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Figure 1: (a) Weft insertion variables for shuttle weaving, exemplified by one of the samples presented in our design case. (b)
The digital design made in CLO3D for the animated shuttle woven textile-form trousers. (c) Cross-section of trouser layers
(above) and shuttle movements (below).

Abstract
Animated textile-forms hold great potential to seamlessly embed
interaction in textile-based artefacts. This paper presents a compre-
hensive design space for animated woven textile-forms, explored
via shuttle weaving. HCI designers have explored the potential
of shuttle weaving for local material placement via partial weft
insertions and continuous yarn paths to create flexible circuits,
sensors in textiles, and, more recently, for animated textile-forms.
While these examples indicate early steps towards animated woven
textiles, further articulation of the many processes, ingredients,
structure, and form variables available to designers is required to
realize the full potential of this weaving technique. Addressing this
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gap, we developed a design space through a combination of litera-
ture review and practice-led exploration undertaken for a specific
design case - animated 3D shuttle-woven trousers. Our work aims
to inspire HCI designers to explore and expand the use of shuttle
weaving as an accessible and versatile technique for textile-forms
with rich interaction possibilities.
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1 Introduction
Animated textiles can be adaptive, active, or autonomous during
their use time through physical, digital, or biological means [13].
The concept expands existing understanding of smart and e-textiles
by emphasizing the importance of both computational and biolog-
ical components, as well as the inherent qualities of the textiles
themselves in shaping their ultimate expression and functionality.

Research in HCI textiles has previously explored animated tex-
tiles by integrating animate [107] or smart materials at a surface
level, for example, through 3D printing [126], embroidery [43, 45],
screen-printing [113], and coating [36]. HCI designers have utilized
textile structures for animated textiles via knitting [1, 67, 68, 101],
felting [62], crocheting [38], and weaving [8, 57, 59, 91]. More re-
cently, animated textiles have been explored through woven textile-
forms [13, 14, 16]. In woven textile-forms, the textile and form are
produced simultaneously [69], allowing seamless, sustainable, and
conformal production of textile-based products [71]. We contribute
to this body of work and focus on shuttle weaving.

Traditionally, shuttles are used to carry the weft yarn across
the full width of the loom, making fabrics with selvedges at the
cloth edges. However, for some decorative fabrics, shuttles are also
used to carry the weft yarn to specific sections of the fabric (partial
weft) to make localized motifs on the surface of textiles. Shuttle
weaving is widely used on hand-operated looms and holds great
potential for animated textile forms. In HCI, design, and technical
textile literature, this partial-width weft insertion is referred to as
discontinuous weft [64], supplementary weft [92], tapestry weaving
[59, 76, 109], partial weft [18, 24], and inlay [25]. In this paper, to
simplify the language and highlight the tool and process rather
than the result, we use the term ‘shuttle weaving’ to encompass the
process that allows full-width and partial-width weft insertions.

In HCI, shuttles can tune material placement, enabling the fabri-
cation of complex multi-material woven textiles that are seamless
and conformal. The technique has previously been used for sen-
sors and circuits in e-textiles [91], to control the placement of ani-
mate materials [25, 117], the fabrication of non-rectangular textiles
[41, 109, 125, 128], and, more recently, for animated textile-forms
[74].

HCI has adopted shuttle weaving in part because it is relatively
accessible. At its simplest, shuttle weaving requires a simple frame
loom and an assortment of appropriate materials on shuttles. In-
creasingly, a wider range of looms are present in HCI labs, further
expanding the use of shuttle weaving. Scholars have supported the
uptake of these tools by providing background knowledge relating
to broader weaving skills [23, 85, 92] by adding shuttle weaving-
specific functions to weave design tools [26]. However, despite the
relative accessibility of the technology and the increasing provision
of tools that support its exploration, understanding the design and
fabrication process of complex shuttle-woven textile-forms in HCI
remains a challenge.

This paper expands knowledge of the material, process, structure,
and form variables available to HCI designers and contributes a
comprehensive design space for shuttle-woven textile-forms. We

present examples of how this design space can unlock the potential
of woven textiles’ inherent material qualities and structures to
generate novel responsive behavior and interactions for animated
and seamless textile-forms.

2 Related Works
2.1 Animated Woven Textiles in HCI
Weaving is one of the most common textile production techniques
and possesses the potential to create a wide diversity of material
structures, aesthetics, and forms. Researchers have explored the
potential of weaving in HCI through integrating animate materials
such as e-threads [91], for example, to develop patches for on-body
actuation [59] and textiles that can detect movement [57]. While
many of these examples utilize flat weaving techniques and simple
weave structures, others have explored the use of complex multi-
layered weaving for smart textiles [92], including textile circuits
[78], touch sensors in clothing [89], sensors in pajamas [53], and
sanitary napkins [81].

HCI Researchers have used shuttle weaving to control the lo-
cal placement of conductive threads [8, 84, 98] and biodegradable
conductive threads [129] in multilayered textiles to create flexible
circuits and sensors for e-textiles. Other scholars have integrated
materials, such as SMA [59], shrinking yarns [76], and over-twisted
linen yarn [117], with a partial weft to allow a local and controlled
shape change in textiles. Another application HCI researchers have
found for shuttle weaving is in the development of augmented and
extended reality, tracking, and computer vision systems to fine-tune
the placement of colored threads for AR markers [77], QR codes
[80], and optical fibers [57]. HCI researchers have also explored
shuttle weaving to expand beyond the rectangular grid of warp and
weft yarns. For example, by combining the placement of multiple
materials with partial-width shuttle weaving, researchers have de-
veloped skin-woven sensors [41, 128] that conform to the shape
of the body part on which they are applied and shaped textiles
designed for disassembly [125].

Researchers working with textiles identify the inherent com-
plexity of woven textile design, particularly in HCI textiles [23].
As many of these projects are material-driven and rely on knowl-
edge sharing and collaborations [16, 73], documenting the situated
knowledge [6, 74] can be challenging. Some textile scholars have
provided frameworks for understanding textiles as a material hi-
erarchy [36, 95, 110]. Growing interest in textiles in HCI also led
to the provision of accessible and affordable looms [3] and tools
that facilitate off-loom weaving [22]. Today, many labs exploring
textiles in HCI have access to shaft and jacquard looms such as the
TC2 loom [82]. Some software tools have been developed to support
the drafting of complex weaving structures on shaft and jacquard
looms [26, 35], and scholars have developed hardware/software
interfaces [3, 124] and generative systems [2] that enable creative
and improvisational jacquard weaving.

Although HCI’s interest in weaving is demonstrated by the tools
developed, and in shuttle weaving specifically by the many exam-
ples outlined, both tools and examples are primarily for and of 2D
textiles.
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2.2 Shuttle Weaving for 3D Form
In addition to material placement for aesthetic and functional pur-
poses and the generation of fabric selvedges, shuttle weaving can
also be used in a similar manner to short-row knitting, which can
be used to create 3D geometry in knitted textiles [65]. In technical
textiles and engineering, shuttle weaving is also of interest and is
commonly used to create both the textile and form simultaneously,
for example, for bifurcated tubular textiles for medical uses [7]
and protective clothing [103]. Additionally, many near-net-shape
preforms [28] are produced using 3D weaving techniques, such as
carbon fiber reinforced plastics [99] for lightweight applications
[55], and seamless nodular connection components [29].

2.3 Woven Textile-forms
In textile and fashion design, the simultaneous construction of form
and textile has been increasingly explored with jacquard looms
(such as the TC2). Also referred to as 3D weaving [20, 21], Whole-
garment Weaving [63], and/or Composite Garment Weaving [87],
woven textile-forms [69] utilize multi-layered weaving on jacquard
looms to create textile-based objects. While some researchers have
explored shuttle weaving to create seamless textile-form garments
on hand-operated looms [27, 79, 87], or on proprietary circular
looms in the case of Unspun [112], the majority of these projects
utilize a conventional loom offered by industry such as a jacquard
rapier loom [63, 72, 73], as they seek to simplify supply chains and
reduce over-production, waste and reliance on manual labor in
the textile industry [21, 69, 104]. In the context of HCI, the unique,
performative potential of textile-forms as multi-situated materials
[14, 50], capable of adapting seamlessly to various environments
and contexts, is of interest. For example, animated textile-forms
combine animate materials with textile-form approaches to develop
garments that can be easily modified during production or at home
according to changing needs [16]. Shuttle weaving has also been ex-
plored to seamlessly embed form and interaction in textile-forms us-
ing magnetic reverberations [74], in auxetic-inspired textile-forms
activated by shape-memory alloy [83], and wearable sweat sensors
[128]. These examples highlight shuttle-woven textile-forms as
ideal candidates for creating interactive objects that blend naturally
into daily life, offering intuitive and embedded interaction.

As interest, knowledge, and experience with weaving increases
in HCI, the design potentials and challenges of combining individ-
ual warp control (jacquard shedding) with shuttle weaving and/or
animate materials for woven textile-forms are beginning to be un-
derstood. In support, researchers have explored the visualization
of animate behavior in woven textiles [75] and provided hands-on
learning and prototyping tools for textile-forms [16, 23, 27, 116, 123].
Recent examples demonstrate the potential of combining form [40]
and animate materials [18] through short-row shuttle weaving.
However, these were created using specialized machinery that was
not widely accessible to the HCI community. Therefore, it is essen-
tial that HCI designers can create intricate, animated 3D woven
forms with shuttle weaving within textile-lab settings. For shut-
tle weaving of textile-form specifically, the timing and sequencing
involved are important and complex, requiring additional documen-
tation and knowledge [74]. Therefore, despite the relative accessi-
bility of the technology and the increasing provision of tools that

support its exploration, understanding the design and fabrication
process of complex shuttle-woven textile-forms in HCI remains a
challenge.

3 Our Approach
This paper presents a comprehensive design space for shuttle-
woven animated textile forms, grounded in design engineering
literature on woven textile manufacturing, HCI animated textiles
literature, and three of the Authors’ (Voorwinden, Buso, and Mc-
Quillan) extensive experience with industrial and hand-weaving
practices. Through a design case - an animated 3D woven trouser -
we examine how this design space can be explored to unlock the
potential of textiles’ inherent material qualities and structures to
generate novel responsive behavior and interactions for animated
textile-forms. The design space, samples, and case offer a foun-
dation for designers exploring shuttle weaving’s affordances for
animated woven textile-forms.

3.1 Methodology
We adopted a material-driven approach, focusing on the unique
characteristics and advantages of shuttle weaving techniques, par-
ticularly aimed at developing new material qualities. We started
this research by carefully considering the variables involved in
the woven textile-design process through reviewing sources from
technical 3D weaving, textile design (including exhibits etc), and
the HCI community (e.g., ACM digital library), with attention paid
to cases where textiles and form were developed simultaneously
and/or where interactive or animate qualities are present. We or-
ganized our findings from the literature based on the techniques
and tools provided by the Material Driven Design (MDD) method
[48]. For example, we employed the material taxonomy template
[49] (Fig. 2) to cluster essential weaving elements related to process,
ingredients, structure, and form. The Material Process refers to all
the motions on the loom, indicating the different configurations
possible for weaving. Material Ingredients encompass the origins
and composition of the threads used in the weaving process. Ma-
terial Structure describes materials’ arrangement, placement, and
organization during weaving. Finally, Material Form pertains to the
translation of form to a weavable form and the zones and surfaces
the designer can utilize.

This process underwent multiple iterations within the research
team, where differences in underlying knowledge (experts and
novices in weaving and interaction design) were utilized to iter-
atively provide technical background, challenge norms, critically
reflect on complex jargon, and question categorization decisions.
To facilitate the visual and conceptual understanding and, thus, de-
signer engagement with the outcomes of our findings, we created
graphic representations that encapsulate the key elements from
this process. These graphic representations are brought together in
a poster and are available as supplemental material for designers
to use as inspiration and as a reflection and discussion tool.

Next, we identified key variables related to shuttle weaving inser-
tions and initiated an exploration of the design space specific to an
animated woven textile-form application: a woven trouser. Draw-
ing from previous research conducted on shuttle-less industrial
jacquard looms, we conceptualized an animated woven textile-form
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trouser using shuttle weaving, building on existing woven textile-
form examples [69, 70, 72], enabling targeted exploration of shuttle
weaving techniques in a selection of samples, and their potential to
create animated textile-forms.

Figure 2: The material taxonomy developed in the first phase
of this study. It clusters elements of Material Process, Mate-
rial Ingredients, Material Structure, and Material Form.

4 Design Space for Animated Woven
Textile-forms

This design space is meant to illustrate the options available to
designers. It is neither intended as an exhaustive list of variables nor
a decision tree but as a resource for selecting elements for further
exploration. Therefore, this design space will never be ‘finished’
and is a living document that evolves as new technology, software,
and materials are invented.

4.1 Material Process
The Material Process refers to all the motions on the loom, indicat-
ing the different configurations possible for weaving (Fig. 3). While
in many cases these variables are not easily modifiable by the de-
signer or weaver, (beyond choosing which loom to use), knowledge
of these variables can enable better decision making for exper-
imentation, and facilitate in the development of new tools and
modifications.

4.1.1 Shedding. Shedding refers to creating a temporary opening,
or shed, between the warp threads on a loom. This opening allows
the weft thread to pass through and form the woven fabric. Most
hand-operated looms are equipped with shafts, creating a repeating
shed. While many shafts can be installed on the loom, allowing for
the creation of complex structures, shafts will have limited options
compared to jacquard shedding [120]. Jacquard shedding allows the
threads to be lifted individually, with or without a repeat [32]. Some

manual and semi-automatic looms are equipped with a jacquard
system, such as the TC2 loom [82], and a wide variety of jacquard
systems are available for fully-automatic looms. A compound har-
ness often equips a combination of shafts and individual lifting of
threads, and is often found in drawlooms and early jacquard looms
[11]. In these compound harnesses, shafts are used to weave the
base fabric, and the jacquard heddles can weave a figurative image
[39]. Other historical or primitive looms include various tablet and
backstrap looms [11].

Special shedding systems have been developed to create 2.5D or
3D fabrics. For example, pile fabrics such as velvet are often created
by weaving two layers with a floating thread simultaneously and
then cutting them apart to make a pile (face to face) [42]. Creating
these two fabrics simultaneously requires the heddles to go up
or down and have three positions [111]. However, velvet fabrics
are created on hand-operated looms by inserting a pile-rod [60].
Furthermore, researchers have designed non-interlaced 3D fabrics
and fully interlaced 3D woven, 3D fabrics [52], where the shedding
is duo-directional.

4.1.2 Spatial Positioning. Spatial positioning refers to how warp
threads are positioned in space on the loom. This positioning is
relatively fixed, depending on the loom type. The most common
warp spatial positioning on looms is side by side [52], where the
warp threads are divided horizontally, as seen on most fully auto-
matic and manual looms, including vertical tapestry looms [11].
In some cases, the warp has a variable spatial positioning, for ex-
ample, with a multilayer warp [52]. On 3D weaving looms, warp
threads can also be positioned grid-like [51]. On circular weaving
looms, the warp threads are positioned in a circle, and a shuttle
continuously circles through the shed to form the fabric. Fabrics
made by circular weaving looms are generally employed in high-
volume industrial production (e.g., for products such as rice, flour,
and cement); however, they have also been investigated for their
application in circular weaving for 3D woven preforms [10]. The
company Unspun recently initiated explorations into utilizing circu-
lar weaving for garment production [112]. In addition to these fully
automated looms, designers have explored alternative loom setups
such as four looms connected [46] to create 3D woven objects.

4.1.3 Picking. Weft threads can be inserted in various ways. The
most common method used in fully automated looms is shuttle-less
weaving, including rapier, air- or water-jet, and projectile weaving.
In shuttle-less picking, the weft thread is cut with each insertion and
positioned across the full width of the warp. As a result, the edges
of these shuttleless woven fabrics often exhibit a fringe or can be
finished as a ‘tucked-edge’ or with a leno edge. In contrast, shuttle
weaving is typically employed in hand-operated manual and spe-
cialized semi- and fully automatic looms. This method throws the
shuttle back and forth across the loom’s width, resulting in a con-
tinuous weft thread. The edges of these fabrics are called selvedges,
meaning that the edge is self-finished and does not unravel.

Additionally, shuttles with partial weft placement enable local-
ized material placement, such as machines for bifurcated medical
textiles [93]. For a precise weft length insertion [18], some looms
have installed two robot arms with vision feedback to pull the weft
back to its turning point. The possibilities of shuttle weaving are
particularly beneficial for animated textiles, allowing for local and
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Figure 3: Material Process variables: Shedding, Spatial positioning, Picking, Beat up, Let off and Take up, are primarily a result
of the loom set up.

continuous integration of conductive threads or actuators [34, 119].
Other approaches researchers have used in weaving to place ma-
terials in specific fabric zones through shuttle-less weaving are fil
coupe weaving, where some threads are removed [90], and inserting
supplementary wefts with a crochet hook [24].

4.1.4 Beat-up. The weaving cycle concludes with the beat-up of
the weft thread to the fell (the edge of the fabric in a weaving loom
formed by the last weft thread), typically facilitated by a reed. The
number of openings in the reed (dents) dictates the density of the
warp. While most reeds have consistent spacing between dents,
certain exceptions produce textiles with varying warp densities
or shapes. For instance, in a fan reed (also known as an ondulé
reed [106]), the dents are arranged at an angle, creating textiles
with multiple warp densities through the adjustment of the reed’s
vertical position during the weaving process [12]. Other examples
are the rail reed, which changes the dent spacing while weaving
on a manual loom [94], and the open reed, designed for net-shape
weaving of reinforced composites [115], where supplementarywarp
threads are woven on a base fabric, creating a shaped edge. The
angle at which the reed is positioned can also be varied; for example,
a bent reed can create non-cylindrical tubes [31]. More recently,

researchers explored a variable reed [20] and partial weft insertion
to manipulate vertical placement of picks, and a reed with a clamp
combined with partial weaving and variable warp and weft tensions
[18], both to allow 3D geometry to emerge.

4.1.5 Let-off and Take-up. The warp let-off and the fabric take-up
are considered secondary loom motions, allowing for the continu-
ous weaving of the desired fabric length [120]. The release of warp
yarns is typically done with a warp beam. The let-off and take-up
are connected on semi- and fully automated looms, thus controlling
the tension automatically. On manual looms, this process involves
releasing the warp beam and then re-tensioning the warp yarns via
the fabric beam. Multiple warp beams provide many opportunities;
in flat weaving, seersucker fabrics are created by using a different
tension on two warp beams; the highly tensioned stripes will re-
main flat, while the lightly tensioned ones will take up more yarn,
creating a wrinkled stripe [96].

In 3D weaving, multiple warp beams can allow for different warp
consumptions [66]. In 2.5D weaving, terry and warp-pleated woven
structures commonly utilize two or more warp beams. The base
fabric is woven on one beam, while the pile or pleat is created on a
separate warp beam. A specialized mechanism, either in the reed
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Figure 4: Material Ingredients variables, encompassing Mat-
ter, Structure, and Blend, help to determine the material’s
behavior when combined with Material Structure and Mate-
rial Form.

that moves back and forth [9] or one where the fell of the cloth itself
recedes from the reed [121], is used. Additionally, an individual
let-off, typically in the form of a creel system, is extensively used
for 2.5D textiles (such as terry and velvet pile fabrics) and 3D woven
textiles.

The take-up of the woven fabric is typically done with one fabric
beam, resulting in a uniform take-up of the fabric. However, when a
loom is equipped with multiple or individual let-off of warp threads,
the take-up of threads can also be altered. Researchers have explored
the creation of shell-woven fabrics by creating a non-cylindrical
breast beam or segmented take-up [12, 56].

4.2 Material Ingredients
Material Ingredients encompass the origins and composition of the
yarns and other materials used in the weaving process (Fig. 4).

While it is possible to weave with many different materials, most
fabrics are woven with yarns that are spun or extruded out of nat-
ural or man-made fibers [122]. Natural fibers can be vegetable or
animal. Vegetable fibers are further divided into bast fibers (e.g.,
flax, hemp, jute), Leaf fibers (e.g., abaca, sisal, banana), seed or fruit
fiber (e.g., Cotton, kapok, coir), and grass (e.g., bamboo). Animal
fibers can be either wool or hair (e.g., sheep, alpaca, goat), or silk
(natural or spider) [58]. Synthetic or man-made fibers can be regen-
erated (e.g, rayon), synthetic polymer (e.g, Polyester, polyamide,
acrylic, aramid), and inorganic (e.g, carbon, glass, ceramic, metallic)
[105]. The fibers are processed into yarn through either spinning
or extruding. Most natural fibers are spun, but there are various
methods for doing so. The type of spinning process (such as ring,
air-jet, or compact spinning), the number of plies in the yarn, and
the degree of twist applied during spinning all affect the outcome
of the yarn. While man-made fibers can also be spun, they are of-
ten extruded, resulting in mono- or multi-filament yarns. Another
method of yarn processing is tape yarn, such as paper tape yarns.
Subsequently, the threads created through these processes can be
combined with other materials, allowing new properties to emerge.
Some yarns are coated, for example, with thermoplastic polymers,

a core fiber can be covered with other fibers, or two (or more) yarns
can be plied together [44].

There is a wide range of material possibilities for animated tex-
tiles. Researchers have developed actuated fibers such as thermally-
actuated liquid crystal elastomer [33], fluidic fibers [54], coiled
nylon actuators [34], or ply multiple animated materials together,
such as heating thermochromic yarns [24]. Even more traditional
materials can be animated by changing the way they are processed,
for example, by over-twisting materials such as linen [100, 117],
silk [17], and wool [101].

4.3 Material structure
Material Structure describes the arrangement, placement, and or-
ganization of materials during weaving (Fig. 5).

4.3.1 Warp arrangement. On all looms, the warp arrangement sig-
nificantly impacts the final textile’s visual and structural properties.
Changing the warp arrangement in weaving is one of the process’s
most time-consuming and expensive steps. Therefore, in most weav-
ing workshops and mills, a standardized warp will be equipped with
one type of yarn (material choice), with uniform order and density.
However, exploring different warp arrangements can be interesting
for animated textile-forms. Changing the warp to multiple materi-
als can result in different behaviors, such as alternating active and
passive materials [76]. Furthermore, alternating the warp yarns’
density and/or order can affect the overall behavior (e.g., seersucker
fabric).

The warp consumption can vary when using multiple warp
beams or individual let-off. Pile fabrics, such as velvet and terry
towel [86] and weaving pleats [9], require variable warp consump-
tion. While the warp yarn position is constant relative to its neigh-
bors in most fabrics, some techniques allow it to move, varying
the warp consumption. Leno weaving (or gauze or cross-weave)
is a technique where warp yarns are paired and twisted around
the weft yarns, allowing for gaps to emerge in the final fabric [37].
Other textile techniques where the warp is fully interlaced include
3D weaving, where the heddle can be moved up and down and left
and right [52], and special insertion devices such as those used with
open-reed weaving [115].

4.3.2 Weft arrangement. The weft arrangement is a variable that
designers frequently adjust in the weaving process. This can involve
using different yarn types (multi-material), altering the insertion
order of the threads [76], or modifying the density of the inserted
threads. The weft can be applied across the full width of the loom
or only partially, depending on the type of weft insertion (shuttle
or shuttleless). In tapestry weaving, partial weft placements are
standard, as multiple colors are placed only where necessary to
form the fabric motif. To ensure a continuous fabric, adjacent weft
threads are clasped together. Designers and researchers have also
investigated the potential of partial wefts combinedwith a separated
weft movement to create a finished selvedge opening in the textile
that eliminates the need for post-weaving cutting, or for tubular
bifurcated textiles for medical applications [64]. Other methods for
creating edges in weaving include fringes (loose threads), achieved
through cutting the weft insertion with every pick and using a
specialized device to tuck in the fringe created.
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Figure 5: Material Structure variables such as Warp arrangement, consumption, and positioning are established when the loom
is set up and are usually difficult to change once weaving. Weft arrangement can be modified while weaving, or programmed
when designed similarly to Interlacement and Layer variables.

4.3.3 Interlacement. Different types of interlacement between the
warp and weft threads are known as weave structures or bind-
ings. There are several fundamental weaves (e.g., plain, twill, and
satin) from which most others are derived (see [23] for fundamental
knowledge on these structures). In animated textile-form weaving,
this generic classification is less relevant than the elements of a
weave structure that contribute to a particular arrangement and
behavior. For example, the behavior of animate materials in a multi-
layer structure depends on its float length, rather than whether it is
a twill or satin. Interlacement types can be varied by changing the
repeat size, slope, and offset [102]. Sometimes, warp and/or weft
can also intentionally not be interlaced (floating) to create visual
effects, such as grouped warp and weft distortions [102], to insert
objects such as solar cells [114], to create shaped textiles [61], or to
create expanding textiles [13, 15]. Additionally, researchers have
used different interlacements to varying degrees of shrinkage in
adjacent zones to create domed textiles [19].

4.3.4 Layers. The resulting interlacement is called a ‘simple’ weave
when weaving involves a single warp and weft system. In contrast,
when multiple warp and weft systems are employed, these tech-
niques are classified as ‘complex weaves’. Complex weaves can
produce one-layered fabrics, known as compound weaves [97, 120]
or double cloth [91], where various structures are incorporated on
both the front and back of the material. For instance, creating figu-
rative images on a jacquard loom requires using multiple colored
weft yarns that remain concealed on the fabric’s reverse side. Con-
sequently, the two sides of the fabric are constructed with distinct
weave interlacements. These variations can be leveraged to develop
textile-form interfaces, such as manipulating tension differences to
create a rollable textile interface [15]. In double weave or multilayer
textiles, the layers can be linked together or separated [92]. In the

case of complex weaves, the number of threads used in the layers
(order of interlacement) can also vary by dividing the warp threads
unevenly over the layers, which can be used to manipulate the
density and behavior of the different layers.

4.4 Material Form
Material Form pertains to the translation of form to a weavable
form and the zones and surfaces the designer can utilize (Fig. 6).
Material Form encompasses the fabric and form state of the arte-
fact, and while shuttle weaving holds potential for 2D textiles -
there is enormous under-explored potential in its combination with
multilayer textile-form weaving.

4.4.1 Surfaces. In textile-forms, surfaces can begin as 2D (devel-
opable) or be generated by flattening a 3D (non-developable) form
[127]. When flattening a 3D form for weaving, it may be possible to
flatten the form whole [30], while in other cases, segmentation [72]
and/or unwrapping [41, 125] the form is required. The axis of flat-
tening can be tuned for feasibility, aesthetic, or functional reasons.
For example, a form could be flattened on an axis, resulting in too
many layers to feasibly weave, while another minimizes post-loom
fabrication processes [69]. The goal is to make 2D surfaces that can
be woven, in single or multiple-layer stacks, and achieve the desired
form once removed from the loom. The number of surfaces in a
stack does not necessarily correlate to the layers in the final weave
structure (see material structure layers section), as the surfaces that
make up two parts of a form may be combined in a design.

4.4.2 Zones. Zones are 2D areas of solid color indicating a specific
weave structure determined by the form’s stack of surfaces. Each
zone can have a variable size and shape aligned with the warp
and/or weft, or curved on certain looms. Each zone has a placement
relative to adjacent zones, resulting in a Map of Bindings (MoB),
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Figure 6: Material Form variables are grouped into Surfaces and Zones. They combine elements determined by the design
process (flattening and zone transitions, for example), with some specific limitations set by the loom (such as loom repeat).
These interact with Material Process, Material Structure, and Material Ingredients to realize a complex woven textile-form.

sometimes known as the ‘Artwork’; design goals determine this 2D
arrangement and can be nested, jigsaw, patterned, or freeform. The
boundary between two zones can result in various layer transitions
that profoundly impact the resulting form and, therefore, its interac-
tivity or performativity. For example, a woven hinge transition can
be freely opened and closed [118], while merging transitions tend to
‘spring back’ to the state in which it was woven [16]. Furthermore,
the loom itself can have an essential role in the design of zones
and the MoB by constraining the maximum MoB dimensions due
to the loom repeat size, as well as repeat arrangement (no repeat,
number of repeats, mirrored) and uniformity. While most woven
textiles have a rectangular form on the loom due to the warp and
weft grid, shuttles can enable non-rectangular woven shapes by
skipping warp yarns at the perimeter, and multi-layer weaving can
generate non-rectangular surfaces once unfolded.

Form plays a key role in any textile artefact’s interactive and
performative potential. In woven textile-forms, form is developed
alongside material structure and ingredients within the material
process of weaving. Consequently, the expanded palette of variables
available to designers can result in outcomes that are difficult or
impossible to replicate with conventional textile-based fabrication
methods, often resulting in surprising material experiences.

5 The Potential of Shuttle Weaving for
Animated Woven Textile-forms

The design space reveals many variables designers can explore to
develop animated woven textile forms. Although many of these
variables also apply to shuttleless weaving, some offer unique op-
portunities that cannot be exploited with shuttleless techniques
(Fig. 7). Perhaps most interesting is how it allows for a partial weft.
The partial weft creates the ability to tune the placement of materi-
als, enabling the fabrication of complex multimaterial woven tex-
tiles. Moreover, weavers can manipulate the sequencing of shuttles,
thereby determining whether the materials will clasp, producing
a seamless textile, or separate, resulting in an opening between
two distinct zones within the fabric. Furthermore, most weavers
take advantage of shuttle weaving to create a selvedge, meaning

SeparatedClaspingPartial SeparateFold

Figure 7: Some variables from the design space are only acces-
sible through shuttle weaving: Weft insertion can be partial,
clasping, and separated, while multilayer transitions can
have seamless folds and separations.

that the weft yarn wraps around the last warp yarn, and thus can-
not unravel from the fabric. When a partial weft is combined with
multiple layers, weavers can move the shuttles between layers to
create seamless folds, increasing the volume to extend many times
its original size, or enabling novel interactive experiences.

Since every variable in this design space can be modified and
mixed to achieve specific design goals, we realized that multiple
combinations are possible with these variables. Given the scarcity of
examples of shuttle-woven animated textile-forms in HCI, we chose
to begin experimenting with the design space using a conventional
machine setup that would be accessible to many HCI researchers
(TC2, and see Table 1). Next, we map the design space variables to
a collection of samples to illustrate some possibilities within this
design space, and through a design case, emphasize the potential
of shuttle weaving for animated textile forms.

5.1 Design Case: Animated Woven Textile-form
Trouser

Building on projects exploring animated textiles and woven textile-
forms, such as morphic (rapier) woven trousers [13, 73] and an-
imated textile-forms [15], we selected trousers as a design case
for this research due to its potential to explore both complexities
in form, and change in the use time. Recognizing that each hu-
man body is unique and inevitably changes over time, we aimed
to develop a garment capable of changing with the wearer. Such
adaptations may manifest through size or fit modifications and
alterations in the garment’s aesthetic characteristics. This approach
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Table 1: Material Process and Material Structure variables
utilized for all samples. This is a common setup for many
TC2 looms in HCI textile labs

Material Process
Shedding Picking Spatial Position

Individual Shuttle Side by Side
Beat-up Let-off Take-up

Straight Uniform Uniform
Material Structure

Material Choice Warp Position Warp Consumption

Uniform Uniform Uniform

seeks to enhance the garment’s functionality and longevity, extend-
ing its usability across various contexts and stages of life.

Inspired by Anni Albers’ essay ‘A structural process in weaving’,
which describes shuttle-woven textiles that can expand up to six
times their size [4], Voorwinden developed a sample (sample 0)
exploring a partial shuttle weaving for a seamless textile structure.
This sample, shown in Figure 8, features a continuous but partial
weft that allows the fabric to expand up to three times its flattened
woven dimensions without seams. The method used a continu-
ous and partial weft yarn that moves horizontally and vertically
between layers.

To reduce the number of variables to explore in this study and
make the techniques accessible to HCI designers, all samples pre-
sented in this paper were produced using a conventional loom
setup. This setup features individual jacquard shedding (TC2 loom),
shuttles for picking the weft yarn, a straight reed with consistent
spacing for the beat-up, and uniform let-off and take-up mecha-
nisms. For the warp arrangement, we also chose a conventional
set-up; uniform material selection (the loom was equipped with
2,640 mercerized cotton 44/2 warp yarns), order, density, and con-
sistent positioning and consumption of the warp. Thus, these ex-
periments mainly focused on combining weft arrangement, textile
interlacements, and form variables. Design files were generated
using Nedgraphics software to produce 7 samples.

We began by focusing on variables that enable the exploration
of how partial weft can allow designers to tune material placement

Figure 8: Sample 0. (a) The Map of Bindings (or artwork),
indicating the zones. (b) Picture of Sample 0, woven in three
layers. (c) Cross section of Sample 0, where the separated
layers are indicated by the notation 1/2/3. Each layer has a
corresponding color - lilac for layer 1, green for layer 2, and
light blue for layer 3. In each zone, the same layer notation
applies. However, because of the shuttle paths, the textile can
expand by unfolding. (d) Shuttle path of zones a, b, c, and d.
Sample 0 is woven with one shuttle that travels, with partial
wefts, through the layers.

(Samples 1.1-1.3). Then, we created samples that explore textile-
form creation with shuttles (Samples 2.1-2.3). Lastly, we combined
these insights into one animated woven textile-form trouser.

5.2 Experiments with Shuttle weaving for local
material placement and multiple layers

In the context of our design case, each sample was designed to
understand how material placement could be controlled in multi-
layered structures for textile-forms. These techniques can be em-
ployed to place animate materials in the zones that require animate
behavior. However, even without embedding animate materials, a
partial weft can change the material properties of a textile or create
new form potentials. These samples use both animate and passive
materials in their composition. Sample 1.1 (Fig. 9) was developed
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Figure 9: Sample 1.1 utilizes multiple partial wefts clasped
together to create a textile that can be shaped according to the
placement of the zones.(a) The Map of Bindings showcases
the different zones. Zone b is cone-shaped, and the heat-
shrinking yarns are only placed in these zones (b) Sample
4, showcasing the flat surface after weaving, and below the
curved shape after shrinking (c) Detail of dart. (d) The cross-
section of zones a and b, together with layer instructions.
(e) Shuttle path for zones a, b, and c. Each shuttle weaves
partial, and, in total, there are 9 shuttles used to create this
textile, alternating a cotton yarn (shuttle A and C) and a heat-
shrinking yarn (shuttle B).

to place multiple materials in a continuous and seamless textile,
exploring how heat-shrinking yarn can be placed to enable local-
ized shape-change. Sample 1.2 (Fig. 10) uses a single-layer base
fabric with zones of supplementary material placed in an additional
separate layer with partial weft shuttle weaving to make belt loops.
Sample 1.3 (Fig. 11) explores how partial weft can create a curved
selvedge and is woven similarly to 1.2. However, the zones are
not aligned in the vertical (warp) direction, as you may find at the
opening of a pocket.

5.2.1 Sample 1.1. Sample 1.1 shows a continuous, seamless textile
with multiple materials placed in neighboring zones. Zone A is
woven with cotton yarn, and Zone B is woven with a heat-shrinking
yarn. Each transition between zones involves a new shuttle; nine

Figure 10: Sample 1.2 combines a partially separated weft
parallel to the warp direction, and a full-width weft. (a) The
Map of Bindings showcases the different zones. (b) Sample
1.2 from a top view (c) The double-layered weave creates belt
loops (d) The cross-section of zones a and b, together with
layer instructions. (e) Shuttle path for zones a and b. Shuttle
A is weaving both zones, full width. Shuttle B is weaving a
partial weft on the top layer.

shuttles are used. Zones A and B are woven alternately to ensure
the wefts interlock. After the textile was removed from the loom
and steamed, the sample transformed from a straight rectangle into
a curved shape.

5.2.2 Sample 1.2. Sample 1.2 shows a base fabric (Zone A), which is
supplemented with loops (Zone B) that emerge from this base fabric
and are woven in a different yarn. The separated layer is attached to
the base fabric in the horizontal direction but is separate from the
base fabric in the vertical direction. The belt loop is fully finished
with a selvedge. However, this is only possible if the zones are
aligned with the warp direction.

5.2.3 Sample 1.3. Sample 1.3 has three double-layered curved zones
woven with a partial weft placement, creating an unaligned zone
(because it does not align vertically with the warp direction). Each
half-circle in this sample is double-layered, and these curved zones
can be separated from the base fabric (zone A) by cuttingwarp yarns
in zone D. Zone B attaches the separated layers to the base fabric.
The edges in zone D feature a tighter weave structure designed to
prevent fraying by forming a selvedge.
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Figure 11: Sample 1.3 utilizes a partial weft to create selvedges
in themiddle of the fabric. (a) TheMap of Bindings showcases
the different zones. (b) Picture of Sample 1.3, showcasing the
curved two-layered zone c. (c) Detailed picture of zone c and d,
where zone d is woven with a different weave interlacement,
to create the selvedge. (d) The cross-section of zones a,b,c
and d, together with layer instructions. (e) Shuttle path for
zones a, b, c and d. Shuttle A travels full width, to create the
base fabric, and shuttle B weaves partial width to create the
two-layered zone.

5.2.4 Samples Findings. In samples 1.1-1.3 we have utilized shuttle
weaving for two purposes. First, it is a method that could mitigate
some issues that emerge with shuttleless textile-form weaving (e.g.,
fraying, cut edges, and fractional density). Additionally, we were
interested in the opportunities that shuttle weaving could offer
to facilitate localized animate material placement and seamless
transitions between layers and form elements for animated woven
textile-forms.

The layers of developable surfaces that makewoven textile-forms
are 2D unless elastic or shape-changing yarns are used. In shuttle-
less weaving, these can be used but must be inserted across the
entire textile width, which isn’t always desirable [13]. In Sample
1.1 (Fig. 9), the zones are shaped as darts and woven with a heat-
shrinking yarn inserted only in those areas. These darts ensure
an uneven shrinkage and thus shape the waistband of a garment
towards the desired size, which the user can activate to personalize
the fit. In Sample 1.2 (Fig. 10), we created belt loops seamlessly
integrated with the base fabric. To highlight the various layers, we

chose a different yarn color; however, the material itself can remain
constant to blend the form element into the base fabric seamlessly,
or yarn variables can be selected for specific properties (such as
increased durability). The partial weft creates a seamless second
layer without loss of density, reducing the production steps needed
in the construction of the garment, and may improve durability
through a reduction in cutting and stitching. Sample 1.3 (Fig. 11)
shows how a selvedge can be utilized in a curved section to create,
for example, a pocket. The curved zones are not aligned with the
warp yarns; therefore, some warp yarns must be cut to release the
pocket from the base layer. To further reduce post-production, an
edge is woven in a dense weave structure (tabby weave), creating
an internal curved selvedge.

While all of these samples were developed to support the de-
sign of shuttle-woven textile-form trousers, these techniques have
also been used for other applications in HCI textiles [24, 59, 92].
Sample 1.1 can use any shrinking or contracting material, such
as heat-shrinking polyester yarns, wool, linen, or silk, or conduc-
tive/resistive materials. When incorporating E-yarns in a textile,
they are often interwoven with a base (passive) yarn, which can im-
pact the effectiveness of the sensor. Using the methods described in
these samples enables the addition of conductive or resistive mate-
rials without blending and with greater control of their placement.
Furthermore, many variations can be explored of the separated
second layer as shown in samples 1.2 and 1.3, for example it can
allow for the seamless integration of (shaped) pockets to hold elec-
tronic components, animated materials like veneer [100], solar cells
[114], or to separate elements in a circuit [92]. Building on the use
of shuttles in HCI textiles, we see the potential for combining it
with woven textile-form methods toward new classes of seamless
interactive textile-form artefacts.

5.3 Experiments with Shuttles for Multilayer
Zone Transitions for Form

The second set of samples sought to understand the form construc-
tion of the trousers. We utilized partial wefts, much like short row
knitting, to mitigate the fractional density in multilayer structures
and create a seamless textile-form. Sample 2.1 (Fig. 12) explores the
use of tubular woven zones in combination with separated wefts.
Sample 2.2 (Fig. 13) explores the use of partial wefts creating folds in
zones, allowing for extra surfaces to emerge in these zones. Sample
2.3 (Fig. 14) combines these insights, but adds an additional shuttle
that clasps the separated folds.

5.3.1 Sample 2.1. Sample 2.1 explores how a partial weft can miti-
gate fractional density [69] in multi-layered zones. Zone A, C and
E are woven in one layer, and B and D are woven in two layers.
In the two-layered zones, two picks of weft yarns are woven with
a partial weft to compensate for the fractional density. Shuttle A
weaves full-width coverage (Fig. 12 g), while shuttle B is used only
for partial weft coverage. Furthermore, between zones C, D, and
E, the zone transition is separated, resulting in an opening that
emerges between the zones in the textile (Fig. 12.c), and creating a
seamless tubular fabric in zone D.

5.3.2 Sample 2.2. Sample 2.2 shows three neighboring zones, which
are all aligned with the warp/weft direction. Zone a is a one-layered
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Figure 12: Sample 2.1 combines partial weft with a separated
weft movement (a) The Map of bindings showcasing the dif-
ferent zones. (b) Picture of Sample 2.1. The two-layered zone
in the center (zone b,d) has double weft insertions compared
to the single-layered sides (zones a, c, e). (c) Detailed pictures
of the zone transition where the bottom and top zones merge,
and the middle zone is separated. (d) Cross section zone c, d
and e. (e) The cross-section of zones a and b, together with
layer instructions.(f) Shuttle path of zone c, d, and e. (g) Shut-
tle path of the cross-section zone a and b.

zone that holds the textile together. Zone b is constructed out of
four layers, where the shuttles move between layers, creating folds
at the edges of zones. Zone C is woven in two layers. It took the
insights gained from Sample 2.1, and thus, to compensate for the
fractional density in the four-layered section, the shuttle move-
ments were doubled in the multilayered sections, simultaneously
creating the folded zone transition in zone B. Both on the outer
edges and on the edge between zones B and C.

Figure 13: Sample 2.2 combines a partial weft with a fold in
the zone transition (a) The Map of bindings showcasing the
different zones. (b) Picture of Sample 2.2 when folded out,
showing the folding zone transition between zones b and c
(c) The cross-section of zones b and c, together with layer
instructions. Zone a is omitted as it is a one-layered section.
(d) Shuttle path for zones b and c. Both shuttles travel full
width and partial width. The partial wefts create the folding
zone transition where the weft yarn travels from layer two
(green) to three (light blue) or the other way around, in zone
b.

5.3.3 Sample 2.3. Sample 2.3 explores how a non-interlacing clasp-
ing weft can create a fabric designed for separation. This weft yarn
can be easily pulled out, much like a ravel cord in knitting, to divide
the fabric as needed. Shuttle B does not interlace with any warp
threads; it only clasps with the folding edges created by shuttle A.
The correct insertion sequence is essential to make sure the wefts
are clasping. While we used a weft thread for this feature, another
strategy with a similar result is to utilize a warp thread as the ravel
cord, where both sides of the folding edges are clasping around the
warp thread. When this warp thread is pulled out, the fabric can
unfold to 3 times the width of the initial fabric.
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Figure 14: Sample 2.3 combines a partial weft with folding
zone transitions in multiple layers, connected through a
clasping weft. (a) The Map of Bindings showcases the dif-
ferent zones. (b-c) Pictures of Sample 2.3, showcasing the flat
textile-form, and the design unfolded. (d) Picture of Sample
2.3 showing how the clasping weft can be removed from the
folding zone transitions. (e) The cross-section of zones a and
b, together with layer instructions. (f) Shuttle path for zones
a and b. Shuttle a is weaving both full and partial widths. In
zone b, Shuttle B is not interlacing, but only clasping alter-
nating the left and right selvedges of shuttle A.

5.3.4 Sample Findings. The second set of samples took insights
from the first set of samples, such as insertingmorewefts inmultiple
layers to mitigate the fractional density, using clasping wefts to
connect two yarns, or separating wefts to create a gap or separate
layer with selvedges, to create a more complex form.

The planar insertion methods required on (most) looms, require
weavers to create extra surfaces through weaving multiple layers
connected by a woven ‘seam’, in shuttle weaving, these layers are
connected through the continuous weft yarn, creating a ‘fold’. In
the context of 3D woven garment design, these seamless edges
are beneficial, as they do not unravel and thus need little or no
post-weaving construction such as sewing.

Sample 2.1 illustrates how differentweft densities can be achieved
in neighboring zones. One of the main challenges in fabricating
woven textile-forms is that the multilayer zones are too thin, due
to the fractional density, or the zones where layers merge are very
dense and therefore use more material than needed. Utilizing these
different densities prevents the use of too much material, because
the yarns are only placed where needed. Additionally, in Sample 2.1,
the center forms a seamless tubular structure, which could create,
for example, a trouser leg. Sample 2.2 explores how to weave the
basic geometry of the trouser waistband with partial wefts, aiming
to create textile-form that does not need post-weaving construc-
tion. This sample shows that internal folds can be woven, providing
opportunities to create seamless woven textile-forms that do not
need cutting to release the form. Sample 2.3 explored another take
on creating textile-form that the user can manipulate; the clasping
thread between the two multi-layer zones can be pulled out, reveal-
ing hidden material, color, or pattern. Simply pulling one thread
out, users could change the whole fit or size of the garment.

Outside of the context of these trousers, HCI designers can uti-
lize a varying material density, such as shown in Sample 2.1, by
allowing the targeted placement and concentration of active yarns
and materials in specific areas. These folds shown in Sample 2.2 can
also be utilized with animated materials. For example, SMA wire
can be woven through partial wefts in the folds, so the form can
unfold autonomously [83], or yarns with varying properties can
be utilized to create different folding behaviors. HCI designers can
use a ravel cord not only in garments but also in designing textiles
that can be disassembled easily. For example, a section of a textile
containing e-threads, or other hardware such as zippers, can be
removed for recycling. It also provides potential for users to change
the fit, for example, if this structure is added to a waistband, a user
could, if needed, pull out the ravel cord, and easily make a garment
a size bigger, or change from a tapered to a straight-leg trouser.
Furthermore, it could also be used for aesthetic purposes, such as
revealing a color or structure underneath, allowing for extended
use-time.

5.4 Trouser Prototype
In the final trouser design, we combined insights from our previ-
ous samples and developed animated textile-form trousers. The
3D digital design tool for fashion design (CLO3D) was used to si-
multaneously develop a MoB and 3D renders of three stages of
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Figure 15: 3D renders of the digital design of the textile-form trouser made in CLO3D, showing the different stages the trouser
can be changed into. (a) The first stage shows the form after weaving and taken off the loom (front and back view). (b) The
second stage shows the trousers when it is shrunken to the size of the user. (d) The third stage shows how the user can adjust
the fit of the trouser leg.

Figure 16: Sample 3.1. (a) Front view of trouser prototype (b) Back of trouser prototype (c) side view of trouser prototype before
shrinking (d) Side view of trouser prototype after shrinking.

transformation (Fig. 15). Previous examples of animated textile-
form trousers were produced on shuttleless looms [13]. On shuttle-
less looms, the animate material must travel the full width of the
design, limiting possibilities and control of form. Starting with a
basic design for shuttle-less woven textile-form trousers, we show
how using shuttles to locally place yarn can fine-tune the shaping
possibilities. The multilayered 3D form is also a significantly more
complex form than the samples, and we anticipated that this would
challenge the methods explored so far and highlight gaps in our
understanding.

Initial sampling for Sample 3.1 (Fig. 16) focused on understanding
the sequence and timing within the weaving process to ensure the
shuttles were clasping and separating where needed. We explored
this at the trousers’ most complex section, where the trouser legs
and pocket bag intersect, requiring the careful control of multiple
shuttles (Fig. 18). In combination with the complex curvilinear form
of the trousers, sequence and timing issues led to accidental clasping
that prevented the form from unfolding, and at other times caused
gaps in the textile structure when wefts were separated instead of
clasping as intended.
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Figure 17: Design of the animated shuttle-woven textile-form trouser. (a) Digital design in CLO3D. (b) Map of Bindings, with
sections indicated. (c) Cross-sections of waistband (section U-U’), hips (section T-T’), and legs (section S-S’).

In the final iteration of Sample 3.1 (Fig. 16), we added zones
to embed animated materials. In Figure 18, we show three cross-
sections of the garment. The waistband (section U-U’) is wovenwith
heat-shrinking yarn, allowing the user to shrink the waistband to
the desired size. Section 2 shows a cross-section of the zone where
the pockets (section T-T’) are located. Section 3 shows the trouser
legs (section S-S’), with zone A woven with a heat-shrinking yarn
carried in a different shuttle. Figure 18b and c show the complexity
of the shuttle movements, once multiple shuttles are utilized for
multi-layered structures. The correct sequence is essential to ensure
the heat-shrinking and cotton yarns clasp, highlighting the weaving
process’s temporal nature.

6 Discussion
This paper expands on the notion of shuttle weaving for animated
textile-forms, providing HCI designers with a design space that
explores Material Process, Material Ingredients, Material Structure,
and Material Form variables of shuttle weaving, supported by a
design case. The design case illustrates that shuttle weaving holds
potential for creating multi-material woven textile forms, allowing
users to alter the size, structure, or aesthetic expressions of products.
In this section, we reflect on the complexities and opportunities
arising from this research, explore the broader implications of shut-
tle weaving and the design of animated textile forms for HCI, and
discuss the limitations of our study and future works.

6.1 Enabling collaborations through shared
language

The design and development of animated woven textile-forms uti-
lizes skills and thinking beyond existing textile- and form-design
silos, highlighting the need for interdisciplinary collaboration. How-
ever, the terminology, techniques, and equipment utilized by textile
designers, HCI designers, and those working with technical textiles
vary considerably between and within these fields. Furthermore,
the division between craft, design, and industrial production leads
to each field having different knowledge and skills. To advance
the development of animated woven textile-forms in the future,
the diverse skills and knowledge present in these different fields
need to be brought together. Yet, this is not straightforward. The
long history of woven textiles has resulted in many different con-
cepts, techniques, and terminologies within and between these
fields. For example, we have observed that terminology used to
describe a partial weft varies greatly (e.g., inlay, discontinuous weft,
supplementary weft, tapestry), and therefore it can be difficult to
communicate these techniques across and within disciplines. Fur-
thermore, we have observed that many terms describing specific
techniques highlight the textile results instead of the techniques
themselves. This emphasis fails to improve understanding of these
methods and hinders effective communication. Therefore, we have
aimed to adopt terminology and descriptions in the design space
that concentrate on processes rather than outcomes. We hope this
supports collaborations and opens up space for the exploration of
weaving techniques beyond predefined results, enabling designers
to explore the full potential of these methods.
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Figure 18: Cross sections and shuttle paths for the trouser. (a) The waistband, (b) the hips, and with integrated pockets. (c) The
legs. The darker colored shuttles (B, D) are woven with heat-shrinking yarns.

6.2 Unlocking the potentials of looms in HCI
and Industry

HCI Textile communities are grounded in a rich tradition of craft
and DIY, and these approaches have brought considerable value to
the domain. While hand-operated looms allow designers to engage
in open-ended processes and direct interactions with the materials,
it should be acknowledged that even hand-operated looms bring
certain limitations. Many hand-operated looms impose conventions,
which influence how crafters craft. This paper aims to show that if
weavers dare to break with some weaving rules that have gradually
emerged in weaving traditions, there is a lot of untapped potential
to be found that may cater to changing priorities and emerging
needs in the design and production of textile-based products.

When we aim to design textile products that are produced with
sustainability in mind, for example, through designing for disas-
sembly, zero-waste production, and local and on-demand manufac-
turing, we should also question the machines and tools we use to
make these products. Crafters have the unique ability to explore
these new and existing processes, inspiring and collaborating with
the industry to change future textile production. In addition to
this, historical methods could also offer valuable insights. Some
researchers have started to push back on contemporary limitations
by re-examining the potential of historical textile samples [5, 37],
revisiting patents [88] and looms [27, 108, 124] that have long been
forgotten by industry.

In our experience as HCI and textile designers working with
industry, designers can use the design space in two ways. First,
to explore variables within the context of industrial production
using the tools they already have in their labs. This may include
the modification of looms, but there is much to be explored within
the bounds of existing tools, including frame and floor looms. HCI
researchers could also use this design space while experimenting
with a broader range of loom types available in industry. Secondly,
designers can propose novel configurations and use cases that in-
spire and inform future developments in industry. The design space

could enable HCI textiles to step outside of the lab, facilitate col-
laboration between HCI and industry, and together utilize the full
potential of fully automated industrial looms that can produce these
complex shuttle-woven textile-forms.

Translating experimental HCI woven textile research into in-
dustrial contexts can be challenging. First, while automated and
industrial looms with the capability of complex shuttle-weaving
exist, they are not often presented in this way or developed for HCI
contexts. It can be difficult for an HCI researcher to identify the po-
tential of industrial machines developed for a specific purpose. Sec-
ondly, communicating convincingly with industry partners about
the potential applications of these looms requires a shared language
and ideally, the right ’proofs’ to challenge assumptions about what
industrial tools can or could do. We have found that samples woven
on non-industrial looms, such as the TC2, but also frame looms or
floor looms, if developed through a lens of industrial application
informed by this design space, can make for tangible demonstra-
tors of possibility and impactful tools for productive discussion
with industry. We hope this design space inspires and supports
explorations across craft-industry, historical-contemporary, and
engineering-design divisions.

6.3 Limitations and future work
This paper identifies many variables available for exploration, yet
we have only investigated a small subset of them in our design case.
As the Material Process section of our design space outlines, many
machine configurations can facilitate the manufacture of animated
woven textile-forms. However, accessing suitable hardware remains
a significant barrier for many HCI researchers and textile designers.
The semi-automatic TC2 loom employed in this study was chosen
because of its accessibility to HCI designers, but it also limits the
possibilities we could explore. For example, interlocking warp and
weft yarns in leno weaving could provide opportunities due to
small-scale yarn movement variables. Therefore, future work may
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include other machine configurations to examine different subsets
of the variables presented in the design space.

While the actuation of materials and their inherent properties, as
outlined in Material Ingredients, is important for animated textiles,
we focused mainly on variables concerning weaving processes in
this paper. Additionally, in our design case, the exploration of ma-
terials and actuation methods was limited, restricting the ability to
thoroughly investigate the range of materials employed in animated
textiles. Therefore, we recommend HCI designers explore a wider
range of existing and novel animate materials across different levels
of the textile hierarchy [36, 47]. For example, designers could ex-
plore how yarns with variable properties across their length could
be combined with shuttle weaving for localized animated behavior
in woven textile-forms.

Exploring Material Structure in woven textiles is tied to the
machines and software available. However, the machine and soft-
ware we utilized are not developed for shuttle weaving of animated
textile-forms. Therefore, the complexity that emerges from this
appropriation of tools limits the depth of exploration. Furthermore,
as we aimed to focus on separating the concepts from the outcomes
of weaving variables, some subsections, such as interlacement, are
very detailed. We recognize that many weavers may not select
variables as detailed as we show them in the design space, but in-
stead refer to a weave structure as ‘twill’ or ‘tabby’. However, we
hope this unfamiliarity is counterbalanced by providing an in-depth
understanding of the building blocks of a weave structure.

While Material Form is an essential factor in the design and fabri-
cation of woven textile-forms, few papers outline methods to create
woven textile-forms, or digital design tools that would support this
(so far manual) design process. This section of the design space is
therefore based on a relatively narrow set of references from design,
HCI, and engineering, and is supplemented by our own extensive
experiences in designing woven textile-form. This is particularly
true of animated textile-form, where change over time at a form
level, as connected to textile structure, is underexplored and lacks
supportive design tools. We hope this initial exploration inspires
future research to detail and operationalize form-driven methods
for animated woven textile-form, which could then support the
development of digital design tools.

Lastly, this study did not conduct any user-centered evaluation,
an area of interest, especially for wearability and movement prin-
ciples relevant garments like the trouser case study. Additionally,
this approach has potential for other real-world applications and in-
teraction experiences. We recommend future investigations of user
experience and novel interactions with animated shuttle-woven
textile-forms in various contexts.

6.4 Final Reflections and Conclusion
Shuttle weaving of animated woven textile-forms introduces chal-
lenging complexities, even for experienced textile designers. To
support the understanding of these techniques for novice designers,
we, and other researchers before us [74] have explored document-
ing and visualizing the precise knowledge of sequence and timing
to clasp and separate weft threads. Most digital tools for weaving
lack critical features that would ease some of these complexities,
such as cross-section visualizations for partial weft insertions or

visualizing shape-changing properties of the animated textile. Our
many years of experience working with woven textile-forms al-
lowed us to appropriate machines and software to explore these
techniques without such tools. However, we recognize that novice
designers may struggle to experiment deeply with these techniques.
By mapping out the possibilities shuttle weaving offers, this design
space can serve as an initial set of resources for future research
seeking to develop design tools and digital workflows. Such tools
could help reduce skill barriers that often hinder novice design-
ers in exploring alternative or complex weaving techniques, while
streamlining the workflows of expert designers.

Lastly, while the design space has been iteratively refined within
the research team and students, who represent diverse skill lev-
els and experiences, from novice to highly experienced industry
professionals, it has not yet been subjected to broader evaluation.
We anticipate this could uncover variables specific to contexts and
application domains, such as variables provided by alternative loom
configurations or when weaving embedded and unobtrusive textile
sensors. Therefore, future studies should be conducted with other
designers, both experts and novices, working within a range of
contexts and application domains to continue to detail and refine
the interconnected variables presented here. In time, we aim to
contribute to deepening the understanding of the opportunities
that shuttle weaving textile-forms provide to textile research in
industry, design, and HCI.

Acknowledgments
Thank you to our colleagues and students at Industrial Design
Engineering, TU Delft, particularly members of Centre of Design
Research for Regenerative Material Ecologies, and the Materials
Experience Lab for providing feedback and assistance at critical
stages of the development of this work.

References
[1] Lea Albaugh, Scott Hudson, and Lining Yao. 2019. Digital Fabrication of Soft

Actuated Objects by Machine Knitting. In Proceedings of the 2019 CHI Conference
on Human Factors in Computing Systems. ACM, Glasgow Scotland Uk, 1–13.
doi:10.1145/3290605.3300414

[2] Lea Albaugh, Scott E. Hudson, Lining Yao, and Laura Devendorf. 2020. Investi-
gating Underdetermination Through Interactive Computational Handweaving.
In Proceedings of the 2020 ACM Designing Interactive Systems Conference. ACM,
Eindhoven Netherlands, 1033–1046. doi:10.1145/3357236.3395538

[3] Lea Albaugh, James McCann, Lining Yao, and Scott E. Hudson. 2021. Enabling
Personal Computational Handweaving with a Low-Cost Jacquard Loom. In
Proceedings of the 2021 CHI Conference on Human Factors in Computing Systems.
ACM, Yokohama Japan, 1–10. doi:10.1145/3411764.3445750

[4] Anni Albers. 1959. On Designing (3rd printing ed.). Wesleyan University Press,
Middletown, conneticut.

[5] Kristina Andersen, Bruna Goveia Da Rocha, Laura Devendorf, Elvia Vasconcelos,
Lee Jones, Irene Posch, Anuradha Venugopal Reddy, Aisling Kelliher, Verena
Fuchsberger, Lone Koefoed Hansen, and Etta Sandry. 2024. Memoirs for the
Future, Imaginations of the Past: Crafting Samplers for Intent and Commitment.
In Designing Interactive Systems Conference. ACM, IT University of Copenhagen
Denmark, 441–444. doi:10.1145/3656156.3658406

[6] Kristina Andersen, Milou Voorwinden, and Bruna Goveia Da Rocha. 2024. Mak-
ing in the Dark; Difractive Re-interpretations of a Sample Archive. In DIS.
Copenhagen, Denmark.

[7] K. Anderson and A.M. Seyam. 2004. Developing Seamless Shaped Woven
Medical Products. Journal of Medical Engineering & Technology 28, 3 (Jan. 2004),
110–116. doi:10.1080/0309190042000193874

[8] Ahmed Awad, Salma Ibrahim, and Sara Nabil. 2024. Integrating E-Threads:
Properties of Conductive Threads for Electrical Connectivity Using Computa-
tional Weaving of Smart Textiles. In 2024 IEEE Canadian Conference on Electrical
and Computer Engineering (CCECE). IEEE, Kingston, ON, Canada, 643–647.
doi:10.1109/CCECE59415.2024.10667151

2481

https://doi.org/10.1145/3290605.3300414
https://doi.org/10.1145/3357236.3395538
https://doi.org/10.1145/3411764.3445750
https://doi.org/10.1145/3656156.3658406
https://doi.org/10.1080/0309190042000193874
https://doi.org/10.1109/CCECE59415.2024.10667151


DIS ’25, July 05–09, 2025, Funchal, Portugal Voorwinden et al.

[9] Said Badawi. 2020. Development of the Weaving Mechanism for the Pleated
Fabrics. International Design Journal 10, 1 (Jan. 2020), 265–274. doi:10.21608/idj.
2020.81528

[10] A. Kadir Bilisik. 1998. Multiaxial Three-Dimensional (3-D) Circular Weaving
and Multiaxial 3-D Circular Woven Preforms for Composite. In Advanced
Multilayered and Fibre-Reinforced Composites, Y. M. Haddad (Ed.). Springer
Netherlands, Dordrecht, 477–487. doi:10.1007/978-94-007-0868-6_32

[11] Eric Broudy. 2021. The Book of Looms: A History of the Handloom from An-
cient Times to the Present. Brandeis University Press. doi:10.2307/j.ctv2n7j1fd
jstor:10.2307/j.ctv2n7j1fd

[12] Alexander Buesgen and Andrea Ehrmann. 2015. Engineering Design and Man-
ufacturing of 3D Shell Fabrics for Industrial and Automotive Applications.. In
Proceedings of the 6th World Conference on 3D Fabrics and Their Applications.
Raleigh.

[13] Alice Buso, Holly McQuillan, Kaspar Jansen, and Elvin Karana. 2022. The
Unfolding of Textileness in Animated Textiles: An Exploration of Woven Textile-
Forms. In DRS2022: Bilbao. doi:10.21606/drs.2022.612

[14] Alice Buso, Holly McQuillan, Kaspar Jansen, and Elvin Karana. 2024. Ani-
maTo: Designing a Multimorphic Textile Artefact for Performativity. In DIS.
Copenhagen, Denmark. doi:10.1145/3643834.3660738

[15] Alice Buso, Holly McQuillan, Milou Voorwinden, and Elvin Karana. 2023. To-
wards Performative Woven Textile-form Interfaces. In Textile Intersections 2023.
Design Research Society. doi:10.21606/TI-2023/106

[16] Alice Buso, Holly McQuillan, Milou Voorwinden, and Elvin Karana. 2023. Weav-
ing Textile-form Interfaces: A Material-Driven Design Journey. In Proceedings
of the 2023 ACM Designing Interactive Systems Conference. ACM, Pittsburgh PA
USA, 608–622. doi:10.1145/3563657.3596086

[17] Julia Cassim, Anne Toomey, and J McNair. 2017. S++ : A Hybrid Textile for
Healthcare and Well-Being Contexts. (2017).

[18] Xiangjia Chen, Lip M. Lai, Zishun Liu, Chengkai Dai, Isaac C. W. Leung, Charlie
C. L. Wang, and Yeung Yam. 2024. Computer-Controlled 3D Freeform Surface
Weaving. doi:10.48550/arXiv.2403.00473 arXiv:2403.00473 [cs]

[19] Xiaogang Chen and Ayse Ebru Tayyar. 2003. Engineering, Man-
ufacturing, and Measuring 3D Domed Woven Fabrics. Textile Re-
search Journal 73, 5 (2003), 375–380. doi:10.1177/004051750307300501
arXiv:https://doi.org/10.1177/004051750307300501

[20] Gali Cnaani and Yoav Sterman. 2023. A Variable Weaving Reed for Producing
3D and Seamless Garments. In Textile Intersections 2023. Design Research Society.
doi:10.21606/TI-2023/112

[21] Sterre de Jager, Holly McQuillan, and Ingrid Mulder. 2024. 3D Woven Denim
as an Exemplary Design Manufacturing Technique to Shape Sustainable Fash-
ion Ecosystems. Discern: International Journal of Design for Social Change,
Sustainable Innovation and Entrepreneurship 5, 2 (2024), 51–68.

[22] Himani Deshpande, Haruki Takahashi, and Jeeeun Kim. 2021. EscapeLoom:
Fabricating New Affordances for Hand Weaving. In Proceedings of the 2021 CHI
Conference on Human Factors in Computing Systems. ACM, Yokohama Japan,
1–13. doi:10.1145/3411764.3445600

[23] Laura Devendorf, Sasha De Koninck, and Etta Sandry. 2022. An Introduction to
Weave Structure for HCI: A How-to and Reflection on Modes of Exchange. In
Designing Interactive Systems Conference. ACM, Virtual Event Australia, 629–642.
doi:10.1145/3532106.3534567

[24] Laura Devendorf and Chad Di Lauro. 2019. Adapting Double Weaving and Yarn
Plying Techniques for Smart Textiles Applications. In Proceedings of the Thir-
teenth International Conference on Tangible, Embedded, and Embodied Interaction.
ACM, Tempe Arizona USA, 77–85. doi:10.1145/3294109.3295625

[25] Laura Devendorf, Joanne Lo, Noura Howell, Jung Lin Lee, Nan-Wei Gong,
M. Emre Karagozler, Shiho Fukuhara, Ivan Poupyrev, Eric Paulos, and Kimiko
Ryokai. 2016. "I Don’t Want to Wear a Screen": Probing Perceptions of and
Possibilities for Dynamic Displays on Clothing. In Proceedings of the 2016 CHI
Conference on Human Factors in Computing Systems. ACM, San Jose California
USA, 6028–6039. doi:10.1145/2858036.2858192

[26] Laura Devendorf, Kathryn Walters, Marianne Fairbanks, Etta Sandry, and
Emma R Goodwill. 2023. AdaCAD: Parametric Design as a New Form of
Notation for Complex Weaving. In Proceedings of the 2023 CHI Conference
on Human Factors in Computing Systems. ACM, Hamburg Germany, 1–18.
doi:10.1145/3544548.3581571

[27] Juri-Apollo Drews, Holly McQuillan, and Aurélie Mosse. 2023. Methods for
Designing Woven Textile-forms: Examples from a Pedagogical Textile Design
Workshop. In Textile Intersections 2023. Design Research Society. doi:10.21606/TI-
2023/113

[28] Monireh Fazeli, Matthias Hübner, Theo Lehmann, Ulrike Gebhardt, Gerald
Hoffmann, and Chokri Cherif. 2016. Development of Seamless Woven Node
Element Structures for Application in Integral Constructions. Textile Research
Journal 86, 11 (July 2016), 1220–1227. doi:10.1177/0040517515617425

[29] Monireh Fazeli, Matthias Hübner, Theo Lehmann, Ulrike Gebhardt, Gerald
Hoffmann, and Chokri Cherif. 2018. Development of Spatially Branched Woven
Node Structures on the Conventional Weaving Loom. Textile Research Journal
88, 13 (July 2018), 1453–1465. doi:10.1177/0040517516683746

[30] Monireh Fazeli, Martin Kern, Gerald Hoffmann, and Chokri Cherif. 2016. Devel-
opment of three-dimensional profiled woven fabrics on narrow fabric looms.
Textile Research Journal 86, 12 (2016), 1328–1340. doi:10.1177/0040517515606361
arXiv:https://doi.org/10.1177/0040517515606361

[31] Joseph Felix. 1959. Loom for weaving non-cylindrical fabrics.
[32] Ylva Fernaeus, Martin Jonsson, and Jakob Tholander. 2012. Revisiting the

Jacquard Loom: Threads of History and Current Patterns in HCI. In Proceedings
of the SIGCHI Conference on Human Factors in Computing Systems. ACM, Austin
Texas USA, 1593–1602. doi:10.1145/2207676.2208280

[33] Jack Forman, Ozgun Kilic Afsar, Sarah Nicita, Rosalie Hsin-Ju Lin, Liu Yang,
Megan Hofmann, Akshay Kothakonda, Zachary Gordon, Cedric Honnet, Kristen
Dorsey, Neil Gershenfeld, and Hiroshi Ishii. 2023. FibeRobo: Fabricating 4D
Fiber Interfaces by Continuous Drawing of Temperature Tunable Liquid Crystal
Elastomers. In Proceedings of the 36th Annual ACM Symposium on User Interface
Software and Technology. ACM, San Francisco CA USA, 1–17. doi:10.1145/
3586183.3606732

[34] Jack Forman, Taylor Tabb, Youngwook Do, Meng-Han Yeh, Adrian Galvin, and
Lining Yao. 2019. ModiFiber: Two-Way Morphing Soft Thread Actuators for
Tangible Interaction. In Proceedings of the 2019 CHI Conference on Human Factors
in Computing Systems. ACM, Glasgow Scotland Uk, 1–11. doi:10.1145/3290605.
3300890

[35] Mikhaila Friske, Shanel Wu, and Laura Devendorf. 2019. AdaCAD: Crafting
Software For Smart Textiles Design. In Proceedings of the 2019 CHI Conference
on Human Factors in Computing Systems. ACM, Glasgow Scotland Uk, 1–13.
doi:10.1145/3290605.3300575

[36] Li Guo, T. Bashir, E. Bresky, and N.-K. Persson. 2016. Electroconductive Textiles
and Textile-Based Electromechanical Sensors—Integration in as an Approach
for Smart Textiles. In Smart Textiles and Their Applications. Elsevier, 657–693.
doi:10.1016/B978-0-08-100574-3.00028-X

[37] Brooks Hagan. 2020. Looking Back to Look Forward: Reanimating Textiles for
Novel Design and Manufacturing. Journal of Textile Design Research and Practice
8, 2 (May 2020), 126–142. doi:10.1080/20511787.2020.1731238

[38] Kaja Seraphina Elisa Hano and Valkyrie Savage. 2024. Hybrid Crochet: Explor-
ing Integrating Digitally-Fabricated and Electronic Materials with Crochet. In
Proceedings of the Eighteenth International Conference on Tangible, Embedded,
and Embodied Interaction. ACM, Cork Ireland, 1–6. doi:10.1145/3623509.3635257

[39] Ellen Harlizius-Klück. 2017. Weaving as Binary Art and the Algebra of Patterns.
TEXTILE 15, 2 (April 2017), 176–197. doi:10.1080/14759756.2017.1298239

[40] Claire Harvey, Emily Holtzman, Joy Ko, Brooks Hagan, Rundong Wu, Steve
Marschner, and David Kessler. 2019. Weaving Objects: Spatial Design and
Functionality of 3D-Woven Textiles. Leonardo 52, 4 (Aug. 2019), 381–388. doi:10.
1162/leon_a_01780

[41] Kunpeng Huang, Ruojia Sun, Ximeng Zhang, Md. Tahmidul Islam Molla, Mar-
garet Dunne, Francois Guimbretiere, and Cindy Hsin-Liu Kao. 2021. Woven-
Probe: Probing Possibilities for Weaving Fully-Integrated On-Skin Systems
Deployable in the Field. In Designing Interactive Systems Conference 2021. ACM,
Virtual Event USA, 1143–1158. doi:10.1145/3461778.3462105

[42] Natalie Ishmael, Anura Fernando, Sonja Andrew, and Lindsey Waterton Taylor.
2017. Textile Technologies for the Manufacture of Three-Dimensional Textile
Preforms. Research Journal of Textile and Apparel 21, 4 (Dec. 2017), 342–362.
doi:10.1108/RJTA-06-2017-0034

[43] Yu Jiang, Alice C Haynes, Narjes Pourjafarian, Jan Borchers, and Jürgen Steimle.
2024. Embrogami: Shape-Changing Textiles with Machine Embroidery. In
Proceedings of the 37th Annual ACM Symposium on User Interface Software and
Technology. ACM, Pittsburgh PA USA, 1–15. doi:10.1145/3654777.3676431

[44] Lee Jones, Ahmed Awad, Marion Koelle, and Sara Nabil. 2024. Hand Spinning E-
textile Yarns: Understanding the Craft Practices of Hand Spinners andWorkshop
Explorations with E-textile Fibers andMaterials. InDesigning Interactive Systems
Conference. ACM, IT University of Copenhagen Denmark, 1–19. doi:10.1145/
3643834.3660717

[45] Lee Jones and Sara Nabil. 2022. Goldwork Embroidery: Interviews with Practi-
tioners on Working with Metal Threads and Opportunities for E-textile Hybrid
Crafts. In Creativity and Cognition. ACM, Venice Italy, 364–379. doi:10.1145/
3527927.3532809

[46] Hella Jongerius. 2019. Space Loom #2 | Jongeriuslab Design Studio.
https://jongeriuslab.com/work/seamless-loom.

[47] Veronika Kapsali, Anne Toomey, Raymond Oliver, and Lynn Tandler. 2013.
Biomimetic Spatial and Temporal (4D) Design and Fabrication. In Biomimetic
and Biohybrid Systems, David Hutchison, Takeo Kanade, Josef Kittler, Jon M.
Kleinberg, Friedemann Mattern, John C. Mitchell, Moni Naor, Oscar Nierstrasz,
C. Pandu Rangan, Bernhard Steffen, Madhu Sudan, Demetri Terzopoulos, Doug
Tygar,Moshe Y. Vardi, GerhardWeikum, Nathan F. Lepora, AnnaMura, Holger G.
Krapp, Paul F. M. J. Verschure, and Tony J. Prescott (Eds.). Vol. 8064. Springer
Berlin Heidelberg, Berlin, Heidelberg, 387–389. doi:10.1007/978-3-642-39802-
5_43

[48] Elvin Karana, Bahareh Barati, Valentina Rognoli, and E Zeeuw van der Laan.
2015. Material Driven Design (MDD): A Method to Design for Material Experi-
ences. International Journal of Design, 9, 2 (2015), 35–54.

2482

https://doi.org/10.21608/idj.2020.81528
https://doi.org/10.21608/idj.2020.81528
https://doi.org/10.1007/978-94-007-0868-6_32
https://doi.org/10.2307/j.ctv2n7j1fd
https://doi.org/10.21606/drs.2022.612
https://doi.org/10.1145/3643834.3660738
https://doi.org/10.21606/TI-2023/106
https://doi.org/10.1145/3563657.3596086
https://doi.org/10.48550/arXiv.2403.00473
https://arxiv.org/abs/2403.00473
https://doi.org/10.1177/004051750307300501
https://arxiv.org/abs/https://doi.org/10.1177/004051750307300501
https://doi.org/10.21606/TI-2023/112
https://doi.org/10.1145/3411764.3445600
https://doi.org/10.1145/3532106.3534567
https://doi.org/10.1145/3294109.3295625
https://doi.org/10.1145/2858036.2858192
https://doi.org/10.1145/3544548.3581571
https://doi.org/10.21606/TI-2023/113
https://doi.org/10.21606/TI-2023/113
https://doi.org/10.1177/0040517515617425
https://doi.org/10.1177/0040517516683746
https://doi.org/10.1177/0040517515606361
https://arxiv.org/abs/https://doi.org/10.1177/0040517515606361
https://doi.org/10.1145/2207676.2208280
https://doi.org/10.1145/3586183.3606732
https://doi.org/10.1145/3586183.3606732
https://doi.org/10.1145/3290605.3300890
https://doi.org/10.1145/3290605.3300890
https://doi.org/10.1145/3290605.3300575
https://doi.org/10.1016/B978-0-08-100574-3.00028-X
https://doi.org/10.1080/20511787.2020.1731238
https://doi.org/10.1145/3623509.3635257
https://doi.org/10.1080/14759756.2017.1298239
https://doi.org/10.1162/leon_a_01780
https://doi.org/10.1162/leon_a_01780
https://doi.org/10.1145/3461778.3462105
https://doi.org/10.1108/RJTA-06-2017-0034
https://doi.org/10.1145/3654777.3676431
https://doi.org/10.1145/3643834.3660717
https://doi.org/10.1145/3643834.3660717
https://doi.org/10.1145/3527927.3532809
https://doi.org/10.1145/3527927.3532809
https://doi.org/10.1007/978-3-642-39802-5_43
https://doi.org/10.1007/978-3-642-39802-5_43


Design Space for Animated Shuttle Woven Textile-forms DIS ’25, July 05–09, 2025, Funchal, Portugal

[49] Elvin Karana, Davine Blauwhoff, Erik-Jan Hultink, and Serena Camere. 2018.
When the Material Grows: A Case Study on Designing (with) Mycelium-based
Materials. 12, 2 (2018).

[50] Elvin Karana, Elisa Giaccardi, and Valentina Rognoli. 2017. Materially Yours
(1 ed.). Routledge, New York : Routledge, 2017., 206–221. doi:10.4324/
9781315693309-18

[51] N. Khokar. 1996. 3D Fabric-forming Processes: Distinguishing Between 2D-
weaving, 3D-weaving and an Unspecified Non-interlacing Process. Journal of
the Textile Institute 87, 1 (Jan. 1996), 97–106. doi:10.1080/00405009608659059

[52] N. Khokar. 2001. 3D-Weaving: Theory and Practice. Journal of the Textile
Institute 92, 2 (Jan. 2001), 193–207. doi:10.1080/00405000108659570

[53] Ali Kiaghadi, Seyedeh ZohrehHomayounfar, JeremyGummeson, TrishaAndrew,
and Deepak Ganesan. 2019. Phyjama: Physiological Sensing via Fiber-enhanced
Pyjamas. Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous
Technologies 3, 3 (Sept. 2019), 1–29. doi:10.1145/3351247

[54] Ozgun Kilic Afsar, Ali Shtarbanov, Hila Mor, Ken Nakagaki, Jack Forman, Karen
Modrei, Seung Hee Jeong, Klas Hjort, Kristina Höök, and Hiroshi Ishii. 2021.
OmniFiber: Integrated Fluidic Fiber Actuators for Weaving Movement Based
Interactions into the ‘Fabric of Everyday Life’. In The 34th Annual ACM Sym-
posium on User Interface Software and Technology. ACM, Virtual Event USA,
1010–1026. doi:10.1145/3472749.3474802

[55] Vinzenz Klapper, Kwang-Hoon Jo, Joon-Hyung Byun, Jung-Il Song, and Chee-
Ryong Joe. 2021. 3DWeaving Process : Development of near Net Shape Preforms
and Verification of Mechanical Properties. COMPOSITES RESEARCH 34, 2 (April
2021), 96–100. doi:10.7234/composres.2021.34.2.096

[56] Edward Koppelman. 1964. Methods of and apparatus for weaving shaped fabrics
and articles.

[57] Yuya Koyama, Michiko Nishiyama, and Kazuhiro Watanabe. 2018. Smart Textile
with Plain Weave Structure Using Hetero-Core Optical Fiber Sensor and Wool
Threads. In 2018 International Conference on Intelligent Autonomous Systems
(ICoIAS). IEEE, Singapore, 18–22. doi:10.1109/ICoIAS.2018.8493642

[58] Ryszard M. Kozłowski and Maria Mackiewicz-Talarczyk. 2020. Introduction to
Natural Textile Fibres. In Handbook of Natural Fibres. Elsevier, 1–13. doi:10.
1016/B978-0-12-818398-4.00001-3

[59] Pin-Sung Ku, Kunpeng Huang, and Cindy Hsin-Liu Kao. 2022. Patch-O:
Deformable Woven Patches for On-body Actuation. In CHI Conference on
Human Factors in Computing Systems. ACM, New Orleans LA USA, 1–12.
doi:10.1145/3491102.3517633

[60] Wendy Landry. 2016. Drawloom Velvet_ Exploring a Centuries Old Tradition.
In Textile Society of America Symposium Proceedings. University of Nebrasca,
Lincoln.

[61] Donat J E LaPointe. 1988. Tapered tubular polyester fabric. 6 pages.
[62] Young Suk Lee. 2015. Spiky Starfish: Exploring ’Felt Technology’ Through a

Shape Changing Wearable Bag. In Proceedings of the Ninth International Confer-
ence on Tangible, Embedded, and Embodied Interaction. ACM, Stanford California
USA, 419–420. doi:10.1145/2677199.2690878

[63] Jacqueline Lefferts. 2016. Gestalt Process. Ph. D. Dissertation. Royal College of
Art, London.

[64] Gang Li, Yanping Liu, Ping Lan, Yi Li, and Yuling Li. 2013. A Prospective
Bifurcated Biomedical Stent with Seamless Woven Structure. Journal of the
Textile Institute 104, 9 (Sept. 2013), 1017–1023. doi:10.1080/00405000.2013.767429

[65] Zishun Liu, Xingjian Han, Yuchen Zhang, Xiangjia Chen, Yu-Kun Lai, Eugeni L.
Doubrovski, EmilyWhiting, and Charlie C. L.Wang. 2021. Knitting 4DGarments
with Elasticity Controlled for Body Motion. ACM Transactions on Graphics 40, 4
(Aug. 2021), 1–16. doi:10.1145/3450626.3459868

[66] Shiyan Lu, Xiaogang Chen, Jianbin Nie, and Yi Zhou. 2018. Design and Man-
ufacture of 3D Rectangular Box-Shaped Fabrics. JOURNAL OF INDUSTRIAL
TEXTILES 47, 6 (Feb. 2018), 1212–1225. doi:10.1177/1528083716685904

[67] Yiyue Luo, Kui Wu, Tomás Palacios, and Wojciech Matusik. 2021. KnitUI: Fabri-
cating Interactive and Sensing Textiles with Machine Knitting. In Proceedings
of the 2021 CHI Conference on Human Factors in Computing Systems. ACM,
Yokohama Japan, 1–12. doi:10.1145/3411764.3445780

[68] Ali Maziz, Alessandro Concas, Alexandre Khaldi, Jonas Stålhand, Nils-Krister
Persson, and Edwin W. H. Jager. 2017. Knitting and Weaving Artificial Muscles.
Science Advances 3, 1 (Jan. 2017), e1600327. doi:10.1126/sciadv.1600327

[69] Holly McQuillan. 2020. Zero Waste Systems Thinking: Multimorphic Textile-
Forms. Ph. D. Dissertation. University of Borås, Faculty of Textiles, Engineering
and Business., Borås: Högskolan i Borås,.

[70] Holly McQuillan. 2023. Multimorphic Textiles (1 ed.). Routledge, New York,
30–45. doi:10.4324/9781003260356-3

[71] Holly McQuillan and Elvin Karana. 2023. Conformal, Seamless, Sustainable:
Multimorphic Textile-forms as a Material-Driven Design Approach for HCI. In
Proceedings of the 2023 CHI Conference on Human Factors in Computing Systems.
ACM, Hamburg Germany, 1–19. doi:10.1145/3544548.3581156

[72] Holly McQuillan, Milou Voorwinden, Bente Arts, and Barbara Vroom. 2023. The
Circular Techno-Aesthetics of Woven Textile-forms: A Material and Process-
driven Design Exploration. (2023).

[73] Holly McQuillan, Kathryn Walters, and Karin Peterson. 2021. Critical Textile
Topologies X Planet City: The Intersection of Design Practice and Research.
Research in Arts and Education 2021, 1 (Feb. 2021), 241–268. doi:10.54916/rae.
119326

[74] Elizabeth Meiklejohn, Laura Devendorf, and Irene Posch. 2024. Design Book-
keeping: Making Practice Intelligible through a Managerial Lens. In Designing
Interactive Systems Conference. ACM, IT University of Copenhagen Denmark,
35–49. doi:10.1145/3643834.3660754

[75] Elizabeth Meiklejohn, Felicita Devlin, John Dunnigan, Patricia Johnson, Joy Xi-
aoji Zhang, Steve Marschner, Brooks Hagan, and Joy Ko. 2022. Woven Be-
havior and Ornamentation: Simulation-Assisted Design and Application of
Self-Shaping Woven Textiles. Proceedings of the ACM on Computer Graphics and
Interactive Techniques 5, 4 (Sept. 2022), 1–12. doi:10.1145/3533682

[76] Elizabeth Meiklejohn, Brooks Hagan, and Joy Ko. 2022. Rapid Sketching of
Woven Textile Behavior: The Experimental Use of Parametric Modeling and
Interactive Simulation in the Weaving Process. Computer-Aided Design 149
(Aug. 2022), 103263. doi:10.1016/j.cad.2022.103263

[77] Nikita K. P. Menon, Eldy S. Lazaro Vasquez, Hannah Curran, Sasha De Koninck,
and Laura Devendorf. 2023. Weaving Augmented Reality Markers. In Adjunct
Proceedings of the 2023 ACM International Joint Conference on Pervasive and
Ubiquitous Computing & the 2023 ACM International Symposium on Wearable
Computing. ACM, Cancun, Quintana Roo Mexico, 310–314. doi:10.1145/3594739.
3610786

[78] Jussi Mikkonen and Emmi Pouta. 2015. Weaving Electronic Circuit into Two-
Layer Fabric. In Proceedings of the 2015 ACM International Joint Conference on
Pervasive and Ubiquitous Computing and Proceedings of the 2015 ACM Interna-
tional Symposium on Wearable Computers - UbiComp ’15. ACM Press, Osaka,
Japan, 245–248. doi:10.1145/2800835.2800936

[79] Yoshiyuki Minami. 2022. MANONIK.
[80] Valentina Montero and Sandra De Berduccy. 2021. Spinning the Conductors of

an Indigenous Tradition: Toward a Continuity of Traditional Andean Weaving
with New Electronic Technologies. Proceedings of the ACM on Computer Graphics
and Interactive Techniques 4, 2 (July 2021), 1–12. doi:10.1145/3465622

[81] Manideepa Mukherjee. 2019. Challenges and Opportunities of Textile Based
Smart Sanitary Napkin Design. In Adjunct Proceedings of the 2019 ACM Interna-
tional Joint Conference on Pervasive and Ubiquitous Computing and Proceedings
of the 2019 ACM International Symposium on Wearable Computers. ACM, London
United Kingdom, 1044–1046. doi:10.1145/3341162.3349572

[82] Digital Weaving Norway. 2024. TC2 Loom| Digital Weaving Machine.
https://digitalweaving.no/tc2-loom/.

[83] Melanie J. Olde. 2022. Creating Auxetic Structures in Three-Dimensional Weav-
ing. In Proceedings of Bridges 2022: Mathematics, Art, Music, Architecture, Culture,
David Reimann, Douglas Norton, and Eve Torrence (Eds.). Tessellations Pub-
lishing, Phoenix, Arizona, 421–424. http://archive.bridgesmathart.org/2022/
bridges2022-421.html

[84] Doenja Oogjes and RonWakkary. 2022. Weaving Stories: Toward Repertoires for
Designing Things. In CHI Conference on Human Factors in Computing Systems.
ACM, New Orleans LA USA, 1–21. doi:10.1145/3491102.3501901

[85] Daniëlle Ooms, Nick Voskuil, Kristina Andersen, and Hanna Ottilia Wallner.
2020. Ruta, a Loom for Making Sense of Industrial Weaving. In Companion
Publication of the 2020 ACM Designing Interactive Systems Conference. ACM,
Eindhoven Netherlands, 337–340. doi:10.1145/3393914.3395815

[86] Yasith Sanura Perera, Rajapaksha Mudiyanselage Himal Wido Muwanwella,
Philip Roshan Fernando, Sandun Keerthichandra Fernando, and Thantirige
Sanath Siroshana Jayawardana. 2021. Evolution of 3D Weaving and 3D Woven
Fabric Structures. Fashion and Textiles 8, 1 (March 2021), 11. doi:10.1186/s40691-
020-00240-7

[87] Anna Piper and Katherine Townsend. 2015. Crafting the Composite Garment:
The Role of HandWeaving in Digital Creation. Journal of Textile Design Research
and Practice 3, 1-2 (July 2015), 3–26. doi:10.1080/20511787.2015.1127037

[88] Irene Posch. 2020. Burglar Alarm: More Than 100 Years of Smart Textiles. In
Companion Publication of the 2020 ACM Designing Interactive Systems Conference.
ACM, Eindhoven Netherlands, 473–476. doi:10.1145/3393914.3395847

[89] Ivan Poupyrev, Nan-Wei Gong, Shiho Fukuhara, Mustafa Emre Karagozler,
Carsten Schwesig, and Karen E. Robinson. 2016. Project Jacquard: Interactive
Digital Textiles at Scale. In Proceedings of the 2016 CHI Conference on Human
Factors in Computing Systems. ACM, San Jose California USA, 4216–4227. doi:10.
1145/2858036.2858176

[90] Emmi Pouta and Jussi Mikkonen. 2019. Hand Puppet as Means for eTextile
Synthesis. In Proceedings of the Thirteenth International Conference on Tangible,
Embedded, and Embodied Interaction. ACM, TempeArizonaUSA, 415–421. doi:10.
1145/3294109.3300987

[91] Emmi Pouta and Jussi Ville Mikkonen. 2022. Woven eTextiles in HCI — a
Literature Review. In Designing Interactive Systems Conference. ACM, Virtual
Event Australia, 1099–1118. doi:10.1145/3532106.3533566

[92] Emmi Pouta, Jussi VilleMikkonen, andAntti Salovaara. 2024. Opportunities with
Multi-Layer Weave Structures in Woven E-Textile Design. ACM Transactions on
Computer-Human Interaction 31, 5 (Oct. 2024), 1–38. doi:10.1145/3689039

2483

https://doi.org/10.4324/9781315693309-18
https://doi.org/10.4324/9781315693309-18
https://doi.org/10.1080/00405009608659059
https://doi.org/10.1080/00405000108659570
https://doi.org/10.1145/3351247
https://doi.org/10.1145/3472749.3474802
https://doi.org/10.7234/composres.2021.34.2.096
https://doi.org/10.1109/ICoIAS.2018.8493642
https://doi.org/10.1016/B978-0-12-818398-4.00001-3
https://doi.org/10.1016/B978-0-12-818398-4.00001-3
https://doi.org/10.1145/3491102.3517633
https://doi.org/10.1145/2677199.2690878
https://doi.org/10.1080/00405000.2013.767429
https://doi.org/10.1145/3450626.3459868
https://doi.org/10.1177/1528083716685904
https://doi.org/10.1145/3411764.3445780
https://doi.org/10.1126/sciadv.1600327
https://doi.org/10.4324/9781003260356-3
https://doi.org/10.1145/3544548.3581156
https://doi.org/10.54916/rae.119326
https://doi.org/10.54916/rae.119326
https://doi.org/10.1145/3643834.3660754
https://doi.org/10.1145/3533682
https://doi.org/10.1016/j.cad.2022.103263
https://doi.org/10.1145/3594739.3610786
https://doi.org/10.1145/3594739.3610786
https://doi.org/10.1145/2800835.2800936
https://doi.org/10.1145/3465622
https://doi.org/10.1145/3341162.3349572
http://archive.bridgesmathart.org/2022/bridges2022-421.html
http://archive.bridgesmathart.org/2022/bridges2022-421.html
https://doi.org/10.1145/3491102.3501901
https://doi.org/10.1145/3393914.3395815
https://doi.org/10.1186/s40691-020-00240-7
https://doi.org/10.1186/s40691-020-00240-7
https://doi.org/10.1080/20511787.2015.1127037
https://doi.org/10.1145/3393914.3395847
https://doi.org/10.1145/2858036.2858176
https://doi.org/10.1145/2858036.2858176
https://doi.org/10.1145/3294109.3300987
https://doi.org/10.1145/3294109.3300987
https://doi.org/10.1145/3532106.3533566
https://doi.org/10.1145/3689039


DIS ’25, July 05–09, 2025, Funchal, Portugal Voorwinden et al.

[93] Qmatex. 2024. QS-S-2-300. https://www.qmatex.com/weaving-
machines/technical-looms/qs-s-2-300/.

[94] RailReed. 2024. RailReed. https://www.railreed.ee/en.
[95] Miriam Ribul, Kate Goldsworthy, and Carole Collet. 2021. Material-Driven

Textile Design (MDTD): A Methodology for Designing Circular Material-Driven
Fabrication and Finishing Processes in the Materials Science Laboratory. Sus-
tainability 13, 3 (Jan. 2021), 1268. doi:10.3390/su13031268

[96] Ann Richards. 2021. Weaving: Structure and Substance. The Crowood Press,
Ramsbury.

[97] Maarit Salolainen, Maija Fagerlund, and Anna-Mari Leppisaari. 2023. Interwoven,
Exploring Materials and Structures (2 ed.). Aalto University Publication Series.

[98] Laura Santos, Mara Dionisio, and Pedro Campos. 2024. TapeStory: Exploring
the Storytelling Potential of Interactive Tapestries. In Creativity and Cognition.
ACM, Chicago IL USA, 686–699. doi:10.1145/3635636.3656211

[99] Stefan Schindler, Hans-Jürgen Bauder, Jürgen Wolfrum, Jürgen Seibold, Ne-
manja Stipic, Larissa Von Wascinski, Meike Tilebein, and Götz Theodor Gresser.
2019. Engineering of Three-Dimensional near-Net-Shape Weave Structures for
High Technical Performance in Carbon Fibre–Reinforced Plastics. Journal of
Engineered Fibers and Fabrics 14 (Jan. 2019), 1558925019861239. doi:10.1177/
1558925019861239

[100] Jane Scott. 2013. Hierarchy in Knitted Forms: Environmentally Responsive
Textiles for Architecture. In ACADIA 2013: Adaptive Architecture. Cambridge
(Ontario), Canada, 361–366. doi:10.52842/conf.acadia.2013.361

[101] Jane Scott. 2018. Responsive Knit: The Evolution of a Programmable Material
System. In Design Research Society Conference 2018. doi:10.21606/drs.2018.566

[102] Jan Shenton. 2014. Woven Textile Design. Laurence King Publishing, London.
[103] Yuyuan Shi, Lindsey Waterton Taylor, Vien Cheung, and Abu Sadat Muhammad

Sayem. 2022. Biomimetic Approach for the Production of 3D Woven Spherical
Composite Applied in Apparel Protection and Performance. Applied Composite
Materials 29, 1 (Feb. 2022), 159–171. doi:10.1007/s10443-021-09936-5

[104] Yuyuan Shi, Lindsey Waterton Taylor, Amanda Kulessa, Vien Cheung, and Abu
Sadat Muhammad Sayem. 2024. Re-Engineer Apparel Manufacturing Processes
with 3D Weaving Technology for Efficient Single-Step Garment Production.
iScience 27, 8 (Aug. 2024), 110315. doi:10.1016/j.isci.2024.110315

[105] Rose Sinclair. 2014. Textiles and Fashion: Materials, Design and Technology.
Elsevier.

[106] Norma Smayda and Gretchen White. 2017. Ondulé Textiles: Weaving Contours
with a Fan Reed. Schiffer Publishing Ltd, Atglen, PA.

[107] The Royal Society. 2021. Animate Materials. The Royal Society.
[108] Sven Steinmetz. [n. d.]. Seamless Top.
[109] Ruojia Sun, Ryosuke Onose, Margaret Dunne, Andrea Ling, Amanda Denham,

and Hsin-Liu (Cindy) Kao. 2020. Weaving a Second Skin: Exploring Opportuni-
ties for Crafting On-Skin Interfaces ThroughWeaving. In Proceedings of the 2020
ACM Designing Interactive Systems Conference. ACM, Eindhoven Netherlands,
365–377. doi:10.1145/3357236.3395548

[110] Lynn Tandler. 2016. The Role of Weaving in Smart Material Systems. Ph. D.
Dissertation. University of Northumbria, Newcastle.

[111] Pelin Gurkan Unal. 2012. 3D Woven Fabrics. IntechOpen.
[112] Unspun. 2024. Unspun. https://www.unspun.io/.
[113] Ty Van De Zande and Dan Lockton. 2017. Printerface: Screen Printed Elec-

troluminescent Touch Interface. In Proceedings of the 2017 ACM International
Conference on Interactive Surfaces and Spaces. ACM, Brighton United Kingdom,
450–453. doi:10.1145/3132272.3132286

[114] Pauline Van Dongen, Ellen Britton, Anna Wetzel, Rogier Houtman, Ahmed Mo-
hamed Ahmed, and Stephanie Ramos. 2022. Suntex: Weaving Solar Energy
into Building Skin. Journal of Facade Design and Engineering 10, 2 (Dec. 2022),
141–160. doi:10.47982/jfde.2022.powerskin.9

[115] Duy Minh Phuong Vo, Gerald Hoffmann, and Chokri Cherif. 2018. Novel
Weaving Technology for the Manufacture of 2D Net Shape Fabrics for Cost
Effective Textile Reinforced Composites. Autex Research Journal 18, 3 (Sept.
2018), 251–257. doi:10.1515/aut-2018-0005

[116] Kathryn Walters. 2021. 2D to 3D Workshop: A Method for Teaching Form-
Generating Processes through the Exploration of Contrasting Material Com-
binations. 3rd Interdisciplinary and Virtual Conference on Arts in Education
(2021).

[117] Kathryn Walters, Laura Devendorf, and Karin Landahl. 2024. Animated Linen:
Using High-twist Hygromorphic Yarn to Produce Interactive Woven Textiles.
In DIS ’24. ACM, Denmark. doi:10.1145/3643834.3662146

[118] KathrynWalters and Veronika Kapsali. 2023. From Boxfish to Twistbox: Develop-
ing a Woven Textile Hinge Through Bio-inspired Design. In Textile Intersections
2023. Design Research Society. doi:10.21606/TI-2023/108

[119] Yanan Wang, Hebo Gong, and Zhitong Cui. 2021. ScenThread: Weaving Smell
into Textiles. In Adjunct Proceedings of the 34th Annual ACM Symposium on User
Interface Software and Technology. ACM, Virtual Event USA, 83–85. doi:10.1145/
3474349.3480235

[120] Lindsay Waterton Taylor. 2017. Woven Fabrics. In Textile and Clothing Design
Technology (1 ed.), Tom Cassidy and Parikshit Goswami (Eds.). CRC Press, Boca
Raton : Taylor & Francis, a CRC title, part of the Taylor & Francis imprint, a

member of the Taylor & Francis Group, the academic division of T&F Informa,
plc, [2018], 143–194. doi:10.1201/9781315156163

[121] WilliamWatson and Zygmunt J. Grosicki (Eds.). 2004. Watson’s Advanced Textile
Design: Compound Woven Structures (fourth edition ed.). Woodhead Publishing,
Abington.

[122] Calvin Woodings. 2001. Regenerated Cellulose Fibres. Elsevier.
[123] Rundong Wu, Joy Xiaoji Zhang, Jonathan Leaf, Xinru Hua, Ante Qu, Claire

Harvey, Emily Holtzman, Joy Ko, Brooks Hagan, Doug James, François Guim-
bretière, and Steve Marschner. 2020. Weavecraft: An Interactive Design and
Simulation Tool for 3D Weaving. ACM Transactions on Graphics 39, 6 (Dec.
2020), 1–16. doi:10.1145/3414685.3417865

[124] Shanel Wu, Xavier A Corr, Xi Gao, Sasha De Koninck, Robin Bowers, and Laura
Devendorf. 2024. Loom Pedals: Retooling Jacquard Weaving for Improvisational
Design Workflows. In Proceedings of the Eighteenth International Conference
on Tangible, Embedded, and Embodied Interaction. ACM, Cork Ireland, 1–16.
doi:10.1145/3623509.3633358

[125] Shanel Wu and Laura Devendorf. 2020. Unfabricate: Designing Smart Textiles
for Disassembly. In Proceedings of the 2020 CHI Conference on Human Factors in
Computing Systems. ACM, Honolulu HI USA, 1–14. doi:10.1145/3313831.3376227

[126] Jiakun Yu, Supun Kuruppu, Biyon Fernando, Praneeth Bimsara Perera, Yuta
Sugiura, Sriram Subramanian, and Anusha Withana. 2024. IrOnTex: Using
Ironable 3D Printed Objects to Fabricate and Prototype Customizable Interactive
Textiles. Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous
Technologies 8, 3 (Aug. 2024), 1–26. doi:10.1145/3678543

[127] Chao Yuan, Nan Cao, and Yang Shi. 2023. A Survey of Developable Surfaces:
From Shape Modeling to Manufacturing. arXiv:2304.09587 [cs]

[128] Jingwen Zhu, Nadine El Nesr, Christina Simon, Nola Rettenmaier, Kaitlyn Beiler,
and CindyHsin-Liu Kao. 2023. BioWeave:Weaving Thread-Based Sweat-Sensing
On-Skin Interfaces. In Proceedings of the 36th Annual ACM Symposium on User
Interface Software and Technology. ACM, San Francisco CA USA, 1–11. doi:10.
1145/3586183.3606769

[129] Jingwen Zhu, Lily Winagle, and Hsin-Liu (Cindy) Kao. 2024. EcoThreads: Pro-
totyping Biodegradable E-textiles Through Thread-based Fabrication. In Pro-
ceedings of the CHI Conference on Human Factors in Computing Systems. ACM,
Honolulu HI USA, 1–17. doi:10.1145/3613904.3642718

A Online Resources
downloadable design space poster

2484

https://doi.org/10.3390/su13031268
https://doi.org/10.1145/3635636.3656211
https://doi.org/10.1177/1558925019861239
https://doi.org/10.1177/1558925019861239
https://doi.org/10.52842/conf.acadia.2013.361
https://doi.org/10.21606/drs.2018.566
https://doi.org/10.1007/s10443-021-09936-5
https://doi.org/10.1016/j.isci.2024.110315
https://doi.org/10.1145/3357236.3395548
https://doi.org/10.1145/3132272.3132286
https://doi.org/10.47982/jfde.2022.powerskin.9
https://doi.org/10.1515/aut-2018-0005
https://doi.org/10.1145/3643834.3662146
https://doi.org/10.21606/TI-2023/108
https://doi.org/10.1145/3474349.3480235
https://doi.org/10.1145/3474349.3480235
https://doi.org/10.1201/9781315156163
https://doi.org/10.1145/3414685.3417865
https://doi.org/10.1145/3623509.3633358
https://doi.org/10.1145/3313831.3376227
https://doi.org/10.1145/3678543
https://arxiv.org/abs/2304.09587
https://doi.org/10.1145/3586183.3606769
https://doi.org/10.1145/3586183.3606769
https://doi.org/10.1145/3613904.3642718

	Abstract
	1 Introduction
	2 Related Works
	2.1 Animated Woven Textiles in HCI
	2.2 Shuttle Weaving for 3D Form
	2.3 Woven Textile-forms

	3 Our Approach
	3.1 Methodology

	4 Design Space for Animated Woven Textile-forms
	4.1 Material Process
	4.2 Material Ingredients
	4.3 Material structure
	4.4 Material Form

	5 The Potential of Shuttle Weaving for Animated Woven Textile-forms
	5.1 Design Case: Animated Woven Textile-form Trouser
	5.2 Experiments with Shuttle weaving for local material placement and multiple layers
	5.3 Experiments with Shuttles for Multilayer Zone Transitions for Form
	5.4 Trouser Prototype

	6 Discussion
	6.1 Enabling collaborations through shared language
	6.2 Unlocking the potentials of looms in HCI and Industry
	6.3 Limitations and future work
	6.4 Final Reflections and Conclusion

	Acknowledgments
	References
	A Online Resources

