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2. Activities and Findings 

2.A. Research Activities 
2.A.1. NG-CAVE Overview 
Upon completion, the NG-CAVE will be the world’s first flat-panel-based, high-resolution CAVE 
(Cave Automatic Virtual Environment); the original CAVE was built and successfully commercialized 
by the Electronic Visualization Laboratory (EVL) at the University of Illinois at Chicago (UIC) in the 
1990s. EVL is designing and developing near-seamless 3D LCD displays in partnership with Planar 
Displays – an American company. The original CAVE was a 10x10x10-foot room within a room, with 
a resolution of 4 Megapixels and a cost of about $1M. The NG-CAVE will provide 10 times the stereo 
resolution at half the cost. More uniquely, it will enable users to simultaneously view both 2D and 3D 
information, providing more flexibility for mixed media applications. 

The NG-CAVE benefits large-scale collaboratories of discipline scientists in need of advanced 
cyberinfrastructure. Today, all science is e-science: computers capture, filter, analyze and visualize data 
from instruments and simulations. EVL has longstanding partnerships with a number of leading scientific 
research and education organizations – computer-science communities, domain-science communities, 
government laboratories, museums, and corporate research – who have built many of its prior 
visualization systems, and have provided EVL with feedback on new requirements based on their 
evolving scientific needs. EVL truly believes it can transform their workflows by providing them with 
new and more intuitive ways of interacting with their data. 

In addition, NG-CAVE benefits computer scientists, enabling them to study a wide range of new 
problems at the intersection of human-computer interaction, virtual reality, computer graphics, high-
performance computing, high-speed networking, and computer-supported cooperative work, with the goal 
of providing better ways to help knowledge workers manage scale and complexity in their research. 

2.A.2. NG-CAVE Facility Upgrades 
In Year 1 and part of Year 2 of this grant, EVL purchased/upgraded air conditioning and power for its 
server room to support the NG-CAVE computer cluster. Some of EVL’s MRI cost-share funds were used 
to accommodate this expense. Work has been completed. 

EVL also redesigned its showcase technology room to accommodate the NG-CAVE footprint. Old 
equipment was dismantled and other equipment moved in order to make the necessary space. 

In Year 2, we reconfigured our Cyber-Commons room in order to install Planar’s 3D prototype systems 
and test for NG-CAVE. The Planar displays have off-loaded electronics and power supplies, so we 
decided to remote the power, the computer cluster that drives the system, and the audio gear, in order to 
dissipate both heat and noise. Electricians were hired to mount equipment cabinets and electrical service 
outside the Cyber-Commons room to accommodate. 

2.A.3. NG-CAVE Passive-Stereo LCD Displays  
2.A.3.a. Developing Passive-stereo Displays with Ultra-thin Bezels 
Two years ago only thick border passive-stereo displays were available, so EVL reengineered existing 
thick-bezel passive-stereo displays to see if it was possible to manufacture thin-bezel passive-stereo 
displays. Polarized stereo displays with thin bezels (borders) make for better 3D experiences, plus 2D 
details and text can be clearly viewed. NG-CAVE will be able to display both 3D and 2D information. 

In Year 1 of this award (2010-2011), EVL began working with Planar Systems (a U.S. company that 
manufactures displays) and Arisawa (the company that makes the Xpol micropolarization material for 
commercially available passive-stereo displays) to construct the first prototype of a 3D ultra-thin 
border, flat-panel, 3D display – which ultimately became the product that Planar commercialized in 2012 
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(see Research Findings, Section 2.B.4). Members of Planar’s technical staff continue to work with EVL 
on the NG-CAVE; they participate in biweekly conference calls and hold face-to-face meetings. 

Xpol is the micro-polarizing 
retardation product that, when aligned 
with a flat-panel display, circularly 
polarizes the display’s light on a 
alternating line-by-line basis, creating 
interlaced 3D when viewed with 
inexpensive and lightweight passive-
stereo glasses used in 3D movie 
theaters and now with consumer 
televisions. Passive-stereo is 
advantageous for several reasons over 
the more expensive and complicated 
active-stereo systems, and seems to be 
winning the popular 3D market. 
Arisawa bonds Xpol to LCD panels 
using a proprietary registration and 
lamination process and is a supplier to 
many commercial 3D display manufacturers, including Planar, JVC and Hyundai, alongside competition 
from related Film-Patterned-Retarder products promoted by LG for passive-stereo display applications. 

At the beginning of Year 2 , EVL completed phase 1 of evaluating Xpol micropolarization materials 
applied to several manufacturers’ LCD displays, and worked with industrial partner Planar to develop 
prototype 46” passive-stereo displays. In Feb 2011, EVL became aware of a commercial 46” passive-
stereo, thin-bezel, digital signage display newly available from Hyundai IT. EVL felt it important to 
evaluate the Hyundai product and purchased 4 units. These were received in May 2011, followed by 4 
Planar prototype 3D displays loaned to EVL for evaluation. 

EVL built two 1x4 tiled-display-
wall test systems and placed them 
side-by-side for evaluation 
purposes. One wall was built with 
Planar’s prototype passive-stereo 
displays, and the other with the 
Hyundai Multi-Vision 46” 
passive-stereo displays. EVL 
decided to go with Planar (see 
Research Findings, Section 2.B.3), 
so repurposed the Hyundai 
displays within the lab as a virtual-
reality software development 
system. 

Planar decided to productize its 
46” display and offered EVL a 
significant reduction in its initial 
projected cost, meeting the cost of 
the competitive Hyundai product.  

EVL also considered purchasing 4 autostereo displays from Dimenco for further testing, but after 
evaluating a system, decided not to. (See Research Findings, Section 2.B.2.) 

 
Passive stereo using optical retarders (Planar image) 

 

 
EVL built two prototype 1x4 tiled walls – 
using Hyundai and Planar passive-stereo 
displays – for side-by-side evaluation. 
(Diagram: Jonas Talandis) 

Testing the Hyundai displays 
prior to receiving the 
Planars. (Photo: Lance Long) 

Stereo Displays – Xpol /FPR (passive glasses) 

• Xpol (Crossed Polarization) or – 
FPR (Film Patterned Retarders) 

•  Circular polarization (left, right) 

    |  © 2010 Planar Systems, Inc.  |  Slide 2 

FPR LCD 
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In July 2011, EVL made the decision 
to convert its 6x3 2D tiled-display 
Cyber-Commons wall (built in 2009) 
into a 3D environment and purchased 
18 Planar passive-stereo displays – to 
evaluate the LCD displays for the 
NG-CAVE before making a huge 
investment. While Planar fabricated 
these displays, EVL made alterations 
to prepare the room (see Section 
2.A.2). Given that Cyber-Commons 
was to be used for teaching and that 
the Fall semester was to soon start, in 
August 2011 EVL developed a 
temporary Cyber-Commons room, 
with 2x4 Samsung 55” 2D displays (shown in green in this illustration) and a 2x2 configuration of the 3D 
Hyundai 46” displays (shown in purple). The east wall of the room remained open for installation of the 
Planar 3D wall when available mid-semester. In November 2011, EVL received and installed the new 
Cyber-Commons 3D wall on the east wall and dismantled the temporary configuration. 

Cyber-Commons 3D is the world’s first LCD-based near-seamless 3D display wall that is used for both 
research (application, middleware and user-interface development) and instruction and classroom 
learning. Like the original Cyber-Commons, it is capable of intuitive touch screen interaction and remote 
control via wireless laptops and pointers. The software that drives it is SAGE, and we are using this as an 
opportunity to figure out how to properly support 3D in SAGE – such that SAGE can simultaneously 
display 2D images alongside 3D images. We believe that all future display walls will naturally have 3D 
capabilities built into them.  

 
EVL’s new Cyber-Commons 3D wall, in which SAGE enables users to simultaneously display 

3D as well as 2D windows. (Photo: Lance Long) 
 

 
Temporary Cyber-Commons’ space. (Diagram: Jonas Talandis) 
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2.A.3.b. NG-CAVE Prototype: Improving Off-Axis Performance 
For Cyber-Commons’ 3-row configuration, 
with many viewers in sitting positions, 
vertical view angles are not as severe as those 
proposed for the NG-CAVE, and provide 
comfortable ghost-free passive-stereo 
performance using standard non-shifted Xpol 
displays. To accommodate off-axis vertical 
viewing angles of the very top and very 
bottom screens in a column of NG-CAVE 
(i.e., a user’s vertical view angle of very high 
or very low displays would make the 
information looked skewed), EVL considered 
the best ways to shift, or offset, the Xpol 
filters. Here are several diagrams where EVL 
mathematically calculated possible viewing angles. 

Center panels have unshifted 
Xpol material. There is no 
effective difference in the 
working area, so luminance 
variations or cost should be 
deciding factor. Note: This is the 
configuration that EVL 
ultimately decided to use. 
(Diagram: Dan Sandin) 

 
All panels have shifted Xpol 
material. (Diagram: Dan 
Sandin) 

 
The best configuration, but 
cannot be made into a 
cylinder. Full 82-degree vertical 
angle and large working area. 
(Diagram: Dan Sandin) 

 

 
NG-CAVE configuration. (Diagram: Jonas Talandis) 
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EVL talked with Arisawa about offsetting the 
pixel row registration of the line-by-line Xpol 
retarder to improve off-axis ghost 
performance of the displays that are most 
vertically distal (top and bottom displays in 
the column) to the viewer. For example, for a 
positive (+) off-axis view angle (viewer’s eye 
lower than target) the Xpol would be shifted 
downward. Conversely, the Xpol would be 
shifted upward for negative (-) off-axis 
viewing angles. These fixed shifts in 
registration would allow the viewer to see 
more of the “correct” pixel row and less of the 
“incorrect” or ghost producing adjacent pixel 
row. The net result is increased low-ghost 
viewing range, allowing a user to move closer 
to the display before exceeding the critical 
ghost angle. 

EVL and Planar, with support from Arisawa, constructed shifted prototype units at increased pilot-run 
costs, resulting in three models of displays (- shift, 0 shift, + shift). Technical discussions determined the 
target shift angle specification to be +/- 9 degrees. Twelve shifted displays (6 top shift, 6 bottom shift) 
were ordered in November 2011 and assembled as a 3-column x 4-row NG-CAVE prototype in Feb 2012.  

 
3x4 prototype NG-CAVE with variations of shifted and unshifted Xpol materials for evaluation purposes. 

SAGE software is used to create 2D and 3D windows. (Photo: Luc Renambot) 

 
Xpol (in black) in relation to pixel rows (orange). Shifting the 

Xpol in relation to pixels alters the viewing geometry and 
ghost performance (Diagram: Planar). 

Modeling for 46” 

    |  © 2011 Planar Systems, Inc.  |  Slide 14 
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2.A.3.c. NG-CAVE Final Design 
With side-by-side configuration of both shifted and non-shifted Xpol display columns, EVL was then able 
to evaluate both the performance and value of the shifted displays in a geometric configuration that 
represents an arc segment of our planned full-cylinder (~21 columns+doorway) NG-CAVE build-out. 
This evaluation is ongoing. Preliminary results have determined that the top-most and bottom-most 
displays in the 4 row columns will be shifted (+ at bottom - at top). The middle two rows will use non-
shifted displays. The expected closest view distance is approximately 6 feet before the top and bottom 
displays exhibit significant ghost. Expected luminance variations at the shifted display borders that were 
predicted by our initial geometric analyses were not evident in practice with our prototype. Measured 
light variations were on the order of 0.1 - 0.2 f-stops. Further evaluation determined that cumulative pitch 
variations in the Xpol registration measured from screen center to the edges actually worked in our favor 
in offsetting any visible luminance variations at the display seams.  

EVL’s available product, budget and space constraints helped guide us toward a 4-row cylinder using 46” 
displays. 46” digital signage displays have been on the market for a few years and EVL has had several 
years experience with them. Planar’s decision to pursue a 46” passive-stereo Xpol product prior to a 55” 
product was significant. Additionally, manufacturers were just introducing 55” models in mid-2011 and 
no 55” 3D product was currently available. For a 55”, the alternative was for EVL to pursue Xpol 
development on our own, working with Arisawa directly – much like an LCD manufacturer like Planar, 
JVC or Hyundai have done. Prudence chose the path that leveraged Planar’s existing relationship with 
Arisawa and availability of competing products to choose from. 

 
Concept drawing of the EVL full-cylinder NG-CAVE. (Diagram: Jonas Talandis) 
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2.A.4. NG-CAVE Computer Cluster System and Networking 
EVL is leveraging DOE funding for “Blaze,” principal investigator Jason Leigh, to provide 
computational support for NG-CAVE. We have been evaluating different cluster architectures. Now that 
we have determined screen type, we are finalizing the cluster design.  

The overall design will be similar to traditional “Beowulf” clusters, with some exceptions/ enhancements 
to support our research directions and the high-resolution display environment. The NG-CAVE cluster 
will consist of approximately 40 nodes, including one storage server. The nodes will be rack-mounted in a 
separate air-conditioned room. The rack will be organized in per-display-column segments, consisting of 
two nodes, one display power box and one display controller box. This will allow easy maintenance of 
each display column. Each node will utilize the latest GPUs to address two displays in the tiled display. 

The cluster will explore an image-based loading of the OS from the storage server into memory or onto 
local SSD at boot via the network. Network booting ensures each node is version-synchronized. This will 
allow for rapid deployment of OS/software updates across the cluster. The image-based model will also 
be used to explore a dual-boot Linux/Windows cluster. Using the storage server as the cluster repository 
instead of a traditional head node will allow us more flexibility in exploring multiple OS use cases and 
remote dynamic storage models for tiled-display software. This will require a centralized control 
interface, via iPad or terminal, to control booting/OS selection and tiled-display power state. Home 
directories will be served to the nodes via NFS from the storage server along with distributed user control. 

Each node will be based on the 1U Supermicro SuperServer 6016GT-TF. Testing is currently underway 
with this system, which has the following specifications: dual Intel Xeon X5675 Six-Core Processors, 
48GB DDR3-1333 ECC/Registered Memory, eVGA GTX580, Intel E10G42BT X520-t2 dual 10Gbps 
network adapter and Intel 160GB SSD with an additional 2TB of local SATA storage. Supermicro has 
optimized these systems to handle the requirements of the latest GPUs. 

The storage server currently being considered is a 2U, 24-bay system. It would support mixed 2.5” fast 
small capacity SSD drives and 3.5” slow large capacity storage. This system would also support dual 
10Gbps network connections. 

The cluster and storage server will be interconnected via a 10Gbps network with simultaneous 10Gbps 
per node connections to outside high-speed networks, allowing a maximum of 100Gbps network 
streaming. 

2.A.5. NG-CAVE Audio 
The audio system for NG-CAVE will consist initially of 18 channels, configured in a ring along the top of 
the displays. Each channel will be mounted at the intersection of two displays, tilted at 45 degrees toward 
the floor. The array of channels will be controlled with a computer, an audio interface and DA-AD 
(digitalanalog and analogdigital) converters. By sending event messages to the computer running the 
audio system, the head node of the cluster will control audio events.   

This system will facilitate the movement of sound objects around the interior of NG-CAVE, utilizing 2D 
(or planar) Ambisonics. Ambisonics is a term for a series of techniques for encoding and decoding sound 
objects to generate a sound field. With the possible addition of 18 additional channels in a ring along the 
bottom of NG-CAVE, full 3D (periphonic) Ambisonics will be possible, providing the illusion of sounds 
traveling in the Y-axis, as well as the X-axis. 

The end goal of this system is the accurate representation of the sonic aspects of visual events in NG-
CAVE, and their respective locations. Additionally, through rigid body and/or gesture tracking, users will 
be able to move and control sound objects in space. 

Two specific audio functions are required:  

• An audio playback environment to work in unison with virtual-reality applications, which allows 
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students and faculty to use a straightforward API to place and trigger sound events. This environment 
will adapt sounds to 3D geometry, simulating real-world phenomena (such as echo and Doppler 
shift), based on the 3D virtual characteristics. This environment will use the same paradigm as audio 
libraries used with video-game engines, with sounds being determined by the location and orientation 
of a “listener” or camera. As the channels (speakers) will be arranged in a ring running the full 
circumference of the NG-CAVE, sounds will emanate from the appropriate channel(s) determined by 
the location of the virtual source. 

• Audio functions for applications in which the viewer is not negotiating and moving through a virtual 
environment only need a simplified Ambisonic application to allow for playback of recorded samples 
and sound objects created in real time.  One example of an application utilizing this system would be 
panoramic movie playback. 

 

The equipment required for this system will be high-end professional audio components, typically used in 
recording studios and concert halls. An Apple Mac Pro will control the system. Acting as a sound server, 
the Mac Pro will receive event messages from the application(s) running on the cluster in order to trigger 
sound events. The sound server will address the multi-channel array through an RME Fireface 800 
interface and an RME M-32 DA 32-channel DA converter. The Fireface 800 and M-32 DA will allow the 
sound server to address an array of 20 Genelec 6010A speakers. As both RME and Genelec products have 
provided years of high performance in other sound systems at EVL and at labs of several of our 
collaborators, these were deemed a good choice for NG-CAVE. 

We have been discussing the sound software API to control this system and are researching our best 
options. There are numerous options that exist (OpenAL, BASS, Miles Sound System, Wwise, irrKlang), 
but we believe FMOD <www.fmod.org> is the best for what we want to do. (A quick video of the audio 
features of Unity3d (which uses FMOD internally) can be found at 
<http://blogs.unity3d.com/2010/06/25/unity-3-feature-preview-audio/>; features are described at 
<http://unity3d.com/unity/engine/audio>. FMOD has very rich features and a well-documented API, but 
most importantly, it’s approachable by programmers and sound engineers, not just the latter.  

2.A.6. NG-CAVE Interaction Devices 
EVL investigated purchasing several tracker systems (e.g., ART trackers), but eventually settled on the 
Microsoft Kinect and the Vicon Bonita camera system. At this time, other NG-CAVE interaction devices 
include the gyromouse and iPad. 

2.A.7. NG-CAVE Software 
2.A.7.a. OmegaLib User-Interaction Software 
Principal funding for OmegaLib comes from NSF MRI “Development of OmegaDesk,” Jason Leigh, PI, 
Award # CNS-0821121, 2008-2012. 

EVL is currently developing OmegaLib <http://code.google.com/p/omegalib>, a C++ library that is being 
designed to ease the development of applications on virtual-reality and immersive systems. Its main 
features are: support for hybrid systems, presenting 2D and 3D content on the same display surface; 
display system scalability; seamless integration of a wide range of input peripherals (controllers, 3D head- 
and hand-tracking, motion capture [mocap] systems, touch surfaces); and, integration with third-party 
high-level toolkits, such as Unity3d, Processing, VTK, Open Scene Graph, and Qt.  

Although OmegaLib is being designed to primarily run on virtual-reality systems – it interfaces with all 
EVL’s new visualization instruments, such as OmegaDesk, TacTile, and now NG-CAVE – it can also be 
used to develop applications on standard desktop systems, leveraging the power of multiple GPU units 
when available. 

We believe a set of predefined interaction metaphors can satisfy most application interaction needs. In 
this case, it makes sense to modularize them and make them available to application developers as 
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packaged interaction schemes that can be easily turned on, off or switched inside an application, allowing 
for both consistency and reuse, and fast prototyping of applications using different interaction techniques. 
To implement this, OmegaLib offers support for a simple scene graph system based on Ogre that can be 
controlled through interaction objects. These objects implement interaction policies, by getting input from 
the event services and controlling nodes and objects in the scene graph.  

OmegaLib is scalable, and enables programmers to connect to new devices, grab processed state and 
event information from these devices, and pass a scene to be rendered to a stereoscopic tiled display. 
OmegaLib returns events and states in a generic manner to an application, so if it is running on a display 
with limited input capabilities, it can translate the inputs to work within the limitations of the display. 
Some of the interaction techniques currently implemented include: 

• Combining multiple inputs – e.g., combining data from a multi-touch device and a camera device to 
generate a new interaction command – enables us to create new interaction modalities. EVL is 
developing “input filters” (to filter specific devices so that input can be merged), an additional layer 
in the OmegaLib architecture, to identify different input devices and merge their input. EVL is 
investigating how applications might use this feature in order to develop a working example. 

Head tracking and basic hand gestures using multi-camera motion capture and multi-touch 
capabilities, are completed enough to develop a working example. We developed a simple mesh-
viewer (polygonal surfaces) application to test multi-camera tracking, multi-touch capabilities and 3D 
gesturing. We integrated VRPN client services, a motion capture protocol, into OmegaLib and are 
testing the performance of the Vicon Bonita camera system as a rigid body tracker and integrating 
into an iPad application. 

• Multiple Kinects are now being worked on as a viable tetherless tracking option. OmegaLib’s 
calibration software and demo applications has been updated to work with two Kinects, and we are in 
the process of testing the accuracy of multiple Kinects and multiple depth images from separately 
connected Kinects. EVL developed an easy, one-time calibration technique for two Kinects, and we 
have been able to use two Kinects in a simple program for testing. 

• Multiple tracked tablet devices will enable tablets (iPads) to interact/select datasets in order to interact 
with 3D content from a distance and not break the stereo effect (Omegaviewer: 
<http://code.google.com/p/omegalib/wiki/Omegaviewer>). We are currently developing a conceptual 
framework for interaction among multiple tracked tablet devices and OmegaLib applications.  

• Controllers. Immersive navigation could be accomplished with the use of game controllers. With the 
wide adoption of game consoles like the Wii, Xbox 360 and PlayStation3, users are accustomed to 
navigating worlds using game controllers. 

• Combining hand (gesture) tracking and Unity3d’s physics engine, in order to provide the user with 
more realistic feedback when interacting with virtual objects, is the next step. Work to filter out 
tracker noise will continue as more complex gestures are implemented. 

• A set of application “interaction metaphors” – i.e., intuitive gestures – is ongoing, and we continue to 
develop and integrate those, as well as tracking capabilities, into OmegaLib.  

2.A.7.b. SAGE Collaboration Software 
Principal funding for SAGE comes from NSF STCI “OptIPlanet Cyber-Mashup,” Jason Leigh, PI, Award 
# OCI-0943559, 2009-2013. 

EVL’s SAGE (Scalable Adaptive Graphics Environment, <www.sagecommons.org>) is unique in that it 
supports distance collaboration among multiple endpoints equipped with tiled display walls connected via 
high-speed networks. It enables users to simultaneously share ultra-high-resolution scientific 
visualizations with remote collaborators while communicating with them via multi-point high-definition 
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video and audio streamed to the displays. SAGE is now being enhanced to support both 2D and 3D 
windows, as shown in Section 2.A.3.b, in the photo showing our 3x4 prototype NG-CAVE. 

SAGE is cross-platform, open-source middleware that enables users worldwide to have a common 
operating environment, or framework, to access, display and share a variety of data-intensive information 
– whether digital cinema animations, high-resolution images, high-definition video-teleconferencing, 
presentation slides, documents, spreadsheets or laptop screens – in a variety of resolutions and formats, 
from multiple sources, to one or more tiled display walls, with the same ease that the Web affords for 
accessing lower-resolution objects today. To make tiled display walls easier to use, SAGE also provides 
automated assistance to users to organize information, especially as the quantity of content grows. 

While the existing SAGE software has its own interaction library, we are in the process of developing the 
next-generation SAGE software (termed SAGE-Next), which will be integrated with OmegaLib. SAGE-
Next will maintain compatibility with SAGE, and will support streaming of images from SAGE 
applications as well as allowing tiled walls to be the visualization endpoint of cloud technology. 
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2.B. Research Findings 
2.B.1. Investigating Auto-, Active- or Passive-Stereo Environments for NG-CAVE 
EVL investigated whether to pursue auto-, active- or passive-stereo technology, and decided to implement 
passive-stereo. Passive stereo will enable NG-CAVE to be a multi-person collaborative space, whereas 
autostereo and active stereo are best for single-user, head-tracked environments. Xpol micropolarization 
technology produces the highest quality passive-stereo systems today. 

2.B.2. NG-CAVE Autostereo Analysis 
As described in Section 2.A.3, when the Dimenco 52" autostereo display recently became commercially 
available, EVL decided to do due diligence and evaluate. EVL found it superior to the Alioscopy display 
(which we had evaluated several years ago), but proved not suitable for NG-CAVE. 

In summary: 

1. EVL viewed a selection of video files, evaluated them at various depth factors, viewing distance and 
viewing shift using the control panel. 

2.   Demonstrated the above system and features to representatives from the gaming company WMS, who 
were visiting EVL. 

3.   Implemented a full, head-tracked, virtual-reality setup based on modified content and a Vicon Bonita 
camera tracking system. We modified the provided OpenGLSample program that came with the 
OpenGL Control distribution to include generalized perspective projection (adopted from EVL 
graduate Bob Kooima’s paper <http://csc.lsu.edu/~kooima/pdfs/gen-perspective.pdf> and a VRPN 
listener that allowed the program to receive tracking data from the Vicon system.  

4.   We ran short of time to add tracker-based control of shift and focus distance. 

EVL has a history of autostereo research and development. Dan Sandin, a member of the EVL technical 
team, has co-authored many papers on autostereo, but more specifically one on developing a full 
autostereo virtual-reality display using an alternate strategy not requiring shifting or focusing of the 
display image; see <http://dx.doi.org/10.1145/1889863.1889899>. In conclusion, we found: 

1.   Depth is very shallow ~6” in front of the screen. Many EVL people liked it better when we cranked 
up the depth to 200 and reduced the viewing distance to 1.5 m. 

2.   When the depth was increased to ~14” in front of the screen, we saw interpolation artifacts and 
ghosting. However, the visitors from WMS indicated that the lower depth would best suit their 
interests. At the default settings, the image looked very good. 

3.   The viewing distance and shift controls appear to be sufficient to allow multiple tiled panels to focus 
properly. We believe that when the bezels are made smaller, this display would be a very impressive 
autostereo tiled display for the digital signage market. Some consideration must be made to the 
weight of the display. At ~65 kilos, a multi-tiled implementation could be challenging. 

4.   We scratched the surface of autostereo virtual-reality work in the time available. We were able to 
integrate tracking to control the perspective of the image being sent to the display and with stereo 
turned down, the system functioned correctly. Full integration of the autostereo component would 
require real-time steering of the center of the autostereo “fan” to the tracked position as well as 
control of the focus distance. We experimented with using the API to control view direction. We did 
not find an example of controlling focus distance in the DimencoSettingAPIBeta distribution. 
Assuming this was implemented in the API, the display would form a full autostereo virtual-reality 
system. However, a major limitation of reduced depth would limit the range of applications. This 
reduced depth is a property of all the multi-view displays we have evaluated.  
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2.B.3. NG-CAVE Passive-Stereo LCD Displays  
2.B.3.a. Developing Passive-stereo Displays with Ultra-thin Bezels 
As described in Section 2.A.3, EVL evaluated Planar’s prototype passive-stereo 3D displays (which 
EVL helped design) against commercially available Hyundai passive-stereo displays, and selected 
Planar’s technology. Here are our Research Findings. 

Planar vs Hyundai: Comparing Performance, Packaging, Features 
The two displays were found to share similar performance and functional characteristics but differed in 
packaging and some features. Both displays had ultra-thin bezels, used Xpol material to create interlaced 
3D, and used the same Samsung-sourced 46” WXGA (1366x768 native pixel resolution) LCD panel. 

Planar displays feature off-loaded electronics and power supplies that are rack-mounted nearby, resulting 
in a lightweight and thin modular display unit. Wall mounting mechanics are integrated into the mounting 
system, which simplifies installation and three-axis alignment for tiled-wall applications. As a custom 
prototype developed to evaluate the Xpol performance, there were no specialized “3D features” in the 
control menus or signal circuitry to provide scaling or 3D image formatting. This was actually 
advantageous, as EVL prefers to drive the displays directly using interlaced images at the native 
1366x768 resolution. 

The Hyundai display is packaged as a common integrated display, complete with on-board power and 
control circuits. As a released 3D digital signage product intended to mostly feature high-definition 
content, it includes 3D customization menus with signal scaling that would not readily accept our native 
resolution interlaced signals. EVL approached and worked with Hyundai, which did provide customized 
firmware and support to drive the displays in native interlaced mode, bypassing the input scaling circuits. 

Though an eager commercial partner, Hyundai as a Korean company with only a limited sales presence in 
the U.S. had considerably more difficulty communicating and providing the depth of technical interface 
and customization EVL required; also, they did not have plans to pursue a shifted Xpol product necessary 
to improve off-axis vertical viewing angles in very-large displays, as explained in the next section. 

2.B.3.b. NG-CAVE Performance: Improving Off-Axis Performance 
Vertical viewing angle is not always specified by manufacturers, but can be predicted by analysis of the 
Xpol configuration geometries. We were quickly able to confirm that the critical angle for vertical off-
axis viewing was approximately +/- 20 degrees. Beyond this critical angle, it was observed that 3D 
performance (measured as % Ghost or Crosstalk) fell off steeply. Crosstalk can be defined as the fraction 
of source luminosity from one eye image that crosses over or “leaks” as a ghost image in the opposite eye 
view. Crosstalk is the reciprocal (1/ER) of Extinction Ratio (ER), which can be determined for a 
polarizing element by photometric measurements of luminance comparing maximum vs. minimal 
transmission. 

Ghost performance of our displays was determined empirically using the Weissman test pattern, which is 
a simple method of viewing a test chart without using luminosity measurements or optical instruments. 
The viewer simply reads the crosstalk % from the interleaved scale at the place where the intensities of 
the two scales match while viewing with either (not both!) the left or right eye. The opposite scale is used 
to determine crosstalk for the opposite eye. 
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Left and Right Weissman test images appear as interleaved images when viewed in stereo (Diagram: Weissman) 

 

Viewers of varying physical height (view 
height) observed the Weissman patterns 
located at specific target heights at varying 
view distances of 7.5’, 10’, 11’ and 12’. The 
corresponding view angle for each 
measurement was calculated from the 
trigonometry of the viewing triangle. The 
results are plotted here. 

 

 

 

 

 

 

Ghost levels were very consistent and low 
(<2%) throughout the viewing angles to 
approximately +/- 20 degrees. At that point, 
ghost level increased dramatically at a steep 
slope to uncomfortable and unusable levels 
(>10%). Our experience with virtual-reality 
systems has established that ghost levels of 
less than 4% are most desirable. The two 
display systems (Hyundai and Planar) 
performed nearly identically in this regard, 
which was not unexpected due to the similar 
physical construction of their LCD panels and 
Xpol. Independent tests done by Planar in its 
optical laboratory using photometric 
equipment mirrored and confirmed our 
results. 

 

 
Observed ghost levels at varying view angles as observed 
using the Weissman pattern. 

 
Photometric measurements of Extinction Ratio vs. View 
Angle. The blue line indicates the view range at ER of 40:1 or 
2.5 % ghost (Diagram: Planar). 
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