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• Physics of sound

• Sound synthesis in Crackdown 2

• Collaborators: Brandon Lloyd & Naga K. Govindaraju at MSR, 
and Guy Whitmore & Kristofor Mellroth at MGS

• Wave acoustics

• Collaborators: John Snyder & Naga K. Govindaraju at MSR and 
Ravish Mehra and Ming C. Lin at UNC Chapel Hill

• Conclusion
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O’Brien et al. 2002
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• [van den Doel et al. 2001]

• [O’Brien et al. 2002]

• [Raghuvanshi and Lin 2007]

• [Bonneel et al. 2008]
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Hand-tuned filters: difficult & tedious

Simulated propagation → automatic, detailed, scene-dependent acoustics

Direct path muffled

Reflections muffled

Direct path muffled

Reflections clear

Direct path clear

Reflections muffled

Images: Dmitri Gait © 2003
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[Chandak et. al., 2008]
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[Tsingos, 2009]
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Source locations

Listener locations

~ 1-2 meters



Response (Listener at source location)

Encode this 

compactly

• Simulator: ARD [Raghuvanshi et. al., 2009]

• Fast and memory-efficient

• Input: 

• scene geometry (triangle mesh)

• acoustic material properties

Source pulse

Positive pressure           Negative pressure
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Early Reflections

Late Reverberation

• Direct Sound: sense of direction

• Early Reflections: loudness, timbre; spatial variation; ~100 ms

• Late Reverberation: decay envelope; no spatial variation; few seconds

Reference: “Room Acoustics” by Heinrich Kuttruff
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Early Reflections (ER) Late Reverberation (LR)
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Store ,[ Peak times and amplitudes Frequency trend

Early Reflections (ER) Late Reverberation (LR)

captures reflection/diffraction 

strengths and delays

captures spectral effects

(low-pass filtering etc.)
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• http://research.microsoft.com/people/nikunjr/
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