Virtual reality: a billion
dollar niche
Deloitte Global predicts that virtual reality (VR) will
have its first billion dollar year in 2016, with about
$700 million in hardware sales, and the remainder from
content. We estimate sales of about 2.5 million VR
headsets and 10 million game copies sold.
VR is likely to have multiple applications, both
consumer and enterprise, in the longer term, but
in 2016 we expect the vast majority of commercial
activity to focus on video games. We would expect
the majority of spending on VR to be by core rather
than casual gamers. This implies that while anyone
with a smartphone could try out a variant of VR, the
majority of VR’s revenues in 2016 will likely be driven by
a base of tens of millions of core gamers rather than the
hundreds of millions of occasional console or
PC gamers, or the billions who play casual games.
Virtual reality hardware offers visual (and sometimes
audio) immersion via a head‑mounted display that
shows a stereo image in 3D. Sensors in the headset
track the user’s movements and change the user’s view
accordingly. A VR version of scuba diving allows you to
feel as if real fish are swimming toward you. If you look
up, you see a realistically rendered sky. When you glance
down, you are shown the ocean floor. The sound track
adjusts accordingly, enhancing the perception of being
elsewhere. All other things being equal, the higher the
screen resolution, and the faster the screen refresh, the
more convincing the simulation134.
However the illusion remains incomplete, in that not all
senses would be catered for. VR could take you into the
depths of the rain forest. You could see the forest floor
or look up to the canopy. But you would not feel the
humidity, experience the smells or touch the vegetation.
VR content can be created using CGI (computer
generated images) or filmed using special clusters of
cameras that collectively capture a 360‑degree field of
view. In playback, the user is shown different aspects of
the images captured, depending on where he or she is
looking135.

As with many technologies, the notion of virtual
reality is decades old, but its commercial realization
has been subject to the sometimes slow pace of
technological progress. Optimal VR experiences require
very high resolution screens (ideally over 500 dots per
inch, which have only recently become commercially
available), a wide field of view and high refresh rates
(ideally at least 75 frames a second136, requiring
powerful processors). More processing power is also
necessary so that synchronization between the user
moving their head and the picture being adjusted is
as near‑simultaneous as possible. It is only recently
that screen and processor technology have improved
in terms of price and performance such that VR is
commercially viable, albeit still at high price points for
the full featured solution.
There are likely to be two main types of VR device in
2016: ‘full feature’ and ‘mobile’.
The former incorporates high resolution screens and
will cost about $350‑$500 (with prices at the start of
the year likely being higher), and we estimate between
1–1.75 million sales in 2016, with volumes depending
heavily on the initial price137.
Full feature devices will likely be designed for use with
either latest generation games consoles or PCs with
advanced graphics cards (each costing about $300)
capable of driving high refresh rates: the ‘average’ PC is
not powerful enough to support a viable VR experience.
We expect the addressable market for games consoles
as of the end of 2016 to be at least 30 million units, and
high‑end PCs at about seven million units worldwide.
We also expect that most users of full feature VR would
already own the latest generation console or a high‑end
PC. Otherwise, a full feature VR experience would
require at least $300 additional spending on a console
or $1,000 for a suitably equipped PC.
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Some VR owners may purchase additional accessories,
ranging from controllers to treadmills whose base plate
moves in alignment with the view being seen. The floor
would tilt, for example, if you were walking uphill138.
There are hundreds of millions of gamers on consoles
and PCs, and many of them buy hardware accessories
to improve their game play139. However, the vast
majority of the top selling peripherals are $30‑50140.
Only a minority of these gamers may want to spend
over $300 on additional equipment such as graphics
cards, liquid cooling for processors or other special
devices.
‘Mobile VR’ incorporates a high‑end smartphone’s
screen into a special case, enabling the headset to fit
more‑or‑less snugly on the user’s head. This is likely to
cost from about $100, and we forecast that at least half
a million units will be sold in 2016. Mobile VR requires
smartphones with large, high resolution screens, ideally
with greater than 400 pixels per inch (PPI) resolution,
which is higher than that for the average premium
smartphone. We expect that VR‑ready smartphones
will cost from $750 and up but that most purchasers of
mobile VR will already be owners of a suitable device.
Both types of VR would provide a high quality VR
experience, with the caliber of full feature VR being
noticeably superior, at least in 2016 and out to 2020.
The processor and pixel density requirements require
a lot of power, with plug in power being ideal.
A smartphone being used for VR may exhaust its battery
after half an hour. Mobile VR will rely on accelerometers
for tracking and lacks positional tracking, which may
cause a little lag. Furthermore, the field of vision in
full feature VR should be slightly superior, at about
100 degrees or wider, while a smartphone tends to offer
a field of 96 degrees at most.
VR can be experienced with lower specification PCs,
consoles or smartphone, but the quality degrades
accordingly. A normal PC would deliver lower screen
refresh rates, lessening the efficacy of the simulation.
The images shown may lag the pace of a turning
head, in turn causing a feeling of nausea, as the image
presented would not be what the brain expects.
One can also use standard resolution smartphones, but
you would likely see pixelated, less convincing images.
A smartphone screen that is pixel free at normal viewing
distances (10 cm) is likely to appear pixelated when
a mere 1‑2 cm away from the eye. Smartphone vendors
are unlikely to over‑specify pixel density unless they can
monetize it. Also, mobile graphics chips have to get
powerful enough to cope with such high resolutions.

VR cardboard kits are also available. These have the
virtue of being low cost, often less than $10 and
frequently given away141. But they can be fragile as
they are self‑assembled and because of the material.
Low cost variants lack features such as nose supports,
causing discomfort with prolonged use. Most of them
lack the strap to attach it to your head and require
a person to hold it in their hands; this in turn eliminates
the motion sickness caused by slow phone refresh rates,
but reduces the immersion that the user is experiencing.
As for VR content, we would expect most revenue
generated to come from games sales, with titles sold
at between $5 and $40, generating over $300 million.
Many of the apps created for smartphones are likely to
be available for under $10 or free, with the latter serving
primarily as marketing tools142.
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We do not expect VR to be used to any great extent
in television or movies in 2016. A key reason for VR’s
minimal impact on TV and movies this year is that little
VR content exists, with a fundamental constraint being
the lack of broadcast grade or even hobbyist cameras
capable of capturing VR content. VR apps will be
available, but we expect these typically to offer a view
of a virtualized living room which includes a virtual
television set, displaying regular TV programs in 2D143.
By the start of 2016, we anticipate a small range
of suitable cameras may have been launched onto
the market, but the cost of purchasing or renting
professional grade devices may initially be prohibitive for
many projects144.
Furthermore, as was the case with 3D filming for
television, there is likely to be a learning curve in
determining best practices for shooting for VR145.
Regular filming places the set in front of the camera,
and the production crew to the rear and out of shot.
VR filming may require the crew to disappear entirely,
which may complicate the directing of the shots.
For VR sports, it is not yet certain where best to place
the camera: placing it in the center of a field and in the
mid‑point of the action would likely constrain players’
movements.
There are also likely to be challenges in post‑production,
one of which will be simply how to store the image
files. One production level camera features 42 cameras
capable of 4K resolution. This captures a gigapixel image
(about 500 times the size of a standard smartphone
image), and shoots at 30 frames a second146.
One subsequent challenge of capturing images at this
level of resolution will be determining how to store,
transmit and edit the files.
VR offers viewers a choice of point of view (POV);
some viewers may prefer the director to choose the
best viewing angle for them. The first DVDs offered the
option of multiple angles, with the viewer choosing the
perspective, as a differentiator to video cassettes, but
this option was rapidly dropped due to low consumer
interest.
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As for enterprise adoption of VR, we expect 2016
will be a year of experimentation, with a range of
companies dabbling with using VR for sales and
marketing purposes. These activities are likely to be
commercially insignificant this year. For example:
• Some architects are using VR to create interactive
visualizations of construction projects in place of
3D models, or fly‑through video147. This approach can
enable clients to make changes before work starts148.
• Emergency response workers have used VR to practice
how to respond to faults with nuclear reactors149.
• There are multiple applications for healthcare, with
training and education of staff and members of the
public being among the most prevalent150.

• Hotels can provide VR guides to properties151.
For guests at a property, a VR headset could act
as a virtual concierge, showing guests places they
could visit.
• As well as teaching via a virtual classroom, VR can
additionally be used to provide digitized tours to
prospective students152.
• VR will likely continue to be used in the military where
simulators have long been commonplace (see side
bar: Simulators and the military).
We congratulate VR on what we expect will be its
first billion dollar year, and we forecast rising revenues
in coming years: it is possible that the industry will
generate tens of billions of revenues in the medium
term155. What appears certain however is that VR’s
potential is unlikely to be reached imminently; as with
all emerging technologies patience is required.

Simulators and the military
Simulators have been used for flight training as it is much safer and cheaper to learn how to fly in
difficult conditions on the ground than in the air. Early simulators were wooden boxes mounted on
a Universal Joint and driven by organ bellows in 1930, but were critical to training153. By the 1990s, full
flight simulators were more mechanically sophisticated and incorporated large, high resolution screens
that projected virtual scenes for the pilots‑in‑training. These cost millions of dollars, and in some cases
less expensive solutions were sufficient. By 2007 helmets incorporating projected dual screen images
a few inches from the user’s eyes were being used for training, both for flight simulation and land
combat training154.
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Bottom Line
Virtual reality is a fantastic innovation which can demonstrate the cutting edge of what technology is
capable of today. VR’s capability is likely to improve further still over the years as processors improve,
screen resolution increases yet further, and content creators learn how to create for the format.
That said, as can happen with emerging technologies, there is considerable hype about the impact of
VR in the near-term. Any company that is considering VR in any regard should have a careful look at
the likely addressable market. Enthusiastic reactions to VR at trade fairs or at industry conferences,
based on a few minutes of usage, may not convert into mass market demand. Those who attend trade
shows may not be representative of the overall population, and those who are willing to line up for
hours to try a new VR headset are likely to be even less representative. Furthermore, not all of those
who are willing to line up for a free trial may be willing to spend $300‑500 of their own money when
the devices become commercially available.
Any company considering marketing via VR imagery should consider the cost of making this content
available to consumers. For example travel companies wanting to create VR brochures should
assess how much filming and playback in VR may cost relative to current marketing approaches156.
They should also assess the cost associated with acquiring the hardware needed to display these
materials.
Recent breakthrough technologies that required consumers to wear something on their face have
not proven to be mass market successes. While VR headsets may sell better than smart glasses or
3D TV glasses, also consider that using the technology may require a set of behavioral changes (the
most apparent of which is wearing a large headset) that the majority of people do not want to make.
For some people the immersion that VR causes may overwhelm rather than liberate. And wearing
a padded headset for a prolonged period of time may cause the user’s face to get hot and/or sweaty.
But the dream of being able to teleport anywhere just by donning a pair of goggles might prove
enough for some to continue using VR on a daily basis157. The ambition to deliver on this dream is
likely to keep many companies investing in the goal of making VR a commercial and virtual reality.

As for enterprise adoption of VR, we expect 2016 will be a year of
experimentation, with a range of companies dabbling with using
VR for sales and marketing purposes.
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