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Section Concerning the Student

1. Course Code: EENG 487/ EENG 485 ool ey 1
2. Course Title Nonlinear Control Design oA a) 2
3. College: Engineering sl 3

Department of Electrical and Electronics o
0 o addl)
4. Department: Engineering adl) 4
B.Sc. in Electronics and Communications ¢
i . o ASY) mall bl |
5. Academic Program: Engineering Sy mali ) 5
6. Course Credits: 3-0-3 sdadiaall cilelud) e 6
) M Bdg ) hall (5 gisa 7
7. Course NQF Level: 8 Sla sall i 1
8. Notional Hours: 131 o) @Y clelud) e 8
daaizall cleludl 23 9
9. NQF Credits: 13 bl U edg | jialt
1D gall
10. Prerequisite: EENG207 & EENG382 2008l Gilud) Gllaial) (10
11, Lectures Timing & MW: 09:30 — 10:45 (14-245) sgilsa g B paalaall By 11
Location:
12. General Mode of " - . .
T | sudas + alaiil) Lad) Jaall) |
Teaching and Learning raditional - il il 12
NOTE prepared by
13. Course Coordinator: Dr. Gassan Murad and Updated by oA (Guda 13
Professor Ebrahim A. Mattar
14. Course Instructor: Professor Ebrahim A. Mattar oA (e 14
15. Office Hours and MW, 11:30 -13:30 — 14-148 Ll g Luial) el 15
Location:
Jaal A g nsN) Al |
16. Instructor’s Email: ebmattar@uob.edu.bh el (g A8 ‘:»S 16
108l
17. Academic Year: 2026-2027 sdoasalstyy Al 17
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18. Semester: First Semester Jsd Juasdll

1l A Juadl) (18

19. Textbook(s):

2ol A Al qagll 19

Nonlinear Systems, Hassan Khalil, 3rd Edition, Prentice-Hall, 2002.

20. References:

2l 20

e Introduction to Nonlinear Control: Stability, Control Design, and Estimation, C. M. Kellet and P. Braun,

Princeton University Press, 2023.

e Nonlinear Control, Hassan Khalil, Global Edition, Pearson, 2015.

e Nonlinear Control Systems: Analysis and Design, Horacio J. Marquez, Wiley, 2003.

21. Other Learning Resources Used (e.g. e- I o g SN alail) s Jlia) (s AW alail) jalas 21

learning, field visits, periodicals, software,
etc.):

(oo B il iy 590 il

MATLAB User Manual (including Control Systems Toolbox and SIMULINK), the Mathworks, Inc., Copyright 1995-

2024
22. Course Description (as published in the s Jala (B 3 e s Al cia g 22
College Catalogue):

Analysis and design of nonlinear systems. Phase plane construction: the isocline Lienard's methods, classification
of singularities. Variable structure control. Stability definitions. Lyapunov's second methods; Popov stability
criterion. Analysis of stability for passive systems. The describing functions. Optimal control and state estimation.
Conservative and Lagrangian systems. Kalman-Bucy algorithm and prediction. Sliding mode control synthesis.

23. Course Intended Learning Outcomes
(3 to 5 CILOs):

(CILOs) _all ahell) cila 3 23
s(faadai la 2a 5 ) 3)

1. Model nonlinear problems and phenomena.

2. Apply graphical methods for stability analysis.

3. Apply Lyapunov’s indirect and direct stability methods for autonomous systems.

4. Apply advanced stability theory, including non-autonomous systems and advanced graphical methods.

5. Design controllers for linear and nonlinear systems.
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24. Course Assessment Percentages (as per
Regulations of Study and Examination at the
University of Bahrain):

A ) Al Coia) Ay giall g 9 anaill) culld 24
2Ol daaly (B clilatal

Assessment Type Percentage Assessment Date
W3] g9l Al el s
Assignments Individual (3,3 10% Given on time, on UOB BB
Laboratory/Simulations Group sl 10% Given on time, on UOB BB
Course Project Individual (3,3 10% Given on time, on UOB BB
Midterm Individual (3,3 30% To be decided
Final Examination Individual 3,3 40% As UOB scheduled
Total 100%
25. Description of Topics Covered Lol aady Al e gua gall Cinay 25
Topic Title ..
P . , Description
(e.g. chapter/experiment title) }ail
&y'a}d‘ "

Introduction to Nonlinear Control Systems

Nonlinearities; linear systems; examples of nonlinear
system behaviour; common nonlinear system
behaviours such as multiple equilibrium points, limit
cycles, bifurcations, and chaos.

State-space Analysis and Design

State-space representation, modelling, and analysis
review; controllability and observability analysis;
state-feedback design; Luenberger observer design;
separation principle.

Lyapunov’s Indirect Method: Linearization and Local
Stability

Nonlinear  systems (autonomous and non-
autonomous); equilibrium  points; state-space
representation of nonlinear systems; Lyapunov’s
linearization method and local stability.

Phase Plane Analysis

Concepts of phase plane analysis; constructing phase
portraits; phase plane analysis of linear systems;
phase plane stability analysis of nonlinear systems;
existence of limit cycles.

Describing Function Analysis

Describing  function fundamentals; common
nonlinearities in control systems; describing
functions of common nonlinearities; describing

function stability analysis of nonlinear systems.

Lyapunov’s Direct Method of Stability: Autonomous
Systems

Stability and instability; asymptotic and exponential
stability; local and global stability; sign definiteness
of scalar and quadratic function; Lyapunov functions;
equilibrium point theorems; Invariant set theorems;
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Lyapunov analysis of linear time-invariant systems;
Krasovskii’s method.

Advanced Stability Theory

Concept of stability for non-autonomous systems;
Lyapunov direct method for non-autonomous
systems; Lyapunov analysis of linear time-varying
systems; controllability and observability analysis of
time-varying systems; instability theorems; positive
real and strictly positive real systems; the Kalman-
Yakubovich lemma; passivity theory; Popov criterion;
the circle criterion.

Lyapunov Control System Design

Control design based on: (i) Lyapunov’s direct
method; (ii) unconstrained linearization; and (iii)
backstepping control.

Feedback Linearization and Design for Nonlinear

Systems

Motivation and basic concept; differential geometry,
such as Lie derivatives, Lie brackets, distributions,
involutivity, relative degree, & diffeomorphisms, and
state transformation; input-state and input-output
linearization techniques.

Observer Design and Estimation for Nonlinear Systems

Nonlinear observability analysis; design of: (i) local
observers; (i) global observers; (iii) high-gain
observers; and (iv) extended Kalman filters.

Optimal State Feedback: Linear Quadratic Methods

Review of optimal control; optimal full-state control:
Linear Quadratic Regulator; robustness properties
and tolerance to nonlinearities of optimal state
feedback; optimal full-state estimation; the Kalman
filter.

26. Weekly Schedule

S s Jsaad) 26

. Teaching/Assessment
Week Date Topics Covered CILOs Mo d:e agl/l d Method
) ey ) A glinall e gua gall jiall alatl) cila, j3 .. v
e & s $agall | el plel] Sl e A/ 5il) Tl g g
Course Overview /
1 September 9t Introduction to 1 Tranditional (suules
Nonlinear Control
Traditional -las
September State-space
2 N th Methods: Analysis & 2 Assignment 1
11" -18 Design Lab 1
3 September Lyapunov’s Indirect 1,4 Tranditional suules

Method:
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23rd _ 25th

Linearization & Local
Stability

Traditional aulas

September 30t —
4 er)Strzb:: ond Phase Plane Analysis 1,3 Assignment 2
Lab 2
October Describing Functi
5-6 o o escrlAr!naglysrjsnc on 1,3 Tranditional (su.las
7"-9
Traditional -ulas
Lyapunov’s Direct
October Method of Stability:
y: :
/ 16t — 23 Autonomous 1.4 A55|gL221§nt 3
Systems
October 28" — Advanced Stability
- 13,4 Tranditional s
8-9 November 6t Theory ,3,4,5 randitional ¢
Traditional aulas
November Lyapunov-based
| 1,4
10 11th — 13th ContngSngy:tem A Midterm Exam
Traditional s4las
Feedback
November i i7ati
11-12 Llr.learlzatlon gnd 1,2,5 Assignment 4
18th — 2 7th Design for Nonlinear Lab 4
Systems
Feedback
December i i7ati
13 Llr'learlzat|on ?nd 1,2,5 Tranditional s wlas
ond _ gth Design for Nonlinear i
Systems
Traditional s4las
Feedback
December Linearization and
1,2,5 i
14 gth _ 11th Design for Nonlinear " ASS|gL2215ent >
Systems
Traditional a5
December Optimal Control:
15 th th Linear Quadratic 1,2,5 Assignment 5
127 =15 Methods

Lab 5
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27. Academic Integrity Statement

Apaualsy) Aa1 33 ol 27

Students are to observe the highest level of honesty and
academic ethics in pursuit of their academic goals as per
UOB Regulations of Student Conduct and Academic
Integrity, Anti-plagiarism Policies, and Students’ Rights

and Responsibilities Handbook. The consequences for
cheating, plagiarism, unauthorized collaboration, and
other forms of academic dishonesty can be very serious
and will be dealt with as per the aforementioned policies
and regulations.

ANy LIy Busall Sbgie Jeb ) ddlall e oian
ol 70150 339 duarsBY gdlial Gudoet) pgunsw (3 duandBY)
Jdsg (Il AxiBa olulbaw duasaBYN daliilly Ml
OSe odl daelr (3 L Jgendll (egilizlyy ddball Bod>
oo aks 4 mhasll xe Ogladlly ol d8,ly sl CBlga)
Jolad)) @iy Bl Blas (0555 0 Auapa 8 LY puts JSCaT

LT 89Sl Ty ooluled) B9 lgao

28. Attendance and Absence Regulations

Glidly ) gpaal) allsi 28

Students are required to adhere to regular attendance
for class lectures and practical sessions, as determined by
the nature of the course, as per Article (33) of Regulations
of Study and Examination at the University of Bahrain.

daall Olaolall phiall jgnamll ol ddla)l de o
(33) 8ol U:_éjj ‘L?HDJJ‘)‘).TLA“ a&y.la 0dJ>S w cW\j
o) drols (§ bl duwhll plas ye

ST Al g jiall ey Galdd) acdl)

Section Concerning the Course Instructor and Academic Department

1. An ability to identify, formulate, and solve complex engineering problems by applying principles of
engineering, science, and mathematics.

2. An ability to apply engineering design to produce solutions that meet specified needs with consideration
of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic
factors

3. An ability to communicate effectively with a range of audiences.

4. An ability to recognize ethical and professional responsibilities in engineering situations and make
informed judgments, which must consider the impact of engineering solutions in global, economic,
environmental, and societal contexts.

5. An ability to function effectively on a team whose members together provide leadership, create a
collaborative and inclusive environment, establish goals, plan tasks, and meet objectives.

6. An ability to develop and conduct appropriate experimentation, analyze and interpret data, and use
engineering judgment to draw conclusions

7. An ability to acquire and apply new knowledge as needed, using appropriate learning strategies.

kil agdll -8 pal)

Knowledge: Theoretical Understanding
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https://uobhomesiteprod.s3.me-south-1.amazonaws.com/site-prod/uploads/2021/03/3-7-Anti-Plagiarism_Policy_130430b-2014-1-28-Arabic-1.pdf
https://uobhomesiteprod.s3.me-south-1.amazonaws.com/site-prod/uploads/2021/03/4-1-students_rights.pdf
https://uobhomesiteprod.s3.me-south-1.amazonaws.com/site-prod/uploads/2021/03/4-1-students_rights.pdf
https://uobhomesiteprod.s3.me-south-1.amazonaws.com/site-prod/uploads/2021/03/3-6-Anti-Plagiarism_Policy_130430b-2014-1-28-Arabic.pdf?lang=ar
https://uobhomesiteprod.s3.me-south-1.amazonaws.com/site-prod/uploads/2021/03/4-1-students_rights-1.pdf?lang=ar
https://uobhomesiteprod.s3.me-south-1.amazonaws.com/site-prod/uploads/2021/03/4-1-students_rights-1.pdf?lang=ar
https://uobhomesiteprod.s3.me-south-1.amazonaws.com/site-prod/uploads/%D9%86%D8%B8%D8%A7%D9%85-%D8%A7%D9%84%D8%AF%D8%B1%D8%A7%D8%B3%D8%A9-%D9%88%D8%A7%D9%84%D8%A7%D9%85%D8%AA%D8%AD%D8%A7%D9%86%D8%A7%D8%AA-%D8%A7%D9%84%D9%85%D8%AD%D8%AF%D8%AB_removed.pdf
https://uobhomesiteprod.s3.me-south-1.amazonaws.com/site-prod/uploads/Study_and_Examination_System_Sep2023.pdf?lang=ar

Knowledge: Applied Knowledge Akl 48 jaall 148 jaal)

K2 K2
s1 Skills: Generic Problem Solving & & <&ilealls Adlall CSL Ja & jlea 1 jlgall s1
Analytical skills Agldaill
5 Skills: Communication, ICT, and 488 &)jleay Juai¥l G jlea 1 jlgal) 5
& Numeracy Laaad)l Gl lgall 5 ccYLATY) 5 ila slaall S
Competence: Autonomy, Responsibility Glandl 5 A0 el 5 AINNELY) 1A
C & Context C

31. Mapping of Course Intended Learning

:(CILOs) _iall Lealai cily 3l by 31

Outcomes (CILOs):
Mapping to Criteria
. Mapping to According to
IL M t o .
((;rmg gg::gg ;liilg% 0 NQF Level NQF Level Accreditation Body
Descriptors (when different from
PILOs)
Zfaasally Jals Y el A uleay Jals I
. . da Adl blg N | s NG
bl z Al a8 u.qu." f'f Gl ginal dala gl Uy e & silaal) DU ais) (A gal)
(22 s G“‘(PI’LO“"‘““S) syl | T T s A e
e gall (el
1 1,6 K1, K2,S81,S2,C 8 1,6
2 1,6 K1, K2,S81,S2,C 8 1,6
3 1,6 K1, K2,S81,S2,C 8 1,6
4 1,6 K1, K2,S81,S2,C 8 1,6
5 1,6 K1, K2,S51,S2,C 8 1,6
32. Mapping of Course Assessment: sl cullad 1y 32
Assessment NQF
Level Descriptor
(Refer to table 30)
. Mapped CILO | s sl anflill Ciua
Assessment gomgt‘.’eé o iy bl Ldia gl clasaall NQF ,L evel
pasil “m/ ,‘:ﬁ all alay bl Uy il ghesal “‘“"& 9
o o O ‘gall ak
(30 ds)
Tutorials 6\)554 Formative 1,2,3,4,5,6,7 K1, K2,S1,S2,C
Assighments L;Lzs Summative 1,2,3,5,6 K1, K2,S1,S2,C
!_aboratory/Slmulat s Summative 1,2,3,5,6 K1,K2,51,52,C
ons -
Midterm Exam b= Summative 1,2,3,4 K1, K2,51,S2,C
Final Examination b= Summative 1,2,3,4,5,6,7 K1, K2,51,S2,C
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33. Allocation of NQF Credit

il gall kgl JUaY) A Badiaal) cilebludl Laas 33

Learning Activity
(radacl) LA

Activity Duration
Bl Baa

Frequency

il

Notional Hours
dua) ydy) clelud)

Lessons / Lectures /
Seminars

/ & palaad) / gl
Sl gaid)

3

3*15-3.17 (Supervised

assessment during study weeks)

41.83

Tutorial
:\f Y {IEV-WEEN

Practical /
Laboratory

JrEvpps

Supervised
Assessment

43 gall apll)

Assignments = 20 min.

Midterm = 1.5 hour

Final Exam = 2 hours

5.17

Student Centered
Learning /
Independent
Learning
) (g S yaiall bl
Jaal) alail)

41.83%2

83.66

Work based
Learning

Jas e 1 ol

Other (specify)

(LSS 3 ) 5 A

Total Notional Hours:
Azl ydy) clelul) £ 5axa

130.66

NQF Credit (divide notional hours by 10)
(10 Ao | ji8Y) Cile Ldd) £ gana acidl) C 3all ih gl JUaY) A 3 aalaall cilelul)

13

Notes if any:

a9 O i pala

For more information about the allocation process, kindly refer to:

NQF Handbook

NQF General Policies

NQF Capacity Building Course

Assigning Credit Hours to Courses

() g (A Cleld) yaald Jga Cilaglaall (e 3 Jall

Dlagall glogll WY1 L3

M2 5all b gll W dolall slsld]

oM 5all (aboll U oohall £bs 8)95

Loyl oy Bal) Btasiaadl ole Ll Lo duslws
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https://www.bqa.gov.bh/En/Mediacenter/Documents/NQF%20Handbook%202023%20Edition%20(EN).pdf
https://www.bqa.gov.bh/En/Mediacenter/Documents/NQF%20General%20Policies.pdf
http://bqa-material.s3-website.me-south-1.amazonaws.com/
https://uobhomesiteprod.s3.me-south-1.amazonaws.com/site-prod/uploads/Resolution_for_Approving_the_Assigning_Credit_Hours_Policy.pdf
https://www.bqa.gov.bh/Ar/MediaCenter/DocLib/%D8%AF%D9%84%D9%8A%D9%84%20%D8%A7%D9%84%D8%A5%D8%B7%D8%A7%D8%B1%20%D8%A7%D9%84%D9%88%D8%B7%D9%86%D9%8A%20%D9%84%D9%84%D9%85%D8%A4%D9%87%D9%84%D8%A7%D8%AA%202023.pdf
https://www.bqa.gov.bh/Ar/QaaetUnits/NQFU/Documents/AR/12-2015%20policies.pdf
http://nqf-course-ar.s3-website.me-south-1.amazonaws.com/
https://uobhomesiteprod.s3.me-south-1.amazonaws.com/site-prod/uploads/Resolution_for_Approving_the_Assigning_Credit_Hours_Policy.pdf

Prepared by: Dr. Ghassan Murad, Updated by s J8 e &l
Professor Ebrahim A. Mattar

Date: Monday, September 14, 2026 salasy) g

Updated by: Dr. Ghassan Murad, Updated by T PPN
Professor Ebrahim A. Mattar

Reviewed by: 108 (e gy

Approved by Department ) alaa b (ha B laia) Gusaic |

Council on: [Click or tap to
enter a date.], Meeting no. [ ]
for the academic year [ ]

Click or tap to enter a | g
Ll [ ] glaia¥ ady [date.
[ ] %)
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