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Let's talk about the problems (today: challenges) 
- What is so difficult about control technology? 
- Why seems the subject particularly difficult for some students?
- Why is it annoying me (Söffker,) if students need more time for their studies due to delayed

exams in System Dynamics and Control than necessary? 
- Why do some students tell interesting stories and then do not know how simple and schematic

lectures, exercises, and practicals are organized, or suffer from perceived disadvantages?

Short answers: 
- Who is not being present, can not listen. 

> Personal and mental presence in lecture and practice are strongly recommended 
- Control engineering and system dynamics contents are different and seems to be for many
students an (affordable) challenge. 

- I am sometimes disappointed because we know the problems, give many hints and offers,
and these is not perceived by some people, eg. Due to non presence, not reading documents
and not preparing in a suitable manner, or even appointments (practicals) are simply ignored etc.

What is the optimal strategy for fast study and good results? 
(if necessary:   wake up), being present and listening, read the material and recommend books, 
learn continuously, take all/most of the SRS offers and prepare properly for the exams (attestation 
for practical plus exam > take time (10-14 days if you are continuously working, if not: 3-4 
weeks).
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Detailed answers related to challenges with respect to System Dynamics and Control
What is the problem and how to overcome this?



Course Control theory
Dirk Söffker
LU-0: Preliminary remarks

Chair of
Dynamics and
Control

11Preliminary remarks III

What are the offers of the Chair Dynamics and Control?
(in german: Steuerung, Regelung and Systemdynamik (SRS)

… for your success outcome.
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LU-1 Introduction to MIMO systems

What is the content of lecture units 1 and 2?

>> You should learn about the prerequisites of the course, especially about some terms and methods.
You should learn that time is required to pass the exam and in case of missing
required knowledge to learn from books.

>> You should get sensible for the MIMO view of the dynamics of systems.
> This is illustrated with static and dynamic examples.

>> The differences between SISO and MIMO are declared.
> Representation, Methods

>> The main differences between SISO and MIMO are developed by changing the
viewpoint from SISO to MIMO 
> State space representation, Frequency domain, Couplings of elements, Time behavior and integration
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LU-1 Introduction to MIMO systems

1.1 Characterisctics of MIMO systems (MIMO: Multi Input - Multi Output)
Inputs and Outputs:

Complex dynamics: 

Coupled systems:

Result:

Practical examples I:

- Heat exchanger
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LU-1 Introduction to MIMO systems

Practical examples II:

- Elastic beam (robot beam)
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1.2 Representation of variables
- m-dim. input vector u(t) - r1-dim (r-dim). output vector y(t)

- r2-dim. vector of reference w(t) - p-dim. disturbance vector d(t)

> written form  

> spoken form

> A special case: the SISO system
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1.3 Analysis  and control goals in the context of MIMO systems

- SISO control design goals : stability, reference control, disturbance compensation, dynamic requirements
plus
- Analysis of the dynamics  Goal: Use of couplings > decoupling

- Analysis of the inner couplings  What acts how?

(- Guaranty of the functionality of the control loop)  Robustness against failures of actuators and sensors)

1.4 Transformation/Use of the SISO methods to analysis and synthesis of MIMO-systems possible?

- Description (state space , transfer function , weighting function )

- Description tools to describe the dynamic behavior (poles , zeros ,  Hurwitz )

- Signal models (internal model principle ) ( works for single transfer pathes)

---

- Root locus

- Frequency domain-based control approaches ( but: more complex relations) 

1.5 New ideas and methods:

- Analysis of internal couplings

- Design of control structures using internal couplings 4/9
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LU-2 Description and behavior of linear MIMO systems

2.1 Description techniques for SISO systems

- Differential equations

- Transfer functions

- State space description

2.2 Description techniques for MIMO systems
- Set of linear differential equations
> Vector differential equation

5/9
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- Canonical regular form (diagonal canonical form)
> (effect of inputs, effect of outputs, modal measurements)

> Calculating modes (eigenvalue equation: eigenvalues, 
eigenvector equation: eigenvectors)

> Decomposing the system (calculating the modes)
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2.3  Description of the MIMO-system in frequency domain

- Transfer function matrix (be careful > MIMO-case)

- Frequency domain description of a MIMO systems
> elementwise analog to the SISO case
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- Connections between the frequency domain and the state space

> Transfer behavior in state space: Rosenbrock system matrix
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2.4 Parallel and series network of MIMO transfer elements

2.5 (Time-)behavior of MIMO systems
(of the state-space description)

- Equations of motion

- Output equations of motion

- Instationary (transient) and stationary (# constant) behavior

9/9
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What you should learm from LU 1-2:

>>   The fact that MIMO systems link several inputs and outputs with one another leads to complex dynamics, 
i.e. based on the dynamic couplings. From this it results that the known fast controller design strategy
(SISO: PID-approaches etc.), which are used in SISO approaches and which realizes a simple connection
between the controller input and system output, can not be used with MIMO systems.

>> A system analysis (stability, modal characteristics, observability, controllability) always
precedes the controller design (synthesis) in the case of MIMO systems.

>> The state space representation permits a systematic representation of all linear MIMO systems. 
The analysis methods are independent from the number of the states as well as from the dynamics.

>> The transfer function matrix shows the dynamic effects between the several inputs and outputs.

>> The structural properties are shown in the time domain using the state space representation, 
in the frequency domain using the Rosenbrock matrix.

>> The state space representation is the linear and explicit special case of the general representation
for the time integration of dynamic systems (in explicit form).
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