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Project Facts

@ CALLISTO - “Copernicus Artificial Intelligence (Al) Services and data fusion with other
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Background
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Launched by the European Commission, will
support the Dijgital Agenda and the Green Deal.

Develop a very high precision digital model of our
Planet to monitor and simulate human and
environmental activity to enable sustainable
development.

Combine satellite with in-situ and socio-economic
data to derive digital twins, dynamic replicas of
our planet that mimic its behaviour, based on the
integration of federated Cloud platform with Big
Data features (Al, HPC...).



Goal and concept
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Enable virtual presence and situational
awareness, through Virtual Augmented
and Mixed Realrty.

Combine heterogeneous data through
Artificial Intelligence (Al) and semantics.

o5

ESA Digital Twin Earth; bridge the gap
between the DIAS providers and the end
users.

@ Support the EC Destination Earth and
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Pilot Use Cases

Final System 3" and Final Evaluation Cycle
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Drinking water

Operational test Operational test

Border

Surveillance O
o/ N/
M29 M28 M21 M20

2™ Evaluation Cycle 2" Prototype 1% Evaluation Cycle 1% Prototype
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Virtual Presence for CAP monitoring

Toulouse, France. Sentinel can distinguish between two types of crops: sunflower (in orange)
and maize (in yellow).
Copyright: Copernicus Sentinel data (2015)/ESA/University of Louvain/CESBIO
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Virtual presence for CAP obligations
monitoring, enabling targeted on-the-spot
checks and evidence-based decision
making.

Sentinel 1, Sentinel 2 and optical imagery
from UAV mounted sensor; deep leaming
models; /inference at the edge.

Increase transparency, efficiency  and
scalability of the CAP inspection processes
towards exhaustive monitoring and the
priorities of the new CAP.




Virtual Presence for water quality assessment

Assess water quality wrt algae, hazardous
materials or treatment by-products and monitor
surface water through virtual presence in the
water resources (DeWaterGroep, SMAT).

Collect and analyse in-situ measurements,
Copernicus data, video content from a camera
mounted on Unmanned Aerial Vehicles.

@ Tackle the problem of the deteriorating raw
water quality, an increasing concern for future
drinking water supply.

Rawwater basin of WPC De Blankaart. Aerial view (top) with detailed view of the circled area
(red) in May 2019 (right, normal) and August 2019 (left, algae bloom).
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Sensor Journalism

The size of the fires (2)
Area RS SeeR s S An easy-to-use monitoring tool that provides
journalists with satellite data contextualized
ol and put into reference with information from

e multiple sources forstorytelling.

Pattaya

{é} EO data combined and aggregated with other

W 5 sensor data, e.g. from air, sea and ground
s 8 e « A4 s measurement stations, as well as with
= % e ‘44 S 2 B Sao Paulo

; information from traditional and social media.

(1) The extent of bush fires as seen in Australia could only be really
understood by looking at satellite imagery. Active fires are
highlighted inred. NASA/NOAA

Source:  https://www.vox.com/2020/1/3/21048700/australia-fire s- Support investigative journalism in the field of
2019-map-satellite-smoke-pollution. Rome climate  politics; create  environmental
awareness.
(2) Abstracting information and providing context of the spread of Naples
wildfires by using an infographic.
Source: hitps://p.dw .com/p/3iggO
@O  Source: US National Interagency Fire Center | September 15, 2020
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https://www.vox.com/2020/1/3/21048700/australia-fires-2019-map-satellite-smoke-pollution

Land border change detection

Operating at EU border scale, detect relevant
land changes and provide alerts, that the
operator can validate; generate proposed flight
plans for UAV mission for further monitoring.

31/08/2016 28/04/2018
Sentinel-2 Sentinel-2

{é} Process Sentinel-2 data with models able to
recognise “relevant’” (new buildings, barriers,
23/08/2017 26/08/2019 roads) and “non-relevant” (snow cover
Sentinel-2 | Sentinel-2 v’ alterations, agricultural crop stages) changes,

based on proper user-centric definition.

-«
«
«~
~
&~

@ Situational awareness to guarantee protection
and security of EU citizens.
Relevant changesmanually detected nearland borders with Sentinel-2 (true-color RGB).
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Scientific and Technological Objectives

TO1

EO data and other
distributed data sources

ONDA DIAS

UAV videos

Sensor data

Social media
and Web

Galileo GNSS
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Machine learning

Annotated data generation }

Deep learning for CAP

|  Water quality estimation

Air quality forecasting

Land border change detection

!

Data fusion

3D models
Event detection
Information retrieval
UAV path planning

Optimisation on HPC

03 |
Semantic
technologies

Semantic
indexing

Geolocalisation
in text CALLISTO platform

Semantic
search

Inference

Big data
ana}yﬂcs
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Key Results (1)

KRO1 KR0O2
Annotated data generation Online free, public and
module for large-scale open repository with
data augmentation annotated data compliant
with FAIR principles
20/11/2020

S01:Machine Learningtechnologiesin Copernicus Data
streams

KeyResults

KRO3 KRO4
Deep Learning module for Water quality estimation
CAP module
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KROS5

Air Quality forecasting
module

KRO6

Land border change
detection module
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Key Results (2)

S02:Datafusion, Information Retrieval, HPC and 3D models

KRO7

3D model visualisation
module

20/11/2020

KeyResults

KRO8 KRO9 KR10

Event detection module Multimodal search engine Architecture-aware
Optimization of Analytics
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KR11

Alert-driven UAV path
planner

15



Key Results (3)

S03:Semantictechnologiesand data analytics

KeyResults

KR12 KR13 KR14
CALLISTO ontologies and Localisation module from Semanticinference and
Knowledge Base raw textual data Big Data analytics
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Key Results (4)

TO1: Collectionandindexing of EO data and other distributed
data sources

KeyResults

KR15 KR16 KR17 KR18
Advanced EO and non-EQ Sensor data wrappers Crowdsourcing module UAV video content
data indexing collection and edge
processing
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Key Results (5)

TO2: Platform development and system integration

KeyResults

KR19 KR20 KR21
CALLISTO platform Mixed Reality environment CALLISTO mobile
application
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CALLISTO In summary

Supports the EC Destination Earth and ESA Digital Twin Earth,
bridges the gap between the DIAS providers and the end users.

Enables virtual presence and situational awareness, through Virtual,
Augmented and Mixed Reality, creating a novel and innovative

_ immersive environment for the Copernicus market.
Combines EO with crowdsourced data, videos from UAVs and in situ
@ data, through machine learning and data fusion technologies; the
outcomes are semantically-enriched and served to humans in

C/ \ |_ |_ ] : ’ T O interactive interfaces and mobile apps.

Focuses on CAP monitoring, water quality assessment, sensor
journalism and border surveillance. Has the potential to serve a
variety of user communities.
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