TACTICA~ g% Earth Observation

October 2025

; Technology
Innovation
Institute

From Pixels to Decision:
Turning EO Data into
Actionable Insights




09 °¢ ADVANCED
S % ® TECHNOLOGY
o, .09 RESEARCH
@ge° COUNCIL

T

Technology
AI 7 I I I Innovation
Institute

i l

i

[ ]
Y 4 Technology ‘%ee - VENTURE
g‘ AS P I R E I II Innovation .0°. °® one
Institute o %.
[ ]
Program Development Applied Research Commercialization
Aerospace Al & Digital Advanced Autonomous Directed AI 7'
Healthcare © 3 & Space Science Materials Robotics Cryptography Energy

I G

Sustainability, = .
Environment, =~ Security

& Defence

& Energy n o n
o 8 B
o % ()
7 ca
Agriculture @ 6/—3@ Transport Propulsion Quantum Renewable &

& Space Sustainable Energy

Secure
Systems

STEERNA

& nabat.ai

QuantumGate

o VENTURE

oNe gepyices

TII'T Technology Innovation Institute



TACTICA

TACTICA! is a geospatial platform that fuses data
from sensors, 0T, AlIS, and satellites with unified
access and Al-powered orchestration .

Its embedded Al Agent accelerates analysis,
automates tasks, and enhances decision-making
in real time.

Users benefit from immersive 3D visualization ,
seamless integration , and an intuitive all-in-one
workspace for real-time collaboration.

TACTICA! streamlines operations and
emergency response, reducing costs through
automation and enabling hands-free interaction
with voice control .
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TACTICA' is LLM-Centric enabling advanced Agentic Al orchestration of
the Earth Observation and Emergency Anticipation and Response

Change Detection & Alert Generation

Threat Detection & Identification
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Reporting & Emergency Anticipation and Response

Satellite imagery of Kakhovka Dam on June
5%, 2023 (prior ructio

(post the dam destruction)

Customizable Alerts generated around available imagery /
change detection
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Monitor infrastructure with high precision to detect and alert
early structural anomalies
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Algae Bloom Detected
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Custom threat scenarios can be defined based on
requirements

Operational : Multi-sensor ship detection capable of detecting
threats viz. unauthorized shipping activity

Automated Reports can be generated

Suggestions of which tools (e.g. object detection algorithm)
and imagery are available. TheLM will callthe appropriate
tool based on the task.
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Tl Developed Analytics / Use Cases
Deep-dive




GEOSAT-2

TACTICAA T Water Pollution

Study on Calabria Sea Coast

Satellite based Water Quality Drone based SAR

Chlorophyll-a concentration estimation SAR overlay i Antenna PHH: Depth -1.0 m
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High turbidity values: indicate murky or
25 polluted water with high levels of suspended
particles such as silt, algae, or organic
matter.

Low turbidity values: indicate clearer,
cleaner water with fewer suspended solids
and better light penetration.
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High turbidity, suggesting poor water quality, often linked to pollution




Data
used Sentinel-2 Multispectral

TACTICAA'T Water Quality

Compari son between EADOs data and o

Link to data: https://scad.gov.ae/web/guest/w/marine-water-

. quality-annual-summary-report-2023
Our Results vs EAD Results £15% Accuracy Margin (Year 2023)

3.0
; gﬁ? Szzzllts Coastal Zone Station CI:!I:L(;:I':yII
Mean values over the year 2
25 Um Al Nar 1.30
Desalination Plants Taweela 0.75
— Mirfah 0.84
% 201 Al Reem Island 1.06
E Development Areas Al Hudayriat Island 1.24
i Al Muneera 3.72
;: 15 % Mangrove Area - Eastern Corniche 1.35
g % Butinah Island 1.12
5 % % Natural Habitats Al Yasat Island 0.64
§ 1.0 i % e i Ras Ghanadah Island 0.70
= i Marawah Island 0.85
PY ’

051 § Port and Marinas Ez:::l;na Zayed :Jg:
Al Bateen Beach 2.12
Public Beaches Corniche Beach 0.93
0.0 Fairmont Beach 1.50
Ut N Wee\ah A{\“&fé:‘a\\g:“;‘jé\ag‘eea& C\‘Z;?\\%‘Yc\) et P\a“ \'\a“\:,d“:\“ 133\733‘(_\5:2&?\%2\? ad‘ nt Bead‘ Nuclear Power Plant Barakah 0.56
wa \'\9‘ Reference Reference 0.78

Source: Environment Agency - Abu Dhabi

A
o

Chlorophyll-a (mg/m3) — 06.04.2023

N
5

N
o

Chlorophyll-a (mg/m3)

'
wn

-y
(=}

Al Reem Island

o
8}

o
o




Agricultural Monitoring
TIl Solutions

Capabilities

SPACE DATA
A - - hali AIRBORNE SURVEYS
A Detect illegal water connections/pipelines and wells ANALYSIS
A Identify crop type SOLUTION SELUTEN
A Define & Monitor Farm boundaries _ _ Use of Satellite imagery to train models for tree
) . o Drone-borne SAR:Tree counting & Biomass detection and counting. Segment several
A Agriculture Monitoring estimation. Pipeline & Irrigation Network classes of vegetation based on various
< . " . . e . Monitoring. indices/bands.
A Daily monitoring of soil moisture, irrigation efficiency, A X o Cl ing R Sl FrETierE T feEEss o fEETE
and water use compliance rone-borne Li :Canopy height estimation datg a_nd weekly revisits
& Tree counting. Weekly monitoring of crop and soil health.
Both sensors complement each other by It combines satellite imagery, spectral analysis,
combining structural detail with and Al to deliver accurate vegetation mapping

and continuous cropbsoil monitoring with

surface/subsurface penetration,along with o
historical context and frequent updates.

precise 3D point clouds.

TIl delivers customized agricultural
analysis using multi -band satellite data,
and LiDAR to deliver comprehensive plus historic and weekly monitoring, for
agricultural solutions. accurate vegetation classification and
plant -soil health.

Til is the best partner for integrating SAR
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TACTICAA'T Mangrove Monitoring

Data
used

ML algorithm developed & implemented to identify and Monitor Mangroves

Mangrove Identification algorithm

Sentinel-2 Multispectral

Mangrove Health Monitoring

Prediction 1

Demonstration 1: Mangroves
identified in Abu Dhabi Region

Arabian Gulf Vel s A
A il
Mangrove forests exhibit distinct S e
spe_ctralireflectgn(_:e patterns, MR m‘k""‘} .
enabling differentiation from other e Sy
land cover types. -~ :

Prediction 2

Prediction 3

Majority Vote
(Final Prediction)

__~ Demonstration 2: Mangroves

identified in Abu Al Abyad island
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https://physicsopenlab.org/2017/01/30/ndvi-index/

Health Status of Mangrove Trees for 2025 in Abu
Al Abyad: Healthy 225 ha and Unhealthy 21 ha
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Data

TACTICAA'T Coral Reefs Detection o0

ML Algorithm to detect Coral Reefs developed and implemented

Coral Reef Identification algorithm

NIR

(Multiple Decision
Tr ees.) ...

Tree 3

T T ~T ~ T ~

Prediction 1 Prediction 2 Prediction 3 e

Majority Vote
(Final Prediction)

ﬁr‘. 4 ,';—‘, P}
\%ari Island

Coral Reefs exhibit distinct

spectral reflectance patterns,
enabling differentiation from other

land cover types.

Dalma Island

Red: Predicted reefs

M Yellow: Ground truth - o leard ISIand

Implementation of ML algorithm for
Coral reef detection was successful.
Further validation through Ground
Truthing required. Bleeching effects
and Health of Coral Reefs will also be
studied.
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TACTICAA T Biomass Estimations

Study on Puinawai National Park, Colombia

. Seascnal vegetation index (NDVI) variatic

Predicted AGBD (Mg/ha)

forest biomasg

200

Using LIDAR, multispectral satellite data, and Al, we map forest biomass and long-term vegetation trends for carbon and health monitoring.
Applied in Colombia& Puinawai National Park, our models quantify above-ground biomass and reveal two decades of forest greening and browning.

Forest EVI analysis of Puinawai National Park, Colombia
2000-2019

Sen's slope (EVI units/year)

f@rest browning forest greening
-60 60
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TACTICAA'T Damage Assessment

Tool showcased on different use-cases

Sentinel-2 Multispectral

Binary map indicating the damage

Satellite imagery of Kakhovka Dam on June

Satellite imagery of Kakhovka Dam on June
5t 2023 (prior to the dam destruction)
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NDWI imagery of Oleshky on June 3, 2023 NDWI imagery of Oleshky on June 23, 2023
(prior to the dam destruction) (post the dam destruction)

Binary map indicating massive flooding
due to the dam collapse

In June 2023, footage showed water gushing from the Nova Kakhovkadam
in Russiancontrolled southern Ukraine, with images suggesting an
explosion had damaged its structure. Between 200 and 300 deaths
in Oleshky according to local health workers. Flood happened due to
downstream water from dam destruction.

3 S y
NDWI imagery between April 20-30, 2024 (after
the heavy rainfall)

Binary map indicating the extent
of flooded areas

NDWI imagery in the month of March, 2024
(prior to heavy rainfall)

In April 2024, Dubai experienced its heaviest rainfall in 75 years,
with over 250 mm (10 inches) of rain falling in less than 24 hours.
Thisled to widespread flooding, submerging streets, halting public
transportation.

Binary map indicating the extent
of burnt/actively burning area

SWIR imagery on 30-06-2025
(during the forest fire event)

SWIR imagery on 25-06-2025
(prior to the forest fire event)

In June 2025, wildfires ravaged Turkey's western provinces,
notably affecting Izmir, including areas nealJrkmez.




TACTICAA i Oil Spills

Study on Sea Coast near Kuwait

Data Sentinel-1
used

Frequency

; Use case: Analysis to
SEALIEYEY  monitor and assess extent
of Oil Spills in the Sea

Potential application:
Immediate Post damage
assessments and
Monitoring of Oil Spills

Algorithm for monitoring and
estimating oils spills based
on Scattering of Radio
waves from oil and water
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TACTICAA

Iran Ports

T Multl -Sensor Fusion

Data
used

ICESat-2

Sentinel-1

AlIS
Data
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Data ICESat-2 ;~ ;Sentinel-2

TACTICAA'| Bathymetry o

Tool validated on Khalifa Port with Ground Truth

First Step - Psuedo Satellite Second Step T ICESat-2 LIiDAR data along Result T Calibrated more accurate depth information
Derived Bathymetry(pSDB) from a line across the port is overlay on the Demonstration 1 i Applied On Khalifa Port
Sentinel-2 Multispectral imagery bathymetry map
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Third Step i Calibration of pSDB map using LiDAR data

. g
o image derived gtlr

Preliminary Ground Truth T The Depth alongside of the Khalifa Port
18.5 m as per the website, which matches our Results
https://www.adports.ae/ports-terminals/commercial-ports/khalifa-port/

Our Portfolio v

N
3% ABU DHABI PORTS | l

Khalifa Port

00 25 50 75 10.0 125 15.0 17.5 Home > Ports&Terminals > CommercialPorts > Khalifa Port
Along-track Distance (km)

Height / Depth (m)
5

18.5m

Depth Alongside



https://www.adports.ae/ports-terminals/commercial-ports/khalifa-port/
https://www.adports.ae/ports-terminals/commercial-ports/khalifa-port/
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TACTICAA'T Bathymetry

Tool Showcased on other Ports

Data ICESat-2

used
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Perpendicular Baseline [m]

TACTICA'TINSAR

Al Ain: INSAR Data Analysis 2022025

geo_temporalCoherence

24.4,
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24.0t

55.0 55.2 554 556 558 56.0 56.2 56.4 56.6

0.0

Map showcasing the Temporal coherence. The temporal

coherence on the left between tiles could be bad because

the area is covered predominantly with Sand dunes
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Map showecasing the displécements. On the right of the

image we see uplifts (red) in the mountain regions.

Data Sentinel-1
used |

Technology
7' TII Innovation
Institute

Yellow to red/orange colors typically correspond to
subsidence rates (sinking ground) in cm/year, where darker
shades indicate more significant ground movement.
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TACTICA'TINSAR
Al Ain 20241nSAR Data Quality Analysis

Coherence Matrix
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Coherence matrix of the INSAR image stack showing
average spatial coherence between all pairs of SARE
acquisitions. Higher coherence (blue) indicates betterg
interferometric quality and stability, essential for
reliable ground deformation analysis, while lower
coherence (red) highlights decorrelation due to
temporal changes.
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Coherence History: Min/Max of All Related Pairs
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Coherence history plot illustrating the temporal evolution of maximum (blue) and

minimum (orange) average spatial coherence across SAR image pairs from 2024 to
2025. Variations reflect periods of stable surface conditions (higher coherence)

and episodes of decorrelation due to environmental changes, crucial for assessing

INSAR timeseries reliability.

Interferogram Network

&4
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2025
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Interferogram network diagram illustrating
temporal connections between SAR
acquisitions from 2024 to 2025. The yaxis
represents perpendicular baseline variationy
differences in satellite positions and viewing
angles during image acquisitiory which
influence interferometric sensitivity. Line colors
indicate average spatial coherence,
highlighting the quality of each interferometric

pair.
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Sentinel-1
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TACTICAA'T InSAR Bridge Monitoring :
Raha Bridge i &
R,#R, .
. . R:
INSARleverages satellite radar imagery to detect
millimeter-scale displacements in bridges over “X-FTar s v\;lﬁﬁgi{:]
time, enabling precise, remote monitoring for early - X-band = 3.10 [cm]
identification of structural anomalies. I acquisition _\M/_ sk
2nd gequisition
R Deformation Over Time
X
. 151
Latitude: 24.487944° 1.0
Longitude: 54.630764°
Row: 1520
Column: 4820 — o051
Mean LOS velocity [cm/year]: 0.90 +/- 5
0.51 E
B 5 oo
*Double click to reset plot 270.5
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VAR L s
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Time-series chart shows millimeter-level vertical displacements detected on the E12 Sheikh Khalifa Bridge using InSARsatellite radar data
throughout 2024. Subtle deformations are captured consistently over time, highlighting the utility of InSARfor structural health monitoring. Over
a one-year period, displacements reached up to 1.5 cm, with the averageremaining close to zeroy indicating no significant long-term shift but
highlighting transient variations.
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Data Sentinel-1
used

TACTICAAT InSAR Bridge Monitoring

Carola Bridge Collapse Dersden
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Mean LOS velocity [cmiyear]: -0.94 +/- 0.07
Cumulative displacement [cm]: -1.29
Temporal coherence: 0.87
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S EBIEASEWITZ

e S

Left: Thisimage presents satellite-based InSARmeasurements before the Carola Bridge collapse in Dresden, where a section of the bridge experienced structural failure. The
color scale represents the mean Line-of-Sight (LOS)velocity in cm/year, where blue indicates subsidence and red indicates uplift. Thedisplacement marker (Lat 51.055573,
Lon: 13.746930 ) shows a mean LOSvelocity of -0.94 10.07 cm/year and a cumulative displacement of -1.29 cm, with strong temporal coherence (0.87). Thetime-series plot
reveals a clear downward trend in displacement from 2022 to 2024, preceding the reported collapse. This highlights the potential of INSARas an early-warning tool for
structural health monitoring, offering millimeter-scale insight into deformation patterns that can precede visible damage or failure.

Right T Video: Dresden_bridge(1).mp4. The video shows an interactive tool okml file overlayed inGoogleEarthPrg where user can select a point to get a popup with details
and graph with displacement over time.
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https://tiiuae.sharepoint.com/:v:/s/derc/ERs97pcH94dEplAHU2DXecUBmCvPF_LSVdAboCpLhMJL3Q?e=UNkkna
https://tiiuae.sharepoint.com/:v:/s/derc/ERs97pcH94dEplAHU2DXecUBmCvPF_LSVdAboCpLhMJL3Q?e=UNkkna

TACTICAA - InSAR Rall Track Monitoring

Mapping the displacements from space

Video: The video shows an interactive tool okml file overlayed in
GoogleEarthPrg where user can select a point to get a popup with
details and graph with displacement over time.
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