On robustness in statistical FDI methods

M. Basseville, Q. Zhang IRISA (CNRS and INRIA), Rennes, France Introduction A priori information on faults and shape of hypotheses Monitoring the mean of a Gaussian vector : a modified χ2-test Reducing FDI problems to the monitoring of a Gaussian vector Example

Introduction

Robustness in model-based FDI methods Residual generation : unknown input observers, disturbance decoupling Residual evaluation : adaptive threshold, fuzzy decision logic Alternative idea : a priori information, ‘nonlinear’ threshold

A priori information on faults and shape of hypotheses

�1

• ϑ1 θ0 ϑ2

�1

• ϑ1 θ0 ϑ2

•

•

λ c

ϑ1 θ0 θ1 ϑ2

�0

�1

• ϑ1 ϑ2

Monitoring the mean of a Gaussian vector : a modified χ2-test

�0 : (θ − θ0)T �−1 (θ − θ0) ≤ ρ0, �1 : (θ − θ0)T �−1 (θ − θ0) ≥ ρ1

ζ ∼ N (θ, �), lθ(ζ) � = (ζ − θ)T �−1 (ζ − θ), t � = min θ0∈�0 lθ − min θ1∈�1 lθ

t = −(χ0 − ρ1)2 for χ0 ≤ ρ0 −(χ0 − ρ1)2 + (χ0 − ρ0)2 for ρ0 ≤ χ0 ≤ ρ1, χ0 = √ lθ_0(ζ) +(χ0 − ρ0)2 for χ0 ≥ ρ1

Reducing FDI problems to monitoring the mean of a Gaussian vector

Additive faults : repeated equations Non-additive faults : local approach

Additive faults : repeated equations Xk+1 = F Xk + GUk + � �x + Wk Yk = HXk + JUk + � �y + Vk Reducing the problem to a static one

Yk,ϱ � = Yk . Yk+ϱ−1 (ϱ − size window)

Yk,ϱ � = Yk,ϱ − Mℓ(G, J) Uk,ϱ, Vk,ϱ � = Mℓ(In, 0) Wk,ϱ + Vk,ϱ

Yk,ϱ = Oℓ Xk + Mℓ(�) �x + (1ℓ ⊗ �) �y + Vk,ϱ Xk independent of Vk,ϱ, fault gain matrices f.c.r., cov Vk,ϱ not block-diagonal.

Non-additive faults : local approach

Linear dynamic systems Xk+1 = F Xk + εk F φλ = λ φλ Yk = HXk �λ � = H φλ θ � = ( � vec � )

Non-linear static systems Yk = h(θ, Xk, Uk) + εk Non-linear dynamic systems Ẋ = f(θ, X, U) Y = g(θ, X, U) δXk = f(θ, Xk, Uk) Yk = g(θ, Xk, Uk) + εk

Design of statistical FDI algorithms

Primary residuals : estimating functions K(θ, Yk,ϱ)

E_{θ0} K(θ, Y_{k,ϱ}) = 0 ⇐⇒ θ = θ_0

M(θ0) � = − Eθ_0 ∂ ∂θ K(θ, Yk,ϱ) | | θ=θ0 f.c.r.

Improved residuals : local approach

(Safe system) H0 : θ = θ0 and (Faulty system) H1 : θ = θ0 + δθ √ N

ζN (θ0) � = 1 √ N N∑ k=1 K(θ0, Yk,ϱ) → N ( 0, �(θ0)) under Pθ_0

N ( M(θ0) δθ, �(θ0)) under Pθ_0+_{δθ√N}

Example : combustion set of gas turbines

Semi-physical model

yj = f(U) 10∑ i=1 αi g(ϕj − h(U) − β) (1 ≤ j ≤ 18) θ � = ( α1 . . . α10 β )T

Yk(θ) � = ( y1 . . . y18 )T (k) LS-score

K(θ, Yk, Uk) = − 1 2 ( ∂ϵk(θ) ∂θ )T ϵk(θ)

ϵk(θ) = Yk − Yk(θ)