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Welcome!
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https://n.ethz.ch/~jschul


Today

• Recap Session 1

• Theory Recap

− Modeling

− Block Diagrams

• Q&A Session / Done 
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Recap Session 1
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C) Closed-Loop

What controll architecture is best suited for 
keeping a plane on a certain altitude?
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A) Open-Loop

B) Half-Open-Loop 

D) Super-Loop



System Comparison
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• No feedback ➞ Input doesn’t depend on output

• Simple but unprecise 

• Feedback! ➞ Input depends on output

• More complex

• Can become unstable (we will later look at 

what that means)



B) Input: u(t); Output: y(t); System: Σ

What naming convention do we use?
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A) Input: i(t); Output: o(t); System: σ

C) Input: x(t); Output: y(t); System: S

D) Input: u(t); Output: v(t); System: ζ



C) Performance, Robustness, Stability
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What are the main objectives of a controler?

A) Performance, Stability, Linearity

B) Linearity, Predictability, Affordability

D) Data Analysis, Efficiency, Tracking



C) MISO

What type of system is this?
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A) SISO B) MIMO

D) SIMO



B) Input: ω1, ω2 , Output: 𝛼, 

C) Input: 𝛼, Output: ω1, ω2 

HS 2017
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A) Input: ሶ𝛼, Output: ω1, ω2 

D) Input: ሶ𝛼, Output: 𝛼 

We can only influence the 2 motors

➞ Input

We want to control the angle

➞ Output



Theory Recap
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Modeling
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Remember our goals?

1. Modeling: 

− Learn how to represent a dynamic system in such a way that it can be 

treated effectively using mathematical tools.

2. Analysis: 

3. Synthesis: 
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Today



Modeling Steps

1. Identify the system boundaries

2. Write down the governing differential equations of the system.

3. Transform the system into the state-space form
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Σ

(System)

Input 

u

Output 

y



1. System Boundaries

• How does outside world influence our system? These are Inputs!

−  Endogenous: can be manipulated by the designer, e.g. control inputs

− Exogenous: generated by the environment and can’t be controlled, e.g. disturbances.

• What do we observe about the system over time? These are Outputs!

−  Measured Outputs: what we can measure (sensors), e.g. speed of a car

−  Performance Outputs: not directly measurable, but we want to control, e.g. avg fuel 

consumption

• How does the system change internally over time? This is the state.

− Also known as memory. It summarizes all the effects of past inputs.

• What are known quantities specific and constant to the system? These are parameters.
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2. Differential Equations

• This step is very system dependet. How the ODE’s look like (Ordinary Differential Equations) 

needs to be determined by modeling the dynamics of the system. Often times however, this 

can be done by using a general storage approach.
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• Remember, our goal is to generally describe the how the system changes as a function of 

the current state. 



3. State Space form

• The state space is just a convention we use to describe the system. It describes the 

changing system as well as the output as a function of other variables.
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• Keep in mind that these are often matrices and vectors, meaning you might have a system 

of ODE’s



Spring Oscillator
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Input: None

Output: Position

State: Position

Derive differential euqations

 (Preview Dynamics)

Represent in State Space form:



Problem 1
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a) Identify the exogenous and endogenous inputs, the output y(t) 

and the state x(t). What are the disturbances d(t) and the control 

input u(t)? What could be an example for a parameter?
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a) Identify the exogenous and endogenous inputs, the output y(t) 

and the state x(t). What are the disturbances d(t) and the control 

input u(t)

Endo: 𝑣 𝑡

Exo: ሶ𝑚𝑜𝑢𝑡 𝑡 , ሶ𝑚𝑧 𝑡

State: 𝑥 𝑡 = ℎ 𝑡

Control input: 𝑢 𝑡 = 𝑣 𝑡

Disturbances

Parameter: S



Problem 1
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a) Identify the exogenous and endogenous inputs, the output y(t) 

and the state x(t). What are the disturbances d(t) and the control 

input u(t)?

b) What is the differential equation describing the evolution of the 

water height h(t)?
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b) Relate mass to water height:

Because we are interested in the differential equation, we can determine the massflow

Now differentiating the second equation and plugging in the mass flow:



Problem 1
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a) Identify the exogenous and endogenous inputs, the output y(t) 

and the state x(t). What are the disturbances d(t) and the control 

input u(t)?

b) What is the differential equation describing the evolution of the 

water height h(t)?

c) Write the system in state-space form
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c) Write the system in state-space form



Block Diagrams
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Block Diagrams
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It is possible to have multiple systems, describeb by multiple states. 

Block Diagrams help us to visually show how they are connected.

Often times we want to find the «overall System» or how it’s later called:

«Transfer function». You’ll see what I mean… Let’s do some examples!
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Basic Serie

Parallel Negative Feedback

a

b = Σ2 u

y = Σ2 a
y = Σ2 Σ1 u Σ = Σ2 Σ1 

a

b

y = a + b

a = Σ1 u

a = Σ1 u

a

e
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Negative Feedback

a

e
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Basic Serie

Parallel Negative Feedback

a

b = Σ2 u

y = Σ2 a
y = Σ2 Σ1 u Σ = Σ2 Σ1 

a

b

y = a + b

a = Σ1 u

a = Σ1 u

a

e



Unstable?

Let’s have look at the feedback case again. We heard that a feedback architecture can become 

«unstable». But what does that really mean?
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a

e

Remember that the overall system can be used for the output:

But what happens now as  Σ1Σ2 → −1 ?

   𝑦 → ∞
The output explodes and becomes unstable!!



HS 2022
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https://n.ethz.ch/~jschul/Feedback

https://n.ethz.ch/~jschul/Feedback

Feedback
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https://n.ethz.ch/~jschul/Feedback


Q&A Session / Done
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