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Research on Facial Emotion Expression Technologies for Humanoid Robots

KE Xianxin, LI Xuan and SONG Junqi

College of Mechanical Engineering and Automation,Shanghai University,Shanghai 200444 ,China
Abstract Facial emotional expression in humanoid robots represents a cornerstone technology for enabling naturalistic human-ro-
bot interaction, exhibiting broad application prospects in sectors such as medical support, educational services,and social enter-
tainment. This paper reviews the developmental trajectory of the field, delineating its evolution across three stages based on tech-
nological capability: foundational emotional expression, enhanced affective interaction, and personalized emotional resonance. It
systematically examines the key breakthroughs within each stage concerning the design of biomimetic mechanical structures and
the construction of multimodal affective interaction systems. The review places particular emphasis on the application of the facial
action coding system, flexible biomimetic skin materials,deep learning,and multimodal large models(MLMs) in affective mode-
ling. Furthermore,it investigates the critical role of multimodal spatio-temporal alignment mechanisms in the coordinated optimi-
zation of facial expressions, vocalizations, and physical actions. Finally, the paper outlines future research trajectories, including
the fusion of high-precision actuation and sensing, the integration of multimodal large models,the enhancement of personalization
and cultural adaptability,and strategies for mitigating the uncanny valley effect. This work provides a theoretical foundation to
advance the intelligent and naturalistic development of facial emotional expression technology in humanoid robots.

Keywords Humanoid robot, Facial emotional expression, Biomimetic mechanical structure, Affective modeling, Multimodal

spatio-temporal alignment, Uncanny valley effect
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