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Course Objectives

(Dersin Amaci)

This course aims to introduce the fundamental principles of digital control systems
and to provide students with the ability to mathematically model, analyze, and
design sampled-data and discrete-time control systems. The course covers the
representation of discrete-time systems using difference equations, block diagrams,
and state-space formulations. The analysis of linear discrete-time systems is carried
out using state-space methods and z-transform techniques. Furthermore, the
frequency response, steady-state error characteristics, and stability properties of]
digital control systems are examined, and system stability is assessed using the Jury
stability criterion.

Bu dersin amaci, dijital kontrol sistemlerine iligskin temel kavramlari kazanmak
ayrica Orneklenmis verili ve zamanda ayrik kontrol sistemlerinin matematiksel
olarak modellenmesini, analiz edilmesini ve tasarlanmasini saglamaktir. Ders
kapsaminda, zamanda ayrik sistemlerin fark denklemleri, blok diyagramlar ve
durum uzay1 gosterimleri {lizerinden ifade edilmesi; dogrusal zamanda ayrik
sistemlerin, durum uzayi ve z-doniistimii teknikleri kullanilarak ¢oziimlenmesi
hedeflenmektedir. Ayrica, sayisal kontrol sistemlerinin frekans yaniti, kalici hal
hata analizi ve kararlilik o6zellikleri incelenerek, Jury testi yardimiyla sistem
kararliliginin degerlendirilmesi amaglanmaktadir.

Course Content
(Dersin I¢erigi)

Introduction to digital control and discrete time systems. Representation of
discrete time systems using difference equations, block diagrams and state-space
equations. Solution of discrete time control system using convolution and state-
space techniques. The z-transform. Frequency response of discrete time systems.
Steady-state error computation for digital control systems. Stability analysis of
digital control systems using the Jury test. Digital control system design.

Sayisal kontrol ve ayrik zamanli sistemlere giris. Ayrik zamanl sistemlerin fark
denklemleri, blok diyagramlar ve durum-uzay (state-space) denklemleri
kullanilarak gdsterimi. Ayrik zamanli kontrol sistemlerinin evrisim (konvoliisyon)
ve durum-uzay teknikleri kullanilarak ¢o6ziimii. Z-donisimii. Ayrik zamanl
sistemlerin frekans cevabi. Sayisal kontrol sistemlerinde kalici durum hatasinin
(steady-state error) hesaplanmasi. Jiiri testi kullanilarak sayisal kontrol sistemlerinin
kararlilik analizi. Sayisal kontrol sistemi tasarimi.

Course Learning Outcomes
(Dersin Ogrenme Ciktilary)

1) Describe principles of modeling sampled data systems and discrete time control
systems in terms of input-output relations and also in terms of state-space
equations.[1, 2, 3]

2) Identify basic discrete time signals and properties of the discrete-time linear
systems. [1, 3]

3) Apply discrete time convolution to obtain the output of linear discrete time
control system. [2, 3, 7]

4) Apply techniques of z-transformation for the analysis of digital control systems.
Obtain inverse z-transform by partial fraction expansion. Apply the Jury test for
stability analysis of discrete time systems. [2, 3, 7]

5) Design digital control systems based on the difference equation describing the
system and determine the corresponding block diagram. [5, 6, 7]

6) Classify digital systems in terms of type and determine the steady-state error to
different discrete time inputs. [2, 3, 7]

1) Orneklenmis verili sistemlerin ve zamanda ayrik kontrol sistemlerinin
modelleme prensiplerini girdi-¢ikt1 iliskileri ve ayrica durum uzay denklemleri
acisindan aciklar. [1, 2, 3]
2) Zamanda ayrik temel sinyaller ile zamanda ayrik dogrusal sistemlerin
ozelliklerini tanimlar. [1, 3]
3) Dogrusal zamanda ayrik kontrol sisteminin ¢ikigini elde etmede zamanda ayrik
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konvoliisyon uygular. [2, 3, 7]

4) Sayisal kontrol sistemlerinin analizi i¢in z-doniisiim tekniklerini uygular. Ters z-
doniisiimiinii kismi kesirler agilimi ile elde eder. Zamanda siirekli sistemlerin
kararlilik analizi i¢in Jury testini uygular. [2, 3, 7]

5) Sayisal kontrol sistemlerini sistemi tanimlayan fark denklemine gore tasarlar ve
karsilik gelen blok ¢izenegini belirler. [5, 6, 7]

6) Sayisal sistemleri tiirlerine gore siniflandirir ve kalict hal hatasini farkli ayrik
zaman girislerine gore belirler. [2, 3, 7]
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COURSE PLAN
(DERS PLANI)
Week Topics
(Hafta) (Konular)

Introduction to digital control systems. Overview of block diagrams of continuous control systems and
discrete time/digital control systems

(Say1sal kontrol sistemlerine giris. Siirekli zamanli kontrol sistemleri ve ayrik zamanli/sayisal kontrol
sistemlerinin blok diyagramlarina genel bakis.)

The z-transformation. Properties of the z-transformation. Tables of continuous time functions, their
sampled form and their Laplace and z-transforms

(Z-doniigiimii. Z-doniistimiiniin 6zellikleri. Siirekli zamanli fonksiyonlarin tablolari, 6rneklenmis halleri
ve bunlarin Laplace ve z-doniistimleri.)

z-transforms of basic discrete-time functions. Examples
(Temel ayrik zamanli fonksiyonlarin z-doniisiimleri. Ornekler.)

The inverse z-transformation; application to solve difference equations
(Ters z-doniisiimii; fark denklemlerinin ¢dziimiine uygulanmasi.)

State variable representation of discrete-time control systems. Solution of the state equations using z-
transforms. The transfer function in z-domain

(Ayrik zamanli kontrol sistemlerinin durum degiskeni gosterimi. Durum denklemlerinin z-doniistimii
kullanilarak ¢dziimii. Z-diizleminde transfer fonksiyonu.)

Sampling and reconstruction of continuous time functions from discrete data. The ideal sampler. Zero and
first order holders for reconstruction

(Siirekli zamanli fonksiyonlarin ayrik verilerden 6rneklenmesi ve yeniden yapilandiriimasi. Ideal
ornekleyici. Yeniden yapilandirma i¢in sifirinci ve birinci dereceden tutucular (ZOH, FOH).)

Midterm I
(Arasinav I)

Analysis of open loop and closed loop discrete time systems
(Agik cevrim ve kapali gevrim ayrik zamanli sistemlerin analizi)

System time response characteristics. System characteristic equation. Mapping the s-plane into the z-
plane.

(Sistem zaman cevabi 6zellikleri. Sistem karakteristik denklemi. s-diizleminin z-diizlemine eslenmesi.)




10 Stability analysis. Bilinear transformation and the Routh-Hurwitz criterion. Jury’s stability test.
(Kararlilik analizi. Bilineer doniisiim ve Routh-Hurwitz kriteri. Jury kararlilik testi.)
1 Root locus, the Bode diagram. Closed loop frequency response
(Kok-yer egrisi. Bode diyagrami. Kapali ¢evrim frekans cevabi.)
12 Midterm II
(Ara Sinav II)
Digital controller design and related control system specifications. Compensation. Lead compensation
Lag compensation. Homework
13 (Sayisal kontroldr tasarmu ve ilgili kontrol sistemi 6zellikleri. Kompanzatdr. Lead ve Lag kompanzatdr.
Ev Odevi)
14 Design by Root Locs
(Kok Yer Egrisi Yontemiyle Tasarim)
DERSIN DEGERLENDIRME SISTEMI
(COURSE ASSESSMENT)
Etkinlikler (Activities) Adet (Quantity) Katki Oram (Contribution) (%)
Kisa Sinavlar (Quizzes)
Donem Odevi / Projesi (Term Project)
Derse Devam (Attendance)
Semester |Seminer(Seminars)
Activities 6 5vler (Homework) 1 10
(Yariyil i¢i  |Sunum (Presentations)
Calismalary) | A raginavlar (Midterm Exams) b 50
Proje (Project)
Laboratuar (Laboratory)
YARIYIL SONU SINAVI (FINAL EXAM) 1 40
Toplam (Total) 100

AKTS i$ YUKU TABLOSU
(ECTS WORKLOAD TABLE)




DERS ETKINLIKLERI Say1 Siire (Saat) Is Yiikii (saat)
(COURSE ACTIVITIES) (Quantity) (Time (h)) (Work - Load (h))
Ders Siiresi
(Lectures) 14 3 42
Uygulama
(Tutorial) 0 0 0
Yariyil Sonu Sinavi (Hazirhk Siiresi Dahil) | 25 25
(Final Exam (Preparation included))
Kisa Sinavlar (Hazirhk Siiresi Dahil) 0 0 0
(Quizzes (Preparation included))
Dénem Odevi / Projesi 0 0 0
(Term Project)
Simif Dis1 Calisma Siiresi | 30 30
(Out class working time)
Odevler
(Homework) ! 8 8
Sunum
(Presentations) 0 0 0
Arasmavlar (Hazirhik Siiresi Dahil) 2 10 20
(Midterm Exams (Preparation included))
Proje
(Projects) 0 0 0
Laboratuar
(Laboratory) 0 0 0
Toplam Is Yiikii (saat) 125
(Total Work - Load (h))
Dersin AKTS Kredisi (Toplam Is Yiikii / 25)
(ECTS Credits of the course (Total Work - Load / 5
25))
Revision Date Coordinator / Prepared by Approved by
(Revizyon Tarihi) (Koordinator / Hazirlayan) (Onaylayan)
1.09.2019,
31.01.2026 Prof. Dr. Yorgo Istefanopulos Prof. Dr. Ahmet Aksen




