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Main Textbook
CTC: Chi-Tsong Chen,“Linear System Theory and Design”, 4th International Ed., Oxford University Press, 2014

Recommended References

TK: Thomas Kailath, “Linear Systems”, 1st Edition, Prentice-Hall, 1980
GS5: Gilbert Strang, “Introduction to Linear Algebra”, 5th Edition, Wellesley-Cambridge Press, 2016
GS4: Gilbert Strang, “Introduction to Linear Algebra”, 4th Edition, Wellesley-Cambridge Press, 2009

Lecture Topic Notes Recording

Lecture 1 o Course overview Lecture 1 ReCOrding ptl

Systems overview (Additional Notes) Recording pt2
— Continuous vs. Discrete
— Linear vs. Non-linear

— Time Invariant vs. Time Varying

Continuous Linear Time Invariant System
— SISO vs. MIMO
Linear algebra
— Linear Independence (CTC 3.2)(GS5 3.4)(GS4 3.5)
— Rank (CTC 3.3)(GS5 3.2)(GS4 3.2 & 3.3)
— Transpose (GS5 2.7)(GS4 2.7)
— Inverse (CTC 3.3)(GS5 2.5)(GS4 2.5)
— Trace
— Eigenvalues and Eigenvectors (CTC 3.5)(GS5 6.1)(GS4 6.1)
— Eigenvalue Decomposition and Diagonalization (CTC
3.5)(GS5 6.2)(GS4 6.2)
e Systems
— Time Invariance (CTC 2.2 pages 8-9)
— State of a System (CTC 2.2 pages 7-8)
— Dimension of a System

— Linearity (CTC 2.3 pages 11-12)
e State Space Models (CTC 2.3 pages 17-18)

e Time Response
— Casen =1 vs Case n = N (CTC 4.2 page 105-106)
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http://homes.esat.kuleuven.be/~maapc/static/files/SYSTHEORY/Slides/Lecture2/Lecture2-ClassificationsOfSystems.pdf
https://drive.google.com/file/d/1qtyxYtpQqrWhQLgUeOwom9tN7WSDIs6S
https://drive.google.com/file/d/1BjF_DlO1uY8fTXID_gu5-tJeO4lefazw/
https://drive.google.com/file/d/1HxXNSQqVdNgIQZOSuaIo33NbweM-iZxL/

Lecture

Topic

Notes

Recording

Lecture 2

e Finding e4* (CTC 4.2 pages 106-108)
— By diagonalization of A
— By finding £7! {[sI - A]fl}
e Cayley Hamilton Theorem (CTC 3.6 pages 76-85) (Additional
Notes)
— Polynomial Order Reduction
— Analytic Function of a Matrix
e From transfer functions to state space models
— Proper and Strictly Proper Transfer Functions

e From state space models to transfer functions (CTC 2.3 pages
17-18)

Lecture 2

Recording ptl

Recording pt2

Lecture 3

e Open Loop Aspects of LTI
— Controllability (CTC 6.2)
— Observability (CTC 6.3)
e Canonical Forms (TK pages 31-51)

— Differential equation to Controllable and Observable
Canonical Forms

Lecture 3

Recording ptl

Recording pt2

Lecture 4

e Canonical Forms (TK pages 31-51)

— Differential equation to Controllable and Obersvable
Canonical Forms by inspection

— Finding Controllability and Observability Canonical Forms
by inspection

e Controllability and observability of canonical forms
e Minimal Realization

e From state space model to differential equation directly

Lecture 4

Recording ptl

Recording pt2

Lecture 5

e Jordan Canonical Form (CTC 3.5 pages 74-76)(CTC 3.6 pages
80-82)(class examples) (Additional Notes)

o Internal Stability (CTC 5.4)
e BIBO Stability (CTC 5.2)
e Lyapunov Stability (CTC 5.5)

Lecture 5

Recording
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https://stuff.mit.edu/afs/athena/course/2/2.151/www/Handouts/CayleyHamilton.pdf
https://stuff.mit.edu/afs/athena/course/2/2.151/www/Handouts/CayleyHamilton.pdf
https://drive.google.com/file/d/1Wn7nLEELGPjxr7kL_lPGYiYTztgVCTtq/
https://drive.google.com/file/d/1HFTCx5HEEOHwFiPaVNefV7zdDO6L_9xu/
https://drive.google.com/file/d/1nhRvGAcB-fHsS_RYC-8tFEG_MXKPXoR_/
https://drive.google.com/file/d/1iaOHn6kir_k_mMYXVovfSsCH23wlb5nk/
https://drive.google.com/file/d/1XTmLqZjfkS3xx1POGcDozSJ8CK9UR-TV/
https://drive.google.com/file/d/11B0DXlRsEve3tijR65ee1DNxFTambars/
https://drive.google.com/file/d/1F0p1cQz-yp6NhxldWdQYFEVOzStH7Wi1/
https://drive.google.com/file/d/1jb1-JmYR-nhw-S8a7PS7krKBOLOIB04Z/
https://drive.google.com/file/d/16MiLO3esKH67IhL55dXEuoDK2TCl0xIG/
http://www.math.hkbu.edu.hk/~zeng/Teaching/math3407/Jordan_Form.pdf
http://www.ms.uky.edu/~lee/amspekulin/jordan_canonical_form.pdf
https://drive.google.com/file/d/1qbaIzs8Slpn3-9-yNmT9ANtMzIuyfokk/
https://drive.google.com/file/d/1wa44E6uUJqVm58us_SFou4YBFtgAczLg/

Lecture Topic Notes Recording
Lecture 6 e Control Systems (CTC 8.1) Lecture 6 | Recording
e Full State Feedback (CTC 8.2) (Additional Notes)
— Pole placement for state feedback design
— Ackermann’s formula for state feedback design
o State Estimation (CTC 8.4) (Additional Notes)
— Open Loop Estimator
— Closed Loop Estimator
— Pole placement for state estimator design
— Ackermann’s formula for state estimator design
e State feedback vs. state estimator
Lecture 7 e State feedback + state estimator (CTC 8.5) (Additional Notes) | Lecture 7 | Recording
— Dynamic output feedback compensator
Lecture 8 e Linear Time Varying Systems (LTV) (CTC 4.6 pages 135-139) | Lecture 8 | Recording
— Fundamental Matrix X (t)
— State Transition Matrix ®(¢, ()
Lecture 9 e Linear Time Varying Systems (LTV) (CTC 4.6 pages 135-139) | Lecture 9 | Recording
— General Solution of LTV systems
Lecture 10 e Optimal Control Systems Lecture 10 | Recording

— Linear Qudratic Regulator (LQR)
— Linear Qudratic Estimator (LQE)
— Linear Qudratic Gaussian Control (LQG = LQR + LQE)
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https://ocw.mit.edu/courses/aeronautics-and-astronautics/16-30-feedback-control-systems-fall-2010/lecture-notes/MIT16_30F10_lec11.pdf
https://ocw.mit.edu/courses/aeronautics-and-astronautics/16-30-feedback-control-systems-fall-2010/lecture-notes/MIT16_30F10_lec14.pdf
https://drive.google.com/file/d/196xuWrZ4gLYNKWCWtWesnvOkPOxuh0yO/
https://drive.google.com/file/d/1iE83GDJlhx0YPcM7tpHLWunxD1uvYHnd/
https://ocw.mit.edu/courses/aeronautics-and-astronautics/16-30-feedback-control-systems-fall-2010/lecture-notes/MIT16_30F10_lec15.pdf
https://drive.google.com/file/d/1B0K4O-lMjfFhEKJqH4InKcjy8Srqzqw5/
https://drive.google.com/file/d/1BqoY7P7GcFX6RcFdSDS1sDm_jfG8HZPw/
https://drive.google.com/file/d/1R8gudccHwwh8e4RQSYX5w4C09b2PDM7m/
https://drive.google.com/file/d/1Iy5AyVl3tH8mqwB23MQzF-wSutbi7NGG/
https://drive.google.com/file/d/12KleefNPDjvfbQBpF913CTUcBEGD_3tZ/
https://drive.google.com/file/d/1vGf2ujIy7FUHCOJxA-m5XXVFw6rntvpe/
https://drive.google.com/file/d/14EsKQjl2CoEotlRzzcXwHDAAElwO4mhG/
https://drive.google.com/file/d/1EyWVHOs8CAem-1HLQZnr4BaIhB_cUIkD/

Homework List

The list of homework questions below are based on the 6th International Edition of ” Control Systems Engineering
by Norman S. Nise. If you dont have this edition of the book, then please check the Blackboard folder “NSN Book
Problems” in which you will find the photocopied problems for Chapter 3, Chapter 4, Chapter 5 and Chapter 12.

Homework | Related Lectures Deadline Problems Document
HW 1 Lectures 1 and 2 18 September 2020 | HW 1 Problems
HW 2 Lectures 3, 4 and 5 (Jordan form) | 3 October 2020 HW 2 Problems
HW 3 Lectures 5, 6 and 7 30 October 2020 HW 3 Problems
HW 4 Lectures 8 and 9 14 November 2020 | HW 4 Problems

Important Dates

Chapter Due Date
HW 1 Lectures 1 and 2 Friday, 18" September, 2020 at 11:59 PM (Online submission)
HW 2 Lectures 3 and 4 Saturday, 3'¢ October, 2020 at 11:59 PM (Online submission)
Midterm Lectures 1 to 4 Tuesday, 65 October, 2020 from 6:00 to 8:00 PM (Online)
HW 3 Lectures 5, 6 and 7 | Friday, 30" October, 2020 at 11:59 PM (Online submission)
HW 4 Lectures 8 and 9 Saturday, 14" November, 2020 at 11:59 PM (Online submission)
National Day Tuesday, 15* December, 2020
Final Lectures 5 to 10 Saturday, 19*" December, 2020 from 6:00 to 8:00 PM (Online)
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https://drive.google.com/file/d/1ZYgTJwQ2Qn_Drjbizr8bxSOmqISfnC0h/
https://drive.google.com/file/d/1zppSX4TfH6nvEVSxr7H2jnouKIM3mEtz/
https://drive.google.com/file/d/1VOvnKba5bffeK3o4RiLHFHEjeI--dqtL/
https://drive.google.com/file/d/1OxZVbctiwMaAw_2zSaLfdohWlYhrt_i_/

Day

Sun

Sun -
Wed

Tue
Sun
Thu
Sun
Thu
Thu
Sun
Thu
Sun
Sun
Thu
Thu
Sat
Sat
Tue
Tue

Wed -
Thu

Wed -
Thu

UAEU Academic Calendar (Fall 2020)

Date

16 Aug

16 Aug - 19 Aug

18 Aug
23 Aug
27 Aug
30 Aug
17 Sep
01 Oct
11 Oct
22 Oct
08 Nov
22 Nov
10 Dec
10 Dec
12 Dec
19 Dec
22 Dec

22 Dec

23 Dec - 31 Dec

23 Dec - 07 Jan

Event

Reporting of new Faculty & Instructors and Academic Administrators

New Student Orientation, Advising, Testing, and Registration

Reporting of current Faculty & Instructors
Classes Begin, add/drop begins

Last day to add courses

Academic Advising period begins

Last day to withdraw/drop without failure
Deadline for temporary withdrawal requests
Beginning of traditional mid-term examination period
End of traditional mid-term examination period
Registration for Spring semester begins
Application for inter-college transfer

Deadline for inter-college transfer

Last day of classes

Final Examinations begin

Final Examinations end

Grades announced

Grades due to Registrar's Office

Winter Break (Faculty, Instructors and Academic Administrators)

Winter Break (Students)
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