkili iletisim kurabilme becerisi.
Miihendislik gérevlerinde etik ve profesyonel sorumluluklarin farkina varma ve mihendislik goziimlerinin
4q kuresel, ekonomik, cevresel ve toplumsalbaglamdaki etkilerini g6zéninde bulundurarak bilinglikararlar
verme becerisi.
5 Uyeleri bidikte liderlik saglayan, i sbirlikci ve kapsayici bir ortam yaratan, hedefler belirleyen, gérevleri X
planlayanve hedefleri karsilayan bir ekipte etkili bir sekilde ¢alisma yetenegi becerisi.
6 Ozgiin deneygelistirme, yiiriitme, verileri analiz etme ve yorumlama ve sonug ¢cikarmak icin miihendislik
vargisinikullanma becerisi.
Uygun 6grenme stratejileri kullanarakihtiya¢ duyuldugunda yeni bilgi edinme ve uygulama becerisi. X
Olgek: 1: Az, 2:Kismi, 3:Tam
Relationship of the Course toControl and Automation Engineering Student Outcomes
Level of
Program Student Outcomes Contribution
1 2 3
1 An ability to identify, formulate, and s olve complex engineering problems by a pplying principles of X
engineering, science, and mathematics.
An abilityto apply engineering design to produce solutions that meet s pecified needs with consideration
2 of public health, safety, and welfare, as well as global, cultural, s ocial, environmental, and economic
factors.
3 An ability to communicate effectively witha range of audiences.
An abilityto recognize ethical and professional responsibilitiesin e ngineering situations and make
4 informed judgments, which must consider the impact of engineeringsolutions in global, economic,
environmental, and sodetal contexts.
An ability to function effectivelyon a team whose members together provide leadership, create a
5 . ! ) ; ) o X
collaborative andinclusive environment, establish goals, plantasks, and meet objectives.
6 An ability to develop and conduct appropriate experimentation, analyze and interpret data, and use
engineering judgment to draw condusions.
7 An abilityto acquire andapply new knowledge as needed, using appropriate learning strategies. X

Scaling:1:Little, 2: Partial, 3: Full

Béliim onayi (Departmental approval)

Tarih (Date)

Alternatif tablo formatiornegi.

Relationship of the Course toControl and Automation Engineering StudentOutcomes

Outcome 1 2 3 4 5 6 7
Level of Contribution 3 - - - 3 - 3
Scaling :1: Little  2: Partial 3: Full




Ders kaynaklari ve Bagari degerlendirme sistemi(Course materials and Assessment criteria)

Ders Kitabi
(Textbook)

Cheng D., Hu X., Shen T. (2011) “Analysis and Design of Nonlinear Control
Systems”, Springer ISBN: 3-642-11549-7

Diger Kaynaklar
(OtherReferences)

e Sastry S. (2010), “Nonlinear Systems Analysis, Stability and Control”, John-
Wiley & Sons,New York, USA, ISBN: 1-441-93132-5

e  Marquez, HJ, (2003), “Nonlinear Control Systems — Analysis and Design”,
Wiley-Interscience, New-Jersey, USA, ISBN: 0-471-42799-3

e Khalil, H. (2001), “Nonlinear Systems (3rd edition)”, Prentice Hall, ISBN:
0-130-67389-7

Odevlerve Projeler
(Homework & Projects)

Ogrencilereiicdevvebirprojeverilecektir. Odevlerkisisel,
projeisegrup¢ahigmasinadayaliolacaktir.

Three homework assignments and one project will be given to students. Homework
will be doneindividually, and project will be done in groups.

Laboratuar Uygulamalari

(Laboratory Work)

Gegerlidegil

Not Applicable

Bilgisayar Kullanimi
(Computer Usage)

Ogrencilerinddevsorularmigdzebilmeleriicin Mathematica ve MATLAB
yazilimlarundanagirlikliolarakfaydalan malaribeklen me ktedir.

Students are expected to use Mathematica and MATLAB at a great extent in the
solution of homework assignments.

Diger Uygulamalar
(Other Activities)

Gegerlidegil

Not Applicable

Basari Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler Adedi Genel Nota Katki, %
(Activities) (Quantity) (Effects on Grading, %)

Yiligi Sinavlari

1 9
(Midterm Exams) %30

Kisa Sinavlar
(Quizzes)

Odevler

(Homework) 3 %15

Projeler

(v)
(Projects) ! %15

Donem Odevi/Projesi
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Sinavi

o)
(Final Exam) 1 %40
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