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Abstract 
 

The Shaping Light project investigates how surface slit and fold patterns can transform sheet materials into 
adjustable sun-shading screens.  3D motifs were tessellated into sculptural patterns for decorative and 
functional purposes.  The project shows how moving between physical manipulation, lighting studies, and 
digital transformations produced a robust family of forms.  This paper documents how each type of study 
affected the type of forms generated.  Design process recommendations include alternating generative with 
analytic thinking, mixing modes and scales of working, seeking site-specific  

 
 

Introduction 
 
This paper describes the Shaping Light project, an exploration of manipulating 2D surfaces into 
3D forms.  It tells the story about how the forms of sun-shading screens changed under different 
kinds of studies.  The project investigates how the efficiency of origami folding can be used for 
adjustable window shading.   

The project is inspired by the visual effects created by Erwin Hauer's sculptural screens [1] 
that show how continuous curved surfaces can block direct sunlight while transmitting variable 
gradients of bounced light.  Hauer's screens juxtapose crisp silhouettes against the soft gradients 
created by sinuous convex to concave transitions.  The original screens were composed of 
modular blocks cast of gypsum and cement in the 1950's and 60's, with recent versions CNC 
milled with Enrique Rosato. The Shaping Light project seeks to mimic the screens' light-scooping 
surfaces that visually change under different lighting and viewing angles.  

This project has been focused on slitting and folding a single continuous sheet with no 
waste. To investigate folded forms, the project has built on a range of origami resources and 
artistic examples [2], particularly the lasercut and folded sheets of designers Fernando Sierra and 
Polly Verite.  The PBS "Between the Folds" film [3] provides a robust look at the artistic, 
geometric and educational aspects of origami.  In the future, the project aspires to more fully 
utilize digital simulation and robotic innovations such as Tomohiro Tachi's Rigid Origami 
Simulator and freeware for generating, animating and altering crease patterns [4]. Gregory Epps, 
who created a Curved Folding social media website, devised Robofold, a machine with padded 
arms that automatically folds sheet metal and started a Ning social networking site for digital 
origami [5].   Daniel Piker has used his Kangaroo 3D live physics engine plug-in for Grasshopper 
to simulate origami dynamics, including interaction through the Kinect interface [6].  
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I. Formal Explorations 
 
The project grew from examining how a simple motif could be aggregated to create unexpected 
3D forms. The motif creates a pocket to bounce light, using a tension thread or wire clip to cinch 
the material.  The motif's dimensions could be modified to generate different amounts of pleating 
of the surface:  parametric variations shift the form from a soft scallop to a pointed cone.   

 
 

Figure 1: 3D motifs created with slits and folds. 
 

The early process alternated 2D-to-3D exploration with careful editing. The authors 
followed Bauhaus examples, seeking the most robust forms that could be created from the simple 
crease and slit motifs, then combining and multiplying them.   Analyzing and categorizing these 
open-ended efforts helped distinguish promising directions for further investigation.  Radial 
patterns, dome forms and closed geometric forms were seen as less fruitful.  While the fully 
symmetrical forms could be attractive, they spawned fewer possibilities for extension or 
adaptation.  They suggested more architectural applications when they could connect to other 
similar or complementary units in a modular or parametric system. We found it more promising 
to combine convex motifs with concave motifs of different dimensions in linear, curvilinear or 
area-filling patterns. 
 

 
 

Figure 2: Adjustable domed square (l) could generate closed forms (c) or a more open-ended 
panel system (r). 

 
The project developed when original assumptions were rejected or modified.  For example, 

shifting the visual focus from the center of rotational symmetry to the corners of where square 
convex-concave units came together proved to be key to further development.  The gaps between 
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the motifs gave an unexpected synergy to these junctions and helped show that expanding the 
distance between motifs would create more visually pleasing proportions by giving visual 
breathing space for each motif. This was also key to adjusting the boundary condition to 
emphasize the reading of petals.  In the 6'x15' Shaping Light Veil installation that demonstrated 
parametric variation, the corner conditions of the motifs were varied from square to round in 
order to emphasize its flower-like nature.  The flowing zone of more rounded petals would 
transmit more light than the more crisply crimped square ones. 

 

 
 

Figure 3: Giving the cinched motifs breathing space allowed re-interpretation of the boundary 
condition into flower petals. 

 

 
 

Figure 4: Shaping Light Veil installation created a field shifting from squares to flowers. 
 

Designers need to be alert for opportunities to re-interpret or transform the work.  For 
example, alternating concave and convex petals on four-fold rotation creates a temporarily stable 
anticlastic pattern that can be flipped from overall concave to overall convex.  Patterns of these 
pockets can create flat, cylindrical, or helicoid forms, depending on the suspension condition, 2D 
tessellation pattern and 3D folding combination.  
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Figure 5: Aggregation forms: multiple curved folds generate a moldable corrugated surface 
(left), tensioned tabs lock the surface curvature (center), flowers of concave and convex petals 

can flip into alternate stable configurations (right). 
 
 

II.A. Lighting Studies 
 
While any folding generates surfaces that vary in appearance under different lighting, working 
with light sources drove the experiments towards surfaces that would look good with both side-
lighting and back-lighting.  The screen became a tool for creating value gradients by bouncing 
direct light with curved or angled surfaces.  The goal became generating pleasing patterns of 
softly varying tones of light, punctuated with high-contrast edges. 
 

Selecting a specific application gave the work constraints that focused the investigation.  For 
shading a south-facing building facade, the most appropriate patterns vary the angle of a diagonal 
shading surface and allow the screen to fold out of the way.  The primary pattern pursued 
consisted of Petal pockets on diagonal folds cut into an accordion pleat pattern. A second 
herringbone or chevron pattern known as Miura-Ori has also been tested.  In both cases, more 
light is transmitted when the screen is compressed. When the screen is stretched, the openings are 
minimized as it moves towards its original form as a continuous flat sheet. Parametric software 
was used to adjust the screen proportions and aperture dimensions as well as to digitally animate 
versions of the screens. 
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Figure 6: Compressed Petal (l), Tensioned Petal (c) and Chevron screens (r) present decorative 
patterns in lieu of the view. 

 

 
Figure 7.  Parametric variations of the chevron screen show different amounts of light 

transmitted and reflected. 
 
 

II.B. Daylight Modeling  
 
As the focus shifted to pragmatically adapting to changing seasonal and daily sun conditions, the 
tools and procedures shifted.  To better understand the architectural application of these screens, 
we built a scale model of a classroom with a south-facing facade and examined how the screen 
shaded under both sunny and cloudy conditions. We used a heliodon, a calibrated sun-angle table, 
to understand the screen’s shading of direct sunlight during three seasons - summer solstice, 
equinox, and winter solstice.  To simulate the diffused light distribution of an overcast day, 
additional testing was done under a mirrored-box artificial sky that simulates the diffused light 
distribution of an overcast day.  Light sensors allowed us to compare daylight factors (brightness 
as measured in % of exterior unshaded light) for the two configurations and see the light fall-off 
with depth of the room.   
 

Images taken at hourly intervals show that the screens successfully shield direct sunlight in 
summer, reducing heat gain and glare.  In the equinox condition, some patterned light can enter 
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the front of the room.  During the winter, the screens allow sunlight to penetrate deeply into the 
space.  
 

 
 

Figure 8: Folded petal pattern flips petals on alternating convex and concave folds to reflect 
summer sun and transmit winter light. 

 

 
 

Figure 9: Daylight factors of Compressed and Tensioned Petal screens block substantial light 
under overcast sky conditions (left), Tensioned screen admits patterned daylight in winter but not 
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summer or equinox conditions (right). Beam in ceiling (top left) shades the deeper half of the 
ceiling more than a flat ceiling (center left). 

 
Under overcast sky conditions, the screens block more than half the incoming light. In 

blocking the view, the screen effectively diffuses the light with a pattern that subtly changes.  The 
screen is more likely to be adjusted in the spring and fall due to the variable sunlight and 
temperature changes.  In the winter the screen can be slid aside in order to maximize light and 
heat gain. 
 

The screen's aperture shape, fold pattern and mounting system could be adjusted for different 
facade orientations and functional requirements.  Ways to bounce sunlight deeper into the space 
for better daylight distribution are being examined.  The ceiling contour, screen configuration and 
and aperture edge condition could be optimized together. 

 

IIIA. Material:  Visual And Structural 
 
Physical models have been key to advancing the project's visual, structural and mechanical 
aspects. The visual character of the screen depends on how the surface material characteristics 
interact with light.  Being able to manipulate a physical model makes it easier to understand 
which surfaces are reflecting or shading under a specific lighting conditions and folding 
configurations. A high reflectance and surface value is important to achieve bounced light and 
bounced color effects.  Opaque materials create the most dramatic contrasts, partly-translucent 
materials with non-directional fibers or laid patterns can provide textural interest at a close-up 
scale.  
 

 
 

Figure 10: Polypropylene Chevron screen can be molded to expose openings. 
 

Emphasizing visual effects lead to working with translucent layers. Adding a translucent 
liner of glassine or tracing paper can combat glare through back-lit cut openings and modulate the 
direct light hitting a screen.  If the light is reversed, the translucent layer acts as a projection 
screen to catch shadows. Translucent surfaces with apertures and folds can create varying shadow 
effects. The gap between layers exaggerates the variation of visual effects caused by different sun 
angles and seen from different viewing angles.  
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Figure 11: Tracing paper creates ghostly shadows. 
 

Structurally, non-resilient sheet materials can be curved in cylindrical or conical forms or given a 
ridge to give stiffness. A curved mountain fold in parallel with a curved valley fold reinforces the 
vaulted form.  For room-shading applications, free-standing self-supported screens require 
stiffness to resist buckling.  Suspended panels can act more like draperies, though they may 
require some rigidity for consistent kinetic deployment and folding retraction. 

 
 

III.B. Scaling And Complexity 
 
While the original investigation was predicated on a singled contiguous sheet, enlarging the 

project to architectural scale pushed it into modular components and composite layered materials.  
While sheet goods are available at a monumental scale, they require industrial size machines and 
space to cut and form.  While we were able to adapt a lasercutter to take roll media for the 
Shaping Light Veil project, we found that the continuous roll was not crucial for this project. 
Producing a room-scale piece is facilitated by shaping and then assembling smaller components.  
As the prototypes grew, the material requirements became more difficult to fulfill with a single 
material. In scaling up the Petal screen, 24" x 36" sheets of Yupo polypropylene proved to be too 
floppy for easy folding.   
 
While the project originated with the efficient elegance of a single folding sheet, the physical 
performance characteristics for repeated folding set up somewhat divergent criteria. While 
pliability is important for folding, rigidity is needed for structural coherence.  The material must 
be flexible and durable to work as a hinge.  The material fibers' resilience can provide a springy 
resistance to folding that simplifies returning the screen to its original unfolded position but 
makes folding difficult. Because multi-layer cardboards delaminate and the paper fiber 
orientation give a directional bias to folding patterns, homogeneous plastics such as 
polypropylene and non-directional fibers such as Tyvek were explored.  

 
The inability of one material to meet visual, structural and requirements lead to a search for 

materials that could be laminated to address the performance criteria.  For example, 1/8" acrylic 
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sheets were used to create a rigid frame adhered to a layer of pliable Tyvek petals, tensioned with 
rubber bands.  Options for streamlining and producing a layered or composite assembly are being 
explored.  

 

 
 

Figure 12:  Layered screen (l) with Yupo polypropylene, Tyvek polyethylene and polyester felt 
petals on a cardboard screen.  Narrower acrylic frame supporting Tyvek petals maximizes 
translucency. 
 

IV.  Lessons Learned 
 
Rather than finding a single perfect form, we found a family of forms that satisfied divergent 
requirements to different extents.  The form of the petal motif changed according to the dominant 
constraint being studied.  To generate a soft light gradient, the petal needed a softly curved 
vaulted form, supported by minimal diagonal joints.  To fold completely flat, the original soft 
curve needed to be compressed into a crisp pleat.  To fold repeatedly without de-lamination, the 
diagonal joint had to be enlarged to distribute the twisting forces.  To digitally animate the form, 
the petal's geometry was simplified into a diagonally folded square.   
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Figure 12:  Way of working shaped results.  Visual preferences curved surface (left), folding 
pragmatism created a sharply creased variant (center), parametric simulation encouraged 

simplicity (right). 
 

 
Figure 13: Understanding gained at each scale informs the next scale of development. [7] 

 
Developing the work through the series of investigations has lead to these design principles:  

• To define and maintain a focus, combine free-exploration of variations with analysis 
and editing.  

• To keep the investigation fresh, move between different ways of working and 
different scales, looking for opportunities to re-read the project.  

• To create a robust product, seek site-specific installations that drive performance 
constraints. 

 
As underlying goal has been to optimize the digital-physical workflow, future work includes 

seeing how a solar simulation software shapes the screen design compared to the physical 
heliodon / artificial sun testing.  Linking the digital simulation of sun angles to parametric 
variation of the form will allow custom screen optimization for different climatic requirements.  
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