
1

A Sufficient Comparison
of Trackers

David Bizup
Systems and Information Engineering

University of Virginia
dfb2ph@virginia.edu

Donald Bizup
Systems and Information Engineering

University of Virginia
brown@virginia.edu

June 18, 2003



2

Need for Sufficient Comparisons
• Peculiar deficiency in the literature, trackers judged on

• one or two measures of performance
• one or two trajectories

• Fair method, based on sufficient comparisons:
• Define comprehensive set of maneuvers
• Define relevant measures of performance
• Generate simulated radar data for every trajectory
• Run data through each tracker
• Compare error distributions via sufficiency
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Trajectories and Measures

• 15,120 constant rate turns:

• Measures of Performance
• Position accuracy
• Speed accuracy
• Heading accuracy
• Range accuracy
• Bearing accuracy
• Range rate accuracy
• Cross-range rate accuracy
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Trackers

• Two mode interacting multiple model
• 1 nonmaneuvering mode
• 1 maneuvering mode
• Standard for tracking maneuvering tarets
• Bar-Shalom and Li, Multitarget-Multitarget Tracking: 

Principles and Techniques, YBS (1995)
• Single mode, adaptive cmin Kalman filter

• Use range rate to produce statistic of accelerations (7th ICCRTS)
• Gain set based on the statistic
• Simpler than IMM
• Uses additional information
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Statistical Sufficiency

• Probabilistic sufficiency is analagous to more familiar 
statistical sufficiency
• If A is sufficient for θ, then B contains no more information 

about θ than A
• B can be interpreted as A, plus noise

• Analogy is imperfect
• A is either a sufficient statistic, or not
• Concept of minimally sufficient statistic
• Sufficiency of A does not depend on other statistics
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Probabilistic Sufficiency

• Relationship between estimators
• Either ASB, or BSA, or neither, or both
• Possible that CSA and CSB
• Establishes a partial order
Definition: ASB if B is a stochastic transformation of A
• B can be interpreted as A, plus noise
Powerful, because if ASB, then A is better than B
• A has a lower Bayes risk for any prior, any loss function

Blackwell, Equivalent Comparisons of Experiments, 
Annals of Mathematical Statistics, vol. 24, pp265-272 (1953)
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Informativeness

If A is more informative than B, then A is better than B
no matter how better is defined!

Unfortunately, no constructive way to determine informativeness.
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Sufficiency

If ASB, then we can interpret B as A plus noise:
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Sufficiency => Informativeness

• Prove sufficiency parametrically for:
• Univariate and bivariate Gaussian likelihoods
• Lognormal likelihoods
• Beta likelihoods

• Prove by showing existence of certain matrices
• Multivariate Gaussian likelihoods
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Using Sufficiency

• Run the simulations
• We found that, for any measure of performance, the 

error distributions are approximately Gaussian with scale 
parameter 1

• Determine sufficiency relationships for each measure of 
performance, each trajectory

• Condition on relevant trajectory parameters
• Determine proportion of trajectories where ASB
• ASB does not tell you how much better A is than B, so 

we also report variance ratios
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Sufficient Comparisons
• Unconditional sufficiency of an adaptive cmin tracker for a two 

mode interacting multiple model, constant rate turns

proportion
for which 
cmin S imm

variance ratios
σ2

imm : σ2
cmin
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Summary
• New technique for comparing trackers fairly
• Comprehensive trajectory sets
• Comprehensive measures of performance
• Sufficient comparisons

• proportions
• variance ratios

• Future tracker evaluations
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