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Discrete approaches (’95)
• Topological representation (’95)

• uncertainty handling (POMDPs)
• occas. global localization, recovery

• Grid-based, metric representation (’96)
• global localization, recovery

Multi-hypothesis (’00)
• multiple Kalman filters
• global localization, recovery

Particle filters (’99)
• sample-based representation
• global localization, recovery

Kalman filters (late-80s?)
• Gaussians
• approximately linear models
• position tracking
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[Schiele et al. 94], [Weiß et al. 94], 
[Borenstein 96], 

[Gutmann et al. 96, 98], [Arras 98]
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[Cox 92], [Jensfelt, Kristensen 99]
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[Burgard et al. 96,98], [Fox et al. 99], 
[Konolige et al. 99]
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)� For Generate new samples

4. Sample index j(i) from the discrete distribution given by wt-1

5. Sample     from                         using          and

6. Compute importance weight

7. Update normalization factor

8. Insert

9. For

10. Normalize weights
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Model odometry error as Gaussian noise on  α, β, and δ
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The sensor is reflected either by a known or by an
unknown obstacle:

Laser sensor Sonar sensor



[Fox et al., 99]
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[Dellaert et al. 99]
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P(s|x)

h(x)
s
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Localization for AIBO robots
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• Idea: 
• Assume we know the true belief.

• Represent this belief as a multinomial distribution.

• Determine number of samples such that we can guarantee 
that, with probability (1- δ), the KL-distance between the true 
posterior and the sample-based approximation is less than ε.

• Observation: 
• For fixed δ and ε, number of samples only depends on 

number k of bins with support:
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