
6.3100 Dynamical System Modeling and Control Design
Spring 2023 – Lecture 6



MATLAB tools

• Line-following example:
System equation (with PD-control)

𝑑𝑑 𝑛𝑛 − 2𝑑𝑑 𝑛𝑛 − 1 + 𝑑𝑑 𝑛𝑛 − 2 1 + ∆𝑇𝑇2𝑉𝑉𝑉𝑉𝐾𝐾𝑝𝑝 + 𝐾𝐾𝑑𝑑𝑉𝑉𝑉𝑉∆𝑇𝑇 + 𝑑𝑑 𝑛𝑛 − 3 −𝐾𝐾𝑑𝑑𝑉𝑉𝑉𝑉∆𝑇𝑇
= 𝑑𝑑𝑑𝑑 𝑛𝑛 − 2 ∆𝑇𝑇2𝛾𝛾𝛾𝛾𝑘𝑘𝑝𝑝 + 𝐾𝐾𝑑𝑑∆𝑇𝑇 𝑉𝑉𝑉𝑉 + 𝑑𝑑𝑑𝑑[𝑛𝑛 − 3](−𝐾𝐾𝑑𝑑∆𝑇𝑇 𝑉𝑉𝑉𝑉)

Coefficients: numerator

denominator
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Coefficients:
Denominator terms Numerator terms

d[n]:  1 dd[n]: 0

d[n-1]: -2 dd[n-1]: 0

d[n-2]: 1 + ∆𝑇𝑇2𝑉𝑉𝑉𝑉𝐾𝐾𝑝𝑝 + 𝐾𝐾𝑑𝑑𝑉𝑉𝑉𝑉∆𝑇𝑇 dd[n-2]: ∆𝑇𝑇2𝛾𝛾𝛾𝛾𝑘𝑘𝑝𝑝 + 𝐾𝐾𝑑𝑑∆𝑇𝑇 𝑉𝑉𝑉𝑉

d[n-3]:−𝐾𝐾𝑑𝑑𝑉𝑉𝑉𝑉∆𝑇𝑇 dd[n-3]: −𝐾𝐾𝑑𝑑∆𝑇𝑇 𝑉𝑉𝑉𝑉

numerator

denominator
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Coefficients:
numerator
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𝑛𝑛𝑛𝑛𝑛𝑛 = [0, 0,∆𝑇𝑇2𝛾𝛾𝛾𝛾𝑘𝑘𝑝𝑝 + 𝐾𝐾𝑑𝑑∆𝑇𝑇 𝑉𝑉𝑉𝑉,−𝐾𝐾𝑑𝑑∆𝑇𝑇 𝑉𝑉𝑉𝑉]

𝑑𝑑𝑑𝑑𝑑𝑑 = [1,−2, 1 + ∆𝑇𝑇2𝑉𝑉𝑉𝑉𝐾𝐾𝑝𝑝 + 𝐾𝐾𝑑𝑑𝑉𝑉𝑉𝑉∆𝑇𝑇,−𝐾𝐾𝑑𝑑𝑉𝑉𝑉𝑉∆𝑇𝑇 ]



MATLAB tools

• MATLAB code

Formulate transfer function

Simulate from t = 0 to t = 35



MATLAB tools

• Simulation results Key takeaway:
Proportional control (of this system) is unstable!



MATLAB tools

• Case 2: Proportional derivative (PD) control



MATLAB tools

• Simulation results Key takeaway:
Proportional derivation (PD) control (of this system) is 
stable!



MATLAB tools

• Root locus plots (P-control)
Draw unit circle

Draw root locus



MATLAB tools

• Root locus plots (PD-control)
Draw unit circle

Draw root locus



MATLAB tools

• Finding optimal point on the root locus plot (where is the optimal point?)



MATLAB tools

• Finding optimal point on the root locus plot

Optimal point



MATLAB tools



MATLAB tools

• Fastest convergence
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