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Abstract 

Audio is a fundamental modality of human perception, conveying rich information about events, environments. 
This talk presents a unified research framework for music and audio simulation, understanding, and generation. 
On the simulation side, we investigate acoustic simulation techniques, including both wave-based and 
geometric acoustics, to generate physically grounded audio data under diverse acoustic conditions. The 
simulated audio is then leveraged to build robust music understanding systems that generalize beyond curated 
datasets. On the understanding side, we study universal sound and music source separation, aiming to separate 
arbitrary sounds in unconstrained environments, and propose state-of-the-art Transformer-based models for this 
task. We further explore music transcription and audio understanding with large language models, leading to a 
system that achieved 1st place in the DCASE challenge, demonstrating strong reasoning and generalization 
capabilities. On the generation side, we focus on speech and music synthesis, restoration, and spatial audio 
rendering from low-resolution mono recordings. These generation tasks close the loop between perception, 
understanding, and synthesis, enabling applications such as immersive audio reproduction and intelligent audio 
editing. Together, this research establishes a coherent pipeline that connects acoustic simulation, audio 
understanding, and generative modeling, contributing to both the theory and practice of audio AI. 
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