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CONCEPTUAL MODEL OF HELICOPTER
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SYSTEM STATES

 State equations

 State model
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SYSTEM STATES

 Continuous to discrete model: A,B,C => F,G,C

 Sampling time: 0.1 sec

 System Tests
 System observable:  Mo = observable (F, C)
 System controllable:  Mc = controllable (F, G)
 System unobservable:  length (F) – rank (Mo) > 0
 Eigen-values of (F) inside unit circle?
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SYSTEM MODEL USING SIMULINK
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SYSTEM STATES
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SYSTEM OUTPUT
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KALMAN FILTER DESIGN

 Discrete State Space Model

 State Observer:

 State Predictor:
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KALMAN FILTER DESIGN

 System parameters

 Kalman gain

 State Equation using Kalman Prediction
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SYSTEM MODEL WITH KALMAN ESTIMATION
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SYSTEM STATE WITH KALMAN PREDICTION
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ANOVA MODEL

 Model 

 Parameter estimation
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X1           VARIATION
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X1         VARIATION
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X1       VARIATIONS
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X1       VARIATION
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SYSTEM STATES WITH ANOVA PREDICTION
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ERROR USING ANOVA PREDICTION
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CONCLUSIONS

 Kalman state estimation performs reasonably 
well when states depend on output.

 ANOVA based estimation performs comparable 
in all situations.
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Thank you

Q &A
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