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We have put together a fully fledged ‘themed’ issue for you this month, dedicated to
collecting and processing Lidar point clouds – a subject which has been on our Editorial
Board’s agenda for a long time. We actually covered point clouds most recently on page
17 of our June 2014 issue, which featured the first article in a series by our senior
editor Mathias Lemmens. Whereas that article focused on the functionalities of
processing software, in this issue he’s following up on that with a survey of processing
software (see page 27). Together, the two articles provide a comprehensive overview of
the current state of the point cloud processing software market. It’s also my great
pleasure to introduce the first article by our new contributing editor, Martin Kodde, on
File and Database Storage Methods for Huge Point Clouds (see page 16). Kodde, who
recently joined the GIM International Editorial Board, is manager of research &
development at Fugro GeoServices. He has an MSc in geomatics from Delft University,
The Netherlands, and his areas of interest include photogrammetry, laser scanning and
big data. Meanwhile, it’s always
good to hear from India and
fortunately we do in this issue
thanks to an interview with Dr
Bharat Lohani by our editorial
manager, Wim van Wegen, and
Martin Kodde. Dr Lohani works at
ITT Kanpur and has also
established his own company,
GeoKno. In this edition, he sheds
light on geomatics-related
developments on the Indian
subcontinent. Furthermore, as
leader of the Lidar teaching and
research group at ITT Kanpur, his
views on the progress of the
Photography: Arie Bruinsma
technology in the last 40 years are
spot on for this themed issue. It’s
also very interesting to read how
the high-level institutes in India are supporting and promoting entrepreneurship
through their incubation centres. Lohani himself embodies this policy, combining a
successful academic career with entrepreneurship through his own company, and he
advises students to seize the business opportunities ahead. Lohani regards geomatics
as an excellent area for entrepreneurship, especially in India and other emerging
markets which require a large amount of geospatial data and solutions yet where access
is currently lacking. It’s this gap that can be filled by ambitious and smart
entrepreneurs. This point cloud edition of GIM International shows the rapid pace of
progress in this subfield of photogrammetry. After reading the above-mentioned
articles along with the other information in this issue, I guarantee you will be fully up
to date. There’s just one more thing I would like to draw your attention to:
Geo-matching.com, our comparison website which can be found at www.geo-matching.
com. In the point cloud processing software category, manufacturers have listed the
specifications of their products to enable visitors to compare them side by side. Please
feel free to visit the website and browse this and other categories that interest you. The
Geo-matching.com online platform represents a complete package of up-to-date
information for all geomatics professionals who are in need of resources that will take
them a step further.
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Pythagoras is a state-of-the-art CAD and GIS software for land management, road
design, civil engineering and land surveying. It is one of the most powerful and
intuitive CAD and GIS applications ever designed. Powerful tools allow users to
quickly design projects in a user-friendly way.

Pythagoras Base
Pythagoras software is designed to serve your needs as
surveyor or engineer. Producing sophisticated drawings and
calculations, through simple operations. No matter how
complex your plans or projects get.

Pythagoras DTM
The Pythagoras DTM module allows users to create complex
digital terrain models. Points and breaking lines are easily
transformed into a ﬁeld model. What follows is a swift analysis
of this DTM or a comparison between different models.
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Pythagoras Geocoding
Pythagoras Geocoding lets you generate your drawing in the
ﬁeld. The use of codes transforms ﬁeld data into symbols
and lines without having to draw one object.
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Pythagoras Road Design
Pythagoras proves to be a powerful, yet user-friendly
application for road design. Well designed windows will show
you the ﬁeld data and an adjusted control panel will help you
design the horizontal and vertical alignment.

Pythagoras GIS
www.bigﬁ sh-cp.be

Pythagoras offers a GIS module that allows users to create
GIS maps and perform analysis on these GIS projects.
Creating and ﬁlling up databases, which can be linked to any
objects, make it all possible.

No 2464

Pythagoras BVBA
Osseven 12 • 2350 Vosselaar • BELGIUM
T +32 14 61 32 70 • F +32 14 61 82 15
E info@pythagoras.net

GIM0714_Editorial_Colofon
4
2464.indd 1

www.pythagoras.net

19-06-2014
20-09-2013 11:09:12
13:28:19

CONTENTS

INTERVIEW PAGE 12

An Awakening in India
GIM International Interviews Bharat Lohani
The Shukhov radio tower in Moscow
– built between 1919 and 1922 – is an
icon of Soviet broadcasting and a
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INSIDER’S VIEW

EAB
The Editorial Advisory Board (EAB) of GIM
International consists of professionals
who, each in their discipline and with an
independent view, assist the editorial
board by making recommendations on
potential authors and specific topics. The
EAB is served on a non-committal basis for
two years.

Grand Challenges: Future Earth
Future Earth was launched in June 2012 at the UN Conference on Sustainable
Development (Rio+20). It builds on more than two decades of successful international
science collaboration in the WCRP, IGBP, Diversitas and IHDP programmes.

PROF ORHAN ALTAN
Istanbul Technical University, Turkey

Future Earth is sponsored by the Science and Technology Alliance for Global
Sustainability comprising the International Council for Science (ICSU), the
International Social Science Council (ISSC), the Belmont Forum of funding agencies,
the United Nations Educational, Scientific, and Cultural Organization (UNESCO), the
United Nations Environment Program (UNEP), the United Nations University (UNU),
and the World Meteorological
Organization as an observer.

PROF DEREN LI
Wuhan University, China
MR SANTIAGO BORRERO
Secretary-general of Pan American
Institute of Geography and History (PAIGH),
Mexico
PROF STIG ENEMARK
Honorary President, FIG, Denmark

DR AYMAN HABIB, PENG
Professor and Head, Department of
Geomatics Engineering, University of
Calgary, Canada
DR GABOR REMETEY-FÜLÖPP
Secretary General, Hungarian Association
for Geo-information (HUNAGI), Hungary
PROF PAUL VAN DER MOLEN
Twente University, The Netherlands
PROF DR IR MARTIEN MOLENAAR
Twente University, The Netherlands
MR JOSEPH BETIT
Senior Land Surveyor, Dewberry, USA
PROF SHUNJI MURAI
Institute Industrial Science, University of
Tokyo, Japan
PROF DAVID RHIND
ret. Vice-Chancellor, The City University, UK
PROF DR HEINZ RÜTHER
Chairman Financial Commission ISPRS,
University of Cape Town, Department of
Geomatics, South Africa
MR FRANÇOIS SALGÉ
Secretary-general, CNIG (National Council
for Geographic Information), France
PROF DR TONI SCHENK
Professor, The Ohio State University,
Department of Civil and Environmental
Engineering, USA
PROF JOHN C TRINDER
First Vice-President ISPRS, School of
Surveying and SIS, The University of New
South Wales, Australia
MR ROBIN MCLAREN
Director, Know Edge Ltd, United Kingdom

PROF ORHAN ALTAN
Istanbul Technical University, Turkey
oaltan@itu.edu.tr

DR ANDREW U FRANK
Head, Institute for Geoinformation, Vienna
University of Technology, Austria

The need for a co-ordinated scientific and societal response to
global environmental change was
highlighted at the 2012 Planet
under Pressure conference. The
conference declaration called for a
new approach to research that is
more integrative, international
and solutions-oriented, reaches
across existing research
programmes and disciplines, and
has input from governments, civil
society, local knowledge, research
funders and the private sector.
This was echoed in the Rio+20
declaration and the United
Nations secretary general’s Global Sustainability Panel report, with the latter calling
for a major global scientific initiative to strengthen the interface between policy and
science. Future Earth is a response to these statements and calls.
The interim Secretariat of Future Earth is based at the International Council for
Science (ICSU) in Paris, France, and Frans Berkhout (Professor of Environment,
Society and Climate in the Department of Geography, King’s College London) is
interim director. The Science Committee is chaired by Mark Stafford Smith (CSIRO’s
Climate Adaptation Flagship in Canberra, Australia) with co-chairs Belinda Reyers
(chief scientist at Council for Scientific and Industrial Research (CSIR) in Stellenbosch,
South Africa) and Melissa Leach (director elect and a professorial fellow of the
Institute of Development Studies (IDS), University of Sussex, UK, and director of the
Economic and Social Research Council (ESRC)). This committee will ensure that
Future Earth science is of the highest quality, and will make recommendations on new
and existing projects as well as emerging priorities for research.
I am very sure that the geospatial community will contribute to this project from
different perspectives. Follow Future Earth at www.futureearth.info/ or sign up for
the blog: www.futureearth.info/blog.
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‘KOLIDA Cup’
National Surveying
Skill Competition
Promoted by China’s Ministry of
Education, the ‘KOLIDA Cup’ National
Surveying Skill Competition is the
most influential national, vocational
student-skills competition in the
Chinese surveying industry. The
competition aims to assess the basic
surveying knowledge and operational
skills of the students, as well as the
teaching outcomes of the colleges.
http://bit.ly/S7ccPa

KOLIDA Cup participant.
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Oblique imagery of the landslide.

UAV Maps
Landslide on
Czech Highway
Upvision, a UAS company in the
Czech Republic, last month used a
UAV to map a landslide on the
country’s D8 highway. The slope
landslide buried part of the
highway, which is currently under
construction, at the village of
Litochovice, close to the city of
Litomerice, in June 2013 after
heavy rainfall.
http://bit.ly/S7cxSb
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1. Hexagon to Take over Precision Agriculture Specialist
- http://bit.ly/1n0hxGx
2. Online Platform for Streaming 3D City Models Now Open for GIS Developers
- http://bit.ly/Uqo5Su
3. GIS and Remote Sensing Congress in Morocco
- http://bit.ly/UqoUuF
4. Blom Increases Finnish Remote Sensing-based Forest Project
- http://bit.ly/UqpaJX
5. Altus Launches Second-generation GNSS RTK Rover
- http://bit.ly/Uqptoc

RIDGE SUPPORTS FOREST MAP IN COSTA RICA ++ KOLIDA CUP NATIONAL SURVEYING SKILL COMPETITION ++ UAV
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New-generation Leica Mobile
Mapping Solution

Remote Sensing for
Carbon Calculation

Leica Geosystems has introduced its nextgeneration vehicle-independent mobile
mapping platform. By calibrating imagery
and Lidar point cloud data, the Pegasus:Two
delivers highly accurate geospatial data in
a 360° spherical view while providing two
methods for extracting data – either through
Lidar or via photogrammetry.
http://bit.ly/S7cVQy

British satellite imaging company DMC
International Imaging (DMCii) has demonstrated
its Technology Strategy Board-supported project
which has developed a groundbreaking new system
to calculate carbon – one of the most prominent
greenhouse gases affecting global warming – from
Earth Observation (EO) data.
http://bit.ly/S7efCZ

5 QUESTIONS TO...

Dale Lutz
Which problem
does your product
help to solve?
In two words: data
movement. We like
to say that FME
equips our users to
create harmony
Dale Lutz is vice-president of between data and
software development and
applications. FME
co-founder of Safe Software.
lets them connect
data from literally hundreds of data
formats, protocols and web services. But it
goes beyond straight conversion and gives
you tools to transform the structure of your
data exactly how you need it. The one that
makes our users probably the happiest is
the ability to automate mundane tasks so
that they can focus on their real jobs. When
it comes to point clouds, FME is probably
most commonly used to convert Lidar data
into another point cloud format like LAS or
ASTM E57, or any number of formats that
we support across GIS, CAD, Raster,
Database, etc. FME is also utilised for all
sorts of transformations including tiling,
clipping, thinning and more.
You have recently introduced a cloud
solution of your product. What is its
expected market position?
Yes, FME Cloud is our newest offering. It’s
essentially a hosted version of FME Server.
What’s nice about FME Cloud is that it lets
you get set up quickly with very little

Leica Pegasus:Two.

overhead. It’s also extremely easy to scale
up and down, which makes it ideal for
grinding through extremely large datasets
– e.g. Lidar data as one example. Overall, it
is a way for organisations to automate all
sorts of tasks: to update maps or
databases, send notifications or text
messages, the list goes on.
Data is increasingly stored in spatial
databases, processed with tools like
FME and visualised in web viewers.
Given this development, what do you
expect the future role of traditional GIS
software to be?
The boundaries between traditional GIS and
web-based viewers are beginning to blend
together. Already we see major GIS
providers offering cloud-based solutions
such as Esri’s very powerful ArcGIS Online.
Applications also tend to work better when
they live close to the data that they run on.
As more and more data is hosted in the
cloud – especially with web services like
Dropbox, Twilio, Salesforce, etc. – we expect
users to begin to move how they work
towards the cloud as well. Already in some
cases, like with some of Autodesk’s products,
you can be running an application on your
machine but the rendering is happening in
the cloud without causing interruptions.
Your latest release offers improved
support for point clouds. How
important are point clouds to your
clients’ business?
We’ve seen a lot of interest in our Lidar
support, with clients using it in many
different ways. For example, some utilities

use FME to bring together CAD and Lidar
data so that they can detect where
vegetation is encroaching on power lines.
Armed with that information, they can
then dispatch a crew to trim back the
vegetation. In another case, planning
authorities use FME to monitor water
levels to assess possible risk of flooding.
They can generate PDFs or interactive
maps of potentially impacted areas and
help with facilitating disaster response,
guiding zoning and property development,
and more. Furthermore, a major railway is
using FME to monitor assets and conditions along the tracks in order to meet
regulatory requirements. In short, it is
clear that point clouds are increasingly
becoming critical in the operations of
many of our customer organisations.
The biggest challenge in point cloud
processing is to automate recognition.
What are your ambitions in this respect
and/or for the next 5 years? On our
roadmap, we’ve been looking at ways to
make it easier for users to perform feature
extraction, potentially via a partnership
with another vendor. Elsewhere in the
land of point clouds, we’re looking at ways
to provide increased performance for
transforming point clouds. FME can
already grind through millions of points
very quickly, but as with all things, we
want to make it even quicker, especially as
datasets grow ever larger in size. Finally, at
Safe we know that the world loves formats.
Therefore if a major new point cloud
format emerges in the future, we will look
to add support for it.
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New Zealand Sets Strategic Direction for
Geodetic System
Land Information New Zealand (LINZ) has released its Positioning Strategy, setting
the direction for how the geodetic system will be developed over the next 10 years.
The organisation provides New Zealand’s positioning or geodetic infrastructure
through its network of survey marks, continuously operating GNSS stations, and
through systems such as the national geodetic datum. All are vital tools for ensuring
the accurate measurement and location of New Zealand’s physical features.
http://bit.ly/S7cNR1

Airbus D&S Partners with BAE Systems
on Radar Satellite Imagery
Airbus Defence and Space and BAE Systems have launched a strategic alliance
to produce, market and sell innovative geospatial intelligence (GEOINT) products
and solutions using first-rate data captured exclusively by TerraSAR-X and
TanDEM-X radar satellites. Under
the terms of the partnership, both
companies will jointly develop a
new line of global synthetic
aperture radar (SAR) products.
These products will be exclusively
marketed to US government,
commercial and select international customers.
http://bit.ly/S7dWIr

Fixed-wing
UAV Survey over
London
KaarbonTech, a British provider of
unmanned aerial surveying, has
received special permission from the
UK Civil Aviation Authority (CAA) to
fly a fixed-wing unmanned aerial
vehicle within London airspace. The
first flight, commissioned by The
GeoInformation Group, took place
over Queen Elizabeth Olympic Park,
the home of the London 2012
Games.
http://bit.ly/S7eUnX
London 2012 ﬁeld hockey venue.

TerraSAR-X and TanDEM-X.
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Background to Point Cloud Software

BlackBridge
Supports Forest
Map in Costa Rica

Fairchild Acquires
3D Motion Tracking
Innovator Xsens
At the Global Semiconductor Alliance
(GSA) Executive Forum in Munich,
Germany, in mid-May, Fairchild formally
announced its acquisition of Xsens, a
Netherlands-based-based leading global
supplier of 3D motion tracking products
for the industrial, health, fitness and
entertainment markets. Xsens will
operate as an independent subsidiary
of Fairchild and will continue to be
headquartered in Enschede, The
Netherlands.
http://bit.ly/S7eKNe
Xsens Mti-100.

MATHIAS LEMMENS
Senior editor, GIM International
m.j.p.m.lemmens@tudelft.nl

BlackBridge’s RapidEye imagery has
played an integral role in developing
the first country-wide forest map in
Central America. This tool is helping
governmental authorities effectively
plan the use and preservation of
Costa Rica’s forest resources.
Different forest types can now be
accurately located and quantified,
which improves the planning of
sustainable forest management
efforts and the identification of major
carbon reservoirs in the region.
http://bit.ly/S7fHVV

To be useful, the millions or even billions of 3D points generated by a variety of
active and passive sensors need to be stored, organised, combined, georeferenced,
measured and analysed, and these tasks all require software. That the storage of
billions of 3D points is an issue in itself is shown in the article by M. Kodde (page
16).The LAS storage format, initially developed for airborne Lidar, has become a de
facto standard. The more generic E57 format based on XML supports meta data, 2D
imagery and a broad pallet of point attributes. Nevertheless, proprietary formats are
often preferred as they are optimised for system-specific outputs.
A point cloud is a set of data points represented in a preferred coordinate system.
Initially, the data is unorganised; software is designed to organise the unorganised
and to extract information from
it. Processing software may be
general purpose and handle point
clouds from a diversity of
sensors, or it may be dedicated to
specific outputs such as data
acquired by terrestrial laser
scanners (TLSs), airborne Lidar,
mobile mapping systems (MMSs)
or sonar. Manufacturers of point
cloud-generating sensors have
recognised that clients need to
process the outputs of their
sensors, and have complemented
their hardware with proprietary
software for managing, georeferencing, visualising, editing and
exporting the outputs to
dedicated software. Some software builders have spotted potential in offering tools
for creating a broad pallet of end products from a particular sensor type such as
Lidar, possibly combined with pixel data, from pixel data alone or sonar. Other
packages stem from the other end of the spectrum, i.e. the application domains. For
example, constructors who were used to a certain CAD system started to appreciate
TLS point clouds and asked vendors to add modules for processing them. Some
manufacturers discovered new opportunities along the way and built dedicated
modules on top of one or more base modules aimed at, for example, the mining
industry or 3D models of crash sites. This development process is far from complete,
and new tools are being added all the time. However, a generic package which can
handle all types of sensor output and generate all types of end product does not exist,
because each package has its own peculiarities. Therefore, before purchasing
software, it is not only important to look at the functionalities of the software, but
also advisable to examine its design ideas, any current or planned extensions, its
ability to join modules into one workflow, and interoperability with other software
and services provided. On page 26 I present a survey on software aimed at the
creation of DEMs or DSMs and products derived from these. This follows on from the
first part in the series (published in the June issue) which focused on functionalities.
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You have a background in academia. What
was your incentive for helping to found a
mapping company?

I learnt about Lidar technology
during my PhD at the University of
Reading, UK. Lidar was very much
still in its infancy at that time but I
realised that the technology could
help India to leapfrog in its growth
trajectory. This belief made me want
to continue working in that area
when I returned to India and joined
IIT Kanpur. I interacted a lot with
government and industry regarding
the implementation of Lidar
technology in India, but I realised
that, despite a large market potential,
technology adoption was surprisingly
slow. That’s when I, along with my
student Mr Balaji Nagarajan, decided
to make a start. Furthermore, I
believe that research should not
remain within the bounds of
universities but should instead help
industry and thus society. Founding
the company was an opportunity for
us to take our research to market.
Some of the world’s largest geospatial
service providers were born in and operate
from India. There are also many small,
local surveying companies. How do you
position Geokno in this competitive
environment?

The business model of the majority of
geospatial companies in India is based
on outsourced jobs. There are also
many smaller surveying companies
which primarily focus on providing
land surveying-based solutions to

government and industry. Geokno
does not belong to either of these
categories. At Geokno, we focus on the
niche market of Lidar data capture,
processing and solution development
by employing technical experts of high
calibre. We see scope for a company
like this which is capable of delivering
end-to-end solutions for the growing
Indian geospatial market. Being a
GMR group company now, Geokno
has the capability to scale up its
operations in this highly investmentintensive business.
Is it Geokno’s vision to specialise in
services on the Indian market, or do you
plan to offer services internationally as
well? And if so, what would be Geokno’s
competitive advantage over current
service providers?

Geokno’s first priority is to provide
services in India. However, we are
also very keen to target overseas
high-resolution data capture and
processing opportunities. We do not
see many players in this domain, both
in India and on the subcontinent in
general. Besides technical expertise in
Lidar and allied technologies, Geokno
has the unique and added benefit
of having access to GMR’s aviation
facilities and experience. Geokno will
always have a cost advantage over the
Lidar operators coming to India from
Europe or the US.
Geokno claims to be the ﬁrst company to
operate aerial, mobile and terrestrial
scanners in India. What is the advantage of
having this combination in-house?

Bharat Lohani

Since this issue of GIM International is
dedicated to Lidar point clouds, it
should come as no surprise that it
contains an interview with a leading
expert on this exciting aspect of the
geomatics spectrum. Dr Bharat Lohani,
who is leading the Lidar teaching and
research group at the renowned Indian
institute of IIT Kanpur and is a member
of this magazine’s Editorial Board, was
a logical candidate. In this interview he
talks about India’s role in the industry,
his company Geokno, developments
within Lidar technology and the
geomatics programme at IIT Kanpur.

It is true that Geokno possesses
capabilities in all three of those
Lidar technologies, and that is
part of our strategy to become the
‘Lidar company of India’. We want to
address data capture and solutions
for a large range of applications,
which is only possible by having the
necessary expertise and facilities
in-house. India has excellent map
products at small scale from the
Survey of India. However, largescale products are now becoming
increasingly necessary too, and these
are severely lacking in India. Our
ability to provide these products
at varied accuracies, scales and
resolutions will help our clients.
Furthermore, all these three forms of
technologies are complementary in
nature.
General survey equipment can nowadays
be sourced from many companies around
the world. Lidar instruments, however, are
mostly produced in Europe and North
America. Do you see a development where
Indian companies are starting to produce
this kind of equipment as well?

Currently, the Indian manufacturing
industry is not producing
surveying hardware including Lidar
instruments, and I do not see this
changing in the short term. However,
it is very feasible that equipment like
mobile mapping systems could be built
in India. Any such system is in fact
an integration of a large number of
off-the-shelf sensors. The intellectual
property that forms the basis for
this integration is of prime

Dr Bharat Lohani earned his PhD from the University of Reading, UK, in 1999 and is
currently professor of geoinformatics at IIT Kanpur, where he leads the Lidar teaching
and research group. He has over 100 publications to his name in various journals and
conference proceedings, including many popular articles on Lidar, and has delivered
around 35 invited lectures. Dr Lohani incubated Geokno India at IIT Kanpur and the
company is now a subsidiary of infrastructure giant GMR, operating out of Bangalore.
Dr Lohani is a fellow of the Institution of Surveyors, co-chair at ISPRS WG V/2 and executive member
of ISRS council. He recently received the ‘National Award for Geospatial Excellence’ from ISRS.
blohani@iitk.ac.in
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importance. I am very positive that
we will see such integration taking
place in India in the near future.
Some attempts have already been
made in this direction, and I expect
the Indian government to support
these developments as they have the
potential to save foreign exchange.
Lidar technology is not new – it was
developed over 40 years ago – and yet
there is still a lot of innovation in Lidar
technology. What do you regard as the
most interesting developments?

Reducing the form factor of laser
scanners/Lidar systems so that they
can be carried on unmanned aerial
vehicles (UAVs), multiple time around
technologies which can increase
data density from higher elevations,

mobile object from such platforms
and generate correct 3D geometry.
This has been transferred to the
defence industry where it is being
used for a specific application.
You are also involved in cultural heritage
mapping. What have been your most recent
experiences with laser scanning of
archaeological sites, and which major
developments do you foresee with regard
to heritage mapping?

We have done a few pilot projects
for modelling cultural heritage at
IIT Kanpur, and at Geokno we have
completed some extensive projects.
I see an awakening in India and
elsewhere in this area now, and
more and more such opportunities
are appearing. Scanning and

Our new method of motion
correction enables a mobile object
to be laser-scanned from a platform
to generate correct 3D geometry
GPU-based data processing, point
cloud processing algorithms for
automation, integration of camera
and laser scanners – these will all be
interesting developments to watch.
Given your dual role in business and
academia, you must be keen on
transferring innovations from the
university into practical applications.
Can you give us any examples of recent
success stories?

IIT Kanpur has a very strong
academic and research tradition,
and more importantly it attracts the
best students in India. This provides
fertile ground for innovation. I
would like to mention one such
invention – currently the de facto
standard is that laser scanning can
only be performed from mobile or
terrestrial platforms if the objects
being scanned are stationary. We
have invented a method of motion
correction whereby we can scan a
14 |

documenting cultural heritage are
important aspects. However, a lot still
needs to be done on data processing
and 3D model dissemination. The
data should not merely be archived,
it should be shared with students,
scientists and tourists. In my view
the major advancement in this area
would be on developing technologies
that facilitate seamless and efficient
dissemination of data and models via
the internet.
How do you prepare students at your
university for the ever-increasing role
of big datasets such as point clouds in
geomatics?

I am offering a course on Lidar
technology and photogrammetry
where students learn techniques
for point cloud generation and
processing. We emphasise basic
algorithms and data structure for
point cloud archiving, retrieval,
segmentation, classification, etc.

Fortunately, there are a few good
libraries like PCL and LAStools that
help students develop their own
codes for data processing. Geokno
also has a library and LASViewer
software that is used by our students
for developing data processing
systems. Our students are also
exposed to commercial software for
Lidar data processing. In addition
to classroom-based teaching, our
students learn a lot during the year
they spend on their thesis work.
On average, how many students graduate
from your geomatics programme each
year? And where do those students end
up working?

On average, around 12 to 14
postgraduate students graduate
every year from our Geoinformatics
Laboratory. While the majority
of these students graduate with a
master’s degree, a few also earn their
PhD. We plan to hire more faculty
members in GPS, GIS, point cloud
and remote sensing, which will then
increase these numbers. All our
undergraduate students (around
100 every year) are also exposed to
geomatics through compulsory and
optional courses and also through
their BTech projects. Our master’s
students mostly opt for higher
education but a few join industry and
government in India, and the same is
true for our undergraduate students.
If students from your university planned to
start their own company, what would you
advise them?

With its incubation centre, which
provides technical mentoring,
laboratory facilities and the necessary
logistics, our institute very much
encourages students to start their
own ventures and I strongly support
that approach. My advice to students
would be to (i) first assess if they have
passion for entrepreneurship, (ii) be
ready for the initial ‘blues’ that are
associated with entrepreneurship,
(iii) form a team with complementary
skill sets, (iv) study the market and
assess the latest developments to
understand the potential of their

INTERNATIONAL | J U LY 2 014

GIM0714_Interview 14

19-06-2014 14:21:54

INTERVIEW

idea, and (v) network with the right
people who can help. On the technical
side, I see geomatics as an excellent
area for entrepreneurship at the
moment. This is especially the case in
India and developing countries which
require a large amount of geospatial
data and solutions for their current
development needs, as there is a lack
of high-quality data and solutions.
What will be India’s biggest geomaticsrelated challenge in the foreseeable future?
And how do you think universities and
companies can contribute to tackling it?

The coming decade will see
multifold growth in infrastructure
development in India. In the recent
national elections, people have
placed their faith in the idea of
development, and now politicians
and governments have to cater to
these aspirations. Furthermore,
in the recent past the country has

witnessed some severe disasters
which caused huge losses of life and
property. There have also been some
success stories in which the use of
technology helped to minimise the
losses. Overall the government in
particular, and others in general,
have realised the potential that
geomatics technology can hold for
national development. Considering
this, the major geomatics-related
challenges in the next few years in
India will be (i) realising national
GIS, (ii) realising a national digital
elevation model (DEM), (iii) realising
a nationwide Geoid model, (iv)
capacity building, and (v) creating
a research and development
environment and success stories. I
see universities playing a crucial role
in all of these, most importantly in
capacity building and research and
development which will pave the way
for other challenges.
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FILE AND DATABASE STORAGE METHODS FOR HUGE POINT CLOUDS

Future-proof
Data Storage
Point cloud datasets have proven to be useful for many applications, ranging from engineering design to asset management.
While point clouds are becoming denser and more accurate, new software is allowing an ever-broader user group for these
datasets. However, due to their size and dependence on specialised tools, data management of point clouds is still
complicated. A major consideration for data managers is the choice of point cloud storage format, as several different
formats are available.
Point cloud data can be collected in
numerous ways, with laser scanning
being the most common method.
In terms of data management, it
is useful to distinguish between
dynamic and static acquisition.
Examples of dynamic acquisition
are airborne and mobile Lidar, while
static acquisition can be achieved
with terrestrial laser scanning.
Static datasets result in ‘organised
point clouds’, which means that the
interval between subsequent points
is constant. This knowledge can be

Martin Kodde is contributing editor of
GIM International and manager of
Research & Development at Fugro
GeoServices. He has an MSc in geomatics
from Delft University, The Netherlands. His
areas of interest include photogrammetry,
laser scanning and big data.
mail@martinkodde.nl
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employed by storing the scan data in
a raster where each cell corresponds
to a laser return. Rasters can be
stored and queried efficiently, thus
simplifying the point cloud storage
problem. Manufacturers of terrestrial
scanners have introduced their
own formats for storing points in
this way. However, this method of
storage is no longer applicable when
registering multiple point clouds
or when using data from dynamic
acquisition. Instead, the real 3D
coordinates for each point need
to be saved individually. It is this
type of data that poses the biggest
challenges in terms of storage size
and performance.
FILE OR DATABASE

In the world of traditional vector
GIS data, there has been a shift from
fi le-based storage to databases. This
is not yet the case for point cloud
data; datasets are most commonly
stored as a set of fi les on a local drive

or a shared network location. The two
major spatial databases currently
on the market, Oracle Spatial and
PostGIS, do provide point cloud
support but their functionality is
still limited and does not yet scale
very well with data size. Database
providers are actively working on
improving point cloud support. Until
such support is sufficiently reliable,
fi le-based storage is recommended.
Therefore, in practice, organisations
store their point clouds subdivided
into fi les with tiles or strips.
DATA MODEL

In the field of GIS it is common to
separate the semantics of data from
the actual storage, and this is also
a relevant consideration for point
clouds. The geometrical part of a
point cloud is clear: each point is
defined by a set of 3 coordinates.
In addition, each point can be
enriched by attributes such as point
colour or intensity. There is no
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Figure 1, A terrestrial scan
inside a factory coloured by
intensity. Each pixel represents
one laser return.

official semantic definition available
for point clouds, but the LAS fi le
standard does implicitly define a
data model. The LAS fi le format was
defined by the American Society
for Photogrammetry and Remote
Sensing (ASPRS) in 2003 and has
grown to be the de facto standard in
practice. The specifications of this fi le
format define which attributes can
be stored for each point, and these
include class code, colour, time, fl ight
line and pulse count.
STANDARDS

The naive way to store a point cloud
would be to generate a regular
text fi le, providing one point per
row with coordinates separated by
a pre-defined character. This is a
convenient format that can easily be
read by many applications. However,
the resulting fi les will be large, and
data exchange can be unpredictable
due to misunderstandings in the
meaning of the fields in the fi le.
Hence, various organisations have
tried to standardise the storage
of point clouds efficiently. The
abovementioned LAS format was
developed by users from the airborne
Lidar community, which resulted in

a fi le format that was well designed
for such datasets. Over time, the fi le
format also found its use for mobile
Lidar, terrestrial laser scanning and
point clouds from photogrammetric
dense matching. Since LAS is a binary
format, it results in smaller fi le sizes
than simple ASCII storage.

but also unordered point clouds
from an airborne or mobile system.
However, in practice, software
support for E57 is very limited. Many
applications prefer domain-specific
or manufacturer-specific fi le formats
which give better performance.
COMPRESSION

Another open standard for
interchanging and archiving point
cloud data is the E57 format. The
development for E57 was initiated
by a group of data users, scanner
manufacturers and scientists who
observed a need for a generalpurpose point cloud storage format.
E57 fi les are written in XML with
embedded binary data to efficiently
store large volumes of data such as
point clouds. While the LAS format
originated from airborne Lidar, the
E57 format is intended to be generic
to the type of scanning system. In
addition to point clouds, the format
supports additional meta data as
well as associated 2D imagery. It also
supports a wide range of attributes
to be stored with each point. The real
advantage of E57 is its versatility:
it can be used to store terrestrial
scans using the raster-based storage,

Both the LAS and E57 fi le format
use binary data storage to achieve a
considerable reduction in storage size
when compared to plain ASCII fi les.
Further compression was achieved
with the introduction of the LAZ fi le
format by Martin Isenburg from the
company RapidLasso. His method
is based on entropy encoding. The
principle is that the points in the fi le
are chunked into blocks of 50,000
points. For each block, the first point
is stored, together with the predicted
difference with the next point. Then,
for each subsequent point, only the
error in the predicted difference is
written to the fi le. Since Lidar point
clouds are quite regular by nature,
the predicted difference will be
accurate. This means that only very
small error values need to be written
to the fi le, and storing small values
takes up less space than storing
JULY 20 1 4 |
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Figure 2, Millions of points representing part of the city of Rotterdam.

large values. This principle is applied
to both the coordinates as well as all
attributes in the fi le. In practice, a
compression to 10% of the original
LAS fi le size can be achieved if the
points are ordered in the fi le.
INDEXING AND OPTIMISATION

Reducing the size of point cloud data
by compression has been a game
changer. It has simplified shipment
and processing of data considerably.
However, fast query and display of
points requires yet another feature:
indexing. An index is used by the
software when querying points from
a fi le. It tells the software where to
find the points inside the fi le. Thanks
to the index, the software does not
have to read each point in the fi le
but can instead skip directly to the
required position. There are many
different ways to index point cloud
data, and the choice of an index has a
huge impact on query time and thus
on the speed of the software.
Further optimisation of query
speed can be obtained by re-ordering
the points in the fi le. This is based
on the fact that it will be faster to
query a set of points that are located
close to each other on the hard
drive. Hence, query speed will be
improved by storing all points that
are likely to be queried at once close
together.

VENDOR-SPECIFIC FORMATS

Since optimisation is possible
by indexing and optionally by
re-ordering points as described
above, software vendors often
explore these options as they try
to improve software performance.
This has resulted in a number of
proprietary vendor-specific fi le
formats such as LizardTech’s MrSID
MG4, Bentley’s POD and Euclideon’s
Unlimited Detail. A recent addition
to this list is Esri’s zLAS format. This
format was introduced by Esri at the

is undesirable. If a user relies fully
on a single software stack, opting for
the related vendor-specific format
is a sensible choice provided that
conversion to LAS is available. If a
user relies on multiple applications,
as is often the case right now, it
might be more beneficial to stick to
the open LAZ format, which can be
read by most software and can easily
be converted to LAS, thus making
it adaptable to future requirements.
If the point cloud is only used for
visualisation and not for analysis

Reducing the size of point cloud data
by compression has simpliﬁed
shipment and processing
beginning of 2014 as its preferred
storage format for point cloud data.
The data model of this fi le is based on
the standard LAS format. However,
when points are stored in zLAS
they are optionally reorganised and
indexed, resulting in improved query
and display times.
For end users, the presence of
multiple fi le formats complicates
the decision about which fi le format
to use. As the fi les are very big,
converting them to another format

or vector mapping, a dedicated
visualisation fi le format such as
POD, Euclideon or zLAS could be
considered since this will give better
performance.
FUTURE DEVELOPMENTS

Standardisation has always been key
to the geomatics field in allowing
efficient exchange of data between
software packages and organisations.
Because point cloud acquisition
software and systems are still
developing fast, the formats we
JULY 20 1 4 |
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use will keep changing in the years to
come. This in turn will make it hard
to arrive at a unified standard that
will serve all applications. Meanwhile,
database providers are working on
improving the storage of point clouds
in their systems. New database
paradigms, such as NoSQL or column
storage databases, will also play a role.
Ultimately, fi le formats should not
matter for the end user: points should
simply stream from any source to the
user application. Akin to the OGC
Web Feature Service for GIS vector
data, a Web Point Cloud Service might
be needed. This is a topic of ongoing
research by a consortium headed by
Delft University, The Netherlands.
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Figure 3, A mobile mapping scan in the city of Delft.

Mapeando el Mundo
Permanezca informado con GIM International – en cualquier momento y lugar
Supporting geoprofessionals in mapping the world

Ahora también
disponible en español

No MG006

Suscríbase para
obtener su edición
en impresa o digital
www.gim-international.com/suscripcion

JULY 20 1 4 |

GIM0714_Feature_Kodde_NEW 21

INTERNATIONAL | 21

19-06-2014 09:57:11

USING LASER SCANNING TO MODEL A RUSSIAN RADIO TOWER

3D Modelling
of Shukhov
Tower
Figure 1, A view of Shukhov Tower
and its surroundings.

The 90-year-old Shukhov Tower in
Moscow, Russia, is not only in a state of
severe disrepair but the 150m-high steel
construction is also under-documented.
To support restoration initiatives or, in
case of unexpected collapse, to enable
the tower to be observed virtually, the
authors carried out ground-based laser
scanning using seven scan positions to
create a detailed 3D model.

Today it is called Shukhov Tower
after its designer V.G. Shukhov
(1853-1939), an outstanding Russian
engineer. Radio broadcasting
commenced in 1922 and TV
broadcasting in 1937. The tower
ceased TV broadcasting in 1967
but remained in operation for radio
broadcasting until 2001.
SHUKHOV TOWER

Built in the period from 1919 to
1922, the radio tower at Shabolovka
is an icon of Soviet broadcasting
and a world-renowned monument
of Russian avant-garde architecture.

Mikhail Anikushkin,
CEO and cofounder of
Trimetari LLC, graduated
from Penza State
University in computer
science. He has over
10 years of experience in
laser scanning for a
variety of applications including industrial
complexes, architecture, underground and
topographic surveys, and media.
amn@trimetari.com
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The tower, located a few kilometres
south of the Kremlin, consists of six
hyperboloids on top of each other,
crowned with a set of antennas.
Each of the six hyperbolic sections

Andrey Leonov, PhD, graduated
from Moscow Institute of Physics
and Technology. He is head of the
Centre for Virtual History of
Science and Technology at the
S.I. Vavilov Institute for the
History of Science and Technology
of the Russian Academy of
Sciences (IHST RAS). He leads R&D projects on 3D
documentation, heritage conservation, scientiﬁc
visualisation and virtual environments.
a.leonov@ihst.ru

is constructed of steel rods riveted
together with horizontal rigidity
hoops, which form a hyperboloid
of revolution (Figure 1). The upper
and lower hoops or rings form the
foundation of each hyperbole. The
lower four sections have 48 rods each
and the upper two sections consist
of 24 rods. Together they form the
load-bearing structure for the antennas
on top. The tower is not open to
the public. During its 90 years of
existence several modifications have
been made, including construction
of service platforms at the top
(1937 and 1947) and installation of
reinforcement rings (1973), addition
of elements to bear VHF-FM antennas
(1991) and an elevator. Although
the original design has been pretty
well preserved, the same cannot be
said for the construction materials;
the steel corrosion reached an
alarming level in 1991. The national
government allocated funds in 2011,
and several projects have been initiated
and prepared but none have been
unanimously approved by experts.
They are now going to restore the tower
to its original 1922 state at another
location in Moscow, which actually
means completely rebuilding it.

INTERNATIONAL | J U LY 2 014

GIM0714_Feature_Anikushkin 22

19-06-2014 15:36:34

BY MIKHAIL ANIKUSHKIN AND ANDREY LEONOV, RUSSIA FEATURE

INCENTIVES

As the tower in its current state
is close to collapse yet plans for
major restoration are so far still
only at discussion stage, the IHST
RAS decided to create a highly
detailed digital 3D model of the
tower, accessible for a wide audience
including restoration planners and
engineers, (foreign) researchers as
well as the general public. IHST RAS
initiated and organised the project,
provided funding and archived
documentation, defined technical
specifications and developed

software. Trimetari LLC performed
the field survey and subsequent
3D modelling. The tower’s 90th
anniversary in 2012 and the 160th
anniversary of V.G. Shukhov in 2013
were further incentives for this
initiative.
LASER SCANNING

The majority of the original design
documents have been lost, and those
that have survived show significant
differences with the ‘as-built’
construction. In 1947 the tower was
measured in detail and mapped. Until

recently those drawings formed the
basic information for maintenance
work, adding constructions and
performing other modifications.
However, the drawings themselves
have never been updated and thus
fail to represent the current status.
To obtain an up-to-date model it was
decided to perform terrestrial laser
scanning. The scanning was done in
December 2011 resulting in a point
cloud from which a 3D model could
be generated using the existing
drawings as additional information.
Use was made of Leica

Figure 2, Laser
scanner operation on
the platform at 125m
(left) and manual
transport of laser
scanner to platform
at 141m (right).

Figure 3, View of
a point cloud of
the tower (left) and
view from above.
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Figure 4, Details
of the 3D model:
antenna part
(left), hyperbolic
section (middle)
and view from the
ground looking
upwards.

ScanStation2 and FARO Focus3D
scanners. To capture the exterior
of the tower all the way around
three scan positions were arranged
on the ground outside the tower
at approximately equal distances
along a circle at 5 to 10m from the
tower. To capture the lower sections
from the inside an on-ground scan
position was selected in the middle,
and to capture the upper sections
above-ground scans were taken on
each of the three service platforms
at 100m, 125m and 141m (Figure
2). Mounting the scanners on those
platforms presented a real challenge
as December in Moscow is cold and
windy, and the heavily eroded state of
the steel did not add to safety. Around
100 million points were captured
with an accuracy of 7mm, of which 65
million points (Figure 3) with a grid
spacing at centimetre level appeared
to be feasible for generating the 3D
model with an average accuracy of
around 1cm. Using standard Leica

took many times that number
(approximately 300 man days).
3D MODELLING

The 3D modelling of the complex
construction was done in two
stages. First, a 3D model was created
from the points visible in the
georeferenced point cloud. Hence,
every rod and ring was extracted
and placed in the model according
to its accurate position and its real
angle of torsion and individual
deformation. Next, elements
which did not appear in the scans
due to small size, occlusion or low
reflectivity were modelled using
existing documents (courtesy of
N.P. Melnikov Central Research and
Design Institute of Steel Structures).
This was a painstaking endeavour:

Thousands of rivets, gussets and
fasteners had to be modelled and
placed accurately in the model
HDS and B&W targets which were
measured by a total station, the scans
were connected to the ground control
points at the base of the tower and
thus georeferenced with respect to
the Moscow geodetic control grid.
The field works took three operators
two days, i.e. six man days in total.
However, the actual 3D modelling

thousands of rivets, gussets and
fasteners had to be modelled and
placed accurately in the model. Figure
4 shows the high level of detail of the
model. In November 2013 the model
was submitted to the Russian State
Archive of Scientific and Technical
Documentation as a first document of
a new type: digital 3D model.

CONCLUDING REMARKS

The field survey carried out by
Trimetari LLC resulted in a 3D
model which provides a detailed,
complete, accurate and up-to-date
representation of the tower. It is
a valuable source of information
for the engineers tasked with
renovating or rebuilding the tower
as it enables the elements – which
have never before been archived – to
be inspected and measured easily
from the comfort of the office. It will
also assist researchers specialised
in technological monuments and
heritage conservation. Moreover, a
virtual stereoscopic tour has been
developed; the general public can
‘climb’ the tower, observe its unique
structure and gain a sense of its
history and planned reconstruction.
Today this is still a stand-alone
service, but it will soon be accessible
online via the internet.
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BY MATHIAS LEMMENS, SENIOR EDITOR, GIM INTERNATIONAL FEATURE

SURVEY OF PROCESSING SOFTWARE

Point
Clouds (2)
© Pixel-Fotolia.com, © Airbus Airbus Defence and Space 2014

In this themed edition on collecting and processing point clouds, this article
focuses on point cloud processing software aimed at creating DEMs or DSMs and
products derived from these. The ﬁrst article of this diptych, published in the June
issue of GIM International, focused on functionalities.

8:59:37

This survey begins with the
software of Terrasolid, which
is based in Helsinki, Finland. It
will then focus on three systems
listed on the Geo-matching.com
website, subsequently continuing
with software which operates
independently from the particular
sensors, to then arrive at proprietary
systems. It will end with packages
aimed at sonar echoes. Hopefully,

Mathias Lemmens gained a PhD degree
from Delft University of Technology, The
Netherlands, where he presently lectures
on geodata acquisition technologies and
geodata quality on a part-time basis on
the recently renewed MSc in Geomatics. He
is the author of the book Geo-information:
Technologies, Applications and the
Environment published by Springer in 2011. He was editor-inchief of GIM International for ten years and now contributes as
senior editor.
m.j.p.m.lemmens@tudelft.nl

this article will encourage vendors
to upload the specs of their packages
onto Geo-matching.com.
TERRASOLID

We start our survey with Terrasolid,
which develops modules aimed at
processing Lidar and image data
captured from airborne sensors and
mobile mapping systems (MMSs).
It may be readily stated that the
modules together form the most
complete set for the processing and
analysis of Lidar point clouds. The
suite consists of 5 main modules:
TerraModeler, TerraScan, TerraPhoto,
TerraMatch and TerraSurvey. In
addition to visualisation options
such as coloured, shaded surfaces
TerraModeler creates TINs
(Triangular Irregular Networks) and
products derived from these such
as contour lines and profi les. The
software also calculates volumes
and volume differences between
two models. The main module is
TerraScan. Filtering and 3D vector

data extraction can be conducted
fully automatically including the
creation of building models up
to Level of Detail (LoD) 2 and
vectorisation of power-line wires.
The results can be visually checked
and manually modified to enhance
and extend the models. The results
of TerraMatch, a module which
runs together with TerraScan,
may appear to be humdrum to the
visually oriented user. However, its
operations are key as they adjust for
the geometric differences which may
be present in the diverse scans due
to drift or other sources and hence
are decisive for the quality of any end
product. To detect the differences,
the software automatically matches
patches or tie lines in the overlap
of scans and thus corrects for
shifts and misalignment (Figure
1). Added to this, the software has
calibration facilities. TerraPhoto
creates orthomosaics from images
using a Lidar digital surface model
(DSM) captured at the same time.
The orthomosaic can be draped
over the DSM or over the roofs of
3D building models while textures
from terrestrial (mobile) images can
be projected onto building facades.
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The software enables fly-through
animations and image colour to be
assigned to Lidar points. TerraSurvey
handles total station and GNSS
data. ‘Lite’ versions of all 5 modules
serve users who do not need all the
functions. A sequence of modules
creates a customised workflow in a
single software environment. Most
modules run with Bentley software.
GEO-MATCHING.COM

At the time of writing – mid-May
2014 – three vendors had listed
the specs of their packages on
Geo-matching.com: Pix4D, Adtollo
and Maptek. The Pix4D software
is to aerial images what Terrasolid
software is to Lidar. The young
Switzerland-based company aims
at obtaining orthomosaics and
DSMs automatically from any aerial
camera, whether nadir oriented,
oblique or mounted in an unmanned
aerial system (UAS). The tools
enable fully automatic calculation of
interior and exterior orientation by
bundle block adjustment, generation
of DSMs and orthomosaics and
products derived from these. The core
consists of image-matching modules
which compute, from the contrast
in a patch around a pixel, features
which are then matched with
candidate points in the overlaps. The
very dense cloud is then fi ltered and
interpolated leading to DSMs from
which volumes and other products
can be derived. The software
supports a wide range of uses with
an emphasis on mapping of open-pit
mines, quarries and pits. Topocad
from Adtollo – based in Stockholm,
Sweden – is a CAD system made for
surveying, mapping, design and GIS.
Over its two decades of existence it
has evolved into a modular system
bringing field survey data to designs
and maps. The Base module creates
DSMs, contour lines and cross
sections from a variety of data
sources including airborne Lidar,
terrestrial laser scanners (TLSs) and
imagery. Added to this, it calculates
volumes and other products.

Meanwhile, users who are involved
in exploring remote areas can benefit
from the Maptek I-Site Studio. Th is
package has been designed for
modelling the natural Earth and
supports mining and other uses. It
exploits Windows 64-bit computing,
which supports processing of
hundreds of scans and millions of
points in one run. Contours can
be generated fast and exported as
DXf, DXB or DWG strings while 3D
models can be easily exported as
CAD wireframes, string fi les or solid
surfaces. The clouds are generated by
TLSs or MMSs. Other packages from
Maptek are Topo, Geotechnical, Void
and Forensic. The latter is designed
for analysing crime scenes or crash
sites (see Figure 2) captured by the
laser scanners from I-Site, Z+F 5006
and FARO and the handhelds from
Mantis from Israel (Figure 3).
SENSOR-TYPE INDEPENDENT

Point Cloud from Carlson aims
at processing clouds from a wide
variety of TLSs. Up to one billion
points can be input and triangular
irregular networks (TINs), contour
lines, profi les, sections and break
lines automatically computed. 3D
models of poles, trees and hydrants
can be extracted, and fi ltering allows
vegetation and man-made objects
to be removed. In contrast to this
general-purpose software, EdgeWise
Plant from Clearedge3D is dedicated
to 3D modelling of man-made objects
such as chemical plants, oil refineries
and overhead power lines. Pipes,
elbows, valves, fl anges and other
parts can be automatically extracted
which reduces the manual workload;
clients report savings of over 75%.
The results can be manually verified
and poor fits can be refitted. Another
type of software mainly used in
industry, manufacturing and reverse
engineering is PolyWorks from
InnovMetric, Canada. Modules for
merging, georeferencing, measuring
and editing can be combined with
compressing and texturing modules
into one package. Other packages

Figure 1, Adjustment of a building corner
resulting from matching Lidar overlaps
(courtesy of Terrasolid; modiﬁed).

focus on the use in construction
and land management, such as
Pythagoras. This company, founded
in January 2011, is a vendor of
CAD and GIS software for land
management, surveying, road
design and civil engineering. Its
DSM module processes millions of
3D points stemming from UAS and
other sources, and it creates profi les,
cross sections at specified intervals
in masked areas and contour lines
at selected intervals. Volumes can
be calculated as well as cut and fi ll
amounts for earthworks. VirtualGrid
produces packages each aimed at
a specific type of user. VRMesh
focuses on automatic extraction of
vegetation, buildings and ground
points from airborne and MMS point
clouds produced from Lidar and/
or aerial images, with the survey
module focusing on airborne Lidar
and MMS. Some vendors hoist ease
and high speed in the zenith, such as
Germany-based PointCab who focuses
on TLS users. The software has been
on the market for four years and is
composed of a dozen modules. There
are, for example, individual models
for volume calculation, for creating
plans from digitising the point cloud,
and for extracting and creating
correctly positioned 3D points and
exporting them in a CAD system.
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FIND DETAILED PRODUCT INFORMATION ON GEO-MATCHING.COM

COMPARING LASER SCANNING
TECHNOLOGY
Does your project require detailed and highly accurate 2D/3D data,
and are you looking for the right laser scanner – the one that matches
all your requirements? Do you have no idea how to choose between all
the different models, and no time to search for their technical product
speciﬁcations? Geo-matching.com has the answers!
Geo-matching.com is a product
comparison website for devices
and software used in geomatics
and related industries. It
offers detailed spec-based
comparisons and user reviews
for more than 650 products.
Laser Scanning Technology
Geo-matching.com features
many devices and software,
including Airborne Laser
Scanners, Terrestrial Laser
Scanners, Mobile Mappers and
Point Cloud Processing Software.
The following laser scanning
technologies are currently listed:
• 3D Laser Mapping
(Railmapper, Streetmapper)
• Adtollo (Topocad)
• Airborne Hydrography
(Chiroptera, DragonEye 400,
HawkEye III)

• Basic Software (Surphaser
25HSX)
• Clauss (RODEONscan,
RODEONsmartscan)
• IGI (LiteMapper 2400,
LiteMapper 6800-400)
• Leica Geosystems (ALS70-CM/
HA/HP, HDS6200, Scanstation
2, Scanstation C10)
• LizardTech (LiDAR
Compressor)
• Maptek (I-Site 8200, I-Site
8400, I-Site 8810, I-Site
Studio)
• Neptec Technologies (OPAL)
• Optech (Aquarius ALTM,
CZMIL, Gemini ALTM, ILRISHD, ILRIS-LR, Lynx MG1, Lynx
SG1, Pegasus ALTM, Orion
C-300-1, Orion H/M ALTM)
• Pix4D (Pix4D Mapper)
• RIEGL LMS (LMS –Q1560,
LMS-Q680i, LMS-Q780,
LMS-Z620, RiSOLVE, RiSCAN

PRO, VMX-450, VMX-450RAIL, RIEGL VMZ-400, RIEGL
VMZ-1000, VQ-380i, VQ-480i,
VQ-480-U, VQ-580,VQ-820G,VUX-1, VZ-400, VZ-1000,
VZ-4000, VZ-6000)
• TI Asahi (S-3080, S-3180,
S-3180V)
• Topcon Europe Positioning
(GLS-1500, GLS-2000, IP-S2
Compact+, IP-S2 HD)
• Trimble (AX60, AX60i, AX80,
FX, MATCH-T DSM, MX2,
Trimble RealWorks)
• Zoller + Fröhlich (IMAGER
5006EX, IMAGER 5006h,
IMAGER 5010, PROFILER
5010, PROFILER 5010C)
The website details speciﬁcs
relating to: laser pulse
characteristics, measurement
characteristics, operation
characteristics (airborne laser

scanning), laser rangers,
scanning characteristics,
scanning characteristics,
power, peripherals, software
functionality (terrestrial laser
scanning), vehicle & array,
dimensions & environment,
GNSS sensors, IMU, wheel
sensors, camera systems, laser
scanners, control units, batteries,
survey (mobile mappers), ﬁles
and registration, visualisation
and editing, pre-processing and
automatic ﬁltering, analysis &
more (point cloud processing
software). All these selection
criteria can be used to ﬁlter
the range of products when
searching.
To search for and compare
products before making
your decision, visit
www.geo-matching.com.

Make Geo-matching.com your ﬁrst stop
The independent product comparison website for geomatics devices.

• Find detailed spec-based comparisons for more than 650 products
• Read other industry professionals’ comments and opinions
• Access data quickly, easily and free of charge
Bringing together the highly valued GIM International
and HYDRO International product surveys all in one place.
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PROPRIETARY SOFTWARE

Manufacturers of sensors often
also offer software for managing
and processing the sensor outputs.
Here we will consider the systems
from Faro, Leica, Riegl, Optech and
Trimble. Scene 3D, designed for
managing and processing the Faro
Focus3D sensor outputs, allows
seamless stitching of overlaps to a
single point cloud without the need
to place markers. This facility is
enabled through automatic detection
of corners, edges and other structures
for use as tie points. Stereoscopic
viewing enhances the detailed
analysis of parts of the point cloud,
which can also be quickly colourised.
The software supports the ASTM E57
binary data exchange standard for
3D data. Projects can be published
on a web server using the WebShare
Cloud module for sharing with project
partners. Cyclone processes the
outputs of Leica TLSs and consists of
several modules. The Model module
enables clouds of industrial sites and
the like to be processed into objects
such as pipes for use in CAD, and
a subset of this module – Survey –
facilitates extraction of features and
coordinates. To support users of TLSs
from Faro, Riegl and Optech, the
Importer module allows output to
be converted to Cyclone-accessible
formats. Modules for controlling
and georeferencing scans can be

integrated with modelling modules
into one package. With respect
to airborne Lidar, Leica software
transfers the raw data of its family
of ALS airborne Lidar systems to
point clouds which are georeferenced
in WGS84, and the ASCII output is
compatible with a variety of TIN/
contouring software packages such as
the abovementioned TerraModeller.
With respect to TLSs, Trimble
focuses on the oil and gas industry,
industrial facilities, civil engineering,
architecture, preservation and law
enforcement. The latter centres
around the reconstruction of collision
or crime scenes. Trimble’s RealWorks
enables as-built data collected from
the TX5 3D laser scanner to be
registered, visualised, explored and
manipulated. Pipes can be modelled
using the EasyPipe module and the
output can be imported into CAD/
BIM packages. Inpho’s LPMaster
has been designed for use with the
Trimble Harrier and AX60 airborne
Lidar system and is fully integrated
into the Inpho software line. Optech’s
airborne Lidar, MMS and TLS are
compatible with proprietary software
for survey planning, navigation and
control and for processing the output.
ALTM and Lynx LMS Pro software
produces rectified and georeferenced
LAS (XYZi) data. The data may
be collected with various GNSS
receivers at different times. FMS,

Figure 3, The Mantis Vision F5 handheld laser scanner weighs 1.7kg and has a range of 4.5m.

Figure 2, Analysed point cloud of a crash
site captured by TLS (courtesy of Maptek).

designed for the Orion and Pegasus
ALTMs and the Lynx MMSs, handles
fl ight planning, multiple sensor
system control and monitoring,
and navigation. LMS processes the
point clouds and outputs them in
LAS and ASCII fi les. ILRIS Scan is
a single package, from scanning
to processing, and can be used
with minimal training. Riegl offers
packages for acquiring, managing and
visualising the raw outputs of its TLS,
airborne Lidar and MMS systems.
The modules also provide a variety
of functions for data processing. The
resulting data can be transferred
to third-party software for further
processing and analysis. RiSCAN PRO
aims at the output from the firm’s
TLS systems. Scans, digital images,
GNSS data, coordinates of ground
control points (GCPs) and tie points
acquired during a campaign and all
matrices for transforming scans into
one coordinate system are organised
and stored in one project structure.
The XML fi le structure gives access
to all project information. The
software allows visual inspection
and elementary data processing.
Fully automatic registration can
be done with RiSOLVE. RiMINING
is designed for modelling open-pit
mines. No marks have to be placed as
georeferencing is done automatically
through the GNSS, compass and
inclination sensors built into the
TLS systems. Vegetation, objects
or outliers can be automatically
JULY 20 1 4 |
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Point cloud of a village in the Heilongjiang province in China captured by RIEGL VZ-400 for cadastral purposes.
Multibeam sonar data
provides seaﬂoor depth and
indicators of the types of
sediment for modelling the
undersea Northern San Andreas
Fault (Courtesy of San Andreas
Fault 2010 Expedition,
NOAA-OER, modiﬁed).

removed while break lines can be
detected and volumes calculated.
Exchange with mining software is
supported. Sensor outputs from
the firm’s airborne Lidar and MMSs
can be managed and visualised by
RiPROCESS. Full waveform airborne
Lidar data can be processed by
RiANALYZE by making the data
compatible with airborne Lidar
processing packages.

Point cloud of Shukhov Tower, Moscow,
consisting of 65 million points captured with
a Leica ScanStation2 and a Faro Focus3D
(Courtesy of Anikushkin and Leonov, Russia;
see also page 22).

BATHYMETRIC PACKAGES

The packages discussed above
centre on point clouds of the
land surface. But there are also a
multitude of packages for processing
echosoundings for mapping riverbeds
and seabeds. Some packages take
an intermediate position as they
process both land and sea data. One
such suite is Bathy DataBASE, made
by Canada-based Caris, which is
specialised in software for marine,
land and aviation applications.
The suite focuses on sonar and
Lidar data and is composed of 5
modules, together covering a range
of operations from visualising,
validating, analysing and generating
smoothed contours to server tools for
sharing data via the web. Differences
in coordinate systems can be bridged
so that land and seabed DEMs can
be seamlessly fused. Other packages
support input from a wide range of
sonars. For example, NaviSuite, from
Denmark-based Eiva – a provider of
equipment and software for subsea
applications – covers the workflow
from data capture by a range of sonar
systems as broad as sidescan sonars,
scanning and profi ling sonars and
multibeam echosounders, up to
professional paper-chart production
through 5 modules. The features
of the high-end tools enable realtime monitoring of vessels, subsea
objects and constructions; real-time
generation of DEMs; point cloud
stitching; data editing with graphical
tools; and calculation of area,
volume and profi les, plus many more
functionalities. The software serves a
wide spectrum of marine applications
including the offshore oil, gas and

wind-power industry, oceanography
and hydrography. Other firms aim
at serving specific types of user. For
example, Geocap, headquartered
in Norway, provides mapping and
modelling software to geoscientists
in the form of 5 application-oriented
modules. The seafloor module
creates DEMs from multibeam
echosounders. As data without
quality description is of little to no
value, the firm has made available
CUBE (Combined Uncertainty and
Bathymetric Estimator), developed
by University of New Hampshire,
USA. CUBE not only allows depth
data to be generated but also a
confidence interval to be assigned
to each point. Another package that
supports CUBE data processing
is from Hypack. Founded in 1984
and today with more than 4,000
users of its software, the firm offers
hydrographic software for designing
surveys, collecting and processing
data and creating end products. The
3 modules offered allow real-time 3D
terrain modelling to create TINs and
to calculate volumes, and graphical
and automated editing.
CONCLUDING REMARKS

In my column on page 11 I give some
notions which may further help the
reader to categorise the broad pallet
of point cloud processing packages
and so to gain greater insight into the
peculiarities of each of the modules
treated above.

MORE INFORMATION
www.geo-matching.com
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ACCURATE AND DETAILED 3D MODELS USING MOBILE LASER SCANNING

Road
Maintenance
with an MMS
A mobile mapping system (MMS)
enables laser data and images of a
road and its vicinity to be collected
from a van or other moving platform.
Here, the author describes data
collection and accuracy assessment of
a pilot carried out in Finland in 2012. It
is demonstrated that MMS data
processed with sophisticated software
is well suited for road maintenance
tasks as many parameters can be
accurately calculated from the 3D
model.
An MMS survey enables highly
detailed mapping of roads and
their direct surroundings with
high accuracy and within a short
period of time, while minimising
nuisance to traffic and risks of
accidents. To prove its aptness
for road maintenance, a pilot was

Friederike Schwarzbach has been
working as a technical support assistant
for Terrasolid since 2009. Her professional
background is in GIS and cartography.
friederike.schwarzbach@terrasolid.com
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conducted aimed at assessing
the accuracy of the 3D model,
determining road damage and
deformations and using the 3D
model to design the renewal of the
road surface. Furthermore, the MMS
survey delivered essential input for
the resurfacing machine.
DATA COLLECTION

A 22km-long, two-lane section of the
National Road 6 (NR6) in southeast Finland was captured with a
Trimble MX8 composed of two Riegl
VQ-250 scanners, four cameras –

on both sides of three sections
of the road at an interval of 50m
and measured using Trimble R10
GNSS and DiNi Level instruments.
The length of each section was
500-600m, so 74 GCPs were placed
in total. Processing was done with
Terrasolid’s TerraScan, TerraMatch,
TerraPhoto, and TerraModeler. These
modules run on top of Bentley’s
MicroStation.
ACCURACY

A major source of errors is the
blocking of GPS signals due to

The MMS survey delivered essential
input for the resurfacing machine
one recording the road surface and
three pointing forward – and an
Applanix POS LV 520 for positioning
purposes. The two lanes, which are
mostly bordered by forest, were
both captured, i.e. forth and back,
with a speed of 50 to 70 km/h. For
georeferencing purposes, ground
control points (GCPs) were painted

tunnels, buildings, trees, rocks or
other obstructions near the road.
These errors could be corrected using
the GCPs and the overlap between
the forth and back recordings. To
determine the relation between
the number and distribution of
GCPs versus accuracy, the number
of GCPs was systematically
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Figure 1, Potholes, ruts
and other deformations with
a depth of at least 2cm are
shown in blue.

reduced from all to a spacing of
500m (Table 1).
A GCP spacing of 100 to 200
metres provides good accuracy, but
with coarser spacing the accuracy
diminishes quickly due to the
non-linearity of the drift of the raw
trajectory positioning. For highaccuracy work, the spacing should
not exceed 50m for elevation and
about 250m for planar coordinates.
In addition, the elevation of the
GCPs should be measured using a
levelling instrument to obtain high
accuracy.

extraction from the laser data of ruts
and potholes with a depth of at least
2cm. The vertical distance between

the heights of inner and outer edges
of the pavement (super-elevation)
was visualised by across-road

Figure 2, Super-elevation: the blue line marks the location of the road section (bottom).

ROAD SURFACE

After matching the overlap between
the forth and back recordings, all
non-road points were removed
automatically. Orthoimagery with
1cm ground sample distance (GSD)
was generated to support detection
of road damage and previous repair
work (Figure 1). Centre and edge lines
and road edges were then digitised
manually from the combined laser
data and orthoimagery resulting in
an accurate vector dataset. The centre
and edge lines were used to create
a surface model which enabled the

Figure 3, Centre and edge lines are shown in white and local slope gradients shown as classes.

Z average magnitude
Z standard deviation
XY average magnitude

Raw data

All GCPs

12.8

0.1
0.1
0.7

7.4

GCP spacing
100m

200m

500m

0.3
0.5
1.3

0.5
0.7
1.8

2.5
1.9
2.4

Table 1, Relationship between accuracy [cm] and spacing of GCPs.
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Figure 2, 3D point cloud of kubit headquarters in AutoCAD.

KUBIT

From Real
World to CAD
The company kubit develops software
for surveying and as-built
documentation, most of which works
in conjunction with Autodesk software
as third-party plug-ins. With its global
headquarters located in Dresden,
Germany, and US headquarters in
Houston, Texas, the kubit team strives
to provide software solutions which
create an efﬁcient, precise process
for extracting design deliverables
from real-world measurements.

Figure 1, Team
photo taken in front
of the headquarters
in Dresden, Germany.

The company kubit was co-founded
in 1999 in Dresden by Dr Oliver
Bringmann and Matthias Koksch,
who were friends from university.
Oliver had just finished his
dissertation in computer science
and had a passion for programming

Every month GIM International invites a company to introduce
itself in these pages. The resulting article, entitled Company’s
View, is subject to the usual copy editing procedures, but the
publisher takes no responsibility for the content and the views
expressed are not necessarily those of the magazine.
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and problem-solving. Matthias had
been practising as a professional
surveyor for two years, and hence
had first-hand experience of the
lack of available tools for realworld measurement. Together, the
two partners aimed to change the
surveying-to-CAD process and bring
simple, efficient tools to industries
in need.
The duo’s first product set out to
improve the workflow for building
measurement with a total station.
The young kubit team realised
that, by connecting a total station’s
measurements directly to the
command prompt of AutoCAD,
common field issues such as
forgotten measurements and poor
hand sketches could be completely
avoided and that CAD-knowledgeable
people could become surveyors. The
product TachyCAD was born and
remains a top-selling product for the
organisation today.
After years of sustained growth,
kubit’s team (Figure 1) in Germany
and the United States currently totals
35 people. Development and product
management take place in Dresden
(Figure 2), while sales, marketing
and partner relations are shared
between the German and US offices.
The product portfolio now extends
beyond total station solutions to
handheld lasers, photogrammetry
and laser scanning technology. As
stated by Dr Bringmann, “kubit

supports multiple devices so
surveyors can choose the most
efficient technology for every project.
Our software helps to automate the
field-to-finish process, but ensures
the operator always has control.”
TECHNOLOGY-DRIVEN PRODUCT MIX

kubit’s mission is to provide
hardware-independent software
solutions which efficiently and
accurately help close the gap between
the real world and completed design
deliverables. The majority of kubit
software work as third-party plug-ins
for AutoCAD. Programs like kubit’s
TachyCAD and DistToPlan connect
total stations and handheld lasers
to AutoCAD in the field, while
kubit PhoToPlan provides an array
of image correction and classic
photogrammetry tools in AutoCAD.
Finally, laser scanning families
PointSense and VirtuSurv are leading
kubit’s future in cutting-edge tools for
extraction of intelligent information
and geometry from point clouds in
AutoCAD, Revit and beyond.
The management philosophy is simple:
think from the user’s point of view,
listen to the customer’s pain and
anticipate what they will need next.
These principles will enable a company
to create a product which solves
problems and serves the customer well.
The philosophy seems to be working
as kubit software has now exceeded
5,000 users worldwide and revenue is
growing steadily year on year.
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BY MATTHIAS KOKSCH, MANAGING DIRECTOR, KUBIT, GERMANY COMPANY’S VIEW

Figure 3, PointSense Plant extracts intelligent piping and structural elements
from point clouds in AutoCAD.

3D DATA BOOM

The demand for 3D data capture
is growing at an incredible rate in
most major industries, thanks in
part to the ever-progressing laser
scanning industry. Only a few years
ago, entry into the scanning market
was considered risky, complicated,
very expensive and fraught with
workflow problems. Computers
lacked the power to handle massive
datasets efficiently, and software for
managing such datasets was scarce.
Today, the market trend is towards
lower-priced hardware and more
hardware options which allow users
to choose their device based on
accuracy, volume, range and budget.
Static scanners, mobile scanners,
handheld scanners, total station/
scanner hybrids and point clouds
generated from photogrammetry all
offer potential options depending
on the job at hand. Software,
traditionally regarded as lagging
behind hardware, is now beginning
to catch up with more powerful
infrastructures for handling point
clouds. The data capture process is
easier than ever before. Co-founder
Matthias Koksch says, “Obtaining
a point cloud is simple nowadays.
Data capture is one thing; to add
intelligence to this data so that it
is easy to use in the design process
is another. The real challenge is
the conversion in the deliverables.
kubit wants to play an important
role in using advanced pattern
recognition algorithms to continue

Figure 4, VirtuSurv for Revit used to extract BIM model from point cloud data.

to improve this process.” The
answer does not lie in hardware
that can scan a billion points per
second or software that can handle
point clouds; the real solution is
developing an overall, optimised
workflow per industry and getting
users to a fi nished product, quickly
and accurately. Th is is where
kubit intends to focus continual
improvement per industry.
So far the company has focused on
the plant, building and heritage
worlds. Products like kubit’s
PointSense Plant (Figure 3) aim to
improve the AutoCAD piping and
structural designer’s workflow by
extracting intelligent, catalogue
information from point clouds or
making it easier for drafters to
extract specific tie-in points and
analyse equipment, all within the
familiar AutoCAD environment.
The continuous push for BIM is
further fuelling the requirement
to extract useful information
from as-built data. The kubit team
is also answering this call with
new VirtuSurv extraction tools
for Revit (Figure 4) which help
architectural designers to model BIM
elements from laser scan data. The
opportunities are plentiful and the
demand for innovation is far from
slowing down.

early adopters in 3D capture will
soon be behind us (if they are not
already). The major software players
such as Autodesk, Bentley and Google
have already made a significant
commitment to bringing reality data
to the masses. As a result, hardware
options will continue to become more
affordable and experience greater
reach. More industries will begin to
see data capture as a necessity. Th is
will bring an entirely new world of
applications and opportunity for
those involved. The kubit team sees a
world where no designer starts from
a blank canvas. Real-world data and
new design will become common,
and workflows will continue to be
better defined per industry. kubit
envisions a cycle of capturing the
real world, modifying the real world
in the design world, and bringing
the design data back to reality (via
3D printing, more automation,
etc). kubit will continue to improve
workflows within the current focus
industries while expanding into new
industries which need improved
workflows. As technology progresses,
kubit plans to continue doing what
it does best: step-by-step growth
while adapting and benefiting from
booming 3D global trends. The future
looks bright in 3D.

WHAT LIES AHEAD?

The kubit team believes that a much
bigger future lies ahead for the
capture industry. The days of the

MORE INFORMATION
www.kubit.de
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LADM-based Software
Just 18 months on from the
publication of the ISO 19152 Land
Administration Domain Model
(LADM) at the end of 2012, it is
becoming increasingly widely used.
FIG initiated the development of
this ISO standard.
The Global Land Tool Network (GLTN/
UN Habitat) [ 1] has announced
the release of version 1.0 of the
Social Tenure Domain Model (STDM)
tool, including its source codes. The
land tool is a product of several
years of conceptualisation, design,
development, ﬁeld testing and
implementation by various GLTN
partners. It is one of the ﬂagship
land tools that GLTN is developing
to promote the continuum of land
rights approach and to offer an
alternative and affordable land
information tool to strengthen
tenure security, improve livelihoods
and empower poor communities.
It was ofﬁcially launched at the
25th Congress of the International
Federation of Surveyors (FIG) on
20 June 2014 in Kuala Lumpur,
Malaysia.
The Solutions for Open Land
Administration (SOLA) project
[ 2] is aimed at making a
computerised cadastre and
registration system more affordable
and more sustainable in developing
countries through free, open-source
software. The software is supported
by FAO and is based on international
good practice for service delivery,
responsible governance of tenure
(including transparency of process
and transparency of tenure details),
robust data management and the
need for enterprise scale software.
The underlying data structures used
by the SOLA software are also based
on the LADM.

Covers of the STDM review (left) and
of the FIG Annual Review (right).

STDM REVIEW
Before the release, FIG included
seven expert reviewers in
undertaking a review of the
software. FIG’s conclusions were
that the STDM is a pro-poor,
participatory and affordable land
tool. It is an alternative and/or
another option to ‘doing business’
in the land sector and has the
potential to provide security of
tenure at scale due to its innovative
approach, which is embodied in:
- its affordability (it uses free and
open software packages)
- its ﬂexibility in terms of use and
application (it can be applied in
various contexts and complements
other tools)
- its simplicity (so that nontechnical people can use it)
- ts inclusivity, having a pro-poor
focus (it targets the poorest of the
poor, such as slum dwellers, small
landholders, etc.)
- its good governance principles
(participation, responsiveness
and transparency).

FIG ANNUAL REVIEW 2013 NOW
AVAILABLE
The FIG Annual Review provides
an overview of the activities of
the federation in the last year.
The review of 2013 can now be
downloaded from the FIG website
[ 3]. Hard copies will be mailed to
all members.

MORE INFORMATION
1. www.gltn.net
2. www.ﬂossola.org
3. www.ﬁg.net
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In Thanks and Recognition…
This month’s column will focus on
our sector’s most important resource
– our people – and three of them in
particular.
Our global geospatial data
infrastructure community is
inﬂuenced by a diverse group of
men and women with a shared
passion to advance the
technologies, data, people, policies
and practices we have all come to
rely upon. You know who they are.
Depending on our areas of
specialisation, we have seen their
inﬂuence, may have met them and,
in some cases, know them as
friends and colleagues.
The more capable and enthusiastic
these people are, the more we see
them or the evidence of their
thinking – in meetings, at
conferences, in journals and the
popular press. Depending on the role
they need to play on a given day,
they are sometimes vocal and
passionate, and other times perhaps
quiet and in the background,
working through others.
It comes as a shock when they leave
us too soon. Our geospatial
community lost a grandfather early
this year in Dr Roger Tomlinson.
Thankfully and appropriately – both
before and after his passing – many
others have already recognised and
thanked him with eloquence and
authority for his many contributions.
Our GSDI Association have lost two
individuals in the ﬁrst six months
of 2014 who exercised important
inﬂuence on the direction of our
organisation. Both died in tragic
accidents, too young and far too
soon. In each case, they have left

an important legacy and a big
gap to be ﬁlled.
Mark Becker [ 1] was associate
director of CIESIN at Columbia
University and was the elected
representative for ‘Global Initiatives’
on the GSDI Association Board of
Directors. In addition to his
substantial contributions to CEISIN,
his suggestions and insights to the
GSDI Association were valued and
will be missed by his colleagues on
our Outreach and Membership
Committee.
Doug Nebert [ 2] was a long-time
employee of the U.S. Geological
Survey and the US Federal
Geographic Data Committee
Secretariat. He was very inﬂuential
as vice-chair of the GSDI Technical
Committee and – when the GSDI
movement was still very young –
was a driving force behind the
Association’s SDI Cookbook, including
its launch as an online wiki.
Both these men were known
nationally and internationally for
their work in advancing the
capabilities of the geospatial
technologies, standards and
practices that we use today. Both
have been recognised formally by
their colleagues and employers,
but I am sure many in our community
would have liked to recognise and
thank them personally one more time
for their many gifts of time and
talent to the causes they pursued
with such experience, vigour and
wisdom. They will be missed.
Do you know and respect someone in
your own organisation, city or country
for the contributions they are making
to the geospatial community? Why

David Coleman.

wait? Organise a more formal
ceremony later on if you like, but
make the time today to call or email
them just to say “Thanks”. Life’s too
short, and they’ll appreciate it.
Dr David Coleman is president
of the GSDI Association and professor
in the Department of Geodesy and
Geomatics Engineering at the
University of New Brunswick,
Canada.

MORE INFORMATION
www.gsdi.org
1. www.ciesin.columbia.edu/
becker.html
2. www.fgdc.gov/fgdc-news/
doug-nebert
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INTERNATIONAL ASSOCIATION OF GEODESY IAG

The mission of the Association is the advancement
of geodesy.

GGOS – The IAG’s Observing System

IAG implements its mission by:
- advancing geodetic theory through research and
teaching,
- collecting, analysing and modelling
observational data,
- stimulating technological development, and
- providing a consistent representation of the
figure, rotation and gravity field of the Earth and
planets, and their temporal variations.
IAG EXECUTIVE COMMITTEE 2011 - 2015

President:
Chris Rizos, c.rizos@unsw.edu.au
Vice-President:
Harald Schuh, harald.schuh@gfz-potsdam.de
Secretary General:
Hermann Drewes, iag@dgfi.badw.de
Immediate Past President:
Michael Sideris, sideris@ucalgary.ca

The Global Geodetic Observing
System (GGOS) has as one of its
scientiﬁc goals the integration of
the geometric and gravimetric
aspects of geodesy. It also provides
a framework within which IAG
services and other IAG components
can integrate outputs and generate
higher-level products in order to
address critical requirements for
geoscientiﬁc research. As an
Observing System, GGOS cannot
function without the facilities and
products of each of the IAG Services.

President of Commission 1 Reference Frames:
Tonie van Dam, tonie.vandam@uni.lu
President of Commission 2 Gravity Field:
Urs Marti, urs.marti@swisstopo.ch
President of Commission 3 Rotation &
Geodynamics:
Richard Gross, richard.gross@jpl.nasa.gov
President of Commission 4 Positioning &
Applications:
Dorota Brzezinska, dbrzezinska@osu.edu
Chair of Global Geodetic Observing Systems
(GGOS):
Hansjörg Kutterer,
hansjoerg.kutterer@bkg.bund.de
President of Communication & Outreach Branch
(COB):
József Ádam, jadam@sci.fgt.bme.hu
Representatives of the Services:
Riccardo Barzaghi, riccardo.barzaghi@polimi.it
Tom Herring, tah@mit.edu
Ruth Neilan, ruth.e.neilan@jpl.nasa.gov
Members at large:
Claudio Brunini, claudiobrunini@yahoo.com
Richard Wonnacott, rwonnacott@gmail.com
President of the ICC on Theory:
Nico Sneeuw, sneeuw@gis.uni-stuttgart.de
Assistant Secretary:
Helmut Hornik, hornik@dgfi.badw.de

The mission of GGOS is: (1) to advocate for
increased investment in ground-based
geodetic infrastructure, and for new space
geodetic missions; (2) to ensure that the
global reference frames provide the
fundamental backbone for consistently
interpreting key global change processes,
as well as serving the needs of society;
(3) to promote improvements in geodetic
products, through the integration of
geometric and gravimetric aspects of
geodesy, and (4) to facilitate the
development of new, high-level geodetic
products and services.

The vision of GGOS is: ‘Advancing our
understanding of the dynamic Earth
system by quantifying our planet’s
changes in space and time’.
Successful execution of this vision is
only possible if the international
scientiﬁc community and its related
governmental agencies are strongly
committed to the mission of GGOS. As
a complement to these technical
efforts, GGOS serves as a vehicle of
engagement with international
governmental and non-governmental
organisations, space agencies and
national mapping/geodetic
institutions. Developing and
maintaining these relations ensures
optimal use of resources to the beneﬁt
of science, and society in general.
GGOS IN THE IAG
The IAG relies upon GGOS to advocate
for improvements in the ground-based
geodetic infrastructure of GNSS and
DORIS reference stations, VLBI and
SLR space geodetic stations, and
gravity observatories. It also supports
the development of new satellite
missions for altimetry, gravity mapping
and Earth observation, and promotes
the importance of modern geodesy for
addressing the needs of science and
society for stable spatial, time, and
gravimetric reference frames. GGOS
focuses attention on how international

Hansjörg Kutterer (chair GGOS), Ruth Neilan (vice chair GGOS).

geodesy needs to evolve in order to
deliver an order of magnitude
improvement in the quality of its
fundamental products. This includes
identifying the critical elements of
global physical infrastructure, efﬁcient
data management, and combined
measurement analysis.
The systematic implementation,
operation, maintenance, and further
development of GGOS must account
for the technological challenges of
modern geodesy as well as its
societal importance. GGOS
advocates for the establishment of
Earth observing systems, analysis
capabilities and stable reference
frames, to enable social and
economic beneﬁts from the accurate
monitoring and prediction of sealevel change, rapid measurement of
ground displacement following
earthquakes, interpretation of mass
transport signatures from temporally
varying gravity ﬁeld models, and
others. Scientiﬁc and organisational
skills are required at the highest
level in order to ensure that the IAG
Services will continue to provide
current and new geodetic data
products for science and society.
STRUCTURE OF GGOS
GGOS leadership is headed by a
chair and vice-chair, who liaise with

the GGOS Consortium, which serves as
the steering and election committee.
These are supported by the GGOS
Coordinating Board (the decisionmaking body) and the GGOS Executive
Committee (the management
board). In turn, all of the
aforementioned leadership elements
work in concert with the IAG
Scientiﬁc Services. The GGOS
Coordinating Ofﬁce supports outreach,
internal and external coordination, and
the daily management of GGOS.
At the heart of GGOS are its Bureaus,
each containing working groups and
other IAG support services. The
Bureau of Networks and Observations
(BNO) contains working groups on
satellite missions, simulations, and
data and information systems.
Meanwhile, the Bureau of Products
and Standards (BSC) oversees
working groups on Earth system
modelling and standards, and
promoting the development of new
geodetic products associated with
the three GGOS Themes: Uniﬁed
Height System, Geohazards
Monitoring, and Sea Level Change.

MORE INFORMATION
www.iag-aig.org
www.ggos.org
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INTERNATIONAL CARTOGRAPHIC ASSOCIATION ICA
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chenxy@ecit.cn
Atlases
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xyang@fsu.edu
Geospatial Analysis and Modeling
bin.jiang@hig.se
Geovisualisation
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Maps and the Internet
rcammack@mail.unomaha.edu
Ubiquitous Cartography
arikawa@csis.u-tokyo.ac.jp
Digital Technologies in Cartographic Heritage
livier@topo.auth.gr
Open Source Geospatial Technologies
suchith.anand@nottingham.ac.uk
Generalisation and Multiple Representation
dirk.burghardt@tu-dresden.de
Planetary Cartography
hhargitai@gmail.com
Mountain Cartography
karel.kriz@univie.ac.at
Neocartography
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Sighted People
acoll@utem.cl
Maps and Society
chris.perkins@manchester.ac.uk
Use and User Issues
elzakker@itc.nl
Cartography and Children
jesus@map.elte.hu
Education and Training
dave.fairbairn@newcastle.ac.uk
GI for Sustainability
vstikunov@yandex.ru
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undatra@yahoo.com
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GIM CORRESPONDENT
David Fairbairn, Newcastle University, UK

The ICA Commission on Digital
Technologies in Cartographic
Heritage was last mentioned here in
June 2009. Since then, this active
ICA Commission has been renewed,
and two new vice-chairs appointed:
Alastair Pearson (UK) and Carme
Montaner (Spain). In an innovative
fashion the chair, Evangelos
Livieratos (Greece), has established
within the Commission a
‘Supporting Institution (SI) Group’
consisting of single public
institutions (a university, library,
agency, etc.) with personnel
contributing to the Commission’s
work. Current SIs are from
Barcelona, Venice, Edinburgh,
Budapest, Corfu and Thessaloniki.
Private-sector organisations dealing
with associated research and
development are also welcome.
Further, a ‘Commission Desk (CD)’
has been established: colleagues
and doctoral candidates working
with the chair as a local voluntary
team in organisational issues
related to the Commission’s work.
When the Commission chair was
co-opted in an extraordinary manner
to an eminent position as Minister of
Environment in the Greek
Government for a one-year
secondment (June 2012 to June
2013), the CD was particularly
useful. It ensured that regular
activities and attention to Terms of
Reference continued.
Recent annual workshops have been
held in Vienna (2010), The Hague
(2011), Barcelona (2012) and Rome
(2013). These have collectively
formulated and advanced the
concept of cartographic heritage
and its place in the digital
technologies mainstream; expanded
horizons in cartographic heritage
research; inspired partnerships and
joint ventures; helped develop new
products in the ﬁeld of services and
digitisation; and promoted dialogue
between the world of digital

Participants at the Commission’s 2013 workshop in Rome.

technologies and the history of
cartography, map librarianship, map
archives and map collections.
A successful tutorial took place at
the Bibliothèque Nationale in Paris
in 2011, prior to the main
international cartographic
conference, organised by the IUAV
(Venice) SI and addressing a speciﬁc
issue: 3D scanning of globes and
deformed old maps, utilising
leading-edge modern
instrumentation and on-site
computer visualisation. The 2012
meeting concentrated on map
librarianship and was organised
immediately after the 18th
Conference of LIBER, the Association
of European Research Libraries,
which has an active Group of Map
Librarians including Commission
members. It thus encouraged
dialogue between digital
technologies and map librarianship
communities. Speciﬁc topics
included archiving, matching,
management, networking and
accessibility of cartographic heritage
items in-situ and on the web;
methodologies and standards for
two- and three-dimensional
digitisation of cartographic heritage
objects, materials and documents;
digital map restoration; digital
technologies in map collections;
online presentation of georeferenced
maps; discovery, accessibility and

retrieval of materials through
geoportals, INSPIRE and SDIs; tools
for the long-term preservation of
digital map content; and open data
issues.
Over 80 participants attended the
September 2013 workshop at Villa
Celimontana, [ 1]. Supported by
Metis Systems, the Italian
Geographic Society hosted a
producer of state-of-the-art digital
scanners. Sessions included digital
analysis and interpretation of
historic maps with particular
attention to urban and cadastral
maps; georeferencing issues; digital
processing; internet approaches;
and curatorship. As with each
Commission workshop, a selection
of papers appears in e-Perimetron
[ 2], the highly recommended
international quarterly e-journal on
sciences and technologies devoted
to the history of cartography and
maps.
The 9th International Workshop will
be held on 4 and 5 September 2014
at Eötvös Loránd University,
Budapest.

MORE INFORMATION
1. http://bit.ly/1mdqgPo
2. www.e-perimetron.org
www.icaci.org
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I last wrote about the ISPRS
Congress in GIM International nearly
two years ago – in autumn 2012 –
when the XXIII ISPRS Congress in
Prague was still a long way off.
However, time is passing rapidly and
we are nearly in the middle of the
quadrennial period between ISPRS
congresses. The next edition, which
will be held from 12-19 June 2016,
is now just two years away.
Preparations for the XXIII Congress
started just after the end of the XXII
ISPRS Congress. The activities cover
the scientiﬁc, organisational,
ﬁnancial and social sides of the
event.
The ISPRS Council has decided to
continue its policy on proceedings
applied in Melbourne, Australia. This
means that papers will be published
either in the Annals, or in the
Archives. Papers are placed in the
Archives, which is the series with a
very long history, if abstracts
submitted by the authors are
accepted by reviewers. Meanwhile,

the Annals is a form of proceedings
with full paper double-blind peer
review.
Both the Archives and Annals have
been used within ISPRS since 2011.
In addition to having been published
at the Melbourne ISPRS Congress in
2012, they will also be published at
the ISPRS Midterm Symposia in
2014. For the XXIII ISPRS Congress
in Prague, the submission date for
full papers (for the Annals) is 30
November 2015 and for abstracts
(for the Archives) is 13 December
2015.
The ISPRS Congress will be
combined with a Summer School
(SS) which will take place in Telč
(Southeast Moravia) one week before
the Congress.
The Congress is already supported
by the Platinum Sponsor: Leica
Geosystems. The ISPRS 2016
Congress web page offers various
additional possibilities for

sponsorship and there will be a
large exhibition. Details can be
found in the Sponsorship Book and
the Exhibitor Manual.
The very latest information about
the Congress can be found on the
Congress website [ 1] which is
continually updated, and on the
Facebook page of the Congress:
ISPRS 2016 Congress – Prague.
There you will also ﬁnd – among
other details – some attractive
photographs of Prague in particular
and of the Czech Republic in
general.
Lena Halounová
Congress director,
ISPRS Congress 2016

MORE INFORMATION
1. www.isprs2016-prague.com
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Future events
JULY
AfricaGEO 2014
Cape Town, South Africa
from 01-03 July
For more information:
E: aparker@ruraldevelopment.gov.za
W: www.africageo.org
GI_Forum 2014
Salzburg, Austria
from 01-04 July
For more information:
E: office@gi-forum.org
W: www.gi-forum.org/

FIG-Charting and Mapping the
Pacific Paradise of the Pitcairners
Conference
Norfolk Island, Australia
from 06-10 July
For more information:
E: maria@travelcentre.nlk.nf
W: www.fig.net
Esri International User
Conference 2014
San Diego, CA, USA
from 14-18 July
For more information:
W: www.esri.com
FOSS4G Europe
Bremen, Germany
from 15-17 July
For more information:
E: foss4g-europe-board@
googlegroups.com
W: www.foss4g-e.org
ESA INTERNATIONAL Summerschool on
GNSS 2014 in conjunction with the JRC
Summerschool on GNSS
Ostrava, Czech Republic
from 21-31 July
For more information:

E: esa.conference.bureau@esa.int
W: www.congrexprojects.com/2014events/14m34/introduction
AUGUST
Brazilian Cartographic Congress
Gramado, Rio Grande do Sul, Brasil
from 03-07 August
For more information:
E: contato@cartografia.org.br
W: www.cartografia.org.br
2014 ICGIS (International
Conference on Geospatial
Information Science)
Seoul, Korea
from 27-28 August
For more information:
E: exhibit@smartgeoexpo.kr
W: http://smartgeoexpo.kr/eng/main#none

SEPTEMBER
9 th European GIS Education Seminar
Cork, Ireland
from 04-07 September
For more information:
E: eugises2014@eugises.eu
W: http://eugises2014.eugises.eu
1st International Geomatics
Applications “GEOMAPPLICA”
Conference
Skiathos Island, Greece
from 08-11 September
For more information:
E: geomapplica@prd.uth.gr
W: www.geomapplica.prd.uth.gr

ION GNSS+ 2014
Tampa, FL, USA
from 08-12 September
For more information:
W: www.ion.org

2014 Esri Latin America
User Conference
São Paulo, Brazil
from 25-26 September
For more information:
E: lauc@esri.com
W: www.esri.com/events/latin-america

FOSS4G
Portland, OR, USA
from 08-13 September
For more information:
W: http://foss4g.org
Geodesign Summit Europe
Delft, The Netherlands
from 11-12 September
For more information:
E: fholsmuller@esri.com
W: www.geodesignsummit.com/europe
Congreso Internacional
de Tecnologías de Geo
Información y Gestión de
Desarrollo Urbanístico
Bogota, Colombia
from 22-23 September
For more information:
W: www.geomatica-andina.com/project/
geomatica/geomatica/index.cfm
Latin America Geospatial Forum
Mexico City, Mexico
from 22-25 September
For more information:
E: info@lagf.org
W: www.lagf.org

5th ESA Advanced Training Course
on Land Remote Sensing
Valencia, Spain
from 08-12 September
For more information:
E: julia.amoros@uv.es
W: http://seom.esa.int/landtraining2014/
index.php

OCTOBER
Symposium on Service-oriented
Mapping 2014
Potsdam, Germany
from 06-08 October
For more information:
W: http://somap.cartography.at
Intergeo 2014
Berlin, Germany
from 07-09 October
For more information:
E: dkatzer@hinte-messe.de
W: www.intergeo.de
UAV Show Europe
Merignac, France
from 07-09 October
For more information:
W: www.uavshow-europe.com

FIG Commission 7 Annual Meeting and
GeoConference 2014
Quebec, Canada
from 07-11 October
For more information:
W: www.fig.net

Calendar Notices
Please send notices at least 3 months before the event date to:
Trea Fledderus, marketing assistant, email: trea.ﬂedderus@geomares.nl
For extended information on the shows mentioned on this page, see our website:
www.gim-international.com.
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Nikon Quality
There are things you can count on in this world. The sun will rise, taxes will be levied,
surveyors will be working, and Nikon total stations will be right there with them day
after day. Your customers count on you and surveyors have always relied on Nikon
total stations to provide quality results.
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Nivoo™ C Series features a Windows CE touchscreen interface and powerful
Survey Pro, Layout Pro and Survey Basic field software.
Nivo M Series uses the intuitive, easy to learn Nikon onboard field software.
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and precision.
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Nikon surveying equipment provides precise results day in and day out. Visit
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