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Executive summary
The global UAS market is growing significantly. From 2019 to 2025, the global UAS market
is expected to grow steadily by around 3 to 5 billion US dollars annually. From generating 22.5
billion USD in 2020, it is consequently growing at a CAGR (Compound Annual Growth Rate)
of 13.8% to almost double that in 2025. Drivers for this growth will be Asia (particularly due to
the enormous growth of China, Japan and India), North America and Europe, as the following
figure shows the forecast market development (2020 vs. 2025) in the various regions.

The biggest segment by far is military, followed by leisure/hobby and commercial. The militaryand the leisure/hobby sector have been growing and are projected to continue to grow the
upcoming years. Although the commercial sector is the smallest, it shows the biggest
growth with a times 4-increase over the last 5 years. This strong growth is driven by
companies demanding e.g. monitoring activities, mapping and surveying.
Movement to the commercial segments can be detected nowadays in companies such as DJI,
which has started to partner with other companies to offer drones with software specializing in
agriculture, mining, and construction. As HUUVER offerings address the commercial segment,
the following world’s top seven commercial UAS manufacturers are serving as a
(competitive) benchmark (alphabetic order): 3D Robotics, AeroVironment, DJI, Leptron, Parrot,
PrecisionHawk, Trimble UAS.
Based on UAS hardware offerings, drone service providers offer services (also called droneas-a-service) to help industries such as agriculture, construction, search and rescue,
package delivery, industrial inspection, insurance and videography with tasks like collecting
imagery, measurements and managing or broadcasting of events. The commercial drone
D7.2 Market environment and trend report
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market changed a lot over the last years – hardware lost its leading position and has been
displaced by drone services and drone software solutions. This development can be seen in
the evolutionary changes in the investment market and in the distribution of strategic
partnerships. The following ranking displays the TOP20 drone-as-a-service companies based
on an analysis of 200+ global operating drone service providers. Since the drone industry does
not yet offer a solution that can fully incorporate drone services as they currently exist, drone
service providers and drone operators working within larger organizations are the ones
providing actionable information for clients in agriculture, construction, mining, oil & gas and
many other vertical industries.

Besides global market trends, the users, competitive landscapes, sizes and segment figures
as well as major trends and R&D activities in relation to the main HUUVER target markets
are analysed in detail. The following table summarises the results gathered.
Search &
Rescue

User
description

UAVs are used in many different operations and by different
users, including UN agencies, NGOs, emergency services
like fire brigades, Police and Mountain Rescue Organisations.

Competitive Examples of advanced COTS UAS for improving S&R in crisis
landscape
management comprise: Aerialtronics Altura Zenith, AIRBUS
Copter 4, DJI Phantom Series, CAMCOPER S-100
(SCHIEBEL), Advanced Aircraft Company Hercules, Vercial
Technologies DeltaQuadPro, Yamaha FAZER R G2, Qube,
Aeryon SkyRanger, UAV Factory Penguin C. Exemplary
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relevant UGV are: iRobot 110 FirstLook, AREVA RIANA,
Bluebotics Absolem, CHIBA Institute of Technology QUINCE.

Monitoring &
Patrolling

Market
sizes and
segment
figures

The market for Public Safety drones in 2016 is estimated at $
11.3 million, fuelled largely by the adoption of drones in
emergency medical services, law enforcement and
firefighting. Between 2019 and 2022, sales of public safety
drones are expected to see explosive growth and increase
more than fourfold.

Main trends

Increased use of thermal drones / delivering payloads /
improved security / increased automation / simplification

R&D
activities

LYNCEUS2MARKET, MOBNET

User
description

Users of UAS in Patrolling & Monitoring usually have to
conduct surveillance of their facilities.

Competitive Depending on whether rapid operational readiness or longlandscape
endurance flights are paramount, the following examples of
UAV providers and their offerings are given: Microdrones MD4-3000, Schiebel Camcopter S-100, Freefly Systems Alta
UAV8, DJI Matrice 210, DJI Matrice 600Pro, Aibot by Leica
Geosystems, Intel Falcon 8+.
Market
sizes and
segment
figures

The Global Drone Surveillance market accounted for $ 64,63
million in 2019 and is expected to reach $ 256.45 million by
2027, growing at a CAGR of 18.8% during the forecast period.
Drivers of this growth are the need to monitor e.g. energy
industry assets in a safe manner. However, factors such as
lack of regulations are holding back growth and put downward
pressure on prices.
Based on the application, the pipeline monitoring & inspection
segment is likely to have a huge demand from producers of
the oil and gas or electricity, which are major players of the
energy industry. By geography, Europe is estimated to have
a lucrative growth due to the region’s broad range of relevant
assets, ranging from storm turbines and solar panels to
conventional pipelines.

Intralogistics

Main trends

Power of AI and sensors / combination with other new
technologies / need for predictive maintenance / drones as
repair tools for power transmission lines and critical
infrastructure

R&D
activities

UNEXMIN, Flourish, RESPONDER, FLAIR,
AutoFlyMap, DFD, VERTEX, DRAMS, SafeSky

User
description

Inspection, inventory management, infrastructure monitoring
and material transport are key areas of deployment for UAVs
in intralogistics using bar codes, QR codes, and RFID in
combination with industrial Internet of Things technologies, as
wheeled unmanned drones work both autonomously and in
together with humans.

SWAMP,

Competitive The following exemplary providers of indoor UAS are
landscape
identified: PINC, Eyesee (Hardis Group), Aeriu, Drone Scan,
Delta Drone, InventAIRy, Infinium Robotics, Ascending
Techn. (Intel), Vtrus, Flytbase, Clickreply
D7.2 Market environment and trend report
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Market
sizes and
segment
figures

Energy is and will continue to be the largest industry on the
drone market, but transportation & warehousing is growing
the fastest and will be the second-largest market by 2025.

Main trends

Retailers begin to supplement carrier relationships with inhouse capabilities / warehouses and 3PLs (Third Party
Logistics) need to speed up their operations / layout of
warehouses and distribution centres will dramatically change
/ drones will increase efficiency within warehouses / drones in
third party logistics (3PL)

R&D
activities

ARIESS, Skye

The market of indoor drones is expected to grow by $29 billion
by 2027 with an annual growth rate of almost 20%.

Moreover, the following research projects aim at fostering Galileo applications in
connection with UAVs: COREGAL, REAL, EASY-PV, GAUSS, GEOVISION, MAPKITE,
ARGONAUT, HELMET, MISTRALE, Skylynx, MOBNET.
Considering the analysis performed, being able to fly and drive, the HUUVER drone has a
unique technical advantage over existing offerings and fits the markets’ needs.
Nevertheless, the competition is very strong and the market is highly competitive, so it will be
essential to focus on one usage scenario first and try to meet users’ needs best in this context,
rather than trying to satisfy all. A strong USP and user-orientation are key elements for the
commercial success for any future HUUVER offering.
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1 Introduction
1.1 Methodology and approach
This deliverable reflects the work performed in task 7.2 (Market and trends analysis). The
research performed stems from conducted stakeholder interviews (see also HUUVER D2.2,
chapter 4.1 Methodology and approach) and desk research.
The goals of this task were as follows and are answered in the present document:


To conduct a market analysis in the HUUVER use case domains of existing and
emerging commercial drone-based solution offerings.



To analyse existing R&D activities (serving also as a basis for the exploitation strategy).



To conduct an international market study, including



o

Current and potential future providers, distributors as well as commercial users

o

Key market opportunities, related size and growth forecasts

o

The competitive landscape (alternative offerings)

o

Sector-specific market entry conditions

To analyse the innovation environment (based on the state-of-the-art analysis),
regarding
o

The main technology and application trends related to the usage of smart
drones in the HUUVER use cases

o

Additional potential usage contexts

o

Alternatives to HUUVER solution concepts in the domains

D7.2 Market environment and trend report
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1.2 Acronyms and abbreviations
A&ER
AMC
ANSI
ATC
ATOL
BVLOS
CAA
CASA
CBRNE
CONOPS
COSME
COTS
DAA
DGCA
EASA
EDF
EENA
ENISA
EU
EUROCAE
FAA
FCL
GDPR
GGE
GM
GPS
HALE
HAZMAT
HD
HMI
ICAO
ISO
ISR
JARUS
MALE
MChS
NAS
PESCO
PODIUM
R&D
RF
RP
RPA
RPAS
SAR
SDOs

Automation and Emergency Recovery
Acceptable Means of Compliance
American National Standards Institute
Air Traffic Control
Automatic Take-Off and Landing
beyond visual line of sight
Civil Aviation Authority
Civil Aviation Safety Authority
Chemical, Biological, Radiological, Nuclear and Explosive
Concepts of Operations
Enterprises and Small and Medium-sized Enterprises
Commercial off-the-shelf
Detect and avoid
Director General of Civil Aviation
European Aviation Safety Agency
European Defence Fund
European Emergency Number Association
EU Agency for Network and Information Security
European Union
European Organisation for Civil Aviation Equipment
Federal Aviation Administration
Flight Crew Licensing
General Data Protection Regulation
Group of governmental experts
Guidance Material
Global Positioning System
High-altitude long-endurance
Hazardous materials
High Definition
Human-Machine Interface
International Civil Aviation Organization
International Organization for Standardization
Intelligence, surveillance, and reconnaissance
Joint Authorities for Rulemaking on Unmanned Systems
Medium-altitude long-endurance
Russian Ministry of Emergency Situations
National airspace system
Permanent structured cooperation
Proving operations of drones with initial UTM
Research and development
Radio frequency
Remote pilot
Remotely Piloted Aircraft
Remotely Piloted Aircraft System
Search and Rescue
Industry, standards developing organizations
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SESAR
SLAM
SORA
sUAS
TTFF
UAS
UASSC
UAVSA
UGV
UHD
UN
UNECE
USD
VLL
VTOL

Single European Sky ATM Research
Simultaneous localization and mapping
Specific Operational Risk Assessment
Small Unmanned Aerial System
Time to First Fix
Unmanned Aircraft Systems
Unmanned Aircraft Systems Standardization Collaborative
Unmanned Aerial Vehicle Systems Association
Unmanned Ground Vehicle
Ultra-high definition
United Nations
United Nations Economic Commission for Europe
US Dollars
Very Low-Level
Vertical take-off and landing
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2 The UAS market
2.1 Definitions
To be able to define the global market of UAS, it is necessary to define the different
abbreviations and acronyms:


UAV
Currently, when browsing the Internet looking for related articles, UAV (Unmanned
Aerial Vehicle) is the most frequent term. This designation is used to define the flying
object employed for recreational and professional civilian applications. Even if a
common agreement seems to have been reached online, the aviation agencies of
many countries have decided to go for different term than today’s UAV.



Drone
By being the world pioneer in the creation and implementation of regulations for the
use of commercial unmanned aerial vehicles, the French Directorate for Civil Aviation
(DGAC) is referring to them as drones. In a general way, the French speaking countries
are mainly using the drone term. However, drone refers mainly to an unmanned aircraft
which is mostly used in a military context.



RPAS
The International Civil Aviation Organization (ICAO) employs the acronym RPAS
(Remotely Piloted Aircraft System). The term RPAS appears to be the preferred
terminology used by the international aviation-related agencies like the International
Civil Aviation Organization (ICAO), Eurocontrol, the European Aviation Safety Agency
(EASA), the Civil Aviation Safety Authority (CASA – Australia), the Civil Aviation
Authority (CAA – New Zealand) and the BeUAS are following this trend.



UAS
The Civil Aviation Authority (CAA – United Kingdom) provides a complete definition and
explanation of this choice: The terms Unmanned Aircraft (UA) or Remotely Piloted
Aircraft (RPA) are used to describe the aircraft itself, whereas the term Unmanned
Aircraft System (UAS) is generally used to describe the entire operating equipment
including the aircraft, the control station from where the aircraft is operated and the
wireless data link. This UAS terminology is also exploited by the Federal Aviation
Administration (FAA – United States), the European Aviation Safety Agency (EASA)
and the Unmanned Aerial Vehicle Systems Association (UAVSA).1

1

Source: Altigator Unmanned Solutions 2020: https://altigator.com/drone-uav-uas-rpa-or-rpas/
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This deliverable will use the expressions “UAS”, “UAV” and “drones” depending on the context,
and all statements and figures will refer to all the above given definitions.

2.2 Global UAS market figures and forecasts
In 2019, the global UAS market volume was 18 billion US dollars and is expected to increase
worldwide in the upcoming five years:

Figure 1: Global UAS market increase in billion USD2

From 2019 to 2025, the global UAS market is expected to grow steadily by around 3 to 5 billion
US dollars annually. From generating 22.5 billion USD in 2020, it will grow at a CAGR
(Compound Annual Growth Rate) of 13.8% to almost double that in 2025.3
Drivers for this growth will be Asia, North America and Europe, as the following figure shows
the forecast market development (2020 vs. 2025) in the various regions.

2
3

Source: Drone III, Statista 2020
Source: Drone III (2020): https://droneii.com/the-drone-market-size-2020-2025-5-key-takeaways
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Figure 2: UAS market growth in world regions (2020 to 2025)4

In Asia, the market will grow significantly due to the enormous growth of China, Japan and
India.

2.3 UAS market segmentation
The global UAS market can be divided into the following segments:


Military
Customers: Governments5



Hobby/Leisure
Customers: private persons



Commercial/Professional
Customers:
o

Professionals (for aerial filming and photography services)

o

Companies in the sectors of infrastructure, transport, insurance, media &
entertainment, telecommunications, agriculture, security and mining.6

The following figure shows the division of the value of the three market segments.

Source: DRONE II, Statista 2020
The drone sector in Europe (2018): Blanca de Miguel Molina and Marival Segarra Oña
6 European Drones Outlook Study (2020):
https://www.sesarju.eu/sites/default/files/documents/reports/European_Drones_Outlook_Study_2016.
pdf
4
5
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Figure 3: Estimated value of drone market segments worldwide, 2016–2020 (mill. USD)7

The biggest segment by far is military, followed by hobby and commercial. The military- and
the hobby sector have been growing and are projected to continue to grow the upcoming years.
Although the commercial sector is the smallest, it shows the biggest growth with a times 4increase over the last 5 years.
The commercial segment is projected by a Teal Group report to overtake the hobby/leisure
segment in 2023. Grand View Research estimates the market size of the commercial segment
in 2025 is at 129,23 billion USD. This corresponds to a growth rate (CAGR) of 56,5% based
on 2019 to 2025.8
This strong growth is driven by companies demanding e.g. monitoring activities, mapping and
surveying. Movement to the commercial segments can be detected nowadays in companies
such as DJI, which has started to partner with other companies to offer drones with software
specializing in agriculture, mining, and construction.
Taking a closer look at the European market, the following table shows key data of industries,
in which drones can be used. It shows the industries sorted by annual turnover in million EUR.
Turnover

Number of
companies

Construction

1 577 430

3 441 304

Electricity, gas, steam, and air conditioning supply

1 478 876

87 465

Source: The drone sector in Europe (2018): Blanca de Miguel Molina and Marival Segarra Oña
Source: Commercial Drone Market Size, Share & Trends Analysis Report (2019):
https://www.grandviewresearch.com/industry-analysis/global-commercial-drones-market
7
8
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Land transport and transport via pipelines

530 000

916 520

Real estate activities

484 231

1 369 456

Agriculture

418 714

178 127

Telecommunication

378 000

45 377

Architectural and engineering activities;
technical testing and analysis

329 000

1 005 668

Water supply, sewerage, waste management, and
remediation activities

253 000

75 738

Mining and quarrying

223 984

19 237

Advertising and market research

160 000

300 440

Postal and courier activities

110 000

65 800

Motion picture, video, and TV programme production;
sound recording and music publishing activities

70 573

138 246

Security and investigation activities

46 000

56 000

Insurance
n.a.
n.a.
Table 1: European data related to industries in which outdoor drones can be used (EU 20)

The top ranked industries may have the biggest potential for UAS- related turnover.
2.3.1

Users in the commercial segment

Using a market approach, i.e. analysing which sectors UAV providers specialise their products
for, the following professional user sectors can be stated:
●

Agriculture
UAVs used: Microdrones MD4-3000 or M4-1000, DJI Agras MG-1, DJI P4 Multispectral

●

Construction
UAVs used: Leica, DJI Matrice 600Pro, Microdrones MD4-1000, DJI Matrice 200 V2

●

Filmmaking
UAVs used: DJI Mavic Pro 2, DJI Inspire 2, Freefly Alta 8

●

Indoor inspections
UAVs used: Yuneec, DJI Phantom 4RTK, Flyability Elios 2

●

Inspections
UAVs used: Leica, Height Tec, DJI Matrice 200 V2, Microdrones MD4-1000, DJI
Matrice 600Pro

●

Marketing
UAVs used: DJI Mavic Pro 2

●

Search & Rescue
UAVs used: Microdrones, Height Tec, DJI Mavic 2 Enterprise Dual

●

Surveying & GIS
UAVs used: Height Tec, Leica, DJI Matrice 600Pro, Microdrones

D7.2 Market environment and trend report
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●

Public Safety
UAVs used: Microdrones, Leica, Height Tec, DJI Mavic 2 Enterprise Dual, DJI Matrice
200 V2

2.3.2

Competitive environment commercial segment

As HUUVER offerings address the commercial segment, the following world’s top seven
commercial UAS manufacturers are serving as a (competitive) benchmark (alphabetical order):
3D Robotics
3D Robotics is a designer and manufacturer of commercial and recreational UAVs. The
company is one of the renowned manufacturers of commercial drones, fixed-wing UAVs based
on the ArduPilot platform, and ready-to-fly quadcopters for aerial photography and mapping.
The company's products find applications in various industries that include construction,
insurance, mapping, agriculture, telecom, and public safety. 3D Robotics is also a founding
member of Dronecode, which is an open-source UAV platform. The company also develops
flight controllers that help in controlling and stabilising multirotor drones.
AeroVironment
AeroVironment offers small unmanned aircraft systems (UAS). The company offers
commercial UAS solutions that includes Qube, Raven, Wasp AE, and Puma AE. The
company's solutions are used for applications in the agricultural segment. They are used to
monitor crops for ripeness; inspect crops for diseases, harmful insects, and nutritional
deficiencies; and pesticide distribution. The company is focusing on developing safe, innovate,
and reliable new solutions during the forecast period.
DJI
DJI, Dà-Jiāng Innovations Science and Technology, is a developer and manufacturer of
camera-based commercial drones and its hardware peripherals. The product lines cover highend UAV flight control systems and ground control systems, professional aerial photography
drone platforms, commercial Gimbal systems, intelligent model aircraft products, and the highprecision control module. Its key product line includes a Phantom line of camera-based
quadcopters.
Leptron
Leptron focuses on designing, manufacturing, and distributing drones in the military,
surveillance, agriculture, and mining sectors. The drones are technologically advanced and
easy to operate. The company focuses on creating and developing innovative drones that can
carry larger loads, have a longer range, and can reach higher altitudes. The drones are also
capable of withstanding harsh environmental conditions. The company has a patented
D7.2 Market environment and trend report
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technology that specializes in developing user-friendly and easy-to-operate drones.
Furthermore, the drones help in the easy collection and analysis of data for use in industries
such as infrastructure and military.
Parrot
Parrot is a French manufacturer of wireless products. The company designs, develops, and
markets UAVs that connect with smartphones or tablets, and AR/VR headsets. The company
is currently focused on automotive, civil drones, and connected objects. Parrot is expanding
on the UAV market with the Parrot AR Drone, a quadcopter piloted via Wi-Fi and using
augmented reality, thereby developing new solutions to address the UAV market for
professional use. The company manufactures a wide array of drones and is listed on NYSE
Euronext Paris since 2006.
PrecisionHawk
PrecisionHawk manufactures and sells UAS that collect and process data. Its offerings include
in-flight diagnostic/monitoring and artificial intelligence solutions. Its products are used in the
agriculture, environment and climate, and infrastructure sectors. One of the prominent
products of the company is a commercial drone called Lancaster. It is an autonomous and
fixed-wing drone designed specially to gather high-quality data with the help of sensors.
Trimble UAS
Trimble UAS, formerly known as Gatewing, offers UAS such as UX5 HP UX5, and ZX5. They
are used in the construction, agriculture, mining, disaster relief, conservation, engineering, and
forestry sectors. The company launched its first commercial drone Gatewing X100 in 2010. It
was designed mainly for terrain mapping and surveying. Trimble Navigation acquired Gatewing
in 2012. It started manufacturing drones for various industries such as construction and
agriculture. In 2013, the company manufactured Trimble UX5, which was designed specifically
for aerial imaging.9
2.3.3

Competitive environment all sectors

UAS manufacturers
The following figure shows the competitive landscape and its market share of the top 20 UAS
manufacturers worldwide (in 2016). DJI and Parrot are in the lead, far before 3D Robotics in
third position.

Source: Top 7 Vendors in the Commercial Drone-enabled Services Market (2020):
https://www.businesswire.com/news/home/20161123005060/en/Top-7-Vendors-in-the-CommercialDrone-enabled-Services-Market-from-2016-to-2020-Technavio
9
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Figure 4: Market share of global top 20 UAS companies (2016)10

Since 2016, DJI could overtake Parrot in global sales. Reasons for this are the strong global
expansion (partnerships with Apple, Lufthansa, etc.) the release of the Phantom 4 and Inspire
Pro platforms, drone insurance plans and many more. The activities of Parrot and their latest
platform – a 700g fixed-wing platform able to fly 45min – were not able to defend the first rank.
UAS service providers
Drone service providers offer services (also called drone-as-a-service) to help industries such
as agriculture, construction, search and rescue, package delivery, industrial inspection,
insurance and videography with tasks like collecting imagery, measurements and managing
or broadcasting of events.11
The commercial drone market changed a lot over the last years – hardware lost its leading
position and has been displaced by drone services and drone software solutions. This
development can be seen in the evolutionary changes in the investment market and in the
distribution of strategic partnerships.

Source: UAV Coach (2020): https://uavcoach.com/top-drone-companies-2016/
Source: TechTarget: IoT Agenda (2020):
https://internetofthingsagenda.techtarget.com/definition/drone-services-UAV-services
10
11
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The following ranking displays the TOP20 drone-as-a-service companies based on an analysis
of 200+ global operating drone service providers. Since the drone industry does not yet offer
a solution that can fully incorporate drone services as they currently exist, drone service
providers and drone operators working within larger organizations are the ones providing
actionable information for clients in agriculture, construction, mining, oil & gas and many other
vertical industries.12

Figure 5: Market share of global top 20 UAS service provider (2019)

In the TOP50 of the drone service provider ranking, 40% were from North America, 36% were
from Europe, 10% were from MEA (the Middle East and Africa), 6% from Asia, 6% from
Oceania, and finally 2% from South America. This breakout demonstrates the dominance of
the North American and European markets but also shows that there are other world areas to
find service providers.
Additionally, the TOP10 companies of ranking alone received more than $116 million in
funding, while the TOP20 acquired $130 million in total. Clearly, stakeholders both inside and
outside of these companies have been able to demonstrate the real and future value of this

Source:
Dronelife
(2020),
The
Top
20
Drone
Service
https://dronelife.com/2018/03/08/top-20-drone-service-provider-ranking/
12
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technology. This value is being further supported by drone service providers looking for
partnerships to extend and foster their business.13
The top 10 drone service providers are analysed in detail:
Zipline


Zipline is a drone manufacturer and delivery service company based in San Francisco,
CA.



Zipline operates the world’s only drone delivery system at a national scale (500
deliveries per day within a 75-kilometer service radius) in Rwanda which was launched
in 2016. They deliver urgent medicines and critical necessities such as blood to
domestic hospitals. In 2017 they announced plans to launch a similar delivery system
in Tanzania in 2018.



They are a leader in funding with over $40m raised in 2016 alone

Measure


Measure is one of the biggest and leading “Drone as a Service” (DaaS) companies in
the USA. Based in Washington, DC, the company focuses on drone applications in
telecom, construction, energy and media sectors.



Measure partnered with companies like DJI and AES Corporation to foster their
business and provide services that are more holistic.

Cyberhawk


The first European drone service company, Cyberhawk, is one of the top aerial
inspection companies on the globe. Based in Livingston, UK, the organization delivers
its services to oil & gas, renewables and rail companies all over the world.

Hemav


Hemav was founded in Spain in 2012 to offer drone services in more than sixteen
operational centres across the country.



The company has expanded their reach beyond Spain, as Hemav has a presence in
Mexico, Portugal, Italy, Colombia, Morocco, France, Argentina, the United Kingdom
and Chile.



The main industries they focus on for drone services include precision agriculture and
inspection.

Source:
Dronelife
(2020),
The
Top
20
Drone
Service
https://dronelife.com/2018/03/08/top-20-drone-service-provider-ranking/
13
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Flirtey


Reno-based Flirtey specializes in last mile delivery.



The company recently announced a partnership with REMA, a community-integrated
emergency medical services provider, to set up the first automated external defibrillator
drone delivery service in the United States.

Sky-Futures


Sky-Futures is a specialist provider of drone-based inspection services to the global
industrial markets based in Hayes, Middlesex.



The strategic partnership and investment of $4m in mid-2017 from the industrial giant
Mitsui may boost Sky-Futures’ business through the Japanese group’s network of
clients in the energy, marine and infrastructure sectors.



The company has a strong position in partnerships and funding, with an emphasis on
offering a variety of drone service options.

Aerodyne


The internationally-based drone operator Aerodyne has offices in Malaysia, Australia,
Singapore, Indonesia, and the UK.



In mid-August 2017, the company established a significant milestone when they
passed 30,000 assets inspected, analysed and presented through their cloud-based
solution. This number demonstrates the tremendous reach of their drone service that
extends across the globe.



Their increasing presence across the globe continues to impact their position in the
market.

Airinov


The drone service provider Airinov (France) is used by more than 5,000 farmers, most
of which are located throughout Europe.



The company focuses on agriculture and operates mainly in Europe, and their solid
performance in web activity has allowed them to generate interest from all corners of
the continent.

Terra Drone


Terra Drone is a commercial drone service based in Tokyo, Japan, that is focused on
surveying and inspection tasks.
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The company has developed its own surveying drone with LiDAR technology to
achieve high accuracy, and some of these developments have been enabled by key
partnerships.

SkySpecs


The US-based SkySpecs (Michigan, USA) specializes in the automated inspection and
monitoring of wind turbines.



Skyspecs teamed up with Siemens Windpower in 2017 to develop an inspection
system to be faster, more efficient and repeatable than current methodologies.

2.3.4

Implications for HUUVER

The HOOVER drone can be classified in the commercial sector with various application
scenarios.
Main manufacturer competitors in the commercial segments are:


3D Robotics



DJI



Leptron



Parrot



PrecisionHawk



Trimble UAS

As the market is strongly evolving, there is a lot of investment going into the global UAS market,
and especially into the commercial sector. This leads to a strong increase in offerings (both
from manufacturers and service providers), which are customised to the needs of the
customers. The HOOVER offering will face strong competition and should have a strong USP,
showing its advantage and innovative element compared to the competition. It can be expected
that the strong competition can and will imitate the HUUVER competitive advantage, once the
need from customers is identified.
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3 The UAS market in the HUUVER domains
The main usage scenarios defined in HUUVER are Search & Rescue, Monitoring & Patrolling
and Intralogistics and all fall into the commercial segment. These HUUVER-specific subsegments are analysed in detail as follows.

3.1 Search & Rescue
3.1.1

User description

In Search & Rescue, UAVs are used in many different operations and by different users,
including UN agencies, NGOs, emergency services like fire brigades, Police and Mountain
Rescue Organisations.
3.1.2

Competitive landscape

The section below analyses examples of advanced COTS (commercial off-the-shelf) UAS for
improving S&R in crisis management.
Aerialtronics Altura Zenith
Altura Zenith is an out-of-the-box UAV solution from the Dutch company Aerialtronics, which
was designed and developed through 3D-printing. It can carry as payload a DSLR camera,
thermal imaging sensor, multi-spectral cameras, microphones, video cameras and up to 9 kg
payload (Figure 4). It has a dual spectrum computer vision platform which exploits digital data
from a powerful FLIR Boson thermal IR camera and a 30x zoom Sony daylight camera. High
Definition (HD) images can be transmitted to the ground control station, which can provide live
multicast video to emergency services.14 Furthermore, the drone has integrated detectors,
capable of detecting toxic gas (VOC30), nuclear radiation, biological agents, and chemical
agents. With its ability to work in extreme weather conditions and environments (winds up to
9m/s), the drone can relay information even in the presence of high heat, light rain and
snowfall.15

Source: Mike Gortolev, Definitive Guide to Altura Zenith Drones ATX4 and ATX8, Dronebly.com, 21
November 2014
15 Source: SAYSO: Deliverable D2.1 State-of-the-Art Analysis
14
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Figure 6: Altura Zenith

AIRBUS Copter 4
The UAV Copter 4 is a reduced size unmanned helicopter from Airbus compared to many other
COTS helicopters, which is particularly well adapted to perform ISR, protection or monitoring
missions for military as well as civil applications.16 It can provide imaging and communications
intelligence, as well as deliver rescue or medical equipment. The on board heavy-duty
professional camera can transmit images wirelessly to first responders as far as 40km from
the UAV’s location. With the ability to carry a payload of 8.5kg and flight time up to 2 hours,
this UAV can bring necessary supplies to rescuers and victims alike. However, it requires two
operators to deploy the remotely controlled helicopter.17
DJI Phantom Series
The UAV DJI Phantom Series (model 3, model 4) is able to provide 4k ultra high definition
(UHD) video capture. It has integrated collision avoidance capability, even at high speeds.
Landing and lift-off can be controlled through GPS. It has a patented flight control system,
which enables it to basically fly itself. Also, this series offers a range of accessories, such as
carbon fibre-enforced propeller with quick release mechanism, intelligent flight battery and
charging hub, high speed 64 GB SD card, and filters for optimal shutter settings. DJI Goggles
allow the user to zone out the external world and view reality through a “first person view” with
the HD stream coming from the drone. One operator can carry out all flight-pertinent functions
(3 It is noted that the DJI software is very CPU intensive.) A test program was carried out by
DJI and European Emergency Number Association (EENA), in cooperation with Fire and SaR
services in Ireland, Iceland, Denmark and UK.18

Source: Airbus Copter 4
Source: SAYSO: Deliverable D2.1 State-of-the-Art Analysis
18 Source: SAYSO: Deliverable D2.1 State-of-the-Art Analysis
16
17
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Figure 7: Phantom-319

CAMCOPER S-100 (SCHIEBEL)
Schiebel’s CAMCOPTER® S-100 Unmanned Air System (UAS) is a proven capability for
military and civilian applications. The Vertical Take-off and Landing (VTOL) UAS needs no
prepared area or supporting launch or recovery equipment. It operates day and night, under
adverse weather conditions, with a range out to 200 km, both on land and at sea. The S-100
navigates automatically via pre-programmed GPS waypoints or can be operated directly with
a pilot control unit. Missions are planned and controlled via a simple point-and-click graphical
user interface. High-definition payload imagery is transmitted to the control station in real time.
Using "fly-by-wire" technology controlled by redundant flight computers, the UAV can complete
its mission automatically in the most complex of electromagnetic environments. Its carbon fibre
and titanium fuselage provides capacity for a wide range of payload / endurance combinations.

Figure 8: CAMCOPER S-100 by Schiebel

The CAMCOPER S-100 is the leading drone for maritime operations within the Search &
Rescue segment.
Advanced Aircraft Company Hercules

19

Source: Dronebly (2020):http://dronebly.com/6-best-drones-with-camera-to-buy-this-year
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Hercules is a long-endurance UAV for extended missions. It combines multi-rotor propulsion
with a fixed-wing frame (length: 1.6 m; width: 3.3 m) (Figure 6). A hybrid electric propulsion
system (6 electric motors, plus electronic fuel injection combustion engine) gives the verticaltake-off-and landing (VTOL) UAV a 2-hr. endurance carrying a 2 kg payload. A 2-stroke
gasoline engine, balanced by battery power, provides a fail-safe power supply.20 At 17 kg gross
weight, the Hercules can operate under the FAA’s Part 10721 small UAV rule, but has four to
six times the endurance of battery-powered multirotor VTOL drones carrying the same
payload.22,23

Figure 9: Hercules

Vercial Technologies DeltaQuadPro
The DeltaQuad Pro is a VTOL, fixed wing UAV for missions up to 120 km at a maximum speed
of 100 km/h with a apylod of 1 kg. It has wingspan of 235 cm, length of 90 cm and an empty
weight without batterires of 3.3 kg (Figure 7). It is fully electric and can be controlled from a
tablet, laptop or any internet connected device. DeltaQuad Pro can carry out fully autonomous
take-off and landing. The UAV requires no pre-flight calibrations and can be assembled in 30
seconds. DeltaquadPro features a VPN secured 4G video and telemetry connection; the UAV
does not require a traditional transmitter.24

Figure 10: DeltaQuadPro

Source: Advanced Aircraft Company (2020): http://www.advancedaircraftcompany.com/hercules/
Source: US Federal Aviation Administration (FAA); https://www.faa.gov/
22 Source: Hybrid Power Extends Small UAS Endurance, Aerospace Daily & Defense Report, 1
September 2017
23 SAYSO: Deliverable D2.1 State-of-the-Art Analysis
2424 SAYSO: Deliverable D2.1 State-of-the-Art Analysis
20
21
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Yamaha FAZER R G2
The FAZER R G2 is capable of automated flights to uninhabited areas out of visual range, with
maximum payload of 35 kg at an AGL (altitude above ground level) up to 2 800 m (Figure 8).
Cruising range is up to 90 km through the fitting of a satellite-capable transmitter-receiver. It
has provisions for mounting photography- and measurement devices. It has an overall length
of 3,665 mm and a main rotor (diameter – 3,115 mm). Power is provided by a liquid-cooled, 4stroke, 2-valve, horizontally-opposed 2-cylinder engine with a 12-liter fuel tank. Maximum
forward-airspeed is 20m/s. It features automated flight control systems.25

Figure 11: FAZER R G2

Qube
Qube is a small UAV (length: 90 cm; weight: 2.5 kg) transmitting live video directly to the
operator. It fits in the trunk of a car and can be assembled and ready for flight in less than five
minutes.26 The UAV operating range is limited to 1 km line-of-sight. It has only cameras as
payload (dual high resolution colour and a 640 x 480 thermal cameras), allowing the operator
to see in any lighting conditions without changing payloads. Both cameras have zoomcapability and image stabilisation.
Aeryon SkyRanger
SkyrRanger is a small, ruggedized UAV (deployed: 102 cm diameter, 24 cm height; folded: 50
cm length, 25 cm width; see figure below). The VTOL UAV provides up to 50-minute
endurance, continuous operation with flight performance even in rough weather, such as wind
speed up to 65 km/h sustained wind (90 km/h gusts) and environmental temperature ranging
from -30°C to + 50°C. High resolution aerial imagery from the UAV integrates with traditional
photogrammetry software to provide detailed information. Pre-planned flight paths using
dynamic flight plans (including FollowMe™ protection and AutoGrid™ mapping modes) enable
the operator to methodically perform a grid search. Point-and-click touchscreen navigation and
25
26

Source: SAYSO: Deliverable D2.1 State-of-the-Art Analysis
Source: Robot Center (2020): https://www.robotcenter.co.uk/products/qube
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camera control is provided. Control and data link are part of the low-latency all-digital network.
The secure networking capabilities ensure that all videos and photographs are automatically
saved and geo-tagged for further analysis and potential evidence.27 Also, the system can assist
HazMat/CBRNe management with integrated, hot-swappable payloads. SkyRanger has the
option of Beyond Line-of-Sight operational range, i.e., 3 km integrated capability extensible
beyond 5 km, and altitude from 450 m AGL extendable to 4500 m AGL. AeryonLive™ Video
& Telemetry solution can stream live video, images and aircraft telemetry from the SkyRanger
across a secure bonded cellular network connection.28,29

Figure 12: SkyRanger

UAV Factory Penguin C
Penguin C is a long-endurance, long range UAV-system with a flight endurance of over 20
hours and operation radius of over 100 km (Figure 10). The entire system with 3 UAVs,
operated by a crew of two, fits in a minivan, and can be assembled in less than an hour. Its
portable launcher and parachute recovery system allows for runway-independent operation.
The Penguin C falls under the 55-pound FAA regulation requirements for small UAVs, i.e., the
aircraft is non-ITAR restricted. The whole system, packed in several ruggedized containers,
weighs approximately 265 kg. The Penguin C system is equipped with a portable tracking
antenna system that enables encrypted data transmission to a range exceeding 100 km. It
offers a bit rate of up to 12 Mbps, integrated pointing algorithm and automatic switching
between directional- and omnidirectional-antenna modes. The tracking antenna system and
ground control station have a military-grade ruggedized design. It uses a parachute/airbag
recovery system for a soft landing, thereby, eliminating the need for a landing net or landing
wire. The Penguin C uses a proprietary algorithm that estimates the parachute landing point
based on a number of flight conditions and allows for controlled aircraft recovery in a small

Source: Secure network pairing, AES 256 bit encryption; https://www.aeryon.com/wpp/wpcontent/files/brochures/AeryonSkyRanger-Brochure.pdf
28 Source: Flir(2020): https://www.aeryon.com/press-releases/aeryon-labs-supports-tornado-damageassessment-in-oklahoma
29 SAYSO: Deliverable D2.1 State-of-the-Art Analysis
27
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designated area. The UAV system is available with advanced micro-gimbals, providing dayand night-time object tracking and small moving target indication. The Penguin C is also
available with an empty payload bay. This provides an option to integrate third-party payloads
using standard connections based on specific project needs. For powering the payload, an
onboard 6 V, 12 V and 24 V power supply is installed. Imagery and seamless integration
includes stabilized, simultaneously streaming dual high-resolution cameras (1080p24HDH.264
video, 15MP still images; 640x480H.264 video and still-images, white-hot and black-hot
modes). Low-latency all-digital network is provided with 256 bit AES (Advanced Encryption
Standard) encrypted streaming video to multiple devices, embedded geo-tags and
metadata.30,31

Figure 13: Penguin C

Unmanned Ground Vehicles
For decades, robots have offered industries high-speed and high-precision task-solving
capabilities. Today, they are deployed in new areas such as search and rescue for victims, or
aerial or mobile snake-like, robots provide rapid SA and emergency access to hazardous
areas. These robots are able to sense and be aware of their environment in order to perform
complex tasks correctly with capabilities such as: (1) Vision – automatic and robust sensing
that enables the robot to pick up objects or avoid collisions; (2) Navigation and positioning –
getting a robot safely and efficiently "from A to B", and maintaining awareness of its location
throughout the process; (3) Operations - a robot arm or mobile robot manipulators carrying out
operations in settings where people are present; (4) Autonomy –robots that can learn from
experience to improve their performance.32

Detailed information at: https://www.aeryon.com/casestudies/drone-systems-case-study
Source: SAYSO: Deliverable D2.1 State-of-the-Art Analysis
32 Source: Sintef(2020): https://www.sintef.no/en/information-and-communication-technology-ict/aboutsintef-ict/robotics/
30
31
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Thousands of land robots, or Unmanned Ground Vehicles (UGV), are in use by military and
civil defence forces around the world. UGV offer the potential for enhancing SA during
emergency response through deployment of distributed remote sensors and subsequent
information collection in hazardous environments. Such platforms are particularly useful in
CBRNe-related incidents and disasters, since they eliminate the need to expose first
responders to hazardous situations. Instead, UGV can carry out the initial assessment, or sizeup, of the situation, without putting human lives at risk. For instance, robot systems were
deployed in Japan after the Fukushima nuclear accident on 11 March 2011. Unmanned
constructive heavy machines and robots from the USA and Sweden did reconnaissance work
and cleaning up of rubble outside of buildings of the Daiichi Nuclear Power Plant: specially
designed UGV (Quince and JAEA-3; details below) were deployed for reconnaissance inside
buildings (Note: The Japanese nuclear disaster response robotics - developed after Japan
Conversion Corporation's critical accident occurred in 1999 – did not work when the
Fukushima-Daiichi accident occurred on 11 March 2011 (reference: Emergency response by
robots to Fukushima-Daiichi accident: Summary and lessons learned available from:
https://www.researchgate.net/publication/263180800_Emergency_response_by_robots_to_F
ukushimaDaiichi_accident_Summary_and_lessons_learned)33
The section below analysis examples of advanced COTS UGVs for improving SA in crisis
management.
iRobot 110 FirstLook
iRobot 110 FirstLook is a rugged, small, lightweight and throwable UGV, designed to perform
multiple missions, including explosive detection, explosive ordnance disposal (EOD) and bomb
disposal, chemical, biological, radiological and nuclear (CBRN) and hazardous material
(HazMat) detection, checkpoint/vehicle inspections, persistent observation, and route/building
clearance (Figure 11).34 It can also be used to locate and identify hazards in confined areas
and close-in scenarios, and is capable of operating in visual obscurants under all weather
conditions. The UGV system consists of robot, operator control unit (OCU), and AC charger.
The system is 25 cm long, 23 cm wide, 10 cm high, and weighs 2.3 kg. It can be thrown through
windows or down stairways. In addition, the robot can be equipped with a small lightweight
manipulator (SLM). The SLM is able to manipulate and lift objects weighing up to 1.6 kg,
incorporating an adjustable mast camera with visible light illuminator. The UGV can be
integrated with specialised cameras, thermal imagers, HazMat sensors and charge
deployment accessories. It can also carry joint special COTS detectors (For example, Smiths

33
34

Source: SAYSO: Deliverable D2.1 State-of-the-Art Analysis
Source: Robot Center (2020): https://www.robotcenter.co.uk/products/irobot-110-firstlook
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Detection's LCD 3.3, RAE Systems' MultiRAE, Canberra Radiac and L-3's weapon thermal
monocular).

Figure 14: IRobot 110 FirstLook

The UGV has four integrated 8x digital zoom cameras, each mounted at front, rear, left and
right sides. Cameras provide all-round SA in multiple directions. The cameras feature
adjustable exposure and gain controls and are sensitive to visible and near-infrared (NIR) light.
The built-in 2.4GHz or 4.9GHz mesh radio facilitates reliable communication between the
operator and the robot through multiple paths. The robot also uses a digital radio, a modular
interface, and a line of sight communication system with a range of 200 m. The rugged, waterresistant, rechargeable multi-robot control system enables the operator to perform command
and control (C2) of the robot from standoff distances. The control system weighs 0.9kg and
features an LCD touchscreen for displaying the real-time imagery and video captured by builtin cameras. Since the iRobot 110 FirstLook is fitted with rotating flippers, it can climb obstacles
of up to 18 cm, turn in place, and self-right when flipped over. It has tracked propulsion with
skid steering and zero radius turn. The UGV has an endurance of more than six hours and can
reach speeds up to 5.5km/h. It can sustain 40 cm-drops onto concrete and can be submersed
to a depth of 1 m. The robot is operable in temperatures ranging between - 20°C and 55°C.35
A special larger version, the 510 PackBot, is man-portable and features a modular design,
incorporating an array of sensors and interchangeable payloads. It can be deployed in less
than two minutes and operates under all weather conditions. This UGV has a length of about
89 cm with flippers extended. The height with no payload / manipulator is 17.8 cm and the
width with flippers is 52.1cm. It weighs approximately 10.9 kg without batteries. It is equipped
with mechanical cable cutters and a head-mounted hook. A route-clearance kit is attached to
remove and probe buried obstacles (Note: PackBot robots were the first robots to provide a
glimpse inside the reactor buildings of the Fukushima Nuclear Power Plant after the accident
35

Source: Army Technology (2020): http://www.army-technology.com/projects/irobot-110-firstlook-robot
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on 11 March 2011 (reference: Hiroko Nakata, Upgraded Quince robots ready for second foray,
The

Japanese

Times,

31

January

2012,

https://www.japantimes.co.jp/news/2012/01/31/national/upgraded-quince-robotsready-forsecond-foray/).36
AREVA RIANA
The UGV RIANA (Robot for Investigations and Assessments of Nuclear Areas) is capable of
operating in radioactive areas to map, taking samples and measuring radioactivity. On the
motorized platform measurement or sampling modules can be interchanged depending on the
situation. The tool is also equipped with 3D- and thermal cameras, as well as laser detectors,
in order to help it negotiate its way around obstacles (Figure 12). 37

Figure 15: RIANA

RIANA is available with four-wheel or caterpillar track drive. RIANA’s Human-Machine
Interface (HMI) is based on a technology which facilitates in-zone interventions. Moreover,
operations can be executed without necessarily requiring the presence of an operator: an
optional guidance program allows the robot to find its own way and to work on a site
autonomously. In the event of a signal loss, RIANA is automatically guided back towards its
last known location, whether being tele-guided by an operator or operating autonomously. 38,
39

Bluebotics Absolem

Source: SAYSO: Deliverable D2.1 State-of-the-Art Analysis
Source: Meet RIANA: The robot that might soon replace humans in nuclear power plants, RT, 30 June
2015
38 Source: Nuclear Facility Dismantling: Areva Delivers First RIANA Robot to the CEA, Press Release,
June 29, 2015
39 Source: SAYSO: Deliverable D2.1 State-of-the-Art Analysis
36
37
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Absolem is a research land-based robotic platform (Figure 13).40 It has a patented passive
differential with a low center of gravity and high ground clearance. This enables the robot to
move in basically any terrain, such as stairs, rocks, gravel roads, forest paths and snow. It is
equipped with a wide range of sensors. It weighs 30 kg and can move with a speed of 2 km/h
for more than 2 hours. The design is such that is especially suited for urban rescue missions.41

Figure 16: Absolem

CHIBA Institute of Technology QUINCE
The Quince system consists of three caterpillar-shaped robots (QUINCE 1, 2 and 3). These
small tracked UGV can carry out search and rescue missions in dangerous environments, e.g.,
in underground industrial or commercial sites (Note: These robots are deployed at the
Fukushima nuclear power plant-disaster site. Until now, the operator TEPCO accomplished
total 13 surveillance missions in the reactor buildings conducted by these robots.) The
fundamental characteristics of these UGVs are high radiation tolerance, equipped with
communication system for teleoperation, high mobility and reliability. No special radiation
shielding is needed for the UGV. For communication, a wired communication system (400 m
long cable) with a cable handling device is mounted on the Quince. Mobility enables the UGV
to climb stairs. It is equipped with instruments for achieving surveillance tasks, high-resolution
cameras, gamma camera (weight: 200 kg), dosimeter, dust sampler, thermometers and
hygrometers, lighting system, and a simple manipulator for handling a probe. Ergonomics is
essential, since first responders working on-scene frequently wear full-face mask and gloves
over other gloves. Therefore, handling a console of the UGV considers that QUINCE is
operable with such equipment, i.e., QUINCE has a small and ruggedized PC for the operator

40
41

Source: Bluebolics (2020) http://www.bluebotics.com/mobile-robotics/absolem/
Source: SAYSO: Deliverable D2.1 State-of-the-Art Analysis
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console. Teleoperation software was developed for displaying multiple images and information
on a single screen. 42, 43
3.1.3

Market size and segment figures

The usage scenario of Search & Rescue is part of the market segment “public safety drones”.
With increasing number of government interests in drone adoption across multiple countries,
coupled with the drone’s inherent ability to address mission critical situations, the market for
Public

Safety-drones

is

set

to

expand

in

the

next

five

to

ten

years.

The market for Public Safety drones in 2016 is estimated at $11.3 million, fuelled largely by
the adoption of drones in emergency medical services, law enforcement and firefighting.44
Between 2019 and 2022, sales of public safety drones are expected to see explosive growth
and increase more than fourfold. Long term growth prospects are also bright, with sales
projected to increase nearly sevenfold in the six-year period between 2022 and 2028. Safety
and security drone sales account for approximately 20 percent of total commercial UAV market
share. Among others, the reasons for this are:


Rapidly spreading awareness of the capabilities and benefits of commercial drones,
including the option to integrate drones into existing security systems and services to
provide actionable intelligence;



Declining equipment costs as economies of scale continue to allow manufacturers
to produce equipment more efficiently and as broader demand for sensors and
specialized equipment eases current supply shortages, making drones a more
affordable option for potential end users;



Evolving industry regulations that will help remove grey areas in the legality of
operation and encourage wider adoption among potential end users who may
otherwise hesitate due to liability concerns.45

Source: Monitoring Robot for Disaster Response in the Fukushima-Daiichi Power Facility, Tomoaki
Yoshida, Chiba Institute of Technology
43 Source: SAYSO: Deliverable D2.1 State-of-the-Art Analysis
44
Source:
MarketResearch.com
(2020):
Public
Safety
Drones
Market:
https://www.marketresearch.com/Arcluster-v4086/Public-Safety-Drones-Segments-Hardware10188265/#:~:text=The%20market%20for%20Public%20Safety%20drones%20in%202016%20is%20
estimated,services%2C%20law%20enforcement%20and%20firefighting
45
Source: Dronelife (2020): Research: Public-Safety Drone Sales to Double by 2019:
https://dronelife.com/2018/01/05/research-public-safety-drone-sales-double-2019/
42
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3.2 Monitoring & Patrolling
3.2.1

User description

Users of UAS in Patrolling & Monitoring usually have to conduct surveillance of their facilities.
This is especially valid for operators of the following critical infrastructure:
●

Shelter; Heating (e.g. natural gas, fuel oil, district heating)

●

Agriculture, food production and distribution

●

Water supply (drinking water, waste water/sewage, stemming of surface water)

●

Public health (hospitals, ambulances)

●

Transportation systems (fuel supply, railway network, airports, harbours, inland
shipping, road operators)

●

Security & surveillance services (police, military, private)

●

Electricity generation, transmission and distribution; (e.g. power supply, natural gas,
fuel oil, coal, nuclear power)

●

Telecommunication; coordination for successful operations

Using UAS, these operators can significantly increase the efficiency in surveillance operations.
Of particular interest here is the efficient and secure collection of data, as well as subsequent
automated data evaluation and the backflow of information into the existing inventory systems.
3.2.2

Usage scenarios

Currently, the following exemplary usage scenarios for UAS in Patrolling & Monitoring can be
stated:
●

Asset management in the area of tunnels, bridges, roadways, etc.: Damage and
acceptance inspection with high technical requirements, also due to the necessary
evaluation of algorithms and data processing.

●

Traffic management in the sense of monitoring traffic, especially at hubs with a high
volume of traffic.

●

Incident management in case of an event
○

Monitoring in different points of time, e.g. avalanche monitoring and blasting,
snow profile measurement

○

as the basis for planning the assignment (e.g. to plan possible danger potential
like rock slides)

●

Building management: Facility services like regular inspection of difficult to access
areas (e.g. roof surface, windows)

●

Construction site monitoring in the sense of progress monitoring, calculation of mass
balance etc.
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●

Maintenance and inspection of components ("extended field glasses"). The staff is
equipped with drones and checks whether e.g. insulation and connections are in order.

●

Control- and Surveillance flights of infrastructure (paths, bridges, walls, etc) in sense of
predictive maintenance.

●

Monitoring and surveillance of energy industry assets such as power plants, pipelines,
wind turbines, platforms, and solar panels.

●

Beyond visual line of sight (BVLOS) flight: There are currently systems that detect
damage by e.g. a lightning strike into an energy line. On this basis, the drone starts at
a substation and flies the entire line and takes photos that are sent to the headquarters.
Depending on the type of fault, the remedy can be carried out centrally or must be
carried out on site.

In future, following usage scenarios are envisioned:
●

Quality control in construction projects including physical contact of surfaces

●

In critical incidents (e.g. landslides), the drone can fully autonomously provide
additional information based on images and GPS data.

3.2.3

Competitive landscape

UAS used
Different drones are currently used depending on the sensor and safety requirements, starting
with smaller quadrocopters for less-critical applications through to VTOL-fixed wings and larger
octocopters with higher payload capacities (e.g. for carrying LIDAR systems and larger
cameras, gas sensors, spectroscopic cameras or explosive devices for avalanche blasting).
For monitoring of concrete structures, like bridges, high-performance drones and sensors are
used in order to receive optimum results with regard to both accuracy and precision of results
and position. The Chinese manufacturer DJI, originally a leading manufacturer of leisure
drones, managed to increase its market share significantly also in the commercial drone
market and becoming a leading player in this segment.
Users have different approaches to drone usage: Some are contracted with a UAV system
integrator (using their services), some own UAVs themselves for their inhouse operations.
For operations with less stringent requirements (e.g. construction site documentation or simple
image and video recordings), commercial users tend to purchase and use their own UAVs.
From an operational point of view, a mix is likely, i.e. own smaller drones for certain basic
activities and, if required, professional tender services depending on the complexity of
application.
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Used sensors:
●

High resolution cameras

●

Thermal imaging sensor (infrared, night vision)

●

Gas & corona (UV) sensors

●

LIDAR systems

●

Gyro-stabilized sensor boxes with up to four different camera payload options, like e.g.
ultraviolet camera for corona detection, radiometric infrared camera for detecting
thermal hot-spots, high-definition digital frame camera and/or high definition video
camera.

The Galileo Authentication Service is relevant for application areas in which jamming and
spoofing play a role, for example in the context of critical infrastructure.
UAS providers and offerings
Depending on whether rapid operational readiness or long-endurance flights are paramount,
the following exemplary list of UAV providers and their offerings can be stated:
Microdrones (www.microdrones.com)

Figure 17: Microdrones MD-4-3000

Schiebel (www.schiebel.net, military)

D7.2 Market environment and trend report

Page 39

HUUVER | Hybrid UAV-UGV for Efficient Relocation of Vessels

Figure 18: Schiebel Camcopter S-100

Freefly (www.freeflysystems.com)

Figure 19: Freefly Systems Alta UAV8

DJI (www.dji.com)

Figure 20: DJI Matrice 210
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Figure 21: DJI Matrice 600Pro

Leica Geosystems (www.leica-geosystems.com/products/uav-systems)

Figure 22: Aibot by Leica Geosystems
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INTEL

(https://www.intel.com/content/www/us/en/drones/drone-applications/commercial-

drones.html)

Figure 23: Intel Falcon 8+

C-Astral (https://www.c-astral.com/)
A fixed wing solution, also for S&R deployable: Bramor sAR.
German Drones (https://germandrones.com/de/)
VTOL Fixed Wing UAV, has different usage scenarios.
Key Players
Some of the key players profiled in the surveillance market include:


Aerodyne Group



Airobotics



Azur Drones SAS



Cyberhawk Innovation Limited



Drone Volt



HEMAV Technology S.L.



Identified Technologies Corporation



ING Robotic Aviation Inc.



Martek Aviation, Measure UAS Inc.



Percepto



Sharper Shape Inc.



Skeye B.V., Sky-Futures Ltd.



SkySpecs Solutions



Terra Drone Corporation and VDOS Global LLC46

Source: Research and Markets (2020): Insights on the Drone Surveillance Global Market to 2027:
https://www.globenewswire.com/news-release/2020/06/23/2051969/0/en/Insights-on-the-DroneSurveillance-Global-Market-to-2027-Drivers-Restraints-Opportunities-andThreats.html#:~:text=The%20Global%20Drone%20Surveillance%20market,major%20factor%20propel
ling%20market%20growth
46
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3.2.4

Market size and segment figures

The Global Drone Surveillance market accounted for $ 64,63 million in 2019 and is expected
to reach $ 256.45 million by 2027, growing at a CAGR of 18.8% during the forecast period.
Drivers of this growth are the need to monitor e.g. energy industry assets in a safe manner.
However, factors such as lack of regulations are holding back growth and put downward
pressure on prices.
Based on the application, the pipeline monitoring & inspection segment is likely to have a huge
demand from producers of the oil and gas or electricity, which are major players of the energy
industry. By geography, Europe is estimated to have a lucrative growth due to the region’s
broad range of relevant assets, ranging from storm turbines and solar panels to conventional
pipelines.47

3.3 Intralogistics
3.3.1

User description

Inspection, inventory management, infrastructure monitoring and material transport are key
areas of deployment for UAVs in intralogistics using bar codes, QR codes, and RFID in
combination with industrial Internet of Things technologies, as wheeled unmanned drones
work both autonomously and in together with humans (Appelbaum and Nehmer, 2017).
Preliminary results suggest paradigm-shifting improvements for inventory management, with
e.g. Wal-Mart reporting that unmanned warehouse drones cut the warehouse inventory count
process from 30 days using manual processes to one day (Bose, 2017), and Amazon’s 2012
acquisition of robotics powerhouse Kiva for $775 million is cited as the cornerstone to its ability
to provide even more efficient and effective next-day and two-day shipping (Kim, 2016; Nichols,
2016).48
Thus, any company with warehouses can be a user of UAS in intralogistics. The bigger the
warehouse and the bigger the company, the bigger is the effect of productivity and the benefit
on cost-efficiency.
3.3.2

Usage scenarios

Warehouses with the following characteristics have a high potential for drones:


Relatively large size >10’000 square meters

Source: Research and Markets (2020): Insights on the Drone Surveillance Global Market to 2027:
https://www.globenewswire.com/news-release/2020/06/23/2051969/0/en/Insights-on-the-DroneSurveillance-Global-Market-to-2027-Drivers-Restraints-Opportunities-andThreats.html#:~:text=The%20Global%20Drone%20Surveillance%20market,major%20factor%20propel
ling%20market%20growth
48 Source: Feasibility of Warehouse Drone Adoption and Implementation (2018)
47
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Long corridors (>50 meters) - Long walking distances increase time needed to
accomplish tasks



High shelfs (>5 meters) - Dangerous tasks for operators



Single deep pallet rack - Barcode scanning not possible for double deep storage
principle

The following figure provides an exemplary overview on drone usage in business indoor
environments.
The main usage scenarios are:


Inventory management



Intra-logistics



Inspection & Surveillance

Table 2: Indoor Drone Use Cases49

Inventory management applications appear to have the highest potential for use in
warehousing operations. Seven of the 12 use cases presented fall into this category and they
are also the ones that (reportedly) have beyond testing phase in some companies. To date,
using drones for intra-logistics seem to be difficult due to technological challenges, namely
power supply and payload.

Source: Whitepaper: Application for drones in warehouse operations (2019):
https://ethz.ch/content/dam/ethz/special-interest/mtec/pomdam/documents/Drones%20in%20warehouse%20opeations_POM%20whitepaper%202019_Final.pdf
49
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While the metrics may thus vary for supply chain optimization, fully autonomous drones can
potentially help improve many or most of them. There were already public announcements of
PoCs (proof of concept) and pilot deployments of aerial inventory scans at warehouses,
distribution centres and air cargo facilities across the world. The consistent feedback from such
early adopters can be summarized as follows:


Fully (not partly) autonomous drone solutions are required for large-scale adoption of
drones for inventory use-cases.



Cost-effectiveness, frequency and reliability of aerially collected data are the key
considerations in supply chain optimization using drones for cycle counts.



Video & image data that can be archived and shared globally via the cloud is an
important advance over traditional barcode scanners.



Autonomous drones for inventory are one piece of the overall supply chain automation
trend – for them to create sufficient business value, their applicability must rapidly
expand to multiple use-cases such as surveillance, security, inspection, and delivery.50

3.3.3

Competitive landscape

There is limited evidence for successful inspection & surveillance applications in warehouses.
Several drone solution providers are gearing up to enter the drone inventory management
market. For instance, Corvus Robotics claimed to launch their new autonomous warehouse
inventory solution in the beginning of 2019.51 In addition, Linde Material Handling, the leading
European company in warehouse optimization, stated at the LogiMAT trade fair in Stuttgart in
2017, that the market launch of their inventory checking solution “Flybox” is scheduled for 2018
at earliest52. Verity Studios is also testing prototypes in their lab while elaborating a strategy of
how to potentially enter the drone inventory market53,54.55
The following providers of indoor UAS can be stated:


PINC



Eyesee (Hardis Group)



Aeriu



Drone Scan

Source: Supply Chain Trends 2020: Drones in Warehouses: https://flytware.com/blog/supply-chaintrends/
51 Source: Corvus Robotics
52 Source: “A drone will take care of stocktaking in the future” (2017): https://lectura.press/en/picture/adrone-will-take-care-of-stocktaking-in-the-future/30231
53 Source: D. C. Hoffmann, “Inventory Control Drones: Business potential and best practices,”
54 Source: “Verity Studios,” 2019.
55
Source:
Whitepaper:
Applications
of
drones
in
warehouse
operations:
https://ethz.ch/content/dam/ethz/special-interest/mtec/pomdam/documents/Drones%20in%20warehouse%20opeations_POM%20whitepaper%202019_Final.pdf
50
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Delta Drone



InventAIRy



Infinium Robotics



Ascending Techn. (Intel)



Vtrus



Flytbase



Clickreply

3.3.4

Market size and segment figures

Energy is and will continue to be the largest industry on the drone market, but transportation
& warehousing is growing the fastest and will be the second-largest market by 2025.

56

The

market of indoor drones is expected to grow by $29 billion by 2027 with an annual growth rate
of almost 20%.57

Source: Research and Markets (2020): The Drone Market Report 2020-2025:
https://www.globenewswire.com/news-release/2020/07/22/2066029/0/en/The-Drone-Market-Report2020-2025.html
57
Source: Whitepaper, Applications of drones in warehouse operations (2019):
https://ethz.ch/content/dam/ethz/special-interest/mtec/pomdam/documents/Drones%20in%20warehouse%20opeations_POM%20whitepaper%202019_Final.pdf
56
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4 Innovation environment
Based on the state-of-the-art analysis, this chapter will give an overview over existing and
future trends in the HUUVER usage scenarios and will analyse potential additional usage
contexts for the HUUVER offerings.

4.1 Main technology and application trends
4.1.1

Search & Rescue

Increased use of thermal drones
Thermal drones can enter the dangerous zone instead of first-responders and are able to
locate hot spots on the ground by scanning certain areas. A thermal drone can also detect
people in places with low visibility by using infrared or zoom cameras. A surveillance/SWAT
team can use this feature to their advantage as well, especially to locate hidden people.
Delivering Payloads
In S&R, delivering payloads in the quickest way can be essential. When someone is stranded,
time is paramount and often times, delivering payloads until an extraction can take place is the
only option. Supplies delivered via payload can buy ample time for those in need until the
rescue is complete.
Increased Security
Security is a huge concern, especially when a governmental or military organization is
conducting a drone S&R operation. A great feature of S&R drones are encrypted video links,
which can be combined with Nextgen GNSS using Galileo, which make sure that there is
accurate positioning at all times. S&R drones will also have an emergency landing feature,
which utilizes a predetermined safe landing area, should something go wrong during the
mission. Emergency recovery and forbidden flight zone technologies are two additional ways
to keep S&R drones secure.
Increased automation
Automation features such as waypoint flying, which uses 3D coordinates like longitude,
latitude, and altitude, give a more accurate positioning and the ability to pinpoint targets. Some
other automated specifications include click and fly, auto take-off and landing, and RTK (Real
Time Kinematics). RTK offers an additional level of accuracy with ultimate precision throughout
the mission. When using drones for search and rescue, it’s also important to have altitude hold
and point of interest (POI) navigation. POI navigation allows to point at targets with a sensor.
Simplifying
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The more straightforward and simplified a S&R mission is, the better. When it comes to search
and rescue drones and search and rescue missions, things can be complicated; using features
that make tasks simpler is of great help. With features like easy mapping, geo-tagging and
PPK (Post Processed Kinematics), which enhances the geo-tagging precision of your UAV
search and rescue drone, these dangerous missions have the potential to go a lot more
smoothly. Other great features to simplify your Drone SAR mission are dynamic position hold,
a tracking shot saver, and telemetry information. Telemetry info ensures that the mission is
going as planned.58
4.1.2

Monitoring & Patrolling

Power of AI and sensors
AI, Virtual Reality and LiDAR sensors are some of the technologies that are will radically
transform the drone industry. AI assists in analysing the huge amount of data captured by
drones. Convergence of drone technology with Machine learning and AI helps infrastructure
managers identify quality defects, malfunctions, or inventory shortages much faster than any
other method. This would require AI-based analysis. GIS data integration also emerged as an
interesting area to look for this year. Workflow integration of drone data and devising new
enterprise asset management system is also something that we are expecting.59
Combination with other new technologies
Drone technologies, as well as advanced image analytics have great potential in the sector.
Precise data acquired by unmanned aerial vehicles can increase situational awareness, lower
costs and improve safety of staff involved in maintenance or construction of complex utilities
systems. It can also contribute to predictive maintenance by fueling highly advance models
with tangible information regarding the current technical condition of assets. Combination of
all previously mentioned technologies can bring great beneﬁts to companies, and help them
not only in retaining proﬁtability in the changing environment, but also in avoiding regulatory
charges related to energy shortages.60
Need for predictive maintenance
Drones are currently being equipped with technology such as thermal imaging cameras and
multi-spectral cameras, and the combination of this imagery data along with Machine Learning
and artiﬁcial intelligence is having a tremendous impact on the maintenance of critical
infrastructure. We are seeing organisations begin to leverage this powerful combination to
Source: Drone USA (2020): The 5 best drone features for search and rescue missions:
https://www.droneusainc.com/articles/the-5-best-drone-features-for-search-rescue-missions
59 Source: Geospatial World (2020): Drone industry trends that were witnessed in 2019:
https://www.geospatialworld.net/blogs/top-drone-industry-trends-for-2019/
60 Source: Clarity from above (2017): Leveraging drone technologies to secure utilities’ systems:
https://www.pwc.de/de/energiewirtschaft/pwc-clarity-from-above.pdf
58
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produce predictive analytics, providing a powerful perspective and enabling them to seek out
and replace damage to critical infrastructure. Just owning drone equipment will not be a
differentiator in this scenario – it will be the application of drones-captured image data to
innovative use-cases that will allow utilities to gain a competitive advantage.61
Drones as repair tools for power transmission lines and critical infrastructure
Gathering data is not the only drone application being developed for the power & utilities
industry. Drones can also be used to perform dangerous tasks at great heights, such as
construction work, repairs or trimming vegetation growing around power lines. Drones’
increasing capabilities already allow them to transport building materials as well as assemble,
weld and attach different types of parts. One of the most interesting examples of drones’
potential to perform dangerous tasks at heights was a test ﬂight in Xiangyang in China’s Hubei
province, conducted by technicians from an electric power maintenance company. They used
a ﬂame-throwing drone to dispose of garbage that had settled on power lines. A similar solution
can be applied to trimming vegetation growing around power lines. Drones can perform these
tasks faster than humans, while reducing the risk of accidental injury or death. The ongoing
development of technology, decreasing prices of drones and changes in legislation are
encouraging more and more industry players to beneﬁt from the devices’ versatility.
4.1.3

Intralogistics

Retailers Will Begin to Supplement Carrier Relationships with In-House Capabilities
In 2013, Jeff Bezos unveiled Amazon’s drone delivery ambitions on “60 Minutes”. Rather than
completely eliminating third-party contracts, the company intends to supplement its existing
delivery options with drone delivery capabilities.
In short, Amazon wants to limit its reliance on external companies and even challenges like
congested roads. According to industry experts, we’re closer to a world with drone delivery
than we are to a world with self-driving cars.
Once the regulatory hurdles are overcome, retailers already leveraging automation within their
warehouses will extend automation outside of their warehouses. Automated storage and
retrieval systems, conveyor belts, and other warehouse automation tools will be coupled with
an automated inbound-outbound logistics system that delivers products to customers by
drone.62
Warehouses and 3PLs (Third Party Logistics) will need to speed up their operations

Source: Clarity from above (2017): Leveraging drone technologies to secure utilities’ systems:
https://www.pwc.de/de/energiewirtschaft/pwc-clarity-from-above.pdf
62
Source: LOGIWA (2020): 12 Ways Drone Delivery Will Transform Logistics:
https://www.logiwa.com/blog/drone-delivery-in-logistics
61
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Warehouse managers are familiar with supply chain time crunches and the importance of
efficient processes like directed put-away, picking, and packing. The longer it takes to process
an inbound shipment, the longer it takes for products to be entered into inventory and the fewer
items are available for purchase and picking.
These demands on warehouses will only increase once drone delivery becomes the standard
delivery method and as timelines move from same-day to same-hour. Warehouse owners will
need to optimize and streamline their operations through rigorous processes, automated tools,
and more sophisticated 3PL warehouse management systems.
For instance, during the put-away stage warehouses may need to embrace cross-docking
operations. During the picking stage, advanced pick processes like wave picking or batch
picking may be called for. And the packing process may need to be sped up with taping
machines, 3D packing screens to help quickly fit packages into the right sized boxes, shipping
label printers, and more. Using the right WMS (warehouse management system), all of these
processes can be centrally managed and even automated.63
The layout of warehouses and distribution centres will dramatically change
Drone delivery will impact more than the transportation of goods. It will also impact how
warehouses and distribution centres are designed and laid out. Today’s warehouses have
large docks that determine how quickly goods are entered into inventory or shipped out to
customers. Excellent dock management ensures incoming shipments, outgoing shipments,
and labour scheduling are properly coordinated to avoid long wait times.
The obvious change will be the size of docks. Warehouse managers will no longer need
extremely large docks to accommodate fleets of trucks. But more interestingly, drones may
completely transform the concept of warehouses and distribution centres.
Example of a way forward is Amazon’s awarded patent for an airborne fulfilment centre
utilizing unmanned aerial vehicles for item delivery, also known as a “floating warehouse”. In
short, a helium-filled blimp would drift above airline traffic, storing inventory in the sky and air
dropping lightweight packages using drones. While this may be a while away, it does
demonstrate how drone technology could reinvent the entire warehouse industry.64
Drones will increase efficiency within warehouses
Beyond delivery, drones will change how warehouses approach key operations. For instance,
drones can be used to circle the perimeter of a warehouse and conduct safety inspections to

Source: LOGIWA (2020): 12 Ways Drone
https://www.logiwa.com/blog/drone-delivery-in-logistics
64
Source: LOGIWA (2020): 12 Ways Drone
https://www.logiwa.com/blog/drone-delivery-in-logistics
63
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ensure a better workplace. They can support the inspection, preventative maintenance, and
repair of complex machinery within a manufacturing plant.
Drones could also be used to speed up the pick- and put-away processes, which are
expensive, labour-intensive activities. Lightweight drones could be used as an alternative to
conveyor belts or forklifts for retrieving and putting away orders. Warehouse workers could be
re-trained to become warehouse drone operators.65
Drones in third party logistics (3PL)
Providers of third-party logistics (3PL) services have a unique position in the supply chain
automation context – they have to balance their own operational priorities with the servicelevel agreements (SLAs) that they have in place with their customers. The inherent tension in
such arrangements (e.g. cost incurred by 3PLs of inventory counts vs. customers’ demand for
higher frequency counts) makes drone-based automation quite attractive for 3PL sites. In fact,
3PL providers have emerged as the early adopters of aerial inventory counts using fully
autonomous drones.
Underlying this increasing drone adoption by 3PLs are the following key factors:


To rapidly recoup their investments in real estate, warehouse owners/lessees are
moving from traditional aisles to very narrow aisles (VNAs), necessitating a more
automated approach to inventory operations.



To mitigate the safety, availability and reliability risks associated with manual inventory
operations, managers are piloting a variety of automation solutions ranging from wireguided lifts/trucks to AGVs and UAVs.



To help differentiate themselves from other 3PL providers, CXOs at 3PL realize the
need to adopt technology innovation and create value-added services for their
customers.66

Stakeholder motivation
To address a new offering appropriately, it is necessary to know the expectations of
stakeholders of warehouses and distribution centres:
Role

Expectations from Warehouse Drone Solutions

Warehouse GM

Minimize the unavailability of aisles due to inventory cycle counts

Head, Continuous
Improvement

Improve operational metrics using reliable, scalable technology

VP, Operations

Improve fulfilment metrics and customer satisfaction

Source: LOGIWA (2020): 12 Ways Drone Delivery Will Transform Logistics:
https://www.logiwa.com/blog/drone-delivery-in-logistics
66 Source: Supply Chain Trends 2020: Drones in Warehouses: https://flytware.com/blog/supply-chaintrends/
65
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Inventory Manager

Increase inventory accuracy via frequent, accurate updating of WMS
data

CFO

Maximize space utilization and labour productivity, minimize
pilferage and shrinkage

Head, Digital Transformation

Deploy digitization, strategically, for top-line and bottom-line impact

Manager, IT Infrastructure

Ensure data privacy, security, archival and availability

Head, Innovation

Complement in-house R&D efforts with state-of-the-art 3rd party
innovation

Systems Integration
Consultant

Ensure seamless integration with warehouse management systems

Inventory Auditor

Ensure timely internal audits and availability of reliable data for
external audits

Table 3: Expectations of drone in warehouse management67

4.1.4

Other trends

Market impact
Taking a look at the forecasted expected economic impact, it is obvious that the biggest
economic impact on the drone market will come from services:

Figure 24: Economic impact forecast

Increase BVLOS
Beyond visual line of sight flight will increase due to the increasing use of these UAVs
in commercial and consumer applications and due to new regulations.

Source: Supply Chain Trends 2020: Drones in Warehouses: https://flytware.com/blog/supply-chaintrends/
67

D7.2 Market environment and trend report

Page 52

HUUVER | Hybrid UAV-UGV for Efficient Relocation of Vessels

Growing commercial segment
The commercial sector will continue to grow due to increased adoption of UAVs for various
commercial applications, such as product delivery, monitoring, surveying, mapping, and
remote sensing.
More small UAVs
Small

UAS

will

increase

due

to

demand

in precision

agriculture,

logistics

&

transportation, wildlife survey, search & rescue operations, firefighting, law enforcement,
photography, and disaster management.
Besides this, the following issues will increase:


Sense & avoid / detect & avoid systems



High performance batteries



Drone-in-a-box solutions

4.2 Additional potential usage contexts
Drones in Air Cargo Facilities
It is ironic that while drone regulations are the most stringent around airports, air cargo facilities
have frequently experimented with manually-flown drones – for use-cases such as inspecting
runways for cracks, scanning pallet barcodes in rack storage areas, scanning aircraft surfaces
as part of maintenance routines, etc. Realizing the potentially large business value from such
aerial scans, air cargo and freight forwarding facilities are now deploying autonomous drone
solutions – indoors – with inventory counting as the focus.
Given the relatively high frequency of pallet movement, and the wide variety of barcodes in the
air cargo context, aerial inventory scans using drone fleets are turning out to be an ideal
solution for fast, high-frequent, cost-effective cycle counts. The impact of consumer-driven
supply chains is most felt by such facilities – who have to handle peak shopping seasons,
same-day deliveries, high-value items in transit and the exponential growth in global ecommerce.
As in the recent news from IAG Cargo – the air cargo company that’s part of the same group
that owns British Airways, the head of innovation said: “We expect aerial inventory solutions
to help increase worker productivity, improve location accuracy and increase the frequency of
inventory counts. The combination of cost-effective hardware and intelligent automation
software is turning out to be an ideal solution for automated inventory scans – better than RFID
or AGVs. Reliability, scalability, and ease-of-use were the key considerations in our decision
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to trial aerial inventory scans – we look forward to a production-ready solution that can be soon
rolled out across our global facilities”.68

Source: Supply Chain Trends 2020: Drones in Warehouses: https://flytware.com/blog/supply-chaintrends/
68
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5 R&D activities
Serving also as a basis for the exploitation strategy, this chapter gives an overview over the
R&D activities in the HUUVER usage scenarios as well as with Galileo/EGNOS connection.

5.1 Search & Rescue
LYNCEUS2MARKET
An innovative people localisation system for safe evacuation of large passenger ships (ID:
636286), Overall Budget: €10.155.002,50.
Maritime disasters in recent years are a stark reminder of the imperative need for timely and
effective evacuation of large passenger ships during emergency. The Lynceus2Market project
addresses this challenge through delivering a revolutionary operational system for safe
evacuation

based

on

innovative

people

localization

technologies.

The system consists of: 1) Localisable life jackets that can provide passenger location in realtime during emergency 2) Smart smoke detectors that also act as base stations of an on-board
localisation system 3) Innovative localisable bracelets able to send activity data to the
emergency management team 4) Low cost fire and flooding escalation monitoring sensor
notes 5) novel mustering handheld devices for automatic identification and counting of
passengers during evacuation 6) Smart localisable cabin key cards 7) Intelligent decision
support software able to fuse all localisation, activity and disaster escalation data to provide
an integrated real-time visualisation, passenger counting and evacuation decision support 8)
Innovative shore or ship-launched Unmanned Aerial Vehicle for localising people in the sea in
short time and assisting search and rescue operations when accident occurs in extreme
weather, during the night or in a remote location 9) Low-cost rescue-boat mounted radars for
people localisation in the vicinity of the boat.
MOBNET
MOBile NETwork for people's location in natural and man-made disasters (ID:687338), Overall
Budget: €1.242.533,75
MOBNET will design a Search and Rescue (SAR) system for the location of isolated victims in
the case of natural or man-made disasters such as earthquakes, hurricanes or large snow
storms. It will also help first responder services to find fugitives or smugglers hidden within
buildings. The EGNSS and Digital Cellular technologies will be tightly synchronised to provide
accurate positioning. However, this demanding synchronisation exceeds the current
capabilities of most GNSS and cellular equipment. In order to achieve the required
performance, novel European Global Navigation Satellite and DCT methods will be applied.
Furthermore, an effective and reliable communication link between Unmanned Aerial Vehicles
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(UAVs) and the ground station will be designed. This datalink will ensure uninterrupted
command and control communication among devices and the integrity of communication
signals. Thus, the UAVs will always operate as intended.

5.2 Monitoring & Patrolling
UNEXMIN
Autonomous Underwater Explorer for Flooded Mines (ID: 690008), Overall Budget:
€4.862.865,00
This project will develop a novel robotic system for the autonomous exploration and mapping
of Europe’s flooded mines. The Robotic Explorer (UX-1) will use non-invasive methods for
autonomous 3D mine mapping for gathering valuable geological and mineralogical
information.
Flourish
Aerial Data Collection and Analysis, and Automated Ground Intervention for Precision Farming
(ID:644227), Overall Budget: €4.780.047,50
Precision agricultural techniques seek to address this challenge by monitoring key indicators
of crop health and targeting treatment only to plants that need it. This is a time consuming and
expensive activity and while there has been great progress on autonomous farm robots, most
systems have been developed to solve only specialized tasks. The goal of the Flourish project
is to bridge the gap between the current and desired capabilities of agricultural robots by
developing an adaptable robotic solution for precision farming. By combining the aerial survey
capabilities of a small autonomous multi-copter Unmanned Aerial Vehicle (UAV) with a multipurpose agricultural Unmanned Ground Vehicle, the system will be able to survey a field from
the air, perform targeted intervention on the ground, and provide detailed information for
decision support, all with minimal user intervention.
RESPONDER
Resolving subglacial properties, hydrological networks and dynamic evolution of ice flow on
the Greenland Ice Sheet (ID:683043), Overall Budget: €2.443.800,00
The fundamental goal of RESPONDER is to understand how hydrological networks at the base
of the Greenland Ice Sheet evolve over seasons and over multiple years, and how this
evolution impacts on ice flow in the interior and at the coast.
FLAIR
FLying

ultrA-broadband

single-shot

InfraRed

sensor

(ID:732968),

Overall

Budget:

€4.277.813,75
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FLAIR aims at developing an airborne, compact and cost-effective air quality sampling sensor
for sensitive and selective detection of molecular fingerprints in the 2-5 μm and 8-12 μm
infrared atmospheric windows. Moreover, in a hybrid approach, the main spectroscopic sensor
will be complemented by a fine particle detector in order to obtain a complete picture of the air
quality. Mounted on an adapted and optimized UAV (drone), the sensor will enable pervasive
sensing on large scales outside urban environments where air quality monitoring remains
challenging, e.g. along gas pipelines or around chemical plants. Also, FLAIR can guide
emergency measures in case of chemical fires or leaks, wildfires or volcanic eruptions or even
serve for oil and gas exploration or explosives related molecules detection, by far more costeffectively than for missions on manned research aircraft.
SWAMP
Smart Water Management Platform (ID:777112), Overall Budget: €1.478.090,00
Water wastages are caused mainly by leakages in distribution and irrigation systems, and in
the field application methods. The most common technique, surface irrigation wastes a high
percentage of the water by wetting areas where no plants benefit from it. Therefore, technology
should be developed and deployed for sensing the level of water needed by the plantation and
for flowing the water to places where and when needed. The SWAMP project addresses these
issues by use of the Internet of Things (IoT), data analytics, autonomous devices and other
related technologies.
AutoFlyMap
AUTOnomous FLYing Robots in GNSS denied environments for 3D Underground
infrastructure MAPping and inspection (ID: 832329), Overall Budget: €71.429,00
The inspection of underground infrastructure is done by operators using expensive machinery,
with associated high costs (within the range 15 - 60 k€/km), high risks and safety issues.
Unmanned Aerial Vehicles can replace inspection teams in these demanding tasks, reducing
the cost by 90%, but no product in the market is able to operate autonomously in GNSS-denied
environments and to produce reliable 3D mapping of the sites, sending high quality information
to the system/person in charge of taking decisions. HS has developed the first drone able to
fly autonomously in underground environments (GNSS-denied) and capable to produce high
quality 3D textured models for mapping and inspection of indoor scenarios. The solution is
applicable in several sectors requiring eventual or regular inspection of underground sites
without the need of operator’s presence at visual distance: e.g. tunnel construction,
underground infrastructure inspection and maintenance, rail and road operation, facilities
management, mining, etc.
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DFD
Deep Forestry Drones - revolutionising forestry mapping and analysis with artificial intelligence
(ID: 889126), Overall Budget: €71.429,00
For forestry professionals, drone technology can be used to provide accurate forestry mapping.
The EU-funded DFD project will develop the first agile, light-weight, autonomous drone to fly
in-between the trees. Flying below the canopy provides customers with tools which were
previously unavailable: precision analytics, robust classification algorithms and optimised
harvesting routes. The DFD technology, which employs artificial intelligence (AI), is expected
to provide more data to the front end of the forestry value chain than is currently possible.
VERTEX
Swarms of underwater robots for fast & accurate water quality measurements (ID:817035),
Overall Budget: €71.429,00
The world's oceans & lakes are under increasing stress caused by the climate change &
increasing pollution, but little is known about them as data is difficult & expensive to obtain.
State-of-the-art technology is mostly high OPEX dedicated ships with a lot of labor needed to
survey for hours. Hydromea has developed the miniature robotic Vertex submersible that can
operate in swarms & measure the quality of large bodies of water much faster & more cost
efficiently than the existing alternatives. Using the Vertex AUV, a small underwater robot,
specifically designed in-house to be deployed in large swarms by 1-2 operators, Hydromea
can provide consistent, high-density, 3D maps of many physical & chemical water parameters.
Vertex swarms can collect 10-100x more information about environmental qualities in a single
pass than is possible to collect with the current methods.
DRAMS
Drone-based radio Aid Measuring System (ID:827545), Overall Budget: €71.429,00
Drone-based Radio Aid Measuring System [DRAMS] solution comprises calibration and
inspection of ILS and VOR systems, usually termed Flight Inspection, which is a cornerstone
for the air traffic navigation and the safe landing of airplanes in all airports. CANARD drone
technology, based on the state-of-the-art unmanned aircrafts, is a novel approach to allow
more precise, rapid and cost-efficient Flight Inspection. DRAMS follow a procedures-hardwaresoftware paradigm: A set of operational procedures is performed by a drone equipped with
sensors and the gathered data is processed by custom developed software. The software will
be developed a way that a single drone with interchangeable sensors and a single App can
perform different tasks. Key advantages of DRAMS’ approach are: Inexpensive, readily
available, safe, reliable, eco-friendly and compliant to standards
SafeSky
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Safesky - Integrated system for critical infrastructure and personal sphere monitoring and
protection against aerial threats (ID:673627), Overall Budget: €71.429,00
As the number of drones is increasing fast and new, very serious risks associated with them
are emerging, the overall aim of this innovation project is to deliver world’s first integrated
system – SAFESKY, dedicated for critical infrastructure and personal sphere monitoring and
protection against aerial threats. The project builds on integration of prototyped and validated
solutions, consisting of dedicated hardware and software, which have been developed and
already successfully demonstrated by the consortium SMEs, reaching TRL 7 of technology
maturity. Its high-end version will be dedicated for protection of critical infrastructures, while
its basic deployment, considerably less expensive one, will be dedicated for private persons
(soft targets) for protection of their personal sphere, e.g. houses.

5.3 Intralogistics
ARIESS
Augmented Reality and Indoor Navigation for Enhanced ASSembly (ID:755490), Overall
Budget: €495.534,50
Technology advances like those on Geoposition and Navigation, the Internet of Things, Virtual
and Augmented reality, speech and handwriting recognition, biometrics, wearable technology,
drones, etc. are being widely implanted in many industries. The final assembly of an aircraft is
identified as a field with a lot of room for improvement. The introduction of some of the
aforementioned technologies in the modern Final Assembly Line can definitely impact the
factory’s lean manufacturing and the environmental sustainability of the whole process.
Implantation of new assembly procedures can take advantage of commercially available
technology, but also actual methods and procedures like the moving assembly line, visual
control systems, point-of-use staging, just-in-time delivery systems, etc. can be significantly
improved. The General Objective of the current proposal (ARIESS, Augmented Reality Indoor
Enhanced aSSembling for factory of the future industry) is the introduction of cutting-edge
Human-Machine Interfaces and the supporting infrastructure for indoor positioning and
navigation, augmented reality techniques and real-time data integration to improve the
productivity, competitiveness, and sustainability of a FAL, paving the way for the modern
Industry 4.0.
Skye
Redefining Drone Safety and Autonomous Operation for Indoor Commercial Applications
(ID:836831), Overall Budget: €71.429,00
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Commercial drones - technically known as Unmanned Aerial Vehicles (UAVs) – are one of the
fastest-growing markets. Increased safety, precise data collection, improved productivity,
higher scalability and reduced operational costs make them suitable for a wide range of
commercial applications mainly in infrastructure, media and entertainment (M&E), agriculture
and telecommunications. Skye aims to revolutionize the commercial drone’s market by
introducing the first UAV that solves the two most critical challenges of indoor flying drones:
collision/injury risks and fully autonomous operation. Based on our patent pending “Redundant
propulsion system”, we offer a drone powered solution able to fly completely safe above
crowds and minimize any impact in case of system failure.

5.4 Galileo and EGNOS
The following research projects can be found with the aim of fostering Galileo applications in
connection with UAVs69:
COREGAL
In COREGAL, a low cost unmanned fixed-plane Unmanned Aerial Vehicle (UAV) and service
for biomass mapping will allow wide scale mapping in the Brazilian context of forest
management. A first of a kind combined Position-Reflectometry Galileo receiver will be
developed as main sensor for platform positioning and biomass estimation, the latter using
reflected GNSS signals (also called GNSS-R) on tree canopies. High positioning accuracy
(centimetre level) is required for surface point reflection determination, which is challenging for
remote areas where no GNSS infrastructure is available as in the case of many forests in
Brazil. However, Galileo AltBOC E5 signals offer unprecedented pseudorange measurement
quality which can be used for novel high accuracy positioning.
REAL
Researchers with the REAL project are developing EGNOS-based navigation and surveillance
sensors for two Remotely Piloted Aircraft Systems (RPAS), one for urgent medical transport
and the other for providing linear powerline inspections. “REAL integrates EGNOS positioning
in support of aviation and surveillance functions for UAVs,” explains project researcher
Santiago Soley. “The idea is to exploit EGNOS’ positioning and, more importantly, the integrity
that it provides.”
EASY-PV
The EASY-PV project has developed a time-efficient and cost-effective maintenance solution
for photovoltaic plants. Using a drone equipped with a European GNSS high-accuracy
receiver, the system flies over a photovoltaic field and collects such relevant data as visible
EGNOS
and
Galileo
–
opening
the
door
to
new
drone
applications:
https://www.gsa.europa.eu/newsroom/news/egnos-and-galileo-opening-door-new-drone-applications
69
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and thermal images. “This data is then automatically geo-referenced and processed, producing
a detailed report on which modules need to be replaced,” explains project coordinator Marco
Nisi.
GAUSS
To better regulate drone traffic in Europe, the EU has launched a UAV Traffic Management
initiative. “GAUSS integrates EGNOS and Galileo’s navigation and location services into this
initiative to provide the level of accuracy needed to safely position drones in the sky,” says
project coordinator Jiménez González.
GEOVISION
To increase emergency response times, GEO-VISION captures images and video streaming
from the UAV, which are then sent to the pilot and routed in real-time to a control room. “In
emergency search and rescue situations, everything is about time – the quicker you know what
is happening, the faster you can respond to it,” says project coordinator Harald Skinnemoen.
“GEOVISION results is an increased efficiency in emergency response, leading to more lives
being saved.”
MAPKITE
This mapping-based project integrates drones with terrestrial mobile mapping systems to
provide surveyors and mappers with an end-to- end solution for 3D high-resolution corridor
mapping. “For drone applications such as MAPKITE, EGNOS is the standard for accuracy,”
explains project coordinator Pere Molina. “Galileo plays an important role too, adding more
satellites in view and by offering some resilience against hacking.”
ARGONAUT
ARGONAUT combines an advanced, multi-constellation GNSS receiver and a powerful
navigation data processing cloud service for more accurate and affordable geolocation. “For
us, the use of Galileo basically translates into being able to provide a better service,” says
project coordinator Xavier Banqué-Casanovas. “Because ARGONAUT is a multi-constellation
solution, we can offer drone users a more robust solution for overcoming such adverse
scenarios as obstructions.”
HELMET
The main objective of HELMET is to develop innovative EGNSS applications capable to
impacting on eco-friendly and green transportations means. Target adopters of EGNOS and
Galileo are the Connetcted and driverless cars, Train signaling, UAV for surveillance of roads
and railways. Multi-modality is HEMET’s differentiator to federate innovative applications
transforming the independent habit of roads and railways into a synergic ecosystem sharing
digital infrastructures, safety and certification processes to lower energy consumption and
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pollution. HELMET capability to operate UAVs increases the safety by introducing new means
for integrated car and train automation. The high integrity and high accuracy platform relies on
the Consortium’s know how of SBAS-EGNOS technology to stepping into the multiconstellation multi frequency and multi sensor domain to fight back against common hazards
characterizing land mobile scenarios.70
MISTRALE
The MISTRALE project proposes to address soils moisture management in agriculture as well
as wetlands or flooded areas monitoring by using Global Navigation Satellite Systems reflected
signals (GNSS-R) as a powerful technology for humidity or flooded mapping. In order to meet
the objectives, a GNSS-R receiver embedded into a small RPAS (Remotely Piloted Aircraft
System) will be developed and implemented into an operational chain to provide the service.
GNSS-R technology aims at measuring the GNSS signals reflected on the ground, and,
compared to the direct signals, permits a measurement of the soil humidity (from 0 to 100%)
as well as flooded extend. The use of GALILEO signals will significantly improve the precision
of mapping. The operational system will integrate three main axes of development: adapting
the GNSS-R technology for the requirements, making a compact GNSS-R receiver and
optimizing an existing RPAS.71
Skylynx
The deployment of advanced signalling systems (ERTMS) in Europe is encountering issues
related to the use of manual and obsolete tools. Also, rail maintenance costs are still expensive
in terms of effort and safety, and infrastructures lack of flexible systems to ensure security,
surveillance and supervision. To resolve these problems, railways digitalisation has become a
major trend within the industry.
SigmaRail has developed Skylynx, a UAV-based system that aims to address these
challenges to support Europe’s transportation investments (ERTMS and Galileo GNSS), by
digitalising the Railways.72
MOBNET
Unmanned vehicles (UVs) now play an increasing role in Public Protection and Disaster Relief
(PPDR) missions such as border surveillance, cropping monitoring or local law enforcement.
However, fast location of isolated people in the case of natural or man-made disasters still
continues to be a crucial and arduous task.
MOBNET will design a Search and Rescue (SAR) system for the location of isolated victims in
the case of natural or man-made disasters such as earthquakes, hurricanes or large snow

CORDIS: HELMET: https://cordis.europa.eu/project/id/870257
CORDIS: MISTRALE: https://cordis.europa.eu/project/id/641606
72 CORDIS: Skylynx: https://cordis.europa.eu/project/id/763308
70
71
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storms. It will also help first responder services to find fugitives or smugglers hidden within
buildings. To that end, the use of European Global Navigation Satellite (EGNSS) systems (both
Galileo early services and EGNOS) and Digital Cellular Technologies (DCT) will play the key
role in these situations in which it is difficult, dangerous or even impossible to access the
affected areas.73

5.5 Relevant R&D calls
The following call targets the development of Galileo receivers:
“Targeting the development of a drone-borne Galileo receiver.”:74
This call for Proposals recently opened under the European GNSS Agency’s (GSA)
Fundamental Elements funding mechanism and is targeting the development of a drone-borne
double-frequency Galileo receiver that leverages the differentiators of European GNSS
(EGNOS and Galileo).
Within this context, this Call for Proposals is targeting the development of a drone-borne lowcost double-frequency Galileo multi-constellation receiver, integrated with INS (inertial
navigation system) and other sensors. The technology should be at a sufficient level of maturity
(technology readiness level 7).
The call aims at delivery of a robust navigation solution, including integrity requirements for
operations, that leverages Galileo differentiators such as OS Authentication and High
Accuracy. The solution should be validated in a representative environment for the target
operations. This includes conducting flight tests and analysing the performances obtained from
a Galileo-only constellation and comparing these with those coming from multi-constellation
mode.

CORDIS: MOBNET: https://cordis.europa.eu/project/id/687338
Targeting
the
development
of
a
drone-borne
Galileo
receiver:
https://www.gsa.europa.eu/newsroom/news/targeting-development-drone-borne-galileo-receiver
73
74
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6 Conclusions & Recommendations
This deliverable analysed the markets the HUUVER offerings will be positioned in and
highlighted the industry- as well as the competitive environment.
The global UAS market is strongly increasing, not only in total but also in all sectors – including
the commercial sector, where HUUVER will be positioned in. The commercial sector is
separated from the hobby- and the military sector and includes the HUUVER usage scenarios
Search & Rescue, Patrolling & Monitoring and Intralogistics. This strong market dynamics
create great business opportunities, but also bring along strong competition in all segments of
the market: UAS manufacturers widen their product portfolios and improve all KPIs of their
offerings, service providers offer drone-as-s-service offering which are easy to access – all
pushed by huge investments into the market and cooperation between international players.
All global technology players have understood not only the huge market- but also the
technology potential of drones. In combination with emerging technologies like AI, blockchain
and 5G, unmanned flight will develop new business opportunities and new business models.
Being able to fly and drive, the HUUVER drone has a unique technical advantage over existing
offerings and fits the markets’ needs. Nevertheless, the competition is very strong and the
market is highly competitive, so it will be essential to focus on one usage scenario first and try
to meet users needs best in this context, rather than trying to satisfy all. A strong USP and
user-orientation are key elements for the commercial success for any future HUUVER offering.
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