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This paper explains a method will be used during a workshop for constructing
complex-curved geometry with quad edge panels. In this workshop, we
demonstrate that quad-edge mesh data structure can efficiently be used to
construct complex large shapes. With hands-on experiments, we will show a vast
variety of shapes can be constructed using square, rectangular, parallelogram
and extruded-line shaped panels. In addition, using a system we have recently
developed to unfold polygonal mesh, we will demonstrate how desired shapes can
be constructed by using laser-cut quadrilateral panels. This approach is
particularly suitable to construct complicated sculptural and architectural shapes
from anisotropic materials that can only be bended in one direction.
Keywords: Shape Modeling, Physical Construction, Complex-Curved Geometry,
Digital Fabrication

INTRODUCTION
Currently, the most readily available digital fabrication tool is ﬂat cutting technology such as laser cutters or 3-axis CNC routers. In general, this workshop
introduces a simple method of fabrication, allowing
complex forms with positive or negative Gaussian
curvatures to be constructed from planar surfaces.
In this workshop, we demonstrate our current
progress for the realization of complex 3D surfaces
and structures that are assembled from 2D planar
shapes (Akleman et al. 2016). Our goal is to construct
physical structures that can be raised and formed in
3-space using minimal amount of planar materials.
In current construction processes with panels, we as-

sume that we can use isotropic materials such as paper or thin metal that can provide forming any developable shape.
On the other hand, not all materials are isotropic
and there is now a strong interest in construction
with anisotropic active materials that can change
their shapes when they are activated (Gandhi and
Thompson 1992, Otsuka and Wayman 1999). These
materials have now been applied to medical and
aerospace and we predict that they will be common
in architectural construction.
There is one signiﬁcant restriction with some of
these active materials such as smart laminates made
from shape memory alloys (SMAs). They cannot pro-
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Figure 1
At Texas A&M
University, we had a
workshop for
architecture
students. Each
individual designed
and fabricated a
complex geometry
with quad-edge
panels.

vide all possible developable structures since they
are anisotropic; i.e. they can bend only one (or few
directions) direction and almost rigid in the perpendicular direction (or other directions) (Saunders et al.
2014). In other words, they can provide only generalized cylinders and cannot provide general developable structures such as cones.
Therefore, the panels we can use can have only
a single bending direction. Moreover, since such active materials are much more expensive than paper,
it is also important to reduce waste materials. In conclusion, there is now a need for a general framework
that can facilitate economic construction with such
anisotropic planar materials. In this workshop, we
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present such a framework for modeling the geometry of planar panels that can self-fold into the desired
3D shape and we demonstrate that these elements
can be folded to create desired shapes.

METHODOLOGY
In this workshop, we consider physical shapes that
are constructed with panels corresponding to edges
of the planar meshes. We assume that each edge of
initial planar mesh unfolded into a special type of ﬂat
shaped panel, which we call quad-edge panels (See
Figure 3). Using these quad-edge panels, it is possible
to unfold any given polygonal mesh surface into a set
of planar pieces that can eﬃciently be packed since

Figure 2
A Stanford Bunny
structure
constructed with
quad-edge panels.
The construction
took 12 hours to
assemble for 4
people. There are
approximately 600
quad-edge panels
and1200 fasteners.
they consist of a series of trapezoids without even using simple rectangular packing algorithms.
Figure 3
Examples of
Quad-edge panels
that can allow
anisotropic
materials to be used
in construction.
Square, rectangle,
rhombus,
parallelogram and
trapezoids are
shown here.

In fact, one of the biggest expenses for construction
of large shapes comes from packing large number
planar panels. If the panels have irregular shapes, it
will be harder to pack them eﬃciently. If expensive
anisotropic materials, which have a preferred bending direction, need to be used, packing become a
bigger issue since we cannot freely rotate shapes for
more eﬃcient packing. This restriction can cause signiﬁcant amount waste material.
Quad-edge panels provide eﬃcient packing with
anisotropic materials since they only need to be
bended along parallel fold lines -- called scores
in laser cutting terminology -- forming generalized
cylinders in the construction of large shapes. This
property of quad-edge panels makes them suitable
to be printed using anisotropic materials, which already have a preferred bending direction. The quadedge panels can be packed eﬃciently along their preferred bending direction that is given by a set of parallel lines. Moreover, a single quad-edge panel can ﬁt
inside of a single rectangle without signiﬁcant waste

area. Therefore, it is possible to obtain eﬃcient packing even with anisotropic materials.
Another important problem is handling and assembling the large number planar panels. This problem is like putting pieces of a large puzzle together.
However, unlike puzzles we do not want construction
process to be challenging to the construction people. Instead, we want to simplify the construction
process in such a way that the construction people
who may not have extensive experience can assemble the components with a minimum instruction. The
quad-edge data structure is particularly suitable for
construction since it provides a well-deﬁned assembly process. The construction workers can simply assemble quad-edge panels checking identical corners,
which are given a pair of face and vertex identiﬁcation numbers.
We have developed a multi-panel unfolding software (Akleman et al. 2016). In our framework, we
start with a polygonal mesh approximation of the
desired 3D shape. Then, we unfold it into multiple
planar panels, which are simply 2D polygons. We
have used our unfolding software in one architectural studio at Texas A&M University [1]. Students (designed and) physically constructed a wide variety of
shapes that closely resemble the shapes of their original designs by demonstrating the feasibility of this
approach (Figure 1& 4 & 5).
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Figure 4
Top: Original mesh,
Folded quad-edge
panels and
Unfolded
quad-edge panels
and details. Bottom:
Physical structure
constructed by
quad-edge panels.

possible to form desired shapes by using quad-edge
panels. The quad-edge panels are guaranteed to be
developable and have a preferred bending direction.
Therefore, they can easily be unfolded and folded.
Once folded, quad-edge panels become stronger in
the perpendicular direction.

REFERENCES

CONCLUSION
With the design and construction of more and more
unusually shaped buildings, the computer graphics
community has started to explore new methods to
reduce the cost of the physical construction for large
shapes. Most of the currently suggested methods either focus on reduction of the number of diﬀerently
shaped components to reduce fabrication cost using
mass production (Eigensatz et al. 2010) or identify
shapes that can be built using components that are
already mass produced. In this workshop, by using
our custom software, we will demonstrate that it is

72 | eCAADe 34 - Workshops - Volume 1

Akleman, E, Ke, S, Wu, Y, Kalantar, N and Borhani, A 2016,
'Construction of 2-Manifold Surfaces Using Physical
Version of Quad-Edge Data Data Structure', Shape
Modeling International, 58, p. 172–183
Eigensatz, M.V., Kilian, M, Schiftner, A, Mitra, N.J.,
Pottmann, H. and Pauly, M 2010 'Paneling architectural freeform surfaces', ACM Transactions on Graphics (TOG), p. 45
Gandhi, M.V. and Thompson, B. 1992, Smart materials
and structures, Springer Science & Business Media,
Netherlands
Otsuka, K and Wayman, C.M. 1999, Shape memory materials, Cambridge university press, United Kingdom
Saunders, R, Hartl, D, Malak, R and Lagoudas, D 2014
'Design and analysis of a self-folding sma-smp composite laminate', ASME 2014 International Design Engineering Technical Conferences and Computers and
Information in Engineering Conference, Buﬀalo, p. 8
[1] www.youtube.com/watch?v=xpR_3_szq5g&
nohtml5=False

Figure 5
Assembly process,
Freshman design
studio at Texas A&M
University.

