Y. Ikeda,
Ikeda, C.
C. M.
M. Herr,
Herr, D.
D.Holzer,
Holzer,S.S.Kaijima,
Kaijima,M.
M.J.J.Kim.
Kim.M,
M,A,A,Schnabel
Schnabel(eds.),
(eds.),Emerging
EmergingExperience
Experienceinin
Y.
Past,Present
Past, Presentand
andFuture
FutureofofDigital
DigitalArchitecture,
Architecture,Proceedings
Proceedingsofofthe
the20th
20thInternational
InternationalConference
Conferenceofofthe
the
Association
Computer-Aided Architectural
ArchitecturalDesign
DesignResearch
Researchin in
Asia
CAADRIA
2015,
000–000.
©
Association for Computer-Aided
Asia
CAADRIA
2015,
221–230.
© 2015,
2015,
The Association
for Computer-Aided
Architectural
Research
in Asia (CAADRIA),
Hong
The Association
for Computer-Aided
Architectural
Design Design
Research
in Asia (CAADRIA),
Hong Kong
Kong

FULLDOME INTERFACING
A Real-time Immersive Environment as a Tool for Design
NATHAN MELENBRINK1 and NATHAN KING2
1

Harvard University Graduate School of Design, Responsive Environments and Artifacts Lab, MDes Technology, Cambridge, MA, USA;
2
Virginia Tech School of Architecture + Design, Center for Design
Research, Blacksburg, VA, USA;
1,2
The United Nathans, Cambridge, MA, USA;
1
emelenbrink@gsd.harvard.edu
2
king@theunitednathans.com

Abstract. The ability to communicate design intent to potential users,
clients, and communities is fundamental to the process of architectural
design. Conventionally, this need is addressed through phased submissions of drawings, renderings, animations, and physical models—
all with the intention of representing space and its constituent elements. Recent technological advancements however—including tools
like those produced by OculusTM—have begun to present new opportunities for spatial representation through the use of simulated 3D environments that are both convenient for the design team and readily
accepted by clients and end users. i While immersive technologies do
present novel representational opportunities, current workflows position the potential at the conclusion of the design process, not as part of
it. The project presented here moves beyond mere representation and
positions simulated 3D environments within the design process itself.
To this end, an integrated real-time computational workflow that enables the use of simulated spatial experience as an iterative design tool
was developed in order to create the illusion of being in a space while
it is being designed and allowing experientially informed decision
making. The Fulldome Interface creates a collaborative immersive
environment that utilizes a novel computational design workflow
(linking the parametric GrasshopperTM for RhinocerosTM design environment to the Unity3DTM gaming engine) that responds in real-time
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through dome-based stereoscopic projection that can be experienced
by multiple occupants simultaneously.
Keywords. Immersive; fulldome; real-time; interface; parametric design

1. Introduction
Rendering, at the level of spatial representation typically occurs deep into
the design workflow and is often only representational; doing little to inform
the design process in a meaningful way. To address this limitation, the
search for opportunities for the engagement of immersive environments as a
design tool led to the identification of core research questions surrounding
the use of immersive environments during the iterative design process. First,
the research establishes the state of the art in order to identify strategic technological and practical contexts in which to further develop the research—
identifying key opportunities and limitations in the field. From this survey,
three research areas were identified: 1) physical infrastructure and interface;
2) integrated computational workflows; and 3) content generation, each having distinctive criteria but all with overlapping parameters and agendas.
Technology transfer was explored during an intensive four day research
workshop led by industry professionals, designers, and academics that resulted in physical proof of concept, an immersive three-dimensional environment providing a collaborative fulldome stereoscopic experience, and an
associated computational workflow that facilitates a multi-user real-time
immersive design interface through a merger of GrasshopperTM for RhinocerosTM and the Unity3D gaming engine.ii
This paper provides an overview of a particular application of fulldome
immersive modelling using this process, and should be viewed as a critical
documentation of that investigation.
2. Emergence of Realtime 3D
2.1. SOFTWARE DEVELOPMENTS
Several platforms exist specifically for the purposes of generating real-time
3D content—CryEngine, Unity3D, Torque, Unreal, to name but a few. A
survey of recent courses in schools of architecture reveals a growing interest
in design instruction based on real-time 3D platforms, specifically Unity3D
(Michalatos, 2015; de Broche des Combes and Oppenheim, 2014; Sanchez,
2013; Ham and Nagakura, 2013).
3D modelling and design platforms that have become ubiquitous in architectural, engineering, and construction industries and these platforms—
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RevitTM, RhinocerosTM, Digital ProjectTM, and others—have made significant
improvements to the real-time visualization workbenches and processor utilization. Additionally democratization of software development through
open API’s and other crowd-friendly mechanisms has enabled the confluence of design-specific and visualization-specific platforms. The recent 2015
REAL conference in San Francisco further supports the notion that the merger of reality computing, digital modelling and visualization, and physical
hardware is advancing in a way that will soon present architectural designers
with new suites of tools (REAL 2015).
2.2. HARDWARE ACCESSIBILITY
There is no shortage of documentation of the advances in computer hardware
within recent decades to allow for rapid advances in realtime 3D rendering
(Nguyen 2007). Namely, the development of GPU programming has enabled
programs like Unity3D to flourish amongst independent companies and
home users who develop and publish content that draws upon this graphic
processing power. Specifically, Unity3D allows for custom shaders in GLSL
or HLSL that directly access the GPU, as opposed to developing and applying textures via the CPU—a feature utilized by the integrated workflow presented here.
2.3. SIMULATED 3D STEREOSCOPIC ENVIRONMENTS
Towards the end goal of an immersive spatial experience, a variety of technologies have been developed—most dating to a Euclidian understanding of
depth perception—with significant advancements drawing on recent developments in computation and consumer electronics. At the core of development has been the desire to enable the illusion of 3D experiences from a variety of 2D content through both videography and photography. Stereoscopic
imaging techniques have quite a long history; the development of anaglyph
stereoscopic techniques in the 1850s led to the first 3D motion picture that
débuted in 1893. In 1922 the first multi-user interactive 3D experience at the
Rivoli Theater entitled “Movies of the Future” allowed the viewer to see an
alternative ending of the silent film by choosing the red over green filter
(Zone, 1996). More recently developed technologies utilize similar techniques but integrate active interfaces or polarizing films. 3D TV, an increasingly common technology, is typically made possible by rapid refresh rates
that are calibrated with an active interface worn by the viewer. In other technologies, like the ones typically used in cinemas, incorporate polarized video
filmed with two separate lenses projected from separate sources (Mendiburu,
2009).
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Stereoscopic technologies have recently been applied to the fulldome
format, which is gaining popularity among academics and educators (Ziche,
2013). As opposed to wearable Virtual Reality devices such as the Oculus
RiftTM, in which users are afforded an isolated experience, immersive environments such as the fulldome format allow for a collective engagement.
Like any immersive medium, the fulldome format allows for a pronounced
sense of being through the engagement of the peripheral vision and the reduction of “reality cues” such as frames, seams, and edges characteristic of
flatscreen media (Slater and Usoh, 1993). Inside the dome, the absence of
these “reality cues” allows for a group of simultaneous viewers to take part
in a convincing immersive visualization at a fraction of the cost of Virtual
Reality devices like the Oculus RiftTM.
3. Fulldome Interface: Physical Infrastructure.
Anaglyph stereoscopic technology was used to enhance the spatial perception of the visual content in the fulldome environment. The primary advantage of anaglyph projection is that it allows for a single composited image to be warped and projected via a single projector and Newtonian mirror
(Klette 2014). While the active stereoscopic technologies previously described offer more accurate coloration, they require either a costly projector
or a pair of projectors that need to be calibrated. The fulldome projection
system used is based on distortion via a hemispherical mirror and requires a
single image from the projector to hit the mirror in a precise location. While
anaglyph technology had taken a back seat to more cutting edge developments in active stereoscopic technology, recently it has regained a foothold
in consumer content production technologies. For example, GoProTM and
other small-scale video equipment distributors have begun marketing accessories that allow users to generate stereoscopic content.

Figure 1. Diagram of fulldome projection environment including deployable dome and projection system.
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With the goal of developing a low-cost collaborative environment the projection system is housed in a readily deployable inflatable dome. The dome,
constructed of polyvinyl chloride (PVC), is completely opaque and coated
on the interior with a light grey matte coating. The hemispheric dome
measures 6m in diameter and is elevated on an inflated skirt designed to prevent “light bleed” as the projection is most successful with as little ambient
light as possible.

Figure 2.Image of projection calibration using a spherical texture map and parallel gridlines.

A projection is mapped and calibrated onto the dome surface using a system comprised of a Liquid Crystal on Silicon (LCoS) projector, a ‘bounce
mirror’, and a quarter-sphere Newtonian mirror that ultimately produces the
fulldome projection. The mirror geometry and positional relationship to the
projector are critical to a successful calibration. Projection mapping requires
a calibration feedback loop between the digital interface and physical infrastructure. The Newtonian mirror geometry provides the parameters used to
generate the warping mesh described in the following section.
4. Fulldome Interface: Computational Workflow
4.1 WORKFLOW OVERVIEW
A custom computational workflow was developed (described in Figure 3)
that links the geometry from Rhinoceros into the Unity3D gaming engine in
real-time. Unity3D provided two key advantages; first, a relatively sophisticated library of prefabricated components to facilitate the creation of an immersive environment (for example, a first person controller prefab, as well as
skyboxes and other environment assets). Additionally, Unity3D contains a
powerful “render texture” tool that provides a means for importing a customized warping mesh for on-the-fly distortion for fulldome projection. A plugin
developed by Ryan Gathmann was the framework for the development of the
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interface between Grasshopper and Unity3D. Additional functionality was
added to the script, including support for multiple layers, textures, etc., as
well as a more sophisticated triangulation process, ensuring that mesh normals remained uniform and consistent. Finally, a smooth workflow was established between the two platforms allowing for any geometry created in
Rhino or Grasshopper to be instantly ported to Unity3D.

Figure 3. A workflow diagram for Fulldome interfaceing

For fulldome projection to be successful, it is necessary to produce content in a fisheye format that, when using a spherical mirror projection system,
needs to be distorted into a “warped fisheye” format before it is projected
onto the mirror and into the dome. Off-the-shelf 3D modelling programs
such as Rhinoceros or 3D Max by default do not support high resolution, onthe-fly image transformation. This limitation was overcome by employing
the inherent capabilities of Unity3D, which contains much more support for
image warping developed for first-person perspective.

Figures 4,5: Left-Screen Shot showing the plugin that pushes meshes from Grasshopper to
Unity3D. Right-A diagram of the workflow used for the proof of concept
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The first-person controller was configured as follows based on the published recommendations of Paul Bourke. The Unity3D engine ships with a
“first-person controller prefab”, which is essentially a pill-shaped representation of human proportions, with scripts to simulate behaviours such as walking and jumping, as well as physics colliders and a representation of gravity;
preventing the character from walking through walls or floating through
space. By default, this first-person rig consists of a single camera. To facilitate an accurate fisheye projection, the game character was rigged with four
cameras, representing front, top, left, and right views, all set to a field of
view of 90 degrees as well as an orthographic (as opposed to perspective)
projection. These cameras, in their relative positions, follow the character
around the scene. An anaglyph shader renders the imagery from each camera
into a composited red/cyan image. This imagery being captured by each
camera is, in realtime, rendered to a texture, which is then applied to a
warped mesh object, representing a 1/4th of a warped fisheye image. By
stitching the imagery from 4 cameras together, a seamless warped fisheye
image is achieved. A final orthographic camera is targeted on the warped
fisheye image, which is then directly projected onto the hemispherical mirror
and into the dome.
5. Limitations and next steps
While the research was successful in formulating a working proof of concept
for the use of fulldome projection as a design tool, further development will
focus on performance enhancement, process optimization, and increased efficacy of the experience. One notable issue in the workflow described above
was that one platform (Rhino + Grasshopper) was used for content generation while another platform (Unity3D) was used for mesh warping and character navigation. One option for performance optimization would be to port
the functionality of one of the two softwares to the other. In other words,
Unity3D could be removed from the process if a sufficient method for high
resolution real-time image warping were developed within Rhino. However,
this would also preclude the wealth of scene building assets (including character rigs) that ship with Unity3D. A more likely direction would be to eliminate Rhino and Grasshopper from the process and focus on content creation
directly within Unity3D.
Considerable developments have been made using real-time media as a
design tool. Namely, a terrain modelling software called Sandbox was developed at the Harvard Graduate School of Design by Nathan Melenbrink
and Jose Luis Garcia del Castillo (Melenbrink and Garcia del Castillo, 2015).
This software was built in Unity3D, drawing upon such native assets as a
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first person character controller, lighting, and Unity’s “terrain” class, such
that the functionality of the software could be contained in under one thousand lines of C# code. This application has been released both free and open
source in the hopes that it will be used both directly as a design tool and indirectly as inspiration for further immersive modelling platforms.
The Sandbox modelling application was designed so that it could be
seamlessly introduced into a fulldome format. Sandbox represents an immersive modelling interface completely contained within Unity3D, eliminating
the need to involve Rhino and Grasshopper.
As the scope of Sandbox is limited to terrain modelling, it lacks the robust modelling versatility of a software like Rhino. However, its specificity
makes it more valuable to its target audience. It lends itself to an immersive
and collaborative environment by virtue of its limited and intuitive command
routines.

Figure 6, Screen Shot from “Sandbox” terrain modelling software, built with Unity3D

The future of fulldome interfaces, as well as immersive real-time modelling in general, likely lies in the development of smaller, specific applications such as Sandbox. While the previously described method of stitching
together Rhino and Unity3D was useful at the stage of a proof of concept, an
application like Sandbox offers significant advantages. Its containment within a single realtime 3D platform (in this case Unity3D) means that it can reap
the full benefits of that platform, such as texture mapping, character navigation, and real-time mesh optimization, without sacrificing performance. Furthermore, all of the components required for a convincing fulldome visualization can now be contained within a single executable program, making it
significantly more accessible to non-expert users.
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6. Conclusion
The Fulldome Interface allows for a collaborative immersive environment
that utilizes a novel computational design workflow. This workflow links the
parametric GrasshopperTM for RhinocerosTM design environment to the UnityTM gaming engine and responds in real-time through dome-based stereoscopic projection that can be experienced by multiple occupants simultaneously. The proof of concept demonstrates a functional integrated workflow
that allows real-time stereoscopic projection and demonstrates the potential
application of an iterative design tool. The prototypical environment was
evaluated for efficacy by design professionals during the workshop and lines
of communication were established within the design profession to facilitate
the rapid advancement and adoption of immersive environments within the
iterative design process—moving beyond mere representation. Both the utilization of low cost hardware and ubiquitous computing technologies presents a platform for additional experimentation and exploration that is accessible to a range of users. By bypassing single user interfaces like the Oculus
RiftTM, the Fulldome Interface presents an opportunity for enhanced stakeholder engagement and increases the potential for collaborative iteration during the design process. This research addresses an inherent limitation in the
design process by enabling simulated spatial experience and provides a platform for the further engagement of immersive environments as a design tool.
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1. Conversations between the authors and Shane Burger, Director of Design Technology
at Woods Bagot revealed that tools like the Oculus RiftTM are being actively pursued.
2. Through the United Nathans, the authors led the Fulldome Projections: Interfacing
Ephemeral Urbanism cluster at the 2014 Smart Geometry workshops and conference
in Hong Kong.

