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SUMMARY

This report summarizes our view on the civilian unmanned aerial vehicle (UAV,
or “drones”) industry, and how mainstream consumer technologies are enabling
adoption of UAVs. Over the past five years, enabling hardware and software have
made leaps to expand the civilian UAV user base from hobbyists and academics to
general consumers and enterprises. The civil UAV market proved its mass market
potential with more than a million prosumer drone shipments in 2015, according to
our estimates. In the long run, we expect the commercial UAV market to overtake the
consumer and prosumer markets due their wider range of applications and compelling
value propositions. But a number of technological, regulatory, and social hurdles
remain before such potential can be realized. Meanwhile, as a new technology, we
expect controversial topics to continue to emerge relating to public safety and privacy
during drone operations.
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■

The emergence of consumer and commercial UAVs is inevitable. They are
tangible physical targets amid the rush to a ubiquitous network of smart sensors
and autonomous systems. They bring distinct economy and scale to capturing
images and information.

■

A set of technologies will help drone deployment grow into a mainstream
commercial phenomenon. The latest developments in computer vision and
machine learning capabilities have the potential to turn drones into autonomous
collectors of aerial data. And a growing number of software start-ups are beginning
to tackle the software and cloud-service problems, making it easier to integrate
drones into standard enterprise decision making.

■

Successful drone companies of the future are required to provide end-toend solutions, from hardware, software, and cloud infrastructure (storage and
analysis), all the way to client-tailored total solutions. Drone makers will need the
ability and flexibility to bring new features on-line driven by client demand and
changing market dynamics without sacrificing security and system reliability.

■

It is clear that the drone industry will face substantial challenges ahead. The
regulatory environment, public safety and privacy concerns, and long-term
integration into the civil airspace environment each present unique hurdles for
mass market applications.

Martin Yang, CFA
212-667-7623
Martin.Yang@opco.com

Paul Dean
212 667-6591

Paul.Dean@opco.com

For analyst certification and important disclosures, see the Disclosure Appendix.
Oppenheimer & Co Inc. 85 Broad Street, New York, NY 10004 Tel: 800-221-5588 Fax: 212-667-8229

TECHNOLOGY / EMERGING TECHNOLOGIES AND SERVICES

Contents
“I”S IN THE SKY _____________________________________________ 3
DRONE BASICS ______________________________________________ 4
HISTORY................................................................................................... 4
THE LONG VIEW _____________________________________________ 5
INTERNET OF THINGS – THE END OF ALL BEGINNINGS .................................. 5
W HAT DOES IT MEAN FOR DRONES? .......................................................... 6
MARKET DISCUSSION__________________________________________ 7
SEGMENTS ............................................................................................... 7
VERTICAL APPLICATIONS ........................................................................... 9
MARKET SHARE ...................................................................................... 13
MARKET SIZE .......................................................................................... 15
INVESTMENTS ......................................................................................... 17
CONSTRAINTS AND RISKS _____________________________________ 18
GLOBAL REGULATORY FRAMEWORK ........................................................ 18
DRONE RISKS AND ADOPTION HURDLES .................................................. 20
TECHNOLOGY AHEAD_________________________________________ 20
MINI CASE STUDIES __________________________________________ 21
SHENZHEN DA-JIANG INNOVATION TECHNOLOGY CO. (DJI) – THE ROBOTICS
COMPANY ............................................................................................... 21
3D ROBOTICS – THE OPEN-SOURCE SOFTWARE COMPANY ........................ 22
APPENDIX _________________________________________________ 24
DRONE ANATOMY ................................................................................... 24
GLOBAL REGULATORY OVERVIEW............................................................ 25
UAV INVESTMENTS ................................................................................. 26
COMPANY LIST ........................................................................................ 29

2

TECHNOLOGY / EMERGING TECHNOLOGIES AND SERVICES

“I”s In The Sky
Drones in the Deployment Age
Summary
This report summarizes our view on the civilian unmanned aerial vehicle (UAV, or
“drones”) industry, and how mainstream consumer technologies are enabling adoption of
UAVs. Over the past five years, enabling hardware and software have made leaps to
expand the civilian UAV user base from hobbyists and academics to general consumers
and enterprises. The civil UAV market proved its mass market potential with more than a
million prosumer drone shipments in 2015, according to our estimates. In the long run, we
expect the commercial UAV market to overtake the consumer and prosumer markets due
to their wider range of applications and compelling value propositions. But a number of
technological, regulatory, and social hurdles remain before such potential can be realized.
Meanwhile, as a new technology, we expect controversial topics to continue to emerge
when it comes to public safety and privacy during drone operations.
Our Thesis
1.

The emergence of consumer and commercial UAVs is inevitable. They are
tangible physical targets amid the rush to a ubiquitous network of smart sensors
and autonomous systems. They bring distinct economy and scale to capturing
images and information. In the context of the Internet of Things (IoT), UAVs, like
any other sensors or sensing devices, are data acquisition nodes (with some
analytics involved) of massive data networks that support enterprises’ big data
initiatives. Drones, in one form or another, are an essential part of the “trillion
sensor world”.

2.

A set of technologies will help drone deployment grow into a mainstream
commercial phenomenon. The latest developments in computer vision and
machine learning capabilities have the potential to turn drones into autonomous
collectors of aerial data. And a growing number of software start-ups are
beginning to tackle the software and cloud-service problems, making it easier to
integrate drones into standard enterprise decision making.

3.

Successful drone companies of the future are required to provide end-to-end
solutions, from hardware, software, and cloud infrastructure (storage and
analysis), all the way to client-tailored total solutions. Drone makers will need the
ability and flexibility to bring new features on-line driven by client demand and
changing market dynamics without sacrificing security and system reliability.

Risks and Hurdles


Regulation: existing civil aviation regulations are not designed to deal
with a widening range of drone capabilities and applications. Regulators
will need to find the balance between ensuring safety of civil air space
and encouraging innovation.



Technology: obstacle avoidance is critical for mainstream drone
adoptions, but existing solutions are still in prototype stages. Sensors,
sensing algorithms, and drone designs need to improve to ensure public
safety.



Social: Drones are an easy target for controversy over surveillance and
privacy. Similar debates will always surface when people evaluate
emerging technologies: the internet, smartphones, and autonomous
vehicles.
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Drone Basics
Definition
This report will use the term “drone” interchangeably with “unmanned aerial vehicle”
(UAV), and “unmanned aerial systems” (UAS). A UAV refers to “an aircraft that is
operated without the possibility of direct human intervention from within or on the aircraft”
and an unmanned aircraft that is “capable of sustained flight in the atmosphere, flown
within visual line of sight of the person operating the aircraft…”. Those were the statutory
definitions by the laws in the US. Notice that it does not define the form of the aircraft,
which means it could be a rotary wing or a fixed wing craft. The quadcopter, as we so
commonly see today, is only one kind of drone.
Drones can take many forms. There are two major categories: rotary wings and fixed
wings. Fixed wing drones have a similar look to regular aircrafts. Their simpler structure
and more efficient aerodynamics allow for higher speeds and longer flights, which is ideal
for mapping of large areas. Rotary wing drones (helicopter, quadcopter, hexacopter and
more), in comparison, are more complicated in mechanical structure and have shorter
range and flight times. However, rotary wing drones do not require runways, are more
agile in the air, and can hover in the same place for extended periods.
Also, the definition does not exclude aircrafts that carry human passengers, as long as
they have no direct control over the aircraft; therefore, remotely controlled/autonomously
flying aircrafts designed to pick-up and drop-off passengers would also be technically
classed as drones.
Exhibit 1: Rotary Wing and Fixed Wing Drones

Category

Fixed Wing

Rotary Wing

Land surveying (rural), agriculture, GIS,
mining, environmental management,
construction, humanitarian

Inspection, cinematography/videography,
real estate, surveying (urban), construction,
emergency response, law enforcement

Cruising speed

High

Low

Coverage area

Large

Small

cm/inch per pixel

mm per pixel

Large

Very small

High

Low

Applications

Object resolution
Take-off/landing
area
Flight Time &
Wind resistence

Source: senseFly, Oppenheimer & Co. Inc.

History
The state of drones in their early days (pre-2010) was very similar to that of early PCs.
They were cumbersome, costly, required special training and skills to operate, and were
mostly limited to government agencies, the military, and academic communities. Military
drones were deployed as early as World War I for reconnaissance missions. The US
military significantly expanded the role of UAVs in combat in the wars in Iraq and
Afghanistan, often equipping them with weapons delivery systems.
4

TECHNOLOGY / EMERGING TECHNOLOGIES AND SERVICES

Until the late 2000s, activities in the civilian UAV market had the look and feel of the PC
market in the late 70s. It was largely a hobbyist market. There was no universal design, or
global conglomerate controlling the market. Products were sold in electronic kit form and
in limited quantities and development of drones was confined to individuals and small,
independent groups. Over time, drones have become smaller, cheaper, and easier to
operate.
The big break in the market happened in 2010, when French company Parrot released its
smartphone-controlled consumer drone, the “A.R. Drone”. Shenzhen-based company DJI
followed in 2012, releasing its first consumer drone, the “Phantom”, with integrated
camera and GPS. The two companies have since dominated the consumer market, each
to date has shipped over 1 million drones.
In 2015, the pace of new firms entering the drone market accelerated. VC-investments in
UAV manufacturers and UAV application developers more than tripled over 2014. Today,
applications for UAVs continue to grow with increasingly sophisticated functionality and
wider range of market segments. As component prices continue to fall and open-source
flight control software improves in stability and reliability, we expect more low-cost
consumer drone makers will emerge from China─it seems that it’s only a matter of time
before consumer drones are as commoditized as Android smartphones.

The Long View
This section attempts to place UAVs in the context of technology development and
deployment. We try to answer the following questions: What forces will shape and define
drones? And where do drones fit in the broader context of emerging technology?
Internet of Things – the end of all beginnings
To answer the question, “what forces will shape and define drones?” we need to review
where we are regarding the consumer and enterprise technology. Most would agree that
smartphones and cloud computing have exerted the most impact on the consumer and
enterprise world in the past five years, respectively. Now, the smartphone market is
approaching the end of its high growth phase, we believe the billion-unit smartphone
installed base that OEMs have established will begin a Cambrian Explosion of connected
devices and sensors; in other words, we expect a long deployment period for the Internet
of Things (IoT) to thrive on ubiquitous smartphone technology.
Carlota Perez (renowned economist and expert on technology and socio-economic
development) divides technological revolutions into three stages: installment, deployment,
and maturity; venture capitalist Chris Dixon interpreted her theory as:
“In the transition from installation to deployment, the bulk of the entrepreneurial
activity moves “up the stack”. For example, in the installation phase of the
automobile revolution, the action was in building cars. In the deployment phase,
the action shifted to the app layer: the highway system, shipping, urbanization,
big box retail, etc.”
Although Carlota’s original theory was formulated to describe the impact of grander
technology revolutions brought about by railways, automobiles, or semiconductors, we
believe it also applies to the micro-revolutions within mega ones. A case in point is the rise
of smartphones in the context of the semiconductor revolution.
When we stop considering smartphones as an innovation, but a commodity-like
component of everyday life, its features (mobile computing and connectivity) become
utilities that are easily transferred to other devices. IoT products with one or many features
of a smartphone, are essentially an extension of the new paradigm (ubiquitous computing
and connectivity) into conventionally “dumb” products. We view smartphones to be an
almost fully “installed” technology in the hands of consumers.
5
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In our view, the Installation phase of smartphones is about the selling and the building of
smartphones and a mass global user base. In the deployment phase, “up the stack”
actions would shift to the app layer: not only to the literal apps on the smartphone, but also
to the smartphone-connected devices (drones), cloud-based services (Google Map), and
smartphone-enabled services (Uber). The app layer in a broader sense, is the new
ecosystem built around smartphones. IoT devices will rely on the smartphone for user
interface, as well as the collection, analysis, and interpretation of the data-similar to
software apps today. For more discussion on this topic, please see our in-depth reports on
Apple Watch (link) and Hardware Renaissance (link).
What does it mean for drones?
If we look at drones as being in the midst of such a Cambrian Explosion of connected
devices and sensors, its purpose and promise become more prominent for the following
reasons:


Smartphones and tablets provide a universal, intuitive, and flexible user interface
for all drone users─replacing conventional remote controllers and complicated
special-purpose ground stations. Also, smartphones bring higher user
expectations for drone users, who will look for smartphone-like ease of use and
expanding capabilities via app developers and software upgrades.



Aerial data acquired by drones fill a missing link between ground-acquired
images (such as Google Street View) and satellite images. Drones make
acquisition of such data affordable, convenient, and accessible. With cutting
edge sensors, and image processing software, drones not only facilitate better
data acquisition, but also better analysis and decision making for the end users.



Drones are, by design, clusters of sensors that are mobile, intelligent, and
connected. Any basic consumer drone will have at least a GPS sensor, inertial
sensors, image sensors, and range sensors (ultrasound-based). More
specialized drones will also equip thermal sensors, hyper-spectral and multispectral sensors. Drones are essentially nodes in the IoT that can be deployed
on-demand to situations too dangerous, too difficult, or too dirty for humans to
access.

We believe drones are still in the very early stage of the Installation phase, whether it can
successfully ascend the “S” curve (see exhibit below) for “accelerated improvement” will
depend on a number of variables. We identify those variables as regulatory, social, and
technological, which will be discussed in the following sections (“Constraints and Risks”
and “Technology Ahead”).
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Exhibit 2: The Trajectory of an Individual Technology

Drones

Source: Carlota Perez, “Technological revolutions and techno-economic paradigms”, Oppenheimer & Co. Inc.
techno-economic paradigms

Market Discussion
In the following paragraphs we will discuss market segments for drones, their vertical
applications, market share, and the private investment activities. We refrain from giving
our own forecast of the long-term market size for drones, as we believe our analysis of the
commercial opportunity in drones is still a work in progress and subject to multiple
variables.
Segments
The civilian drone market can be roughly divided into the three tiers: leisure, prosumer,
and professional. Unfortunately, the boundaries between the tiers are not as distinct as a
market analyst would like. We believe that leisure drones are rapidly adopting the
advanced features of prosumer drones: last year’s prosumer drone models are discounted
to the leisure drone price range, and that prosumer drones are very frequently used in
strictly professional settings such as aerial photography.

7
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Exhibit 3: Three Tiers of Civil Drone Market

Category
Notable Brands
Annual Shipment
Price Range
Features

Microdrones / Leisure / Toy

Prosumer

Professional / Commercial

Parrot Bebop 2
Cheerson CX-10

DJI Phantom 3 Professional
3D Robotics Solo

DJI Spreading Wings S1000
sensefly eBee

>10M Units

~1M Units

<10K Units

≤$700

<$3,000

≥$3,000

HD/FHD video

Gimbal, (detacheable) FHD/UHD
camera, range sensors

Large payload, extended range and
flight time, advanced sensors

Source: Company reports, Oppenheimer & Co. Inc.

Leisure / microdrones – intelligent toys with a commoditization problem
The distinction between leisure drones and RC toys can be vague. In many cases they
are regulated as one category by regulators. Leisure drones are typically affordable
(usually between $20 to $700) and lightweight (under 500 g). They are easy to pilot with
remote controllers or smartphones, and have basic flight control software, cameras and
other sensors.
Parrot is the one of most recognized brands and a leader in the leisure drone market. As
of June 2015, Parrot has sold over 1.5M leisure drones worldwide. Our conversations with
component suppliers indicates that this market is currently shipping at the annual run rate
of well over 10 million units. This segment is characterized by high volume and low
barriers to entry. We’ve seen a larger number of Chinese manufacturers entering the
market in the past two years, many of which had the experience of producing toy RC
aircraft.
This segment is showing signs of smartphone-like commoditization, where premium
specifications are quickly brought down to mass market price points. Manufacturers in this
market typically use off-the-shelf components, open-source flight control modules, and
third party ODMs.
Prosumer─the current backbone of drone movement
Prosumer drones are the main drivers of civil drone market growth. To a certain extent,
they’re the face of the drone market. Prosumer drones combine features initially
unobtainable by the mass market with consumer-friendly user experience but with
premium pricing. They have sophisticated and sometimes proprietary flight control
software, high-end image sensors, programmability, and even rudimentary contextual
awareness and autonomy. Prosumer drones enable laymen to take aerial shots previously
impossible without expensive gear and professional crew. Since 2015, high-end prosumer
drones have been increasingly used in professional settings by content production
studios, municipalities, and engineering firms.
The segment is characterized by its wide adoption among aspirational and professional
photographers. Shenzhen-based drone maker DJI has the largest prosumer market share
and is widely recognized as the leader in the civil drone industry. The company sold over
$500 million worth of drones in 2014 (400,000+ units) and is expected to double its sales
in 2015, according to Forbes. We estimate that the total prosumer drone market exceeded
8
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one million unit shipments in 2015 for the first time, and DJI is on track to achieve over
one million unit shipment by itself in 2016.
This segment is going through the most rapid pace of innovation. New technologies in
machine vision, image processing, range sensors, and robotics (autonomous control
systems) are applied and experimented with. We see a blurring boundary between the
prosumer and the commercial drone category.
Professional / commercial─realizing the long-term promise of drone technology
Professional UAVs have been most commonly deployed for aerial photography (e.g. by
Hollywood studios) due to their ability to carry heavier, professional-grades cameras and
much cheaper costs comparing to manned aircraft. More recently, professional UAV
makers are targeting a wider range of industrial and commercial verticals to showcase the
unique cost and value advantage of capturing aerial data.
Professional drones vary significantly in look, specification, and price. Aside from a high
degree of customization, this segment is characterized by a strong focus on providing
end-to-end solutions to enterprises and institutions, from drone design to software and
cloud-based services. We estimate the size of the global professional drone market at
about 100,000 units.
The success of the professional and commercial segment will be crucial to determine
whether UAVs are here to stay as a major technology category. Although we hold the
bullish view that UAVs are an essential layer in the “trillion-sensor” world, and in the age of
IoT, plenty of regulatory, technological, and social barriers still exist before their wider
adoption.
Vertical applications
Consumer drones applications – the flying camera and drone racing
Camera drone is the new action camera: We believe that camera drones will join
360°/VR and many other smart specialty cameras to take market share away from action
cameras. The action camera market has matured quickly over the past five years in part to
GoPro’s ascent to market dominance and the perpetual decline of point-and-shoot
cameras. However, the action camera’s function and form factor seem to have frozen in
time for the past few years, despite improving image quality with chip upgrades. We
believe this will lead consumers not to replace their action camera, but to find new ways to
capture experiences. See our constructive criticism note of GPRO for further discussion
(here). There seem to be few new approaches to imaging capturing within the action
camera market.
The biggest advantage of camera drones is that they allow general consumers with limited
experience to produce professional-looking content that normally requires expensive
equipment and professional teams. Drones’ image capturing capability will continue to
grow with more intelligent flight control software and autonomous flying technology.
Drones from 3D Robotics, for example, can perform “orbit shots” (the drone will film a
subject while automatically flying in circular track with adjustable radius) and “cable shots”
(the drone will fly along a virtual cable in the air while the pilot can pan and tilt the camera
without worrying about controlling the drone). Most consumer camera drones to be
launched in 2016 will have similar capabilities, in addition to “follow me shots” (following
and filming the subjects as they move about) and “selfie” (automatic selfie shots from the
air) features.
Compared to action cameras, camera drones offer additional performance advantages as
follows:
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Stable image due to use of gimbals and electronic image stabilization



More freedom over camera position and angle



No need for a dedicated photographer to follow the person in action

Drones also have inherent disadvantages that prevent them from completely replacing
action cameras:


Safety concerns: drones might crash into bystanders or athletes



Low tolerance to extreme conditions (water, dust, obstacles)



Lack of first-person view

In essence, we expect camera drones to become another category that fills a niche within
the capture market.
Drone racing is emerging as a spectator sport: drone racing is very similar to RC car
racing, controllers stand by a closed-end track and compete with each other for the
shortest time or the best skill. The biggest difference is that controllers usually wear
headsets that give them a live feed from drones’ first person view (FPV) cameras, so that
controllers will have the sensation of being on the track flying by themselves. Drone racing
is emerging from niche, hobbyist gatherings into serious business, modeling after the
success of e-sports (competitive video gaming).
Fat Shark, the largest drone racing goggle maker, has sponsored the first US National
Drone Racing Championships at the California State Fair, hosting 120 racers vying for a
$25,000 prize. The 2016 World Drone Racing Championships, to be held in Hawaii this
coming October, will offer a total of $200,000 in total prize money across categories.
Drone Racing League, Inc. recently raised $8M from VC and financial backing from
Stephen Ross, and plans to host a series of standardized races and produce professional
quality video content from races to be shown to the public.
Commercial and civil applications – largest category
For the commercial and civil markets, drones are expected to have a wide variety of
applications, most of which focus on their ability to automate the collection of aerial image
and environmental data. The following tables outline the existing, emerging, and nascent
applications.

10
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Exhibit 4: Commercial UAV Applications

Source: Lloyds, Oppenheimer & Co. Inc.

Exhibit 5: Civil and Commercial UAV Applications

Source: Frost & Sullivan, Oppenheimer & Co. Inc.
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Exhibit 6: Maturity of Commercial Drone Applications and Technology

Source: Oliver Wyman, Oppenheimer & Co. Inc.

Featured applications
Agriculture (existing): agriculture is the largest drone vertical today. Large unmanned
helicopters such as the 200-pound Yamaha RMAX, have been used in Japan for crop
dusting for over 20 years. Unmanned helicopters account for more than 85% of the
country’s aerial crop spraying. The new generation of agriculture drones will have new
capabilities, such as pest control, monitoring soil and crop conditions, mapping and
estimating acreage and crop types, and safely surveying dangerous and difficult to access
terrain.
Infrastructure inspection (emerging): infrastructure inspection is one of the most
discussed commercial drone applications. Oil pipeline, power line, wind turbines, and
dams require periodic, visual inspection to insure safety. Example: GE, for instance, has
been piloting the use of drones for the inspection of power lines. The projects are done in
partnership with Airware, a drone company that received an investment from GE Ventures
last year.
Construction (emerging): drones can be used to survey build sites, map buildings in 3D
models, monitor construction progress, and inspect building materials. Example:
Autodesk has invested in Skycatch to enable real-time analysis on project progress on
construction sites. Komatsu, another investor in Skycatch, is experimenting with drones to
conduct detailed land surveys in a fraction of the time required by human surveyors and
ground-based scanning methods. Skycatch’s customers include: Clayco, DPR, Bechtel,
Bouygues, Rio Tinto, Chevron, and First Solar.
Logistics / delivery (nascent): retailers and logistics companies are considering using
drones to deliver packages and conduct warehouse inspections. Drones are especially
suitable for delivering small packages and emergency supplies to remote and rural areas.
DHL, Alibaba, Amazon, Walmart, and Google have all been reported as having tested
drones for package delivery:

12

TECHNOLOGY / EMERGING TECHNOLOGIES AND SERVICES



“We want to make the deliveries. And we believe that these Prime Air drones will be
as normal as seeing a delivery truck driving down the street someday. So the novelty
will wear off.” - Paul Misener, VP for Global Public Policy at Amazon (source)
“Our goal is to have commercial business up and running in 2017,” David Vos, the
leader for Alphabet's Project Wing, told an audience at an air traffic control convention
near Washington. (source)

In the US, non-recreational drone operators need to applied for exemption under Section
333 of the FAA Modernization and Reform Act of 2012 in order to legally operate. As of
February 12, 2016, a total 3,385 Section 333 petitions have been granted. The following
chart summarizes the most common drone mission requested by the 3,385 petitioners.
We notice that petitioners may request a wider range of missions than they currently
operate, which means that the following chart better reflects operators’ intention than their
actual business focus.
Exhibit 7: Proposed Drone Missions (n=3,385)
Operation / Mission

3,000
2,500
2,000
1,500
1,000
500
-

Source: FAA (02/17/16), Oppenheimer & Co. Inc.

Market Share
Perspective from authorized Section 333 exemption
Petitioners of Section 333 exemption are required to report the exact models of UAVs in
use. We reviewed the most recent 772 authorized petitions (out of a total of 3,385) and
our findings are as follows:


DJI, 3D Robotics (3DR), SenseFly (acquired by Parrot), Yuneec, and Trimble
are the top five most penetrated UAV makers among commercial UAV operators
in the US. Of the commercial operators, 85% proposed at least one model from
DJI in their petition.



On average, more than two UAV models were proposed by commercial
operators. The median number of UAV models proposed is one.
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Exhibit 8: Penetration by Drone Maker Among US Commercial Operators
Penetration by UAV Makers

90%
80%
70%

60%
50%
40%

30%
20%
10%

0%
DJI

3DR

SenseFly

Yuneec

Trimble

Source: FAA (02/17/16), Oppenheimer & Co. Inc.

Among operators who proposed DJI UAVs, “Phantom 3” series, “Inspire 1”, and “Phantom
2” series UAVs have the most share. “Phantom 3 Professional” is the most popular model
in the “Phantom 3” series while most “Phantom 2” series owners choose “Phantom 2
Vision+”.
Exhibit 9: Model Penetration Among DJI-owning Commercial Operators
Penetration by DJI Model

70%
60%
50%
40%
30%

20%
10%

0%
Phantom 3

Inspire 1

Phantom 2

Spreading Wings

Source: FAA (02/17/16), Oppenheimer & Co. Inc.

Among the 772 petitioners we reviewed, a total of 1,734 unique mentions of UAV models
(for example, if operator A proposed “DJI Phantom 3” and “DJI Inspire 1”, and operator B
proposed “DJI Phantom 3” and “3DR Solo”, we count total unique mention as 4). We
found that:


14
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model. DJI took 70% share by unique model mentioned while 3DR took 13%
share.
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“DJI Inspire 1” and “DJI Phantom 3 Professional” are the most popular model,
with 17%, and 10% share, respectively. DJI’s “Phantom” series accounts for 43%
of total unique names mentioned.
Almost all names mentioned are at least prosumer grade UAVs, we find one
instance of “Parrot Bebop” and one instance of “Cheerson CX-20”.
Exhibit 10: Market Share by Unique Mentions

Trimble
1%
Other
15%

Yuneec
2%
SenseFly
2%
3DR
10%

DJI
70%

Source: FAA (02/17/16), Oppenheimer & Co. Inc.

Market size
Given the mostly emerging and nascent stages of drone applications, we believe it is too
early to give forecasts on the long-term market size for drones. In the near term, we
believe consumer drones are shipping at over 10 million units annual run-rate, prosumer
drones at over 1 million units (over $1.5B in sales), and professional drones at close to
10,000 units. Prosumer and professional drone shipments are likely to double in 2016
over 2015.
For readers’ reference, the table below summarizes near-term and long-term drone
market estimates from third parties.
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Exhibit 11: Drone Market Size Projected by Third Parties
Market Size

Time
Horizon

Source

$1.7B
(4.3M units)

2015

KPMG

$125M

2015

IBISWorld

$1B

2018

Consumer Electronics Association

Commercial small

$5.1B

2019

ABI Research

Prosumer and hobby small

$1.1B

2019

ABI Research

Small UAS

$1.9B

2020

Markets and Markets

Worldwide commercial

$2.07B

2020

Grand View Research

Worldwide hobby

$4.4B

2020

Frost & Sullivan

Worldwide commercial

$6.4B

2020

Frost & Sullivan

Global aerial drone

>$3B

2024

Business Insider Intelligence

Commercial

$1.7B

2025

Lux Research

Worldwide production

$14B

2025

Congressional Research Service

Non-military ($200+)

1M+ units

2015

Deloitte

Small UAV intended as model aircraft

1.6M units

2015

FAA

Small UAV intended as model aircraft

1.9M units

2016

FAA

Small UAV intended for commercial
purposes

600,000+
units

2016

FAA

China camera drone

3M units

2019

IDC

Small UAV intended for commercial
purposes

11M units

2020

FAA

Drone Market Scope
Esimates by sales
Consumer
US civil and commercial
US consumer

Esimates by unit shipment

Source: KPMG, IBISWorld, CEA, ABI Research, Markets and Markets, Grand View Research, Frost & Sullivan, Business
Insider, Lux Research, Congressional Research Service, Deloitte, FAA, IDC, Oppenheimer & Co. Inc.

Although we believe the commercial market will ultimately contribute the majority of UAV
industry revenues, the commercial market today is still much smaller than the consumer
and prosumer markets. According to government disclosure, the US has the largest
number of commercial UAV operators.
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Exhibit 12: Registered commercial drone operators
Registered commercial drone operators
3,500
3,000
2,500

2,000
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1,000
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0
Australia

U.K.

France
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Source: Government reports, Oppenheimer & Co. Inc.

Although small, the number of people and organizations authorized to operate commercial
drones is growing rapidly in the US. The FAA granted its first Section 333 exemption in
September 2014. The volume of requests for exemption has dramatically increased since
late 2015, recently causing processing delays at the FAA. At the current run rate (18
petitions authorized per working day), the total number of authorized commercial drone
operators for 2016 could grow by 63% Y/Y to over 4,500 by year end.
Exhibit 13: Authorized Petitions for Section 333 Exemption
Authorized Petitions

2,500

2,000

1,500

1,000

500

1H15

2H15

YTD16

Source: FAA (02/17/16), Oppenheimer & Co. Inc.

Investments
Investments in drone related start-ups more than tripled in 2015 over 2014. The largest
rounds of financing centers on the maturing drone makers such as DJI and 3D
Robotics─unsurprising given their heavy capital needs for manufacturing and R&D. But
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we are also seeing accelerating activities from start-ups that focus on software and
services for drones, which are positive signs of a drone ecosystem in development.
Exhibit 14: Investment in Drones
Investment in Drone Startups
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Investment in $ millions
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Source: Crunch Base, CB Insights, Oppenheimer & Co. Inc.

According to DJI-Accel SkyFund, investments in drone start-ups can be categorized into
the following six areas- 1) robotics and intelligent machines, 2) industrial and vertical
applications and cloud services, 3) UAV operations, services and support, 4) hardware,
components and battery technology companies, 5) navigation, obstacle intelligence and
computer vision, and 6) multimedia/video services and communities. Please refer to
Exhibit 20 to 22 for a detailed list of drone investments in 2014 and 2015.

Constraints and Risks
Global Regulatory Framework
We believe growth potential for UAVs can only be unleashed if an enabling global regulatory
framework is established. For now, there is no global-level regulatory framework for UAVs that
adequately addresses public safety, security and privacy. Individual countries have formulated
UAV-related regulations and standards since the mid-2000s, and rules are changing in
response to the fast growing number of UAVs on the market and limited situational awareness
by the general public. Given the pace of innovation and growing number and range of drone
applications, it is difficult to reliably predict how regulation can set a level of safety acceptable to
society and offer enough flexibility for the nascent industry to evolve and grow.
Europe
The European Union began its drone policy discussions in 2002. In 2012, the European
Commission published a formal Commission Communication, “Towards a European
strategy for the Development of Civil Applications of Remotely Piloted Aircraft Systems”,
which was “the first formal EU strategy document on UAVs in 12 years of ad hoc
initiatives”, according to policy think tanks Transnational Institute (TNI) and Statewatch. In
the same year, the European Commission set up the European RPAS (remotely-piloted
aircraft systems) Steering Group and mandated it to establish a roadmap for the safe
integration of civil RPAS into the European aviation system, aiming at an initial integration
by 2016. In 2013, the European RPAS Steering Group published its Roadmap with a
target date of 2018 for the full integration of drones into commercial airspace.
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United States
Rules for small UAVs in the US started forming in 2012, when Congress directed the FAA
to integrate UAVs into the National Airspace System (NAS) under FMRA of 2012, without
the rule finalizing, commercial operations may not be conducted under a final small UAV
(also known as sUAS) rule until 2017 or later. Once finalized, the proposed framework will
permit sUAS operations for non-recreational (i.e. commercial) purposes without requiring
airworthiness certification, exemption, or a certificate of authorization.
Effective December 21, 2015, FAA requires owners of small UAVs (weighing more than
0.55 pound and less than 55 pounds) to go through a web-based registration process prior
to operation. A $5 registration fee is required and must be renewed every three years. In
additonal to registering online, commercial drone operators are required to obtain Section
333 exemption. The Section 333 of the FAA Modernization and Reform Act of 2012 grants
the Secretary of Transportation the authority to determine whether an airworthiness
certificate is required for a UAS to operate safely in the NAS. As of February 12, 2016,
3,385 petitions for excemption under Section 333 have been granted.
Lessons from Japan
In Japan, unmanned helicopters have been widely used as crop dusters since 2004,
which are regulated by the Japan Agricultural Aviation Association in conjunction with the
Ministry of Agriculture, Forestry and Fisheries. The lesson from Japan shows that, besides
providing some form of blanket rules, aviation regulators may not be the best body
responsible for regulating flights near the ground or for very specific applications.
As drones branch out to many new applications that vary widely in range, altitude, and
payload, many distinct set of issues may arise. For example, FPV drones racing at an
outdoor stadium pose completely different challenges to mappings drones flying up to 50
minutes over mountain ranges. It is becoming hard to find a simple solution, debates on
other technologies issues such as AI and autonomous driving/flying may soon add even
more layers of complexity to UAV regulations as those technologies will soon see wide
adoption on drones.
Long-term integration into civil airspace
The long-term goal of UAV legislation and regulations is to allow UAVs to operate in nonsegregated airspace without affecting the safety and the operation of the wider civil
aviation system. For now, most civil UAVs are allowed to operate only in segregated
airspace. For example, almost all countries have set a maximum working height and “nofly zones” near sensitive areas such as airfields, military bases, and densely populated
areas. The major difference between recreational and professional use of UAVs in most
countries is that professional and commercial operators need to obtain government-issued
approval such as an airworthiness document. Other restrictions on professional operators
include training for drone piloting, submission of a manual of specific activities before each
operation, or proof of liability insurance.
The Stanford Intelligent Systems Laboratory is working with NASA on a traffic
management system for drones. The system intends to help drones communicate with
each other and avoid collision:
“While drones feeding their data into a central decision-making system was the
slowest, it was also the safest. Drones were the least likely to encounter conflict
when they fed data into a central system. Drones that received location data
about other drones and assumed they would stay on the same path were the
most likely to encounter conflict.” (link)
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Exhibit 19 in the Appendix summarizes drone-related rules in the United States, Canada,
Germany, France, the United Kingdom, and Hong Kong.
Drone Risks and Adoption Hurdles
Public Safety: unlike manned aircrafts that have stringent safety standards developed in
the past decades, drones are not built with the same rigorous quality and redundancy
requirements. For consumer and prosumer drones, the usually consequence of a midflight failure is destruciton of the drone itself. But performance of civil drones has improved
to the point that they can cause serious harm to manned aircraft, people, and property.
A common practice to prevent drones from causing harm to manned aircrafts and
infrastructure is to enforce “no-fly zones” around airports and sensitive areas. Prosumer
drones typically comply with regulatory rules with embedded “geo-fencing” capability in
their remote control software, so that users will not be able to fly their drones within a
certain range of sensitive areas. However, low-end consumers drones and drones built
from model kits do not have such safety features.
Racing drones can fly as fast as over 100mph─even a lightweight drone can cause harm
to people at such a speed. While manned aircrafts have sophisticated collision avoidance
systems, centralized tracking, and judgement from the pilots, drones are ill-equiped with
any form of collision avoidance. A number of technology companies and research
institutes have proposed obstacle avoidance solutions on drones, but those solutions are
still in prototype stage with limited use cases and slow response times.
It is clear that the drone industry will face substantial challenges ahead. The regulatory
environment, public safety and privacy concerns, and long-term integration into civil
airspace each present unique hurdles for mass market applications. It is likely to take
considerable time and effort to overcome these challenges and meanwhile, some of the
aforementioned applications may not be commercially viable due to the complex issues
ahead.

Technology Ahead
The biggest breakthrough in drone technology has been the affordable and reliable flight
control/autopilot systems such as those provided by DJI and open source projects such as
PX4 (3DR Pixhawk). Flight control systems are good enough that even inexperienced
drone operators can have a good out-of-the-box experience. This breakthrough is the first
step toward the “IBM PC” moment in drones, after which developers can focus on building
infrastructure-like services and later universal applications with scalable economics. But
the current flight control system is not enough. We believe as a next step, technology
companies will focus on giving drones the ability to see and avoid, in other words, focus
on machine vision and obstacle avoidance.
We see obstacle avoidance as the focus in the development of the next generation
autopilot systems. The basic autopilot system ensures that drones remain stable in the air,
and can fly from point A to point B based on pre-programmed GPS way points. The next
level autopilot will give drones the ability to make evasive actions in real time based on
sensor inputs─most commonly from image sensors and ultrasound range sensors. GPS
sensors are usually inadequate for real time obstacle avoidance if flight speed is high.
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Exhibit 15: Companies on the Next Generation Drone Intelligence
Chip Maker

Development

Intel

At CES 2015, Intel first demonstrated drones avoiding obstacles in
real time using RealSense depth sensing technology, Intel's
processors, and Ascending Technologies (drone maker)'s sense-andavoid algorithms. At CES 2016, Intel announced the acquisition of
Ascending Technologies.

Qualcomm

In September 2015, Qualcomm introduced the Snapdragon Flight, a
drone development platform based on Snapdragon 801 smartphone
SoC. Qualcomm partnered with Chinese drone maker Yuneec to
release consumer drones based on Snapdragon Flight in 2016. At
CES 2016, Qualcomm demonstrated drones with real time mapping
and obstacal avoidance capabilities based on Snapdragon Flight.

NVIDIA

In November 2015, Nvidia partnered with commercial drone start-up
Kespry to demonstrate a prototype that uses NVIDIA artificial
intelligence technology to recognize objects. The prototype uses an
NVIDIA Jetson TX1 module for deep learning. With module,
companies will be able to specifically identify construction vehicles,
building materials and other structures, so they'll have even more
relevant information to manage their job sites using commercial
drones.

Source: Company reports, Oppenheimer & Co. Inc.

Mini Case Studies
Shenzhen Da-Jiang Innovation Technology Co. (DJI) – the robotics company
DJI originated in Frank Wang’s research project on flight control systems for RC
helicopters in 2005. In 2006, Frank founded DJI to commercialize his research project
under the support of his alma mater, Hong Kong University of Science and Technology
(HKUST). In the first three years, the company was developing and selling RC helicopter
flight control components to state-owned enterprises in China. Its first consumer-facing
flight control product (Ace One) was released in 2010, undercutting US- and Germanbased competitors by more than 50% in price. The success of Ace One encouraged DJI to
dive deeper into the consumer market. It spent the next few years developing everything
in-house for a camera drone, including flight control systems, aerial cameras, image
stabilization systems, and image transmission technologies. The resulting product was the
“Phantom” series of camera quadcopters, the first of its kind with consumer-friendly price
points and ease of use. To date, the latest Phantom line-up, the Phantom 3 series
(released in 2015) are the most popular civil drone products on the market with about 70%
share, widely used by consumers as well as professionals.
Unlike its competitors, which rely on open-source flight control systems and third party
cameras, DJI takes the “ful-stack” approach to develop everything in-house. Its core
competency is the flight control software, which is known for its superior stability and
reliability. Years of dedicated research and development in aerial photography also put
DJI’s professional camera products such as handheld stabilizers and professional
cameras drones at the top of the their respective markets.
Given the quick price decline in the consumer drone market. The company has been vocal
in its focus on R&D and technology-driven product philosophy. DJI has been investing in
next-generation robotics technologies such as machine vision, deep learning, and
autonomous control systems.
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Exhibit 16: DJI Milestones
Business Milestones
DJI started its operations in a three-bedroom
apartment in Shenzhen

Time
2006
2008
2009

DJI generated $500,000 in annual sales
DJI received $300,000 investment from HKUST
DJI started developing gimbal, camera, and
data transmission system for drones

2010
2010

DJI North America was founded in Austin, TX

2011

2012
2012
DJI sponsored Robomaster Robotics Challenge

2013
2013

DJI generated over $130M in sales

2013

DJI expanded customer service in new LA

2014

DJI raised $30M from Sequoia Capital

2014
2014
2014
2014

DJI hired Brendan Schulman, renowned US
attorney specialized in drone-related law suits
DJI opened San Francisco office, which is
headed by Darren Liccardo (ex-Tesla Motors)
and Rob Schlub (ex-Apple)
DJI sponsored RoboMaster 2015 Robotics
Challenge

DJI XP3.1 Helicopter Flight Control System was
released
DJI Ace One Helicopter Autopilot System was
released

2010

2012

DJI generated 400,000 units and $500M in
annual sales
DJI raised $75M from Accel Partners

Product Milestones

DJI Wookong-H Professinal Helicopter Autopilot
System was released
DJI Spreading Wings S800 (professional
hexacopter) was released
DJI Phantom 1 was released
DJI Naza-H Helicopter Autopilot System was
released
Naza-M Lite Flight Control System was released
DJI Phantom 2 was released
DJI Phantom 2 Vision (first consumer drone with
integrated camera) was released
DJI Phantom FC40 was released
DJI Spreading Wings S900 (professional
hexacopter) was released
DJI Phantom 2 Vision+ was released
DJI Ronin (3-axis stabilized handheld gimbal
system) was released
DJI Spreading Wings S1000+ (professional
octocopter) was released

2014

DJI Inspire 1 was released

2015

DJI Phantom 3 was released
DJI released Matrice 100 fully customizable and
programmable flight platform and Guidance vision
detection system

2015

2015
2015

DJI generated more than $1B in annual sales

2015

DJI opened its first flagship store in South
Korea

2016

DJI released Zenmuse micro four thirds cameras
for Inspire 1
DJI Osmo (integrated, stabilized handheld camera)
was released
DJI MG-1 (professional agriculture drone) was
released
DJI Phantom 3 4K and Inspire 1 Pro Black were
announced at CES

Source: Company reports, Oppenheimer & Co. Inc.

3D Robotics – the enterprise software company
The founding of 3D Robotics (3DR) is by itself an intriguing story that showcased the spirit
of the time. It utilized the new realities on consumer hardware development. It was a
product of hobbyist-like tinkering, open community support, and a new paradigm of
electronics supply chain.
3DR was founded by Chris Anderson, the former Editor-in-Chief of Wired (2002-2012) and
the author of “The Long Tail", "Free: The Future of a Radical Price", and "Maker: The New
Industrial Revolution", 3DR began with Chris Anderson’s hobbyist, dad-and-daughter
project of building an autopilot airplane with hacked Lego Mindstorm components.
The nascent stage of consumer RC planes and drones did not provide many ready-to-fly
products for less sophisticated consumers. In 2007 Chris Anderson founded
DIYdrones.com, a non-profit, online community for makers and hackers to share their tips
and questions on everything UAV. Today, DIYdrones.com is the largest robotics
communities in the world.
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Anderson and his business partner Jordi Munos started 3DR to sell aerial robotic kits to
other fellow hobbyists in 2009. They were profitable the first year on $250,000 of
revenues. The company received a lot of support from online community members, who
contributed regularly to the improvement of 3DR’s flight control system. In return, 3DR
reward the most contributing community members with anything from t-shirts, to the
highest level, equity stakes in the company. Today, 3DR is considered the third largest
drone maker in the world. It has also partnered with Intel, Linux, and Qualcomm to found
the Dronecode Foundation to encourage the development of open-source consumer and
commercial UAS software.
3DR’s CEO, Chris Anderson, has been open about the commodity-like nature of
consumer electronics. He believes that 3DR is an enterprise software company at heart;
therefore, the company will spend most of its resources in developing enterprise solutions
utilizing drone-related technologies such as aerial data collection. The collected data will
be uploaded to 3DR’s proprietary cloud, sorted and processed, then sent directly to its
enterprise customers’ cloud. 3DR also believes that people do not want to fly drones, the
best drones will have the best autonomous autopilot capability.
Chris said the drone industry needs not only to deal with regulatory constraints, but also to
establish simpler selling channels and to offer solutions, as opposed to just selling
complex drone technology. “Commercial users don’t want a drone, they want a solution, a
box with a button,” he said in an interview with VentureBeat in January 2015. (link)
Exhibit 17: 3DR Milestones
Business Milestones

Time

Product Milestones

Chris Anderson started DIYDrones.com

2007

Chris Anderson and Jordi Muñoz co-founded
3DR

2009

3DR released the first ArduPilot board

2010

3DR released APM1 autopilot system

3DR generated $5M in sales.

2011

3DR released APM2 autopilot system

3DR raised Series A round led by True
Ventures and O'Reilly AlphaTech Ventures

2012

3DR released APM2.5/2.6 autopilot system

3DR raised $30M in Series B financing led by
Foundry Group and True Ventures

2013

3DR released Pixhawk Autopilot based on PX4
open-hardware project

2013

3DR Iris was released

2013

3DR X8 and Y6 (kit and ready-to-fly package) were
released

3DR raised an undisclosed investment from
Richard Branson

2014

3DR Iris+ was released

3DR hired Colin Guinn, formerly the CEO of DJI
North America

2014

3DR X8+ was released

3DR announced the launch of the DroneCode
Foundation as a founding member

2014

3DR Aero-M Fixed Wing UAV was released

3DR raised $50M in Series C financing led by
Qualcomm Ventures

2015

3DR Solo was released

3DR raised $14M as an expansion of the $50M
Series C offering

2015

3DR announced discontinuation of its legacy
models with the exception of Solo

3DR is at shipment volume of 100,000 units a
year, according to the CEO

2015

3DR was expected to generated $50M in sales
in 2015, according to BBC

2015

3DR announced collaboration with Japanese
trading company Shibamoto to bring drones
and enterprise solutions to Japan

2015

Source: Company reports, Oppenheimer & Co. Inc.
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Appendix
Drone Anatomy
Exhibit 18: Drone Anatomy

Source: Carnegie Mellon University, DJI, Oppenheimer & Co. Inc.
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Global Regulatory Overview
Exhibit 19: Global Drone Regulation Overview
Country
United
States

Canada

Regulatory Body

Recreational / Non-commercial

Commercial / Research

No-Fly Zones / Restrictions

Federal Aviation
Administration

Web-based registration before flight (weighing
between 0.5 and 55 pound).

- 5 miles within medium to large sized airports
Operators must obtain FAA exemption under Section 333 of
- Military bases and national parks
the FAA Modernization and Reform Act of 2012.
- Higher than 400 feet above ground

Transport Canada

- Special Flight Operations Certificate are required
(weighing over 25 kg)
- Must meet Section 602.41 and 603.66
Exemptions and notify Transport Canada with
necessary information, if not, Special Flight
Operations Certificate is required (weighing under
25 kg)

- 9 km within airport, heliport, or aerodrome
- Higher than 90 meter above ground
- Special Flight Operations Certificate are required (weighing
- Closer than 150 meters from people, animal, buildings,
over 25 kg)
structures, or vehicles
- must meet Section 602.41 and 603.66 Exemptions and
- Populated areas or near large groups of people
notify Transport Canada with necessary information, if not,
- Near moving vehicles, highways, bridges, busy streets
Special Flight Operations Certificate is required (weighing
- Restricted and controlled airspace, including military
under 25 kg)
bases, prisons, and forest fires
- Anywhere with potential interference with first responders

- Flight beyond visual line-of-sight or UAVs weighing over 25
- Individual license plate required to identify the
kg are prohibited unless authorized by the regional States'
Federal Ministry of
operator for UAVs (weighing more than 0.5 kg)
authorities.
Germany Transport and Digital - Flights above 100 meters and beyond visual line- Commercial drone operators are required to obtain a
Infrastructure
of-sight are prohibited
license after passing a test demonstrating aeronautical
skills and knowledge regarding aviation law
- No prior authorization required for "category A"
UAVs (weighing under 25 kg).
- 50 meters of maximum working height and 200
Directorate general of meters of maximum working distance for UAVs
Civil Aviation (DGAC) weighing under 2kg.
- Autonomous UAVs cannot weigh more than 1 kg
- Protection device/mechanism (e.g. parachute,
emergency landing feature)

- 1.5 km within airfields
- Above prison, military installations, crowds of people,
scene of accidents, disaster areas, and other sensitive
areas affecting national security
- Other no flight zones may include industrial facilities,
power plants, and power transmission networks, federal
roads, and railroads.

- Annual declaration of fitness to fly required for operators of
UAVs weighing more than 25 kg ("category B").
- Pilot license, 100-hour flying experience, and 20-hour
drone training required for flights out of line of sight.
- Cargo weight for commercial delivery UAVs are capped at
500 g

- 4 km within airport, heliport, or aerodrome
- Populated areas including events, concerts, festivals, and
firework shows
- Sensitive airspace including nuclear power plants, military
courses, hospitals, prison, historical monuments, and
national parks
- Higher than 150 meters above the ground

Civil Aviation Safety
Australia
Authority

- UAVs of non-commercial/government/research
purposes are defined as "Model Aircraft"
- Must maintain line of sight at all times
- No closer than 30 meters to vehicles, boats,
buildings, or people
- No flying at night, in or through cloud or fog

- For all commercial UAV activities, the pilot must have an
unmanned aerial vehicle (UAV) controller's certificate and
the business must have an unmanned operator's certificate
(UOC).

- 5.5 km within airfield
- Populated areas such as beaches, parks, or sports ovals
where there is a game in progress
- Higher than 400 feet above the ground

United
Kingdom

Civil Aviation
Authority (CAA)

- UAVs weighing under 20 kg are not required to
register with CAA unless they are being used for
commercial purposes (for UAVs weighting over 7
kg, special permissions are required to fly in
Class A, C, D, E Airspace or at a height over 400
feet)

- An operators certificate issued by the UK CAA is required
for all commercial operation
- UAVs over 20 kg are required to register with CAA; UAVs
over 150 kg are required to obtain airworthiness certificate
from CAA

- 50 meters within vehicles, boats, buildings or people
- Any populated area such as beaches, busy parks, sports
games being played at any stadium or field where there is a
game in progress
- Controlled airspace or close to an active airfield
- 150 meters within any gathering of more than 1,000 people,
and any congested areas
- Higher than 400 feet above the ground

Hong
Kong

Civil Aviation
Department (CAD)

- UAVs under 7 kg (without fuel) for recreational
purposes can be classified as model aircraft flying
and no application to CAD is required
- Maximum working height of 300 feet
- In day light hours only

- Visual line of sight at all time
- Maximum working height of 300 feet
- Evidence of pilot competency required when making an
application for permission to operate UAVs

- 5 km within any aerodrome
- 50 meters of any person, vessel, vehicle or structure not
under the control of the operator, except that during take-off
and landing
- 30 meters of any person other than the operator

France

Source: Government reports, Oppenheimer & Co. Inc.
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UAV Investments
Exhibit 20: Investment in Drone Start-ups (2013-2014)
Date

Company

Vertical

Nov-13

Aerialtronics

Nov-13

Matternet

Commercial drones
Cloud-based
software for
commercial drones

Apr-14

Lily

May-14
May-14

Investors

3.5

Seed

Drones

1.0

Seed

DJI

Drones

30.0

Series A

Undisclosed
Andreessen Horowitz, QueensBridge Venture
Partners, Adam Pisoni, Bryan Johnson, Fadi
Ghandour, Legend Star, Scott Banister
Dorm Room Fund, InnoSpring Seed Fund, Kevin
Mahaffey, Shana Fisher, Slow Ventures, SV
Angel, Upside Partnership, Winklevoss Capital
Sequoia Capital

Skyworks
Aerial Systems

Drones

0.2

Seed

Eugene Wong, John Davidson, Allen Anes
Google Ventures, ff Venture Capital, Ram
Shriram, Richard Levandov, Ellen Levy,
SierraMaya360, Avalon Ventures,
VegasTechFund, Jordan Mendell
Kleiner Perkins Caufield & Byers, Andreessen
Horowitz, First Round

May-14

Skycatch

Commercial drones

13.2

Series A

Jul-14

Airware

Operating system for
drones

25.0

Series B

Aug-14

Mavrx

Image and data
analytics

Sep-14

XAircraft

Drones

20.0

Series A

Chengwei Capital

Sep-14

Dronecast

Advertising
Drone data
management
Drone data
management
Commercial drones

1.0

Angel

10.0

Series B

Undisclosed
Millennium Technology Value Partners, Innovate
Indiana Fund, Bob Young, Intel Capital

Sep-14 PrecisionHawk
Oct-14

Drone Box

Oct-14

HoneyComb

Oct-14

Kespry

Nov-14

Airware

Dec-14

DroneBase

Dec-14

Ehang

Sam Lessin, Aslanoba Capital, Hasan Aslanoba,
Undisclosed Undisclosed Hoxton Ventures, Kevin Colleran, Kevin Mahaffey,
Marc Bell Ventures, Slow Ventures

0.1 Undisclosed
0.3

Series A

Commercial drones
10.0
Series A
Operating system for
Undisclosed Undisclosed
drones
Online market place
0.1
Seed
Drones

Source: Company reports, Crunch Base, Oppenheimer & Co. Inc.
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Fund
Investment
Raised
Round
4.1
Angle

10.0

Series A

Media Development Authority, Ruvento
Portland Seed Fund
Lightspeed Venture Partners
GE Ventures
Y Combinator
GGV Vapital, Xu Xiaoping, Nick Yang, PreAngel,
ZhenFund
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Exhibit 21: Investment in Drone Start-ups (2015)
Date

Company

Vertical

Nov-13

Aerialtronics

Nov-13

Matternet

Commercial drones
Cloud-based
software for
commercial drones

Apr-14

Lily

May-14
May-14

Fund
Investment
Raised
Round
4.1
Angle

Investors

3.5

Seed

Drones

1.0

Seed

DJI

Drones

30.0

Series A

Undisclosed
Andreessen Horowitz, QueensBridge Venture
Partners, Adam Pisoni, Bryan Johnson, Fadi
Ghandour, Legend Star, Scott Banister
Dorm Room Fund, InnoSpring Seed Fund, Kevin
Mahaffey, Shana Fisher, Slow Ventures, SV
Angel, Upside Partnership, Winklevoss Capital
Sequoia Capital

Skyworks
Aerial Systems

Drones

0.2

Seed

Eugene Wong, John Davidson, Allen Anes

May-14

Skycatch

Commercial drones

13.2

Series A

Jul-14

Airware

Operating system for
drones

25.0

Series B

Aug-14

Mavrx

Image and data
analytics

Google Ventures, ff Venture Capital, Ram
Shriram, Richard Levandov, Ellen Levy,
SierraMaya360, Avalon Ventures,
VegasTechFund, Jordan Mendell
Kleiner Perkins Caufield & Byers, Andreessen
Horowitz, First Round

Sam Lessin, Aslanoba Capital, Hasan Aslanoba,
Undisclosed Undisclosed Hoxton Ventures, Kevin Colleran, Kevin Mahaffey,
Marc Bell Ventures, Slow Ventures

Sep-14

XAircraft

Drones

20.0

Series A

Chengwei Capital

Sep-14

Dronecast

Advertising
Drone data
management
Drone data
management
Commercial drones

1.0

Angel

10.0

Series B

Undisclosed
Millennium Technology Value Partners, Innovate
Indiana Fund, Bob Young, Intel Capital

Sep-14 PrecisionHawk
Oct-14

Drone Box

Oct-14

HoneyComb

Oct-14

Kespry

Nov-14

Airware

Dec-14

DroneBase

Dec-14

Ehang

0.1 Undisclosed
0.3

Series A

Commercial drones
10.0
Series A
Operating system for
Undisclosed Undisclosed
drones
Online market place
0.1
Seed
Drones

10.0

Series A

Media Development Authority, Ruvento
Portland Seed Fund
Lightspeed Venture Partners
GE Ventures
Y Combinator
GGV Vapital, Xu Xiaoping, Nick Yang, PreAngel,
ZhenFund

Source: Company reports, Crunch Base, Oppenheimer & Co. Inc.
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Exhibit 22: Investment in Drone Start-ups (2015 continued)
Investment
Round

Company

Vertical

Aug-15

Skycatch

Commercial drones

25.0

Series B

Aug-15

Ehang

Drones

42.0

Series B

Aug-15

Yuneec

Drones

60.0

Series B

Drones

22.0

Series B

Navigation system
for drones

1.2

Seed

Drones

45.9

Series A

Summit Partners

Drones

1.5

Angle

Shark Tank
Spark Capital, Harrison Metal, Homebrew Capital,
Founder Collective, Google Ventures
Huron River Ventures, Amherst Fund II, Michigan
Angel Fund, Invest Michigan
MKS Alternative Investments, Go Beyond
Investing
Spark Capital, SV Angel, Stanford-StartX Fund,
Steve Aoki, Joe Montana

Oct-15 CyPhy Works

Oct-15

PRENAV

Oct-15

Aeryon Labs
Inc.
xCraft

Nov-15

Hivemapper

Maps for drone pilots

2.9

Seed

Nov-15

SkySpecs

Drones

3.0

Series A

Nov-15

Flyability

Drones

2.5

Seed

Dec-15

Lily

Drones

14.0

Series A

Oct-15

Source: Company reports, Crunch Base, Oppenheimer & Co. Inc.
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Fund
Raised

Date

Investors
Riverwood Ventures, Sherpalo Ventures, Avalon
Ventures, zPark Capital, Bee Partners, Autodesk,
Komatsu
GP Capital GGV Capital, ZhenFund, LeBox
Capital, OFC, PreAngel
Intel Capital
Bessemer Venture Partners, Draper Nexus
Ventures, General Catalyst Partners, Lux Capital,
Motorola Solutions Venture Capital, UPS
Strategic Enterprise Fund
Drone.VC, Envision Ventures, Michael Antonov,
Pejman Mar Ventures, Toivo Annus
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Company list
Exhibit 23: Company list
Company

Description

Aerialtronics

Aerialtronics are an international manufacturer of state of the art, high quality unmanned aircraft
systems for civilian purposes. It provides full aerial data solutions to a variety of applications worldwide.
Aerialtronics’ systems are designed and developed in-house according to aviation grade quality
standards. The company was founded in 2012 and is headquartered in The Netherlands.

AeroVironment

AeroVironment developed the Nano Air Vehicle (NAV) under a DARPA sponsored research contract to
develop a new class of air vehicle systems capable of indoor and outdoor operation. Employing
biological mimicry at an extremely small scale, this unconventional aircraft could someday provide new
reconnaissance and surveillance capabilities in urban environments.

Aeryon Labs

Aeryon Labs, Inc. develops and manufactures small unmanned aerial systems. It provides Aeryon
Scout, a vertical take-off and landing micro unmanned aerial vehicle used for tactical and over-the-hill
aerial intelligence, integrated imaging payloads and develops custom payloads for the Aeryon Scout
small unmanned aerial systems. Aeryon Scout was succeeded by Aeryon Skyranger in 2013. The
firm's products are used for tactical operations, accident investigation, forensics, search and rescue
operations, emergency response, crowd control, chemical, biological, radioactive, nuclear or explosive
situations, fire investigation and damage assessment and fire management. It serves police, first
responders, security, civil and military customers, resellers, and other commercial businesses. The
company was founded by David Daniel Kroetsch, Steffen Lindner and Michael Peasgood in 2007 and is
headquartered in Waterloo, Canada.

Agribotix

Agribotix is a drone-enabled software company that provides advanced imaging and analysis for
precision agriculture. It offers Agribotix Hornet Drone, a rugged low-cost drone airframe purpose-built for
operational use on the farm; and Agribotix Infrared and Thermal Sensors, which are thermal cameras
that collect images over fields of interest. It also offers Agribotix Image Processing Services, a software
solution that delivers easily viewable georeferenced aerial images. The company was founded in 2013
and is headquartered in Boulder, CO.

Air Spectral

Air Spectral designs innovative smart hyperspectral cameras and nano drones to explore and discover
the world easily. The company was founded in 2015.

Airbotix

Airbotix is a commercial UAV maker. Its core product flying robot Aibot X6, is already flying on every
continent and supports professionals, such as surveyors, engineers, energy suppliers, construction,
and infrastructure companies in their daily work. The company aims to integrate the Aibot X6 directly
into the workflow of enterprise customers and thereby making it easier and more efficient. Since
February 2014 Aibotix is part of Hexagon (NASDAQ OMX Stockholm: HEXA B), a leading global
provider of integrated design, measurement and visualization technologies.

Augmented Pixels

Augmented Pixels is a computer vision technology company that develops programing platforms for
retail, real estate, drones, and other verticals. Augmented Pixels was founded in 2010 and is
headquartered in Palo Alto, CA.

Bookadrone

Bookadrone is a drone market place in UK.

Caspian Robotics develops a technological platform targeted at commercial drone market. Its products
Caspian Robotics (Caspian GmbH) offer greater safety and autonomy for drone operation together with a highly intuitive user experience.
Caspian Robotics was founded in 2013 and is headquartered in Berlin, Germany.

Ceres Imaging

Ceres Imaging provide farmers spectral data to optimize water and nitrogen application. Specifically,
the company uses UAVs/ aerial photography and spectral image processing to monitor crop variables
like - (1) Nutrient status (2) Water stress We make the data actionable (eg, when should you apply
water, where are clogs/leaks in the irrigation lines) and send it over the cloud to farmers. Its model is
data as a service; the company delivers the data periodically in exchange for recurring revenue. The
company was founded in 2014 and is headquartered in San Francisco, CA.

CyPhy Works

CyPhy Works, Inc. designs and develops robotics technologies. It is a robotics company developing
unmanned aerial vehicles for commercial, civil and defense applications. The firm is under contract with
the Department of Defense and Department of Commerce to develop their technologies. The company
was founded by Helen Greiner in 2008 and is headquartered in Danvers, MA.

Source: Company reports, Oppenheimer & Co. Inc.
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Exhibit 24: Company list (continued)

Company

Description

Drone Box

Drone Box develops an integrated solution for tracking and managing drone fleets in the form of a
proprietary online SaaS platform and open source flight data recorder (FDR). The Drone Box comes
with integrated sensors to provide an integrated solution to the needs of a growing industry that is
scalable and adaptable to the needs of fleet operators, insurers and regulators. The company was
founded in 2014 and is headquartered in Singapore.

DroneBase

DroneBase is an online market place for drone pilots. It connects customers with needs for aerial video
and data with drone pilots with the specific skills and tools. Its target market segments include
commercial real estate, residential real estate, and construction. The company was founded in 2014
and is headquartered in Santa Monica, CA.

Droner

Droners.io connects consumers & businesses with local, professional drone pilots to film their
wedding, real estate, surf session, anything. Users can read reviews, compare prices and portfolios to
make it easy to hire the pilot that best fits their needs and budget. The company was founded in 2015
and is headquartered in South Kingstown, RI.

Dronesmith Technologies

Formerly known as Skyworks Aerial Systems, Dronesmith Technologies develops flight control and
UAV development systems. Its modular drone kit and customizable software enable educators,
parents, hobbyists, and professional drone developers to design drone-based applications. It was
founded in 2014 and is headquartered in Henderson, NV.

Ehang

EHang is an unmanned aerial vehicle (UAV) technology company. With offices in Silicon Valley,
Beijing, and Guangzhou, China, EHang creates and develops aerial systems for recreational and
commercial usages. The company is committed to creating the next generation of drones for every
organization, including film studios, agricultural firms, governments, and delivery companies. The
company was founded in 2014 and is based in Beijing.

Flyability

Spin-off from the Ecole Polytechnique Fédérale de Lausanne and the Laboratory of Intelligent
Systems, it currently employs 11 full-time employees, dedicated to turning drones into real partners for
humans. The company was founded in 2014 and is headquartered in Lausanne, Switzerland.

Flyspan Systems

Flyspan Systems provides consulting services to organizations that want to integrate drones into their
businesses. Its services include drone data analytics, drone system implementation, regulatory
compliance and risk analysis, and total solution integration. The company was founded in 2013 and is
headquartered in Irvine, CA.

Flytrex

Flytrex manufactures the world's leading black box for multirotors and quadcopters. Users include
professionals who require real time telemetry from their drones, as well as a variety of hobby
enthusiasts who enjoy participating in the Flytrex challenges, setting new personal records and
receiving badges on their achievements within their Flytrex profile. The company was founded in 2013
and is headquartered in Tel Aviv, Israel.

Freefly Systems

Freefly Systems develops UAVs, handheld stabilized gimbals, and unmanned ground vehicles for
professional cinematographers. Its first product was the CineStar a multirotor camera platform that
enables camera operators to capture low-altitude aerial shots. At the 2015 NAB Show, Freefly unveiled
the ALTA™ small UAV, a ready-to-fly, multirotor platform for aerial cinematographers. Most notably,
the ALTA allows for camera payloads to be top-mounted as well as bottom-mounted. The company
was founded in 2011 and is headquartered in Woodinville, WA.

Gamaya

Gamaya is a farmland analytics and crop diagnostics company. It develops comprehensive framework
for large scale analytics of farmland. Its technology measures reflectance of crops using proprietary
hyperspectral imaging camera mounted on drones. The collected data is used to identify potential
problems of farmland (diseases, nutrient deficiencies, weeds, environmental stresses). The company
was founded in 2014 and is headquartered in Lausanne, Switzerland.

GreenSight Agronomics

GreenSight Agronomics offers moisture management services for golf courses, farms, and property
managers. Its autonomous imaging drone and cloud-based processing and analysis deliver daily,
actionable, moisture alerts. The company was founded in 2014 and is headquartered in Boston, MA.

Source: Company reports, Oppenheimer & Co. Inc.
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Exhibit 25: Company list (continued)
Company

Description

Guangzhou Walkera Technology
Co. Ltd

Walkera Technology Co., Ltd. (WALKERA) is a professional aero-model manufacturer based in
Guangzhou, China. It was founded in 1994. Walkera provides one-stop solution for agriculture, fire and
rescue, mapping, and powerline inspection.

Hivemapper

Hivemapper develops 3D map app for drone pilots to help them avoid crashing into buildings and other
structures. According to the company, its app already includes detailed data on the footprints of 20M
buildings, 15M points of interests, and tens of thousands of no-fly zones in the US. as of November
2015. The company was founded in 2014 and is headquartered in Berlingame, CA.

HoneyComb

HoneyComb provides a seamless, durable, and easy-to-use system for drone-based mapping and
scouting in agricultural and land surveying applications. Our system and services are unique in that
they are self-contained, integrated, and completely autonomous from flight to information and action.
The company was founded in 2012 and is headquartered in Wilsonville, OR.

Intelscope Solutions

Intelescope Solutions is a forest analytics company that utilizes drone and satellite imagery to
transform the massive forestry industry. Intelescope provides their clients (i.e. Pension Funds, Timber
REITs, TIMOs, Hedge Funds, Forestry Land Owners/Managers/Consultants) with automated services
at speeds of 50-100x faster than those of current processing techniques. This enables more efficient
management and a richer knowledge of timber assets. The company was founded in 2009 and is
headquartered in Stamford, CT.

Iron Drone

Iron Drone is a visionary company developing technology for Telepresence applications with Drones for
commercial use, industrial and government. The company develops friendly Internet control platform for
drones and Smart landing base, this allows to do remote flights with drones 24/7 without human
intervention. Focused to automation and telepresence with aerial robots. The company was founded in
2013 and is headquartered in Baja California, Mexico.

Kespry

Based in Menlo Park, CA, Kespry is an automated commercial drone solution that operates right-outof-the-case and enables its customers to collect, analyze and share essential aerial information. To
achieve high standards of safety, productivity, and reliability, Kespry controls the design of each critical
component. This attention to integrated design and reliability provides superior efficiencies and
accelerates the delivery of advanced functionality. Founded in 2013, Kespry received initial backing
from Chmod Ventures and $10 million Series A funding from Lightspeed Venture Partners.

Kray Technologies

Kray Technologies is a maker of commercial delivery drones and services. The company was founded
in 2015 and is headquartered in Kyiv, Ukraine.

Lily Robotics

Lily Robotics, Inc. is a company headquartered in San Francisco, CA. The firm makes flying camera
that takes photos and video of the users in the moment. It was founded by Henry Bradlow and Antoine
Balaresque. Antoine Balaresque has been the CEO since 2013.

Microdrones GmbH

Microdrones GmbH was founded in October 2005. For many years previously the core team worked on
the development of different forms of aerial vehicles. The fusion of competencies from disparate areas
has been, and continues to be, our formula for success. Microdrone specializes in building UAVs in
the sub-25kg class. The first product went on sale in April 2006. Over 250 units were sold within a
short time. In 2010, the microdrones md4-1000 was released. In its first year alone, over 100 units
were sold worldwide.

Parrot

Parrot SA engages in the robotics and in the information technology industry. Its products include
drones, wireless devices, and connected objects. Drones include aerial and terrestrial types which are
branded as Parrot AR. Drone 2.0 and Jumping Race Drone. Wireless devices comprise of automobile
communications and infotainment systems. Connected devices include applications for gardening and
multimedia. The company was founded by Henri Seydoux on February 28, 1994 and is headquartered
in Paris, France.

Pix4D

Pix4D offers a software package that converts standard pictures into professional geo-referenced
images and 3D models. Pix4D has become the main provider and industry standard for professional
unmanned aerial vehicle (UAV) processing software. Started as a spin-off of EPFL in Switzerland. The
company was founded in 2011 and is headquartered in Lausanne, Switzerland. French drone company
Parrot invested 2.4M Swiss Francs for a minority stake in Pix4D in 2012.

Source: Company reports, Oppenheimer & Co. Inc.
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Exhibit 26: Company list (continued)
Company

Description

Precision Hawk

Precision Hawk provides remote sensing applications and data processing services. It operates as an
unmanned aerial systems and remote sensing company. The firm provides an end-to-end solution for
aerial data gathering, processing and analysis to provide actionable information to clients across
civilian industries. It uses a small, lightweight UAV (Unmanned Aerial Vehicle) and cloud-based
software to collect, process and analyze aerial data. The company also offers geospatial, data
management, processing and export services. Its customers include Fortune 500 companies,
government agencies and education institutions. Precision Hawk USA was founded in 2010 by Ernest
Earon and Christopher Dean and is headquartered in Raleigh, NC.

Qelzal

Qelzal develops the next generation of Obstacle Avoidance systems for small commercial drones.
Their systems make drones autonomous and safer in near-earth flights. To make it possible they
leverage their expertise in brain-inspired engineering, deep learning and machine learning. The
company was founded in 2014 and is headquartered in San Diego, CA.

Sentian Robotics

Sentien Robotics develops hardware and software for reliable, rapid, and scalable deployment of small
Unmanned Aerial Vehicles for wide area persistent surveillance and autonomous remote sensing
applications. The company is headquartered in Fredericksburg, VA.

Shenzhen Hubsan Technology

Hubsan develops model aircrafts and UAVs. Hubsan Technology was founded in 2003 and is
headquartered in Shenzhen, China.

Shenzhen Smart Drone Co. Ltd
(SMD)

Shenzhen Smart Drone Co. Ltd (SMD) is a provider of aircraft and UAV. SMD specializes in R&D,
production, sales of flight control system, aerial photography pan-tilt , HD photography transmission &
system integration of small UAV application. SmartDrone has deep cooperation with academic
institutes such as Beijing University of Aeronautics & Astronautics and Shenzhen University.

Skycatch

Skycatch makes commercial drones for the construction industry. It offers software tools for viewing,
analyzing, and sharing construction site date then turning drone-collected data into actionable and
useful information for customers. Skycatch was founded in 2013 and is headquartered in San
Francisco, CA.

Skyfront

SkyFront builds hybrid-electric technology for long-endurance, multi-rotor drones. According to the
founders, their technology extends typical drone flight times by as much as a factor of 10, and enables
unmanned aerial vehicles (UAVs) to be used for extended commercial applications. The company was
founded in 2014 and is headquartered in San Diego, CA.

Skysense

Skysense develops charging infrastructure for corporate drone fleet. The company was founded in 2013
and is headquartered in San Diego, CA.

SkySpecs

SkySpecs is a commercial drone company that develops drones to safely reach and inspect all or
otherwise hard-to-reach structures, such as bridges and wind turbines. SkySpecs was founded in 2012
and is headquartered in Ann Arbor, MI.

Skyward

Skyward develops cloud-based information management solution for commercial drone operators. Its
software integrates a drone airspace amp with flight planning tools and a digital system of record,
supported by a team of regulatory and operational experts. Skyward was founded in 2012 and is
headquartered in Portland, OR.

Starship Technologies

Starship Technologies is a technology company building fleets of self-driving delivery robots designed
to deliver goods locally within 30 minutes. The robots drive autonomously 99% of the time to make
safe and environmentally friendly curb-side deliveries from a local hub. Launched by Skype cofounders, Starship’s aim is to fundamentally reshape how goods are shipped and delivered, and make
local delivery, ultimately, free. The company was founded in 2014 and is headquartered in Estonia.

Stratis Imaging

Stratis Imaging develops software solutions for UAVs. Its first product is Flightbase, a cloud-based
business operations software designed to help drone operators build their busiess faster and connect
with customers. The company was founded in 2015 and is headquartered in Seattle, WA.

Sunbirds

Sunbirds designs, manufactures and markets totally new long-range industrial solar drones for 40+
applications worldwide. The company was founded in 2015 and is headquartered in France

Source: Company reports, Oppenheimer & Co. Inc.
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Exhibit 27: Company list (continued)
Company

Trimble UAS

Verifly Holdings

Xaircraft (XAAC)

Yuneec

Zero-Tech

The Commercial Drone Fund

SkyFund

Description
Trimble UAS is formerly known as Gatewing. Gatewing was founded in the summer of 2008 in Ghent
(Belgium) and founded by Peter Cosyn, Maarten Vandenbroucke and Maarten Van Speybroek. In
October 2010 Gatewing launched its first product – the Gatewing X100 – which was the first turnkey
UAS for terrain mapping and surveying. In April 2012 Gatewing was acquired by Trimble Navigation
which makes solutions that are focused on applications requiring position or location – including
surveying, construction, agriculture, fleet and asset management, public safety and mapping. In June
2013, combined efforts of Trimble UAS and other sites within Trimble resulted in the Trimble UX5 Aerial
Imaging System. This all-Trimble solution includes both a successor for the Gatewing X100 and an
industry leading office software solution for image processing.
Verifly Holdings collects global data on no-fly zones and works with manufacturers. it makes build
simple, trusted verification and control systems for all drones. By making them safe for commercial
and private use, we open up a world of new possibilities and perspectives.
Xaircraft develops and manufactures UAVs and flight control systems. Its core product, Xmission, is a
complete Unmanned Aerial System which specializes in security surveillance, fire & rescue,
environmental protection, low-altitude logistics, remote sensing mapping. The company has been
developing agricultural UAVs since 2012. The company's commercial drone solutions have been used
by Hollywood studios and Australian Environmental Protection Agency. The company was founded in
2007 and is headquartered in Guangzhou, China.
Founded in Hong Kong in 1999, Yuneec International Co. Ltd. is the world leader in electric aviation.
Yuneec’s core technologies power its manned aircraft as well as its Aerial Photography & Video
Systems (APV) and its market leading line of radio controlled aircraft for the hobby market.
Zero-Tech is develops UAVs for military, industrial, commercial, and consumer markets. Zero-Tech
was founded in 2007 and has been working with the military and government in fixed wing UAVs for
mapping and surveying. It entered aerial photography market in 2012 with its first rotary wing product. It
announced its first consumer drone product in 2015. At CES in January 2016, Zero-Tech partnered with
Tencent and Qualcomm and announced Ying prototype drone which is built on Qualcomm's
Snapdragon Flight platform.
The Commercial Drone Fund is backed by Airware to support businesses that are developing
technologies and services that are critical to scaling the use of comercial drones across a variety of
applications. It targets categories such as sensor hardware, software applications, data analytics,
services, and industry-specific solutions.
SkyFund is a UAV-specific $10M investment fund backed by DJI and Accel to target founders and
entrepreneurs in robotics, industrial and vertical applications and cloud services, UAV operations,
services and support, hardware and battery technology companies, navigation, obstacle intelligence
and computer visino, and multimedia/video services and communities.

Source: Company reports, Oppenheimer & Co. Inc.

Companies mentioned in this report as of 2/17/16:
Parrot SA (PARRO-FR; EUR19.40; Not Covered)
Yamaha Corp (7951-JP; JPY2,960.0, Not Covered)
IBM Corp (IBM-NYSE; $126.10; Not Covered)
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