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A BSTRACT
The ICT Mixed Reality Lab is leveraging an open source philosophy to influence and disrupt industry. Projects spun out of the lab’s
efforts include the VR2GO smartphone based viewer, the inVerse
tablet based viewer, the Socket HMD reference design, the Oculus Rift and the Project Holodeck gaming platforms, a repurposed
FOV2GO design with Nokia Lumia phones for a 3D user interface
course at Columbia University, and the EventLab’s Socket based
HMD at the University of Barcelona. A subset of these will be
demonstrated. This open approach is providing low cost yet surprisingly compelling immersive experiences.

David M. Krum††
USC Institute for
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Software, STL files, and additional open source information is
available for these and other projects at:
http://mxrlab.com
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VR2GO AND IN V ERSE : M OBILE V IRTUAL R EALITY

Index Terms: H.5.1 [Information Interfaces and Presentation
(I.7)]: Multimedia Information Systems—Artificial, augmented,
and virtual realities; B.4.2 [Input/Output and Data Communications]: Input/Output Devices—Image display
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I NTRODUCTION

While early virtual reality systems required substantial technical
and financial resources to acquire, operate, and maintain, recent
developments in the consumer market space are upending the landscape of immersive virtual reality. A variety of devices and systems
have introducted new levels of rendering, interaction, and tracking
at low price points. This is due to Moore’s Law and to the advent
of easily programmed game engines, commodity inertial sensors,
and high performance graphics chips, among other trends in gaming and mobile devices. The Mixed Reality Lab at the University of
Southern California’s Institute for Creative Technologies and other
organizations have embarked on a number of projects that appropriate these off-the-shelf technologies and devices to deliver low cost
virtual reality systems under open source.
At Virtual Reality 2012, we demonstrated a number of low cost
virtual reality technologies including the FOV2GO viewer [1] and
FAAST [11], a toolkit for Kinect based gesture control. We also
supported a larger movement towards low cost virtual reality with
our workshop on Off-the-Shelf Virtual Reality (OTSVR). We are
again conducting the OTSVR workshop at IEEE VR 2013, which
dovetails with this research demonstration.
Videos of the following demos can be found at:
http://projects.ict.usc.edu/mxr/ieee-vr-2013-mxr-lab-demo/
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Figure 1: The VR2GO Smartphone Based Virtual Reality System.

At IEEE Virtual Reality 2012, we provided attendees of the
OTSVR Workshop with FOV2GO kits to assemble around Android
Galaxy Nexus or iPhone 4 smartphones. By distributing over 200
of these DIY laser cut foam core kits and making software libraries
and tutorials available online, we hoped to share our work with the
research community and let that community develop their own expressions of low cost immersive experiences. This year, at IEEE
VR, we will demonstrate VR2GO, a new smartphone based viewer,
with 3D printed plastic lens mounts and updated software (see Figure 1). We will also demonstrate a tablet based virtual reality system called the inVerse, which provides users with a 2D interaction
surface in addition to a 3D stereoscopic view. Head tracked orientation is provided through the accelerometers and gyros present in the
tablets and smartphones. We are releasing these designs, including
STL files and software, under an open source license in order to
influence and disrupt industry trends.
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S OCKET: L OW C OST H EAD M OUNTED D ISPLAY D ESIGN

Figure 2: Socket: A Low Cost HMD Design.

With the commoditization of bright, high resolution LCD flat
panel for mobile devices, new designs for low cost head mounted
displays (HMDs) have become possible. While smartphone and
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tablet based immersive VR displays do serve a number of purposes,
there is still a need for head mounted displays that can be driven by
a more powerful computer. Also, by providing open source files,
this design approach can be repurposed by academia and industry
to target specific research and experiential goals. Towards this end,
we have developed the Socket head mounted display (see Figure 2).
This display incorporates a 1280x800 LCD flat panel and provides
an approximately 90◦ field of view with inexpensive plastic lenses.
We warp rendered images to correct for lens distortions in a manner
similar to that used in the Fakespace Wide5 HMD. The Socket is an
open source reference design.
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O CULUS R IFT

AND

P ROJECT H OLODECK

The lab maintains a philosophy of understanding through building and prototyping. To this end, the lab’s facilities include two
motion tracking and capture stages, and an optics/electronics workroom, and a workshop containing a CNC mill, laser cutter, and a
variety of power tools. We also value a breadth of approaches and
skills. The lab’s personnel have backgrounds in perception, electronics, optical design, film production, mechanical engineering,
and computer science. The lab has also hosted students for research
and internships from various universities and various programs, including human-computer interaction, computer science, and interactive media.
Current areas of research in the ICT Mixed Reality Lab include work on redirected walking [12, 9, 10], distance estimation
in head mounted displays [5, 4], immersive presentation of virtual human characters [7], gestural interaction [11] and designs and
contributions to several innovative display projects. These include
head mounted projectors [6], the lightfield display [2, 3], various
smartphone based virtual reality systems [1, 8], and the Wide5 and
WideHD head mounted displays, which can provide an approximately 150 degree field of view.
R EFERENCES

Figure 3: Oculus Rift

The Rift is a Kickstarter effort by Oculus VR to create a VR
headset designed specfically for videogames in a lightweight comfortable design (see Figure 3). Driven by the PC platform with an
ongoing effort to work with industry games, the Rift is developing
a custom high frame rate inertial tracker.

Figure 4: Project Holodeck

Project Holodeck is a VR platform with a goal of creating an
accessible consumer gaming platform that engages the full body
of the user while exploring new gaming concepts (see Figure 4).
Project Holodeck uses a Playstation move for absolute head tracking and a Razer Hydra for relative hand tracking. Project Holodeck
is driven by a PC. Both the Rift and Project Holodeck prewarp imagery to better match the magnification optics artifacts in a manner
similar to the Fakespace Wide5 HMD.
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T HE ICT M IXED R EALITY L AB

The ICT Mixed Reality Lab is part of the University of Southern
California (USC) and the Institute for Creative Technologies (ICT).
ICT is a University Affliated Research Center (UARC), founded in
1999 by USC with a multi-year contract from the US Army. ICT
brings together academia and the creative talents of Hollywood to
advance digital media for learning, simulation, and training. The
goal is to create synthetic experiences so compelling that participants react as if they are real. The ICT Mixed Reality Lab develops new techniques and technologies to advance immersive learning and training.
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