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Introduction: Decoding language from neural signals can greatly improve the quality of life for 
individuals who have lost their ability to speak, such as those with ALS or stroke. Although significant 
progress has been made in brain-language decoding [1], relatively few studies have focused on 
Chinese—a representative syllabic language spoken daily by over one quarter of the global population. 
In our previous work, we introduced a decoding framework based on syllable elements [2]. In this study, 
we present our latest advancements in developing a Brain-Computer Interface (BCI) platform for 
Chinese language decoding, leveraging a medical sEEG system. This system demonstrates high 
performance processing with low latency, high inference speed, and competitive accuracy, showing 
great potential for both clinical and research applications. 

Material, Methods and Results: A custom neural signal processing platform was developed to stream 
signals from a medical device intended for advanced epilepsy monitoring and research, specifically for 
long-term sEEG data acquisition. The platform can simultaneously process up to 1024 channels of 
streaming sEEG signals while recording and playing multimodal voice and video data, with automated 
marker labeling. With GPU acceleration, the platform performs numerical statistics, frequency 
processing and neural network inference. In our language decoding experiments, two epilepsy patients 
who had undergone sEEG electrode implantation participated during their inter-ictal periods. Chinese 
characters were presented to them sequentially on a screen, and they were instructed to read aloud after 
receiving a cue. The corresponding sEEG signal and voice signals were simultaneously recorded and 
processed by the platform. A short time window of sEEG data, with a margin to capture brain activity 
before and after sound production, was selected for processing.  

The signal processing pipeline includes channel differential, filtering, standardization and frequency 
domain processing. The processed data was then fed into a neural network model for predicting the 
Chinese Pinyin initials corresponding to the sEEG signals. The network contains five convolutional for 
feature extraction and followed by a fully connected layer for the final classification decision. Causal 
convolution is adopted to prevent data leakage from future time steps. The experiment results showed 
that the top-1 accuracy for the initial prediction exceeded 50% and the top-3 accuracy achieved over 
90% on the best performing subject, using an experimental corpus that contains 407 words with 23 
distinct Chinese Pinyin initials. The platform is capable of performing over 200 inferences per second, 
with a processing delay of less than 20 ms.  

Conclusion: This study demonstrates the feasibility and potential of a high-performance Brain-
Computer Interface (BCI) for Chinese language decoding, we achieved promising results in real-time, 
low-latency, and high-accuracy predictions of Chinese Pinyin initials from neural signals. It lays the 
foundation for future research on extending the decoding capabilities to full words or sentences. 

Acknowledgments and Disclosures: This work was supported by the Westlake startup funding, “Pioneer” 
and “Leading Goose” Research and Development Program of Zhejiang (Grant Number: 2024C03002) 
and Key Project of Westlake Institute for Optoelectronics (Grant Number: 2023GD004). 

References: 
[1] Silva, A.B., Littlejohn, K.T., Liu, J.R. et al. The speech neuroprosthesis. Nat. Rev. Neurosci. 25, 473–492 

(2024). https://doi.org/10.1038/s41583-024-00819-9 

[2] Feng, C., L. Cao, and D. Wu. Et al. "Acoustic inspired brain-to-sentence decoder for logosyllabic 
language." 2023-11-05)[2024-06-04]. http://biorxiv. org/lookup/doi/10.1101/2023.11. 05.562313 (2023). 

 

11th International Brain-Computer Interface Meeting 2025 DOI: 10.3217/978-3-99161-050-2-134

Published by Verlag der Technischen Universität Graz

CC BY 4.0

134
https://creativecommons.org/licenses/by/4.0/deed.en

This CC license does not apply to third party material and content noted otherwise.

https://doi.org/10.1038/s41583-024-00819-9

