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Problem under consideration

Hypothesis
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Run Reg y/x Reg x/y Ort.Reg

1 0.905 1.101 1.000

2 0.910 1.103 1.004

3 0.903 1.103 1.002

9 0.901 1.096 0.994

10 0.908 1.105 1.003

Parameter estimationParameter estimation

Introductive example

slope = 1slope = 1

Conclusion : there is a need to take into account
the distribution of the error
both on the input and the output
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State and parameters estimation

◆  Estimation Principle

◆  Practical resolution
Linearisation
A two level hierachical algorithm
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State and parameters estimation

◆  Model of the process

◆ Optimality equations

◆  Resolution
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Z = y(1)  x(1)  y(2)  ... x(N −1)  y(N )( )T

ˆ Z = ˆ y (1)  ˆ x (1)  ˆ y (2)  ... ˆ x (N −1)  ˆ y (N )( )T

θ = a1  ... am  b1  ...  bn( )T

M(θ) ˆ Z = 0
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Numerical results

◆  Simulated process
      First order process

◆  Estimation results  

Measured and estimated outputMeasured and estimated output

Measured and estimated inputMeasured and estimated input

y(k +1) = 0.8y(k) + 0.2x(k)
ym (k ) = y(k) + ey(k)
xm (k) = x(k) + ex (k )

a = 0.808     b = 0.198
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Noisy measurements. 
Effect on input estimation

No filtering effect on the input

◆  Simulated process
     First order process y(k +1) = 0.8y(k) + 0.2x(k)

ym(k) = y(k) + 3*ey(k)

xm(k) = x(k) + 3*ex(k)
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Extension 1 : filtering

C =

0 1 0 −1 0 ...
... 0 1 0 −1 0 ...

...
... 0 1 0 −1 0

 

 

 
 

 

 

 
 

ϕ = C ˆ Z P
2

ˆ Z = Q I2 N−1 − MT θ( )(M θ( )QMT θ( ))−1M θ( )Q( )Z

Q = I + CT PC( )−1
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◆  Constraints on the estimation

◆ Optimality equation

◆  Resolution

L =
1
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ˆ Z − Z
2
+ λT M(θ) ˆ Z + C ˆ Z P
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Extension 2 : iregular sampling

L =
1
2

H ˆ Z − Z
2
+ λT M(θ) ˆ Z + C ˆ Z P
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Extension 2 : iregular sampling
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Precipitation measures

Bounds of Nancy District

River : La Meurthe

2 km

Flowate measures

Rainfall process. Urban District of Nancy (F)
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Rainfall process. Urban District of Nancy (F)

State and parameters estimation

PrecipitationPrecipitation

FlowrateFlowrate

F(k+1)=0.6155 F(k)+0.0126 P(k)
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F : flowrate
P : precipitation
F(k+1) = 0.6651 F(k) + 0.0109 P(k)

Rainfall process. Urban District of Nancy (F)



Conclusion

Contribution to :

✓  simultaneous estimation of states
    and parameters of a process

✓  filtering the measurement of the input
     and the output of the process

✓  irregular sampling may be taken into
    account

✓  application to a rainfall process


