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Current Audio LLMs Performance on Acoustic Localization

Q: Which sound source is left 

to the listener?
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Why Audio LLMs Suffer in Spatial Reasoning 

Audio encoders lack geometric grounding
• Capture only spectral and temporal patterns

• Overlook spatial cues
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Why AudioLLMs Suffer in Spatial Reasoning 

ALLMs use single-pass reasoning
• Map questions directly to answers without intermediate 

inference

• Do not decompose complex acoustic queries into smaller, 

interpretable subproblems

Audio encoders lack 

geometric grounding
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Why Audio LLMs Suffer in Spatial Reasoning 

ALLMs use single-pass 

reasoning

Audio encoders lack 

geometric grounding

Can we get geometric grounding from visual cues 

during training?

Can Chain of Thought (CoT) improve the 

reasoning capability during acoustic localization?
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How OWL Functions?

Q: Which sound source is left 

to the listener?
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How OWL Functions?

Q: Which sound source is left 

to the listener?

Multi-Step Reasoning Path
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How OWL Functions?

Q: Which sound 

source is left to the 

listener?

Multi-Step Reasoning Path
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Our Contribution

• A novel geometry-aware audio encoder.

• Trained with multimodal supervision.

• At inference only requires binaural audio

SAGE: Spatial-Acoustic Geometry Encoder
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Our Contribution

• Integrates SAGE with spatial Chain-of-

Thought reasoning.

• unifying event detection, localization, and 

structured inference.

OWL: Spatial Audio-LLM with Chain-of-

Thought Reasoning

SAGE: Spatial-Acoustic 

Geometry Encoder
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Our Contribution

• Contains binaural audio, RIRs, depth images, 

and QA.

• First large-scale dataset with 1.1M QA pairs.

• Enables geometric grounding for perception 

and multi-step spatial reasoning.

BiDepth Dataset

OWL: Spatial Audio-LLM with 

Chain-of-Thought Reasoning

SAGE: Spatial-Acoustic 

Geometry Encoder
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Our Contribution

BiDepth Dataset

OWL: Spatial Audio-LLM with 

Chain-of-Thought Reasoning

SAGE: Spatial-Acoustic 

Geometry Encoder
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BiDepth Generation
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BiDepth Generation
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BiDepth Generation
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SAGE: Spatial-Acoustic Geometry Encoder

18



OWL Architecture
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Performance of SAGE on SELD



Performance of OWL on QA Task ( on BiDepth)
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Performance of OWL on QA Task (on SpatialSoundQA)
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Example of a left-right spatial reasoning question. Two concurrent sounds (Music and

Electric Piano) are placed in a small room, and the system identifies both as originating from the left

side of the receiver.
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