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[Abstract]

This paper proposes a data-driven sound synthesis framework that generates synchronized audio from
foam particle dynamics in 3D motion videos. Energy and density descriptors derived from particle
motion are mapped to audio selection, volume, and filtering. Dynamic K-means clustering and candidate
reduction improve efficiency and variation, while multi-frame synthesis with cross-fading and filtering
ensures temporal continuity. Experiments show responsive and coherent audio aligned with particle

changes, demonstrating an interpretable approach extendable to other particle-based phenomena and
learning-based models.
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II. Related Work
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2. Fluid and Foam-Based Sound Synthesis
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3. Data-Driven and Example-Based Mapping
with Repetition Suppression
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III. Proposed Interface Design
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Fig. 1. RMS volume variations of different input audio
signals used in the synthesis process, aligned with the
video time axis.

2. Particle Data and Clustering
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(a) Static clustering-based sound synthesis (b) Dynamic clustering—based sound synthesis

Fig. 2. Static vs. dynamic clustering—based sound synthesis.
Static clustering uses a fixed K=5, whereas dynamic
clustering automatically adjusts K based on particle

distributions, leading to adaptive audio volume modulation.

3. Matching and Synthesizing
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Fig. 3. Velocity— and particle—based sound synthesis

results for the first example. Particle—count weighting

reduces early volume overestimation and yields a final
audio volume that better follows particle density evolution.
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Velocity-based matching / Particle-count weighting applied
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Fig. 4. Velocity— and particle-based sound synthesis for
the wall—collision scenario.
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Fig. 5. Velocity— and particle—based sound synthesis for
the moving two—boxes scenario.
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Fig. 7. Velocity— and particle-based sound synthesis for
the propeller scenario.
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