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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 focusing mainly on visual representa-
tion, digital humans are now developing toward dynamic motion modeling, emotion-aware interaction, and real-time
deployment. This paper presents a systematic review of recent research progress in intelligent digital human content genera-
tion, organized around three core technical directions: video-to-digital human generation, 3D human motion synthesis and
editing, and emotion-driven digital human generation. In addition, practical considerations for real-time on-device deploy-
ment are discussed. Video-to-digital human generation serves as the foundational stage of digital human construction. Its
goal is to reconstruct animatable 3D human avatars from monocular, multi-view, or in-the-wild video inputs. Early
approaches primarily relied onimplicit neural representations such as neural radiance fields (NeRF) , often combined with
parametric body models such as the skinned multi-person linear model (SMPL). Although implicit methods provide con-
tinuous and high-fidelity geometry representation, their rendering efficiency limits real-time applicability. More recent

studies have shifted toward explicit or hybrid representations, particularly 3D Gaussian splatting, which significantly
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improves rendering speed while maintaining visual quality. Extensions incorporating SMPL or SMPL-X priors further
enhance geometric 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 interac-
tion, and background interference. Despite notable progress, maintaining temporal consistency and geometric robustuess
in complex environments remains an open problem. On top of 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 (VAE) improved representation capacity but often suf-
fered from limited motion diversity. In recent years, diffusion models have become the dominant paradigm for motion gen-
eration due to their strong capability in modeling complex multi-modal distributions. Representative frameworks demon-
strate improved motion realism, diversity, and semantic alignment with textual or conditional inputs. Latent diffusion strat-
egies further enhance efficiency by performing denoising processes in compact latent spaces. Beyond unconditional genera-
tion, 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. Moreover, research has gradually expanded toward multi-person interaction modeling and long-sequence
coherence, addressing challenges in action composition, interaction synchronization, and environment-aware motion plan-
ning. Nevertheless, balancing physical consistency, computational efficiency, and controllability remains a critical chal-
lenge for practical applications. Emotion-driven digital human generation further enhances interactivity and human-
likeness. This direction includes facial expression synthesis, emotional speech synthesis, and multi-turn empathetic inter-
action modeling. Infacial animation, 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 perfor-
mance. In emotional speech synthesis, end-to-end neural architectures, non-autoregressive frameworks, and neural codec
language models enable expressive, zero-shot, and fine-grained controllable speech generation. Meanwhile, emotion mod-
eling in interactive dialogue systems has evolved from passive emotion recognition toward empathetic response generation,
incorporating graph-based contextual modeling and large language model fine-tuning strategies. Although current systems
can generate recognizable emotional expressions, challenges remain in maintaining emotional consistency over long interac-
tions, decoupling emotion from underlying controllable factors, and ensuring cross-modal alignment between speech, facial
motion, and semantic context. To support real-world deployment, real-time on-device digital human systems have also
gained attention. Under constrained computational resources, lightweight models, reduced-resolution rendering, interme-
diate parameter representations, and efficient inference frameworks are commonly adopted. In practical applications, a col-
laborative architecture is often 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, facilitating scalable deployment in mobile and desktop environments. In addition to reviewing represen-
tative models and technical routes, this paper 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, geomeltric accuracy, semantic alignment,
motion stability, and subjective 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 repository, available at: https://github. com/blue-cola-bc/Overview-of-Intelligent-Digital-Humans. git.
Despite rapid progress, unified benchmarks for long-term interactive digital humans are still lacking. Overall, intelligent
digital human technology is advancing along a progressive pathway from geometric reconstruction to motion generation and
finally to emotion-aware interaction. Future research is expected to focus on unified multimodal generative frameworks,
improved long-term consistency modeling, physies-aware motion control, and efficient real-time deployment. By systemati-
cally organizing 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.
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“A Capoeira practice.
One is kicking and the other is avoiding the kick.”
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Figure3 Coherence of individual actions (left) ; Combination of multiple interactions (middle) ; Precise and flexible editing of move-

ments through control (right)

BRI, DT 7E— R AR B LD T I R B S
PR o RIS I AR B R 2 5 A AR S 5
55, AR T A R MR T — R AT A

HE—25 H , A BF R R R MG P AL 5 R 5 A
AR DA B A O R AR S8 IE . Yuan 5§
A (2023) 42 H () PhysDiff 75§ HUE Bt B b 51 A9
BEBCI R B, il AR RO A AR — R il 2 BT
FAPEBER . BRI A e — S )y T R B
AR RCR AR T3 R EK 7R S B 58 |
SN FH P 38 R O T R BN G
3 BRHEFANBEERTEA

Bt N TR e RIAI L 5 Z2RI8 58 BHE AW
PRk B N IE B . — P I 5 SR A )
etk AN ST BEEE . BNSME 2 42 2
)R BN B A B R g0, o g s e
AB M B4 1 AELR L O BRAE I B AR
SR IR S5 40, 46 30 B0 A AT BB AR 1) 155 AR
B, 7E v ERMIR KA B 2024 4F + R RTUHT R TR]
LI b - E YN IR YN S ST DoR=]
BRI 2 — X TR R TR BT AN TE AR B
Fh R s A o SR, PR B A BT AT R
HERE AR I8 5 2B U R AR O AT A7 AR B
AL, W HELATE ML H AR L h 5K R
PR L7 IR A A e A B R 1 8 B R A T
25 4R 5 28 HOAEAR, R gy by B IR AR R 1 IR
RHAEMN . BRI B LR Y TR RS S
B B TR S A0 B ) AR S PR, SEEE R AT HL
A1 28 2 B 5 21 IR A8 A I DA PR ) 15 28

N K J Sk B 2 R B, AN T B A AT A B R Y
FIk T AR E] 1 BN 5215 55 H.
LA DTS B i e U A AR S5 19 155 JR
Lo BRI, AT R IE 207 s
14 B B RS St o ag B AR
N S5y N BN E - A A e B AN B e 5
@7, BN 4 R T MR — 1 A i R B 20
JEAE H ) A AT 55

]S, 26 2 E— 2 A O Fl AR G B 1 %, o1 J%
B N R R R R 5 B T T RS
B oA 55 T 2 B BRI A B A iR g
R A8 B A AR B P A O AT, T EE T R[]
T 15 JE AR R R AR B A #e | Jmy BR K S 7 4
PaAE | Jy LA A% AR AR I 4 5 08 3 it T
EHE%
3.1 B—fERAER

PG BB N & T30, B 9 T o R B AR T e
B AT 55, L B 2 3 e o TS L S
PSS AR 5 I @A, ST 15 AR B 26 2
o X — 7 AN BEE T R K B i 4 AR 3
filt, ok Ji5 2k 2408 B A AR T O ik 5 A
T FES
3.1.1  mEEREEA

5 SR N AR S8 8 AN T T S 2195 3 i ) 5
LY TR A U TE MR EUR IS 545
o SCAR A Bk g e G 4 R 1 AR AL TR R A R
FEL T N SEAEIL” B ], 2] paatpp
237" W R A BT e, S K R R S AR
T, B A TR S ORI A, R
(4 7 s 25 AR M — 2k v] A JE A5 R (3D Morphable

© h[E KR KL AR



PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Inference

A h .
af 48 s}

Training

Ogo{

L
T N

HHEEE K
(F A W & % B HeadGas)

<, > 100 FPS

= |
FG\ it didn’t go well. My boss said I

ég WMWWv E!a
- (&)
o ||1lhr|n|l|| E

L L E3F 21
(E K W £ % & Empatheia MLLM)

.-\ man says with |
an extremely

_ happ\ mne .
B
o —
"
R
-— =
senerated Spee ed ﬁ
Content Ien n Any-modality I 1||[I§
ﬂ‘ﬁvﬁ%%ﬁ‘t
(EF AZ % EMM-TTS)
Time
Inputs: { & 3 "-. 5
P S S— — &
. Onlnelulimoddl %
C3
{ R
Qutputs:
wsmssssesssssssssssss sl b il i!|||
Time
R E AR & R
(E B &% 8 OmniResponse)

K4 FA—FNZ 8 A AR B AT 55

Figure4 Single and multi-emotion interactive generation-related tasks
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