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EO Data Mining

EO Data Mining, in analogy to other forms of Data Mining, such as text or
semantic web technologies, aims at making the image content
accessible.

It enables:

» Automatically highlighting of satellite image subsets

» Generates semantic catalogues

» Explores and helps finding specific objects of interest

 Assists image content assessment and understanding

e Supports time-consuming visual interpretation

» Performs analysis on multi-temporal and multi-sensor datasets.
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The Concept: from Data to Information

Data Features Semantics Information
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A taxonomy of EO sensors

Physical Atmosphere
Parameters Meteorology
LR Superspectral

Multispectral

POISAR
VHR Optical
VHR SAR

Single Pass INSAR

Altimeter Patterns
PS InNSAR Ob] ects
Structures
Geometrical
Parameters
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A [log]|History

2014 Sentinel 1 Free data at 5 m resolution
2010 TanDEM-X Free scientific data at 1-3m resolution

2007 CosmoSky Med, RADRSAT 2
TerraSAR-X Free scientific data at 1m resolution

2000 SRTM First time > 80% of continental DEM in 30 m grid
1992 ERS-1 First time a lot of free data !

1974 Sea-SAT First EO spaceborne SAR
1954 Wiley Patent on SAR

WW | - WW Il RADAR

1904 Hulsmeyer Patent on Telemobilskope
1897 Marconi First wireless communication
1888 Hertz Experimental validation

1865 Maxewll Theory of electromagnetical waves
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The EO Big Data

EO Archive = ©{10 000 000} EO Products

EO product = “image” + “xml file”

“image” = 30 000 x 30 000 pixels

“pixel” = 16/32.../1000s bits, real/complex/multiband

“xml file” = a lot about the imaging mode, orbit, position, timing

VN NN

\

TOTAL = many ZettaBytes
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ERS1 TerraSAR-X
24-JUL-1992 11-OCT-2008
512x512 pixels 512x512 pixels
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At meter resolution, if context is ignored (the analysis windows being

used are relatively small as compared to the object scale), very different
scene classes may be confused. The example shows a bridge (left) and
buildings (right) which are comprehensible only when the window size is

sufficiently large to incorporate relevant context. Otherwise, both scene
classes “look” similar and can be confused.
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SCENE CATEGORIES & INFORMATION CONTENT

1 HS TerraSAR-X Scene =
up t010 000 image patches
(100 x 100 m)
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EXOGENOUS SOURCES & INFORMATION CONTENT

Urban Atlas
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- Continuous urban fabric

@l Discontinuous dense urban fabric

B Discontinuous low density urban fabric

Discontinuous very low density urban fabric

B 1solated structures

@ Fast transit roads and associated land
I Other roads and associated land
- Railways and associated land

Part areas

Airports

- Mineral extraction and dump sites
‘ Construction sites
- Land without current use
- Green urban areas
Sports and leisure facilities

Agricultural, semi-natural, wetland areas

- Forest
- Water

Py BT

@l Discontinuous medium density urban fabric

- Industrial,commercial, public,military, private units
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Concept and Components

S R

ata Mining
Knowledge
scover

Data Visual Data
Mining

Sources

Users
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Metadata extraction
Patch generation

Feature extraction methods: Gabor filters, Grey-
Level Co-occurrence

» Matrix (GLCM), Bag of words, dictionary-based
4 compression features, etc.
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Database Management System
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| | SELECT uls.id AS
i ==+ Z =277 | COUNT(*)AS cnt Users
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WHERE uls.label
e ape abe A

» Database scheme relation DB
» Some data mining functions
e Similarity metrics
» SQL functions for querying
*Distances

nterpretatio
nderstandi

Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV

in der Helmholtz-Gemeinschaft



SEERAE

-bxfnlnrwr IR P

Database Management System
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Example of data model for Earth-Observation
images
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»SQL_RETRIEVE_QUERY_BY_DICTIONARY="
WITH
user_dict_size AS (
SELECT uls.id AS id, uls.label as label, COUNT(*) AS ¢
FROM user_labels AS uls, user_dictionaries AS uds

WHERE uls.label LIKE '%(user_label_label)s' AND
uls.id=uds.user_label_id

GROUP BY uls.id, uls.label
),
inter_size AS (
-- size of dictionary intersection for all pairs of patches
SELECT
udl.user_label_id AS user_label_1,
ull.label AS label_1,
d2.patch_id AS patch_2,

p2.label AS label_2,
count(*) AScnt 1 2
FROM

Fast Compression distance computation
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Query, Data Mining and Knowledge Discovery
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Sources

Visual Data
Mining

IFat NS

Queries:

Query Builder
Ontologies: Strabon
SQL

Query by Example
Data Mining
Semantic Definition

Users
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Query by Metadata and Ontologies
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TerraSAR-X metadata used for RDFs and Queries:

. XML file contains information about productComponent, annotation, imageData, missioninfo, acquisitioninfo,

scenelnfo, etc

|<paths.</path>

HS_S_SRA_20071124T165907_20071124T165908 </filename>

<filename>TSX1_SAR__MGD_RE__ |
</location>

<path>IMAGEDATA</path>

<filename >IMAGE_HH_SRA_spot_047.tif</filename>
<flocation>

<imageRaster>
<numberOfRows>10881</numberOfRows>
<numberOfColumns>15782 </numberOfColumns:
ii‘:owSpacinq units="m">5.00000000000000000F-01</rowSpacing>

<numberOfColumns»>15782</numberOfColumns

<rowSpacing units="m">5.00000000000000000E-01 </rowSpacing>
<columnSpacing units="m">5.00000000000000000E-01 </columnSpacing>
<groundRangeResolution>1.00455682210983221E+00</groundRangeResolution:

#sceneCornerCoord>
<refRow>10881</refRow>
<refColumn=15365</refColumnz

WU UPULIY WL T I SV UU UL YUY U YUY U U UYL U S T O a iy

<columnSpacing units="m">5.00000000000000000E-01</columnSpacing:

<groundRangeResolution>1.00455682210983221E+00</groundRangeResolution>
<azimuthResolution>1.15718095710302693E+00+</azimuthResolution

- «sceneCenterCoord>
<refRow>5441</refRow>
‘ <refColumn>7891</refColumnz
<lat>4.54351575435622905E+01</lat>
<lon>1.23451472264888142E+01</lon>

Ontology

Extraction of Metadata from XML annotation file
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<http://www.w3.0rg/1999/02/22 —rdf—syntax—ns#>
<http://www.w3.org /2000/01/rdf —schemazt>

<http://www.earthobservatory.

<http://www.w3.org /2001 /XMLSchema#>
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Semantjc annotation of TerraSAR-X image content
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Semantic catalogues

- B an g ko k (Th a‘l | an d ) 7 The number of categories retrieved when the scenes are 829 ;:"::" -
_S h en yan g (Ch | n a)’ & grouped geographically or architectural - -
-Nazca Lines (Peru); PR st A
-Havana (Cuba); oy
Venice (italy) o
-Vasteras (Sweden); .
-Oran (Algeria);
-Bogota (Columbia). | ™ ™ wide "7 "W

Collection
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Query, Data Mining and Knowledge Discovery
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Sources

Visual Data
Mining

IFat NS

Queries:

Query Builder
Ontologies: Strabon
SQL

Query by Example
Data Mining
Semantic Definition

Users
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Semantic annotation

j‘> PF algorithm

—

Collections

Optimal parameters:

* product type (MGD) ,

» mode (High resolution Spotlight),

» geometric resolution configurations (RE),
* patch size (160 x 160 pixels);

* PF algorithm (Gabor filters)
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SVM with RF

Annotated
category

Semantic

Ground truth
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Data Model Generatlon Ingested |mages

Location of the 100 TerraSAR-X scenes and the distribution of the scenes over the World

Data Model
composed of:
~110000 patches
~320 semantic
categories

Evolution of the annotated TerraSAR-X dataset

w 6.9 1
: 10 -

10 7 ®
" 4 3 3

JEFE RN

- | ek

Africa North South Middie Europe Asia Taotal no. of
America  America East SCenes
B annotated scenes Phase | B annotated scenes Phase |1

C.O. Dumitru and M. Datcu, “Information Content of Very High Resolution SAR Images: Study of Feature
Extractign and Imaging Parameters”, IEEE Trans. Geoscience and Remote Sensing. To be published
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Query, Data Mining
Knowledge Discover

Data
Sources

Visual Data
Mining
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» Rapid Mapping
generation
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Example of Image understandlng
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The damages in the agriculture can be clearly seen by comparing the classification in pre
disaster image (left figure) with the post disaster image (right figure).

TerraSAR-X scene before Tsunami — 20.10.2010 TerraSAR-X scene after
Tsunaml 12 03 2011

Agrlculture

H. Voltage  H. Voltage
poles poles

ST

A
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Automated Rapid Mapping scenario: Tsunami in Japan 2011

Two multitemporal TerraSAR-X images used for Japan Tsunami scenario

e
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Damage Assessment

VLAY nL‘.r ar

Bridnes

Structures 1 1
b Biidges 7 Fooded  Bridges before Tsunami
after  agricultur 7%
0% e Mountains )
5% 9% Debris

0%

Bridges after Tsunami

High Debris caused by Tsunami

voltage
. "o 20
Semantic Catalogue _,,
400
Total of annotated
Semantic class patches 300
Mountains 1874 200
Debris 33
Flooded area 1428 100
High voltage poles 50 0 Flooded Ocean Bridges | Flooded | Flooded Ocean Flooded ‘ Debris
Ocean 16562 areas after areas areas areas
_ : High
does eig e G Agriculture Bridges voltage |Mountains Structures
Bridges after 66 before poles
r—— %! uchanges| 504 20 0 8 12 75 | 16 | 2
Structures 287
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Koshi River Flooded area Araas Tully
surrounded by
Rood waters
[rspendy butldings
Main road geEbon and

Floo e agncubaral areas)
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City Industry

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt e

n der Helmholtz-Gemeinschaft




e

B akrar TN TR, 7 G

Visual Data Mining

» Representation of the data
in the 3D space using a
Laplacian eigenmap

ita Moce
neratic

Sources
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Immersive Visual Information Mining for EO image archives

Navigation inside the EO image collections using the CAVE automatic virtual environment
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EO data and Users

Volume and multimodality of data is growing

Data and information is spatio-temporal and unstructured
Users want to have the knowledge

Interactive is the only way of operation

Exploration is the predominant mode of interaction
Context is critical and relevant

Users are interested in information and knowledge independent of
conjecture
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Big Data trends
Information must be obtained from the data
Databases and search engines were not designed to provide contents
Visualization is very important
HMI are crucial
Cognitive vs. instruments
Reactive systems (may be more then concious ...)
All data must be availabe (no data, no discovery)
Simple, but not naive

Selective, not only addaptive

¢ Deutsches Zentrum
DLR fur Luft- und Raumfahrt e\

in der Helmholtz-Gemeinschaft




PN Br 3 A 0 e Y {3
g (ﬁ.‘i
/N 1 ' M' $

Pl BT

| L omdom o ‘ ,,' )
| . r 5 2L T
N N ”-‘f__,, — + 5- - . . P
C oy .l\..- AT . Prmin C‘ 7% v

Processing and learning

Pre-processing integrated with post processing

Data cleaning integrated with semantic understanding
Non-visual integrated in visual

Latent integrated in intuitive learning

Learning controlled by unlearning

Information integrated with human centric knowledge

Only realtime
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Algorithms and tools

Pattern Recognition and Data Mining Using Data Compression
EO Ontologies

Geospatial Information Retrieval and Indexing Systems
Content Mining, Semantics Modeling, and Complex Queries

Mining Image Time Series

DM supported by Web Services, CLOUD technologies

# Deutsches Zentrum
DLR fur Luft- und Raumfahrt e\

in der Helmholtz-Gemeinschaft



