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Sound Becomes Smart



Spatial perception with acoustics

Sonar and microphone array system:
For spatial analysis of sound



Spatial acoustic sensing in nature
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Can Large Language Model understand Spatial Speech?
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Core idea: Structure-assisted spatial sensing
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Core idea: Structure-assisted spatial sensing
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Spatial Speech
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Extract speech feature

DoA * Speech™*:
Encod Encoder
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DoA Embeddings
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Fully Connected Layer

CNN 3 x3

Microstructure-assisted
spatial encoding
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DoA Embeddings
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Extract speech feature
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Alignment with LLM space
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Fine-tuning LLM for spatial speech
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Fine-tuning LLM for spatial speech

"The speaker at 40 degrees says: Good morning, ladies and gentlemen."
A

Spatial & LoRA Large Language Model 2K
. = A
DoA EmAbeddlngs Speech :
' Embeddings A A
Fully Connected Layer Projection W & Text Embeddings
4 4 4 4
CNN 3x3 I\ s &
A DoA ;I'okens Speech Tokens =
: DoA =+ Speech
Encoder Encoder "Can you summarize the speech? Who said it?"
(Whisper)
A A A
Text
Y | Owlet Recording Instruction
: Hardware Prompt
Microstructure-assisted Speech

spatial encoding



Model Supported Task Metric / Performance

BAT DoA Estimation + Audio Source Recognition (No SPeech) MAE (°) |: 88.52
SING [our work] DoA + Speech ASR (Spatial Awareness) MAE (°) |: 25.72
SALMONN Speech ASR and LLLM Functions (No Spatial Awareness) @ WER (%) |: 2.2
SING [our work] Speech ASR (without DoA) WER (%) |: 1.8
SING [our work] DoA + Speech ASR (Spatial Awareness) WER (%) J: 5.3
Model Metric 1 Source 2 Sources 3 Sources 4 Sources 5 Sources
MAE ({) 90.03 X X X X
SELDNet MEEM () 360.12 X X X X
Median Error (]) 90.14 X X X X
MAE ({) 43.79 X X X X
AudioMAE MEEM () 43.79 X X X X
Median Error (]) 27.79 X X X X
MAE ({) 25.72 24.16 28.11 23.31 17.08
SING (Ours) MEEM ({) 25.72 24.16 28.11 23.31 17.08
Median Error () 13.00 13.00 20.00 18.00 13.00




Thank you!

SING: Spatial Context in Large Language

Model for Next-Gen Wearables

http://icosmos.cs.umd.edu/images/2_publication/papers/SING_ICML_2025_icosmos.pdf
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