
Invited Talk on IEEE SPS Early-Career Seminar, 27 May, 2026

Audio Processing with Natural Language Intelligence

Dr. Xubo Liu



Talk Outline
Enabling interactive and seamless human-machine interaction:  

- Natural Language as a Seamless Interface  

- Natural Language Intelligence-Powered Audio Technologies

• Understanding: Audio Captioning, QA & Reasoning, Speech Recognition  

• Editing & Generation: Language-Queried Audio Source Separation, Text-
to-Audio Generation/Storytelling  

• Representation Learning: Audio Coding / Tokenisation



Audio Understanding



Audio Captioning
Generating a natural language description given an audio clip

X Mei, X Liu, MD Plumbley, W Wang, “Automated Audio Captioning: An Overview of Recent Progress and New Challenges”, EURASIP Journal on Audio, Speech, and Music Processing, 2022 



Audio Captioning
An Example: CNN-Transformer Encoder-Decoder

[1] X Mei, Q Huang, X Liu, G Chen, J Wu, et al., “An Encoder-Decoder Based Audio Captioning 
System With Transfer and Reinforcement Learning”, Proceedings of the Detection and Classification 
of Acoustic Scenes and Events (DCASE), 2021 
[2] X Mei, X Liu, Q Huang, MD Plumbley, W Wang, “Audio Captioning Transformer”, Proceedings of 
the Detection and Classification of Acoustic Scenes and Events (DCASE), 2021 
[3] J Sun, X Liu, X Mei, V Kılıç, MD Plumbley, W Wang, “Dual Transformer Decoder based Features 
Fusion Network for Automated Audio Captioning”, INTERSPEECH, 2023 
[4] X Liu, Q Huang, X Mei, T Ko, HL Tang, MD Plumbley, W Wang, “CL4AC: A Contrastive Loss for 
Audio Captioning”, Proceedings of the Detection and Classification of Acoustic Scenes and Events 
(DCASE), 2021 
[5] X Liu, X Mei, Q Huang, J Sun, J Zhao, H Liu, MD Plumbley, et al., “Leveraging Pre-trained BERT 
for Audio Captioning”, European Signal Processing Conference (EUSIPCO), 2022 
[6] X Liu, Q Huang, X Mei, H Liu, Q Kong, J Sun, et al., “Visually-Aware Audio Captioning with 
Adaptive Audio-Visual Attention”, INTERSPEECH, 2023 
[7] Ö Çaylı, X Liu, V Kılıç, W Wang, Knowledge Distillation for Efficient Audio-Visual Video 
Captioning”, European Signal Processing Conference (EUSIPCO), 2023 
[8] X Mei, X Liu, J Sun, MD Plumbley, W Wang, “Diverse Audio Captioning via Adversarial Training”, 
IEEE International Conference on Acoustics, Speech and Signal Processing (ICASSP), 2022 
[9] X Mei, X Liu, J Sun, MD Plumbley, W Wang, Towards Generating Diverse Audio Captions via 
Adversarial Training”, IEEE/ACM Transactions on Audio, Speech, and Language Processing, 2024

Research Focus: 
• Transfer learning, representation learning, architecture [1-5] 

• Interaction with vision modality [6-7] 

• Diversity of audio captions [8-9]



Audio Question Answering (QA) & Reasoning
Acoustic Prompt Tuning (APT):  

An Efficient adapter extending LLMs/VLMs to the audio domain using an improved soft-prompting approach

J. Liang, X. Liu, W. Wang, M. D. Plumbley, H. Phan, E. Benetos, “Acoustic Prompt Tuning: Empowering Large Language Models with Audition Capabilities”, IEEE Transactions on Audio 
Speech and Language Processing, vol. 33,  949 - 961, 2025



Audio Question Answering (QA) & Reasoning
Multi-Task Training 

J. Liang, X. Liu, W. Wang, M. D. Plumbley, H. Phan, E. Benetos, “Acoustic Prompt Tuning: Empowering Large Language Models with Audition Capabilities”, IEEE Transactions on Audio 
Speech and Language Processing, vol. 33,  949 - 961, 2025



Multimodal Speech Recognition 
Visual Speech Recognition (VSR)  - Recognise speech using lip movements.

Applications: 

• Improve Speech Recognition in 
noisy environments 

• Help the hearing impaired 

Key Challenges: 

• Lack of large-scale labelled audio-
visual data (e.g., LRS3 438 hours) 

• Bias, license and privacy concerns 
using real human data



Multimodal Speech Recognition 
SynthVSR: Scaling VSR with Synthetic Supervision

• A semi-supervised framework with large-scale synthetic supervision (3600+ hours)

X Liu, E Lakomkin, K Vougioukas, P Ma, H Chen, R Xie, M Doulaty, Ni Moritz, J Kolar, S Petridis, M Pantic, C Fuegen, “SynthVSR: Scaling Up Visual Speech Recognition with Synthetic 
Supervision”, IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), 2023



Multimodal Speech Recognition 
SynthVSR: Scaling VSR with Synthetic Supervision

• Generate synthetic lip movement videos from speech and face datasets; GAN-based approach 

• SoTA VSR WER 16.9% is achieved on LRS3, using 29x less data than previous Google’s system.

X Liu, E Lakomkin, K Vougioukas, P Ma, H Chen, R Xie, M Doulaty, Ni Moritz, J Kolar, S Petridis, M Pantic, C Fuegen, “SynthVSR: Scaling Up Visual Speech Recognition with Synthetic 
Supervision”, IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), 2023



Audio Editing & Generation



Language-Queried Audio Source Separation
Audio Source Separation - a fundamental technology for audio editing

Query-based audio source separation (separate the sounds of interests) 

• Queries: vision, audio, labels 

• Not flexible and straightforward to separate the desired sounds



Language-Queried Audio Source Separation
Audio Source Separation - a fundamental technology for audio editing

• LASS - Separate a target source from an audio mixture based on the natural language 
descriptions of the target source 

• First attempt bridging source separation and natural language processing

X Liu, H Liu, Q Kong, X Mei, J Zhao, Q Huang, MD Plumbley, W Wang, “Separate What You Describe: Language-Queried Audio Source Separation”, INTERSPEECH 2022



Language-Queried Audio Source Separation

• LASS-Net:  

• QueryNet (BERT) + SeparationNet (ResUNet) + FiLM fusion 

• How to construct training data? 

• Training with synthetic mixtures generating from audio-text datasets

X Liu, H Liu, Q Kong, X Mei, J Zhao, Q Huang, MD Plumbley, W Wang, “Separate What You Describe: Language-Queried Audio Source Separation”, INTERSPEECH 2022



Language-Queried Audio Source Separation
AudioSep - Separate Anything You Describe

• CLAP/CLIP + ResUNet, scaling with 14,000 hours of 
multimodal data 

• A Foundation model for open-domain sound separation 
with texts 

• Impressive zero-shot performance in separating speech, 
music, sounds

X Liu, Q Kong, Y Zhao, H Liu, Y Yuan, Y Liu, R Xia, Y Wang, MD Plumbley, W Wang, “Separate Anything You Describe”, IEEE/ACM Transactions on Audio, Speech, and Language Processing, 2024



Language-Queried Audio Source Separation

X Liu, Q Kong, Y Zhao, H Liu, Y Yuan, Y Liu, R Xia, Y Wang, MD Plumbley, W Wang, “Separate Anything You Describe”, IEEE/ACM Transactions on Audio, Speech, and Language Processing, 2024



Language-Queried Audio Source Separation
FlowSep - LASS with Rectified Flow Matching

• Using Diffusion-based generative approach for high-quality audio source separation

Y Yuan, X Liu, H Liu, MD Plumbley, W Wang, “FlowSep: Language-Queried Sound Separation with Rectified Flow Matching”, IEEE International Conference on Acoustics, Speech and Signal 
Processing (ICASSP), 2025

• Masking-based discriminative methods often leads to excessive or incomplete separation 



Audio Generation
Language Modeling-based  General Audio Synthesis

X Liu, T Iqbal, J Zhao, Q Huang, MD Plumbley, W Wang, “Conditional Sound Generation using Neural Discrete Time-Frequency Representation Learning”.  In 2021 IEEE 31st International 
Workshop on Machine Learning for Signal Processing (MLSP) (pp. 1-6). IEEE.

• Treat the audio generation as a language modelling task in the Time-Frequency (TF) domain



Text-to-Audio Generation
AudioLDM: Text-to-Audio Generation with Latent Diffusion Models (LDMs)

H Liu, Z Chen, Y Yuan, X Mei, X Liu, D Mandic, W Wang, MD Plumbley, “AudioLDM: Text-to-Audio Generation with Latent Diffusion Models”.  In Proceedings of the International Conference 
on Machine Learning (ICML), 2023

• Key Components: 

• Mel-spectrogram VAE 

• Contrastive Language-Audio Pretraining 
(CLAP) Encoders 

• Latent Diffusion Models 

• Mel-to-Waveform Vocoder



Text-to-Audio Generation
AudioLDM: Text-to-Audio Generation with Latent Diffusion Models (LDMs)

H Liu, Z Chen, Y Yuan, X Mei, X Liu, D Mandic, W Wang, MD Plumbley, “AudioLDM: Text-to-Audio Generation with Latent Diffusion Models”.  In Proceedings of the International Conference 
on Machine Learning (ICML), 2023

• Self-supervised text-to-audio generation 

• Data/resource-efficient approach (e.g., training 
with single GPU) 

• Enable zero-shot tasks (e.g., inpainting, style 
transferring, super-resolution) 

Project Page: https://audioldm.github.io/  

GitHub: https://github.com/haoheliu/AudioLDM



Text-to-Audio Generation
AudioLDM: Text-to-Audio Generation with Latent Diffusion Models (LDMs)

H Liu, Z Chen, Y Yuan, X Mei, X Liu, D Mandic, W Wang, MD Plumbley, “AudioLDM: Text-to-Audio Generation with Latent Diffusion Models”.  In Proceedings of the International Conference 
on Machine Learning (ICML), 2023



Text-to-Audio Generation
AudioLDM2: Combining LLMs with Diffusion

H Liu, Y Yuan, X Liu, X Mei, Q Kong, Q Tian, Y Wang, W Wang, Y Wang, MD Plumbley,  “AudioLDM 2: Learning Holistic Audio Generation with Self-supervised Pretraining”.  IEEE/ACM 
Transactions on Audio, Speech, and Language Processing, 2024



Audio Storytelling
WavJourney: Compositional Audio Content Creation with LLMs

H Liu, Y Yuan, X Liu, X Mei, Q Kong, Q Tian, Y Wang, W Wang, Y Wang, MD Plumbley,  “AudioLDM 2: Learning Holistic Audio Generation with Self-supervised Pretraining”.  IEEE/ACM 
Transactions on Audio, Speech, and Language Processing, 2024

Create audio storytelling with:  

• Personalized speakers  

• Lifelike speech  

• Immersive music  

• Impactful sound effects  

All simply from texts!



Audio Storytelling
WavJourney: Compositional Audio Content Creation with LLMs

X Liu, Z Zhu, H Liu, Y Yuan, M Cui, Q Huang, J Liang, Y Cao, Q Kong, MD Plumbley, W Wang  “WavJourney: Compositional Audio Creation with Large Language Models”.  IEEE/ACM 
Transactions on Audio, Speech, and Language Processing, 2025



Audio Editing
WavCraft: Agentic Audio Editing 

J Liang, H Zhang, H Liu, Y Cao, Q Kong, X Liu, W Wang, MD Plumbley, H Phan, E Benetos,  “WavCraft: Audio Editing and Generation with Natural Language Prompts”.  ICLR 2024 Workshop 
on Large Language Model (LLM) Agents



Representation Learning 

(Audio Tokenisation)



Audio Tokenisation
Source Disentanglement Audio Codec (SD-Codec) 

Combining audio coding and audio source separation in latent space

X Bie, X Liu, G Richard,  “Learning Source Disentanglement in Neural Audio Codec”.  IEEE International Conference on Acoustics, Speech and Signal Processing (ICASSP), 2025



Audio Tokenisation
Scaling up transformer-based speech tokenizers (e.g., 1B) with an FSQ bottleneck can 
achieve state-of-the-art speech reconstruction quality at ultra-low bitrates, as low as 400–700 bps

JD Parker, A Smirnov, J Pons, CJ Carr, Z Zukowski, Z Evans, X Liu,  “Scaling Transformers for Low-Bitrate High-Quality Speech Coding”.  International Conference on Learning Representations (ICLR 
2025)



Audio Tokenisation
Speech Diffusion Tokeniser (SiTok) - a diffusion autoencoder that jointly learns semantic-rich 
representations through supervised learning and enables high-fidelity audio reconstruction with diffusion. 
We scale SiTok to 1.6B parameters and train it on 2 million hours of speech. 

Y Wang, Z Tang, Y Wang, A Hinsvark, Y Liu, Y Li, K Peng, J Ao, M Ma, M Seltzer, Q He, X Liu,  “Scaling Speech Tokenizers with Diffusion Autoencoders”.  International Conference on Learning 
Representations (ICLR 2026)
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Doctoral Research -> Industrial Research



Doctoral Research -> Industrial AI Focus
Academia Focus: 

• Novelty 

• Clarity 

• Scientific Contribution 

• Benchmark Performance  

• Publication 

Create new knowledge 

Industrial Focus: create new knowledge 

• Impact 

• Scalability 

• Reliability 

• Latency / Cost 

• Integration 

Turn Knowledge into scalable capabilities 

Focus on impact! 



Doctoral Research -> Industrial AI Focus
Academia skills: 

• Problem formulation 

• Literature review 

• Experimental rigor 

• Communication 

• …  

Other skill requirements for Industrial AI  

• System thinking 

• Product and user 

• Engineering 

• Collaboration 

• … 



Thank you!


