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Resilient compression Efficient streaming

Smith et al., ICRA2026 Smith et al., under review
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Collaborative exploration
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Task:

• Efficient coverage with minimal overlap

• Distributed decision making

• Share observed map information

Challenge:

• Bandwidth limitations

• Network dropout

Insight:

• Treat grid maps as discrete sets

• Exploration as (approximate) set 

membership query
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Encoding sets with Bloom filters
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Encoding sets with Bloom filters
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Encoding sets with Bloom filters
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Encoding sets with Bloom filters
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Encoding sets with Bloom filters
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Encoding sets with Bloom filters
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Salting: Making Bloom filters unique
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• Problem: Hash functions are deterministic

• Solution: Salting

▪ Add a known random value to input

▪ Communicate salt value

• Result:

▪ Decorrelates Bloom filters

▪ Enables Stacking
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Stacking: Accumulating evidence
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One robot

Multiple robots

• Problem: Filters have false positives

• Solution: Stacking

▪ Query across multiple independent 

Bloom filters

▪ Compute likelihood of true positive

• Result:

▪ Corroborated observations

▪ Confidence thresholding
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Collaborative exploration with Bloom filters
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Local robot 

knowledge

Composite 

filter view

Collectively 

observed map

Robots

False positives
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FP rate: 0.01
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FP rate: 0.10
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FP rate: 0.50
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FP rate: 0.90



System resilience to dropout
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Trade off bandwidth requirements 

against exploration speed
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Resilient compression Efficient streaming

Smith et al., ICRA2026 Smith et al., under review
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Multi-resolution map representations
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Hornung et al., AuRo2013

Octomap Wavemap

Reijgwart et al., RSS2023
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Wavestream progressive level of detail
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Collaborative exploration with Wavestream
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Wavestream Baseline
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Collaborative exploration with Wavestream
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Wavestream Baseline
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Collaborative exploration with Wavestream
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Communication performance
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Resilient compression Efficient streaming

Smith et al., ICRA2026 Smith et al., under review
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