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Motivation for the development of a new method for the 
design of controllers with a fixed structure
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A Typical Feedback Control Configuration
Robustness/Performance Channels
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The Sensitivity Function
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Typical Constraint on Sensitivity Function
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Some History of The Control Problem 

• The origins of the -problem date back to the 1960s, when Zames discovered 

the small gain theorem and extended classical control techniques to MIMO control 

architectures.

• In nominal synthesis, full-order feedback controllers are computed via 

semidefined programming (1994) or algebraic Riccati equations (1989).

• Analytical design of PI controllers (1998).

• Structured synthesis in MATLAB (hinfstruct) via nonsmooth optimizers 

(2011).



The Affine-structured Controller (AF-controller)
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where ( ), ( ),  and F(s) are arbitrary proper rational transfer functions; ,  and  are 

tunable controller parameters, and ,  is the vector parameter.
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Typical examples :
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Other Possible Choices of Q(s), R(s), and F(s)
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  Converting the selected controller to an affine controller.
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    Example:  PR-controller (High gain of ( )  at the frequency )
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  Increasing the control performance by increasing the order of the existing 

   controller (s).
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Basic Formulation of Affine-structured 
Controller Design Problem: Single

Constraint
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D-decomposition for one Constraint   
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Explicit solution for

the case of AF-controller

[*] E. N. Gryazina, B. T. Polyak, A. A. Tremba, D-decomposition technique state-of-the-art, Automation and Remote Control, 2008.
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Explicit Solution of the system (2a), (2b) for the constraint
( , ) , ( , ) ( , )H s k H s k S s k
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Main Result: Isolation of - Region
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Example:  region for unstable process:
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Multiple Constraints
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Multi-model Design Objectives
 constraints on the robust/performance channelsH



Solving the Motivational Task 
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Sketch of region isolation algorithm

STEP 1

STEP 2

STEP 3

Finding all critical 

points/curves in the 

parametric plane

Select parts that meet Hinf 

specifications and the 

condition of internal stability

Create a border of region in 

a parametric plane
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Single Specification Problem



Sketch of region isolation algorithm

STEP 3i

STEP 4

Create a border of regions in 

a parametric plane for all

specifications

Multiple system models design or design with
several limitations can be implemented

through the intersection of regions
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Multiple Specification Problem



www.pidlab.com

PID H∞ Designer
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StepByStep

PID H∞ Designer



WorkSpace

PID H∞ Designer



PID H∞ Designer: Options
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Examples
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Proces model set:        

Controller :                 

Design focus :   
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         Load step disturbance rejection (regulator problem

Sensitivity functions :                  

Weighting functions :                 

Design criterion :    
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Design Specification of Robust PI-controller
for Process Model Set

Requirements

Formulation of the design problem

PID 

H∞ Designer 



Definition of 
processes 

transfer functions

Setting the desired 
form of the controller

Selection of the 
criterion function

The resulting controller

limitations

for S(s) function






Intersection of 

regions
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Selection of Gamma (Ms) Value

Amplitude frequency response of 
sensitivity function S(s) for IE optimal PI 

controllers
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Selection of Gamma (Ms) Value
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Controller:                 

Design focus:            Track a current 50Hz sinusoidal reference waveform (servo problem

Sensitivity functions:                  
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Weighting functions:                 
Design parameters:                     
Design criterion :  
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Grid Connected Photovoltaic Inverter
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LCL filter with processing delay
for Single phase 3 kW Grid-

Connected Photovoltaic Inverter 
system 

Requirements

Formulation of the design problem

PID 

H∞ Designer 



Definition of 
system transfer 

function

Selection of the 
criterion function

Setting the desired 
form of the controller

The resulting controller

limitations

for S(s) function



Control deviation



Iterative modification
of the controller
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Controller:                 

Design focus:            Track reference temperature setpoint (servo problem
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Plate Heat Exchanger

Description of the process based on experimentally 
obtained Input/Output data

Requirements

PID 

H∞ Designer

Formulation of the design problem
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Sensitivity functions:      

Weighting functions:     

Design criterion:             
 




  



Implemented 
support for model 
identification from 

I/O data

Identification of 
the model at 

different 
operating points 

of the process



Definition of 
identified models

limitations

for S(s) and T(s) 
functions
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Conclusion

• New analytical method for the design of the 𝐻∞ affine controller

• Affine controller includes almost all fixed structure controllers 
commonly used in practice 

• Web tool PID H∞ Designer (www.pidlab.com)
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http://www.pidlab.com/

