
State-Space Model and LQR 
Example



Inverted pendulum 

• A real-world example that relates directly to this inverted 
pendulum system is the attitude control of a booster rocket at 
takeoff.

https://ctms.engin.umich.edu/CTMS/index.php?example=InvertedPendulum&section=SystemModeling 
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External force F is used to control the motion 
of the pendulum to keep it vertical













































Lab 2
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Derivation of the 
LQR Algebraic 
Riccati Equation 
(ARE): 











PID vs LQR

• PID:
https://ctms.engin.umich.edu/CTMS/index.php?example=InvertedP
endulum&section=ControlPID
• LQR:
https://ctms.engin.umich.edu/CTMS/index.php?example=InvertedP
endulum&section=ControlStateSpace 

It is much easier to control multi-input, multi-output systems with the state-space 
method (LQR here) than with the other methods such as PID, Root Locus and 
Frequency analysis approaches. 
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