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editor's 
note

Ashok Prim
Editor

I   n an earlier editorial, on the concept and creation of smart cities, I had 
stated that ‘Most of the works or projects currently being taken up under 
the smart city project are in the nature of infrastructure development’. This 
is largely true even now. Setting up of infrastructure leads to the creation of 
new facilities and services which help to alleviate the quality of life for the 
inhabitants of a smart city.
In another editorial on rural development, I had stated that ‘Provision of 
water, electricity, health facilities, education and resources to store, 
transport & sell their produce will ensure long-term development in rural 
areas’.
 
It can be seen that in the current context of development that there is an 
urgent need to bring both the urban and rural domains under the ambit of 
wholistic infrastructure development. A lot has been done but it is also true 
that a lot needs to be done to provide the necessary infrastructure for the 
betterment of all the segments of society.
 
Geospatial Technologies are at the forefront of creating, updating and 
motoring infrastructure. Advanced Geospatial Technologies will enable 
faster and more accurate surveys to create road, rail and air transport 
networks; electricity, water, gas pipelines; telecommunication facilities and 
optical fibre cables, health, education and training facilities to provide 
amenities and utilities for the well-being of the urban and rural populace. 
Geospatial Surveys & GIS technologies can be used not only to monitor the 
condition of infrastructure but to also determine the need of any 
infrastructure to provide the ideal location of health centres, schools, 
colleges, vocation/training centres, veterinary hospitals etc in an area for 
the benefit and upliftment of the all segments of society. With specific 
information, infrastructure & amenities can be set up for the development 
of women and the girl child.
 
As humans evolve there will be changing precepts, norms, lifestyle & 
standards, technologies and aspirations. To meet these requirements, 
infrastructure will have to be created or updated. Infrastructure 
development is then a continuous process of providing environments for 
societies to grow.
 
I must add a word of caution here. Rampant development also has its 
downside. Societal needs of clean air; green and eco-friendly growth with 
less polluted cities, towns, rivers and water bodies; sanitary and hygienic 
living conditions; preservation of natural and cultural heritage; propagation 
of traditional practices and livelihood, amongst others, are equally 
important. Here again Geospatial Technologies, Geospatial Surveys & GIS 
technologies can efficiently deliver on safeguarding these critical 
parameters.
 
Policymaker must internalise the use of Geospatial Technologies, 
Geospatial Surveys & GIS technologies as part of all planning processes for 
development to deliver long-term benefits to society.
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by  Ana  Isabel  Martínez

      he rapid population growth, the
increasing demand for land – both
for settlement and for agriculture –
and the industrial developments are
driving land degradation including
wetland changes in Uganda.  In
addition, the significant pressure on
land deriving from human activities
is complicated by the current
complex land ownership patterns
that exist in this country today.  
 
Uganda is facing several challenges
encompassing a decentralisation of
land management, scattered local
and central institutions and, most
importantly, a manual cadastral
system of land administration
difficult to keep up to date with  

consistent information. All these
factors affect the growth of
ownership’s demands of land in
wetlands which many people claim
through titles. 
 
Elaborating a reliable and efficient
land administration system for the
entire country is a prerequisite to
boost sustainable urban development
and protect wetlands. It would also
help to mitigate the current difficult
processes associated with obtaining
and transferring evidence of land
ownership as well as generating a
more attractive environment for
investment. 
 
Providing Very High Resolution (VHR)  

Hosted in Amazon Web Services using Esri ArcGIS
technology , Deimos Imaging ’s imagery service allows
users to have access from various devices and locations .  

T

Whether users are
future-focused or
exploring the past,
they can get
constant and
reliable access to
seamless data on
the cloud and get
any area of interest,
every day, directly
into their
applications and
desktops. 

Ana Isabel Martínez  
Communications Manager 
DEIMOS IMAGING, an UrtheCast Company 
Email: ana-isabel.martinez@deimos-  
           imaging.com 

About Author 

A CLOUD-BASED IMAGERY SERVICE FOR
LAND MANAGEMENT IN UGANDA

I N D U S T R Y
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Cloud-based sub-metric imagery
service over Kampala, Uganda



The drainage of wetlands, together
with inadequate provision of
sanitation services to the residents of
Kampala, are having further
consequences and resulting in an
increased pollution of water sources.
This decline in water quality has
implications on human health and on
the economy as maintaining the
quality of water has required ever
increasing chemical inputs into the
water treatment plants with the
subsequent cost implications. 
 
The Lake Victoria Inner Murchison Bay
is one of the bays getting polluted due
to human activity. The polluted
surface water should be subjected to
natural purification by the plants and
microbes contained in the wetlands,
but that is not occurring efficiently
because of the large scale draining
that has been ongoing over recent
years. Wetlands can only be effective
bio-filters under conditions of low
nutrient loading and abundant swamp.
Environmental monitoring and change
detection are crucial to prevent a
degradation of resources and public
health issues. An analysis performed
over imagery captured in 2015 and
2018 shows the enormous change that
Murchison Bay has undergone during
the last years. Wetlands loss and
degradation is perfectly visible in the
NIR (Near Infrared) images (Figure 1).
The varying shades of red across the
NIR images indicate how sensitive the
satellite’s multispectral camera is to
differences in vegetation cover and  

imagery with submeter spatial
resolution of large regions and
updating them on a timely manner is
crucial to create the foundation layers
of a land and cadastral system with
fresh and detailed information such as
seamless mosaics of nations and wall-
to-wall coverages. In particular, VHR
imagery can be used to identify small-
scale changes and heterogeneous
urban structures, enabling a highly
detailed analysis of the urban
morphology, including the detection of
single houses and infrastructure
networks. 

Figure 2. Change detection imagery service on 2015 (top) and 2018 (bottom) over
Kampala, Uganda, showing new houses and facilities near the wetlands area.

Figure 1. Cloud-based submetric Change Detection service using False Colours imagery
(R.G,NIR) showing changes on wetlands between 2015 (top) and 2018 (bottom)

highlighted in the yellow box. All the processing is on-the-fly

I N D U S T R Y
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Monitoring and Preserving
Natural Resources  



To identify and map informal
settlements and visual counts of
informal structures.  

Very often, the images that
governments and private companies
have access to are outdated by two,
three, or even more years. Thus, it is of
utmost importance to provide them
with timely updated imagery.
Additionally, some entities may rely on
free sources of imagery that could be
used for base-mapping, but the
resolution of this data generally does
not meet the parameter of sub-metric
resolution that is needed for a
thorough analysis and identification of
independent structures and buildings.
Another challenge when monitoring
the progress of a project over a period
of time is the amount of data and the
large storage needed to store imagery. 
 
Delivering the data through a friendly-
user imagery service provides a
solution to all these challenges.  

Cloud-based imagery services are
crucial to fulfil the information needs
to boost sustainable development and
planning, providing up-to-date and
sub-metric information data that can
be used for the following purposes:  

As a base-map layer; 
To identify land that is suitable for
development; 
To map and create digital models of
features such as buildings, river
streams, landmarks; 
To monitor the progress of projects; 
In combination with business
intelligence software to compare
project delivery figures against
project areas; 

 

chlorophyll content. This is used to
provide key information on plant
health. Brighter reds indicate more
photosynthetically active vegetation. 
 
We continued our analysis applying an
NDVI (Normalized Difference
Vegetation Index) analysis calculated
on-the-fly over the sub-metric cloud-
based imagery service, which is very
useful to differentiate changes in
vegetation. Figure 2 shows differences
in the NDVI in the Lake Victoria Inner
Murchison Bay between 2015 and
2018. Different values ranging from
+1.0, to -1.0 are represented in these
NDVI imagery. High levels of NDVI are
represented in the green and yellow
shades, while low NDVI values are
pictured in the grey and pale rose
colours. Very low NDVI values (for
example, 0.1 or less) represent areas
of barren rock, sand, or asphalt.
Moderate NDVI values (approximately
0.2 to 0.5) represent sparse
vegetation. Dense vegetation or crops
at their peak growth stage are
represented by High NDVI values
(approximately 0.6 to 0.9). 
 
This parameter is associated with the
presence and healthiness of a plant. In
this case, the bright green and yellow
colours correspond to the algal bloom
probably caused by the discharge of
chemicals in the lake, which cause the
overproduction of algae triggering a
process called eutrophication. 

In order to trigger Deimos Imagin’s
 imagery service, users just need to
define their area of interest, the
 frequency with which they need the
data and their application or
resolution needs. This enables users
to easily access fresh, reliable and
quality-assured imagery, directly onto
their apps and desktops. 
 
Hosted in Amazon Web Services using
Esri ArcGIS technology, Deimos
Imaging’s imagery service allows users
to have access from various devices
and locations. The data doesn’t need
to be downloaded nor stored. All the
imagery can be accessed on the cloud
and users can utilise the multi-
temporal imagery service to start
building valuable applications for
monitoring, change detection and
precision insights on the fly. In
addition, the imagery service can be
easily integrated through plugins in
the users preferred GIS software
packages. 
 
 

Figure 3. Cloud-based Change detection imagery service calculating NDVI index on-the-
fly show the presence of vegetation, in Inner Murchison Bay, Lake Victoria between
2015 (top) and 2018 (bottom). The green and yellow colours, representing high NDVI
values, in the right imagery, show the presence of high concentration of vegetation

into the water.

I N D U S T R Y

The Benefits of Analytics-Ready
Imagery Services on The Cloud  
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by  Ala  Hamdan

           ommuter rail was operational
and our team had limited time on the
tracks. Survey control points needed
to be established and 40 mi needed
to be mapped within a few hours. 23
mi were in a heavily densed urban
area. Client had a deadline to comply
with a request from the Federal
Railroad Administration (FRA).
Multiple stakeholders needed that
data to perform different analysis
however, no one had any experience
with LiDAR surveys and expectations
needed to be managed across the
board.   

Survey Geodetic Parameters were
done based on local coordinate   

system. Leica SmartNet (North 
America) VRS system was used as the
primary source of Real-Time
Kinematic (RTK) corrections for all
survey operations. SmartNet
provides high-precision, high-
availability Network RTK corrections
using both the GPS and GLONASS
satellite constellations.  

Prior to data collection, temporary
survey benchmarks were fixed to the
railway line ties approximately every
mile for the full length. The survey
benchmarks were coordinated by the
averaging of 1,800 stationary
positions taken with a GNSS receiver
in RTK Fixed mode using the
corrections provided by the
SmartNet network RTK service.  

Commuter Rail As-built Survey Plan and Profile - Map , Image , and
Identify Infrastructure Assets Within the Right of Way . 

C
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While LiDAR data
produced a high
density 3D structure
of the mapped
environment,
OcuMap-a 360°
GeoVideo software
was used for visual
assessment and sign
verification.  

Ala Hamdan 

The Process 

1. Establish Geodetic Control 

2. Establish Temporary Survey
Benchmarks 

PMP 
Reality Imaging and Mapping Technologies 
Houston, Texas 
USA 
Email: info@realityimt.com 

About Author 

RAIL ROAD LIDAR MAPPING- A CASE
STUDY

I N D U S T R Y

Profile view showing tracks and power line geometry



Two separate digital camera systems
were used to collect geo-referenced
videos including a 360° spherical
video camera mounted on the roof,
and a second wide-angle digital
camera mounted in front of the truck
to help view track features. 

Project Details 
 Project Length: 40 Miles (64 km). 

1. Geometry: 

Project Requirements: Asset
verification and Geometry as-built
survey with the following list of
requirements: 
 
 

Technology: Vehicle Based LiDAR &
360 GeoVideo. 

Vertical and horizontal curves
including spirals and super-
elevation for simple & complex
curves.  
Left/right of tracks including
latitude, longitude and elevation 
Underpass, overpass, bridge
and culverts  
Turnouts, switch points and
diamonds 
Right of Way Limits 

2.  Asset features:  
 - Insulated Joints, derail and

bumping posts 
- Mile post monuments and
markers 
- Speed signs, road/pedestrian
crossing signs, and DOT
crossings.  
- Method of operations signs.  
- Signal bungalows, cases,
junction boxes and Switch
machines  
- Wayside Signals (Mast, bridge,
and cantilever) 
- Radio Towers, overhead AC
power lines.

I N D U S T R Y

Figure 1. Temporary Survey Benchmarks.

3. Mount 360° Geo Video Camera
and Front Looking Video Camera

InteLAS™ mobile LiDAR system by 
iLinks was used to collect the data.
The system comprises a dual GNSS
positioning and heading system
tightly coupled to a Fiber Optic
Gyroscope (FOG) based Inertial
Navigation System (INS). A Velodyne
HDL-32 LiDAR sensor delivers 700,000
survey grade measurements every
second. The system was fitted to the
rear of the rail vehicle enabling the
collection of survey-grade LiDAR data
in a 360° field of view at ranges of up
to 300 feet.  

4. Mobile LiDAR System

Figure 2. Hi-Rail Vehicle with RTK GPS.  
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To achieve the maximum accuracy
possible, and to ensure that survey-
grade tolerances were met, the
mobile LiDAR data was post
processed using Novatel’s proprietary
“Inertial Explorer” GNSS and INS post
processing software.  Inertial Explorer
post-processing software is a
powerful, highly configurable
processing engine that allows for the
best possible static or kinematic
GNSS accuracy using all available
GNSS data.  The final LiDAR (.LAZ)
files for the route contained over 800
Million survey-grade 3D data points.  

5. GNSS/INS Data Post Processing

Once the pointcloud data is adjusted
to local Datum and corrections are
applied, the pointcloud is then
classified based on the following
parameters: Ground surface,
buildings, low-medium or high
vegetation, rail tracks surface,
centerline, curb, water bodies,
powerlines, and other irregular
structures/masts, etc.   
 
Features were then Isolated and an
auto-detection is applied to   locate
similar shapes within the pointcloud.
Human interference was necessary
especially at road crossings and
powerlines. Detected features are
then traced to generate point
features, line features and polygon
features. Surface meshes were then  

6. LiDAR Data Processing



Mobile LiDAR survey can improve
efficiency of rail surveys by a
minimum of 40%. The amount of
geospatial data collected during the
survey far exceeds one collected by
conventional methods. The Accuracy
of data collected using LiDAR system
meets or exceeds the rail industry
requirements which is currently
done with a Track Geometry Car and
a Tamper. While it may take time for
the industry to adapt this new way
of generating as-builts and working
with such data, industry leaders are
starting to test this out as they are
pressed for time and under
pressure to reduce operational cost
through the application of
technology.  

I N D U S T R Y

Figure 3. Inertial Explorer by Novatel.

Figure 4. Profile view-Showing Center Line Elevation,
Right &Left Track Elevation and Vertical Curve

Geometry.

Figure 5. Classified pointcloud data shown by elevation (left). Surface mesh
DEM-TIN (right).

Figure 6. Civil3D-Profile view showing tracks and
powerlines geometry.

Figure 7. OcuMap-360 Geovideo software- showing geotagged feature. Figure 8. Civil3D-Plan view showing ROW features. 

created to generate contour lines at 1
meter intervals. The final step in
processing LiDAR data is to export the
extracted features into a DXF for
further analysis in Autodesk Civil 3D.  

While LiDAR data produced a high
density 3D structure of the mapped
environment, OcuMap-a 360°
GeoVideo software was used for visual
assessment and sign verification. The
front looking camera’s video was used
to geotag Insulated joints that were
not visible from the LiDAR data.
Geotagged features were then
converted to local coordinate system
and imported into CAD to be displayed
on the plan and profile drawings.  

7. 360° GeoVideo and Front Looking
Video

While the LiDAR survey was accurate
up to 1/10th of a foot, Superelevation
calculations needed to be accurate up
to 1/50th of a foot (¼ inch) to meet
design standards. Superelevation
calculations were done based on the
precise Roll angle of the hi-rail LiDAR
vehicle as measured by the Inertial
Navigation System (INS) which was 
logging angular data 20 times/sec. 

8. Real-time Super-elevation
Calculations

Roll measurements were extracted
in real-time based on the
geographical positions of the start
and end curves stationing. The
angular measurement accuracy of
the INS is better than 100th degree,
so theoretically it is much more
accurate than the 1/4 inch
requirement. This new method
provided superelevation readings
evert 10 feet as fast as the hi-rail
car was travelling.  

Conclusion
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by  Craig  Hewes

    n early 2017, winter storms filled
and then overfilled reservoirs in
California, USA, leading to the
evacuation of hundreds of thousands
of citizens near Lake Oroville,
California’s second largest manmade
lake. 
 
About 160 kilometres away, the Pardee
and Camanche reservoirs also filled
from the 2017 storms, reaching 103
per cent of capacity in March, but the
dams were not overtopped, and
releases were sustainable within the
waterways. 
   
Thanks to the installation of one of the
nation’s most advanced  automated
GNSS-based dam  monitoring systems
at these two facilities, along with
other instrumentation improvements, 
  

East Bay Municipal Utility District
(EBMUD) had the technology in place
to monitor crest elevations at these
dams and dikes remotely with
improved temporal resolution. Having
this type of data available is one more
tool in an infrastructure owner’s tool
belt for monitoring the condition and
performance of critical facilities. 

The GPS system at Pardee Dam now gives a complete picture of the
seasonal deformations due to thermal expansion and contraction of
the concrete structure . 

I

The potential to
automate and
improve emergency
responses to seismic
events is a major
advantage of
monitoring
networks. 

Director of Structural Monitoring, 
Leica Geosystems 
Email: craig.hewes@leicaus.com 

Craig Hewes, PLS 

Consulting with Sensemetrics, a firm
specialising in networked
sensor applications based in San
Diego, U.S.A., EBMUD designed and
proposed a sophisticated monitoring
system based on: 

Designing for Better Data 

Submitted By 

DESIGNING A DAM MONITORING
SYSTEM

I N D U S T R Y
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31 Leica GMX901+ GPS sensors. 
Four Leica GM10 GNSS reference
stations. 

Leica Total Station TCRP 1202+ 



The use of Geosystems receivers is
important, according to Cory Baldwin,
president of Sensemetrics: “The
GMX901+s are purpose-built for remote
monitoring applications, with non-
exposed, built-in antennas,” he says.
“They were my first choice here, because
other vendors don’t really have a good
option for monitoring in this
environment.” 
 
Three of the GNSS reference station
receivers are solar powered and one is
powered by a 120v AC feed. All are
securely fastened inside enclosures
installed near the Leica AR20
antennas, which are mounted on
concrete pedestals. The network is
largely autonomous, needing only
occasional attention. Data flow is
through 900 MHz and 2.4 GHz spread
spectrum radios into an existing
microwave telemetry link to EBMUD’s
business intranet at its Oakland
headquarters, where a server runs the
Spider and GeoMos software
necessary to process the GNSS data
and results. The results are then
presented through software
customised by Sensemetrics.   
 
Five of the GMX901+ sensors as well
as four seismographs are installed on
the Pardee Dam connected via
fiberoptic cable directly to the
microwave business intranet. These
instruments continuously monitor
dam movement and report
remotely. Two of the GM10 reference
stations were installed near and on
either side of Pardee Dam and are
connected to the fiberoptic line by 2.4
GHz radio connections.  
 
Downstream from Pardee Dam,
the Camanche Reservoir site consists
of one large earth-filled dam and six
dikes. The Camanche Reservoir is
primarily used to control releases to
downstream agencies and maintain
flows for the salmon. Twenty-
six GMX901+ sensors are installed  

A radio network consisting of 900
MHz mesh radios. 
2.4 GHz repeaters and two radio
towers. 
Leica GNSS Spider and GeoMoS
software solutions.  

possible deformations remotely in near
real time.”  

picture of the seasonal
deformations due to
thermal expansion and
contraction of the
concrete structure,” says
Steven J. Martin, survey
supervisor for EBMUD.
“With the Camanche
Reservoir portion of the
GPS monitoring system,
we are able to meet DSOD
monitoring requirements
without long trips out of
town by the survey crew
and to check for any  

around the reservoir, and these also
monitor and report continuously. 

The State of California Division of
Safety of Dams (DSOD) requires semi-
annual monitoring surveys. The new
system provides accurate information
more rapidly, reduces staff time spent
on monitoring, and is capable of being
tied into state-wide emergency and
seismic monitoring systems as they
emerge.  
 
“EBMUD’s infrastructure is spread out
over a vast area and covers multiple
counties,” says Baldwin. “In particular,
the Pardee and Camanche sites are
several hours away from main offices,
and the semi-annual surveys [conducted
previously] took over a week to
complete. This new system provides
more accurate data, more or less
constantly, and, of course, reduces the
time survey crews spend on this task. It’s
a big improvement, and it is performing
beyond expectations.” 
 
Baldwin says one important design
goal was inter-connectivity with
existing and future monitoring
systems. The potential to automate
and improve emergency responses to
seismic events is a major advantage of
monitoring networks. EBMUD now has
more survey information immediately
at its fingertips regarding structure
performance than at any previous
moment in the district’s history.  
 
“The GPS system at Pardee Dam now
gives us a complete  

A Complete Picture of
Infrastructure Performance 

A recent example of the benefits of
automating a survey monitoring
scheme comes from another EBMUD
automated dam monitoring project on
San Pablo Dam in California. In 2008
and 2009, the dam underwent a
seismic improvement to buttress the
toe of the dam to bedrock using a
cement deep soil mixing process.
Increased monitoring requirements
from the DSOD, while working on an
active dam, were met via an
Automated Motorised Total Station
System (AMTS), which has been
running several times a day since that
project was completed in 2009.
EBMUD also has a program to visually
inspect dams and reservoirs
immediately after an earthquake to
check for cracking or other visible
damage as a quick ground truth.  
 
After a 4.4 magnitude earthquake in
January 2018 on the Hayward fault
centred in Berkeley, less than 8 km
from the San Pablo dam site, EBMUD
geotechnical engineers were able to
log in to the AMTS automated
monitoring system to review whether
there had been any actual
movement or slumping on the dam,
and they confirmed that there was no
significant movement. This ability to
have information immediately and at
their fingertips has proven to be a
huge asset in managing dam safety at
EBMUD. 

Automated Dam Monitoring in
Action 

I N D U S T R Y

Figure 1. Pardee reservoir across the Mokelumne River, California

G I S  R E S OUR C E S  |  D E C EMB E R  2 0 1 8      1 3

https://eos.com/agriculture/
https://eos.com/agriculture/


by  Earth  Observing  System  (EOS )

             orld population is projected to
reach 11 billion by 2100. This, coupled
with the ongoing wave of rural-urban
migration, poses a significant risk to
safety and quality of living conditions
in urban areas. An even bigger danger
comes from the climate change driving
more frequent and devastating
hurricanes. It is a global necessity to
adapt cities’ infrastructure in order to
meet the needs of increased
population, invest into creating
disaster-proof urban environment
with account for the existing risks and
weak spots.  
 
The range of urban development
tasks, where Earth observation data  

has proved its value, varies from
visual inspection of remote areas
with ongoing construction from
satellites to 3D modeling of the
complex landscapes using LiDAR
point clouds. EOS Data Analytics has
created the tools where EO data
meets analysis and transforms into
actionable intelligence.  
 
When a natural or manmade disaster
occurs, high resolution imagery from
commercial satellites provides
significant aid in mitigation of impact
and damage assessment. EOS
company has partnered with Airbus
Defence and Space, SpaceView and SI
Imaging Services to add their VHR  

EOS Processing has an Urban Change Detection algorithm capable
of highlighting changes from a pair of medium- or high-resolution
multispectral images taken by the same satellite .  

W

EOS Data Analytics
has created the tools
where EO data
meets analysis and
transforms into
actionable
intelligence.  

Menlo Park, CA 94027  
USA 
Email: info@eos.com 
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WATCHING CITIES FROM SPACE:
URBAN CHANGE DETECTION USING
SATELLITE IMAGERY

I N D U S T R Y

1 4      G I S  R E S OUR C E S  |  D E C EMB E R  2 0 1 8    



satellite data into LandViewer, where
images can be easily searched for,
acquired, stored and processed. 

same satellite. It
requires 4 spectral
bands (red, green,
blue, near infrared)
for analysis, and
produces an output
image with
highlighted changes.  
 
These are the
changes in urban
landscape of Long
Beach coastline,
California, which have
been derived from
two Sentinel-2 images
(10 meter/pixel
resolution) taken
three months apart.
Unlike the common
Change Detection
algorithm, the Urban
Change Detection is
set to “hide”
vegetation cover
changes thanks to the
raster of vegetation
index values. It shows
new buildings,
transport highways,
changes in the
megacities’ structure
and any other man
made objects. As seen
on the example of
Long Beach territory,
it can also be used to
identify ships and
boats. 

These are two true color images
(Figure 2) from SuperView-1 satellite
collected over Nea Makri, Greece,
before and after 2017 earthquake.  

Use EOS tools to get a
hands-on experience
with urban area
analysis at:
https://eos.com/platform Now if you want to fully unlock the

power of satellite data in monitoring
and analysis of urban territories, add
computer vision to the equation. EOS
Processing is a tool (which works
within the same cloud platform as
LandViewer) that utilizes the trained
neural networks to extract different
features from imagery. It has an-
Urban Change Detection algorithm
capable of highlighting changes from
a pair of medium- or high-resolution 
multispectral images taken by the 

Nea Makri was far from the epicenter,
however, on zooming in a
considerable amount of damaged
houses can be seen (especially along
the coastline).  
 
Areas hit by earthquakes, hurricanes
or wildfires require remote
monitoring, and that’s where satellite
imagery comes in handy. Knowing the
exact areas, where buildings got badly
damaged by an earthquake or
engulfed during a storm is critical in
setting up timely rescue operations;
active fire spots seen from space are
helpful in evacuation planning and fire
spread prediction; awareness of which
roads have been blocked or destroyed
aids in faster traffic rehabilitation.  
 
The high spatial resolution of 0.5-2.5
m/pixel allows to detect all these
problems even in the visible range.
For a more in-depth analysis the
remote sensing toolset of LandViewer
or another GIS software should be
used. For example, the multispectral
SpaceView-1 imagery also contains a
panchromatic band and a near
infrared band, which is most useful in
vegetation change analysis (NDVI, EVI,
etc.) - farmers can estimate the
damage that a hurricane has done to
their fields by calculating the
vegetation index. 

I N D U S T R Y

Figure 3. Urban Change
Detection inputs and
result, made and viewed
in EOS Processing.

Figure 1. Two SuperView-1 images of Greece visualized in
LandViewer's Comparison slider.

Figure 2: Nea Makri, Greece, a month before the earthquake
(above).  Earthquake effects. Damaged houses with missing

rooftops (bottom).

https://eos.com/landviewer
http://www.spaceview.com/english/Satellite/SuperView_1/
https://eos.com/platform
https://eos.com/eos-processing


by  Christ ian  Breuer

Unique Monitoring System 

occur (FEMA). Structural monitoring
systems helps to mitigate the risk of
structural failures and reduce the
cost of repair, maintenance and  

With any built structure, there is a
responsibility for safety. A
construction plan will have safety
measures and practices built in to
keep workers and buildings around
construction sites safe, but safety
goes beyond the final phase of
construction. Monitoring the
movement of structures after they
have been built requires equipment
that can provide real-time, highly
accurate data and alerts. And, for
structures that may experience
regular vibrations - from automotive
traffic, seismic activity or even the
structure itself, data is required to  

Kestrel combines and processes GNSS and acceleration data using
advanced processing techniques to generate 200 Hz displacement data
in real-time , providing structural engineers and scientists the detailed
information required for dynamic analysis .  

K

TrimbleⓇ  Kestrel™
seismogeodetic system,
pairing high-quality
GNSS positions with
seismic data for
monitoring the
movement of bridges,
dams, towers and other
civil structures, Kestrel
is an innovative
solution for structural
engineers. 

provide the best look at the moment-
to-moment integrity of the structure. 
 
Since 2000, there have been more
than 100 bridge failures (Wikipedia)
and 39 major dam failures 
(Wikipedia) around the world, some
causing immense damage and loss of
life. According to the Federal
Emergency Management Agency
(FEMA), there are nearly 100,000
dams in the United States alone, of
which approximately 30 percent pose
a “high” or “significant” risk to life
and property if a failure were to  Christian Breuer 

Marketing Manager 
Trimble Monitoring Solutions 
United States 
Email: christian_breuer@trimble.com 
 

About Author estrel Seismogeodetic: A 

KESTREL SEISMOGEODETIC: A UNIQUE
MONITORING SYSTEM

P R O D U C T  W A T C H

Victoria Dam, Sri Lanka
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of bridges and dams in this article,
these structures can have additional
hardware that monitor specific types
of stress (such as crack gauges or
piezometers for movement). These
systems provide data on the integrity
of the structure, from instant
warnings, to detection and
notifications of any change in the
health of the structure. Such
detections are critical, considering
many dams and bridges are built to
service large population centers, and
are ageing structures with constant
pressure or strain.  
 
Installing additional monitoring
systems to increase monitoring
capabilities represents a commitment
to the safety of the structure and
those working or living around it. This
is especially important when very large
structures such as bridges and dams
experience very subtle motion  

that would go undetected without a
monitoring system. Even the slightest
movement can lead to catastrophic
failure. 

Safety: In most cases, the type of data
required for monitoring is mostly the
same for any structure - be it a
building, a bridge or a dam, for
example. Focusing on the monitoring  

inspection by providing insight into
the status of critical infrastructure in
real-time. 

When monitoring the movements of a
structure, there are many solutions
available, often combining many types
sensors from different manufacturers.
One solution is the TrimbleⓇ Kestrel™
seismogeodetic system. Pairing high-
quality Global Navigation Satellite
System (GNSS) positions with seismic
data for monitoring the movement of
bridges, dams, towers and other civil
structures, Kestrel is an innovative
solution for structural engineers. 
 
Unmatched in the industry, Kestrel
combines and processes GNSS and
acceleration data using advanced
processing techniques to generate 200
Hz displacement data in real-time,
providing structural engineers and
scientists the detailed information
required for dynamic analysis. For
general structural health monitoring,
Kestrel’s real-time kinematic (RTK)
GNSS data provides the accuracy
needed to reliably monitor structures
such as dams and bridges. For
scientists studying earthquake
detection and aftershock analysis, the
support of CenterPointⓇ RTX™
corrections is specifically valuable as
the Kestrel unit might be located in
remote areas. 
 
In addition to internet-delivered RTX
corrections support, recently satellite-
delivered (L-Band frequency)
CenterPoint RTX corrections were
added to Kestrel’s capabilities.
 Satellite delivery ensures the flow of
corrections data is not affected by
communication delays or network
outages as can be the case with
internet-delivered RTX corrections.
Communication outages can be
caused by a technical issue or a
natural disaster like an earthquake. 

Figure 1. The TrimbleⓇ Kestrel™ seismogeodetic
system.

Figure 2. Visualization of the displacement and/or settling of the dam.  In this case, for
the crest of the dam..

Key Considerations in Structural
Monitoring 

An Unparalleled Solution 

I N D U S T R YP R O D U C T  W A T C H

Figure 3. Visualization of time series acceleration data.
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exceeded, alarms are automatically
issued to the user for informed
decision making. Trimble 4D Control
also allows to output the processing
results for usage with third-party
software.  
 
Alerts: Over time, the operator will
become familiar with the normal
behavior of each monitoring point and
will understand the typical, or
expected, movement of the structure.
When a motion goes beyond the
expected, an alert based on the
operator’s criteria is sent, detailing the
change in behavior. Real-time
capabilities from Kestrel’s satellite-
based corrections can detect
movement at any moment in time.  

Bridges: Bridges, by definition, are
built over rivers, gorges or other
bodies of water, which can result in  

Simplified Setup and Installation: 
The Trimble Kestrel seismogeodetic
system integrates a high-sample rate,
strong motion accelerograph with
Trimble's latest GNSS reference
receiver technology in a single
instrument, reducing the amount of
equipment required to monitor a
structure, and also reducing site
installation time. With an IP67 rating,
the compact and rugged Kestrel is
ideal for deployment in extreme
environments. 
 
The seismic component, known as an
accelerograph, that is built into Kestrel
provides an advantage when
monitoring bridges, towers or large
dams with roadways. With this
capability, Kestrel removes the need
for additional monitoring equipment,
specifically an accelerograph, which is
able to record seismic (or any
vibration) activity. 
 
A Single Software Solution: When
you have several instruments
gathering complex data about a
structure, it’s important to have
software that can deliver that data in a
simple interface that visually provides
a picture of what is happening in real-
time.   
 
Trimble’s 4D Control monitoring
software integrates position changes
based on kinematic GNSS and
acceleration data in X, Y, and Z
directions both delivered by the
Kestrel. The two independent data
sets are combined and processed in a
common, loosely coupled Kalman filter
resulting in a high-frequency
displacement dataset. For structural
engineers and others studying the
displacement of any structure, the
Kalman filter data delivers higher
sample rate displacement data, which
is more precise than the traditional
method of double-integrating the
accelerometer data to derive the
displacement data. 
 
Trimble 4D Control offers
comprehensive visualization, analysis
and alerting tools for further data
interpretation. Peak displacements are
continuously monitored and if
direction specific thresholds are  

Monitoring Applications 

I N D U S T R YP R O D U C T  W A T C H
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Figure 6. Trimble 4D Control’s customizable view that allows users to import pictures of
their specific structure for easier visualization.

Figure 5. Tiltmeter visualization within Trimble 4D Control.

Figure 4. A portion of the King Fahd Causeway,
connecting Saudi Arabia and Bahrain. The five
dual, individual pillar supported bridges have

Trimble Monitoring Solutions systems installed
for real-time monitoring.



day status of the structure in order to
provide a benchmark for change,
similar to bridge monitoring.
Monitoring the rate of change on the
structure itself, leakage and pore
water pressure over time can all
provide an ongoing safety health
check. 
 
The specific monitoring system
required for a dam will be determined
by several factors including height
and type, potential risk to people and
structures within the flood zone,
and site seismicity. In many countries,  

dam monitoring must adhere to strict
standards. Preventative actions
through early warning of degradation
are commonly required when
monitoring the structural health of a
dam. 
 
The Bottom Line: Continuous
monitoring with Trimble’s Kestrel
seismogeodetic system lets structural
engineers provide accurate, timely
information for engineers and  reliable
monitoring system delivers accurate
and reliable results, centralized
control and exceptional cost efficiency.

weather variances and sometimes
extreme heat or cold conditions
requiring all instrumentation to be
robust and weatherproof - which
Kestrel provides. 
 
Additionally, bridges built more than
20 years ago were not designed for
the amount of traffic traveling across
them today, making monitoring of the
structure even more critical. 
 
Typically, bridges that require
monitoring tend to have a high volume
of traffic, which makes equipment
installation challenging. In most cases,
traffic lanes need to be closed while
post-construction installation takes
place, therefore the instrumentation
must be simple and quick to install
and require little to low maintenance. 
 
Dams: The specific needs for dam
monitoring varies from those that are
narrow and used solely as a dam to
those that are wider and have a
roadway with traffic regularly moving
across them. 
 
From subtle to seismic movements,
damage to a dam must be measured
with great care, monitoring the day-to- 

I N D U S T R YP R O D U C T  W A T C H

Figure 7. A user control center, which enables users to easily view and visualize real-
time data.  This is the King Fahd Causeway control center.
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Bentley Systems Incorporated has
announced the acquisition of Agency9,
based in Stockholm. Agency9 has already
provided nearly half of Sweden’s larger
municipalities with city-scale digital twin
cloud services for city planning and related
web-based 3D visualization. Agency9 is a
leading provider of web and mobile
solutions for 3D visualization of geographic
information and maps for collaboration and
communication.  

Trimble has announced it has appointed
Sandra MacQuillan to serve on its Board of
Directors. Sandra’s breadth of background,
together with her specific domain
knowledge, enables her to be a strong
contributor on the Trimble board. Her
complete understanding of supply chain
economics and challenges will provide a
source of unique insight to our
transportation and logistics business.  

Leica Geosystems has recently
announced  the Leica CityMapper, the
world’s first hybrid airborne sensor
combining vertical and oblique aerial
imagery together with 3D laser scanning,
was used by Bluesky, a leading aerial
survey company in the United Kingdom
(UK), to capture major cities throughout
the region. Using the CityMapper, Bluesky
was able to capture parts of London,
Manchester and Birmingham as well as
Brighton, Bristol, Cambridge, Norwich,
Nottingham and Oxford. Bluesky intends
to increase its coverage by capturing
additional towns and cities across the UK
and Ireland in 2019.  

The 90-metre TanDEM-X Digital Elevation
Mode has been released for scientific use
and is now available as a global dataset. By
providing this data, the German Aerospace
Center (Deutsches Zentrum fuer Luft- und
Raumfahrt; DLR) follows the EU data policy
under the Copernicus Earth observation
programme, which encourages free and
open access to satellite data. 

The United States Geospatial Intelligence
Foundation (USGIF) has announced that it
has hired Ronda Schrenk, a 25-year
geospatial intelligence professional, as its
new Vice President of Programs. Schrenk
has held various positions at the National
Geospatial-Intelligence Agency (NGA) since
1997, most recently on assignment to the
Intelligence and National Security Alliance
(INSA) as the Senior Fellow for Public-
Private Partnerships. HERE Technologies has announced a

comprehensive set of location-based APIs
and services are now available on Amazon
Web Services (AWS) Marketplace. HERE
Location Services provide developers the
tools they need to build enterprise-grade,
location-aware applications and solutions
in a time and cost-efficient way.  

PrecisionHawk, Inc. has announced a
partnership with DJI, the world’s leader in
civilian drones and aerial imaging
technology, to improve its geofencing
technology. Leveraging PrecisionHawk’s
Low Altitude Traffic and Airspace Safety
(LATAS) platform, DJI will be able to refine
airspace limitations for drone flights near
airports in order to provide smarter
protection for drones in critical areas and
clarify restrictions. 

CubeWerx announced today it has signed a
four-year contract to provide managed
imagery services to the Saskatchewan
Geospatial Imagery Collaborative (SGIC).
CubeWerx successfully completed porting
SGIC’s FlySask system to Amazon Web
Services (AWS) in Canada. Under this new
contract, CubeWerx will host-manage the
FlySask system, which provides access to
high-quality aerial and satellite imagery
through Open Geospatial Consortium (OGC)
services to the Collaborative’s many
member organizations across the province
and in the federal government.  

The BigDataCube project, supported by the
German Federal Ministry for Economic
Affairs and Energy, aims at advancing the
innovative datacube paradigm – i.e.,
analysis-ready spatio-temporal raster data –
from scientific into commercial data
centers. To this end rasdaman, “the
worldwide leading” (ESA, 2017) datacube
technology, is getting installed on the public
Sentinel hub CODE-DE as well as in the
commercial cloud environment of cloudeo
AG. A specific new challenge on which
BigDataCube focuses is versatile role-based
access control on datacubes, configurable
down to the level of single pixels. 

Trimble Appoints Sandra MacQuillan to
Board of Directors

Boundless has announced its partnership
with the United Nations (UN) to support its
UN Open GIS Initiative, which aides UN
operations around the world through open
source geospatial software and services.
With Boundless’ technology, the UN can
leverage a hybrid architecture approach
and maintain interoperability with existing
software systems to maximize the value of
its open technology and open data in
global peacekeeping and other UN
operations. 

Boundless Partners with the United
Nations on the UN Open GIS Initiative

Global 3D Elevation Model From The
TanDEM-X Mission Now Freely Available

USGIF Appoints New Vice President of
Programs

Bentley Acquires Agency9 to Realize
Digital Twins for Every City

PrecisionHawk Chosen as DJI’s New
Provider of Airspace Data in North
America

 Sep. 16 - Dec. 15, 2018 

HERE Location APIs and Services Now
Available to Developers on AWS
Marketplace

Bluesky uses Leica CityMapper to
Capture Major UK Cities in 3D

CubeWerx Signs Multi-year Contract to
Provide Managed Imagery Services to
SGIC

Public/Private Datacube Partnership
Launched

On  November 1st 2018, Pix4D opens a new
R&D office in Madrid. It is the company’s
fifth office after Lausanne, San Francisco,
Shanghai and Berlin.  

Pix4D Accelerates Growth with A New
Office in Madrid

Extensis® and LizardTech has
announced they are uniting as one
global company to help organizations
increase the ROI and value of their
digital assets, fonts, and large imagery.
Last year, Extensis and LizardTech
collaborated on the development of
new Portfolio asset geo-referencing
capabilities that make it ideal for
applications in the geospatial,
infrastructure, AEC and BIM segments. 

Extensis and LizardTech Unite as One
Company

BUSINESS
N E W S  D I G E S T
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Scientists from the German Aerospace
Center (DLR) Microwaves and Radar
Institute are developing special radar
technologies and analytical methods that
enable the highly accurate observation of
permafrost. As part of DLR’s Permafrost
Airborne SAR Experiment (PermASAR), they
are carrying out extensive measurement
flights over the permafrost region of
Canada. The first measuring campaign,
which surveyed 10 test sites along a 2000-
kilometre-long North-South gradient – from
boreal forests in Northern Saskatchewan
up to the Canadian Arctic coastline – has
now been successfully completed. DLR is
cooperating with the Canada Centre for
Mapping and Earth Observation (CCMEO). 

The Indian Space Research Organisation’s
(ISRO) Polar Satellite Launch Vehicle (PSLV-
C43) successfully launched 31 satellites
from Satish Dhawan Space Centre (SDSC) in
Sriharikota on Nov.  29, 2018. HysIS is an
earth observation satellite built around
ISRO’s Mini Satellite-2 (IMS-2) bus weighing
about 380kg. The mission life of the satellite
is five years. The primary goal of HysIS is to
study the earth’s surface in both the visible,
near infrared and shortwave infrared
regions of the electromagnetic spectrum.
Data from the satellite will be used for a
wide range of applications including
agriculture, forestry, soil/geological
environments, coastal zones and inland
waters, etc. 

Are you currently a U.S. Army or Marine
Corps service member working in the
geospatial intelligence (GEOINT) field? Are
you looking to enhance your career? You
can now apply for the United States
Geospatial Intelligence Foundation’s
(USGIF) Certified GEOINT Professional
(CGP™) program and have the Army or
Marine Corps reimburse your exam fees.  
To learn more, visit the Army Credentialing
Opportunities On-Line (COOL) website at
cool.army.mil or the Marine Corps COOL
website at cool.navy.mil/usmc and search
for your Military Occupational Specialty
(MOS) to determine whether you are
eligible. More details about USGIF’s
Certified GEOINT Professional program are
available at usgif.org/certification.

Thawing Arctic in Radar View –
Permafrost Monitoring with Latest Radar
Technology in German-Canadian
Cooperation

TCarta has been commissioned by
Environment Agency – Abu Dhabi to carry
out a landmark mangrove health
assessment covering the entire Emirate of
Abu Dhabi. The assessment contains
mangrove condition information derived
from high-resolution multispectral satellite
imagery. 

TCarta Delivers Satellite-Derived
Mangrove Health Assessment to Abu
Dhabi

Caliper has announced the release of new
highway exit data for the United States and
Canada. Users of Maptitude 2018 with the
Canada or United States Country Packages
can download a free point layer containing
all signed and numbered highway exits
within their respective country. The
highway exits layer allows users to find the
nearest highway interchange to a particular
location or determine proximity to a
desired  interchange. 

Free Highway Exits & Interchanges Data
for Use with Maptitude 2018

HawkEye 360 Inc. has announced the
successful launch of the company’s
Pathfinder mission — its first cluster of
three, formation-flying small satellites —
aboard Spaceflight’s SSO-A: SmallSat
Express rideshare on a SpaceX Falcon 9
rocket. The satellites will deliver a unique
source of radio frequency (RF) data that
HawkEye 360 will use to create first-of-its-
kind RF-based analytics. HawkEye 360
processes and analyzes signals using
proprietary algorithms and machine-
learning tools to deliver actionable insights.
The company is developing foundational
products that build global awareness of
spectrum deployment, creating an RF data
layer for the planet.  

HawkEye 360 Announces Successful
Launch of First Three Satellites

India Successfully Launches Hyper-
Spectral Imaging Satellite (HysIS)

NavVis IndoorViewer Now Converts
Static Scans Into Immersive 360°
Imagery

Enhance Your Career with Geospatial
Intelligence Certification

GIS & EO
N E W S  D I G E S T

 NavVis, a leading provider of indoor spatial
intelligence technology, can now
automatically convert E57 point cloud files
into interactive, realistic 360° walkthroughs,
following the latest software upgrade to
IndoorViewer. NavVis IndoorViewer is a 
web-based application that displays realistic
digital twins using 360° panoramic images,
point clouds and maps generated by 3D
scanning devices. Users can move around
digital twins of scanned spaces as if they are
on site and use the interactive functionality
to add, search for and route to geo-tagged
information and take accurate
measurements. 

Introducing Roof Pitch and Area Tools for
Solar and Roofing
Nearmap, a premium global location content
provider specializing in high-resolution aerial
maps, has introduced a complete
measurement toolset in MapBrowser™ for
the solar, roofing and other rooftop
industries. The new tools allow users to
measure roof-pitch, height, width and area,
enabling roofers and solar installers to
confidently measure rooftops and structures
from high-resolution oblique aerial images. 
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The Geospatial Commission has partnered
with Innovate UK to launch a new
government competition, where
organisations can apply for a share of £1.5
million to fund projects which use data
linked to a location. Between £50,000 to
£750,000 could be granted to eligible
organisations. The aim of the competition is
to explore the benefits and challenges of
crowdsourcing data. It will encourage
different organisations to work together to
identify innovative new ways for
crowdsourced data. 

Geospatial Commission UK to Launch £1.5
Million Geospatial Competition

Golden Software Enhances 3D Data
Visualization in Surfer 16
Golden Software, a developer of affordable
scientific graphics software, has enhanced
the visualization capabilities in version 16
of its Surfer® gridding, contouring and 3D
surface mapping package. Geologists,
environmental consultants, and geospatial
professionals will find Surfer 16 makes it
easier for them to interpret complex
scientific data. 
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PCI Geomatica 
PCI Geomatica Releases Geomatica and
GXL 2018.

Trimble  
Trimble’s TBC v5.00 Now Available. 
Trimble Introduces New Handheld
Computer for Field Data Collection. 
Trimble Announces New Versions of
eCognition Software. 
Trimble Introduces New Field Staking and
Design Solution for Electric Utilities. 
Trimble Introduces Satellite-Based RTX
Corrections to the Kestrel 
Seismogeodetic System.
New Trimble Earthworks GO! Grade
Control Platform for Compact Machine
Grading Attachments. 

Carlson 
Carlson Introduces Hybrid+ as a Module
for SurvCE/SurvPC 6.0. 
Carlson Connect Now Available for
AutoCAD 2019. 

SOKKIA 
Sokkia Announces Next Generation of
GeoPro Software. 
Sokkia Announces New SHC5000
Accessories for All-weather Performance. 

Leica Geosystem 
Leica Geosystems Uprade Hydrographic
Survey Systems - Leica Chiroptera 4X,
Leica HawkEye 4X. 

senseFly 

senseFly Launches The eBee X Fixed-
wing Drone. 

Topcon  
Topcon Introduces New Software for
UAV Inspection Applications 

Virtual Surveyor 
Virtual Surveyor 6.1 Handles More Than
Drone Data 

Caliper
Free U.S. Traffic Count Data for Use with
Maptitude 2018 Mapping Software 

Free Highway Exits & Interchanges Data
for Use with Maptitude 2018 

Orbit GT 
Orbit GT Releases Version 19 of 3D
Mapping Portfolio.
Orbit GT Upgrades 3D Mapping Cloud to
Support Meshes, DEMs. 

FARO 
FARO® Introduces the ScanPlan™
Handheld Floor Mapper. 

Innoviz Technologies 
Innoviz Technologies Launches
InnovizPro™, a High-Resolution, Solid-
State Automotive LiDAR Solution Offering
Unrivaled Performance and Cost 

Global Mapper 
Global 3D Elevation Model From The
TanDEM-X Mission Now Freely Available. 
Blue Marble Releases Geographic
Calculator 2019 with Updated Geodetic
Datasource and Numerous Workflow
Improvements. 
Global Mapper Adds Online Access to
NEXTMap One™ Elevation Data from
Intermap. 
Global Mapper v.20 Now Available with
Improved 3D Model Functionality and
New Map Layout Options. 
Blue Marble Geographics has
announced the availability of version 20
of the Global Mapper Software
Development Kit (SDK).  

SimActive 

Golden Software 

SimActive Releases Version 8.0 with 3D
Modeling. 

Golden Software Enhances 3D Data
Visualization in Surfer 16. 
Golden Software Releases Preview of
Enhanced Scientific Graphing Package. 

PRODUCT LAUNCH

GIS & EO

GNSS & SURVEYING

DRONE/UAV

NEW DATA RESOURCES

LiDAR

N E W S  D I G E S T
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GEO EVENTS

January 29-30, 2019 
Esri Federal GIS Conference 
Washington, D.C., USA 
https://bit.ly/2PIEfCC 

January 28-30, 2019 
International LiDAR Mapping Forum 
Denver, CO, USA 
https://www.lidarmap.org/ 

February 10-14, 2019 
International Geoinformatics
Conference 2019 
King Saud University, Riyadh, Saudi Arabia 
https://bit.ly/2EwUMZj 

March 2-4, 2019 
Esri Partner Conference 2019 
Palm Springs, California, USA 
https://bit.ly/2y8zRWJ 

March 5-8, 2019 
Esri Developer Summit 2019 
Palm Springs, California, USA 
https://bit.ly/2GkpfeU 

March 4-6, 2019 
International QGIS USer Conference 
A Coruña, Spain 
http://2019.qgis.es/ 

May 21-22, 2019 
GEO Business 2019 
London, England, UK 
https://www.geobusinessshow.com/ 

September 19-20, 2019 
5th International Conference on GIS
and Remote Sensing 
Rome, Italy 
https://bit.ly/2S1RErq 

May 20 - 23, 2019 
2019 Washington GIS Conference 
Washington, USA 
https://bit.ly/2rFihH3 

May 3-5, 2019 
GISTAM 2019 
Heraklion, Crete-Greece 
http://www.gistam.org/ 

January 28-30, 2019 
DGI 2019 
Royal Lancaster London, London 
https://dgi.wbresearch.com/ 

 Sep. 16 -  Dec. 15, 2018 

https://bit.ly/2PIEfCC
https://www.lidarmap.org/
https://bit.ly/2EwUMZj
https://bit.ly/2y8zRWJ
https://bit.ly/2GkpfeU
http://2019.qgis.es/
https://www.geobusinessshow.com/
https://bit.ly/2S1RErq
https://www.waurisa.org/Washington-GIS-Conference
http://www.gistam.org/
https://dgi.wbresearch.com/


The Next Big Issue
Subscribe to Our Quarterly Magazine and

never miss another issue again.

For enquiry, write us at support@gisresources.com

Do you want to promote your
product and services?

To know more Download 

Media Kit
2019

Advertising With Us
Works

http://www.gisresources.com/5011-2advertise/
http://www.gisresources.com/5011-2advertise/
http://www.gisresources.com/subscribe-our-weekly-newsletter/



