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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.

Stage 1: Pre-training (Feature Extraction Model)

Stage 2: Application (Foley Generation with Pre-trained Injection)



Flowley: Overview

Fig. 1: Architecture overview Fig. 2: Single-Stream Block

Architecture Highlights

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

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

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

● No External Modules: 
Removes the need for 
auxiliary synchronizers.
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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.

Mathematical Framework

Cross-attention mechanism

Progressive Masking

Decay Equation



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

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

SoundCap: Training and Inference Process



Experimental Results

Key Takeaways:

● Flowley demonstrates 
superior on both subjective 
and objective metrics.

● SoundCap enhances 
overall performance by 
addressing semantic gaps.

Objective Benchmarking Results

Subjective Human 
Preference Results



Ablation Study

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.

Ablation on Single-Stream Block

Ablation on SoundCap’s noise handling
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