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Dersin Ad1

Course Name

Kontrol Sistem Tasarimi

Control System Design

Ders Uygulamasi, Saat/Hafta
(Course Implementation, Hours/\Week)
Kodu Yariyih Kredisi AKTS Kredisi | Ders UTYQtL"a.”]a 'I:agoratuar
(Code) (Semester) | (Local Credits) | (ECTS Credits) (Theoretical) (Tutorial) (Laboratory)
KON 314 Bahar (6) 3 5 2 0 2
KON 314E
Boliim / Program Kontrol ve Otomasyon Miihendisligi Boliimii/ Kontrol ve Otomasyon Miihendisligi
(Department/Program) | Programi (Control and Automation Engineering Department/Control and Automation

Engineering Program)

Dersin Tiirii
(Course Type)

Tiirkce/Ingilizce
Dersin Dili (Turkish/English)

(Course Language)

Zorunlu
(Compulsory)

Dersin Onkosullar
(Course Prerequisites)

KON 313 veya(or) KON 313E

Dersin mesleki
bilesene katkisi, %
(Course Category
by Content, %)

Temel Bilim Temel Miihendislik Miihendislik Tasarim | insan ve Toplum Bilim
(Basic Sciences) (Engineering Science) (Engineering Design) (General Education)
- - %100 -

Dersin icerigi

(Course Description)

Kok egrisi ve frekans tanim bolgesi yaklasimi ile diisiik dereceli kontrolor tasarimi (6zellikle PID kontrolor tiirevleri),
baskin kutup atama yontemi, SISO sistemlerin kontroliindeki temel kisitlamalar, kutup-sifir gétiirmesi ile tasarim, model
esleme, i¢ model kontrolor tasarimi, zaman gecikmeli sistemlerin kontrolii, statik durum geri beslemesi ve basit gozleyici
tasarimi

Design of low-order compensators (specially variations of PID controllers) using root-locus and frequency response
approaches, dominant pole assignment technique, constraints and fundamental limitations in SISO control, design by
pole zero cancelation, model matching, internal model controller design, control of time-delay systems, static state
feedback and simple observer design

Dersin Amaci

(Course Obijectives)

1.  Bir giris bir ¢ikish sistemlerin analiz ve tasarimi konusunda 6grencileri yetistirmek

2.Kontrol sistem tasariminda kok egrisi ve frekans cevabi gibi kontrol mithendisligi araglarini kullanmay1
6grencilere 6gretmek

3. Ogrencileri kontrol sistemlerinin analiz ve tasariminda ilgili bilgisayar yazilimlarini kullanma konusunda
egitmek

4 Kritik diigtinmeyi gelistirme ve agik uclu sorulari cevaplama konusunda pratik saglama

5. Ogrencilere grup ¢aligmasi ve kapsamli rapor hazirlama konusunda deneyim kazandirma

1.  To train students to analyze and design control systems for SISO systems.

2. Totrain students to use control engineering tools like root-locus and frequency response in the design of
control systems.

3. To train students to use relevant computer software in the analysis and design of control systems.

4. To provide practice for developing critical thinking skills and solving open ended problems.

5. To provide experience for students to work in groups and prepare comprehensive reports.

Dersin Ogrenme
Ciktilan

(Course Learning

Bu dersi basariyla tamamlayan 6grenciler;
l. Tasarim kriterlerinin farkinda olarak kok egrisi ve/veya frekans tanim bolgesi yontemleri yardimryla
kontrolor tasarlama,
Il.  Siirekli hal hatasini azaltacak veya yok edecek sekilde faz gerilemeli kontrolér (Srnegin PI kontrolor)
tasarlama,
. Gegici hal yaniti diizeltecek sekilde faz ilerlemeli kontrolér (6rnegin PD kontroldr) ve faz ilerlemeli-
gerilemeli kontrolor (6rnegin PID) tasarlama,

IV.  Baskin kutup atama yéntemi yardimiyla kontrolor tasarlama,
V. Kutup sifir gétiirme ve model esleme yontemleri ile kontrolor tasarlama,
VI. ¢ model kontrolor tasarlama,
VII.  zaman gecikmeli sistemler i¢in kontrolér tasarlayabilme,

VIII.

Durum uzayinda verilen bir sistem i¢in kutup atama yontemi ile durum geri besleme vektoriinii belirleme ve
durumlart kestirmeye yonelik basit gozleyici tasarlama

IX. Mathematica ve MATLAB gibi yazilimlar1 kontrolor tasariminda kullanma,
X.  Kisisel olarak veya grup halinde kapsamli rapor hazirlama,

becerilerini kazanirlar.




Outcomes)

Students who successfully complete this course will be able to
l.

V.
V.
VI
VILI.
VIIL.
IX.
X.

Use root locus and/or frequency domain techniques to design a controller by being aware of design
specifications,

Design phase lag controllers (such as P controller) to reduce or eliminate the steady-state error,
Design phase lead controller (such as PD controller) and lead-lag controller (such as PID) to improve
transient response,

Design controllers using dominant pole placement technique ,

Design controllers using pole-zero cancelation and model matching,

Design internal model controllers,

Design controllers for time delay systems,

Determine state-feedback vector and design a simple observer to estimate states for a system,

Use software packages such as Mathematica and MATLAB in controller design,

Prepare comprehensive reports individually and in groups,

given in state-space.
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Odevler ve Projeler

(Homework & Projects

Ogrencilere verilecek ddevler ii¢ hafta sonra toplanacaktir. flk 6dev kisisel, ikinci ve tigiincii
o6devler grup ¢alismasina dayali olacaktir.

All homework Broblems are to be handed in three weeks after they are assigned. First
assignment will be accomplished individually, whereas second and third assignments are done

in groups.

Laboratuar Uygulamalari

(Laboratory Work)

Laboratuvara devam ve performans takibi yapilarak 6grencilerin laboratuvar notu
belirlenecektir. Ayrica, kisa sinavlar laboratuvar saatlerinde yapilarak 6grencilerin
kontrol problemlerinin ¢éziimiinde ilgili bilgisayar yazilimlarini kullanmasina olanak
saglanacaktir.

Attendance and performance in laboratories will be followed to determine the
laboratory mark for students. Besides, quizzes will be made in laboratory sessions to
allow students use relevant computer software to solve design problems.

Bilgisayar Kullanimi

(Computer Use)

Dersin laboratuvar seanslarinda Mathematica ve MATLAB yazilimlar1 kullanilacaktir. Ayrica
biitiin 6devlerin yapilmasi sirasinda 6grencilerin bu yazilimlardan agirlikli olarak faydalanmasi

beklenmektedir.

Mathematica and MATLAB software will be used in the laboratory sessions of the course.
Besides, students are expected to use these programs at a great extent in the solution of
homework assignments.

Diger Uygulamalar

(Other Activities)

Bu derste 6n-test ve son-test uygulamalar1 yapilmaktadir. On testin birinci hafta
laboratuvar seansinda yapilmasi, son testin ise final sinavi ile birlikte yapilmasi
Ongoriilmiistiir. Son testin not ortalamasina katkist %15 olarak belirlenmistir.

Pre-test and post-tests are made in this course. Pre-test is made in the first week
laboratory session, and post-test is made with the final exam. The contribution of

post-test to mark average is determined as 15%.

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler Adedi
(Activities) (Quantity)

Degerlendirmedeki Katkisi, %
(Effects on Grading, %)

Y1l i¢i Siavlan 1 %20

(Midterm Exams)

Kisa Sinavlar 3 %12

(Quizzes)

Odevler 3
(Homework)

%21

Projeler -
(Projects)

Donem Odevi/Projesi -
(Term Paper/Project)

Laboratuar Uygulamasi 1 %6
(Laboratory Work)

Diger Uygulamalar 1 %1 (ON TEST)

(Other Activities)

Final Sinavi 1
(Final Exam)

%40



http://wwwhome.math.utwente.nl/~meinsmag/dmcs

DERS PLANI

Dersin
Hafta Konular Ciktilar:
1 Kontrol sistem tasarimina giris, on test. I
2 Tasarimdan beklenenler, temel tasarim yontemleri, yiiksek kazang ile kontrol, ag/kapa kontrol, tasarimda I, IX
geri beslemenin etkisi, Mathematica tanitimi
3 K sentezi, kok egrisi ile tasarim, faz gerilemeli kontrolor tasarimi, PI kontrol, Mathematica Control Systems I, 11, 1V,
Toolbox (MACSYBOX) tanitimi IX
4 Faz ilerlemeli kontrolor tasarimi, PD kontrol, faz ilerlemeli-gerilemeli kontrol ! ||||>,(|V,
5 PID kontroldr tasarimi ve katsay1 ayarlama yontemleri I III)’( v,
6 Baskin kutup atama ile kontrolor tasarimi IV, IX
7 Kutup sifir gotiirmesi ile kontroldr tasarimi, Notch filtreleri, model esleme Odev teslimi | V, IX, X
8 Kontrolor tasariminda geri beslemenin getirdigi temel kisitlamalar I, IX
9 Tki serbestlik dereceli kontrol, PID kontrolér tiirevleri (PI-PD kontrol vb) Yil i¢i stnavi 11
10 Frekans tanim bolgesi yontemlerini kullanarak K-Sentezi ve faz gerilemeli kontrolor tasarimi, MATLAB I, IX
Control System Toolbox ve SIMULINK tanitimi
11 Frekans tanim bolgesi yontemlerini kullanarak faz ilerlemeli kontroldr tasarimi Odev teslimi I, IX, X
12 I¢c model kontrol VI, IX
13 Zaman gecikmeli sistemlerin kontrolii, Pade yaklasimi, Smith ngériiciisii, zaman gecikmeli sistemlerin I, VII, IX
frekans tanim bolgesi tasarimi
14 Durum uzayinda tasarim, Ackermann formiilii, Luenberger gozleyici tasarimi Odev teslimi Vi ”)’( IX,
COURSE PLAN
Course
Weeks Topics Outcomes
1 Introduction to control system design, pretest. I
2 Design requirements, basic design techniques, control using high gain, on/off control, effect of feedback I, IX
in design, Mathematica tutorial
3 K Synthesis, design by root locus, phase lag controller design, PI control, Mathematica Control Systems | I, 11, IV, IX
Toolbox (MACSYBOX) tutorial
4 Phase lead controller design, PD control, lead-lag control, Notch filters, design by model matching , “II>’<IV’
5 PID controller design and tuning techniques , “II)’(IV’
6 Controller design by dominant pole placement IV, IX
7 Controller design using pole-zero cancellation, Notch filters, model matching Homework submission V, IX, X
8 Basic limitations imposed by feedback in controller design I, IX
9 Two degrees of freedom control structures, PID controller derivatives (PI-PD control etc) Midterm i
exam
10 K-synthesis and phase lag controller design using frequency domain techniques, MATLAB Control I, IX
System Toolbox and SIMULINK tutorial
11 Phase lead controller design using frequency domain techniques Homework submission I, IX, X
12 Internal model control VI, IX
13 Control of time delay systems, Pade approximation, Smith predictor, frequency domain design of time I, VII, IX
delay systems
14 State space design, Ackermann formula, Luenberger observer design Homework submission | VIII, IX, X
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Dersin Kontrol Miihendisligi Programuyla iliskisi

Programin mezuna kazandiracag bilgi ve beceriler (programa ait ¢iktilar)

Katki

Seviyesi

1

2

3

Matematik, temel bilim ve miihendislik kavramlarini ve bilgilerini kontrol miihendisligi problemlerinin
analiz ve coziimiinde kullanabilmek.

X

Deney tasarlamak, yiiriitmek ve deney sonuglarida elde edilen verileri uygun sekilde analiz edip yorulamak.

Verilen 6zelliklerde bir siireci, kontrol sistemini veya bunun bir pargasini tasarlamak.

Ayn1 veya ¢ok disiplinli takimlarda gérev almak ve/veya liderlik yapmak.

Kontrol miithendisligi problemlerini belirlemek, formiile etmek ve ¢6zmek

Mesleki ve etik sorumluluklarin farkinda olmak

Etkin bir sekilde iletisimde bulunabilmek

Miihendislik ¢oziimlerinin global ve sosyal kapsamda etkilerini anlamis olmak

[(o] [oo) LN} Kep] 2] R [OV] | ) =

Hayat boyu 6grenmenin gerekliligine inanmig olmak ve bu kabiliyette olmak

=
o

Giincel konular hakkinda bilgi sahibi olmak

[EEN
[EEN

Kontrol miihendisligi uygulamalarinda kullanilan modern miihendislik araglarini kullanmak igin gerekli
teknik bilgi ve yeteneklere sahip olmak

[EEN
N

Kontrol mithendisligi uygulamalarinda kullanilan karmasik donanim ve yazilim pargalarinin tasarimi igin
gerekli olan uygulamali elektronik, bilgisayar ve haberlesme miihendisligi bilgilerine sahip olmak

X X XX XX

1: Az, 2. Kismi, 3. Tam

Relationship between the Course and Control Engineering Curriculum

Program Outcomes

Level of
Contribution

1

2

3

an ability to apply knowledge of mathematics, science, and engineering principles to analyze and solve
control engineering problems

X

an ability to design and conduct experiments, as well as to analyze and interpret data to reach an
appropriate conclusion

an ability to design a control system, component, or process to meet desired specifications, performance,
and capabilities

an ability to function on and/or develop leadership in same and multi-disciplinary teams

an ability to identify, formulate, and solve control engineering problems

an understanding of professional and ethical responsibility

an ability to communicate effectively

the broad education necessary to understand the impact of engineering solutions in a global and societal
context

© [ee] Il Kep] [&2 ] 1 w N [

a recognition of the need for, and an ability to engage in life-long learning

[EEY
o

a knowledge of contemporary issues

(BN
[N

an ability to use the techniques, skills, and modern engineering tools necessary for control engineering
practice

[EEN
N

a knowledge of applied electronics, computer and information systems to design and analyze complex
systems for control engineering applications

X | X IX|X]| X X

1: Little, 2. Partial, 3. Full
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