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Artificial Information
Science Intelligence Architecture

Today: Bring INTELLIGENCE to the DATA

Computational Computational Computational

Imaging Sensing Intelligence

Tomorrow: Bring INTELLIGENCE to the SENSOR
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« Mission Intelligence

« Sensor Intelligence

- Data Intelligence

« Application Intelligence
 Business Intelligence

 Elaborate an overall EO intelligence for the system of systems:

USER - DATA - SENSOR - MISSION - ARCHITCTURE
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Ack. ARD/ARTE & Prof. Peter Baumann @ Jacobs University
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Challengé 1: Multi *;3_:
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 Multispectral, SAR, radiometer, altimeters, etc.

- EO products & metadata, location, time of acquisition, instrument parameters, orbit
information, product processing level, etc.

« GIS and maps, on various thematic, urban, vegetation, topography, etc., in distinct
standardization or digital formats, geo-morphological models, models of evolution, textual
description, etc.

- In-situ information & IoT diversity of sensors in large networks, measuring air or water
content, in-situ photography, measurements of physical parameters, etc.

 Location information, multimedia location awareness, GPS, tagging, spatial context

« Internet social networks or mobile communication information, with a fantastic
evolution in diversity, and volume, and containing unexpected important information.
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EO & In-Situ M

Data Set

e Mutispectral (WorldView-2), SAR (TerraSARX) both with
1.25 meter resolution.

e OpenStreetMap layer.

¢ LUCAS survey information from Germany.

R g & = = ey
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-  Computer Vision and Pattern Recognition, are needed for new tasks as
detecting, localizing and recognizing objects

« Specific EO task is the semantic description of the scenes from sensor data

+ Extract quantitative measures of the physical meaningful parameters of the
scene

- Registration of multi-sensor multi-temporal data

 Fusion of the imaging modes to provide different types of information about
various structures

« Recognition methods to distinguish huge variability of scene classes and
objects with very good precision
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Bucharest 1984-2012

112 Landsat images

&%,

(=) ce®spaceTech
ESA UNCLASSIFIED - For Official Use Prof. Mihai Datcu | DLR| 14/11/2018 | Slide 11

— 0l b 2= ™ LI W= T Il D D R B3Il EEE i ¥ European Space Agency



ez " L
SITS Evolution Clgss

. Urban area
Urbanarea vs. population -
205F . 2
=
2 -
= . -
=
1986 s 2
Figure 3. Temporal dynamics of the Maorii Lake
1.95}
1.6 1.65 1.7 1.75

Urban area (ha)

4

x 10
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Figure 4. Temporal dynamics of the Bucharest city centre
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Figure 7. Urban expansion for Bucharest and Ilfov area combined

Vaduva, C.; Costachioiu, T.; Patrascu, C.; Gavat, I.; Lazarescu, V.; Datcu, M., "A Latent Analysis of

o Earth Surface Dynamic Evolution Using Change Map Time Series," IEEE TGRS, vol.51, no.4 Aéaril 2013
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" Deep senj"singf;

DNN MS true-colour disambiguation  Dialectical GAN: Sentinel 1 >> TerraSAR-
a) - ' X
et el > (1) a beginning proposition called a thesis
- ‘ (2) a negation of that thesis called the antithesis
(3) a synthesis whereby the two conflicting ideas are

rarnnnrilad tA farm a now nranncitinn
Content image (Sentinel-1) Transferred image (spatial  Transferred image (Gatys Style image (TerraSAR-X)
Gram matrices) et al. Gram matrices)
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pair 1
Image
pair 2 f O .
. D. Ao, C. Durhitru, G.. Schwarz, M. Datcu, Dialéctcal GAN fgr SAR .
Iulia Neagoe, M. Datcu IGARSS 2018 Image Translation: From Sentinel-1 to TerraSAR-X, Remote
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" Challenge 3: Qrt'a 4:'2 L

Advanced topics, beyond today techniques and methods:
« Computational imaging

* Sensor networks

* Quantum sensors

Machine Learning and Analytics beyond the spatio-temporal physical space
* Quantum information theory

* Quantum signal processing

* Quantum machine learning

Quantum computing

ESA UNCLASSIFIED - For Official Use Prof. Mihai Datcu | DLR| 14/11/2018 | Slide 15

— 0l b c= ™ W = "Il D - 5 mm Il = S= K1 2 im I+l European Space Agency



Interactivelearning]

File Anahze

— Araly B Inage — Probatiey Mag (— Randamimages
-y

Megotive Exampls

Vector Distence = |

0.04kF 0 0SE018

Fasture |Optcal ColarevW.. | Distence |suckiean

i | sanicn |

ESA UNCLASSIFIED - For Official Use Prof. Mihai Datcu | DLR| 14/11/2018 | Slide 16

— 01 he C= ™ - ] ™= [+ D = I 10| European Space Agency




\\K\\\

\=CSd

N\
//Aﬂptlca|
Rlver-Rank by Slmllarlt Tree Rank by Probability Railway-Rank by Probability
_‘ Qury Pt . ap . Post Map ° Qu?{{r;] . Post. Ma_E

034153 071475 0.71405

0.70753

073124 0.7908 0639729 0. 65336 - 049463 h 048412

Alonso, K.; Datcu, M., "Accelerated Probabilistic Learning Concept for Mining Heterogeneous
Earth Observation Images,", IEEE JSTARS, vol.8, no.7, 2015
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Case study 3:
environment monitoring
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Predictive, adaptive natural User Interfaces

 Learning and anticipating the user behaviour and collaborate with the user

« Understand and learn the user intentions and context, establish a dialog

« Transform non-visual sensor data and information in human easy
understandable representations.
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Spatio-temporal patterns learning

and Visualization Heas, P.; Datcu, M., "Modeling trajectory of dynamic clusters in image time-
series for spatio-temporal reasoning," IEEE TGRS , vol.43, no.7, 2005

ESA UNCLASSIFIED - For Official Use Prof. Mihai Datcu | DLR| 14/11/2018 | Slide 20

— 0l b 2= ™ LI W= T Il D D R B3Il EEE i ¥ European Space Agency






" Challenge 5: I_ﬁfo -
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- Web based interactive technologies and tools

« Distributed architecture systems

- Adaptations to specific applications, and real-time for interactive operation
« Cloud computing should enable tasks not achievable with actual resources
 Federated systems

« Block chain
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D. Espinoza-Molina and M. Datcu, ‘Earth-Observation Image Retrieval Based on

Content, Semantics, and Metadata,” |EEE TGRS, vol. 51, no. 11, 2013.
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Data Model Generation

TerraSAR-X L1b product TerraSAR-X metadata and Tiles with different size Primitive features: Gabor filters
image and Waber Local Dascriptors

Quick — Primitive Create the
g::gt?;i I'rl"i‘l?rfe locks Feature product
B generation extraction model
Query Engine
| e —— =]

tanks and

Example of query: a i ity u
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- <= = DMDB is a relational database
- . = - Main tables are:
= 2 + Metadata
= N — - « Image
= == - Tiles
cet « Features
* Labels
DMDB comprises about
+ 8 millions of tiles
* 20 thousand metadata
entries.
« 106 semantic labels
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300 Cities
1300 Semantic
Labels
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The number of categories retrieved when the scenes are
grouped geographically or architectural
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Semantic annotation for Nazca Lines

- Desert

- Mountains

= Agriculture / land
-Traces

= Trecs/roads
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« Mission Intelligence

« Sensor Intelligence

« Data Intelligence

« Application Intelligence
« Business Intelligence

« Elaborate an overall EO intelligence for the system of systems:

USER - DATA - SENSOR - MISSION - ARCHITCTURE
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