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Infroduction

The Display Technologies and Applications for Security, Defense & Avionics IX
Conference served, per previous such conferences, as a forum for display related
papers regarding a wide range of civil, Department of Defense, and Homeland
Security systems. Proceedings Volume 9470A includes 16 papers presented across
eight sessions, to include: Head-Mounted and Body-Worn Displays, Stereoscopic
3D Displays, Immersive Environments and Augmented Readlity, Increased
Resolution Via Virtual Pixels, Display Performance Research and Advances,
Flexible Displays, Cornucopia (for disparate display subject areas), and a joint
session with our sister conference (9470B) on Head- and Helmet-Mounted
Displays.

The above-mentioned Joint Session was in fact our first session, held on 22 April, as
a bridge between the DS122 program and our own. It began with a paper from
BAE presenting a survey of key parameters relating to the impact of colored
symbology for head-up displays. It was followed by a presentation from Applied
Research describing recent advances in soldier augmented reality (AR)
technology. This paper provided details regarding current research and
development efforts toward helmet-based and handheld AR systems and
discussed key metrics used to assess an effective AR experience, including those
related to pose estimation, through-sight display, and computer processing. Due
to travel problems affecting Great River Technology, theirs was the final paper in
this session, describing the combining of multiple-channel RS-170 and multiplexing
the various channels into a single fiber optic cable. The paper also discussed
alternative architectures and how ARINC 818 can be utilized with aging aircraft
legacy systems. It is fo be noted this joint session drew an audience of some 70
persons, a better than average attendance for either DS122 or DS123 alone,
suggesting the ufility of continuing further such sessions in 2016.

Session 2 on 23 April opened the independent part of our program, and
continued the theme of Head-Mounted Displays and now adding Body-Worn
Displays. The first paper was an invited paper by keynote speaker Dr. Hong Hua,
of the University of Arizona College of Optical Sciences, who reviewed past and
current technological advancements in head-mounted displays, with emphasis
on opftical see-through HMDs for applications to augmented reality. Dr. Hua's
presentation gave examples of HMD systems developed by UAC's 3-D
Visualization and Imaging Systems Laboratory based on emerging freeform
optics, and discussed key technical challenges and opportunities for future
developments. A second paper by KiloLambda Technologies spoke about the
development of a solid-state, self-adaptive Dynamic Sunlight Filter (DSF) as a
passive means to variably attenuate visible light according to intensity for see-
through HMDs. The author spoke about DSF functionality, to include new
capabilities adapted mostly for avionic, but also non-avionic applications. There
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were some 90 aftendees during this second session, thanks to the reputation of
our key-note speaker and SPIE’s incentive to atfract such speakers, and we look
forward to leveraging this innovative program again next year.

Session 3, freating the subject of Stereoscopic 3D Displays, infroduced a paper by
Rockwell Collins on the development of the Remote Vision System (RVS) that
supports aerial refueling operations for Boeing's next generation aerial refueling
tanker, the KC-46. This presentation reviewed the design considerations, frade-offs
and other factors related to the selection and ruggedization of the 3D display
technology for this military platform. The paper was followed by another
stereoscopic 3D (S3D) paper from the US Air Force Research Lab that provided
some common methods, techniques, information, concepts, and relevant
citations for those conducting human factors-related research with S3D displays.
The paper suggested methods for calculating binocular disparities, provided
typical values for inter-pupillary distances, discussed the pros and cons of
common stereovision clinical tests, and discussed the phenomena and
prevalence of sterecanomalous, pseudo-stereoanomalous, stereo-deficient, and
stereoblind viewers, covering the implications of these issues for the human
factors study of S3D displays throughout.

Another paper from the US Air Force Research Lab opened Session 4 regarding
Immersive Environments and Augmented Redlity. This paper focused on the use
of immersive environments as a potential solution to the occlusion of sensor data
regarding Intelligence, surveillance, and reconnaissance (ISR) in urban areas. The
author outlined methods and results of an experiment to investigate the impact
that different fields of view (FOV) and different control devices on operator
actions, to include navigating the environment, selecting sensors in the
environment, and manipulating those selected sensors. This paper was followed
by one from the US Army Research Lab on augmented reality as an enabler to
inteligence exploitation. Recognizing the gap in real-time processing of big data
social media streams, USARL has developed a big data processing pipeline that
ingests, monitors, and performs a variety of analytfics including noise reduction,
pattern identification, and trend and event detection for a given area of
operations. The paper reported preliminary observations testing Glass (an
alerting framework and augmented reality device) with the ODROID platform (a
powerful wearable computing device) simulating edge Soldier participation in
the intelligence process during disconnected deployment conditions.

Session 5 on Increased Resolution via Virtual Pixel techniques witnessed two
papers, both from the University of North Dakota. The first of the two papers
proposed an approach for increasing projector resolution, while minimizing
projector size and weight. The proposed technology infroduces a mechanism fo
combine the output of multiple LCD panels and alters of the configuration of the
pixels faster than the desired frame rate, allowing aggregation both temporally
and spatially. The approach visually combines the coloration of adjacent pixels to
create an approximation of what would be projected by a higher resolution
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screen. The paper described the approach in detail, and concluded by
describing the prospective benefits. The second paper from UND, proposed a
pixel combination function to average the output of multiple pixels to create a
greater number of different virtual pixels, as compared to the number of emitting
LCDs (or similar). The co-author described a display fechnique based on reversing
the principles typically used in computer image super-resolution, based on a
combination of sofftware and hardware components. The presentation provided
an overview of the proposed technology, discussed its application fo monitors
and possible extension to other applications, and concluded with a discussion of
prospective next steps to its development.

Session 6 followed the lunch break with four papers presented on the theme of
Display Performance Research and Advances. The first paper, an invited paper
and the second by Rockwell Collins, reviewed the evolution of display
technologies for next generation aircraft, with a particular focus on the KC-46
aerial tanker. The author discussed progress in display operating modes,
backlighting, packaging and ruggedization, along with display certification
considerations across military and civilian platforms. The second paper from US Air
Force Aeronautical Systems Center spoke about quantitative research that
examined basic neurocognitive factors, including visual abilities and working
memory, in order to identify their specific contributions to the formation of
cognitive situation awareness. The study assessed the predictive value of visual
atftentiveness (Va), perceptiveness (Vp), and spatial working memory (Vswm) Qs
predictors of situation awareness during 24 flight trials under varying task difficulty
using repeated-measures comparisons. The author claimed the results made a
significant addition to the existing theoretfical model of situation awareness by
showing Vp fo have the strongest relationship of the three neurocognitive factors,
although Va had the strongest correlation with situation awareness during high
task difficulty, and Vswm had the strongest correlation during low task difficulty. The
author pointed up practical implications for improved cockpit design and
enhanced training by targeting attentional, perceptual, and visuospatial working
memory skill learning. A third paper from Visual Performance summarized the
results of published evaluations and experiments conducted by the author
relating to resolution requirements. The results of several evaluations employing
sufficient anti-aliasing indicate a pixel pitch of 0.5 to 0.7 arcmin will produce 90%
of peak performance for observers with 20/20 or better visual acuity for a variety
of visual tasks. However, if insufficient anti-aliasing is employed, spurious results
can indicate that a finer pixel pitch is required to avoid visible sampling artifacts.
The final paper of this session came from the University of Western Carolina’s
Center for Rapid Product Realization, wherein the author related preliminary
results of a laboratory study intended to characterize just noficeable differences
(JND) in luminance at fixed hue and saturation for the three color primaries of a
given display under tfest. Test results appeared to indicate that only under
conditions of some threshold maximum luminance do a specified number of gray
levels give the viewer the possibility of a JND for each of the advertised levels. The
results further appeared to indicate that luminance level decrements necessary
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to achieve just notficeable differences are not only non-linear but differ for red,
green, and blue, suggesting a requirement for separate gamma algorithms that
vary with dimming.

Session 7, due to cancellations, entailed a singular invited paper from Honeywell.
As the session’s theme was Flexible Displays, this paper reviewed the impact of
the recent advances in LTPS and AOS Thin Film Transistors, Red, Green, Blue and
White Organic Light Emitting Diodes (OLED) with color filter pixel architectures,
encapsulation and system level engineering, on the success of OLEDs in
consumer electronic devices. The author also discussed the potential of these
advances in addressing the requirements of OLEDs and flexible displays for
military and avionic applications.

Session 8, "Cornucopia,” unfortunately suffered from transfers, cancellations and
no-shows to allow but one paper. That paper was from Infoscitex addressing the
topic of electro-textile garments. The author outlined the development of a
number of crifical technologies needed to integrate large-scale, cross-seam,
electrical functionality info a variety of textile systems, focusing specifically on a
product called Selectively Enabled Wiring in Textiles (SEWit). SEWit was described
as a technology that can be created in a variety of textile products including
garments, plate carriers, backpacks and tents, without the need for conventional
wires or cables, thus eliminating the shortcomings associated with previous e-
textile and wearable-electronic products. The technology allows textile products
that do not simply support or accommodate a network but are the network.

Best Paper: We would like to extend our sincere congratulations to Dr. Hang Hua
of the College of Optical Sciences, University of Arizona, winner of this year's Best
Paper award: "“Review and current status of head-mounted display
technologies”. Please join us in congratulating Dr. Hua on this fine achievement!

As a final note, we wish to thank all who attended this year’'s conference. We
enjoyed seeing and speaking with you, and for those who afttended as authors,
listening to and learning from your papers. In preparing for next year, we will
continue to solicit greater participation from the military community, expand our
base within the displays industry and recruit more papers from university authors.
Please look for the Call which shall be issued in late June and be sure to alert your
colleagues and co-workers about submitting their abstracts early. Thank you, and
we look forward to seeing you again in 2016!

Daniel D. Desjardins
Kalluri R. Sarma
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