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Introduction [3/6]: Taxonomy & History

Observer-based Clarks (1971)
Luenbergers observers (1971)

Kalman Filtering 
Mehra and Peschon (1971)

Generalized Likelihood Ratio
Willsky (1974) and Jones (1976)

Multiple hypothesis testing
Willsky , Deyst and Crawford (1974-1976)

Stochastic system and jump detection
Willsky (1976)

Parameter estimation
Bakiotis, Raymond and Rault (1979)

Parity relation
Mironovski (1979: 1980)

Particle Filtering
Kadirkamanathan (2000)

Fault detection and Prognosis
Orchard  (2007)

1970 1980 2000 2007
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Introduction [4/6] : Model Based Detection

-Estimate the 
system state using 

model 
Decision

Measurements 
from the systemReal System  

System 
model

• Deterministic
• Linear Gaussian
• Nonlinear Gaussian
• Nonlinear non-Gaussian

• Observers
• Kalman Filter
• Extended Kalman Filter
• Unscented Kalman Filter
• Particle Filter

• Hypothesis test
• Statistical Methods

Identifying deviations from expected performance in a dynamic system.
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Introduction[5/6] : Multiple Model Framework (MMF)

Detecting and Isolating one out of potential faults in a dynamic system.

Measurements from the 
systemReal System  

System models

State estimation using 
multiple models

Nominal model 

Fault model 1

Fault model n 

Decision

Likelihood Ratio  
Evaluations

• Deterministic
• Linear Gaussian
• Nonlinear Gaussian
• Nonlinear non-Gaussian

• Observers
• Kalman Filter
• Extended Kalman Filter
• Unscented Kalman Filter
• Particle Filter

• Hypothesis test
• Statistical Methods
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Introduction[6/6] : An Alternative Formulation

Measurements from the 
systemReal System  

System 
models

Decision

Binary value 
combination

• Deterministic
• Linear Gaussian
• Nonlinear Gaussian
• Nonlinear non-Gaussian

• Probability of 
failure

Make a Prediction of the system state using models

Nominal 
model 

Fault model nFault model 1 

0
1

0
1

• Particle Filters
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Mathematical Problem Formulation
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From difference equations to FD
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A Discrete-Event Viewpoint
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A Decision Theory for Multiple Models Viewpoint
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A Parameter Estimation Viewpoint
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Nonlinear State Estimation: The Particle Filter
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Block Diagram of the Particle Filter
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Core Contribution: PF Approach for FD
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FSF: A Hybrid System Formulation
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Probabilistic Model of the Faults
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Role of Binary States Transition 
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Binary State-Transition Design
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Remarks on the FSF Model
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FSF Algorithm: Initialization
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FSF Algorithm: State Prediction or Particle Update
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FSF Algorithm: State Correction or Weight Update
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FSF Algorithm: Resampling
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FSF Algorithm: Detection and Isolation
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FSF: The Algorithm
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Actuator Fault Diagnosis: A Quadrotor
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Actuator Fault Diagnosis: Equations of Motion
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Actuator Fault Diagnosis: Quadrotor + FSF

Aircraft

Diagnoser
(FSF)Controller

Fault

Block diagram depicting the signal interconnection of the quadrotor with the FSF 
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Simulation
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Result: Probability of failure
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Result:
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Result:
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Conclusion
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Participants and Support
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Thank you for your patience!
Questions?

The End
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