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Abstract Gestures are a crucial form of expression in human communication, particularly in domains such as
virtual human interaction. In this field, speech-driven virtual human gesture generation technology acts as a core
enabler to enhance the interactivity and immersion of virtual characters. High-quality virtual character gesture
generation holds significant application value in film and animation production. To address existing technical
bottlenecks of weak semantic association and insufficient control-lability in current generation methods, we
propose the gesture synthesis method integrating cross-modal semantic retrieval and diffusion model. First, we
construct a multi-modal gesture database containing text descriptions, audio features, and 3D motion parameters.
Second, we innovatively design the Hierarchical Contrastive Semantic Retrieval Mechanism that adopts a dual
stage architecture combining primary feature retrieval and semantic retrieval, significantly enhancing
cross-modal alignment accuracy. Meanwhile, to further enhance the noise robustness of the retrieval mechanism

and avoid retrieval errors induced by audio noise and text ambiguity, we introduce the momentum distillation
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strategy. Through model distillation, we strengthen the feature extraction capability and generalization ability of
the retrieval model, which substantially boosts the accuracy and stability of cross-modal alignment. Furthermore,
we develop the diffusion generation model that achieves text-prompt-driven style control and unmatched gesture
generation through cross-modal attentions and Prompt Adaptive Attention Normalization (PAAN) layers. To
address motion sequence transition issues, we propose a weighted fusion strategy and progressive denoising
mechanism for diffusion models, effectively resolving unnatural gesture transitions. To comprehensively verify
the effectiveness and superiority of the proposed method, we conduct systematic quantitative evaluations on the
publicly available BEAT dataset. As a widely adopted benchmark dataset in the field of virtual human gesture
generation, it can objectively reflect the generation performance of models. Quantitative evaluations on the
BEAT dataset demonstrate the effectiveness of our method in key metrics: our method achieves a Fréchet
Gesture Distance (FGD) of 9.160, the Diversity (Div) of generated gestures reaches 12.77, and the
Semantic-Relevance Gesture Recall (SRGR) is 0.205. In qualitative experiments and user evaluations, our
method achieves significant improvements in semantic consistency and motion naturalness of generated gestures:
the human similarity score of our generated gestures is 24.9% higher than that of LivelySpeaker, and the
semantic appropriateness score is 32.7% higher than that of GestureDiffuCLIP, demonstrating stronger
expressive power in terms of semantic expression accuracy and motion naturalness. This performance gain stems
from the collaborative design of multiple modules in our study, which effectively breaks through the bottlenecks
of existing generation models in cross-modal fusion and motion controllability. The Retrieval Mechanism
provides precise support for cross-modal information alignment and addresses the disconnection between
semantic and motion features; the diffusion generation model guided by multi-level attention balances the
stylistic diversity and semantic accuracy of gesture generation, and the introduction of the PAAN layers enables
the model to flexibly respond to the stylistic demands of different text prompts; meanwhile, the motion transition
optimization strategy further enhances the coherence of gesture sequences and avoids unnatural issues. Our
method can accurately capture the core features of gestures corresponding to long-tail semantic content, and
exhibits excellent performance in semantic matching accuracy, motion naturalness, which significantly enhances
the reliability of gesture generation in complex scenarios.

Key words gesture generation; hierarchical retrieval; contrastive learning; diffusion models; momentum
distillation
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