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An Example of Modified Smith Predictor 

Design with QFT
Per-Olof Gutman 

• The example  – a double integrator with uncertain gain and delay

• A straightforward lead-lag design using QFT

• The Modified Smith Predictor 

• Loop shaping for (the plant + the Modified Smith Predictor)

• A successful design

• Discussion
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The example  – a double integrator plant 
with uncertain gain and delay

Specification: 
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Templates of the double integrator plant 

The arbitrary nominal 

plant is chosen as

Note: For a plant w/o 
uncertainty, and 

delay = h [sec], 



Qsyn ─ the toolbox for robust control systems design P-O Gutman

A straightforward lead-lag design 
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A straightforward lead-lag design 
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The Modified Smith Predictor
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Loop shaping with MSP
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Bode Diagram of MSP
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Templates of P(s) + ππππ(s)
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Bounds for C(Pnom(s) + ππππ(s))
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Bounds for C(Pnom(s) + ππππ(s))

Pnom(s) + π(s) 
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Design C4(Pnom(s) + ππππ(s))
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Design C4(Pnom(s) + ππππ(s))
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C4(s)
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Bode diagram of G4(s)
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Result G4(s)P(s)
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Result G4(s)P(s)
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Result G4(s)P(s)
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|1+G4(s)P(s)|
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|1+G4(s)P(s)|
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Discussion

• It was easier to loop shape with the MSP in parallel with the plant than

with no MSP at all, and higher bandwidth was achieved

• It is more difficult to loop shape when the MSP is postulated to be 

inside the feedback of the controller, although that is the correct way 

to do it

• It was not tested how the choice of the MSP parameters influences the 

design process.


