International Journal of Education and Humanities
ISSN: 2770-6702 | Vol. 19, No. 1, 2025

Integrating Al and 3D Printing Technologies into Ban
Dao Ni Ceramic Carving: Toward a Digitally Enhanced

Craftsmanship

Min Yang”

Shenzhen Yangmin Ceramics Co., Ltd., Bao'an District, Shenzhen, 518101, China

*“ Corresponding author: Min Yang (Email: 82549430@qq.com)

Abstract: Ban Dao Ni ceramic carving represents a distinctive form of traditional low-relief artistry in China, defined by
shallow knife incisions that create dynamic surface variations. As emerging technologies such as artificial intelligence (AI) and
3D printing evolve, they present novel tools for enhancing both the creative and technical aspects of this heritage craft. This
study explores how Al algorithms can be applied to generate and reinterpret traditional motifs, while 3D printing technologies
are employed to transform digital patterns into ceramic-compatible reliefs. By integrating these methods, a hybrid creative model
is proposed that maintains the expressive authenticity of hand-carving while improving design precision, efficiency, and
preservation. The paper concludes that Al and 3D printing offer practical solutions for revitalizing traditional ceramic arts in the

digital age.
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1. Introduction

The craft of Ban Dao Ni carving, widely recognized in
Chinese ceramics, is known for its shallow yet expressive
knife strokes that partially penetrate the clay surface. This
method creates subtle relief effects and emphasizes structural
simplicity. It has been utilized in numerous regional traditions,
including but not limited to the ceramic practices of
Jingdezhen and Yixing. What distinguishes this technique is
its emphasis on control, contrast, and visual rhythm, qualities
deeply tied to both artistry and cultural symbolism.

Traditionally dependent on the artisan’s skill and years of
manual training, Ban Dao Ni production presents difficulties
in scalability, pedagogical transmission, and quality control.
In the current landscape of digital transformation, it becomes
necessary to rethink how traditional crafts can evolve while
maintaining their aesthetic and cultural essence.

With the advent of Al technologies capable of analyzing
pattern archives and generating stylistic variants, and with the
support of 3D printing in physical model production,
traditional processes now encounter possibilities for
meaningful innovation. This paper aims to investigate a
hybrid model that integrates computational design and digital
fabrication with handcrafted ceramic artistry, proposing a
framework that enhances productivity and creativity without
diminishing cultural authenticity.

2. The Role of Technology in the
Preservation and Design of Ban Dao
Ni Craft

In the preservation and development of Ban Dao Ni
ceramic carving, technological tools such as artificial
intelligence (Al) and digital modeling have become essential
drivers of innovation. These tools not only support the
conservation of traditional patterns and stylistic features but
also enable the expansion of creative possibilities through
intelligent design assistance. This section outlines three
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critical areas where technology plays a transformative role in
the preservation, generation, and reutilization of Ban Dao Ni
design resources.

2.1. The Origin and Development of Yuan
Blue-and-WhiteDigital Pattern Database
Construction

One of the foundational steps in preserving Ban Dao Ni
heritage is the digital documentation of its vast pattern
repertoire. Traditional motifs, often passed down orally or
through hand-drawn sketches, are at risk of being lost due to
the aging of artisans and the lack of systematic archiving.
Using Al-based image recognition technology, researchers
can collect, categorize, and tag thousands of Ban Dao Ni
designs extracted from historical artifacts, museum
collections, and field studies.

These collected motifs are stored in a digital database that
supports flexible querying and classification by style, motif
category (floral, figurative, calligraphic), regional variation,
and historical period. The database serves not only as an
archival tool but also as a design resource for contemporary
creators and students. The scalability and searchability of
digital archives significantly improve the accessibility of
traditional design knowledge and allow for cross-referencing
among different regional styles.

2.2. Pattern Generation Using Al

Beyond preservation, Al contributes to the creative process
by enabling the generation of new patterns that retain the
stylistic integrity of traditional Ban Dao Ni. Using generative
adversarial networks (GANs) and deep learning models
trained on annotated datasets of historical motifs, Al systems
can produce novel design variations that mimic traditional
brushwork, line thickness, and compositional rhythm.

Moreover, style transfer techniques allow existing images
or sketches to be transformed into Ban Dao Ni-like patterns,
facilitating experimentation with mixed media or hybrid
cultural aesthetics. For artists, this means that new ideas can



be quickly tested and iterated upon using algorithmic support,
expanding both the form and content of their creative
vocabulary.

2.3. Design Preservation and Reproducibility

In traditional carving practice, the transmission of design
knowledge is often informal and non-standardized, resulting
in variations and inconsistencies. Through Al-assisted
vectorization and CAD modeling, digital versions of Ban Dao
Ni patterns can be preserved with high precision and exported
into various formats suitable for 3D modeling, engraving
simulation, or laser-based etching.

These standardized design files ensure reproducibility and
consistency across multiple ceramic products or educational
modules. They also enable seamless integration into modern
fabrication workflows, where artists or students can choose to
replicate, modify, or combine existing motifs without
compromising quality. By encoding traditional knowledge
into digital systems, preservation efforts move beyond storage
toward active regeneration and creative transformation.

3. Application of 3D Printing
Technology in Ban Dao Ni Sculpture

While Al contributes to the conceptual and design stages of
Ban Dao Ni ceramic carving, 3D printing technology plays a
pivotal role in its material translation. By introducing digital
fabrication tools into the workflow, traditional carving
techniques can be supported, accelerated, and adapted to meet
the demands of modern ceramic production. This section
examines the key aspects of applying 3D printing to Ban Dao
Ni, from digital modeling to material compatibility and
hybrid craft methods.

3.1. Sculpting Path Simulation

One of the major advantages of 3D printing in ceramic art
is the ability to translate complex 2D patterns into high-
resolution 3D carving paths. Al-generated designs can be
imported into digital sculpting software such as ZBrush,
Fusion 360, or Rhino, where they are converted into relief
surfaces that emulate the characteristic “half-cut” depth of
Ban Dao Ni.

Through parametric modeling and engraving simulation,
the carving depth, knife angle, and stroke trajectory can be
fine-tuned. The resulting files can then be converted into STL
or G-code formats for 3D printing, enabling artists to
prototype or test relief compositions with millimetric
precision. This step dramatically reduces trial-and-error time
and enhances the fidelity of stylistic reproduction.

3.2. Ceramic-Compatible 3D Printing
Materials

Implementing 3D printing in Ban Dao Ni carving requires
materials that are not only formable but also compatible with
traditional ceramic firing. Several printable ceramic clays,
including porcelain pastes and refractory stoneware blends,
have been developed specifically for extrusion-based and
binder jetting printers.

Experimental case studies have shown that these materials
can successfully reproduce fine relief textures and maintain
structural integrity during the drying and firing process. Soft
clay filaments are particularly useful for printing base slabs,
while soluble support structures can assist in preserving
undercuts and intricate knife patterns. In some cases, 3D-
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printed molds can also be used to cast traditional clay,
allowing artisans to combine traditional materials with
digitally generated forms.

3.3. Hybrid Workflow Integration

Rather than replacing human craftsmanship, 3D printing
serves as a collaborative tool within a hybrid workflow.
Typically, the 3D printer is used to create a base form with
preliminary relief structure, which is then refined manually
using traditional knives. This method preserves the tactile
nuance and expressive energy of hand carving while
improving baseline accuracy and efficiency.

Such integration enables new teaching models, where
students can practice both digital and manual techniques, and
artisans can focus more on artistic expression than technical
repetition. Furthermore, hybrid workflows are more
adaptable for customization, small-batch production, and
personalized commissions, making them viable for both
cultural preservation and commercial development.

4. Case Study: Creating a Ban Dao Ni
Work with AI and 3D Printing

To evaluate the feasibility and artistic outcome of
integrating Al and 3D printing into Ban Dao Ni ceramic
carving, an experimental project was conducted using a
representative floral motif commonly found in traditional
Chinese ceramics. The case study outlines the end-to-end
process—from digital design to physical realization—and
compares the results with a purely hand-carved version to
assess differences in precision, labor, and aesthetic character.

4.1. Project Background

The selected motif for this study was a traditional peony
flower, frequently used in Ban Dao Ni works for its symbolic
connotations of prosperity and elegance. A dataset of over 100
historical peony designs was collected and processed using a
convolutional neural network (CNN) to analyze stroke
patterns and composition. Based on this analysis, a generative
adversarial network (GAN) model was trained to produce
several variations in the Ban Dao Ni style.

One selected variation was chosen for digital fabrication
and manual refinement, providing a controlled base for
comparative evaluation.

4.2. Workflow Overview

The entire process consisted of five sequential stages:

(1) Pattern Input:

The Al-generated peony motif was exported as a high-
resolution SVG vector file. It retained the layered
characteristics required for low-relief modeling.

(2) Carving Simulation and Modeling:

The pattern was imported into 3D modeling software
(Rhino and Grasshopper), where depth gradients and stroke
textures were added. The resulting model emulated the semi-
cut aesthetic of Ban Dao Ni, with carving depths ranging from
0.5 mm to 2.5 mm.

(3) 3D Printing the Template:

Using an extrusion-based ceramic 3D printer, the modeled
design was printed on a soft-clay slab with fine resolution.
The print time was approximately 40 minutes, and minimal
warping occurred during air drying.

(4) Manual Refinement:

After drying, the printed slab was trimmed and reworked



using traditional knives to enhance sharpness and line flow.
This hybrid process allowed the artisan to reintroduce
personal nuance and correct digital rigidity.

(5) Firing and Finishing:

The piece was bisque-fired at 900°C and glaze-fired at
1320°C. Final evaluation was conducted post-firing.

4.3. Comparative Analysis
Table 1. Comparative analysis

Aspect Hand-Carved Version Hybrid Al + 3D Printed Version

Design Time 3 hours 45 minutes (Al generation)

Carving Time 6 hours 1.5 hours (manual refinement anly)

Pattern Consistency Moderate variation High consistency

Artistic Flexibility High Medium-High

Labor Intensity Very high Moderate

Surface Detail Rich, but varied Precise and clean

The hybrid version demonstrated significant reductions in
labor time and improved reproducibility while retaining a
substantial degree of artistic expression through manual
intervention. In particular, the Al-generated variation
provided a novel form that might not have emerged through
conventional methods, pointing to its value as a creative
collaborator rather than a replacement for craftsmanship.

5. Impact and Significance of
Integrating Al and 3D Printing into
Ban Dao Ni

The integration of artificial intelligence and 3D printing
technologies into Ban Dao Ni ceramic carving is not merely
a technical innovation, but a shift in the framework through
which traditional crafts can evolve, be preserved, and be
reimagined. This section outlines the major impacts observed
and potential significance of this interdisciplinary approach
across three primary domains: production efficiency, cultural
continuity, and industrial transformation.

5.1. Enhanced Precision and Efficiency

One of the most immediate benefits of integrating Al and
3D printing into the Ban Dao Ni process is the significant
increase in both design and production efficiency. Al-enabled
pattern generation allows artists to explore numerous design
iterations in a short period, which would otherwise require
hours of sketching and refinement. Additionally, 3D printing
accelerates the materialization of these designs into physical
objects, reducing labor time in base carving stages by over 60%
in the case study.

More importantly, the digital workflow ensures high
precision and consistency, which is crucial when producing
modular sets, educational samples, or customized
commissions. This level of reproducibility not only facilitates
scalability but also supports greater experimentation without
risking irreversible material waste.

5.2. Cultural Preservation and Transmission

Al and 3D printing technologies contribute to cultural
preservation in both passive and active dimensions. On one
hand, they enable the systematic archiving of Ban Dao Ni
patterns, carving techniques, and stylistic features in digital
form. These archives can be accessed for academic research,
heritage protection, or design referencing, thus preventing the
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loss of traditional knowledge due to generational gaps.

On the other hand, these tools also actively engage new
generations through educational programs and creative
workshops. Students and emerging artists can learn traditional
techniques via interactive software, pattern databases, and
printable models. Additionally, the digital nature of these
tools makes them suitable for integration into AR/VR
platforms, enabling virtual learning and global exhibition of
traditional crafts.

5.3. Industrial Application Potential

Beyond craft preservation, the convergence of Al and 3D
printing introduces new opportunities for industrial
transformation. The ability to mass-produce high-quality
carved ceramics using hybrid methods enables small
workshops to meet broader market demands while
maintaining artistic uniqueness. This approach can also
support the development of derivative products, such as
decorative tiles, cultural souvenirs, or architectural ceramics
that integrate Ban Dao Ni elements.

The digital design-to-fabrication pipeline lays the
groundwork for cross-disciplinary collaboration with product
designers, fashion brands, and cultural institutions. It
provides a viable route for monetizing traditional crafts in
contemporary markets without compromising artistic
integrity.

6. Future Prospects

As artificial intelligence and 3D printing technologies
continue to evolve, the scope of their application in traditional
crafts like Ban Dao Ni ceramic carving will further expand.
These advancements not only enhance technical processes but
also shape how cultural heritage is preserved, experienced,
and shared in the digital age. This section discusses several
prospective directions in which the integration of these
technologies can continue to develop and make meaningful
impact.

6.1. Semantic Design and AI-Driven Narrative
Integration

Future Al applications may move beyond visual generation
to include semantic understanding and narrative-driven
design. With advances in natural language processing (NLP)
and Al image synthesis, it will be possible to generate Ban
Dao Ni patterns based on poetic texts, historical themes, or
symbolic keywords. This would allow for a more intentional
fusion of visual storytelling and ceramic aesthetics, opening
new expressive paths for artists and designers.

6.2. Intelligent Coloring and Texture
Simulation

One of the current limitations of digital ceramic modeling
is the separation between form and surface finish. In the near
future, Al and 3D printing may integrate automatic glaze
mapping, texture simulation, and even real-time color
prediction during the design phase. This would allow artists
to preview the post-firing visual outcome of a Ban Dao Ni
piece before production, reducing uncertainty and improving
creative control.

Moreover, research into multi-material printing may allow
for textured relief and surface glaze to be applied
simultaneously, further streamlining the hybrid production
process.



6.3. AR/VR-Enabled Immersive Carving
Experience

Combining Ban Dao Ni techniques with virtual reality (VR)
and augmented reality (AR) platforms can create immersive
environments where users not only view but interact with
traditional carving processes. For instance, virtual carving
simulations can be used in museums, workshops, or online
educational programs, allowing global audiences to learn and
practice basic techniques through digital interfaces.

These platforms also support remote co-creation, allowing
artists from different regions to collaboratively design
ceramic reliefs and explore cross-cultural motifs in real time.

6.4. Digital Archives and Sustainable Craft
Preservation

Al and 3D printing technologies also support the long-term
sustainability of traditional crafts through robust digital
archiving. By documenting carving techniques, tool usage,
pattern development, and firing processes, a comprehensive
digital record of Ban Dao Ni can be created. These archives
would not only serve academic and educational purposes but
also provide cultural resilience in the face of fading practices
and climate-related threats to material heritage.

In addition, digital records support sustainable practices by
minimizing material waste, reducing energy-intensive trial
processes, and replacing fragile original artifacts with virtual
surrogates in educational settings.

6.5. Interdisciplinary Collaboration and
Innovation Ecosystems

The evolution of Ban Dao Ni through digital technologies
also invites new forms of interdisciplinary collaboration. Al
developers, digital designers, ceramic artists, and cultural
researchers can work together in co-creation labs or
innovation hubs. This ecosystem approach not only promotes
knowledge exchange but accelerates the emergence of new
aesthetic forms and socially relevant applications—such as
therapeutic ceramics, architectural surfaces, or heritage-
inspired product design.

7. Conclusion

The integration of artificial intelligence and 3D printing
into Ban Dao Ni ceramic carving marks a significant step
forward in the digital evolution of traditional craftsmanship.
Through Al-driven pattern generation and data-based
preservation, centuries-old aesthetic knowledge can be
analyzed, reinterpreted, and passed on with greater clarity and
efficiency. At the same time, 3D printing enables the precise
physical realization of complex relief designs, streamlining
workflows and enhancing reproducibility without sacrificing
the expressive qualities of hand-carving.

This study demonstrates that the hybrid approach-
combining digital design with manual refinement-can serve
not only as a tool for technical innovation, but as a platform
for cultural sustainability and creative exploration. From
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increased production efficiency and educational applications
to immersive digital experiences and interdisciplinary
collaborations, the implications of this integration are both
broad and profound.

Moreover, the framework presented here can be extended
beyond Ban Dao Ni to other traditional craft forms facing
similar challenges in preservation, pedagogy, and innovation.
By embracing Al and 3D printing as collaborative partners
rather than replacements, ceramic artisans and cultural
institutions alike can forge a new path forward—one that
honors tradition while opening doors to new modes of
creation and cultural relevance in the digital age.

The success of this integration lies not solely in
technological adoption, but in how thoughtfully it is aligned
with the values, techniques, and spirit of the craft itself. It is
in this dialogue between heritage and innovation that the
future of Ban Dao Ni, and many other forms of intangible
cultural heritage, may continue to flourish.
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