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Modeling in the time domain

• Find state-space representation

• Model electrical & mechanical system in state-space

• Convert a TF to SS

• Convert a SS to TF

• Linearization 
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The general state-space representation

• Linear combination

• Linear independence

𝑆1 = 𝐾1𝑥1 + 𝐾2𝑥2 + 𝐾3𝑥3 +⋯+𝐾𝑛𝑥𝑛

𝑆2 = 𝐾1𝑥1𝑥2 + 𝐾2𝑥2𝑥3 + 𝐾3𝑥3𝑥4 +⋯+ 𝐾𝑛−1𝑥𝑛−1𝑥𝑛

𝑥1, 𝑥2, 𝑥3 𝑥1, 𝑥2, 𝑥3 = 𝑥1𝑥2 𝑥1, 𝑥2, 𝑥3 = 𝑥1 + 2𝑥2 𝑥1, 𝑥2, 𝑥3 = 3𝑥1 + 𝑥2 + 1
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The general state-space representation

• System variable

• State variables

• State vector

• State space

Any variable that responds to an input or initial conditions in a system

The smallest set of linearly independent system variables such that the values of the 

members of the set at time t0  along with known forcing functions completely 

determine the value of all system variables for all t > t0.

A vector whose elements are the state variables

The n-dimensional space whose axes are the state variables.
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The general state-space representation

state equation

output equation
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State vector, state space

• Minimum number of state variables

• Linear independence

Typically, the minimum number required equals the order of the differential 
equation describing the system.
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State-space representation

1. Label
2. Select the state variables: for all of the energy-storage elements (remember ሶ𝐱 = 𝐴𝐱 + 𝐵𝐮)
3. Obtain state equations: represent Eqs in terms of the state variable
4. Find output equation (remember 𝐲 = 𝐶𝐱 + 𝐷𝐮)
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Review: Translational mechanical system 

𝑀1 𝑀1

𝑀2 𝑀2

SS
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Converting a TF to SS (1)

D
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Converting a TF to SS (2)

Example
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Converting a TF to SS (3)

Example
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Converting a TF to SS (4)

1. Separate the system into two cascaded blocks

2. Find  the state equations



UNICON LAB, Unmanned & Intelligent systems Control Laboratory

Converting a SS to TF
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Linearization (1)

• Nonlinearities
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Linearization (2)

Taylor series

h.o.t

or
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Linearization (3)

• How to get transfer function in nonlinear system?
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Summary

• State-space representation

• State variable, vector, space

• State-space → Transfer function

• System linearization


