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Editorial

On Smart Cities and the Internet of Things
Although the term ´Internet of Things´ (IoT) dates from 2001, it´s only now that the term is gaining more popularity. For those unfamiliar with the term, the IoT relates to products with a network connection as well as sensors,
which enables them to act intelligently – from smart grids to automobiles and entire cities. Material products
becoming ‘smart’ means that they´re equipped with self-managing software, using sensor data as input.
A recent publication from O´Reilly Media offers a breakdown on how the IoT is transforming business
models and what sort of application design challenges occur as a result of it. The IoT can now be
linked to other recent technological phenomena such as big and real-time data. An excellent example
of a recent use case is smart cities, for which 2015 seems to be an important year judging from the
amount of exhibitions and governmental programs about the topic. For those of you wondering
what´s smart about smart cities, a deﬁnition would, no doubt, be appreciated: a smart city provides effective integration of physical, digital and human systems in the built environment to
deliver a sustainable, prosperous and inclusive future for its citizens (BSI PAS 180 - Smart Cities
Vocabulary, as cited in a recent OGC White Paper). For those of you who are interested,
Barcelona holds the title of Global Smart City 2015, after ranking which took into account its
smart grid, smart lightning and smart trafﬁc management capabilities, amongst others.
Smart cities may be something of a public relation hype at the moment, but they provide an excellent
use case for realizing the potential of the current geospatial industry. Both geospatial software and
hardware technology will be indispensable in realizing the targets that an increasing number of
governments are placing upon themselves in order to make their cities ´smart´ (remember the
fancy 3D city models every city wanted a few years ago? Smart cities follows a similar
logic, but the current 3D models actually have interconnected data models, for realtime monitoring of buildings, landscape planning, underground modeling and a great
deal more).
What is, in fact, new here is that on the technological side of things different standards have been designed to connect different kinds of data in order to increase their
value. The work of the OGC should be given credit here, as they are laying a foundation for what will eventually be a convergence of BIM, 3D, geospatial and big spatial
data management – different ﬁelds of ﬁelds that are, on the whole, currently separate, but
are poised to be connected.
Enjoy your reading,

Eric van Rees
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The tenth annual Esri DevSummit was held March
10-13 in Palm Springs, California.
The event drew 1,800 attendees and offered more
than 300 tech sessions, 30 Speed Geeking sessions
and 30 user presentations.
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GNSS clocks are, as any regular reader of this
series will know, atomic clocks. These clocks are
highly stable and, as such, will only show an
inaccuracy of one second every so many million
years. They run on what is called International
Atomic Time (TAI). So far so good. However, our
own perception of time is based on the movement
of the earth around the sun. This is perceived as the
so-called GMT time or, when aligned to the atomic
clock, Universal Time Coordinated (UTC).

High Accuracy in Large Tunnel Projects
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Light at the End of the Tunnel
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By Norbert Benecke,
Volker Schäpe and
Volker Schultheiss

Across the globe, more and more tunnels are being built. Every tunnel project is
a multi-million dollar investment, and the level of accuracy required for tunnel
measurement increases continually. When trains are expected to travel through at a
speed of up to 300 kph (186 mph), the planned tunnel’s axis has to be maintained
with maximum precision. In the case of tunnel construction in ground water such as
with the Elb Tunnel in Hamburg, the giant tunnel boring machine has to be driven
into a special water-sealed target construction with centimetre precision when finished.
The smallest directional error in the heading can lead to considerable technical problems and financial risks when working on critical projects of this magnitude.

he tunnel surveyor plays a crucial
role in making sure that the breakthrough of the tunnel occurs precisely at the speciﬁed target point.
The challenge is to guide both sides
of the tunnel in the right direction. The measurements for directional transmission occur
using elongated traverse lines, which can

T
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only be connected to a control network of a
known point at the tunnel’s entrance. There
is no way to check the directional accuracy
of the advancing opposite end of the tunnel.
As tunnel length increases, conﬁguring both
ends for the correctness of proper tunnel
direction result in considerable risks and
uncertainties.

Surveying under difficult conditions
Many tunnel tubes have entry starting shafts.
From these starting shafts, ﬁxed-point coordinates are transferred down to the tunnel’s
level so that the tunnel can be bored correctly and navigated toward its target, this
being the other end of the advancing tunnel. This process, known as plumbing,

always involves an element of risk, when
transferring ﬁxed reference points in such
small and narrow shafts. If the measured
data is so much as a millimetre inaccurate,
this inaccuracy compounds itself and leads
to considerable deviations in the lateral traversing line of the tunnel’s many curves and
its direction.
The measuring risks in the tunnel itself occur
when the line of sight is diverted and subject to refractive inﬂuences such as temperature differences, humidity or dust. These
make measuring angles and reliable measurements difﬁcult and errors unavoidable.
This applies even more due to the fact that
in most tunnels the surveying points cannot
be situated in the centre of the tunnel for
logistical reasons and must therefore be
located at the tunnel walls. Targeting close
to the wall increases the risk of refraction
even further. Tunnel courses with numerous
(and tight) curves also require maximum
accuracy.

7

As the tunnel length increases, errors from
plumbing and refraction can add up to as
much as several meters, making breakthrough at a desired position impossible. A
considerable amount of additional work is
then often required in such cases.

The solution is a “toy”
Previously, miners and tunnel builders solved this problem using compasses. In the
modern tunnels of today, however, this is not
possible due to the considerable amount of
iron and steel used. Initial developments in
solving this problem using gyroscopes came
about in the early 1950s.
Just about everyone is familiar with gyroscopes from childhood, when playing with a
spinning top. We are constantly using the
underlying physical principle of precession
in our daily lives, for example, when we
take our hands off a bicycle’s handlebars
while riding and continue going straight as
if by magic.
Precession is the directional change of the axis
of a rotating body (a gyroscope) when external forces apply torque to it. If such a gyroscope is built into a measuring device which is
positioned somewhere on the Earth for a certain period of time, the Earth’s gravity will act
on this gyroscope as the external force during
this time. The gyroscope tries to counteract this
external force and to remain in its original

Camels attentively watch Volker Schultheiss during calibration measurements on-site in Abu Dhabi.

position. If it then manages to measure these
values, such a gyroscope can be used to
determine the direction to the Earth’s axis (cartographic north).
DMT (Deutsche Montan Technologie) developed one of the ﬁrst high-precision surveying gyroscopes for the German coal
mining industry. The Gyromat was subsequently further developed for a variety of
tasks, e.g. tunnel construction and ship building. The current model is the Gyromat
5000, which is by far the world’s most accurate surveying gyroscope, thanks to its angular precision of 0.8 mgon, corresponding to
an arc deviation of about 1.2 cm (0.5 in)
over 1 kilometre (0.62 mi).

The Gyromat in use around the world
Gyroscope-based traverse line measurement
for safeguarding the heading direction experienced its breakthrough in guiding the hea-

ding of the Channel Tunnel between England
and France. When the tunnel breakthrough
occurred in 1990, a lateral deviation of just
35 mm (1.4 in) over a total tunnel length of
55 km (34 mi) was achieved. This was only
possible due to the use of the then-current
Gyromat 2000, with which DMT carried out
independent check measurements on the
English and French sides.
Since then, DMT experts have successfully
carried out more than 3,500 gyroscope
campaigns across the globe using highaccuracy Gyromats and Leica Geosystems
total stations. Whether it’s the CERN particle accelerator in Geneva, hydroelectric
plant construction in Lesotho or Iceland, the
Gotthard and Brenner base tunnel projects
and similar projects in the Indian
Himalayas, US waste water tunnels or the
world’s current largest waste water project
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(the Emscher conversion) in the Ruhr region
of Germany, DMT experts equipped with the
Gyromat and Leica Geosystems total stations are there to independently check the
tunnel direction and, if necessary, make corrections. DMT surveyors also participated in
the construction of the infrastructure for the
Winter Olympic Games in Sochi and in subway construction in a number of cities on
every continent.

8

DMT surveyor Volker Schultheiss comments:
“Thanks to our independent check measuring, we are able to assure the owners and
the construction company carrying out the
work that the tunnel is heading exactly
where it’s supposed to. With minimal ﬁnancial outlay, we are able to safeguard a multimillion Dollar investment. In roughly 70 % of
measurements, we can conﬁrm that the heading is moving within the permissible tolerances, but in about 30 % of cases, corrections need to be made based on our
measurement results. In one extreme case,

DMT and Leica Geosystems – 20 years of close cooperation
For the Gyromat from DMT to work, it requires a ﬁxed connection to a high-performance theodolite. Once the gyroscopic measurement has taken place in the Gyromat,
the direction is transferred to surveying points in the tunnel network via the theodolite.
DMT made the decision to work closely together with Leica Geosystems over twenty
years ago. Current Leica Geosystems instruments ﬁt the DMT Gyromat perfectly and
are reliable and rugged for use under difﬁcult tunnel conditions. Data transfer functions ﬂawlessly, and thanks to the outstanding cooperation between the development
engineers at Leica Geosystems and DMT, model changes are also easy to manage.
The ability to outﬁt theodolites or total stations individually enables their use in geodetic applications and control tasks in unlimited ways. The Gyromat 5000 is compatible with the high-accuracy total stations from Leica Geosystems, including of course
current models such as the Leica Viva TS11 and TS15, Leica TS30, TM30 and
TM6100A and the new Nova TS50 and MS50 MultiStation.

a correction of over 3 metres (9.8 ft) was
necessary. Thanks to corrections like this,
considerable additional expenses can be
avoided.”

All authors are employees of DMT GmbH & Co. KG and based in
Essen. Norbert Benecke is mine surveyor and responsible for the geoservices in international mining, Volker Schäpe is a geophysicist and
responsible for global sales of instruments, Volker Schultheiss is active
as project manager in international tunnel construction and in sales
for control measurements with gyroscopes.
This article was reprinted from Leica Reporter 71
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Aerial Mapping System for Mass Data Collection

Caintech using Topcon Sirius Pro
Article

Topcon Sirius Pro aerial mapping system

10

By Ruby Kitching

‘Drones’, or unmanned aerial systems, which take high quality photographs of the
ground to produce 3D ground surveys are impressing both aviation and surveying
professionals alike.

f course, serious surveyors do not describe the Topcon
Sirius Pro aerial mapping system as a ‘drone’, but for
the beneﬁts of conjuring up a familiar image, the UAS
(Unmanned Aerial System) looks just like one.

The Sirius Pro surveys the ground according to a predetermined ﬂight
plan produced for that particular location and can be programmed to
automatically land wherever suitable. However, if there are constraints
for safe landing, the SIRIUS can land using manual control with autopilot assist, or completely manually.

Weighing just 2.7kg and just 1.3m in length with a wingspan of 1.63m,
the Sirius Pro can ﬂy for nearly an hour collecting thousands of high
resolution images from which accurate three dimensional digital models
are produced for use within topographic projects. For Inverness-based
surveying company, Caintech, acquiring the equipment has opened up
business to a whole new range of possibilities.
The company, which was established in 1989, was initially involved
with quantity surveying but for the past nine years has shifted to being
predominately involved with land surveying – carrying out topographic,
bathymetric and laser scan surveys. In early in 2014, the ﬁrm decided
to expand its capabilities so that it could undertake more detailed surveys over wider areas.

“We’re involved with surveying wind farms, power lines and quarries,
all of which cover vast areas. Using the Sirius Pro means that we don’t
have to expose our staff for long periods of time in these hostile or possibly dangerous locations,” Riome added.

O
Sirius Pro

Caintech chief pilot Tim Riome was responsible for choosing a suitable
aerial mapping system for the ﬁrm and, with an aviation background,
had strict requirements for a robust and reliable vehicle. “From an aviation point of view, we found that the Topcon Sirius Pro was the most robust
system out there with the most stable and steady platform [vehicle] with
high quality imagery, zero vibration and steady landing,” said Mr Riome.
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The equipment allows the ground to be surveyed to a high degree of
accuracy and across areas which would be impossible to achieve using
‘more traditional’ surveying techniques. “You can do in an hour [with
the Sirius Pro] what would take a person one week to do,” he quipped.

Terrestrial laser scanning
Prior to the Topcon Sirius Pro, imaging captured by terrestrial laser
scanning and photogrammetry were undertaken. Captured from multiple setups and merged into a single dataset during processing
which restricted the areas to be covered and also required pre-surveyed ground control points to be able to coordinate the work. The
Topcon Sirius Pro, by contrast, uses thousands of virtual control points
generated from the built in RTK GPS enables a strong and consistent
control network to generate imaging down to 16mm.

A typical UAS survey
“A client wanted to ﬁnd out how far excavation had progressed on a construction project and called on us to determine
the volume of material which had been moved,” said
Caintech chief Tim Riome.
“The ﬁrst thing we did, in the comfort of the ofﬁce, was to
call up the Bing map of the location for the site, then carefully mark out the exact area we wanted to survey. I then press
a button on the system and it creates the UAS’s ﬂightplan,
then take it to site and it’s ready to go.”
“The ﬂight plan is uploaded onto the UAS wirelessly from a
laptop at the site, and the unit is then launched by hand –
with no cumbersome catapult or launch rails to install in the
ground to set her off.
“On this particular project, the Sirius Pro surveyed 40ha in
just 25 minutes. When it returned to its landing location, it
let me know by circling over a point which then allowed me
to manually land it in a safe location. I then uploaded the
collected data onto the laptop and removed the SD card
which holds all the imagery.”
“In the comfort of the ofﬁce, we then used the information to
create a digital elevation model. Orthographic photos of the
site are then literally draped over the model to produce a
dimensionally accurate model which showed all the site’s
features. On this project we used a separate piece of software to create a digital terrain model from which to calculate the volume of material excavated on the site.”

To express the accuracy of the instrument in lay-terms, he describes
how from an altitude of 300ft (92m), the Sirius Pro can precisely
measure the height of a cube with 16mm length sides.
“We are now able to carry out very high quality three-dimensional
surveys with orthographic photography, which are dimensionally
accurate,” adds Mr Riome.
“The business is continuing to expand exponentially and we are
looking to purchase more Sirius Pro’s and to recruit more operators,”
Mr Riome said. “It’s very simple to use and means we can survey
areas which were previously considered impossible – we are surveying Scottish mountains!”
With often harsh weather conditions, in these regions, Mr Riome
remains conﬁdent that the Sirius Pro will be able to deliver. “As a
rule of thumb, if a person can stand in that sort of weather for the
time it takes to conduct the survey, then the Sirius Pro will be able to
do the job too”. The UAS can operate in windspeeds up to 50kmph,
with gusts up to 65kmph and in temperatures ranging from -20oC
to +45oC and even in the rain!
One of the ﬁrm’s most notable surveys using the Sirius has been for
a new cable track over a Scottish mountain at Elevations over 860m.
“It required the UAS to travel at an altitude of around 1km above
sea level to survey the mountainous regions,” says Caintech managing director Jim Main. “With the Topcon Sirius Pro, we can now
take on all the projects we are approached to undertake and can
offer competitive prices as we have the technology and, therefore,
the capacity”.
For more information, have a look at: www.mavinci.de.

Topcon Sirius Pro aerial mapping syste
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Advancing Atmospheric Science Research

Mapping and Modeling Weather and Climate
By Eric van Rees

“Mapping and Modeling Weather and Climate with GIS” explores issues that arise
when coupling atmospheric data and GIS technologies and demonstrates the relevance of GIS to weather and climate sciences.

Book review

Introduction

12

This recent Esri Press title is a contributed volume from a range of
climatologists, meteorologists and other experts about how geospatial cartography and analysis helps to advance atmospheric
science research. The book explores issues that arise when coupling atmospheric data and GIS technologies and demonstrates the
relevance of GIS to weather and climate sciences. As such, it offers
both concepts and practices of mapping and modeling weather
and climate with GIS. The book is aimed at meteorologists, climatologists and GIS practitioners interested in integrating weather
and climate data into their GIS workﬂows.

Contents
The book consists of 23 chapters, categorized into six major topics.
The book starts with a theoretical discussion of available ﬁle formats
to store and describe atmospheric phenomena in a GIS. It´s clear
that this was no easy task as they encapsulate both
length, width and height, as well as a time compoTitle: Mapping and Modeling Weather
nent. In addition to all this there are many observaand Climate with GIS
tions taken over a period of time, making them ´big
Editors: L. Armstrong, K. Butler,
data´. Continuing on this theme, real-life examples
J. Settelmaier, T. Vance and
of atmospheric data samples and derived services
O. Wilhelmi
Number of pages: 334
and products are covered in the second part of the
Language: English
book. Climate modeling and downscaling analysis
to discuss a ﬁle format on page ﬁve (netCDF in this case)
Publisher: Esri Press
of climate change is covered next. Continuing on
and discuss the accompanying data model at the end
Year of publishing: 2015
this theme, part four covers how data and models
of the book.
ISBN: 9781589483767
can be combined with other GIS data in ArcGIS to
As it stands now, more than the ﬁrst half of the book
Available in print and e-book version
answer questions and solve problems. Detailed discovers ArcGIS and the coupling of weather and climacussions on the kinds of web services for atmosphete data in various ways, which is in line with what the
ric and hydrological data available from government agencies and
book title suggests. Only the last two parts of the book (and the strong
Esri is covered in part ﬁve. Finally part six covers speciﬁc tools and
afterword) broaden the technological focus and discussion. One of
resources for acquiring, reading, analyzing and visualizing multidithe main conclusions drawn is that standards create convergence
mensional weather and climate data in a GIS. A short afterword
between different communities (such as the GIS and atmospheric
looks at how to move forward from the current situation discussed in
science communities), so that everyone gains in the end. I would have
the book.
expected to see more pages dedicated to web GIS and analytical
tools offered as cloud services, rather than desktop GIS examples.
Verdict
The current results of the convergence between the aforementioned
The title of the book implies a GIS-centered approach, but this is only
communities are described in detail in the many examples in this
partly true. Although the book is mostly about technology, data and
book and I´m curious to know what will happen after the recently
use cases, the focus is broader than ´just´ desktop GIS. The intention
announced Google/Esri treaty and when ArcGIS Pro will be adopbehind the book is best explained through the title of the excellent
ted more widely. I think this book is best used as a ´hands-on book’,
foreword: ‘a fruitful collaboration between geospatial and atmosphealthough some parts would also make a good resource for GIS courric communities´.
ses dealing with the integration of weather and climate data. One
That being said, there are some problems with the choices made by
last thing which would have added the ﬁnishing touch: a list of acronyms would have been very welcome (acronyms can be found in the
the editors of the book. For example, they chose to end with a chapindex, but not their meaning).
ter on tools and resources, which would have been better suited to
the beginning of the book, right after chapter one. It´s simply illogical
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Mapping A Research Station

Aerial Imaging in Antarctica
Mapping a research station in
Antarctica turned out to be quite
an adventure.

Article

By Juan Plaza

14

Introduction
Like numerous countries around the world, Ecuador’s mapping agency,
Instituto Geograﬁco Militar (National Military Geographic Institute of
Ecuador, or IGM) is a technical institution within the country’s military
establishment. The IGM is responsible for developing the national mapping and the geographic and cartographic ﬁles of the country. The
Institute also provides services in the scientiﬁc ﬁelds of earth sciences.
In 2013, the IGM was actively looking for an unmanned aerial mapping solution to anchor an aggressive campaign to update Ecuador’s
ofﬁcial cartography. The work provided IGM with an opportunity to
put an unmanned aerial solution (UAS) to the ultimate test: to map the
area surrounding the country’s scientiﬁc research base in Antarctica. It
would be one of the ﬁrst times that a UAS had been used in Antarctica.

Orthomosaic
Ecuador’s Pedro Vicente Maldonado Base is situated at Guayaquil Bay
on Greenwich Island in the South Shetland Islands, just a few miles off
the coast of the Antarctic Peninsula. Named for an internationally prominent Ecuadorian scientist who lived in the ﬁrst half of the 18th century, the base supports scientiﬁc research programs in biology, geology,
glaciology and microbiology, among other disciplines. The Maldonado
Base began operations in 1990. Currently it operates for three to four
months during the Antarctic summer and is scheduled to begin yearround operation in 2016. Faced with the tight timeframe and unpredictable conditions, IGM wanted to know if a small, lightweight unman-
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The IGM team, left to right: Captain Juan P. Gómez E., Jorge Berenguela, Lieutenant Rafael Peña, Geodesist
José Sarzoza and Sergeant Carlos Gómez give a thumbs-up to the successful completion of its Antarctic
(source: xyHt)

ned aircraft could provide a suitable orthomosaic of the Ecuadorian
research base and the surrounding area.
Ivan Pazmiño, the owner of Instrumental & Optica, a Trimble geospatial distribution partner in Ecuador, agreed to supply a Trimble UX5
Aerial Imaging Rover, Trimble Business Center software (TBC) and a
technician to assist in the month-long mapping operation at the
Maldonado Base. One of the key capabilities of the UX5 is its ability
to reliably deliver mapping and surveying data, operating in rugged
terrain and virtually any weather conditions. The Trimble UX5 solution
includes the UX5 aerial imaging rover with a high-quality camera, a
launching catapult and Trimble Access Aerial Imaging application running on a Trimble Tablet rugged PC to plan and monitor the automated
ﬂight. Each ﬂight’s image data is downloaded to the TBC Aerial
Photogrammetry Module, which performs automatic aerial photogram-

Prepared using the Trimble Business Center Photogrammetry
Module, this orthophoto of the Maldonado Base was taken by
the UX5 from an altitude of 100 m (330 ft). (source: xyHt)

metry adjustment and produces 3D, colored point clouds, digital surface models and orthophotos. The deliverables allow users to create
surfaces, perform volume calculations and other measurements.

Preconditions
Timing was critical. Planning commenced in late November and the
expedition needed to leave in February in order to be completed before
the Antarctic winter set in. They had less than three months to prepare.
Pazmiño selected Jorge Berenguela as the technician to make the expedition and ﬂy the UX5. An experienced UAS pilot, Berenguela had ﬂown
its predecessor, the Trimble Gatewing X100. Berenguela completed training and certiﬁcation on the UX5 from Trimble shortly before the departure to Antarctica.
The mapping team consisted of Berenguela and four IGM scientists.
Departing Quito, Ecuador they ﬂew to Punta Arenas, Chile, where they
waited three days for the weather to clear—a preview of things to come.
From there, a C130 military cargo plane took them to King George
Island, the northernmost of the South Shetland Islands. After another twoday weather delay, the team embarked by boat to the Maldonado Base
on Greenwich Island, roughly 50 miles away.
The Maldonado research station receives three expeditions of people
each year. The ﬁrst group arrives in early January to open the base and
prepare it for the arrival of the scientists. The UX5 team would be members of the third expedition, the last of the 2014 season. The total expedition comprised 38 people including biologists, micro-zoologists, cartographers, weather experts and soldiers. Accommodations were cramped;
four men shared a 1.8 m (6 ft) square room, sleeping in bunk beds.

winds or heavy precipitation. To complicate matters, the team would
conduct aerial photography over snow and ice—one of the most difﬁcult challenges for photogrammetry. The weather ﬁnally improved to
allow human outdoor activities and the UAS team launched the ﬁrst
ﬂight. Conditions were challenging–5ºC (23ºF) and winds of 10 to 15
knots with unpredictable gusts. The ﬁrst ﬂight was a success; the UX5
landed smoothly after covering the entire scientiﬁc base in about 25
minutes with an overlap of 80 percent at an altitude of 100 m (250 ft).
Bad weather again kept the team conﬁned indoors for several more
days. Then, when they could ﬁnally launch the second ﬂight, it was
aborted after just seven minutes when the weather suddenly changed
for the worse. Again, the team spent several days waiting for the weather to moderate and allow them to leave the immediate base area.
Time was running out and the ﬁnal objective to ﬂy the entire peninsula
was still unmet.

Mission accomplished
The weather ﬁnally improved and Berenguela and the team quickly
took advantage. Everything worked as planned: the UX5 climbed to
180 m (600 ft) and ﬂew for 45 minutes, covering the entire peninsula
with the planned 80 percent overlap. When the aircraft landed, the
entire IGM team embraced in a “mission-accomplished” group hug.
They had overcome challenging conditions and narrow weather windows to achieve their goals.
With the ﬂights completed, Berenguela processed the images in TBC.
The resulting ortho-rectiﬁed, georeferenced photomosaics of the peninsula and the base area were beautiful and provided excellent detail. In
spite of the difﬁcult and rapidly varying weather, the UAS had proven
its worth.

Severe weather conditions
For several days after arrival, base safety regulations prohibited the
team from going outside due to bad weather. Although the UX5 was
capable of performing under difﬁcult conditions, the people were another matter. On many occasions, the base commander prohibited personnel from working outdoors during periods of extreme cold, high

Juan Plaza holds a degree in Geodesy from Universidad Central de Venezuela and a MBA in International
Finance from Florida International University. Juan currently lives in Florida and works as Continent Sales
Manager Latin America for Trimble.
For more information, have a look at: http://uas.trimble.com.
This article first appreared in xyHt, Sept. 2014: www.xyHt.com
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For Urban Modelling

Terrestrial Multi-Sensor Survey
By Luigi Colombo and

Article

Barbara Marana

Ground multi-sensor technologies with GNSS positioning, photographic and
scanning devices allow fast surveying and spatial modelling, both for building
documentation and for a complete urban district overview. The large amount of 3D
data collected by the devices augments the basic geometric representation, usually
provided through the traditional vector or raster 2,5D mapping. The paper deals with
a number of examples of static surveys performed through multi-sensor devices,
collected on the ground and by vehicle, throughout the town of Dalmine (Bergamo,
Italy), which is a typical company-town settlement dating back to the 1920s.

Figure 1: Static survey by vehicle using
a multi-sensor system
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Figure 2: Static survey over ground using a multi-sensor system

various locations. If necessary, the vehicle can
be equipped with a mechanic structure, adjustable in height, which will allow the collection of information even when the surveyed
object has signiﬁcant vertical elevation, such

Multi-sensor terrestrial survey
Surveying technologies have evolved, in
recent times, to provide a range of highly automated multi-function sensors. These are able
to perform a series of integrated operations
in the ﬁeld, ranging from surveying measure-
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ments and geo-referencing, in a pre-selected
reference system, to a fast 3D photo-realistic
description of objects.
These integrated devices can be utilized on
the ground or mounted on a vehicle, so as to
perform faster and easier positioning at

Figure 3: System components and wireless connections between the
measurement units

Figure 4: Examples of the OGC
3D LoD standards (image courtesy of BLOM ASA - Norway)

Figure 5: The historic town of
Dalmine: perspective views of the
3D photo-model

as for building façades on city streets.
This simple acquisition increases the enhancement of the survey versatility and productivity,
which, in turn, results in lower costs. The realisation of this all depends on positioning and
navigation permanent networks, which are
often provided by private companies. In Italy
this company is ItalPOS, managed by Leica,
and NetGEO by Geotop-Topcon. These additional survey services, which are, at the
present time, largely used by professionals for
geo-referencing their measurements, have an
important role to play within the realm of
the new integrated static or kinematic survey
devices.
There are issues related to surveying from a
moving car; a method more suited for mapping land extension and requirements of medium-low levels of detail. The focus of the paper

is on the multi-sensor static approach, achieved from a stationary vehicle (Figure 1) or
simply from a tripod (Figure 2).
In these cases, the sensor device consisted of
a laser scanner, a camera and two GNSS
satellite receivers, linked to a network of permanent satellite stations.

Architecture of a multi-sensor system
The multi-sensor system distributed by Topcon,
which is suitable for installation on a vehicle,
integrates a Faro laser scanner with a built-in
photo-camera unit and two Topcon satellite
receivers. Additionally, there are a number of
mechanical devices for data collection optimization, manufactured in Italy by Scan&Go
(automatic levelling and lifting of the sensors)
and the general supports for wireless data
transmission.

The laser scanner allows fast metric acquisitions (object point coordinates), the photo
camera can generate meaningful thematic
information which can be added to geometric
data (colored clouds) and GNSS devices are
suitable for fast cloud positioning and orientation. The system is powered electrically from
the vehicle slot for the car-cigarette lighter.
The system facilitates an improvement of the
surveying phase thanks to the simpliﬁcation of
the multi-sensor displacements within the measurement stations and an optimization of the
acquisition geometry, aided by the vertical lifting of the laser scanner and its photo sensor.
A further signiﬁcant advantage regards the
reconstruction phase of the point model: where
GNSS signals are received it becomes possible to make a direct registration in the cloud,
i.e. with no alignment operations, in the same

Figure 6: Orthographic views of a variety of building façades from the town
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scanner with satellite positioning devices and
real-time network corrections for the measured
GNSS coordinates.
During the aforementioned application, the differential corrections were those provided by
the NetGeo network, developed by Geotop
and supported with Topcon technology. The
Bluetooth connection was enabled using a
smartphone as a 3G hotspot (Figure 3).
The NetGeo network distributes, throughout
Italian Territory, code and phase corrections
useful for differential positioning (DGPS and
NRTK) in accordance with various solutions,
such as the Nearest, in which users receive the
corrections from the closest permanent station,
or the Virtual Reference Station, in which a virtual station is calculated for the user location.

[a]

Article

[b]

The test experience
The integrated multi-sensor system, used
during this test, was provided by a Faro 120
terrestrial laser scanner and two Topcon
GNSS receivers. It was mounted on an Audi
car. The survey was carried out on the historic town of Dalmine, which was designed by
architect Greppi during the Fascist era as a
company-town. The aim of the project was to
produce a 3D City model for urban landscape and building documentation at scales
1:200 - 1:100. So, the selected Levels of
Detail were the standards LoD2 and 3 of the
popular LoD classiﬁcation for spatial resolution, as suggested by the CityGML OGC
(Open Geospatial Consortium). This classiﬁcation deﬁnes ﬁve levels of geometry and attributes, ranging from the 2,5D model of LoD0
to the real 3D model of LoD4 (Figure 4).
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[c]

Figure 7a, b, and c: Vector representations produced using CAD processing

reference system.
Indeed, the collected points already provide a
single model, with an accuracy of a few centimeters, without control points (pre-signalized
or natural) and adequate cloud overlaps. In
practice, however, it has been suggested that
when a survey must be provided on a large
scale (greater than 1:50 and with around one
centimeter uncertainty), it would be wise to
check the instrumental connection among the
clouds for a possible reﬁnement through matching algorithms based on common recognizable features.
The antennas of the two satellite receivers are
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mounted on the vehicle front-hood, through a
leveling base, which includes an “orientation
target”, and over the scanner at the top of the
adjustable tube.
Accuracy is, therefore, due to the vertical positioning of the laser device, generally guaranteed and is simpliﬁed by the cloud connection, even if the vehicle is on rough or sloping
terrains.

System management
The system functionality is wireless, through
Bluetooth and WLAN connections (via PC): this
management is applicable to both the laser

The test ﬁeld is characterized by architecture
of the early twentieth century, with two-storey
buildings and spaces to widespread planting,
both along the streets and into the squares
(Figure 5). In these situations (urban terrain
and tree-lined avenues), the presence of obstacles can create occlusions to the satellite tracking. This means, therefore, that GNSS positioning is not continuously available (for a
direct geo-referencing) and so an indirect
point cloud alignment must occasionally be
performed via software (JRC-3D Reconstructor
and Faro Scene), through well-deﬁned common features.
During the ﬁeld survey, the design approach
established the land locations requested for
each different scan. The process was as follows; the vehicle was parked at one of these
positions, the laser sensor levelled and the
reference target pinpointed with its GNSS
unit. Then the satellite receivers would start to

[a]

measure in NRTK connection with the NetGeo
network, via Internet. This way, spatial coordinates (centimetre-accuracy) for the scan station and the orientation target were recorded
in the International Reference System
(ETRF2000). At the same time, laser scanning
was performed according to the selected
sampling step (scanning grid at the highest
angular resolution allowed by the scanner)
and with a taking station-object distance ranging within 25-30 m.
The scanning was realized by setting the
mechanical arm at different heights so as to
optimize the acquisition according to geometry and morphology of the land objects. When
a panoramic scan was completed, the vehicle moved to a new taking station, repeating
all the measurement cycles and so on, up to
the reconstruction of a global 3D model. This
approach has speeded up this phase of land
survey and geo-referencing, improving the
general process signiﬁcantly.
2D orthographic views for visualization and
analysis were extracted via software (Faro
Scene) from the measurable 3D model; Figure
6 shows a raster plot, with photo-textures.
Vector plots were also produced from the raster views by means of the tracing and editing
technique inside CAD environments (Figure 7
a, b and c).

[b]

[c]

Supplement survey and dimensional
inspection
A supplement survey to collect missed details
and hidden elements over the scanned point
model was performed for each building façade through a set of topographic measurements
(seven stations, ten tie points to link the local
reference systems, 430 gathered points).
These were performed with a Topcon total station (reﬂector-less) and the Topcon (MeridianaMercurio) software support. The new details
were superimposed onto the vector plots as
depicted in Figure 8 a, b, and c.
Finally, a geometric random check, which utilizes 30 spatial distances (ranging from about
3m to over 60 m) between well-identiﬁed
points over the 3D model, was planned to
investigate the quality of the reconstruction.
This metric inspection has involved a comparison between spatial distances extracted from
the scanned point model and the correspondent values calculated from the topographic
point acquisition.
The control has pointed out a maximum value
of the deviation ∆d equal to 38 mm; the value
is under the admissible threshold TΔd (which
was calculated with a 95% probability level
and ﬁxed equal to 45 mm).

Figure 8a, b, and c: Geometric supplements superimposed onto the vector plots

The standard deviation of the topographic
point position was assumed to be equal to
5 mm and the correspondent value of the
scanned points equal to 15mm.

Final remarks
The project involving the historic urban territory of Dalmine has highlighted the excellent
functionality, versatility and speed of this survey multi-function system. In particular, it has
pointed out a more favorable beneﬁt-cost ratio
in applications with detail levels less than
1:100 scale, where the satellite geo-referencing was correctly allowed and satellite positioning accuracy appeared suitable for a
direct model reconstruction.
The mechanical lift and the vehicle support
proved to be really advantageous when the
survey required several taking stations distributed over an extended open area, or when
the zone was not easily accessible or required different scanning heights due to the presence of obstacles or tall objects. There were
some limits in reliability, which became apparent during the use of wireless communications
between different devices: Bluetooth and

WLAN are effective technologies, but require
good compatibility between the connected
units. Additionally, good Internet coverage is
needed for basic operations, together with an
extensive and consistent power supply: unfortunately, at the present time, most portable
devices still have limitations in these areas.
Surely it wouldn’t be too much of a stretch to
improve these shortcomings in the near future, as well as those related to power supply
reliability, mechanical support functionality
and commercial price.
Luigi Colombo and Barbara Marana, DISA - University of Bergamo (Italy)
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GNSS Update

One Small Leap… One Big Problem?
Article

By Huibert-Jan Lekkerkerk

GNSS clocks are, as any regular reader of this series will know, atomic clocks.
These clocks are highly stable and, as such, will only show an inaccuracy of one
second every so many million years. They run on what is called International
Atomic Time (TAI). So far so good. However, our own perception of time is based
on the movement of the earth around the sun (and its own axis). This is perceived as the so-called GMT time or, when aligned to the atomic clock, Universal
Time Coordinated (UTC).

22

Time differences between Atomic Time, UTC and GNSS system time.

here is a difference between TAI and UTC which, as a result
of the earth gradually spinning more slowly, is corrected on
a regular basis when the difference is more than 1 second.
The ofﬁcial insertion of such a ‘leap’ second is either on
January 1st or July 1st at 0:00. As a result, GNSS introduce
this leap second change into their systems using the navigation message to allow users to correct the GNSS time to the conventional UTC
timeframe. In the case of GPS the current number of leap seconds is
16 and will change to 17 just before midnight on June 30th.
Recent testing, however, has raised an issue with the Beidou naviga-

T
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tion message. Beidou uses a day-of-week number ranging from 0 to 6
whereas other GNSS use 1 to 7. As a result receivers may be implementing the leap second one day early according to the Beidou message (if able to receive this message and when running solely on
Beidou).
Users with a GPS receiver may already be experiencing a different
type of problem. The GPS navigation message gives both the leap
second and the time at which it should be applied to the data. However,
it has been reported that, after uploading the leap second to the ﬁrst
satellites on January 21st, some receivers have already applied the

leap second, resulting in erratic behaviour.
Users operating a receiver with multiple GNSS constellations and running
on Beidou alone or those using GPS
receivers with erratic behaviour that
started at or around 21st of January,
are advised to contact their supplier
to check for a potential issue and/or
a ﬁrmware update.

monitoring station) and Kiruna
(Swedish Arctic). An additional upload station in Papeete (French Polynesia) is also part of the upgrade.

Galileo ground segment (source: www.esa.int)

GPS

The new control system will be used
without delay to control the Galileo
satellites, four of which are in full operation at the moment. As reported in
the last update, the additional two
satellites orbiting the earth are in incorrect orbits albeit by now both satellites
have been shifted into more stable
orbits. An additional 6 satellites are
scheduled for launch later this year.
Two of these should be launched by
the time you read this article (launch
date is scheduled for 27th March).

By the time you read this article yet
another GPS IIF satellite should have
been launched. In total that will make
69 GPS launches over the course of
37 years (1978 – 2015). This is an
equivalent of less than two per year.
With a constellation of 31 active satelGlonass
lites this indicates the durability of
A 2.5 billion rubles (38 million euro)
GPS satellites, which is both an asset
loan has been given by the VTB bank
as well as a factor delaying improveof Russia to the 61% government comDistribution of Galileo ground segment stations (source: www.esa.int)
ment. On January 6th one of the
pany “Information Satellite Systems –
oldest satellites was retired after 22 years of operational service, but it
Academician M.F. Reshetnev” to ﬁnance the production of more
will still be used for testing purposes. Its PRN code will be assigned to
Glonass K1 satellites.
the new satellite to be launched in March.
Another company called “Glonass” was formed by the government
with an initial capital of 100 million rubles (1.5 million euro) to control
Around the same time that PRN-26 was retired the next generation GPS
the ERA-GLONASS (Emergency Response in case of Accidents) inforIII command and control system (OCX) passed one of its key tests.
mation system.
While this is positive news, sources within the US Air Force now doubt
Additionally, Russia and China signed an agreement for cooperation
whether the system will become operational soon enough for the incluon satellite navigation, rocket construction and rocket engines.
sion of GPS III satellites into the GPS constellation. As a result, an inviFurthermore the two countries are investigating the placement of
tation to tender has gone out to provide temporary capability to perGlonass differential correction and monitoring stations in China.
form the positioning, navigation and timing missions of the GPS III
satellites. The contract is expected to be awarded to Lockheed Martin,
Augmentation
but is open to all contractors.
Starting early February, Fugro will be providing what they call the G4
service. With this service corrections for all four major GNSS are proviThe main reason for issuing a temporary contract is the perception in
ded (GPS, Glonass, Galileo and Beidou). Although Galileo services are
US congress that the OCX program is running over budget. If budget
not currently relevant, the system is ready for their use as soon as the EU
increases are withheld that would delay the OCX program too much
announces Initial Operation Capability (IOC) status.
and prevent it becoming operational by 2019. The overall budget for
GPS has already been cut by 100 million US$.
The need for a GNSS back-up is becoming more and more apparent
to countries around the world. In early January
the US Army put out a Request for Information
Galileo
on the purchase of 50.000 eLoran receivers
At the end of January and early February
after a ﬁve year development effort.
Galileo’s orbital updates were temporarily susSouth Korea has meanwhile re-launched its
pended whilst the control system was upgraded
eLoran program. With a budget of over 12 milfrom V1.2 to V2.0. Though not of immediate
lion Euro a maritime eLoran will be implemenconcern to the users, as there are only 6 satellited using three transmitters and two differential
tes transmitting a navigation message at the
stations in the ﬁrst phase. In the next phase addimoment, the fact in itself is signiﬁcant. The
tional stations should come online. The system
upgrade should give better overall performanshould be available for test purposes in 2017.
ce and availability of the control system (as well
as ﬁx some ‘non conformances’ identiﬁed by
Huibert-Jan Lekkerkerk hlekkerkerk@geoinformatics.com
the operators). A total of four ground stations
is
a freelance writer and trainer in the fields of positioning
were added to the control segment of Galileo.
and hydrography.
The three new monitoring stations are in the
Set-up of the South Korea eLoran system (source:
Azores, Ascension Island (also hosting a GPS
www.insidegnss.com)
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Defining Quality, Tools and Benefits

Data Quality Can Maximise Business Value

Article

By Jo Shannon

Technology can offer real, tangible benefits, but they will only be realised due to an
investment in automated data quality and rules-based data processing.
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1Validate and 1Spatial Cloud

ow easy do you ﬁnd it to persuade senior management to
invest in Data Quality? In my experience from working with
numerous customers, I have found it can be a bit of a struggle, and it is my ﬁrm belief that there are two things that
impede Senior Management commitment to data quality:
• Firstly, and most importantly, we can be too focused on the impacts
of data quality (i.e. better quality data) rather than the realisable
beneﬁts of having good quality data; and
• Secondly, if we are not talking about inherent, full quality management; we’re never solving the problem, only perpetually adding problems to the list of things to do.

H

Though the above two points are listed in priority order (essential for
any good ‘agile’ development process), practically however, the two
are best tackled in the opposite order.
Historically speaking, data quality improvement initiatives come with a
stigma associated to them. Why? Because people rarely enjoy; extra
scrutiny, another box ticking exercise, growing to do lists, or (another)
annual improvement initiative.
However, these characteristics are typical traits and perceptions of
manual data quality processes and initiatives. These processes rarely
deliver beneﬁts to Senior Management, more so they produce ‘areas
for improvement’, or in other words; things to ﬁx, problems and a drain
on already stretched resources.

Cog
Data quality should be a cog in a bigger system however, not a system
or process in itself, inherently managing data quality as change occurs.
Automatic data validation sits behind the scenes, seamlessly building
accuracy, consistency and reliability into your data set.
For example, 1Spatial’s automatic data validation enables organisa-
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tions to deﬁne rules speciﬁc to the businesses needs to check the quality of your data. It can be accessed in the cloud for free, but it is also
possible to deploy and integrate into your existing data management
environment.
However, data quality can’t just be resolved by automation. The organisation will need to deﬁne what quality means to it ﬁrst. Then technology can give you a powerful platform to deﬁne these rules, and the
conﬁdence and ﬂexibility to have them integrated into your everyday
systems.
ISO (International Organisation for Standardisation) deﬁnes quality as
the “degree to which a set of inherent characteristics fulﬁls requirements”. I believe this means that, as an organisation, you get to decide
what quality level is appropriate for your business. Lean and agile development methodologies also promote the concept that ‘Good Enough is
Perfect’. You just have to decide what is ‘Perfect’ for you.

Business benefits of good quality data
In a world where data quality becomes an automated part of your
every day, we can then start to look at the real business beneﬁts that
good quality data can deliver for your business; the stuff that will really
capture the attention of any senior management team.
With integrated, automated data quality, it is possible to take a two
week manual process and reduce it (on average) to 10 minutes of processing time – still no humans! That’s a two human-week saving per set
of changes!
As a direct result of having inherent data quality, it is also possible to
take a 100% manual process and turn it into a 100% automated process, saving a whole man-year every time that process is run. This happens when the quality of the data enables an organisation to take
advantage of downstream automated processes. Those human resour-

1Generalise

ces can be freed-up to deliver even
more beneﬁt to the organisation,
using their specialist skills.
So a rules-based process can revolutionise a manual data transformation
project. One project which used this
system was originally estimated to
take 5-7 years, but was turned into
an 18 month project, where data
quality was checked automatically
throughout the process.
The practical evidence of these beneﬁts being achieved is driven through
the ability to do more with less. If you
take Ordnance Survey Great
Britain’s mantra of ‘Capture Once, Store Once, Use Many’, it is the
‘Use Many’ element that delivers the most tangible beneﬁt and it is
appropriate data quality that unlocks this potential.
Automated Generalisation relies heavily on known data quality, the
ability to derive multiple products of differing scales from a single source is the key which unlocks the capability to exploit your data holding
and use it many, many times.

ation of small scale data from your
base dataset.
If you could imagine, what extra
resources you would have available
to you if; change was automatically
validated before being committed to
your dataset, quality errors were
automatically corrected, and any
change made to your base data was
automatically propagated through to
your entire product set. The big
question is; what more could you do
for your organisations with those
extra resources?

Conclusion
Technology can offer real, tangible beneﬁts, but they will only be realised due to an investment in automated data quality and rules-based
data processing. If we can talk to our Senior Management, not about
better quality data, but about how we can increase efﬁciency, redeploy our human resources to achieve more and save time and money,
then the justiﬁcation for investment into data quality would be easy!

At 1Spatial, we can produce generalised data based on a conﬁgurable set of parameters, performing automated model and cartographic
generalisation using repeatable rules. It is used to automate the cre-

Jo Shannon,
1Spatial, National Mapping and Land Registration.
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UAVs extend BIM to Construction

Quality Assurance from a Bird’s Eye View
By Friederike Nielsen

Article

and Paul W. Holley

UAVs (Unmanned Aerial Vehicles) have great potential for quality assurance on
construction sites. They are leading the way for construction firms to extend Building
Information Modelling (BIM) into the field and onto respective job sites. A pilot
study conducted from January to May 2014 by the McWhorter School of Building
Science (Auburn University) in cooperation with Brasfield & Gorrie General
Contractors, Leica Geosystems and CCLD Technologies confirms this.
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The high-resolution pictures taken by the Aibot X6 show damage in detail
and allow inspection using a computer (source: Brasfield & Gorrie).

he focus of the case study was a
project known as Grandview Medical Center in Birmingham, Alabama. Construction of this building
was halted during the structure/skin
phase in 2003, due to ﬁnancial and other
issues of the then owner. It remained unoccupied until Brasﬁeld & Gorrie were commissioned by a new owner in 2013. In an
effort to deliver a quality product to the
customer, the constructors needed to document and inspect several as-built conditions.

T

Among the items that needed to be inspected was the 13-story convex curtain wall of
the building. This would normally be done
with a suspended swing stage, which is
expensive, time consuming, and can potentially put workers at risk. Brasﬁeld & Gorrie
therefore sought an innovative alternative to
accomplish this type of task and partnered
with the McWhorter School of Building
Science at Auburn University. Susan Stabler
from Brasﬁeld & Gorrie recalls: “We were
trying to come up with a way that would be
safer and more cost effective, and so we
had the idea of using a drone. Since we
knew that it wasn’t industry standard yet, we
thought of the McWhorther School of
Building Science.”
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Laser scanning versus photogrammetry
In a ﬁrst step, utilizing a Leica C10 Scanner,
the Auburn team generated a point cloud of
the curtain wall as well as a part of the interior of the building to develop a baseline of the
existing curtain wall, which could be utilized
in tandem with their BIM model. In a second
step, the aerial inspection of the outer skin was
done with an Aibot X6 hexacopter. Equipped
with a digital camera, the UAV ﬂew along the
existing curtain wall and the parking garage
according to a pre-deﬁned grid and captured
geo-referenced, high-resolution images and
videos.
First, the photos in a test section were linked to
the BIM (Building Information Model) as a
record of the current conditions. By selecting a
link, inspectors and waterprooﬁng consultants
could view an image of a particular section of
the curtain wall and thus had the opportunity
to get highly detailed views of a test section of
the exterior skin of the building, which had previously been difﬁcult to obtain. This made it a
lot easier for them to evaluate problems and
formulate corrective action plans.
Subsequently, the UAV-captured photos were
transformed into a point cloud and a model
utilizing photogrammetric software. The point

Aerial inspection using the Aibot X6 increased work safety and saved
time and costs (source: Brasfield & Gorrie).

clouds generated by the LiDAR scanner and
the photogrammetric model were then compared. The LiDAR generated point cloud for the
test area was assigned a reference plane,
upon which the photogrammetric generated
point cloud was superimposed and matched.
A single band of curtain wall was then isolated and a plan section was selected to compare the point clouds’ proﬁles. Upon zooming
into a single mullion, it would appear that the
LiDAR generated point cloud was more accurate and the planar dimensional error was only
plus or minus 9/16th of an inch (1.5 cm).

UAVs offer great potential to the area
of BIM
In conclusion, UAVs enable constructors to capture high-resolution images of areas that are difﬁcult to reach with conventional equipment.
They enhance work safety and save time and
costs. The aerial pictures can be integrated into
existing BIM models, allowing stakeholders a
detailed inspection at close range. Furthermore,

The geo-referenced pictures
captured by the Aibot X6 were
precisely matched with the BIM
(source: Brasfield & Gorrie).

exterior skin of the Grandview Medical
Hospital by using conventional methods such
as swing stages, lifts, and cranes would have
been rife with safety issues, extremely time consuming and would have offered no obvious
way to capture, document, and organize the
physical building for approval. Using the
Aibotix drone allowed us to capture an image
directly tied to a location on our model. This
new technology opens many new innovative
opportunities in construction.”

What is BIM?

The team from Auburn University and Brasfield & Gorrie tested the
Aibot X6 and found that UAVs can extend BIM onto job sites
(Brasfield & Gorrie).

UAV-generated data can be processed by photogrammetric software to create precise point
clouds and 3D models. Russ Gibbs, Regional
Director Virtual Design and Construction at
Brasﬁeld & Gorrie predicts that the use of UAVs
in the area of BIM have a great future and mentions numerous advantages: “Inspecting the

BIM (Building Information Modelling) describes the process of collaboratively designing a
building using one coherent system of computer models rather than separate sets of drawings. BIM is of equal relevance to the construction industry as to the civil engineering
industry. The ability to reproduce ‘as-built’ information using high-resolution data such as point
clouds has made BIM a much talked about
application within the geospatial industry.
For more information, have a look at: www.aibotix.com.
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The Internet of Things, Big Data and More

Adopting New Technology
Book review

By Eric van Rees

28

A number of freely available eBooks from O’Reilly Media offer a selection of perspectives on what´s happening in current information technology and how businesses can
best implement this. These publications go beyond the hype and buzzwords and give a
concise and informative view on current technology and how to adopt it successfully.
They are recommended to anyone interested in current internet technology and the
organizational challenges it brings with it.

Introduction
New technology has had a huge impact on
the way people do business and live their
lives. In the era of big data, cloud computing
and the ubiquitous sensors, geospatial companies are having to constantly adapt and
adopt new strategies to incorporate this new
technology into their modus operandi. A couple of examples of this would be: Esri created
a cloud platform and made the transition into
becoming a data provider as well as a software provider. This indicates that they consider big data computing important in the development and vision of the ArcGIS platform.
Both Hexagon and Trimble realized that hardware and software should be attuned and
incorporated cloud technology in data workflows. Safe Software’s FME Server is a cloud
offering and a good example of the direction
others will head towards in the near future.
The OGC has been active in the ﬁeld of sensor web enablement, anticipating the Internet
of Things (IoT).

A transformed data landscape
“Data: Emerging Trends and Technologies.
How sensors, fast networks, AI, and distributed computing are affecting the data landscape”. This offering by Alistair Croll discusses the emerging trends and technologies
which will transform the data landscape in
the months to come and relates to the investigation into the forces shaping the big data
space, from cognitive augmentation to artiﬁcial intelligence. Author Alistair Croll is cochair of the Strata + Hadoop World conference, an event that is all about how data
ﬂoods are collected, governed and acted
upon. Hadoop refers to Apache Hadoop; a
set of algorithms for distributed storage and
distributed processing of very large datasets,
which is, effectively, what big data is all
about.
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Big Data visualization

The book is compiled of four chapters and
begins with a view on how current technology is changing how people work with data.
The history of computing has been a constant
pendulum, swinging between centralization
and distribution, with each swing resulting in
new architectures and new bottlenecks. Croll
now sees the ﬁrst iteration of the Internet of
Things (IoT), where small devices are little
more than sensors and the hard work is done
in the cloud, i.e. with centralized data centers.
Croll continues with a look at how humans
mesh with the rest of their data systems and
how computational power can best produce
true cognitive augmentation. Tomorrow’s
interfaces for mobile devices will be
designed for interruption, Croll argues,
acting as agents which will have better and
quicker recognition than humans. Whilst initially these devices are met with rejection or
irritation in public spaces, they are eventually accepted (perhaps Google Glass is just
ahead of its time). Apart from evoking ethical questions, the development of new interfaces for ´interruption´ causes new architectural changes as well.

Real-time data
Offering a look at some options in the evolving, maturing marketplace of big data components, which make these new applications
and interactions possible, the advent of realtime data has created a situation where machines are provided with a perfect learning loop.
This means that they can be used for solving
mental challenges which require more thinking. Referring to his ﬁrst chapter, Croll argues
that the programmable web arrived too early,
but its modern equivalents (cloud services,
containers and social coding platforms) are
getting simpler and eventually time will tell if
it´s better to build things from scratch or rely
on others’ economies of scale.
Big data possesses a great deal of promise,
but also has resulted in a number of problems.
At the present time, it has become so inexpensive that a point has been reached where
it´s almost not worth billing for. This has resulted in the development of many new applications. Unfortunately, consuming data can lead
to what Croll calls ´the death spiral of prediction´, namely that consuming data inﬂuences
its users, such as Google´s search results
swaying an election. Developments in image

recognition and interpretation will one day
result in the analysis of sensor data that cannot at this time be analyzed, which results in
even more data. The evolution of data collection poses immense technical and ethical
questions, as well as business opportunities.

them to act intelligently. This Internet of Things
(IoT) is transforming business models and enabling companies to sell products in entirely
new and better ways.

Big data and security issues
“Innovation, Security and Compliance in a
World of Big Data” by Mike Barlow revolves
around the question as to whether big data
security and rapid business innovation can
coexist. Barlow sees history repeating itself; in
the sense that companies are learning the
same painful lessons about big data as others
did with enterprise resource planning (ERP) systems in the past. Where successful ERP deployments required hiring new people and developing new processes together with acquiring
technology, big data requires security as much
as the technology. Needless to say, with big
data, the problems happen on a much larger
scale.
The root of the problem is the velocity of change, with the technology part being far ahead
of the people and process parts. This has resulted in Hadoop and NoSQL data management
systems playing catchup with traditional database products, as data security was not high
on the list of operational priorities when they
were invented. Solving these technical problems is a matter of time, but the message is
that security comes with a price tag. Other than
that, big data companies should, at the very
least, have processes for protecting the data
and ensuring its integrity. Approaches to data
security can vary, however, depending on the
situation. More helpful is a checklist of reasonable expectations to database security in
modern day data management environments
so that people can avoid the problems currently associated with this ﬁeld.
Another way to guarantee security is to use
data which has no personally identiﬁable information (PII) on it, as security depends on anonymity for some companies. The author argues
that this approach provides a measure of safety for all parties: data consumers, data collectors and ﬁrms that harvest data. Nevertheless,
privacy issues and how to address them continue to crop up. One thing that could be done
is to replace data management guidance with
standards and rules set out by the government.
Training people is another way of achieving
better security, as well as clarifying the regulations around data security, as there is no one
central set of regulations covering data security and privacy within the USA.

The Internet of Things (source: Wikipedia)

Creating a Data Culture
Now that the data movement is in full swing,
organizations need to develop a data culture.
This is the opinion of DJ Patil and Hilary Mas,
authors of the book ‘Data Driven: Creating a
Data Culture’. As the title suggests, it´s not
about having the latest technology that matters most, but how to successfully deploy it within an organization. Data science is a team
sport and not about the work of individuals.
Examples from successful data-driven organizations (not limited to internet businesses)
show that one of the key elements to a successful strategy is democratization of data
access, meaning that data is available to anyone who needs it.
It is telling that this idea has found adoption
after worldwide internet access, not only in
the commercial sector, but also within governments and nonproﬁts. Geospatial companies
are now adopting this idea as well, as they
become content providers and data-driven
organizations themselves. The authors provide real-life examples from companies such as
LinkedIn and Facebook, as well as descriptions of the most essential processes and ways
to evaluate technology, for instance the suggestion that data should be reviewed daily.
The book ﬁnishes with some tips as to how to
create a cultural change, as it becomes clear
that such a change will not happen overnight.

The Internet of Things
Not short on optimism, Mike Loukides & Jon
Bruner, authors of the book “What Is the
Internet of Things?” describe what lies behind
this popular term and how this may work out
in the future. The term ‘Internet of Things’ revolves around the idea that we should be pushing back the bits into atoms after spending
30 or more years doing the opposite, or what
they call ´the intersection between software
and hardware´. It is all about products with a
network connection and sensor and enabling

Before going into this, however, they dive into
technological developments that enabled this
IoT, such as network technology and combining local computing and powerful cloud
computing. The term itself dates back to
2001. What makes things different in 2015
is a common understanding of how technology functions with a few decades of internet
history and the possibilities of software ingesting data from a variety of inputs, interpreting it and issuing commands in real time. This
intelligence has now been brought into the
physical world.
One enabler of the IoT is what the authors call
´the new manufacturing´: new design software and supply chain models that are transforming the way that companies create and
build hardware. An example of this is the availability of more accessible design and prototyping tools. These in turn enable small companies to be innovative, as it has become
easier and cheaper for them to get a product
into the market. At the same time, this argument also applies to established industrial
companies, so it´s not clear who the winners
will be in the future. What is clear, however,
is that companies who restrict themselves to
only being involved in making hardware will
have to diversify and include the software too.
An example of an industry which has made
this transition is the car industry. They understood that they couldn’t ignore Google’s efforts
within this ﬁeld and joined Google in an effort
to bring the Android operating system to cars.
The increasing number of these sort of smart
devices in the physical world can yield intelligence by interconnections between these devices and the myriad of different software. An
important requisite for enabling this interaction is that there are standard protocols, which
is a challenge in a situation where vendors
want their own market share. Also important
is that technology itself is not the ultimate goal,
but a means to create artiﬁcial smartness,
which causes huge challenges for application
designers. The book ends with a list of the problems with networked devices, mainly concerning security, privacy, patents and network
effects, such as a need for more sophisticated
routing and switching in customers´ premises.
All titles discussed in this article can be downloaded from
www.oreilly.com.
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Esri Developer Summit 2015
By Carla Wheeler

Appearing via Skype, will.i.am spoke with Esri president
Jack Dangermond about the importance of encouraging
young people to become tech entrepreneurs.

The tenth annual Esri DevSummit was held March 10-13 in Palm Springs, California.
The event drew 1,800 attendees and offered more than 300 tech sessions, 30 Speed
Geeking sessions and 30 user presentations.

eosolutions are desperately needed to solve the world’s
big problems, Esri president Jack Dangermond told
1,800 people at the 2015 Esri Developer Summit
(DevSummit). Esri and the developer community can
work cooperatively to build technology to tackle these

G

issues, he said.
More creative developers are needed to forge solutions, Dangermond
said, encouraging the audience to nurture new talent by being a mentor. “The interest we have is growing the next generation—we need
more of you,” he said, opening the largest annual Esri developer event,
which was held March 10-13 in Palm Springs, California.
On Esri’s side, staff will continue to open the hood of ArcGIS technology to help geodevelopers build “great things,” Dangermond said.
Knowledge about Esri’s code will be key. “Our technology is modular
and structured into thousands of components. These are the components that Esri’s developers use to build the platform,” Dangermond
said. “In the last couple of years, we’ve opened up that structured
code—some with open source and APIs—so that you guys develop
with exactly the same code that our own software engineers do.”
If geodevelopers go with the grain of the basic ArcGIS platform, it will
be easier to create great mapping applications and other geotechnologies, Dangermond stressed. “We want you to be our colleagues in
development of geosolutions and be part of the fabric of what we’re
working on. We are interested in building great tools that address the
big issues of the world.”

Highs and Lows of Mobile App Development
Someone who is at the forefront of coming up with ideas and solutions
in the mobile development world is John Tomizuka, cofounder and chief
technical ofﬁcer of Taqtile, a Seattle, Washington-based mobile app
development company. His ﬁrm has developed apps for President
Obama’s inauguration in 2012 and NBC’s coverage of the wedding
of Prince William to Kate Middleton in 2011.
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Tomizuka used his keynote speech at the summit to talk about the triumphs and pitfalls of developing mobile apps. He said he wanted to
save others from what he called the heartache, pain, and time spent
making the same types of mistakes his company has made in the past.
Before plunging into stories about the highs and lows of developing
the various mobile apps he has worked on for Taqtile, he caught a dodgeball thrown by Esri ArcGIS program manager Jim McKinney, who
moderated the summit. Tomizuka laughed and said, “Going along with
the dodgeball analogy, for me building mobile apps over the years is
like getting pelted in the face. I don’t want to discourage anyone but it
is a complex endeavor.”
Tomizuka said there are two types of mobile apps: narcissistic and
empathetic. Avoid being narcissistic, where you develop for yourself,
and opt for being empathetic, where you develop for your end user,
he said. “[Not] putting yourself in someone else’s shoes is deadly for
mobile apps.”
As an example of a narcissistic app, Tomizuka used an app Taqtile
designed for the 2012 Democratic National Convention in Charlotte,
North Carolina. The app included a logo of the city of Charlotte that
users could take a picture of with their cell phone camera and get more
information about the city. However, that idea was not driven by the
user but by someone who worked for the city. “That’s not thinking about
your user. That’s not being empathetic,” he said.
Tomizuka contrasted that with developing a mobile app for Netshoes,
an online sporting goods retailer in Brazil. Taqtile interviewed potential
app users and collected data on how they used e-commerce apps. The
app was a hit; one of its most successful aspects was a real-time chat
feature that let the customer chat with a Netshoes employee about a
product or the status of an order.

What’s New, What’s Next
Christopher Moravec, director of products for Eagle Information
Mapping in Houston, Texas, likes Esri’s philosophy of working collabo-

ratively with developers like
with data-driven workﬂows,
himself while always upping
provides smarter initial setthe ante and improving
tings for the map that’s
ArcGIS.
being made, including
“I like the culture of the comcolor, scale, and styling.
pany—to push the [technoAnother crowd pleaser was
logy] limits. I was not
AppStudio for ArcGIS, curalways necessarily happy,
rently in beta. Developers
but it got better—faster,
can use AppStudio for
easier to use, and more conArcGIS to build a single
ﬁgurable,” said Moravec,
mapping app that will run
whose ﬁrm creates data
natively on multiple platJohn Tomizuka recounted the ups and downs of mobile app development with Esri’s Jim McKinney (right)
management and analysis
forms including Microsoft
and the developer audience.
tools for companies with oil
Windows, Apple iOS and
and gas pipelines.
OS X, Android, and Linux.
A collaborative relationship also makes developing geospatial solutions easier, said Moravec, who uses the entire ArcGIS platform, with
will.i.am: Inspiring the Next Generation of Developers
ArcGIS for Server as the cornerstone. “I’m focusing on my industry and
Global music artist, philanthropist, and tech entrepreneur will.i.am joimy needs while Esri provides basic functionality such as the mapping,
ned the DevSummit via Skype to encourage the developers there to
disconnected editing, and analysis [tools],” he said. “Esri does the hard
mentor young people in tech skills including GIS.
part, and I do the fun part.”
“A couple of years ago, I became friends with a very special person—
Moravec and the other attendees look forward each year to hearing
will.i.am,” Dangermond told the roomful of developers and GIS profesabout Esri’s new GIS technology. They weren’t disappointed by what
sionals. “He is not only one of the greatest entertainers in the world—
Esri director of software development Sud Menon, and McKinney, and
he [cofounded] The Black Eyed Peas—but he is also a genius with
their team of software engineers brought to the stage.
respect to tech. He’s building various kinds of wearable devices, and
Menon kicked off the technology demonstrations by providing a holishis development team is embedding geography into personal devices.”
tic overview of the ArcGIS platform. “You will see a lot of exciting things
The fashion/tech company i.am+, which will.i.am founded, is currently
today,” he said.
developing the PULS smartband, which includes maps and routing supported by Esri ArcGIS.
Menon explained how the platform includes ArcGIS for Desktop, apps,
will.i.am also wants young people to follow in his footsteps, develoand APIs powered by ArcGIS Online and ArcGIS for Server in the
ping new technologies and building tech companies. So he has thrown
cloud or an organization’s infrastructure. “We have been working hard
his support behind at-risk students at Roosevelt High School in his homeon building a cohesive platform that knits all these elements together.”
town neighborhood of Boyle Heights in East Los Angeles, California,
He highlighted Esri’s new 3D web GIS technology, including web scethrough his i.am.angel Foundation program called i.am College Trac,
nes that represent 3D maps. Scene layers represent features displayed
working with Dangermond and other giants in the tech world to proviin 3D including points, lines, polygons, objects, and meshes. “You can
de the young people with software, such as GIS tools, along with hardalso work with map and image tiles and dynamic map and image layware for class projects.
ers,” he said.
will.i.am said his efforts began after he attended a tsunami relief event
several years ago. “I realized there is a tsunami every day in the neighMenon emphasized the platform’s ready-to-use maps, apps, imagery,
borhood that I come from,” he said. “It’s a tsunami of neglect; no edudemographic information, and other data Esri offers. The apps include
cation, no funding, no type of real skill sets to prepare these kids for
Esri Story Map apps, Explorer for ArcGIS, templates, Dashboard for
tomorrow.”
ArcGIS, Collector for ArcGIS, GeoPlanner for ArcGIS, Esri Maps for
Today, many students in the i.am.angel Foundation’s Science,
Technology, Engineering, Arts, and Math (STEAM) initiative have increOfﬁce, Web Scene Viewer, ArcGIS Open Data, and a crowdsourcing
ased their grade point averages and are busy building mapping and
solution template.
other types of apps and working on robotics projects. Some i.am
To help people quickly build apps, Esri just released Web AppBuilder
College Track students who earned top grades and graduated from
for ArcGIS, which is also available in a developer edition that proviRoosevelt High School are attending University of California, Irvine, on
des an extensible framework for developers to create custom widgets
full scholarships, said will.i.am. The i.am.angel Foundation also sponand themes. “It allows you to build HTML/JavaScript applications by
sors i.am STEAM hackathons to teach students how to code. One event,
using a predeﬁned gallery of widgets,” Menon said. “This is sometthe CodeDay LA Hackathon, was held recently at the i.am+ headquarhing we had a lot of requests for. As a developer, you can also extend
ters in Los Angeles.
this framework by creating your own widgets.”
Dangermond urged the developers in the audience to take their cue
Other crowd-pleasing technology at the summit included Smart
from will.i.am and start to mentor young people. “Share your talent,”
Mapping in ArcGIS Online, which Menon said makes it easier for
he said. “A big interest we have is growing the next generation of
people who are not cartography experts to create great maps that tell
developers,” said Dangermond. “We need to invest in those people
the story of the data.
who will solve the problems.”
Smart Mapping helps people quickly make maps that are highly useful
For more information, have a look at: http://esri.com/events/devsummit.
and visually beautiful given the data they have in hand. Smart Mapping,
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GIS and Geo-Enablement
Similar to the automobile 100 years ago, are we now at the explosive growth
phase of GIS.
Matt Sheehan is Principal and Senior
Developer at WebmapSolutions.
The company build location focused
mobile applications for GIS, mapping
and location based services (LBS).
Matt can be reached at
matt@webmapsolutions.com.
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The Democratization of GIS
Access and expense are limiting factors in the
mass adoption of any new technology. When automobiles became widely available at a price point
many could afford, the pent up demand became
a ﬂood of adoption.
Mobile technology has raised the proﬁle and
demand for location technology. As we move
around in space with these miniaturized mobile
computers we have natural questions about our
(changing) location. That is a geo-question. In both
work and play there is now a huge demand for
information about location.
This new demand has caught the GIS industry offguard. Many still see GIS as only for those who
understand GIS. The traditional GIS perspective.
The democratization of GIS is about mass market
adoption. It’s about providing easy to use, focused geo-based tools for consumers and business
users alike. It’s about a map (a simple and easily
understood presentation of information) and geobased query (e.g. ‘show me the nearest Starbucks’).
Much of the media hype to date has been placed
on consumers: geo-marketing and geo-advertising.
Tracking, and connecting with consumers close to
the point of sale. But there is a huge real pent up
demand coming from the business sector. GIS presents new ways to analyze a business. New ways
to improve on how employees get their jobs done.
Think about an asset management system. Assets
in non-GIS systems are treated as business objects.
Assets usually have a location. Imagine being able
to map these objects, and to search, identify and
select the right asset or group of assets: show me
every valve within a ﬁve mile radius of my current
location which has not been inspected in the last
six months. How about editing these assets and
pushing the changes back into the business system. Maybe updating the inspection records of the
valves you have inspected that day with comments.
This is the true power of a geo-enabled system;
business objects can be mapped and analyzed
using a GIS.
But business data is often locked up in non-GIS systems. Geo-enabling this data remains a challenge.
How to bring 'geo' to organizations without the
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expense or headache of integration with existing
systems. To geo-enable is to ‘apply geospatial capabilities to business processes to enable contextual
spatial analysis’. So not deep integration, building
so called ‘touch-points’ between GIS and business
data and systems. Let's call it soft integration.

Geo-enablement 101
Today GIS talks easily to other business systems.
Simple geo-enablement has been a key area of
focus for my company; WebMapSolutions. We
have taken two approaches: the ﬁrst one is combining data in a web application. This involves developing responsive (apps which run on any device)
web applications which use RESTful web based
data calls to combine data from GIS and non-GIS
hosted business sources respectively. This way we
can both map and geo-analyze business data in the
client.
The second approach is pulling data directly from
non-GIS hosted databases and generating feature
services or WFS. Combing these services with other
ArcGIS or similar services (dynamic service, tiled
service, WMS etcetera) allows for mapping and
geo-based queries against this business data.
Hopefully, I have not confused the less technical.
The bottom line is that today we can geo-enable
non-GIS hosted data without the complexity and
expense on deep integration.

Esri & Google Relationship
I cannot ﬁnish this column without reference to the
recent announcements by Esri and Google. There is
geo-enabling relevance here. It would seem there
has been a thaw in the relationship. So what is this
new relationship between these two business rivals:
“Google and Esri are working closely together to
provide replacement software and training to all of
Google’s enterprise customers and partners who
have implemented Google Earth Enterprise and
Google Map Engine technology.”
Lines seem to have been drawn in the sand ﬁnally. Google is not a GIS company and Esri is not
a consumer focused company. We all can hope
that this new relationship will mean new geoenabled solutions can be built which combine Esri
and Google technologies.
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A European Spatial Data R&D Framework
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By Rhian French

EuroGeographics, the membership association of the European National Mapping, Land
Registry and Cadastral Authorities, announces two new initiatives to benefit not only
its members but also those who rely on their geoinformation. The first, a closer working relationship with EuroSDR, will provide a framework for European spatial data
research and development whilst the other enables MapAction emergency teams to
benefit from authoritative data. To keep up with all the latest news from EuroGeographics, please visit our website www.eurogeographics.org and follow us on
Twitter @EuroGeographics.

EuroGeographics and EuroSDR have
announced that they will work
together to provide a framework for
European spatial data research and
development.

MapAction emergency teams to
benefit from authoritative data
thanks to EuroGeographics
Humanitarian mapping charity, MapAction can now rely on data from national mapping, land registry and cadastral
authorities when responding to humanitarian emergencies across Europe.

The cooperation agreement will further the
development of the EuroSDR Research
Plan and the activities of the EuroGeographics Knowledge Exchange Networks.
EuroSDR Agreement
As a result, members of both not-for-proﬁt
As a result of an agreement with Euroorganizations will beneﬁt from greater
Geographics, staff and volunteers from the
opportunities for professional development. They will also be able to
humanitarian mapping charity are able to use two pan-European datastake part in joint projects and hand over tasks more appropriate to the
ets when providing mapping to show where relief aid is most needed
other organization’s expertise.
and how best to reach these priority areas. The data includes administrative units and statistical regions and 1: 250 000 scale topo-geographic information.
“We have a common interest in carrying out and applying

relevant research and developments in the field of geographic
information and spatial data infrastructures,” said Ingrid
Vanden Berghe, President of EuroGeographics.

“With rapid technological advances generated by a digital information
society, the time from research via development to operation has never
been faster. This agreement will ensure our members remain up to date
with and understand the possibilities presented by new technologies
and methodologies so they can react more quickly to user demands.”
Martin Salzmann, President of EuroSDR, which links national mapping,
land registry and cadastral authorities with research institutes and universities in Europe, added: “Achieving synergy in our activities beneﬁts
both our members and society by strengthening research and development, sharing results of common interest and making these operational.
At the same time, we will foster and stimulate a vibrant research community with which to capitalize on future technologies and to be responsive to user demands. By working together we also avoid the risks of
duplication of work between us and our member organizations.”
EuroGeographics and EuroSDR are both committed to supporting wide
range of initiatives that will beneﬁt people across Europe. These include the European Spatial Data Infrastructure, Copernicus, Galileo,
Horizon2020, European Location Framework and the European Digital
Single Market.
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“Conﬁdence in the accuracy and quality of geospatial data is vital
when you need rapid, reliable answers to questions about ‘where’,”
says Liz Hughes, Chief Executive, MapAction. “Having access to information from the European national mapping, land registry and cadastral authorities provides peace of mind that we’re using high quality,
consistent data from trusted sources.”
“We are absolutely delighted to support the incredible work of
MapAction,” adds Angela Baker, Sales, Marketing and Channel
Manager, EuroGeographics. “We already facilitate the delivery of
members’ data to the Copernicus Emergency Management Service so
we know how important easily accessible, accurate geoinformation is
when responding to humanitarian disasters.”

The agreement with EuroGeographics gives MapAction a full
commercial license to use EuroBoundaryMap and
EuroRegionalMap, initially for one year.
EuroBoundaryMap is a seamless geo-database at the scale 1:100 000
covering 41 countries. It contains geometry, names and codes of administrative and statistical units continuously updated by EuroGeographics
members. It also links to the updated statistical LAU- and NUTS-codes
for all local administrative units of the 28 member states of the European
Union.

12th July – 19th July 2016,

XXIII ISPRS Congress
Newsletter

By Lena Halounová

ISPRS Congresses are held in the year of the Summer Olympic Games. The next one,
the XXIII ISPRS Congress, will take place in Prague, in the Czech Republic. The Czech
Republic will be hosting the ISPRS Congress for the first time since its foundation by
Prof. Eduard Doležal in Vienna. Prague welcomes many congresses all year round.

The Vltava River and the Old Town

he Congress date is for us, the organisers, very near – in less
than 18 months. The Congress venue, the Prague Congress
Centre was already booked before the previous Congress in
Melbourne, together with 3000 hotel rooms. In the meantime, the ISPRS Council members and Technical Commission
Presidents have approved the Congress Reviewing System, including
its time schedule. The time schedule begins for ISPRS ofﬁcers this spring
when they prepare a list of reviewers.

T

Registration will be opened on 12 July 2015.
ISPRS will continue in two previously used proceeding types and reviewing methods. Proceedings with a longer history, known as Archives,
have reviewed Abstracts. Archives have already reached Thomson &
Reuter CPCI and are registered in SCOPUS. ISPRS Council aims to
achieve the same evaluation for the younger proceeding type – the
Annals. The Annals are proceedings with double blind reviewed Full
Papers.
The deadline for Full Paper submissions for Annals is 30 November
2015 and for Abstract submissions 13 December 2015. The ﬁnal Full
Paper deadline both for Archives and Annals is 15 March 2016.
The Congress Programme will ofﬁcially begin on 12 July 2016 with
an Opening Ceremony. Those who are interested in improving their
knowledge in basic areas of photogrammetry, remote sensing and
spatial sciences have the opportunity to take part in tutorials which
will be held prior to the Opening Ceremony, on Monday 11 July and
on Tuesday morning. A Call for Tutorials, aimed at offering a source
of basic knowledge to interested participants, will be released in the
Second Announcement.
The Scientiﬁc Programme will typically have four types of sessions.
Three Plenary Sessions will host top scientists from all over the world.
Parallel Sessions will be twofold. The ﬁrst group is organised by individual working groups and should summarise achievements within this
scientiﬁc area. Theme Sessions consist of papers whose content, in
fact, does not ﬁt into individual working group themes. The Theme

Sessions mostly bridge one or more working group themes. They can
also be created by “theme newcomers” to the ISPRS sciences. The
fourth group of sessions gives ﬂoor to other organisations, such as
ICA, CIPA, JB GIS, GEO, etc. to facilitate the inclusion of their themes
within the Congress which are closely related to those of ISPRS.
Commercial companies can use the Prague Congress to present their
company, new products and software, etc. to participants.
For the ﬁrst time, ISPRS will organise two Forums – the National
Mapping and Cadastral Agency Forum and the Space Agency Forum
– within the Congress week. A half day joint session is planned, to
bring together participants from both these agency types. All Congress
participants will have access to the Forums. The call for both Forums
will be released with the Second Announcement. Both Forums will be
held on 14 – 15 July.
Students are welcome to take part in the ISPRS Summer School. It will
be held in Telč, a beautiful town south–east of Prague. The Czech
Technical University in Prague, my university (the oldest technical university in Europe and probably in the world) has an educational centre there, in a historical reconstructed building.
The team preparing the entire Congress Programme is presently ﬁnalising details for the Technical Tours. The tours offer participants the
opportunity to visit interesting places within the Czech Republic –
Czech Ofﬁce of Survey, Mapping and Cadastre – and abroad –
Microsoft’s UltraCam Company, in Austria, and DLR in Oberpfaffenhofen in Germany, for example.
The Social Programme – offering concerts, theatre, a boat trip and
the gala dinner – is planned for the evenings. A large range of optional tours are already prepared for participants and their families.
Detailed information will be released with the Second Announcement
which will be launched in the ﬁrst half of March 2015, on the Congress
page.
The internet version of the Second Announcement will be publicized soon
and updated continuously: www.isprs2016-prague.com.
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Dozens of leading UAV/UAS companies, individuals, organizations & media pledge

Commercial UAV EXPO Announces Early Backers

Event preview

Dozens of industry leaders have pledged their support for Commercial UAV Expo, a new trade show and
conference organized by SPAR Point Group. Commercial UAV Expo is a conference and exhibition exclusively focused on the commercial UAV market in North America covering industries including Surveying &
Mapping; Civil Engineering & Infrastructure; Mining; Construction; Process, Power & Utilities; Precision
Agriculture; Law Enforcement, Security, Emergency Response, and more. The inaugural event will take
place October 5-7, 2015 at Caesars Palace in Las Vegas.
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Advisory Board
Industry leaders will lend their expertise and
help shape the conference program as members of the Advisory Board, A complete list
of the Advisory Board bios can be found on
the www.expouav.com/advisory-board

Exhibitors
Exhibitors include UAV manufacturers, component and sensor manufacturers, software
providers and service companies. Marketleaders who have conﬁrmed their participation already are Aerialtronics, AeroTestra,
AirGon, LLC, Alta Devices, Avyon, Delair
Tech, IDETEC Unmanned Systems, ITRES
Research Ltd., Leica Geosystems/Aibotix,
Microdrones, NovAtel Inc., Oxford Technical Solutions, Poms & Associates,
PrecisionHawk, Positioning Solutions Co.,
RIEGL USA, senseFly Ltd., Silicon Forest
Electronics, Technodigit, Topcon Positioning
Systems, Trimble Navigation/Gatewing
and Uniforce Sales and Engineering.
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Media Sponsors and Supporting
Organizations
Top trade media and key UAV organizations
have lent their support as media sponsors
and supporting organizations.
“The list of supporters grows every day, as
more and more individuals, businesses,
media and organizations learn about the
new event exclusively focused on the commercial UAV market in North America organized by SPAR Point Group,” said Lisa
Murray, Event Director. “SPAR Point Group

is known globally as a market leader in producing events and media for 3D data capture and imaging technologies. Many of the
individuals, companies and media sponsors
who have pledged their support know us
from having had positive, successful results
at other events we produce.”
One of those companies is Trimble. Todd
Steiner, Trimble’s marketing director for geospatial imaging solutions, said, “Trimble is
very excited to be a part of the inaugural
Commercial UAV Expo in Las Vegas. As the
ﬁrst commercial manufacturer of unmanned
aerial systems to receive FAA approval for
commercial operation of UAVs in the United
States, we clearly see the incredible opportunities to leverage these exciting technologies to beneﬁt our customers throughout a
variety of industries from Surveying, Mapping & GIS, to Construction, Agriculture,
Mining, Utilities, and much more. The market is chomping at the bit to gain commercial access to UAV’s and with the US market beginning to open up, an event like this
is well timed and will undoubtedly be well
attended. We are looking forward to participating!”
For more information:
www.expouav.com
info@expouav.com
+1-207-842-5468

About SPAR Point Group
SPAR Point Group organizes conferences and provides news and information for professionals involved in 3D data capture and imaging technologies. SPAR Point Group
organizes Commercial UAV Expo, International LiDAR Mapping Forum, SPAR Europe,
European LiDAR Mapping Forum, SPAR International and SPAR Japan and publishes
SPARPointGroup.com and SPARView. SPAR Point Group is wholly-owned by
Diversiﬁed Communications.
For more information, visit www.SPARPointGroup.com and www.divcom.com.
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Two brand new Presidents answer our questions
Maurice Barbieri, incoming CLGE president and Rudolf Kolbe, incoming CEPLIS president, as well as the
CLGE vice president, have agreed to talk to us about their priorities in the coming election period.
Maurice Barbieri and Rudolf Kolbe
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The first meeting of the incoming Executive Board, in Villars
sur Ollon (CH). Eva-Maria Unger (AT – Young Surveyors
European Network), Dieter Seitz (DE – Treasurer),
Mairolt Kakko (EE – VP), Duncan Moss (UK – VP),
Maurice Barbieri (CH – President), Nicolas Smith (FR – VP),
Danko Markovinovi (HR – VP), first row: Pekka Halme
(FI – VP) and Vasile Chiriac (MD, Secretary General)

Interview with Maurice Barbieri, CLGE President
GeoInformatics: Maurice Barbieri, it’s
six months since you became the new
President of the CLGE, could you tell us
about yourself?

and a VP for special affairs, it is now possible
to cover all the regions of Europe. Apart from
France, Germany and the UK, we now have ExBoard members from Moldova, Estonia, Finland
and Croatia. We also have a representative of
the FIG Young Surveyors European Network on
the board.

MB: I’m 52 years old (just like the CLGE), a
Swiss and Italian national. I’m a rural engineer.
I graduated from the Technical School of Zurich
and have been working as a Publicly Appointed
Surveyor in Switzerland since 1988.
I was a member of the Ex-Board of the Swiss
Association of Charted Surveyors for 15 years
(6 years as President). For the last six years, I
have been the delegate for Switzerland within
the CLGE.

GeoInformatics: Have you already discussed the guidelines for your strategy
for the coming years?

GeoInformatics: You were elected in September last year; there were significant
changes in the Ex-Board of the CLGE…
MB: Yes, indeed! Six of the eight members are
new on the Ex-Board. With 5 vice presidents
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Maurice Barbieri

MB: Our main statement remains the same and
is that the Council of European Geodetic
Surveyors (CLGE) is the leading representational body for the Surveying Profession in Europe.
The traditional goals of our association are:
• taking part in the legislative process governing the exercise of the Surveying
Profession at European and national levels;
• building a professional image of the European of Surveyor, which will be recognized

by the relevant national government as well as the EU;
• motivating young surveyors to become active within their national
associations and CLGE;
• ensuring that the CLGE members are satisﬁed with the performance
of our Council.
Great efforts were made during the last Presidency to achieve these
goals and they remain valid for the foreseeable future.
After the election in Reykjavik, we started a workshop to establish strategic goals and we identiﬁed important additional goals for the future:
The future of the profession: This means, for instance, protecting
our profession, self-regulation and lobbying, but also popularization of
the profession. We are currently working on self-regulation projects
and, at the same time, taking a position against the deregulation trend
in Europe. Additionally we are involved in the creation of social projects, such as Blueparking (see GeoInformatics xx).
Professional Practice: To be achieved by sharing experiences and
working for standardization and guidance. It also means being open
to new trends and technologies and ensuring a presence in European
Projects. Networking with other bodies is also of great importance.
Education: We are already engaged in projects like GeoSkills+ and
want an efﬁcient University Network to ensure the education of our
future members.
A signiﬁcant aim of the group is to attract well-educated people in order
to ensure high quality standards in our profession. Our Interest Group,
IG PARLS (Interest Group of Publicly Appointed or Regulated Liberal

Surveyors) is currently formulating a ‘letter of intent’ regarding this,
which will be signed by all CLGE Members.

GeoInformatics: What about the future of the profession?
MB: Our members represent the cadastral, geodetic, G.I. and measurement practices of all our 36 member countries. There are liberal
surveyors, charted private surveyors, but also civil servants, with a
whole host of professionals in between. This means that we represent a
huge variety of cadastre practices. Even in Switzerland, you can ﬁnd
different practices from district to district. This may infer that ﬁnding a
uniﬁed solution may prove challenging, but regardless of this, we still
have to protect every single system in every single country. It is evident
that the future of our profession requires that we are present in all the
myriad sectors where measurement technologies are needed.

GeoInformatics: What about your collaboration with other
European bodies?
MB: We are trying to participate as members within all European
Associations with an interest in our profession, such as PCC (Permanent
Cadastre Committee of the EU), WPLA (Working Party on Land
Administration of UN/UNECE), but also FIG (International Federation of
Surveyors) and IPMS (International Property Measurement Standard
Coalition). As you can see, we have a lot of work ahead…

GeoInformatics: Thank you for this first interview M. Barbieri,
others will surely follow …

Interview with Rudolf Kolbe, CLGE Vice President
and CEPLIS President
GeoInformatics: Rudolf Kolbe, in January 2015 you became
President of the European Council of the Liberal Professions
(CEPLIS), congrats. You are also Vice-President of CLGE.
How do the two functions work together?
RK: Very well, actually. The current challenges for Liberal Professional
Chartered Geodetic Surveyors in the European Union are in many cases
very similar to those of colleagues from other liberal professions. CLGE,
as an active member of CEPLIS, is very aware of the importance of joining forces with other professions - especially in order to raise public
awareness and recognition within political circles. This is important to
ensure high quality liberal professional services throughout Europe.
CEPLIS has a very good network within the European Institutions. This is
the basis of any professional lobbying work and is, therefore, essential
for CLGE as well.

GeoInformatics: Any practical examples of common priorities
of CEPLIS and CLGE for this year?
RK: Just think about the problem of professional “deregulation”. The
European Commission’s evaluations of the national implementations of
the Services Directive as well as its “Transparency Initiative” based on
the new Professional Qualiﬁcations Directive are serious threats for our
national professional regulations. There is a high danger of infringement procedures that could result in the abolishment of a number of
important national professional regulations. Although it is legally possible to justify such regulations with overriding reasons of general interest – and this is especially relevant for liberal professional services –
the Commission’s interpretation of “general interest” has become so
narrow that it can hardly be used as a justiﬁcation reason at all any
more. So ﬁnding ways to handle this difﬁcult situation is a core interest
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for CLGE, for CEPLIS – and for many other professional organisations as well.
Apart from this, the national implementation of
the new Professional Qualiﬁcations Directive,
due in January 2016, is certainly another common priority for both organisations. The
Directive contains a number of new approaches relevant for the mobility of liberal professions:
the establishment of Common Training Frameworks or Common Training Tests with the possibility of achieving “automatic recognition” for
professions like geodetic surveyors - which are
currently still under the more complicated general recognition regime - is a challenge as well
as a chance. The same applies to the simpliﬁcation of professional recognition procedures
by way of electronic “professional cards”.
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codes – very similar to the International Ethics
Standards once they become available. Finally
it is important to stress that ethical standards
have to be seen as work in progress. Societal,
political and professional developments from
time to time require adaptations and updates.
Therefore CEPLIS has presented an updated version of the Common Values in 2014.

GeoInformatics: Can you explain the correlation between the International Ethics
Standards Coalition (IESC) and the
International Property Measurement
Standards Coalition (IPMSC)?

RK: Well, the IPMSC deﬁnitely gave the ﬁnal
impetus for the establishment of the IESC, particularly regarding content standards for measuring
property. Ethical standards are, of course, a difGeoInformatics: What are your personal
ferent matter. But the aim to improve consistency
priorities within the CLGE?
across the profession and ensure quality of serRudolf Kolbe
vices globally is the same for both initiatives. They
RK: Currently I represent the CLGE in the
are different parts of the same puzzle. Also, in
International Ethics Standards Coalition beregard to structure and procedure, the IESC quite closely follows the
cause I think that this is an important initiative. Creating international
model of IPMSC. Which is good: there’s no need to reinvent the wheel;
standards for professions working in land, property and construction
we can safe efforts, time and costs.
will further help to improve consistency across these professions and
improve conﬁdence globally with clients and stakeholders. It will also
help those who provide their services internationally and might even
GeoInformatics: Within CLGE you have always been a proincrease the willingness of professionals to do this. The interest is high
moter of the CLGE Dynamic Professional Knowledge Base.
and, to date, almost 40 organisations have signed the Charter and are
What is important about that?
willing to participate in this standardization work. In addition to the
beneﬁts from the standards themselves, beneﬁts will also arise from
RK: You are right. I have always believed – and still do - that a project
cooperation and networking during the standardization process. Of
like the Dynamic Professional Knowledge Base (DPKB) brings a lot of
course, the beneﬁts of such standards very much depend on how an
beneﬁts. As you know it is a comprehensive collection of relevant infororganisation and its members use them: if standards are well promoted
mation - mainly national legislation, access to the profession, national
they can become a seal of quality, even an effective measure of marapplicability/relevance of different surveying activities -about the proketing.
fession of Geodetic Surveyors in the CLGE Member countries. Such
information helps CLGE to better explain and transport the situation
and the necessities of Geodetic Surveyors and their clients to the
GeoInformatics: Many of these participating organisations
European Institutions. Additionally, it can serve as an information pool
have their own ethical codes or standards. Will a global
and guidance for individual geodetic surveyors who are interested in
standard overrule them all?
providing their services in other countries and also for national member organisations and competent authorities. Within CEPLIS the project
RK: Not necessarily. Such a global approach can only deﬁne a comis a model of best practice. For professional lobbying as well as for
mon and necessary minimum. It is, of course, possible to go beyond
professional mobility a high transparency of the different national systhat and it will often be necessary to consider different regional requiretems is essential. Therefore, it is the aim of many professional organisaments. Of course, in some cases, it might be necessary to adapt already
tions to develop such information systems.
existing standards and codes to the newly deﬁned common minimum.
You can compare the correlation between the IES and the standards/
GeoInformatics: What is the current status of the DPKB?
ethical codes of the participating member organisations to the correlation between the CEPLIS Common Values and the Codes of Conduct of
RK: The system is ready and working but we are still in the trial phase.
its member organisations: whereas the Common Values build a broad
As the success of the system fully depends on the amount and coherenbasis and a minimum standard that can be applied to all liberal procy of the available information, the full and active cooperation of as
fessionals, the CLGE Code of Conduct for European Surveyors is a
many member organisations as possible is necessary. So before pubmore speciﬁc tool for the professional and his or her clients. It is more
lishing and promoting the system ofﬁcially we need to gain more inforfocused on the specialities of each profession, but it is still based on
mation from some CLGE member organisations. With a uniﬁed effort
the common values for liberal professionals deﬁned by CEPLIS. The
we can turn the DPKB into an exemplary project for professional organminimum basis of the Common Values serves as a guideline for those
isations in Europe.
organisations who want to create their own and more speciﬁc ethical

April/May 2015

Need a large format camera system for low-altitude, corridor missions? High-altitude ortho collections?
Something in between?
Need to be able to collect oblique imagery? How about
oblique and nadir imagery in panchromatic, color and
near-infrared all in the same pass?
Need a software system that will allow you to take that
aerial imagery and create point clouds in LAS format,
digital surface models, and orthomosaics? No problem.
The UltraCam series of large format photogrammetric digital
aerial sensors includes systems of varying image footprints
and focal lengths. Whether you need multi-spectral nadir
imagery or obliques—or both from the same camera—we have a system for you.
0HDQZKLOHRXUKLJKO\DXWRPDWHG8OWUD0DSSKRWRJUDPPHWULFZRUNÁRZVRIWZDUHHQDEOHV\RXWR
process UltraCam data to Level 3, radiometrically corrected and color-balanced imagery, high-density
point clouds, DSMs, DSMorthos and DTMorthos.
We’ve got you covered.

iFlyUltraCam.com

©2015 Microsoft Corporation. All rights reserved. Microsoft, UltraMap and UltraCam Osprey, Eagle, Falcon and Hawk are either registered trademarks or trademarks of Microsoft Corporation in the United States and/or other countries.
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April

19-20 May WVGA User Conference 2015
Literaturhaus, Munich, Germany
Internet: http://euspaceimaging.us5.list-manage.com/subscribe?u=afbe993ce225d71274b8f371b&id=e6b3f18f8e

14-16 April 9th EARSeL SIG Imaging Spectroscopy
workshop
Luxembourg
Internet: www.earsel2015.com

21-22 May EUROGEO Conference 2015
Ankara, Turkey
Internet: www.eurogeography.eu/2015-meeting-and-conference

15-17 April III International GIS-Forum “Integrated
Geospatial Solutions - The Future of Information
Technologies”
Atlas Park-Hotel, Moscow, Russia
Internet: http://sovzondconference.ru/2015/rus/
20-22 April Interexpo GEO-Siberia 2015
Novosibirsk Expo Centre, Russia
Internet: http://expo-geo.ru/event/27_Interexpo-GEO-Siberia2013
20-25 April The World Cadastre Summit, Congress &
Exhibition (WCS-CE)
Istanbul, Turkey
Internet: http://wcadastre.org/page/45-en-home
21-25 April AAG Annual Meeting 2015
Chicago, IL, U.S.A.
Internet: www.aag.org/annualmeeting

24 April Skytech 2015 UAV Conference and Exhibition
Business Design Centre, London, U.K.
Internet: www.skytechevent.com
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28 April GeoDATA Seminar
Dublin, Ireland
Internet: www.geoinformationgroup.co.uk/training/geoDATA
28-30 April GISTAM 2015
Barcelona, Spain
Internet: www.gistam.org
30 April GeoDATA Seminar
Cork, U.K.
Internet: www.geoinformationgroup.co.uk/training/geoDATA

27-28 May GEO Business 2015
Business Design Centre, London, U.K.
E-mail: info@GeoBusinessShow.com
Internet: www.GeoBusinessShow.com

June

01-06 June 28th International Geodetic Student
Meeting (IGSM)
Espoo, Finland
Internet: www.igsm.ﬁ
02 June Internet of Things Event
High Tech Campus, Eindhoven, The Netherlands
Internet: http://iotevent.eu
04-06 June 2nd International Course on Geotechnical
and Structural Monitoring
Poppi, Tuscany, Italy
Internet: www.geotechnicalmonitoring.com/en/home-2
08-09 June UAVveek 2015
Siegen, Germany
Internet: www.microdrones.com/en/company/public-relations/uavveek
09 June GeoDATA Seminar
Brussels, Belgium
Internet: www.geoinformationgroup.co.uk/training/geoDATA

May
04-08 May ASPRS 2015 Annual Conference
Tampa Bay Marriott Waterside Hotel, Tampa, FL, U.S.A.
Internet: www.asprs.org

09-12 June Optech 2015 - Imaging and Lidar
Solutions Conference
Toronto, Canada
Internet: www.optech.com/ilsc2015

05-08 May RIEGL LIDAR 2015 International User
Conference
Hong Kong and Guangzhou, China
Internet: www.riegl.com

29 June-03 July The Vespucci Institutes 2015 Advancing Geographic Information Science: The
Past and Next Twenty Years
Vespucci Institute, Bar Harbor, ME, U.S.A.
Internet:
http://giscienceconferences.org/vespucci2015week2

24-29 May INSPIRE and Geospatial World Forum
2015 Conference
Lisbon, Portugal
Internet: www.geospatialworldforum.org

01-04 June HxGN LIVE 2015
Las Vegas, NV, U.S.A.
Internet: http://hxgnlive.com/las.htm

22-24 April UDMS 2015 - 30th Urban Data
management Symposium
University Ghent, Ghent, Belgium
Internet: www.udms.net

21-27 June The Vespucci Institutes 2015 - Spatial
Ontologies fo e-Science
Vespucci Institute,Bar Harbor, ME, U.S.A.
Internet: http://vespucci.org/programme#week1

July
05-11 July ISPRS Innsbruck Summer School of Alpine
Research 2015: Close Range Sensing Techniques in
Alpine Terrain
Obergurgl, Austria
Internet: www.uibk.ac.at/geographie/summerschool
07-10 July GI_Forum 2015 - Geospatial Minds for Society
Salzburg, Austria
E-mail: ofﬁce@gi-forum.org
Internet: www.gi-forum.org
14-17 July FOSS4G-Europe 2015
Politecnico di Milano, Como, Italy
Internet: http://europe.foss4g.org/2015
20-24 July Esri User Conference 2015
San Diego Convention Center, San Diego, CA, U.S.A.
Internet: www.esri.com/events/user-conference
21-23 July International Workshop on Image and
Data Fusion (iwidf2015)
Kona, Hawaii, U.S.A.
Internet: iwidf2015.casm.ac.cn
28-31 July 13th South East Asian Survey Congress
(SEASC 2015)
Marina Bay Sands, Singapore
Internet: www.seasc2015.org.sg

August
30 August - 02 September UAV-g 2015 International
Conference on Unmanned Aerial Vehicles in Geomatics
York University, Toronto, ON, Canada
Internet: www.uav-g-2015.ca

09-12 June Spatial Statistics: Emerging Patterns
Avignon, France
Internet: www.spatialstatisticsconference.com

11-15 May 36th International Symposium on
Remote Sensing of Environment - ISRSE 2015
Berlin, Germany
Internet: www.isrse36.org

11 June GeoDATA Seminar
Amsterdam, The Netherlands
Internet: www.geoinformationgroup.co.uk/training/geoDATA

14 May GeoDATA Seminar
Birmingham, U.K.
Internet: www.geoinformationgroup.co.uk/training/geoDATA
17-21 May FIG Working Week 2015
Congress Centre Soﬁa, Soﬁa, Bulgaria
Internet: www.ﬁg.net/ﬁg2015

16-25 June 15th International Multidisciplinary
Scientific GeoConference & EXPO SGEM2015
Flamingo Grand Congress Center, Albena Resort & SPA,
Bulgaria
E-mail: sgem@sgem.org
Internet: www.sgem.org

September
07-11 September 55th Photogrammetric Week
University of Stuttgart, Stuttgart, Germany
Internet: www.ifp.uni-stuttgart.de/phowo/index.en.html
15-17 September INTERGEO 2015
Stuttgart, Germany
Internet: www.intergeo.de
21-24 September SPIE Remote Sensing 2015
Centre de Congrès Pierre Baudis, Toulouse, France
Internet: http://spie.org/spieremotesensing

Please feel free to e-mail your calendar notices to: calendar@geoinformatics.com
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Leica Geosystems
Geospatial Solutions

Airborne Bathymetry

3D City Modelling

Airborne LiDAR

Airborne Imaging

UAV

Mobile Mapping

Everything you can imagine ...
Whether you are creating smart cities with precise 3D data, working in environmental change and disaster management or
want to find out about the endless possibilities of Unmanned Aerial Vehicles (UAV), terrestrial or aerial mobile mapping,
you can rely on Geospatial Solutions brought to you by Leica Geosystems.
... all from one source. Leica Geosystems.
Leaders in Geospatial Imaging.

For more information visit
http://di.leica-geosystems.com
www.leica-geosystems.com

