
Part II: Dynamic Estimation

• Dynamic Modeling
• Empirical

• Fundamental

• Dynamic Estimation

• Dynamic Control

Model of System
Measured Input (p) Simulated Output (y)

minimize 𝑦𝑚 − 𝑦 𝑛

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 0 = 𝑓
𝑑𝑥

𝑑𝑡
, 𝑥, 𝑦, 𝑝

0 ≤ 𝑔
𝑑𝑥

𝑑𝑡
, 𝑥, 𝑦, 𝑝

Actual System
Measured Output (ym)Measured Input (p)

Adjust parameters



Data for Empirical Modeling

• Linear first-order equation

• 𝜏
𝑑𝑣

𝑑𝑡
= −𝑣 + 𝐾 𝑝

• Gain (𝐾)
• Change in output / Change in input with 𝐾 =

Δ𝑣

Δ𝑝
=
𝑣2−𝑣1

𝑝2−𝑝1

• Points 1 and 2 at steady state, 
𝑑𝑣

𝑑𝑡
= 0 = −𝑣 + 𝐾 𝑝 or 𝑣 = 𝐾 𝑝

• Point 1: 𝑝1 = 0, 𝑣1 = 0 (at rest)
• Point 2: 𝑝1 = 20, 𝑣1 = 0

• Time constant (𝜏)
• Step change in the input
• Time to reach 63.2% of steady state value



Why is t the time for 63.2% to steady-state?
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Laplace TransformsSeparate and Integrate

𝜏
𝑑𝑣

𝑑𝑡
= −𝑣 + 𝐾 𝑝

 
0

𝑣 𝜏

𝐾𝑝 − 𝑣
𝑑𝑣 =  

0

𝑡

𝑑𝑡

−𝜏 ln
𝐾𝑝 − 𝑣

𝐾𝑝
= 𝑡

𝑣 𝑡 = 𝐾𝑝 1 − e−𝑡/𝜏

𝑣 𝜏 = 𝐾𝑝 1 − e−𝜏/𝜏 with t=t

𝑣 𝜏 = 𝐾𝑝 0.632

𝑣 ∞ = 𝐾𝑝 at steady state 



Dynamic Estimation in Excel

System
Unknown b, K

Input Output

minimize
𝐾,𝜏

𝑣𝑚 − 𝑣
2

𝑠. 𝑡. 𝜏
𝑑𝑣

𝑑𝑡
= −𝑣 + 𝐾 𝑝

0 ≤ 𝑏 ≤ 100



Dynamic Estimation in MATLAB

Input
(Gas Pedal)

Output
(Velocity)System

Unknown b, K

Input Output
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Actual Parameters

K = 1.0

b = 50.0

Initial Model Parameters

K = 0.8

b = 20
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Measured

Predicted

minimize
𝐾,𝑏

𝑣𝑚 − 𝑣
2

𝑠. 𝑡.
𝑚

𝑏

𝑑𝑣

𝑑𝑡
= −𝑣 + 𝐾 𝑝

0 ≤ 𝑏 ≤ 100



Dynamic Estimation in MATLAB

Setup Tune and Solve



Dynamic Estimation MATLAB Results
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Actual Parameters

K = 1.0

b = 50.0

Optimized Parameters

K = 1.001

b = 49.9639
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Dynamic Estimation in Simulink



Dynamic Estimation Contour Plot


