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The Search for
Sustainability...
The global population is booming, which has significant implications for our future.
Resources are dwindling, putting pressure on industries to keep up with demands for
essentials such as food and energy.
The challenges related to producing food and creating sustainable energy sources are
enormous, but Smart Agriculture from Hexagon Solutions addresses these issues with
a comprehensive solution that helps increase productivity, reduce waste and optimise
processes and resources.

© Copyright 2014 Hexagon. All rights reserved.

... and the Rise of
Precision Agriculture
Smart Agriculture – powered by solutions from Hexagon Geospatial, Leica Geosystems, Arvus
and iLab – covers the entire life cycle of the agriculture process. Smart Agriculture keeps
farmers abreast of crop management and production through digital workflows created from
geo-enabled data.
With Smart Agriculture, information and action work together to increase efficiency and
improve crop yields while saving costs.
For more information about Smart Agriculture from Hexagon Solutions,
visit hexagon-solutions.com/smartcrops.
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Enjoy the Right Information at the Right Time
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Sowing Innovative
Technology Seeds

umans, like other creatures, need food to live.
And humans don’t only consume food, they
also cultivate. Agriculture is perhaps what
started the transition of humans from hunter-gatherers to settlers and led to the development
of art, culture and science and all that differentiates
us from other creatures. Yet, sustainability and food
security issues are concerns bigger than ever before.
The world land area dedicated to agriculture is
38.5%. The other important resource for agriculture
is water and the total world water withdrawal for
agriculture is 95%. Agriculture is human intensive in
most developing countries. Therefore, in spite of the
mechanised agriculture practiced in developed countries, agriculture and forestry account for only 2% of
total world energy used. Looking at food security we
see that nearly 13% of the human population suffers
from chronic hunger.
These numbers spell out the constraints on agriculture. On one hand, the land area under agriculture may
reduce as human activities demand land for expansion.
Water is the other precious resource. ‘More crop
per drop’ is a mantra recently quoted by the Indian
Prime Minister while addressing agricultural scientists. While agricultural science has made enormous
progress leading to high yield, quick growing crops,
the situation now calls for an integrated approach that
can further optimise agriculture.
This is an area where g-tech can and does play a
major role. From monitoring area under crops, crop
health, crop yield to soil management, irrigation man-

agement and precision agriculture, geospatial technology has proved itself over and over again. Droughts
and floods both have adverse effects on agriculture.
Geospatial technology provides the best solutions
for drought monitoring, weather prediction, cyclone
tracking as well as post disaster management of
relief and rehabilitation. Crop insurers use it as one
of the tools to establish risk factors. Location of storage facilities, planning of movement of agricultural
produce, price determination, market intelligence are
other areas where the technology can be used.
New technologies are being added to the
existing armoury of tools and techniques. UAVs are
increasingly being used to collect data when needed. This overcomes the problem of data collection in
cloudy conditions. Big data analytics is a technique
that has been used very effectively to create shortand long-term localised weather models to aid both
the farmer and the insurers. The key, as our lead
story concludes, is integrated approach to seemingly
conflicting demands.
Geospatial technology for agriculture affects one
of the most fundamental of human needs — food, the
others being shelter and clothing. It also addresses the
bottom of the human pyramid. Commercially, perhaps
this may not be an attractive area of investment but
socially the dividends will be rich.
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Americas
News
Business
Trimble snaps Omega for
its public safety solutions
Trimble has acquired Omega Group,
provider of cloud-based and onpremise operational performance
support software that integrates
mapping, analytics, intelligence and
mobile technologies, allowing public
safety agencies to optimise patrol
strategies and daily field work.
The acquisition adds enterprise GIS,
big data/analytics and mobility-driven capabilities to Trimble’s portfolio
of traffic, crash reporting and crash/
crime scene reconstruction solutions.

Fugro signs hydrographic
survey contract with NOAA
Fugro has
been awarded
a five-year
Value of
hydrographic
Contract
survey
contract by the
United States’ National Oceanic
and Atmospheric Administration
(NOAA). With a maximum value
of $250 million, the contract calls
for both vessel and aircraft-based
hydrographic survey capabilities.
Task orders under this indefinite
delivery, indefinite quantity (IDIQ)
contract will support development
of updated navigational charts in US
waters, including Alaska, Hawaii, the
Territories and the Great Lakes.

$250 mn

MDA inks contract with
LTSA for ParcelMap
MacDonald, Dettwiler and Associates
(MDA) has signed a contract valued
at CA$14 million (US$ 12.83 million)
with the Land Title and Survey
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Authority
of British
Columbia
Value of
(LTSA) to
Contract
provide an
operational
electronic parcel map solution
known as ParcelMap BC. Under
this project, MDA will design and
implement a GIS-based system
for LTSA to create and maintain a
single, complete and sustainable
representation of British Columbia’s integrated parcel fabric. This
will allow LTSA to deliver vital
information about the province’s
land to private industry, government
and the general public.

$12.83 mn

Intergraph Government
Solutions gets new CEO
Joseph Fehrenbach has been
appointed president and CEO of
Intergraph Government Solutions
(IGS). Before joining IGS, Fehrenbach

Joseph Fehrenbach

served as lead researcher for geospatial, imaging and location-based
technologies, as well as held key
geospatial roles at the US Geological Survey and the Environmental
Protection Agency.

OGC adopts OpenMI
standard
Open Geospatial Consortium (OGC)
has approved the Open Modelling Interface Standard Version 2 (OpenMI)
as an OGC standard. This standard
defines a means by which independently developed computer models

SkySat-2 releases first
images
Merely two days after its launch, Skybox
Imaging’s SkySat-2 earth observation
satellite has released its first imagery.
The imagery capture Bangor, Maine and
Port-au-Prince, Haiti. Skybox Imaging
launched its SkySat-2 Earth observation
satellite aboard a Soyuz-2 rocket from
Baikonur, Kazakhstan on July 9, 2014.
The SkySat-2 launch is a follow up to
SkySat-2 Image of Port-au-Prince, Haiti
SkySat-1, which launched last year and
captured some of the world’s first HD
video of Earth taken from space. Skybox plans to launch 22 more satellites
that will be used to collect additional high-resolution images of earth and its
landmarks.

Americas
News
of environmental processes, or
indeed any processes, can exchange
data as they run and hence facilitates the modelling of interacting
processes. The original driver for the
OpenMI was the European Water
Framework Directive.

Miscellaneous
FAA reignites the model
aircraft debate
Federal Aviation Administration
(FAA) recently redefined model
aircrafts in its latest notice. FAA has
said a model aircraft should be flown
only for recreation purpose, and that
the operator must be looking di-

rectly at the model in flight, and not
piloting it with high-tech vision aids.
This means flying a video-cameraequipped model airplane using an
iPad will violate FAA’s definition
of model aircraft. In response, the
Academy of Model Aeronautics has
labelled FAA’s intention to impose a
regulatory approach to the operation
of model aircraft as a threat to
destroy a wholesome and enriching
activity enjoyed by a vast cross-section of society.

Grant for Geospatial
Education Initiative
An interdisciplinary Geospatial
Education Initiative (GEI) developed

Jack Dangermond calls on geospatial
professionals to be ‘architects of the future’
Setting the stage at the recently held Esri User Conference,
with his forward-looking statements and latest initiatives
from Esri, Jack Dangermond, President, Esri urged the
industry to be the architects of the future. “Geography provides the science, web GIS the technology and geodesign
the process. Only GIS professionals can integrate, exploit
and share these capabilities, creating a better future,”
called on Dangermond.
“GIS is creating our future. It is integrating geography
into ecology, economics, sociology, demographics, and

at UW-Eau Claire by a team of faculty
members has been awarded a
three-year $418,869 grant from the
Growth Agenda
for Wisconsin
Grants
Value of
Program. In
grant
addition to the
GEI grant,
UW-Eau Claire received a second
Growth Agenda grant for a project to
broaden the impact of undergraduate research on student success and
economic development in Wisconsin.
Together, UW-Eau Claire’s grants
represent almost one-third of the
nearly $1.4 million awarded through
the Growth Agenda Grant Program.

$ 419K

everything else we do, changing the way we think and act
at organisational and planetary level,” he added. He added
that in the real-time space, Esri is supporting, monitoring
and alerting more integration of big data
SAP and Esri team up to integrate analytics arsenal
Esri has partnered with SAP to integrate spatial analytics
and self-service mapping, and collaborate GIS and business intelligence tools. Now SAP HANA users will not need
to move data out of HANA and into Esri’s ArcGIS server.
Instead, Esri integration will execute ArcGIS queries inside
SAP HANA via Esri Query Layers feature. “With mapped
insights gaining more demand, integration with SAP’s mobile platform will provide a boost to on-field users of Esri
who would be able to manipulate interactive maps and
get more detailed geographic information using SAP Work
Manager mobile app.
ArcGIS users gain access to Airbus imagery
Over 85 million square kilometres of fresh basemap imagery from Airbus Defense and Space has been opened-up for
ArcGIS users following an agreement between Esri and Airbus Defense and Space. ArcGIS Online users will now have
access to a near global coverage with Airbus Defense and
Space’s SPOT maps 2.5m, mosaic product, as well as 50cm
Pléiades imagery products over major cities worldwide.
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Europe
News
Denmark

Belgium

INSPIRE, GWF 2015 to be
jointly organised

EU enhances commercial
access to EO data

Global geospatial community will
be treated to possibly the biggest
geospatial gathering next year
when INSPIRE and Geospatial World
Forum converge. The announcement
was made at INSPIRE 2014
conference in Aalborg, Denmark. INSPIRE and Geospatial World Forum
2015 is scheduled on 24-29 May
2015 in Lisbon, Portugal, in coordination with Directorate General of
Territorial Development of Portugal. The joint conference will carry
the theme Convergence: Policies +
Practices + Process via Public Private
Partnership, which aims to address
the need for greater coordination
among policy-makers, technology
providers and users for informed
decision making.

A proposal presented by the
European Commission in Brussels
will allow Belgium with commercial access to high resolution earth
observation satellite data. Current
regulations governing commercial
activities using HRSD differ between
EU Member States. The proposal
aims to improve business conditions
for such companies in Europe and
to partially harmonise rules defining
HRSD and related transparency and
standards in the EU.

The Netherlands
TomTom, AOL sign
partnership agreement
TomTom has signed a multi-year
partnership with AOL to power its
core mapping services. MapQuest
users will now have access to
TomTom’s extensive digital map
database, across all digital platforms
including MapQuest.com and its
smartphone and tablet iOS and
Android apps. Brian McMahon,
general manager, MapQuest said,
“By extending TomTom’s mapping
expertise across our platforms
globally, we are continuing our
commitment to provide MapQuest
users with a best-in-breed mapping
experience.”
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Bulgaria

Earth Observations (GEO). GEO
membership includes 90 nations and
the European Commission, and 77
participating organisations comprised
of international bodies with a mandate
in earth observations.

Deal for hyperspectral
imaging system signed
UNOSAT and the Centre for the
Advancement of Science in Space
(CASIS) of US are jointly developing
a high resolution, multi-band
hyperspectral imaging system
onboard the International Space
Station (ISS). Once operational, the
system would support a variety of applications including water and forest
management.

Bulgaria joins European
Space Agency

France

The government has prepared and
endorsed a draft agreement that
would enable it join the European
Space Agency (ESA) and authorised
the Minister of Economy and Energy
to sign it. Joining ESA would allow
Bulgarian enterprises and scientific
organisations access to projects for
working out and implementing highly
technological products and services.
Currently, Bulgarian companies have
no right to take part in projects the
Agency financed, even if they are
only subcontractors.

SPOT 7 imagery released

Switzerland
Barbara J. Ryan
re-appointed
Barbara J. Ryan has been unanimously
re-appointed to a second, threeyear term, as the Secretariat Director of the Geneva based Group on

Airbus Defence and Space has
released the first images obtained
from its SPOT 7 satellite mere three

Baku - Capital and largest city of
Azerbaijan

days after its launch. The images are
of Bakou — capital of Azerbaijan; Fiji,
Mecca, Réunion — a French Island
in Indian Ocean, and Sydney. SPOT
7 can provide imagery of 1.5 metres
resolution and has joined its twin,
SPOT 6, which was launched at the
end of 2012.

Africa
News
Namibia

Gabon

Zambezi

COWI to provide
orthophotos

Fugro acquires Geofor

ZAMCOM modernised

Fugro has completed the acquisition
of the Geofor Group based in
Libreville (Gabon) to strengthen its
presence in the Central Africa region
and the French speaking African
countries. Geofor is an onshore/
near-shore geotechnical company
which delivers drilling services and
has engineers and geologists in the
fields of geotechnical consulting,
hydrology, and land survey. Its client
base includes major oil and gas
companies and key mining clients.
In addition, Geofor is active in
infrastructure and water
supply projects.

Zambezi Watercourse Commission
(ZAMCOM) has given a US$940,288
contract to Danish Hydraulic Institute
(DHI) to modernise its Water
Information System (ZAMWIS). DHI
is an independent, international consulting and research organisation in
the field of water environment and
resource management. ZAMCOM
intends to increase accessibility and
interactivity of ZAMWIS. The system
includes: a GIS based knowledge
portal of documents, policies,
historical records and reports, digital
surveys, EO information and webbased modelling tools.

The Minister of Lands and
Resettlement, Alpheus !Naruseb,
recently released aerial imagery and
orthophotos covering 320,000 square
kilometres of central Namibia. COWI, a
Danish firm, together with a Namibian
firm Shanyengana and Associates Land
Surveyors, was awarded the contract for the project at the cost of N$
19.6 million ($1.82 million) financed
totally by the Namibian government.
!Naruseb said that the acquired images
will be used for mapping Namibia. The
project started in January 2014 and is
expected to run for 16 months.

Chinese High Resolution Satellite Image-TH-1

Reseller Recruiting

We are BSEI (Beijing Space Eye Innovation Tech. Co.,Ltd.), a
leading remote sensing private firm from China. As the TH-1
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competitive price of 1 USD (2m Panchromatic), 0.5 USD (10m
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2m PAN

Battery
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Archive images online search: th.bsei.com.cn
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Asia Pacific
News
nuclear power plants and their surroundings, including radiation levels,
from instruments near the two
plants, besides other missions.

India
PM roots for
SAARC satellite
Prime Minister Narendra
Modi has asked ISRO to
develop a satellite which
can be gifted by India
to the SAARC region.
Delivering his speech at
Sriharikota spaceport
after witnessing PSLV C23
A senior ISRO scientist briefs PM about SPOT 7 launch
launch, he urged ISRO to
expand its proposed navigation system to all of South Asia. Modi also added
that GIS has transformed policy planning, implementation, and that it helps
in making more informed decisions. He said all these would play a critical role
in realising the vision of a Digital India.

China
Contentious South China
Sea in new map
China has released a new map
that includes a vast portion of the
hotly contested South China Sea. In
addition to China’s land borders, the
newly released map has been redesigned to emphasise the disputed
waters much more prominently
than previous maps. China claims
sovereignty over 90% of the area,
much to the dismay of nearby
governments like the Philippines,
Malaysia, Brunei, Vietnam and
Taiwan, which also lay claim to parts
of the South China Sea.

Alibaba to promote
Beidou for civilian use
Alibaba Group has joined hands
with the State-owned China North
Industries Group, country’s largest
defence equipment manufacturer,
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to promote
the Beidou
satellite
Project
navigation
Capital
system for
civilian use. The deal has already
been signed and the project has
registered capital a of 1 billion yuan
($160 million).

$160 mn

Russia
Nippon satellites to monitor
Fukushima, Chernobyl
Russia has launched two Japanese satellites to help monitor
environmental damage around the
Chernobyl and Fukushima nuclear
disaster sites. The University of
Tokyo developed the two satellites
— the Hodoyoshi-3 and Hodoyoshi-4
— on a relatively slim budget of 300
million yen (about $2.9 million) each.
Under the plan, the two satellites
will capture imagery of the two

Philippines
LGUs urged to use
geohazard maps
The Department of Environment and
Natural Resources (DENR) has called
on all local government units (LGUs) to
revisit the geohazard maps distributed
by the national government and use
them as a guide for disaster preparedness. The Mines and Geosciences
Bureau of the department of environment has already completed and
distributed some 85,000 copies of
geohazard maps showing landslide
and flood-prone areas on a scale
of 1:50,000 to LGUs nationwide. A
more detailed mapping of cities and
municipalities, at a scale of 1:10,000,
is to be completed within the year,
while the 3D version is also already in
the pipeline.

Australia
National map released
The federal government has released
an national digital map of Australia
that allows users to overlay geospatial
datasets made available by agencies. The Map is a joint effort by the
Department of Communications,
NICTA and Geoscience Australia. The
datasets are sourced from Geoscience
Australia, the Bureau of Meteorology,
the Australian Bureau of Statistics and
the government’s open data repository. The map project was unveiled
ahead of the annual GovHack event,
which was held from July 11 to 13.

Product
Watch

FC-500 hand-held data collector for GIS
Topcon Positioning Group has expanded its line of GIS devices with
the release of new FC-500 data controller. Offering a large, bright
sunlight-readable display screen, the FC-500 is a perfect fit for any
mapping application to maintain GIS databases for electric utilities,
gas pipelines, disaster management, water and wastewater operations,
forestry, highway maintenance, environmental applications and more.
Key features:
• It is compatible with either the Topcon eGIS or MAGNET Field GIS
software.
• The FC-500 has built-in wireless Bluetooth and WiFi connectivity.
• It also has an optional 3.5G cellular modem, allowing interaction
from users in the field, with the office, and additionally to the cloud
when used with MAGNET Enterprise.
• It also can be used as a standalone device for 2-5 metre accuracy or
as part of a complete high-accuracy GIS solution.

FARO SCENE 5.3
for scan registration

Explorer for ArcGIS
brings GIS to the Mac

Esri has released Explorer for ArcGIS on the Mac, a native
OS X application to discover, view, and share maps. The
ready-to-use app joins Esri’s family of mapping apps,
including Collector for ArcGIS, Dashboard for ArcGIS, and
Explorer for ArcGIS on iOS. It can be downloaded from
the Mac App Store and Esri ArcGIS Marketplace.
The new Mac version has the ability to open and view
multiple maps at once, dock and undock pop-up windows,
and go full-screen.

FARO Technologies has released the latest
version of its laser scanning software, FARO
SCENE 5.3, and scan data hosting
service, SCENE WebShare Cloud 1.5. SCENE
5.3 software delivers scan registration by
eliminating artificial targets, such as spheres
and checkerboards. Users can choose from two
available registration methods:
‘Top-View’-based or ‘Cloud-to-Cloud’.
‘Top-View’allows for target-less positioning of
scans. In interiors and in built-up areas without
reliable GPS pre-positioning of the individual
scans, this represents a highly efficient method.
‘Cloud-to-Cloud’ opens up new opportunities for
the user to position scans quickly and accurately, even under difficult conditions. In exterior
locations with good pre-positioning of the scans,
this is the method of choice for target-less
registration.
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Corner Office

The goal is

to become a

multi-technological

organisation
The earth observation industry
is becoming more user-driven.
Marcello Maranesi, CEO, e-GEOS
discusses how his company has
moved from data acquisition and
supply business to value-added
products and services.

T

Watch the full interview on
http://youtu.be/SBOGeh22OVs
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here is a definite change of dynamics in the
earth observation industry with a data-deluged
world increasingly turning to analytics. How
has the EO companies reacted to this trend?
This change from data to analytics is definitely progressive.
About 20 years ago, we were talking about remote sensing.
That was our business. Then it became earth observation,
and then the concept got broader and became geoinformation. Now, we are talking about a whole new subject of geomatics because our data and information layers which are
derived from satellites have to be compiled for application
solutions. This means that they have to be embedded into a
software procedure that ultimately contributes to the operational workflow of an end-user, which can be an institution
or an industry. EO data is valuable only in the sense that it
is capable of contributing to the process of decision making
that the end-user is interested in. We are only contributing
to a solution. We are not the solution, and our products and
services are valuable if they provide the customer with analytical information suitable for its decisions.
Is this trend demand-driven or supply-driven?
Initially our industry was more supply driven but we are

progressively becoming user driven. And this would remain
so since new capabilities will be added. For example, hyperspectral sensors will determine a completely new era in
terms of the quality of information that can be acquired. We
will see users playing a major role as they start demanding
user-specific applications and services.
As far as e-GEOS is concerned, we have made a move
from data acquisition and supply business into value-added products and services. We have also started application
solutions, where we go inside the operational workflow of
an end-user in specific market segments to understand how
we can bring value to the existing workflow, speed-up their
operations and make them more efficient by adding new
capabilities and competitive advantage. Our Integrated
Space Applications, where e-GEOS combines earth observation with navigation information derived from GPS (and
in the future from Galileo) as well as with space telecommunications, benefits from being part of the Telespazio Group
who is a major player in all space service sectors.
We need to capture the culture of the segment or industry
where the customer is operating in. It is not only sufficient to
be a technology or data provider. e-GEOS needs to become
a multi-technology and multi-culture organisation. And this
is quite exciting for us.
Which are the main business areas of your company?
What is the USP of e-GEOS and what sets you apart
from your competitors?
Our major business areas are defence, agriculture, environment protection, land management and maritime surveillance. From the industry side, oil and gas and transportation
are also two key areas of interest for us. In terms of geographic markets, around 80% of our revenues come from the
international market with the remaining 20% from Italy.
e-GEOS is a JV between Telespazio (a Finmeccanica/
Thales company), which is the majority shareholder, and the
Italian Space Agency. We benefit from our cooperation with
a number of companies that are part of Telespazio Group,
which has subsidiaries in Europe, including countries like
Spain, France, UK, Germany and Romania as well as outside such as Argentina, Brazil and the US. So these subsidiaries help e-GEOS in pursuing local geographic markets
through local presence.
We use various types of data sources like satellite, aerial
and different sensors to provide a variety of data products
in form of services, applications and solutions. All these
leverage the competitive advantage of Cosmo-SkyMed
SAR satellite constellation that provides unique operational capabilities. We have a complete portfolio of products
and services among the whole value chain. We have the

The 3D reconstruction of the Colosseum on a 20-cm resolution REALVISTA
image. e-GEOS is Google’s partner for Italy in providing geospatial
information services and products.

capability of providing services for data reception, acquisition, archiving and processing, and also supply and distributing. In addition, we have a number of value-added products
and geographic information layers. With our focus on application solutions, we are concentrating on specific vertical
markets and trying to enter into the operational workflow of
the end users to provide a clear benefit in terms of economic
value for the customer.
Our unique capability resides in our ability to exploit
radar data into applications. We started developing products
and services based on radar data in early 2000. Initially these
products and services were more technically driven. Later,
with the help of competitive contracts from the European
Union, we developed and tested more application products
with a strong involvement of the end-users. We are a leader in

The EO industry is combining
various types of data for
producing variety of services
and solutions. Therefore,
the so-called EO industry
is transforming into a
geoinformation industry
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The unique capability of e-GEOS resides in its ability to exploit radar data into applications.
It started developing products and services based on radar data in early 2000.

providing environment and maritime services within Europe
as demonstrated by our role in the GMES (now Copernicus)
European programme. Our Munich-based subsidiary GAF
is also a great asset. It has undertaken and successfully
delivered more than 200 projects for governments and
investment banks such as World Bank, Inter-American
Development Bank and Asian Development Bank, in more
than 100 countries. For us, it is just one step further in enabling our customers to get the best out of new technologies
and capabilities from geospatial information.
The European Commission has agreed to permit free
access to data from its Sentinel series of earth observation satellites. Will this move affect your business?
We do not have data comparable to that of Sentinel 1 and
Sentinel 2. Sentinel 1 is in C band while COSMO-SkyMed
is in X band; Sentinel 1 has 25m resolution while COSMO-SkyMed is 1 and 3 metre resolution. Even when users
need a lower resolution, the combined use of both the satellites provides better revisit or geographic coverage.
In fact the Sentinel data and our COSMO-SkyMed ones
data are complementary in terms of resolution and bands.
So, we see only a positive impact on our businesses. Availability of Sentinel 1 and then Sentinel 2 data would lead to a
number of applications that stands to benefit from free and
open data distribution. In the process, the availability of
Copernicus data will support commercial business based on
COSMO-SkyMed data, and improve our applications and
services to end-users and even enable us to lower our prices.
How do you see the low-cost nano-satellites affecting the
current setup of the EO industry?
Nano-satellites are going to be more and more important
in the future. Having a technology which is delivering high

16 / Geospatial World / August 2014

results at lower cost and faster time is going to dramatically change the business. We are used to high-performing satellites which cost hundreds of millions of dollars.
Nano-satellites may not have the same performance in terms
of resolution and collection capacity, but they will surely
open up new applications and new ways of making business
for the industry, especially because their low cost will enable
the launch of many of these satellites in a constellation model. With many satellites in orbit, we will have the capability
of imaging a given site on the earth at different times of the
day, something we are not used to. We welcome the availability of these new satellites as they enlarge the possibilities
for our applications.
How do you envision the EO industry shaping up in the
coming times?
In the past, the EO industry was split between the satellite
operators, data distributors and value-added producers. Now
satellite operators and data distributors have already merged.
On the other hand, value-added producers are progressively
fading because the game is not anymore to add value to the
data or just process the data, but it is to start from the customer side and define/provide him with a specific solution
for the specific market segments.
The EO industry is now trying to combine various types
of data for producing variety of services and solutions.
Therefore, the so-called EO industry is transforming into a
geoinformation industry. I am convinced that in the coming
times the geoinformation industry will progressively enter
the world of information technology and open up a new
sector called geomatics. We will be interfacing more and
more with IT companies providing specialised solutions to
specialised segments to be embedded into an overall system
or service for an end-user.
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...So Shall

We Reap!

The agri community is sowing the
seeds of state-of-the-art technology
— including hi-tech machines, GIS
and the cloud — to reap the benefits
of efficiency and productivity, even
as global demand for food grows in
the face of shrinking land and water
resources. By Mark Noort,
Editor-Agriculture

T

here is a silent revolution on in the agriculture
sector. With a new group of agricultural specialists
and innovators entering the market, expect a global
scenario where a fleet of UAVs being used for field
monitor, advice for machine-guided centimeter-accurate precision farming at sub-plot level are a norm.
Use of technology to improve effectiveness and efficiency
of farming practices is nothing new and has been a standard
practice since the agrarian revolution hit Europe and America way back in 18th century. As science and technology took
great strides in the next two centuries, new inventions and discoveries have enabled the farming community to effectively
use precise land and weather data, sophisticated machineries
and planting practices. However, as supply for land and water
steadily goes down with increasing urbanisation and industrialisation, the agri community is taking to technology like
never before to feed an ever increasing global population.
Since most national and agricultural policies were formulated way before the geospatial revolution took off — the first
instance where the economic value of non-military satellite
imagery was realised in 1970s when NASA discovered that
it could monitor the wheat growth in the then Soviet Union
— countries are now adopting newer and innovative ways towards a more holistic agricultural policy. However, as is with
all sectors, adoption of technologies in agriculture is clearly
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split in a two-speed world. While the emerging markets are
still stuck at macro-level policies with technologies like earth
observation and GIS for application in areas like land and water resource management and crop monitoring etc., the developed world has moved ahead at a great speed with tools like
mobile GIS, UAVs, and state-of-the-art machines.
While reviewing the technology trends, highlights and
opportunities for agriculture, it should be noted that the integration of geospatial technology with ICT also applies to
agriculture. Similarly, solutions that combine two or more of
the categories presented below are very well possible.

Where the G factor comes in

▶Agricultural knowledge and information systems: The
knowledge and information systems in agriculture contain
the following elements: parcel identification and measurement, geo-statistics and crop identification, field survey, subsidy and policy monitoring and control. The main client for
such systems is the government. Outsourcing to private entities is a trend, but a substantial part of the work is still carried
out by government departments. A huge initial investment
is a requisite to set up such a system, and the benefits only
follow later. Familiar examples are the GeoCAP system in
the European Union and in the USA (Common Land Units,
Cropland Data Layers and CropScape).

Courtesy: John Deere

▶Crop monitoring and yield forecasting: National and
regional crop monitoring and yield forecasting is another
important application field though still plagued by a lot of
uncertainty. This has not so much to do with the adequateness of the technology applied, but more with the increasing
demand for detailed information. It is very well possible to
predict shortages that could cause a famine and to give general indications about trends, based on comparison with the
previous year. China’s CropWatch and CropExplorer from
the intergovernmental Group on Earth Observations (GEO)
are interesting examples.
Dr Oscar Rojas, Natural Resources Officer (Agrometeorology) in the Food and Agriculture Organization (FAO),
confirms that FAO uses near real-time monitoring of the
vegetation every 10-days with METOP images, free distribution, at 1-km resolution. The analysis is automated and
the main challenges are free access, development of the processing chain and routines to produce maps and graphs automatically. There is a trend towards the use of open source
for processing of remote sensing images and high-resolution
imagery to improve land use studies (such as the sentinel
sensors).
A noteable example in this area is the STARS project
(which stands for Spurring a Transformation for Agriculture
through Remote Sensing) launched by the ITC Faculty of

the University of Twente. The project, which aims to investigate the use of present-day remote sensing technology
for monitoring crop growth at the level of small farm plots
found in sub-Saharan Africa and South Asia, will be executed in close collaboration with research institutes in West
and East Africa, Bangladesh, Australia, Mexico and the
United States. To make the information relevant in the form
of concrete advice at the regional and district levels, more
tools need to be developed to increase accuracy and timeliness. Important are the distinction between agricultural and
non-agricultural land, between different types of crops and
different growing phases of the crops. Typical clients are
therefore governments and farmers’ associations, although
when more detailed and near real-time information is delivered, crop monitoring becomes an instrument for market information (prediction of commodity prices and flows).

UAVs offer the same kind of
georeferenced data as other means
of aerial data acquisition such as
satellites or light aircrafts, but
they are more precise, cost
effective and flexible.
Emmanuel de Maistre,
CEO, RedBird
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COOPERATION FOR FARMERS

A

group of companies cooperates
intensively on models for country-wide
AGRO-ICT infrastructure solutions to
boost rural development. The most relevant
ones are Microsoft, PROGIS, telemetry-providers and consultants (local and
international) and large IT companies. The
implementation of the idea in practice is
deployed in different European and African
countries, commissioned by local ministers
of agriculture or by larger cooperatives.
The AGRO-ICT infrastructure consists of
the following elements:
• The production of a high resolution
ortho-image (MS Bing Map or any oth-

er high res orthoimage) for the whole
country as base for any planning and
control, and that serves to build-up an
online mapping service.
• A cultivation register is superposed on
the base map with the WinGIS system
of PROGIS.
• Implementation of PROGIS AGROffice
with DokuPlant for land and farm- and/
or ForestOffice for forest-management
(FMIS) also enables advisory services,
applications for statistical purposes of
the Ministry and to embed farmers into
environmental caretaking measures
under sustainability principles including
nutrient balance, carbon- and/or energy
balance.
• Installation of logistic systems for

tlenecks, especially since in the medium- and high-income
countries, where food is wasted and lost mainly at later
stages in the supply chain as a result of lack of coordination
between actors in the supply chain. For countries where agriculture is an important part of the economy, improving the
infrastructure for chain management is crucial.
Geospatial analysis leads to better planning of maintenance or construction of roads, railways, bridges and other types of infrastructure and improved location of storage,
processing and market facilities. Most of this concerns
public funds and investments. Governments are therefore
the main clients, but food processing companies and mill

Projections of increasing food demand
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JelleBruinsma, Global Perspective Studies Team, ESA Working Paper No. 12-03

▶Transport infrastructure: The analysis and improvement
of transport infrastructure and transport to markets is crucial
for the management of the whole food (or produce) chain.
Agriculture is not restricted to what happens on the farm, but
includes every step needed to reach the consumer.
It is estimated that in developing countries post-harvest
losses can amount up to 40%. As per a FAO report, roughly
30% of the food produced in the world for human consumption every year gets lost or wasted. This amounts to around
$680 billion in industrialised countries and $310 billion in
developing nations. The geospatial aspect can be used for
streamlining food chain management and analysis of bot-

group management, for enabling and
optimising machine work, just-in-time
transports and profit from synergies
between chain stakeholders with a
dispatch center as well as GMS and
flatrate supported mobGIS.
• Additional installation of agro-sensor
networks — weather stations, soil sensors, for decision support and precision farming guidance.
• Apps for mobile solutions support.
• GIS apps for field identification,
• Access to the logistic system for automated order processing.
• Access to farm management tools
for sending and receiving cultivation
specific orders (including precision
farming maps via advisors).

900
0

World

Developed
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Developing Sub-Sahara
Africa
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• Access to the software
developer component for
own and local GIS-based
developments.
• On top of the existing ICT infrastructure, technologies like smart
farming, precision farming, virtual
farming, precision forestry, other
outstanding technologies and
new concepts regarding environment and risk management can
be implemented and technology
and know-how is provided to
support local stakeholders in
rural area management.
• This facilitates consulting services,
technologies and know-how that
are needed for local rural area

management, land consolidation
(Z-GIS with the Austrian government)and improvement of
methods and know-how.
• Next to economical return on
investment, the AGRO-ICT
infrastructure also allows for an
ecological RoI by integrating
farmers with environmental and
riskmanagement processes, resulting in increased land value for
a single farm but also for a country
through optimal and sustainable
management. Inclusion of local
expertise is an integral component
of the business model.
Source: WHM-PROGIS

owners will also have a direct interest. The Herbert Resource
Information Centre in Australia, which uses location-based
data and GIS technologies for an integrated approach that
also includes transportation, is a classic example (Page 38).
▶Market information: The provision of timely and accurate market information has enjoyed quite some popularity
recently. All kinds of experimental schemes where information is provided to and exchanged with the farmer are developed and tested. In developing countries, investment in such
schemes is increasingly backed up by donor support. From
the commercial side as well, instruments are developed to
cater to specific needs, such as Thomson Reuters’ Market
Light for farmers in India. This is a clear example of integration of geospatial technology with general information
technology. It may well be that in future a farmer is obliged
to invest in this type of information to keep up with the competition; similar effect was observed in the farm mechanisation process in the 1950s and 1960s.
▶Site evaluation: In terms of suitability analysis for crops
and farming systems and with the goal of increased production/ productivity, site evaluation and sustainable land use is
an often forgotten component. Farm site evaluation is a more
specific example, closely related to precision agriculture. Following the same logic, farmers will pay for advice that increases returns. Admittedly, the Netherlands is not a very large
country to be representative as example, but in the 1950-60s,
the agricultural sector was turned inside out to improve the
productivity of soils, farm management and use of resources.
This included repartitioning of plots in more efficient units,
making the country one of the prime producers of agricultural
products in the world. Also, the climate change concerns necessitate such suitability analyses. That Monsanto paid about
a billion dollars to take over the Climate Cooperation proves
the point. In recent years, countries such as Brazil and Chi-

Precision agriculture is about using higher
accuracy or improved resolution to examine
and resolve the common challenges of field
production agriculture.

Michael Gomes,VP, Business
Development, Topcon
Precision Agriculture
na have been very successful on both counts by respectively
improving the returns from vast areas of unproductive land
and increasing efficiency in use of resources.
Greece-based Soil Science Institute of Thessaloniki (SSI),
which has a dedicated geospatial team, has implemented a
Soil Map Study. Interestingly, the project goes beyond the
usual data like location of the field, and studies the physical
and chemical properties of the soil, which is one important
component of precision agriculture. Without soil maps, there
cannot be sound exploitation of the natural resources because
modern technical knowledge (precision agriculture) cannot
be used and crop growing is based only on the experience or
extensive soil sampling, which is not cost effective.
One of the key components of the SoilMFS is the Fertilization Advisory Module that automatically calculates the
fertiliser recommendation doses of the basic macronutrients
(phosphorus, nitrogen, potassium, calcium and magnesium)
and micronutrients (zinc, iron, copper, manganese and
boron) for the main regional crops. It is taking into account
the physical and chemical properties in the field parcels (soil
texture, pH, organic matter) and the determined concentration at the time of the sampling, and calculates the recommended fertiliser rates, the critical time and the manner of
application (soil or foliar application).
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The most significant deliverables for
agriculture in the recent times have
been the high-quality GIS
platforms that integrate a broad
range of data acquired from
many sources.

Clint Graumann, Sales Director,
North America, BlackBridge
GIS comes off age

The most significant deliverables for agriculture in the recent
times have been the high-quality GIS platforms that integrate
a broad range of data acquired from many sources, says Clint
Graumann, Sales Director, North America, BlackBridge.
However, in a competitive market, companies providing GIS
solutions cannot sustain by offering only a GIS software suite
or a data stream. It has to be a true platform that combines
source data, desktop computing power, mobile access, and a
strong cloud infrastructure, all used in a way so that the grower and crop consultant can make informed decisions.
Agrees Susana Crespo, Industry Manager, Agriculture,
ESRI. “From a high level, the great value of GIS lies in its
ability to integrate and analyse data to measure matrix that
matter to agriculture, and to turn that understanding into evidence for a more optimised behavioral change.”
The great contribution that GIS does is offer a platform
that farmers care about and try to understand why they are
making those observations. “I really look forward to leveraging imagery and earth observations into the agriculture
world,” adds Crespo, pointing out now there is free access to
decades of 30-metre resolution data and one can on-the-fly
do the assessment of crop health and vegetation health.

Precision farming: The key to productivity

This is perhaps the clearest example of the commercial
application of geospatial technology in agriculture. Machine
guidance, precise planting and harvesting, fertilisation advice, yield monitoring, water management advice at farm
level all contribute to increased production and cost savings.
“Precision agriculture is about using higher accuracy or
improved resolution to examine and resolve the common
challenges of field production agriculture,” says Michael
Gomes, Vice President, Business Development, Topcon Precision Agriculture. “It is a SMART technology, as it involves
a feedback loop and continuous improvement. Precision Ag
for many is about using ‘higher resolution’ or better sensors,
to examine, quantify and then manage various problems or
‘challenges’ of variance in field production practices.”
Traditionally, manufacturers of agricultural machinery,
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such as John Deere, and providers of location-based products
and services, such as Trimble and Topcon, have cornered the
market. However, the business depends to a large extent on
the local distributors who are specialists in the application
of the technology to suit the challenges specific to each region. This market, points out Gomes, is of the traditional
“professional farmers” who are typically larger farms, agri
businesses, and farm service providers or contractors.
While according to Mike Martinez, Marketing Director,
Agricultural Division, Trimble, “virtually every precision
agriculture product utilises geospatial technologies.” Three
categories of products are especially worth highlighting:
▶Guidance and application of inputs: Utilising various
guidance and application precision agriculture products,
farmers can more accurately navigate vehicles and implements, and better control their applications. From centimeter-accurate auto steering of tractors and farm vehicles,
to variable rate applications of seeds and fertilisers, to the
office software systems that help farmer and agronomists
better access in field problems and then use high accuracy
tools to resolve them, farmers today have a choice of precision farming tools. Using guidance technologies in the
application of seed, fertiliser, or chemicals can help farmers
more precisely apply these inputs through variable rate control and automatic section control, which drastically reduces
overlap and leads to input cost savings.
▶Real-time sensing: Real-time sensing products, such as
Trimble’s GreenSeeker crop sensing system, help farmers more
effectively and precisely manage their inputs on the go. The
GreenSeeker crop sensing system is a variable rate application
and crop vigour mapping system that offers a more efficient and
precise way to manage crop inputs such as nitrogen. The system
verifies in real-time the amount of nitrogen the soil has made
available to the plant using complex agronomic calculations
called NDVI. The GreenSeeker system then determines an onthe-go fertiliser prescription for instant application.
▶Agronomic Services: With advancement in precision
agriculture technology, farmers have access to more data than
ever before about their applications, soil, crop, and more. As a
result, farmers are increasingly relying on local crop consultants for data crunching and determine the best course of action
to take in the future. “Agronomic services are an important
category in agriculture. We have recently added agronomic
services to our suite of products,” says Martinez. The Soil

The trick with precision farming is
not one-size-fits-all and often lies
in close connect with the farmers.
Mike Martinez, Marketing Director,
Agricultural Division, Trimble

‘Need to integrate systems and manage information for decision-making’
AgriFuture Days may well become ‘the’ event for family farming and ICT in the future. The second
version was organised by the Club of Ossiach in June (see box on page 24). Main drivers behind the
event and the Club of Ossiach are Ajit Maru of the Global Forum on Agricultural Research
(GFAR) and Walter H. Mayer of PROGIS. Geospatial World caught up with Ajit Maru:
Stakeholder participation in ICT development and implementation of innovative initiative is mentioned as one of
the key aspects of the work of the Club of Ossiach. What is the representation of farmers in the Club of Ossiach and
in the AgriFuture Days?
There are a lot of people with their roots in farming present in the Club and in the conference. For instance, I myself am
from a farming family and Walter [H. Mayer] is also a farmer. Several farmers’ organisations are also represented. Farmers are therefore well presented in this community in addition to those involved in business, academics, cooperatives
and civil society organisations.
The Club of Ossiach has very ambitious goals — to support the creation of a bio-based economy, increase the potential to feed the world in a
sustainable way and to help the poor benefit from economic and technological transformation. What is its specific role and positioning to
achieve these goals?
The initial driver for establishing the Club of Ossiach was the personal contact between Walter Meyer and me. We both felt that we should connect
different sectors to support the uptake of ICTs in agriculture. We also felt that European ICT technology for agriculture and those involved with them
lacked international exposure. In our work with GFAR and PROGIS, we both were active from the research and business sides, respectively, and we felt
that an initiative such as the Club of Ossiach definitely would provide added value. Farming is looked upon as a common place activity with its potential perceived only in large business contexts. Therefore, advocates for ICTs uptake such as for smallholder and family farming are needed as they play
a very important role in agri-food chains and the management of the environment and even cultural heritage the world over. There is also a need to
integrate systems and manage information for decision-making in an ever increasingly complex world. Increase in agricultural production, improved
environmental protection and conservation of biodiversity cannot be achieved without involving family farming. The Club of Ossiach focuses on
smallholder farmers and aims at establishing a dialogue for uptake of ICT solutions by these farmers. Its operations are transparent and open and
quality standards for engagement are kept very high.
The Ossiach Declaration on the uptake of ICT for agriculture, forestry, rural viability and environmental management lists quite a number of ICT
priorities and possible actions, such as innovation adoption, know-how transfer, technology integration, new business models, stimulating innovations, cooperation at the various production and social levels, universal benefit for all chain members and support of a European Innovation Partnership (EIP) on “Agricultural Productivity and Sustainability”.
What will the focus be in the first years?
The focus will be on sharing of information and further development of the agro-ICT-concept (see box on Pg 20). Although core technology can be
protected, applications should be developed in an open environment so that all categories of entrepreneurs, especially small and medium, who have
a very key role to play in providing knowledge services to rural areas and agriculture, are encouraged, facilitated and supported. The Club aims at
answering the questions as to why these technologies are not integrated in holistic solutions through collaboration and partnerships as they should
be or why they are not working out. At the moment, for example, there is no common open information system for agriculture in Europe (at least
not for countries that do not belong to the European Union) which can be used by all involved. As for the Club of Ossiach itself, the focus will be on
consolidation and expansion of membership and activities. Membership is open, but one has to be recommended by a current member. The Club of
Ossiach will operate on the basis of independent funding; sponsorship can facilitate additional project funding.

Information System (SIS) solution is a 3D soil analysis mapping technology that uses advanced sensors along with intelligent targeting and geo-processing algorithms to produce high
resolution, accurate soil and topographic information, thus
enabling crop consultants to make more informed decisions.
Another agronomic service is the — Pixel Precision Vegetation Health Solution, which provides farmers and their trusted
advisors with a high precision source of vegetation health information to drive improved crop analysis.
Walter Mayer, CEO of ProGIS, stresses the broader context
on the benefits of precision agriculture when he says it supports both the economy and ecology if one uses the right tools
and knowhow. PROGIS focuses on communication of maps
from FMIS or logistic systems to equipped (terminal) or non-

equipped (smartphone) new or old tools in addition to building
a network of service providers for precision farming maps and
support to the clients with know-how and technology. The main
clients are governments, cooperatives and large farms.
The trick with precision farming is not one-size-fits-all
and often lies in close connect with the farmers. It helps for

There is a trend towards the use of
open source for processing of remote sensing
images and high-resolution imagery
to improve land use studies.
Oscar Rojas, Natural
Resources Officer, FAO
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The great value of GIS lies in its ability
to integrate and analyse data to
measure matrix that matter to
agriculture, and to turn that
understanding into evidence
for a more optimised
behavioral change.
Susana Crespo, Industry Manager,
Agriculture, Esri
companies providing services in this area to stay in close contact with resellers, farmers, agronomists and others in the industry to ensure we are continuing to develop solutions that
help farmers be more efficient, profitable, and sustainable, adds
Martinez.
As Gomes points out: “Our main challenge is addressing
our customer’s needs mixing innovation and high technology
with an end user friendly design. In a dynamic market, it is not
possible to cater the demands perfectly, because each time users
want more and more features.” The best way thus is hearing the
market — that means taking care of the final user. The only way
is: understanding the needs of the farmers, investigating and
designing solutions that can help productivity and efficiency.

Flying high with UAVs

Agriculture is said to be the next big benefactor of UAVs.
“UAVs offer the same kind of georeferenced data as other
means of aerial data acquisition such as satellites or light aircrafts, but they are more precise, cost effective and flexible,”
says Emmanuel de Maistre, CEO of RedBird.
One of the specific applications will be pest management:
the earlier indications of pests and diseases can be spotted resulting in less damage. Experts, such as Oscar Rojas, confirm
the trend towards the use of drones for precision farming.
Farmers plant and harvest according to a predetermined
schedule — this is traditional agriculture. What geospatial
technologies such as UAV offer is real-time data acquisition

on weather, soil, air and crop maturity in order to predict the
evolution of the crops and make smarter decisions. De Maistre feels there is scope to go further and extend the definition
of precision agriculture to precision crop dusting and complete the value chain. In Japan, Yamaha has been using unmanned helicopters for crop dusting for more than 20 years.
Now imagine a connected farm with fixed-wing UAVs to
acquire critical data that would be processed (technical indexes and associated recommendations) and sent back to unmanned helicopters to crop dust with high precision!
At the end of the day, the images collected by the UAVs
are processed to extract some useful data and provide deliverables such as crop index maps. Technical indexes include
brightness soil (photochemical reflectance index), vegetation
index (normalised difference vegetation index, normalised
difference red edge, normalised difference nitrogen index),
moisture stress (crop moisture stress index) or water stress
index in order to offer a plan to optimise the inputs (fertilisers, pesticides, water etc.) and ultimately the crops (yield
estimation, harvesting planning optimisation). “Deliverables
can be seen as index maps but in reality farmers will not
bother understanding the science behind them; thus, our job,
with the help of qualified agronomists, is to provide concrete
technical recommendations,” says de Maistre.
There are numerous challenges when addressing the users’
demands. They include developing market-oriented applications for farmers which require assessing their needs with
stringency, being able to bear the financial weight of geospatial technologies (including vectors and softwares) for UAV
operators, facing technical barriers such as pilot and data processing qualifications, regulatory barriers (restrictive rules)
and complying to market trends — agriculture is a promising
market for UAV but it is still not mature enough to generate
sufficient business volumes and recurring contracts.
Redbird is accelerating the development of its services
for the agriculture sector which is meant to reach maturity in
the course of 2015. This means the development of a multispectral sensor embeddable in a UAV, which will include

The ‘Club of Ossiach’
It is a group of agriculturists, agribusiness managers, agriculture technologists
and agricultural ICT specialists from around the world with interest in the uptake
of ICTs for agriculture. It was established in 2013. The Club is a platform with
international membership to review and discuss current trends and possible
discontinuities resulting from political, social, environmental and technological
changes, potentially impacting the future of agriculture, farming, rural viability, food
and nutrition worldwide. The club aims at the adoption of ICT for the benefit of
agricultural communities and action towards it. One of the activities of the Club of
Ossiach is the organisation of the AgriFuture Days Conferences. This event took
place for the second time in Villach, Austria from June 16-18, 2014. The Club can
be contacted at office@agrifuturedays.com.
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several identified wavelengths: prototyping, and then testing
on identified crops.
Mayer of ProGIS identifies that the technological challenges lie in the area of the existing infrastructure, public-private-partnership models, stakeholder cooperation and
technology integration. “It is very important to understand
the user needs and speak his ‘language’.”

What the future holds

The subject of agriculture is difficult to delineate, as there is an
overlap with land and environment-related issues. Interestingly, the most promising markets may be found in this overlap if
priority is given to sustainable management of resources and
climate change. The role of farming will then be a double one:
agricultural production and caretaking of the environment.
The future will be characterised by an integrated approach. Apart from aspects mentioned above, such as value
chain management and agriculture, forestry-environment
nexus and/or the water -food-energy nexus, there are several
other aspects of an integrated approach that deserve special
mention. Cloud computing is a whole new development in
this arena (Page 26). New initiatives, especially public-private partnerships for the support of agriculture in general, are
being generated from the bottom-up, such as the AgriFuturedays and Club of Ossiach initiative for family farming (see
interview on Page 23) or are stimulated by governments,
such as the Geodata for Agriculture and Water programme
of the Dutch government for smallholder farmers.

Precision agriculture supports
both the economy and ecology if
one uses the right tools
and knowhow.
Walter Mayer, CEO, ProGIS

Further, farmers’ risk needs to be hedged against natural
disasters and price volatility (and of course conflicts and other
types of political upheaval). Agricultural insurance is one of the
instruments to provide more security. The issue of index insurance (based on a single parameter, such as rainfall, evapotranspiration, NDVI or a combination of these) has gained in popularity in the past decade, especially with development agencies.
Small farmers in developing countries can benefit considerably
from such schemes, enabling escape from the poverty trap (See
April 2014 edition of Geospatial World). Farmers that operate
more commercially also benefit from insurance. Whatever the
type of insurance, the geospatial component is indispensable in
going through the necessary steps of plot identification, crop
identification, crop monitoring, yield estimation, loss event
monitoring and verification, risk assessment and determination
of insurance product indicators.
The challenge in the industry is scaling the delivery
of big data so that it can be utilised at the field level, says
Graumann, whose company BlackBridge collects as much
as 5 million sq km of satellite imagery every day and has
been able to overcome this challenge by working closely
with other industry partners to find solutions.
Equipment compatibility is another challenge. Since
most farmers have a mixed-fleet operation, hardware manufacturers like Trimble and Topcon have to design products
with a brand-agnostic strategy to work with thousands of
manufacturer makes and models.
However, as Susana Crespo of Esri wraps it up, the main
challenge is to develop the trust to inspire the industry to
adopt something new. “Often they wait for others to adopt
first to see the business value before they take on; sometimes
people do not like adopting change.”
However, the geospatial industry has so much to offer
that the challenge is about communication and getting the
word about what the technology can do and cross-seeding the population about stories so they can be more
comfortable in adopting the technologies. Dr Rojas thinks
geospatial technology has a promising future; with respect to
early warning for food security, the ultimate success will
depend on developments and the uptake in the individual
countries concerned.
“I look forward to the community building upon the new
opportunity of efficiency that is being provided by services,
including Web services,” adds Crespo. Integration and interoperability is expected to take the GIS platform into a mobile environment, giving the power in the hands of a simple farmer.
Mark Noort, Editor-Agriculture, mark@geospatialmedia.net
(With inputs from Jyotsana Chuchra, Anusuya Datta and
Anamika Das)
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Agriculture/Cloud Computing

With agriculture
experiencing a remarkable
change and growth through
technology integration, cloud
computing is fast becoming
one of the most promising,
reliable and cheapest tool for
processing huge data.
By Jyotsana Chuchra

Convergence of geospatial technologies with cloud creates a
platform for innovation because time to market for ideas is
much faster when new companies don’t need to invest time
and money in providing basic computing.
— Open Geospatial Consortium

S

ince the times human beings learnt to grow crops,
harvested them and sold them to market, they have
sought information from each other. Thus, the recent
economic and social changes and the advancement
in application of IT and geospatial technologies to capture
and analyse data is transforming agriculture sector into a
big information intensive sector. For a farmer who is well
acquainted with field information, availability of timely,
accurate and updated information about soil conditions,
weather, water availability, nutrients etc. plays a crucial role
in decision making. Cloud computing is the most promising,
reliable and a cheaper tool for the agriculture sector.
Agriculture and cloud have a close relation since ages.
Earlier the cloud was valued for the rain and now the importance is for all kinds of data and services, say experts.
Realising the varied advantages, the technology has been
gaining momentum in the last few years. This upcoming technology is predicted to bring revolutionary changes among the major data driven industries and agriculture
is taking notice. It has helped in increasing operational
efficiencies and streamlining application development and
deployment.
The Cloud concept is not new; it is drawn by the innovations and integration in existing technologies like vir-
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tual computing, cluster computing, software as a service
(SaaS), platform as a service (PaaS) and infrastructure as
a service (IaaS). It can be defined as a technology which
uses a network of remote servers hosted on the internet to
store, manage, and process data. Clouds are of three types
— public, private and hybrid. They enable convenient, on
demand network access to a shared pool of configurable
computing resources (e.g., networks, servers, storage, applications, and services).
Geospatial cloud computing is an interesting perspective
for start-ups and open source projects. GIS applications are
fit to be used on the cloud due to the use of varied and temporal datasets. The major example in this sector is of the
Fujitsu cloud approach — “an integration of various technologies that include both air and space borne sensors, smart
phone applications, PC’s and GPS to capture on field data
and upload on cloud.”
“All the listed benefits of cloud have been useful for
us,” says Raymond De Lai, Centre Manager, Herbert Resource Information Centre, Australia. “As a manager, one
of the main benefits has been to properly price up services
and budget for them, scalability, security, and risk management. My monthly physical server costs were about
A$15,000/month (U$13,958 approx.), and now with Amazon the costs are less than A$2,000 (U$1859 approx)
per month.”
Existing geospatial technologies, which include both software and hardware, provide tools and techniques for dealing
with spatial data in GIS centric applications, but with the advent of the Web services and OGC standards, geospatial data

and processing are no longer confined to these products but
has reached the clouds through wireless connectivity.
Wireless connectivity is the core technology behind
cloud computing with 2.7 billion people in the world today
being connected to the Internet, out of the estimated total 7.2
billion people in the world (United States Census Board).
With the introduction of the Slingshot communication systems, Raven began offering wireless services to compatible
Raven displays in 2010.
The big name in this industry is of Esri, who have been
for years rendering cloud map services to its clients through
Arc GIS Online — a classic example of seamless integration
of cloud services with GIS. In modification to this technology, the ArcGIS.com released in 2010 acts as an enabler to
share and discover maps, web apps, mobile apps.
“By integrating cloud-computing and location-based
applications, AgJunction’s technology removes complexities,
costs and limitations currently associated with sharing and
processing precision agriculture data,” says Steven Koles,
President and CEO of Hemisphere GPS, which had taken
up projects for AgJunction, an agri-based solutions provider.
Agrees Silvia McLachlan, Trimble, Agriculture Division, PR and Marketing Communications: “Connected Farm
provides one central location for accessing key information
impacting farm operations such as rainfall totals, weather forecasts, commodity tracking, planting coverage, yield
mapping, fleet management, aerial imaging, and irrigation

Applications of GIS
Cloud in Agriculture
GIS Cloud is of great advantage to the geospatial community
in the agriculture sector, considering their requirement to
handle large quantitative data about crops, soils, land, water,
climate, market and production related information. It involves
sharing of voluminous data at a larger scale which has been
acquired by different methods like UAVs, space-borne sensors,
airborne sensors and mobile devices and is being used by
stakeholders such as farmers, growers, researchers, consultants, landowners, suppliers, and food stuff processors.
monitoring and control. With this information a farmer can
make better decisions about his operations.”

At a glance globally

Cloud computing is picking up in the global market covering
almost all the prime sectors. Countries like China, Japan,
Bhutan, some parts of Africa, USA and Australia have started using cloud computing in agriculture sector in the recent
past. Cloud offerings can range from data storage to end-user
Web applications to other focused computing services.
IT enterprises like Amazon, Microsoft, Google, IBM and
Dell have already successfully built their own Cloud and
offer such service in various sectors like infrastructure and
agriculture. The services are in form of data storage, virtu-

Uses of GIS Cloud

Agriculture Marketing

Weather
Soil
Land

Farm Data
Agriculture GIS Cloud
Crop
Management

Agriculture Disaster
Fertilisers and
Pesticide

Insects and Pests data
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Some Cloud Offerings
Company

Name of cloud based
solution

Fujitsu, Japan

Akisai food and
agricultural cloud

SaaS based solution for food production
and management application

Revenue growth through utilizing
comprehensive data stable product
volume, higher quality

AgJunction

Aj Tier 1 , Aj Tier 2,
Aj Mobile

Cloud based field and farm data
management software platform,
wireless hardware

Lower costs and increased profitability

Raven

Slingshot

Innovative cloud based precision ag
system

Reliable, high-speed connectivity, full data
security and wireless RTK corrections

AgIntegrated

Onsite

Cloud-based, mobile and desktop
applications

File management and communications to
and from the field

Trimble

Connected Farm

Wireless data transfer between field
and office

Fast and efficient Decision making, cost
effective

Hemisphere GPS

Outback Max

Application for wireless data transfer and
management

Efficient data management, revenue
growth

MapShots

MapShots AgStudio

Cloud and web based Software program
for Crop management

Efficient data management

SST Software

FarmRite

Cloud/web based precision ag software
program

Decision support, data analysis

United Soils

i-F.A.R.M

Crop nutrient management tools and
services

Efficient data management, analysis, cost
effective

XS

AgVeritas

Analysing soil variability, elevation,
drainage and the amount of sunlight

Efficient time, field and data management

alisation, software development, information searching and
management. Dell helps the leading food and agriculture
SaaS provider XS, to deliver cloud based agricultural application to increase farming yields with end-to-end enterprise
IT infrastructure.
For a country like India “where there is so much diversity
and where there are mostly small farmers, for the governments or SMEs or NGOs who are directly working in agriculture sector, cloud technology can help in many ways,”
emphasises Brij Kishore Jashal, Scientist, Tata Institute of
Fundamental Research.

OGC standards

Geospatial processes are intensive and
As
involve a huge amount of spatial data
part of the
21st “AgroMashov”
which requires to be optimised, so that
international agriculture
it can be easily retrieved by the user.
exhibit that was held in 2011 in
Israel, the first “agricultural cloud” Organisations like Spatial Data Infrastructure (SDIs), Open Geospatial
in the world was unveiled. The
Consortium
(OGC) and ISO have
system is a result of cooperation
between AKOL Company of
benefitted the geospatial sectors in
kibbutz Barur-Hail and
defining standards for spatial data sharIBM.
ing, processing, architecture and more.
“The Open Cloud Consortium (OCC) is
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Type of Solution

Benefits

an industry-driven organisation that supports the development
of standards for cloud computing and frameworks for interoperating between clouds, develops test beds for cloud computing,
and supports reference implementations for cloud computing,”
as mentioned in white paper on geospatial cloud published by
OGC. Open standards supporting remote access to the data, updating, editions, insertions and retrieving data (like from mobile
device) can help a lot in decision making in the field. These
standards can help to reduce the complexity of this multisource
data and integrating it with secondary data like climate, environment, converting raw data to valuable information and solutions. It helps in easy sharing of data among different stakeholders thus bridging the knowledge and technology gap.
As agriculture moves into an era of large-scale geospatial
information exchange, it seems timely for an OGC Domain
Working Group to support development, implementation
and use of open interface and encoding standards and best
practices that maximise interoperability and address the
global challenges like food security, climate change, depleting natural resources and urbanisation.
Jyotsana Chuchra, Research Analyst – Agriculture,
Geospatial Media & Communications,
jyotsana@geospatialmedia.net

Agriculture/GNSS to enhance productivity

‘Harvesting’

GNSS Potential

Farmers and agricultural companies are making optimal use of GNSS
technology and including it in their business processes and cutting
their costs by 15% on an average. By Tamme van der Wal

T

he introduction of Global Navigation Satellite Systems (GNSS) in agriculture started
a new era of farming practices. Thanks to
these navigation systems, farmers are able
to optimise their cultivation practices and their field
traffic. Many futuristic and maybe not so futuristic
machinery is becoming feasible, such as crop care
robots, autonomous tractors, plant specific treatments and master-slave guidance in the field. But
even without these engineering innovations farmers
can already do a lot with GNSS. It starts with measuring the exact boundaries of a field and adjust e.g.
the sowing to it. Knowing the exact working width
of the harvester machine, farmers can optimise the
sown area to make sure, for instance, that harvesters
always works at a full width of crop to harvest. This
saves time and fuel during harvest but also during
all other cultivation practices.
Optimising this field traffic to the cultivated area
is called the drive map or traffic plan. Besides a more
optimal layout of the field, it also helps in reducing overlaps
and gaps in the cultivation. Altogether, these GNSS based optimisations cut costs by 15% on an average, due to the use of less
fertiliser and other inputs and less fuel consumption at every
field operation.
To maximise this cost reduction, farmers must invest in
GNSS-ready tractors involving a different steering system,
a GNSS receiver and a board computer/controller. Many
farmers prefer to work with the highest quality available
GNSS navigation systems. The 15% costs optimisation can
only pay for all these investments above certain farm sizes
and types. Therefore, besides farmers, contractors to whom
field activities are outsourced are among the early adopters
as they make more use of their tractors and machinery.

High uptake of GNSS

A recent survey in the Netherlands done by the UNIFARM
project shows that even at smaller farms GNSS is now

John Deere’s Ag Management Solutions deliver faster field
performance, reduced input costs and stronger yields

penetrating well, although larger farms clearly have a higher uptake rate. In the Netherlands, 65% of the arable farmers use GNSS in their cultivation. And although precision
farming mostly talks about location-specific treatments, just
optimising the geospatial aspects is the most popular entry
technology into precision farming for many farmers in the
Netherlands.
Interestingly, in USA, Canada and Australia — the
birthplace of precision agriculture — due to their large
fields with homogeneous crops, the use of yield monitors is
often seen as the main entry technology for precision farming. Spatial differences in crop yields reflect differences in
soil conditions that can, for instance, be repaired with fertiliser. These conditions are structural and often reflected in
the same patterns in yields. But the role of yield monitors
is very low in the Netherlands as compared to those coun-
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tries. Here the GNSS is much stronger.
The increase in GIS tools on farm to make these optimised field plans also help farmers to look at spatially varying yields. After being able to optimise their traffic, these
spatial variations also become more relevant. Linking the
final yield to all the operations done in the season provides
an excellent benchmark to improve the farm performance.
Having said this, precision agriculture is not only doing
the right thing at the right place and moment, but it is also
documenting these activities for analyses purposes. This
will be a growing field now that geospatial technologies
have become common practice. Although difficult to express in percentages of costs reduction, the automatic documentation, thanks to precision farming tools is a highly
valued ‘bonus’. Also machine manufacturers discover this
as a relevant add-on to their machines and develop farm
information systems that seamlessly integrate with their
machinery and equipment.
Large machine manufacturers as John Deere and Claas
have these systems in place, just as GNSS systems provider Trimble has. The latter has already taken the next step

towards sensoring systems that are needed to provide the
information for creating task maps. The Trimble portfolio
now includes a tractor-mounted sensor and a Remotely
Piloted Aircraft System (RPAS), that can fly over crops and
fields and with a right camera collect relevant remote sensing imagery that help farmers make decisions about when
and where and how much fertiliser to apply — among others. In this way, these machine and equipment manufacturers lead the way to make field work more location specific.
This requires integration with all kinds of GIS data like soil
maps, groundwater data, remote sensing maps of the crop
etc. There is an explosion of possibilities from scanners,
sensors, sampling strategies, cameras and more. And the
interface between sensors and cultivation practice is: the
task map — the spatial instruction set indicating the different application rates at different zones and spots in the field.
Applications that are already demonstrated in practice and
have created high expectations are, for instance, variable
sowing densities based on soil heterogeneity (and field geometry) and variable fertilising based on satellite imagery.

Indication of main benefits

At the other end of the spectrum, tractor mounted multispectral cameras control the flow of fertiliser or other crop chemicals to provide the right dose at the right spot. This is often
called near-by sensing — as opposed to remote sensing done
by satellites or airborne sensors. For many farmers, this is
an ideal solution as there is no human intervention needed
to translate sensor readings into a task map. This increases
significantly the usability of the tools. However these black
box-like solutions have limited ‘knowledge’ of the causes
of different sensor readings, therefore not easy to interpret.
As often seen in the application of innovative technologies, developments start from a single viewpoint and thus
we have seen information systems make task maps fully
dependent on satellite data and simultaneously information
systems around real-time sensing with on-board sensors and
processing. The combination of different sources of data is
not always seen as a logical pathway, although everybody
realises that only a combination of factors, often measured in
different ways and at different time and spatial scales, results
in the best possible solution. Now here is the catch: this requires integrated information systems and decision support
tools for farmers to weigh the different sources and qualities
and to evaluate different scenarios.

4.96%
9.57%
26.60%

28.37%

7.09%
11.70%

1.06%
4.61%
6.03%

Fuel savings
Time savings
Reducing gaps and overlaps in fieldwork
Improved logistics
Clear insights in business processes
Efficient use of fertilisers and agro-chemicals
Less fatigue and longer concentration
Extended hours (dusk & dawn) in peak periods
Accurate work due to more attention for the implement and activity
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Farming is simple, but not easy

Tackling spatial variation

There are three possible routes to deal with spatial variation.
The first one is to make robust management zones based on
available spatial knowledge like soil maps, previous year(s)-

Enhancing GNSS Adoption
Measure

Analyse
the market

Seed

Create
awareness
among
manufacturers

yield maps or other sources indicating spatial heterogeneity.
These management zones can already make relevant differences in application rates when directly translated into task
maps. They can also be used to provide context to in-season
sensing, in particular to differentiate two spots with similar crop index values but with different history, requiring
different responses. All previous applications or cultivation
practices and previous sensing maps can be considered as
available spatial knowledge and can contribute to develop
(or adjust) these management zones.
The second and third routes involve in-season sensing to
measure the crop response to all variability it is dealing with.
The most noticeable difference between remote sensing and
near by sensing is the ability to get processed in real time and
make a variable rate application based on sensor-readings
and pre-programmed conversion rules. The advantage is that
it does not require human interference and precision farming
can be done without additional education or training. It just
works, and it uses the latest information from the field. As
an alternative, sensor data can be taken into the office and
can be combined with farmer’s knowledge and management
strategies.
A clear characteristic of the in-office processing is that it
takes place ‘off line’. It has the advantage to take on more
knowledge and inputs. Farmers can even compare different
scenarios and thus make optimised decisions. And it can
be used to determine the timing of application: Maybe it is
better to wait a day or two. The disadvantage is of course that
it introduces an extra task to farm management which often
means that after a long day of field work, farmers need to sit

Fertilise

Identify
GNSS
champions

Harvest

Exploit
GNSS for
value addition

behind their computer. This situation has not really evolved
in standing practices, but it can be expected that it will soon
lead to new and better farm management software with more
GIS capabilities.
The high expectations from unmanned aircrafts, or remotely piloted aircraft systems (RPAS), lay in the fact that
they are available to farmers at a much shorter ‘delay’ than
satellite imagery or (traditional) aerial photography. It can be
deployed when needed and processed within an hour, so in
terms of sensing it is almost real time. It fits very well in the
new way of farming where farmers optimise their inputs and
labour in cultivation practices. This can only be done with
adequate information.
The Netherlands is internationally always characterised
as a country with small farms with small fields. These small
fields and the long history that farmers have with their land
is a hurdle to take with innovative technology. Farmers in the
Netherlands however show, that although size does matter,
smaller farms benefit from GNSS. As a farmer once put it,
GNSS technology allows him to do large scale agriculture
in a small scale landscape. For farmers who adopted GNSS
already and “know where they are” in the field, the variable
rate technology becomes their next step in precision farming. With the help of smart technology and GIS, farmers will
be able to optimise their activities. In the end, it all comes
down to the ability to deal with complexity. Farming is simple, but it is not easy.
Tamme van der Wal, partner at AeroVision BV and
coordinator of European UNIFARM project
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Revolution
in Data Acquisition sows
New Seeds

G

eospatial technologies have enabled massive imprments in agriculture sector in the last decade,
and satellite imagery is playing a major role in
this. However, satellites do not see through clouds,
hence preventing their use when the clouds are persistent.
Moreover, while orbiting around the earth they do not pass

Drones, high
resolution
cameras and novel
algorithms are
paving new ways
for the agricultural
industry
worldwide

through the fields at the exact time when the farmer needs
it the most. Also, satellites and their imagery are owned by
governments and large corporations whose interests are not
always aligned with farmers and require massive funding
to increase the availability and coverage.

The big three advances

Three recent advances are giving birth to a new way to
produce meaningful maps for farming applications. The
first one is the development of fully autonomous, small, unmanned aerial systems (sUAS), spurred on primarily by the
miniaturisation of autopilot components and the huge interest by consumers, enthusiasts and professionals for drones.
The second is the advancement in consumer grade cameras, providing extremely high resolution images in a lightweight package. The cameras are able to capture the near
infrared wavelength for producing NDVI.
The third is the development of novel algorithms for automatically creating digital surface models from collections
of overlapping images acquired with consumer-grade cameras. This combination of technologies makes it possible to
do local-area 3D mapping and produce NDVI with a total
non-recurring investment under $15,000. Repeat and timely acquisitions are enabled with a simple battery recharge.
The application of these novel drone mapping technologies started two years ago in the surveying world, led
primarily by the needs of the mining industry. The main
advantages were the safety that remote sensing allows, together with an incredible boost in efficiency, as 3D surveying projects that used to take days with ground methodologies would be completed within hours, and often with
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increased accuracy. Nowadays, all major mining groups
are using these type of lightweight drones, either
already in production or in research department
for future larger scale deployment.

Project with RGB and infrared imagery processed together
in Pix4Dmapper

Democratising precision agriculture

One key element of this type of technology is
its simplicity. There is no specialised training
required for operating the sUAS or processing the
software. The software package, such as Pix4Dmapper, takes advantage of the high redundancy
of content in simple images to derive extremely
accurate and relevant results. Most of the sUAS
used in production weigh only a couple of hundreds of grams, and thus are inherently safe.
On the legislation side, most governments have
started putting restrictions on the usage of drones
due to privacy and security reasons. These concerns are very relevant but they do not apply in
the mining or farming industry where the drones
are not flying over the general crowd and the land
is a private property belonging to the farmer or
the mining industry. Most regulation offices are
aware about this matter and are putting in place
exceptions for specific professional usages, such as mining
and farming.
Simplicity is a key enabler in the farming industry. It
allows farmers to keep and own the data they produce.
They depend less on governments or large industries for
satellite imagery. Current usage allows them to produce
NDVI maps of the field within few minutes. Combined
together with ground scouting, the agronomist can feed
these maps into precision agriculture management software and produce an application map. These application
maps are then transmitted to tractors that will apply the

Drones are becoming the
product of everyday use,
easier to use and more
affordable, thanks to
the mass production of
consumer drones. Cameras
and sensors are getting
more reliable and precise

correct amount of nitrogen over the field. There have been
numerous success stories in the last year using these simple tools that enhance both the efficiency and the accuracy
of traditional scouting. In addition to NDVI, these devices
produce detailed 3D elevation model which are used for
irrigation planning.
Drones are becoming the products of everyday use,
easier to use and more affordable, thanks to the mass
production of consumer drones. Last year, more than
500,000 drones were sold, led by companies like Parrot
and DJI. Cameras and sensors are getting more reliable and
precise. Multi- and hyper-spectral cameras are also easily
available for ultra light sUAS. And the software, the key
element that allows transformation of these highly repetitive simple measurements into meaningful maps, is leading
these tools into the agricultural market by producing relevant data for farmers.
In near future, data delivered by a drone will be more
relevant as it will generate immediate health status, treatment recommendation and yield estimates. It has the potential to become a critical part of the farming process.
Moreover, these tools will be controlled by the farmers
and agronomist directly, giving a true meaning to the term
democratisation of precision agriculture.
Courtesy: Pix4D
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SOWING

REAPING
HARVESTING
TECHNOLOGIES FOR TOMORROW

Agriculture scenario in Europe
Most preferred areas of application

Farming in Europe, is triggered by the adoption of new technologies such as high
precision positioning systems, smart sensors and a range of IT applications combined
with high-tech engineering for various agricultural activities. Geospatial technology is
most commonly used for crop and water management followed by mapping of soil,
risk management and field survey as indicated below.

The European countries
are far ahead in
implementing geospatial
technologies in
agriculture as compared
to the rest of the
world. As part of the
survey conducted by
Geospatial Media and
Communications, it was
observed that Europe
is using tools like high
precision positioning
systems, smart sensors
and state-of-the-art
machines in the
agriculture sector.
Countries covered
in this survey are
the Netherlands,
Switzerland, Spain,
Germany, Denmark and
UK. The survey focuses
on specific aspects of
agriculture: soil and
cultivating crops (both
food and cash crops).

Precision

Precision fa
in countrie
Germany b
UK, and De

Farming
1 Precision
Automation of
machinery & equipment

Risk management

GNSS
GIS

2

1

Crop & water
management

Mapping of soil & land
properties

Hand held
feld surveying Others

Remote
Sensing

3

Farming
3 Conventional
Most widely used technology

GNSS is the most widely used technology followed by
GIS and remote sensing. It has been observed that most
of the farmers in Netherlands are using GNSS-based
precision tools and equipments on their farms.

Major geospatial industries in agriculture sector
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The equipment manufacturer’s industry using geospatial technologies
are the major contributors to the European agriculture. Central Europe
and the Eastern Europe regions are experiencing increasing degree of
mechanisation and large-scale machinery equipment.
Service providers
Equipments manufacturer
Solution providers
Knowledge provider/advisory

8

8
Benefits of geospatial technologies
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The use of geospatial technologies is increasing due to their analytic capabilities offering
advantages like visualisation of farming conditions, effects of farming practices and more.
Some of the respondents feel that the technology is easy to adopt and the Web-based
capabilities help to disseminate data.
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Efficient management of resources
Greater analytic capabilities
Efficient monitoring and decision making
Web-based tech to disseminate data/services
Easy to adopt
Others

n Farming – Good science to good practice

arming is the prevailing practice in Europe, majorly
es like Netherlands, Belgium, and eastern part of
but there is more scope in western part of Germany,
enmark where organic farming is dominant.

Challenges
Despite the widespread adoption of geospatial technologies
in the European region, it is still plagued by certain challenges.
Lack of proper analysis of satellite imagery is the major
hindrance which the region faces, followed by high cost of
technology/services, lack of updated images and lack of
topographic data.

20

2

Organic
Farming

40

10
30

Farming
4Dairy/Livestock

Analysis of satellite imagery with clouds
Lack of recent satellite images
Lack of topographic data
High cost of the technology/services

Agriculture / Case Study

Sweet innovation for
Australian sugar industry
The Herbert Resource Information Centre uses GIS and location-based
technologies to yield improved efficiency and productivity for the
Australian sugar industry

T

he Herbert Valley cane growing region in tropical
North Queensland, Australia is at the forefront of
innovative sugar industry practices. It utilises GIS
and location-based technologies not solely for farming of cane, but across the entire supply chain, from farm to
factory, to strengthen productivity, increase yield and drive
increased profits for the whole industry.
In1996, the Herbert sugar industry’s four key stakeholders
—Wilmar Sugar Australia; Herbert Cane Productivity
Service; CANEGROWERS; and Hinchinbrook Shire
Council — collaborated to establish the Herbert Resource
Information Centre (HRIC). The HRIC was tasked with
providing GIS services and capacity-building to the local
community and sugar industry.

A world-class solution

One of the HRIC’s core business solutions was the development and implementation of a Harvest Management System
(HMS). The HMS provides real-time visibility that ensures
every part of the supply chain is synchronised and that all
entities have access to current and reliable information on
every cane harvester’s status, the area and tonnage of cane
cut and harvester performance metrics.
At the heart of the HMS is a secure, user-friendly, Webbased interface created using ESRI’s ArcGIS Server solution.
The interface enables stakeholders to pull particularised reports
and web maps to generate specific spatial intelligence.
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A key data requirement for the HMS is the cane block layer;
a GIS layer of the cane block boundaries which contains attributes such as; cane variety, the planting date, block dimensions,
ownership details and a record of past yields (in tonnes).
Combined with onground measurements, this farm management information system provides an accurate pre-harvest
estimate of the tonnes of cane present in each block. The cane
estimate, along with information about the total field area
and tonnes of cane to be harvested, provides the industry
with critical information for planning the harvest, and allows
it to make crucial decisions such as; setting the harvest start
date and expected season length; arranging harvesting and
transport schedules; setting capital and operational budgets;
and refining marketing aspects.
As part of the HMS, real-time spatial information gathered from the harvesters is processed with the cane block
data. All cane harvesters have an on-board computer, GPS
device and modem fitted which together records and transmits the current status of the harvester (either cutting, maneuvering, moving, or stopped). Data points from cane harvesters are automatically collected every 30 seconds and are then
transmitted to HRIC. Every evening this data is combined to
give an accurate picture of the blocks harvested, as well as
the total area harvested.
Accurate block harvest information is particularly important in terms of grower equity. Given cane sugar content is
typically at its highest level during mid-harvest, harvesting

at this time can provide greater returns. With only a limited
number of harvester groups available at any one time, the
groups must be rotated to ensure an even distribution among
fields and farmers. Also, with harvest operations highly susceptible to the variable weather that occurs throughout a season, these equity measures spread weather-associated risks
across all farmers and cane blocks.
Data fed back from the harvesters during the harvest is
also used to regularly reassess yield estimates, which again affects decision-making further up the supply chain. The HMS
allows for ongoing re-calculation of how many tonnes have
been harvested and where those tonnes are located in the district. This critical information allows informed decisions to
be made regarding harvesting plans, rail transport logistics, in
estimating the end of season date, and sugar marketing.
One of the prime advantages of HRIC’s HMS is that it
is both broad enough to capture highly-detailed data from
across the supply chain and sufficiently nuanced to enable
stakeholders to focus solely on the information relevant to
their business operations.
For example, harvesting companies can access information on current cane harvester locations and activity; while
millers can use harvested block information to update their
transport schedules and plans and manage the daily harvest
and transport operations.
Errors in the consignment of cane from the field can also
be more easily identified through the HMS. Consigning
(allocating) cane tonnes harvested to the wrong block leads
to errors in future productivity analysis, such as the productivity of particular varieties of cane on certain soil types.
Accurate consignment leads to more precise and accurate
productivity reports for cane growers and millers.
The HMS also provides real-time feedback via a system
of management reports and intuitive dashboards and Web
maps that ensures settings can be fine-tuned with immediate
and positive feedback loops in the cane supply chain.
For Wilmar Sugar harvesters, measures of harvester
speed and pour rates (a measure of cane throughput) are also
provided as reports and Web maps. This enables the company
to ensure harvesters are operating at an optimum speed and
further contributes to increased productivity and future yields.
Post-harvest, the data collected through the HMS continues to drive better outcomes for the industry as it is ‘mined’
and analysed to identify trends and patterns. This value-adding process has already started to pay dividends for the
industry.
One recent data-mining project has provided, for the
first time, proof of the relationship between cane harvester
cutting rate and future productivity (cane yield).The analysis
found the Herbert sugar industry could increase productivity

by around 10% by simply controlling the speed of the harvester to industry best practice recommendations. Given the
size of the Herbert district sugar crop, this is worth more
than A$20 million (U$18.8 approx). These results are expected drive further research in this space and could transform cane harvesting practices throughout Australia.

Looking to the future

The Herbert sugar region is one of the four Wilmar Sugar cane districts in Australia, each with their own cane
mapping, estimating, harvest and transport management,
consignment, and productivity reporting processes. On the
back of six highly successful years in the Herbert region,
the HMS was, this year, rolled out by HRIC into the other
Wilmar Sugar districts. It is intended that the HMS will
provide the basis that will standardise processes across the
districts and maximise the benefits offered by Enterprise
GIS technologies.
HRIC is also looking to link the HMS to its cane harvester yield monitoring solution. This solution is currently connected to around half of the harvester fleet and provides data
for farm management and agronomic services. Integrating
this into the HMS would feed real-time tonnage data from
cane harvesters and provide a real-time figure of ongoing
cane yield. This would replace the relatively rudimentary
estimates currently being used.
The Herbert sugar district will also build on a recent
investment in its own GPS base station network. Supported
by the HRIC Enterprise GIS infrastructure, further
integration for all of these technologies is planned that will
link the agronomic and supply chain systems. The HRIC is
now moving down this path by providing real-time monitoring and support for fertiliser delivery and real time
automated yield monitoring to the industry. In the future,
this solution will lead to vastly improved harvester tracking accuracy — to within 2 cm — and pave the way for
automised harvester control.
Another future enhancement will be driven by HRIC’s
utilisation of Esri’s new GeoEvent Processor. This will lead
to a more professional and functional dashboard without reliance on internal customisation and programming.
Finally, there is also a plan to roll-out tracking technology
integration for haul-outs. Currently only present in Wilmar
Sugar vehicles, the technology monitors round-trip times for
haul-outs from the field to the rail system. This capacity will
help optimise equipment tolerance and reduce maintenance
costs and downtime.
Raymond De Lai, Centre Manager, Herbert Resource
Information Centre, RDeLai@hinchinbrook.qld.gov.au
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Enhancing Agricultural

Development in Ghana
The University of Ghana has established a Web-based platform that
guarantees access to spatial data and agro-related information to
prospective investors in Ghana’s agricultural sector

of the collection, harmonisation, packaging
and dissemination of agri-related datasets to
guide farmers and farm-related enterprises in
determining high efficiency and increased returns on agriculture investments in a sustainable manner. While geospatial tools have been
successfully used for natural resources, and
environmental management, actual use of the
technology in the agriculture sectors is slowly gaining ground in Africa. The Centre for
Remote Sensing and Geographic Information
Services (CERSGIS), University of Ghana,
is endeavouring to fill the spatial data gap in
Ghana’s agriculture sector by providing a Webbased platform that guarantees access to spatial
data and agro-related information by prospective investors, thus contributing to the overall
goal of agricultural transformation.

GIS platform for Ghana

Screenshot of Ghana agriculture online GIS platform

A

griculture plays a key role in the economies of
most African countries, serving as a critical factor
in efforts to combat poverty and food insecurity.
However, agriculture in Africa is characterised by
low productivity and plagued by major environmental constraints, with per-hectare yields for most crops among the
lowest in the world. The old model of agriculture prevelant
in Africa is not sustainable in the long term, as production
systems lag behind burgeoning urban development. Geo-enabled agriculture which refers to the utilisation of spatial data
to facilitate evidence-based decisions in farming systems to
promote agriculture development, hold enormous potential
for the development of a new model for Africa’s agricultural
growth agenda.
Geospatial technologies hold the key to fast tracking
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CERSGIS in collaboration with USAID-ADVANCE has set up an online GIS platform for
agricultural development in Ghana, as part of the
open data initiative being championed globally to make data
freely available to support various activities for accelerated development. The goal of this initiative is to help fill the gap in
Ghana’s agriculture industry and contribute to the overall goal
of agricultural transformation. It is envisaged that this would
serve as a good source of baseline information for agri-related
interventions in Ghana. The platform is a spatial data portal
serving as a repository for all agri-related datasets. It provides
some GIS functionality for basic spatial analyses. This approach provides access to data as well as tools for interacting
with the data and map products.

Data collection and dissemination

Most of the datasets hosted on the platform have been collected by CERSGIS and the ADVANCE project. Besides

the thematic data layers, such as
soil, topography, road network,
water bodies etc., which have
been harmonised and referenced
to a common coordinate system,
GPS mapping exercises are conducted regularly to collect data on
farm boundaries, post harvest facilities,
irrigation facilities, mechanisation centres,
markets etc. Interested stakeholders are being
encouraged to contribute datasets to the platform for open access.
Datasets can be downloaded from the
platform in various formats. Stakeholder-defined outputs in the form of composed maps are also posted for downloads. The application development
team is also soliciting feedback
from stakeholders to develop value-added products and services.

Implementation
requirements

Implementation of the platform involved
GIS Web developers and GIS data analyst as well as graphic designers. CERSGIS is currently managing the Web platform in collaboration
with the Ministry of Food and Agriculture. Google APIs came
in handy, as well as free tools such as MySQL were used for the
development. ArcGIS Online cloud solution has been acquired
for the mapping component and GIS capability on the platform.

Institutional collaboration and opportunities

Given the enthusiasm generated by the GIS-platform, interested parties and key stakeholders have participated in sensitising workshops organised by CERSGIS, and pledged their
support to contribute data to the platform. The GIS-platform

Dearth of data and info
to facilitate agriculture
development in developing
countries is one of the
reasons why countries in
sub-Saharan Africa have
undeveloped agro systems

Map of agriculture intervention
projects in Ghana

also presents a number of opportunities
for sharing data and information for development; engendering local capacity development to host,
manage and serve comprehensive agriculture datasets for effective decision making; serve as a launch pad for building the
capacity of stakeholder institutions to access and utilise spatial
datasets for resource and land use planning, monitoring and
evaluation. The platform could also be extended to provide
knowledge contents for extension services within the sector.

Summing up

Dearth of data and information to facilitate agriculture
development in developing countries is one of the reasons
why countries in sub-Sahara Africa have undeveloped agro
systems. Geospatial technologies and tools could be cost-effectively deployed to collect, store, manage, analyse, map
and used as decision support by project implementers and
policy makers to evaluate and monitor resource allocation,
support land use planning, enhance land suitability assessment to optimise crop yield, and facilitate the development
of what may be termed an agriculture cadastre for transforming subsistence agriculture into a viable venture for majority
of the population that are engaged in the sector.
Foster Mensah, Centre for Remote Sensing and
Geographic Information Services
University of Ghana, Legon-Accra
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GIS for Rice Field
Management
Courtesy: ARSM

The Malaysian department of agriculture has
adopted innovative rice mapping solutions which
helped it in the overall production of paddy

Paddy at field level always faces challenges of monitoring and
management as it involves large land area coverage with limited manpower for the extension works. This creates difficulty
in field observation, which later reflects on the rice production.
The rise of sectors like industrial and tourism have led to the
increasing development of structures like building etc. which
further put pressure on the land use of an area. These changes
are difficult to detect by on-site verification in wide land coverage due to manpower limitation. This affects the reporting of
actual acreage of active paddy parcel. Also, any irregularity in
the productivity during the growth stages is hardly detected.
There are four major activities during paddy’s growth period, namely land preparation, irrigation, planting and harvesting.
In case of any irregularity like late/early irrigation and delayed
planting, the effects are visible at the end of production, when the
production is lower than expected.

areas at Peninsular Malaysia, namely IADA (Integrated Agriculture Development Area) Kerian, IADA Kemasin Semerak,
IADA Pulau Pinang, IADA Seberang Perak, IADA Ketara,
IADA Barat Laut Selangor, KADA and MADA. Granary in
Malaysia refers to major irrigation scheme, where the area is
greater than 4,000 hectares and recognised as the main paddy
producing areas.
An integrated cadastral map is overlaid with the
high-resolution satellite images of 0.5m-1.0m resolution to
determine the actual planted area, and distinguish the paddy
and non-paddy (fish pond, roads, others) fields. The current
planted paddy area can be calculated and the actual acreage
can be obtained. This way maps prepared using GIS tools are
integrated into the system, and can be viewed with limited
access according to the necessity level of the users.
Satellite imagery is not only used for mapping the geographical information of the paddy parcel, but also to monitor
and observe the activities during the growth stage, starting from
land preparation to harvest. In this case, radar images were used
to monitor the status of all four activities mentioned. The images are updated every 11 days. The status of all the four activities
(land preparation, irrigation, planting and harvesting) can be
monitored at an 11-day cycle to the extent by individual lots
without on-site observation and manual verification.
The current trend of technology implementation will enhance the trend of agricultural management, especially of rice.
This systematic management of paddy fields and other activities
enables farmers to develop strategies to increase the production.

Solution

Future

Spot-5 image for the classification of
current active paddy and non-paddy area

R

ice is the staple food not only for Malaysians, but for
most of the Asian countries. Growing paddy and increasing rice production have been part of major agricultural
development strategies in Malaysia. At present, Malaysia has achieved a level of self-sufficiency in rice production at
about 71.7% (2013) of the local consumption.

Challenges

In order to overcome these constraints and manage paddy at field
level, the Department of Agriculture collaborated with Malaysia
Remote Sensing Agency to establish an application for rice mapping and monitoring using GIS and satellite imagery.
A field cadastral map acquired from the Department of Survey
& Mapping Malaysia (JUPEM) is integrated with the profile of
entrepreneurs by individual lot, to establish an updated base map
with integrated details of the entrepreneurs according to the individual lot number. The project area chosen were the eight granary
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The Department of Agriculture is working towards further
expanding the scope of using geospatial technologies to other potential crops in Malaysia. GIS and remote sensing solutions are expected to provide a promising future not only to the
agricultural sector, but also to other sectors which elevates the
competitiveness among the developing countries.
Pandak, Bin Ishak and Sutha V
Department of Agriculture, Malaysia

Agriculture/EO for Drought Monitoring

FAO’s agri stress index system uses satellite data to detect hotspots in
every region where crops may be affected by drought

T

he Food and Agriculture Organization (FAO) of the
United Nations has developed the Agriculture Stress
Index System (ASIS) to detect agricultural areas with
a high likelihood of water stress (drought) at the global
level. Based on earth observation data, ASIS will support the
vegetation monitoring activities of the FAO-Global Information and Early Warning System (GIEWS).
The idea behind ASIS is to mimic the analysis that a remote
sensing expert will do and simplify the results for the end-users.
ASIS will provide a map every 10 days in which the GIEWS
officers will detect ‘hot spots’ for every region where crops may
be affected by drought during the growth season. To ensure that
the data is not falsified by external factors, the officers will
verify the ‘hot spots’ with auxiliary information, for example by
contacting the Ministry of Agriculture of the affected country or
by monitoring prices of the commodities.

Detecting drought

ASIS uses the Vegetation Health Index (VHI), which is derived from the Normalized Differenced Vegetation Index
(NDVI). VHI was developed at the United States National Environmental Satellite, Data and Information Service
(NESDIS) and has successfully been applied in many different environmental conditions around the globe, including
in Asia, Africa, Europe, North America and South America.
The first step of ASIS is to elaborate a temporal average of
the VHI assessing the intensity and duration of the dry period(s)
occurred during the crop cycle at pixel level. ASIS is based on
10-day (dekad) satellite data of vegetation and land surface temperature from the METOP-AVHRR sensor at 1 km resolution.
The second step is the calculation of the percentage of
agricultural area affected by drought (pixels with VHI<35 –
a value identified as critical in previous studies) to assess the

extent of the drought. Finally, the whole administrative area
is classified according to the percentage of area affected.
VHI can detect drought conditions at any time of the year.
For agriculture, however, the most interesting period is the one
most sensitive for crop growth (temporal integration), so the
analysis is performed only between the start and end of the crop
season. ASIS assesses the severity (intensity, duration and spatial extent) of the agricultural drought and indicates the final
results at administrative level given the possibility to compare it
with the agricultural statistics of the country.
The ASIS database contains 30 years of agricultural hot
spots, starting with the year 1984 when the Sahel was severely
affected by drought. Since METOP imagery is only available for
2007 or later, the Flemish Institute for Technological Research,
FAO’s partner in scientific and technical development, simulated METOP data into the NOAA-AVHRR time series through
an ‘inter-calibration’ study to obtain a time series from 1984 to
2013. The most affected year by drought of the time series is
1989 where most of the agricultural land suffered from water
scarcity. At the end of the first 10-day period of July 2014 the
most significant hot spots of the main crop season 2013/2014
were detected in Nicaragua, Colombia and Venezuela.
From the global version of ASIS, which was designed
to detect agricultural hot spots on the globe, standalone
versions can be developed to monitor agricultural drought
at country or regional level. The standalone versions would
be calibrated with local agricultural statistics and they would
use specific parameters, coefficients and masks of the main
crops of the country or region. The standalone ASIS is under
development funded by the EU/FAO Programme on ‘Improved global governance for hunger reduction’.
Courtesy: FAO
ASI(%)

Agricultural Stress
Index (ASI)
% of cropland area
affected by drought
per GAUL 2 region
From: Start of season 1
To: Dekad July 1, 2014
Non-cropland pixels excluded
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Streetfight Moves

INDOORS
To M a p t h e L a s t T h r e e F e e t

While the commercial GPS has been around for over 30 years, it only
received a consumer momentum after the ubiquitous availability of
outdoor digital maps and services. The indoor mapping and navigation
market is treading on the same route. By Supreeth Sudhakaran

B

arely two years ago Apple, one of the biggest players
in navigation industry, faced its most embarrassing
moment with the launch of iOS map app. Since then,
Apple has often declined to discuss the progress on its
mapping initiative.
However, the tech giant has of late been showing an increasing interest in the indoor mapping market. Last year, it acquired
indoor mapping specialist WifiSlam for around $20 million;
followed by the purchase of motion tracking company PrimeSense 3D for a reported $360 million. It also hired Philip Stange,
CEO and co-founder of an indoor mapping start-up Wifarer.
Add to it, the increased support for iBeacons in iOS 7 and its
latest patent that uses a combination of WiFi access points, lo-
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cation databases and other data to determine the proximity to
(what Apple refers to as) presence areas.
This brings us to the question: What are the critical reasons
for Apple’s new-found love for the indoor mapping market?

A crowded market

Market research company, ABI Research, estimates the indoor
mapping technology market will be worth $4 billion by 2018.
Another research conducted by a market analysis firm Opus
Research, predicts the market for indoor location and placebased marketing and advertising to surpass $10 billion by 2018.
As Apple searches its redemption in iBeacons, its competitors are vying to evolve suitable alternatives. Stripping

down and streamlining its operations, Nokia’s HERE maps
has, over period of time, covered good ground. Joseph
Leigh, Head of Venue Maps, HERE Deutschland claims
that HERE has established close partnerships with venue
owners and has mapped over 90,000 buildings in as many
as 71 countries. (In June 2013, the count was around 45,000
buildings in 45 countries.)
On the other end, Google is trying to change the rules
of the game with its Project Tango. Experts believe that
Google’s indoor mapping business will get a greater impetus with the 3D mapping capabilities of Project Tango.
Recently, through a partnership with Google’s Project Tango, location services platform creator, aisle411, announced
“A shopper can have their phone in their pocket and get an
that it is prepping to launch an in-store solution that would
enhance the shopping experience through fully interactive alert of a nearby offer in-aisle via BLE, and when they take
out their phone get a specific message for the exact product
3D maps.
One of aisle411’s retail partners, Walgreens, recent- they’re in front of via VLC. BLE would know you’re in the
ly agreed to test this in-store service. aisle411 claims that gaming aisle at BestBuy, but VLC would know you’re in front
throughout the shopping experience, shoppers can be intro- of the PS4,” he explains. The company expects that around 60
duced to personalised coupons and other promotional offers, million BLE beacons will be shipped by 2019. The numbers
as well as rewards that can be accrued just by browsing in can put in perspective when one looks at the fact that 1.28 bilstore aisles. Most of these offers would be custom-built lion LED lighting fixtures are expected to be shipped annually
based on data and insights gained by closely studying by 2021. The market is at only 7% adoption today, but it is
expected to grow to 70% by 2020, claims Ryan.
in-store consumer behaviour.
Pole Star is another company delivering commercial inIt’s not only biggies like HERE, Apple and Google who
are fighting for a bigger share of this market, which has also door positioning solutions since 2008. Its Fusion Engine takes
seen a royal rumble of around 200 small and medium com- advantage of all available sensor technologies including GPS
panies jostling for space. With signal attenuation in indoor for outdoor/indoor transitions, the MEMS sensors, WiFi and
environments restricting the optimum utilisation of GPS BLE devices for determining the location. “This technology
signals, several of these smaller companies have proposed can allow for 1-2 metre accuracy,” says Christian Carle,
working on newer methods of geo-location. Assisted GPS, CEO and Co-founder of Pole Star.
Additionally, because Pole Star uses sensors in its deBluetooth Low Energy (BLE), MEMS sensors, LED, WiFi,
vices, its positioning symbol on the map
or a combination of one or several of these
will point in the direction the user needs to
technologies are leading to the creation of
proceed on, making the interface very easy
new models which are being scrutinised
to understand and use. In fact, the company
and explored extensively.
claims that its product, NAO Micro, not only
For instance, ByteLight has invested
allows for even more precise positioning, it
its energies in developing a model that is
also allows for communications/messaging
based on a hybrid BLE and Visible Light
Amount of in-store sales
to the user when they walk by specific areas
Communication (VLC) approach. The iniinfluenced by smartphone
equipped with BLE devices.
tial idea was only based on the LED visible
in 2014
Indoor mapping company, IndoorAtlas
light communication. Later, in May 2014,
opted to take a detour from the usual practhe company also embedded the BLE techtice and developed its indoor mapping model
nology to improve the accuracy. “It uses
based on magnetic anomalies. “IndoorAtlas’
existing infrastructure rather than requirtechnology will provide 3-6 feet accuracy at
ing investment in beacons, while reducing
90% confidence level. This is achieved with
costs associated with replacing beacons
the use of the compass sensors which curbi-annually. The two mediums compleAmount of in-store sales
rently
are un-optimised,” claims IndoorAtlas,
ment each other very well,” reveals Dan
influenced by smartphone
Founder
and CEO, Janne Haverinen.
Ryan, CEO and co-founder, ByteLight.
in 2012

Esri and 20 other companies
have joined to form Global
In-Location Alliance to drive
innovation and market
adoption of high-accuracy
indoor positioning and
related services

19%
5%
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HERE Shows the Way
HERE has not only
spread its reach but
also ensured to keep
the users updated
about what it can offer
to them. Google and
Apple too have made
progress in this domain
but they are evasive
when it comes to
sharing the statistics.

IN

71

COUNTRIES

TOTAL MAPPED
SQUARE METERS

1.1 BILLION

EQUALS 77,000
FOOTBALL FIELDS
FLOOR-BY-FLOOR MAPS
OF
BUILDINGS

90,000

SHOPPING
MALLS

56%

GROCERY AND
DEPARTMENT STORES
RAILWAY
STATIONS

OTHERS*

12%

FIND THE FACILITIES

15%

AIRPORTS

14%

3%

ATMS, TOILETS,
ESCALATORS, INFO POINTS,
GATES, TERMINALS, AND MORE.

Source: HERE

But it is just not the technology creators who have been actively targeting this market. Indoor mapping specialist Micello claims that every pixel on its geo-coded map corresponds
to a real world latitude/longitude, and makes the positioning
service provider’s job easier. Anil Agarwal, Co-founder, VP
Business & Operations at Micello, says, “We ingest multiple forms of unstructured data in different formats such as
CAD drawings, PDFs, pictures taken from mobile phones,
and deliver a structured vector-based map that can be easily
embedded in a mobile application or a website.”

Funded by the European
Commission, i-locate has
brought together over 25
partnering organisations
to deliver open source
toolkit for indoor
positioning and mapping
solution developers
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*OTHERS = SPORTS COMPLEXES, MUSEUMS, ZOOS, PARKS & RECREATION,
NIGHT LIFE, CASINOS, AMUSEMENT PARKS, CIVIC CENTERS, RACE TRACKS.

Together we map

Working in silos although has ushered in new technologies
to map and navigate, but many experts believe that the real
answer would emerge only once the industry players collaborate. This is why Esri and 20 other leading companies have
joined together to form Global In-Location Alliance to drive
innovation and market adoption of high-accuracy indoor positioning and related services.
A similar noteworthy initiative is i-locate European project. i-locate is funded by the European Commission under
its Information and Communication Technologies Policy
Support Programme and involves over 25 partnering organisations. The first output of i-locate aims to deliver a
ready-to-be-deployed open source ‘toolkit’ that will facilitate market entry of new companies and development of
innovative businesses based on interoperable services for
indoor and outdoor location, routing and asset management
that use open geographical information for both indoor and
outdoor spaces. In addition, i-locate aims to develop a public web-portal, the so-called ‘virtual hub’ for sharing of and
interoperable access to indoor geographic information as
open data. The project aims to develop mobile applications
addressing the requirements of the project’s pilot sites —
eHealth, public and private services, cultural heritage.
“i-locate is aimed at enabling a number of indoor/outdoor

new localisation-based businesses by performing pilots of new technologies at private and
public locations across Europe,” says Catherine
Delevoye, who is associated with the project.
Small and large pilot partners are being involved
in more than 10 live market scenarios. In total,
more than 5,000 citizens and professionals are
being targeted and surveyed.
It doesn’t matter whether Open Source or proprietary solutions are the final inventors of the ‘perfect solution’. What is more important is that several industries have already started adopting and
planning pilot projects using the available indoor
mapping technologies. And this is changing the
dynamics of how these industries functioned and
connected with their customers.

Retail, the biggest gainer

60
90

Million BLE beacons
will be shipped by 2019

The percentage of time
people spend indoors

According to a report published by Environmental Protection
Agency (EPA), people spend about 90% of their time indoors.
Among all the industries that have benefited and leveraged this technology, retail remains on the top. It is estimated that on an average day, most people interact (consciously
or sub-consciously) with around 500 brands. It is anyone’s
imagination how this number would surge when we are in
a retail store. “Indoor mapping is becoming an analytical revolution,” says Simon Thompson, the director of commercial
industry at Esri. “Mapping buildings connects macro geographies — where people live and work — to micro geographies
— the environment found inside of built environments, including stores.” Successful shop owners are scavenging for more
information detailing how people shop in their stores, provide them offers that matter to them, and analyse this data to
strategise the next move with clear vision.
For instance, Australia’s Westfield Group operates one
of the world’s largest shopping centre portfolios with investment interests in 103 shopping centres across Australia,
the United States, the United Kingdom, New Zealand and
Brazil, encompassing around 23,000 retail outlets and total
assets under management in excess of $58.66 billion.
In November 2013, Westfield partnered with Micello to
announce the release of its new digital innovation: Searchable
Mall. Working with Australia’s leading retailers, Searchable
Mall was used as a stepping stone by Westfield to transform
from an e-commerce site to an online destination which helps
shoppers find what they want in their local Westfield shopping centre and helps them buy their way — either in-store
or online. The idea clicked with customers and in fact helped
Westfield to get closer to the shopper’s mind.
Although, Westfield is yet to share the final statistics, there

are other studies that vouch that indoor location and navigation technology boosts in-store
sales. Case in point, a consumer behaviour
study conducted by Deloitte Consulting found
that “digital across all platforms — desktop
and laptop computers, tablets, and smartphones — is influencing 36% of the over $3
trillion being spent across all categories of instore retail sales in US.” Smartphone devices
alone influence $593 billion, or 19% of all instore retail sales. The rate of smartphone influence has increased significantly since 2012,
when it represented just 5% or $159 billion of
in-store sales, the study found.

The others in line

For an area like public safety, where detecting the distressed
in time is neccesary, indoor positioning technologies can be
truly a lifesaver. Using rugged devices — even when there is
no cellular or WiFi service — helps to guide fire-fighters and
police officers in hazardous situations and can be the difference
between life and death. In the context of i-locate, one safety-related application implemented includes leveraging on low- cost
camera-based indoor location of vehicles within road tunnels
which are currently not fitted with any safety technology.
“Another need expressed was aimed at locating operators
within technical rooms where installed high-pressure gas
gauges make access control and monitoring highly critical
for workers’ safety. Within these contexts, indoor location
technologies are used to detect any abnormal presence of a
person in a critical area, indicating a need for assistance or
rescue,” says Delevoye.
For this specific reason, the oil, gas and mining sectors

Indoor Location-Influenced Spending
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iBeacons in the US
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iBeacon’s reach has more than
doubled in June from 400mn devices
in May 2014.
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are considered among the most promising verticals for indoor localisation
technologies. Incidentally, the i-locate project has received several expressions of interests from nuclear plants, chemicals industry, biotech laboratories
and a number of other sensitive industrial fields too.
Universities and public campuses are also turning to indoor mapping and analysis as funding diminishes and organisations strive to make the best of their taxed
resources. Mapping information can help increase energy and staff efficiency, assign space smartly, and keep track of assets and people. Such a pilot is currently
being implemented at the University of Applied Sciences in Dresden, Germany.
This guidance-related scenario is highly relevant in business parks and
exhibition halls. For instance, Technoport, a science park located in Luxembourg, which is planning to use indoor location for routing visitors and attendants to specific entrepreneurs, facilities, spaces, presentations and events
inside its business incubation facilities.
Hospitals and health facilities are also tracking the movement of patients
and equipment to ensure safety and cost savings. Geofencing using Radio
Frequency Identification (RFID) tags can provide notifications of where
equipment, staff and patients are located or when they leave or enter certain
areas. Pilot projects are currently being developed for public hospitals in Italy,
Malta, the Netherlands, Greece and Romania.
Similar challenges are currently being experienced in the smaller but very
fast-growing market of assisted-living services. The relevance of indoor-location based technologies in such a context is the scope of a dedicated pilot
at elder nursing homes in Romania. Control of their environment and their
daily agenda is considered a key enhancer for both care service providers and
assisted people in terms of quality of life and well-being.

The way ahead

As frontiers between technologies become increasingly thin, future products
tend to be a mix of different innovation breakthroughs. Indoor location offers
tremendous opportunities for such combinations. “Synergies are especially
high between geo-location, augmented reality, natural user interfaces, gaming and man-machine interaction. 3D mapping in particular is poised to offer
strong growth,” says Delevoye.
In the first innings of indoor location, however, beacons have maintained
an edge over others. The current evolution of the market which can be termed
as ‘in-location 1.0’ is about understanding the possibilities. The real change
would usher in only once the issues of micro-location, privacy and lack of
standards is pinned down. And as the indoor location technology creators
sharpen their tools, the analytic software providers are focusing on further
elevating the value of the Big Data that will be generated; just as they did with
the eCommerce industry. The action is soon expected to shift from in-store to
backend, where conversion rates and click-throughs on mobile offers will be
the first direct measure of RoIs.
As Ryan sums it up, “the real value for retailers and other end users will be
found in Location 2.0. Eventually, it will evolve to micro-targeting and winning
the last three feet.”
Supreeth Sudhakaran, Assistant Editor
supreeth@geospatialmedia.net
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Open Standards for

Indoor LBS

IndoorGML is all set to become the reference standard within
location-based services industry. It aims to provide a common
framework of representation and exchange of indoor spatial
information. By Prof. Ki-Joune Li and Dr. Giuseppe Conti

T

he increasing interest in location-based services
(LBS) calls for a standardisation effort to ensure interoperability with fast evolving technological landscape. A noteworthy effort from the standardisation
community in the domain of LBS is the recently published
ISO/IEC 24730-1:2014 standard on ‘Information technology
- real-time locating systems (RTLS)’, which defines a standardised data structure for exchange of positioning data from
real-time locating systems.
However, requirements of LBS are significantly broader than the mere exchange of positioning data. It includes,
most notably, dedicated models that can support definition
of semantic properties of indoor spaces, their accessibility,
their mutual relationship or connectivity which, ultimately, can be used to adapt to a variety of indoor navigation
requirements. The specific nature of indoor spaces make
existing approaches, traditionally used for outdoor navigation, unfit for indoor purposes as the diversity and complexity of indoor scenarios is significantly higher.
Within classical outdoor routing scenarios, navigation
systems essentially rely on road networks, which are used
to calculate the best route according to a limited number of
preferences (e.g. shortest or fastest trip). Outdoor navigation
systems account on a restricted number of parameters for each
road segment (e.g. width, type of road, maximum speed etc.)
and on additional constraints that may derive from real-time
traffic conditions. Today, more advanced traveller information system can enable routing across different transportation
means (eg bus, car, train etc.) essentially using different data
structures, which are then combined together, each relying on
an underlying street or public transportation network.

Complex indoor scenarios

Within indoor contexts, the basic concept of road networks
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— as we know — falls short, since the degrees of freedom
of the users, typically people walking inside a building, are
significantly higher than in outdoor navigation scenarios
where vehicles are supposed to be driving along the streets.
People can walk freely, without being constrained to a given
‘road’, with often no restrictions on direction flows. Additionally, the user can move across different floors, use different transportation modes such lifts, escalators etc. Also the
number of navigation constraints is most diverse and may
include, for instance, steps, stairs, doors etc. A building (or a
part of it) may be publicly accessible only at specific times of
the day or areas can only be accessed by a given user group.
To further increase the complexity, the type of users —
and the consequent navigation requirements — can be very
high, ranging from wheelchair users to indoor vehicles (e.g.
golf cart used within airports), from indoor robots (eg used
for logistics or cleaning) to drones.
Lastly, even classical approaches to navigation, such as
after 200 metres turn right, may not be entirely appropriate
in indoor navigation scenarios where relations to semantic
of indoor spaces may be more appropriate (e.g. go to the
second floor, walk past the reception, then enter the second
door to the right).

The goal of IndoorGML is
to represent and allow for
exchange of geoinformation
that is required to build and
operate indoor navigation
systems

Being able to address such articulated scenarios, yet ensuring scalability
and adaptability to various conditions
has been the inspiring principle behind
IndoorGML, the forthcoming standard
from the Open Geospatial Consortium
(OGC) whose public release is due by
September, 2014. As stated within the
specifications of the standard, “The
goal of IndoorGML is to represent and
allow for exchange of geoinformation
that is required to build and operate
indoor navigation systems”. To do so,
IndoorGML represents indoor spaces
as a collection of non-overlapping cells
with a unique identifier, which can be
further qualified through geometric, topological, and semantic characterisations,
and multi-layered space model.

Adjacency relationship between
indoor cells of transformed graph

Geometric representation

nodes and edges of the graph are referred to as ‘states’ and
‘transitions’, respectively, in IndoorGML.

IndoorGML provides a basic support for 2D and 3D geometry model of cell, which can be expressed as ISO 19107.
In 2D space, each cell is represented as a 2D geometric
object such as polygon, while its geometry is 3D object
like a cube in 3D space. The standard does not attempt to
describe architectural features, but it rather aims at modelling indoor spaces and their relationships which are then
used to support indoor navigation. Instead, whenever it is
required to describe those architecture features, this can
be done by referring — through links — to other existing
standards such as ISO 19107, CityGML or Industry Foundation Classes.

Semantic representation

Topological representation

Multi-layered space

The topology between cells is one of main concerns of
IndoorGML. Based on a mathematical theory, called Poincaré
duality, an indoor space as a collection of cells is transformed to
a graph representing the topological relationship between cells.
For example, the adjacency relationship is described by a transformed graph from the original indoor space. We can define or
derive more complicated topological relationships on top of this
graph of adjacency relationship.
Most notably, such a representation is used to derive a
network-based representation which is essential for indoor
navigation. This networked representation, which indeed
represents the indoor counterpart of the traditional road network, is formalised through a Node-Relation Graph (NRG)
that represents adjacency or connectivity between cells,
which in fact are represented by the nodes of the graph. The

A semantic framework of cells and each topological relationship between cells are also given by IndoorGML. For example, cells are semantically classified into general navigable
space, transition space, connection space, and anchor space
in IndoorGML. While the current version of IndoorGML
offers only a semantic framework for indoor navigation,
more semantics are supposed to be defined for next versions
depending on the application areas. In addition to classification of space, each cell is associated with a detail semantic
description to qualify the ‘type’ of space, for instance to define that this is a ‘waiting lounge’ or a ‘ticket desk’.

Within IndoorGML, a cell can both represent ‘topographical’ spaces, for instance a room, as well as other forms of
spaces, for instance cells of a Wi-Fi network coverage used
for indoor localisation. In fact, IndoorGML supports the socalled multi-layered space model whereby the indoor space
can be represented in many different ways.
However, it is equally possible to consider the indoor
space from a location service point of view, therefore dividing the space into areas of coverage of each antenna used
by the localisation. In this case ‘rooms’ are replaced by portions of space which represent the area covered by each WiFi antenna used for localisation purposes and can be always
represented through the concept of a ‘cell’.
This multi-layered space model supports multiple
connectivity graphs at the same time. One graph, for
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Three options to represent geometry
of each cell

instance, could be created for ‘walking users’, a second for
‘wheelchair users’. In this case, for instance, adjacent rooms
connected by a door whose width is lower than 60 cm, would
not be considered as ‘connected’ since the wheelchair could
not possibly pass through the door. The different graphs
which are stored within the various layers can be connected
by further inter-layer connections, called joint edges, yielding a multi-layered graph. Since the aforementioned concept
of ‘cell’ assumes that each of them does not have any overlapping area, an item or person being tracked can only be in
one cell (a node of the graph) at time. In the model used by
IndoorGML, this means that it is possible that, at each given
time, the object or person being tracked is within different
‘states’ (at most one for each graph) at the same time.

Multi-level approach

Most interestingly, it is possible to leverage on semantic
descriptions and on the concept of aggregation to define
sub-cells. This is particularly useful in case of large spaces,
such as check-in areas at airports, which can be further subdivided into smaller cells, for instance a cell for each checkin desk. This way it becomes possible to create multi-resolution navigation mechanism that can elegantly deal with
coarse instructions at first.

Bridging indoor and outdoor contexts

IndoorGML also provides a native way to bridge indoor
spaces (and indoor routing) with outdoor spaces. This is based
on the concept of further nodes called ‘anchor nodes’, which
can be used to represent the entry point of a building (there
must be at least one within each model of building). Anchor
nodes ensure connection with outdoor data structures allowing for a clear separation between the indoor and outdoor
domain. Additionally, an anchor node can contain information
that may be used, for instance, for conversion between indoor
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and outdoor Coordinate Reference Systems (CRS), allowing
convenient use of relative coordinate systems when indoor.

For a sophisticated, scalable model

Complex structures allow for a powerful mechanism to
address the most diverse routing requirements. It covers
many different application areas from simple indoor navigation or indoor geo-portal services, to emergency responses
(not only in a building but also in a cruise ship), robot tracking and navigations, asset management of hospitals, indoor
multimedia services, location-based marketing, and big geospatial data analysis for indoor space.
Last, but not least, the entire standard has been designed
keeping modularity in mind, through the development of a
core standard data model with the possibility to extend it
through modules. IndoorGML currently defines a single
extension module for indoor navigation and more extension
modules are expected to be developed in the next version of
the standard on the top of the core module for many applications such as indoor facility management, indoor multimedia
services, and indoor robot navigation.
References
[1] OGC, Requirementsand Space-Event Modelling for Indoor Navigation, OGC 10-191r1, 2010
[2] OGC, OGC IndoorGML, OGC 14-005r2, 2014
[3] ISO/IEC JTC 1 SC 31, Information technology — Real-time locating systems (RTLS), ISO/IEC 24730
[4] ISO/TC211, Geographic Information – Spatial Schema, ISO
19107:2003, 2003
[5] OGC, OGC City Geography Markup Language (CityGML)
En-coding Standard, OGC 12-019, 2012
[6] buildingSmart, IFC4, 2014

Prof. Ki-Joune Li, Pusan National University, Korea &
Chairman of IndoorGML Standard Working Group,
lik@pnu.edu; and Dr. Giuseppe Conti, CTO – Trilogis Srl
and Project Coordinator, i-locate, giuseppe.conti@trilogis.it

Indoor Positioning/Open Street Mapping

OpenStreetMap to
Create Indoor Maps

Integration of 3D mapping and indoor mapping is opening up new possibilities
for the OpenStreetMapping project. By Marek Strassenburg-Kleciak

“I am at a foreign airport for the first time. I nervously look
around for the check-in area, and then at the last minute I
learn that there’s been a gate change. I foolishly rush off in
what I think is the right direction, but I find myself back in the
shopping area instead of the check-in area.”
“As I’m a foreigner here, I try to connect to the WLAN
with my smartphone, but I mistype, so it doesn’t work.
Another person looks at me sympathetically and shows me
his HTC, which has an exact map of the airport. He asks if
he can help me find something. My first thought is, he’s using
Google Maps online. But he’s not. He says, ‘I don’t want
anybody automatically capturing data without my knowledge about what I just bought in which store. So I use special OSM maps that I can conveniently download at home.
OSM is an accurate map that is updated daily and that I
can use offline. It has everything I need for a trip, including
information about the airports I will be in’.”

T

he OpenStreetMap (OSM) project is not new to anyone
in the geodata industry. First ignored, then ridiculed and
criticised, but in a few years time this community mapping project has become a giant. As per the, ‘Global
Digital Map Market 2014-2018’, OSM has become a serious
(and probably long-term) rival to Google Maps.
Considering the success criteria of OSM, it can be said
that the shared benefits offered by OSM — its openness, and
the ease with which it lets even newbies capture data, as well
as the fact that the license is free yet the software can be freely used commercially — are the key factors in motivating the
OSM mappers, who now number over 2 million.
With the dynamic growth of the community, the original
OSM approach of capturing streets, paths, rivers, borders,
addresses, buildings, points of interest, and additional information such as opening hours, has been fully implemented
in more and more areas.
But the OSM members plan to keep mapping and
expanding the project. Future developments fall into two
major trends. One is, of course, the mapping of areas is not
yet completely captured. Mappers map more remote areas

using aerial photographs. This is called ‘couch mapping’ in
OSM language, and is limited to items that are clearly visible
from the air like major roads, rivers, and prominent buildings. Couch mappers also visit other target areas and take
part in projects such as Humanitarian Mapping.
Mappers also try to include new topics in the existing OSM definition by writing new proposals that expand
the definition of a map. This includes simple things like
including fire hydrants in maps (a point described as
emergency=fire hydrant) and more complex topics like simple 3D modelling, micromapping, and indoor mapping.
The introduction of the ‘Simple 3D Building Definition
(S3DB)’ pioneered this development. Just one year after the
S3DB was set up, some 370,000 3D building models were
made. Parallel to this, interesting projects came into being
like Kendzi3D, OSM2World, Opensciencemap, and the
commercial F4-maps.
In the community, ‘micromapping’ refers to the trend to
include more and more detail and precision in traditional
maps, right down to the precise mapping of road surfaces.
The indoor mapping concept opens up even more
interesting possibilities for the OSM project. The idea itself
is simple. Now that the world outside a building has been
precisely mapped, it’s time to add the interior structures of
important public buildings to the map.
The first test tools for showing such a map have existed

The creation of a universal,
open-source information
that is updated daily
and where everyone can
contribute knowledge will
open up new business
opportunities
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Indoor map of an airport

since early 2013. Since 3D mapping, which uses a different
approach from indoor mapping, also emerged at the same
time, an effort is now underway to unite the two trends
through a new, complex definition. The new definition needs
to provide the following postulates:
 Reverse compatibility with conventional OSM 2D map
rendering (especially top-view renderings of buildings).
 Simplicity and obvious for OSM mappers.
 Indoor routing.
 S3DB compatibility.
 Selection of outdoor/indoor content for real-time rendering.
 Semi-automatic import of existing 3D models made by
architects and civil engineers.
 True 3D rendering of whole structures.
 Depending on building level.
 Compatibility with Open Geospatial Consortium indoor
definition.
2D OSM indoor approach
Outdoor building
shape:
Building=Yes

Indoor structures:
Independent from
outdoor shape
Figure 1
Ways:
Footway=Yes
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New OSM proposal for indoor mapping

The first OSM indoor approach defines the building and
indoor structure separately as shown in Figure 1. The building
outline, attributed in OSM as building=yes, has no points of
commonality with the inside structure, in which all rooms are
shown as surfaces. The attributes assigned to the surfaces are
names and /or functions. The ways lead to the points of entry
to a given room.
This makes it difficult to make an accurate advanced 3D
rendering of the outside and inside structures of the building.
A generalised 2D representation is possible, however.
The solution, disputed with several involved community
members, was proposed for full 3D rendering.
All rooms will continue to be mapped as enclosed spaces
with a name (2BS02, or Starbucks Coffee, toilet, customs
office, etc.) but the rooms adjoin the outer walls. Internally,
the line dividing the rooms is always on the centre axis of
the construction wall. Walls depict the centre axes of rooms.
All walls are described with height and width, and optionally
with material, colour, or texture.
The mapper then captures the centre points of the
openings and describes the width and height of the opening and balustrade. The opening can be defined as a door,
a window, just an opening (a hole in the wall with a girder), or a niche (does not go all the way through). Special
additional attributes such as opening:direction=* for a door
or the geometric shape (window=round) together with min_
height=*, material=*, colour=* and name=* (e.g. sign on
door) give a precise description that can be used to generate
an architectural drawing or full 3D rendering.
Once a floor is done, the user draws a ceiling which

naturally has openings, for example for staircases and galleries. A trained construction engineer, architect, or CAD
draftsperson will immediately recognise familiar elements
from the typical 3D design tools used in the industry.
Without going into more detail, it will just be noted here
that construction elements like ramps, staircases, columns,
roof surfaces, roof windows, bays, dormers, and chimneys
can naturally be described in this concept.
As with all other developments in OSM, such buildings
will no doubt be added step by step. A voice from the OSM
Forum: “The building needs to be there first. Just doing the
interior (as accurately as you can) is already a step. Then an
‘architect’ comes along and dimensions it to the millimeter.
The next guy has fun entering the 3D (simple buildings tags)
and then somebody else does it even more precisely.”
Routing through the building is something that the architect knows nothing about. The most common approach is
routing with a graph net, as is also used in the OSM community. So an OSM user would see the top priority as entering
all possible routes in the building as a graph net for each floor.
The entrances to the building, which can be described
as entrance=yes / main / emergency / exit /service, play the
most important role in connecting the routing inside the
building with the conventional routing outside it. Connectors
between levels like stairways, ramps, escalators, and elevators get special designations to differentiate up from down

How to draw a simple 3D building in OSM
The following example shows how quickly a simple OSM 3D
model can be built.
The outer shell of a building is described as
building=yes.
Further 2D description:
wall=yes
width=0.3
height=5.5
roof_height=2.0
roof_shape=equal_hipped
Point description:
window=rectangular
height=2.40
min_height=0.8
width=1.50
3D result as shown in Figure 2.

3D Result

2D Shape
Building=Yes
Barrier=Wall
Window=Rectangular

Figure 2

A simple 3D building
Benefits

In large public buildings, in particular, indoor maps can help
visitors find their way quickly and reliably. Examples include
large hospitals, airports, universities, shopping malls, museums, etc.
If the new OSM modelling approach described here is
adopted, the OSM map, as seen by the stranger at the airport, can look more realistic but without disturbing details
and three-dimensional, like in simple 3D computer games.
The OpenStreetMap approach offers numerous possibilities
for the future of the geodata industry like:
Universal navigation systems: Detailed descriptions of
parking lots including headroom, escape routes, barriers, ticket machines, elevators, emergency telephones, opening hours,
toilets etc.; train stations; airport navigation; and changing exhibitions in exhibition halls.
Emergency and rescue maps in apps: In conjunction with
location-based services, these kinds of maps can be used for
temporary events. Temporary barriers, emergency exits, and
emergency meeting points can be entered quickly, made visible on the app, and then removed after the event. The safety
of escape routes out of buildings can be checked.
Scientific analyses and simulations: Smog, smoke, and
fire propagation through buildings or entire building complexes, earthquake safety etc.
The creation of a universal, open-source information that
is updated daily and where everyone can contribute knowledge will open up entirely new business opportunities for
many companies. The French national railway SNCF is already working with the OSM community, for example, and
the Yellow Pages in Poland use OSM in the conventional
manner. So the future looks interesting for innovations in the
geodata field. As a frequent flyer, I’m looking forward to it.
Marek Strassenburg-Kleciak, Senior Manager,
New Business Development, Elektrobit — Automotive
marek.strassenburg-kleciak@elektrobit.com
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Open Standards

A Must for
After several years of missed
expectations, the location-based
services market is now expanding
significantly. But, can an open
source LBS toolkit based on open
standards help unleash the full
potential of ‘hybrid’ indoor and
outdoor LBS? By Stefano Piffer,
Prof. Ki-Joune Li, Massimo
Barozzi, and Dr. Giuseppe Conti

I

t is said that we spend on an average 80-90% of our time
indoors, yet the large majority of mapping and navigation systems which are available in the market today are
essentially designed for outdoor use. Conversely, it is
widely acknowledged that integrated indoor/outdoor location,
tracking and management of assets (human and material) are
key drivers for several domains, potentially enabling high
value-added scenarios ranging from e-government services
to eHealth, from personal mobility to logistics, from facility
management to retail.
The rapid technological development of indoor location
technologies, which now allow up to sub-metre precision,
together with the cultural readiness of the general public
to use mapping and navigation applications for a variety
of activities during their daily lives, has created the ideal
conditions for significant uptake of LBS technologies.

Market relevance of indoor LBS

Several analysis highlight the market relevance of indoor
location and mapping applications which are set to “revolutionise how businesses reach mobile consumers and enhance
their experiences in a variety of public places, particularly indoors”. In fact, while 3D and turn-by-turn directions have become a commonplace within most navigation systems, indoor
localisation is now being regarded as the next big market op-
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Hybrid

LBS

portunity in the navigation market. As noted by ABI Research,
“the indoor location market sits on the cusp of a wave, with
the market set to reach a significant number of installations in
2015-2017.”
While, historically mobile operators played a leading role
in the LBS value chain, in recent years, big corporates and
small start-ups have started entering the indoor location market. According to a recent market report by IndoorLBS, there
were around 150 plus companies working in the domain of
indoor LBS (as of March 2013). Small but fast growing companies such as Micello, Aisle 411, Point Inside and Qubulus
are acquiring a leading role in the market. At the same time,
there has been a clear interest from large corporates such as
Apple, as testified by their acquisition, for U$20 million, of
Wifislam, a company specialising in indoor location.
However, there are still few key barriers that prevent innovation and business activities on a large scale in this domain, including, most notably:
• Widespread availability of indoor mapping information on
a large scale.
• Lack of technological ecosystems that can be used to facilitate take-up of innovative services based on location within
hybrid indoor/outdoor scenarios.
• Lack of policies balancing the technology of location with
the need to assure locational privacy.

• Limited support to hybrid indoor/outdoor LBS by current
standards.

Open vs closed indoor data

Major corporates are investing significantly to create largescale indoor mapping databases. Especially in the case of
public buildings or publicly accessible buildings (eg a shopping mall or an airport), having access to the interior geography can allow creation of innovative businesses or services
with high economic and/or social benefits leveraging on:
• People presence and navigation: To better assist users or
to support specialised operators. For example, customer support within retail space, hyper-local marketing campaign etc.
• Asset tracking and management: To improve localisation of devices and machinery in order to improve their
management, maintenance and use.
Players such as Nokia, Microsoft or Google, to name a few,
have started large-scale acquisition campaigns of indoor venues. The result is the availability of indoor maps of thousands
of locations through their mapping products. Analysts by IMS
Research predict that, as result of this trend, up to 1,20,000 indoor venues could be mapped by 2016. Even more optimistic
figures have been predicted by ABI Research, which foresees
that by 2017, up to 5,00,000 indoor venues will be mapped and
made available to consumer applications.
An increasing number of experts argue that, in the medium
to long term, a ‘closed’ approach to indoor data may be of limited success. ‘Closed’ or otherwise proprietary systems, do not
grant any control to the owners of indoor spaces. This could discourage owners of public spaces (eg public administrations) or
of publicly accessible spaces (eg retail spaces, shopping malls
etc.), which would find themselves depending on the third party
service providers to ensure that the maps of their premises are
published or promptly updated.
The advocates of open data argue that, in the aforementioned cases, ‘open’ indoor geographic information (GI) ensures a more successful strategy. Those in favour of the development of indoor mapping repositories as open data quote
the example of OpenStreetMap (OSM) which has shown how
open geographic information can become a strong driver for
innovation and a catalyst for new businesses and services.

Google, Microsoft, Cisco, Skyhook, Navizon etc.
However, such diversified technological landscape presents
a critical challenge. There is no single hardware-independent
software system that can be used on top of different hardware
technologies. In fact, most location technologies rely on non-interoperable software solutions and therefore cannot be easily
integrated within a common technological framework. This obviously limits the widespread uptake of indoor LBS.

Open data, standards for hybrid LBS

The two aforementioned barriers are being addressed by the
project i-locate, indoor/outdoor location and asset management through open geodata, (www.i-locate.eu). The project
is funded by the ICT-PSP programme of the European Commission within a specific strand on ‘open data experimentation and innovation building on geographic information’.
In short, the goal of i-locate is two-fold. First, it will create a ‘virtual hub’ for user-friendly creation, sharing and publishing of indoor maps as open data. The ‘virtual hub’, which
has been designed as a geoportal, will be publicly available
and will ensure access to indoor maps of public or publicly
accessible spaces such as hospitals, public offices, shopping
malls etc. Interoperability of the portal will ensure maximum
accessibility to indoor data via OGC standard services (eg
WFS, WMS). Most notably, the portal will be designed to allow support to IndoorGML, the forthcoming standard by the

If we analyse the fast-evolving technological landscape, an
increasing number of accurate indoor localisation devices
based on technologies such as Bluetooth, ZigBee, Wi-Fi and
UWB, allow real-time location within indoor spaces. While
there is a long list of specialised companies offering indoor
LBS solutions for specialised markets (both hardware and
software), the general market is held by players like Apple,

Courtesy: KTNET

Technological ecosystem

Fing’s indoor map of Seoul’s Gangnam Station shopping mall
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Overall approach followed by the i-locate toolkit

Open Geospatial Consortium (OGC) which is set to become
the reference standard for indoor location based services.
The portal will allow creation and management of all the
features necessary for indoor LBS, from upload of CAD files
to their re-projection, from the definition of indoor zones and
sub-zones to the semantic qualification of spaces (eg to identify ‘check-in areas’ from ‘waiting lounges’) etc.
Secondly, i-locate is developing an extendible open
source software ‘toolkit’ specifically designed for convenient
creation of location based services. The toolkit is designed
in a hardware-independent fashion in order to provide an
abstraction on top of the underlying location technologies.
The LBS that will be developed by i-locate will be accessible from mobile devices that will complement the service
toolkit, allowing crowdsourcing of information regarding indoor spaces as open data. Due to the extensive use of location
technologies, i-locate has paid specific attention to the development of a privacy impact assessment (PIA) and privacy
threat vulnerability and risk analysis (TVRA). The technology
has been designed to ensure sound privacy and security policies, for the highest protection of personal/critical data.
Both the portal and the toolkit will be validated for one year
in a large number of pilot locations across Europe (currently
15 locations in several countries) focusing on e-Health scenarios (e.g. hospitals, retirement houses) and other public services
(e.g. museum, public offices). The results of the pilot phase will
be analysed to perform economic and social impact analysis.

Business relevance of i-locate

i-locate has been engineered to address very clear market requirements emerging from a core of specialised SMEs. The
strategy followed to ensure significant economic business
impact gets delivered is based on three pillars.
First of all, the technology that is being developed will act
as a facilitator to enable a number of indoor/outdoor (based on
existing open data) businesses. The open source nature of i-locate will stimulate innovation and business activities around
indoor geographic information. To this extent the project will
also leverage on the smeSpire community, the largest network
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of geo-ICT SMEs in Europe, to ensure that the relevant critical mass is created around the results of i-locate.
Secondly, the support of open standards from OGC will
ensure convenient scalability to other technologies through
support of common communication protocols. At the same
time, adoption of open standards for the portal will ensure
access and sharing through the Internet of open GI related to
publicly accessible indoor spaces.
Thirdly, the i-locate portal for indoor GI will follow the
open data paradigm. The portal is expected to grow far beyond the boundaries of the pilots. This will create a significant
impact at the EU level facilitating start-up of businesses based
on indoor mapping data of publicly available spaces.
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Indoor Mapping/LBS and Retail

The Real Game

Changer?

The growth of the Location Based Services (LBS) market is being
driven by the widespread use of tablets and smartphones. The advent
of new generation wearable devices, such as Google Glass, will heavily
leverage on localisation as one of the most relevant feature. Analysts
predict that the key areas driving revenues for indoor LBS will be
navigation, localised searches and location-driven advertising.
By Dr. Giuseppe Conti, DiegoTaglioni, and Leonardo Plotegher

I

n the retail domain, the impact of indoor location technologies will be very significant. According to Berg Insight,
the Location-Based Advertisement and Marketing (LBA)
spending in 2011 was already €192 million (or 5.0% of total mobile advertising spending). However, real-time LBA will
grow at a compound rate of 90.9%, rising to €4.9 billion in 2016
or 28.3% of all mobile advertising and marketing. A 2013 report
from xAd has highlighted that in the US, 95% of advertising
companies are using some form of location-based advertisement. Precise geo-location is among the top requirements, with
a growth in triple figures being registered on a yearly basis.
This growth is to be framed within the overall (i.e., outdoor and indoor) predicted growth of the LBS market. This,
according to Pyramid Research, is expected to grow from
$2.8 billion in 2010 to $10.3 billion in 2015 at the global
level. According to ABI Research, this is not only a trend to
be found in Europe and US but it has been witnessed in the
BRICS countries with a substantial rise of LBS, found es-

pecially in the retail, mobile analytics and mobile advertisement market, whose figures will exceed $6 billion by 2017.
The importance of being able to localise with high accuracy and in real time people, and customers, within the
retail domain however, is set to deeply affect retail business.
Indoor LBS in fact are set to become a game changer in the
way shop owners and customers behave.
On one hand, indoor location technologies can be clearly
used to deliver accurate indoor navigation features, delivering
thereby a better shopping experience. On the other hand, the use
of indoor location technologies will let shop owners analyse the
behaviour of their customers within their retail space allowing
them to extract key spatio-temporal patterns. Analysis of movements can be used to identify hot and cold areas (areas where
customers stay or do not stay over time), or to extract objective
metrics related to customers’ preferences for instance leveraging on the time a customer stands in front of a given product.
The capability of leveraging on the position of the users within
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retail spaces (e.g. within malls or shops) can allow shops engaging them through marketing actions that are closely tightened to
their preferences and social network profiles.

Indoor navigation

The first natural consequence of the availability of indoor
location technologies within the retail world is associated to
indoor navigation features. Examples could be development
of mobile applications that, based on the users’ preferences
or shopping requirements, can guide them through the retail
space through optimised routing. Next-generation navigation
app could, for instance, be tuned for minimum navigation
time, needed for instance when rushing to buy few items within a large supermarket, or to maximise shopping experience .
While online shopping has essentially moved people away
from real world retail spaces in favour of their virtual counterpart, indoor navigation technologies could help reverse
this trend by creating applications capable of maximising the
gratification of physically visiting a retail space, yet with the
convenience of being guided through it in an efficient way.

baskets), as well as on the use of cameras. All approaches
present pros and cons, and a tailor mix is required for most
retail companies.
Another important source of data is related to the interactions of customers with products. This can enrich the analysis of movement patterns to provide a deeper understanding
of the whole purchase funnel, helping store and marketing
managers to optimise their commercial offer.

Key enabling technologies

In the retail world, the overall layout of the store, the distribution of aisles and furniture, the location of various products
within the shop is based on the potential interest that products
can draw from customers. Being able to understand the way
customers move within the retail space is essential to maximise the selling potential of the displays. Traditionally, the analysis of movements of people within the retail space has been
done empirically, based on the experience of marketing managers. Being able to provide metrics, including footfall levels,
movement patterns and queue analytics, can be used by store
managers to optimise the placement of goods, to measure the
effectiveness of store layouts and to improve staff management.
This particular activity can benefit from the availability of
indoor technology capable to track, with high accuracy and
in real time, the position of customers within the retail space
over time. Several approaches have been proposed based on
the use of tracking of devices, for instance smartphones, or
tags (which can be embedded in shopping carts and shopping

Cameras: An innovative approach relies on the use of
computer vision techniques to extract, from images captured
in real-time from 360-degree cameras mounted on the ceiling, the position and the movement of people indoors with a
few centimetre precision (Fig. 1).
It is important to highlight, that the system is privacy-savvy because the video flow is never visible from any operator
or staff. Instead, the video stream is directly processed by
dedicated software that, through dedicated computer vision algorithms, extracts the position of the various users.
For obvious privacy reasons, once the position of people is
identified, the original image is deleted. In addition, no face
recognition is ever performed. In other words, the system
deals with various people within the scene in a completely
anonymous way. While the system is able to understand that
a number of users are moving within the indoor space, it is
never ever aware of “who” these users really are.
The information on the movement of the different users
is further processed to remove inconsistencies, typically
when two persons are partially occluding each other. Information on the various people present within the retail space
is time-stamped and stored within a database.
An analytics engine can be then used to derive analytics
useful for the marketing staff. As visible in Fig. 2, marketing
staff can dynamically create areas of interest, which can be
used to derive spatio-temporal indicators on how long people
have stayed within each area. The analysis can also be used to
perform sophisticated geofencing tasks, like to identify where
people statistically move from or to, within a shop, or to count
how many people get close to a given part of the retail space.

Fig 1: A 360 degree camera mounted on the ceiling can track
the movements of several concurrent users in the same room

Fig 2: Web-based application (EyeDisp by Trilogis) for indoor
LBS. The application allows dynamic fractioning of spaces (see
panel on the left) with superimposed heat maps.

Analysis of customer behaviour

It is thus possible to identify how many passers-by have
entered a shop and — in turn — how many have moved
down to each of the areas or unit of the shop. Most notably,
since indoor location data are constantly saved, the analysis
can also be performed by changing areas or sections ex-post.
An easy-to-use interface allows performing all these tasks in
a very simple manner without any specific analytics skills.
The impact of such an approach at the retail level is
potentially enormous. By having analytic indicators of
spatio-temporal behaviours of customers, it becomes possible to assess the impact of new showcase introduced within
the shop. The impact of new layout can be assessed analytically, so can be the location of so-called “hot” areas, where
the customers spend most of their time.
In addition, spatio-temporal analysis can be further integrated with sales figures. As illustrated in Fig. 3, it becomes possible to compare hot areas against position of “hot” products, i.e.
products with higher marketing interest. These are illustrated
in the figure by circles whose size identifies the number of sold
units while the colour represents the profitability.
By dealing with (indoor) geographical data with an intrinsic time-changing nature, it becomes possible to perform
comparisons between figures at different times. For instance,
as illustrated in Fig. 4, shop owners or marketing managers
can compare distribution of movements of their customers
between, before and after a change to the layout of the shop.
 Tags and smartphones: Wireless technologies can be
used for tracking objects (typically shopping carts and baskets) and people. As an example, WiFi is becoming popular in brick and mortar shops to track WiFi-enabled mobile
devices, Bluetooth low energy (BLE), either in the form
of iBeacons or of tags represents an appealing alternative,
which is currently gaining traction in the market.
If compared with camera-based approaches, typically
the use of tags and/or smartphones provides lower coverage. Yet, it presents the advantage that it enables end-to-end
analysis. Indeed, one of the most complex problems of computer vision is that of re-identification, which makes it hard
to reconcile images from different cameras in such a way to
reconstruct the movement pattern of shoppers. This is par-

Fig 3: Integration of location data with sales figures.

ticularly important for grocery stores, where the movement
pattern is a key marketing metric.
As an example, by equipping shopping carts and shopping
baskets with BLE-compatible tags it is possible to reconstruct
end-to-end movement patterns of shoppers, together with footfall levels and dwell times for the various areas of a store.
 Targeted advertising: While analytics represent interesting business opportunities, it represents only one side of
the coin. By being able to measure accurately the position of
users within a shopping area, it indeed becomes possible to
deliver her/him targeted advertising, where the ads and offer
reflect both the position of the user (e.g., discount on nearby
products) as well as her/his interests.
From the technology standpoint, this requires linking the
positioning data (which can be acquired, as we saw, with
cameras, tags etc.) to a personal display. In case the tracking
device is the smartphone itself, this comes for free as the
smartphone (through a proper app) can be used to display
ads and offers as well. In the case of a tag embedded in the
shopping cart, a display could be added to the shopping cart
itself. In the case of cameras, additional technical means
need to be deployed.
It is worth remarking that, as we move from anonymous
tracking of people to personalised LBA, privacy issues need
to be considered. In this case indeed the information collected
could — potentially — make customers ‘identifiable’, which
in turn means that the data collected is to be considered, in
legal jargon, personal information and treated according to
relevant regulations and policies. The application of privacy-by-design approaches is going to become a key enabler for
ensuring LBA and LBS will meet their full potential.
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Fig 4: Comparisons of customers’ spatial behaviours between
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Indoor Mapping/Case Study

Going the CERN Way

From Floor Plans to
Asset Management

CERN has developed a unique indoor mapping solution to facilitate
the management of its premises and assets

CERN’s surface and underground infrastructure near Geneva

T

he European Organization for Nuclear Research or
CERN is an international organisation dedicated to
fundamental research in the field of particle physics.
Around 1,000 underground structures (works) and
buildings are distributed across two major sites and eight
secondary sites over a 27-km circumference underground accelerator. Given these figures, it is obvious that cartographic
management of infrastructure, space and equipment is an
important issue.
There are nearly 10,000 people working on different CERN
sites, a good 50% of whole work is relatively transitory. They
are academics, present for a few months or years, or technicians with limited duration contracts allocated to the management and maintenance of infrastructure and equipment. It
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is therefore easy to understand that the mapping of existing
buildings is essential for purposes such as security, space management, orientation or location of equipment to maintain.
Precise management of infrastructure and equipment (assets) has become fundamental in most organisations and communities of a certain size due to the benefits provided in terms
of safety, productivity, quality and efficiency. Geographic information is a critical parameter of this management.

From CAD files to GIS

Until the early 2000s, CERN managed its floor plans using
CAD software (one file per floor => 1300 files). In order to
integrate these plans into a GIS and to benefit from database storage, advanced symbology, labelling and research,

Floor plan in site view

an original solution called ‘Planotheque’ was developed. It
consists of a matrix (table) of 22 rows and 7000 columns,
totalling approximately 150,000 squares (representing 200
metre x 100 metre in real dimensions), each hosting one of
the 1,700 floor plans. All the floor plans are then drawn on a
unique GIS layer where features can be filtered by attributes.
This system ensures perfectly oriented plans that are easy
to print, but also, using GIS functionalities, allows the production of thematic maps based on associated data such as
personnel, risks, etc.

Georeferencing

One drawback of the above-mentioned model (Planotheque)
was that each floor had its own plane coordinate system,
and it was therefore not easy to visualise the relationship
between two adjacent buildings (floors).
Therefore, the team decided to calculate once and
for all the transformation parameters to switch from this
independent system to the global coordinate system used
for the representation of all CERN sites. Each floor has
its own transformation parameters (rotation, translation,
scaling) and is georeferenced daily and automatically so
that it overlays with the building to which it belongs on
the site plans.
The issue of displaying superposed floors is addressed by
adding a ‘slider’ tool to the websites, which is activated by
users to filter the floor they need to display.

Application to asset management

The system in place now allows every user to search and
pinpoint not only rooms but also each and every piece of
equipment on the CERN site.

Many departments at CERN have become interested in
this tool for maintenance of their equipment. Desktops and
web interfaces were set up so that they could geotag and
draw objects in the GIS database.
There are now some 25,000 features logged, such as fire
extinguishers, computer racks, electrical cabinets, IT sockets, access control devices… not even counting the 16,000
superconducting magnets of the accelerator. Users can now
benefit from a web-accessible positioning system, including
updated base maps, which was not the case when this information was stored in CAD drawings.
However, the most important benefit is the sharing of
information. Each department at CERN can view the information entered by other services in a common coordinate
system and interface.
All kinds of geographical relationships between equipmentare now possible to aid decision-making: racks and
computer sockets, fire extinguishers and chemical hazards
etc. In fact, one of the biggest users is the CERN Fire Brigade, which by entering its own equipment (fire extinguishers, etc.) in addition toother user’s features obtains basic
plans for their interventions automatically.

Conclusion

CERN has developed a visualisation system of floor plans
based on GIS. This system has paved the way for geotagging
of equipment on a common database and interface for the organization, a concept which subsequently improves the quality, safety and speed of management and interventions.
Y. Robert, Head of Patrimony and Site Information,
CERN/GS-SE
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Mapping Building
Interiors Automatically

A leading baseball team utilises semi-autonomous mobile robotic platform to
scan their clubhouse and build a 3D model to give fans a first-hand experience
of the interiors of the building

A

s a Major League Baseball team, the San Diego Padres
often has to balance between requests from ardent fans
interested in visiting their facilities, and protecting the
privacy of the players. Even when visits are allowed,
the franchise has to carefully guard the clubhouse — an almost
sacred place for baseball followers — as most players have
their personal stuff in the lockers. This is why the visits are
limited.
The Padres team management approached the professionals
of Sanborn Platform for Indoor Mapping (SPIN), an autonomous indoor mapping robot, for scanning their clubhouse. The
team wanted to scan the clubhouse using SPIN and model it in
3D, so that fans could virtually walk through it from the comfort of their homes. An engineering grade accurate LiDAR point
cloud could also help the facility managers run simulations in
the future about alternate room layouts, acoustic modeling of
the interiors and documenting the as-built conditions.
Once on-site, the SPIN robot took about 7 minutes to
autonomously cover the entire clubhouse (about 3,700
sq feet in area). All along, it self-navigated between the
furniture without requiring any pre-programmed trajectory
or targets and avoided automatically obstacles (including the
people present) in real-time. The clubhouse was measured
by its onboard LiDAR sensors and an accurate 3D point
cloud of laser points was produced in less than 20 minutes!

Traditional vs SPIN robot

Such a speedy workflow for accurately mapping and documenting as-built indoor environments has been unheard of
till recently. In the current approach for scanning building
interiors — by using terrestrial scanners on tripods — surveyors have to set up the equipments repeatedly to collect
scans around occluded objects. This data acquisition process becomes cumbersome quickly in residential or office
space settings where furniture and structural elements, such
as walls, obstruct the laser scanner’s field of view. The
post-processing also requires importing the scans one-by-
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Point Cloud of the San Diego Padres’
Clubhouse, collected and generated by SPIN
(acquisition time: 7 minutes; processing time:
18 minutes)

one (about 7 minutes per scan import) until the entire point
cloud is stitched together, with or without targets added in
the scene.
Sanborn has a rich history of accurately mapping the
outdoor environments from both airborne and ground-based
sensor platforms. Extending the mapping services portfolio
to indoor environments is a natural progression of the firm’s
spatial modeling capabilities. However, mobile mapping
solutions for indoor environments have suffered from the
lack of GPS, as it makes tracking the LiDAR sensors indoors
challenging. Areas with bad or no GPS signal outside are
usually mapped by interpolating the speed of the collection
platform and/or measurements from the inertial measurement
unit (IMU); this approach cannot be easily adopted for interior
environments.
Recent advances made in the fields of robotics and computer vision have made it possible for tracking the sensors
even in GPS-denied areas where robots need to autonomously navigate unknown environments. These capabilities are
important in search and rescue (S&R) situations after natural
disasters and for battlefield surveillance. Such robots scan

the surrounding environment to build situational awareness,
detect any openings (doors/windows) to explore and keep
track of their position in space from the local point of origin.

Automatically mapping interiors

Sanborn researchers realised that if they could adapt the 3D
modelling capabilities of S&R robots, the indoor mapping
problem would be solved near-perfectly. A constant focus on
accuracy resulted in the following functional specifications
for Sanborn’s indoor mapping solution:
• Range measurements from 0.1m (minimum).
• Angular resolution of less than 0.5 degree.
• Scalable automated process for data acquisition with min-

imal human involvement.
• Robust enough to withstand extended use (3-4 hours at a
time) in normal indoor environments.
• Efficient automated post-processing of data.
• Able to produce 3D point clouds of the environment and
2D floor layouts.
• Flexible enough for future sensor needs.
Sanborn’s solution for indoor mapping is different from
the existing approaches owing to its emphasis on providing
an autonomous data acquisition platform, an affordable,
scalable and repeatable solution, and an engineering grade
accuracy point cloud. The latter is key since engineering
grade accuracy enhances the usability of data beyond a purely visualisation perspective, i.e., it can act as the basis for
solving and meeting real-world analytical problems.
The SPIN combines 2D Simultaneous Localisation and
Mapping (SLAM) system based on the integration of laser
scans in a planar map (using scan-matching) and an integrated 3D navigation system based on an IMU. The combination of high update rate simultaneous on-board 2D mapping,
6 degrees-of-freedom pose estimation and 3D modeling,

consumes low computational resources and thus
can be used on low-weight,
low-power robots, and requires
low-cost processors. The system also uses a depth camera to
detect obstacles in front.
SPIN currently outputs the
following data: [1] a 2D map of
the indoor environment; [2] a 3D
LiDAR intensity point cloud of
the building interiors; and, [3]
a topological map of the indoor
elements. The dense and accurate
3D LiDAR intensity point cloud
can be vectorised to extract the objects in the scene. This can further
be used to build an inventory of the
quantity, locations and dimensions
of objects, including office furniture,
computer/machine equipment, etc.
Sanborn’s indoor mapping in- SPIN is a semi-autonomous
itiative is aimed at scaling up the mobile robotic platform
designed for indoor mapping
accurate documentation of as-built applications
conditions. This is essential to allow
the facility stakeholders (owners,
engineers, architects and facility managers) to remodel the
space, simulate alternate layouts and even update the floor
plans — a common problem for old buildings.
In the near future, it will be commonplace to witness
multiple self-navigating scanning robots quietly moving
around different floors of multi-storied buildings simultaneously, going inside cubicles and office spaces, detecting
and avoiding obstacles by themselves and returning to the
starting point when they finish scanning. The possibilities of
such advances for applications such as navigation, 3D printing and augmented reality video gaming are only limited by
our imagination!
Sharad V. Oberoi, Technical Development Manager,
The Sanborn Map Company, Inc., soberoi@sanborn.com;
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Mapping in
the Cloud
The evolution of the Internet and the World Wide Web has
significantly shaped the production and distribution of maps
worldwide. By Michael P. Peterson

C

artography, the art and science of making
and communicating with maps, has evolved
through the years to incorporate new tools and
methods of data acquisition and map presentation. The discipline can trace its origins to Greek scholars
over 2000 years ago, with a history marked by a number
of intellectual accomplishments that have furthered our
understanding of the world and its representation. Beginning in the early 1960s, the computer was used to make
maps. Initially, paper maps were ‘digitised’, literally converted to numbers. Eventually, these digitised maps would
be distributed between computers through the Internet.
Along the way, new and related areas of study developed
including remote sensing — the use and analysis of imagery taken by aircraft and satellites — and GIS — the
input, manipulation and analysis of geographic information
by computer. Today, cartography and these areas of study
are put under the umbrella of ‘geospatial technology.’ A
central activity in all areas of geospatial technology is the
making of maps.
The Internet is a global computer network linking computers in different continents that are thousands of miles
apart. Its development was revolutionary for maps, similar

Like printing, the Internet
increased the availability
of maps, but the Internet
moved a step further and
combined the printing and
distribution in a single step
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to the invention of printing. Maps were not duplicated in
mass until the mid-1400s. Before this, they were reproduced
by hand and very few existed. As a result of printing, more
people had access to maps and thus had a better understanding of the world. Like printing, the Internet increased the
availability of maps, but the Internet moved a step further
and combined the printing and distribution in a single step.
One of the major benefits of this new age of mapping is that
maps could be made available to the user in a fraction of the
time required to distribute maps on paper.

World Wide Web and maps

Introduced in 1991, the World Wide Web (WWW) is a particular protocol of the Internet conceived at the European
Particle Physics Laboratory (CERN). It was intended to
assist researchers in high-energy physics by linking related
documents. The developers wanted to create a seamless network in which textual information on high-energy physics
from any source could be accessed in a simple and consistent way. Sir Tim Berners-Lee, director of the World Wide
Web Consortium (W3C), played a major role in designing
the system.
As originally conceived and implemented, the World
Wide Web consisted only of text. Two university students in
the United States, Mark Andreesen and Eric Bina, working
at a supercomputer laboratory at the University of Illinois
at Urbana-Champaign, recognised that the Web would have
limited acceptance as a text-only system. They added the
display of graphics, sound and video with the Mosaic web
browser introduced in March, 1993.
The www as re-invented by Andreesen and Bina fostered a series of developments for the delivery of maps. Web
Mapping Services is sometimes narrowly defined as a set of
protocols that assist in the delivery of maps and the underlying information. A somewhat broader interpretation is taken

here to include any web-based technology that assists with
the making or delivery of a map.
The online map is a product of the Web. Although maps
were distributed through the Internet before the introduction
of the World Wide Web, it was the Web that made it possible
for large numbers of people to access both static and interactive maps. By the end of the 1990s, it was estimated that
200 million user-defined maps were distributed within Web
pages on a daily basis.
The client/server architecture is the major distributed
computing model. In this system, the clients’ request services are provided by servers. The server may be viewed
as a dominant computer that is connected to several other
client computers with fewer resources. In this system, the
user’s client computer communicates with a server through
a specific protocol. Most often, the server resides in a data
centre that houses a cluster of computers that respond to user
requests. A client computer requests their services using the
Internet as the medium of communication.

Distribute computing

The distributed model provides an open and flexible environment in which a wide variety of client applications can
be distributed and used by large numbers of computing devices, including mobile phones. Client/server computing
has already reshaped the way computers are used and is affecting nearly every facet of our lives. Some predict that all
computer applications in the future will be in the cloud on

Courtesy: M. Peterson.

It has been reported that, in the case of a natural disaster such as an earthquake, Google data centres in California have
contingencies to acquire diesel fuel by helicopter to continue operations

a system of distributed computers. An example is Google’s
GDocs, a series of online applications for the creation and
distribution of word processing, spreadsheet, and presentation documents. Cloud-based environments such as Amazon
Web Services are another example of distributed computing.
Servers reside in data centres that are housed in specialised buildings, usually without windows, that contain a large
number of computers. They require uninterrupted power
and diesel generators provide emergency backup in case of
a power failure. A lead-acid battery backup system is also
in place to power the computers until the generators are up
and running. It has been reported that, in the case of a natural disaster such as an earthquake, Google data centres in
California have contingencies to acquire diesel fuel by helicopter to continue operations. It would be difficult for any
individual to implement these types of backup contingencies
to maintain the operation of a server.
On-demand, Web maps began appearing soon after the
introduction of the Mosaic browser in 1993. Commissions of
the International Cartographic Association, including but not
limited to the Commission on Maps and the Internet, have
been furthering this new method of map distribution through
research, education and practical workshops. This work has
culminated in several books, including the most recently
published Mapping in the Cloud by Guilford Press.
Michael P. Peterson, Chair, Publications Committee
International Cartographic Association
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