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Abstract:

Access to virtual reality is no longer a dream of the past. New technology and ideas
have transformed it from science fiction into reality, and have opened up many
opportunities and applications. Everything from entertainment to medicine stands to
benefit from these advancements, and the developers of today have already started to
make it happen.
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Virtual Reality: An Introduction

For many years, the idea of virtual reality and immersive technology seemed a
far pitch speculated about in Hollywood and science fiction, or only available to
advanced labs and scientists. With the advancement of computer and electronics
technology over the last decade however, scientists and engineers have been able to
make great leaps forward in making this futuristic technology a reality in everyday lives.
But what is “Virtual Reality?” There is no standard definition, but the Merriam-Webster
dictionary defines it as “an artificial world that

consists of images and sounds created by a
computer and that is affected by the actions of a
person who is experiencing it” [1]. Two key
components are presented here: a way to
perceive the environment, and a way to effect
change in or interact with the environment.
Recent advancements in both of these areas are
allowing normal people to experience virtual
reality like never before, and leading to new
applications in entertainment, medicine, and

education.

The Areas of Virtual Reality

Over the years, scientists have developed many different methods of perceiving
and interacting with virtual environments we have created. The most important aspect
of perception is generally visual, often through some kind of head mounted display
(HMD). These typically work by having the wearer use a headset that displays two
slightly different images to create the illusion of a 3D display. This technology is called
stereoscopy [2], and while it has been around for a number of years, it has only more
recently been effectively integrated into lower-cost display headsets. Combined with
advancements in positional tracking using gyroscopes, accelerometers, and cameras,
products exist that can monitor the position and orientation of a user’s head, allowing
them to look around a 3D virtual world.

One obstacle to these displays image fidelity. Having a display that close to your
eyes requires a much higher resolution and refresh rate to feel natural [2]. New display
technology has achieved this goal, leading to an experience that more closely mimics
the feeling a wearer expects when looking around.

Equal advancements have been made in interaction that increase immersion for
a user. Motion sensors that allow full tracking of controllers or armbands on each hand
provide new levels of control. Products exist that can even sense electric pulses from
the muscles in your arm to determine what gestures your hand is making. Force-
feedback gloves and vests simulate the feeling of touching a real object or having force
exerted of the wearer. All of these, combined with the display and perception methods
mentioned above, are pushing towards the development of increasingly sophisticated
virtual reality systems that have many applications.



VR in Our Daily Lives

One of the major areas of support for virtual reality
has come form the gaming and entertainment community.
These technologies open up possibilities in exploring
exotic environments, piloting aircraft and spaceships, and
simulating experiences otherwise outside our normal
ability.  Players can already experience scuba diving,
piloting a moon lander, flying a jet, and many other
scenarios through software being created by developers.
Dedicated gamers have already set out developing mods
(short for “modifications,” small tweaks that add features
to existing games) to adapt their favorite titles for VR
support.  This has generally included head mounted
displays, but as the number of possible device
accessories grows, so too have the adaptations been
growing. Recent independent projects have taken
sensors that track inertial measurements (acceleration
and rotation) and mapped them to “joystick” functions in order to control a plane by
moving your arms around.

Another application of these technologies in visualization comes from
architecture. Virtual walkthroughs of houses and buildings before construction begins
are being developed for use by designers and architects. They can use these kinds of
systems to improve their plans, and catch problems early on by exploring their building
and getting a sense for how it will feel and interact once constructed. With moves like
this away from traditional human-computer interaction systems, and towards more
dynamic, immersive interfaces, new ways of conveying information back to the
computer have to be developed.

While using these systems, previously trivial tasks like typing a username into a
form can now become cumbersome and awkward. How does one enter text while
wearing a VR headset and potentially standing away from a keyboard? Solutions have
ranged from small portable keypads, to dynamic typing interfaces controllable with your
hands. Similar to how on smartphones, a keypad comes up when you are in a text-
sensitive area, a virtual keyboard could appear on command through the VR display. A
motion control device, or camera like the Kinect, would then be a suitable tool to read
the user’s movements and see where on the virtual keyboard they were typing. As
more software and systems begin incorporating virtual reality in the future, new
techniques like these will have to be developed and refined to ensure a smooth
experience.

VR in Your Mind
Many of the most promising applications of virtual reality are in the field of
medicine. One of the current applications of it involves treating victims of traumatic



events who suffer from Post Traumatic Stress
Disorder (PTSD), especially members of the
military returning from deployment. The
Institute for Creative Technologies (ICT) here at
USC is developing a system called Bravemind
focusing on graduated exposure therapy to
help treat the trauma [3]. Graduated exposure
therapy is the process of slowly working with a
patient through the events of their trauma,
helping them handle the situation and
overcome their stress [4]. This system allows therapists working with an individual to
control the environment being explored and pace it according to the patient’s progress.
If their trauma came from a roadside bomb going off during a patrol on the outskirts of a
town, their therapy can start with a convoy trip down a rural road in the countryside with
no dramatic events. From there the clinician can progress to a trip in the desert, and
slowly get closer to the actual events that the patient experienced to help them deal with
it. This use of immersion has so far proved very effective in helping treat PTSD both
here, and in other studies [3][5]. Virtual reality opens the door to new opportunities to
improve the effectiveness of psychological treatments.

VR and Your Health

Virtual reality has also proved effective as a rehabilitation tool for individuals with
other disabilities. Research is being done with amputees and those unable to walk on
controlling prosthetic limbs through training in virtual reality [6]. In the real world, robotic
devices and prosthetic arms assist these patients in movement. These devices work by
measuring electric impulses from neurons, either near the affected area or from the
brain directly. They then match these impulse patterns to the movements that the
patient is trying to make happen. A prosthetic limb is then attached, and it’s functions
are controlled by the intended movements that
were detected. The role of virtual reality in this
case is to provide training for how to control
these devices in a safe and controlled
environment. Once the patient progresses far
enough in the virtual world, they can begin to
use the neural interface to control the real
device and interact with the real world. One
Brazilian teenager who is paralyzed from the
waist down will even get to use this technology
to deliver the opening kick of the 2014 FIFA
World Cup [7].

The University of Washington and their burn center are also using virtual reality
to help treat patients. Recent advancements in burn treatment have increased the rate
of survival and speed of recovery. One problem that has not been addressed so far is
the pain during treatment. While current drugs do an adequate job under normal
circumstances, patients still reported excruciating levels of pain while having bandages



changed and undergoing other treatments [8].
The burn center is using virtual reality to help
patients manage the pain, and has been
relatively successful. The immersion of exploring
a virtual world takes the patients’ mind off of their
pain, shifting their focus to the world presented to
them instead of their trauma. This immersion
here is key, since that is what takes the full
concentration of the patient’s mind, taking it away
from their injury. The center has begun
measuring its effectiveness of this procedure, and has found it to be very effective [8].
This success comes from just one of the growing number of medical facilities that are
beginning to integrate virtual reality in new methods of patient care, and that number will
only rise moving forward.

The Future

Within the past few years, many new companies and products have emerged
targeting virtual reality. Oculus is pioneering affordable head mounted displays that
should be available to the general public this year. New “Low-Persistence” OLEDs that
make the display go dark for fractions of a second between images. This makes
images appear less blurry by tricking our brain into seeing a smoother picture. Virtuix
has developed an omni-directional treadmill that allows a user to walk and move around
a full 360 degree range. This technology uses no moving parts, but rather a curved,
low-friction surface and grooved shoes to facilitate normal motion detection while still
letting the user stay in place. Facebook recently bought Oculus for 2 Billion dollars.
This extra money and recognition is helping propel ideas about virtual reality and
immersive technology from the world of developers and scientists into the spotlight for
the general public. Imagine in the future where instead of coming home, checking your
email, and getting updates on Facebook, you strap on a headset and can interact with
your friends and family in a virtual holodeck-like experience! Instead of communicating
over telephone or video call, we have interactive virtual 3D meeting rooms. These are
still far off, but are quickly coming into reach. Researchers and developer have only just
scratched the surface of what can be accomplished with virtual reality.

From medical treatments to video games, and scientific visualization tools to
computer-based therapy, the applications of this technology are broad. With VR
technology advancing at a rapid pace, all of these advancements have a common goal:
increase the level of immersion and interactivity to provide a seamless experience for
the user. Virtual reality is providing scientists and engineers one of the most versatile
technologies available, proving itself as a foundational technology of the future.



References

[1] "Virtual Reality." Merriam-Webster.com. Merriam-Webster, n.d. Web. 20 Mar. 2014.
<http://www.merriam-webster.com/dictionary/virtual reality>.

[2] McMahan, R.P.; Bowman, D.A.; Zielinski, D.J.; Brady, R.B. “Evaluating Display
Fidelity and Interaction Fidelity in a Virtual Reality Game” Visualization and
Computer Graphics, IEEE Transactions on, April 2012 pp.  626-633

[3] Albert Rizzo, et al. “Virtual Reality as a Tool for Delivering PTSD Exposure Therapy”
Post-Traumatic Stress Disorder: Future Directions in Prevention, Diagnosis, and
Treatment, Spring 2013.

[4] David V. Sheslow, Andrew S. Bondy, Rosemary O. Nelson. “A Comparison of
Graduated Exposure, Verbal Coping Skills, and Their Combination in the
Treatment of Children's Fear of the Dark” Child & Family Behavior Therapy , Vol.
4, Iss. 2-3, 1983

[5] Rothbaum, Barbara O. et al. “Virtual reality exposure therapy for Vietnam veterans
with post-traumatic stress disorder.” Journal of Clinical Psychiatry, Vol 62(8), Aug
2001, pp. 617-622

[6] WalkAgain Project, Duke University, Web. 23 Mar. 2014.
<http://virtualreality.duke.edu/project/walk-again-project>

[7] Powell, David. Mind-controlled prostheses offer hope for disabled, Washington Post
(2013, May 6). Available: <http://www.washingtonpost.com/national/health-
science/mind-controlled-prostheses-offer-hope-for-disabled/2013/05/03/
fbc1018a-8778-11e2-98a3-b3db6b9ac586_story.html>

[8] Hoffman, H.G. et al. “Water-friendly virtual reality pain control during wound care”.
Journal of Clinical Psychology, Vol 60(2), pp.189-95, 2004


http://livepage.apple.com/
http://livepage.apple.com/
http://ieeexplore.ieee.org.libproxy.usc.edu/xpl/RecentIssue.jsp?punumber=2945
http://ieeexplore.ieee.org.libproxy.usc.edu/xpl/RecentIssue.jsp?punumber=2945
http://ieeexplore.ieee.org.libproxy.usc.edu/xpl/RecentIssue.jsp?punumber=2945
http://ieeexplore.ieee.org.libproxy.usc.edu/xpl/RecentIssue.jsp?punumber=2945
http://ieeexplore.ieee.org.libproxy.usc.edu/xpl/tocresult.jsp?isnumber=6165123
http://ieeexplore.ieee.org.libproxy.usc.edu/xpl/tocresult.jsp?isnumber=6165123
http://ict.usc.edu/pubs/Virtual%20Reality%20as%20a%20Tool%20for%20Delivering%20PTSD%20Exposure%20Therapy.pdf
http://ict.usc.edu/pubs/Virtual%20Reality%20as%20a%20Tool%20for%20Delivering%20PTSD%20Exposure%20Therapy.pdf
http://www.tandfonline.com/doi/abs/10.1300/J019v04n02_03
http://www.tandfonline.com/doi/abs/10.1300/J019v04n02_03
http://www.tandfonline.com/doi/abs/10.1300/J019v04n02_03
http://www.tandfonline.com/doi/abs/10.1300/J019v04n02_03
http://www.tandfonline.com/doi/abs/10.1300/J019v04n02_03
http://www.tandfonline.com/doi/abs/10.1300/J019v04n02_03
http://www.tandfonline.com/toc/wcfb20/4/2-3
http://www.tandfonline.com/toc/wcfb20/4/2-3
http://virtualreality.duke.edu/project/walk-again-project
http://virtualreality.duke.edu/project/walk-again-project
http://www.washingtonpost.com/national/health-science/mind-controlled-prostheses-offer-hope-for-disabled/2013/05/03/fbc1018a-8778-11e2-98a3-b3db6b9ac586_story.html
http://www.washingtonpost.com/national/health-science/mind-controlled-prostheses-offer-hope-for-disabled/2013/05/03/fbc1018a-8778-11e2-98a3-b3db6b9ac586_story.html
http://www.washingtonpost.com/national/health-science/mind-controlled-prostheses-offer-hope-for-disabled/2013/05/03/fbc1018a-8778-11e2-98a3-b3db6b9ac586_story.html
http://www.washingtonpost.com/national/health-science/mind-controlled-prostheses-offer-hope-for-disabled/2013/05/03/fbc1018a-8778-11e2-98a3-b3db6b9ac586_story.html
http://www.washingtonpost.com/national/health-science/mind-controlled-prostheses-offer-hope-for-disabled/2013/05/03/fbc1018a-8778-11e2-98a3-b3db6b9ac586_story.html
http://www.washingtonpost.com/national/health-science/mind-controlled-prostheses-offer-hope-for-disabled/2013/05/03/fbc1018a-8778-11e2-98a3-b3db6b9ac586_story.html

