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System Control
modeling in the frequency domain



UNICON LAB, Unmanned & Intelligent system Control Laboratory

System modeling

Ohm’s Law, Kirchhoff’s Law

Newton’s Law

Electrical system:

Mechanical system:

Electrical system   + Mechanical system

= Electromechanical system (ex: Motor)

• System modeling

• System

Modeling in the     frequency domain

time domain

• System modeling
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Why do we study “Laplace Transform”?

• Easy to represent and analysis a complex differential equation

- Represent : Transfer function

- Analysis : Stability and transient response

VS

VS
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Why do we study “Laplace Transform”?

Laplace Transform

Example 2.4 Example 2.6
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Electrical system

➔ Transfer function ??

&

- Mesh analysis

- Nodal analysis

- Voltage division
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Simple Circuits via Mesh Analysis

Example

• Find the transfer function relating the capacitor voltage, 𝑉𝑐(𝑠), to the voltage, 𝑉(𝑠)

Then
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Single loop via voltage division 

Example

• Find the transfer function relating the capacitor voltage, 𝑉𝑐(𝑠), to the voltage, 𝑉(𝑠)
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Multiple loops

Example

• Find the transfer function relating the current, 𝐼2(𝑠), to the voltage, 𝑉(𝑠)
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Multiple loops

Example

• Find the transfer function relating the current, 𝐼2(𝑠), to the voltage, 𝑉(𝑠)
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Multiple loops

Example

• Find the transfer function relating the current, 𝐼2(𝑠), to the voltage, 𝑉(𝑠)
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Operational Amplifiers

100,000 ~ 1,000,000

35~100Ω

1~1000MΩ

Ideal Practical

- Operational Amplifiers - Inverting OP amp - Noninverting OP amp
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Inverting OP amp
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Inverting OP amp

Example

• Find the transfer function,𝑉𝑜(𝑠)/𝑉𝑖(𝑠)
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Non-Inverting OP amp
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Non-Inverting OP amp

Example

• Find the transfer function,𝑉𝑜(𝑠)/𝑉𝑖(𝑠)
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Mechanical system (1)

• Translational mechanical system
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Mechanical system (2)

𝑀1 𝑀1

𝑀2 𝑀2

hold

hold

move

move

𝑀2 move𝑀2 hold

𝑀1 move𝑀1 hold


