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Benefits
1. Use of indirect rays increases localization 

accuracy by 40%.
2. Can handle moving and non-line-or-sight 

sound source.
3. Supports intermittent sound signals in 

addition to continuous ones with an obstacle.

Key Idea of Our Approach
1. Collect the direct and indirect directions of 

the sound from a TDOA-based method.
2. Propagate acoustic rays to the free space 

considering specular reflection.
3. Find the converged region of rays, and 

estimate the region as a source position.

Results

Acoustic Ray Tracing

Initializing an 
acoustic ray

Detecting a hit Generating a 
reflection ray

Identifying a converging 3D point
1. Sampling particles 𝑥𝑥𝑡𝑡𝑖𝑖.
2. Weight computation 

3. Resampling particles near 
high weights particles

Computing weights

Computing a normal

• Reflection ray:
𝑟𝑟𝑛𝑛𝑘𝑘+1 𝑙𝑙 = 𝑑̂𝑑𝑛𝑛𝑘𝑘+1 � 𝑙𝑙 + 𝑟𝑟𝑛𝑛𝑘𝑘 𝑙𝑙ℎ𝑖𝑖𝑖𝑖

• Generate 𝑁𝑁 acoustic ray paths, 
𝑅𝑅1, … ,𝑅𝑅𝑁𝑁 , from 𝑁𝑁 directions 

of sound per every frame.
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Obstacle

The average error distance

Detected regions as the 
sound source moves

The average error distance
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max
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𝑤𝑤 𝑥𝑥𝑡𝑡𝑖𝑖 , 𝑟𝑟𝑛𝑛𝑘𝑘 , 

where 𝑤𝑤 𝑥𝑥𝑡𝑡𝑖𝑖 , 𝑟𝑟𝑛𝑛𝑘𝑘

~𝑓𝑓𝑁𝑁 𝑥𝑥𝑡𝑡𝑖𝑖 − 𝜋𝜋𝑖𝑖𝑘𝑘 , 0,𝜎𝜎𝑤𝑤

(http://sglab.kaist.ac.kr/RA-SSL)
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