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Outline

CRONE observer, definition and design methodology

1 – Dynamic output feedback based observer

2 – CRONE Control System Design (CSD) principles

3 – CRONE observer 

4 – Conclusion
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1- Dynamic output feedback based observer
2- CRONE CSD principles
3- CRONE observer
4- Conclusion

Presentation
Dynamic output feedback based observer concept was introduced in ( Marquez, 2003). The 
observation problem was solved using the feedback diagram

state estimated  theˆ x
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whose state space description is

( )
( )

( )
( )

( )
( )⎥⎦

⎤
⎢
⎣

⎡
=⎥

⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡ −
=⎥

⎦

⎤
⎢
⎣

⎡
tx

t
A

tx
t

ACB
BCA

tx
t

K
o

KKK

K

K

χχχ
&

&

K(s) Model M
0 +

-

y(t)

( ) ( )
( ) ( ) ( ) ( ) ( )( )
( ) ( )txBCtA

twtuBtxAtButAx
xtxt

KK−=
+−−+=

−=

χ

χ
ˆ

&̂&&

1- Dynamic output feedback based observer
2- CRONE CSD principles
3- CRONE observer
4- Conclusion

Presentation
Dynamics observation error, is given by

A0 is also the state matrix of the following closed loop system.

Internal stability => observation error cancellation
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P and M are described by the following state space description:
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1- Dynamic output feedback based observer
2- CRONE CSD principles
3- CRONE observer
4- Conclusion

Extension to state observation with unknown input
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Extension to state observation with unknown input
Observation error dynamics is thus defined by:

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ).ˆ tBvtECButButxNtECAxtNECxtAxt −++−+−=χ&
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Extension to state observation with unknown input
Let now
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1- Dynamic output feedback based observer
2- CRONE CSD Principles
3- CRONE observer
4- Conclusion

Introduction to fractional integro-differentiation
Let y(t) be the order n derivative of the causal signal x(t)
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Introduction to the CRONE methodology
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Common CRONE control-system diagram

CRONE control methodology is based on the common unity feedback configuration.
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Third generation CRONE Control

In the third generation CRONE control, the open loop behavior for the 
nominal parametric state of the plant is described by a transmittance based 
on complex fractional differentiation.

with

and with ωl, ωh and K∈ R+, nl and nh ∈ Ν+.
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In the frequency range [ωA, ωB] with ωA > ωl and ωB < ωh, this open loop 
transmittance define a generalised template.

|β(jω)|dB

argβ(jω)0
-π 0 dB-π/2

ωcg

ωA

ωB

In the Nichols chart at frequency ωcg, the real order a determines the phase 
placement of the template, aπ/2, and then the imaginary order b determines its angle 
to the vertical.
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Third generation CRONE Control

a

b

(-180°,0dB)
ωcg

Mr0

Mr max1
(-180°,0dB)

ωcg

Mr0

Mr max2

The optimal template positions the open-loop uncertainty domains correctly, 
so that they overlap the low stability margin areas as little as possible.

Minimization of  Mr variations
Generalized template  Optimal template

J1=Mr max1 - Mr0    >>   J2= Mr max2 - Mr0
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nl, nh, a, b , ωl, ωh and K are 7 high-level parameters of the open-loop transfer 
function β(s).
As nl and nh are fixed by the control-system designer, and as a tangency 
condition is required (thus 2 parameters will be dependent), only 3 independent 
parameters have to be optimized.
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Third generation CRONE Control
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1- Dynamic output feedback based observer
2- CRONE CSD Principles
3- CRONE observer
4- Conclusion

Third generation CRONE Control

To manage precisely performance related to tracking, regulation and control effort 
level,  5 inequality constraints are to be fulfilled for all plants (or parametric states 
of the plant) and for ω ∈ R+ :
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A way to synthesize the rational form of the controller is to use its ideal frequency 
response

Identification of KF(jω) by a 
low-order transfer function KR(s)

(use of a frequency-domain system-identification method)
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1- Dynamic output feedback based observer
2- CRONE CSD Principles
3- CRONE observer
4- Conclusion

Plant perturbations and disturbance effects
The plant, whose state is estimated, is submitted to perturbations. Effects of these 
perturbations but also effects of output disturbances dy(t) and measurement noises n(t) on the 
estimation error are now studied.
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Plant perturbations and disturbance effects
Laplace transformation to preceding relations leads to:
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Plant perturbations and disturbance effects
We have K(s) the transfer function of controller K.
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Plant perturbations and disturbance effects
Laplace transform of the observation error is thus given by:
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CRONE observer synthesis
Without disturbances and plant perturbations (∆A=0, ∆B=0, dy(s)+n(s)=0)=> observation 
error converges towards 0 if the eigen values of [sI-A+BK(s)C]-1 lie in the left half complex 
plane.

Moreover controller K(s) can be used to minimizes the modulus of the elements transfer 
matrix [sI-A+BK(s)C]-1∆A and vectors [ sI-A+BK(s)C]-1∆B and

[sI-A+BK(s)C]-1BK(s) in order to minimize observation error.
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CRONE observer synthesis
An algorithm for the CRONE observer synthesis can thus be summarized as fallows:
- Choice of an open-loop gain-crossover frequency ωcg that ensures a satisfactory 
observation error dynamics;

- Choice of order nl and nh in order to ensure that the gain of the elements of matrix

[jωI-A+BK(jω)C]-1∆A and vectors [jωI-A+BK(jω)C]-1∆B and [jωI-A+BK(jω)C]-1BK(jω) 
tend towards 0 as ω tends towards 0 and infinity to ensure a cancellation of observation 
error in steady stage and an immunity of this error to measurement noise;

- Optimization of parameters of open loop transmittance through the minimization of the 
criterion

With

- Synthesis of the controller K(s) using the preceding procedure.
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Example-System definition
Let a nonlinear system modeled by the two differential equations
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The level of the high-frequency measurement noise
310−±≈mn

The allowable level of the noise on the estimated state 
1

1 10−±≈ex

Then, the observation-loop bandwidth has to be limited and the controller K(s) has to be 
such that 
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A third generation CRONE controller is designed to control the perturbed plant G. The 3 
independent and optimal parameters lead to the open-loop definition:

By minimizing the cost function, the optimal template positions the uncertainty domains so 
that the overlap the 1dB M-contour as little as possible
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The sensitivity functions meet the constraints:
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When the optimal and the nominal open-loop transfer is determined, the fractional controller 
KF(s) is syntheses.

The rational integer model on which the parametric estimation is based, is given by

( ) .
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Time-domain simulation are achieved for four configurations of nonlinear system:
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Input signal u(t) is defined such as, for the nominal and non-disturbed system, output y(t)
would go successively from 1 to 100.5 and then to 10. Input disturbance du(t)=0.5 and the 
measurement noise nm(t) is provided through a quantizer block applied on y with a 
quantization interval of 10-3

Example- controller synthesis
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Conclusion:

The time domain simulations #1 to #3 shows:

- good steady state and dynamic performance of the observer.

- a good work of the observer even if output y goes outside the range [1, 10]

Time domain simulation #4 shows:

- even if the controller cancel the output error, there is a bias between i(t) and ie(t)

Example-Results

improvement This bias could be cancelled.

- by using an estimates or measured value of parameter α within the nonlinear 
model

- in the performance/robustness trade-off framework, a LPV or multimodel
approach could also be used to design a controller
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Development of a dynamic output feedback based observer, referred to as a CRONE observer:

This name results in the introduction of CRONE controller in a feedback loop whose goal is to 
cancel the error between a model state and the unmeasured state error of plant that must be 
estimated. Such an approach of state observation permits:

- a generalization of the Luenberger form that allows more freedom and flexibility in 
the design

- a formulation allowing more transparent view of the observer properties in term of 
feedback elements

- to pose the disturbance rejection problem and the observation robustness problem 
in the context of robust control theory.

The main difference between this paper and (Marquez, Riaz 2005) are:

- the extension of the dynamic output feedback based observer idea to the 
observation problem with unknown input

- the use of a CRONE controller to solve disturbance rejection problem and the 
observation robustness


