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ESA EDUSPACE
» LEOWorks is a software product designed and developed for use
in educational activities. It is the main tool for demonstrating Earth

Observation techniques within the European Earth Observation

Web Site for Secondary Schools - EDUSPACE, belonging to the
European Space Agency (ESA)

» More info Resources section on
http://www.esa.int/SPECIALS/Eduspace_ EN/SEMHAG60POWF_0.html

TERRASIGNA"



LEOWorks 3.0

ALEOWorks 3.0: IDL-based software

File Edi View Imege Classificaion Tools Help

aExtensive tutorial FEEEEEER R ENEE]
# cantd7_432.41 [1.1]

aSeveral modules for image
manipulation

AGIS functionality: possibility to
create GIS layers

~Developed by Florin Serban and | &= 7
Sorin Andrei (ROSA) [ oo ]

~Still available for download on

ESA EDUSPACE website: hitp://www.esa.int/SPECIALS/Eduspace EN/SEMHAB0POWF_0.html

. o
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LEOWorks 4.3
A LEOWorks 4.3 — to continue ESA’s educational
project developing LEOWorks, main tool for

demonstrating Earth Observation techniques

inside Eduspace

» Make use of advanced geospatial libraries to
develop an independent platform and user
friendly software application

» Open source, Java based, use of BEAM, NEST
platform and libraries

» New evolution based on ESA SNAP toolboxes.
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LEOWorks 4.3
» LEOWorks 4.3 — Evolution from NEST and BEAM to SNAP platform.

@ nest = 4 BEAM

Tog!ﬁqx--f@'ggr_ﬂ#is and processing of EO data
next esa sar toolbox et a5 version 4.9

= SNAP | Sentinels Application Platform
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LEOWorks 4.3 - Architecture

Generic
Product
Model
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LEOWorks 4.3 - Concepts
2 Open files: readers provided for

most common EO data products man

» Display data: gray scale, RGB,
color-indexed

A Inspect & analyze

A Image enhancement and
information extraction

A Present results — simple maps
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LEOWorks 4.3 — Access to data

2 Opening files in LEOWorks is a very

flexible operation. It is possible to open:

2 one single file as a single dataset;

2 many single files as a single datasets;
2 many files as a single dataset;

£ reopen a previously open file.

» Open files are displayed in Available data
window.

3 Single File Dataset(s) ~0
<3 Multiple Files as Single Dataset ~M
Reopen 3
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Available Datase
(=18 [1] Landsat_ETM_2001-08-26_multispectral
=+ | Metadata
E|o Abstracted_Metadata
- () Orbit_State_Vectors
- {l SRGR_Coefficients
¢ =i TIFF Metadata
= () GeoTIFF Metadata
o GeoKeyDirectory
= |, Bands
- band_1
O
--[] band_3
--[Z] band_4
--[] band_5
--[Z] band_&
--[] band_7
- ndvi_1
=6 [3] landuse_UTM_Venice
E} . Layer
- landuse_UTM_Venice.shp




LEOWorks 4.3 — Access to data

» When opening files, either Raster data or
GIS vector data, it is possible to subset
and or resize the content in a selected file

or in a group of files;
Available Datasets X — |[B band_1 *[E @band1 x|

=& [1] Venice_Landsat_ETM_multispectral ~
i (1 Metadata
i1 (30 Vector Data

5 & [2] landuse_UUTM_venice_subset. tif
i1 (2 Metadata
f1 (2 Vector Data
£-E3 Bands

i band_1
B bond 0

Navigation - [2] band_1 X

. Subset from Shapefile

1/O Parameters Subset preview

Run Close

Help

XY INE
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LEOWorks 4.3 — Data dlsplay

A Once afile is displayed in the Available
Data window it is possible to display the
data it contains as gray scale or color
images.

A GIS vector data can be displayed by double
clicking the name of the feature layer of a
vector dataset (under the Feature node).

A By default, any vector data is displayed
using a random symbol. It is always
possible to change the way a vector layer is
displayed by clicking the Style editor button.

» All data is displayed in one or more viewer
as layers; overlaying data with different
CRS is possible; order and visibility is
controlled usmg the Layer Manager
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LEOWorks 4.3 — Inspecting data

@ Information ~Attribute field values: view only |

i,D Pixel info TE7_ | JUDETE7_ID |JUDET |cop |MUNICIPIU | SHAPE_area |SH

. . 1 Botosani BT Botosani 5.017208...
“g Feature info

~ Data inspection tools are available
under the Inspect menu

2 SatuMare  SM Satu Mare  4.424846.
3 Maramures MM Baia Mare  6.284916.

% Statistics 32 Suceava SV Suceava  8.633331..
- . . . 5 Bihor BH Oradea 7.468850...
~ Each tool is activated when clicking on Ld Spectrum G i B b SAGSIEL.

k. Profile Plot

data items in the Available Data © Gr 8 Cmaeacrenn

window T [Acribute value ares

Geometry MultiPolygon Harghita Miercurea
. . OBJECTID 32
~ Feature info and feature attribute table #_ . L. on attrbute field values
. JUDETE? i - c:zcompu(ed for the field PERIMET

- available for GIS vector data \UDETE 10 2 or00.023
JUDET Gnrj : 708079.25
COD
MUNICIPIU Targu Jiu
SHAPE_area 5.54160488756E9
SHAPE_len 399257.202955

| @ Geo-location

Coordinate | value | Unit
Image-X 64 pixel w
Image-Y 102 pixel 2
Longitude  8"29'25"E 3
Latitude 55°10'21"N -é
Map-X 4676150 m
R @ @e Map-Y 61143192 m
B Bands o'x
) g . Band | Original [Displayed | h
0 3 50 75 100 125 130 15 200 25 250 band_1 132 132 J —E
o P || S S
? profile pixel ?

+-band_3 +band_2 ~+band_1]
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LEOWorks 4.3 — Image processing

~ Radiometric and geometric image
processing

~ Contrast manipulation

» Image filtering

» Geometric transformation: scale,
rotate, translate

» Pan-sharpening based on RGB-HIS
transform

-
| £| Create Filtered Band @

Filters:

Detect Lines

Detect Gradients (Emboss)
[#-Smooth and Blurr

--Sha rpen

[#-Enhance Discontinuities
[#-Non-Linear Filters

Band name: |filtered_band_1

_
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LEOWorks 4.3 — Image arithmetic

~ Dedicated function for computing NDVI and applying a predefined color palette

» Advanced Band Arithmetic tool allows editing complex formula

-
| £| Band Arithmetic Expression Editar

=2

File Edit View

Inspect  Tools

SER RAa op

Map Window Help

O@fr i Ealm ZHyme M

Available Data

=& [1] Roma
G | Metadats
[ ). Bands

Romo_band_1 | Romo_band_3 | Romo_band_6 | Romo_ndvi_1 | X

Geo-ocation

Value
235

Unit
pixel

86

el

8°3416°E

55°10'38" N

472775.0

Bands: Expression;
band_1 @@ {band_1+ band_2)/2|
band_2|
band_3

+
bana_4
band_5| @@
band_6& (@)
band_7) Constants.. -
Operators.. -
Functions... w7
.
i,
s
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6114793.0

ax

|

[ J[

[1] ndvi_1 - EPSG:EDS0 / UTM zone 32N

Coordinate

Image X

fimage-Y

Longitude

Latitude

Map-X

Map-y
|

[E Bands

Band Original Displayed
indvi_1 [0.7051282 | |a6.0

8 [1] ndvi_L [E=R=

& - -

P -} o _!."'.‘

(Y - .‘.1‘ 4

ook S e
bl

"

s

|mz:sss0)| 134121 |

2h8M of 989M
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LEOWorks 4.3 — Attach coordinates to pixels

~ The registration procedures [FaTars Collect GCPs - image to image - [2] subset_of Romo_wass4
. . X ¥ East North Delta E Delta N Label n
Implemented in LEOWorks allows YOU | [331.500 177.500 8.549438 55152462 0.000004 0.000000 GCP1 -
. 330.500 125.500 8.549168 55.166527 0.000003 0.000000 GCP2 Dﬁ ﬁ
to compute and attach geographlc 421.500 35.500 8.573785 55.190872 0.000002 0.000000 GCP 3 Wi
. . . . 400.500 150.500 8.568104 55.159763 0.000002 0.000000 GCP4 | o
coordinates to every pixel in a satellite ﬂi; &
image
?
A In Image to Map regiStrationl the GCPS are Current Geo-Coding Attach / Detach GCP Geo-Coding
selected exclusively by inspecting the i T B
image and choos_lng features that are also || e e vy | =
visible on a map in such a way their : .
. . RMSE Lon: 0.0 Method: Linear Polynomial .
geographic or map coordinates can be
accurately indicated Ca——

~ In Image to Image registration, the GCPs
needed to compute the geocoding for a
non-geocoded image are defined based on ,
a geocoded image :

~ Re-projection is possible for both
vector and raster data
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LEOWorks 4.3 — Radiometric calibration

»~ The calibration window gives you
access to the tools allowing you to
radiometrically calibrate a band of
an image by selecting points for
which filed values are known.

=

No X ¥ Raw New DeltaE  Label o
1 23,500 36,500 15.818 16.000 -0.182 GCP 1 E :ﬁ:
2 13.500 173.500 14,951 15.000 -0.049 GCP 2 AL
3 64,500 92,500 21.836 22,000 -0.114 GCP 3 & @
4 42,500 199,500 21.836 22,000 -0.114 GCP 4
5 129.500 207.500 23.909 24.000 -0.091GCP 5 C)g i%/h\/
] 130,500 112,500 20,442 20,000 0.442GCP &
7 264,500 241,500 16,107 16.000 0,107 GCP 7

?
Method: :Linear Polynomial -
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»~ Unsupervised (k-means) and
supervised methods available (Min
Distance, Parallelepiped, Max
Likelihood).

~ Complete set of tools for defining,
inspecting and refining training
fields.

~ Legend editing and classified image
statistics are available.

eport - Venice_Landsat_ET!

Class Pivel Value Frequenc... No.of Pi..  Area(sqym) | ihi
Unclassified o o 0 0
class_1 1 21.206 109,870 98,883,000
class_2 2 11.639 60,303 54,272,700
class_3 3 9.236 47,850 43,065,000
class_4 4 9.16 47,456 42,710,400
class_5 5 7.7 39,802 35,002,800
class_6 6 7.49 38,805 34,924,500
class_7 7 7.143 37,007 33,306,300
class_8 8 5.648 29,263 26,336,700
class_9 9 5.584 28,933 26,039,700
class_10 10 4.497 23,300 20,970,000
class_11 11 4.176 21,638 19,474,200
class_12. 12 2.903 15,043 13,538,700
class_13 13 2.757 14,282 12,853,800
class_14 14 0.861 4,463 4,016,700
Total 100 518,105 466,294,500

?
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Class Colour
Unclassified [ 232, 237, 174
class_1 . 98, 46, 179
class_2 [ 186, 166, 187
class_3 . 3, 56, 151
class_4 I 10, 235, 165
class_5 . 47,147, 63
class_6 . 174, 7, 240
class_7 . 108, 26, 160
class_8 [ 220, 254, 108
class_9 - 172, 2, 111
class_10 [0 189, 144, 247
class_11 9 116, 211, 155
class_12 [ 58, 245, 54

["#pety ]

class_13 . 27, 163, 103 3 T
class_14 N 112, 74, 246 2>

| &) Unsupervised Classification P

0 Parameters| Processng Parameters|

Tumber of dlasses: 14
Tumber of iterations: 30
Random seed:

Source band names:

band_1_calib

(R e [ e




LEOWorks 4.3 — Image classification
T ,l,“_'._ i ;w A,

St. dev

» Supervised Classification - Complete set of
tools for defining, inspecting and refining
training fields.

Ho. pixels

52108 1722

[15.042

[11.58 |

132419 0,639

11033 12758 |
847 3823 3

Existing classes [ training fields

Name Description
Agriculture arable fields

Urban bildings and industiral facilities

Sea Deel

ea Shallo

Bands Min Max Mean St. dev No. pixels
band_1 72 87 70.880 1.899 7115
band_2 63 79 71.062 2.723 7115
band_3 43 58 51.123 2.240 7115
Ibandj 13 18 15.080 0.727 7115
band_35 8 16 11.597 0.928 7115
band_6 130 134 132.501 0.658 7115
|band_7 5 15 10.300 1.259 7115
band_1_c... |0 41 28.214 5.133 7115
Classification method: Maximum likelihood \.2
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LEOWorks 4.3 — GIS tool

[£] Add / remove attributes L= % ]
~ GIS tools allowing to: Lore stiuies
New attribute name
- Edit existing data (geometry and attributes) At e
String -
~ Create new data S
Attribute Name Attribute Type
osm_id Long
~ Select and export features . - I
i 3 type |string |
Operations on selected features:
[ Clear ” Save Selection ][ Refresh ]I Delete ] ?
Attribute values: EDIT MODE
Feature identifer Theme type  osm_id name type
'g-] New layer = 1 MultPalygon (4724853 industrial
10 MultPolygon  |19912075 residential
Attribute definition P—
Laver name Attribute Name 100 MultiPolygon (45188519 residential M\ ‘M|
MieaTheme Add attribute MuitiP ;
10z MultPolygon (45183522 [ Addcoordinates |
Layer attributes [(Deetestbuee || 103 MultiPolygon 45188523 residential Add area attribute
Layer type CELAS CILIES 104 MultPolygon  |45188524 farm |saveters -
SHAPE point | o o Ep—— S— Add length attribute
Faint Stringhtirbute iring | Statistics on attribute values [ il ]
DoubleAtrribute Double Attribute name Visible [meters -]
Palyine o date Statistics computed for the attribute osi
© Palygen (Theme tyoe Count: 1 (o] ?
Min :45183521.00
name Max :45188521.00
? type | Mean : 45188521.00
Sum :45183521.00
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LEOWorks 4.3 — GIS tool

~ GIS tools allowing to:

2 Query and query builder

-
| £| Query by attributes

N E]

&l Landsat_ETM_2001-08-26_multispectral-band_1

] s

Queries on attribute field values
(type LIKE '%residential®’ )

?

TERRASIGNA"

Theme attribute fields Query operation Attribute field values [ Query ][ Query builder ][ Clear ][ Save Query Result ][ Refresh
the_geom [ AND Il OR | [allotments = Attribute values: VIEW ONLY
osm_id = = basin
e [ = I | |Feature identfer | Theme type  osm_id name type
T— < | - Shm s e s
[ S I - | arese 4 MultPolygon 13305138 residential
= ] MuttPolygon 19911898 residential
[ LIKE ][ MOT LIKE ] cemetery 10 MultPolygon 19912075 residential
residential Setquery value | (Oreenhouse_hort 11 MultPolygon 19912364 residential
farmland 12 MultPolygon | 19915665 residential
vilage_green = ygon 30950038 residential
brownfield - 27 MultFolygon |30850133 residential
(tyoe LKE “rcadenca ) E] MultPolygon 30953673 residential
37 MultPolygon 36112741  [ca'Savie fresidentil
40 MultPolygon 44620863 residential
MultiPolyaon 44620905 residential
[ Verify ] [ Query ] [ Clear ] [ Done ] [ Close ] ?




LEOWorks 4.3 — GIS tool

~ GIS tools allowing to:

2 Changing the symbols for point layers

 Layer Style Editor - places_UTM_Venice2.shp X

Sngle symbol Categorized

Add empty dass

Colour scheme:

Pastelt

To change the style for a dlas, plesse dick on the agpropriate Style Preview "cel .

TERRASIGNA"

Reset

Opacity(%):

] Draw outline

Fill:

Fil pattern: | Gircle

Sync line colour with fill colour

| Opadty(%):

Symbol: Bitmap  +
0

Rotation:

airfield

sirport

T alcohol-shop
e america-footbal

art-gallery

airport ~

Color:

21



LEOWorks 4.3 — GIS tool

~ GIS tools allowing to:

- Creating graduated and/or proportional symbols for GIS layers
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LEOWorks 4.3 — Radar (SAR) tools

~ SAR tools allowing to do operations like:
~ Radiometric calibration
Geometric correction
Speckle filtering
Resampling
Multilooking

Ocean Tools

S1 - deburst
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LEOWorks 4.3 — Radar (SAR) tools

[ ASA WSM_IPXPDE20021117.. [ ) [seim

2

& oil_spill_detection2-Amplitud... | = | &

~ SAR tools:

. Ocean Tools

Ll

Lok LA A e

24
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~ MAP tool allowing to:
~ Create a new map composition

A Add different types of elements to the
map

A Print or export the map as PDF or JPEG

A Show or hide the map grid or the map
composer ruler

[\/emce Area
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LEOWorks 4.3 — Other tools
Spatial and spectral subset

Image Stack

Mosaic (2] Animation

frame sequence

Data conversion Sy

99120311.1PG

Orthorectification i
99120313.JPG
99120314.JPG

Reprojection 99120315,

99120316.1PG
99120317.1PG

~ Animation i

99120320.PG

A
A
A
Input Preview
A
A
A

~ & more to come Sl
99120323.JPG
99120324.IPG

~ & more to discover ... 59120325, %6

frames per second

0 5 10 15 20 25 30

el )l )ld )i (B[4 ]a)B]@]?
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LEOWorks 4.3 — Download and Contacts

» For download: http://leoworks.terrasigna.com

» And:
http://www.esa.int/SPECIALS/Eduspace_ EN/SEMHAG60POWF_0.html

A Florin Serban florin.serban@terrasigna.com
» Adrian Stoica adrian.stoica@terrasigna.com
~ Technical support leoworks_support@terrasigna.com

Thank you for attention

TERRASIGNA"
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