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COURSE DESCRIPTION CARD - SYLLABUS

Course name
Optimisation methods in electromagnetic devices design

Course

Field of study Year/Semester
Electrical Engineering 2/4

Area of study (specialization) Profile of study
Electrical Systems in Mechatronics general academic
Level of study Course offered in
Second-cycle studies polish

Form of study Requirements
part-time compulsory

Number of hours
Lecture Laboratory classes Other (e.g. online)
10
Tutorials Projects/seminars
20
Number of credit points
3

Lecturers

Responsible for the course/lecturer: Responsible for the course/lecturer:
Dr inz. tukasz Knypinski

email: lukasz.knypinski@put.poznan.pl

tel. 61 665 2636

Faculty of Control, Robotics and Electrical

Engineering

Prerequisites

The student starting this subject should have basic knowledge of mathematical analysis, linear algebra
and vectorial calculus. He should also have the ability to formulate a design task at the engineering level
and the ability to computer programimng at the general level.

The ability of effective self-education is required by obtaining information from indicated sources and
the awareness of the need to expand their competences and readiness to cooperate within a team.

Course objective

Acquiring the skills to correctly formulate a synthesis task of a technical devices and to optimize such
devices. Getting the knowledge about deterministic and non-deterministic methods of unconstrained
optimization.

Acquiring knowledge about methods of considering the technical and economical constraints.
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Student should gain ability of the identification and formulating tasks of the multi-criteria optimization.
He should also acquiring the ability of the selection of the algorithm of the optimization to the solved
the put problem.

Course-related learning outcomes

Knowledge

1. Student has an expanded and deepened knowledge in some branches of mathematics, including
elements of discreet and applied mathematics, essential for description of operation and optimum
synthesis of electrical systems.

2. Student has an expanded knowledge in the scope of advanced numerical methods applied for solving
of complex technical issues in electrical engineering.

3. Student has a knowledge in the possibility and restrictions of methods used in CAD in the area of
electrical engineering.

Skills
1. Student is able to obtain information from literature, databases and other sources; he is able to
integrate obtained information, to effect their interpretation.

2. Student is able to use methods and mathematical models for analysis and designing electrical devices
and systems.

3. Student is able to design electrical elements, devices and systems, including set functional and
economic criteria, in case of the need adapting existing or developing new CAD tools.

Social competences

1. The student understands the need of formulating both handing over to the society information and
opinions of achievements in the area of electrical engineering and other aspects of activity of an
electrical engineer.

Methods for verifying learning outcomes and assessment criteria

Learning outcomes presented above are verified as follows:

Lecture:

- assessment of knowledge and skills demonstrated in the written exam of a problem nature,
- continuous assessment during each class (rewarding activity and quality of perception).

Project:

- checking and rewarding knowledge necessary to implement the problems raised,
- evaluation based on current progress of project implementation in the form of computer programs.

Getting extra points for activity during classes, especially for: -
proposing to discuss additional aspects of the issue;

- effectiveness of applying the acquired knowledge when solving a given problem;

- comments related to the improvement of teaching materials.
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Programme content
Lecture:

Electromagnetic device synthesis, formulation of the device optimization problem: decision variables,
objective function, constrain functions. Normalization of variables and functions. Deterministic method
of unconstrained optimization. The gradient procedures, conjugate gradient algorithms. Algorithms of
direction optimization.

Evolutionary methods: genetic algorithm, particle swarm procedure. Equality constrained optimization,
Lagrange multipliers and Courrant procedure. Inequality constrained methods: external and internal
penalty functions. Multi-criteria optimization.

Project:

Formulating the task of unconditional optimization of the technical device - selection of design variables
and compromise objective function as well as their normalization. Development of the algorithm and
optimization program using a gradientless method. Constrained optimization task - defining nonlinear
constraint functions. The development of an algorithm and a program for solving the task of optimal
design of an electromagnetic device with constraints taken into account by the method of the function
of external penalty in connection with the gradient method of unconditional optimization. Solution of
the test problem with the use of the genetic algorithm.

Teaching methods
Lecture:
- lecture with multimedia presentation supplemented with examples given on the board,

- lecture conducted in an interactive way with the formulation of questions to a group of students and
taking into account the activity of students during classes when issuing the final grade,
- discussion of various aspects of solved problems, including: economic, ecological, legal, social.

Project:

- analysis of different methods to solve the problem,

- developing and implementing an effective computer program to optimize the selected technical
object,

- multimedia shows.
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Breakdown of average student's workload

Hours ECTS
Total workload 88 3,0
Classes requiring direct contact with the teacher 38 1,0
Student's own work (literature studies, preparation for laboratory 50 2,0
classes/tutorials, preparation for tests/exam, project preparation) !

! delete or add other activities as appropriate



