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P. 15 Connecting New Geoinformation Technologies to
Wide-ranging Applications
Preparations are in full swing for the ISPRS Geospatial Week 2019, which will
be held from 10-14 June in the Dutch city of Enschede. As an event partner,
GIM International caught up with George Vosselman, chair of the organizing
committee.

P. 22 Recent Developments in Airborne Lidar
The arrival of airborne Lidar, also referred to as airborne laser scanning
(ALS), around the turn of the century has revolutionized area-wide 3D
data acquisition of topography, bathymetry, vegetation, buildings and
infrastructure.

P. 29 UAS Lidar for Ecological Restoration of Wetlands
Wetlands are essential ecosystems which provide numerous benefits to
society as a whole. But their functionality strongly depends on the hydrology
and topography of the watershed, thus creating the need for monitoring.

P. 36 5G Promotes Prosperity of Low-airspace Economy
Based on an assessment of all the geomatics-related trade events in the
world, the unmanned aerial vehicle (UAV or ‘drone’) service-provider sector is
growing faster than any other.

P. 40 The Riyadh Metro Project
ArRiyadh New Mobility Consortium (ANM) was selected to deliver the 41.8km
Metro Line 3 for Riyadh, Saudi Arabia which will form part of the six-line
mega project that will run for a total length of 176km across the city.
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Since 2016, Topcon Positioning Group has exclusively provided the National
Land Survey of Finland (NLS) – or Maanmittauslaitos – with its highprecision geomatics solutions, enabling the organization to maintain the
highest possible standards of work and data production.
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widespread consensus that we have still only seen a fraction of how unmanned aerial vehicles (UAVs or
‘drones’) could ultimately improve efficiency for geospatial professionals and their customers.
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EDITORIAL NOTES

Crossroads

5G, who needs it?

Geoinformation is the linking pin between many different

As civilians, not many of us will feel hindered by the

domains such as computer science, robotics, civil

current internet download speed; we don’t need it to

engineering, navigation and urban planning. The International

become incomprehensibly fast. Nor do we long for the

Society of Photogrammetry and Remote Sensing (ISPRS)

incessant noise of drones flying above us, whether they are

is one of the world’s biggest communities of geospatial

carrying parcels, people (yes, unmanned taxi’s), or sensors

professionals. In this edition, GIM International catches up

that capture our every move. But nothing will stop this

with George Vosselman, chair of the organizing committee of

evolution, not now that 5G is set to become the new norm

the ISPRS Geospatial Week 2019 which is being held in the

over the next decade. Besides that, as geoprofessionals we

Dutch city of Enschede from 10-14 June. He shares his views

actually need 5G. It will enable geodata to be omnipresent.

on the latest developments in photogrammetry and remote

It will lead to the emergence of many new, superfast

sensing, and explains how the Enschede conference will

information services based on highly reliable 3D location

showcase them. Vosselman emphasizes that geoinformation,

data. It will make the capture of geodata and its use in

and hence ISPRS, is at the crossroads of the above-

real-time analytical applications faster, easier and cheaper.

mentioned domains. As a result, ISPRS is well-positioned

This will create a whole new playing field in our industry’s

to connect new technologies to a wide range of applications

business segments, both for the suppliers and the

by integrating those new technologies in its own domain

users. At GIM International, we will continue to keep you

and adapting them to meet application-specific demands.

informed about all aspects of this exciting development

The increasing deployment of unmanned aerial vehicles for

that may be relevant for your specific challenges. For

photogrammetry and Lidar mapping is one example of what

this issue, we asked Huawei, market leader in telecom

can happen when geoinformation links different domains;

infrastructure, for insights into the 5G

drones technology is now being used in urban planning and

timetable affecting the drone segment.

civil engineering more widely than ever before. See page 15

See page 36 for more details.

to read about other examples and what else you can expect

Frédérique Coumans
contributing editor

of the ISPRS Geospatial Week 2019. Just as geoinformation
is at the crossroads of so many domains, I would like to add
that Enschede has been at the crossroads of many geospatial

fcoumans@vbkcontent.com

careers. Over the years, the University of Twente’s ITC Faculty
has attracted numerous students from all over the globe, and
many of them have evolved into today’s industry decisionmakers. The city is therefore a fitting gathering point for the
international geospatial community this summer, and there
will no doubt be various alumni
taking a trip down memory lane.

Durk Haarsma, director
strategy & business development
durk.haarsma@geomares.nl
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GIM PERSPECTIVES

By Jean-Thomas Celette, Managing Director, senseFly

Safety First
While it is positive news for our industry that
the use of unmanned aerial vehicles (UAVs or
‘drones’) is continuing to increase, the rise has
brought with it a key question: how do we ensure
that drone users are operating in a safe and
law-abiding manner? In recent months there
have been a number of headlines about both
illegal operations and the ensuing legislation.
Although these news stories have been focused
on consumer drone use, we must be mindful
that the same issues apply to commercial
activity, particularly within the geospatial sector
as professionals such as surveyors and GIS
managers look to harness the efficiency and
benefits that aerial data collection can offer.
Whether newer types of technology like drones
are being used for business or leisure, mishaps
can be harmful for the entire industry. Because
UAVs are remotely (in fact, autonomously)
piloted, they present a more abstract issue than,
say, driving a car, but the principle remains the
same: safety measures must be put in place
and users must understand how to operate the
equipment responsibly.
Education is key here. I was pleased to see the
news that the UK is not only expanding its no-fly
zones around airports, but that the government
is also working with a retailer as part of a national
campaign to increase public awareness of the
policies around flying drones. We cannot expect
the rules to be followed if people are unaware of
what they are, and it is easy to understand how
users could overlook the importance of airspace

6|

safety, thinking their flight will have no impact.
Unfortunately, this is often not the case.
We are only at the beginning of this journey, in
terms of discovering both the full extent of drone
uses and their benefits, as well as the issues
and considerations that arise in turn. The UAV
industry is not a static one and, as technological
developments advance, so too will the need
for new legislation. Take, for example, beyondvisual-line-of-sight (BVLOS) drone missions.
With correct planning and execution, including
live communication with local air traffic control,
BVLOS operations can be an incredibly efficient,
cost-effective and, most importantly, safe
mapping tool. We know this from our successful
BVLOS missions in the USA, Canada and Brazil,
plus through the project learnings associated
with our exclusive ‘Anytime BVLOS’ permission
in Switzerland.
This BVLOS knowledge has also been part and
parcel of the developments we have made in
providing drone operators with no-fly zone data
in our flight planning software and optional
integrated ADS-B functionality, which can
provide our customers with live air traffic data,
on screen, during their drone missions. So far,
however, BVLOS operations are only permitted in
certain countries; in most countries, such as the
USA and Canada, regulators have not yet agreed
how the final legislation will look. This is why we
continue to work closely with both operators and
regulators to carry out real-world BVLOS projects
and use the important data collected from trials

Jean-Thomas Celette

to better understand exactly what is required to
enable pragmatic future laws to be made.
As an industry, we must work together to ensure
drones can be used to their full potential, but
in the safest way possible. I’ll be watching with
interest to see how things develop over the
coming years, and contributing wherever I can.
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news

Copernicus Sentinel-1 Satellites Map
Norway in Motion
Images acquired every six days by the European
Union’s Copernicus Sentinel-1 satellites are being
used to map ground movement across two billion
measurement sites in Norway, revealing shifts as
small as one millimetre a year. Thanks to this information, the Geological Survey of Norway, the
Norwegian Water Resources and Energy
Directorate, and the Norwegian Space Centre have
recently launched the Norwegian Ground Motion
InSAR Norway monitors and measures all of Norway’s ground
Service – InSAR Norway. This service will provide
movements.
the basis for strategic governmental use of interferometry in Norway. Interferometry is a technique
involving multiple repeat satellite radar images over the same scene that are combined to identify slight alterations between acquisitions, thus ‘spotting the difference’.
https://bit.ly/2Hbl4RB

China Announces Worldwide
Coverage by BeiDou
China’s Satellite Navigation Office has announced
that the country’s GNSS (called BeiDou or ‘BDS’) is
now available as a global service. Originally,
worldwide coverage was not expected to be
achieved until 2020, but this early completion of
the system means that China now joins the USA’s
GPS, Europe’s Galileo and Russia’s GLONASS as
the only four global providers of satellite-based
positioning, navigation and timing (PNT) services.
Ran Chengqi, director general of the China Satellite
Operation BeiDou constellation.
Navigation Office, said “[BeiDou has] officially
entered the global era as [it] expands from a
regional system to a global navigation system. From now on, no matter where you go, BDS will always
be with you”. BeiDou offers positioning accuracy to 5 metres in Asia and just 10 metres in the rest of
the world, but this is expected to be further improved over the years ahead.
https://bit.ly/2EfI7Yj

Microdrones Acquires Aircam UAV
Technology to Expand into Asia

Aircam facility in Foshan, China.

As part of an ongoing global growth initiative, Microdrones
has acquired Aircam UAV Technology, a 64-employee
Chinese company with its main location in Foshan, an hourdrive from Guangzhou in Southern China, and a branch in
Beijing. Aircam has developed a large Chinese and
Southeast Asian customer base with a focus on surveying &
mapping, utilities, and oil & gas industries. Aircam will be
fully integrated with the Microdrones business, brand and
leadership team. The Aircam brand and corporate identity
will change to Microdrones, and all aspects of the business
will be directed by the Microdrones global leadership team.
https://bit.ly/2TipGLV
march/apri l 2 0 1 9 |
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THE SwathTRAK™ ADVANTAGE
SwathTRAK maintains a fixed-width data swath in complex
terrain by varying the scan FOV dynamically in flight.

Without SwathTRAK 13 flightlines

Sidelap areas: data redundancy

With SwathTRAK 8 flightlines

Maximizing Productivity
World’s most capable airborne
laser terrain mapper
The new Galaxy PRIME,, with its highly acclaimed
SwathTRAK™ capability, now boasts a 30% increase
in range performance for increased point density,
improved vegetation penetration and higher
low-reflectance target detection for wide-area
and corridor-mapping applications.
Coupled with a “night mode” for even greater
range performance, the Galaxy PRIME is quite
simply the most powerful, most versatile,
highest-performance sensor on the market
with the smallest form factor.
Galaxy PRIME with optional
gyro-stabilized mount

SEE SwathTRAK in action:
www.teledyneoptech.com/galaxy

More news gim-international.com

FLIR’s US$200 Million Takeover of
Aeryon Labs
FLIR Systems, the US-based global manufacturer of thermal
imaging infrared cameras, has confirmed its takeover of
Canadian firm Aeryon Labs, a developer of high-performance
unmanned aerial systems (UASs) for the global military, public
safety and critical infrastructure markets. The deal, which is
valued at US$200 million, makes Aeryon Labs part of the
unmanned systems and integrated solutions division of FLIR’s
Aeryon Labs’ SkyRanger R60 in flight.
government and defence business unit. Aeryon’s vertical
takeoff and landing quad-copter airframes integrate multiple
sensors, including FLIR thermal technology, to provide users with immediate high-resolution intelligence, surveillance and reconnaissance (ISR) capability. “The acquisition of Aeryon Labs reinforces
our long-term strategy to move beyond providing sensors to the development of complete solutions
that save lives and livelihoods,” said Jim Cannon, president and CEO of FLIR Systems.
https://bit.ly/2EfxBAd

Airobotic Announces Integration of
Lidar into Drones
Airobotics, a start-up in unmanned aerial vehicles (UAVs or
‘drones’), experienced record growth in 2018. It also expanded
its executive team in its new global headquarters in Scottsdale,
Arizona, USA, following a successful Series D funding round.
The company, which globally offers commercial drone solutions
permitted to fly without a human operator, has additionally
announced the introduction of Lidar capabilities. Until a few
Airobotics Optimus UAV.
years ago, Lidar was only possible with an aircraft because the
sensors were hefty and required manual data processing. Today,
Lidar images are captured and processed quickly in the cloud, allowing Airobotics’ customers to make effective
decisions based on high-frequency, consistent data capture. Airobotics’ Lidar capabilities provides rapid
precision scans across the value chain for industries such as mining and construction. Applications typically
involve tailing dams monitoring, infrastructure inspections, haul road safety compliance, stockpile volume
analytics, tracking rehabilitation progress and more.
https://bit.ly/2EB0oR2

GAF Wins Framework Contract for
the Validation of Innovative
Geospatial Tools
GAF AG, together with e-GEOS, has been awarded a
framework contract by the European Union Satellite Centre for
the provision of satellite-based digital elevation models to
support the validation of innovative geospatial tools for SatCen’s
exploitation activities. These digital elevation models have a
Euro-Maps 3D 5m DSM of an area in
resolution of between 0.5m and 10m and are generated using
Algeria.
a highly automated multi-source production line. Additionally,
the products are delivered with different quality layers and
traceability layers, and the corresponding metadata is adapted to the user’s requirements.
https://bit.ly/2IDwFuN
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RIEGL's

ULS

UAV LiDAR SENSORS
for Professional UAV Surveying Missions
RIEGL miniVUX-1UAV

Very Compact & Lightweight 1.55 kg / 3.4 lbs
• max. op. flight altitude 330 ft AGL
• range up to 250 m
• accuracy 15 mm, precision 10 mm
• suited for measuring snowy
and icy terrains

RIEGL miniVUX-1DL "Downward-Looking"

Compact & Lightweight 2.4 kg / 5.3 lbs

RIEGL VUX-1UAV

Compact & Lightweight 3.5 kg / 7.7 lbs
• max. op. flight altitude 1,150 ft AGL
• range up to 920 m
• accuracy 10 mm, precision 5 mm
• suited for power line,
railway track, and pipeline inspection

The Guinness World Records were awarded specifically for BVLOS flights conducted in Calgary,
Alberta, which saw the City of Calgary commission
IN-FLIGHT Data to collect mapping data for the
development of Calgary’s first new cemetery since
1940. This resulted in IN-FLIGHT Data completing
North America’s first urban BVLOS drone project in
a major urban area. Using a senseFly eBee Plus
fixed-wing drone, IN-FLIGHT Data successfully
conducted a total of 414km (257 miles) BVLOS
flight, at an average distance of 2.35km (1.46
miles) from the pilot.
https://bit.ly/2ITmHpx

NEW RIEGL VUX-240

Compact & Lightweight 3.8 kg / 8.4 lbs
• max. op. flight altitude 4,600 ft AGL
• range up to 1900 m
• accuracy 20 mm, precision 15 mm
• for using on UAS/UAV/RPAS and helicopters
or small manned aeroplanes

75° FOV

IN-FLIGHT Data, one of Canada’s leading
commercial drone operators, has been awarded
three Guinness World Records for unmanned aerial
system (UAS or ‘drone’) flights recently carried out
as part of a groundbreaking beyond visual line of
sight (BVLOS) project. The project was assisted by
senseFly, a leading provider of fixed-wing drone
solutions.
The three records achieved were for:
- Longest cumulative beyond-visual-line-of-sight
battery-powered UAV flight: 2,723.04km (Alberta)
- Longest cumulative urban flight for a beyondvisual-line-of-sight civilian UAV (small class – up
to 25kg): 414km (Calgary)
- Longest single urban flight for a beyond-visualline-of-sight civilian UAV (small class – up to
25kg): 40km (High River)

• max. op. flight altitude 260 ft AGL
• range up to 200 m
• accuracy 15 mm, precision 10 mm
• suited for corridor mapping

46° FOV

IN-FLIGHT Data’s
BVLOS Project
Receives 3
Guinness World
Records

Survey-grade LiDAR performance with a size, weight,
and cost factor that makes deployment on UAVs
practical and economical for commercial applications!

Key Features:
| echo digitization & online waveform processing |
multiple target capability | eyesafe laser class 1
| ideally suited for the implementation of emerging
surveying solutions by UAS/UAV/RPAS | mechanical
and electrical interface for IMU mounting

VISIT US AT

April 8-10, 2019
Amsterdam | The Netherlands

RIEGL booth 312

newsroom.riegl.international

www.riegl.com
RIEGL LMS GmbH, Austria | RIEGL USA Inc. | RIEGL Japan Ltd. | RIEGL China Ltd. | RIEGL Australia Pty Ltd
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senseFly and IN-FLIGHT Data BVLOS flight.
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NavVis Deploys SLAM to
Automatically Remove Point Cloud
Artifacts
NavVis, a global provider of indoor spatial intelligence solutions
for enterprises, has released software for the NavVis M6 indoor
mobile mapping system (IMMS) that automatically detects and
removes dynamic objects and object fringe points from point
clouds during the post-processing of scan data. Fringe points
and dynamic objects are two common types of point cloud
artifacts that affect all 3D laser scanning devices. Fringe points
arise when a laser beam hits the edge of an object as well as its
background. This scattered beam ultimately appears as a
so-called fringe around the edge of the object in the point cloud.
The second type of point cloud artifact results when dynamic
A point cloud before and after the
objects, such as humans walking through a scan, are captured
algorithm has been applied to a
by the laser scanner and then appear as artifacts in the point
dynamic object.
cloud. The NavVis M6 IMMS is a simultaneous localization and
mapping (SLAM)-based system that uses laser scanners to
capture a high volume of measurement points of an environment. As SLAM-based mobile mapping
systems move through the environment while scanning it, objects are observed from multiple
different angles and positions.
https://bit.ly/2UifvnK

Delair Launches Aerial Intelligence
Platform
Delair, a supplier of commercial drone solutions, has unveiled Delair Aerial Intelligence (delair.ai), a comprehensive platform for converting drone-based images into actionable business insights. The cloud-based solution
provides a complete integrated workflow to manage, analyse and share data, streamlining the process for
unlocking the true potential of aerial surveying. Industry-optimized analytics for specific industries and use
cases in mining, quarries, construction, power and utilities, and agriculture enable more accuracy and precision
to deliver bottom-line benefits to a wide range of businesses. With the hardware-agnostic platform, Delair aims
to reinforce its position as the pre-eminent supplier of enterprise-class software solutions for the UAV industry.
Built on a foundation of six years of internal software development efforts and following its acquisition of
Airware’s software platform and development team in 2018, Delair now has one of the largest teams of software
developers focused on drone data management. The company offers a highly scalable platform and one of the
broadest portfolios of analytics to enable enterprises to implement a digital transformation of their assets in
order to harness the power of data collected by drones.
https://bit.ly/2EBzcBN

Delair software used at a construction site.
march/apri l 2 0 1 9 |
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THE ONE THAT STARTED IT ALL
THE SX10 IS OPENING UP

A WHOLE NEW
RANGE OF
POSSIBILITIES.
- Even Sellevoll, Geomatikk Survey

WE COULD KEEP OUR FEET
ON THE GROUND AND

SAFELY MEASURE
REMOTE OBJECTS.
- Joel Cusick, U.S. NPS

THE HIGHEST
TECH PIECE OF
EQUIPMENT

QUICKER ROI
THAN ANY TWO
INSTRUMENTS

I’VE EVER USED.

WE’VE HAD IN THE PAST.

- Paul Biehl, Aztec

- Matt Bryant, NTT DATA

WE HAVE WITNESSED

BETTER RETURNS
THAN ANY OTHER
SYSTEM.
- Terry Nygaard, Tx RPLS

ADAPTING TO THE
SX10 WAS
NO PROBLEM.
- Niels Balens, BAM Contractors

FASTER IN THE FIELD

WILL DEFINITELY

AND MUCH
MORE ROBUST.

REVIVE THE
WHOLE INDUSTRY.

- Steve Sharron, WSP

- Lennårt Gimring, AF Consultants

The Trimble SX10 Scanning Total Station is the single must-have piece of equipment that masters
surveying, imaging, and high-speed 3D scanning in one powerful solution. Two years and thousands
of customers later, the reviews are in: the SX10 remains the first and the best of its kind.

See how others are using the SX10 at Trimble.com/SX10_Stories
(c) 2018, Trimble Inc. All rights reserved.

MORE NEWS GIM-INTERNATIONAL.COM

Atmos UAV Expands its
Camera Options and
Launches New Software
Drone company
Atmos UAV has
expanded its payload
options. Through
multiple R&D projects
that lasted almost
three months, the
Atmos engineering
team optimally
Marlyn UAVs ready for take-off.
integrated additional
cameras that are now
available for customers. Furthermore, the team also launched the
newest version of MarLynk, the flight planning and ground control
software provided with every Marlyn unit. To further satisfy customers’
needs for ever-higher accuracy, Atmos UAV extended its camera options
to include the RGB Sony RX1RII Full Frame camera and the MicaSense
RedEdge-MX, on top of the Sony QX1 it currently carries. Insightful
multispectral imagery has recently been linked to an increase in the
success of agricultural applications. With the RedEdge-MX and its five
narrow bands (R, G, B, RE, NIR), it is now possible to generate plant
health indexes and RGB images in a single flight.
https://bit.ly/2Tn829S

Road-Scanner4 Used for
Bologna’s First Tram Line
Siteco Infomatica,
in collaboration
with the
Engineering
Department of the
University of
Messina, carried
out the highprecision survey
for the technical
Mobile mapping imagery of Porta San Felice, Bologna.
and economic
feasibility planning of the first tramway in Bologna, Italy. The realization of the
project, born from a European tender issued last July, required technical verification of feasibility which the team successfully performed using the
Road-Scanner4 mobile mapping system. The planned tramway route will be
about 15 kilometres with two terminus stations: the first northeast of the city near
FICO Eataly World, the well-known Italian agri-food park, and the second one in
the northwest, in the Borgo Panigale area, beyond the Ducati headquarters. The
tram route also includes stops in the historical centre of the city. Approximately
30km of roads were surveyed with the Road-Scanner4. The system was equipped
with a spherical Ladybug5 camera, two FARO S70 laser scanners, a LANDINS
IXSEA inertial system and a DMI odometer.
https://bit.ly/2tHRv1M

Bluesky Aerial Photographs
Reveal Hidden
Archaeological Sites in
Ireland
The National Monuments
Service in Ireland is using
high-resolution aerial photography from Bluesky to map
and investigate a giant 4,500year-old henge. The circular
structure, located at the Brú
na Bóinne UNESCO World
Heritage Site, is evidence of
Bluesky aerial photography reveals hidden
prehistoric earthworks and
archaeological sites in Ireland.
was first observed by
researchers using drones. Following the discovery, the National Monument
Service of the Department of Culture, Heritage and Gaeltacht carried out
extensive aerial reconnaissance, including commissioning Bluesky Ireland to
survey the cropmark enclosure at Newgrange. “This new information is a graphic
illustration of the extent and density of the ritual and ceremonial sites associated
with the Newgrange Passage Tomb,” said Joseph Madigan, T.D., Minister for
Culture, Heritage and the Gaeltacht. “This stunning new archaeological data
provides fresh, spectacular and unique insights into the origins and development
of the Neolithic landscape and society.”
https://bit.ly/2XrnBwr

OGC Seeks Public
Comment on Draft Charter
for Portrayal Domain
Working Group
Portrayal concerns the way that information,
in this case geospatial data, is presented to
humans. Cartography, one form of map
portrayal, is one of the oldest human
graphical portrayal skills. OGC is now
seeking public comment on its draft charter for the Portrayal Domain
Working Group (DWG), which is being established to address a gap in
the OGC standards baseline with regards to the portrayal of geospatial
data, including the standardization of portrayal rules, registry data, styles
and encoding formats. Traditionally, conveying spatial information
involved the use of maps. However, as the types and complexity of
geospatial information has changed in-step with technological advances,
so have the requirements for the portrayal of this information. For
example, it is now common for geospatial data to be portrayed
(visualized) in areas such as 3D, augmented reality, and gaming &
simulation. Additionally, multi-dimensional portrayal is rapidly expanding
as advances in information technology and computer graphics make
more visualization alternatives available.
https://bit.ly/2T1VYf2
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INTERVIEW

GIM International Interviews George Vosselman, ISPRS

Connecting New Geoinformation
Technologies to Wide-ranging
Applications
Preparations are in full swing for the ISPRS Geospatial Week 2019, which will be held from 10-14 June in the
Dutch city of Enschede. As an event partner, GIM International caught up with George Vosselman, chair of the
organizing committee, to hear how things are progressing and what delegates can expect of this year’s
Geospatial Week. One thing is for sure: photogrammetry and remote sensing are definitely on the programme.

Why was Enschede chosen as the venue for
the ISPRS Geospatial Week 2019?
Enschede is the hometown of the University
of Twente’s ITC Faculty, one of the world’s
largest geospatial knowledge hubs. ITC has
been focusing on capacity development in
the field of geoinformation and Earth
observation for nearly 70 years. Organizing
events aimed at sharing the latest knowledge
is perfectly aligned with this mission. Besides
that, the University of Twente campus is a
great location to host a conference. It is a
pleasant environment with modern facilities in
green surroundings, with a suitable outdoor
area for UAV [unmanned aerial vehicle or
‘drone’, Ed.] flight demonstrations.
Furthermore Enschede is easily accessible,
not least thanks to a direct train connection
from Amsterdam Airport Schiphol which is
the gateway to over 300 destinations.

You must be very busy with the preparations
for the ISPRS Geospatial Week. What are you
looking forward to most?

George Vosselman, director of Geospatial Week 2019.

That’s true, organizing this event is taking up
a lot of my time. But it’s also fun and I
consider myself lucky to be surrounded by
excellent colleagues, all of whom are
dedicated to making the ISPRS Geospatial
Week a big success. I’m most looking forward
to the opening session, because by that time
all the preparations will be complete and we
will be able to welcome our colleagues and
friends to enjoy the event. I’m also looking
forward to the opening keynote by Edward
march/apri l 2 0 1 9 |
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The ancient three-wheeled watermill at Singraven.

Anderson from The World Bank. His
organization is supporting many interesting
community mapping projects. One of them –
which I’m sure he will mention – is the
Tanzania Urban Resilience Programme which
is training local communities to use drones for
acquiring images all over Dar es Salaam and
creating high-quality maps.

What can delegates travelling to Enschede
this June expect of the event?
The workshops form the core of the ISPRS
Geospatial Week, as that is where the latest
research results will be presented. This year’s
Geospatial Week will feature 13 workshops
varying in duration from one to three days,
with up to six workshops running in parallel.
These workshops are being jointly organized
by 30 of the approximately 60 working groups
within ISPRS. They will cover a wide range of
topics of the ISPRS technical commissions on
sensors, photogrammetry, remote sensing
and spatial information science. We’ve
received 500 submissions from 63 countries,
so we’re expecting a very international event

with many participants and an excellent
opportunity to meet colleagues. On the
Sunday before Geospatial Week truly gets
underway, experts will offer tutorials on deep
learning for image and point cloud
interpretation, geospatial web services and
photogrammetric workflows.

What other highlights are awaiting attendees
of the ISPRS Geospatial Week 2019?
Besides attending the workshops, delegates
can also visit the exhibition where various
companies will be presenting their latest
products and providing demonstrations. I
would also like to mention the two conference
dinners, and in particular the one on Tuesday
which will be held in a beautiful riverside
setting. The venue is the Singraven country
estate, home to several historic buildings
including an ancient three-wheeled watermill
that dates back to 1448 but is still in
operation today as a sawmill and flour mill.

ISPRS was founded more than a hundred
years ago, during which time both

technology and the wider world have
changed quite a lot. How do you see the
future role of ISPRS in today’s dynamic
society?
A century ago, photogrammetry was mainly
related to civil engineering applications. Over
time it has become increasingly clear that
geographic information (and metric
information in general) is useful for many
more applications. Currently, geoinformation
is the linking pin between many different
communities (computer science, robotics,
civil engineering, navigation, urban planning,
etc.). As the leading scientific community for
geoinformation, ISPRS is at the crossroads of
these different domains. This makes it
well-positioned to connect new technologies
to a wide range of applications by integrating
those new technologies in its own domain
and adapting them to meet applicationspecific demands.

Zooming in on geospatial technology, UAVs
have become an important tool for
photogrammetry mapping and are also

Geospatial Week 2019 is being held on the University of Twente campus, one of the world’s largest geospatial knowledge hubs.
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gaining ground as a platform for Lidar. Is this
reflected in the event programme?
Yes, for sure! In fact, the International
Conference on Unmanned Aerial Vehicles in
Geomatics (UAV-g) will actually be part of the
ISPRS Geospatial Week for the first time this
year. UAV-g 2019 will be the fifth edition in a
successful series, and it has attracted a
record number of 120 submissions which
once again confirms the huge interest in
unmanned applications. Running for three full
days and with presentations from all
continents, UAV-g 2019 will be the largest
workshop in Enschede. Besides the ‘classical’
photogrammetry and remote sensing
sessions, there will also be presentations
closely related to robotics and computer
vision as well as natural resources domains.
The presence of several sponsoring
companies involved in the UAV domain
underlines the importance of this event for
the geoinformation community.

The trend in satellite imagery is towards
ever-higher resolution. Is it finally becoming
a serious challenger to aerial
photogrammetry?
With satellites like WorldView 3 and 4 imaging
with a 30cm ground sample distance (GSD),
today’s high-resolution satellite images are
indeed starting to resemble traditional aerial
images. But the resolution of images used for
aerial photogrammetry is increasing as well!
In the Netherlands, the national aerial images
have been acquired with a 10cm GSD for
quite a few years now. In fact, due to

restrictions on flying in the terminal
manoeuvring area around Amsterdam Airport
Schiphol, cities like The Hague have even
started to acquire aerial imagery with a 2.5cm
GSD and now very much appreciate the
extremely high resolution. The 2.5cm GSD is
approaching the resolution level we’re used to
for UAV images, but it can also be acquired
over larger areas from an aircraft. So I expect
there will continue to be a market for imaging
on all types of platforms.

Which technological advancements do you
currently see as having the most impact in
the field of photogrammetry and remote
sensing?

The historic Singraven country estate is the
venue for one of the conference dinners.

Clearly, deep learning has to be mentioned
here. Whether for 3D reconstruction or
semantic segmentation of images and point
clouds, algorithms based on the latest
machine learning approaches are leading all
main benchmark charts. This trend will
certainly be reflected in the papers presented
at the ISPRS Geospatial Week, in particular in
the Semantics3D workshop. Another

important development is the miniaturization
of sensors. A few years ago, only very large
drones were robust enough to carry a laser
scanner. Nowadays a large number of small
Lidar-equipped UAVs are on the market.
About a dozen contributions to the UAV-g
workshop will report on investigations related
to such UAVs. Sensor miniaturization also
paves the way for the creation of low-cost
indoor mapping systems and the general
integration of sensors in all kinds of objects.
This will lead to an explosion of imagery
available to map the world at the very high
resolution needed for applications such as
high-density maps in self-driving cars, for
example. We’re looking forward to welcoming
delegates to Geospatial Week 2019 in
Enschede to discuss this and many other
future scenarios!

Further Reading
www.gsw2019.org

march/apri l 2 0 1 9 |

15-17-19_interview.indd 19

international | 19

14-03-19 12:20

C

M

Y

CM

MY

CY

CMY

K

MULTISPECTRAL LASER SCANNING, SINGLE-PHOTON LIDAR, HYBRID SENSORS AND UAVS

Recent Developments
in Airborne Lidar
The arrival of airborne Lidar, also referred to as airborne laser scanning (ALS), has revolutionized area-wide 3D
data acquisition of topography, bathymetry, vegetation, buildings and infrastructure. This article presents an
overview of the tremendous progress made since then in both sensor and aircraft technology. Current trends
include a steady increase of the measurement rate, achievements in full waveform processing, the spread of
multispectral and topo-bathymetric laser scanners, the introduction of single-photon sensitive airborne sensors
and the advent of integrated active and passive systems (Figure 1). On top of that, this article highlights how the
ongoing miniaturization has recently enabled the application of Lidar on unmanned aerial vehicles (UAV),
resulting in ultra-high-resolution 3D point clouds with centimetre precision.

from single to multiple pulses in the air
Airborne Lidar is a dynamic, polar and
active multi-sensor system comprising a
navigation unit (GNSS, IMU) for continuous
measurement of the sensor platform’s
position and attitude and the laser scanner
itself. This provides the direction of the laser
beam and the distance between the sensor
and the reflecting targets. The sensor-totarget ranges are estimated by measuring the
round trip time of a short laser pulse. Due to
the constant increase of the pulse repetition
frequency (PRF), it is commonplace today
that multiple laser pulses are in the air at
the same time, i.e. new laser pulses are
emitted before the arrival of the return of the
causative pulse. Assuming a constant flying

aircraft/helicopter

light aircraft/gyrocopter

single wavelength LiDAR

UAV

multispectral LiDAR

linear mode LiDAR
full waveform
laser scanning

first/last pulse

Geiger-mode LiDAR
Single Photon LiDAR

1kg

1995

2000

2005

2010

Figure 1: Airborne laser scanning timeline.
22 |

2015

2020

velocity, the higher scan rates obviously
provide a higher laser point density on the
ground. Depending on the application, the
densities typically range between 5-20
points/m2. State-of-the-art laser scanners
feature a PRF of up to 2MHz (see Table 1)
corresponding to an unambiguous range of
75m. In other words, flying such a sensor
at an altitude of 2,600m results in 35
concurrent pulses in the air. This is also
referred to as multiple time around (MTA).
Manufacturers provide various solutions for
coping with this additional complexity, either
by varying the PRR, using a preliminary DTM
or the like.

from discrete returns to fullwaveform lidar
While in the early years most airborne Lidar
sensors used for large-area topographic
mapping only delivered a single return per
pulse, scanners delivering first and last
returns soon became available and these
were later followed by ones with up to
five returns. These sensors implemented
echo detection directly in the instrument
using appropriate hardware. Besides the
measurement range, they optionally also
provide the peak amplitude (signal strength)
for each echo. In contrast, full-waveform
laser scanning is aimed at recording the

entire backscattered signal in high temporal
resolution of typically 1MHz or more. With
this acquisition approach, the full interaction
of the laser pulse with all objects within the
laser footprint can be captured and analysed,
either online with respective firmware
components during the flight or offline in
post-processing. Full-waveform recording
has two main advantages. Firstly, a larger
number of echoes can be detected from a
single laser pulse in multi-target situations
like vegetation. In this case, the minimum
distance for distinguishing two individual
consecutive echoes mainly depends on the
pulse duration, and two objects can generally
be separated if their distance along the laser
ray path exceeds half of the pulse length
(e.g. 60cm for a pulse duration of 4ns).
Secondly, waveform processing enables
the derivation of radiometric quantities for
each echo along with the geometry. From a
physical perspective, the received waveform
is the result of the convolution of the system
waveform (i.e. the emitted pulse) with
the backscatter cross-section. The latter
is independent of system- and missiondependent parameters and encapsulates
target-related information including object
reflectance, which constitutes a useful
quantity for point cloud classification and
scene interpretation.
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By Dr Gottfried Mandlburger, Austria
Instrument

Manufacturer

Category

Laser
wavelength
[nm]

Scan rate
[kHz]

FoV [°]

Scan
pattern

Typical alt.
[m]

Footprint
[cm]

Vertical
acc. [cm]

Camera

Img size
[Mpix]

feature
Mass [kg]

TerrainMapper

Hexagon Leica

topo

1064

2000

20-40

circular

1000

25

<5,0

RGBI

80

40,0

VQ-1560i-DW

RIEGL

topo

1064/532

2x666

58

x-shaped
lines

1000

20/100

2,0

RGB

100

65,0

CityMapper

Hexagon Leica

topo

1064

700

40

circular

1000

25

<5,0

1xRGBI +
4xRGB

5x80

54,0

SPL100

Hexagon Leica

topo

532

6000

20-40

circular

4000

32

<10,0

RGBI

80

84,0

Titan

Teledyne Optech

multispectral

532/1064
/1550

3x300

60

lines

1000

70/35/35

<10,0

RGB or CIR

29/80

120,0

VQ-880-G II

RIEGL

topo-bathy

1064/532

279/700

40

curved
lines/
circular

600

18/60

≥2,5

RGB or CIR

100

65,0

HawkEye 4X

Hexagon Leica

topo-bathy

1064/532/532

500/140/40 28/40

elliptical

400

280 ***)

≥5,0

RGBI

80

n.a.

CZMIL Nova

Teledyne Optech

topo-bathy

1064/532

70/10

circular

400

280 ***)

≥7,5/≥15,0

RGB +
Hyperspec.

100

287,0

40

VUX-1UAV

RIEGL

topo

1550

500*)

330

lines

100

5

1,0

---

---

3,5

Puck

Velodyne

topo

905

600*)

360

fan of lines

50

10x5

3,0+)

---

---

0,8

miniVUX-1DL

RIEGL

topo

1064

100

46

circular

80

13x4

1,5

---

---

2,4

VQ-840-G

RIEGL

topobathy

532

50-200

40

elliptical

50

5

≥2,0

RGB (opt.)

12

<15

*) Pulse repetition rate
**) Ranging accuracy
***) Deep bathy channel

Table 1: Recent airborne Lidar sensors for manned and unmanned platforms based on the spec sheets of the respective instruments. Footprint sizes are reported for the
typical flying altitude.

From single-wavelength to
multispectral Lidar
While delivering precise 3D geometry
and the ability to penetrate vegetation are
certainly the outstanding properties of ALS,
passive remote sensing based on multi- and
hyperspectral images is still widely employed
to derive land cover and land use maps.
In this respect, one of the recent trends in
airborne Lidar is the advent of multispectral
sensors employing different laser wavelengths
in the visible and infrared domain of the
spectrum, combining the advantages of
precise 3D geometry derivation and physical
interpretability. Lasers used for airborne Lidar
are mainly restricted to infrared wavelengths
of 1,550nm and 1,064nm, as high-powered
laser sources featuring long-term stability
appropriate for airborne mapping exist for
these wavelengths. Frequency doubling of
the popular 1,064nm Nd:YAG laser yields a
wavelength of 532nm in the visible green,
which exhibits water penetration capabilities.
Today, several instruments are on the market
employing either two or three wavelengths
simultaneously (see Table 1). Although the
pulses of the individual channels are generally
not co-aligned, it is feasible to derive a 3D
point cloud featuring multispectral target
reflectance measures for each and every
laser pulse in post-processing. Thus, different
vegetation indices can be derived on a
per-point basis facilitating point classification,
scene interpretation, vegetation delineation
and tree species classification, but also
water boundary detection and many more
applications. Figure 2 shows an example of

a multispectral 3D point cloud composed of
three concurrently captured laser channels
(1,550/1,064/532nm) featuring different
land-cover types, tree species, artificial
objects, etc.

From topography to bathymetry
As stated above, green laser light is able
to penetrate the water column and provide
shallow-water bathymetry. Actually, the
use of green laser radiation for defence
purposes was among the first reported
applications of the laser itself dating back
to the 1960s. Since then, laser bathymetry
has gradually evolved with a focus on
charting relatively shallow coastal waters
where traditional echosounding techniques
are inefficient. Whereas before the turn of
the century particular emphasis was placed
on maximizing the penetration depth by
employing high-power lasers with relatively
long and broad laser pulses, more recently
the trend has been towards higher spatial
resolution and concurrent acquisition of
alluvial topography and bathymetry. This is
commonly referred to as topo-bathymetric
Lidar. To obtain reliable measurements above
and below the water table in sufficient spatial
resolution, manufacturers are pursuing
different concepts. One possible solution is
to use only green laser light with a relatively
collimated beam to capture targets in the
dry part of the scene as well as the surface
and bottom of the water. This approach
entails the following problems: (i) the size
of the laser footprint is restricted by eye
safety considerations (typically ≥60cm);

(ii) in the topography, object reflectance for
features like asphalt, vegetation, grass, soil,
etc., is less in the green domain compared
to infrared; and (iii) exact delineation of the
water surface with green-only lasers poses
potential problems due to the mixture of
surface reflections and sub-surface volume
backscattering. Therefore, another option is
to use an infrared laser channel for capturing
topography and water surface, and a green
channel for mapping bathymetry. Some
instruments even use two green channels:
a deep bathy channel with reduced spatial
resolution but maximum penetration depth,
and a shallow bathy channel for capturing
detailed submerged morphology. In the
latter case, very short laser pulses in the
range of 1-2ns are typically used in order
to be able to distinguish echoes from the
water surface and the shallowly submerged
bottom beneath. In addition to the classical
purpose of charting coastal waters, e.g.
for ensuring safe ship navigation, topobathymetric laser scanners extend the field of
application to fluvial morphodynamics, flood
risk management, aquatic habitat modelling
and so on. Figure 3 depicts the geomorphic
changes caused by a 30-year flood event
based on repeat topo-bathymetric acquisition
of the pre-alpine River Pielach in the eastern
part of Austria.

From multi-photon to single-photon
Lidar
For conventional airborne Lidar, which is
also referred to as linear mode Lidar, several
hundred photons are necessary for the
march/apri l 2 0 1 9 |
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Figure 2: Perspective view of a multispectral 3D point cloud. Pseudocolour RGB
image composed of intensity measurements of three laser channels: red=1,550nm,
green=1,064nm, blue=532nm. Sensor: Teledyne Optech Titan, data captured by SLU,
Umeå, Sweden.

detection of an echo. In contrast, singlephoton-sensitive sensors have entered
the airborne mapping market in recent
years advertising a higher aerial coverage
performance while enabling the same
point density compared to traditional laser
scanners. Two approaches have gained
specific importance: Geiger-mode Lidar
(GmLidar) and single-photon Lidar (SPL).
In GmLidar, a divergent laser pulse
illuminates a relatively large spot on the
ground. The reflected signal is captured by
an array of 32x128 Geiger-mode avalanche
photo diodes (GmAPD). An additional bias
above the breakthrough voltage brings the
APD of each single matrix element in a
state in which the arrival of a single photo
or a few photons is sufficient to trigger the
avalanche effect leading to an abrupt rise of
voltage at the detector’s output. The event
is used as the stop impulse for round trip
time measurement and, once triggered, the
respective cell element stays inactive for a
few microseconds, i.e. generally until the
emission of the next laser pulse. On the one
hand, each GmAPD is a binary detector
(i.e. no multi-target capability), but on the
other hand 4,096 cells are simultaneously
active for echo detection and ranging. In
short, GmLidar constitutes a scanning range
camera system. To reduce the inevitable
measurement noise and to estimate signal
intensity, redundant echoes from largely
overlapping laser footprints are analysed in
post-processing.
In contrast to GmLidar, the SPL technology
utilizes a highly collimated laser pulse which
is split into 10x10 sub-beams (‘beamlets’) by
a diffractive optical element (DOE). Each laser
beamlet potentially returns multiple echoes as

11580 m3

Erosion:

9050 m3

Total

1

2530 m3

Figure 3: Deposition and erosion caused by 30-year flood event
captured by repeat topo-bathymetric survey, River Pielach, Austria.
Sensor: RIEGL VQ-880-G. Data: RIEGL LMS.

the backscattered radiation of each beamlet
is captured by a single-photon-sensitive
detector array, which acts like an APD
operated in linear mode in a certain dynamic
range. Multi-target capability is especially
important for vegetation penetration.
Due to the high receiver sensitivity, both
systems can be operated from high altitudes
(4,000-10,000m AGL). Hence, they enable
a higher area performance compared to
conventional laser scanners while providing
similar point densities (800-1,000km2/h
with 8 points/m2) in exchange for a lower
height accuracy (~10cm) and a higher rate
of outlier points. Recent SPL data evaluation
has revealed good measurement precision in
the centimetre range for smooth horizontal
targets (e.g. asphalt) and a faster decrease of
precision in more complex target situations
(tilted and/or natural surfaces) compared
to conventional full-waveform scanners.
The 3D point cloud of a church located in
Austria’s capital city Vienna captured with a
full-waveform laser scanner and a singlephoton Lidar sensor, featuring approximately
the same point density (waveform Lidar: 20
points/m2; SPL: 16 points/m2), is depicted
in Figure 4.

orthophotos from it, the recent progress
in computer vision in general – and dense
image matching (DIM) in particular – now
enables height estimation for each image
pixel based on multi-view stereo. With
typical ground sampling distances (GSDs)
of aerial images ranging from 5-20cm,
photogrammetric techniques even outperform
Lidar in terms of 3D point density. However,
this is accompanied by higher processing
times and a higher outlier rate. Especially in
image areas with low texture, shadows and
semi-transparent objects like vegetation, the
reliability of image-derived height estimates
still lags behind Lidar.
Nevertheless, serious fusion of the two data
sources, beyond the mere colourization of the
Lidar point cloud based on the radiometric
image content, is presently a topic of ongoing
research. One of the open research topics
in this context is the semantic labelling of
Lidar and DIM point clouds making use of the
mutual information content. Joint processing
of Lidar and DIM point clouds relies on
proper co-registration of the different data
sources. This requires both knowledge of the

FROM SINGLE-PURPOSE SCANNERS TO
HYBRID SENSOR SYSTEMS
Another apparent trend in airborne mapping
is the combination of active and passive
sensors. Practically all new state-of-the-art
airborne sensors feature both laser scanners
and RGB, CIR or even multispectral
cameras (see Table 1). While concurrent
image acquisition itself is valuable due to
the documentary character of the images
and the inherent possibility to derive digital

Figure 4: Perspective view of 3D point clouds from single-photon
Lidar (left) and full-waveform Lidar (right) coloured by intensity.
Sensors: Hexagon Leica SPL100, RIEGL VQ-1560i. Data: City of
Vienna, Municipal Department 41.
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underlying sensor models and understanding
of the properties of the respective active and
passive capturing techniques. As an example
of the latter, Lidar penetrates the grass layer
to a certain extent whereas DIM only delivers
the top of the grass layer. When combining
both data sources in a hybrid orientation (i.e.
strip adjustment plus aerial triangulation),
these differences need to be considered
when searching for corresponding points and
surface patches in the scans and images,
respectively.

From manned to unmanned platforms
The latest and most obvious trend in the
aerial mapping sector is the meteoric rise of
unmanned aerial vehicles (UAVs or ‘drones’).
Tremendous progress in automation,
navigation, robotics, miniaturization and
commercialization has enabled mass
production of consumer drones at a
comparably low price that are capable of
carrying payloads in the range of several
hundred grams. Lightweight compact
cameras were therefore the first tools for
systematic close-range aerial 3D mapping
using both nadir and oblique images.
Looking at the professional UAV market,
metric 100-150MP cameras are available
nowadays that weigh about 1kg and allow
3D data acquisition with a resolution in the
sub-centimetre domain. For such high-level
sensor equipment, professional multi-rotor
or fixed-wing UAV platforms in the 10kg
maximum take-off mass (MTOM) category
are necessary.
As laser scanners are typically much heavier
than cameras, it took a couple of years
longer to integrate survey-grade time-offlight Lidar sensors on UAV platforms. But,
today, comprehensive scanners including
an IMU are available weighing less than
3kg, featuring full-waveform recording, scan
rates of up to 1MHz and ranging precision in
the centimetre range. These compete with
the specs of mature scanners designed for

manned platforms (see Table 1). With flying
altitudes of 50-100m AGL, the resulting laser
footprints are typically less than 10cm and
the achievable point density is in the range of
several hundred points/m2. However, UAVs in
the 25kg MTOM category are necessary to lift
such high-end sensors.
In terms of the scan mechanisms, different
concepts are in use. Some instruments use a
rotating mirror deflecting the laser beam into
a (vertical) plane with a scan angle range
of more than 300°. This is especially useful
for scanning downwards, sideways and even
above the horizon, e.g. for capturing narrow
streets or river canyons. This concept is
also pursued by manufacturers of shortrange laser scanners primarily designed for
the automotive market, using a fan of laser
channels and thereby increasing the point
density. As many laser shots do not hit a
target with such full-circle scan planes,
some instruments use conical downward
scanning (Palmer Scanner) with the benefit
that each laser pulse is directed towards
the ground and, thus, the pulse repetition
rate equals the effective scan rate. Although
not only pulsed lasers but also continuous
wave lasers are lightweight enough for
integration on UAVs, the main benefit of
pulsed lasers is their inherent multi-target
capability. This is especially important
for applications in forestry, which is one of
the driving forces of the progress in UAV
Lidar. Figure 5 illustrates 3D point clouds
captured with different UAV-borne laser
scanners.
Another prominent field of application is
hydrology/hydrography, where the trend is
towards the development of bathymetric
sensors for UAV platforms. While the first
instrument was a UAV laser profiler with a
constant beam axis, UAV-borne bathymetric
scanners have already been announced
for release in 2019 promising high point
density and small laser footprints. These
might be a game changer for capturing fluvial

Figure 5: Perspective view of 3D UAV-Lidar point clouds. Left: Aubergwarte, Lower Austria. Sensor: 2x
Velodyne Puck. Sensor integration: 4DIT. Data: Umweltdata GmbH. Right: Hessigheim, Germany. Sensor:
RIEGL VUX1-LR. Data: Federal institute of Hydrology, Koblenz, Germany.

morphology, especially for shallow rivers with
abundant riverside vegetation.

Conclusions
This article has provided an overview of
recent trends in airborne Lidar. Clear progress
is being made – and even accelerating – in
many fields such as sensor and aircraft
technology, robotics, automation and
miniaturization. This is leading to higher
point densities by increased pulse repetition
frequencies or the use of single-photonsensitive receiver arrays, routine online and
offline processing of the recorded return
waveforms, usage of multispectral lasers,
simultaneous acquisition of topography
and bathymetry, concurrent capturing and
processing of laser scan and images and,
finally, to the advent of Lidar and image
sensors mounted on multi-rotor and fixedwing UAV platforms. With no end in sight
to airborne Lidar’s success story in the
foreseeable future, it will be intriguing to keep
an eye on the next developments.
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How New Technologies Are Helping to Preserve the Environment

UAS Lidar for Ecological
Restoration of Wetlands
Wetlands are essential ecosystems which provide numerous benefits to society as a whole.
But their functionality strongly depends on the hydrology and topography of the watershed,
thus creating the need for monitoring. The use of terrestrial topographical survey methods can
be a challenging task in wetlands, however. Flooded areas, muddy terrain and low vegetation can
substantially slow down or even prevent the movement of surveyors, while tall vegetation can
obstruct GPS reception. As this article outlines, advanced technologies such as airborne or UAS
Lidar offer interesting alternatives for surveying the hydrology and topography of wetlands.
Wetlands are ecosystems where water meets
land, such as river marshes, peatlands or
flooded forests. They are often undervalued
and have become globally threatened;
since 1900, two thirds of natural wetlands
have been destroyed. Besides conserving
the remaining wetlands, there is a need to
help wetlands recover from degradation or
fragmentation which can cause the loss
of their essential ecological functions and
consequently the loss of all the benefits
they provide to society as a whole. In many

cases, wetland problems have originated from
the alteration of the channel path or other
physical characteristics, which in turn has led
to habitat degradation and loss of biodiversity.
Therefore, the understanding of the physical
terrain structure and natural hydrology is
essential for successful wetlands restoration.

Case study: Mou de Pleure bog
The Mou de Pleure bog, located in the
Franche-Comté region of France, is a prime
example of wetlands degradation. Since the

end of the 19th century, the bog has suffered
wide-ranging damage. One of the most
important interventions was the digging of
a ditch in the 1980s to improve drainage of
cultivated land. This hydrological alteration led
to various negative impacts such as a decrease
in water storage capacity (which normally
supports flood prevention), forestation and
loss of previously observed rare local species.
The Mou de Pleure is one of the region’s few
peatlands that is located on the plains and,
according to ancient studies, it used to be
the widest and the most flourishing of all the
swamps on the Bresse plain. The Regional
Conservatory for Natural Areas (CEN) therefore
initiated a restoration project.

The use of UAS Lidar
To study the hydromorphology of the area
for the restoration project, an accurate digital
terrain model (DTM) was required of the bog
and its watershed. A French aerial mapping
operator called L’Avion Jaune, based in
Montpellier, decided to use a Lidar scanner on
a multirotor platform to conduct the survey.

Figure 1: Image of the Mou de Pleure bog.

The study area covered around 50 hectares
with, in the centre of the bog, a dense
wooded area along the Mou stream
measuring 900m long by 200m wide. Beyond
the forested area, the rest of the Mou de
Pleure bog comprises meadows and cultures.
The use of an unmanned aerial system
(UAS), especially a multirotor unmanned
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Figure 2: The YellowScan Surveyor system.

aerial vehicle (UAS or ‘drone’), is typically
well-suited for an area of this size, which is
too extensive to be surveyed cost-effectively
using terrestrial techniques but too small to
perform an aerial survey using a manned
aircraft. Besides that, the muddy environment
and the dense vegetation make it difficult for
terrestrial surveyors to access the terrain.
Another challenge in this survey is the high
vegetation cover, as the degradation of the bog
has led to dense forestation of the riverside
land. The use of Lidar technology rather than
photogrammetry, for example, is especially
relevant in this case as the emitted laser pulse
can penetrate in between the canopy and
provide measurement points on the ground.
The L’Avion Jaune team chose to work with
the YellowScan Surveyor Lidar UAV: an ultralightweight standalone self-powered mapping
system which is easily integrated with multiple
platform types. With a weight of 1.6kg, it is one
of the lightest fully integrated laser scanning
systems in the world. The Surveyor includes
an onboard computer which controls the three
main components: a Velodyne laser scanner,
and a GNSS and inertial navigation system
(INS) both from Applanix (APX15). The laser
scanner has a 300kHz frequency, making it
optimal for mapping through the vegetation
cover, plus the 5cm accuracy of the GNSSinertial solution fulfilled the study requirements.

Figure 3: Lidar data processing workflow for wetlands restoration applications (adapted from
YellowScan training workflow by P. Chaponnière).

to operate (Figure 3). The fieldwork was
completed in one day, including six flights,
quality check of the data and picking up of
control points. Flights were performed with
5m/s velocity at a height of 50m, with a 60%
Lidar flight line overlap. Four transversal flight
lines were added along the wooded area to
maximize the point density of the bog.

with a final 3D mismatch of less than 1cm.
Ground classification was achieved using
successive classification routines in TerraScan.
The trickiest step was to discriminate low
vegetation from the ground without smoothing
microtopography, which required extensive
quality checks and a few manual corrections.

RESULTS
Back at the office, the L’Avion Jaune team
applied a post-processed kinematic (PPK)
correction technique to the trajectory using
POSPac software by Applanix and used
the YellowScan QGIS plugin to generate a
georeferenced point cloud with the corrected
trajectory. Then, several Lidar point cloud
processes were achieved using TerraSolid
software to generate the deliverables,
including noise filtering, flight line matching
and ground classification. Lastly, the point
cloud was filtered to keep the ground points
only and a DTM was extracted.
The Lidar point cloud generated from the
QGIS plugin was already quite good; the
average 3D mismatch was less than 2cm. The
flight line matching applied using TerraMatch
further improved the point cloud geometry,

The resulting point cloud (Figure 4) had
an average density of 118pts/m2 over the
whole area, with point density reaching up
to 280pts/m2 in some areas with crossed
overlap. Flooded areas presented a lower
point density because infrared light
(wavelength: 905nm) does not penetrate
water. However, the average point density
over the bog was satisfactory (70 pts/m2).
The average density of ground points was
96pts/m2 over the whole study area, and
ranged from 5 to 25pts/m2 under vegetation
cover. In some specific cases, the low
vegetation consisting of brambles was so
dense that the Lidar beam could not reach
the ground, so some blank areas remain in
the dataset, although fortunately only to a
limited extent.

Simple workflow
The main advantage of this UAV-Lidar
combination is that it is quick and easy

Figure 4: Point cloud of the Mou de Pleure bog generated using
the YellowScan Surveyor mapping system.
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Figure 5: Extracts from the DSM and DTM of Mou de Pleure. The Lidar technology allowed computation
of a high-quality DTM including beneath the vegetation cover to reveal the hydrological features.
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The hydrological features were easily
identifiable on the resulting DTM (Figure 5).
UAV photogrammetry could have produced
a high-quality DSM, but would not have
provided a good-quality DTM beneath the
vegetation cover. To analyse the hydrology,
further processing was performed by a
consulting company specialized in the
environment. The DTM was used to extract
contours lines and to map the rivers and
the streams using a watershed algorithm by
QGIS. A vertical cross-section of the point
cloud helped identify the key hydrological
elements even beneath vegetation. The DTM
was used to build a hydraulic model and to
simulate flow. Ultimately, three scenarios were
proposed for the restoration of the Mou de
Pleure bog.

Broader perspective
Wetlands occur in almost every country and
every climate, and environmental studies
and restoration actions are being undertaken
worldwide. UAS Lidar appears to be an
effective tool to characterize hydrology and
could be used in various types of wetlands
across the globe. The point density may be

limited in some wetlands with wet or flooded
areas because the infrared wavelength
hardly penetrates into water. To maximize
point density, it can be useful to adapt the
flight planning by increasing overlap and/
or reducing flight height or speed. Topobathymetric Lidar data may also help to
overcome this issue, although airborne
bathymetric scanners are expensive and
heavy items of equipment to survey small
areas and the UAV bathymetric scanner
offering is limited. The light penetration into
dense vegetation such as brambles might be
improved using a high-density Lidar system
with a laser frequency of 600kHz.
This survey was completed with a multirotor
UAV which is well-suited for small areas.
However, more extensive areas could be
more cost-efficiently surveyed using a
vertical take-off and landing (VTOL) UAV.
Not only is such a solution suitable for larger
areas in terms of flight duration/coverage
(90 minutes/700 hectares), but the vertical
take-off is a real asset when flying from
difficult-to-access areas.

More Information
www.lavionjaune.com
www.yellowscan-lidar.com
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The Challenges of Drone Use in Facade Mapping

Bridging the Gap between
Aerial Imaging and
Terrestrial Data Capture
There have been rapid advancements in unmanned aerial systems over recent years, yet there is widespread
consensus that we have still only seen a fraction of how unmanned aerial vehicles (UAVs or ‘drones’) could
ultimately improve efficiency for geospatial professionals and their customers. To get a glimpse of the future,
GIM International spoke to Mark Nicolai, co-founder of industry start-up Aeroscan, who shared his vision of
how drones could form the missing link between aerial imaging and terrestrial data capture.
According to independent research by
the likes of PwC and Goldman Sachs, the
construction industry tops the list in terms
of commercial drone use and is by far the
fastest growing sector. UAVs are becoming
increasingly commonplace on building
sites, enabling construction companies to
monitor progress with ever-greater accuracy,
efficiency and safety. The use of data
captured by an unmanned aerial system
(UAS) is also on the rise in 3D models for
construction planning and design purposes.
Drone deployment has reached a sufficient
level of maturity that activities such as
UAV-based roof inspections have become
fairly routine. Now, a Dutch startup called

Figure 1: Aeroscan’s Intel Falcon 8+ drone in action.
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Aeroscan is taking things a step further
and exploring the use of drones for facade
mapping. “If this can be achieved, it will have
major implications – not only for construction
and real estate but also for infrastructure,
law enforcement, emergency services, local
governments and so on. It relates to every
business case already using aerial data,
plus it will unlock countless new business
cases by providing higher-quality data and
more detailed information about the local
environment,” states Mark Nicolai, one of the
two co-founders of Aeroscan.
Founded in mid-2017, Aeroscan is actually
the result of three businesses: a leading

Dutch construction company, an IT company
specialized in the development of cloud
software for construction management,
and Nicolai’s visual media company which
he started in 2008 and which produced
promotional videos and photos of building
sites for construction companies, including
using drones. “Our photos were mainly
used for marketing purposes, but technical
departments started to ask whether they
could use the photos for calculation
purposes too,” recalls Nicolai. “So we
increasingly moved into drone-based
imaging for construction firms and social
housing associations. We have the necessary
equipment, certificates and a dedicated

Figure 2: Team briefing just before the first urban pilot.
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By Lynn Radford, Contributing Editor, GIM International Industry Insight

Figure 3: Aeroscan has conducted several flights over densely populated residential
areas.

drone crew to collect data. We also have
customers who are already using our software
and 3D models to obtain objective data as the
basis for reports, calculations, estimates for
repair, and so on. But we’ve noticed that large
property owners have a need for real-world
insights into the condition of their properties,
including their facades, so we decided to take
a risk and investigate whether UAVs could be
used for this.”

Helping to shape EU drone regulations
“Together with two other partners, VMRG
and Octo, we received €1.6 million of EU
(EFRO) subsidy from the ‘Kansen voor West
II’ programme as part of a three-year project
called the Facade Service Application (FaSA).
The project involves a consortium of dozens
of contractors and multinationals from the
entire chain of producing, installing and
maintaining facades. We needed a drone
operating licence for the built environment,
so we applied to the Dutch aviation authority
(ILT). When the people at ILT heard about
the FaSA project, they invited Aeroscan
to work within the framework of a Specific
Operations-based Risk Assessment (SORA)
for drones and to cooperate with them on the
JARUS project which is helping to shape the
future of EU drone regulations,” he continues.
The Joint Authorities for the Rulemaking
of Unmanned Systems (JARUS) is a
group of experts from the national aviation
authorities (NAAs) and regional aviation
safety organizations working to recommend a
single set of technical, safety and operational
requirements for the certification and safe
integration of unmanned aircraft systems
(UAS) into airspace and at aerodromes.
Presently involving 59 countries, as well as
the European Aviation Safety Agency (EASA)
and EUROCONTROL, the objective of JARUS
is to facilitate each authority to write their

Figure 4: It is important to keep local residents informed and for the crew to
maintain control over flight area safety.

own requirements. “In the JARUS project
the focus is on presenting a real-life scenario
and operation-based risk assessment and
proving that your business case is safe. So
this was a unique opportunity for Aeroscan
to work on this conceptual new framework
for future EU regulations based on our
actual business plan,” explains Nicolai.
“After a process of 16 months, we finally
gained approval for our developed scenario
in late December 2018 and we now have
the most complete certificate that’s possible
today: we are flying our drones on a kind of
‘temporary exemption’ based on future EU
regulations that are still being developed!”
he adds. As a result, Aeroscan became the
first company in the history of the Dutch
UAV industry to receive an official permit for
flying drones in urban areas. “We’re gaining
valuable knowledge and insights about how
to investigate measures and risks in the field,
which we share with ILT. By continuing to
work with the authorities we hope to help
expand the possibilities of flying in urban
areas for the industry as a whole.”

In fact, our first pilot – mapping a row of
terraced houses in a small Dutch city – was
the country’s first ever official flight of a UAV
over an urban area to inspect residential
properties. As it was our first time in the
field, we just wanted to explore the drone’s
performance when exposed to environmental
factors such as Wi-Fi signals, GPS, jamming,
blocking, reflections, turbulence and gusting
around buildings, for example.” The drone
hardware Aeroscan uses is an Intel Falcon
8+, which Nicolai considers perfectly suited
for inspection flights in high-risk urban
environments due to its small size, low weight
(just 2.5kg) and eight engines giving triple
redundancy (i.e. it can still land safely even
if two engines fail). In terms of the imaging
sensor, the aircraft is fitted with the high-end
Sony A7R full-frame camera to capture
images in high resolution. As it turned out,
there were no interference problems and the
drone data was successfully post-processed
into accurate and georeferenced nadir maps
of the rooftops.

Simulating a multi-camera rig
Field pilots for housing associations
For its customers in the housing sector,
Aeroscan’s long-term aim is to offer
UAV city mapping in combination with
photogrammetry/data processing, and
to combine automatic image and object
recognition techniques with UAV data to find
flaws in real estate such as cracks in facades
or window frames that need repainting.
The company ultimately hopes to generate
maintenance insights and data visualizations
based on the analysis. So far, the main
focus is on the operational aspect, i.e. data
acquisition. “Since gaining the licence, we
have conducted several pilot projects for
social housing firms and property companies
using existing off-the-shelf technology.

In subsequent pilots Aeroscan has
increasingly explored how to capture images
of facades, because that is where the real
added value lies for housing associations.
“To tackle the challenge of vertical mapping,
we took inspiration from the manned aircraft
approach. We started to create flight plans
to generate relevant datasets based on
the workflow in Bentley’s ContextCapture,
considering overlap rules, angle shifts
between cameras and so on. In our most
recent pilot for a social housing association
in a densely populated urban area of a major
Dutch city, we worked with an acquisition
plan to simulate a multi-camera rig you would
commonly find on a manned aircraft. So we
designed a setup in which the drone passed
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Customer response

Figure 5: Mapping facades currently involves
multiple flights with the camera pointing in a
different direction and at a different angle.

each point multiple times, with the camera
pointing in a different direction and at a
different angle each time. Of course there’s
only one camera on the drone, so we had to
conduct multiple flights, which means it’s not
really such an efficient approach right now.”

Overcoming bottlenecks
The Aeroscan team are undeterred by this
inefficiency and see various ways to improve
it. “The off-the-shelf hardware solutions
aren’t based on a UAV city mapping scenario
because the current legislative situation
means there is no demand for them; so far,
manned aircraft have been the only aerial
option. We really need a multi-camera sensor
that is lightweight enough to be carried by
a small UAV but offers sufficient calibration
to ensure fixed overlaps and georeferencing
accuracy. But I don’t see it as being a huge
problem to combine and refine certain types
of existing hardware,” states Nicolai. “And the
next-generation ‘beetle’ drones – which weigh
just 10 to 20kg and combine vertical take-off
capability with the range of a fixed-wing drone
– could get close to matching the efficiency
of a manned aircraft, for example. Having
said that, their flight range of approximately
100km in an hour raises other issues, such
as which safety standards will need to be in
place to allow 100km beyond visual line of
sight (BVLOS) flight missions on a predefined
grid. So maybe UAV deployment in city
mapping will remain limited to small-area
projects for the time being, but even so it can
still be an interesting alternative to the use of
manned aircraft or terrestrial mapping.”

Conducting low-altitude flights in highly
populated and congested urban areas
raises not only safety issues but also
privacy concerns. Nicolai explains that most
clients are excited about working with UAV
technology because drones are generally
considered “cool and interesting”, but on
a practical level the housing associations’
tenants are not always immediately keen
to have a drone flying over their backyard
or balcony. Aeroscan tackles these
concerns from two angles: legislation and
social acceptance. “On the legal side, we
work closely with our housing association
customers to ensure their rental agreements
with tenants actually give them legal grounds
to use drones for conducting inspections,
for example. But more important to us at
Aeroscan is social perception and ensuring
we don’t invade anyone’s privacy, so we’ve
developed an automated workflow to
anonymize sensitive data such as faces or
number plates,” comments Nicolai. “In the
pilots, we’ve made it a priority to inform all
the households that have been involved,
including through panel interviews and
information events afterwards to evaluate
people’s experiences. We try to involve as
many tenants a possible. After all, a drone
is just another tool. In reality, it can be less
invasive than the current manual inspection
method in which inspectors physically visit
premises and sometimes need access inside
people’s homes and gardens.”

Next steps
Now that the operational approach has
been proven to work in practice, Aeroscan
is advancing to the next phase of developing
an end-to-end solution: processing. “During
the pilot projects, the datasets were modelled
in a pipeline created with ContextCapture.
We then supplied those models to our clients
as raw data. But we are about to launch our
own cloud-based platform with enhanced
visualization functionalities so that customers
can gain access to the deliverables in their
preferred data format, such as high-resolution
photography, meshes, orthos or whatever,”
he continues. “Then the next step will
be to develop automated analysis to truly
unburden our clients. That’s our aim: to take
an industry-specific and customer-specific
approach in order to provide the insights
that social housing associations need. We’re
partnering with OCTO – a specialist in smart
asset management and big data analysis –
within the FASA project, for example. By the

end of this year, we hope to be conducting
tailormade drone missions for property
companies based on their predefined
business cases: the defects or objects they
want to count, measure or find automatically
within an area. The information our solution
provides will enable them to focus on their
core business: planning and performing the
necessary maintenance of their properties to
ultimately make life better for their tenants.”
Although Aeroscan still has some
development work to do, the company is
clearly on the right track towards developing
an industry-specific end-to-end solution that
adds real value for its clients in the Dutch
social housing sector. If this is a success,
there is no reason why it cannot be rolled out
internationally and/or used for other smartcity applications. It remains to be seen how
quickly the industry will ‘catch up’ in terms
of developing the miniaturized hardware
that is required to expand the horizons of
drone-based city mapping beyond the nadir
view. The topic of legislation and flying
permits remains a crucial issue, of course,
but the Aeroscan team are certainly doing
everything they can to ensure the upcoming
EU-wide legislation works in practice so that
professional users can truly exploit the full
potential of drones for city mapping in the
near future.

Further Reading
www.aeroscan.nl
https://www.goldmansachs.com/insights/technologydriving-innovation/drones/
https://www.pwc.pl/pl/pdf/clarity-from-above-pwc.pdf

Figure 6: The drone is fitted with the Sony A7R full-frame camera
to capture high-resolution images.
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Faster and Cheaper Surveying and Monitoring

5G Promotes Prosperity
of Low-airspace Economy
Based on an assessment of all the geomatics-related trade events in the world, the unmanned aerial vehicle (UAV
or ‘drone’) service-provider sector is growing faster than any other. Companies in that sector are particularly
interested in the evolution of 5G because it can boost their quality of service and innovation. In turn, the
regulations will mandate the ability to transmit real-time hyper-local geodata between local authorities and
drones. Low-airspace services must not only be very efficient, but also safe.
While it is still not entirely clear how 5G will
affect the capture and use of geoinformation
by drones, the general outline is becoming
increasingly visible. Most telecom authorities
are preparing their countries for the fifth
generation of (mobile) telecommunication,
and many telecom operators are upgrading

their cellular network and transmission
infrastructure. The Chinese company Huawei
is the world market leader facilitating these
activities (OVUM Vendor Market Update
2018). Aleksandar Aydemirski, 5G principal
engineer and drone specialist at Huawei in
Germany, comments: “The facilities of 5G will

come to the market gradually. The current
network is mostly sufficient to meet today’s
client wishes in geodata capture. But over
the next years, in view of the new 5G features
and fewer legal restrictions for drones, new
services will emerge. Client organizations
that make intensive use of location-based

Aleksandar
Aydemirski:
“Initial
services for
5G will
differentiate,
but the
leading
operators
will not take
long to make
vertical
applications
for UAVs a
priority”.
Photo: VBB
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data will be able to do their work much more
cheaply, quickly and easily – whether that
involves monitoring infrastructure, surveying
and mapping, public safety, immersive virtual
reality or location-based services and so on.”

Basic aspects
For one thing, the data transmission speed
will be ultra-high. Today, speeds in Western
Europe reach 1Gbp/s in exeptional cases,
but mostly stop at 50Mbp/s (with the average
being 39.2Mbp/s). With 5G the speed can be
as high as 10Gbp/s (10,000MB/s), depending
on the compatible high-end devices. Moreover,
data transfer remains stable for the entire
transmission time, unlike 4G, and all this with
low latency (the time interval between the data
being sent and received). The latency of 4G is
35 to 50 milliseconds; in a recent outdoor trial
Huawei achieved sub-1ms with 5G. Needless
to say, that will be crucial in many future
applications, such as connected/autonomous
cars.
In parallel, the professional drone market
is really taking off. The Federal Aviation
Administration (FAA) forecasts that in two
years’ time the number of non-military
commercial UAVs in the USA will exceed 1.6
million aircraft. The European Union expects
that there will be – besides seven million
recreational drones – a fleet of 400,000
drones offering such services in member
states over the coming decennia. In the SESAR
Joint Undertaking (JU) European Drones
Outlook Study, more than half of the services
described are related to the geomatics
industry: from surveying and monitoring to
precision agriculture and public safety.
Aydemirski acknowledges the importance
of geodata not only for the UAV market (and
vice versa), but also for drone regulations.
Before a drone is allowed in urban areas,
the regulations will make it mandatory
for the authorities to be able to track and
identify the aircraft, prevent it from entering
a forbidden zone or warn the operator about
a sudden no-fly zone. As a consequence, it
will be mandatory for the drone to be able
to communicate its 3D coordinates in real
time. “This requirement is more or less the
same as what is necessary for connected,
autonomous vehicles,” he points out. In the
case of 5G, the enhanced mobile broadband
will allow higher throughput to be transmitted
to and from the UAV, with low latency
enhancing the reliability of the connection
between the drone, the relevant authorities

The full capability of the European low-air traffic system will open up after 2030. The results of the
first demo projects will become available in 2019.
Source: SESAR-JU U-space blueprint.

and the operator. It makes an informed flight
possible, fully integrated in the UTM (air
traffic management for low-altitude drones).
In urban areas the network coverage will
be enhanced by massive multiple input
multiple output (MIMO) technology and
‘beamforming’. Massive MIMO optimizes data
speed and ensures better throughput and
better spectrum efficiency. Beamforming
implies that there can also be antenna beams

and household equipment to personal digital
assistants and drones operated by multiple
business users. The above-mentioned
dedicated network refers to Huawei’s
interesting Digital Sky Initiative. Aleksandar
Aydemirski explains: “It provides low-airspace
network coverage up to 300m, not only
creating an advanced test environment for
drone applications, but also supporting
beyond-visual-line-of-sight (BVLOS) flight

“The transmission speed will reach 10,000Mbp/s
and the latency will fall to 1 millisecond”
angled more steeply upwards into the lower
skies; drone communication will benefit
enormously from this as a way of overcoming
today’s severe signal interference challenges.

Rural areas
Eventually, there will also be 5G in inhabited
rural areas, but the frequencies will probably
be different: in the 700MHz spectrum.
Unless a dedicated low-altitude aerial
coverage network is deployed, the air
coverage will be more or less similar to what it
is today. In urban areas, frequencies between
3.4 and 3.8GHz will be used, thus providing
wider bandwidth. Here, the capacity will
be shared between tens of thousands of
users – from smartphones, connected cars

control verification and large-volume data
transmission. So in areas where 5G will
be delayed, or where massive MIMO and
beamforming will not be deployed, telecom
operators can still ensure the low-altitude
aerial coverage by overlaid 4G cells. One
of those cells covers several ground sites.”
This will offer a solution for many operators,
even coexisting with 5G. In some European
countries, the telecom regulators are starting
to demand in their spectrum auctions that
telecom operators provide broadband for
more than 95% of the total landmass within
a few years of the frequency being granted.
“That is the case here in Germany, with
the result that 98% of households will be
covered with a minimum of 100Mbps, but
march/apri l 2 0 1 9 |

36-37-39_reportcoumans.indd 37

international | 37

14-03-19 12:21

Reduce the cost of
airborne mapping.
No matter what
you fly.
Direct Georeferencing solutions for
manned and unmanned platforms

Visit us at Commercial UAV Expo
Europe, Booth 300.

www.applanix.com

FIG WORKING WEEK 2019
22–26 April, Hanoi, Vietnam

“Geospatial Information for a Smarter Life and
Environmental Resilience”

FIG Working Week is an exciting week-long
conference that brings the international community
of surveying and spatial professionals together to
experience a mix of interesting plenary and technical
sessions and workshops, a trade exhibition and a variety of
side events and social functions.
Register now at

www.fig.net/fig2019
International
Federation of
Surveyors (FIG)

_38_GIM_2-2019.indd 6

Vietnam Association
of Geodesy,
Cartography and
Remote Sensing
(VGCR)

12-03-19 10:23

feature

also that all roads and railways will be covered
with at least 50Mbps. In contrast, the 4G
requirements were mostly concentrated on
95% of the population, covering mainly urban
areas.”

Time frame
The drone market is currently limited by
two main factors: battery power and the
regulations. In other parts of the world with
less stringent regulations things could move
faster but, as far as Europe is concerned,
communication with UAVs will be more
automated and real time by 2025. That
mobile connectivity will also permit BVLOS
operations, which will boost the low-airspace
economy. The full operational, digitized
capability of the low-air traffic system will
open up after 2030, including services
offering integrated interfaces with manned

countries, compared with tens of thousands
in China.”

Mindset
When Aydemirski is asked about the impact
of some countries’ fear of Chinese espionage
on Huawei’s market position, he replies: “We
cope with the uncertainty of international
politics with the certainty of legal compliance,
and we have maintained our leading market
position. That is because of the technology
and the way we deliver.” So what is his stance
in view of the fact that geodata is privacy
related in many applications? Aydemirski
fiercely states: “Huawei is a 100%-staffowned private company. We have never and
will not provide any government with any
access to any customer’s data. Cybersecurity
is Huawei’s number-one priority, and an area
in which we invest heavily. We fully agree

“The competition with aerial surveying will be
easier to win”
aviation. The telecom networks will develop
synchronously. Aydemirski is convinced:
“The regulations only open up once the
technology availability is there and when all
the new processes have been tested and
verified.” Ten years from now, all systems
will have been adapted. A drone will be
capable of reporting its precise position –
GPS enhanced by RPS capabilities – that is
verified by the network. “In most cases, that
means the mobile network,” he emphasizes.
“Currently, civilian drones in the market
use open-standard GPS modules. Ground
stations and drones interact with each other
via the point-to-point communication mode,
and such a mechanism is prone to tampered
GPS data. Because of rogue drones, probably
with modified GPS modules and anti-fence
features, airports in the USA, China and most
recently the UK have encountered multiple
drone disruptions. If those drones had
been ‘connected’, that would not have been
possible.”
By the end of 2019 there will already be
some 5G networks in Europe, the USA,
South Korea, Japan, China, the Middle East,
Australia, Canada and the North African
countries. “But the mass deployment will
come in 2020,” states Aydemirski. “And at
different scales; one operator might start
by deploying hundreds of sites in European

with the need to ensure the security and
integrity of national networks and we are
very much willing to work with governments
and with the rest of the industry. We have
established cyber security test centres in
the UK and Germany and, in March, a third
centre opened in Brussels. These centres
provide full transparency on our solutions
to governments and other stakeholders.
Despite the allegations, we have a proven
track record of providing secure products
and solutions. In my view, today’s ICT supply

chain is highly globalized, so cyber security
needs to be addressed jointly at a global level,
and equipment vendors should not be treated
differently based on their country of origin.”
Huawei has invested US$2 billion in 5G
research and standardization alone, and
Aleksandar Aydemirski is happy he can put
this to good use by partnering with telecom
companies to support the first round of
commercial 5G network launches this year.
The increase in business growth of the
professional drone market will follow. “Initial
services for 5G will vary in different parts of the
world, but the leading operators will not take
long to make vertical applications for UAVs a
priority. The competition with aerial surveying
will be easier to win. New types of addedvalue service providers will appear, but better
time management will be the first asset of 5G
in all normal data-collecting processes. If a
drone is able to transmit data to the operator
in real time, that data can be analysed while
flying and the operator just needs to alter the
location of the airborne drone to optimize
the data collection. The update frequency
of topographical datasets or infrastructure
inspections can be much higher, because it
will be much cheaper and easier than with
manned aircraft. The same goes for the use of
drones by the police in monitoring events.” He
cannot predict whether it really will take
ten years before every geoinformation
specialist using UAVs can benefit from 5G.
“But the mindset about the time frame
is changing. I see a growing level of trust
between different industries, and converging
visions about opportunities. Utopia is starting
to materialize.”

Drones equipped with Lidar for inspections is an emerging business. Huge volumes of data are
generated, requiring >200Mbp/s real-time transmission.
Source: GreenValley International
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The Riyadh
Metro Project
ArRiyadh New Mobility Consortium (ANM) was selected to deliver the 41.8km Metro Line 3
for Riyadh, Saudi Arabia which will form part of the six-line mega project that will run for a
total length of 176km across the city. ANM is led by Italian construction group Salini
Impregilo and includes partners Larsen&Toubro (India), Nesma (Saudi Arabia), Ansaldo STS
(Italy), Bombardier (Canada), Idom (Spain) and WorleyParsons (Australia).

The new Line 3 is the longest section of the
gigantic metro network project being built
in the capital city of the Kingdom of Saudi
Arabia.
Line 3 is composed of 22 stations (including
the iconic Downtown Station and Western
Station), two depots, and six park & rides.
Line 3 runs from West (near the Jeddah
Expressway) to East (near the Khashm El
Aam National Guard Camp).
The line consists of:
• 25.8km of elevated section (viaducts) with
ten elevated stations (including the iconic
Western Station)
• 11km of underground section with eight
underground stations (including the iconic
Downtown Station which serves two lines)
• 4.8km at-grade section with four shallowunderground stations (including a transfer
station)

Solutions
One of the most common tasks for surveyors
consists of carrying out all kinds of checks,
adaptations and modifications to the work,
which are then provided to the technical
office, but also, apart from the daily
monitoring of execution, the Surveying
Department participates in the process of
quality control, preparation of measurements
and certifications, etc.

Axes of Infrastructure
Using MDT, we supported the technical office,
especially in relation to the tunnel layout,
walkways and other construction elements.
The main difficulty that we had to solve was
related to the axes. The designer gave us an
axis of the infrastructure and another for

For this reason, we assume part of the
technical responsibility, from revision of
the geometry to modification proposals of
the project, which must be approved by
the designer, and we make the relationship
between the construction itself and the
technical office.

each route of the line, equalling three axes
in total, in CAD and LandXML formats. One
of the customer’s requirements was that in
the type section, the difference in height
between them was minimal (less than 5mm).
MDT has allowed us to calculate the three
axes at 43km every half a metre, resulting
in more than 258,000 points, which verifies
that we met the customer’s requirements,
and adjusted where necessary.

For the project, we are using several
APLITOP products, including both MDT
and tunnelling applications TcpTunnel and
TcpScancyr.

The data is shared with the technical office
at the end of each day, most importantly, to
introduce it into the guidance systems of the
tunnel boring machine.

Western Station rendering.
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In addition, we have modelled the
infrastructure in 3D and in particular the
tunnels, generating deviation graphs to
guarantee compliance with the required
tolerances.
We are currently using the programme to
extract the work data for execution, to
perform cubicles, for modifications of the
layout, and to export to KMZ for integration
in the GIS, Google Earth, etc.
consTrucTion of The Tunnel
We can divide the general process into three
blocks from the surveying point of view: the
preparation, the compliance of the execution
and monitoring, and the as-built part of the
generation of profiles, deviation graphs, etc.

Julián Alonso and Óscar del Campo in the technical ofﬁce.

For the preparation phase, the MDT was the
basic tool used when it came to machining
the layout, the ring sequences and
generating the files for the TBM and for the
software of the total stations.
The execution process, the surveying module
of MDT, offers a polygon calculation routine,
which we used as the ‘verification mode’
through an alternative calculation method
to the usual one (Microsurvey Starnet). In
addition, using TcpTunnel CAD, execution
checks and some monitoring tasks were
carried out while importing the data taken in
the field with the Leica RoadRunner.
For the last stage, we used a multi-station
Leica TS-50, which performed a scan of
the tunnel, importing the data directly
into TcpScancyr, without the need for any
conversion. With this application we can also
generate inspection maps of the work and
orthoimages, reports of surfaces and volumes
or deviation of the axis, video animations,
etc. Thus, apart from the typical profilometer
and profile generation, which solve the basic
geometric problem of whether the execution
meets the established tolerances, a series
of graphic documents could be generated
that are more attractive to the client, quite
intuitive and easy to understand and use.
The applications used during the project were
TcpMDT, TcpTunnel CAD and TcpScancyr.

Julián Alonso, Óscar del Campo and David Vincent in front of the tunnel.

BenefiTs
APLITOP software has turned out to be a very
effective solution to quickly generate useful
data for the surveying operators so that they
are always being productive. In addition, we
used these programmes to control the work
of the surveys, predictions and geometric
controls, as well as to support the technical
office, especially in the layout of the tunnel.
Finally, it should be noted that the software
is economic, easy to use and coved 80% of
the work.
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Topcon Top of the
Pack for Finnish
National Land Survey
Since 2016, Topcon Positioning Group has exclusively provided the National Land Survey of
Finland (NLS) – or Maanmittauslaitos – with its high-precision geomatics solutions, enabling the
organization to maintain the highest possible standards of work and data production. Now,
recent tests carried out by NLS have proven Topcon’s GNSS receivers to be the most effective on
the market, with the results seeing Topcon retained as the sole provider for at least another year.

What is the National Land Survey
of Finland?
The National Land Survey of Finland is an
official body that performs cadastral surveys,
maintains information about properties and
dwellings, handles registrations of titles and
mortgages, produces map data and promotes
the research of spatial data. The organization
is responsible for various national geodata
services online and at various service locations

throughout the country, with users including
landowners, real estate agents and hikers.
They have offices in 36 localities across
Finland, from Mariehamn to Ivalo, employing
1,630 people.
A Lasting Relationship
Every four years, the NLS carries out an
assessment of geomatics equipment, services
and solutions to ensure optimum efficiency

and reliability. This tender process last
took place in 2015, with Topcon receivers
outperforming all alternatives in field tests
and satisfying all other requirements. This
led Topcon to win the bid to supply 400 of
its HiPer SR network GNSS receivers in 2016
and retain the contract for two years.
The receivers were used to carry out
field-based operations connecting to and
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receiving real-time kinematic (RTK) data from
the national network’s GNSS system. Field
surveyors have also been using Topcon’s
MAGNET software to facilitate seamless
field-to-office workflow.
At the end of 2016, NLS tested Topcon’s
HiPer HR receiver and FC-5000 field
controller, finding it was the best
combination they had used, so the following
year they ordered 206 of these kits – and
another 171 for 2018.
Putting Topcon to the Test
Towards the end of last year, the NLS was
faced with the decision to either continue
its partnership with Topcon or initiate its
routine tender for the years 2020-2024. With
a tender process typically taking around
18 months to complete, the NLS decided
to first take all available GNSS receivers on
the market in Finland and pit them against
each other in a series of controlled tests to
determine which was most effective.

The HiPer VR.
46 |

The tests saw eight different options
compared, including Topcon HiPer HR
and Topcon HiPer VR. The receivers were
monitored at one of NLS’ test sites in
Kuusijarvi, Vantaa, which has a terrain typical
of those the NLS works in: one with densegrowing, high evergreen trees. The tests
involved setting up all of the receivers in the
same spot and counting how many correct
fixes – and how many errors – each receiver
made in the space of 20 minutes. This was
repeated in ten different locations, with all
the findings recorded and compared.
And the Winner is…
Once the results were in, the NLS confirmed
that Topcon’s HiPer VR was indeed the
best performing receiver of the group, with
the HiPer HR in a close second place, and
therefore agreed it was already equipped
with the ideal solution so did not need to
open a tender in 2019.
Marko Ollikainen, chief expert production
support services at NLS, said “The
environments we work in at NLS can make
it tricky to take accurate RTK measurements.

Quite a lot of our work has to be done
in forests, where trees and bushes can
make the initialization difficult and often
unreliable. However, the Topcon devices
we’ve been using over the past few years
have been so productive and the results
so reliable that most of our measurements
can now be done by RTK, even in more
challenging environments.”
“As a result, our use of traditional total
stations has decreased even further – we’re
doing the same job more efficiently and
more accurately with Topcon’s RTK receivers,
which ultimately helps us to reduce the time
span of our cadastral surveys and therefore
improve cost efficiencies. These most recent
tests have corroborated the superior quality
of Topcon’s solutions and we look forward
to continuing our excellent relationship for
years to come.”
Considering the recent findings, NLS has
decided to continue with Topcon as the
sole provider for the coming year. At the
moment, the total number of Topcon
equipment used is 400.

NLS comparing GNSS receivers.
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FIG at the United Nations World
Geospatial Information Congress
project that was held in cooperation with
UN-Habitat/GLTN – the VCSP (Voluntary
Community Surveyor Project).

The inaugural United Nations World

Commission 1, and FIG Director Louise

Geospatial Information Congress was initiated
by the United Nations Committee of Experts
on Global Geospatial Information
Management (UN-GGIM). The congress was
organized in collaboration with the
Government of China through the Ministry of
Natural Resources and the Government of
Zhejiang Province of China and took place
19-21 November 2018 in Deqing, China.

Friis-Hansen.

FIG was represented by FIG President
Rudolf Staiger and past president Chryssy
Potsiou. Further representatives from FIG
were Vice President Jixian Zhang, Vice
President Mikael Lilje – who is Focus
Group Lead for the UN-GGIM Subcommittee
on Geodesy: Education, Training and
Capacity Building (ETCB) working group, Rob
Sarib who is chair of FIG Asia-Pacific
Regional Capacity Development Network,
Eva-Maria Unger – Chair of FIG Young
Surveyors, Winnie Shiu – Chair Elect of FIG

FIG Young Surveyors had selected four young
representatives to attend the congress. Each
held an impressive presentation:
• Ms Siotasia Halaki’umata Patricia Malolo,
Ministry of Lands and Natural Resources,
Kingdom of Tonga – talking about her role
as a young female surveyor in SIDS-Tonga
• Ms Qiqi Yang, Global ChangeMakers,
China – talking about how geospatial data
makes voices
• Mr Willy Franck Sob, SOGEFI,
Cameroon – talking about how open data is
driving the paradigm shift of geospatial
data and mapping across Africa
• Mr Uttam Pudasaini, Flyinglab Initiatives,
Nepal – talking about working with Flying
Labs, WeRobotics.
Apart from chairing the session, Eva Maria
Unger presented the results from the pilot

It was quite special to hear about these
initiatives and work with the spirit of the
young surveyors who displayed remarkable
wisdom and results. Listening to these young
surveyors, well guided by the Chair of FIG
Young Surveyors 2015-2018 Eva Maria
Unger, it seems that some of the key global
challenges facing humanity today and in the
upcoming future, and the challenges that will
need to be addressed by relating people,
events and activities to place, are in good
hands with the young surveyors.
At the closing of the UN-GGIM Congress, the
Moganshan Declaration on the ‘Geospatial
Way to a Better World’ was presented.
FIG delegates obtained a very good
opportunity to learn more about China and
Deqing with a fruitful meeting with Han Ni,
Beijing iSpatial Co, a FIG Corporate member,
representing ChinterGeo, and Jingsheng Fan,
Vice Secretary-General of China Society of
Surveying and Mapping. At the meeting, the
cooperation between FIG and Chinese
representatives was discussed. A visit was
also paid to Wuhan University.

More information
www.fig.net/fig2019

SIRGAS2018 Symposium
The activities, advances, and new challenges
of SIRGAS (the geocentric Reference System
for the Americas) are reported on and
discussed at annual SIRGAS meetings, which
have been held since 1993. SIRGAS2018,
held 9-12 October 2018, in Aguascalientes,
Mexico, celebrated the bringing together of
the Latin America geodetic community 25

years ago at its inaugural meeting in
Asuncion, Paraguay. In addition to the
standard meeting agenda, the symposium
had a special session highlighting the
achievements of SIRGAS, and two additional
activities: ‘Conversation SIRGAS in practice’
on 8 October, and a workshop on ‘Vertical
Datums’ from 15-17 October.

The SIRGAS2018 symposium was attended
by 97 participants from 21 countries. The
main topics included: improvement and
maintenance of the SIRGAS reference frame;
practical applications aimed at the adoption
of SIRGAS at the sub-regional and national
level and SIRGAS infrastructure in real time;
studies of the atmosphere and analysis of the
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Earth System based on SIRGAS
infrastructure; advances in SIRGAS Unified
Vertical Reference System; gravity and geoid;
tribute to the 25 years of SIRGAS; and
general reports. In total, 43 oral contributions
and 13 posters were presented.

Prof. Dr. Hermann Drewes was made
Honorary President of SIRGAS, to publicly
acknowledge the admiration, respect and
gratitude for being the founding father of
SIRGAS, and for his 25 years of uninterrupted
support.

More information
https://sites.google.com/uniroma1.it/
hotinemarussi2018

A Rich Appetizer Menu for
ICC2019
As is customary in the days before each ICA
International Cartographic Conference (ICC), a
number of pre-conference workshops have
been arranged. The portfolio of workshops
organized in conjunction with the ICC2019
conference in Tokyo is extensive, demonstrating
the wide scope and active vitality of
cartographic research and practice. There is an
extraordinary choice of meetings to consider
attending as a ‘taster’ before the main
conference (15-20 July). These are ideal
events, geographically located in the conference
city itself (Tokyo) or accessible stopping-off
points, for allowing detailed consideration of
specific cartographic issues. They also give
significant opportunities for the large number of
working Commissions of ICA to join forces in
addressing topics of common interest, as well
as reaching out to other local groups.

•

•

•
•

•
A wide-ranging total of 11 pre-conference
workshops has been organized:
• 10-12 July, Beijing, China. ‘Geospatial and
cartographic education – contemporary
challenges and opportunities’, Commission
on Education and Training
• 11-12 July, Beijing, China. ‘User
Experience Design for Mobile Cartography’,
Commission on Use, Users and Usability;
Commission on Cognitive Visualization;
Commission on Location-Based Services;
and Commission on Visual Analytics
• 12 July, Utrecht, the Netherlands.

•

•

‘Controlling the Waters: Seas, Lakes and
Rivers on Historic Maps and Charts’,
Commission on History of Cartography
13-14 July, Tokyo. ‘Reclaiming Through
Mapping: The Olympic Sites of Tokyo’,
Commission on Art and Cartography
14-15 July, Tokyo. ‘Spatial Data
Infrastructures, Standards, Open Source
and Open Data for Geospatial (SDI-Open
2019)’, Commission on SDI and Standards;
Commission on Map Production and
Geoinformation Management; and
Commission on Open Source Geospatial
Technologies
14 July, Tokyo. ‘Atlases and Infographics’,
Commission on Atlases
15 July, Tokyo. ‘Location-based Big Data
(LocBigData 2019)’, Commission on LBS;
and Commission on Geospatial Analysis
15 July, Tokyo. ‘Cartography as a Cultural
Encounter: How East and West have
Mapped and Influenced Each Other’,
Commission on History of Cartography;
and Commission on Topographic Mapping
15 July, Tokyo. ‘Role and Structure of
National Names Boards’, Commission on
Toponymy
15 July, Tokyo. ‘Cartography for Specific
Users’, Commission on Cartography and
Children; Commission on Maps and
Graphics for Blind and Partially Sighted
People; and Commission on Planetary
Cartography

• 1
 5 July, Tokyo. ‘Abstraction, Scale and
Perception’, Commission on Cognitive
Visualization; and Commission on
Generalisation and Multiple
Representation.
Links to information about each of these
meetings can be found through entries in the
ICA Calendar. Each cartographer and
geospatial scientist will gain benefit from
participating in these events and the main
conference.

More information
www.icc2019.org
https://icaci.org/calendar/
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Invitation to Participate in
ISPRS Geospatial Week 2019

George Vosselman, Geospatial Week Director

It is my pleasure to invite you to participate in
Geospatial Week 2019, which will take place
at the University of Twente campus in
Enschede, the Netherlands from 10-14 June
2019.
Over 30 working groups have expressed their
interest to jointly convene their workshops at
Geospatial Week 2019. As a result, we are
proud to host the following 13 workshops:
• International Conference on Unmanned
Aerial Vehicles in Geomatics (UAV-g)
• L aser scanning

50 |

• International Symposium on Spatial Data
Quality (ISSDQ)
• Indoor 3D
• Advanced Geospatial Applications for
Smart Cities and Regions (SmartGeoApps)
• Semantic Scene Analysis and 3D
Reconstruction from Images and Image
Sequences (Semantics3D)
• International Workshop on Advances in
SAR: Constellations, Signal Processing,
and Applications (SarCon)
• Workshop on Collaborative Crowdsourced
Cloud Mapping and Geospatial Big Data
(C3M&GBD)
• Joint European Calibration and Orientation
Workshop and Workshop on Multi-sensor
Systems for 3D Mapping and Navigation
(EuroCOW-M3DMaN)
• Hyperspectral Sensing meets Machine
Learning and Pattern Analysis
(HyperMLPA)
• International Workshop on Image and Data
Fusion (IWIDF)
• Workshop on Planetary Remote Sensing
and Mapping (PRSM)
• Workshop on Cryosphere and Hydrosphere
for Global Change Studies (CHGCS)

discuss the latest scientific developments in
all ISPRS fields.
For further information on the dates and
terms of references for the workshops, paper
submission, registration, exhibition, travel,
and accommodation, please see the
Geospatial Week website.
By George Vosselman

More information
www.gsw2019.org
www.isprs-ann-photogramm-remote-sensspatial-inf-sci.net/IV-5/53/2018/
https://bit.ly/2SQ4ARy

Many of these workshops are the next edition
in a well-established series of workshops
convened in the past. The workshops will
provide excellent opportunities to present and
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