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“Use Cases of GIS and Remote Sensing Projects:
From Concepts to Applications”

THE EMIRATI SOCIETY OF GIS AND

Agenda REMOTE SENSING (ESGRS)
NVITES YOU TO THE IST BI-WEEKLY WEBINER TITLEL
. “Use Cases of GIS and Remote Sensing Projects:
Introduction From Concepts to Applications”
o TUESDAY, APRIL 6, 2021
 Smart Navigation Systems 10:00 AM T0 11:00 AM

° Eaglel']] PRE'SENTED BY
. MBRSC Partnership '

Space Remote Sensing (SRS)

« Basic Concepts
« Use Cases Overview

REGISTER NOW!

« Application Development
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Remote Sensing J
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OUR PRODUCT
For Analytical Services

G
I Satellite Imagery &=
RGB, MS, SAR, NDVI, NIR

Aerial Photo & Drones
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I Applications

I Al — Deep Learning

= UseCases

e

Insights

I Government Authorities

X Agriculture @ Transportation

& Municipalities
@ Civil Defense
@ EconomyDevelopment

§¢ Environment

Mapping of
Vegetation
Health

Base Map
Updating




= SNS Activities Summary

1. Receiving MBRSC satellite images of Abu Dhabi Capital Region Aublyu 2000 jA) o
(mosaic 0.70 m); we do appreciate e S s e ce

2. 17 use cases verified
3. Customers approached
« NCEMA (disaster mitigation and recovery)
« Al Ain Municipality (LU/LC, Rain Flooded areas)
« ADNOC (on-shore oil pipeline leakage detection)
« Construction progress monitoring.
« Municipalities (green areas maintenance monitoring)

3. Platforms tested
4. Fourth set of interns from HCT accepted to SNS

We are having good links to potential customers; many meetings have been performed with positive
response.



= Components of Remote Sensing
1. Energy Source or lllumination (A) {:} A ‘I.k —’ﬁ

Black/White (Monochrome) - t / G
1 channels/variables , gray-level at each pixel 2. Radiation and the Atmosphere (B) /
Color /RGB
3 channels/variables, RGB level at each pixel 3 lntera Ctl on With the Target (C) \ /
Multispectral (4-20 bands)
Many channels/variables spatial and spectral at each pixel q. Recofding of Energy by the Sensor (D)

C

Hyperspectral (20 + bands)

Many channels/variables spatial and spectral at each pixel

5. Transmission, Reception, and
Processing(E)

More Colors = More Information
. 6. Interpretation and Analysis (F)
Spectral Imaging is a combination of:
* Imaging: two dimensional spatial sampling b "
|° Spectroscopy: measurement of color light 7. App"cat'on (G)

VNIR (visible and near-infrared)

|
| |
Ultraviolet (UV) Visible (V) Infrared (IR) Microwave Radiowave
] | | | |
[ 1 || | |

s 400 nm
t 750 nm 1mm 1m
c o | I |
23 | | |
. HE NS e
. | N
. Blue band Red band Thermal IR bands C band P band
5 Green band Near-IR band X band L band
c
g Multispectral SRS Radar SRS 7



= Components of Remote Sensing 2

Applications of Hyperspectral Imaging
REFLECTIVE

Re

Asphalt
400 nm 500 nm 600 nm 700 nm 1100 nm Meadows
Gravel
i i i Detects fl tti Trees
lluminates materials Penetrates water for Partially penetrates water etects camouflage/netting
in shadows bathymetry for bathymetry Maps shorelines Painted metal sheets
Penetrates water for Discriminates oil on Differentiates vegetation Identifies vegetation B ;
bathymetry surface from water Detects watercraft on ocean re soi
Identifies vegetation Man-made object queing Bitumen
EMISSIVE
Self-blocking bricks
Shadows

Classification
result

Discrimates oil from water
Determines moisture content
Detects plumes

Discriminates camouflage/netting
Detects explosions

Identification of minerals

Detection and identification of gases
Supports thermal analysis
Differentiates vegetation density and
canopy cover

Discriminates mineral and soil types

Dicriminates targets at night
Differentiates ocean temperatures
Detects smoke

Identification of gases
Thermometry



= Remote Sensing Methodology

—

l Image preprocessing,
georeferencing verified
and rectified (if needed)

Current Satellite
Image —
(raw data)

Image
Rectified

Al, Deep Learning
Unsupervised image
classification

Object-Based
Image Analysis

Database
Vector Data Model

Development

Vector data creation

Previous
Surveys

IO EI:Cll Change Detection <
Detection [REI=Re 1 Elkely

« 4

Coastal

Changes ¢ ¢

2008 vs. ) ' .

E= | s
2018 Classified

Images

Thematic Map ’




= Image Analysis & Vector Data

Model

Training

02

Model
Testing

' Vector Data

\

Extraction

Deep Learning

Model Fine

.

Cloud-Based
Computing

' Cloud-Based |
> Analysis |
\

03

Model
Validation

Validation

' Vector Data |

EAGLET 71

Inferencing

Actionable Results
& Insights

o)

Pilot Project Video



= Use Cases

[ EX Marine ]

[ $ Agriculture ] - DEnEE -k

il SpillsMonitoring
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= Mapping of Dune Movements

Rationale

Proposed application discovers moved
dunes affecting farms and their crops
(calculates impacted areas), indicates
highways and railways covered by sand.

Beneficiaries

. Agriculture Agencies

. Department of Transport
. Etihad Railways

. Municipality Planners

. Affected Citizens

. Insurance Companies

Railways

AT oy

Result

Thematic map presenting detected
vegetation covered by dunes, places of
railways and highways affected.



= Coastal Changes Monitoring —— =

vk N\ T e O S DPEAUCY & ..
. Ve’ 5 Q . LS S
Rationale 7 UAZ
. N=WSPAC=
Infrared wavelength is
absorbed by water and is
strongly reflected by []
vegetation and soil which
is ideal solution for |
. . S
mapping coastal lines. & :}
Opensue.e:;; (:%T;Jl
Beneficiaries
Legend
* Environmental Agency —
Coastline_2008
* Municipality Planners,
Developers
* NCEMA 7 s i
Result NOMTORING
2008 vs 2018
Thematic maps utilizing e
change detection BT
methods enabling
multiple outcome i e
presentations.




= Monitoring Sea Water Temperature

Rationale

Retrieval sea surface temperature
to monitor and detect the thermal

Image preprocessing, georeferencing

anomalies of cooling-water verified and rectified (if needed)
: Image <
discharged from the nuclear power satellite Image - Rectiied | J
plant. thermal infrared bands Al, Deep Learning
(raw data) Unsupervised image
. e . . classification
Beneficiaries Object-Based
Image Analysis | _
v Nawah Energy Company (ENEC) l
v" NCEMA

< Database
Vector Data 7 Model
Development | 4

v Municipalities | - .

Change ’ Previous survey
——
/’//

Detection  [&jE et
Results Data Comparison |

Result

Image showing
changes in water
temperature compared
with the previous
survey

GIS Data Base ' Updated Dashboardl ’ oy
Thematic Map ) ’ Classified previous image




= Built-Up Areas Development

Rationale Yas Island Developrent

Using remote sensing this application extracts from
satellite images current and historical data for built-up
areas.

Change detection techniques of GIS creates maps of
this area development within defined time.

Beneficiaries

* Environmental Agency

e City Planners

wwwwww

_EERSSSCEYS . 7
YAS ISLAND - 2010 P X YAS ISLAND - 2020

| ! o

e R

e Depart. of Economic Development

 Governmental and Non-Governmental o e o E
Agencies ! =8

Result

Our application provides multiple outcome
presentations in the format of thematic maps
(change detection) and reports.




= Building Permit Verification

Rationale

Proposed application identifies potential
residential buildings constructed without
appropriated documentation.

Beneficiaries

v" Municipality Building Sections
v" NCEMA
v’ Affected Citizens

Result

Thematic map highlighting
properties for further field visit by
municipality inspectors to verify
existence of building permits.

R

7

Bulding extracted fromsatellite image
Building with existing construction permit
Suspected building without permit




= Qil Spill Monitoring

Japanese tanker MV Wakashi

Rationale

Using SAR (Synthetic Aperture Radar)
methodology propose application can
extract from satellite images the extent
of the oil spills and identify the
direction and rate of oil movement.

— s
Image <
Rectified
7

Image preprocessing, georeferencing
verified and rectified (if needed)

: 'A .\v / ’l " l SAR image m Isolate dark areas I
Beneficiaries B T Al WU:N—.
g ‘ <_M L DL characteristics
« Environmental Agency Image Ausic o

=
Statistical Decision
l Compatieon Oil or look-alike

q Vector Data
B —
Vector . ata Development | ~ Database Model
creation 14

Change Detection l

Results v . Previous
Change Detec.tlon <—Su rveys
Data Comparison 4

* NCEMA
* Municipalities, ADNOC

* Governmental and Non-
Governmental Agencies

Result

Our application provides multiple
outcome presentations in the format of
thematic maps (change detection) and
reports.



= Base Map Updating P

Image <
Rectified
Object-Based

Image Analysis
< Database
Extraction
BN Data Comparison +——
and Updating

v" Municipalities | I

. e e b=l
Other Governmental Agencies > s

Existing Base Map

Image preprocessing, georeferencing
verified and rectified (if needed)

Rationale

Proposed application
uses different bands to
retrieve from satellite
images built-up areas,
especially buildings and
roads to bring Base Map
up to date.

Al, Deep Learning

Benef|C|a ries Extracted Buildings, Road Edges

City Planners, Developers Result

AN NN

GIS Community Backbone of GIS city data base, i.e. Base Map, becomes updated

for medium to small scale elaboration in very short time.



Vegetation Health Monitoring

Rationale

Proposed application utilizes combination of
different bands to retrieve from satellite
images Normalized Difference Vegetation
Index (NDVI) indicating vegetation health.

Beneficiaries

AD Agriculture & Food Safety Authority
Environmental Agency
Farmers

Global Farming Investment

NN N N X

Parks and Green Areas Maintenance Co.

Result

Thematic map highlighting changes of NDVI
index within established interval of time.

Changein NDM fron12016to 2020
5 q‘bl v "_,:r’ g > .| “‘ “y~ o {2
m N J X ol ":‘,_"f- 2 '.:_TVL”

E‘aﬁ“

[ 1 Vegetation Health Inproved
[ Vegetation Health Deteriorated




= Soil Types Mapping

Australia: NSW{Victoria — Crop Calendar
Barley 1
com [

Rationale A S| —— e . Coion

—
g —

Oats /1

crop calendar |  Rice i

sorghum [
= |

Wheat

Proposed application
utilizes combination of
different bands (1-5
and 7) to retrieve from
satellite images soil
types and its spatial
position for agriculture
purpose.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
[lPianting [“]Mid-Season [EHarvest

% Source: FASIGMA/IPAD

Soil Mapping Units
kB BE

N e
55 ] o . s

AI, DL 5 4 o N 6
7 5 1.

Object interpretation,
classification
and vectorization

Solid units and
erosion features

Beneficiaries

e  Environmental
Agency

e City Planners
LCCS - Land Cover Classification System

* Farmers Result

e AD Agriculture &

_ Thematic map with current distribution of soil types
Food Safety Authority

(with eventual changes happening within the time).



I . mg . .
== Disaster Mitigation Planning and Recovery
Proposed application identifies potential
calamities (Earthquake, Flood, Hurricane, ’
mitigate if happen. l
Quick disaster assessment is necessary for ’
| mage ay5|s 4
Beneficiaries - ’
ap
* National Crisis &  Emergency /
Management Authority (NCEMA)

Rationale Disaster Mtigation Planning
Tsunami, Fire) and establishes procedure to
rescue workers.

and others

* Municipalities
» Affected Citizens

Result

Custom-made applications for particular |
disaster combined with set of procedures to 7 S
be implemented in very short time. —_—

MoU signed with remote sensing company(s)
for quick image supply on daily basis.
Image pre-processing

Developed application retrieves data (according
to predefined library) using Al (DL, ML) and
integrates with GIS

Thematic map is published according to
predefined templates on daily basis and
distributed to rescue teams




= Counting Cars

Rationale

Counting the number of cars is needed to
improve the traffic in large cities, to avoid
congestion and predicting vehicle behavior.

Currently ground surveillance cameras and
sensors are employed. It is useful to collect
composite information regarding the number of
vehicles on the roads, their positions, directions,
etc.

DoT gets updated information about imposing
paid parking areas wherever it is reasonable.

Beneficiaries

* Department of Transport By analyzing the results obtained by developed model, we show that it has a

* Environmental Agency, Municipality very good vehicle detection accuracy maintaining a very low detection time.

) Above image is part of Khalifa City with resolution of 0.50 m.
* Department of Economic Development

Result

GIS database presenting detected cars extracted from intelligent machine learning models. Can be collected in
any time of the day and any day of the week to perform complex analysis (e.g. change detection). >






Monitoring of Building Usage

Rationale

Proposed application discovers changes
in residential property usage based on
unusual amount of cars parked inside

Beneficiaries

v" Municipality Building Sections
v" NCEMA
v’ Affected Citizens

Result

Thematic map highlighting properties for
further field visit by municipality
inspectors  to verify correctness of
building inhabiting.

Salon cars extracted fromsatellite image
Property (Alt)
Property with parked four (4) and nore carsinside




= Monitoring Property Sizes [———

» 4 L -
Rationale : — BT
‘ L = ; £ D.«-,‘

. . . L - "w " I "% i "‘:‘.;‘1.;;.;»\

Proposed application discovers i 7 ; T
. . . . - | B
differences of residential property built- . . Tapmr Ay F W
up sizes (Plots) comparing to cadastral | , , L

data base of municipalities. . " = -
d :: 7‘ n.a'-v::o
Beneficiaries 1 -

- "we e " - - L4 ‘ e
v" Municipality Building Sections | | ‘ it e
v'  City Planners 2 ik '

v Affected Citizens 4:_, v R W : - ® Bumsses

Result . el

Thematic map highlighting existing

properties where fenced/walled area Satistics

§

7/}  Property extracted framsatellite image

exceeds by 10% the legal cadastral A N W
. y 0 g . H’m‘ty (Hd) fra‘T] %ﬁ[’al d) 66 176 2870 2090 779 37.3
figure. The result (maps, reports) gives T T T T
tools to municipality inspectors (for Property areaexceeds>10% of legal valume | = = oo o m w2
further field visit) to verify correctness of e

p I Ot O CC u p a n Cy. 68 209 2864 2090 774 37.0



= Monitoring Construction Progress

Rationale

Proposed application monitors work progress
based on temporal images and engaging Al science
with model Deep Learning. As the data source are
aerial (drones) and satellite imageries driven by
analytical algorithms and supported by 3D
modelling, change detection and classification of
constructed objects.

B en ef| ciaries https://www.youtube.com/watch?v=nr6118FW718

4D Construction Visualization

v' Municipality Building Sections

// Training phase rTer— \\ a)
v' Developers, Investors / T =)

Result

The main benefit of the proposed solution includes
the automated measurement, enhanced
visualization, documentation of planned vs. actual
progress along with 4D Project Management
Workflow optimizing project schedule and
performance.

2]

Threshold (0.5)

Output
(binary)

Figure 3. Process of detecting newly built constructions.




= |and Use/Land Cover

Rationale

LAND COVER 1990 LAND COVER 2010
LEGEND
- \epetation

_ Agriceltere
- Barren
- Bailtap
- Water body

LULC changes have become a key subjects for
study of the global environmental variations.
Proposed application monitors this phenomena
based on temporal satellite images
(multispectral with seven visible and near-
infrared bands) and engaging Al science.

Beneficiaries

 Environmental Agency, City Planners
 Department of Economic Development

* |nvestors

Result

Usually this type of study shows that vegetation areas are decreased while urban areas expanded. In some cases forest
land is increased due to government effort restoring rural ecosystem by forestation moves (depends on countries and
their policies).

The results are presented in thematic maps supported by detailed reports quantifying areas for particular usage types
as well as forecasting the future trends. Independently GIS database is distributed to potential customers and serves for

updating of their dashboards and enabling further investigation. .



= Counting Palm Trees

Rationale

Counting the number of palm trees can be very useful
for commercial, agricultural or environmental purposes.

Deep Learning of Al offers the possibility to
automatically identify the positions of individual palm
trees in large areas in a reasonable time, indicating palm
health conditions also.

The palm trees are visible and distinguished on satellite
images with 50 cm spatial resolution using four spectral
bands (R, G, B, NIR).

Beneficiaries

e Agriculture & Food Safety Authority Diwwing Order
* Environmental Agency, Municipality 4 [ Mo
b [] CoconutTreesE1_PNT
* Department of Economic Development 4[] PalmTreesBuffer_VARI
MEAN
ReSUIt - Needs Inspection
[T peclining Health
GIS database presenting all detected palms and their health Er:::;‘e
conditions with optional mapping publishing. Independently, change
detection technique enables to monitor their health alterations or https://www.youtube.com/watch?v=wzQTBPG-Q_M

existence within given time frame. https://www.mdpi.com/2072-4292/11/3/312/htm



= Monitoring City Night Lights

Rationale % e SN N & T
Monitoring of city night lights provides new insights
about inhibited places, their infrastructure
development, and their growth patterns.

Researchers can investigate how cities expand,
monitor light intensity, source and type of lights to
estimate energy use and economic activity, and aid
in disaster response.

Data for the images shall be acquired with the Visible
Infrared Imaging Radiometer Suite (VIIRS) having a
low-light sensor, the day/night band that measures
light emissions and reflections.

"r\; Txb .\‘ i %"
The main challenge are the phases of the moon, CITY c&m ercna\l area
which constantly varies the amount of light shining

on Earth.

Beneficiaries https://earthobservatory.nasa.gov/images/146481/

nighttime-images-capture-change-in-china

* Environmental Agency, City Planners

o Department of Economic Deve|opment https://www.nasa.gov/feature/goddard/2017/new-
. . night-lights-maps-open-up-possible-real-time-
* NCEMA, Municipality applications
Results

Database or maps presenting the changes of the city lights in indicated period of time.



Monitoring City Night Lights

Flourish”™

Source: https://public.flourish_studio/visualisation/4472913/ Web Viewer Terms



= QOther Potential Use Cases

1. Fishery Industry
— Detecting illegal activities,

— Monitoring sea surface temperature and ocean colors to indicate of
specific fish species

2. Archeology - finding ancient sites

3. Real Estate - current view of the property and surrounding area;
schools, shopping districts, parks, existing road network, etc.

4. Criminal Investigation - locating lost bodies

9. Other Disaster Predicting landslides

6. Tracking birds migration, location (e.g. houbara)

7. Habitat suitability models to predict the presence of mosquitoes

8. Planning an optimal telecom networks by understanding distribution of

population
9. Assessing the environmental changes (not coastline only)

10. Getting oblique city view for better visualization e.g. construction
progress monitoring

1. Monitoring above the ground high voltage network for surveillance and
maintenance work (drone based)

12. Hydrology - locating groundwater zone maps to locate well sites
13. Insurance industry - detective work to verify crop insurance claims
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