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Auditory Scene Analysis (ASA)

• Complex auditory scenes
− Simultaneously activated multiple sources
− Reflections & reverberations
− Sources from diverse or the same classes
− Multichannel audio recording
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Auditory Scene Analysis (ASA)

• Analysis
− Spatial, Temporal, and Spectral relations

• Tasks
− Information retrieval

§ Direction-of-arrival estimation (DoAE) 
§ Sound event detection (SED)
§ Source Classification (SC)

− Source separation 
§ Enhancement (noise suppression)
§ Universal source separation  (USS)
§ Target signal extraction (TSE)
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Attention-driven auditory streaming
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Challenges remain

• Unified ASA model for spatial audio
− A foundation model for various auditory analysis tasks
− A unified model for source separation + parameter estimation

§ Multichannel source separation
§ Noise suppression 
§ DoA estimation 
§ Event classification
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Unified model for ASA

• SELD (Sound Event Localization and Detection)
− Acoustic parameter estimation networks (DCASE Challenge, Task 3)
− Maximum polyphonies: 5
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Sound Event Localization and Detection (SELD)[1]

[1] S. Adavanne, et al., “Sound event localization and detection of overlapping sources using convolutional recurrent neural networks,” IEEE JSTSP, vol. 13, no. 1, pp. 34‒48, 2019. 
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Object-oriented processing (OOP)

• Comparison to Track (class)-based processing
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DeFT-Mamba
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Chicken or Egg ?



Universal DeFT-Mamba

• Object-oriented model with Multihead decoder
− DeFT-Mamba: Object feature separation through Transformer + Mamba architecture
− Multihead decoder: Simultaneous estimation of audio signals and SELD parameters
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DeFT-Mamba (2025)

• Leveraging Transformer and Mamba architectures
− Transformer captures global relations independent of sequence order
− Bi-Mamba2 identifies sequential relation, functioning as a position-aware feedforward network
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One-for-all model for SELD & SEP tasks

1. Object-oriented Processing (OOP) 
− Inheriting the OOP structure of DeFT-Mamba
− Less permutation ambiguity

2. Multichannel-to-multichannel Separation 
− Separation / dereverberation in multichannel format for spatial audio rendering 

3. SELD + Separation
− SEP, Dereverberation, DOAE, SED, SC in a single model  
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Parameter-shared Decoders
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Parameter-shared Decoders – DoA Decoder
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Parameter-shared Decoders – Audio Decoder
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Effect of direct and reverb decoder on DoAE
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Effect of direct and reverb decoder on DoAE
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Parameter-shared Decoders – SED Decoder
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Parameter-shared Decoders – Noise Decoder
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One-for-all model for SELD & SEP tasks

1. Object-oriented Processing (OOP) 
− Inheriting the OOP structure of DeFT-Mamba
− Less permutation ambiguity

2. Multichannel-to-multichannel Separation 
− Separation / dereverberation in multichannel format for spatial audio rendering 

3. SELD + Separation
− SEP, Dereverberation, DOAE, SED, SC in a single model  

4. Chain-of-Inference (CoI)
− Iterative refinement from the previous erroneous estimation  
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Chain-of-Inference (CoI)
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Chain-of-Inference (CoI)
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Chain-of-Inference (CoI)
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Chain-of-Inference (CoI)
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Chain-of-Inference (CoI)
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One-for-all model for SELD & SEP tasks

1. Object-oriented Processing (OOP) 
− Inheriting the OOP structure of DeFT-Mamba
− Less permutation ambiguity

2. Multichannel-to-multichannel Separation 
− Separation / dereverberation in multichannel format for spatial audio rendering 

3. SELD + Separation
− SEP, Dereverberation, DOAE, SED, SC in a single model  

4. Chain-of-Inference (CoI)
− Iterative refinement from the previous erroneous estimation  

5. Adaptive STFT
− Partially learnable STFT adapting to input waveform   
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Adaptive STFT

• Variable Gaussian time window applied before STFT
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Adaptive STFT

• Variable Gaussian time window applied before STFT
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Adaptive STFT

• Variable Gaussian time window applied before STFT
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Ablation studies (ASA2 dataset)

29



Ablation studies (ASA2 dataset)
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SELD performance 

• Pretrain on ASA2 à Finetune on STARSS23 
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SELD↓LR↑LE↓F1↑ER↓SELD Models (STARSS23 dataset)
0.41661.320.542.659CST-former
0.39862.618.742.554MFF-EINV2
0.30168.415.659.742CST-former2

0.30172.715.857.542EINV-2 with data augmentation 
chain (DCASE, 2nd rank)

0.2777413.46440NERC-SLIP (DCASE, 1st rank)

0.267512.86638NERC-SLIP (DCASE, 1st rank)
+ensemble

0.25374.69.863.133.7DeepASA



Source separation performance

• Pretrain on ASA2 à Finetune on MC-FUSS 
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MAC/sParam.TotalJ=4J=3J=2USS Model (MC-FUSS dataset)

40.1G28.0(+80.7)
M1412.714.414.8ByteDance-uss

15.3G12.2M14.111.415.215.7MC-BSRNN
462G14.7M15.312.516.117.2TF-GridNet

66.1G4.1M15.612.816.317.6DeFTAN-II

71.8G7.3M15.813.116.517.8SpatialNet
58.2G4.2M16.413.817.118.4DeFT-Mamba
84.0G3.8M18.517.619.118.9DeepASA



Multi-task performance

• Multitask performance on ASA2 dataset 
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Classification & Localization
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Hugging Face NeurIPS

Paper ASA2 dataset


