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Context and objective

Control laws design is usually based on a (linear) mathematical model,
which significantly simplifies/alters reality.

Such a model is not a perfect representation of the real behavior of a
physical system because of:

I high-frequency uncertainties (neglected dynamics)

I uncertainties on the parameters which characterize the system (mass, inertia,
aerodynamic coefficients. . . )

I time-varying parameters:

I fast variations → mass of a launcher during atmospheric flight
I slow variations → mass, velocity, altitude of a transport aircraft

I nonlinear phenomena:

I aerodynamic phenomena at high angles
I actuators saturations
I transmission delays
I intrinsically nonlinear phenomena

Robustness with respect to these phenomena must be ensured!

A brief introduction to robustness analysis 2 / 6 SMAC Final Workshop



A motivating example

Before an aircraft can be tested in flight, it has to be proven to the au-
thorities that the flight control system is reliable.

Classical industrial approach = Monte-Carlo simulations:

1 grid the parametric domain (flight domain, mass configurations. . . )

2 at each point of the grid:

→ compute the open-loop model of the system

→ apply the control law

→ check a set of criteria (stability, performance, loads, comfort. . . )

Advantage:
I easy to implement

Drawbacks:
I high computational complexity (exponential-time approach)

I no evaluation outside the grid (worst cases can be missed)
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A motivating example

New trend: develop some in-
expensive tools so as to de-
termine quickly the most crit-
ical parametric configurations
without simulations.

Clearance problems (and robustness analysis problems in general) can be
formulated as optimization problems, where it must be checked that a set
of criteria lie within certain limits for all admissible system configurations.

Some techniques such as µ, IQC-based or Lyapunov-based analysis can be
efficient alternatives to Monte-Carlo simulations.
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Different analysis techniques

Preliminary task: transform the considered nonlinear and/or uncertain
model into a Linear Fractional Representation, e.g. using the GSS library
and the APRICOT library.
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Several system components can be isolated in the ∆ block, such as:

I parametric / dynamic uncertainties

I time-varying / time-invariant parameters

I non-linearities (saturations, deadzones, sector non-linearities. . . )
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Different analysis techniques

The selected analysis technique depends on the elements in ∆:
I time-invariant uncertainties: µ-analysis → SMART Library

I mix of uncertainties, time-varying parameters and non-linearities: IQC-based
analysis → IQC library and SeDuMi-based IQC solver

I saturations, deadzones, sector non-linearities: Lyapunov-based analysis and non-
smooth multi-objective H∞ optimization → SAW library

All these tools can be downloaded from the SMAC webpage!

The following strategy can be applied:

1 Build a high-fidelity LFR from the considered nonlinear/uncertain model.

2 Check robustness using modern techniques implemented in the SMAC Toolbox.

3 Use traditional methods such as simulations to focus on the worst-case configu-
rations that have been identified at step 2.

Some advantages of the SMAC Toolbox:
I guaranteed results ⇒ impossible to miss a worst-case configuration

I polynomial-time algorithms ⇒ reduction of the computational burden
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