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Animation and human-computer interaction (HCI) are being used in many interactive technologies, such as VR/AR, gesture
interaction, etc. However, there is still a lack of systematic synthesis on their mechanisms, impacts and challenges. To fill
this gap, this paper conducts a systematic literature review. In terms of HCI, our review shows that animation improves HCI
intuitiveness, useful feedback and waiting time perception. While, from animation perspective, HCI technologies change the
workflow of animation production by lowering the barrier, improving interaction method, and making animation storytelling
more immersive. There are still many challenges existing in this field, including lack of standardization in principles, technical
limitations (e.g., latency, accuracy), and high creation barrier. This paper reviews above challenges and calls for future work to

standardize evaluation heuristics, solve technical bottlenecks, and develop more available creator-centered tools.
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Introduction

As a creative field, animation has undergone remarkable
changes from the traditional frame-by-frame production. Now
it can emphasize interactivity, realism and other elements, and
create an immersive world for the audience or users. Nowa-
days, animation is no longer limited to the concept of passive
viewing the screen, but actively attracts users to 3D space.
At the same time, the field of human-computer interaction
(HCI) has developed out of the category of original mouse
and keyboard interface design, including enhanced sensors in-
cluding computer imaging and artificial intelligence, and has
developed into the so-called “new era of hybrid media”, cover-
ing gestures, limb posture, eye tracking, voice commands and
touch interface. Recently, these two fields are also increas-
ingly integrated. Researchers and developers have opened up
a new world for the application of human-computer interac-
tion technology by proposing real-time 3D motion capture to
generate and control 3D characters, use voice recognition to
drive lip movements and emotional expression, or produce an-
imated stories with the help of immersive VR/AR. The combi-
nation of animation and human-computer interaction not only
stays at the conceptual level, but also seems to enjoy the mar-
keting dividend. This integration is now more like a business
phenomenon. Analysts and investors predict that by 2025, the
global market value of applications involving VR/AR and an-
imation, digital narrative and other functions will reach about
28 billion to 35 billion US dollars, which fully proves its huge
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commercial and technological potential.

The combination of human-computer interaction and ani-
mation is very important, because it makes up for the inher-
ent shortcomings in their respective fields and realizes the cul-
tural values of both sides. Classic animation has the advan-
tages of visual narrative, strong expressiveness and conveying
complex content in an easy-to-understand way. However, its
medium form is less flexible in terms of user participation,
which may cause users to only act as bystanders. Traditional
human-computer interaction provides rich natural input possi-
bilities and system feedback, leaving room for interaction and
higher autonomy. Both of these media can use animation in
a more dynamic way than ever before, so that the characters
and stories in the animation can respond to user interaction.
Users do not need the help of controllers, but explore the vir-
tual world through natural actions, and the computer can re-
alize branch narrative by recognizing the user’s choices and
voice commands. This integration brings a more intelligent
and personalized experience. For example, users can view the
body type by scanning their own bodies, or use gesture con-
trols to create personalized animation sequences. Examples of
the integration of cutting-edge technology include the launch
of interactive VR animated films that can influence the direc-
tion of the plot, the development of AR mobile phone appli-
cations for cartoon characters to “break into” the living room,
and the system that can now capture the movements of live
performers and directly make virtual characters make corre-
sponding actions — performers have thus become one of the
creative links.
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However, despite its rapidly expanding potential and re-
markable breadth, the integration of animation and human-
computer interaction at the interdisciplinary level has been
proven to be challenging in academic research. As far as we
know, this literature review is the first strategic review focus-
ing on the integration of animation and human-computer in-
teraction. At the same time, there are many differences in
the existing research background. Relevant research is scat-
tered in the field of personalization, such as animation cre-
ation based on gesture design, voice-driven character anima-
tion, immersive narrative design based on VR, and even artifi-
cial intelligence-driven animation production. The theoretical
heterogeneity of this method makes it difficult for newcomers
to this field to understand its real development, major achieve-
ments and problems that need to be solved in the end. This
review integrates the system and deeply analyzes the exist-
ing research results, and presents the relevant application sce-
narios, core advantages and existing limitations of interactive
animation in a structured way. At present, although the inte-
gration of advanced human-computer interaction tools and an-
imation production has brought innovation to creation, it has
also raised the threshold of industry access due to technolog-
ical complexity. Based on this, this article will sort out the
frontier of field research, accurately identify core technology
bottlenecks, and focus on emerging solutions such as artificial
intelligence driving tools and cost-effective motion capture de-
vices. This provides comprehensive information support and
capability empowerment for animation creators, and helps to
reduce the creative cost and technical threshold of the next
generation of interactive animation experience.

Method

This study adopts a systematic literature review to examine
how animation and human-computer interaction (HCI) are in-
tegrated in existing research. The aim is to identify the major
application scenarios of this interdisciplinary field, summa-
rize its main benefits, clarify current challenges, and highlight
future research opportunities. To ensure transparency and re-
producibility, the review followed a structured process includ-
ing literature retrieval, screening, data extraction, and thematic
synthesis.

Literature Search and Selection Criteria

The literature search was conducted in major academic
databases relevant to computer science, digital media, and
design, including Scopus, Web of Science, IEEE Xplore,
ACM Digital Library, and Google Scholar. To capture recent
progress in animation generation, immersive media, and inter-
active systems, the search was restricted to English-language
studies published within the selected time span. The search

terms combined keywords from both animation and HCI, such
as animation, interactive animation, animation generation,
human-computer interaction, gesture interaction, voice inter-
action, VR, AR, motion capture, and immersive storytelling.
In addition to database retrieval, backward and forward snow-
balling was used to identify additional relevant studies from
the references and citations of key papers.

To maintain consistency during screening, explicit inclusion
and exclusion criteria were defined. Studies were included
if they focused on animation or animated content as a cen-
tral topic and incorporated a clear HCI component, such as
gesture, voice, touch, motion capture, VR/AR, embodied in-
teraction, or creator-centered interactive tools. Only studies
with substantial methodological, technical, or analytical con-
tent were retained. In contrast, studies were excluded if they
treated animation only as passive visual media without mean-
ingful interaction, discussed HCI without direct relevance to
animation, lacked sufficient methodological detail, duplicated
another study, or did not provide accessible full text.

Screening and Data Extraction

After the initial search, duplicate records were removed. The
remaining studies were first screened by title and abstract to
eliminate clearly irrelevant papers. Full-text reading was then
conducted on the candidate studies to determine final eligibil-
ity. Through this multi-stage filtering process, the final review
corpus was established.

For each included study, a structured extraction form was
used to record key information, including publication year, re-
search objective, application scenario, animation type, HCI
technology, methodology, sample or system setting, major
findings, and reported limitations. This procedure ensured that
the subsequent analysis was based on comparable dimensions
across studies rather than unsystematic description.

Thematic Analysis

To synthesize the selected literature, this study employed the-
matic analysis. Since the reviewed work spans multiple areas,
including animation generation, interactive systems, immer-
sive experiences, and creator-support tools, thematic analysis
provides an appropriate way to identify shared patterns across
heterogeneous studies.

The analysis began with open coding, in which each study
was examined to identify its main concerns, such as line-art
colorization, customized character generation, image-to-video
synthesis, 4D animation, gesture-based interaction, voice-
driven animation, immersive storytelling, workflow transfor-
mation, latency, consistency, and evaluation issues. These
initial codes were then grouped into broader conceptual cat-
egories and further refined into several higher-level themes.
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The final themes were developed around four major as-
pects: animation generation paradigms, HCI-enabled inter-
action and creation, the benefits brought to user experience
and production workflow, and the major challenges and future
research opportunities. These themes were derived not only
from the objectives of this review but also from repeated pat-
terns emerging across the selected studies. In this way, the re-
view moves beyond a simple narrative summary and provides
a systematic synthesis of how animation and HCI are currently
integrated, what progress has been achieved, and which issues
still require further investigation.

Animation and Human-Computer Interaction

Identification

e Records identified through database searching (n = 126)
o Scopus (n = 28)
® Web of Science (n =19)
o IEEE Xplore (n = 24)
© ACM Digital Library (n=17)
 Google Scholar (n = 38)

Additional records identified through citation tracking / snowballing

(n=12)
!

Screening

Total records collected (n =138)

1

Duplicate records removed (n = 26)

l

Records after duplicates removed (n =112)

1

Records screened by title and abstract (n =112)

—  Records excluded after
title and abstract screening
(n=71)

!

Eligibility

Full-text articles assessed for
eligibility (n = 41)

® Full-text articles excluded,
with reasons (n = 28)

© no substantial HCI content (n = 9)

® no animation focus (n =7)

o insufficient methoololigical detail (n = 5)
@ duplicate or overlapping study (n =4)

® inaccessible full text (n=3)

!

Included

o Studies included in the systematic review (n =13)

Figure. 1 Flowchart of the systematic literature search, screening,
and study selection process.

Literature Review

Anime Diffusion Colorization

The Anime Diffusion Colorization task aims to use computer
vision and deep learning techniques to automatically convert

an uncolored animated character line drawing into a color im-
age with professional aesthetic quality. In most cases, the in-
put may be a face close-up or a full-body line draft. The key
challenge of this task lies in reference-based color transfer:
the algorithm must not only fill colors into the target line art,
but also accurately learn and reproduce the color style, shad-
ing relationship, and tonal atmosphere provided by a reference
image, rather than performing arbitrary colorization.

As shown in Figure 2, the standard process of this task is
as follows: a reference color image and a target line draft are
taken as input, and the model generates a colorized result that
is consistent with the target line art in structure and details,
while remaining visually aligned with the reference image in
terms of color style.

In AnimeDiffusion: Anime Diffusion Colorization, Cao
et al. introduced the diffusion model into reference-based
anime line-art colorization and addressed several limitations
of earlier GAN-based methods, especially in controllability
and generation quality'. Their method adopts a hybrid end-
to-end training strategy. The first stage focuses on denoising
and structural capture, while the second stage refines color
alignment and correspondence with the reference image. As a
result, the model produces higher-quality colorization results
than earlier approaches and improves both automation and vi-
sual fidelity. The architecture of this method is illustrated in
Figure 3.
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Figure. 2 Schematic diagram of the line art colorization task.

Compared with a simple description of line-art coloriza-
tion as a conditional image generation task, a more system-
atic view shows that current animation colorization research
mainly differs in three aspects: control signal, consistency
objective, and generation backbone®™*. Early methods were
mostly based on GANs and relied on user guidance such as
scribbles, tags, or sparse interaction signals>>. These meth-
ods improved interactivity and reduced manual effort, but
often suffered from unstable shading, weak generalization,
and limited fidelity to reference styles®. Later work grad-
ually introduced stronger structural priors, attention mecha-
nisms, and similarity-based matching to improve color prop-
agation and local detail consistency *. More recent studies
have shifted toward diffusion-based frameworks, which are
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better at modeling complex color distributions and reference-
guided appearance transfer, and therefore produce more nat-
ural and controllable results *>. For example, MangaNinja
emphasizes precise reference following, while AnimeDiffu-
sion focuses on high-quality reference-based anime coloriza-
tion with a diffusion pipeline '*. At the video level, reference-
based line-art video colorization further extends the problem
from single-image consistency to temporal consistency across
frames, which is essential for animation production®’.
Despite this progress, animation colorization still faces sev-
eral persistent challenges. First, semantic ambiguity remains
fundamental: line art contains sparse structural cues but little
texture or material information, making it difficult for a model
to infer plausible colors without external guidance!?. Sec-
ond, reference alignment is still difficult, especially when the
target line art and the reference image differ in pose, view-
point, or local shape details '*. Third, many methods struggle
with fine-grained controllability, meaning that users may want
not only global style transfer but also precise local color place-
ment 8. Fourth, in production settings, temporal consistency
becomes crucial, since frame-wise colorization can easily in-
troduce flicker or color drift in animation sequences®’. Fi-
nally, there is a continuing trade-off between automation and
user control: highly automatic systems may reduce labor but
can be less predictable, while strongly guided systems may
require more manual interaction>*. These issues suggest
that future research should not only pursue better visual qual-
ity, but also improve controllability, robustness, and workflow
compatibility for real animation production 9.
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‘Skip Comnection

Encoder Autention Block  Decoder

() Overview of AnimeDiffusion

(b) Convolutional Block in Encoder ' (c) Convolutional Block in Decoder

(d) Attention Block

Figure. 3 Schematic diagram of the AnimeDiffusion method
architecture.

Customized Image Generation of Anime Characters

Text-driven customized image generation of anime charac-
ters has become an important branch of generative anima-
tion research. Different from general text-to-image genera-
tion, this task not only requires semantic alignment between
text prompts and generated images, but also demands stable

Table 1 Representative methods for animation line-art colorization.

Method Year Backbone  Input/ control

UDALC? 2018 GAN Line art + user scribbles

Tag2Pix 3 2019 GAN Line art + text/color tags

DLAVC® 2020 Ref-based  Line-art video + few reference images
CSA? 2021 GAN+Attn  Line art + hints

UGFF 0 2021  FillNet Line art + user scribbles

Diffusart® 2023 Diffusion Line art + user hints

Anime ' 2024  Diffusion Reference image + target line art
MangaNinja* 2025  Diffusion Line art + reference image + point control

preservation of a specific anime character’s identity, includ-
ing hairstyle, eye color, clothing elements, and drawing style.
As a result, the core problem is no longer simple text-image
correspondence, but how to reliably bind a fictional charac-
ter concept to a generative model and reproduce that identity
under diverse prompts and scenes.

As shown in Figure 4, the standard pipeline usually takes
a text prompt and one or more character reference images as
input. The model is expected to generate a new image that fol-
lows the target prompt while maintaining the key visual traits
of the designated anime character. For example, a prompt such
as “Haibara is in chef’s outfit” should not only produce a chef-
themed anime image, but also preserve Haibara’s recognizable
identity in the generated result.

Input Image Stable Diffusion Our Method

Stable Diffusion Our Method

] o

Conan is eating lunch in restaurant

'
1

'

'

1

1

'
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1

'

1

'

'
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5 4 K !
Conan Conan is in chef s outfit i
'

Characters Single-Character Generation

Figure. 4 Comparison of character-specific generation results.

A representative method for this task is AnimeDiff, pro-
posed by Jiang et al.®. This method was designed to address
two common problems in customized anime character gen-
eration: degradation of image quality and identity confusion
in multi-character scenarios. Its key idea is to directly bind
the target anime character’s name to the corresponding visual
concept, rather than introducing newly optimized identifier to-
kens that may distort the original text embedding space. In
this way, the model can learn the unique appearance of a char-
acter more stably. In addition, AnimeDiff introduces a copy-
paste data augmentation strategy to synthesize multi-character
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scenes during training, which improves the model’s ability to
distinguish different character attributes and reduces feature
mixing across characters. The framework is illustrated in Fig-
ure 5.

\
Ash Hanamichi
Training Data

Training Procedure

Figure. 5 Framework design of AnimeDiff for customized
character generation.

From a broader perspective, current customized anime char-
acter generation methods mainly differ in three aspects: per-
sonalization mechanism, identity consistency objective, and
parameter adaptation strategy. Early personalized genera-
tion methods such as Textual Inversion!! represent a concept
through a learned token embedding, while DreamBooth '?
binds a subject to a unique identifier by fine-tuning the diffu-
sion model. Later methods such as Custom Diffusion '3 reduce
training cost by updating only a subset of cross-attention pa-
rameters, and Mix-of-Show '# further addresses multi-concept
composition and identity conflicts. More recent methods,
including AnimeDiff® and SerialGen ', place stronger em-
phasis on identity preservation, whole-body consistency, and
prompt controllability in character-centered generation.

Despite substantial progress, several challenges remain un-
resolved. First, identity drift is still common: a generated
character may gradually deviate from the reference appear-
ance when the prompt becomes more complex or the pose
changes significantly. Second, attribute binding remains dif-
ficult, especially in multi-character scenes where visual at-
tributes such as hair color or clothing style may be assigned
to the wrong character. Third, many methods face a trade-off
between text controllability and identity fidelity: stronger per-
sonalization may preserve the character better but reduce the
model’s ability to respond flexibly to new prompts. Fourth,
style consistency is especially important in anime scenarios,
since anime characters are not only defined by identity traits
but also by a highly stylized visual language. Finally, effi-
ciency and scalability remain practical concerns, because re-
peated fine-tuning for each new character can be costly in both
storage and computation.

These observations suggest that future research should
move beyond single-character reconstruction quality and fo-
cus more on robust identity preservation, compositional
controllability, and scalable adaptation mechanisms for
production-oriented anime content generation.

Table 2 Representative methods for customized anime character
generation.

Method Year Backbone Focus

Textual Inversion!! 2022  Token Embedding
DreamBooth 2 2023 Full FT Subject binding
Custom Diffusion'3 2023  Partial FT  Efficient tuning
Mix-of-Show '# 2023 LoRA Multi-concept
AnimeDiff8 2024 Diffusion = Name binding
SerialGen ' 2025 Two-stage Body consistency

3D Animation: Image-to-Video Synthesis

Image-to-video character animation aims to generate a dy-
namic video sequence from a static reference image while
preserving the character’s appearance and following a spec-
ified motion signal. Compared with ordinary video genera-
tion, this task imposes two core constraints: appearance con-
sistency and motion controllability. The first requires the gen-
erated frames to remain highly faithful to the reference image
in terms of clothing texture, hairstyle, color, and identity de-
tails, so as to avoid flickering or visual drift. The second re-
quires the model to accurately animate the character according
to external control signals, such as pose sequences, skeletal
keypoints, or driving videos.

As shown in Figure 6, the standard pipeline takes a static
reference image together with a motion control sequence as
input, and outputs a temporally coherent animation video. Un-
der this setting, the character should complete the target mo-
tion while maintaining the original visual identity.

Ve ’
ﬁ i’ i i
J L V') e R a4

Figure. 6 Qualitative results of reference-based character animation
generation.

A representative work in this direction is Animate Anyone,
proposed by Hu et al.'®. This method introduces a diffusion-
based two-stage framework tailored for character animation.
Its first key component is a ReferenceNet, which injects fine-
grained appearance details from the reference image into the
generation process through spatial attention, thereby improv-
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ing appearance preservation. Its second key component is a
pose guider together with temporal modeling, which allows
the generated video to follow the target motion sequence while
maintaining smooth transitions across frames. As illustrated
in Figure 7, this framework provides a strong solution to the
joint problem of consistency and controllability.

ReferenceNet Denoising UNet _ ReferenceNet
tr

h h
— Enc — W, W
]
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Spatial-Attention
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VAE N
Cross-Attention
‘
Temporal-Attention

v

Figure. 7 Architecture overview of the diffusion-based character
animation system.

From a broader perspective, current image-to-video char-
acter animation methods mainly differ in three aspects: mo-
tion guidance, appearance preservation strategy, and temporal
modeling mechanism. Recent studies show a clear transition
from frame-based or warping-based animation to diffusion-
based video synthesis with stronger temporal reasoning 7-16-20,
For example, MagicAnimate enhances temporal consistency
through a video diffusion model and an appearance encoder’,
while Champ introduces 3D parametric guidance based on
SMPL to improve pose-shape alignment!”. VividPose further
improves identity retention and pose alignment by combin-
ing an identity-aware appearance controller with a geometry-
aware pose controller '8. More recent methods such as Cinemo
and DisPose place stronger emphasis on controllable motion
magnitude, smoother temporal transitions, and more general-
izable pose control 1920,

Despite the rapid progress, several challenges remain cen-
tral to this task. First, appearance drift is still common when
large motion changes or long sequences are involved, caus-
ing the generated character to deviate from the reference iden-
tity >1°. Second, motion control remains imperfect, especially
when sparse pose signals fail to fully specify body shape, hand
motion, or occluded regions 17,1820 Third, temporal incon-
sistency remains a major issue in video generation, often ap-
pearing as flicker, abrupt motion transitions, or unstable tex-
tures -'°. Fourth, many methods face a trade-off between con-
trollability and visual realism: stronger constraints may im-
prove motion following but can also reduce naturalness or di-
versity. Finally, generalization is still limited when the target
character differs significantly from the driving source in body
shape, style, or viewpoint'®20. These observations suggest
that future research should focus not only on frame quality,
but also on identity robustness, richer motion conditioning,

and scalable video generation for real animation production.

Table 3 Representative methods for image-to-video character
animation.

Method Year Backbone Focus

Animate Anyone'® 2024 Diffusion Ref + pose
MagicAnimate’ 2024 VideoDiff  Temp. consistency
Champ !’ 2024 Diffusion 3D guidance
VividPose '8 2024 SVD Identity + geometry
Cinemo ¥ 2025 MotionDiff Smooth control
DisPose?’ 2025 ControlNet Pose disentangle

4D Animation

The core objective of 4D content generation is to inject dy-
namic changes into static 3D assets and produce animation
sequences that remain consistent in both spatial and temporal
dimensions. Compared with 2D image generation and static
3D modeling, 4D generation is substantially more challenging
because it must preserve not only frame-level visual quality
but also temporal continuity and multi-view geometric consis-
tency. In other words, a successful 4D model should avoid
distortions, flickering artifacts, and structural contradictions
when an object is observed across different viewpoints and
different time steps.

As shown in Figure 8, the standard paradigm of this task
takes a static 3D object or scene representation as input and
aims to output a dynamic 4D result. A common strategy is to
first render the static 3D asset from multiple views, and then
use these geometrically consistent renderings as conditions for
generating temporally coherent multi-view videos. Based on
these videos, the final 4D representation can be reconstructed
or optimized.
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Video Diffusion Video+3D Diffusion
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Time
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Back

Front

Back
View

3D object

Figure. 8 Qualitative comparison of 4D generation results.

A representative work in this direction is Animate3D, pro-
posed by Jiang et al.?!. This framework addresses the com-
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mon problem of spatial-temporal inconsistency when ani-
mating existing static 3D models. Its main contribution is
a customized multi-view video diffusion model, referred to
as MV-VDM, which explicitly introduces consistency con-
straints across both time and viewpoint dimensions. Condi-
tioned on multi-view renderings of a static 3D model, MV-
VDM generates dynamic multi-view videos that preserve ob-
ject identity while remaining temporally smooth. On top of
this, Animate3D combines video-guided reconstruction with
4D score distillation sampling to refine the final dynamic ge-
ometry. As illustrated in Figure 9, the framework provides a
practical route from static 3D assets to temporally and spa-
tially coherent 4D animation.

[av-vom|

“A bird is flying”
i

‘Multi-view 3D Atiention
P ¥
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Wy W )
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)

Multi-Head Attn,
R
Motion Module

g i 2
MV2V-Adapter

[Animate3p

Random Multi-view Video Renderings
Prompt: “ bird is flying

Generated Multi-view Videos

Figure. 9 Illustration of the MV-VDM and Animate3D framework
for 4D generation.

From a broader perspective, current 4D generation meth-
ods mainly differ in three aspects: input condition, dynamic
representation, and consistency mechanism. Some methods,
such as 4D-fy, focus on text-to-4D generation through hybrid
score distillation sampling??. Others, such as Consistent4D,
4Diffusion, and CAT4D, start from monocular video and use
diffusion priors to recover multi-view dynamic content?32>,
Another line of work emphasizes efficient explicit represen-
tations. For example, DreamGaussian4D and 4D Gaussian
Splatting exploit Gaussian-based dynamic representations to
improve rendering speed and geometric efficiency?%2’. More
recent methods such as Diffusion4D further emphasize fast
spatial-temporal consistency by transferring temporal priors
from video diffusion models into 4D generation pipelines?®.
Overall, the field is moving from slow optimization-heavy
pipelines toward more scalable and controllable diffusion-
driven 4D generation.

Despite this rapid progress, several important challenges re-
main. First, spatial-temporal inconsistency is still the most
fundamental issue: a method may generate visually plausible
frames while failing to preserve object geometry across views
or time2!?8. Second, motion controllability remains limited
in many frameworks, especially when the dynamic behavior

of a generated object must follow user-specified motion or se-
mantic intent?>?®. Third, optimization cost is still high for
many 4D pipelines, especially those relying on score distil-
lation sampling or reconstruction-heavy stages?>>*. Fourth,
representation quality versus efficiency is still a major trade-
off: implicit fields may offer better fidelity, while explicit
Gaussian-based methods offer better speed but may strug-
gle with complex deformations?®?’. Finally, generalization
remains difficult, because methods trained on limited object
or scene distributions may not transfer well to arbitrary as-
sets, large deformations, or open-domain prompts2!>3. These
observations suggest that future research should pay greater
attention to controllability, efficiency, and robust spatial-
temporal coherence in production-oriented 4D animation sys-
tems.

Table 4 Representative methods for 4D animation generation.

Method Year Backbone Focus

Consistent4D 23 2024 DyNeRF  Mono video

4D-fy?? 2024 SDS Text-to-4D

DreamGaussiandD?® 2024 4D-GS Efficient 4D

4D-GS? 2024  Gaussians  Real-time render

4Diffusion>* 2024 MV-VDM Multi-view consistency

Animate3D?! 2024 MV-VDM 3D-to-4D

Diffusion4D 28 2024  VideoDiff  Fast consistency

CAT4D? 2025 MV-VDM Video-to-4D
Discussion

The reviewed studies show that animation and human-
computer interaction are becoming increasingly integrated.
Animation is no longer only a passive visual product, but
is gradually developing into a controllable and interactive
medium. At the same time, HCI is no longer limited to tra-
ditional interface design, but now directly influences how ani-
mation is generated, edited, and experienced.

A clear trend in the literature is the shift from manual or
weakly assisted production to Al-driven controllable genera-
tion. In 2D colorization, research has evolved from hint-based
and GAN-based methods to diffusion-based frameworks with
stronger controllability and better visual quality. In cus-
tomized character generation, the focus has moved from gen-
eral text-image alignment to identity-preserving generation.
In image-to-video synthesis, static characters can now be ani-
mated under explicit motion control, while 4D generation fur-
ther extends this process to spatiotemporally consistent dy-
namic content. These developments indicate that current ani-
mation research increasingly values not only realism and style,
but also controllability and interaction.

However, several common challenges remain across these
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tasks. The most important one is consistency. In 2D anima-
tion, this appears as stable color transfer and style preserva-
tion; in customized generation, it becomes character identity
consistency; in image-to-video synthesis, it requires tempo-
ral smoothness and appearance fidelity; and in 4D genera-
tion, it further expands to spatial-temporal coherence across
viewpoints and frames. Although recent diffusion-based ap-
proaches have improved performance significantly, consis-
tency is still difficult to guarantee under complex condi-
tions such as large motion, multiple characters, or viewpoint
change.

Another important issue is the trade-off between automa-
tion and user control. Highly automatic systems reduce labor
cost, but may also weaken predictability and fine-grained edit-
ing ability. By contrast, stronger control often requires more
detailed input or more complex interaction. From an HCI per-
spective, this means that future animation systems should not
only generate better results, but also provide more transparent
and creator-friendly interfaces.

In addition, the current evaluation of this field is still frag-
mented. Most studies focus on technical metrics such as im-
age quality, motion accuracy, or temporal consistency, while
less attention is given to usability, creator experience, and in-
teraction effectiveness. This suggests that future work should
combine algorithmic evaluation with human-centered assess-
ment.

Conclusion

This literature review has thoroughly discussed the intersec-
tion of animation and human-computer interaction (HCI),
showing a critical shift in passive, frame-by-frame creation
to exist as an immersive and interactive environment based on
Al The overview of the literature reveals a paradigm shift: the
early models of GAN-based methods like Style2Paints have
been replaced with the more advanced Latent Diffusion Mod-
els with better aesthetic quality and automatic control. At the
heart of this development has been the effective reduction of
consistency drift, which is attained by character identity bind-
ing in AnimeDiff, the Reference-Image Integration module in
Animate Anyone, and multi-view video diffusion (MV-VDM)
in Animate3D, all of which ensure structural and visual con-
sistency across 2D, 3D and 4D time series. Moreover, the in-
troduction of HCI technologies has completely changed the
animation production process, reduced the creation barriers
and providing more natural ways of interaction, such as ges-
ture and voice recognition. Even with these advancements,
the discipline continues to struggle with serious technical bot-
tlenecks in inference latency, accuracy concerns, and the lack
of a standardized evaluation methodology. The future should
therefore emphasize more effective, creator-friendly tools and
a universal set of principles that will ensure the maximum

commercial and cultural utilization of this very promising age
of hybrid media.
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