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• Key Constituent Elements:

• Knowledge about current system condition 
(Bayesian processors)

• Characterization of future operating profiles 
(Stochastic processes)

• System degradation model
 Model structure
 Model parameters

• Module for uncertainty characterization in future state 
transitions 
Monte Carlo, rare event simulation algorithms
 PF-based, Sigma-points-based, NN-based prognostic 

algorithms 

Introduction & Motivation
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• x1(t) is a state representing the fault dimension under analysis

• x2(t) is a state associated with an unknown model parameter

• U are external inputs to the system (load profile, etc.)

• is a general time-varying nonlinear function

• and           are white noises (non necessarily Gaussian)1( )tω
( ( ), , )F x t t U

2 ( )tω

• Dynamic Model for Feature Growth in Time:

• Predicted State Density:

Introduction & Motivation
Failure Prognostics & ToF PMF Computation



4

• Key Constituent Elements (Verification and Validation):

• Knowledge about current system condition 
(Bayesian processors) 

• Characterization of future operating profiles 
(Stochastic processes)

• System degradation model
 Model structure
 Model parameters

• Module for uncertainty characterization in future state 
transitions 
Monte Carlo, rare event simulation algorithms
 PF-based, Sigma-points-based, NN-based prognostic 

algorithms 

Introduction & Motivation
Failure Prognostics & ToF PMF Computation



5

• Key Constituent Elements (Verification and Validation):

• Knowledge about current system condition 
(Bayesian processors) 

• Characterization of future operating profiles 
(Stochastic processes)

• System degradation model
 Model structure
 Model parameters

• Module for uncertainty characterization in future state 
transitions 
Monte Carlo, rare event simulation algorithms
 PF-based, Sigma-points-based, NN-based prognostic 

algorithms 

Introduction & Motivation
Failure Prognostics & ToF PMF Computation



6

• Key Constituent Elements (Verification and Validation):

• Knowledge about current system condition 
(Bayesian processors) 

• Characterization of future operating profiles 
(Stochastic processes)

• System degradation model   Learning
 Model structure
 Model parameters

• Module for uncertainty characterization in future state 
transitions 
Monte Carlo, rare event simulation algorithms
 PF-based, Sigma-points-based, NN-based prognostic 

algorithms 

Introduction & Motivation
Failure Prognostics & ToF PMF Computation



7

• Key Constituent Elements (Verification and Validation):

• Knowledge about current system condition 
(Bayesian processors) 

• Characterization of future operating profiles 
(Stochastic processes)

• System degradation model   Learning
 Model structure
 Model parameters

• Module for uncertainty characterization in future state 
transitions 
Monte Carlo, rare event simulation algorithms  OK
 PF-based, Sigma-points-based, NN-based prognostic 

algorithms

Introduction & Motivation
Failure Prognostics & ToF PMF Computation



8
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�𝑥𝑥𝑡𝑡+1|𝑡𝑡 = 𝐴𝐴�𝑥𝑥𝑡𝑡 +𝐵𝐵𝐵𝐵𝑡𝑡
𝑃𝑃𝑡𝑡+1|𝑡𝑡 = 𝐴𝐴𝑃𝑃𝑡𝑡𝐴𝐴𝑇𝑇 +𝑄𝑄𝑤𝑤

𝑥𝑥𝑡𝑡+1 = 𝐴𝐴𝑥𝑥𝑡𝑡 +𝐵𝐵𝐵𝐵𝑡𝑡 +𝑤𝑤𝑡𝑡
𝑦𝑦𝑡𝑡 = 𝐶𝐶𝑥𝑥𝑡𝑡 +𝑣𝑣𝑡𝑡
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k k + 1k - 1 k + p

Failure Threshold 
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