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NON-A AND FINITE-TIME

1

Team
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Non-A 

• Inria project-team (jointly with CNRS, EC Lille, Univ.Lille1)

• created July 2012 (initiated as a team in 2011)

• located in Lille (+ Nancy + Paris + Reims) 

• 25 people from 11 countries (13 permanent, 6 PhD, 3 Post-Doc, 3 Eng.)
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General positioning
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Non-Asymptotic estimation for online systems

� a closer reading?
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General positioning
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Non-Asymptotic estimation for online systems

� real-time signal, closed-loop control

- 6



02/07/2013

4

General positioning

2 JULY 2013      J.P. Richard, W. Perruquetti & Non-A

Non-Asymptotic estimation for online systems

� finite-time algorithms 

(for specification, certification, separation...)
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General positioning
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Non-Asymptotic estimation for online systems

� infinitely many works!

� parameters (identification)

� states (observation)

� derivatives (differentiation)

� inputs (left inversion)

� noisy data (filtering)

� infinitely many works!
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General positioning
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(estimation techniques)

Fliess-Mboup-Join]

Moulay - Perruquetti

General positioning
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Focus on two new standpoints for finite-time algorithms:

� Algebra Fliess, Sira-Ramirez - ESAIM COCV 2003

An algebraic framework for linear identification

� Homogeneity Perruquetti, Floquet, Moulay - IEEE TAC 2008

Finite-time observers: application to secure communication
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usable for 

- numerical differentiation

- model-based observation

- identification or detection

- filtering...
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ALGEBRAIC TECHNIQUES
An introduction with examples

2

Algebraic techniques: simple examples

� double differentiation
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after T

2

2
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Algebraic techniques: simple examples

� differentiation: a look on algebra
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right left
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R. Ushirobira, W. Perruquetti, M. Mboup, M. Fliess. IFAC SysId ’12 , Brussels, 2012

Algebraic techniques: simple examples

� identification (simplest case!)
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(differentiation)

(identification)
� toolbox
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...
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Algebraic techniques: simple examples

� frequency estimation for noisy periodic signals
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frequency (� after T/2)

mean value (� after T/3)

exact value

exact value

sine + cst bias + noise SNR 25dB

[Ushirobira, Perruquetti, Mboup, Fliess – GRETSI 2011]

Algebraic techniques: less simple examples

� frequency estimation for noisy periodic signals
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exact value

exact value

sum of two sine functions + meanvalue + noise

[Ushirobira, Perruquetti, Mboup, Fliess – IFAC SysId 2012]

Algebraic method

Modified Prony’s method with β  ≠ 0

Modified Prony’s method (with β  = 0)

SNR 20 dB

exact value

exact value
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Algebraic techniques: less simple examples

� extension to differentiation of multi-variate signals
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[Riachy, Mboup, Richard, JCAM2011]

Irregular grids, 
n-D noisy signal   

(here, SNR 25dB)

Algebraic techniques: less simple examples

� delay system (simulation, no noise)
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0.6

2

0.6

Simultaneous identification of a and ττττ
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[L. Belkoura, J.P. Richard, M. Fliess. MTNS 2006, TDS 2006/2007]
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Algebraic techniques: less simple examples

� delay system (real, approx. 2nd order)
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a1

a2

τ

~ 0.8s
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Algebraic techniques: less simple examples

� switched system

2 JULY 2013      J.P. Richard, W. Perruquetti & Non-A

switch instants:

function:

= 0 or 1, characteristic function of the set X

filtering �

- 20
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Algebraic techniques: less simple examples

� impulsive systems

Bouncing ball / Rocking block

The thermostat as a hybrid system
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Algebraic techniques:

� some references – pdf on http://hal.archives-ouvertes.fr/
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� algebra
R. Ushirobira, W. Perruquetti, M. Mboup, M. Fliess. Algebraic parameter estimation of a biased sinusoidal
waveform signal from noisy data. IFAC SysId ’12 , Brussels, 2012

� identification
M. Fliess, H. Sira-Ramirez. An algebraic framework for linear identification. ESAIM COCV, 9: 151-168, 2003

� differentiation
M. Mboup, C. Join, M. Fliess. Numerical differentiation with annihilators in noisy environment. Numerical
Algorithms, 50 (4), 439-467, 2009.

S. Riachy, M. Mboup, J.P. Richard. Multivariate numerical differentiation. JCAM, 236 (6): 1069-1089, 2011

� diagnosis
M. Fliess, C. Join, and H. Sira-Ramirez. Robust residual generation for linear fault diagnosis: an algebraic
setting with examples. Int. J. Control, 77: 1223–1242, 2004

� delays & switches
L. Belkoura, J.P. Richard, M. Fliess. Parameters estimation of systems with delayed and structured entries.
Automatica, 45 (5): 1117-1125, 2009

L. Belkoura. Identifiability and algebraic identification of time delay systems. In Time Delay Systems:
Methods, Appl. & New Trends, LNCIS 423: 103-117, Springer, 2012

� impulses
L. Belkoura, K. IbnTaarit, T. Floquet, W. Perruquetti, Y. Orlov. Estimation problems for a class of impulsive
systems. Int. J. of Rob. & Nonlin. Control, 21 (10): 1066-1079, 2011
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HOMOGENEITY AND FINITE-TIME
An introduction

3

- 23

Homogeneity and finite time

Again, very simple...
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Homogeneity and finite time

A bit more general...
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Homogeneity and finite time

A homogeneous finite-time differentiator

after T
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Homogeneity and finite time

Ongoing developments
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Homogeneity and finite time

Few words on fixed time stabilization
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Homogeneity and finite time

Additionnal motivations for fixed-time stabilization

« »

(practical stab.)

(asympt. stab.)
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Homogeneity and finite time

Some references

� homogeneity and finite-time observers
W. Perruquetti, T. Floquet, E. Moulay. Finite time observers: application to secure communication.
IEEE TAC, 53 (1): 356-360, 2008

T. Menard, E. Moulay, W. Perruquetti. A global high-gain finite time observer. IEEE TAC, 55 (6): 1500-
1506, 2010

� homogeneity and ISS
E. Bernuau, A. Polyakov, D. Efimov, W. Perruquetti. On ISS and iISS properties of homogeneous
systems. ECC’13, Zurich, July 2013

� homogeneity and finite-time control
E. Bernuau, W. Perruquetti, D. Efimov, E. Moulay. Finite-time output stabilization of the double
integrator. CDC’12, Maui, December 2012

� homogeneity and delay
D. Efimov, W. Perruquetti. Homogeneity for time-delay systems, IFAC’11 , Milano, August 2011

� fixed-time stabilization
A. Polyakov. Nonlinear feedback design for fixed-time stabilization of linear control systems. IEEE
TAC, 57 (8): 2106-2110, 2012

S.A.. Kolyubin, D. Efimov, V.O. Nikiforov, A.A. Bobtsov. Two-channel adaptive hybrid control of the
air-to-fuel ratio and torque of automobile engines. Automation and Remote Control , 73 (11): 1794-
1807, 2012
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APPLICATIONS

4
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position (sensor)

estimated speed estimated acceleration

estimated acceleration (Matlab)

Applications
2nd order differentiation w.r.t. time (angle of a pendulum)

algebraic Matlab
algebraic Matlab (filtered)

Matlab raw: double differentiation
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Applications
Ball and Beam system: 1rst order differentiation w.r.t. time

‘real’ angle speed θ(1)

algebraic Jacobi estimator
high-gain observer
sliding-mode differentiator

Absolute estimation errors:
- causal Jacobi estimator
- high-gain observer
- sliding-mode differentiator

θ
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Applications
Human posture in the sagittal plane using... accelerometer

Squat exercise (periodic)

Ankle

Knee

Hip

One single IMU
(inertial sensor)
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Applications
Human posture in the sagittal plane using... accelerometer

on-line algebraic estimation : Perruquetti et al. CDC 2012

algebraic
modifed Prony

exact value

exact value

exact value
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deploy wireless sensor networks 

by means of collaborating mobile robots

Hundreds of robots collaborating with thousands of sensors

Applications
General context: Wireless Sensor and Actuator Networks (WSAN)
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FIT:
Future
Internet 
of Things
EquipEx
national program

with Inria FUN
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Applications
WSAN: focus on localization
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θ

Localization: x , y , θ Differentiation

flatness after T

� 1 landmark + 1 target is enough

Applications
Some references
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� localization

H. Sert, A. Kokosy, W. Perruquetti. A single landmark based localization algorithm for non-honolomic
mobile robots. ICRA’11 , Shangai, China, May 2012

H. Sert, W. Perruquetti, A. Kokosy, X. Jin, J. Palos. Localizability of unicycle mobile robots: an algebraic
point of view. IROS’12, Vilamoura, Portugal, October 2012

� ball and beam system

D. Liu, O. Gibaru, W. Perruquetti. Error analysis of Jacobi derivative estimators for noisy signals,
Numerical Algorithms , 50 (4): 439-467, 2011

� position from accelerometer

W. Perruquetti, V. Bonnet, M. Mboup, R. Ushirobira, P. Fraisse. An algebraic approach for human posture
estimation in the sagittal plane using accelerometer noisy signal. IEEE CDC, Maui, USA, 2012
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TAKE-HOME MESSAGE

5

Take-home message
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Fast differentiation algorithms

� delayed derivatives

� with small delay

� with known delay (algebra)

+ robust to noise
+ deterministic
+ feasible online

- 40

(differentiation)

(identification)
� toolbox

sign

after T

after T

2

2

after T

n

n

.

.

.

� issue

Various fields are concerned:

� signal processing

� identification, observation

� mode detection

� control


