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Linear Fractional Representations in a few words

Many analysis and design tools require the considered system to be
written as a Linear Fractional Representation (LFR).
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An LFR is composed of:

I an LTI model M(s) which contains all
known and fixed dynamics of the system,

I a block-diagonal operator ∆ with all un-
certainties, varying parameters and non-
linearities.

It can be used to:

I model and simulate many kinds of physical systems,

I evaluate the stability and the performance properties of a closed-loop plant using
µ-analysis, Lyapunov-based analysis, IQC-based analysis. . .

I design robust controllers, gain-scheduled controller, anti-windup controllers. . .
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A real modeling challenge

I simple interconnection, but it can be quite tedious to do all computations by hand

I moreover, only polynomial and rational expressions are allowed

⇒ need of automated LFR generation tools to help non-expert users!

I allows to use powerful analysis and design techniques, whose efficiency strongly
depends on the complexity of the LFR (size of ∆ and order of M(s)),

I an increase in complexity is usually source of conservatism, and can even lead to
numerical intractability.

⇒ need to implement techniques to get simple yet accurate LFR!

I often hard to convince people who are traditionnaly working with Simulink and
in-house Matlab functions to consider LFR as a valuable alternative,

⇒ need of a user-friendly interface compatible with classical tools!
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Overview of the proposed tools

In industrial applications, physical systems are usually represented by a mix
of nonlinear analytical expressions and tabulated data.

Two steps to build an LFR:

1 get a linear model with a polynomial or rational dependence on physical
parameters and nonlinearities → APRICOT Library

2 convert this model into a linear fractional form → GSS Library with
Simulink interface

Both libraries will be presented during the workshop!
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Step 1: Generation of simple rational expressions

The issue of converting tabulated or irrational data into polynomial or
rational expressions is of significant practical importance:

I Models often include tabulated coefficients and trigonometric functions,

I Controller gains often depend on flight parameters in a tabulated fashion. . .

Motivations for developing enhanced computational tools are twofold:

I Computing rational expressions with sparse structure is a natural way to prevent
data overfitting and to ensure a smooth behavior of the model.

I The need to get tractable LFR for analysis and design purposes is another strong
motivation for generating sparse rational expressions,

I Very few practical solutions are available.

The APRICOT library of the SMAC Toolbox implements a set of opti-
mization tools to convert numerical data into simple yet accurate polyno-
mial or rational expressions.
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Step 2: Conversion into a linear fractional form

This issue has been addressed for more than 20 years:

I Several techniques such as object-oriented realization exist to obtain an LFR.

I Although minimality cannot be guaranteed, symbolic preprocessing techniques as
well as numerical reduction usually permit to overcome complexity.

I Efficient software are available such as the LFR Toolbox.

In this context, a new Matlab library should be:

I more user-friendly (accessible to non-expert users),

I more complete (all kinds of uncertainties, varying parameters and nonlinearities),

I more efficient (state-of-the-art realization and reduction techniques),

I compatible with Matlab uss object.

These specifications have motivated the creation of the GSS library.
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