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Big Data Analytics for Detailed Urban Mapping

Mihai Datcu
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Pick-Up
Point

» EOLIib is a modular system
composed of several components:
PGS in blue and new EOLIb in
orange

» EOLIib offers mining/search
services for accessing the image
archive

# Deutsches Zentrum D. Espinoza-Molina and M. Datcu, “Earth-Observation Image Retrieval Based on Content, Semantics, and
DLR fiir Luft-und RaumfahrteV.  \1otadata ” IEEE TGARS, vol. 51, no. 11, pp. 5145-5159, 2013.
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Data Model Generation
Data Mining DataBase
Query Engine

Visual Data Mining
Knowledge Discovery in
Databases

Epitome Generation
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Data Model Generation

TerraSAR-X L1b product TerraSAR-X image Tiles with different size Primitive features: Gabor filter
and weber local descriptor

[— <productinfo>

TEXI_SAR_AAA_BBBE_CC_D_EEE ook TXXXXXX_YYYYYYYYTYYYyyy N .
<missioninfo>

<mission>TSX-1</mission>

TEXI_SAR__AAA_BBBE_CC_D_EEE_x0ooooax TXXNC_YYYYYYY! e

</missioninfo>
> <acquisitioninfo>
o a—

</acquisitioninfo>
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</productinfo>
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Quick — Primitive Create the
éﬂxﬂggﬁgﬁ I.lrl;l?nge looks Feature product
9 generation extraction model
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Data Mining Data Base

nlproduct X

 xmiproduct_id: INT

@ image_id: INT (FK)

Q mission: VARCHAR(20)

Q orbitphase: INT

@ orbiteycle: INT

Q absorbit: INT

Q relorbit: INT

Q numarbitsincycle: INT

Q orhitdirection: VARCHAR(3)

9 sensar. VARCHAR(20)

Q imagingmode: YARCHAR(S)

Q lookdirection: YARCHAR(S)

9 polarisationmode: VARCHAR(E)
Q pollayer. VARCHAR(Z)

@ producttype: YARCHAR(12)

9 productvariant: VARCHAR(3)

@ projection: VARCHAR(15)

@ resolutionvariant: VARCHAR(Z)
@ radiometriccorection: VARCHAR(15)
Q pixelvalueid: VARCHAR(20)

Q imagedatatype: VARCHAR(S)

9 imagedataformat: VARCHAR(T)
Q numberoflayers: INT

Q imagedatadepth: INT

Q numberofrows: INT

Q numberofcolumns: INT

@ groundrangeresolution: DOUBLE
Q azimuthresolution: DOUBLE

Q azimuthlooks: FLOAT

Q rangelooks: FLOAT

@ sceneid: VARCHAR(70)

@ scenestartimeutc: DATE

@ scenestoptimeutc: DATE

Q scenecentercoord_refrow: FLOAT
@ scenecentercoord_refcolumn: FLOAT
@ scenecentercoord_lat FLOAT
@ scenecentercoord_lon: FLOAT
@ center_azimuthtimeute: DATE

@ center_rangetime: FLOAT

Q incidenceangle: FLOAT

@ productname: YARCHAR(100)
9 productpath: VARCHAR(500)

Q scenecamercoord_lon: FLOAT
Q scenecamercoord_lat FLOAT
9 referenceprojection: YARCHAR(128)

|3 smiprodiact FKindex to_inage
Q image_id

1 image has xmiproduct

image

¥ image_id: INT

Q filename: VARCHAR(100)

@ numberofrows: INT
Q numberofcols: INT

Q rowspacingunit: VARCHAR(2)
Q rowspacing: FLOAT

@ columnspacingunit:
© columspacing: FLOAT

@ resolution: FLOAT
@ latitude: FLOAT
@ longitude: FLOAT

VARCHAR(2)

dictionary

¥ dictionary_id: INT

Q patch_id: INT (FK)
Q dict_elem: INT

Q patch_id

| 3 dictionary_FKindex to_patch

# Deutsches Zentrum
DLR fir Luft- und Raumfahrt eV.
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patch_dictionary

e

image_patching

patching v

§ patching_id: INT

@ image_id: INT (FK)

Q sizepatch: INT

Q overlapping: INT

@ resolution: FLOAT

\.Q patching_FKindex_to_image
Q image_id

patching generates several patches

patch M

¢ patch_id: INT

@ patching_id: INT (FK)

< datatype: VARCHAR(3)

Q rowst: INT

Q cols: INT

9 VARCHAR(255)

T

label 3
§ label_id: INT
@ patch_id: INT (FK)

1_patch_has_n_lahels

[0~ paich_features_GLCM

| 3 patch_FRindex to_patching
Q patching_id

patch_features_QMFS

features_gmfs M

¥ features_gmfs_ic: INTEGER

9 patch_ic: INT (FK)
< mean: FLOAT

Q variance: FLOAT
Q lowpass: FLOAT
@ horizontal: FLOAT
Q vertical: FLOAT
@ diagonal: FLOAT

Q patch_id

|3 eatures_qmis_FKindex_to_patch

< <

features_gafs

 features_gafs_id: INT

Q patch_id: INT (FK)
Q mean: FLOAT

@ variance: FLOAT

@ scale: FLOAT

< orientation: FLOAT

Q patch_id

|3 eatures_gats_FKindex to_patch

patch_features_GAFS | patch_features_NSFT)

@ name: VARCHAR(100)
© description: VARCHAR(255)
|3 fabel FKindex to_patch

Q patch_id

features_glcm M

¢ features_glcm_id: INT

9 patch_id: INT (FK)
< mean: FLOAT

Q variance: FLOAT

Q entropy: FLOAT

@ confrast FLOAT

Q energy: FLOAT

@ O conelation: FLOAT

Q homogeneity: FLOAT

© autocorrelation: FLOAT

Q dissimilarity: FLOAT

Q clustershade: FLOAT

@ clusterprominence: FLOAT
< maximumprobability: FLOAT

|3 features_glem_FKindex to_patch
Q patch_id

features_nstf

§ features_nstf_ic: INT

9 patch_id: INT (FK)
< mean: FLOAT
Q variance: FLOAT

Q

@ centroidazimuth: FLOAT
Q fluxrange: FLOAT
O fluxazimuth: FLOAT

FLOAT

|3 features_nstf FKindex_to_patch
Q patch_id

It is a relational database
DMDB comprises about

—

7

800 processed products
8. millions of tiles

20 thousand metadata
entries.

106 semantic labels
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Query Engine

o8 Execute
IMetadata * Semantic =2 ‘ :

v — Available Labels

» [ ] Agriculture

ve — Bare ground =
[ Beach
[ Breakwater
(] Desert
["] Desert-and-Sand
[ Hill
(] Minerals
] Mountain
[] Mountain-and-Fore
("] Mountain-and-Fore

1 Sand
Query Expression

\Paramet... || Operator |[Value

Coordinates (lat/lon)
Incidence angles
Acquisition time
Pixel spacing

Metadata
Semantics

name = |CLiFF

# Deutsches Zen
DLR fir Luft- und R

* Number of columns/
st_c?niFerous rows
st_mixed
e sensor
|Conector * MiSSion
WD | * orbits
Metadata parameter based on Semantic parameters based
XML annotation file of on EO Taxonomy
o TerraSAR-X L1b products
aumfahrt eV.
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Query Engine: Examples

M <. Mion'doTphin)

s

Query Results.. ('::m dolphil%

Metadata | Semantic Execute EXp... ] [ st.. “ Ne...‘ [ cm...l
— . —
ImiR] Stockpiles - ation... tile_id label_id goodness | cowverage trust lastupdate..| label_id | parentlabel name description level l source stat
[ storage tanks 436990 |55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... |Descriptio... |2 |EOT 1 -
_ — 435010 |55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... |Descriptio... |2 EOT 1 =
o Military facilities 435519 55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... |Descriptio... [2 EOT 1
" 436737 |55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... |Descriptio... |2 EOT 1
o=
D U Natural vegetation 435254 55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... [Descriptio... |2 EOT 1
o [ Transport - 433506 |55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... [Descriptio... |2 EOT 1
426410 55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... |Descriptio... |2 EOT 1
¢ [EIEJ urban areas 435520 |55 0.0 0.0 0.0 2015-10... 55 z Starage ta... Descriptio... |2 EOT 1
D D Fountains 436045 55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... |Descriptio... |2 EOT 1
01 [ High buildi i 436823 |55 0.0 0.0 0.0 2015-10... |55 3 Storage ta.. |Descriptio... |2 EOT 1
Igh buildings 3 436371 |55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... |Descriptio... |2 EOT 1
[ [} High density residential areas 436132 |55 0.0 0.0 0.0 2015-10... |55 3 Storage ta.. |Descriptio... |2 EOT 1
436214 |55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... |Descriptio.... |2 EOT 1
] [ Hotel resort 436667 |55 0.0 0.0 0.0 2015-10... 55 3 Storage ta... |Descriptio... |2 EOT 1
D D Houses in residential areas - 435897 55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... [Descriptio... |2 EOT I
435589 |55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... |Descriptio... |2 EOT 1
[ [ Informal settlements 436199 55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... |Descriptio... |2 EOT 1
D D Low density residential areas 426724 55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... Descrfpl!o.u 2 EOT 1
436828 |55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... |Descriptio... |2 EOT 1
Medium density residential area 436416 55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... |Descriptio... [2 EOT 1
- . 436412 |55 0.0 0.0 0.0 2015-10... |55 3 Storage ta... |Descriptio... |2 EOT 1
LI L] Mixed urban areas > 435423 |55 0.0 0.0 0.0 2015-10... 55 3 Storage ta... [Descriptio... |2 EOT 1
< Il I [»] 435546 55 0.0 0.0 0.0 2015-10... 55 3 Storage ta... |Descriptio... |2 EOT 1
Quel’y Expl’ession 428454 s nn nnN nn 2N185-10N LY 2 IStnrane ta Necrrintin 2 FNT ;|
Parameter| Operator Value Conector

name = Storage t... PR

name = Medium ... D

<

T ]»

mﬁmnﬁmygngyorage tanks and Medium density urban area are the query parameters

in der Helmholtz-Gemeinschaft
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Visual Data Mining

X Dl ondhn) ook

. Provides a projection of the
entire database

=  Representation of the data in
the 3D space (dimensionality
reduction)

= Interactive exploration and
analysis of very large, high
complexity data sets

=  This allows the user:

= To browse the image

Nouse Coorinates (1028, 3%)

Tile: '1_62.jpg’, 1D: 81327 i
St arcnive
Selection Mode Chang Dl s i
Change Displaying Mode DataVis3d v1.2, Copyright (c) 2012-2013 ASRC e Use mouse ck n e image o disay te's o H 1
T Use mouse click on the image to display tle's nfc | [ ] O TINd scenes or Interes

Close.

Close

=  Semantically consistent groups
may appear inside the data

# Deutsches Zentrum
DLR fir Luft- und Raumfahrt eV.
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Knowledge Discovery in Databases

; _ = KDD used to define semantic
e e R e e el annotations of the image
- content.

. R A ; = Interactive search supported
o bataboce> B EOEERQO B 0 by relevance feedback

EEEROHE Relevance mechanisms

Feedback
TD = [-444--4--...] T

¥ Active learning ! = Goals is to build a model
Train(TD)=>model which performs the mapping
Prediction(D,TD,model)=>LT between low-level image
‘ descriptors (primitive features )
Abeied ties (LF)= and high-level image concepts

(semantics)

Nature hierarc hy corres| pond to more

Intermediate level nodes in the
hierarchy correspond to
maderately general cancepts

Woods Fields

Deuts¢ - 3

DLR fiir Luf oty
. 5
in der Hi | .
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KDD: GUI
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Work Flow:

Collections
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| = Cascatle Active Learning {on dolphin) o e

TSX1_SAR__MGD_RE___HS_S_SRA_20130509T144455_20130509T144456
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Cascaded Active Learning

|~ Cascade Active Learing (on dolphin) liﬂil@-\

oAkl i %= #2500

I} [«

Level 0: 200x200 pixels

Lel
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Cascaded Active Learning

| Cascade Active Learning (on dolphin)

Level 1: 100x100 pixels

.
a
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Cascaded Active Learning

) 'y
Are

|~ Cascade Active Leaming (on dolphin) Lo & ns]
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Level O

200x200 pixels

Refugee camp in Jordan
Level 1

100x100 pixels

Level 2
50x50 pixels

]
=
-

0000

L[]
]
L[]
0]

Semantic Tents Sand
category
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Level O

200x200 pixels

Level 1

100x100 pixels

Level 2
50x50 pixels

Semantic Storage tanks
category
Deutsches Zentrum

DLR fir Luft- und Raumfahrt eV.
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Industrial buildings

! =

Petroleum storage area near Riffa, Bahrain
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Ontology

SAR
images

Features Features Features Features Features Features Features Features Features

L el [

features

v

Classification

\.

<

| Category 1

Category 2 Category 3 Category 4

\/

Category n

Annotation

\,

J

High density Airport - R Railways
residential areas Runways Agriculture tracks
Semantic
catalogue

Deutsches Zentrum
DLR fir Luft- und Raumfahrt eV.
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Conteht Sema

ntic

7 Proposed three-level annotation scheme

Transport
Settlements . . . Airports
. Inhabited built-up areas
. . 0 Runways
o High density
residential areas @  gm®yg 000 U
. Roads

. Uninhabited built-up areas
0 Skyscrapers

o0 Streets and roads

. Railways
o Railway tracks

Industrial production areas
. Industrial facilities

. Bridges and tunnels

0 Industrial buildings o Bridges and fiy-overs

. Industrial storage areas
o Depots and dumps

. Ports and shipbuilding
facilities
Military facilities
. Air force facilities

0]
7
o Harbour infrastructure ! /]
. Water vessels i.'all -
-------- o0 Small vessels (boats) “
{] h{ "

Agriculture
. Greenhouses

Bare ground
. Mountain

Natural vegetation
. Mixed forest

Water bodies

# Deutsches Zentrum
DLR fir Luft- und Raumfahrt eV.
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Semantic annotation for Venice "0ridge

u Port
® River deposits
® Alrport
® Breaking waves
m Vegetation
™ Agriculture
= Urban and Water
m Urban
® Water and Vegetation
m Vegetation and Buildings
" Bouy
Water
Water and Boats
Cemetery
Beach area
Railway tracks

373

-Bangkok (Thailand);
350 cities -Shenyang (China);

mrorest

Semantic annotation for

Wrorest and Roods

vaSteras mforest with different Objects
7 7 miand
36 20 29 wLand with déferent Obacts

mWater

miort / Herbor

WUMDSN- type 1> Houses with 3
specite hape

W industral aces - type 1-> Bulding
reflections

WUMan - type 2

mUrban - type 3 > Houses with »
specic shape

" Road:

Urban - type § -> Houses with &
specifc shape

2829 mApon

850 classes -Nazca Lines (Peru);
-Havana (Cuba);
-Venice (ltaly);
-Vasteras (Sweden);
-Oran (Algeria);
-Bogota (Columbia) ...

Semantic annotation for Nazca Lines

m Desert

B Mountains

m Agriculture /land
m Traces

m Trecs/roads

# Deutsches Zentrum
DLR fir Luft- und Raumfahrt eV.
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Results: Venice

7 Investigated area - Venice, Italy

—~ Validation — our results were compared for the same area with CORINE Land Cover (CLC)
categories.

TSX image

7 Further validation — our results to be compared with Urban Atlas categories.

# Deutsches Zentrum
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Results: Venice

Our classification — 17 categories
versus CLC — 10 categories

CORINE Land Cover

our classification

Il bridges, buoys, and sea categories |

oo

of our proposed annotation method
are included in marine waters — coastal lagoons
é in the case of CLC
Deutsches Zentrum

DLR fir Luft- und Raumfahrt eV.
in der Helmholtz-Gemeinschaft
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Results:

Venice

—~ Data analysis

Percentage of patches per semantic category for Venice and a typical patch per category

Semantic annotation for Venice (IT)

W Bridges
W Port
M Firth
M Airport
M Breaking waves
M Stubble
M Agriculture
B Medium density residential area-and-Water
M High density residential area
M Water-and-Stubble
m Stubble-and-Medium residential area
W Bouy
= Water
™ Water-and-Boats
Cemetery
® Beach
" Railways

Unclassified

Deutsches Zentrum
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Results: Venice

—~ Quantitative results
Precision / recall per semantic

category for Venice

J

M Precision (%)

m Recall (%)

O &xo S 09 O 2. X (@ 29 .00 & 20 P @ \©
GBS HE GV AE W (@ 22 (57 (B O 2 (& o
. (2 SIS
e Q7 Y R PTRM XS A2 O\ ¢ A3
S MTRE e SO, D @ TR
o > eq‘,#‘o ) 6@“&@7’"@'\\“‘. 6@“&,2;\\“‘ > Q"’b(\
a A\ > A\ X
b’b% & ‘00‘\ &e‘(@\ (es X s b(_)‘(\\
P R Qé{‘\\. & (\é,\"* X
Q\o\> &€ (0‘7\ o S?’%
RS
& o
eb\\) e
W é@‘
Q’b
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Very tall Water Cemetery Commercial ___Construction
building __ 2% ~ 1% i site
4% 1%
Tallblocks___—

1 HS TerraSAR-X Scene = e
up t0o10 000 image patches
(100 x 100 m)

Tall blocks
35%

1% 0% 0% 1%
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Evaluation

—~ Evolution of precision/recall results among four categories (storage tanks, ships, ocean,
and industrial areas) out of seven for all levels (left side) and for the finest-level (right side).

third level

Precision

M Storage tanks

m Ships

second level

Precision M Ocean

M Industrial areas

first level

Precision

# Deutsches Zentrum
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Storage tanks

Ships

Ocean

Industrial areas

M Recall

M Precision
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Disaster effects analysis

=g k=

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
Tsunami — 12.03.2011
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Data Analytics

Distribution of retrieved categories
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Conclusions

Operational Data Mining, Visual Data Mining, KDD used to
define semantic annotations of the image content.

Interactive search supported by active learning mechanisms
More than 1000 detailed categories of buildup scenes
Time Series Exploration and Analysis

Big Data
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