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Are We There Yet?
SUMMARY

In this update of our annual human computer interface (HCI) report, we focus on
virtual reality (VR). VR is the hottest topic in consumer electronics this year, receiving
unprecedented investment and commercial interests. This report seeks to evaluate
the technology, applications, and long-term outlook of virtual and augmented reality
(AR).
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■

VR technology has evolved enough to deliver a reasonably good consumer
experience. The industry now has a more visible technology roadmap for key
components and strong, diversified support from software developers and content
creators.

■

VR is unlikely to succeed overnight. We believe VR is at least two years
away from becoming a mainstream phenomenon. Major hurdles in display
technology, human interface, and ergonomics still prevent adoption among
general consumers. We therefore only provide near-term projections for VR
headset ($461M in 2016).

■

In the long run, we believe VR technology and its derivative content, application,
and services have the same disruptive potential as the TV, PC, the internet, and
smartphones. VR is adaptable, flexible, and powerful and can impact the way we
work, entertain, and socialize.

■

We believe Augmented reality (AR) has similar disruptive forces to VR, but serves
very different purposes. AR focuses on information whereas VR emphasizes
experience. We believe VR, in the short run, will see faster commercialization due
to better ecosystem support.

■

For our coverage, we believe GPRO and OLED stand to benefit the most from the
recent boom in VR and AR. However, we see little material impact on their nearterm financial results due to the early stage of their respective market segments.
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The Wagon Is Here
-

“All reality is virtual” – Jeremy Bailenson, founding director of Virtual Human
Interaction Lab at Stanford University

Executive Summary
In this update of our annual human computer interface (HCI) report, we focus on
virtual reality (VR). VR is the hottest topic in consumer electronics this year,
receiving unprecedented investment and commercial interest. This report seeks
to evaluate the technology, applications, and long-term outlook of virtual reality
as well as augmented reality (AR). Our key thesis is summarized below:


VR technology has evolved enough to deliver a reasonably good
consumer experience. The industry has a more visible technology
roadmap for key components and strong, diversified support from
software developers and content creators.



VR is unlikely to succeed overnight. We believe VR is at least two years
away from becoming a mainstream phenomenon. Major hurdles in
display technology, human interface, and ergonomics still prevent
adoption among general consumers. We therefore only provide nearterm hardware market projections for VR headsets ($461M in 2016).



In the long run, we believe VR technology and its derivative content,
application, and services have a similar disruptive potential to TVs, PCs,
the internet, and smartphones. VR is adaptable, flexible, and powerful
and can impact the way we work, entertain, and socialize.



We believe augmented reality (AR) has similar disruptive forces to VR,
but serves very different purposes. AR focuses on information whereas
VR emphasizes experience. We believe VR, in the short run, will see
faster commercialization due to better ecosystem support.

Coverage relevance
Universal Display (OLED): we believe VR will have no material impact on
Universal Display. Although OLED is the display technology of choice for the
biggest VR headset makers, initial shipment volume is likely immaterial. In the
long run, we believe OLED does not pose an overwhelming advantage over LCD
for VR.
InvenSense (INVN): we expect VR technology to benefit INVN immaterially in
the near term. INVN’s 6-axis and 9-axis motion sensors are popular among VR
and AR headsets. However, volume is likely limited.
GoPro (GPRO): GPRO may see upside from demand for VR content. GoPro
cameras, combined with rigs, make for a low-cost solution to capture spherical
videos. The company’s acquisition of Kolor, a spherical video software company,
positions it well as an integrated VR content capture, production and distribution
expert. Our current GPRO estimates do not include upside from VR.
SYNA and ATML: VR and AR headsets use touch controller, display driver ICs,
general purpose MCUs, and sensor hub ICs that SYNA and ATML can provide.
But revenue upside is marginal due to low shipment outlook and competition.
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What is VR?
“Virtual reality can mean different things to different people. The idea of a
virtual world presented on a flat 2D screen such as Second Life is one
notion, the donning of an all obscuring headset is another, being in a sixsided CAVE is another, and being in a suit of some type that allows full
or even partial body movement is yet another. It could even be argued
an IMAX presentation is a VR experience.”-Dr. Jon Peddie, founder of
Jon Peddie Research (JPR), graphics industry pioneer
The meaning of VR is arbitrary. According to the Oxford English Dictionary, VR is
“the computer-generated simulation of a three-dimensional image or environment
that can be interacted with in a seemingly real or physical way by a person using
special electronic equipment, such as a helmet with a screen inside or gloves
fitted with sensors.” In actual usage, VR technology refers to a broad variety of
devices and sensory experience. For example, viewing spherical video through a
head-mounted display (HMD) is considered a VR experience by tech media and
content creators alike although a “VR purist” would disagree. We believe the key
to defining VR is to focus on human experience. The idea of “presence” and
“immersion” will determine how “real” virtual reality experience feels to users.
Immersion
A good VR experience should allow users to believe that they are in an
environment, say, a prehistoric jungle with realistic visual, acoustic and other
sensory presentations. Users should feel immersed in the environment. Also,
good VR experience allows users to step into others’ shoes, walking them
through the life experience of others.
Presence
Presence, or telepresence, is the combination of immersion and interactivity. It
can be thought of as the experience of one’s physical environment; it refers not
to one’s surroundings as they exist in the physical world, but to a user’s own
perception of surroundings as mediated by both automatic and controller mental
processes. Presence is defined as the sense of being in an environment. Good
VR experience will maintain.

Historical Background
-

“Virtual reality is a target…nobody’s going to reach it. Nobody is fooled into
thinking that the image they see through a computerized set of goggles is
real. So virtual reality is still providing a sort of Holy Grail, the pot of gold at
the end of the rainbow, a reason to go forward and push the technology as
hard as we can. You know full well, we do that pushing on technology, you
develop all kinds of things that are interesting and valuable in their own right.
The spin-offs from that kind of a pursuit are its real value…” -Ivan Sutherland,
renowned computer scientist, graphic interface pioneer, inventor of the first
VR HMD, Turning Award recipient

Early Pioneers
Virtual reality finds its roots in three pioneers from the 1960s: Ivan Sutherland,
Mort Heilig, and Tom Furness. Their research and prototypes represented three
directions of VR. Mort Heilig, a filmmaker, focused on human sensory and
cinematic experiences. Ivan Sutherland, a computer science professor, focused
4
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on computer graphics and human interface. Tom Furness, a military engineer
and the founder of the Human Interface Technology Lab at Washington
University, focused on military applications and information integration.
Exhibit 1: VR Pioneers
Name

Research Area / Product Description

Ivan Sutherland

"The Sword of Damocles", widely considered the first VR and AR HMD system. The
HMD houses two CRT displays that show computer images that change ccording to
user's head movement, as if they were 3D objects in space.

Morton Heilig

Sensorama, a machanical devices for personal cinema experience that includes
stereoscopic 3D images, body tilting, stereo sound, wind and aromas

Tom Furness

"Super Cockpit", a HMD for fighter jet pilot that allow pilots to interface with multitude
of information feed in the jet. Tom used VR to lessen pilot workload and improve target
acquisition.

Source: Oppenheimer & Co. Inc.

VR in the 1990s
The early 1990s is widely regarded as the golden age for VR. Researchers and
companies explored potentials for VR applications for consumers and
enterprises. As detailed in the following sections, almost all of the target VR use
cases today can find their counterparts in the 1990s. During the 1990s,
applications spanned widely outside of gaming, the following table showcased
some of the commercialized concepts.
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Exhibit 2: VR Application in the 1990s
Industry

Year

Finance

Maxus Systems International developed a VR application that let
traders and fund managers see into a virtual landscape made up of
stocks and other financial products. The system, Metaphor Mixer,
support HMD and projectors and can display 5,000-10,000 stocks
1992
in one works at 20 fps. The system gets real-time financial data
and was used by TIAA-CREF to help fund managers to spot stock
trends and movements. The system was only available on a lease
basis and to clients with portfolio over $100M.

Gaming

Sega introduced its VR headset at CES, the Sega VR. The
1993 headset supports Sega's arcade games and has LCD display,
stereo headphones, and motion sensors for head tracking.

Aerospace

A VR system was used to for training astronauts that are tasked to
repair Hubble Telescope. The system helped them visualize the
1994 procedures and equipment. Trainees noted that VR offers another
modality that is especially useful for people with different learnings
styles. The system was used for over 200 hours of training.

Manufacturing

Motorola used VR for its corporate training, teaching newly hired
workers to operate on robotic assembly lines. They modeled the
lines in 3D models and the VR system allows individual workers full
1994
and solitary access to all of the equipment. Motorola estimated that
the VR version of the line provided a saving of 99% when compared
to the cost of building a real lab.

Telecom

Nippon Telephone & Telegraph (NTT) worked with Sense8 to build
CyberCampus, a VR system that allows people to share virtual
spaces, where they can converse, see each other, explore, and
1995
shop. With microphones and earphones, users can talk to each
other. The central server can handle 20 users simultaneously. The
system has very low refresh rate, at 5 frames per second.

Behavior therapy

Clark Atlanta University researchers assembled a low-cost VR
1996 system (less than $10,000) to treat patients of acrophobia (fear of
heights). The patients are taken on virtual helicopter trips.

Oil and gas

Amoco, a US oil company, hired Bravo Multimedia to design and
build a VR simulator for its truck drivers. The system is used to
1996 evaluate driver's skill (instead of an annual evaluation conducted by
a trainer). The system uses a $20,000 Intergraph PC and a $20,000
HMD and it runs at 12-15 frames per second.

Application

Source: Sex, Drugs and Tessellation: The Truth about Virtual Reality, Oppenheimer & Co. Inc.

Too expensive, too slow: by the late 90s, VR retreated to a very niche status in
the market. The hardware at the time was too slow to offer a good user
experience. The HMDs were bulky and could only display low resolution graphics
at very low refresh rates. For most users, motion sickness caused by slow
displays is the show stopper. Simply put, VR systems at the time were too slow,
and too expensive.
Since then, VR went into dormancy until 2012, when a company called Oculus
VR started a Kickstarter campaign for a VR headset (Oculus Rift, or The Rift),
which ended up becoming one of the most successful crowdfunding campaigns.

VR Today – This Time It’s Different, Right?
-
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“What is “real”? How do you define “real”? If you are talking about what you
can feel, what you can smell, what you can taste and see, then “real” is
simply electrical signals interpreted by your brain.—Morpheus (The Matrix).
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-

“Virtual reality may be one of the most important technologies in our future,
producing a great leap forward in many fields. While most people now focus
on VR's use in entertainment areas, its real impacts will be in the arts,
business, communication, design, education, engineering, medicine, and
many other fields.” John C. Briggs, The Promise of Virtual Reality, The
Futurist, September 1996.

The following section of this report will go through recent development in VR,
current devices, applications, and near-term challenges.
Exciting Times
When Oculus VR announced its first headset (DK1) in 2012, all the critical
technology components were on the verge of delivering a VR experience that
was good and affordable enough to attract sizable support from gamers and
developers. The Kickstarter campaign quickly snowballed into what looks like the
beginning of a megatrend, as tier-1 OEMs and grass roots developers alike
joined the movement to make better consumer VR.

7
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Exhibit 3: Recent Business Development for VR

Date

August, 2013

Event
Oculus announced DK1 on Kickstarter. The campaign
was fully funded in less than 24 hours
Rift DK1 started shipping
Oculus VR raised $16M Series A from Spark Capital,
Matrix Partners, Founders Fund and Formation 8.
John Carmack joined Oculus as the new CTO

March, 2014

Oculus announced DK2

March, 2014

Facebook announced acquisition of Oculus for $2B

March, 2014

Sony announced Project Morpheus, a VR headset

June, 2014

Google announced Google Cardboard, a fold-out
cardboard smartphone mount that allows for low-cost
VR experience

July, 2014

Oculus began shipping DK2 (2nd gen developer kit)

August, 2014

Leap Motion launched VR headset mount for its gesture
controller

August, 2012
March, 2013
June, 2013

September, 2014 Oculus held its first developer conference

January, 2015

Samsung announced Gear VR, a VR headset
accessory for its Galaxy phones
Magic Leap closed a $542M series B financing led by
Google Ventures
Volvo released its own cardboard goggles and dedicated
smartphone app to let user explore its XC90 in a VR
environment
Microsoft announced HoloLens, an AR headset

February, 2015

Oculus announced that over 100,000 DK2 were shipped

February, 2015

Mattel announced a VR version of View-Master in
cooperation with Google

March, 2015

HTC and Valve announced a VR headset, HTC Vive

September, 2014
October, 2014
November, 2014

March, 2015
June, 2015
June, 2015
June, 2015

Oculus VR acquired Surreal Vision, a computer vision
team that focus on real-time 3D scene reconstruction.
Oculus demonstrated its consumer headset CV1,
together with its new wireless touch controller
Eye-tracking HMD maker FOVE announced that it
received investment from Samsung Ventures
Matterport announced $30M Series C from Qualcomm
Ventures, AMD Ventures, and Lux Capital

Source: Company reports, Oppenheimer & Co. Inc.
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Exhibit 4: Google Trend - “Virtual Reality”

Source: Google Trend (June 2015), Oppenheimer & Co. Inc.

The early success Oculus Rift had was by itself a fascinating tale (we will save
this for another time) that exhibits the spirit of time for consumer electronics. It
was the epitome of the maker’s movement, on-line collaboration, crowdfunding,
and a smartphone-transformed supply chain falling into one place.
Why VR Now
The design and implementation of VR is at the convergence of mathematics,
optics, electronics, computing, human perception, and more importantly,
psychology. The development of VR technologies, is the constant improvement
in performance and understanding of the subjects in those areas. We will discuss
different levels of VR experience in detail in later sections of this report.
To deliver good VR experience, the following components are critical:


Display and optics system: the display system is required to support
high resolution, fast refresh rate, and wide field of view (FOV).
Smartphone displays today have reasonably high resolution of over 400
pixel-per-inch (PPI) and cheap optical lenses can deliver a FOV of at
least 100-degrees.



Graphics rendering system: the rendering system needs to provide
raw computing power to deliver computer-generated graphics in realtime. Rendering power is critical to reduce latency and ensure user
comfort. Today’s leading edge GPU can easily run PC games at FHD
resolutions of 60 frames per second (FPS), above the minimal 30 FPS
threshold for VR gaming.



Tracking system: the tracking system must accurately measure users’
exact motion, position and orientation to deliver an immersive experience.
The smartphone industry has made motion sensors such as gyroscopes
and accelerometers affordable, small, and easy to integrate into
wearable devices.

Key Drivers for VR
-



“Luckily for the VR community, the massive mobile phone market
continues to help us solve many of these challenges," Oculus VR
CEO comment on VR hardware improvement.

A maturing smartphone industry brought down key component costs for
VR headsets and can provide necessarily supply chain support for rapid
prototyping. LCD/OLED displays, graphic processors, and motion
sensors have high enough performance at reasonable cost. Hardware
9
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start-ups today can go to market with shorter development cycles at a
fraction of the cost.


Major technology companies are providing unprecedented funding,
human resource, and technology infrastructure to grow the VR and AR
market. Strategic investors such as Facebook and Google can tolerate
long periods of incubation until the technology is ready for mass
adoption.



Smartphone, the app economy, and open APIs cultivated armies of
developers who are skilled at developing apps and creating content for
consumer electronics platforms. The smartphone app business model
offers a clear path to monetization.



Both VR hardware and content are accessible to an average consumer.
Google Cardboard, a smartphone holder that costs just $20, can deliver
a basic VR experience on a smartphone.

Mainstream VR Experience
It is no exaggeration to say that Oculus VR sets the standard for consumer VR.
Its first developer kit (DK1) was born out of a successful Kickstarter campaign in
2012. Its second generation developer kit (DK2) followed DK1’s success. As of
June 2015, the two combined were shipped to over 137 countries, and total
shipments had exceeded 170,000 units. Oculus Rift contributes the majority of
consumer VR headsets installed base as leading OEMs have not begun to ship
their products. (Google Cardboard shipped over 500,000 units as of December
2014, which is not included in our installed base definition).
Exhibit 5: Oculus Rift DK1 (left) and DK2 (right)

Source: Oculus VR, Oppenheimer & Co. Inc.
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Oculus Rift CV1 (The Rift)
Exhibit 6: Oculus Rift CV1

Source: Oculus VR, Oppenheimer & Co. Inc.

The Rift was announced at E3 2015 in June this year. The headset is shipping in
1Q16 and is compatible with Windows PCs. It features dual OLED displays,
greater than 110 degrees FOV, 90 hz refresh rate, LED-based tracking. It will
ship with an Xbox One controller but Oculus VR also has its own motion-tracking,
two-hand controllers (Oculus Touch) to be sold separately after the Rift is
released.
Cost of “full Rift experience”: Oculus has not disclosed the retail price for Rift
CV1, but the company recommended PC hardware spec that can deliver the “full
Rift experience”. The three core components alone, GPU, CPU, and memory,
cost about $550-600 based on quotes from Newegg.com as of July 2015. We
believe the Rift will be on sale for $300-400; therefore, the full Rift experience will
cost close to $1,000 in new hardware investment. We believe the “full HTC Vive”
experience will cost similarly, if not more, due to their more sophisticated position
tracking parts.
Exhibit 7: Oculus Recommended PC Spec for the Rift CV1

NVIDIA GTX 970 / AMD 290 equivalent or greater
Intel i5-4590 equivalent or greater
8GB+ RAM
Compatible HDMI 1.3 video output (required)
2x USB 3.0 ports (required)
Windows 7 SP1 or newer (required)
Source: Oculus VR, Oppenheimer & Co. Inc.
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Sony Project Morpheus
Exhibit 8: Sony Project Morpheus

Source: Sony Computer Entertainment, Oppenheimer & Co. Inc.

Sony Project Morpheus was announced in 2014. The headset will be an
accessory to the PlayStation 4 and is expected to ship in 1H16. It features a 5.7inch FHD OLED display, 120hz refresh rate, less than 18ms latency, and LEDbased tracking.
Cost of PS4’s VR experience: if we assume Sony prices Project Morpheus at
$300-400 (same assumption we use for Oculus Rift CV1), then the total system
cost is slightly lower than Oculus at $700-800 (PS4 is $400 as of July 2015). The
cost is half as much for existing PS4 users, as they only need to pay for the
headset.
Exhibit 9: Mainstream VR Headsets
Oculus Rift CV1
Resolution
FOV
Tracking

2160*1200
(1080*1200 per eye)
>110 degrees

Sony Project
Morpheus
1920*1080
(980*1080 per eye)
100 degrees

HTC Vive
2160*1200
(1080*1200 per eye)
>110 degrees

9-axis motion sensor 6-axis motion sensor 6-axis motion sensor
plus LED-based
plus LED-based
plus LED-based
position tracking
position tracking
position tracking

Display

OLED

OLED

Display Refresh Rate

90 Hz

120 Hz

90 Hz

Release Date

1Q16

1H16

late 2015

Windows

PlayStation 4

Windows

Platform

OLED

Source: Company reports, Oppenheimer & Co. Inc.

Mobile VR Experience
-
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“The children who were born in the ‘90s will grow up into a world at some
point in their lives in which virtual reality will be cheaply available as a
telephone-like utility. I think this is the ultimate destination. Their children will
grow up into a world in which there is across-the-board use for such a utility,
in which very interesting forms of communication practice begin to be
explored.” -Jaron Lanier, VR pioneer, founder of VPL Research, the first
company selling VR headset and gloves in the 1990s
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Jaron Lanier is widely credited as the man who coined the term “virtual reality”.
Although his VR company, VPL Research, folded after a few years in the 1990s,
his prediction seems surprisingly accurate in today’s context. Indeed, low-cost kit
such as Google Cardboard represents the “cheap, telephone-like utility” he
predicted 20 years ago.
Unlike gaming VR headsets that are powered by high performance PCs and
consoles, mobile VR such as Samsung’s Gear VR and Google Cardboard take
advantage of smartphones for their embedded high resolution display, multi-core
processors, and established platforms for apps and media content. We believe
they will play a critical role in bringing VR to the general public.
Google Cardboard
Exhibit 10: Google Cardboard

Source: Google, Oppenheimer & Co. Inc.

Google Cardboard is a minimalist VR headset made of cardboard, plastic lenses,
and other low-cost components. The cardboard casing uses a smartphone as the
display, which runs compatible apps to create stereoscopic 3D images with a
wide field of view. Google made the entire design free on-line, so that any
interested party could make its own variations of Google Cardboard headsets at
minimum cost (~$5). Also, Google provides SDK (both Android and iOS) for
developers to create apps and content for the cardboard headset.
Samsung’s Gear VR (partnered with Oculus)
Exhibit 11: Samsung Gear VR

Source: Samsung Electronics, Oppenheimer & Co. Inc.

Samsung announced Gear VR in December 2014, the VR headset was jointly
developed with Oculus VR. Like Google Cardboard, it holds a smartphone (only
compatible with Samsung flagship phones) as its display. Unlike Google
Cardboard, the headset is equipped with Oculus Rift’s head-tracking system, a
touch pad, and a dial to adjust the focus. Comparing to the tinkerer feel of
13
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Google Cardboard, Gear VR is a more polished, yet affordable ($200 excluding a
compatible Samsung phone) consumer VR headset. Gear VR also has its own
content store (Milk VR), managed by Samsung.
VR is much more accessible than it was 20 years ago. One no longer needs to
go to a shopping mall and spend $20 for a five-minute VR game experience. For
the same $20 plus a smartphone, a consumer can enjoy VR anywhere on the go.
VR has never been this easily accessible and cheap to an average consumer.
Exhibit 12: Different Levels of VR Experience

Device

Cost

Availability

Use Case
Our Notes
Immserse kids with 360-degree Google Cardboard-like smartphone slot that
under $50
virtual field trip of Paris or the Moon give the original View-Master a new (VR)
Mattel View-Master
Fall, 2015
(smartphone required)
and let them interact with
life: affordable, kid-friendly immersive
surroundings to discover fun facts
VR/AR experience
Watch short VR movies or 360-degree Playing with "snack-size" VR content at
$25-$35
videos on Youtube VR; play VR
almost no cost in a completely mobile
Google Cardboard
Now
(smartphone required)
games; test drive a Volve XC90;
environment (no PC, no cable required),
Google Earth
very portable carboard kit.
A more refined mobile VR experience at
$200
Enjoy sophisticated VR content like
affordable cost; high-quality content
Samsung Gear VR
(Galaxy Note 4 or S6
Now
longer 360-degree videos/films, play curated by Oculus VR; commercial ready
powered by Oculus
required)
mobile games with wireless gamepad applications and experience (e.g. car
dealership)
The lowest cost VR gaming solution for
Play VR games on Sony's PS4 gaming
Sony Project
Under $1,000
serious gamers who already own PS4; Sony
1H, 2016 console, 20+ gaming titles already
Morpheus
(including the cost of a PS4)
may also provide its own Film content
announced; watch full-length movies
optimized for the headset
Oculus has the longest running developer
$1,000
Play VR games, watch full-length
platform for non-game developers, which
Oculus Rift CV1
(including the cost of a
1H, 2016 films, potential for applications in
may bring innovative applications to the
gaming PC)
education, medical, and commercial
system
Valve (partner with HTC) have a very strong
Play full-featured room-scale VR
$1,000
game distribution platform (Steam) the
games, purist gaming headset with
HTC Vive
(including the cost of a
late 2015
most popular game engine, and internally
potential for multi-player gaming
gaming PC)
developed pipeline of AAA games (Halfexperience
life, Portal, Left 4 Dead)
Source: Company Reports, Oppenheimer & Co. Inc.

VR Applications (non-gaming)
-

“Virtual reality is not just a set of devices, but a medium for expression and
communication. Virtual reality is a means to create, experience, and share a
computer-generated world as realistic or as fanciful as you would like.” John C Briggs, VR entrepreneur.

Consumer VR applications are not yet fully commercialized due to early stage in
headset development-even the headsets one can buy today are mostly called
“developer kit” or “innovator edition”. Developers across verticals are exploring
and testing ways to apply the technology. Below, we list some of the key
industries that have been actively incorporating VR.
14
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Live Entertainment and TV
Live events might be the next biggest VR business opportunity after gaming, in
the short run. Traditional live streaming and documentaries of live entertainment
events, despite numerous camera angles and positions, are incapable of
capturing a sense of participation. Virtual reality, or 360-degree video capturing
technologies in the most technical sense, can simulate much more immersive
concert-going experience for people not present at an event. Furthermore, VR
live events experience can allow viewers to “be” on the stage alongside
performers.


Examples: 1) NextVR, a virtual reality company, worked with Coldplay
and recorded their Ghost Stories concert in London in VR. The content is
made available on the NextVR app and can be view through Samsung
Gear VR headset. 2) Jaunt worked with Paul McCartney to record his
Live and Let Die performance during his concert in August 2014. The
performance was recorded in 360-degree view with 3D sound. The
content is packaged in a free app available for Google Cardboard users.
3) Next VR helped Fox Sports to bring a live streaming VR experience to
viewers at the VIP tent and select locations during the US Open
tournament in June 2015. Viewers could access any of the five camera
rigs around the golf course. 4) Vice News, partnering with director Chris
Milk and Spike Jonze, experimented with VR news broadcast in
December’s Millions March protest rally in New York. The film was shot
using a 360-degree camera system that follower the report through the
marching crowd. The film is delivered on smartphones and can be
viewed either with or without a Google Cardboard headset.



Key Benefit: live broadcasting of VR content gives viewers a strong
sense of participation. Live events recorded in 360-degree video adds
value to resale opportunities post-events. The VR news reporting takes
the audience to the real events and can potentially exert stronger
emotional impact.



Challenges: live streaming VR content in real time, to audience
anywhere is not yet feasible due to constraints on image processing
speed and broadband data rate. Event organizers may resist the idea for
fear of cannibalizing event ticket sales.

Movie Production / Marketing
VR for film makers often means spherical video (360-degree video). Most VR
movies are short, about 5-minute in length. They are produced as an innovative
supplement to feature films, adding another dimension of storytelling. We believe
we are unlikely to see full-length VR movies in cinemas soon. As the first step,
short VR videos can be a useful marketing tool before storytelling techniques,
production cost, and movie goers are ready for full-length films.


Example: 1) 20 Century Fox’s Fox Innovation Lab, is producing a VR
short as an offshoot of the upcoming Ridley Scott’s blockbuster The
Martian. 2) Fox Searchlight presented a VR short, Wild-The Experience
at Sundance 2015, putting users in between actresses Reese
Witherspoon and Laura Dern in a scene inspired by the recent movie
Wild. Ten other VR movie projects were shown at Sundance this year as
part of the New Frontier Exhibition.



Key Benefit: VR is a new form of storytelling. It enables viewers to step
inside the story, and to experience the drama from the protagonist’s

th
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view. Imagine sitting in a truck car racing in Mad Max. VR allows viewers
to experience the characters in more intimate ways, especially for horror
movies, the effects of which can be stunning.


Challenges: VR content production is costly and difficult (unlikely to use
lower-cost GoPro rigs for movie production). There are few ready-to-use
tools for post-production. Industry veterans we spoke to are all
developing their own in-house tools for stitching and other processes.
However, lower-cost camera and software systems, such as Google’s
Jump (a camera rig that houses 16 GoPro cameras), may be the first
step to bring down production costs to consumer and prosumer VR film
making. Finally, VR movies needs new form of direction and editingtraditional movie viewers are guided by director’s control of the camera
direction and angles, whereas in VR movies the viewers can turn to
wherever they want-directors of VR movies need to find ways to tell
viewers where to look at.

Education and Professional Training
VR is a great tool for education and training. It can visualize complex concepts in
science and technology, it enables empathy by taking students through thirdparty experience, it removes the spatial and time barriers for historical events. It
is also provides a low cost solution for hands-on training: a trainee can learn to
operate virtual machinery without worrying about damaging otherwise expensive
equipment.


Example: zSpace develops desktop VR solutions optimized for
education and medical training markets. Its system requires the user to
wear polarized glasses to view stereoscopic 3D images at 720p
resolution. It allows students to directly interact with virtual simulations as
if they were real objects. Students can learn to navigate, grab, slice,
carve, zoom, and explore 3D models as never before possible in
traditional 2D environment. Application on the system include teaching
concepts of Newtonian mechanics, biology, anatomy, electricity, and
electromagnetism.



Key Benefit: VR is an excellent way to teach three dimensional
concepts, such as human anatomy, solid geometry, physics, and many
more. Its advantage over physical models is that teachers can change
the subjects and experimental environment freely and instantaneous.
Additionally, students can get inside cells, atoms, or auto engines to
understand and inner workings of otherwise inaccessible structures and
places.



Challenges: the VR community needs better content creation tools for
teachers, so that they can be leveraged as developers to contribute
content to the ecosystem. Also, the choice of hardware platform can be
confusing for decision makers, as applications and content cannot be
shared between, for example, a zSpace system and an Oculus Rift
headset.

Sports
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Example: STRIVR Labs is a virtual reality technology company that
provides training solutions to sports teams with a virtual reality platform
that is highly customized. It enables players and coaches to review the
game from a players’ perspective, as if they are in the middle of the
game again. It puts back-up players in leading players’ shoe and
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immerses them in real game scenarios and learns about leading players’
decision making. VR also finds applications in sport injury recovery,
where players can review their exercise and correct for the right
postures.


Key Benefit: VR is the best way to share experience, to relive the
games play-by-play from a player’s point of view for athletes and
coaches alike. The traditional birds-eye view of game recordings can
miss crucial details about the game and players.

Architecture


Example: Tools such as Photo Spheres can enable architects to show
clients their 3D models directly on Google Cardboard, without incurring
additional time and costs to produce animated films. Near-term VR
applications in architecture will be used for promotional and visualization
purposes.



Key Benefit: Architects model buildings in 3D but output 2D renderings
most of the time to demonstrate their design to clients. A VR experience
for clients can present a more photo-realistic environment—as if they are
standing right in the lobby of a proposed hotel.

Therapy


Example: VR has been explored and tested to treat post-traumatic
stress disorder as far back as 1997. Clinics and hospitals are using VR
simulations of war scenes similar to those in Iraq and Afghanistan to help
veterans relieving the traumatic events they experienced. In a safe and
controlled environment, they can learn how to handle instances that
might otherwise be triggers to behavior that could be harmful to
themselves and others.



Key Benefit: VR technology offers controllable environment that caters
to a wide variety of individual scenarios.

Real Estate


Example: A new apartment complex in New York City, the Grand at Sky
View Parc, is hosting virtual reality tours of its apartment units.
Customers can “visit” their apartments and amenities (part of which is
still under construction) with Oculus Rift DK2 headset.

Finance


Example: Bloomberg LP, the financial software and data company, has
experimented with Oculus Rift headset to provide its terminal users with
an unlimited virtual desktop space. With the headset, a trader can
potentially looking at a virtual space as big as 20 desktop PC monitors
without the cost of buying or actually occupying the physical space for
the monitors.

Conclusion: the VR experience today is good, comparing to decades ago, but it
is not yet close to where most people want it to be. However, we see a clearer
path to mass consumer adoption than 20 years ago. The critical problems are not
fully solved. To reach mass adoption, VR needs to prove that it is more than an
expensive gaming accessory. Right now, we believe the “killer app” has not
emerged to compensate for the cumbersome and expensive headsets,
17
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occasional motion sickness, disruptive human interface, and isolating viewing
experience.
The hard and easy problems in VR
Easy problems


Display Resolution: higher resolution means more vivid images, which
enhances VR users’ immersion. Even though The Rift, Project
Morpheus, and Vive are using “retina” smartphone displays with higher
than FHD resolution (2160*1200), they are nowhere close to delivering
“retina” viewing experience to HMD users. Headset users can still see
pixilation at such resolution because the displays are much closer to the
eye and images are magnified by the optical lenses.
o



Graphics Rendering: faster rendering speed means lower latency,
which is critical to providing a smooth and natural viewing experience.
According to Oculus VR, “the Rift runs at 2160×1200 at 90Hz split over
dual displays, consuming 233 million pixels per second….by raw
rendering costs alone, a VR game will require approximately 3x the GPU
power of 1080p rendering.” An 8K display of the same size contains 16x
total pixels of a FHD display, which means GPU rendering power will
need a 16x boost to drive an 8K VR experience.
o



Solution: we believe Moore’s Law will take care of the problem.
Nvidia announced in 2015 that its next gen GPU, Pascal
(expected in 2016), will be 10x faster than today’s Maxwellbased GPUs. The GTX 970, recommended by Oculus VR for its
CV1, is based on Maxwell. It appears that GPU performance will
improve at a faster rate than display resolution, which means the
“excess” computing power can be utilized to improve other
aspects of image quality and shorten the overall latency.

Application and Content: VR apps, games, and media content are
limited and fragmented today, often produced by independent
developers, film makers, and smaller game studios. There is no clear
time line to transplant AAA games to any VR platforms.
o
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Solution: competition for higher resolution among smartphone
panels markers will push resolution higher, with or without the
demand from VR industry. Based on conversations with industry
insiders, we believe 8K resolution per eye might be “good
enough”, although the human eye can distinguish much higher
resolution. We expect commercial volume 8K smartphone LCD
display to be available by around 2020.

Solution: Sony announced 20 game titles for VR at E3 this year.
We believe it can leverage its internal studios to produce enough
VR games for the PS4 when Project Morpheus is launched. For
HTC Vive, Valve is able to provide an excellent game distribution
platform-Steam and complete integration of Unreal Engine.
Oculus VR announced that it is investing $10M to encourage
development of indie games on its platform. Also, Oculus VR has
an internal production studio (Oculus Story Studio) to make its
own content.
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Hard problems
-

“The bottleneck will turn out to be software, around managing the
data that defines virtual worlds well enough that it can be used,
particularly providing people with tools that let them design and
manipulate those worlds quickly enough to make them really useful.”
- Jaron Lanier, VR pioneer, founder of VPL Research



Ergonomics: mainstream VR systems to be released in 2015-2016 will
1) require users to wear a HMD that completely blocks their field of view,
2) be tethered to a PC/gaming console, and 3) require users to stay
within a defined space for accurate position tracking. We believe those
requirements are likely to remain for the next five years as the typical VR
gaming experience because: 1) wireless data transfer will increase
latency, 2) alternative to fully enclosed HMD are still in development
stage. We are unsure if gamers and general consumers alike are willing
to spend long periods of time alone, in a confined space, with a headset,
and completely shut off from surrounding environment.



Human interface: there hasn’t been enough data collected on user
interface for VR systems. Gesture control seems like the natural and
intuitive option, but accuracy, grammar, and efficiency are harder to
balance than most would believe. The near-term solution is using
traditional gaming controllers for console games, which can seriously
reduce immersion and presence, as users are constantly reminded by
the controller that they are playing a game. While HMD and 3D sounds
can create immersive VR experience, the lack of compelling touch and
motion control feedback will break the sense of presence when users try
to interact physically with the virtual world. Moreover, VR itself can be a
human interface, similar to Windows’ desktop metaphor. There is very
limited experience on expanding computer interface into 3D space,
which may prevent VR to be used for general purpose computing.
o



Theoretically, the best VR game, a first person shooter for
instance, would allow the gamer to hold a real gun and physically
move around. But there is little in the way of a practical solution
on the market, The next best solution is wireless motion
controller, which combines hand gesture with traditional button
and joystick based controls. By toggling a joystick to move, the
gamer is pulling itself away from the idea of immersion and
presence, they are a constant reminder that he is not in the
game, but controlling a character in the game.

Social / Psychological Experience: as long as a HMD is required for
VR experience, the user is isolated from the outside world. In fact, the
better the VR experience, the more isolated users are from the outside
world, such is the dilemma most VR developers and headset makers.
We believe that VR, comparing to AR, is lacking a critical social aspect to
the overall experience.

The Future of VR
-

“Within about five years you should be able to run slick, consumer-oriented
VR on your desktop computer and advanced VR applications on office
workstations; tomorrow’s supercomputers should be able to do incredible
things to enhance the VR experience.” The Futurist, 2002
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-

“In the longer-term future (10 to 20 years), you should be able to experience
advanced VR from the comfort of your home, with much of it coming to you
over the internet or whatever supersedes it. VR should become an integral
part of business, substituting virtual trips for “real” travel to attend meetings,
create products, or conduct inspections.” John C. Briggs, VR entrepreneur,
Virtual Reality Is Getting Real: Prepare to Meet Your Clone, The Futurist,
2002

VR is all about human experience
Technology development thus far is (almost) all about information. The PC, the
internet, and the smartphone each represents a milestone on the way we access,
analyse, and share information. Those devices and services are getting very
good at processing and moving information, but they are in the primitive stage
when it comes to human experience. Video calls on a smartphone connect
people in ways far superior to voice call, but that is as far as people can go in
terms of sharing experience between two persons in separate locations. VR, in
the long run, can provide packageable, sharable, and customizable human
experience.
As Mark Zuckerberg said in his post announcing the purchase of Oculus VR,
“The incredible thing about the technology is that you feel like you’re actually
present in another place with other people. People who try it say it’s different
from anything they’ve ever experienced in their lives…VR is not just a platform, in
the long run, it has the ability to create a whole range of human experience”
VR as the Ultimate Interface
The history of HCI proves interface gets more intuitive and easy to understand.
For example, MS-DOS displayed file system in the command lines, whereas
Microsoft Windows OS showed a digital folder, a metaphor for the real-file folder
that contains physical hardcopies. Users of Windows feel that they are operating
upon the data directly, rather than via an agent: like opening a book oneself
rather than asking a robot to do it. Similarly, VR pushes the idea of “direct
manipulation” further, so that users will one day manipulate the data directly
inside the virtual world, or a VR operating system.
The primary interface on PC, the desktop, is a metaphor for our real office
desktop, where there are files, folders, and productivity tools. Due to the
limitation of 2D display, the metaphor is confined to the 2D space. With VR, we
can expand the desktop metaphor to 3D space, we can use other metaphors,
such as an entire office, a building, a factory, a city block, a country and much
more; we can have unlimited, customized metaphors for people of different
professions and circumstances (think working from home at an entirely new
level).
Future Technology Aspirations
There are a few emerging technologies that may solve the critical problems in
VR.
 Laser scanning display: most displays present an image incrementally
as it is scanned out from the computer, which has the effect that the
bottom of the screen changes 16 milliseconds later than the top of the
screen on a 60hz display. But laser scanning display is almost as
instantaneous as CRT.
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Light field technology: according to Stanford researchers Marc Levoy
and Pat Hanrahan, light field is a 4D function that characterizes the flow
of light through unobstructed space in a static scene with fixed
illumination. The light field is all the light traveling in every direction at
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every point in space. Light field display always provide depth information
for viewers. There are a great number of ways to display a light field to
viewers. According to Douglas Lanman, a research scientist at Oculus
Research, an ideal light field display (or 3D displays in general) should
allow the human visual system to decipher both the absolute and relative
depth of objects in the visual field. Also, it should provide views with as
complete a subset of perceptual depth cues as possible.

Market size
Due to the early stage of VR headset development and its concentration on
gaming applications, our market size estimates below will mainly focus on nearterm market opportunities for VR headset sales.
We expect gaming VR headset shipments to reach 5.6M units and $1.4B in sales
by 2018. Our conservative outlook reflects our concerns over early generation
products, which may disappoint consumers in the gaming experience and title
support.
Exhibit 13: Gaming VR Headset Market Projection

2016E

2017E

2018E

$350

$298

$253

Shipment (million units)

830

2,965

5,564

Revenues (US$ millions)

291
1.0%

882
3.0%

1,407
5.0%

ASP (US$)

Gaming Market Penetration
Source: IDC (2014), Oppenheimer & Co. Inc.

Our projection does not include lower-end products such as Samsung GearVR
and Google Cardboard. If we applied the same 1% penetration for 2016, we
believe Gear VR and Google Cardboard are likely to ship 0.8M (1% of 80M highend Samsung handset installed base) and 5M units (1% of 500M non-Samsung
high-end handset installed base), respectively. The two combined will provide an
additional $170M to our 2016 projection; therefore, we project the total VR
headset market to reach $461M in 2016.
We note that a bull case can be made for VR headsets if they receive similar
market reception of Nintendo Wii, or Microsoft Kinect, both of which provided
innovative interface and novel game plays. Nintendo Wii took 30% of the gaming
console market within three years of its release. Kinect for Xbox took two years
to penetrate nearly 50% of the installed base of Xbox 360; therefore, the bull
case for gaming VR headsets could mean a market 10x of what we are
forecasting today.

What about AR?
VR vs. AR: VR, generally speaking, prevents the user from interacting with the
real world, whereas AR experience is all about integration virtual information on
top of the real world. AR is inherently a more social experience. However, we
believe the boundary will blur as both technologies are integrated deeper into
consumer lives. VR and AR sits on a sliding scale between reality and “virtuality”
(purely simulated experience), the degree of both experience entails injecting
virtual information to real world experience.
According to Gartner, AR is the real-time use of information in the form of text,
graphics, audio and other virtual enhancements integrated with real-world
21
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objects. It is this "real world" element that differentiates AR from virtual reality.
AR aims to enhance users' interaction with the environment, rather than
separating them from it. AR, simply put, is information overlay on the real world.
It is blending the real world with virtual world. In AR, the metaphor does not exist.
It seems unproductive to argue what constitute a “pure” VR experience or
differentiates VR from AR with defined terms. Both experiences serve the same
goal, humans want to enhance their visceral experience, to sense beyond one’s
physical limits.
From a social perspective, AR and VR cater to opposite occasions and use
cases. VR is exclusive and private, because the best VR experience should fully
immerse the user in the virtual environment. AR, on the contrary, relies entirely
on the interplay between a user’s surroundings and the virtual world. AR is
inherently social, therefore we believe AR may be a better tool for daily use.
That being said, AR headset and applications have more difficult problems to
solve. AR needs better display (brighter) and optics (to avoid eye strain), better
ergonomics (light weight), and a better human interface. In addition to high a
refresh rate and low latency, AR needs more powerful environmental sensors,
especially depth sensors to understand the surroundings, and real-time
information over calls for precise tracking and generation of graphics.
Compared to VR, AR is lacking a flag-bearer, an Oculus VR-like pioneer. It is
currently handicapped by significant market fragmentation, where developers
cannot find a reliable, scalable, and sustainable platform to developer
applications and content. We will discuss AR market in more depth in our followup reports on human interface.

Companies That Will Shape Our VR / AR Future
The tables on the following pages provide an overview of the key ecosystem
partners for the VR market.
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Exhibit 14: VR Universe
Headset (AR)

Headset (VR)

Interface (motion
controller / tracker)

Interface
(accessory)

Components
(display)

Atheer Labs

Avegant

Control VR

Cyberith

AUO

Daqri
Epson
Google

Fakespace Labs
FOVE
HTC/Valve

Dexta Robotics
Intel
Leap Motion

eMagin
Himax
Kopin

Lumus

Mindmaze

Myo

Immerz, Inc.
Razer
YEI Technology
Interface
(eye tracking)
Eyefluence
The Eye Tribe

Magic Leap
Oculus VR (Facebook)
META
Samsung
Microsoft
Sensics
Optinvent
Sony
Osterhout Design Group
StarVR
Recon Instrument (Intel)
Seebright
Sony
Technical Illusions
Vuzix
Zeiss
Content Creation Tools Content Creation Tools
(hardware)
(software and services)
360 Heros
Augumenta
GoPro

Crytek (CryENGINE)

Jaunt
Lucid

Epic Games (Unreal
Engine)
High Fidelity
OTOY

Matterport

Sketchfab

HypeVR

NextVR
Occipital

Unity Technologies (Unity
5 engine)
Valve Corporation (Source
2 engine)

PhaseSpace
Primesense (Apple)
Sixsense
Tactical Haptics

Content Production
(studios)
ILMxLab
Motion Picture Company
(subsidiary of Technicolor)

Components
(motion sensor)
Asahi Kasei Microdevices
(AKM)
Bosch Sensortec
InvenSense
ST Microelectronics

Samsung

Game Developer

Platform / Infrastructure

Specilized Verticals

CCP Games

Augmate

EON Sports VR

IRIS VR

WEVR

STRIVR Lab

Oculus Story Studios

nDreams

WEARVR

zSpace

ReelFX
Tactic

Owlchemy Labs
Reload Studio

Social
AltspaceVR

Virtual Reality Co.

SCE London Studio (Sony)

Linden Lab

VRSE.works

Ubisoft Nadeo

Mojang (acquired by
Microsoft)

VRwerx

Source: Company reports, Oppenheimer & Co. Inc.
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Exhibit 15: Company Profiles (1 of 7)
Name

AltspaceVR

Atheer Labs

Augmenta

Avegant

Description and Key People
AltspaceVR is a consumer software company. It builds interactive virtual space for people to play or work
together through VR headsets and PC. Altspace seeks to bring more natural ways for people to
communicate with each other. The company was founded in 2013 and is headquartered in Redwood City,
CA. Investors include Dolby Family Ventures, Google Ventures, Lux Capital, Maven Ventures, Rothenberg
Ventures, SV Angles, and Tencent Holdings.
Eric Romo, the CEO of AltspaceVR, is an early employee of SpaceX and founder of GreenVolts, a solar
eneger start-up.
Atheer Labs is an AR wearable startup that successfully completed indigogo funding 2/17/14 raising $214k
of a $100k goal. Although ultimately focused on further developing their Augmented Interactive Reality
(AiR) platform which incorporates gesture control into an AR environment, the AiR DK 2 adds to the typical
AR wearable by incorporating a sensor that can pick up the shape of the users hands and recognize a set
list of gestures to manipulate content. Atheer's most recent funding round in February 2015 raised $8.9m
through Streamlined Ventures. The DK 2 is available now for $1000.
Soulaiman Itani, Founder and CEO, created Atheer Labs with the goal of advancing human-centric
computing. Past roles have included designing cancer tests and treatments as well as creating models for
robotics and UAVs.
Augmenta is a VR content development company in the areas of apps, games, and virtual environments.
Augmenta is comprised of two main segments: 1) The explora360 fly-dive for in-air and under water
archeology and 2) A digital storytelling segment more immersive game and edutainment experiences.
Avegant is a VR headset startup that successfully completed kickstarter funding 2/21/14 raising $1.5m of a
$250k goal. With a multi-functional form factor and built-in headphones, the Glyph provides a semiimmersive viewing experience. The headset functions more as a standard display although some headtracking capabilities will be offered creating a VR-esque experience. A Series A funding round lead by Intel
Capital and NHN Investment raised $9.4m in November 2014. With pre-orders currently available for $500,
the first kickstarter customers should receive their devices late 2015.
CEO Joerg Tewes provides consumer electronic product experience with numerous prior roles at
Logitech, while CTO and co-founder Allan Evans developed Glyph's virtual retinal display which uses no
screens, rather generates images from reflected light.

Control VR

Control VR is a startup wearable technology company who successfully completed kickstarter funding
7/5/14 raising $442k of a $250k goal. The Control VR system seeks to provide realistic interaction in a VR
environment through the use of gloves fitted with sensors to track finger movements and translate these in
useable control inputs. Outside of VR, Control VR can also be used for PC control and other applications
such as drone control. A two-arm package is listed at $600 and expected shipping is 4Q 15.

DAQRI

Co-founder Ali Kord has worked with a multitude of inertial motion capture systems including founding
Synertial and Analogus, and has also founded VR motion capture and content companies MocapGames
and Animalive.
DAQRI is a primarily software focused AR company whose primary offering is a 4D augmented reality
platform. The company's initial hardware offering, the Smart Helmet, features 360 degrees navigation
cameras, a high-res depth sensor, and an inertial measurement unit. The helmet packs 2 Qualcomm
Snapdragon processors and DAQRI claims it is the most powerful wearable developed to date. The
helmet is expected to retail "in the thousands". DAQRI raised $15m from Tarsadia Investments in June of
2013.
Brian Mullins, co-founder and CEO, formerly co-founded U.S. Mechatronics, and previously developed
systems employing vision-based mixed-reality technologies for simulation purposes with the U.S.
Department of Transportation and the Space and Navel Warfare Systems Command.

Source: Company reports, Oppenheimer & Co. Inc.
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Exhibit 16: Company Profiles (2 of 7)
Name

EON Sports VR

Eyefluence

Description and Key People
EON Sports VR is an interactive 3D software provider for sports performance training. EON Sports VR
uses visualization software and provides 3D display technology for immersive and stereoscopic viewing,
from portable tablet PCs and glass free stereo display systems to curved-screen and immersive rooms
consisting of multi-channel projection walls. The technology foundation for developing interactive sports
content is rooted in EON’s authoring software for creating applications that can be viewed on various
display systems. EON Sports VR’s technology solutions enable all teams to get more meaningful
repetitions, maximize practice time, and develop better players. The company was founded in 2013 and is
headquartered in Kansas City, MO.
Eyefluence develops eye-interaction technology for controlling HMDs with gaze. The company provides
integrated hardware, software, optical, and UI/UX technologies which seek to provide complete HMD
control easier and faster than that of fingers on a smartphone. Eyefluence is working directly with HMD
manufacturers to integrate their technology. In November 2014, Eyefluence received an undisclosed
amount of investment from Intel Capital.
Jim Marggraff, founder/CEO, serves as Vice Chairman of Livescribe, a paper based computing platform.

Oculus VR /
Facebook

Oculus VR the most well-known VR headset maker. It rekindled general interests in VR technology with its
successful Kickstar project Oculus Rift DK1 in 2012. Facebook acquired Oculus in March 2014 and the
company has been at the leading edge of VR for both hardware and content. It also launhced a $10M fund
to support third party developers in the VR community.
John Carmack, the CTO of Oculus VR, has been one of the most well-known figures in computer gaming
industry. He co-founded Id Software and is recognized as a lead research of 3D graphics and VR. A
number of technogies and algorithms he invented made significant comtribution to 3D computer gaming.
Dr. Mary Lou Jepsen, the Head of Display Technology of Oculus Rift, is a lead researcher of display
technologies. She was the Head of Display Division at Google X until early 2015. She was the co-founder
of Microdisplay, the CTO of Intel's Display Division, professorof MIT Media Lab, founder and CEO of Pixel
Qi, and co-founder and the CTO of One Laptop per Child (OLPC).

Fakespace Labs released their Wide5 HMD in 2006 for the purpose of realistic VR content development.
The headset retailed at the time for $32,500 with an 800x600 LCD for each eye. Spun off of the original
Fakespace Labs
1991 founded Fakespace in 1998, Fakespace Labs have been leaders in advanced visualization
technologies facilitating human-computer interaction for nearly 18 years.
CEO and one of the original Fakespace founders Ian McDowall has overseen the development of multiple
technologies at Fakespace, most notably their first HMD as well as award-winning work on light field
displays.
FOVE is a VR headset startup that successfully completed kickstarter funding 7/4/15 raising $450k of a
$250k goal. With a focus on eye-tracking as input, they seek to use their technology to translate even the
subtlest eye-movements into user-intention and emotion in a VR environment. Additional funding from
FOVE
Samsung Ventures (who joins Microsoft Ventures London Accelerator and Rothenberg Ventures as
investors) will facilitate further support of Valve's Lighthouse positional tracking. Devices expected to ship
May 2016.
Yuka Kojima, CEO and founder of FOVE, formerly an associate producer at Sony Computer Entertainment
and a social game director at GREE.

High Fidelity

High Fidelity is a technology company that helps people build highly customizable virtual worlds with its
open source VR platform. It provides tools that allow people to generate interactive virtual spaces where
users can put in models and define interactive rules.. High Fidelity was founded in 2013 and is
headquartered in San Francisco, CA. Investors in the company include Vulcan Capital.
Pilip Rosensale, the founder and CEO of High Fidelity, is also the founder the the former CEO of Linden
Lab. Linden Lab owns Second Life, the most influential on-line virtual world. He was also formerly the CTO
of RealNetworks, after his company was acquired by RealNetworks.

Source: Company reports, Oppenheimer & Co. Inc.
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Exhibit 17: Company Profiles (3 of 7)
Name

ILMxLab

Jaunt

Linden Lab

Description and Key People
ILM Experience Lab (ILMxLAB) is a new division inside Lucasfilm that will draw upon the talents of
Lucasfilm, ILM and Skywalker Sound. ILMxLAB combines storytelling, technological innovation and
production to create immersive entertainment experiences. For several years, the company has been
investing in real-time graphics – building a foundation that allows ILMxLAB to deliver interactive imagery at a
fidelity never seen before. ILMxLAB will develop virtual reality, augmented reality, real-time cinema, theme
park entertainment and narrative-based experiences for future platforms. ILMxLAB was founded in June
2015.
John Gaeta, the Executive Creative Director of ILMxLab and Lucasfil New Media, is a highly regarded
vetevan in visual effect. He is known for his long-time collaboration with Larry and Andy Wachowski. His first
solo effects supervision project as the film, The Matrix, where he designed the now famous "bullet time"
scene. Earlier in his career, he worked at Trumbull Company.
Jaunt is developes end-to-end solutions for immersive cinematic VR. The company is most well-known for
its proprietary camera systems optimized to capture VR content. In addition, Jaunt works with leading
creatives – from brands to artists to filmmakers – to create VR content through its studio arm, Jaunt
Studios. The company produces branded and original VR content for audiences worldwide. Jaunt’s
investors include Highland Capital Partners, Google Ventures, Redpoint Ventures, Peter Gotcher, Blake
Krikorian, and British Sky Broadcasting (corporate.sky.com). The company was founded in and is
headquartered in Palo Alto, CA.
Cliff Plumer, the head of Jaunt Studio, is formerly the CEO of Digital Domain, and CTO of Lucas film and
Industrial Light & Magic.
Linden Lab is a technology company that develops interactive, 3D online environment. Its main product,
Second Life, is a online virtual world. Second Life users can create virtual representations of themselves
(avatars), and interact with other users, places or objects. They can explore the world, build virtual objects,
trade virtual property and services with one another. It principally features user-generated content based on
3D computer graphics. The company announced in 2014 that it is building a new virtual world. Linden Lab
was founded in 1999 and is headquartered in San Francisco, CA.
Pilip Rosensale, the founder and former CEO of Linden Lab, is currently the founder and CEO of High
Fidelity. Linden Lab owns Second Life, the most influential on-line virtual world. He was also formerly the
CTO of RealNetworks, after his company was acquired by RealNetworks.

Lumus

Lumus develops and produces AR wearables and HMD's for consumer, commercial, and military
applications. Lumus' DK-40 smartglasses feature a processor running Android, a 5mp camera and a VGA
display with a 25 degrees FOV. Lumus partnered with InfinityAR (AR engine) at CES to demonstrate the
capabilities of a AR headsets in professional environments.
Dr. Yaakov Amitai, founder and CTO of Lumus, developed Lumus' core LOE technology, and previously
headed the optics group at ELOP, the largest Israeli manufacturer of electro-optical systems.

Lytro

Magic Leap

Lytro is a light field technology company that develops proprietary camera hardware and software that seek
to capture light field. Its 2nd gen light field camera and software allow the user to adjust aperture, use
selective focus, tilt, focus spread, animation and even create 3D with a single exposure after the fact. Lytro
was founded in 2006 and is headquartered in Mountain View, CA. Lytro investors include AndreessenHorowitz, Greylock Partners, NEA, and North Bridge Venture Partners.
Dr. Ren Ng, the founder and executive chairman of Lytro, is an assistant professor at the University of
California in Berkeley's Department of Electrical Engineering and Computer Science. He founded Lytro
based on his doctorate research in digital light field photography.
Magic Leap is a developer of AR technology. It raised more than $540M in the most recent round of
financing from Google, Qualcomm, Andreessen Horowitz, and Kleiner Perkins. It has been speculated that
its AR headset projects digital light field directly to a user's eye, which promised very low latency more
natural viewing experience.
Rony Abovitz, the founder and CEO of Magic Leap, also co-founded MAKO Surgical Corp.

Source: Company reports, Oppenheimer & Co. Inc.
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Exhibit 18: Company Profiles (4 of 7)
Name
Matterport

Microsoft /
HoloLens

Description and Key People
Matterport is a computer vision technology company with a 3D Media Platform for quickly and easily
capturing, creating, experiencing and modifying 3D photographic models. Its proprietary 3D depth sensing
camera can create 3D images of rooms for real estate agents. Matterport is headquartered in Mountain
View, CA.
HoloLens is a augmented reality headset with on-board, discrete holographic processing unit (HPU)
besides CPU and GPU. The see-though head-mounted display lays 3D images over the user's real-world
view. Microsoft showcased applications of HoloLens in gaming (Minecraft), architecture and mechanical
design, remote engineering support and collaboration. The headset is controlled by voice command and
hand gestures.
Alex Kipman, the leader designer of HoloLens, is a 15-year Microsoft veteran. He led the creation of
Microsoft's Kinect motion controller. He was awarded for outstanding technical achievement and
outstanding technical leadership at Microsft for his work on Xbox.

Mindmaze

NextVR

Mindmaze made the jump into VR/AR debuting their Neurogoggles at GDC 2015. The headset utilizes their
MindLeap technology which has historically been used in medical applications such as helping amputees
control artificial limbs. With integration of EEG (through connection of electrodes to head), MindLeap
predicts neurological and physical activities in real time to deliver realistic VR experiences to users. The
headset is early-on in development, and Mindmaze is seeking partners for continued development.
Mindmaze raised $8.5m in funding March 2015.
CEO and founder of Tej Tadi has an advanced background in virtual reality, computer graphics,
neuroscience, and game training and interfaces.
NextVR is a technology company that enables the tranmission of live, long-form vitual reality content in
broadcast quality. It seeks to bring on-demand virtual reality experiences such as rock concert, sporting
events, or fashion shows. NextVR allows the content to be streamed directly to TV and mobile device
users. The company has more than 23 patents granted and pending for the capture, compression,
transmission, and display of VR content. The company was founed in 2009 and is headquartered in Laguna
Beach, CA.
David Cole, the co-founder of Next VR, has 27 years of experience in digital imaging, stereoscopic 3D
research & development, business development and execution. David has co-authored 14 patents in virtual
realty and stereoscopic technology and three patents in adaptive computer learning technology.

Optinvent

Osterhout
Design Group
(ODG)

Optinvent is an AR wearable startup that successfully completed kickstarter funding 10/14 raising $104k of
$100k goal. Their Ora smartglasses feature a multi-position display, a dual-core processor running
Android, full connectivity and sensor suite, and a 5mp front facing camera. Optinvent is also developing
Smart AR headphones. An additional $450k in seed funding was raised 2/15. Pre-orders are available for
$949 while kickstarter early backers have already began receiving their devices.
CEO and co-founder Kayvan Mirza has 20 years of industry experience in consumer electronics for
companies such as HP, Technicolor, Eaton, and Invensys. CTO and co-founder Khaled Sarayeddine has
over 20 years industry experience in display optics.
ODG is a developer of AR wearables targeting the government, industrial, and consumer markets. Their
most recent R-7 smartglasses feature dual HD see-through displays, a full-array of sensors (altitude,
humidity, light, accelerometer/gyroscope/magnetometer), earbuds, 2 microphones, haptic feedback in the
temples, and a full-HD autofocus camera. ODG's partnership with Qualcomm leads to a Snapdragon 805
processor running Android. A collaboration with Mini Cooper for Mini branded AR glasses brought ODG
into the spotlight early 2015.
Ralph Osterhout, founder and CEO of ODG, is an American inventor developing products ranging from
consumer electronics to dive equipment to devices for the Department of Defense.

Source: Company reports, Oppenheimer & Co. Inc.
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Exhibit 19: Company Profiles (5 of 7)
Name

OTOY

PhaseSpace

Description and Key People
OTOY is a Los Angeles-based cloud rendering company. Its product and service seek to simplify game
development process and reduce costs. Its solution utilizes clusters of multiple GPUs, and delivers to the
client through a web browser. OTOY also commercializes the LightStage technology, a facial- and motioncapture device that can capture an actors' performance in photorealistic detail, and has been used in
several blockbuster films as well as games. The company was founded in 2008. Advisers to OTOY include
Dr. Eric Schimit (fomerly CEO of Google), Samuel Palmisano (formerly CEO of IBM), and Brendan Eich
(formerly co-founder and CEO of Mozilla).
Jules Urbach, the CEO of OTOY and Lightstage, is the lead software architect and sets the direction for the
company. Prior to OTOY, he created the web's first 3D video game platform and licensed the software to
Macromedia, Disney, Warner Brothers, Nickelodeon, Microsoft, Hasbro, and AT&T.
Paul Debevec, the Chief Scientific Consultant of OTOY, is a well-known researcher in computer graphics.
Since 2000, he has led the Graphics Laboratory at the University of Southern California's Institute for
Creative Technologies, developing novel facial capture, 3D display, and reflectance acquisition techniques
for VR. He is a member of the Academy of Motion Picture Arts and Sciences, the ACM SIGGRAPH
Executive Committee, and the Visual Effecs Society.
PhaseSpace produces 3D optical motion-capture systems designed to be affordable to small companies,
universities and individuals. PhaseSpace systems start at $25k while previous motion tracking systems fell
in the $250k range. Their Impulse X2 system has been utilized by gaming companies such as Ubisoft and
Harmonix as well as by customers such as ESPN, Microsoft, and Bungie. The system uses from 2-48
cameras along with LED markers to capture high-speed motion up to 960 FPS.
Founder and CEO Tracy McSheery started PhaseSpace in 1994 and has created motion tracking systems
at PhaseSpace for computer animation, telepresence, sports medicine and virtual
training.

Recon
Instruments /
Intel

Recon Instruments develops smart eyewear technology for sports and high-intensity environments.
Recon's two major offerings are 1) the Jet AR ($699) smartglasses which feature built-in GPS, sensors
which output vital stats on to the microdisplay, and a built-in front facing camera and 2) The Snow2 ($399)
HUD for alpine sports which features an HD microdisplay, built-in GPS, dual-core processor, and a full
sensor suite. Recon has also partnered with Oakley for packaged goggle integration. Recon was acquired
in June 2015 by Intel Corp.
Co-founder and CTO Hamid Abdollahi's expertise in micro-electro-mechanical systems, sensors, robotics,
and optical technologies laid the groundwork for the company’s creation. He previously served as a design
engineer for Motion Metrics Corp and as a mechanical engineer for Honeywell.

Seebright

Seebright is an AR wearable device company who debuted their first AR device, the wave, at CES 2015.
The Wave, like Google Cardboard and Gear VR, leverages the users smartphone for sensors to interpret
the physical space around the user and projects high-resolution images for both AR and VR experiences.
An initial funding round in April 2014 provided $655k, and the company expects the Wave to hit kickstarter
mid-2015 starting at $150.

Sensics

Sensics have been developing and selling HMD's for both commercial and military applications, however
their latest headset, the OSVR Hacker Dev Kit, developed in partnership with Razer, was designed to be
affordable to the average consumer and facilitate VR content development with a high quality headset.
Sensics is also the founding contributor to OSVR, an open-source software platform for VR. The OSVR
HMD will be available July 2015 for $199.
Sensics' CEO Yuval Boger has served in prior CEO, VP, and GM roles in multiple successful tech
companies over the past 15 years. Boger's Masters of Physics from Tel Aviv University focused on fiber
optic sensor arrays.

Sixsense
Entertainment

Sixsense Entertainment develops human interface technologies for consumer and industrial clients. Its
motion control system (STEM) enable wireless tracking of user's hands and body with low latency. The
STEM System tracks user full body motion wirelessly using an A/C electromagnetic field to determine the
position and orientation of each tracker relative to a stationary base. The company claims that its
technology has no drift and lowest latency among all consumer-grade wireless motion control system.
Sixsense was founded in 2007 and is headquartered in San Jose, California.

Source: Company reports, Oppenheimer & Co. Inc.
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Exhibit 20: Company Profiles (6 of 7)
Name

Description and Key People

Sketchfab

Sketchfab is a web service to publish and embed interactive 3D models on any web page, and display
them in real-time without a plug-in. Sketchfabs web page hosts over 300k user uploaded 3D models and
supports over 28 3D formats for ease of use. Sketchfab has received over $9.5m in funding, most recently
in June 2015 with $7m of Series A funding through Balderton Capital, Borealis, FirstMark Capital, Partech
Ventures, and Techstars.
Co-founder and CTO Cedric Pinson has over 12 years of experience in 3D software development, with
previous roles of Nemosoft, MEKENSLEEP, and Alcove.

Sony / Project
Morpheus

Starbreeze
Studios

STRIVR Labs

Project Morpheus is a VR headset compatible with Sony's game console PlayStation 4. It offers similar
display quality, tracking capability, refresh rate as Oculus Rift and HTC Vive. As of July 2015, we believe it
has the most number of announced gaming titles. Besides native concole support, Project Morpheus also
benefit from Sony's internal gaming and film content creation and distribution. The headset is set to be
released in 1Q16.
Shuhei Yoshida, the president of Sony's Worldwide Studios, has been the de factor speaksperson of both
PlayStation 4 andProject Morpheus. He worked on the initial PlayStation since 1993 and has been heading
Sony's game studios since 2008.
Starbreeze Studios burst onto the VR scene at E3 2015 with the unveiling of their StarVR headset boasting
impressive specs of dual-Quad HD panels and a 210-degrees FOV. Starbreeze seeks to be the first
developer of both VR hardware and software, with their proprietary engine supporting Steam OpenVR
framework. Starbreeze is listed on the Stockholm exchange under the ticker STAR. A release date and
pricing have not yet been announced.
STRIVR Labs, Inc. is a virtual reality technology company that provides training solutions to sports teams.
STRIVR provides professional, college, and high school teams with a virtual reality platform that is highly
customized and technologically innovative. STRIVR’s patent-pending technology was developed and
proven during the 2014 football season at Stanford University. The company currently operates in the heart
of Silicon Valley and in conjunction with professor Jeremy Bailenson from Stanford University’s Virtual
Human Interaction Lab. STRIVR was founded in 2015 and is headquartered in Palo Alto, CA.
Professor Jeremy Bailenson, the co-founder of STRIVR Labs, is the founding director of Standord's Virtual
Human Interaction Lab and a professor in the Department of Communication at Stanford. He has published
in over 100 academic papers in communication, computer science, education, law, medicine, and
technology. He is the author of the book Infinite Reality .

Tactical Haptics

Tactical Haptics seesk to commercialize haptic technology developed by Dr. William Provancher. The initial
target market is virtual reality and video gaming. The Reactive Grip technology it develops is a form of
haptic feedback that mimicks the friction forces experienced by users as if they were holding the object.
The forces are applied through the motion of actuated sliding plate contractors that move on the surface of
the controller's handle. Tactical Haptics was founded in 2013 and is headquartered in the bay area.

Technical
Illusions

Technical Illusions develops augmented reality gaming systems based on castAR glasses. CastAR
system use dual projectors mounted on a HMD to project images on retro-reflective surfaces. The images
reflect directly back to polarized glasses to form stereoscopic 3D images. The user's motion and position
is tracked by infra-red LEDs on the retro-reflective mat. The headset is scheduled for release in late 2015.
The company was founded in 2013 and is headquartered in Mountain View, CA.
Jeri Ellsworth, the co-founder and the Chief Hardware Engineer of Technical Illusions, is a well-known
inventor in the maker / education communities for pushing the boundaries of consumer electronics. She
was formerly a hardware engineer at Valve.
Rick Johnson, the co-founder and the Chief Software Engineer of Technical Illusions, is a leading game
developer. He co-founded Raven. He last worked at Valve, where he improved editor tools, created the
majority of the graphics technology in Dota 2, and was one of the primary founders of the Linux team

Source: Company reports, Oppenheimer & Co. Inc.
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Exhibit 21: Company Profiles (7 of 7)
Name

Thalmic Labs

The Eye Tribe

Description and Key People
Thalmic Labs initial hardware offering, Myo, is a forearm strap which allows the device to detect hand
gestures including fist squeezing, hand spreading, hand waving, fist rotation, and thumb/finger pinching.
Uses include gaming, presentation/music control and drone control, and the open API/free SDK allows for
community development for other applications. The technology works through 8 muscle-sensing modules
on the strap paired with a gyro/accelerometer/magnetometer suite. Thalmic Labs most recently raised
$14.5m in a Series A lead by Spark Capital and Funders Club in June 2013 for development of Myo, which
can be purchased for $199.
Co-founder Aaron Grant works on Machine Learning and Pattern Recognition at Thalmic, co-founder
Matthew Bailey was behind the Myo's design, and co-founder/CEO Stephen Lake was named Top-20
under 20 entrepreneurs in Canada, and is focused on creating new ways for humans to interact with
technology.
The Eye Tribe is an eye tracking focused company offering both hardware and software solutions to best
utilize its affordable $99 Eye Tribe device. The Eye Tribe, which utilizes a camera and a high-res infrared
LED, comes with a free SDK/open API, and is supported by all major platforms (Windows, Android, Mac
OS) for ease of use. Application includes eye-activated login, enhanced gaming experiences, and user
engagement analytics. The Eye Tribe most recently received $1m in seed funding from Richard Sanquini
January 2014 and is also leading a USD 4.4 Million government supported project to develop eye control
for mobile devices.
CEO and co-founder Sune Alstrup Johansen has an extensive eye tracking background starting as an eyetracking specialist at Cisqo followed by Disney Media and Advertising Lab. Additionally Mr. Johansen
founded and co-founded tracking analytics companies Eyeproof and EYEFACT.

The Moving
MPC is a global tier-1 visual effect studio and a subsidiary of Technicolor. MPC has partnered with Guy
Picture Company
Shelmerdine for the VR post-production of his VR horror movie, Catatonic.
(MPC)
VRSE.works is a production company that specializes in virtual reality spherical filmmaking. The company
VRSE.works
utilizes custom built tools and proprietary technology to create original immersive experience. VRSE.works
has offices in Los Angeles, New York City, and London.
Chris Milk, the Partner, Creative Director, and Creater of VRSE.works, is an artist, director and
photographer who is known for creating music videos for U2, Kanye West, and Arcade Fire. His artwork
has been shown at MoMA and The Tate Modern.

Vuzix

zSpace Inc.

Vuzix is a maker of video eyewear products for use in the consumer, commercial and entertainment
markets. While historically developing strictly AR eyewear, Vuzix announced its first foray into the VR space
at CES 2015 with the iWear Video Headphones with integrated motion tracking and dual HD displays. Vuzix
went public April 2010 and is listed on NASDAQ under VUZI. Recent post-IPO equity of $28.5m was
provided 1/15 by Intel Capital. Pre-orders for the iWear are available now for $450 with shipping expected
Fall of 2015.
CEO and founder Paul Travers started Vuzix in 1997 and has over 25 years experience in the consumer
electronics field and 15 years experience in the VR/VR display fields. Prior to Vuzix, Mr. Travers founded
both e-Tek Labs and Forte Technologies.
zSpace Inc. develops an interactive hardware and software platform ("zSpace") that allows users to
visualize, create, and experience in ways not possible in a traditional computer environment. zSpace's
virtual reality environment gives depth to the digital learning experience. It focuses on STEM education,
medical instruction, corporate training and research. The company was founded in 2001 and is
headquartered in Sunnyvale, CA.
Paul Kellenberger, the CEO of zSpace, was formerly the CEO for Chancery Software, the leading provider
of Enterprise Student Administrative Systems. Paul built a successful team and profitably grew the
business, resulting in the sale of the company to Pearson Inc. Paul has also held senior positions in
general management, sales, marketing, and corporate development at Motorola Inc., Digital Equipment
Corporation, and Inacom Corporation.

Source: Company reports, Oppenheimer & Co. Inc.
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Technology
Latency
Latency is the enemy of immersion. According to Oculus VR CTO, John
Carmack “immersion suffers when the user becomes aware of the real world
around them: Studies with flight simulators show that humans can detect a
latency of more than 50 milliseconds. When a user detects latency, it causes
them to become aware of being in an artificial environment and destroys the
sense of immersion.”
Carmack said “the latency between the physical movement of a user’s head and
updated photons from a head mounted display reaching their eyes is one of the
most critical factors in providing a high quality experience. Human sensory
systems can detect very small relative delays in parts of the visual or, especially,
audio fields, but when absolute delays are below approximately 20 milliseconds
they are generally imperceptible. Interactive 3D systems today typically have
latencies that are several times that figure, but alternate configurations of the
same hardware components can allow that target to be reached.”
Exhibit 20: Game Loop- “Head / Motion to Photon”

Source: NVIDIA, Oppenheimer & Co. Inc.

“A regular video game takes input from your mouse and keyboard, does a bunch
of math, and puts an image up on your screen. That's called the “game loop,”
and for a 60 fps game it happens at least every 16ms. A VR headset like the
Oculus Rift adds extra work on both ends of the game loop. It starts with motion
tracking to get the exact orientation and position of the player, all of which has to
be processed before it can be sent as input to the game. And then the game
rendering has to be warped and split so it presents two wide angled images to
the VR headset. Inside the headset are lenses which adjust that image for
human eyes. The result is immersion in a 3D world. The process is hell to
create.”
“Oh and did I mention that 60 fps is kind of slow for VR? To feel truly immersed,
and to avoid the nasty side effects of motion sickness, you probably want
something more like 120 fps. And remember, video game technology has been
almost entirely focused on improved graphical fidelity at 60 fps—chasing Pixar
beauty—and VR requires an improvement of almost every part of the game loop
to be done well. VR is less a continuation of Carmack's old work than a
systematic rethink.”
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Resolution
We believe 8K resolution per eye might be “good enough”, although the human
eye can distinguish much higher resolution than 8K per eye in a HMD
application. At SID DisplayWeek this year, most panel makers demonstrated 6inch, 4K LCD displays (3840*2160, almost doubling the pixel density of The Rift
CV1’s display and quadrupling the raw pixel count), which we expect to enter the
high-end smartphone market with limited volume in late 2016 or 2017. We
believe the market won’t see 6-inch 8K display being produced at commercial
volume until 2020. To complicate the matter even more, OLED displays that
Oculus/Sony/HTC/Valve are using is lagging LCD display in the upgrade to
higher resolutions due to more technical challenges.
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Stock prices of other companies mentioned in this report (as of 7/8/2015)
Samsung Electronics (005930-KR, KRW1,240,000, Not Covered)
Sony Corporation (SNE-NYSE, $28.17, Not Covered)
Vuzix Corporation (VUZI-NASDAQ, $6.34, Not Covered)
HTC Corporation (2498-TW, TWD68.50, Not Covered)
AU Optronics (AUO-NYSE, $4.14, Not Covered)
Kopin Corporation (KOPN-NASDAQ, $3.30, Not Covered)
Technicolor SA (TCH-PA, €5.53, Not Covered)
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Oppenheimer & Co. Inc. Rating System prior to January 14th, 2008:
Buy - anticipates appreciation of 10% or more within the next 12 months, and/or a total return of 10% including dividend payments, and/or
the ability of the shares to perform better than the leading stock market averages or stocks within its particular industry sector.
Neutral - anticipates that the shares will trade at or near their current price and generally in line with the leading market averages due to a
perceived absence of strong dynamics that would cause volatility either to the upside or downside, and/or will perform less well than higher
rated companies within its peer group. Our readers should be aware that when a rating change occurs to Neutral from Buy, aggressive
trading accounts might decide to liquidate their positions to employ the funds elsewhere.
Sell - anticipates that the shares will depreciate 10% or more in price within the next 12 months, due to fundamental weakness perceived
in the company or for valuation reasons, or are expected to perform significantly worse than equities within the peer group.
Distribution of Ratings/IB Services Firmwide
IB Serv/Past 12 Mos.
Rating

Count

Percent

Count

Percent

OUTPERFORM [O]

335

56.59

145

43.28

PERFORM [P]

250

42.23

89

35.60

7

1.18

2

28.57

UNDERPERFORM [U]

Although the investment recommendations within the three-tiered, relative stock rating system utilized by Oppenheimer & Co. Inc. do not
correlate to buy, hold and sell recommendations, for the purposes of complying with FINRA rules, Oppenheimer & Co. Inc. has assigned
buy ratings to securities rated Outperform, hold ratings to securities rated Perform, and sell ratings to securities rated Underperform.

Company Specific Disclosures
Oppenheimer & Co. Inc. makes a market in the securities of AAPL, ATML, FB, GOOG, GPRO, HIMX, INTC, MSFT, NVDA,
OLED and SYNA.
Oppenheimer & Co. Inc. expects to receive or intends to seek compensation for investment banking services in the next 3
months from FB, HIMX, INVN and OLED.
In the past 12 months Oppenheimer & Co. Inc. or an affiliate has received compensation for non-investment banking services
from SYNA.
In the past 12 months Oppenheimer & Co. Inc. has provided non-investment banking, securities-related services for SYNA.

Additional Information Available
Please log on to http://www.opco.com or write to Oppenheimer & Co. Inc., 85 Broad Street, New York, NY 10004, Attention: Equity
Research Department, Business Manager.

Other Disclosures
This report is issued and approved for distribution by Oppenheimer & Co. Inc. Oppenheimer & Co. Inc. transacts business on all principal
exchanges and is a member of SIPC. This report is provided, for informational purposes only, to institutional and retail investor clients of
Oppenheimer & Co. Inc. and does not constitute an offer or solicitation to buy or sell any securities discussed herein in any jurisdiction
where such offer or solicitation would be prohibited. The securities mentioned in this report may not be suitable for all types of investors.
This report does not take into account the investment objectives, financial situation or specific needs of any particular client of Oppenheimer
& Co. Inc. Recipients should consider this report as only a single factor in making an investment decision and should not rely solely
on investment recommendations contained herein, if any, as a substitution for the exercise of independent judgment of the merits and
risks of investments. The analyst writing the report is not a person or company with actual, implied or apparent authority to act on behalf
of any issuer mentioned in the report. Before making an investment decision with respect to any security recommended in this report,
the recipient should consider whether such recommendation is appropriate given the recipient's particular investment needs, objectives

35

TECHNOLOGY / EMERGING TECHNOLOGIES AND SERVICES

and financial circumstances. We recommend that investors independently evaluate particular investments and strategies, and encourage
investors to seek the advice of a financial advisor. Oppenheimer & Co. Inc. will not treat non-client recipients as its clients solely by virtue
of their receiving this report. Past performance is not a guarantee of future results, and no representation or warranty, express or implied,
is made regarding future performance of any security mentioned in this report. The price of the securities mentioned in this report and
the income they produce may fluctuate and/or be adversely affected by exchange rates, and investors may realize losses on investments
in such securities, including the loss of investment principal. Oppenheimer & Co. Inc. accepts no liability for any loss arising from the
use of information contained in this report, except to the extent that liability may arise under specific statutes or regulations applicable to
Oppenheimer & Co. Inc. All information, opinions and statistical data contained in this report were obtained or derived from public sources
believed to be reliable, but Oppenheimer & Co. Inc. does not represent that any such information, opinion or statistical data is accurate or
complete (with the exception of information contained in the Important Disclosures section of this report provided by Oppenheimer & Co.
Inc. or individual research analysts), and they should not be relied upon as such. All estimates, opinions and recommendations expressed
herein constitute judgments as of the date of this report and are subject to change without notice. Nothing in this report constitutes legal,
accounting or tax advice. Since the levels and bases of taxation can change, any reference in this report to the impact of taxation should
not be construed as offering tax advice on the tax consequences of investments. As with any investment having potential tax implications,
clients should consult with their own independent tax adviser. This report may provide addresses of, or contain hyperlinks to, Internet web
sites. Oppenheimer & Co. Inc. has not reviewed the linked Internet web site of any third party and takes no responsibility for the contents
thereof. Each such address or hyperlink is provided solely for the recipient's convenience and information, and the content of linked third
party web sites is not in any way incorporated into this document. Recipients who choose to access such third-party web sites or follow
such hyperlinks do so at their own risk.
This research is distributed in the UK and elsewhere throughout Europe, as third party research by Oppenheimer Europe Ltd, which is
authorized and regulated by the Financial Conduct Authority (FCA). This research is for information purposes only and is not to be construed
as a solicitation or an offer to purchase or sell investments or related financial instruments. This research is for distribution only to persons
who are eligible counterparties or professional clients and is exempt from the general restrictions in section 21 of the Financial Services
and Markets Act 2000 on the communication of invitations or inducements to engage in investment activity on the grounds that it is being
distributed in the UK only to persons of a kind described in Article 19(5) (Investment Professionals) and 49(2) High Net Worth companies,
unincorporated associations etc.) of the Financial Services and Markets Act 2000 (Financial Promotion) Order 2005 (as amended). It is not
intended to be distributed or passed on, directly or indirectly, to any other class of persons. In particular, this material is not for distribution to,
and should not be relied upon by, retail clients, as defined under the rules of the FCA. Neither the FCA’s protection rules nor compensation
scheme may be applied.
Distribution in Hong Kong: This report is prepared for professional investors and is being distributed in Hong Kong by Oppenheimer
Investments Asia Limited (OIAL) to persons whose business involves the acquisition, disposal or holding of securities, whether as principal
or agent. OIAL, an affiliate of Oppenheimer & Co. Inc., is regulated by the Securities and Futures Commission for the conduct of
dealing in securities, advising on securities, and advising on Corporate Finance. For professional investors in Hong Kong, please contact
researchasia@opco.com for all matters and queries relating to this report. This report or any portion hereof may not be reprinted, sold, or
redistributed without the written consent of Oppenheimer & Co. Inc.
This report or any portion hereof may not be reprinted, sold, or redistributed without the written consent of Oppenheimer & Co. Inc. Copyright
© Oppenheimer & Co. Inc. 2015.

36

