
MetaCanvas: A Toolkit for Prototyping Tessellation-Based
Shape-Changing Structures by Cut-and-Configure Authoring

Lina Zhang
School of Creative Media, City

University of Hong Kong
Hong Kong SAR, China

linazhang8-c@my.cityu.edu.hk

Zhian Hu
University of Washington

Seattle, USA
hza25@uw.edu

Jianhui Yan
University of Glasgow

Glasgow, UK
3177699Y@student.gla.ac.uk

Yibin Huai
School of Creative Media, City

University of Hong Kong
Hong Kong SAR, China

yibihuai-c@my.cityu.edu.hk

Ziqi Fang
Monash University
Melbourne, Australia

ziqi@exertiongameslab.org

Kening Zhu∗
School of Creative Media, City

University of Hong Kong
Hong Kong SAR, China
keninzhu@cityu.edu.hk

Figure 1: MetaCanvas supports a cut-and-configure workflow on a reusable actuated tessellation substrate. (a) Users cut the
active canvas to define the artifact outline. (b) The Design and Simulation Interface specifies outlines, motion regions, and
circuit assignments; the Motion Setup Case tunes temporal parameters on the fabricated artifact. (c) Applications. Top: A frog
demonstration with independently actuated limbs; bottom: a wearable-expression concept with replaceable side modules.

Abstract
Origami tessellation offers a promising substrate for shape-changing
interfaces, yet prototyping such structures remains labor-intensive:
users often need to assemble modular parts or rebuild structures to
explore alternative forms and motions. This limits rapid iteration,
especially when motion behavior needs to be revised after fabrica-
tion. We present MetaCanvas, a prototyping toolkit that supports
the design of tessellation-based shape-changing structures through
a reusable active canvas and a cut-and-configure workflow. The
toolkit combines a pre-fabricated tessellation substrate with em-
bedded actuation, a digital interface for specifying cut patterns and
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motion regions, and a tangible controller for adjusting actuation
parameters without re-fabrication. This workflow enables users to
customize shape and iteratively tune motion on the same canvas.
We evaluate MetaCanvas through technical characterization, five
demonstration artifacts, and a design study with 12 participants.
The results show that MetaCanvas supports rapid customization of
tessellation structures, localizedmotion design, and post-fabrication
exploration of shape-changing behaviors. Based on these findings,
we discuss how reusable and reconfigurable substrates can broaden
the design space of shape-changing interface prototyping.

CCS Concepts
• Human-centered computing → Systems and tools for inter-
action design.
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1 Introduction
Shape-changing interfaces bring computation into the physical
world by expressing digital states through changes in form, motion,
and material behavior [20, 41]. Among the structural strategies
explored in HCI [23, 37, 47, 58], origami tessellations have emerged
as a compelling substrate because repeated geometric patterns such
as Yoshimura, Miura, and Kresling can produce predictable yet
expressive deformations [6, 50]. Their foldable geometry, regular
motion behavior, and visual appeal have motivated a growing body
of work on interactive artifacts and prototyping toolkits based on
tessellated structures [6, 45].

Despite this promise, prototyping tessellation-based shape-changing
structures remains di�cult. Many existing approaches require users
to assemble pre-fabricated modules or fabricate a new structure
for each design iteration [6, 58]. As a result, the �nal prototype is
often constrained by a prede�ned module geometry, coarse motion
regions, or fabrication work�ows that are di�cult to revise once the
structure has been built. For users with limited origami or electron-
ics expertise, this makes it hard to explore alternative forms quickly,
recover from fabrication mistakes, or re�ne motion behavior after
fabrication. Current work�ows therefore make shape and motion
customization possible, but they do not make iteration easy.

One way to address this challenge is to treat tessellation-based
structures as mechanical metamaterials whose global behaviors
emerge from the geometry and arrangement of local unit cells
rather than from the base material alone [2, 18]. In HCI, this per-
spective opens up opportunities to treat tessellated structures as
programmable physical substrates. By embedding actuation and
conductive pathways into local cells, users can create localized de-
formation, recon�gurable motion, and integrated transformation
behaviors without relying entirely on bulky external mechanisms or
complex assembly [2,5,54]. Prior work has demonstrated many rele-
vant actuation strategies for dynamic materials and shape-changing
interfaces, including wires [36, 58], shape-memory alloys (SMAs)
[16, 32], �uids [ 6, 21], motors [33, 38], pneumatics [13, 57], and mag-
netics [14]. These strategies, however, do not resolve the work�ow
problem on their own. Users still need accessible ways to customize
and revise both form and motion on a physical prototype.

To support this kind of iteration, we present MetaCanvas, a pro-
totyping toolkit for tessellation-based shape-changing structures
that combines a reusable active substrate with a cut-and-con�gure
work�ow (Fig. 1). Rather than asking users to assemble a struc-
ture from modular parts or fabricate a new prototype from scratch,
MetaCanvas lets them customize a pre-fabricated tessellation can-
vas with embedded SMAs and conductive traces through cutting,
circuit assignment, and motion tuning. The toolkit integrates three
components: a reusable active canvas composed of actuated trian-
gular unit cells with SMAs; a Design and Simulation Interface for

specifying outlines and motion regions and previewing transfor-
mations; and a portable Motion Setup Case for adjusting motion
order, speed, actuation duration, repetition count, and the interval
between folding and unfolding directly on the fabricated artifact. A
typical MetaCanvas work�ow distributes authoring across digital
and physical stages. Users �rst explore candidate shapes and motion
regions in the Design and Simulation Interface, which previews
approximate transformations and exports the cut outline together
with the corresponding circuit schematic. Guided by this schematic,
users then cut the physical canvas�rather than assembling separate
modules or manually attaching SMAs�connect the relevant motion
regions by sliding actuators into place, and re�ne temporal motion
parameters on the artifact itself.

We evaluate MetaCanvas through technical characterization,
�ve application examples, and a design study with 12 participants.
Together, these investigations examine how MetaCanvas supports
form customization, localized motion design, and iteration across
its digital planning and physical con�guration stages. Our �ndings
show that MetaCanvas enables users to create diverse tessellation-
based structures, repair or reinterpret locally mis-cut prototypes
when fabrication errors occur, and keep revising motion without
rebuilding the entire artifact. More broadly, the work points to the
value of reusable active substrates for expanding shape-changing
prototyping beyond one-o� fabrication.

In summary, this paper makes three contributions:
� MetaCanvas, a reusable prototyping toolkit that combines an

active tessellation canvas, a design and simulation interface, and
a tangible controller that supports a cut-and-con�gure work�ow
for tessellation-based shape-changing structures.

� A technical characterization of active unit cells and structure-
level behaviors, showing how localized deformation and motion
tuning can be achieved across di�erent tessellation con�gura-
tions.

� Application examples and a design study demonstrating
how reusable active substrates support rapid customization, post-
fabrication iteration, and broader exploration in shape-changing
interface design.

2 Related Work
2.1 Hands-on Toolkits for Prototyping

Shape-Changing Systems
Recent HCI research has lowered the barrier to shape-changing
prototyping by o�ering hands-on toolkits that let users assemble,
customize, or craft dynamic structures without engineering each
device from scratch. MiuraKit [6] and PneuBots [57] support novice
exploration of pneumatic shape change through modular construc-
tion, while MorphMatrix [7] and Mimosa [28] frame shape change
as a toolkit problem for design exploration rather than a one-o�
engineering task [6, 7, 22, 28, 57]. 4Doodle [48] similarly broadens
access to transformable artifact fabrication by replacing specialized
4D-printing work�ows with a more craft-oriented process.

The systems closest to our work are ThreadTessel [58] and
Robotic Metamaterials [5]. ThreadTessel provides a modular origami-
tessellation toolkit for thread-actuated shape-changing structures,
while Robotic Metamaterials enables hands-on con�guration of
repeated-cell dynamic applications through modular active units.
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