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SISO/MIMO Plants
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Examples: 
• A dc electric motor 

• Temperature of the room
• ?
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SISO/MIMO Plants

2/20/2018

Closed  Loop SISO Control System:

• Temperature controller of the room:
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Multi Input-Multi Output (MIMO) Plants
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MIMO Plants
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Examples: 

• Quadrotor
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Examples: 
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• Free Gyro Seeker
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• Railway vehicles
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Matrix Transfer function representation for Linear MIMO plants: 
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MIMO Plants
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No Interaction
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If g12(s)=g21(s)=0 then we have a Decoupled Plant.

c1(s)

c2(s)
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Centralized vs Decentralized

Control Configuration
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Centralized Control:

Decentralized Control:

MIMO

Controller:

C(s)
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Centralized vs Decentralized

Control Configuration
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Advantages of Decentralized Control Configuration:

• Easy in design and implementation

• Simple tuning

• Robustness in dealing with faults and uncertainties

• Cost effective

• Understandable for operators of the production process

Disadvantages of Decentralized Control Configuration:

• ?
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Control Structure Design
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A definition for the Input-Output Selection is given in (Van de Wal and 

De Jager 2001) as:

“Select suitable variables to be manipulated by the 

controller (plant inputs) and suitable variables y to be 

supplied to the controller (plant outputs)”

Control Structure design includes 2 steps:

1. Input-Output Selection

2. Control Configuration Selection (Input –Output Pairing) 

LTU & IUST
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Input-Output Selection
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Example: A JET ENGINE
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Input-Output Selection
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Example: A JET ENGINE

All these outputs are possible to use in a

number of different combinations with the

available input signals.

The problem is to find the combinations of

outputs and inputs that are the most

suitable for control design, without

actually designing controllers for each

case.

I/O Selection tries to obtain:

• Maximum Output Controllability and Robust Stability

• Maximum State Controllability and Observability

• No RHP Zero

• Minimum Interaction
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Input-Output Selection
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Example: A JET ENGINE

Ref.: H-aring, Melker, and refors. "Application of control structure design methods to a jet engine." 

Journal of Guidance, Control, and Dynamics 24.3 (2001): 510-518.
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Control Configuration Selection
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Objective: 

How can we choose the best Input/Output pair, for decentralized control?

Can we use the decentralized control configuration?
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Control Configuration Selection
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• Can we just use transfer function matrix to find the best I/O pair?
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Nyquist Array:Example:
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Example:

– Gershgorin bands

– Diagonal dominance

2 1
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Can this method consider the interaction (Direct and Indirect effects) in its analysis?
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The Quadruple Tank
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The Quadruple Tank
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The Quadruple Tank
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u1=1

u2=0

y1=?

y2=?

u1=0

u2=1

y1=?

y2=?

u1=1

u2=1

y1=?

y2=?

Analyze the effect of Inputs on the Outputs using open loop Step response:
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Aims of the Course

1. Control the large-scale and/or multivariable 
plants.

2. Centralized and Decentralized control 
structures.

3. Control configuration selection in 
decentralized control structure.

4. Input-Output Pairing strategies:
• For linear plants.

• For nonlinear plants.

Control Configuration Selection                    
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Learning Outcomes

1. Control the multivariable and large-scale plants based on 

the decentralized control.

2. Advantages of decentralized control structure.

3. Pairing strategies and corresponding pairing rules.

4. Similarities and differences between the pairing methods.

5. Pairing methods based on the soft-computing algorithms.

6. Pairing result in the presence of uncertainties.

7. Last researches in the field.
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Course Evaluation

1. Course Projects 40%

2. Final Exam 40%

3. Paper +20%
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• Interaction in MIMO Plants

• Centralized and Decentralized Control 

• Control Structure Design

• I/O Selection

• I/O Pairing

Conclusion


