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Overview of the SMAC Toolbox

The Systems Modeling, Analysis and Control (SMAC) Toolbox is a Matlab-
Simulink based toolbox developed within the Systems Control and Flight Dy-
namics department of ONERA - The French Aerospace Lab.

Complete set of tools to facilitate the design, the tuning and the validation of
control laws.

Ambitions of the Systems Modeling, Analysis and Control Toolbox

I control aerospace vehicles on large operating domains in the presence of nonlin-
earities and uncertainties.

I obtain strong guarantees in terms of stability margins & performance levels

Three kinds of tools:

I modeling tools → linear fractional representation

I design tools & methods → convex synthesis, robustified dynamic inversion meth-
ods, constrained control techniques . . .

I analysis and validation tools → µ, IQC-based, Lyapunov-based analysis. . .

Two benchmarks and possibly more !
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Overview of the SMAC Toolbox

System requirements:

I compatible with all platforms (Linux, Mac, Windows),

I all routines run on Matlab R2012b or higher,

I only standard Matlab toolboxes are required (Control System Tool-
box, Robust Control Toolbox, Optimization Toolbox, Symbolic Math
Toolbox, Simulink control design Toolbox).

The toolbox can be used by control engineers & researchers:

I good results are usually obtained via standard calls to the routines
(almost no theoretical knowledge is required),

I several tuning parameters can be freely customized by expert users.

The compatibility with Matlab uss object is fully ensured.

All libraries can be freely downloaded (with limitations for a few) and
used under specific license terms. The full version can be obtained in the
context of close cooperations with ONERA.
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Website dedicated to the SMAC Toolbox

http://w3.onera.fr/smac

Main features:
I theoretical background,
I full documentation with examples (similar to Matlab toolboxes),
I application to challenging benchmarks,
I comparison with other techniques,
I limited version available for download. . .
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The SMAC Libraries

Modeling

I LFRT: the historical LFR toolbox (no longer maintained)

I GSST: the new LFR toolbox (Generalized States-Space objects)

I APRICOT: sparse approximations routines for LFT modeling

Analysis

I SMART: Skew-µ Analysis based Robustness Tools (replaces SMT)

I IQCfrd: IQC tools in the frequency domain

I IQCssd: IQC tools in the state-space domain

Control Design

I CCD: Convex Control Design tools

I SAW: Saturated systems Analysis & anti-Windup design tools

I OISTeR: Output to Input Saturation Transformation tools with extensions
for Robustness
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The SMAC Benchmarks

Civil Aircraft Landing Challenge

I In this benchmark the landing phase of a civil transport aircraft is con-
sidered from the final ILS-based approach to the flare and alignment
phases. A realistic nonlinear model of a generic transport aircraft
including ground effects is provided in the Simulink format together
with a baseline controller, trimming & linearizing tools.

I Proposed as an open-track session in collaboration with AIRBUS in
the IFAC World Congress

A Satellite Control Benchmark with Flexible Appendages

I This benchmark is representative of challenges in current and future
space missions. Strong requirements on pointing accuracy must be
achieved despite high flexibility of the satellite structure.
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The Aircraft Landing Benchmark

A full-SIMULINKTM nonlinear closed-loop model
I nonlinear rigid model of a civil aircraft near ground
I a baseline controller for approach & landing
I optimized for fast simulations: 100x faster than real-time (std CPU)

A collection of routines
I trimming & linearization
I visualisation routines
I monte-carlo simulations & statistical analysis
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The Aircraft Landing Benchmark: main challenges

A significant operating domain

I Vc ∈ [60m/s 90m/s]

I Mass ∈ [120 t 180 t]

I Xcg ∈ [15% 40%]

I Hrwy ∈ [0m 3000m]

I T0 ∈ [−55o 55o]

Perturbations, uncertainties & nonlinearities

I longitudinal wind steps and turbulences

I lateral wind steps and turbulences

I runway slope

I rate saturations

I ground effect
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The Aircraft Landing Benchmark: requirements

I accurate ILS tracking during approach despite winds & turbulences

I control Vz, ψ and touchdown point during flare (VZTP
= −2.5 ft/s)

Example of a nominal trajectory
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The Aircraft Landing Benchmark: worst-case trajectories

Example of a worst-case trajectory with turbulences & windsteps
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The Aircraft Landing Benchmark: statistical analysis

Example of results on a reduced operating domain (2000 landings)
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The Aircraft Landing Benchmark

Two standard comments on the autoland validation process

I time-consuming despite the efficiency of the model
I 2000 simulations ⇒ 30 min.

I not easily usable in an iterative design & analysis process

A standard alternative

I generation of a bank of linear models for various flight conditions

I closed-loop poles and step responses on each point

I worst-case points selection

I new design on the selected points

I ...
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The Aircraft Landing Benchmark:

Linear-oriented design of an approach controller

1/ Getting linear models
>> flightpar.Vc=70; flightpar.mass=150; flightpar.xcg=21;...

>> [sys,x0,y0]=ACStrim(flightpar);

⇒ Linear system with 12 states : u, v, w, p, q, r, x, y, z, φ, θ, ψ
⇒ Extraction of two short-term 4th-order longitudinal & lateral models:

ẋLON = ALON xLON +BLON

[
δTH

δE

]
, xLON = [u,w, q, θ]′

ẋLAT = ALAT xLAT +BLAT

[
δA
δR

]
, xLAT = [v, p, r, φ]′
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The Aircraft Landing Benchmark

Linear-oriented design of an approach controller

2/ Defining a control structure
The inner-loop controllers are chosen as follows:

uLON =

[
δTHc

δEc

]
= KLON

[∫
(vcc − vc)

∫
(vzc − vz) vc vz q nz

]′

uLAT =

[
δAc

δRc

]
= KLAT

[∫
(nyc

− ny)
∫
(φc − φ) ny p r φ

]′
3/ Tuning the gains

The structured gains KLON and KLAT are optimized by modal (eigen-
structure assignment) & H∞ control techniques.
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The Aircraft Landing Benchmark

Linear-oriented design of an approach controller

4/ Closed-loop poles map analysis (3125 points) & re-tuning

I Vc = 60, 75, 90

I Mass = 120, 150, 180

I Xcg = 15, 27, 40

I Hrwy = 0, 1500, 3000

I T0 = −55, 0, 55

⇒ CPU time = 60 s
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The Aircraft Landing Benchmark

Needs for modeling & analysis tools

I From a large set of parameterized LTI models to a single LFT model

I Stability & Performance analysis tools with guaranteed bounds &
worst-cases detection,

I ...
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