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Introduction: CT and DT Plant-Controller
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 Transform CT plant into DT plant

 By DT plant, design DT controller

 By CT plant, design CT controller

 Transform CT controller into DT controller

 Emulation

 Discrete Design
Direct Design
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Basic Design Concept

 Basic principles of low-order controller design

Anderson 1993B.D.O. Anderson, “Controller Design: Moving from Theory to Practice,” IEEE Control Systems Magazine, 13(4), pp. 16-25, Aug. 1993
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Introduction: CT and DT Plant-Controller

Study in Digital Control Systems

• Controller Design of Digital Control Systems

– Design Process

> Discrete Design:

» CT plant -> DT plant -> DT controller

> Emulation:

» CT plant -> CT controller -> DT controlle

> Direct Design: (B.D.O. Anderson, 1992 Bode Prize Lecture)

» CT plant -> DT controller
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Outline

 Discrete Design

 By Transfer Function

 By State Space

 Design by Emulation

 Tustin’s Method or bilinear approximation

 Matched Pole-Zero method (MPZ)

 Modified Matched Pole-Zero method (MMPZ)

 Digital PID-Controllers

 Techniques for Enhancing the Performance
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Discrete Design – Transfer Function

 The Exact Discrete Equivalent:

Franklin et al. 2002
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Discrete Design – Transfer Function

 Discrete Root Locus:

Franklin et al. 2002
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Discrete Design – Transfer Function

 Feedback Properties:

• Proportional:

• Derivative:

• Integral:

• Lead Compensation:

Franklin et al. 2002



DCS32-DiscreteDesign-9

Feng-Li Lian ©  2021
Discrete Design – Transfer Function

 Space Station Digital Controller example:

Franklin et al. 2002
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Discrete Design – Transfer Function

 Space Station Digital Controller example:

• P + D feedback

Franklin et al. 2002
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Discrete Design – Transfer Function

 Space Station Digital Controller example:

• P + D feedback

Franklin et al. 2002
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Discrete Design – Transfer Function

 Step Response of the continuous & digital systems:

Franklin et al. 2002
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Discrete Design – State Space

 State-Space Model:

Franklin et al. 2002
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Discrete Design – State Space

 State-Space Model:

Franklin et al. 2002
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Discrete Design – State Space

 Discrete Transfer Function:

Franklin et al. 2002
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Discrete Design – State Space

 Discrete SS Model of 1/s^2:

Franklin et al. 2002
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Discrete Design – State Space

 Discrete SS Model of 1/s^2:

Franklin et al. 2002
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Discrete Design – State Space

 Pole Placement by State Feedback:

Franklin et al. 2002
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Discrete Design – State Space

 Discrete Full-Order Estimator:

Franklin et al. 2002
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Outline

 Discrete Design

 By Transfer Function

 By State Space

 Design by Emulation

 Tustin’s Method or bilinear approximation

 Matched Pole-Zero method (MPZ)

 Modified Matched Pole-Zero method (MMPZ)

 Digital PID-Controllers

 Techniques for Enhancing the Performance


