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This month’s front cover shows the autoMAP mobile mapping solution approaching
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Topcon IP-S2 Compact+, autoMAP is able to rapidly and simultaneously acquire
high-accuracy Lidar point cloud data and high-resolution 360° panoramic imagery
and video. (Courtesy: LandScope Engineering, UK)
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Bigger Scheme of Things
Geomatics is becoming increasingly important
in various fields outside of its usual scope,
bringing with it some terrific opportunities.
One of the most visible and talked-about
developments these days is the inclusion
of geoinformation in what has become
known as BIM. It is widely regarded as an
acronym for ‘building information modelling’,
although some prefer to interpret the ‘M’
as ‘management’. Both interpretations
capture what BIM does. It creates digital
representations of physical and functional
characteristics of places, sites, infrastructural
works and (planned) buildings to manage and
support decision-making – enabling project
managers to keep a well-informed eye on the
bigger scheme of things. Nowadays, geodata
is included in most BIM models, and I think
it’s fair to say that BIM has already had a
major impact on the field of geomatics and will
definitely continue to do so. BIM is probably
going to be the biggest thing since GIS in terms
of broadening the scope of geomatics to the
outside world (and showing how geodata can
support processes outside of the traditional
fields of cartography, land surveying, etc., in
an easy-to-understand way). Whereas GIS
succeeded in getting geoinformation onto the
desks of policymakers, BIM will undoubtedly
increase builders’ and constructors’ awareness
of the ‘geo factor’ in building information.
In May of this year I attended GEO Business
at the Business Design Centre in London, UK.
The busy two-day event had a lively trade show
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and also a conference that really hit the nail
on the head with its contemporary topics. On
the first day, applied futurist Tom Cheesewright
shed light on the future in a presentation
that discussed the impact of drones, virtual
reality, 3D printing and also BIM for concepts
like smart cities. A debate afterwards was
centred on the question of how society at
large can benefit from emerging technologies
like those that Cheesewright had mentioned.
On the second day, the Royal Institute of
Chartered Surveyors’ President-Elect Amanda
Clack told the audience she strongly believes
that integration of geospatial information will
become crucial in increasing the effectiveness
of infrastructure delivery for the future.
Builders and constructors are already rapidly
embracing geospatial information as we
speak, and this is a necessity if they are to
be able to keep up in the future. These are
just two examples of how the cross-over of
geoinformation to the neighbouring fields of
building and construction is currently taking
shape.
Our editorial focus this month is on Lidar.
Although Lidar has been around for many
years now, its integration into other techniques
and the extension of the application is
another clear example of geomatics growing
beyond its usual boundaries. This edition
includes an article about Lidar in wildlife
management by authors Joan Hagar, Dave
Vesely and Patricia Haggerty (see page 31),
for example, while ‘Preserving Technological
Monuments in Russia’ by Andrey Leonov and
Mikhail Anikushkin on page 21 focuses on
the application and capabilities of Lidar in
cultural heritage. There’s lots more in this issue
of GIM International, not only on the state
of the art of Lidar technology but also – as I
already mentioned – on the inclusion of Lidar
specifically, and geodata more generically, in
the bigger scheme of things.

Durk Haarsma, publishing director
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INSIDER’S VIEW BY ROBIN MCLAREN, KNOW EDGE, UNITED KINGDOM

Global Campaign to Eradicate
Insecurity of Tenure by 2030
The global eradication of infectious diseases
through highly coordinated campaigns has
been successful. Smallpox affecting humans
was officially eradicated in 1980 and
rinderpest, affecting ruminants, was declared
completely eradicated in 2010. Global
campaigns to eradicate polio, guinea worm
disease, yaws and malaria are under way.
Although insecurity of tenure is not a disease,
its impact is nevertheless devastating in terms
of trapping people in poverty, displacing
communities and making them homeless,
and reducing food security and creating
hunger. Only about 30% of the world’s
population are covered by official land administration systems, while the rest potentially
suffer from insecurity of tenure. This is a
human rights issue. Therefore, should a
global campaign to accelerate the eradication
of insecurity of tenure be planned and
initiated? To achieve, say, 80% global security
of tenure by 2030?
The timing is certainly apt. Methodologies
and supporting technologies have recently
emerged to scale up the capture and
recording of land rights: the Fit-For-Purpose
Land Administration Guiding Principles,
recently launched by Global Land Tool
Network (GLTN), provides an overall
framework for quickly delivering affordable,

MR FRANÇOIS SALGÉ
Secretary-general, CNIG (National Council
for Geographic Information), France
PROF DR TONI SCHENK
Professor, The Ohio State University,
Department of Civil and Environmental
Engineering, USA
PROF JOHN C TRINDER
First Vice-President ISPRS, School of
Surveying and SIS, The University of New
South Wales, Australia
MR ROBIN MCLAREN
Director, Know Edge Ltd, United Kingdom

Robin McLaren.
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nationwide land administration solutions; the
Open Geospatial Consortium (OGC) is creating
new standards for land administration; land
administration is now a focus for UN-GGIM;
the Voluntary Guidelines on Responsible
Governance of Tenure is published by
UN-FAO and now globally recognised; and
the Sustainable Development Goals (SDGs)
have highlighted the key role of land rights
in achieving many of these global objectives.
Land issues are currently high on political
agendas and it therefore seems that the time
is right to initiate this global commitment.
The proposed timeframe for this global
campaign will not be achieved using the
current set of stakeholders active in the land
sector. Global players such as Facebook and
Google, for example, need to be encouraged
to support this campaign to provide innovative
technology solutions. For instance, Facebook
recently used artificial intelligence software
to scan 14.6 billion satellite images to identify
human-built structures in 20 countries
across Africa. The social network hopes
to use the information to determine where
internet-beaming Aquila drones could best
be deployed. New, valuable sources of data
to prioritise and implement security of tenure
could be achieved through new partnerships.
However, building sustainable land
administration systems is not just a technical
issue. This global campaign will only have
a chance of succeeding if strong political
support is generated within the countries
most at need of achieving nationwide security
of tenure. This campaign, with the right
champions, has the opportunity to raise
insecurity of tenure as a global affliction to be
defeated and to trigger the essential political
support.
It is time for the land sector communities
to be more ambitious in their goals, involve
new partners to support innovation, adopt
highly scalable approaches, collaborate more
effectively under this common objective
to eradicate this scourge on the Earth and
create land rights for all. This proposed
global campaign could well be the necessary
catalyst for change.

NEWS

Mongolian Postal
Service Adopts
what3words as
National Addressing
System

Most shared during the last month
from www.gim-international.com
1. Let’s Make the World a Better Place with Maps - http://bit.ly/28KF0dK
2. Integrating UAS and Multibeam Echosounder Data - http://bit.ly/28Oa74W
3. Sense and Avoid Technology Added to UAS - http://bit.ly/28OatZn
4. Satellite Radar Interferometry - http://bit.ly/28KsgkW
5. Benefits of Sweeping Airborne Cameras - http://bit.ly/28KX74H

3D Aerial Laser Maps Add Value
to BIM Projects
3D models produced from aerial laser
scanners are being used by survey
company Greenhatch Group to help
inform a range of building information
modelling (BIM) projects. Downloaded
from aerial mapping company Bluesky’s
online Mapshop, the highly accurate
and detailed models are utilised within
the group’s BIM software from
Built environment, London (courtesy: Robert Peel).
Autodesk, providing real-world context
to measured survey and laser scanned data. The Bluesky height (Lidar) data also gives
Greenhatch up-to-date and accurate information for areas that may be inaccessible or
otherwise out of bounds.
http://bit.ly/1Upxg0E

Utilising Point Clouds
Directly in SketchUp
Less than just a decade ago, point clouds were a privilege, available
only for technology enthusiasts and early adopters. This technology
has since matured, especially over recent years, and is now being
used in many industries and applications. 3D laser scanning and
imaging technologies are really thriving and constantly bringing new,
smaller, lighter, easier-to-use and lower-cost sensor solutions, thus
reducing the technology barriers and making point clouds available
for almost everyone. As a software company, Undet not only
foresees these changes but also contributes to them and recently
released a plug-in for Trimble SketchUp.
http://bit.ly/1XR0usj
3D building
modelling
from a point
cloud.

Mongol Post, Mongolia’s national postal delivery
service, has adopted the addressing platform
what3words for postal deliveries to customers
across the country. Mongolia covers an area of
three times the size of France but has no consistent
addressing system. what3words has developed an
easy-to-use, accurate address for every 3m x 3m
square in the world, and Mongol Post is now making
this address system integral to its service. Improving
the infrastructure in this way will help to drive the
country’s economic development.
http://bit.ly/1UMNxIT

Mongol Post and what3words have signed an agreement.

Preparations for ChinterGEO
2016 in Full Swing
ChinterGEO 2016 – The
China Surveying and
Mapping Geographic
Information Technology
Equipment Exhibition –
will be held in Suzhou
from 24-26 November.
Over its 20-year history
ChinterGEO.
and as China’s largest
and most famous exhibition for surveying and mapping technology, this
annual event has witnessed many changes within the surveying and mapping
industry. Following the successful edition of ChinterGEO2015 Ningbo in 2015,
ChinterGEO now intends to pay even more attention to enterprise needs than
before. As a key communication platform within the industry, ChinterGEO
aims to continue to support the business development of manufacturers of
and dealers in surveying and mapping instruments and equipment.
http://bit.ly/1rkTSDN
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BY NORBERT PFEIFER, VIENNA UNIVERSITY OF TECHNOLOGY, AUSTRIA GIM PERSPECTIVES

Lidar-driven Innovation
The first laser was built in 1960 by Maiman,
two years after Miller and LaFlamme
introduced the digital terrain model (DTM) in
the context of civil engineering purposes in
1958. Probably, none of them thought that
by around 1995 this would solve a geomatics
problem that had existed since the arrival
of aerial photogrammetry: capturing terrain
elevation in wooded areas. While that also
required precise navigation based on GNSS
and inertial systems, it was the multi-target
capability of pulsed Lidar the showed
unprecedented detail below the canopy. This
technique has also revolutionised other fields
in industry, administration and science, such
as forestry by revealing the 3D structure of
high vegetation or natural hazard assessment
related to geomorphic processes and the fine
traces they leave on the terrain surface.

From airborne and terrestrial measurement
platforms, laser scanning also brought
a new data type: the point cloud. It took
some time for the geomatics community to
understand its power. The dense point cloud
is gradually replacing sparse point-edge-face
data structures. The proliferation of machine
learning and cloud processing in geomatics
will provide reliably classified clouds of trillions
of points, making them even more useful
beyond visualisation, navigation or interface,
collision and avoidance checking. It will lead
to automated semantic analysis.
Undoubtedly, the competition from Lidar also
stimulated dense image matching, providing
colourised point clouds of higher density in
open and urban areas. This comes at the
price of an additional processing step – the
correspondence search – and thus notably
longer computation times. And we’ve not even
started working on a serious integration of
both photo and Lidar, which would exploit: 1)
the complimentary aspects in orientation –
indirect georeferencing capability of images,
scale from Lidar; 2) surface reconstruction –
mitigating the weakness over repeated, hardly
textured or shadowed surfaces, dark and
shiny surfaces, discontinuous and pervious
surfaces; 3) their differences for more reliable
classification; 4) a reduction in computation
time; and maybe 5) an increased flexibility in
mission planning.
Let’s return from the peace-finding mission
from the ‘Lidar versus photo’ battlefields, or
should that be ‘active versus passive sensing’?
And will space-borne tomographic synthetic
aperture radar (SAR) take over large parts
of this business anyway, once those point
clouds are less noisy? I foresee continuous
innovation in Lidar which will have an impact

Norbert Pfeifer.

Norbert Pfeifer studied surveying (Dipl.Ing and PhD) at TU Wien, Austria. In 2003 he
became a postdoc at Delft University of Technology, The Netherlands. At the beginning of
2006 he moved to Innsbruck as a senior researcher at alp-S, Centre for Natural Hazard
Management, and a lecturer in the Department of Geography. Later that year he was
appointed professor of photogrammetry at TU Wien. His research interests are
photogrammetry and laser scanning and their application in the environmental sciences.

on geomatics beyond denser, more accurate,
more reliable and more efficiently computed
point clouds.
Lidar has brought area-wise considerations
to engineering geodesy, thus moving from
the single point to millions of them in
deformation analysis. Terrestrial static and
especially mobile Lidar may replace traditional
measurement methods for operational
forest inventory plots in the near future. Full
waveform recording provides the echo width
and therefore, within the Lidar footprint, an
additional measured quantity of surface
variability. This is exploited for more reliable
ground point classification, for example.
The full waveform of Lidar also opens the
door for radiometric calibration to enhance
change monitoring and classification,
which is understood in remote sensing.
Photogrammetrists, on the other hand,
still seem to believe solely in texture, i.e.
the local distribution of grey values. The
physical aspects of our measurement
processes became apparent with the
choice of 1.5µm or 1,064nm wavelength
Lidar, for measuring over snow surfaces
for example. The longer of those two
available wavelengths is absorbed much
more strongly by water, thus leading to
very low signal return and low accuracy or
failure of the range measurement. Recently
introduced commercial high-resolution
water column-penetrating Lidar systems,
which operate at 532nm, are bringing new
possibilities for bathymetry. Admittedly,
two-media photogrammetry is older and so
is echosounding. The innovation in the data
acquisition is related to the airborne platform
and the shallow zone, which can now be
covered with a dense set of automatic direct
depth measurements.
Exploiting the properties of multi-spectral
Lidar is a hot research topic today and just
one episode in the ongoing story of geomatics
innovations based on laser scanning
technology. And, did I really (almost) forget to
mention future space-borne single photoncounting Lidar capturing global vegetation and
topography?
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Topcon’s precision
agricultural control system.

Topcon
Establishes
Global
Agriculture
Group

Drone manufacturer ScientificAerospace together with mapping
company DroneMetrex from Adelaide, Australia, has developed a
photogrammetric mapping solution that offers new possibilities for the
geospatial industry. Building on the advantages of ScientificAerospace’s
experience over eight years on six continents, its technically advanced
multi-rotor unmanned aerial vehicle (UAV) creates synergy with
DroneMetrex’s mapping accuracy technology to produce an innovative
and complete photogrammetric mapping system: the TopoDrone4Scight. The TopoDrone-4Scight (TD-4Scight) easily collects
photogrammetric mapping data of great accuracy (20mm horizontal
and better than 25mm vertical) for rapid integration into a wide range
of industries including
surveying, urban mapping,
civil engineering, mining,
agriculture, bridge and
dam wall mapping, postdisaster mapping, waste
management, recycling and
other industries.
http://bit.ly/1S1WUTg
The TopoDrone-4Scight in flight.

No 2993

Topcon Positioning Group has announced the formation of the Topcon
Agriculture Group. This new global organisation will further incorporate its
precision agriculture business with recently acquired companies to create
new connected field and farm management solutions for aftermarket and
OEM customers. The global headquarters of the new group is located in Turin,
Italy, with regional North American headquarters in Fort Atkinson, Wisconsin,
USA, and regional APAC headquarters in Adelaide, Australia. With the recent
acquisitions of Wachendorff Elektronik, Digi-Star, RDS Technology and NORAC,
Topcon now has the most extensive offering of field and farm management
solutions in the industry, said Ray O’Connor, president and CEO of Topcon
Positioning Group (TPG). The company will continue to have a strong focus
on traditional field applications, but now also has the sensors and software
to provide comprehensive planning, process control, workflow monitoring
and extensive reporting that will bring its customers the full advantages of
connected farming with immediate positive effect on their productivity.
http://bit.ly/25SqGqS

New Unmanned Aerial
Photogrammetric Mapping
Solution
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What will London, UK, look like by 2035? Very different to how it looks today –
that much is certain. It also seems certain that in the years between 2016 and
2035 we will need to make difficult and complex decisions about our built
environment. Currently covering 130 square kilometres across five central
London Boroughs, VUCITY uses groundbreaking technology to visualise London
in 3D. This offers the city’s developers, planners and architects a visual tool
to assist in future-proofing London’s built environment. The topic of the built
environment has hit the headlines recently as new London Mayor Sadiq Khan
said he wants 50 percent of all new homes in London to be affordable, whilst
the Skyline Campaign and a
number of architects called
for a six-month moratorium
on tall buildings in the
capital.
http://bit.ly/1r5ugLb
London in 2035,
modelled in VUCITY.

Siteco Moves
into UAV
Market with
Sky-Scanner
Siteco Informatica has launched its
Sky-Scanner Lidar and image
new high-performance Sky-Scanner data collection system for UAVs.
Lidar and image data collection
system for unmanned aerial vehicles (UAVs). In development
since early 2015, the Sky-Scanner has already exceeded all
performance expectations on the DJI-S1000 and DJI Matrice-600
airborne platforms. The development project was spearheaded in
collaboration with LTS, a high-tech survey company headquartered
in Treviso, Italy, shareholder of UNISKY (spin-off of the Venice
University), and ASCO-DAITO, a Japanese leader of surveying,
inspection and environmental engineering. Since early 2015, ASCO
has been operating a Siteco Road-Scanner system throughout
Japan for high-accuracy 3D railway and roadway infrastructure
capture.
http://bit.ly/28w9k1H

No 2977

London’s Interactive Digital 3D
Model Helps in Solving Urban
Dilemmas
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GIM INTERNATIONAL
VIDEO CHANNEL
THE FOLLOWING PRESENTATIONS FROM THE GIM INTERNATIONAL
SUMMIT 2016 ARE NOW AVAILABLE ON OUR WEBSITE:
The Where of Everything – Ed Parsons

FURTHERMORE:

Africa by Numbers: Knowledge & Governance – Morten Jerven

• Technical presentations by RIEGL, Trimble and what3words

BIM: Here, There, Everywhere – James Kavanagh

• Interviews with and testimonials by delegates of the

Future African Cities: New Urban Fantasy Plans – Vanessa Watson

GIM International Summit 2016

Cadastral Dimensions: Beyond 2D – Daniel Steudler
Governing Geospatial Information for Good Governance – Geert Bouckaert
Simpliﬁcation and Visualisation of Data – Pier Vellinga
Sharing Our Earth: Water and Social Justice – Joyeeta Gupta

FOLLOW GIM
INTERNATIONAL
ON YOUTUBE

VISIT WWW.GIM-INTERNATIONAL.COM/GIMSUMMIT-2016 TO WATCH THE VIDEOS!

NEWS

GeoFort Named as World’s
Best Museum for Children
GeoFort, an exciting educational attraction in the field of cartography
and navigation on the site of a fort, has been named as the winner of
the prestigious Children in Museums Award 2016. Visitors to GeoFort
come face to face with old and new geotechniques alike. The award was
presented during the annual conference of the European Network of
Science Centres and Museums (Ecsite) in Graz, Austria. According to
the jury report, GeoFort succeeds in putting across the “potentially dull
topics” that it is focused on in a very direct, social and entertaining way.
“Children learn by doing and have fun at the same time. It is an inspiring
place and a worthy winner of the Children in Museums Award.”
http://bit.ly/1U3tqqx

GeoFort is based in Herwijnen, The Netherlands.

Gotthard Base Tunnel
Opens Thanks to
Surveying and Monitoring
Systems
The construction of the
Gotthard Base Tunnel in
the Swiss Alps, which was
inaugurated on 1 June
2016, would not have been
possible without surveying
and monitoring systems.
The breakthrough on 15
October 2010 was due to
Surveying in the Gotthard Base Tunnel.
highly precise surveillance
and monitoring technology. At 57 kilometres (35.4 miles) in length,
it is the longest and deepest rail tunnel in the world. Drilling work
started from both sides of the mountain, and meeting in the middle
with barely any deviation was a truly challenging task. Highly precise
measuring instruments were needed to successfully accomplish the
project. Construction work actually began 20 years ago when the
surveying consortium VI-GBT started measuring at the tunnel site
in 1996. The surveying engineers set up a basic network with 20
reference points. For this task, they used total stations and satellite
navigation (GPS) solutions from Leica Geosystems.
http://bit.ly/1VUfIL9

Wine Improves with Very-highresolution Satellite Imagery
Researchers in Greece reveal that using satellite imagery can improve the quality of wine
and help manage the grape harvest. In a recent case study entitled ‘Multispectral VHR
Imagery Supports Crop Management in Vineyards’ published by the company European
Space Imaging, the Remote Sensing Laboratory at the National Technical University of
Athens, Greece, explains the benefits of using pan-sharpened, multispectral WorldView-2
satellite imagery for improving grape quality. It tested the data information quality in four
vineyards in northern
Greece, comparing data
gathered on the ground
with the information
collected via the satellite
sensor at the same time
on the same day. The
study showed that it can
be beneficial to use Earth
observation data.
http://bit.ly/1UduVVd
Canopy greenness map.

Leading Geospatial
Publishers to
Combine
Two leading international publishers in the
geospatial field are to combine their resources. PV
Publications Ltd, publisher of Geomatics World, GIS
Professional and other titles, is to join forces with
Geomares, publisher of GIM International, Hydro
International, the Geo-matching.com database and
other media. The two companies will establish a
new business in the UK to manage and publish
titles addressing both UK and international Englishspeaking readerships in surveying, geomatics,
GIS and other aspects of geospatial practice and
technology. Welcoming the move, Stephen Booth,
managing director of PV Publications Ltd, said,
“This is an exciting move for our readers. Demand
for information about all things geospatial has never
been higher. By combining with Geomares we will
be able to move forward and improve services to
our readers worldwide.”
http://bit.ly/1U3tAOy
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GIM INTERNATIONAL INTERVIEWS BENOÎT ST-ONGE

Lidar, Imagery and InSAR
for Digital Forestry
Benoît St-Onge is a professor at the University of Quebec in Montreal, Canada. He works at the
Department of Geography with a major research interest in 3D remote sensing for forest analysis.
GIM International recently interviewed Professor St-Onge to gain a better understanding of the
challenges and innovations in this field.
In your research work, you have a clear
focus on the use of Lidar and
photogrammetry for analysis of vegetation,
forests, etc. How did your interest in
vegetation develop?
When I chose to specialise in remote sensing
at master level in the 1980s, eastern Canada
was invaded by a plague of insects that
depleted leaves from trees. I worked on
mapping tree defoliation using images from
the Landsat satellite, which had a spatial
resolution of 30m, but I was frustrated by the
fact that I couldn’t see the individual trees.
That’s why I decided to work on highresolution images for my PhD, at a time when
commercial high-resolution imagery was not
yet available. Since I wanted to study the link
between forest structure and image texture, I
ended up synthesising thousands of
50cm-resolution images of artificial canopies
using simple 3D models of trees. A few years
after completing my PhD, I discovered
airborne Lidar, which provided me with the
actual 3D representation of the forest directly.
My use of photogrammetry came a few years
later, initially to obtain better reference data
for tree height. That’s how the idea of
combining Lidar and photogrammetry
emerged.

14 |

countries adopting Lidar for forest mapping.
Here, in the province of Quebec, forest
inventory is rapidly evolving towards intensive
use of Lidar and there will be Lidar coverage
from the US border up to the 51st parallel by
2022.
After a slow start, adoption by the forest
industry is quite rapid now. Lidar is used to
optimise the layout of forest roads, to find
small intermittent streams for protection, and
to estimate timber volumes. Knowing exactly
where to send the harvesting machinery
optimises the value chain while improving
habitat protection.

3D forest mapping only adds value if this
process is repeated frequently. However, the
current costs are prohibitive. Do you believe
a higher temporal frequency can be
achieved?

Lidar technology has been used for quite
some time in forestry. How has this
technology impacted on forest and
vegetation management?

This is indeed a real issue. It’s quite clear that
the impetus for large-area Lidar acquisition
comes from the fact that a wide range of
users want an excellent digital terrain model
(DTM) for use in hydrology, civil engineering
or risk assessment, while the forest
community is looking for accurate forest
information. The DTM is not expected to
change rapidly, but of course the forest will
evolve quickly. This leads to situations in
which the forest users want updated
coverage, while the DTM users are still
satisfied with the old DTM.

We’re starting to see an impact in several
countries. In Norway, almost 100% of forest
inventories have become based on Lidar.
Other Scandinavian countries have followed a
similar path and we’re seeing more and more

Will we see enough demand from the forest
community alone to warrant surveying large
tracts of land on a regular basis? This is far
from certain. Regular airborne Lidar surveys
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can be considered in small countries with
limited forest cover. Spain, for example,
where 36% of the country is covered by
forest, has a programme for re-flying Lidar
every six years. However, I don’t see this
happening in Canada nor in the US, unless
new technologies sharply bring down the cost
of Lidar acquisition. This is why we’re
increasingly hearing about combining
photogrammetry with Lidar to update the
forest height information.

You’re a strong advocate of the use of dense
image matching as an alternative to Lidar.
What are the benefits?
We’ve seen considerable progress in terms of
image matching solutions in recent years.
First, flight configurations are evolving
towards a high forward overlap of 80%. It
doesn’t cost much more than the standard
60%, but considerably helps the matching
process by deploying multi-ray matching
techniques. The algorithms are also more
sophisticated and speed has increased. The
results we’re seeing from the best software
solutions are astonishing in terms of point
density and accuracy. In our comparisons
between photogrammetric point clouds and
Lidar, we showed that even individual trees
can be resolved in the photogrammetric
surface models. By subtracting a Lidar DTM
from the photogrammetric surface model, we
get a very good canopy height model from
which attributes such as height, timber
volume and biomass can be extracted. Aerial
photos can be acquired from a higher
altitude, at a faster flying speed and at a lower
cost than Lidar – plus you get information in
full colour.

BY MARTIN KODDE, CONTRIBUTING EDITOR, GIM INTERNATIONAL

Do you believe both technologies will
continue to co-exist or will we see one
edging out the other?
We will always need a technology to map the
bare earth topography accurately and in
great detail. Airborne imagery will never
provide that information under closed
canopies. This means that Lidar is here to
stay, unless alternative technologies such as
interferometric synthetic aperture radar
(InSAR) take over laser scanning, which
seems improbable in both the short and
medium term. So it becomes a matter of
whether dense matching could gradually
disappear. That also seems quite unlikely as,
at least for space-borne acquisition, optical

developments such as multi-spectral Lidar.
Meanwhile, imagery is moving towards
better 3D extraction capabilities using
multi-view oblique imagery. For these
reasons, I see both Lidar and dense
matching thriving side by side for at least
another couple of decades.

Multi-spectral Lidar is a very recent
development that may help with vegetation
classification. What’s your view on this
development?
Tree species information is not only
necessary for timber inventory but also for
habitat studies and other analysis. While Lidar
has been extremely useful for mapping forest

LIDAR IS BECOMING MORE AND MORE
SPECTRALLY ORIENTED WITH DEVELOPMENTS
SUCH AS MULTI-SPECTRAL LIDAR
imagery is hard to beat in terms of technical
feasibility, resolution and ease of acquisition.
My impression is that Lidar is becoming
more and more spectrally oriented with

structure, its use for species identification is
still marginal. Although 3D data contains
information for distinguishing species to some
extent, a lot of discriminating power comes

INTERVIEW

from the analysis of spectral signatures of
colour imagery. Tree foliage colour in the
visible and infrared band indeed differs
between certain species. However, the
radiometric corrections necessary to
attenuate the variation in the sun-objectsensor geometry in airborne images are very
complex. Multi-spectral Lidar provides a way
to measure multi-channel intensities with a
constant geometry, which make them easier
to correct. At the SilviLaser 2015 conference
we showed that Optech’s Titan sensor with
three channels considerably improves the
identification of tree species compared to
single-channel Lidar.

You’ve also investigated the use of
InSAR for vegetation management.
With the launch of new satellites,
what kind of potential do you see?
Lidar and image matching are two
widespread approaches, but they are not
easily deployable to create a global canopy
height model. InSAR is a promising
technology because it provides large
coverage, even in clouded areas. The
challenge when applying InSAR to forest
canopies is avoiding problems caused by
JULY 2016 |
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temporal decorrelation due to the movement
of canopy between data takes. So the only
good InSAR solution for forests is single-pass
interferometry where both of the images
forming the interferometric pair are acquired
at the same time. This is what DLR’s
TanDEM-X mission is providing. A global
TanDEM-X DSM is already available, but what
is still missing is a good global DTM. There’s
also hope that DLR’s planned TanDEM-L will
have a much better penetration within
canopies, but that mission is still a long
way off.

Food security is a major societal
challenge in which improved agricultural
efficiency could play a role. Could your
research on forests be applicable in
that field?
Food security depends on a wide array of
factors, such as water availability, land
preservation, use of fertilisers, stable climate
and, in an overarching way, a good balance
between production and consumption. Based
on my understanding of the overall problem
of food security, I don’t believe that the use of
3D remote sensing to gain better estimates of
yield per hectare is the most urgent issue.
What I can say is that the pressure to expand

Rather than surveying forests from above,
would there be potential for equipping
forests with sensors – kind of like an
Internet of Trees?
That’s an intriguing possibility and one with
some possible applications but also a large
number of logistical constraints. Technologies
for surveying from above, whether using
low-altitude drones, standard aircraft or
satellites, will certainly continue to evolve and
satisfy more and more data needs. However,
installing a network of on-site sensors will
likely be suitable for only very small niches.
One example could be as an early warning of
insect infestation. Remote sensing still doesn’t
provide an efficient means to monitor this, so
why not install a grid of cameras on selected
trees to allow us to see the actual bugs?
Nevertheless, that would involve a lot of effort
to install and uninstall it so, apart from for
scientific objectives, I don’t see this becoming
part of widespread operational solutions.

What other exciting developments do you
foresee in the near future?
If you look at the history of airborne Lidar you
can see that innovation is constant. We went
from putting a laser on an aeroplane, to Lidar
profiling of forests, scanning Lidars, full

THE EVOLUTION OF 3D REMOTE SENSING WILL
REMAIN BUOYANT FOR A GOOD WHILE YET
agricultural lands is taking a toll on the world’s
forests. For example, some forests are being
cleared in South America for soybean
production. Remote sensing can be useful for
monitoring these dynamics. The DSM from
TanDEM-X, for instance, reflects the state of
the forests in 2011-2013. Further mapping of
clear cuts can reveal the amount of forest
biomass removed for growing crops. After
trees are felled, the InSAR surface will reflect
the ground elevations, thus allowing us to
calculate the height of the forest prior to
being cleared. This does not improve food
security, but it may further raise awareness of
the lack of sustainability of our current level of
consumption.

waveform Lidars, etc. We’re now seeing
expansion towards multi-spectral Lidar.
Prototypes of hyperspectral Lidars are also

being developed. These use white laser light
generated using a supercontinuum principle.
Like radar, Lidar can also be made
polarimetric, which would certainly help in
vegetation mapping. Moreover, we are also
seeing photon-counting or Geiger-mode
airborne Lidar including the promise of high
point densities from 9km flying height. On
another front, oblique multi-view aerial
photography is emerging, thus increasing our
capacity to extract 3D information about
forest canopies. Who knows where
groundbreaking research in physics will lead
us? A recent development of a flat meta-lens
at Harvard University could one day replace
the heavy glass optics we’re still using today.
Far from having plateaued, I think that the
evolution of 3D remote sensing will remain
buoyant for a good while yet!

Benoît St-Onge

Benoît St-Onge is a professor in the Geography Department of Université du Québec à Montréal (UQAM).
He obtained his PhD in geography at University of Montréal in 1994. He specialises in the use of 3D remote
sensing for the analysis of forest environments. He develops image and Lidar data processing techniques
as well as new digital photogrammetry and InSAR approaches for mapping of forest canopies in 3D.
He is currently working on species identification using standard or multi-spectral Lidar data, and
photogrammetric point clouds. Moreover, professor St-Onge teaches various aspects of geomatics
(geographical information systems, remote, etc.) and supervises several master and PhD students.
st-onge.benoit@uqam.ca
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COMPARING AIRBORNE LIDAR AND DENSE IMAGE MATCHING FOR BUILDING CLASSIFICATION

Classifying Buildings
from Point Clouds
and Images
The reconstruction of building outlines provides useful input for land information systems. In the city of
Kalochori in northern Greece, a mixed commercial and residential area of 33 hectares was selected as a test
area to evaluate the classification of buildings. Two data sources were available: airborne Lidar and aerial
photographs. These data sources were processed to create two separate point clouds. Comparison of the
results shows that both data sources can be used for building classification, although more development is
needed to improve the robustness of dense image matching.
An urban area containing 501 industrial
and residential buildings was used as the
test site. The vegetation is characterised by
moderate, long arrays or groups of dense
trees between the buildings. Some buildings
are partially occluded by high trees or have
high vegetation directly alongside the building
boundary. The buildings have a complex
structure with sloping roofs, chimneys, solar
water heaters and small extensions or major
additions. Figure 1 shows a terrestrial image
of a representative large building and its
surroundings.

LIDAR OR IMAGES
The acquisition of accurate dense 3D point
clouds in urban areas has long been based

Figure 1, Ground-based image.
18 |
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on airborne Lidar. The collection of Lidar data
requires expensive hardware but, thanks to
the rapid evolution of sensors and highquality data, Lidar remains in wide use. Due
to the nature of Lidar data, the point clouds
have high position accuracy but occlusions
and local undersampling may occur which
may result in a lack of significant information
for applications like 3D modelling. Computer
vision technology can also automatically
extract 3D information from digital imagery,
provided that sufficient overlap is present in
the images. These techniques apply dense
image matching (DIM) which can extract
an accurate and dense 3D point cloud by
stereo matching. For each pixel in one input
image, the DIM technique can effectively

find the corresponding pixel in another
image, allowing for the creation of a dense
3D point cloud. The quality of a point cloud
from DIM depends on characteristics such
as geometry of each stereo pair, radiometric
distortions and complexity of the scene.
DIM point clouds are usually of higher
density compared to Lidar point clouds but
also present rough surfaces and deformed
boundaries of buildings due to mismatches
or excessive interpolations. A stereo pair of
colour-infrared (CIR) digital aerial imagery
derived in May 2014 was used with an
approximate overlap of 60% and a base-toheight ratio value of 0.30. A DIM/CIR point
cloud was extracted applying the SGM stereo
method using the ERDAS IMAGINE package.
Table 1 depicts some relevant attributes of
the two datasets.

Lidar

DIM

Data collection

Raw point cloud

A stereo pair
of CIR imagery

Sensor

ALS 60

DMC camera

Average point spacing

40 cm

20 cm

Horizontal accuracy

8 cm

25 cm

Vertical accuracy

20 cm

30 cm

Table 1, Properties of the two datasets for building classification.

BY EVANGELOS MALTEZOS AND CHARALABOS IOANNIDIS, GREECE
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Figure 2, Original Lidar point cloud (left) and after removal of the vegetation (right).

CLEARING VEGETATION
As a first step of the procedure, vegetation
was removed from the data. In the Lidar
point clouds this was achieved using scanline
smooth filtering. In this method, a normal
vector is computed for all points in the point
cloud. A normal vector is a mathematical
representation of the slope of the surface that
is represented by the point cloud. It points
in a perpendicular direction. For instance, a
flat rooftop will have a normal vector pointing
upwards, while a vertical wall will have a
vector pointing sideways. In vegetation, the
normal vector is likely to point in many different
directions for each vegetation point. The
normal vectors were computed using the opensource package CloudCompare by triangulating
the point clouds towards a mesh and taking the
vectors perpendicular to the mesh triangles as
normal vectors. Each value of the z coordinate
of the normal vector was subsequently
smoothed by averaging them with the

neighbouring z coordinates of normal vectors
in the same scanline. Now that the slope of the
surface was known for each point, all points
with a slope steeper than 30 degrees were
removed. This corresponds to the maximum
allowable value of a roof slope according
to the Greek urban planning authority for
typical cases of buildings. Possible remaining

errors that are inherent to DIM processing,
surfaces become very rough and buildings
outlines are shaped inaccurately. The
near-infrared (NIR) channel is a very good
source of information about the presence
of vegetation. A common way to classify
vegetation is to compute a Normalised
Differential Vegetation Index (NDVI). It was

DUE TO ERRORS INHERENT TO DENSE IMAGE MATCHING,
SURFACES BECOME VERY ROUGH
vegetation points could be eliminated using
other metrics such as roughness, using the
scanline smooth filtering technique to remove
points whose roughness values are higher than
0.10m. The results are shown in Figure 2.
In the point cloud constructed with DIM, the
same filtering process is not feasible. Due to

calculated for each point as the normalised
difference between the red and near-infrared
values. The computed NDVI values were
used to segment vegetative areas from the
scene content by thresholding. The results
are shown in Figure 3. In case of lack of NIR
channel, machine learning techniques could
be used to detect vegetation.

Figure 3, Original DIM point cloud (left) and after removal of the vegetation using NDVI (right).
JULY 2016 |

INTERNATIONAL | 19

No 2565

No 3001

FEATURE

Figure 4, Final detected building points of the Lidar point cloud using scanline smooth filtering (left); final detected building points of the DIM/CIR point cloud (right).

GROUND FILTERING
The second step was the removal of the
bare earth. Since the urban scenes rarely
present a lot of relief, a morphological
operator is suitable for the extraction of the
bare earth. A sparse point cloud of the bare
earth was obtained by selecting the deepest
point inside a 120m window along the
scanline of the point cloud. The window size
depends on the expected size of the largest
building in the area and was determined by
visual inspection. Then, an integrated and
comprehensive point cloud of the bare earth
was extracted. First, a mesh was created
using the sparse point cloud. Then, a dense
point cloud of the bare earth with the same
point density of the initial point clouds was
created by sampling on mesh. The bare
earth points of the point clouds cleared from
vegetation were removed using a closest point
technique in CloudCompare.

CLEAN-UP
Once vegetation and ground had been
removed, the buildings were extracted. Only
points with normalised heights above 2.5m
were considered as buildings to avoid low
vegetation, fences, cars, etc. Finally, the
density of each point was calculated using a
search area with a 2m radius. Clusters that
were too small to be a building (fewer than
20 for the Lidar point cloud and fewer than
55 for the CIR point cloud) were removed.
Figure 4 shows the resulting buildings as
identified from the Lidar data and the
DIM data.

smooth filtering. Thus, together with the
vegetation which was almost completely
removed, local complex cases of small
extensions or additions of large buildings
were incorrectly removed, increasing the
false negatives. The false positives that were
observed were associated with remaining
cases of dense and high trees. The above
success rates show that simple and efficient
filtering techniques which enhance the
geometric properties of each point may
be used to extract buildings from Lidar
point clouds. Satisfactory success rates
were also achieved in the DIM point cloud,
with a completeness and correctness of
90%. The use of the NDVI removed the
vegetation completely. However, false
negatives and false positives were observed
due to mismatches at complex cases of
small buildings and excessive interpolations
respectively. Compared to the Lidar results,
the DIM approach achieved lower success
rates due to its sensitivity in occlusions,
complex scenes, radiometric differences and
textureless areas. This results in deformed
boundaries of buildings and rough surfaces.
Thus, even though the two approaches
have similar success rates, the quality of
the detected buildings is not the same. This
restricts the use of the DIM point clouds for
further applications such as 3D modelling.
This weakness may be overcome with
more advanced algorithms. Under these
conditions, the DIM point clouds may give
promising results as the basis for accurate
and cost-effective applications in 3D
modelling, cadastre and urban studies.

RESULTS
In the Lidar data, a 95% success rate
of completeness and correctness was
achieved. The omission error comes mostly
from the powerful filtering of the scanline
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TERRESTRIAL LASER SCANNING OF THE AURORA CRUISER AND THE ‘MOTHERLAND CALLS’ STATUE

Preserving Technological
Monuments in Russia
Technological monuments are vulnerable to decay. 3D modelling
and documentation are essential to avoid them falling into
irreparable decline and to enable future restoration. Terrestrial
laser scanning (TLS) is a proven technology for capturing
complex objects. This article focuses on the TLS capture of two
technological monuments: the Motherland Calls statue and the
Aurora cruiser, two of Russia’s iconic heritage landmarks that will
be celebrating an important anniversary in 2017.
Technological monuments are more
vulnerable to decline than paintings or
manuscripts, since they are located outdoors
and exposed to rain, temperature variations
and other weather elements. They also often
suffer from overdue maintenance due to a
lack of funding as commercial exploitation is
complicated. Technological monuments and
other historical objects also often suffer from
a lack of existing documentation, particularly
because many of them have undergone
numerous – and often unrecorded – changes
since being built in the Soviet era. One
example of this is the Shukhov tower, which
was discussed in the July 2014 edition of
GIM International. This article focuses on two
other technological monuments.
The Aurora cruiser is one of the symbols of
the Russian Revolution, the centenary of
which will be marked in 2017. Today, Aurora
is preserved as a technological monument

and naval museum and moored in St.
Petersburg. Meanwhile, the ‘Motherland
Calls’ statue in Volgograd will be celebrating
its 50 th anniversary in 2017. 3D modelling
and documentation are essential to ensure
the preservation of both these iconic heritage
landmarks.

LASER SCANNING IN RUSSIA
Since the early 2000s, the Russian
economic recovery has propelled projects
to improve the infrastructure and boosted
many industrial developments, including
the construction of nuclear power plants,
expansion of mining activities, oil and gas
production and building of pipelines and oil
refineries. 3D documentation is required in
the design, (re)construction and monitoring
of such objects and terrestrial laser scanning
(TLS) has become established as the
optimal method for capturing the objects
as the basis for such documentation. This

Figure 1, The Motherland Calls statue in Volgograd city.

technique can also be applied to model
technological monuments.

THE MOTHERLAND CALLS
With a height of 85m from its base to the tip
of the sword, the Motherland Calls statue
in Volgograd city (formerly Stalingrad) is
one of the tallest sculptures in the world
(Figure 1). The steel sword measures

Figure 2, Point cloud of Motherland Calls: statue (left), surroundings (middle) and head. 14 million of the in total 34 million points represent the statue.
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Figure 3, Aurora cruiser going into service after its completion in November 1903.

Figure 5, Polygonal 3D model of one of the Aurora rooms.

Figure 4, Scanning the deck of the Aurora cruiser.

33 metres. The statue memorialises the
Battle of Stalingrad which, with over two
million casualties, was one of history’s
bloodiest-ever battles. It stands on the site
where, in 1942-1943, the encroaching Nazi
army was brought to a halt, resulting in a
decisive reversal in World War II. The robust
construction of the statue is thanks to steel

Figure 6, Textured-design 3D model of one of the Aurora rooms.

30-140 metres, resulting in a point spacing of
1-3cm for the body of the statue, 12-17cm for
the head and 20-25cm for the sword. These
relatively low point densities were defined by
the customer – the Dream Laser company –
who primarily focused on visualisation which
did not require high levels of detail. However,
the same survey layout would enable the

THE SHIP’S MOTION CAUSED LOW ACCURACY
AT THE LEVEL OF SEVERAL CENTIMETRES
cables inside the hollow structure to shore up
the thin walls, which are made of prestressed
concrete. The statue was designed by Nikolay
Nikitin (1907-1973) who also designed the
extremely tall Ostankino TV tower in Moscow.
Both the statue and the tower stand on a
plinth and are held in place by their own
weight.
The statue was scanned using the Leica
ScanStation C10. The maximum range of 300
metres enabled the scanning of foreground,
plinth, torso and head (Figure 2). The
scanning, performed from 6-7 December
2015 by two engineers, took four man-days.
The 11 scans were taken from a distance of
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capture of highly detailed point clouds which
may be useful for monitoring decay and
seasonal or permanent deformations, for
example. The scans were aligned using Leica
HDS black and white targets with a mean
alignment error of 5mm.

SCANNING THE AURORA CRUISER
Operational since 1903, Aurora took part
in the Russo-Japanese War (Figure 3). The
protected cruiser is particularly famous
because of its symbolic role in the October
Socialist Revolution; on 25 October 1917
it fired the shot signalling the start of the
assault on the Winter Palace. It later became
a training ship and since 1957 it has been a

memorial ship, permanently moored in the
Neva River in St. Petersburg. With its engine
room and exhibition, it is a major tourist
attraction. Six rooms are currently in use as
a museum and four more rooms are being
prepared for future display.
Large-scale restoration of the cruiser – length:
126.8m; width 16.8m – started in 2014.
The curved walls and complex shape of the
interior were the main reason for choosing
TLS. Using a Leica ScanStation P20 and a
FARO Focus3D Multisensor, the scanning
was conducted from 6-10 April 2015 and
took ten man-days. Having a maximum range
of 120m, the P20 was well-suited to scan the
upper deck (Figure 4), the command bridge
and long corridors. To register the 74 scans
(2.8 billion points in total) Leica HDS black
and white targets (rotating) along with paper
targets were mounted in the overlaps of the
scans. Over 200 targets were distributed
throughout the ship for this purpose.
FARO Focus3D Multisensor was used
simultaneously to scan parts of the upper
deck, rooms, narrow corridors and ladders.
The compact and lightweight scanner
made it possible to capture the confined
spaces effectively. At distances greater than

FEATURE

approximately 40 metres the Focus 3D data
seemed to be of a lower quality than the
data captured by the P20, with the P20 data
appearing to be more stable. It is intended
to align the point cloud created from the 125
Focus3D scans with the ‘skeleton point cloud’
generated from the P20.

MODELLING AND RESULTS
The polygonal modelling of ten rooms with
a total volume of 2,140m3 was carried out
using Blender3D software and took around
45 man-days (Figure 5). Another company
utilised the 3D model to prepare for an
exhibition, using Autodesk 3DS Max to texture
the 3D models and to design the exhibition,
the light plan and decorations (Figure 6).
The ship’s motion caused the compensators
of the scanners to go out of range, resulting
in a relatively low accuracy of the registration
of the P20 scans, which did not exceed the
level of several centimetres. Some smaller
parts could not be modelled because of

their complex shapes. Attempts to improve
the accuracy by measuring the targets with
a Sokkia total station failed because the
compensator of that instrument also went out
of range.

CONCLUDING REMARKS
At present around 70% of the Aurora cruiser
has been scanned, including 40% of the
exterior. Full scanning of the hull requires the
ship to be moved to a dry dock. Capturing
additional data could improve the accuracy of
registration and enable creation of a complete
model of the ship. Negotiations with the
Ministry of Defence are underway to continue
3D modelling of the Aurora. It would be
advantageous to set up an international fund,
such as has been done with CyArc or Scottish
Ten, aimed at scanning Russian industrial
heritage. Unfortunately, organisations in the
West seem reluctant to accept, archive and
publish 3D survey data from Russia, even
though this would also benefit European
heritage preservation.
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DEVELOPMENT BETWEEN 2000 AND 2015

The African Geodetic
Reference Frame
The African Geodetic Reference Frame (AFREF) was conceived to unify the patchwork of geodetic reference
frames and vertical datums in the 54 countries in Africa. A common reference frame is intended to make it
easier to co-ordinate planning and development activities within countries and across national boundaries.
This article looks at the progress made from the year 2000 up to the end of 2015.
All georeferencing requires a uniform
coordinate reference frame, yet each of the
54 countries in Africa has its own geodetic
reference frame. In addition, some countries
have more than one reference frame based
on different datums. This patchwork of
reference systems and frames in Africa
makes it difficult to co-ordinate planning
and development activities within countries
and across national boundaries. The African
Geodetic Reference Frame (AFREF) was
conceived in 2000 to unify Africa’s geodetic
reference frames and vertical datums.

OBJECTIVES OF AFREF
Once fully implemented, the reference frame
will consist of a network of continuously
operating GNSS reference stations distributed
throughout Africa at a spacing of at most

Figure 1, The South African TrigNet station DEAR which is also
an IGS and AFREF station. DEAR has been co-located with a
weather station.
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1,000km. The objectives of AFREF can
be separated into geodetic objectives and
knowledge building objectives.

and analysis of modern geodetic
techniques, primarily GPS.

PREVIOUS ATTEMPTS
The geodetic objectives are:
•	Define the continental reference system
of Africa. Establish and maintain a
unified geodetic reference network as
the fundamental basis for the national 3D
reference networks fully consistent and
homogeneous with the global reference
frame of the International Terrestrial
Reference Frame (ITRF)
•	Realise a unified vertical datum and
support efforts to establish a precise
African geoid, in concert with the African
Geoid project activities
•	Establish continuous, permanent GPS
stations such that each nation or each user
has free access to, and is at most 1,000km
from, such stations
•	Determine the relationship between the
existing national reference frames and the
ITRF to preserve legacy information based
on existing frames.

In 1981 a project was proposed to use the
United States Navy Navigation Satellite
System (NNSS) to unify the geodetic datums
of Africa. This project was known as the
Africa Doppler Survey (ADOS), after the
Doppler principle of measurement used
in the NNSS. ADOS was initiated by the
International Association of Geodesy (IAG)
in conjunction with the African Association
of Cartography (AAC), the United Nations
Economic Commission for Africa (UNECA)
and the Regional Centre for Mapping of
Resources for Development (RCMRD).
Observations were carried out by African
national mapping organisations (NMOs) and
international geodetic organisations under
bilateral agreements. Although nearly 300
zero-order points had been established within
the project by the end of 1986, the goal to
unify the geodetic datums in Africa was not
met. The main reasons for this were:

The knowledge-building objectives are:
•	Provide a sustainable development
environment for technology transfer, so that
these activities will enhance the national
networks and numerous applications with
readily available technology
•	Understand the necessary geodetic
requirements of participating national and
international agencies
•	Assist in establishing in-country expertise
for implementation, operations, processing

-	the logistics of carrying out the
observations simultaneously proved
exceptionally difficult indeed and limited
the amount of suitable data
-	the rationale was not fully understood by
participating African countries, resulting in
a lack of motivation and enthusiasm for the
project
-	the project was planned almost entirely by
the IAG and the international community
with little input from African countries

BY RICHARD WONNACOTT, UMVOTO AFRICA (PTY) LTD, AND ANDRE NONGUIERMA, UNITED NATIONS ECONOMIC COMMISSION FOR AFRICA
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such as Africa Array, SCINDA, AMMA-GPS,
etc., who have co-located permanent GNSS
receivers with seismometers, meteorological
sensors and suchlike. In addition, a number
of countries have installed their own
permanent networks and have made data
from these networks available to AFREF.

Figure 2, Daily record of AFREF stations in the Operational Data Centre database for 2015.

Although the stations are generally well
spread out across the African continent, there
is a lack of stations in the area from Angola
through Central Africa into Sudan and across
North Africa. A number of stations are known
to be in some of these areas but data from
them is not openly available.

OPERATIONAL DATA CENTRE
In 2009 the AFREF Operational Data Centre
(ODC) was established to process the data
from the permanent GNSS base stations. By
the end of 2015 there were approximately 65
stations in total contributing data to the ODC.
On any given day, there are approximately 45
stations streaming open data (free of charge
and openly available) to the ODC (see Figure 2).

Figure 3, AFREF stations (red triangles) and global stations (blue triangles) used to compute static
coordinates for AFREF based on ITRF 2008 (epoch 2012.934).
-	there were no set observing standards and
procedures, resulting in observations of
unacceptable standard
-	the bilateral agreements between countries
and sister organisations did not always
materialise.

ORGANISATION OF AFREF
Although ADOS did not entirely meet its
objectives, it did serve to provide a number
of valuable lessons which have been carried
into AFREF. With the introduction of global
navigation satellite systems (GNSS) and the
establishment of the International GNSS
Service (IGS) it became possible to execute
a project such as AFREF without the major
logistics headache of having to observe all
points simultaneously in a network as with
ADOS.
The concept of using GNSS to unify the
reference frames in Africa was first proposed
at the Global Spatial Data Infrastructure
(GSDI) meeting held in Cape Town, South
Africa, in 2000. Since then, many meetings
and workshops have been held to address

AFREF. In 2002, AFREF was formalised as
a project within UNECA with the signing of a
declaration of intent to promote and support
the objectives of AFREF by the heads of
several African NMOs in Windhoek, Namibia.
Unlike ADOS, which was driven by the
international community, the primary
principle of AFREF is that it is being
designed, managed and executed by and
for African countries with assistance from
the international community. At the same
time, data from AFREF contributes to the
global pool of GNSS data through the IGS
and provides a better understanding of global
geodesy and geophysics.

AFREF STATIONS
Initial progress was very slow with very few
stations being established. In 2005 there
were just 15 IGS-approved stations in Africa
(see Figure 1). Since about 2006, however,
there has been steady progress with the
installation of permanent GNSS base stations.
The increase in contributing stations can
largely be attributed to scientific groupings

The results of two weeks of measurements
at 50 stations in December 2012 were
processed into an initial reference frame for
ITRF 2008 Epoch 2012 Day 340 23h 59s
(GPS Week 1717). Four processing centres,
either in Africa or with African affiliations,
processed the collected data and computed a
set of static AFREF coordinates. The centres
involved were:
- HartRAO in South Africa
- SEGAL (UBI/IDL) in Portugal
-	Directorate of Surveys & Mapping in
Tanzania
- Ardhi Univ in Tanzania.
The Institut Géographique National (IGN)
in France combined the results of these
four independent computations. The
results were statistically analysed, which
produced a weighted root mean square
(RMS) of approximately 3.0mm in Longitude
and Latitude and 7.5mm in Up for all the
coordinates. The resulting coordinates are
available on the AFREF ODC (ftp.afrefdata.
org) (see Figure 3).

KNOWLEDGE BUILDING
One of the objectives of AFREF is to ‘provide
a sustainable development environment for
technology transfer’ and AFREF has certainly
achieved that when one considers how many
African researchers are now making use of
AFREF data in a wide range of geo-related
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Figure 4, Participants in the 2015 AFREF and
GNSS Data Processing Training held in Kenya
(source: RCMRD).
for Africa. Apart from the coverage of CORS
across Africa the co-ordination of activities,
such as the installation of references stations
in close proximity to one another, remains
problematic and needs attention. As with any
project of this magnitude, obtaining funding
and political buy-in from national leaders is a
challenge.
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CHALLENGES
AFREF has been slow to move forward since
its inception in 2000. In spite of this, progress
has been made with the establishment of the
ODC and the computation of a set of static
coordinates for over 50 stations based on the
ITRF, thus creating a uniform reference frame
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FINDING MURRELET HABITAT

Wildlife Management
Using Airborne Lidar
The traditional sampling protocol for quantifying potential nesting habitat for murrelet requires an
observer to peer up through the tree crown from the forest floor, a task resulting in data of dubious
quality. Two-dimensional features of the canopy surface can be quantified using satellite imagery,
but the three-dimensional attributes of the inaccessible middle strata of the canopy are the most
critical to understanding and mapping the habitat. The development of Lidar as a tool for
quantifying forest structure offers great promise of new solutions to existing habitat measurement
problems and opens up a new realm of possibilities for exploring wildlife-habitat relationships.

From the forest floor beneath a stand
of old-growth Douglas fir trees in North
America’s Pacific Northwest, it is difficult to
perceive the grand dimensions of the tree
canopy towering overhead. Early pioneers in
the region clearly saw the economic value
of the colossal boles and they industriously
began harvesting the wealth of timber
amassed in the region’s productive forests.
Now, more than a century after the first giant
was felled by a cross-cut saw, societal concern
over loss of unique ecological communities
has slowed the rate of timber harvest on public
lands, ushering in a new era of biodiversity
conservation. Consequently forest managers,
who used to spend their time planning
timber sales, have been assigned the new
mission of protecting habitats for threatened
and endangered species. With this new
responsibility comes a need for a different way
of measuring and mapping forest resources.
Forest management in the coastal region
of the Pacific Northwest is designed in part
to maintain and improve habitat conditions
for threatened species. The recovery plan
for one threatened North Pacific seabird
species that depends on old-growth forest,
the marbled murrelet, calls for more accurate
mapping of priority areas for conservation
and restoration. But mapping nesting sites
and collecting habitat data for a species
that nests in the inaccessible heights of the

canopy presents daunting challenges for
researchers and managers. The forester’s
stock-and-trade metrics of basal area,
timber volume and board feet barely begin to
describe the complex array of resources that
comprise habitats for creatures dwelling in
the three-dimensional world of forest foliage.
Along the southern coast of Oregon, the
Coos Bay District of the Bureau of Land
Management (BLM), a federal agency
charged with balancing timber harvest and
wildlife conservation, offers the perfect

juxtaposition of marine and forested
environments that defines ideal habitat for
murrelets. When the murrelet was declared
a threatened species, habitat management
became a resource-consuming task for
this district. Recently acquired Lidar data
afforded the BLM an opportunity to explore
the capabilities of this technology for
improving methods of quantifying habitat for
canopy-dwelling species.
With Lidar data acquired in 2008 researchers
with the U.S. Geological Survey (USGS) and

Figure 1, Aerial photograph and Lidar point cloud showing contrast in habitat structure between a 50-year-old forest
stand (a) with a low probability (0.17) of use by marbled murrelets, and a 160-year-old forest stand (b) with a high
probability of use (0.72).
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consistent with the species’ known affinity
for old-growth forest. Large values of the
maximum height of the canopy (P99),
accurately measured by Lidar, together with
high values of the two metrics quantifying
cover in the upper portion of the canopy (all
cover above mean and first cover
above mode) indicated the importance
of tree crowns comprising proportions that
take many decades, if not centuries, to
develop.

Figure 2, Better habitat for marbled murrelets in older stands was indicated by lower values of
kurtosis, measured when foliage was broadly distributed across the canopy height profile, as shown by
the flat distribution in the histogram on the right (kurtosis = 1.35), in contrast to the peaked distribution
for a young stand shown on the left (kurtosis = 2.21).

collaborating organisations tested more than
60 Lidar-derived variables in an exploratory
analysis of murrelet habitat. The goal was
to refine understanding of the structural
features that comprise the best nesting
habitat by identifying metrics associated
with the presence of nesting murrelets.
The preference of murrelets for large trees
and multiple layers of sheltering canopy
foliage is well established, but an objective
and repeatable way of estimating available
habitat has been lacking. Providing direct
measurements of both vertical and horizontal
vegetation distribution, Lidar is capable of
delivering fine-scale canopy metrics that
are unattainable from either ground plots or
other remote sensing methods.

raster at the 0.9m pixel size was produced by
subtracting the ground surface was from the
highest hits layer.
Five Lidar variables turned out to be strongly
associated with murrelet occurrence (Figure
1): percentage of all returns above the mean
height (all cover above mean), height of
99 th percentile of first returns (P99), height
of 10 th percentile of first returns, standard
deviation of percentage of first returns
above the modal height (first cover above
mode), and kurtosis of height distribution.
Collectively, these variables described
dimensions of canopy structure that reflect
age-related characteristics of forest stands,

Kurtosis is a statistical term indicating the
extent of peakedness of a distribution curve.
The kurtosis of height distribution is a metric
describing the vertical stratification of canopy
vegetation (Figure 2). It provides an excellent
application of Lidar data, where complex
ecological gradients can be quantified with
a single, objectively measured, biologically
meaningful metric.

PREDICTING MURRELET HABITAT
In this case, very peaked curves had most
of the vegetation distributed across a narrow
range of canopy heights and relatively
high values of kurtosis; flatter curves had
vegetation distributed more broadly across a
range of heights and relatively lower kurtosis.
Lower values of this metric were indicative
of structurally complex, multilayered
canopies and predicted a greater chance
that murrelets would use the site for nesting.
This directly measured index of the vertical
stratification of canopy foliage provides a
more accurate and scientifically rigorous
alternative to a variable (“number of canopy

OTHER REMOTE SENSING METRICS
Lidar data was collected between 3 May and
28 September 2008 using a Leica ALS50
Phase II sensor flown in a Cessna Caravan
208B. Average pulse density was 8.1/m2 and
up to four returns per pulse were recorded.
Vertical root mean square error was 0.05m.
Raw Lidar point files (LAS format) were
processed using the FUSION software
package, developed by the US Forest
Service, Pacific Northwest Research Station.
The Gridmetrics routine within FUSION
produced a set of metrics describing
forest cover, forest height and topographic
characteristics for the entire project area
(approx. 652,000ha) at a pixel size of 22.9m.
The upper height limit for determining
outlying returns was adjusted to provide
for trees of height >91m. A canopy surface
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Illustration: Stout Grove, an old-growth redwood forest for murrelet. (Courtesy: Frank Prince)
Inset: marbled murrelet.
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When tested against variables derived from
ground- and satellite-based data, these
Lidar variables predicted which sites in
the Coos Bay District were occupied by
murrelets more accurately. The superiority
of Lidar comes from its ability to provide
three-dimensional measurements of forest
structure, whereas ground- and satellitebased data is limited to two-dimensional
habitat features. Furthermore, by providing
continuous rather than categorical metrics
describing vegetation structure, Lidar allows
for more realistic representation of the
ecological gradients that influence the
choice of nesting location by the
murrelet.

BETTER MANAGEMENT
Wildlife biologists understand that complex
canopy structure is an important habitat
attribute for wildlife species associated with
old forests. At the same time, however,

the grand dimensions of these forests that
define high-quality habitat create equally
grand challenges for mensuration. Biologists
have struggled with methodology for
measuring the attributes of old-growth tree
canopies towering more than 50m above
the forest floor.
Accurate and reliable wildlife habitat
models are critical for predicting where
species occur in order to guide habitat
management. The Lidar-derived model of
murrelet habitat exemplifies the potential
of this data type for more effective
management practices. It has been
employed by the Coos Bay BLM to quickly
and accurately map priority areas for
surveys and conservation in the district.
The capability of Lidar as a predictive tool
for developing better occupancy maps is
also being applied to other threatened and
endangered species including the northern
spotted owl and red tree vole, both of which
also dwell in the inaccessible canopy of
Pacific Northwest forests.
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layers”) that is defined categorically and
estimated subjectively.
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REVIEW OF GEO BUSINESS 2016

High-profile Geospatial
Networking in London
The UK’s largest geospatial event, GEO Business, has seen another successful year in 2016. Bringing together
over 200 of the world’s leading suppliers of geospatial technology and service providers and offering a
thought-provoking conference programme, the show held recently in London provided a comprehensive
insight into what is an exciting and progressive industry.
Launched in 2014 and organised in
collaboration with the Chartered Institution
of Civil Engineering Surveyors (ICES), the
Association for Geographic Information (AGI),
the Royal Institution of Chartered Surveyors
(RICS), The Survey Association (TSA) and
the Institution of Civil Engineers (ICE), GEO
Business is now a firmly established event in
the geospatial calendar. With attendance up
by 10% on last year and more than 2,200
visitors from 50 countries over the two days,
the 2016 edition was a clear success.
During the conference programme, 29 guest
speakers explored how geospatial solutions
have enabled projects to run more efficiently
while reducing risk and saving money. Panel

Delegates queuing at the GEO Business entrance.
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debates looked at how the geospatial sector will
embrace the opportunity presented by the UK’s
commitment to invest in large infrastructure
projects. Other sessions covered innovation,
infrastructure, economics and sustainability.

THOUGHT-PROVOKING
Applied futurist Tom Cheesewright opened
the show with a presentation called ‘Smart
cities, BIM, drones, Al, 3D printing, off-site
construction. What can the industry expect
from the future and how can it prepare
to face it?’. This was a thought-provoking
start to the session that was followed by a
panel debate featuring Ed Parsons from
Google, Professor Gianvito Lanzolla from
Cass Business School and Gary Gale from

what3words, who all deliberated on the topic
of ‘Emerging technology and applications –
how to maximise the societal benefits of what
we do’ in front of a captivated audience.
On day two, speaker Amanda Clack,
president-elect of RICS and partner at EY,
delivered her take on the ‘Infrastructure
delivery – the state of the industry’, looking
at how the industry can move towards better
project performance. She was joined by Alex
Bywaters of Highways England, Peter Vale of
Thames Tideway and Jon Kerbey from High
Speed2, who entered into debate on ‘How the
geospatial sector will embrace the opportunity
presented by the UK’s commitment to invest
in large infrastructure projects’.

The exhibition floor.
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Demonstrating the Leica
Pegasus:Backpack.
The 2016 edition of GEO Business was well attended.

In line with its constant search for new ways
to combat the ever-present problem of stolen
equipment, TSA used the event to bring all
industry parties together and provide an open
forum for discussing how to tackle this issue.
With over 60 attendees the session, chaired
by vice-president Adam Bradley, was a huge
success. A lively debate took place, giving
attendees the opportunity to ask questions
about reporting crime, decreasing risk for
insurers and also activating trackers and
security features that already exist on survey
equipment.

radar system at the entrance to the venue.
One of only five in the country, the Stream EM
has multiple configurations of eight antenna
arrays with 40 channels. It captures a high
volume of accurate 3D below-ground data
in a very short space of time, significantly
reducing the utility mapping survey time and
providing high-density data capture with
greater resolution when post-processing. For
the first time, the Stream EM system had the
Leica Pegasus:Two mounted, thanks to a joint
venture with Severn Partnership. This allows
both above-ground and below-ground data to
be captured simultaneously.

MOBILE MAPPING SOLUTIONS
While many of the speakers delved into
theory and in-depth exploration of ideas,
there were also live project and product
demonstrations taking place with real outputs
and measurables on show. Of particular note
this year was the rise of mobile mapping
solutions for both above-ground and belowground surveys as well as drones/unmanned
aerial vehicles (UAVs). Mass data collection
is clearly the way forward for the industry,

EXHIBITION
On the exhibition floor, a range of suppliers,
instrument and equipment manufacturers,
associations, surveyors and software
developers from 17 countries engaged
with the constant stream of visitors from
interactive stands that had been designed for
maximum impact. New features for this year
included the introduction of the GIS and UAV
Zone as well as the Education Zone, where

OF PARTICULAR NOTE THIS YEAR WAS THE RISE OF MOBILE
MAPPING SOLUTIONS FOR BOTH ABOVE-GROUND AND
BELOW-GROUND SURVEY
giving rise to interesting issues related to data
storage, volume data processing and the
pressure that this puts on IT infrastructure.
During the two days, Technics displayed its
mobile multi-channel ground-penetrating

Cranfield University, Embrace, The Survey
School, University College London, University
of East London and University of Leeds were
on hand to give surveyors – plus anyone
exploring a potential career in surveying –
advice on education and qualifications.

An excellent networking platform.
The GEO Business event never forgets
the social aspect and this year was no
exception, with the introduction of the GEO
Ale Trail. This new networking opportunity
drew in the crowds, provided an informal
social environment on the show floor and
encouraged visitors to move around the
exhibition while sampling beers from around
the country.
There’s no denying that GEO Business
has successfully established itself in the
industry. The conference programme was
its strongest yet, with high-profile speakers
and current topics. From the opening
welcoming drinks to the closing speech the
networking was excellent. The challenge for
the future is to ensure the growth of client
organisations attending the event, and use
it as a platform to showcase the exceptional
work of the industry and the benefits to client
organisations.
GEO Business 2017 will return to the
Business Design Centre in London next year
from 23-24 May. For more information visit
www.geobusinessshow.com.
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NFRAMES

Cutting-edge
Photogrammetry
Solutions
Germany-based technology company nFrames develops cutting-edge 3D surface reconstruction software
designed for professional mapping production. Optimised for precision, speed and simplicity, the company’s
core software product, SURE, is built to scale for large projects such as countrywide airborne image datasets.

Textured mesh of Munich from nadir camera flight (10cm GSD).
Headquartered in Stuttgart, Germany,
nFrames offers a new way for businesses to
customise their image surface reconstruction
workflows. The company’s SURE software
delivers derivation of precise point clouds,
DSMs, true orthophotos and textured meshes
from small, medium and large-frame images
for applications such as nationwide mapping
or monitoring projects using manned aircraft
and unmanned aerial vehicles (UAVs).
nFrames was founded by photogrammetry
researchers, specifically to fill in the gaps in
dense surface reconstruction for mapping

purposes. The aim is to meet the need for
precise measurements for each individual
pixel efficiently while preserving sharp
geometry edges. There are many possible
applications, including cadastre, change
detection, infrastructure planning, flood
analysis, disaster relief, glacier melting,
tourism and forestry. This wide range of
potential uses has resulted in two licence
options for dense 3D surface reconstruction:
SURE Aerial for airborne mapping
applications, and SURE Professional for
close-range applications.

IN SEARCH OF PERFECT GEOMETRY
Every month GIM International invites a company to
introduce itself in these pages. The resulting article,
entitled Company’s View, is subject to the usual copy editing
procedures, but the publisher takes no responsibility for the
content and the views expressed
are not necessarily those of the magazine.
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nFrames is a private company formed in
2013 as a spin-off from the University of
Stuttgart’s Institute for Photogrammetry by
PhD researchers Konrad Wenzel and Mathias
Rothermel. Photogrammetry has traditionally
used feature point-based approaches for
surface reconstruction from images. However,

during their PhD research, Wenzel and
Rothermel discovered an unmet market need
for solutions providing dense pixel-wise
results with reasonable processing times.
This spurred the researchers to explore new
ways to incorporate their technological
developments into business applications and
their search for deriving the finest geometry
combined with fast and efficient processing
continues to this day. The team has since
grown to more than ten people with very
varied backgrounds and expertise, ranging
from research in geomatics and computer
science to innovative business
communications enthusiasts. The SURE
software has broad application potential. For
example, it has been used by multiple
European countries for countrywide
production and by major private mapping
companies in Europe and Asia as well as
medium-sized mapping companies from
Canada and Australia. In Turkey, for example,
850 cities have been reconstructed from
more than 350,000 large-frame images in the
context of a joint project with the German
Aerospace Center (DLR) using a national
computing cluster.

KEEPING GROWTH ORGANIC
nFrames strives to not only meet but also
exceed its customers’ requirements. As a
result, the company has grown organically by
word of mouth and is now used by six of the
16 German states for providing dense surface
models (DSMs) to other municipalities and
the public and is distributed to private and
public mapping institutions in more than 20
countries. Its current collaboration with over

BY JOHN STEWART III, SALES AND MARKETING DIRECTOR, NFRAMES

True orthophoto projection on the DSM, Munich.

nFrames team.

Un-textured, shaded and textured DSM mesh, Stuttgart.

300 university and research institutions has
enabled research and business to be merged
into practical applications that have been key
to the company’s success. The SURE
software was designed with a simple user
interface to be proficient in processing large
datasets such as aerial imagery efficiently and
on standard hardware. This supports easy
adoption at low hardware and training costs,
making it ideal even for small companies.
Furthermore, it is possible to scale to
advanced workflows using modular
technology components in combination with
existing workflows in an automated way on
computing clusters. These software features
coupled with the high attention to customer
satisfaction has put nFrames on the right
track to become an industry game changer.
For founder and director Konrad Wenzel, the
top priorities are transparency and
involvement of the company’s employees and
customers alike: “We see this as one of our
main USPs, since it enables us to truly
understand our customers’ needs and
innovation ambitions in order to better serve
them. Nothing is better than actually listening
to what challenges they face, which helps us
to create the best products possible.”

COMPANY’S VIEW

BEYOND PROFIT
In 2015, nFrames worked with a non-profit
initiative named ‘Project Mosul’ in order to
find new ways for digital restoration and
preservation of lost heritage. The team is
really excited by the ability to use technology
to add value to society, beyond profit motives.
Project Mosul built a platform to collect
crowdsourced images and data to create 3D
models of artworks or artefacts in danger of
being lost due to political conflicts or natural
disasters. The SURE software was used to
digitally reconstruct the Durbar Square area
of Kathmandu after the April 2015
earthquake, for instance. The resulting
models will help the government to rebuild
the infrastructure by comparing past and
present 3D city models. Project Mosul has
since been updated and renamed as ‘Project
Rekrei’ with the aim of preserving heritage by
visualising lost landmarks and cultural relics
in an interactive online museum.

GLOBAL APPLICATIONS
The usability of the SURE software has led to
international partnerships and hundreds of
end users. The main customers are aerial
mapping corporations who use it in many
different industries, ranging from mining to

architecture and agriculture. As both aerial
and close-range photogrammetry become
more relevant and easier to use, many
unforeseen use cases are arising. An
Australian company uses SURE software to
ensure optimal accuracy and reliability in the
areas of accident reconstruction and forensic
measurements, for instance. The software is
also being used in the Canadian forestry
industry to document tree growth. Since SURE
allows the processing of thousands of images
on standard hardware and scales for project
requirements, many organisations have found
it valuable in customising their workflows.

FUTURE OUTLOOK
Innovation and research will remain the driving
components for nFrames in the future. In
collaboration with its strong university and
research networks that it has built up over the
years, nFrames intends to continue developing
in areas that serve customer needs first. Its
purely revenue-based growth to date has
given the company a unique flexibility to not
only respond to market trends but also to lead
them. Based on the first half of 2016, this will
be another successful year for nFrames. The
photogrammetry market is on the rise again
with new technologies and an increasing
number of applications combined with new
market demands in terms of data production
quality and frequency. nFrames is addressing
these demands with many developments in
the pipeline for release later this year and is
expanding its partner network to meet specific
local requirements.

More information
www.nframes.com
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FIG Christchurch Declaration on Small
Island Developing States
Small Island Developing States (SIDS) face
many distinct challenges in their pursuit of
social and economic development, and these
challenges are compounded by the adverse
impacts of climate change. The International
Federation of Surveyors (FIG) has organised
several regional forums on the role of land
professionals in supporting SIDS. Again this
year, during the FIG Working Week in
Christchurch, New Zealand, a workshop was
organised in cooperation with NZ-Aid,
UN-Habitat/GLTN and FAO. The ‘FIG
Christchurch Declaration – Responding to
Climate Change and Tenure Insecurity in Small
Island Developing States – The Role of Land
Professionals’ has been prepared and
published as a result of this workshop.
During the workshop, the participants
acknowledged the inherent diversity between
SIDS countries in governance, rate of
urbanisation, population density,
geomorphology, exposure to natural hazards
and land tenure arrangements. They
recognised that SIDS share many common
characteristics, such as small population, their
dispersed nature and physical isolation from
markets, high levels of exposure to the impacts
of climate change and natural hazards, and
severe limitations in capacity. The significance
of the 2030 Agenda for Sustainable
Development was reaffirmed. The 2015 United
Nations Resolution on Global Geodetic
Reference Frame establishes a clear framework
for developing capacity in land governance
within SIDS, and the roles and responsibilities
for land professionals and practitioners.
The workshop participants acknowledged the
unprecedented global momentum to improve

security of land and natural resources tenure
and reaffirmed the importance of the Voluntary
Guidelines on the Responsible Governance of
Tenure of Land, Fisheries and Forests (VGGTs),
the Continuum of Land Rights and the Global
Land Tool Network’s suite of pro-poor and
gender-responsive land tools.
In summary, the ‘FIG Christchurch Declaration
on Responding to Climate Change and Tenure
Insecurity in Small Island Developing States
– The Role of Land Professionals’ resolves to:

Small Islands Developing States workshop.
Address climate change, natural disaster and
urbanisation challenges and vulnerabilities
through:
•	Advocating the adoption of relevant
international instruments in national policy
and legal frameworks
•	Advocating land policy and legal
frameworks informed by the VGGTs
•	Emphasising the importance of robust and
resilient geodetic networks
•	Mainstreaming disaster risk and
vulnerability assessment into all aspects of
land and marine administration.
Address the challenges in land governance
and administration through:
•	Promoting the adoption by land
professionals of the fit-for-purpose
approach to land administration
•	Promoting the principles of participation
and inclusiveness in land use planning
•	Promoting the importance of the
development of valuation systems in legal
and policy frameworks.
Build capacity in land governance and
administration to address these challenges

through:
•	Encouraging the establishment of a
Regional Capacity Development Network of
experts in SIDS regions
•	Advocating that international organisations
and professional bodies should provide a
coordinated approach
•	Emphasising the importance of capacity
development to support spatial data
infrastructures.
Enhance professional and organisational
collaboration to address these challenges
through:
•	Encouraging strong, genuine and durable
partnerships
•	Encouraging and supporting the
development of regional coordination
mechanisms in the land sector.
David Mitchell, Australia

More information
www.fig.net

Synergy between EO and SDI Communities
Recognising the importance of synergy
between the Earth observation (EO) and
spatial data infrastructure (SDI) communities,
the Group on Earth Observations (GEO) has
welcomed the GSDI Association (GSDI) as a
‘Participating Organisation’. GSDI has
contributed to all GEO plenaries organised in
conjunction with summits in Cape Town,

Beijing, Geneva and Mexico City. From 2007
onwards, core members of the GSDI
community have actively taken part in the
GEO Work Programme, in particular in the
design of the Global Earth Observation System
of Systems (GEOSS) architecture, data and
user interface, and later in the GEO Common
Infrastructure and GEO Portal.

GSDI

Global Spatial Data
Infrastructure Association

A new decade of GEO is now in progress. The
Strategic Plan for 2016-2025 was approved
by the GEO-X Plenary and Summit held in
Geneva, Switzerland, in 2014. From 2-4 May
2016, the details of GEO’s 2017-2019 Work
Programme were addressed at a symposium
in Geneva, with the goal of making
recommendations for the further
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development of GEOSS, covering technical
topics as well as data sharing and
management principles and user
requirements.

Break-out session of the GEO Work Plan Symposium devoted to
sustainable urban development, with Alessandro Sorichetta
(University of Southampton) in action.

At the GEO Work Programme Symposium,
GSDI made a plenary intervention noting that
several of the newly defined societal benefit
areas closely align with the themes of the 15th
GSDI World Conference (GSDI 15), which will
be held in Taipei, Taiwan, from 29 November
to 2 December 2016. The Work Programme is
also aligned with GSDI’s planned capacitybuilding webinars, which will cover topics
including marine SDI, land information and
management, as well as wide diversity of
non-technical aspects of SDI implementation.
Both GEO and GSDI are committed to
support the 2030 Sustainable Development
Agenda. The Rio+20 outcome document
recognises a specific role to be played by
GEOSS in monitoring the Sustainable
Development Goals (SDGs). GEO will
undertake a series of teleconferences, in
which GSDI will be on board, with the aim of

exploring how to strengthen monitoring SDGs
with EO/SDI.
In the interest of yet further synergy between
the EO and SDI communities, GSDI also
participates in the Committee on Earth
Observation Satellites (CEOS) Working Group
on Information Systems and Services
(WGISS), and GSDI is represented in the
Scientific Committee of the International
Society for Digital Earth (ISDE) by GSDI
President Prof David Coleman and PastPresident Prof Abbas Rajabifard.

More information
www.gsdi.org
www.earthobservations.org
www.gsdi15.org.tw

Terrestrial Gravimetry – Static and Mobile
Measurements
The 4th IAG Symposium titled ‘Terrestrial
Gravimetry – Static and Mobile
Measurements’ (TG-SMM-2016) took place in
St. Petersburg, Russia, from 12-15 April 2016.
It was organised by IAG Commission 2 ‘Gravity
Field’ and the State Research Centre of the
Russian Federation Concern CSRI
‘Elektropribor’, and co-sponsored by the
Russian Foundation for Basic Research and
the Committee for Science and Higher
Education of the St. Petersburg government.
The four streams of the symposium reflected
the topics of interest of Sub-Commission 2.1
‘Gravimetry and Gravity Networks’:
•	Terrestrial, shipboard and airborne
gravimetry
• Absolute gravimetry

Participants of the 4th IAG Symposium.
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•	Relative gravimetry, gravity networks and
applications of gravimetry
•	Cold atom and superconducting gravimetry,
gravitational experiments.
The overarching theme of the symposium was
‘Advancing Gravimetry for Geophysics and
Geodesy’. The International Scientific Committee
was chaired by Vladimir G. Peshekhonov
(Russia) and Urs Marti (Switzerland), and also
included members from 12 countries. The
working languages of the symposium – English
and Russian – were supported through a
translation service. The proceedings of the
symposium were published prior to the
symposium and included 43 papers. There
were 58 presentations in the programme. Five
additional presentations were given online by
researchers from Brazil, Switzerland, Ukraine
and the USA. A total of 123 participants from 18
countries attended the symposium. Welcome
speeches were made by Vladimir Peshekhonov
and Urs Marti. The introductory presentation on
‘Airborne Gravity Field Measurements – Status
and Developments’ was given by A.V. Olesen.
It should be noted that, together with the
presentations on the continued development

of absolute and relative gravimeters based on
‘familiar’ physical principles and mechanisms
(such as springs, macroscopic test objects,
etc.), the application of quantum principles
and atomic test objects (the clouds of cold
atoms) in the design of new gravity measuring
instruments was emphasised in a number of
talks. New techniques for gravity field
measurements on moving platforms (such as
aircraft and ships), including those based on
cold atom gravimeters, were also described in
several talks.
The cultural programme included an evening
boat trip on the Neva River, a guided bus tour
of St. Petersburg by night, and individual tours
of the museums of St. Petersburg (the
Hermitage, Russian Museum, etc.). Given the
success of this symposium it was resolved that
the 5th TG-SMM symposium will be held in St.
Petersburg in 2019.
V. Peshekhonov, L. Vitushkin

More information
www.iag-aig.org
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The Year in Maps
Activities connected with the UN-endorsed
International Map Year (IMY) are continuing
around the world throughout 2016. The
updated website [http://www.mapyear.org]
shows how the idea of IMY is being translated
into events, publications, meetings and
promotional materials. National committees
have been busy gathering support and
implementing programmes and presentations
to highlight this important year.
Ranging from a map week in Madagascar to a
planned exhibition in the British Library, there
are activities of interest to all. The online book
publication World of Maps is now available in
five languages – English, French, Spanish,
Italian and Portuguese. And even the official
T-shirt, displaying the ‘We Love Maps’ slogan,
has been spotted in all parts of the world (as
seen on Flickr: https://www.flickr.com/photos/
mapyear/).
International Map Year brings interest in maps
to a broad community. One recent example
was an event which involved the ‘opening’ of a
‘cartographic time capsule’ – an archive of
maps from 1980 – in Japan. The 10th
International Cartographic Conference (ICC)
and 6th General Assembly of ICA were held in
Tokyo in that year. These events concentrated
on environmental cartography. As might be

expected, the majority of maps and
visualisations related to that topic as well as
those displayed in the conference
presentations and the map exhibitions were
non-digital.
The International Map Exhibition in 1980
consisted of over 1,200 paper maps,
submitted by member nations of ICA. After
the conference, the exhibition was retained
on the premises of the Japan Cartographers
Association, but in March 2016 it was
decided to donate this archive to the
University of Tokyo’s Kashiwa Library. This
was an opportunity for a workshop to be
convened in which the form, representation,
design and purpose of these original maps
was considered from a 21st-century
viewpoint. The significance of map heritage
and the pressing need for effective map use
in the future (related to culture, environment,
disaster management, urban planning and
international issues) were considered, along
with an appreciation of the immense
changes in cartography over a 40-year
period. Guides to the 1980s included
eminent cartographic historian Junko Suzuki,
retired cartographer Kenzo Imai, educator
Hiroshi Ota, past ICA Vice-President Takashi
Morita and current ICA Commission Chair
Masatoshi Arikawa.

Japanese cartographers inspect the archive of 1980 maps at the
Kashiwa Library, Tokyo, March 2016.
ICA will return to Tokyo in 2019 for the 29th
ICC and 17th General Assembly. As chair and
vice-chair of the Local Organising Committee
for that meeting, Morita and Arikawa will be
able to bridge a 39-year gap; perhaps a new
‘time capsule’ can be considered to bring
interest and curiosity to the cartographers and
general public in the year 2058.

More information
www.icaci.org

Preparation of ISPRS Prague Declaration
Deriving scientific evidence from imagery, in
support of the United Nations Sustainable
Development Goals (SDGs) and ICSU’s Future
Earth initiatives, places urgent demands on
the Earth observation and geoinformation
societies. This requires both technological
innovations and closer multidisciplinary
collaboration. Recently, the ISPRS Council has
prepared an international declaration calling
on the international communities to provide
reliable geospatial information and to advance
a global geospatial information framework/
infrastructure through closer collaboration.
The issues related to its concept,
implementation and collaboration were first
proposed in an ISPRS/ICSU/GEO workshop
held in Beijing, China, from 9-10 June 2015
[ISPRS e-Bulletin, Issue No 3 – 2015]. The

Delegates of the Beijing workshop.
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declaration will now be presented to the
ISPRS General Assembly in Prague, Czech
Republic, for comments and final approval.
In addition to the Prague Declaration, the
ISPRS Council has also initiated the
compilation of an overarching scientific vision
paper titled ‘Information from imagery: ISPRS
scientific vision and research agenda’, which
was published in the International Journal of
Photogrammetry and Remote Sensing. This
19-page vision paper examines the significant
challenges currently facing ISPRS and its

communities, such as providing high-quality
information, enabling advanced geospatial
computing and supporting collaborative
problem-solving. The state of the art in
ISPRS-related research and development is
reviewed and the trends and topics for future
work are further identified.
With papers such as the Prague Declaration
and the overarching scientific vision paper, the
ISPRS Council hopes to mobilise all ISPRS
scientists, practitioners and other stakeholders
to continue improving our understanding of

and capacity in terms of information from
imagery and to provide advanced geospatial
knowledge that enables humankind to better
deal with the challenges ahead, posed for
example by global change, ubiquitous sensing
and a demand for real-time information
generation.

More information
www.isprs.org

AGENDA

FUTURE EVENTS
JULY
6TH DIGITAL EARTH SUMMIT

OCTOBER
INTERGEO

NOVEMBER
GLOBAL SPACE CONGRESS 2016

Beijing, China
from 7-8 July
For more information:
W: www.isde2016summit.org

Hamburg, Germany
from 11-13 October
For more information:
W: www.intergeo.de

Abu Dhabi, United Arab Emirates
from 1-3 November
For more information:
W: http://globalspacecongress.com

XXIII ISPRS CONGRESS

37TH ASIAN CONFERENCE ON REMOTE
SENSING

TRIMBLE DIMENSIONS

Prague, Czech Republic
from 12-19 July
For more information:
E: info@isprs2016-prague.com
W: www.isprs2016-prague.com

Narahenpita, Sri Lanka
from 17-21 October
For more information:
E: acrs2016cmb@gmail.com
W: www.acrs2016.org

SEPTEMBER
GEOBIA

3D CONFERENCE ATHENS

Enschede, The Netherlands
from 14-16 September
For more information:
W: www.geobia2016.com

Athens, Greece
from 18-21 October
For more information:
W: http://3dathens2016.gr

2ND VIRTUAL GEOSCIENCE
CONFERENCE

TOPCART 2016

Las Vegas, Nevada, USA
from 7-9 November 2016
For more information:
W: www.trimbledimensions.com

13TH INTERNATIONAL CONFERENCE ON
LOCATION-BASED SERVICES
Vienna, Austria
from 14-16 November
For more information:
W: www.lbsconference.org

CHINTERGEO

Bergen, Norway
from 22-23 September
For more information:
W: www.virtualoutcrop.com/vgc2016

INSPIRE CONFERENCE 2016
Barcelona, Spain
from 26-30 September
For more information:
W: http://inspire.ec.europa.eu
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Toledo-Madrid, Spain
from 26-30 October
For more information:
W: www.topcart2016.com

Suzhou, China
from 24-26 November
For more information:
W: www.chintergeo.com

COMMERCIAL UAV EXPO

CALENDAR NOTICES

Las Vegas, Nevada, USA
from 31 October – 2 November
For more information:
W: www.expouav.com

Please send notices at least 3 months before the event
date to: Trea Fledderus, marketing assistant, email: trea.
fledderus@geomares.nl
For extended information on the shows mentioned on
this page, see our website: www.gim-international.com.

Aiming at the
future together!
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