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Tuning a Kalman Filter

Claim: A Kalman filter’s performance is degraded by the assumption that the 
measurement noise is independent (diagonal). 



Correlated Measurements to Correlated Innovations3

Conclusion: When  correlations in measurement errors are ignored, a filter’s 
innovations may themselves be correlated, implying residual information.

Correlated 
innovations!

Uncorrelated 
innovations!



1) High-performance systems.

Modeling your measurement noise as 
independent when correlations exist 

discards potential information that could 
improve your filter’s accuracy.

Ex: Spacecraft attitude estimators.

Why Should You Care? 

2) Correlated small signal detection.

The sudden appearance of correlated 
measurement innovations may imply 

changes to your system model 
assumptions.

Ex: GNSS anti-spoofing.
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Measurement correlations may have a meaningful impact in several niche areas.



Snapshot & Sequence Monitors5

Claim: Neither of these monitors are effective at detecting correlated 
innovations. 

Innovations Snapshot Monitor

Detects large instantaneous faults 

(e.g. clock failures)

Innovations Sequence Monitor

Detects consistent small errors (biases)

(e.g. multipath)



Epoch-Correlated Innovations – Monte Carlo

ᵴ� ∗ = ᵼ� .ᵼ� ᵴ� ∗ = ᵼ� .ᵽ�

True 
Negative

False 
Negative

True 
Positive

False 
Positive

Perfect 
Monitor 1.0 0.0 1.0 0.0

Snapshot 
Monitor 0.99 0.01 0.01 0.99

Sequence 
Monitor 0.99 0.01 0.02 0.98
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The Innovation Snapshot and Sequence monitors are ineffective at detecting 
correlated model errors.



Solution: Innovations Sphericity Monitor7



Epoch-Correlated Innovations – Monte Carlo Revisited8

The Sphericity Monitor effectively detected modeling errors due to the correlated 
innovations!

ᵴ� ∗ = ᵼ� .ᵼ� ᵴ� ∗ = ᵼ� .ᵽ�

True 
Negative

False 
Negative

True 
Positive

False 
Positive

Perfect 
Monitor 1.0 0.0 1.0 0.0

Snapshot 
Monitor 0.99 0.01 0.01 0.99

Sequence 
Monitor 0.99 0.01 0.02 0.98

Sphericity 
Monitor 0.99 0.01 0.99 0.01



2D Simulation9

Correlated 
Atmospheric Errors



2D Example: Monte Carlo10

The Sphericity Monitor effectively detects a correlation modeling error while the 
Sequence Monitor does not. 

All simulations correctly 
detected an error by 26s.

Recall N >> 1

Few simulations correctly 
detected an error.

Few Simulations incorrectly 
detected an error.

Few Simulations incorrectly 
detected an error.



Conclusions

Tucker Haydon

Sandia National Labs

tchaydo@sandia.gov

• Unmodeled correlated measurement 
errors may degrade Kalman filter 
performance.

• Snapshot and Sequence monitors are 
ineffective at detecting correlated 
innovations.

• The proposed Sphericity monitor 
effectively detects correlated 
innovations.
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Scenarios with potentially correlated measurement noise13

Atmospheric 
Errors

Receiver 
Clock Errors

Optical Lens 
Errors

Radar-Terrain 
Correlation Errors

x x

Any two measurements which are influenced by the same system component 
may be afflicted by correlated errors.



The Property-Monitor Triad14

Snapshot MonitorUnit Variance

Sequence MonitorZero Mean

Sphericity MonitorUncorrelated

Innovations Property Innovations Monitor

The Innovations Sphericity Monitor completes a satisfying triad of property-
monitor relationships. 



Snapshot, Sequence, & Sphericity Monitors15

Snapshot Monitor Sequence Monitor Sphericity Monitor


