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Motivation

Structural Limitations

Current V2A methods (right) rely on
multi-stage training pipelines or
external synchronization modules,
leading to high computational
overhead.

CUPR /% DENVER

JUNE 3-7, 2026 S COLORADO

Stage 1: Pre-training (Feature Extraction Model)

Synchronizer
Model

Sync.
Objective

Audio II“III
Stage 2: Application (Foley Generation with Pre-trained Injection)

Synchronizer

h Predicted
Audio

Neural Foley 1[I

Noise N(0,1)




Flowley: Overview

Architecture Highlights

e Multi-to-Single: Adopts an
efficient structural transition.

e Single-Stream: DiT with
dual cross-attention layers.

e Multi-Stream: Adapted from
MM-DiT architecture.

e No External Modules:
Removes the need for
auxiliary synchronizers.
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Fig. 1: Architecture overview
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Flowley: Synchronizer

Core Contribution

To remove the dependency on external
modules

= Introduce Progressive Soft-masked
Cross-Attention (PSCA)

Built directly into the attention mechanism to ensure
high-fidelity synchronization in the latent space.
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Mathematical Framework

Cross-attention mechanism

Qaud (4 )
PSCA(Qaud, Kvis, Vais) = soft Quna Ky log(M© Vo
¢(Qana ) =so max( NG + log( +e) e

Progressive Masking

17 d“ <w’
Mi(ja =4 BeF(dij —w), w<dij <w+3,
0, dij > w+ 0.

Decay Equation

F(m) = %[cos (7?) + 1}



Semantic Bottleneck

Data Limitations

Existing V2A datasets provide only short labels,
limiting the semantic granularity available to the
model.

SoundCap uses:

° AV-LLM Teacher: Generates detailed
audio descriptions

° VLM Student: Learns to infer sounds
from visual alone for inference

e Noise robustness: Instructional
warnings filter irrelevant background
noises (e.g., speech)
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Objective Benchmarking Results

| Distribution Matching Quality Semantic Alignment(x100) Sync. Key Ta keaW3Y55
Method | Params —gaAp|  FADJ KL| ISt IB-Scoref  LB-Score? Align Acct
Frieren [10]f 159M 1.27 128 282 1202 2245 19.09 97.13 e  Flowley demonstrates
FoleyCrafter [17]T | 1.22B 1.54 19.17 2.19 15.09 25.75 24.66 77.15 superior on both subjective
i q q .
V2A-Mapper [1 1]} | 229M 1.34 11.73 2.50 12.43 22.38 22.32 79.08 and objective metrics.
MDSGen [ 2]f 131M 533 39.68 2.85 6.87 17.75 19.05 91.70
Mel-QCD [15]T | 859M 1.53 19.17 2.09 10.32 23.79 23.80 73.85
VinTAGe [0]f 1.32B 1.08 17.88 2.15 17.34 21.10 21.51 67.11 e SoundCap enhances
MMAudio [3]° 157M 0.57 7.89 1.91 12.68 28.09 21.98 89.73 overall performance by
+ SoundCap 157M 36 0.39 (110.1%) 7.09 (118.3%) 1.56 (115.8%) 14.68 (12.7%) 28.85 30 22.64 (10.8%) 90.53 addressn‘]g Semantlc gaps
Flowley 169M 0.42 7.65 1.57 18.25 29.32 24.87 89.37
+ SoundCap 16OM arw 0.39 i m tose) 1.56 1759 19.68 (1269 30.07 13w 2833 rorw 90.02
win - tie lose win - tie lose - win - tie lose
v Moseen_m vs. MDSGen _m vs.vinmnce |
vs. roteycrater | T s v2reoce [ T s roeycrorer [
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vs. vinrace | 0 73 vs. vinrace | s vs. vaavepce [
Preference Results ... s =T = T —
vs. umaucio | I 120 . maucio | T 145 vs. waucio [ KT 145
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(a) Audio Quality.

(b) Semantic Alignment.

(c) Temporal Alignment.



Ablation Study

Ablation on Single-Stream Block

#|CA; CA, PSCA,|KAD|

ISt IB-Scoret Align Acct

1] X X X 0.44 16.99 27.38 86.26
2| v X X 0.44 17.29 28.93 87.43
3| X 4 X 0.40 17.58 28.02 87.04
41 X X v 0.40 17.69 28.51 88.72
51 v 4 X 0.40 18.15 28.74 87.61
6| v X v | 042 18.25 = 29.32 89.37
Ablation on SoundCap’s noise handling

Method | KADJ ISt IB-Scoret Align Acct
Flowley 0.42 18.25 29.32 89.37

+ SoundCap w/o noise conditions 0.45 15.16 29.61 87.13

+ SoundCap w/ noise conditions 0.39 19.68 30.07 90.02
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Key Takeaways:

Significant Impact: Removing
both cross-attention streams
results in a significant
performance drop (#1 vs. #6).

Superiority: PSCA is better
than standard cross-attention
(#4 vs. #6).

SoundCap’s Robustness:
Noise awareness is important
for in-the-wild datasets.
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