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2. Source clustering Figure 1: We use path tracing to compute an IR for each source. Specular early reflections and
3. Impulse response cache diffraction are handled separately. After IR processing (IR cache, adaptive IR length), the result
4. Adaptive impulse response length is rendered using streaming convolution and played for the user over headphones.
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Figure 4: The contribution of the coarse IRs from
previous frames decreases over time.
Backward Sound Propagation Adaptive IR Length
* Traditional approaches emit rays from * It is difficult to know the length of the Our method dynamically determines
each sound source, intersect with impulse response that must be the IR length using a psychoacoustic
listener. computed. metric and uses that information to
* This is slow for scenes with many * Surface materials, dynamic scene determine how far to trace rays on
sources. elements influence the IR length. the next frame..

* A constant IR length can result in
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source and listener exchange positions , _ 109 0 B
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2. Faster than tracing rays from each Figure 7: The threshold of hearing for a Figure 8: We use the threshold of hearing to
source. human listener varies with frequency. determine the last audible sample in the
impulse response for each frequency band.
Sound Source Clustering - Results

In scenes with many sources, the IRs
for nearby sources are frequently
similar.

We cluster sources based on their
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listener and simulate each cluster as a

Si ngle source. Scene Complexity Propagation Time (ms)
Scene #Tris  #Sources | Avg. #Rays Avg. #Bounces IR Length (s) Memory (MB) | Ray Tracing IR Cache  Total
o o Space Station 35,581 21 588 136 0.8 - 1.25 40.8 105.0 342 (111.57
This gives a 2x to 4x reduction in the Office 82,125 24 680 129 0.5-1.0 39.3 69.0 270 | 74.08
, Hangar 71,461 18 1094 95 1.5-3.0 75.3 100.5 6.10 | 11091
number of sources and results in a Figure 6: top-down view of a tradeshow
significant speedup. scene, 200 sound sources (red), 50 clusters Figure 5: The main results of our system for three complex benchmark scenes running on an
(purple), listener (yellow). Intel i7 4770k CPU.
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