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Abstract

The embedding of artificial intelligence technologies has significantly enhanced the capabilities of
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brain-computer interfaces (BCls) in neural signal acquisition, decoding, feedback and individual ad-
aptation, accelerating the transition of BCIs from laboratory-based research to application scenarios
including clinical rehabilitation, intelligent interaction and human-body function restoration. Never-
theless, Al-enablement is not merely a process of technical efficiency improvement; it also renders
risks associated with BCI compound, covert and diffuse. The algorithmic black box may give rise to
misinterpretation of neural signals; consciousness decoding may challenge subject agency; neural
data processing may trigger privacy breaches and data misuse. Furthermore, the attribution of re-
sponsibility and demarcation of ownership boundaries have grown complicated due to the joint in-
teraction among the human brain, algorithms and devices. Emphasizing the integration of foresight-
oriented prediction, reflection, deliberation and responsiveness throughout the whole process of sci-
entific and technological innovation, the theory of Responsible Innovation provides a vital analytical
framework for the ethical governance of Al-enabled brain-computer interfaces. Accordingly, a gov-
ernance system should be constructed from the perspectives of proactive risk assessment, algorith-
mic transparency and auditability, full-life-cycle protection of neural data, multi-agent collaborative
review and improvement of liability rules, so as to promote the safe, standardized and sustainable
development of Al-enabled BCI technologies.
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