The Eastasouth Journal of Information System and Computer Science
Vol. 3, No. 02, December 2025, pp. 254-261
ISSN: 3025-566X, DOI: 10.58812/esiscs.v3i02

An Integrated Production Pipeline for 2D Animation in Cultural

Heritage Visualization

Dadan Zaliluddin?, Tri Ferga Prasetyo?, Maulana Ibrahim3

! University Majalengka
2 University Majalengka
3 University Majalengka

Article Info

ABSTRACT

Article history:

Received Dec, 2025
Revised Dec, 2025
Accepted Dec, 2025

Keywords:

Animation Workflow;
Computer Graphics;

Cultural Heritage Visualization;
Digital Storytelling;

Production Pipeline

The visualization of cultural heritage through digital media has
become an effective approach to preserving and disseminating
historical narratives to a wider audience. However, the production of
2D animation for cultural heritage visualization often faces challenges
related to inconsistent workflows, inefficiencies in production stages,
and the lack of structured integration between storytelling and
technical animation processes. This study aims to design and
implement an integrated production pipeline for 2D animation that
supports systematic, efficient, and reproducible development of
cultural heritage visualization. The proposed pipeline is structured into
three main stages: pre-production, production, and post-production,
incorporating storytelling design, visual asset development, animation
principles, and compositing techniques. The research adopts a design-
based research approach, using a local cultural heritage case study as
the implementation context. Data were collected through observation,
documentation, and iterative development of animation assets,
followed by qualitative evaluation of workflow effectiveness and
production consistency. The results demonstrate that the integrated
pipeline improves production efficiency, enhances visual coherence,
and supports accurate representation of cultural narratives. The
proposed framework provides a practical reference for animators,
educators, and researchers in developing 2D animation-based cultural
heritage visualization. This study contributes to the field of animation
production systems by offering a structured pipeline model that
bridges technical animation processes with cultural storytelling
requirements.
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1. INTRODUCTION

The rapid development of digital
media technology has significantly influenced
the way cultural heritage is documented,

preserved, and disseminated to the public.
Animation, particularly two-dimensional
(2D) animation, has emerged as an effective
visual medium for conveying historical
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narratives in an engaging and accessible
manner [1]. Through animation, complex
cultural values and historical events can be
transformed into visual storytelling that
appeals to diverse audiences, including
younger generations.

In the context of cultural heritage
visualization, animation is not only used as an
entertainment medium but also as an
educational tool that supports knowledge
transfer and cultural preservation. The
application of animation principles, such as
timing, motion, and visual expression, plays a
crucial role in ensuring that historical
narratives are delivered accurately and
meaningfully [2]. Effective storytelling design
further strengthens the narrative structure
and emotional engagement within animated
cultural content [3].

Despite its potential, the production
of 2D animation for cultural heritage
visualization often encounters challenges
related to workflow inconsistency and lack of
systematic production structure. Many
animation projects rely heavily on individual
experience  rather than  standardized
production pipelines, resulting in
inefficiencies during development stages [4].
Without a well-defined pipeline, coordination
between pre-production, production, and
post-production processes becomes difficult,
leading to increased production time and
inconsistent visual quality.

Several studies have proposed
animation pipelines to improve efficiency and
technical quality in animation production. A
structured animation pipeline has been
shown to enhance workflow integration and
optimize asset management in animation
development [5]. Pipeline-based approaches
have also been successfully applied in both 2D
and 3D animation environments to improve
production scalability and consistency [6].
Furthermore, advanced animation pipelines
incorporating automated processes have
demonstrated improved precision and
reproducibility in animation workflows [7].

However, most existing animation
pipeline studies primarily focus on technical
efficiency and visual performance, with
limited attention given to cultural heritage

visualization and narrative integration.
Research on animation pipelines for cultural
contexts often emphasizes production
techniques without explicitly addressing the
preservation of cultural values and historical
accuracy [8]. As a result, there is a noticeable
research gap in the development of integrated
production pipelines that balance technical
animation processes with cultural storytelling
requirements.

To address this gap, this study
proposes an integrated production pipeline
specifically designed for 2D animation in
cultural heritage visualization. The proposed
pipeline integrates storytelling design,
animation technical
production stages into a unified framework.
By implementing the pipeline through a
cultural heritage case study, this research

principles,  and

aims to demonstrate how structured

animation =~ workflows can  improve
production efficiency while maintaining
narrative authenticity and cultural integrity.
The findings of this study are expected to
contribute to the fields of animation
production systems and digital cultural
heritage by providing a practical and

adaptable pipeline model.

2. LITERATURE REVIEW
2.1 Animation Production Pipeline
An animation = production
pipeline refers to a structured workflow
that organizes animation development
into systematic stages to improve
efficiency and consistency. Early studies
on animation pipelines emphasized the
importance of coordinating technical
processes to support realistic motion and
synchronization in animated content [9].
A well-defined  pipeline enables
animation teams to manage assets,
timing, and rendering processes more
effectively during production stages [5].
The development of animation
pipelines has evolved alongside
advancements in computer graphics
technology. Research on pipeline-based
animation systems demonstrates that
structured workflows can significantly

Vol. 3, No. 02, December 2025, pp. 254-261



The Eastasouth Journal of Information System and Computer Science (ESISCS) O 256

2.2

2.3

reduce production complexity and
improve scalability in animation projects
[6]. Pipeline integration has also been
applied in professional digital production
environments to enhance coordination
between creative and technical processes
[10].

Recent studies have explored

automation and intelligence within
animation pipelines to further improve
production  efficiency. =~ Automated

animation pipelines have been shown to
support precise motion control and
reduce manual workload in facial
animation processes [7]. Hybrid pipeline
approaches 3D-assisted
techniques with 2D animation have also
demonstrated effectiveness in enhancing
visual quality and production flexibility
[8].
2D Animation Principles and Storytelling
The effectiveness of animation

combining

content is strongly influenced by the
application of fundamental animation
principles. The twelve principles of
animation remain essential guidelines for
achieving  believable motion and
expressive visual storytelling in 2D
animation [11]. Proper implementation of
these principles contributes to clarity,
emotional engagement, and narrative
coherence in animated works (Anggara &
Yusa, 2024).

Storytelling plays a central role in
animation production, particularly in
narrative-driven content. A structured
storytelling approach helps ensure that
visual elements, character development,
and narrative flow are aligned with the
intended message [3]. The integration of
story  design
production pipeline supports consistency

into the animation

between conceptual planning and
technical execution [4].
Animation  for  Cultural  Heritage

Visualization

Animation has increasingly been
utilized as a medium for visualizing and
preserving cultural heritage. Digital
animation enables cultural narratives to
be represented in visually engaging

2.4

3.1

formats that are accessible to broader
audiences [1]. The use of animation as
part of the creative industry highlights its
potential to communicate cultural values
and historical contexts effectively.

Several studies have focused on
the representation of traditional cultural
elements through animation techniques.
Character classification and visualization
of cultural artifacts have been explored to
support digital documentation of heritage
assets [12]. Cultural narratives have also
been positioned as meaningful content for
educational and informational animation
development [13].

Despite these efforts, existing
studies often focus on either technical
animation development or cultural
content representation without fully
integrating both aspects. Many animation

pipeline studies prioritize workflow
efficiency while providing limited
discussion on cultural storytelling

integration dad [8]. Conversely, cultural
animation research frequently lacks a

structured production pipeline
framework to ensure consistency and
reproducibility [1].

Research Gap Identification

Based on the reviewed literature,
there is a clear gap in research that
structured 2D animation
pipelines with cultural
heritage  visualization requirements.
Existing animation pipeline studies
predominantly  emphasize  technical
efficiency and automation rather than
narrative authenticity and cultural
representation. Therefore, this study
addresses the need for an integrated
pipeline that
storytelling design, animation principles,
and technical workflows to support
effective cultural heritage visualization.

integrates
production

production combines

3. METHODS
Research Design

This study employs a design-
based research approach to develop and
evaluate an integrated production
pipeline for 2D animation in cultural
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3.2

3.3

heritage
research is

visualization. = Design-based
suitable for developing
practical frameworks through iterative
design, implementation, and evaluation
in real-world contexts [14]. The research

focuses on producing a structured
animation pipeline that integrates
technical workflows with cultural

storytelling requirements.

Figure 1. Camera placement and character positioning

Research Object and Scope

The object of this research is a 2D
animation production pipeline applied to
cultural heritage visualization content.
The scope of the study includes the entire
animation production process, covering
pre-production, production, and post-
production stages. The animation content
is designed to represent cultural and
historical narratives to support digital
heritage preservation [1].
Pipeline Development Framework

The proposed
pipeline is structured into three main

production

stages to ensure systematic workflow
integration. The pre-production stage
includes concept development,
storytelling design, scriptwriting, and
storyboard Structured

storytelling and storyboard planning are

creation.

essential to align narrative flow with
visual representation in
projects [3].

The production stage focuses on

animation

visual asset creation, character design,
background development, and animation
execution. The application of animation

3.4

principles is emphasized during this stage
to achieve believable motion and
[11]. Asset
structured

expressive visual output
development follows a
pipeline to ensure consistency and
efficiency throughout the animation
process [15].

The stage
includes effects,
rendering, and final output integration.
Pipeline-based post-production processes
are designed to optimize visual quality

post-production
compositing, visual

and ensure coherence between animation
elements [6]. Quality control procedures
are applied to maintain consistency across
animation scenes.
Data Collection Techniques

Data collection in this study is

conducted through observation,
documentation, and iterative
development of animation assets.

Observation is used to analyze workflow
effectiveness during each pipeline stage.
Documentation is applied to record
production activities, technical settings,
and asset development processes [4].
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3.5

3.6

4.1

Data Analysis

The data analysis process focuses
on qualitative evaluation of pipeline
performance. Workflow efficiency is
analyzed by comparing production
consistency and task coordination before
and after pipeline implementation.
Qualitative analysis is used to assess how
effectively the pipeline supports

integration between storytelling and
technical animation processes [8].
Implementation and Evaluation

The proposed pipeline is
implemented through a cultural heritage
animation case study. The evaluation
process examines the effectiveness of the
pipeline in supporting structured
production, visual coherence, and
clarity.  Automated and
structured pipeline elements are analyzed
to determine their contribution to

narrative

workflow efficiency and production
reliability [7].

vV .=

Figure 2. Background design

4. RESULTS AND DISCUSSION
Results

The implementation of the
integrated production pipeline resulted in
a structured workflow that clearly
separated pre-production, production,
and post-production stages. The pre-
production phase successfully established
consistent narrative structures through
storyboard and script alignment, which
improved coordination between visual
planning and animation execution The
use of a systematic storytelling
framework ensured that cultural
narratives were translated into coherent
visual sequences.

During the production stage, the
application of standardized  asset
development procedures contributed to

improved visual consistency across
animation scenes. Character design and
background assets followed predefined
specifications, which reduced variations
in style and motion quality. The
application of animation principles
during this stage enhanced motion clarity
and expressiveness in 2D animation
output

The animation pipeline
demonstrated  improved = workflow
efficiency by reducing redundancy in
asset  revisions and  minimizing
production delays. Structured asset
management enabled animators to reuse
visual components effectively, which
streamlined the animation process. This
finding aligns with previous studies that
emphasized the role of pipeline
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4.2

structuring in optimizing animation
production workflows.

In the post-production stage,
compositing and rendering processes
were executed systematically according
to the pipeline framework. Visual
elements such as lighting, color grading,
and scene transitions were integrated
consistently across animation segments.
The pipeline-supported post-production
stage ensured stable visual output and
improved overall animation quality.
Discussion

The results indicate that the
integrated production pipeline effectively
supports the development of 2D
animation  for  cultural  heritage
visualization. The structured workflow
facilitated
narrative design and technical animation
processes, which is often lacking in
traditional animation production
practices. This integration is essential for

coordination between

ensuring that cultural content is
accurately represented while maintaining
technical consistency.
Compared to
animation workflows that rely heavily on
individual experience, the proposed
pipeline offers a reproducible framework
that can be adapted to similar cultural
heritage projects. The findings support
previous research that highlighted the
benefits of pipeline-based animation
systems in improving production
scalability = and  consistency. = The
structured pipeline also provides a
foundation for collaborative production

conventional

environments.

From a cultural heritage
perspective, the pipeline enables the
systematic visualization of historical
through
integration of storytelling design ensures

that cultural

narratives animation. The
values and historical
contexts are preserved within the
animation content. This result reinforces
the role of animation as an effective
heritage

medium for cultural

communication and education.

The findings also demonstrate
that the pipeline supports balance
between creative flexibility and technical
control. While animation principles guide
motion and expression, the structured
workflow prevents excessive deviations
that may
coherence. This balance is critical in
cultural heritage visualization, where
accuracy and authenticity are essential.

compromise  narrative

Furthermore, the  proposed
pipeline contributes to addressing
limitations  identified in  previous
animation pipeline studies. Unlike

pipelines that focus primarily on
automation or technical optimization, this
study emphasizes the integration of
narrative and cultural considerations into
the production workflow. This approach
extends prior research on hybrid and
automated pipelines by
incorporating cultural storytelling as a

core component.

animation

Overall, the results confirm that
an integrated production pipeline can
enhance efficiency, consistency, and
narrative clarity in 2D animation-based
cultural heritage visualization. The
proposed pipeline provides a practical
reference model for animators, educators,
and researchers seeking to develop
structured animation systems for cultural
and educational applications.

5. CONCLUSION

This study has presented an
integrated production pipeline for 2D
animation in cultural heritage visualization
that systematically connects pre-production,
production, and post-production stages into a
unified workflow. The results demonstrate

that the proposed pipeline improves
production efficiency, enhances visual
consistency, = and  supports  coherent

integration between storytelling design and
technical animation processes. By applying
structured narrative planning, standardized
asset development, and controlled post-
production procedures, the pipeline ensures
accurate representation of cultural narratives
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while maintaining high-quality visual output.
The findings confirm that a well-defined
animation production pipeline can effectively
address common challenges in cultural
heritage animation projects, particularly those
related to workflow inconsistency and
narrative fragmentation.

In addition to its
contributions, this research offers practical
implications for animators, educators, and

technical

digital heritage practitioners by providing a
reproducible framework that can be adapted
to various cultural contexts. Future research
may extend this pipeline by incorporating
quantitative performance metrics, user
experience evaluation, or automation
techniques to further optimize production
workflows. The integration of interactive
elements or immersive technologies such as
virtual reality may also enhance audience
engagement and expand the application of the
proposed pipeline in digital cultural heritage

visualization.
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