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Abstract

This study proposes an embedded
affective companion system deployed on a
wheeled robot platform, deeply integrating
facial emotion recognition, fine-tuned
emotional dialogue models, and realistic
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speech and virtual avatar generation
technologies to achieve highly immersive
Human-Robot Interaction (HRI).

Regarding visual perception, the system
utilizes a Vision Transformer (ViT) as the
backbone network combined with an Action
Unit (AU) detection mechanism. This
approach effectively enhances the capture of
subtle facial expressions, achieving a
recognition accuracy of 92% on the RAF-DB
dataset. For cognition and dialogue
generation, MediaTek/Breeze-7b is adopted
as the core language model. By fine-tuning
on the Empathetic Dialogues dataset and
incorporating a Retrieval-Augmented
Generation (RAG) architecture alongside a
WordNet-based emotion mapping
mechanism, the system enables the robot to
generate precise and empathetic Chinese
responses. To further enhance interaction
realism, the system implements few-shot
emotional speech synthesis via GPT-SoVITS
and utilizes EchoMimic to generate virtual
avatar videos with precise
lip-synchronization. Experimental results
demonstrate that the fine-tuned model
achieved improvements of 26.35% in BERT
F1 and 85.67% in Cosine Similarity. These
findings confirm the system's effective
contextual awareness and its ability to
provide a fluent, emotionally rich companion
experience.
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