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Abstract: In recent years, origami art has developed from a traditional paper craft 
to a contemporary art practice that is capable of intricate and complex 
expressions. Focusing specifically on the Yoshimura pattern, this article explores 
its potential for being used at an architectural scale to create spatial expressions 
that blur the boundaries between a human body, where it dwells, and what it wears. 
Various form finding, material choices, fabrication tools, assembly details, and 
installation techniques are experimented upon in order to transform the 
Yoshimura pattern from scale paper origami to full-scale folded ‘skins’ that allow 
the human body to move within and through.  

1 Introduction 
In recent years, origami art has been elevated from a cultural pursuit associated 
with Japanese traditional craft of folding figurative objects to “a sophisticated 
global art form that now comprises many different styles and genres” [McArthur 
17]. As Robert Lang pointed out: “No other art combines the severity of constraint 
with an extravagance of expression like origami” [McArthur 17]. While the 
primarily means of creating the forms in origami art are through folding, artists 
have expressed the act of folding in many different ways, such as creasing, bending, 
curving, crumpling, and by using hands and digital machines. Different types of 
folds, through various artistic media and techniques, are used to create multi-
faceted abstract sculpture, street art, and conceptual art that connect the complexity 
of human perception in the observer to expressions in current political, societal, 
scientific, and cultural discourses.  This article discusses Ruga Swan, a large-scale 
origami art installation, and Ruga Lumina, a large-scale origami-inspired art 
installation. 
  

Ruga Swan and Ruga Lumina use abstract origami folding to explore spatial 
forms that can be folded and suspended in a way that is similar to a piece of cloth 
or textile. ‘Ruga’ is the Latin word for making wrinkles and folds and it can be 
used to refer to the folds in our human body such as wrinkled skin. Both Ruga swan 
and Ruga Lumina draw a connection between the space we inhabit in the folds of 
the ‘first skin’ of the epidermis of our human body and the folds of the ‘second 
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skin’ in our clothing. In particular, Ruga Swan and Ruga Lumina explore the 
expressive potential of one of the rigid origami patterns, the Yoshimura pattern, for 
being used at a large-scale to create free-form spatial expressions and 
transformations that blur the boundaries between a human body, where it dwells, 
and what it wears. Various form finding techniques, both as hand folding activities 
and as computational design were experimented with. In addition, material choices, 
fabrication tools, assembly details, shipping, and installation techniques were 
explored. The goal has been to transform the Yoshimura pattern from that of small-
scale paper origami to full-scale spatial expressions, as folded ‘skins’ that allow 
the human body to move within and through.  

2 Rigid Origami and Yoshimura Pattern 
Rigid origami, which can be understood as origami in which all of the folding 
surfaces remain rigid without being stretched or bended during the folding process 
[Tachi 11]. Rigid origami has implications for origami-inspired large-scale 
industrial applications, where paper can be replaced by rigid thick panels in metal, 
concrete, corrugated paper, and corrugated plastic to create the folding mechanism 
found in paper origami models. Some of the main advantages of using rigid origami 
design in large-scale applications includes easy fabrication, simple assembly and 
efficient storage. From flat sheet material, rigid origami can be deployed into a 
three-dimension volume and can be collapsed back to a two-dimensional flat shape 
that is much smaller for easy shipping and storage. This article discusses the artistic 
applications of rigid origami, particularly the Yoshimura pattern. The concerns 
here are to create artistic, large-scale, free-form spatial installations that can be 
shipped flat and that can be easily folded and installed on site using simple tools.  
 

The Yoshimura pattern was discovered by scientist Y. Yoshimura while he was 
researching the buckling patterns of thin-walled cylinders [Yoshimura 55]. One of 
the most important features of the Yoshimura pattern is its ability to allow the form 
to reduce the dimensions in all directions when compressed or folded, facilitating 
easy transportation and storage. A regular deployment of the pattern produces an 
approximated arched form that has great structural stability (Figure 1). This arch 
can be compared to a structural beam in that the longitudinal direction refers to the 
direction that is parallel to the arch and the transverse direction refers to the 
direction that is perpendicular to the arch. Because of structural characteristic of 
the Yoshimura pattern, it has been studied and applied in various large-scale 
architectural related applications such as mobile shelters [Temmerman et al. 07], 
concrete shell structures [Chudoba et al. 14], and other architectural folded plate 
structures such as Yokohama International Passenger Terminal by Foreign Office 
Architects. 

 
While many large-scale applications explore the Yoshimura pattern’s structure 

advantages, only a few have explored its aesthetic and expressive quality. The 
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Colorado Springs Air Force Academy Chapel by architect Walter Netsch of SOM 
stands out as an application of the Yoshimura pattern. In this building, a huge roof 
and spire structure that approximates the Yoshimura pattern is used to create a 
space that is endowed with lofty grandeur. However, in this example and the 
aforementioned examples, only periodic and structurally symmetric forms were 
produced. Indeed, there has hardly been any exploration of the Yoshimura pattern’s 
potential for aperiodic and free-form spatial applications. Both Ruga Swan and 
Ruga Lumina emphasize free-form expressions while being semi-structural. Below 
is a discussion of form finding techniques, fabrications, assembly details, shipping 
and on-site installations in both art installations.  

 
(a)                                                                   (b) 

Figure 1: A rigid and flat-foldable periodic Yoshimura pattern. (a) A schematic of the 
pattern and its folded arch. (b) Paper models of the periodic Yoshimura pattern. Top is the 
folded arch and the bottom the collapsed and flatted folded form.  

3. Ruga Swan  
Ruga Swan is part of a large traveling origami art exhibition that has been installed 
in eight museums in the United States. It measures about 20 feet in width and 8 feet 
in height with swooping wings covering the museum floors. At a distance, Ruga 
Swan is like a huge piece of ‘skin’ or cloth. The aperiodic Yoshimura folds enable 
it to twist and turn in the space like huge wings. Viewing from different angles at 
a close range, Ruga Swan presents the observers with different spatial perceptions, 
inviting them to walk within the installation to explore its various formal 
expressions: some are like a spiral whirlpool that spins wings in space, some are 
like huge and graceful wings that encloses the body, some are like twisted muscles 
that are imbued with energy (Figure 2).     
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Figure 2: Various spatial expressions of Ruga Swan. (a) Ruga Swan at the Juliet Art 
Museum in Clay Center of Arts and Sciences in 2016, Charleston, West Virginia. Photo 
Courtesy: Robert J. Lang. (b) Ruga Swan at the Allentown Art Museum in 2017, Allentown, 
Pennsylvania. Photo Courtesy: Harry Fisher. (c) Ruga Swan at the Hermitage Museum and 
Garden in 2016, Norfolk, Virginia.    
 
3.1 Form Finding Techniques 
Form finding is a term originally used in structural engineering referring to a 
optimization process by which a structure defines its own shape based on its 
configuration of equilibrium under the applied force. The term is now loosely used 
in art, architecture and design, referring to a process by which forms are generated 
based on studies of how natural forms and phenomena, such as paper folds, come 
into being. Form finding in Ruga Swan is mainly done through small-scale paper 
folds, which allow the artist to start by working with material tactilely. This 
approach is very different than a typical approach in which CAD programs play 
central roles. Rather, this approach allows the material, in this case, the paper folds, 
to be at the center of the morphogenetic process.  
 

In the form finding step with paper folds,  two-dimensional variations of 
Yoshimura crease patterns were explored (Figure 3). The parametric design tool 
Grasshopper was used to generate these patterns. These crease patterns were then 
sent to a digital cutter for perforation and cutting so that small-scale paper models 
could be folded quickly. In comparison to the original periodic and flat-foldable 
Yoshimura pattern that produces a symmetrical arched form, these crease patterns 
are aperiodic and non-flat-foldable, and when folded they produce asymmetrical 
free-form topology, thus allowing the explorations of artistic expressions and the 
associated implications for structural balances. For example, in the top-right 
pattern of Figure 3, the periodic diamonds in the original Yoshimura pattern are 
scaled incrementally and then skewed so the pattern can be folded into a spiral-like 
topology similar to Figure 4a. When joining two of these patterns together, it 
produces a dynamic and balanced spatial expressions as in Ruga Swan (Figure 4b).  
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Figure 3: A variety of aperiodic Yoshimura patterns were generated and folded in the form 
finding process.  

 
(a)                                                               (b) 

Figure 4: Small-scale folded models used in the form finding process. (a) A paper model 
folded from an aperiodic Yoshimura pattern. (b) A paper model resembling the spatial 
expression found in Ruga Swan. 

3.2 Material Choices, Fabrication Techniques, and Assembly Details 
To transform a small origami paper model to an architectural scale art installation, 
material choices, fabrications techniques and assembly details need to be carefully 
considered. A large origami ‘skin’ is similar to thin shell structure with flexible 
hinged joints, in which the stress loads will concentrate more on the folded plates 
than at the hinged joints [Samuelsson and Vestlund 15]. Therefore, the material for 
Ruga Swan should be thin, light, and rigid, similar to the material properties found 
in corrugated cardboard. The foldability of cardboard allows the flexible hinges 
formed without using additional hinges, thus making it the ideal material for Ruga 
Swan. A special acid-free grey cardboard was chosen for its aesthetics and superior 
quality in comparison with conventional brown cardboard.  
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 Because of the large-scale nature of Ruga Swan, the flat crease pattern was 
created by connecting over one hundred individual panels, of which twenty-six are 
unique. These unique panels varied in size, measuring from two feet to six feet in 
lengths. Each of the vertices of the Yoshimura pattern is connected by four 
mountain folds and two valley folds. Because the thickness of the cardboard is 
about a quarter of an inch, these six crease lines can’t be folded to a single point 
simultaneously. To accommodate this, a small diamond shape was taken away 
from the corner to allow the vertices to collapse and fold. Additional tabs were 
added in order to allow the large diamond panels to be connected together. These 
panels’ two-dimensional outlines were then sent to an industrial scale laser cutter 
for cutting. The folds were then done by hand in the author’s studio. In the areas 
around the front, back, and left and right sides of the structure, where more stress 
was anticipated, additional layers of the cardboard were added and then glued to 
add thickness and strength. These individual panels were then connected together 
in two large flat wings using plastic grommets and made ready to ship to the 
installation site. The two flat wings of Ruga Swan measure as large as twenty feet 
in length and nine feet in width (Figure 5). In order to ship the wings flat in a large 
wooden crate measuring 20 feet in length, three feet in width and one and a half 
feet in height (Figure 6), each of the wings were folded in tri-folds.  

 

Figure 5: Assembly of a full-scale Ruga Swan prototype. (a) The reusable plastic grommets 
were used to connect the cardboard panels. (b) A scoring tool used to score and crease the 
cardboard hinges. (c) Scoring and creasing by hand using a custom-made straightedge. (d) 
The assembly details. Notice the diamond-shaped cut away corner. (e) Connecting the 
panels using the grommets by hand. (f) A large flat wing connected from pre-scored panels. 
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                               (a)                                                              (b) 

Figure 6: Flat shipping of Ruga Lumina. (a) The staff opening the 20-foot-long crate at 
the Springfield Museum of Art, Springfield, Massachusetts. (b) The Tri-fold of one of 
the wings of Ruga Lumina in the crate in the Springfield Museum of Art, Springfield, 
Massachusetts.  
 
3.3 On-site installations 
Ruga Swan has travelled to at least eight museums and will travel to five more until 
the year 2020. Once Ruga Swan arrives at the site, it needs to be installed in a site 
specific way. To facilitate the installation on site at each of the locations, a detailed 
six-page installation guide, describing the process from taking the panels out from 
the crate to breaking down the structure and putting the wings back to its crate was 
created. It describes how to fold and secure the large span of the wings on the 
museum floor and the simple fold and suspension system required to install the 
structure.  
 

Folding at this scale by hand is very different than folding at the scale of small 
paper origami. The large cardboard panels were pre-creased in the studio 
beforehand, the flat wings were able to fold by themselves, helped by the 
gravitational forces on the structure and hand manipulation. To hoist the flat wing 
from the ground, suspension lines were tied at pre-selected spots on the wings and 
were also connected to spots on the ceilings, and then the lines were pulled. The 
left wing was hoisted and secured first and the right wing second. Though the two 
wings are almost identical, due to the rotated aspect, they form two different spatial 
constructions. The left and right wings were then connected in the middle using the 
grommets and the entire installation was completed (Figure 7).    
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                               (a)                                                                 (b) 

Figure 7: Schematic diagrams and photo used by museum staff to install Ruga Swan. (a) 
Step by step schematic diagram created by the staff at the International Art and Artists 
Organization (IAA) who organizes the exhibitions. (b) An installation in the Springfield 
Museum of Art, Springfield, Massachusetts.  

4. Ruga Lumina 
Ruga Lumina has been installed in two locations in the United States: the Detroit 
Center for Design and Technology (DCDT) in Detroit, Michigan and 3Labs in 
Culver City, California. It measures about 15 feet in length and width and 9 feet in 
height with a funnel like cavity to allow bodies to move through it. In Ruga Lumina, 
a layer of virtual ‘skin’ is projection-mapped onto the physical Yoshimura skin. 
This digital ‘skin’ changes its display based on the spatial depth information 
processed by two Kinect sensors installed on the site. Ruga Lumina’s folded and 
translucent skin-like topology emanates a palette of vibrant hues and dramatic 
shadows, as projected colored lights bounce off the tessellated skin, thickening the 
surrounding atmosphere (Figure 8).  
 

  
(a) (b) 

Figure 8: Ruga Lumina installations. (a)Ruga Lumina at the Detroit Center for 
Design and Technology, Detroit, Michigan. Photo Courtesy: Kyle Overton. (b) 
Ruga Lumina at 3Labs in Culver City, California. Photo Courtesy: Yiqing Liu. 
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4.1 Form Finding Techniques 
The form finding in Ruga Lumina is very different than the form finding process 
in Ruga Swan. Unlike Ruga Swan, which is mainly generated through 
experimenting with small-scale paper folds, Ruga Lumina is designed through a 
parametric design process. While Ruga Lumina is still folded using flexible hinges, 
in a strict sense, Ruga Lumina is not an origami, as it is not concerned with the 
form being generated from a single flat pattern.  Instead, the goal in Ruga Lumina 
is to generate free-form, skin-like, topologies using diamonds in the Yoshimura 
tessellation as a seed. By using a parametric design method, the topology can be 
morphed and shaped in many different configurations to express various kinetic 
forces that move the body in the space. In Figure 9, simple mathematic curvatures 
are used to create the parametric surface with zero, positive, and negative Gaussian 
curvatures, respectively.  

 

Figure 9: Parametric surfaces with three different Gaussian curvatures. 

These parametric surfaces are then panelised using diamond grids to generate 
the non-flat foldable Yoshimura patterns. It is important to note that when 
panelising using the Yoshimura pattern, the valley folds must orient in the same 
longitudinal direction of the arch. Changing the direction of the valley folds to align 
with the transverse direction of the arch will yield a diamond pattern that is not 
foldable. The changes in the surface in the longitudinal direction will result in 
reverse mountain and valley folds in the Yoshimura pattern. Figure 10 shows two 
different topological areas in one surface. The left one has a positive Gaussian 
curvature and the right one has a negative Gaussian curvature. Notice that the 
mountain and valley folds of the shaded panels on the area of the surface on the 
right must reverse their mountain and valley assignments in order to accommodate 
the topological change. Reversing mountain and valley folds creates an interesting 
variation on the effects of light and shadows. 
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Figure 10: Panelising free-form surface using Yoshimura pattern. (a) Panelising 
a surface with positive Gaussian curvature. (b) Panelising a surface with negative 
Gaussian curvature.   
 

The site in Detroit sits on a busy street with large, street-facing, windows.  
Digital models were constructed to understand how Ruga Lumina could be viewed 
from the perspectives of the gallery floor, the open space at the second floor, and 
the street (Figure 11).  

 

       (a)                                         (b)                                     (c) 

Figure 11: Digital studies of Ruga Lumina at the installation site in DCDT. (a) 
view from the gallery entrance. (b) view from the second floor. (c) view from the 
street. 

4.2 Material Choices, Fabrication Techniques, and Assembly Details 
Similar to Ruga Swan, the material for Ruga Lumina needs to be thin, light, and 
rigid. Translucent corrugated plastic boards were chosen instead of paper board for 
their ability to transmit the projected light. This enabled the colored light to be 
visible on both sides of the ‘skin.’ The plastic board is about four millimetres in 
thickness and it is stiffer than the cardboard. Similar to Ruga Swan, at each of the 
vertices of the pattern, additional diamond shaped material was taken away to allow 
the corners to collapse and fold. The plastic boards are polypropylene based. This 
allowed easy fabrication in cutting, scoring and folding. Each of the diamond 
panels were laser cut using an industrial scale machine. It was then hand scored 



FOLDING YOSHIMURA PATTERN INTO LARGE-SCALE ART INSTALLATIONS 
 
using a knife and folded by hand in the studio. The panels were then connected 
using plastic nuts and bolts.  

 
Large-scale folded structures experience the most stress at the outer edges. 

Custom-made brackets were folded and attached to the edges to add additional 
structure strength (Figure 12a and 12b). The folds in Ruga Lumina transforms the 
surface and together they behave more like a mechanism than a fixed structure. The 
resulting final folded form is somewhat non-structural and exhibits certain degrees 
of freedom in movement. These movements present certain challenges when 
making Ruga Lumina as a large semi-structural surface. This problem can be 
solved by closing the folding mechanism so that a folded surface at an architectural 
scale can be structural.  Figure 12c shows that triangular bracing plates were added 
to the edges of folded surfaces in order to prevent movements from the folding 
mechanism. These bracing plates should be added after the Ruga Lumina is 
deployed on site to its final three-dimensional configuration.  

 

 
(a)                                      (b)                                        (c) 

 
Figure 12: Fabrication and assembly details in Ruga Lumina. (a) A custom-made 
bracket, laser cut from corrugated plastic boards. (b) The brackets were folded 
and attached to the outer edges of the form to add strength. (c) A detail showing 
triangular bracing added to close the folding mechanism so that the folded hinges 
would be fixed.    

4.3 On-site installation 
Ruga Lumina was shipped flat as individual panels in a shipping crate measuring 
eight feet in length, four feet in width, and one feet in height to the two installation 
locations. The panels were then connected together using plastic nuts and bolts to 
form flat strips first. These trips of ‘skins’ were then formed and folded on the 
‘skeleton,’ which is made of simple cardboard pieces and dowel rods, similar to a 
piece of garment that is formed by the bodily structure connected together using 
the plastic nuts and bolts. The overall folded ‘skin’ was then stiffened by tensioned 
wires hung from above and by the aforementioned bracing brackets. The skeleton 
was then removed to reveal the cavity that the Ruga Lumina skin embraced (Figure 
13). After the installation of the physical ‘skin,’ the installation of digital sensors, 



WU 

computers and projectors was required to map the virtual ‘skin’ precisely onto the 
physical ‘skin.’ 
 

 
 
Figure 13: Setting up Ruga Lumina ‘skin’ in DCDT. (a) Laying out the panels on 
the floor. (b) Laying and folding the strips of ‘skin’ on top of the ‘skeleton.’ (c) 
Half-finished Ruga Lumina ‘skin’ and its ‘skeleton.’ (d) Finished Ruga Lumina 
‘skin’ with the ‘skeleton’ removed to reveal the cavity. 

5 Conclusions 
This article explores two large-scale art installations through detailed discussions 
of form-finding, fabrication, assembly and installation techniques. It demonstrates 
the conceptual and expressive potentials of abstract origmi. While Ruga Swan is 
an origami art, Ruga Lumina is an origami-inspired art as it incorporates parametric 
design, digital projection and new material for folding. In both origami and 
origami-inspired art, an artist can use folds, both as a materialized form and a 
materialized operation, to create new expressions and meanings, similarly to ways 
a painter uses the paint or a potter uses clay. Though the two installations here are 
folded using flexible hinges, they are mostly static. It will be fascinating to further 
explore large-scale origami art regarding its kinetic potentials in the realm of 
kinetic art.   
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