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Abstract: Intelligent digital humans have rapidly evolved with the advancement of computer graphics, computer vision,
speech synthesis, and multimodal generative modeling. From early virtual avatars that focus on visual representation, digi-
tal humans are currently developing toward dynamic motion modeling, emotion-aware interaction, and real-time deploy-
ment. This study presents a systematic review of recent research progress in intelligent digital human content generation,
organized around three core technical directions: video-to-digital human generation, 3D human motion synthesis and edit-
ing, and emotion-driven digital human generation. In addition, practical considerations for real-time on-device deployment
are discussed. Video-to-digital human generation serves as the foundational stage for digital human construction. Its objec-
tive is to reconstruct animatable 3D human avatars from monocular, multi-view, or in-the-wild video input. Early
approaches primarily relied on implicit neural representations, such as neural radiance fields, frequently combined with

parametric body models, such as the skinned multi-person linear model (SMPL). Although implicit methods provide con-
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tinuous and high-fidelity geometric representation, their rendering efficiency limits real-time applicability. Recent studies
have shifted toward explicit or hybrid representations, particularly 3D Gaussian splatting, which significantly improves ren-
dering speed while maintaining visual quality. Extensions that incorporate SMPL or SMPL-X priors further enhance geomet-
ric stability and animatability. In multi-view settings, stronger geometric constraints improve reconstruction accuracy,
while open-scene scenarios introduce additional challenges, such as occlusion handling, multi-person interaction, and
background interference. Despite notable progress, maintaining temporal consistency and geometric robustness in complex
environments remains an open problem. In addition to geometric reconstruction, 3D human motion synthesis and editing
enable digital humans to exhibit realistic dynamic behaviors. Compared with static modeling, motion generation requires
accurate modeling of high-dimensional temporal distributions under kinematic and physical constraints. Early approaches
based on statistical models or variational autoencoders improved representation capacity but frequently suffered from limited
motion diversity. In recent years, diffusion models have become the dominant paradigm for motion generation due to their
strong capability to model complex multimodal distributions. Representative frameworks demonstrate improved motion real-
ism, diversity, and semantic alignment with textual or conditional input. Latent diffusion strategies further enhance effi-
ciency by performing denoising processes in compact latent spaces. Beyond unconditional generation, condition-driven and
fine-grained motion editing have attracted increasing attention. Text-guided editing frameworks allow local modification of
specific joints or temporal segments while preserving overall motion style. Skeleton-aware and physics-guided diffusion
models introduce structural constraints to improve anatomical plausibility and reduce artifacts, such as foot sliding. More-
over, research has gradually expanded toward multi-person interaction modeling and long-sequence coherence, addressing
challenges in action composition, interaction synchronization, and environment-aware motion planning. Nevertheless, bal-
ancing physical consistency, computational efficiency, and controllability remains a critical challenge in practical applica-
tions. Emotion-driven digital human generation further enhances interactivity and human-likeness. This direction includes
facial expression synthesis, emotional speech synthesis, and multi-turn empathetic interaction modeling. In facial anima-
tion, research has progressed from parameterized 3D morphable models to implicit neural rendering and, more recently,
Gaussian-based explicit representations that achieve improved fidelity and real-time performance. In emotional speech syn-
thesis, end-to-end neural architectures, non-autoregressive frameworks, and neural codec language models enable expres-
sive, zero-shot, and fine-grained controllable speech generation. Meanwhile, emotion modeling in interactive dialogue sys-
tems has evolved from passive emotion recognition toward empathetic response generation, incorporating graph-based con-
textual modeling and large language model fine-tuning strategies. Although current systems can generate recognizable emo-
tional expressions, challenges remain in maintaining emotional consistency over long interactions, decoupling emotion from
underlying controllable factors, and ensuring cross-modal alignment in the speech, facial motion, and semantic contexts.
To support real-world deployment, real-time on-device digital human systems have also gained attention. Lightweight mod-
els, reduced-resolution rendering, intermediate parameter representations, and efficient inference frameworks are com-
monly adopted under constrained computational resources. In practical applications, a collaborative architecture is fre-
quently employed, where large language models handle semantic reasoning in the cloud while speech synthesis and avatar
rendering are executed locally. This edge-cloud collaboration balances interaction latency and generation quality, facilitat-
ing scalable deployment in mobile and desktop environments. In addition to reviewing representative models and technical
routes, this work summarizes commonly used datasets and evaluation metrics across subfields, including text-to-motion
benchmarks, emotional speech corpora, and multi-view reconstruction datasets. Performance is typically evaluated from
multiple perspectives, such as perceptual realism, geometric accuracy, semantic alignment, motion stability, and subjec-
tive human assessment. To facilitate reproducible research and provide a centralized resource for the community, we have
curated all surveyed datasets, benchmark links, and a structured list of representative models into a public GitHub reposi-
tory, which is available at: https://github.com/blue-cola-be/Overview-of-Intelligent-Digital-Humans. git. Despite rapid prog-
ress, unified benchmarks for long-term interactive digital humans are still lacking. Overall, intelligent digital human tech-
nology is advancing along a progressive pathway from geometric reconstruction to motion generation, and finally, emotion-
aware interaction. Future research is expected to focus on unified multimodal generative frameworks, improved long-term

consistency modeling, physics-aware motion control, and efficient real-time deployment. By systematically organizing
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recent developments and open challenges, this review aims to provide a structured understanding of current progress and

potential research directions in intelligent digital human content generation.

Key words: digital human technology; 3D human motion synthesis and editing; digital human generation; diffusion

model ; video-to-digital human generation; multimodal emotional interaction
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