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Description

The aim of the course is to give an overview of modeling and identification methods for
solving static and dynamic problems such as optimal resource planning and industrial
control. The major topics covered in the course include:

• Optimization. Linear programming. Convexity. Least squares. Newton’s Method.
Simplex method. Nelder-Mead method (applications).

• Static and dynamic models and applications.

• Linear models. Time domain and frequency domain analysis.

• Process models. Mathematical models of industrial processes.

• Identification. Model types. Validation. Residual analysis.

• Introduction to nonlinear systems. Kalman filter.

• Global optimization methods. Genetic programming and symbolic regression.

• Computational intelligence. Artificial Neural Networks. Modeling dynamic systems.
Pattern recognition.



• Deep learning. Image recognition with MATLAB and Python.

These topics will be delivered by several instructors and will be accompanied by corre-
sponding practical works.

Most of the practical assignments of the course will be solved in MATLAB/Simulink
environment. The first practice will be given on the 3rd week of the semester.

Learning Outcomes

By the end of the course the student

• Knows and understands the basics of mathematical programming;

• Knows and is able to formulate basic and advanced modeling, optimization, and
identification problems;

• Knows and is able to apply global optimization algorightms;

• Can describe systems using mathematical models;

• Knows how to derive mathematical models;

• Knows advanced modeling theory:

– Essentials of nonlinear system analysis;

– Artificial neural networks based modeling, deep learning networks;

– Design of Kalman filters in applications;

– Genetic programming and symbolic regression;

• Is able to use the MATLAB/Simulink environment to analyze and solve different
mathematical programming, identification problems.

Course Project

In general, the project may be one of the following:

• Solution of a research problem relevant to the student’s area of interest within the
scope of the course;

• Independent study of a topic not covered in the course (e.g., reading a scientific
article or book chapter).

The student must compile a report about the project. The report must consist of

• An introduction and a clear problem statement;

• Overview of tools used to fulfill the project goals;

• Proposed solution for the problem;



• Examples or practical results;

• Result analysis and conclusions;

• Properly formatted list of references to credible sources.

The prospective length of the report is 10-15 pages. Submission deadline is the 16th week
of the semester. In addition, the student must

• Submit the project topic and associated presentation by the 4th week of the semester;

• Finally, the student must give a 10-12 minute talk about the finished project at the
end of the course (also during finals).

Group projects are accepted. But reports must be prepared, submitted and defended
individually.

The following list contains some project ideas proposed by the instructors. Other topics
are also possible.

• Modeling for Virtual Reality Applications. Reference: any instructor; http://www.
recreation.ee/

• Modeling a Laboratory Object. Reference: any instructor; https://www.a-lab.ee/
equipment

• NelinSys Toolbox for MATLAB. Reference: Dr. Aleksei Tepljakov; https://goo.
gl/kJcy7V

• Data based modeling of human behaviour in VR environments. References: Dr.
Aleksei Tepljakov, Prof. Eduard Petlenkov.

• Application of Artificial Neural Networks based models for prediction of energy
consumption. Reference: Prof. Eduard Petlenkov.

Practical Works

Practical works are carried out in the laboratory using personal computers and MAT-
LAB/Simulink software. Reports are expected for five practical works. These will award 5
course points each if submitted within 2 weeks of carrying out the practical work. For the
reports to be accepted, the following must hold.

• Reports are about 3-5 pages long and contain a brief summary of the problem,
solution methods, as well as an assessment of results;

• Graphs, if present, must be illustrative—screenshots of the working software envi-
ronment are generally not required;

• The reports must contain answers to questions posed by the instructor for each
particular practical work.

Formatting of the report is up to the student, but clearly typeset LATEX-style reports are
welcome. Only PDF format is accepted and must be submitted electronically.

http://www.recreation.ee/
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Policies

The learning outcomes of the course are evaluated in the following way:

• Two tests covering the topics from two parts of the semester.

• Five practice reports covering specific topics.

• An individual project report and presentation thereof.

The following policies are in effect:

• There is only one attempt to do each of the tests during the semester. It is however
possible to improve the result (if desired) during finals by reattempting to do one of
the tests. Among the attempts, the best grade counts as final.

• The practice reports will cover particular course topics. The report for must be
submitted within two weeks of the date of carrying out the practical work in the
laboratory. If a report is not received within the allocated time interval, the grade
points for the practical work are not awarded. Reports are accepted electronically in
PDF format.

• Topics for the individual project may be selected from a list offered by the instructor,
or proposed by the student. In the latter case, the topic of the project must be
within the scope of the course topics. At the end of the course, a report for the
project must be prepared and submitted for evaluation. The prospective length of
the report is 10-15 pages. Submission deadline is the 16th week of the semester. The
report is accepted electronically in PDF format.

All electronic submissions are handled via companion course at TalTech Moodle located
at https://moodle.taltech.ee/.

Course Grading

The final grade has the following components:

T1 + T2︸ ︷︷ ︸
2×25%=50%

+P ?
1 + P ?

2 + P ?
3 + P ?

4 + P ?
5︸ ︷︷ ︸

5×5%=25%

+ E︸︷︷︸
25%

,

where Tx denotes a test, P ?
y denotes a starred practice work, and E denotes the final

project report and presentation thereof. The usual TalTech grading system is in effect, so
to pass the course one needs a grade of 51% and up.

Prospective Course Schedule

In Table 1 a summary of the prospective organization of the course is provided. Small
changes are possible due to changes in the availability of instructors.

https://moodle.taltech.ee/


Table 1: Prospective course schedule. Some changes are possible due to changes in the
availability of instructors

Class Type Content

1 L Introduction to the course. Course structure and policies.
Preliminary schedule.

2 L Optimization. Linear programming. Convexity. Least squares.
Newton’s Method. Simplex method. Nelder-Mead method
(applications).

3 L+P Modeling. Linear systems. Frequency domain analysis.
Practical work: Introduction to Matlab Live Scripts. Essentials of
modeling. Moodle training.

4 L+P Process models I

5 L+P? Process models II

6 L+P Process models III

7 L+P? Identification. Time domain identification of dynamic models.
Validation. Residual analysis. Modeling of physical systems.

8 T Test #1.

9 L+P Introduction to nonlinear systems. Second-order systems and phase
plane analysis. Kalman filter.

10 L+P? Global optimization. Genetic programming. Symbolic regression.

11 L+P Introduction to modeling with artificial neural networks.

12 L+P? Artificial neural networks for modeling process dynamics.

13 L+P? Artificial neural networks for pattern recognition.

14 L+P Deep learning networks. Convolutional neural networks and image
processing.
Attending this lecture is optional.

15 T Test #2.

16 E Course project report submission deadline.
Student project talks.

Legend
L — lecture, P — practice, ? — report expected
T — test, E — exam



Literature

1. Ü. Kaasik, Matemaatiline planeerimine, Valgus, Tallinn, Eesti, 1967.

2. E. Übi, Planeerimise ja juhtimise matemaatika, Külim, Tallinn, Eesti, 1998.

3. H. Sillamaa, Süsteemiteooria, TTÜ, Tallinn, Eesti, 1999.

4. T. S. Ferguson, Linear Programming: A concise introduction. [Online].
Available: http://www.math.ucla.edu/~tom/LP.pdf, 2012.

5. I. Griva, S. G. Nash, A. Sofer, Linear and Nonlinear Optimization, SIAM, Philadel-
phia, USA, 2008.

6. K. Ogata, Modern Control Engineering, 5th edition, Prentice Hall, 2009.

7. L. Ljung, Ed., System Identification (2nd Ed.): Theory for the User. Upper Saddle
River, NJ, USA: Prentice Hall PTR, 1999.

8. S. Huang, K. K. Tan, K. Z. Tang, Neural Network Control: Theory and Applications,
Baldock: Research Studies, 2004.

9. T. Weise. Global Optimization Algorithms — Theory and Application. [Online].
Available: http://www.it-weise.de/projects/book.pdf, Germany: it-weise.de (self-
published), 2009.

10. D. Xue, Y. Q Chen, D.P. Atherton, Linear Feedback Control: Analysis and Design
with MATLAB, SIAM, Philadelphia, USA, 2007.

11. W. Bequette. Process Control: Modeling, Design and Simulation. Prentice Hall
Professional, 2003.

12. P. C. Chau. Process Control: A First Course with MATLAB. Cambridge University
Press, 2002.

13. W. L. Luyben. Process modeling, simulation and control for chemical engineers.
McGraw-Hill Higher Education, 1989.

14. H. Klee and R. Allen. Simulation of Dynamic Systems with Matlab and Simulink,
2nd ed. CRC Press, Inc., 2011.

15. B. Roffel and B. Betlem. Process Dynamics and Control: Modeling for Control and
Predictions. Wiley and Sons, 2006.


