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Figure 1: CeramWrap example workflow. A) The digital model of a 3D-printed vase with generated decoration patterns. B) The
craftsperson installs the vinyl-cut stencil on the neck after unrolling its surface and applies blue underglaze. C) The resulting
pattern after the stencil is removed. D) A top and E) a side view of the final vessel. F) Artifacts decorated with CeramWrap.

ABSTRACT

Surface ornamentation is a rich component of ceramic manufac-
ture wherein craftspeople use multiple methods to create intricate
patterns on vessels. Computational fabrication can extend manual
ceramic ornamentation through procedural pattern generation and
automated fabrication; however, to be effective in traditional ce-
ramics, computational fabrication systems must remain compatible
with existing processes and materials. We contribute an interactive
design workflow, CeramWrap, in which craftspeople can procedu-
rally design and fabricate decorative patterned stencils tailored to
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radially symmetrical vessels. Our approach extends manual tech-
niques through a workflow where craftspeople design and edit
repetitive motifs directly on a 3D digital model of a vessel and then
interactively adjust the unrolling of the 3D design to a 2D format
suitable for digitally fabricating stencils and templates. Through
a series of example artifacts, we demonstrate how our workflow
generalizes across multiple vessel geometries, supports manual
and digital clay fabrication, and is adaptable to different surface
ornamentation methods.
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1 INTRODUCTION

Throughout the history of ceramics, creators from different tradi-
tions have employed a wide variety of decorative techniques [5,
20, 30, 66]. While varying in aesthetic and cultural meaning, many
different forms of pottery involve crafting intricate patterns made
of repetitive geometric components on the surface of 3D forms and
vessels. Craftspeople produce such patterns by manually executing
procedural workflows during which they repeat a series of steps
across the surface of a vessel. In the process, craftspeople employ
a broad range of additive and subtractive decorating techniques.
Computational design techniques for pattern-making share similar-
ities with manual craft approaches [28]. Both involve the creation of
precise, repeating and often mathematically describable patterns for
ornamentation. Computational design has distinct advantages in
pattern generation because it enables designers to parameterize and
edit complex motifs and automate the generation and fabrication
of visual instances [35].

Human-computer interaction (HCI) and computer graphics re-
searchers have explored computational methods to augment manual
craft through computational design and digital fabrication tech-
niques. Many of these methods have the objective of reducing or
eliminating the need for manual skills in craft production. In the
process, they introduce fundamentally different workflows and
materials into the craft [16, 45, 56, 70] or enact sharp boundaries
between digital and manual fabrication tasks [17, 37, 54]. While
there are benefits to developing novel manufacturing processes,
it is equally critical to understand how we might develop com-
putational fabrication techniques that complement, rather than
supplant, established forms of manual production [24].

Creating computational technology that accommodates complex
and non-linear workflows can bridge the gap between HCI re-
search and existing craft practices. As theorized by Tim Ingold [26],
Jane Bennett [3], and Donna Haraway [22], materials are evolv-
ing and craftspeople must continuously adapt to this state of flux.
While HCI workflows typically prioritize streamlined and unam-
biguous processes, manual fabrication with physical materials re-
quires adaptable techniques. In this regard, ceramics ornamentation
is a compelling domain to study.

Skilled manual ceramics craftspeople create remarkably precise
procedural ornamentation on 3D surfaces. This ornamentation is
typically produced in two ways: (1) by applying each decorative
element manually-e.g., drawing, which is flexible but hard to do
consistently, or (2) by using pre-made templates—e.g., patterned
transfer sheets, which are easily repeatable but do not conform to
vessel geometry. In addition, manual ceramic craftspeople continu-
ally adjust their surface ornamentation approach in response to the
dynamic material qualities of clay. The development of a compatible
computational workflow requires methods that are equally flexible
and support rapid modifications. We see opportunities to address
these challenges through an adaptable workflow that supports the
computational design and fabrication of patterned stencils that con-
form to unique radially symmetrical ceramic vessels. We present
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CeramWrap, a versatile manual-computational workflow for pro-
cedurally generating custom visual elements on a 3D digital model
and fabricating corresponding 2D patterned surfaces as stencils that
can be used as guides during the ornamentation of physical ceramic
vessels. Through CeramWrap, we seek to support craft-compatible
computational fabrication workflows for ceramics craftspeople who
may [18, 36, 48, 58] or may not [7, 8, 21, 39, 42, 50-52, 60—-62] use
digital methods in their practice.

The CeramWrapworkflow consists of four stages: (1) The mea-
surement of a physical vessel created by a craftsperson and the
creation (or update) of a corresponding virtual model, (2) an inter-
active process for procedurally designing patterns directly on a 3D
digital model, (3) an interactive technique to unroll 3D patterned
surfaces into 2D surfaces, and (4) the fabrication of the patterned
stencils from the unrolled surfaces and their application on the
ceramic vessel for ornamentation. We intentionally avoid enforcing
a one-shot workflow through these stages. A craftsperson engaging
with the CeramWrap workflow is encouraged to iterate through
these stages until they achieve a stencil fit on their vessel that aligns
with their desired decoration method and tolerance.

In developing CeramWrap, we draw inspiration from prior HCI
research that integrates computational design and fabrication with
specific domains of craft, such as woodworking [40], ceramics form
making [6, 10, 13, 25, 69], and textile production [2, 19, 32, 68].
This research provides valuable insights into the potential of HCI
and craft integration; however, each craft practice presents unique
workflows, material opportunities, and constraints. With this work,
we focus on the novel domain of computational-manual ceramic
surface ornamentation.

We make the following contributions:

o A design space for ceramic decoration that explores multiple
ornamentation methods used by ceramic craftspeople. This
design space enabled us to map out existing workflows and
determine potential areas where computational assistance
could be beneficial.

e CeramWrap, an interactive and adaptable workflow that
combines manual and digital processes for creating decora-
tive patterns on ceramic vessels.

o A demonstration of our workflow’s versatility through six
example vessels made using three building approaches—slab
building, 3D printing, and wheel throwing— and decorated
using three different decoration methods—underglaze brush-
ing, hole drilling, and sgraffito.

2 RELATED WORK

Our work focuses on the creation of patterns on 3D ceramic artifacts.
We draw from three domains of study: HCI research in clay and
ceramics, procedural design for digital surface ornamentation and
physical craft, and computer graphics techniques that generate
geometric mappings between 3D and 2D surfaces.

2.1 Clay Research in HCI

The study of clay in HCI is relatively new. Researchers have de-
signed computational tools to generate slab-building templates [25],
developed parametric programming systems for clay 3D print-
ing [6], and explored data visualization in 3D-printed clay artifacts
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[10, 11]. The existing approaches primarily center on the formation
of ceramic vessels, with limited investigations into their surface
decoration. Only a few instances of HCI research examined the
post-processing of digitally fabricated artifacts such as decoration,
sanding, and support removal. Dick et al. looked at laser-cutter-
induced crackles in glazes to generate imagery on surfaces [13]
and Zheng et al. explored the integration of interactive electronic
circuits on glazed ceramic ware [69]. With this work, we investigate
the design of vessel-conforming patterns to be used with traditional
methods of surface decoration.

2.2 Procedural Design in Craft and HCI

HCI researchers have explored procedural approaches for material
and craft exploration. Jacobs and Buechley applied computational
design to the production of personal objects such as lamps and
garments [28]. Subbaraman et al. developed a programming library
that enables low-level machine control for FDM 3D printing [59].
Magrisso et al. introduced an interactive workflow for 3D-printing
joinery in wooden furniture [40] and Zheng et al. created a paramet-
ric system for laser cutting joinery[68]. We draw inspiration from
these expressive integrations of procedural design and physical
fabrication for the novel domain of procedural ceramics surface
decoration.

Computer graphics researchers have also explored procedural
pattern generation on 3D surfaces. Mancinelli et al. developed an
interactive method for drawing Bézier curves on the surface of
3D meshes [41]; Nazzaro et al. introduced a direct-manipulation
system for recursively applying surface decorations [43]; and Fanni
et al. created stacking volumetric textures on surfaces for digital
ornamentation and fabrication [16]. Unlike prior work, pattern
generation is only one stage of our workflow. Our work is further
differentiated because rather than filling specified regions with
point sampling or recursion, we draw our surface patterns on a
tangential plane and project them on the 3D surface, and we use
mathematical functions to instantiate procedural motifs.

2.3 Unrolling Surfaces into Planar Geometry

Computer graphics researchers have explored techniques for map-
ping 2D images onto 3D surfaces and unrolling 3D geometries into
2D surfaces. These methods are typically used for texture map-
ping on digital models [63]. Liu et al. expanded these techniques
to unrolling of pottery ornamentation to support archaeology re-
search and archiving [38]. These methods target digital applications,
whereas we address challenges related to physical making.

In the context of fabrication, Konakovi¢ et al. developed a method
for unrolling double-curvature surfaces with auxetic materials [31],
Ion et al. made paper reconstructions of 3D models using devel-
opable patches [27], and Pietroni et al. introduced a method for
interactive creation of garment sewing patterns [49]. We extend
the scope of this body of work by incorporating the constraints of
ceramic decoration into computational unrolling and fabrication.
Namely, we optimize the positioning of patterns on ceramic vessels
by producing 2D stencils that can be fabricated using standard dig-
ital fabrication tools and applied to the surface of ceramic vessels
in an efficient manner.
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Ceramic artists also map 2D designs onto 3D surfaces as part of
their craft. For example, Camila generates 3D models using math-
ematical functions, digitally unrolls them, and uses the resulting
2D shapes as templates for slab-building sculptures [18]. Pharis
uses marine design software intended for boat manufacturing to
unroll the surfaces of his digital designs for slab building [48]. Sing
creates detailed stencils using 2D vector illustration tools, which
he uses to decorate wheel-thrown pieces [58]. Link fabricates a
complex assembly of small modular molds for slip-casting ceramics
and creates intricate forms and surface textures [36]. These diverse
practices illustrate various approaches that translate between 2D
and 3D used in the fabrication and ornamentation of ceramic ves-
sels. With our work, we contribute a computational workflow that
integrates and extends these existing practices. As HCI researchers
Mert, Samuelle, and Jennifer benefit immensely from the technical
fabrication knowledge of Camila and other ceramics practitioners
in our work. We argue that future UIST fabrication research can
be similarly enriched by technical partnerships with artists and
craftspeople [12].

3 TRADITIONAL CERAMIC CRAFT AND
METHODS OF SURFACE DECORATIONS

Traditional ceramic craft encompasses diverse skills, techniques,
and materials that align with the dynamic material properties of
clay. We summarize the ceramic manufacturing pipeline and discuss
methods for ceramic surface decoration. Our knowledge of this
pipeline was, in large part, acquired through our lab’s Experimental
Clay Residency Program [15], We then present a design space of
contemporary surface decoration techniques that we use to inform
CeramWrap’s interactive workflow.

3.1 Ceramic-Making Pipeline

Ceramics manufacture is structured around multiple time-dependent
steps which correspond with and are constrained by the material
properties of the clay. For instance, the techniques used for decorat-
ing greenware (unfired clay) differ from those used on bisque-fired
ceramics. Consequently, it is critical to have a good understanding
of the ceramic-making pipeline to determine when and how to apply
ornamentation. It is important to stress that the pipeline presented
below is ubiquitous for ceramic making and glazing; however, vari-
ations exist. For example, many native potters skip the bisque-firing
step altogether. This diversity of practice further demonstrates the
need for an adaptable approach for manual-computational work-
flows for practices that span a large portion of the pipeline.

First, the craftsperson creates a form with wet clay, which typi-
cally involves following a ceramic-making technique such as wheel
throwing, hand coiling, slab building, casting, 3D printing, or a
combination of these techniques. The craftsperson waits for a vari-
able amount of time for the piece to firm up, ranging from hours to
weeks depending on the scale and thickness of the object. During
drying, water evaporates from the clay, and the object goes through
distinct phases called plastic, leather hard, and bone dry [34, 53].
Decorative underglazes can be applied at any of these steps of the
process [9].

Once the piece is sufficiently dry, the craftsperson bisque fires
the piece in a kiln at lower temperatures (1820-1945 F/ 998-1063 C)
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Figure 2: Ceramics shrink non-uniformly based on the vessel geometry. (Left) Four measurements at five phases of clay were
recorded from a tapered cylinder printed with Nara 5. (Right) A plot of the same data points visualizing the percentage change.

to remove all moisture from the clay and make it water-insoluble
through partial vitrification. After this first firing, the ceramic piece
is porous and ready to absorb glazes [33]. When all decorations
are complete, the craftsperson glaze fires the piece at a higher
temperature (1888-2345 F/ 1031-1285 C) to bring the clay to its final
vitrified state. At this state, underglazes are chemically fused with
the clay body, and glazes become glass-like. The ceramic piece is
then ready for use [4].

Throughout the ceramic-making pipeline, clay shrinks and de-
forms, affecting the surface decoration application.

Shrinkage: Clay objects shrink due to evaporating water con-
tent or chemical transformation. Shrinkage is dependent on the
material composition. Clay manufacturers provide estimated shrink-
age rates between wet clay and glaze firing—e.g., Aardvark’s Nara
5 has a predicted final shrinkage rate of 12%. However, shrinkage
is also affected by vessel geometry and it is common to observe
non-uniform shrinkage across different parts of the same vessel.
Figure 2 reports four measurements of a tapered cylinder at five
phases of clay and plots the percentage differences. Craftspeople
accommodate shrinkage in their design process by drying pieces in
a controlled manner to avoid cracking and by fabricating vessels
with consistent wall thickness.

Figure 3: A test setup for deformations affecting the clay
object. A) Clay and PLA cups, and the unrolled surface fabri-
cated in paper. B) Cut-out shows a loose fit due to deforma-
tions. C) Same cut-out aligns well with the PLA object.

Deformation: When sufficiently moistened, clay is an ex-
tremely plastic material. Right after the fabrication, wet clay ves-
sels are easily deformed, either intentionally by the craftsperson or

through steps in the fabrication process. For example, wheel-thrown
vessels are deformed when removed from the bat, and 3D-printed
vessels are frequently deformed around the under-supported re-
gions of the vessel. Clay in the leather-hard phase is less subject to
severe deformation, yet any action taken on the vessel is reflected
in the final vitrified ceramic. Craftspeople often further modify or
refine vessels in the leather-hard phase through operations like
trimming, carving, and drilling. The vessel stops being deformable
when it reaches the bone-dry phase. Craftspeople may make minor
alterations through sanding or polishing, however, larger opera-
tions are infeasible because the vessel becomes extremely fragile.

It is generally infeasible to predict deformations since they origi-
nate from complex interactions between the material, object geom-
etry, craftsperson, and environment. This is true for both manual
ceramics and clay 3D printing [6]. Figure 3 shows an initial test of
our workflow that revealed the degree of deformation on a simple
clay 3D-printed tapered cylinder; we 3D printed a clay cylinder,
removed it from the bat, and bisque fired it (Left in Figure 3A). We
measured and recreated the digital vessel as explained in Figure 6.
We fabricated the unrolled surface of the recreated vessel with paper
(Front in Figure 3A) but the paper did not conform to the ceramics
piece neatly (Figure 3B). In order to confirm the accuracy of our
unroll function, we then 3D printed the recreated digital model
in PLA using an Ender 3 Pro (Right in Figure 3A). The fabricated
template fit perfectly with PLA object (Figure 3C). We then iterated
on the digital model one additional time by incorporating the gaps
around the lip and base in the digital model to achieve a perfect fit
on the deformed ceramics cup. This simple test shows the severe
impact of deformation on a simple ceramic vessel and reinforces
the importance of engaging in cyclical workflows when working
across digital and manual domains.

3.2 Surface Ornamentation

In developing a computational-manual ornamentation workflow,
one of our primary motivations was to understand how parametric
design could extend existing forms of ceramic surface decoration.
Ceramic craftspeople across different cultures decorate pottery in
rich and distinctive ways. Pueblo pottery is known for its striking
geometric patterns [30], Chinese blue-and-white porcelain often
showecases intricate flower motifs [66], and Turkish ¢ini pottery
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blends calligraphic, geometric, and vegetal decorations in hierar-
chical grid structures [20]. Decoration techniques are myriad and
include, but are not limited to hand-drawing, painting, transfer,
masking, dipping, engraving, stamping, and slab rolling. Decora-
tors also use many different materials including glazes, underglazes,
and slips [21, 52]. Craftspeople also use manual tools to lay down
patterns precisely on the surface of a pot such as decorating disks
to identify the radial symmetry and quilting rulers to annotate on
curved surfaces [61]. They may also use digital fabrication tech-
niques to create surface textures on 3D-printed or slip-cast vessels.
We classify a subset of surface ornamentation methods into three
categories: additive, subtractive, and surface texture. We then de-
scribe a design space for ceramic ornamentation by drawing from
examples from contemporary potters who work across manual and
digital methods. Our objective in creating this design space was to
inform the design of a computational workflow that can support
multiple forms of existing ceramics surface decoration.

Additive: Ceramicists use techniques for externally adding col-
ors to the surface of their artifacts. The primary methods of uni-
formly coloring the surface of artifacts are dipping, spraying, or
brushing solid color as a base coat. To create decorative patterns,
craftspeople draw or paint directly on the surface of the vessel
using brushes or other tools to apply colored slips, underglazes, or
glazes [62]. For more intricate and challenging motifs, ceramicists
can acquire transfer papers with pre-designed patterns and apply
them on the surface of the object [39]. It is also common to use
materials like masking tape, newspaper, or vinyl as cut-out stencils
to hide portions of the surface from colored material [58]. Once col-
orants are applied to a broader area, removing the stencils creates
sharp edges between the previous and currently applied layers.

Subtractive: Ceramicists can also use subtractive methods for
surface decoration. Impression-based techniques like press rollers,
stamps, or found objects can displace the malleable surface of the
clay and leave the texture of the impression object on the surface [7].
Carving-based techniques remove clay from the surface, leaving a
channel depending on the tool used. Sgraffito, a technique related
to carving, enables craftspeople to create designs on a pre-colored
vessel by scratching away the upper layer of color and exposing
the clay body underneath [21].

Surface Texture: Ceramic craftspeople can create volumetric
surface textures by using mold-making and slip-casting techniques.
Intricate designs can be carved on the inner surface of molds and
then transferred to the final design through slip-casting [44]. An-
other approach to producing surface textures is clay 3D printing,
where a mechanical extruder deposits clay layer by layer to build a
form. Craftspeople can create complex surface details by program-
ming the nozzle head to deposit extra material along the surface of
the vessel [29, 64].

3.3 Design Space

We compiled eight representative ceramic works to develop our
design space. We analyzed the ornamentation present in these
examples and characterized them according to four aesthetic di-
mensions: the type of decorative elements, the element positioning
on the vessel surface, the element alignment to a grid structure, and
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the alignment of the ornamentation to the vessel geometry. We il-
lustrate this analysis in Figure 4 and describe each dimension below.
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Figure 4: Design space for ceramic surface decoration. A) Pot
by Cochiti Pueblo ceramicist Jeff Suina. B) Paper resist tech-
nique on a ceramic bowl by Anna and Kevin Ramsay, 2017. C)
A demonstration of applying underglaze transfer on a slab
of clay by Anne Bailey. D) the bottery by Emerging Objects,
2019. E) THESE FROGS ARE LESBIANS by Catalina Cheng,
2021. F) The Voice of Ancestors by Djakou Kassi Nathalie, 2019.
G) Stamped mug by Royce Hilderbrand, 2022. H) Coral Cup
by Nervous System, 2018.

Type of Decorative Element: We observed that ornamenta-
tion on pottery often showcases individual elements, patterns, or
a combination of both. For instance, in Figure 4E, Catalina Cheng
uses text and figurative imagery in the central part of their pot as
distinct elements and repetitive motifs around its neck and bot-
tom [8]. Conversely, in Figures 4D and H, Emerging Objects [14]
and Nervous System [44] demonstrate how textures are created as
a pattern to cover the surface of a 3D-printed vessel and a slip-cast
cup, respectively.

Type of Decorative Element Positioning: We observed that
the positioning of surface decoration on ceramics can be applied
locally or globally. Craftspeople using direct decorative manual
techniques, such as drawing, painting, sgraffito, and carving, have
the ability to precisely adjust the position, rotation, and scale of
each element independently (as seen on Figure 4A, B, E, F, and G).
While craftspeople using complete patterns do not have this level
of control over individual element transformations, they can apply
multiple elements simultaneously on larger surfaces (Figure 4C, D,
H).



UIST ’23, October 29-November 01, 2023, San Francisco, CA, USA

Grid Alignment: We observed that the decorative elements
on ceramic surfaces can be arranged according to grid structures.
In Figure 4A and G, Jeff Suina [60] and Royce Hilderbrand [23]
respectively, follow well-defined grids in which decorative elements
repeat systematically around a pot or across a clay slab. In Figure 4F,
Djakou Kassie Nathalie follows a loosely defined grid structure to
design her carved figures [42]. In Figure 4B, Anna and Kevin Ramsay
showcase how to use newsprint as paper resist on ceramic vessels;
their flower example is free from grid-like structures [51].

Alignment with Vessel Geometry: We observed that certain
techniques and types of ornamentation can be tailored to conform
to the specific shape of a vessel, while others are intended for
general-purpose decoration and impose certain constraints on ves-
sel geometry. Stencil and underglaze transfer sheets are generally
optimized for planar surfaces. In Figure 4C, Anne Bailey shows how
to apply a pre-designed underglaze transfer pattern from the mar-
ket onto a slab of greenware clay [39]. This decorated slab can then
be used for tiles or vessel construction. Conversely, hand-painted
decoration provides the flexibility to adapt a design to the specific
curvature of a vessel. Surface textures as seen in Figures 4D and H
can also achieve shape specificity when using a shape-dependent
generative system.

Our analysis highlighted the vast array of aesthetic possibilities
inherent in contemporary pottery ornamentation practices. We
also observed how ornamentation methods that can adapt to 3D
geometries tend to be challenging to execute consistently, while
methods that prioritize repeatability are less able to accommodate
specific vessels or necessitate a complete revision of the fabrication
process. We see an opportunity to use computational methods
to adapt elements to fit specific 3D vessels while also providing
support for the systematic repetition of patterns. We drew from
this opportunity to develop a computational-manual workflow that
can support both single elements and patterns and use local and
global positioning techniques that may be grid-based or grid-free
while providing vessel-specific capabilities.

3.4 Collaboration

In addition to the design space described above, our workflow was
informed by a collaboration between HCI researchers and a profes-
sional ceramicist. Mert and Samuelle are Ph.D. students and HCI
researchers making software for digital fabrication applications.
Camila is a professional ceramic artist and researcher who creates
sculptures inspired by 3D mathematical functions. She works ex-
tensively with manual and CAD-based methods and her work often
involves the creation of complex slab-building templates through
the unrolling of 3D virtual models. Jennifer is an assistant profes-
sor and director of a research lab that designs computational tools
informed by art and craft practice.

4 WORKFLOW

CeramWrap is an interactive adaptable workflow to create surface
decorations on ceramic vessels using computational fabrication and
manual methods. Our workflow consists of four stages:

(1) Measuring and averaging physical vessel dimensions and
creating or updating a digital vessel model.
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(2) Decorating the digital model through procedural pattern
generation.

(3) Unrolling the 3D patterned surfaces of the vessel into 2D
surfaces suitable for fabrication.

(4) Fabricating and applying the stencil to the physical vessel
for manual ornamentation.

These stages are demarcated in blue in Figure 5. CeramWrap inte-
grates computational techniques with existing ceramic practices
of surface decoration. As highlighted in red in Figure 5, our work-
flow can be used with different methods for form building-e.g.,
slab building, clay 3D printing, and wheel throwing— and surface
decorations—e.g., underglaze brushing, subtractive drilling and carv-
ing, and sgraffito. Due to the complexity of ceramic manufacture,
our workflow is also non-linear: later steps often require updating
earlier ones. Finally, CeramWrap is developed using the Rhino and
Grasshopper software which supports the 3D modeling of digital
vessels and the parametric design of decorative patterns.

4.1 Measuring the Physical Vessel and Updating
the Virtual Model

The first stage in our workflow begins after a craftsperson has fabri-
cated their vessel either through manual methods (wheel throwing
or slab building) or digital fabrication (clay 3D printing). They then
measure the dimensions of this physical vessel at a phase suitable
for the chosen decoration technique and create or update the vir-
tual model based on these measurements. We presently assume
the digital model is generated using simple 3D modeling functions
available in Rhino such as the loft function that creates a 3D surface
by connecting two or more closed curves or the revolve function
by moving a profile curve around a closed curve. As a result, Cer-
amWrap is limited to radially symmetrical surfaces.

As described in Section 3.1, clay undergoes various transforma-
tions before becoming ceramics that impact the dimensions and
form of a vessel. Its dimensions at the time of surface decoration
application will be different from the original dimensions. There-
fore, measuring is a critical part of the workflow because each of
CeramWrap’s following stages will be executed with respect to the
physical vessel’s dimensions at the time of surface decorations.

To make precise and consistent measurements, the craftsper-
son can use established ceramics measurement techniques. For the
purposes of this paper, they divide the physical vessel’s base circum-
ference into six equal regions using the grooves on a banding wheel.
They expand these points to the side of the vessel with a laser level.
The craftsperson then marks the critical points for digital recon-
struction along the laser level (for example, the intersection points
of different segments of the red profile curve in Figure 1A). Using
these markings as guides, the craftsperson takes three diameter
measurements at different heights and six vertical measurements
along the walls of the vessel. The craftsperson then uses the av-
eraged dimensions to generate or update a radially symmetrical
digital model. The measurements are taken on the outer surface of
the vessel to account for the material thickness. This procedure is
illustrated in Figure 6 with a tapered cylinder.

Depending on the precision required by the decorative pat-
terns, the craftsperson may repeat the measurement stage multiple
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Figure 5: The interactive workflow of CeramWrap aligns with ceramic craft practices. The flowchart shows a simplified version
of our workflow, and images represent the production steps of one of our examples (Figure 10). The steps framed by blue

rectangles refer to the four stages of our workflow.

times until the digital is an adequate representation of the physi-
cal piece. CeramWrap automatically propagates any update to the
digital model to the following stages of the workflow, enabling the
craftsperson to generate, fabricate and test the fit of the template
on the physical vessel quickly.

This stage of our workflow is beneficial for two reasons. First,
it ensures that the surface deformations and variable shrinkage
rate of a drying ceramic vessel are represented as accurately as the
intended design necessitates. Second, it opens up our workflow’s
capabilities to not only clay 3D printing but also to traditional

3D surface in Rhino

»
e

diameter measurement

PN

vertical section
measurement

laser level

loft function between
two closed curves

banding wheel
Figure 6: Marking the vessel for measurements. The banding
wheel and the laser level are used to divide the vessel into
six sections with vertical markings. Three diameter and six
vertical measurements are taken with calipers and averaged
to create a virtual model of the vessel’s surface using simple
modeling functions available in the Rhino software.

methods of form building in ceramics, such as wheel throwing and
slab building.

4.2 Procedurally Generating Patterns on 3D
Model

Ceramicists use manual tools to create grid-based designs on ce-
ramic vessels [62] or work with non-parametric direct-manipulation
tools to generate fitting stencils [58]. These approaches to pattern
creation can be difficult to reproduce consistently or challenging
to evaluate aesthetically before the application. Mathematically
defined procedural design strategies can support the rapid instanti-
ation of visual elements within a grid structure and the visualization
of these elements onto 3D digital models.

To support these procedural strategies, the pattern generation
stage of our workflow includes a custom Python component that en-
ables craftspeople to create and display patterns on virtual models of
ceramic pieces. With Rhino’s 2D drawing functions, the craftsper-
son draws one instance of a decorative element in front of the
model’s front face (e.g., top green circle in Figure 7B and C). They
use this decorative element (curve parameter in Figure 7A) and
the CAD 3D model created in the previous stage (surface param-
eter in Figure 7A) as input to CeramWrap’s pattern script. They
specify the horizontal and vertical repetition parameters for the
element’s new instances (nbInRadius and nbInHeight parame-
ters, respectively) and how these instances should scale and trans-
late (scalingFunction and translatingFunction parameters,
respectively) across the surface. This will result in the decorative
instances propagating across the surface of the virtual model as
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Figure 7: CeramWrap’s custom Python component to generate patterns on the surfaces. A) The Grasshopper program generates
eight columns by five rows of circles on the surface of a tapered cylinder. B) A side and C) top view of the generated pattern on
the cup. The curves used to create the cup shape are highlighted in red, and the curve used for the initial circle element is green.

illustrated by the thin-stroke green circle in Figure 7B and C. In
Figure 7, a linear function is used as the scalingFunction param-
eter to decrease the size of the circles towards the bottom of the
cup, and a 2D linear function is used as the translatingFunction
parameter to distribute the circles’ center vertically at equal dis-
tances. The craftsperson can also use the global rotation offset
(rotationOffset parameter) to move the entire pattern around
the model to optimize its location relative to the stencil’s creases
created in the following stage. To accommodate multiple colors or
multiple pattern decorations, the pattern generation script can be
used multiple times on the same virtual model.

This approach enables both the rapid prototyping of grid-based
patterns directly on 3D surfaces and the customization of each
element’s scale, position, and rotation. It also generates as output
the necessary curves used by the unrolling stage presented in the
following section.

4.3 Unrolling 3D Patterned Surfaces into 2D
Surfaces

The third stage of our workflow consists of unrolling the 3D pat-
tern generated in the previous stage into a 2D surface. Ideally, the
unrolling results in a one-to-one mapping between the 3D points
on the virtual model’s surface and the generated 2D surface, but, in
general, perfect mapping is impossible. However, a particular class
of mathematical surfaces—i.e., developable surfaces— allows for a
perfect match between smooth digital surfaces with zero Gaussian
curvature and unrolled geometry suitable for fabrication [46, 67].
Any geometry with planar surfaces—e.g., a polygon extruded along
a line— and single curvature-e.g., a circle extruded along a line— are
examples of developable surfaces. When a model contains double-
curvature surfaces—e.g., a circle extruded along a curve- there is
no exact mapping between a 3D and a 2D surface suitable for fabri-
cation. Unrolling this type of surface requires discretizing one of
the curvatures and creating an approximation of the 3D geometry.
In Rhino, this simplification equates to discretizing one of the rail
curves used to create the 3D model into a polyline with a small num-
ber of edges. The approximated single-curvature surface can then
be unrolled into a planar surface suitable for fabrication. Since the
mapping between the original 3D model and the approximated 2D

surfaces is not preserved, in practice, we avoid placing decorative
elements at the edges of the approximated 3D vessel.

For unrolling the 3D patterned surfaces created in the previous
stage into 2D surfaces, CeramWrap implements a Python compo-
nent based on the Rhino API unroll function as shown in Figure 8.
The craftsperson uses the decorative elements’ curves on the 3D
surface from the previous stage (pattern parameter) and the 3D
model surface of the vessel (brep parameter) as input to this script.
In general, the script outputs a flat representation of the patterned
surfaces composing the 3D model, where the 2D surfaces are con-
nected in the exact order of their arrangement within the model
(Figure 8B). The unrolling script may yield intersecting 2D surfaces
unsuitable for fabrication, especially in vessels with numerous sur-
faces of varying curvatures. To address this issue, the craftsperson
can use the explode and spacing parameters to separate the gen-
erated 2D surfaces with a specified spacing offset. By doing so,
the connections between the sides of the surfaces are lost, but the
resulting geometries can be fabricated. Exploding the generated 2D
surfaces is also necessary when working with a double-curvature
vessel model that has been simplified along one of its dimensions
since the 2D surfaces will not match perfectly the original model.

The craftsperson can also unroll regions of interest on the vessel
geometry selectively using the Selectable Preview plugin [1] framed
by ared rectangle in Figure 8A. In Figure 8B, we show the interactive
selection of three quadrants of a tapered cylinder vessel and its
corresponding unrolled surface. This selective unrolling facilitates
the design of horizontal and vertical patterned strips across a vessel.
Figure 1 shows the application of selective unrolling on the neck
and the middle section of the vessel. We unrolled the neck section
in one piece because of the simplicity of the 2D generated surface
(Figure 1B) and we unrolled the bottom bulbous section in separate
pieces to facilitate the installation of the stencil on the surface.

CeramWrap’s unroll script also enables labeling the edges of the
unrolled geometry and the 3D form in digital space using p_3D and
p_2D output parameters. By turning the preview of the Points com-
ponents on and adjusting the Label Size parameter in Figure 8A,
the craftsperson can visualize digital labels for corresponding edges.
Once the 2D patterned surfaces are generated, the craftsperson ex-
ports the results in a machine-readable vector format using Rhino’s
export functionalities. The craftsperson may or may not choose
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Figure 8: Interactively unrolling the 3D patterned surface. A) The Grasshopper program unrolls the selected faces of a tapered
cylinder (in red) with the pattern from Figure 7 (in green). B) A perspective view of the selected 3D surfaces and corresponding
2D unrolled surfaces, along with patterns and labels for reference.

to keep the digital labels on the screen before exporting—in which
case these labels would be fabricated along with the stencil.

CeramWrap’s interactive surface unrolling and procedural pat-
tern generation methods provide multiple benefits for creating
custom surface decorations for ceramic vessels. The workflow sup-
ports selective unrolling of a region of interest on the vessel ge-
ometry, which aligns with existing ceramic decoration practice
that focuses on the design of vertical and horizontal patterns as
illustrated in our design space. In cases where the 3D model con-
tains double-curvature regions, interactively designing patterns on
the 3D surface helps reduce issues arising from the approximated
unrolled geometry and the physical object.

4.4 Fabricating and Applying the Transfer
Geometry

The fourth stage of our workflow consists of fabricating a sten-
cil from the 2D patterned surfaces created in the previous stage,
applying the stencil on the surface of the physical vessel, and man-
ually decorating the vessel with a method of choice. This stage
also involves the possibility of going back to the measuring stage if
the stencil does not fit the physical vessel adequately. The entire
workflow is built to support these discrepancies and facilitates a
rapid update of the stencil. This fourth stage, which involves the
stencil alignment on the physical vessel and manual decoration,
requires a high level of craftsmanship and necessitates a profound
understanding of the materials and decoration techniques in use.

During this stage, the craftsperson cuts their patterned stencils
in the material of their choice, such as newsprint, paper, or vinyl,
on a digital fabrication machine, such as a laser cutter or a vinyl
cutter. We found that newsprint paper works well with vessels in
the leather-hard phase, standard linen or copier paper in the leather-
hard and bone-dry phases, and adhesive vinyl in the bone-dry or
bisque-fired phases. The craftsperson should therefore choose the
stencil material that best fits the decorative technique they want to
use based on the required clay phase for that technique.

Once fabricated, the craftsperson applies the stencil to the clay
surface. To apply a newsprint stencil on greenware, they can use wa-
ter to create adhesion between the clay and the paper while avoiding
excessive moisture to maintain the structural integrity of the vessel.
After aligning the newsprint stencil with the vessel, additional wa-
ter is applied to adhere the stencil to the surface. The craftsperson

can then apply their desired surface decoration medium through
the stencil’s openings. This time-sensitive approach requires rela-
tively fast decoration application since evaporation will deadhere
the newsprint and extra water will weaken the greenware. This
process is demonstrated in Figure 12D and E, where the newsprint
stencil is applied on the bowl and holes are marked for drilling.

To apply a vinyl stencil on a bone-dry or bisque-fired surface,
the craftsperson must first remove the decorative element parts of
the stencil using tweezers. Then, using a transfer tape, they release
the stencil from the liner material. They align the transferred vinyl
with the ceramic surface and apply force to ensure good adhesion
while avoiding buckling in the stencil. After carefully removing
the transfer tape, the craftsperson applies the decoration medium
like glaze or underglaze, lets it dry, and removes the vinyl carefully.
Stage four of Figure 5 demonstrates the fabricated 2D vinyl stencil,
its installation on the vessel, the decoration through underglaze
brushing, and the removal processes.

Lastly, a paper stencil can be used for applications where the
bleeding of the decoration medium is not an issue, such as for the
sgraffito technique. In this case, the craftsperson aligns and tapes
the paper on the leather-hard or bone-dry vessel. Then they use
sharp clay tools to carve the outer surface of the vessel. Figure 13D
shows an example of this procedure.

The choice of the stencil material impacts the surface decoration
process. Laser-cut newsprint presents challenges for fabricating
patterns inside hollow regions, and fine spacing between decorative
elements complicates alignment and installation on ceramic vessels.
Vinyl-cut stencils with transfer tape address these challenges but
take longer to install on the clay vessel. Figure 10B shows thin
regions between different-colored areas on the vinyl.

CeramWrap’s generation of 2D patterned surfaces in vector for-
mat supports multiple stencil fabrication materials and techniques.
The stencils generated through our workflow can therefore be cus-
tomized to fulfill the requirements of the craftsperson’s desired
surface decoration method. The iterative process which takes place
through the four stages of the workflow also supports rapid updates
of the stencil to achieve a desired fit with the ceramic vessel.
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4.5 Limitations

CeramWrap’s workflow does not include explicit support for 3D
modeling of vessel geometry. While 3D modeling can pose chal-
lenges for many people, HCI researchers have previously explored
methods to reduce the tedium associated with 3D modeling for
digital fabrication [47, 55, 57, 65]; our focus is on the 2D ornamen-
tation of 3D forms and we see opportunities to incorporate existing
entry-level 3D modeling strategies in future work. To simplify
some of the 3D modeling challenges, we limited CeramWrap to
radially symmetrical vessels which we produce with Rhino’s loft
and revolve functions. This limits the modeling process to just a
few steps. Radial symmetry is extremely prevalent in ceramics,
especially in pots created through wheel throwing. Limiting our ap-
plication space to radially symmetrical forms allowed us to examine
specific challenges related to surface ornamentation by reducing
the focus on form-making and digital modeling while remaining
inclusive of a broad swath of existing ceramics production.

As discussed in Section 3, physical distortions and non-uniform
shrinkage during the ceramic-making pipeline are unavoidable and
involve a discrepancy between the evolving physical material and
the perfectly symmetrical digital model. We argue that address-
ing this discrepancy through a non-linear computational workflow
complements the dynamic nature of ceramics craft more meaning-
fully than attempting to exhaustively reproduce a dynamic physical
object in a digital model. We leverage the continuous editability
of parametric systems for modeling, pattern generation, and selec-
tive unrolling, as well as the speed of digital fabrication for rapid
iteration in response to material change.

Our workflow is tailored to decorative elements that can be orga-
nized in a rectangular grid or arranged in a grid-free manner. This
produces various effects aligned with manual ceramics patterning
as evident in our design space. At the moment, CeramWrap does
not support raster designs or non-rectangular tessellations but we
see potential for future work in this direction.

5 EVALUATION THROUGH MAKING
EXAMPLE ARTIFACTS

We apply CeramWrap’s interactive workflow to six example ves-
sels with varying geometries and curvature types. These examples
demonstrate how CeramWrap enables the computational design
and fabrication of ornamentation on vessels with planar, single,
and double-curvature surfaces, fabricated with manual methods or
clay 3D printing. We use the workflow with underglaze brushing,
drill piercing, and sgraffito surface decoration techniques.

5.1 Underglaze on Planar Surfaces of Slab-Built
Hexagonal Cup

In our first example, we apply a repeating pattern to a symmetrical
slab-built vessel. We prepared a hexagonal cup comprising six pla-
nar walls and one hexagonal base in Rhino with a repeating pattern
around the walls of the vessel. We unrolled the 3D surfaces, and
laser cut the result to create a paper template. We cut slabs of clay
using this template and assembled the pieces manually. Following
the bisque firing, we measured the sides of the cup and updated
the digital model. We then used CeramWrap to generate and un-
roll an ornamentation pattern for the slab-built form. As shown in
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Figure 9: Workflow for a hexagonal cup with planar surfaces.
A) Three triangle elements are used to generate the pattern.
B) The generated pattern on the virtual model. C) The un-
rolled 2D stencil with generated patterns. D) The vinyl-cut
stencil is applied on one side of the cup. E) Red underglaze
is brushed through the stencil. F) Once the vinyl is removed,
the precision of successfully transferred detail falls in the
range of millimeters. G) The final glazed cup.

Figures 9A, B, and C, we used three triangle elements repeated ten
times vertically and six times horizontally. The side triangles use a
sinusoidal translating function while the middle one follows a lin-
ear function. All three use the same linear function to sequentially
scale down the triangle motif. We fabricated the resulting stencil on
a vinyl cutter, applied it to the vessel, and brushed red underglaze
through the stencil (Figures 9D and E). We show the final artifact
in Figure 9G.

This example demonstrates the initial benefits of CeramWrap’s
workflow for manual ceramics fabrication. First, we show how the
generation of a vinyl stencil with CeramWrap and its application
onto a bisque surface aligns with a manual clay ornamentation
workflow—in this case, the ornamentation of a slab-built planar
vessel. This example also shows how CeramWrap incorporates the
precision of computational design and digital fabrication with man-
ual ceramics craft. As shown in Figure 9F, this process provided a
high level of detail fidelity within the millimeter range; the smallest
triangle dimensions on the surface are 2.5 mm tall and 1.3 mm wide.
The precision of our workflow is further evident in the continuity
of the final ornamentation across different surfaces. The aligned
triangle stencils on each face produce diamond shapes at the top
corners of the cup.

5.2 Underglaze on Single-Curvature Surface of
3D-Printed Cylindrical Cups

In our second example, we apply three-color ornamentation to a
3D-printed tapered cylinder cup (the workflow stages are shown
in Figure 5). This example showcases the successful application of
CeramWrap to a digitally fabricated and manually adjusted vessel
with a single curvature. We clay 3D printed the cup, smoothed the
surface with a sponge at the leather-hard phase, and bisque fired it.
To account for the shrinkage and deformations, we measured the
diameters and height of the vessel and updated the Rhino model that
was used to create the 3D printing file with these new measurements
(see Figure 6).
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Figure 10: Two approaches to use CeramWrap with multi-
color designs. A) Using separate stencils for each color. B)
Using one stencil and weeding the vinyl one color at a time.

We used CeramWrap to create a repeating pattern with nested
chevrons of varying thicknesses in vertical columns. We used this
pattern to create a three-color vinyl stencil for the vessel. We demon-
strate two approaches to applying this multi-color pattern. First, we
demonstrate the successive application of three different stencils
corresponding to each color as seen in Figure 10A. This approach
has the advantage of ensuring complete masking of each color chan-
nel during underglaze application and builds on existing multiple-
masking techniques for cylindrical vessels [58]. The trade-off is that
aligning multiple stencils requires a high degree of manual skill.
Furthermore, applying stencils over previously applied underglaze
introduces an additional risk of damaging that ornamentation upon
removal. An alternative approach, as depicted in Figure 10B, is to
use a single stencil for all three colors and successively remove
vinyl portions that correspond to the different color channels. This
method requires increased manual precision during the underglaze
application but can be facilitated by using a finer brush.

Collectively, both completed cups demonstrate how CeramWrap
can be adapted to support varying forms and degrees of manual
skill. CeramWrap’s parametric representation of the surface or-
namentation and its automated unrolling technique reduces the
labor in generating multiple variations of a stencil. This enables
the craftsperson to produce different stencils at varying scales and
deliberately negotiate the intersecting constraints between vessel
structure, pattern complexity, and ornamentation method.

5.3 Underglaze on Planar and Single-Curvature
Surfaces of 3D-Printed Octagonal Vase

In our third example, we apply ornamentation to a faceted octagonal
vase with both planar and single-curvature surfaces (Figure 1). To
test our workflow’s adaptability on different types of surfaces on
the same vessel, we revolved a profile curve on an octagonal rail
curve. We deliberately chose two types of curvatures along the
profile curve (as shown in red in Figure 1A), containing segments
of two curves and three lines. This operation resulted in three planar
and two single-curvature surfaces on each face. We used a clay 3D
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printer to fabricate the vessel and smoothed the outer walls with a
sponge.

We bisque fired the vase to prepare it for masking with vinyl.
In order to account for the shrinkage during the firing process,
we measured intersecting edges of each surface and updated the
digital model based on the average measurements. We designed
a surface pattern consisting of 135 dots and 6 lines on the digital
model (Figure 1A) and repeated this pattern on all sides of the
vessel. We vinyl-cut the stencil, manually removed the dots and
line geometries, and installed them on the object surface in sections.
We added blue underglaze with a sponge through the holes of the
stencil (Figure 1B) and removed the vinyl once the underglaze was
dry (Figure 1C).

This example demonstrates how CeramWrap can produce con-
tinuous and visually cohesive elements across multiple surfaces. We
also show the benefits of generating stencils that can be unrolled
both horizontally (Figure 1B) and vertically to support different
decorative layouts and surface types for the same vessel.

Figure 11: Generative geometrical pattern on double-
curvature vase. A) The pattern is made of squares and trian-
gles that are randomly turned on and off, creating a range
of distinct shapes. B) We approximated the large double-
curvature region with 20 vertical slices. The stencils cover
the surface adequately for our purpose. C) We peeled off the
stencils individually after the black underglaze was dry, leav-
ing well-defined geometrical shapes. D) The final artifact.

5.4 Underglaze on Single and Double-Curvature
Surfaces of 3D-Printed Circular Vase

In our fourth example, we apply a generative, non-repeating pat-
tern to a vase composed of single and double-curvature walls. We
generate a digital model by revolving the same profile curve from
the previous example on a circular rail to produce a symmetrical
vase with two double-curvature and three single-curvature surfaces
(Figure 11). We 3D printed the vase, smoothed the outer wall at
leather-hard phase, and bisque fired the piece. We then updated the
digital model using the averaged dimensions around the defining
points on the profile curve.

To create the non-repeating pattern on the bulbous base and
the middle section of the neck, we extended CeramWrap’s pattern-
making component to enable randomization on the likelihood of
the elements being projected onto the surface. We created a grid of
20 horizontal by 5 vertical decorative motifs consisting of different
groupings of squares and triangles. To account for the curvature of
the base in our motif distribution, we used a logarithmic function
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as the vertical component of the translatingFunction parameter
of the pattern script and an absolute value function on the hor-
izontal component of the scalingFunction parameter to create
larger elements on one side of the vase and smaller on the other
(Figure 11A). In order to simplify the double-curvature region and
to better reflect the pattern construction, we approximated the rail
curve of our vessel with an icosagon (20-gon). We fabricated the
unrolled stencils (20 vertical slices for non-repeating patterns and 2
continuous horizontal slices for patterns with lines) with the vinyl
cutter and installed them on the vessel (Figure 11B).

This example illustrates how our workflow supports the compu-
tational ornamentation of vessels with complex non-planar geome-
try through a systematic method for simplifying double-curvature
surfaces into single-curvature fabricatable stencils. The vertical
unrolling approach generates a sufficiently precise approximation
of the bulbous surface for our application method; the stencils
cover the entire surface and enable the transfer of neatly defined
geometrical elements (Figure 11C).

5.5 Drill Piercing on Double-Curvature Surface
on Wheel-Thrown Colander

As our fifth example, we demonstrate CeramWrap’s adaptability to
produce evenly spaced subtractive surface decoration on a wheel-
thrown vessel. We created a double-curvature vessel by throwing
and trimming a bowl on a potter’s wheel (Figure 12A). We generated
a digital version of the thrown bowl by averaging top and bottom
diameters, photographing and digitally tracing the profile of the
vessel. To create a drilling template, we approximated the double-
curvature surface of the digital model with ten vertical sections
and generated a pattern for drilling 3/32" and 3/16"-diameter holes
(Figures 12B and C). We laser cut the template on newsprint and
adhered them to the greenware with a wet sponge (Figure 12D). We
marked each hole position with a probe and removed the template.
Following a drying period, we drilled the holes to produce a colander
(Figure 12E). The final product is shown in Figures 12F and G.

In addition to showcasing the versatility of CeramWrap for
wheel-thrown and subtractive fabrication methods, this example
demonstrates how our workflow can be adapted to different de-
grees of tolerance in the ornamentation process. Drilling exhibits a
higher tolerance than the underglaze application through stencils
because it does not require the edges of the template to closely
adhere to the walls of the vessel. We took advantage of this by
designing a template that conformed to the global geometry of the
bowl and manually adjusting the template to align the template
with the contours of the bowl. This also reduced the fabrication
time in comparison to the stenciled examples.

5.6 Sgraffito on Double-Curvature Surfaces of
3D-Printed Textured Vessel

For our sixth example, we demonstrate how CeramWrap’s workflow
enables the augmentation of clay 3D-printed surface textures with
sgraffito ornamentation. This example uses a large double-curvature
vase that has three untextured regions without bumps on the surface
(Figures 13A and B). As a design choice, we modulated the strength
of the surface textures radiating out from these flat 3D surfaces. We
repeated the textured layers every eight layers and 3D printed the
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Figure 12: Double-curvature colander with two-size drilled
pattern. A) We threw a bowl on the wheel. B) We created a dig-
ital model of the bowl. C) We unrolled the surfaces to obtain
the 2D template. D) We laser cut the template in newsprint
and applied them using a wet sponge. E) The template en-
abled us to mark the patterns and drill the surface. F) A side
and G) a top view of the final glazed artifact.

vessel using a 1 mm layer height. We sprayed the entire surface
with black underglaze (Figure 13C) in between the leather-hard and
bone-dry phases to use the sgraffito technique to further ornament
the surface.

To unroll an approximated single-curvature surface, we dis-
cretized the profile curve of the vessel with an angle tolerance of 11
degrees. This operation converted the smooth profile curve into a
polyline with ten vertices. We took diameter measurements at phys-
ical locations that correspond to these vertices and recreated the
current state of the vessel digitally. As for the pattern, we repeated
an ellipse-shaped decorative element using linear functions (green
elements in Figure 13A) on the flat surfaces to reflect the position
and distribution of the 3D-printed bumps. We unrolled the surfaces
and laser cut non-adhesive paper templates since newsprint appli-
cation with a wet sponge would have removed the black underglaze.
We sequentially taped each template section to the vessel and used
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Figure 13: 3D-printed large vase with surface textures and
a sgraffito pattern that aligns with surface bumps. A) The
toolpath (blue) with surface bumps and 3 flat regions; pattern
on flat regions (green). B) 3D-printed vase on the printer
bed with manual supports. C) Spraying the vase with black
underglaze. D) Applying the laser-cut paper of the unrolled
surface with tape and carving the surface with a sharp clay
tool. E) The final artifact with close-up images of the surface.

them as guides to scratch off the underglaze with a small pottery
carving tool (Figure 13D). Following the surface ornamentation, we
fired the vessel (Figure 13E).

This example demonstrates how CeramWrap can integrate the
unique surface ornamentation opportunities of manual and 3D-
printed ceramics. We generate a precise template that corresponds
with the layers of the 3D-printed vessel while retaining opportuni-
ties for manual skill in the sgraffito application.

5.7 Summary of a Non-Linear Workflow for
Ceramic Ornamentation

The use of CeramWrap in making the previous examples demon-
strated key aspects of manual-computational approaches for ce-
ramic surface ornamentation:

(1) Precise digital design and fabrication procedures can be inte-
grated into existing manual ceramics craft practices: Surface
decorations were applied using a range of techniques (under-
glaze brushing, drilling, sgraffito) through digitally generated
stencils, on vessels fabricated with various methods (slab
building, wheel throwing, clay 3D printing).

(2) Manual-computational workflows can adapt to the evolv-
ing nature of materials: By rapidly propagating changes in
the pattern design and generation of CeramWrap stencils,
we were able to adapt to the shrinkage and distortion of a
ceramic vessel.

(3) Manual-computational workflows can support different lev-
els of technical requirements: CeramWrap can be used by
craftspeople showing various degrees of skill at different
steps of the fabrication process and can accommodate vary-
ing alignment tolerance between the stencils and the vessel,
depending on the ornamentation techniques employed.
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Our evaluation through the making of six artifacts demonstrates
the opportunities of digital fabrication systems in supporting non-
linear workflows. While we investigated the integration of com-
putational tools with manual ceramic ornamentation, we see the
potential for broader HCI system research in the realm of craft.
We believe that by considering the complementary nature of man-
ual and digital processes, we can design tools that accommodate
flexible interactions between the computer and the physical world.

6 CONCLUSION

CeramWrap is an interactive workflow for applying surface deco-
rations on clay vessels that can adapt to different manual ornamen-
tation methods of manual ceramics craft. Rather than presenting
a rigid technique, CeramWrap embraces the iterative and often
cyclical nature of craft in an effort to augment established skilled
ceramic ornamentation.

Our workflow enables craftspeople to utilize computational tools
for designing and transferring intricate patterns onto their ceramic
creations. First, it introduces a procedural design method that uses
mathematical functions to repeat decorative elements along the
surfaces of a digital 3D vessel. Second, it supports the unrolling of
these patterned 3D surfaces into 2D surfaces suitable for fabrication,
which once digitally fabricated serve as stencils for guiding surface
decoration on ceramic vessels.

We demonstrate the application of CeramWrap in multiple forms
of digital and manual ceramics craft by using our workflow to or-
nament vessels made using various fabrication techniques, such as
slab building, 3D printing, and wheel throwing, at different pottery
phases, ranging from leather-hard to bisque-fired. Additionally, Cer-
amWrap can create stencils for decoration, using different materials
such as newsprint, vinyl, and printer paper, and support various
ornamentation techniques like underglaze brushing, hole drilling,
and sgraffito. The examples themselves exhibit a mix of precision
and manual variation that reflects both our use of computational
methods and the fabricator’s manual skill. As we consider future
pathways for supporting digital design, customization, and per-
sonal fabrication, CeramWrap provides insight into the expressive
potential of computational fabrication workflows that align with
the versatility of skilled manual production.
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