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Figure 1: Any spatial quad net (black) admits a checkerboard pattern: every second face is (a) a t-parallelogram (blue) or (b) a
f-parallelogram (yellow) whose vertices glide along successive edges with cyclic ratios (t,1—t,t,1—t) or (1—-¢t,t,1—t,t),t € [0,1];
the remaining faces are general spatial quads (white). These parallelograms form the initial open kirigami layout; after global
optimization they isometrically snap into a programmed open state (d) and two closed states (c, ). Enforcing mutual similarity
among all parallelogram panels yields an isogonal diagonal net—ideal for computational design and fabrication.

Abstract

Kirigami patterns, unfolding like deployable nets, intrinsically sup-
ply the negative-Poisson’s-ratio motion demanded by auxetic meta-
materials. Current designs are limited by bottom-up, case-specific
analyses. We bypass these bottlenecks with a controllable kirigami
framework driven by three geometric numbers: a glide ratio t and
two global shape parameters (A, y) that fix every auxetic quad panel
to mutual similarity. A checkerboard of identically-shaped paral-
lelograms—auxetic quad panels—is inscribed on every second face
of a control net, making the diagonal net isogonal and simplifying

“Corresponding author.

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for third-party components of this work must be honored.
For all other uses, contact the owner/author(s).

SCF Adjunct °25, Cambridge, MA, USA

© 2025 Copyright held by the owner/author(s).

ACM ISBN 979-8-4007-2295-0/25/11

https://doi.org/10.1145/3774746.3779254

inverse-design form-finding. Global programming of open/closed
states proceeds under local edge-length constraints and isometric
optimization, while identical panels guarantee low-cost scalable
fabrication. Initial experiments validate the pipeline: similar auxetic
quads fully open on the target surface, and their compact planar
development reveals a non-trivial kirigami pattern.
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1 Introduction

Auxetic metamaterials—whose negative Poisson’s ratio enables
unique mechanical responses—have attracted intense interest for
biomedical, aerospace and soft robotics. Existing strategies (rotat-
ing rigid units, star lattices, re-entrant honeycombs, chiral frame-
works, and topology-optimized lattices) are hindered by hinge
stress, anisotropy, scale-up difficulties, high computational cost and
fabrication complexity [Zhang et al. 2025]. Most are case-specific
and lack a systematic route to large-scale, low-cost production.

Recent multi-state shape-morphing auxetics [Jiang et al. 2022]
show that geometric programming based on conformal geometry
can unify inverse design and continuous transition between ex-
treme auxetic states, breaking the bottleneck of traditional bottom-
up searches [Dudte et al. 2023]. Building on this insight, we propose
a controllable kirigami framework governed by explicit geometric
rules. Every rigid auxetic quad panel is identical in shape, cutting
tooling costs and enabling reliable mass production, while the para-
metric design space delivers predictable, programmable transitions
between fully open and fully closed auxetic extremes.

2 Method

Guaranteeing panel regularity while preserving fabrication-friendly
simplicity remains non-trivial; we therefore seek a programmable
kirigami framework that delivers auxetic behavior across multi-
state configurations. We start from a single spatial quad that con-
tains an inscribed parallelogram whose edges slide with a constant
ratiot or f = 1 —t € [0,1], and extend this rule to a quad net
by marking every second face (Fig. 1). The resulting Checkerboard
Pattern (CBP) [Jiang et al. 2019] furnishes the initial kirigami lay-
out (Fig. 2-(a)). To make all panels mutually similar, we enforce
global geometric constraints: every inscribed parallelogram shares
the same interior angle and its diagonals intersect at a uniform
angle—equivalently, fixed shape ratios (A, p) tied to an isogonal net
[Wang et al. 2025]. We then determine when the framework stays
open (Fig. 1-(d)) and how it can close along two distinct directions,
yielding two different closed states (Fig. 1-(c,e)). The following
provides the computational design foundations:

e Rigid auxetic quad panels are inscribed parallelograms of the
control net, split into two classes: t-parallelograms (Fig. 1-(a))
and #-parallelograms (Fig. 1-(b)) distinguished by the cyclic
edge-gliding ratios (¢,1 —¢,t,1 —¢) or (1 —t,¢,1 —t,t) that
position their vertices along successive edges. At t = 0.5
the CBP coincides with a mid-edge subdivision [Jiang et al.
2019].

o Fixing the shape ratios (A, y) for every (t,f)—parallelogram
makes all auxetic quads mutually similar and generates an
isogonal diagonal net; the single triple (¢, A, ) thereby gov-
erns the scale and shape of every auxetic quad globally.

e Solve for the global variable set X = {V,P, t, A, u} under geo-
metric constraints that encode (i) prescribed edge-gliding
ratios, (ii) mutual similarity of all parallelograms, (iii) shrink-
able checkerboard holes, and (iv) any user-specified objec-
tives such as shape approximation; V are control-mesh ver-
tices, P are the edge-gliding vertices of all parallelograms,
and (¢, A, y) are three scalar parameters. Fully open and fully
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Figure 2: (a) A CBP whose alternating facets (blue and yel-
low) are (0.4, 0.6)—parallelograms is extracted from a general
quad net (black). (b) The parallelograms are optimized to be
similar while the checkerboard holes (white) are tuned to
become collapsible seams; after unrolling they shrink to line
segments as shown in (c). The diagonal net (green) of the
black control net in (b) is isogonal: its two diagonal families
meet at a constant angle. (c) Planar kirigami pattern corre-
sponding to (b); all matching parallelograms are isometric.

closed auxetic extremes are obtained by enforcing isometric
correspondence between states (Fig. 2).

3 Results and future work

We present a controllable kirigami framework in which every
rigid quad panel—an inscribed parallelogram of a prescribed-ratio
quad net—is mutually similar, slashing digital-fabrication costs. The
framework exploits the isogonal diagonal net of the underlying
control net, whose geometric properties guide shape exploration.

Ongoing work will use discrete differential geometry to com-
pute auxetic kirigami patterns from isogonal nets, enabling pro-
grammable switching between closed and open configurations
(2D & 3D and 3D < 3D) toward a fully designable system for
auxetic structures. Future work will incorporate material and force
properties for applied fabrication.

References

Levi H Dudte, Gary PT Choi, Kaitlyn P Becker, and L Mahadevan. 2023. An additive
framework for kirigami design. Nature Computational Science 3, 5 (2023), 443-454.

Caigui Jiang, Chi-Han Peng, Peter Wonka, and Helmut Pottmann. 2019. Checkerboard
patterns with black rectangles. ACM TOG 38, 6 (2019), 171:1-13.

Caigui Jiang, Florian Rist, Hui Wang, Johannes Wallner, and Helmut Pottmann. 2022.
Shape-morphing mechanical metamaterials. Computer-Aided Design 143 (2022),
103146.

Hui Wang, Xinye Li, Zhi Li, and Cheng Wang. 2025. Discrete isogonal nets with similar
parallelograms. Computer-Aided Design 247 (2025), 103937.

Yi Zhang, Wei Zhong Jiang, Wei Jiang, Xiang Yu Zhang, Jun Dong, Yi Min Xie, Ken E
Evans, and Xin Ren. 2025. Recent advances of auxetic metamaterials in smart
materials and structural systems. Advanced Functional Materials (2025), 2421746.



	Abstract
	1 Introduction
	2 Method
	3 Results and future work
	References

