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LEOWorks isa software product designed anddeveloped 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).

LEOWorkscan beusedto open, inspect andorocess data as images coming from
various Earth observation satellites.

Initially developed to support teachersteaching geography in thehigh school
currently LEOWorks is also addressingpper secondary school students and the
O A A A Bekd3l®) Broviding them a set of tools for processing satellite images and
derive information about land and sea, nature and biodiversity, environment and
climate change

Some of the major features of LEOWorks are:

- Read dita stored in manyfile formats;

- Gray scale, RGBr color indexed image display;

- Manipulate 8 bit, 16 bit, float or complex data

- Radiometricenhancement

- Geometric transformations;

- Unsupervised andsupervised image classification;
- Create, edit and query GIS vector data

- Image to map and image to image registration;

- Basic radar data processing.

31T A 1T &£ OEA EAAOOOAOR 1 EEA OEA O0O2AAAO
ADVANCED version of the LEOWorks. At the initial installatiphEOWorks is set
to the BASC version The version can be changed from menu Edit/Preferences

AT A TDHBOETT O, vaher thanged takedferh hftérsrestarting the
software.

Many software components included in LEOWorksre imported or derived from
existing components used in the ESA BEAMESTand SNARsoftware projects.

LEOWorks is supposed to run on all families of operatingystems - Windows,
MacOS, Linux. Software and documentation can be downloaded from
http://www.esa.int/SPECIA LS/Eduspace_EN/

Sample data are embedded in the LEOWorks installer, but also available from the
dedicated website athttp://leoworks.terrasigna.com/sample -data.

Sentinel data are available for dwnload at Copernicus Open Access Hub
(https://scihub.copernicus.eu/dhus/#/home ).

AAO/
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1.1 Opening files

In general, bothgeospatial data and remote sensing datis stored in filesresiding
on disks either on computers, optical (CD, DVD, BR) or tapes.

A file typically contains a dataset e.g. the bands of a remote sensing scene or the
objects (geometry and attributes) belonging to a vector layer.

Opening files iInLEOWorks is a very flexible operation. It is possible topen:

a) one single file as a single dataset;
b) many single files as single datasets;
c) many files as a single dataset;

d) reopen a previously open file

e) import data.

a. Open one single file as a single dataset (applies for both vector and image
data)

To open a single file as a single dataset:

- click File/Open/Single File Dataset(s)

|= | LEOWorks - Select file(s) to open @
Look in: Venice x| FEFE-
I GIS_Themes
) # Venice_Fnvisat_ASAR
Recent Rems | [Rg Venice_Landsat_ETM_multispectral
! : # Venice_Landsat_ETM_panchromatic
Desktop
My Docum...
Computer
= Y
% File name: Venice_lLandsat_ETM_multispectral.tif
Network  Fijeg of type: | GeoTIFF data product. (*.tif, *.tiff) - Cancel

- in the Select file(s) to opemlialog, select the file you want to open (see figure
above) and then click theOpenbutton;

- choose your options in theSubset/Resizalialog (for details about this dialog,
please check thel.3 Subset and resize section) and click th@penbutton;

- The dataset contained in theselectedfile will be added in the Available Datasets
window; if not already displayed, it is possible to display this window by selecting
View/Managers/Available Data



b. Open many single files asdistinct single datasets (applies for both vector
and image data)

To openmany single files asdistinct asingle dataset:

- click File/Open/Single File Dataset(s)

|| LEOWorks - Select file(s) to open 5
Look in: | | LC81820292013113LGNO1 ~| * e

F2LC81820292013113LGNO1_B1
7 LC81820292013113LGNO1_B2
7 LCB1820292013113LGNO1_B3

st
Recent tems
# LC81820292013113LGNO1_B4
- # LC81820292013113LGNO1_BS
N F7 1 C81820292013113LGNOL_B6
2 LC81820292013113LGNO1_B7
: F7 LC81820292013113LGNO1_B9
My Docum... | & | C81820292013113LGNO1_B10
A 2 LC81820292013113LGNO1_B11

~

Computer

2y,
(&‘ File name: _BZ.TIF" "LC81820292013113LGN01_B3.TIF" "LC81820292013113LGN01_B6.TIF" "LC81820292013113LGN01_B9.TIF"
Metwork  Files of type: | GeoTIFF data product. (*.Lif, * .tiff) -

- in the Select file(s) to opemlialog, hold CTRL key pressed andelectwith the
mouse cursorthe files you want to open (see figure abovi®r a selection of 5 image
files from a Landsat 8 data produdtand then click theOpenbutton;

- for each selected file choose your options in thBubset/Resizelialog and click
the Openbutton (for details about this dialog, please check thel.3 Subset and
resize section);

- The dataset contained ireach selectedile will be added in theAvailable Datasets
window; if not already displayed, it is possible to display this window by selecting
View/Managers/Available Data

c. Open manysingle files as a single dataset (applies for image data)

To open many files as a singléataset (typical case of remote sensing data storing
each band in a separate file):

- click File/OpenMultiple Files as Single Dataset

- in the Select file(s) to opedialog, select the files you want to open and then click
the Openbutton;

- in the Dataset namewindow, type a name for the new dataset as shown below;
this name will be used in theAvailable Datasetswindow;



Dataset name @

A name for the merged data:
Landsat_TM1985

‘ OK H Cancel |

- the datasets contained irthe selectedfiles will be merged into a single dataset.
The latter will take the name typed in the prewus step; choose your options in
the Subset/Resizalialog and click theOpenbutton (for details about this dialog,
please check thel.3 Subset and resize section);

- The new dataset will be added in thé\vailable Datasetswindow; if not already
displayed, it is possible to display this window by selecting
View/Managers/Available Dataets

d. Reopening files (applies for both vector and image data)

It is possible to reopen a previously open file by selecting~ile/Reopenand
selecting the file to be openLEOWorks keeps a list of the last 10 open files.

e. Importing data

LEOWorks can import data stored in mosbf the Earth Observation optical or
radar data provider file format (e.g.SENTINEL 1, SENTINEL ENVISAT N1, ALOS
PALSAR CEOS) or popular image messing software (ENVI). Import functions
are also made available for popular DEM formats (e.g. SRTM, GTO&w@)for the
GPS observations GPX format

Once imported and added in thé\vailable Datasetswindow, the imported data is
converted in DIMAP format ad any modifications can be saved in the same file.

Import functions can be accessed by selectirfgle/ Import. The use of any of these
requires adequate knowledge of the file format and the content that could be
imported depending on further use of the da& (see the image below for an Import
of a SENTINEL 2 data product)

Edit View Inspect Tools Map Window Help

Open s
Session »
= Ctrl+5 =
i
Crl+W
Import r Generic Formats »
Export 3 Optical Sensors  » Sentinel-2 4 52-MsIL1C
Exit Alt+F4 SiniEs D ERS1/2 ATSR (.EL, .E2) 52-MSI L1B
5AR Sensors 0 EMVISAT MERIS, AATSR 52-MSIL2A
HICO (ENVI format)




' h
B Leoworks 5
Look in: [ ;) 52A_MSILIC_20170824T091021 M0O205_RO50_T35TMK_20170824T091743.5AFE - | |‘j‘ v
L J AUX_DATA Subset...
,;} . DATASTRIP File size: < 1M
Recent Items . GRAMULE
J HTML
s rep_info
- =] INSPIRE.xml
Desktop £ _MSILLC x
My Documents
A
Computer
=
Bl Ferore  mosiicm
Netwark ’ . T ; : I
Files of type: _Sentlnel-z MSI product or tile {*.xml) - |
A

1.2 Displaying images and vector layers

Once a file is displayed in thé\vailable Datasetswindow (see figure bellow), it is
possible to display the data it contains.

EIQ [1] Venice_Landsat_ETM_multispectral
=l | Metadata
. =D Abstracted_Metadata
B Orbit_State_Vectors
(B SRGR_Coefficients
o =D TIFF Metadata
=-§B GeoTIFF Metadata
- GeoKeyDirectary

-[Z] band_2
~[Z] band_3
~[Z] band_4
~[Z] band_5

=2 [2] landuse_UTM_Venice
=} .. Layer
@ landuse_UTM_Venice.shp

In the case & remote sensing data, the digital numbers stored as separate bands
can bedisplayed in grayscale orin color compositeimages (see figure below).



B Venice_Landsat_ETM_multispe... |- |- - [3m
= =y R .

i

7EAT AAATET ¢ xEOE OAAOI O AAOAh Ei AcCAO AAl
geometry and attributes (see figue below).

E Venice_Landsat_ETM_multispectral-RGB-3-2-1
F tog [
7Y

Tesidefitial

a. One band grayscale image display

Digital numbers in a band of a remote sensing dataset can be displayed as a
grayscale image. This can be done by either:
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- selecting and doubleclicking a band in theAvailable Datasetswindow or;

- selecting a band in theAvailable Datsetswindow and then View Show in rew
view from the main menu.

b. RGB color image display

Color RGB images can be displayed by using 3 bands of a remote sensing dataset
as R, G, and B channels. This can be dongybing through the following steps

- selectView New RGB/iew from the main menu;

|| LEOWorks - Select RGB-Image Channels P
Profile:
-3 B
Red:  band_3 v | [
Green: |band_2 v [:J
Blue: | band_1 v [:J
[7] Store RGE channels as virtual bands in current product
I oK I I Cancel J I Help J

- in the Select filetbandswindow, select the bands to be used as RGB channels as
shown in the figure above;

- click the OKbutton.

The most used RGB band combinations (e.g231, 4-3-2 for Landsat 57data) can
be saved automatically(by pressing theSavebutton) as profiles and restored(by
pressing theOpenbutton) for a quick display of desired color combinations. Saved
profiles can also include bandirithmetic expressionsedited using the expression
editor (see section 4 onband arithmetic) that can be activated by pressing th&
button.

In the case the bands to be used are in different datasets, the Combine in RGB
function can be used to generate a color image. This can be aseesby clicking
6 EAxT#1 I AE I1THe folfowingrdialdg issdisplayed:

[£| Select files / bands ﬁ

Red band: _'u'enir_e_Landsat_I:—I'M_mulﬁspectral:band_l - |

Green band: ;'u'enice_Landsat_ErM_mulﬁspech'al:band_l v;

Venice_Landsat_ETM_multispectral:band_1

Blue band: ) -
Venice_Landsat_ETM_multispectral:band_2

Venice_Landsat_ETM_multispectral:band_3

Venice_|andsat_ETM_multispectral:band_5

In this dialog, the data to be used as R,G or B channels can be selected among all
the bands attached to all datasets displayed in thAvailable Datasetsvindow.
However, this proedure can be applied only for geocoded data so that the
common geographical area covered by all bandsnbe computed.

10



c. GIS vector data display

GIS vector data can be displayed by double clicking the name of the feature layer
of a vector dataset (undetthe Featurenode).

By default,the symbol (type of line, color etc.) used to display vector data is chosen
randomly. It is also possible to change the way a vector layer is displayed by

clicking the Layer StyleEditor button @ in the Layer Managemwindow or in the
GIS Managemwindow. The GIS Managemwindow can be opened by selecting
Toold GI3 GIS Tooldrom the main menu The controls on theLayer Style Editor

xET AT x AOA AT AAT AA T 0 AEOAAI AAn AAAT OAET ¢

the feature type is polygon or polyline, the point symbols are disabled.

For polygon layers, the polygon boundary line and the interior can be customized
in different ways, by choosing representation values in Line and Fill areas. The
boundary line properties that canbe customized are line color and line width. The
interior fill properties that can be customized are fill color and opacity level.

For polyline layers, the line color and line width can be customized.

For point layers, there are three elements that cabe customized: symbol, symbol
size and symbol color.

Colors can be chosehy using the color chooser dialog, a dialog being activate after

Al EAEEI C OEA #7111 08 AOOOI I
*Pe e =% Layer Style Editor - railways_UTM_Venice.shp
Feature type

railways_UTM_Venice (line)
Line

Color... [~ Width | 1 =
Fill

Color |— % opacity
Point
Size | 5 Symbol | Circle
Labels

Field osm_ic
Co
Apply Reset 0K Help

The layerstyle editor allows feature labeling. Labeling is activated by checking the
tick boxin the Labekarea. To be able to label a layethe vector data must contain
at leastone fieldthat can beusedas a labelWhen Labelfeature is activated, fields
suitable to beselectedas labels are shown in thé-ieldlist box.

11



, AUA OdsGanibd dugtomized by choosing font and color. The font can be
changed pressing the I T KGuBion. The label font chooser dialog is shown. The
user can select font family, style, weight and size. The changes are done by
pressing theApply button.

Choose label font

qrstuvwxyz

0123456789 .
The quick brown —
fox jumped over ~

Famiy |Serif v | Style [Normal | Weight Normal v | Size [10 v |

1.3 Subset and resize

When opening files, either remote sensing (raster) or GIS vector data, it is possible
to subset and or resize the datasetscontained in a selected file or in a group of
files (see previous section 1.1.c).

This operation can be performedn two ways, by choosing the appropriate option
in the menu Toold Subset

1 Subset from View
1 Subset from Shapefile

1.3.1 Subset from view

It is possible to spatially subset an image by adjusting the blue rectangle in the
Spatial tab (see figuresbelow), by specifying pixel coordinates or by specifying
geographical coordinates.

% =)
Spatial | Band [ Resize Spatial ]| Band | Resize|
Pixel | DEG [ DMS| [pixel]| DEG [ws]
Start: = North latitude: 45.585934 1
Start: of: West longitude: 1216999314
EndX: 7501+ South laiude: 45.400826 1+
End¥: 6541+ Ezstlongitude: 12.462393 4|
Current width: 71 Z 1
Current height: 655 655
Source width: 791 791
‘Source height: 655 oL eight: 655
[ Fix width e
: S
[7] Fix height [ Fix height
Estimated, raw storage size: 0.864M Estimated, raw storage size: 0.864M
[560) Coot ) [ ) (o) (o ) ()

In the case of multiband remote sensing datasets, it is possible to select among
the existing bands and keep one or more bands to work witfihe selection can be
done by dicking one or more band listed on the Bandtab.

12



| [ spatial | Band| Resize

Scale X (%) 5015
Seale ¥ (%) IS

Resamping Nearest Neighbour  +.

V] selectal [7] Seectnone Resst
Estimated, raw storage size: 0,864 Estimated, raw storage sie: 0,864
ok | [ cancel | [[Heb | ok | [ cencel |[ Hep

It is also possible to resize an image dataset by changing the size of the pixels. This
can be done by specifying a scaling factor for both X and Y directions and a
resampling method in theResizetab (seefigure above). Seed.4 for more details
about resampling methods.

When dealing with vector data, it is also possible to subsspatially or by defining
a query based on attribute values.

) Define Layer Subset ) Define Layer Subset

Subsetby geometry | Subset by atributes Subset by geometry | Subset by attributes

trbute ficlds Query operation Attribute field values

| AND H or |
- |wnn
rass
- | o

|

| LIKE H NOT LIKE
reside

{type LIKE “%residential %' )

Subset by attributes Clear subset.
[ Cancal ] (Lo (G ] [

In the case of vector data, onlthe objects falling inside therectangle will be kept.
Alternatively, only the objects meeting the defined criteria will be kept

1.3.2 Subset form Shapefile

This option allows the subset of an image datasets using single or multipart
polygons stored in shape files (.shp).

The subseting works on a Source image dataset that is already loaded and is

visible in the Available Datasets window. Alternatively, an image dataset can be

OA1l AAOCAA £O01T i1 OEA 11T AAl AEOE AZOAO Al EAEET (
of the Name field.

The \!eptpr Datqsqt can aIsp pe sgl\ecgegl fror,nAthe ava}ilqble da}a§e}s or from the S
| TAAl AEOEh AU Al EAEET C OEA OOEOAA DI ET 000
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|£] Subset from Shapefile |/ Subset from Shapefile

| [ 1/0 Parameters ‘Subfsétprievle:v’

[ 1/0 Parameters | Subset preview |

Source dataset (image)
Name:
[1] landuse_UTM_Venice_subset.tif v | [
Vector dataset
|| Name:
landuse_UTM_Venice - @
|
Target dataset
Name:
| landuse_UTM_Venice_subset, tif
|| save as:/GeoTIFF
Directory:
C:\Users\adrian.stoica\leoworks.data @
[¥] Open in LEOWorks

Run Help Run Close JI Help

In the Target dataset area it can be selected the name, the format and the location
of the file in which the result will be stored. In the Save As field, a format for the
output image subset can be selected. By default, the GeoTiff format is selected.
result of a subset from shapefile can be observed in the image bellow.

1.4 Saving ad exporting data

Once a desired result iobtained, there is the possibility to save it as a separate
file by:

- saving the entire dataset, including all bands displayed in thAvailable
Datasetswindow (including e.g. NDVIs or filtered band added to the daset);
this can be done by selectingrile/ Saveor File/ SaveDataset As depending on
whether your dataset was previously converted in BEAM DIMAP format or not

- saving an image displayeckither in gray scale or colorsin a viewer in a
separatefile (TIFF, G®TIFF or other generic image file format e.g. JPEG); the
same result can be achieved by selectirigle/ Save image asr File/ Export View
as Image

14



Other functions given in File/ Export allow exporting a dataset displayed in the
Available Datasetswindow as one of the GeoTiff, BEAM DIMAP or ENVI file
formats compatible dataset.

Using theExportfunction, the content of a viewer can alsbe exported as KMZ file
and displayed in the Google Earth Appdation.

15
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Inspecting data isin almost all casesa pre-requisite when doing remote sensing
data analysis (more words about data inspection goals)The objective of
inspecting data is to assess the quality and potential of the data. To do so, statistics
are usually extracted and visualanalysisis performed.

2.1 General information on image data
It is possible to get information about a datasdby pressing thelnformation button

@ or by selectinglnspect Information from the main menu. This will display the
Information dialog for the dataset setcted in theAvailable Datasetswindow.

& X
Information X
File name: Venice_Landsat_ETM_multispectral
File format: GeoTIFF
File location: C:\Users\LW4build\Desktop\LW_Test_Data\Venice\Venice_Landsat_ETM_multispectral. tif
Product scene width: 791 pixels
Product scene height: 655 pixels
Data type: uint8
Geographic extent:
Upper left latitude: 45°35'09" N
Upper left longitude: 12°10'12"E
Lower right latitude: 45°24'02" N
Lower right longitude: 12°27'45"E
Map coordinates extent:
Upper left X 747293.06 m
Upper left Y 5052917.12m
Lower right X 770983.06 m
Lower right Y 5033297.12m
Coordinate Reference System: EPSG:WGS 84 / UTM zone 32N
Pixel size X:30.00000 m
Pixel size Y:30.00000 m
?

16




] *
Information |
File name: landuse _UTM_Venice
File format: .shp
File location: C:\Wsers\LW4build\Desktop LW _Test_Data\Wenice\GIS_ThemesYanduse_LTM_Venice.shp
Product scene width: 23730 pixels
Product scene height: 18640 pixels
Vector product attribute fields
Mame: Type:
the_geom MultiPolygan
osm_id Long
name Siring
type String
Geographic extent:
Upper left latitude: 4553509° N
Upper left longitude: 12%10'12°E
Lower right latitude: 4552434° N
Lower right longitude: 12°2749°E
Map coordinates extent:
Upper left X 747293.56 m
Upper left Y 5052916.62 m
Lower right X F71022.56 m
Lower right Y 5034277.62m
Coordinate Reference System: WGS_1984_UTM_Zone_32M
Pixel size ¥:1.00000 m
Pixel size ¥:1.00000 m
T

The information provided on the Information dialog consist of theFile name,
format and location, product dimension, data type, vector product attribute fields
(only for vector data), as well asthe geographica extent of a datasetand the

Coordinate Reference SystefCRS)or geo-codeddata (see figure above)

2.2 Pixelinformation
It is often useful to inspect the values of the pixels in different bands of a remote

sensing dataset.

) Geodocation L
Coordinate Value Unit
Image-X 51 pinel
Image-Y 154 pinel
Longitude 3°29'04"E
Latitude 55%09'02" N
Map-X 467225.0 m
Map-Y 6111859.0 m
[ Bands o'x
Band Criginal Displayed
band_1 125 154
band_2 56 139
band_3 82 147
| @ Il O
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To do so:

- display a gay scale image of a band or a color RGB image combination of three
bands;

- click the Pixel Infobutton irD or selectinspect Pixellnfo from the main menu; the
Pixel Info Viewwindow will be displayed (see figure above);

- move the mouse over the displayg image and watch thePixel Info View The
image coordinates (row and column), geographical coordinates, rectangular
(map) coordinates, as well ashe pixel valuesof eachband are shown It can be
noted that both, Original and Displayedvaluesare provid ed.

Displayedvalues are thepixel values depicted on the screen (the RG and B
channels).Original and Displayed values usually differ after applying Histogram
stretching (see sectios2.4and 3.2

2.3 Statistics for remote sensing data

When selectinglnspect Statisticsor clicking the Statisticsbutton 2 itis possible

to get some statistical parameters computed and displayed for a band being part
of a remote sensing dataset (see figure below) or for a GIS vector dataset attribute
field.

%} Compute
band_1 Statistics
Total number of pixels: 518105
Mumber of considered pixels: 518105
Ratio of considered pixels: 100.0
Minirnurn: ol
Maxirnum: 250
Mean: 85.43
Median: 122,17
Std-Dewv: 9,95
Variation: 0.12
?
2.4 Histogram

Given an image dataset, it is possible to compute and display the histogram of a
band or of the three bands composing an RGB imaggee figure below). This can
be done byfollowing the next steps:
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- selectinspect Histogramor click the Histogram button L] ;

- selectthe band of an image dataset for which you want the histogram to be
computed in theAvailable Datasetswindow;

- set the number of birs (number of points displayed on the graph) The
number is related to the displayed image. If you want to see lgmints on
the graph, just decrease the number of Bins

- set theMin and Maxvalues if appropriate,

- click the Re-Compute button.

You can zoom in the histogram, change the way the histogram looks like, or export
the histogram as an image using the tools aifable in the bottom-right side of the
window. You can also choose to display the histogransing a Logarithmic Scale,
or to display only one or two bands in the case of RGiBages.

2.5 Profile plotsand spectra
Profile plots

Using profile plots it is possible to check the digital numbersassociatedto the
pixels crossed by a line in a color image orgray scaleimage (see figurebelow).
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To use theProfile Plottool, you need to:

- display the image of a band or an RGB color combination using 3 bandf a
remote sensing dataset;

- draw a line on the image by clicking the intermediary points; end the line with a
double-click.

After having the profile plot displayed, you can access and choose different options
for displaying the profile by right-clicking in the plot area or by changing the way
the profile is displayed by clicking theEdit Propertiesbutton in the Plot toolbar
(right -down side of the window).

It is also possible to export as image or to print the plot by clicking th@ppropriate
buttons in the Plot Toolbar.

Pixel spectra

Using the Pixel Spectrum Viewspectra can be displayed for pixels in the image.
The Spectrum Viewcan be activated by selectingnspect Spectrumfrom the main
menu.
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Pixel value (DN)

The pixel spectrum view displays the pixel values all the spectral bands or the
selected bands associated with an image dataset.

Spectra are displayed for the mouse position and dynamically update as the mouse
is moved over the image.

Alternatively, spectra can be displayed for any Pin placed in thimage (see picture
above). Pins can be placed on the image after pressing fhim PlacingTool button
available on the right side of theSpectrum Tool View

Spectra associated to pins can be exported and further analyzed (e.g. using a
Microsoft Excellike program).

2.6 Features and feature attributes

When working with GIS vector data, iis useful to inspect the values of different
feature attributes.

To do so, the following steps are needed:

- open the file containing the GIS vector data;

- double-click on it in the Available Datasetswindow to have it displayed in a
viewer;

- open the GIS Manageby clicking the appropriate button in the toolbar or by
selectingToold GIS GIS Tools
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- click the Featureandattribute table button E=I to have the feature atributes table
displayed (see figure below) and inspect the attributes for all featuresif an
attribute field is clicked in the lower left panel, statistics for that attribute field are
going to be displayed in the lower right panel,

alllre 4
Operations on

= | oUTe e o =
selected features:

[ Clear ][ Save Selection ][ Refresh ” Delete ]?

Attribute values: EDIT MODE

Feature identifer Theme type  osm_id name type

1 MultiPolygon  [4724853 industrial
10 MultiPolygon  |19912075 residential
100 MultiPolygon  |45188519 residential
101 MultiPolygon 45188521 residential
102 MultiPolygon  |45188522 farm

103 MultiPolygon  |45188523 residential
104 MultiPolygon  |45188524 farm

Atfribute name Visible
Theme type
osm_id
name i
type V]

Statistics on attribute values

Statistics computed for the attribute osm_id:

Count: 1

Min
Max

1 45188521.00

1 45188521.00

Mean : 45188521.00

Sum

1 45188521.00

- click the FeaturelInfo button Elin the tool bar or selecti A

Infooto open theFeature Infowindow (see figure below);

Attribute name Attribute value
Geometry Paint
IDENT 021
LAT 55.15267
LONG 3.558
ALTITUDE 1.0
LIME C:\Program Files\LEOWorks...

~

I @spért Feature

- navigate the data viewer and click any feature for which you want to inspect the
values of the attribute fields; information is dsplayed for features in the vector
data theme being selected in eitheGIS Manageor Available Datasetswindow.

2.7 Measure tools

It is often useful to have an estimation of how large the objects appearing in a
satellite image are. For this, you neesome tools allowing you to measure lengths
or area of different objects.

In LEOWorks, such tools can be accessed by selectmgnu Toold Measureor by

-
clicking the Measurebutton == in the toolbar.
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Once theMeasurewindow is made visible, you can start clickig on the image to
draw a line or a polygon defining alistance or an area you want to measure.

While clicking on the image, in theMeasurewindow, the Total length/ Area is
displayed together with the length of each segment drawn on the imape

Masurement units: | metres

Pixel Size X: 30.000
‘_ Pixel Size Y: 30.000

Measurement details

| Distance between point 1and 2
-in pixels: 286.2
-in m:8582.5
Distance between point 2 and 3
-in pixels: 259.9

| -inm:7793.0

S Total lenght: 546. 1 pixels
|Total lenght: 16375.5 m

Both Measurement detailsand Total length/ Areasections of theMeasurewindow
are editable, so you can add your own remarks and then copy and paste it in a
report.

The measurementof the Total lengthand Areaare displayed innumber of pixels
and squared pixels, respectively. The ground units selected from the
measurement unit listcan be displayed in meters, feet, kilometers and miles.

For non-geocoded images, it is possible to specify the pixel size in X and Y
direction, so the results can be displayed in both pets and ground units.
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3.1 Image display. Gragcale and color images

A color image stores its color information in channels. The information contained
in the channels depends on the color model being used to define the imagée
most known models are RGB (Red- Green - Blue), HLS (Hue- Lightness -
Saturation), HSV (Hue Saturation - Value) and IHS (Intensity- Hue - Saturation).
In all cases, the color image is generated using 3 chann@dse image below).

From left to right, RGB, HLS anHIS models

In LEOWorks, color images can be generatég using the RGB model and selecting
the data to be used as R, G and B channels (seetisn 1.3 for indications on how
to generate color images).

3.1.1Pansharpening

A typical us of the RGB=HIStransform when dealing with satellite images is pan
sharpening.Pansharpening is an image transform process using a panchromatic
image for sharpening a color image i.e. to increaghe image spatial resolution
while keeping its spectralproperties.

For Pansharpening images in LEOWorks, you need to selecfoold Pan
Sharpeningfrom the main menu. When doing this, thdialog Select filesbandswill

be displayed. Then, you have to select the Red, Green and Blue channels to be
sharpened andthe Panchromatic image to be used for sharpening.

La N
| £ Select files / bands e

Red band: Venice_lLandsat_ETM_multispectral:band_3
Green band: | Venice_Landsat_ETM_multispectral:band_2

Blue band: | Venice_Landsat_ETM_multispectral:band_1

Pan band:  Menice_Landsat ETM panchromatic:band 1i

[ QK H Cancel || Help |
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In the image below an example is givehe initial RGB combination of the three
bands to be sharpened is displayed on the left, the Panchromatic image the
center and the resulting Parsharpened imageon the right".

In this example the bands 43 and 2 of a Landsat dataset were used as R, G and B
channels respectively, while band 8 of the same dataset was used as a higher
spatial resolution band.

Before applying a parsharpening, your data need tde prepared so that:

- the panchromatic and the multispectral datasetsare accurately co
registered;

- the panchromatic and the multispectral have the same geographical
extent.

For coregistering accurately two datasets, please refer to chapter 6.2 (Image to
image registration).

If the pan-sharpening datasets are not accurately coegistered, strangeeffects
may appear on themages (see image below).

a b c

a-Panchromatic image; bBlmage of a Red band of a multispectral dataset; Images a and b are not accuratelyegpstered;
c-Pan sharpening result Artifacts due to not accurate ce egistration are visible in image c

25



To ensure that two datasets are extending over the same area, tBpatial Sub
settingtool available in LEOWorkscan be used

|| Specify Subset

; F i SDaﬂalrrsaid _Resiz;[

pixel | peg [ Dms|

Start X: 0%
StartY: 0

End X: 790 5
|
|EndY: 65415

Current width: 791
Current height: 655
Source width: 791
Source height: 655

[7] Fix width

:
[7] Fix height

Estimated, raw storage size: 0.864M

Cancel Help

The Spatial Subsetting tool (see image above) is activated each time a file is
opened. Alernatively, the tool can be activated by selectingoold Subset Image
An accurate geographic subset of an existing dataset can be defined by specifying
the North latitude bound, West longitude bound, South latitude bound and East
latitude bound parameters.

The easiest way for performing parsharpening would be to ug panchromatic
and multispectral data measured bythe same sensoras actual remote sensing
systems are able to acquire such datasets simultaneousWhis way, the data will
be perfectly caregistered and covering the same geographical area.

3.2Radiometric processing

3.2.1Histograms

Ahistogramis aspecificgraph usedto displayimage statistics. In its most common
form, the independent variable (the number of gray levelg 256 in many case) is
plotted along thehorizontal axis, and the dependent variable (usually the number
of pixels) is plotted along the vertical axis. A histogram can helps decide what
changes might enhance the quality of the imag&y changing the shape of the
histogram, the balance of the imagevill be influenced. In anGmage-processingd
context, the histogram of an image normally refers tthe frequency of the pixel
intensity values. In other words, ahistogram is a graph showing the number of
pixels in an image akeach different intensity value found in that image. For an-8
bit grayscale image there are 256 different possible intensities, and so the
histogram will graphically display 256 numbers showing the distribution of pixels
amongst those grayscale values. Hsgrams can also be takefrom color images,
computing individual histograms of red, green and bluehannels
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Histogram
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[
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The illustration shows two classification examples based on the histogram shown.
One classification has four classes (agriculture, village, toywand other) whereas the other has two (rural and town).
Credits ESA

3.2.2Interactive streching

Besides inspecting image statistics as shown in 3.3, histograms can be used to
interactively stretch the range of the Digital Number (DN) i.e the numbers
representing pixels andused to display an image. In LEOWorks, anteractive
stretching tool can be accessed by selectinigpold Interactive Stretching

Interactive stretching allows controlling the image histogram over a range dNs.
Drag the vertical lines and the output histogram will be stretchedwhile the
current image will show the results. Note that the process might be quitdow for
large images In this case, mchecking the Auto apply modificationbutton will
improve the performance.

I

Venice_Landsat_ETM_multispectral-band_1
Original Displayed @Q @Q
T I J I | T | T I T T T % %
95 100%
max=4223 max=42231 6_5 E._.'S
[n] w ?

[7] Auto apply modifications|;  Apply |’ Ok ][ Reset ]

Interactive stretching is used to enhance the visual quality of a gray scale or color images;-gefined transformations
can be applied to image data, such as histogram equalization, as well as extending the value range domain to 95% of the
pixel values
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The Interactive Stretchingtool in LEOWorks displays both the histogram of the
original dataj O/ OECET Al énd th&s0Odragn@gsdcigtedto the image
being displayedj O$ EODI1 A UA AWheik dlorQra@©dd ddplayed i.e. 3
spectral bands of the origiral data are used as R, G and B channdspairs of

O/ OECET Al 6 AT A O$EODPI AUAAG EEOOI COAI O
The DNs range can be modified by moving the histogram slider lefght. See an
example bellow showing original and enhanced image

3.2.3Filters

Filters are used to improve the quality of the raster image by eliminating spurious
data or enhancing features in the datalhe no-data values of the source band are
not considered by the filter operation There are several implemented filters
groupedin 6 submenus, on a new window: Detect Lines, Detect Gradients, Smooth
and Blurr, Sharpen, Enhance Discontinuities and Non Linear FiltefBhese filters
can be accessed from the main mentoold Apply Filter.

|| Create Filtered Band (BRSNS

Filters:

tI-Detect Lines

+ -Detect Gradients (Emboss)
-;----Smo-oth and Blurr

-;----Sha rpen

J}---Enhance Discontinuities
+-Non-Linear Filters

Band name: |filtered_band_1

| oK || Cancel || Help |

b

LeoWorks supports the following filters:

- Detect Lines : Horizontal Edges, Vertical Edges, Left Diagonal Edges, Right
Diagonal Edges, Compass Edge DetectdRoberts Cross NorthEast,
Roberts Cross NorthWest, Roberts Cross NortiEast

- Detect Gradients (Emboss): Sobel North, Sobel South, Sobel WesheSo
East, Sobel North East

- Smooth andBlur: Arithmetic 3x3 Mean, Arithmetic 4x4 Mean, Arithmetic
5x5 Mean, LowPass 3x3, LowPass 5x5%

- Sharpen High-Pass 3x3 #1, HigkPass 3x3 #2, HigHPass 5x5%

- Enhance Discontinuities Laplace 3x3, Laplace 5x5

- Non-Linear Filters: Minimum 3x3, Minimum 5x5, Maximum 3x3, Mximum
5x5, Mean 3x3, Mean 5x8yledian 3x3, Median 5x5, Standard Deviatn
3x3, Standard Deviation 5x5Root-Mean-Square 3x3, RootMeanSquare
5x5.

Examples of several filters:
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Criginal image 3x3 Min High-Pass 5x5

3.3 Geometricprocessing Transformations

There are many ways of geometrically processing or transforming an image. Some
of the most common geometric operators are describelelow:

Image translation using positive values in both x and y directions

45 degrees image rotation around (0,0) reference point

Image scaled by a factor of 1.2 inx and y

Image flip vertical/ horizontal.

To apply one of the geometric operators describeih the above paragraph in
LEOWorks, you need to seledioold Transformations
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When using the transformation methodsyou will be asked to type in some values

Al O OEA 1T PAOAOI 060 ODPAAEAZEA DPAOAI AOAOO
namely the method to be applied for resampling the output image. The
interpolation methods are described in the next section.

3.4 Interpolation methods

In order to geometrically correctadistorted image, a procedure called resampling
is used This method determines the digital values to place in the new pixel

locations of the corrected output imaggCCRS] The resampling process calculates
the new pixel values from the original digital pixel values in the uncorrected
image. You will find in LEOWorksthree resampling methods: nearest neighbor,

bilinear interpolation, and cubic convolution.

Nearest neighbor resampling uses the digital value from the pixel in the original
image which is nearest to the new pixel location in the corrected imagesee
picture below). This is thesimplest method and does not alter the original values,
but may result in some pixel values being duplicated while others are lost. This
method also tends to result in a disjointed or blocky image appearance.

] I - - . ¥ . ¥
' ! ' R P £ o
LN i ] s
- "
v - y .
" " o=
i ' 4
Corrected ! O IEIR ' '
i Pl
Image « =—— - =+
' 1=l ' ' '
¥ "~
0 [ M
. - r . . -
¥ , T " 1 ¥
] - i —
- t . ¥ T . -'
S
_,_-'—"J- - .-' = L '

Original Image o oohs cer
Bilinear interpolation resampling takes a weghted average of four pixels in the
original image nearest to the new pixel locatiorfsee picture below). The averaging
process alters the original pixel values and creates entirely new digital values in
the output image. This may be undesirable if furtheprocessing and analysis, such
as classification based on spectral response, is to be done. If this is the case,
resampling may best be done after the classification process.
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Cubic convolution resampling goes even further to calculate a distance weighde
average of a block of sixteen pixels from the @inal image, which surround the
new output pixel location (see image below) As with bilinear interpolation, this
method results in completely new pixel values. Howevehoth these two methods
produce images, which have a much sharper appearance and avoid the blocky

appearance of the nearesheighbor method.
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4.1 The Bnd Arithmetic dialog

d+h

The Band Arithmetic tool ' createsa new image derived fromthe combination

of existing bands.To do so, nathematical operations are used. Thesers should

be careful when defining the math expression, because a correct syntax must be
specified.

A name can be specified for theew image.In addition, adescription andthe units
can beoptionally provided.

Use the Edit expressionbutton to define the mathematical expression. A new
window will appear. In our example we chose to create an average image based
on the following formula:

(Band1+Band2)/2
| £/ Band Arithmetic l&,l | £/ Band Arithmetic Expression Editor liz-J

Source: Bands: Expression:

[1] Romo = band_1 @+@ (band_1+ band_2)2|
Name: new_band_2 band 2 @-@
T band 3| ———————————

: x

escription: band_4 @*@

L= band €| e/'e

Spectral wavelength: 0.0 band_§ @)

band_7|

/| Virtual (save expression only, don't write data) Constants.. -

/| Replace MaM and infinity results by Mah Operators. -

Band arithmetic expression: Functions... -

ﬁi @ @ Ok. no errors,

| 0K || Cancel H Help | [ QK ]| Cancel H Help |

After the formula was written correctly, a green text will appear in the right
corner: OK, no errorsNow you can click theOKbutton.

Because the written formula can vary in complexity, the output bands are always
stored as real values and an immediate display of such bands can lead to black
images. A better image can be obtained by applyingpols/ Interactive Stretching
Alternatively, a datatype conversion can be applied by selectinigpols/ Convertto
convert, for example, to 8 bit data.

4.2 Compute a NDVI

The Normalized Difference Vegetatio Index (NDVI) is used to measure and
monitor plant growth, vegetation cover and biomass production from
multispectral remotely sensed data. It is computed as division between the
difference and the sum of theatmospheric correctedNIR and RED bands aemote
sensingdataset

NDVI = (NIR Bandz RED Bang/ ( NIR Band+ RED Bandl
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The RED Bands the red part of thevisible spectrum (0.58-0.68 um). The NIR Band
is the near infrared part of the spectrum(0.725-1.1um). In the case of Landsat TM
and ETM imagesRED Bandcorrespond to band 3 andNIR Bandto band 4.

The NDVlindex is computed this way becausehealthy vegetation reflects very
well in the near infrared part of the spectrum while having low red light
reflectance and so producing high values for NDV

The values obtained for NDVI range from1 to +1 but the vegetated land has a
NDVI ranging from 0.1 to 0.70.8. Values greater than 0.5 indicatdense and
vigorous vegetation.

In our case, using Romo.tif example, specify from the next window a Name dhe
bands corresponding to the Red Channel (3) and NIR Channel (4). After that a
formula will appear in the Band maths expressiondick the OKbutton and wait

for a moment.

[£] Compute NDVI =5

Source:

[5] Venice_Landsat_ETM_multispectral

Mame: ndvi_1
RED Band:| band_3 -
MIR Band: band 4 iw

Band maths expression:
{band_4-band_3)/(band_4+band_3)

[ OK ]l Cancel || Help |

S

Explore the pixel valuesof the new created NDVI imagasing Pixel Infa By default,

a color palette is applied to the resulting image. Us€olor Manipulation Q:Ito

specify different intervals of color for a better interpretation.

Tl R 4D TN AR i T ol e e R 1 B L
(25 ol \ BN v

|| © Geo-ocation @x m >
||| Coordinate  Value Unit
| Image-X 520 pixel
I|{Image-Y 115 pixel |
|longitude  [12.367915 (12°2204"E) DD(DMS) |
|l [Latitude 45,549072 (45°3257° N) DD(DMS)
| [MapX 762893.1 m
1| [Map-Y 5049467.1 m ‘
7 |
|| [ Bands ax
1 Band Original Displayed
{|ndvi_1 |0.457006 |93,169,93
|
[

@ B \

NDVI derived from band 3 and 4 ofVeniceLandsat data
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Geocoding

When analyzing satellite images, you may want to know the position of thesible
objects and phenomena on the Earth surface. In digital image processing this is
possible using a geocoding i.e. a math transform allowing to compute coordinates
for each pixelin an image. These coordinates are computed in a coordinate system
related to the Earth surface

GCPs

The registration procedures implemented in LEOWorks allow you to compute and
attach geographic coordinates to every pixel in a satellite image i.e. perform a
Geocoding. The geocoding is in fact a math transform whose parameters are
computed based orGround Control Points (GCP$.

A GCP is a marker for a certain position withinraimage. The properties of a GCP
are:

- its position inside the image(the image coordinatesy;

- its position on the Earth surface(the geographical or map coordinatej
- agraphical symbol showing its location orthe image;

- the name(sometimes is helpful to have a name

- and a textual description(if considered necessary.

5.1 Image to Map Registration

In Image to Map registration, the GCPs are selected exclusively by inspecting the

image and choosing features that are also visible on a map in such a way their

geographic or map coordinates can be accurately indicated. Geoauglia scanned

map or a satellite image using GCPare typical cases of applying the Image to Map

registration procedure.) T CAT AOAT h OEA ' #0006 AT 1T OAET AO
using a GPS receiver.

As it can be seen in the imagbelow, the GCPacoordinates are indicated in the
map coordinate system. They camalso be indicated as latitude, longitude
(geographical) coordinates It is very important to provide the coordinate system
of the GCPs used to compute the geocodinigs also important to not concentiate
the GCPs on one location of the image but to as® them on the overall image.
Note that & any time you can import or export a set of GCPs previously defined.
Note also that the GCPs become visibigy clicking the image and theShow GCPs
button in the toolbar or the View/GCPsnenu.

Once you have enough GCRsinimum required is 4, but it is recommendedto
have at least 6or more to obtain the best resultg for computing the geocoding
using the chosen math transform, théittach button becomes active and/ou can
click it to compute the geocoding.
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L L Y A oy OOy | )
Collect GCPs - image to map - [1] subset_of 200k--135-32-color
X b East North Delta E Delta N Label
542.500 481.500 352000.0... 4940000.... NaN NaN GCP 7
3055.5... 280.500 416000.0... 4944000.... NaN MNaN GCP 2
3095.5... 2798.5... 416000.0... 4880000.... NaN NaM GCP3
265.500 2847.5... 344000.0... 4880000.... NaN NaN GCP 4

Current GCP Geo-Codi rAttach / Detach Geo-Coding

CRS: nfa || GCPCRs: £ EPSG:

RMSE Lat: n/a || Method: [ Linear Polynomial

Attach |

RMSE Lon: nfa

For simplicity and easiness the geocoding attached will show latitude and
longitude coordinates in WGS84.

After performing the registration process and clicking theAttach button, if you

chooselnspect Information...from the main menu, youwill have on theGeocoding
tab a description of the geocodingapplied to your image i.e. the image is geo
referenced.

e as Collect GCPs - image to map - [1] subset_of_200k--135-32-colar
X e East North Delta E Delta N Label GCP
542.500 481.500 25.136883 44.580193 0.000002 0.000023 GCP7 +
3055.5... 280.500 25.941870 44.626492 0.000002 0.000023 GCP2
3095.5...2798.5... 25.952188 44.050632 0.000002 0.000019 GCP3
265.500 2847.5...25.054138 44.038857 0.000002 0.000023 GCP4

[€ 3 v ?
Current GCP Geo-Coding Attach [ Detach Geo-Coding
CRS: WGS84 GCP CRS: { WGSB4(DD) }
RMSE Lat: 0.00002 Method: Linear Palynomial =

RMSE Lon: 0.0 (" Detach )

5.2 Image to Image Registration

In Image to Image registration, the GCRgquired for the geocodingare defined
based on a geocoded image i.e. the imagegeocodes consideredasa slave image
while another geocoded image is considereds a master image. See the image
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bellow for an example on identifying the same feature on two satellite images and
ona map

In  LEOWorks, this procedure can be accessed byselecting
Toold Registration’ Image to Image The tool is enabled onlywhen at least o
data viewers are available.

The GCP placing tool becomes available after selecting the Master and Slave views
in the Collect GCPgimage to imagewindow. If GCPs are not visible in any of the
viewers, you can make them visible by selectinthe image and thenView GCPS
from the main menu (the sameesult is obtained by clicking theShow GCHzutton

in the toolbar).

When clicking in the slave image, the image coordinates of the G@kRe recorded,
while clicking in the master image, the geographical coordinates are recorded.
That is why, when doing Image to Image registration, you need to indicate the
slave view contaning the image to be geocoded and the master view containing
the geocoded image. See the image bellow.

N Collect GCPs - image to image - [2] subset_of_Romo_wgs&4
X Y East North Delta E Delta N Label

331.500 177.500 B.549438 55.152462 0.000004 0.000000 GCP1
330.500 125.500 8.549168 55.166527 0.000003 0.000000 GCP2
421.500 35.500 8.573785 55.190872 0.000002 0.000000 GCP3
400.500 150.500 B.568104 55.159763 0.000002 0.000000 GCP4

?
Current Geo-Coding Attach |/ Detach GCP Geo-Coding
Master View | [2] band_3 3
RMSE Lat: 0.0 || Slave View [ [1]band_1 [ i
RMSE Lon: 0.0 Method: Linear Polynomial
(CDetach )

As in the Image to Map registration, coordinates are attached to pixels after
clicking the Attach button. The button is enabled only if a sufficientumber of
GCPss selected which in turn dependson the selectedmethod (Linear, Quadratic
or CubicPolynomial).
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5.3 Reprojection

Reprojection is the procedure that convers a cartographic projection to another.
It can be applied to both, raster and vecta data. We try now to reproject the
Romo.tif image, which is in the UTM Zone 32N projection, to a Geographic Lat/Lon

system.

The Reprojectionwindow containstwo tabswhich needs some specifications from

the user.

First of all,

a name for

the new image,

n that case

Venice_Landsat_ ETM_multispectral_reproject@dand a destination folderThen,
in the Parameterstab you must specify the new projection (Geographic lat/Lon
WGS84). PresRunand look to the new product usingnformation dialog button.
The Gegraphic Projectionis shown in the GeeCodingtab.

= i
| £ Reprojection Lﬁ | £ Reprojection &J
1f0 Parameters | Reprojection Parameters 1/ Parameters | Reprojection Parameters
Source dataset Coordinate Reference System (CRS)
ey ) @ Custom CRS
_[S] Venice_Landsat_ETM_multispectral - E]
Transformation:  Geographic Lat/Lon (WGS 84) -
Target dataset Geodetic datum: |World Geodetic System 1984
Name: T
Venice_Landsat_ETM_multispectral_reprojected
() Predefined CRS
Save as: | BEAM-DIMAP
: () Use CRS of [2] Venice_Landsat_ETM_panchromatic
Directory: -
C:\Users\adrian.stoica\leoworks.data E] Output Settings
T S Preserve resolution ter:
No-data value: Mal
Resampling method: \Nearest »
Output Information
Scene Width: 1109 pixel Center Longitude: 12°19'E
Scene Height: 656  pixel Center Latitude: 45%29'35" N
CRS: 'WGS34(DD) Show WKT

The same steps are necessary for vector data, if you needconvert its projection.
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6.1 Why radiometric calibration

Collecting information about the energy reflected oreemitted by objects through
remote sensing is possible by using instruments placed on satellites or airplanes.

The energy reaching the remote sensing instrument is quantitatively and
gualitatively influenced by the atmosphere as the electromagnetic radi#on,
either coming from the Sun orfrom an active instrument,it has to travel through
it.

Usingradiometric calibration, it is possible to reducethe atmosphericeffects and
improve the interpretation s of the remote sensing data.

6.2 The Calibrate tool

Use the Calibrate tool in order to calibrate the values from an image with
measurements made on the field.

The calibration procedure involves a validation usingreference data. The new
result is based on a polynomial function. You can use a further step the
Interactive Stretchingin order to obtain a better visualization, like in the next
example:

i ¥
ac&- ?.‘ﬁ ‘
e

-

&
" -,

oy =

Landsat band 6 showing temperature values after radiometric calibrationThere
are many applications using thermal bands (in the case of Landsat TM sendite
resolution of band 6 is 120m and 60m for Landsat ETM), ocean turbidity,
Chlorophyll concentration etc.

To perform a radiometric calibration in LEOWorks, you have to open and display
the bands you want to calibrate and selectToold Calibrate.

38

o

NJ-



GCP
Mo X b Raw News Delta E Label | ‘ |
1 410.500 81.504  36.642 35.000 1.642 GCF 1 m'
2 528.500 153.504 32.670 34.000 -1.33GCP2 | 0
3 615.500 232.504 26.218 25.000 1.218 GCP 3 & @
4 733.500 417.504 31.419 33.000 -1.581 GCF 4 + ath
5 763.500 566.504 20.051 20.000 0.051 GCP 5 C)% 2
?
Method: :Quadratic Polynomial v:
Calibrate

A typical calibration process would involve the following steps

- select the method to be usetbr the transformation to be applied to each pixel in
the band The method can be chosen betweetinear, quadratic and cubic
polynomial functions. The choice of themethod will determine the number of
points selected on the image and measured on the field,

- select on the image the points for whichthe field values are known (e.g.
temperature);

- type the known field values in the table displayed in th&alibration window, in
the Newcolumn

- click the calibrate button and check the delta values for each point; alternatively
you can inspect the graph of the calibration function (see below)

=3

|£: | Regression graphic
|—[].12”x“2 + 21.91"x -951.66

fix) =

x= 182527 111
fix) = -950.42612

161 ®min

S

Imay

250
yrmin

-3017.

YITIEH

42.941

I ||182.53
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Digital image classification

Digital image classiftation uses the spectral information represented by the
digital numbers in one or more spectral bands, and attempts to classify each
individual pixel based on this spectral information. The objective is to assign all
pixels in the image to particular clases or themes (e.g. water, coniferous forest,
deciduous forest, corn, wheat, et As a result, he classified imageconsistsof a
mosaic of pixels, each of which belong to a particular theme, and is essentially a
thematic map of the original image.

Comma classification procedures can be broken down into two broad
subdivisions based on the method usedupervised classification and unsupervised
classification.

7.1 Unsupervised Classification

In unsupervised classification spectral classes are groupedirst, based solely on
the numerical information in the data, and are then matched (if possibld)y the
analyst to information classes.
Unsupervised classification can be used to cluster pixels in a data set based on
statistics only, without any userdefined training classes.
Cluster analysis (or clustering) is the classification of objects into different groups,
or more precisely, the partitioning of a data set into subsets (clusters or classes),
so that the data in each subset (ideally) share some conamtrait - often proximity
according to some defined distance measure. Data clustering is a common
technique for statistical data analysis, which is used in many fields, including
machine learning, data mining, pattern recognition, image analysis and
bioinformatics. The computational task of classifying the data set into k clusters is
often referred to as kmeansclustering.
In LEOWorks, the kmeans clusteringalgorithm is used. Given the number of
clusters k, the basic algorithm is:

- randomly choose k piels whose samples define the initial cluster centers.

- assign each pixel to the nearest cluster center as defined by the Euclidean

distance.

- recalculate the cluster centers as the arithmetic means of all samples from

all pixels in a cluster.

- repeat previous stepsuntil the convergence criteriona priori defined by the

useris met.

To perform an unsupervised classification in LEOWorks:
1. Open the image you want to classify
2. Open the Classification Manager by selecting Tools/Classification
Unsupervised
3. In the Unsupervisedlassificationdialog, on thel/O parameterstab, choose
the name for the target dataset;
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4. In the Unsupervisedlassificationdialog, on theProcessing Parametersb,
set the values for the parameters;

-

-

|£) Unsupervised Classification @ |£ ] Unsupervised Classification [&]
I/O Parameters Processing Parameters I/O Parameters| Processing Parameters
Source dataset
Number of classes: 14
source:
[1] Venice_Landsat_ETM_multispectral | [ Himbegoterahions: 30
Randem seed: 31415

Target dataset
Name:

Venice_Landsat_ETM_multispectral_Unsupervised

Save as: | BEAM-DIMAP v Source band names:
Directory:

D:\Leoworks E]

Open in LEOWorks

bandl_calib

’ Run ” Close ” Help ] ’ Run ” Close ” Help ]

5. PressRUN After processirg is finished, a new dataset will be added in the
Available Datasetswindow

6. $1 OAT A Al EAE REIAA QAA @6 T;@toldiieadbbnill Ad)
displayed showing the result of the unsupervised classification

7. By selecting Toold Classificatiort Report you can display a classification
report, showing thefrequency andnumber of pixels andthe estimated area
for each class the report can be exported in a .csv (comma separated
values) format by pressing theExport button on the right side of the
window; the file can be further open and analyzed e.g. using Microsoft
Excel;
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=" = = B —— S
Class Pixel Value Frequenc... No. of Fi... Area(sq m)
Unclassified 0 0 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 39,892 35,902,800
class_g 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 53.584 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 100 318,105 466,294,500

"

8. By selecting Toold ClassificatioriLegend you can display the legend
showing the colors used to display the classe¢see image below) you can
edit the color for each class bylicking the color, choosing another one and
clicking the Apply button. Once edited, a legend can be saved (by clicking
the export color palette button) and further re-used (by clicking the import
color palette button) to display classification results (ofcourse, the result
should contain the same number of classes); the legend catso be
exported as image by clicking thé&ave legend as imadritton (this can be

useful e.g. in writing a report or composing a map)

)

Class Colour Apply
Unclassified 1232, 237, 174 @
class_1 . 93, 46, 179

class_2 [ 186, 166, 187 & @
class_3 . 3, 56, 151 o
class_4 B 10, 235, 165 8
class_5 B 42, 147, 63

class_6 N 124, 7, 240

class_7 I 108, 26, 160

class_8 [ 220, 254, 108

class_9 . 172, 2,111

class_10 [T 189, 144, 247

class_11 [ 116, 211, 155

class_12 [ 58, 245, 54

class_13 W 27, 163, 103

class_14 B 112, 74, 246 2

The resulting classes are somewhat aritfial and based purely on statistics but can
at the same time be real. Often they can be attributed to real land cover features
such as crops, roads, settlements, tidal flats etc.

7.2 Supervised Classification

The supervised classificationallows the use to define the classes to bedentified
in the imageby the use oftraining fields. Then,based ona decision rule the pixels
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are classified according to their spectral signatures (values in each band) and the
signature of each clasgstatistical parameters derived from the training fields).
The decision rule is varying from one method to another. In LEOWorks, three
supervised classification methods are made available:

- Minimum distance;

- Parallelepiped;

- Maximum likelihood.
For more details about these médtods, you can check different remote sensing
image analysis books.

Training Fields
In LEOWorks you can define training fields using theols made available for this
purpose in the classification manager
1. After displaying an image (can be eithea gray scale image of a band or a
color combination of three bands), make theClassification Manager
window visible, if not visible, by selectingToold Classificatiort Supervised

Y
2. To create a class, you need to click ti@reate clasdutton ':':%. Itis always
needed togive it a name andt is also useful to typein a description. The
new class will be added in theExisting classéddraining fields list in the
Classification Managewindow.

Existing classes [ training fields
Y
Name Description B
Agriculture arable fields [y
Urban bildings and industiral facilities %
Sea Deep
Sea Shallow E=
Bands Min Max Mean St. dev Mo. pixels @
band_1 72 87 79.889 1.899 7115 ‘I
band_2 63 79 71.062 2.723 7115
band_3 43 58 51.123 2.240 7115 |Z§|
band_4 13 18 15.080 0.727 7115 +_
band_5 8 16 11.597 0.928 7115 %
band_6 130 134 132.501 0.658 7115
band_7 5 15 10.309 1.259 7115 ﬁ
band_1_c... |0 41 28.214 5.133 7115 Z
?
Classification method: éMaximum likelihood - aol

3. Select the class, clickhe Draw Polygon TRool and start drawing training
fields on the image; to define more classes, repeat the steps 2 anin3he
figure bellow an example is given in which 3 classes were defined; you can
always edit the colors used to display a class or delete a class by pressing
the appropriate buttons in the Classificationwindow; for any defined class
you can load TFs from an existing .shp file by selecting a class and clicking
the Import TF from shape file for selected cldsstton; alternatively you can
import TFs from a shape filefor all classes (if clases are not defined, they
will be created according to information existing in the selected shape file);
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TFswith defined classes can be exported in a shape file; to do so, you need
to select the desired classes and click tHexport TF to shapefiléutton

For each of the defined classes, you can inspect the statistics by simply
selecting the class in theExisting classegdraining fields list and watching
the panel below that list.

You can also inspect the statistics of any individudlF by clicking the View
statistics for a single Thutton and then clicking a training field; see the
example below.

St. dev No. pixels
80.469 1.536 3671
72.930 1.607 3671
52.108 1.722 3671

15.042 0.742 3671
11.586 0.916 3671
132.419 0.639 3671
10.330 1.278 3671
29.847 3.823 3671
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6. To perform the classification consideringthe defined classesand display
the results, you need to select one of the supervised methods in the
Classificaton methodlist and then go through steps 40 8 defined in the
Unsupervised classification section; when processing finishes, the result is
automatically added in theAvailableDatasetswvindow and can be displayed
(see image below).

7. As in the case of nsupervised classification, the classification report can
be generated and the classification legend can be edited and savsée
steps 7 and 8 in the previous section)
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SAR sensors operate in the microwave region of the electromagnespectrum
with typical wavelengths between 1cm and several meters. As an active system, a
SAR emits by itself microwave radiation to the ground and measures the electric
field backscattered by the illuminated ground patch. These measurements are
transformed into a high resolution image. Because SAR systems are operated with
an illumination of its own, they can perform equally well during day and night.

LEOWorks includes a reduced set of tools for processing SARrthetic Aperture
Radar) data. A simplifiedview of the workflows one can follow to process radar
data is shown in the diagram below.

Due to the high complexity of the processing, all radar data processing workflows
need to start with data stored in native formats, such as ENVISAT ASAR (,NERS
(.E1)or Sentinel 1 (.tiff).

Such sample data can be downloaded from the LEOWorks website:
http://leoworks.terrasigna.com/

A normal processing chain for radar imagemay include the following steps:

Raw (detected data)-> Radiometric Calibration-> Terrain Correction -> Speckle
Filtering -> Ocean tools

8.1 Radiometric calibration of radar data

The objective of SAR calibration is to provide imagery in which the pixel values
can be directly related to the radartackscatter of the sceneThis is a mandatory
step in most of the workflows involving radar data.

In LEOWorks, a simplified procedure is made available in which the type of data
(i.,e. coming from an SENTINEL,ENVISAT, ERS, RADARSAT .éatassion) is
automatically identified and the radiometrically calibrated image is producedThe
Calibration is available inToold Radar Radiometric Correction Calibrate, where

the user has to select the Source and the Target dataset, as well as the source Band
and a possibleExternal Auxiliary File, to be used.
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http://leoworks.terrasigna.com/

[ Calibration ® ] Calibration %
1JO Parameters Processing Parameters | 10 Parameters | Processing Parameters
Source dataset Ampiitude
source: rensi
|[1] ASA_WSM_1PNIPA20021117_104436_000000672011_00180_03741_004... = |[...

Source Band:

Target dataset

MName:
ASA_WSM_1PNIPA20021117_104436_000000672011_00180_03741_0043.N1_Calb

External Aux File:
Save 35! | BEAM-DIMAP
. [ Scale in dB
Directory:
C:\Jsers\adrian, stoicaYeoworks.data [ | [ Create gamma0 virtual band

Open in LEOWarks [ Create betad virtual band

Close Help Close Help

An example of a radar image sample, before and after applyingradiometric
correction procedure is given in the figure below.

Details on setin the input and the output for this procedure are given in the
LEOWorks help pages, accessible from the Help menu.

8.2 Terrain correction

Due to topographical variations of a scene and the tilt of the satellite sensor,
distances can get distorted in the SAR images. Image data not directly at the
OAT 01 006 . AWiElave Isdmk Alitértioh. Terrain corrections are
intended to compensate for these distortions so that the geometric representation
of the image will be as close as possible to the real world.

In LEOWorks, such a procedure is available in which the tymé data (i.e. coming
from an SENTINEL, ENVISAT, ERS, RADARSAT etc mission) is automatically
identified and the terrain corrected data is produced. The procedure is available

in Toold Radar Geometri¢ Terrain Correctionf RangeDoppler TerrainCorrection,
where the user has to select the Source and the Target dataset, as well as the
source Band and different processing parameters to be used.
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3 5
B8 Range Doppler Terrain Correction @ BB Range Doppler Terrain Carrection @

File Help File Help

{16 Parameters | processing Parameters [ 1/0 Parameters| Processing Parameters |
Source Product Source Bands: Amplitude
source: ntensity

[1] ASA_WSM_IPXPDE20021117_104431_000000672011_00180_03741 0003.N1  w [

Target Product
Name:
ASA_WSM_1PXPDE20021117_104431_000000572011_00180_03741_00039.N1_TC
. Digital Elevation Model: SRTM 3Sec (Auto Download) -
Save as: | BEAM-DIMAP = -
DEM Resampling Method: BILINEAR _INTERPOLATION -
Directory: ! thod = 7
Image Resampling Method: NTERP!
C:\Wsers'adrian.stoica\, leoworks, 2400 E ¢ Pina G0 CLATION =
Source GR Pixel Spacings (z x rg):  75.0(m) x 75.0(m)
Open in LEOWarks 4.2 Pixel Spacing (m): 75.0
Pixel Spacing (deg): 6.73736463089641E-4
Map Projection: [ WG584(DD)

Mask out areas without elevation Qutput complex data
QOutput bands for:
Selected source band [] DEM [] Latitude & Longitude

[ Incidence angle from ellipsaid [~ Local inddence angle [ Projected local indidence angle

[] Apply radiometric normalization
Save Sigmal band Use projected local incidence angle from DEM
Save Gammal band Use projected local indidence angle from DEM

Save Betal band

Auxiliary File (ASAR only): Latest Auxiliary File

L

In the figure below is given an example of a radar image sample, before (left
image) and after applying a terrain corection procedure (right image).

8.3 Speckle filtering

Radar images aregenerated from data obtained aftercoherent analysis of
interaction between the transmitted microwave and the Earth surface The
speckle noise arises from coherent summation of theignals scattered from
ground scatterers distributed randomly within each pixel. The speckle noise is
sometimes suppressed by applying a speckle removal filter on the digital image
before display and further analysis.
In LEOWorks, two procedures are avaable for reducing the speckle in the radar
data, in Toold Radar Speckldiltering/

- Multi-temporal Products

- Sngle Products
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In the command window, the user has to select the Source and the Target dataset,
as well as the source Band and type of filter to hesed.

< %
| £ Reprojection @ |£| Reprojection @
1/0 Parameters Reprojection Parameters 1jO Parameters | Reprojection Parameters

Source dataset Coordinate Reference System (CRS)

e : @ Custom CRS

_[5] Venice_Landsat_ ETM_multispectral - E]

Transformation: .Gaographic Lat/Lon (WG5S 84) -
Target dataset Geodetic datum: | World Geodetic System 1984
MName: Transformation Parameters. ..

Venice_Landsat_ETM_multispectral_reprojected

r y (7) Predefined CRS Select...

Save as: |BEAM-DIMAP
Directory:

C:\Users\adrian.stoicaleoworks.data E]

() Use CRS of [2] Venice_Landsat_ETM_panchromatic

Qutput Settings
Open in LEOWorks Preserve resolution Qutput Parameters...
No-data value: NalN

Resampling method: \Nearest » |

Qutput Information
Scene Width: 1109 pixel Center Longitude: 12°19'E
Scene Height: 656 pixel Center Latitude: 45°29'35" N

Gs e
:

An example of a radar imageample,before and after applying a speckle reduction
procedure is given in the figure below.

B

Details on setting the input and the output for this procedure are given in the
LEOWorks help pages, accessible frotihe Help menu.

8.4 Ocean tools

One of the main application domains of radar data is the observation of the marine
environment and the analysis of objects and phenomena on the ocean and sea
surface.

In LEOWorks, radar data can be used:to

- identify ships

- estimate the wind field

- detect oil spills

- create land / sea masks
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8.4.1 ObjectDetection

The operator is used to detect objects such as ships on sea surface from SAR
imagery, and is available inTools/Radar/Ocean tools/Object Detection

The object detectio operation consists of the following four major operations:

1. Pre-processing: Calibration is applied to source image tonake further
pre-screeningeasier and more accurate.

2. Land-sea masking: A land-sea mask is generated to ensure that detection
is focusedonly on the area of interest.

3. Pre-screening: Objects are detected withaConstant False Alarm
Rate(CFAR) detector.

4. Discrimination: False alarms are rejected based on object dimension.

To run the processor some parameters hee to be set:

1 For Adaptive Thresholding operator,the following parameters are used
(see Figure 2):

1. Target Window Size (m): The target window size in meters. It should
be set to the size of the smallest target to detect.

2. Guard Window Size (m)The guard window size in meters. It shold be
set to the size of the largest target to detect.

3. Background Window Size (m): The background window size in meters.
It should be far larger than the guard window size to ensure accurate
calculation of the background statistics.

4. PFA (107(-x)): Here user enters a positive number for parameter x, and
the PFA value is computed by 102&). For example, if user enters x = 6,
then PFA = 10°¢6) which is 0.000001.

) ObjectDetection

[ 1Read | 3-AdaptiveThresholding | 4-Object Disrimination | 5-4rite|

400.0

Background Window Size (m): 600.0
PFA (107(x)): 6.5

L @. Help ;7 @Process ]

9 For Object Discrimination operator, the following parameters are used (see
Figure 3):

1. Minimum Target Size (m): Target with dimensiorsmaller than this
threshold is eliminated.

50



2. Maximum Target Size (m): Target with dimension larger than this

threshold is eliminated.

|| ObjectDetection

1-Read | 3-AdaptiveThresholding | +-Object-Discrimination | 5-write

Minimum Target Size (m):

Maximum Target Size (m): I

30,0
4000]

[file] is null

Results of applying object detection to identify ships are given in the pictes
below. To display the results of Objectietection, one should access Layer manager

(View Managerg Layer manageqh Al EAE OEA OCH

select the appropriate layer containing the result.

8.4.2 Oil Spill Detection

AOOOT 1

The operabr is used to detectdark spots such oil spillson sea surface from SAR

imagery, and is available infools/Radar/Ocean tools/@ Spill Detection

The oil spill detection operation consists of the following four operations:

1. Pre-processing: Calibration and geckle filtering are applied to source

image in this step.
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2.

3.

4.

Land-sea masking: Land-sea mask is created in this step to ensure that
detection is focused only on area of interest.

Dark spot detection: Dark spots are detected in this step with an adaptive
thresholding method.

Clustering and discrimination:  Pixels detected as part of the dark spot
are clustered and then eliminated based on the dimension of the cluster
and user selected minimum cluster size.

To run the processor some parameters hee to be set

1.

2.

3.

4.

Source Bands: All bands (real or virtual) of the source product. User can
select one or more bands for producing multiooked images. If no bands
are selected, then by default all bands are selected.

Background Window Size: The window size in pixels facomputing local
mean backscatter level.

Threshold Shift (dB): The detecting threshold is lower than the local mean
backscatter level by this amount.

Minimum Cluster Size: The minimuncluster size in square kilometer.
Cluster with size smaller than thissize is eliminated.

| &/ Oil-Spill-Detection

B3 | Oil-Spi ’
[ Oil-Spill-Detection

[1Read| 3-Oi-Spil-Detection | 4-Oi-5pil-Clustering | 5-Write| 1-Read | 3-0il-Spil-Detection | 4-Cil-SpilClustering | 5-rite|

ffie] is nul

Source Bands:

Background Window Size: 61
Threshold Shift (dB): 2.0

Minimum Cluster Size (sq km): 0.1

Results of applying oil spill detection are given in the pictures below.
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8.4.3Wind Field Estimation

As the wind blows across the ocean surface, it generates surface roughness
generally aligned with the wind direction. Consequery the radar backscatter
from this roughened surface is related to the wind speed and direction. This
operator retrieves wind speed and direction from Gband SAR imagery.

The operator is used to detect dark spots such oil spills on sea surface from SAR
imagery, and is available infools/Radar/Ocean tools/@ Spill Detection

The general approach for the wind field retrieval is as the follows:

1.

4.

First a land-sea mask is generated to ensure that the estimatioa focused
only on the sea surface area.

2. Then theSAR image is divided into grid using user specified window size.
3.

For each grid, a wind direction (with 180° ambiguity) is estimated from
features in the SAR image using frequency domain method.

With the wind direction estimated for the grid, finally the wind speed is
estimated by using CMOD5 model for the Normalized Radar Cross Section
(NRCS).

To run the processor some parameters heae to be set:

1.

2.

Source Bands: All bands (real or virtual) of the source product. User can
select one or more bands for prodaing multi-looked images. If no bands
are selected, then by default all bands are selected.

Window Size: The dimension of a window for which wind direction and
speed are estimated.
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|£] Wind-Field-Estimation =

1-Read | 2-Create-andMask | 3-Wind-Field-Estimation | 4-write|
Amplitude
Intensity

Source Bands:

Window Size (km): 20.0

Results of applyingwind field estimation are given in the pictures bebw.

A B e

To display the results of WindField Estimation, one should access Layer manager
(View Manager¢ Layer manager), click the G-0 button to add a layer and then
select the appropriate layer containing the result.

8.4.4 Create Land/Sea Mask

The Craate Land Mask operation will turn any pixels on land into no data value. If
the "preserve land" check box is set to true then all land pixels will be preserved
and all ocean pixels will be set to no data value.

The operator will automatically download a ©ourse SRTM 5 minute DEM the first
time it is used. This DEM is used to very quickly determine if a pixel is on land or
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in the ocean. Alternatively, a geometry from the product could also be used. This
could be a user create ROI or an imported Shape file.

The operator is available inTools/Radar/Ocean toolsCreate Land Mask

The following parameters are used by the operator:

1.

2.

oo

Source Band: All bands (real or virtual) of the source product. User can
select one or more bands.

Mask the Land: Checkbox indicatg that land pixels will become nodata
value.

Mask the Sea: Checkbox indicating that sea pixels will become nodata
value.

Use Geometry as Mask: Select a geometry or ROI from the product to use
as the mask. Anything outside the area will be nodata value.

Invert Geometry: Anything inside the ROI or geometry will be nodata value.
Bypass: Skip any land masking.

r B
| %] Create-LandMask l&]

{ I/b F;arameters ‘ Processing Parametersw

Source Bands: Amplitude
Intensity

@ Mask the Land
“) Mask the Sea
“) Use Geometry as Mask

pins

[7] Bypass

[ Run J[ Close ][ Help ]

Results of applying Mask Creation operator are given in the pictures below.
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Details on each of the procedures and algorithms implementesh the Radar
operators are given in theLEOWorks help pages, accessible from the Help menu.
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9.1 Feature extraction GIS tools

9.1.1Edit a vectorayer
To create a new object in the selectednd displayedvector layer, the user must
start the editing on the selectedayer. Steps:

1. Select the vectotayer in the GIS manageand press theStart Editing button, as
in the following image;

| The Start editing button

@Ne= 24

2. After the editing started,only one drawing tool will be active, according to the
layer data type: polygon, polyline or point.

Press the button of theactive drawingtool, then move the mouse cursor in the
view area and insert points.Polygons and polylines can be closed with double
click.

9.1.2Add/remove attribute fields

To add a new attribute fietl, press theAdd or remove attribute button, as in the
following image.

4
®
bs

[ J

Add or remove attribute button @

The Add/remove attributes dialog is shown, as in the next figureTo add a new
attribute, insert the name for the new attributefield and select the field type as in
the image below

Calendar date
Integer
Double

In LEOWOTrks, elds of type: String (storing text), calendar date (storing e.g. data
acquisition time), integers (for storing different types of numerical values e.g.
population) or doubles (for storing e.g. percentage or area).
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The Add attribute button is activated now(see image below) To add the new
attribute press the Add attribute button. To remove an existing attribute, select
the attribute to be deleted in the attribute listand press he Delete attributebutton
which should becomeactivated. When all attributes are added or removed, press
the Apply change$utton. Pressing theOkbutton, it closes the dialog.

| £/ Add / remove attributes = =

Layer attributes
MNew attribute name

Attribute type
String -

Attribute list
Attribute Name Attribute Type
osm_id Long
name String
type String

Add area attribute
SgMeters -

Add length attribute

Meters -

ok | 2

9.1.3Edit attribute field values

To set values for an attribute for the current editedayer, first make sure that the
layer is seleced in the GIS manageand that the editing session is opened on this
layer. Then press thdeature Tablebutton, as in figure.

A

|Feature and attribute table

The object and attribute table is shown, with the information that it is in theEdit
Mode To modify value for an attribute, egcute double click in the cell that
contains the attribute value. The cell can be edited and the attribute value can be
modified.
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selected features:

Operations on
’ Clear ][ Save Selection ][ Refresh ” Delete ] ?
Attribute values: EDIT MODE
Feature identifer Theme type  osm_id name type
1 MultiPolygon 4724853 industrial P
10 MultiPolygon 19912075 residential B
100 MultiPolygon (45188519 residential
101 MultiPolygon 45188521 residential
102 MultiPolygon 45188522 farm
103 MultiPolygon (45188523 residential
104 MultiPolygon 45188524 farm il
Attribute name Visible SE‘FISFICS on attribute values _ .
Statistics computed for the attribute osm_id:
Theme type Count: 1
osm_id Min : 4518852100
name ¥ Max : 4518852100
type [ Mean : 45183521.00
— Sum :451833521.00

417 OO0 b OEA AAEOET C DPOI AAOOh DOAOGO OEA O3«
figure.

Stop editing button

- O~ 2

9.1.4Create a newectorlayer

To create a newector layer, there must be a vectolayer or a raster layer already
opened and displayed. The creation of a new vecttayer starts by pressing the
Newvectorlayer button, as is shown in figure below.

A 5

The New layer button |

S Ol <

-

The Newvector layer dialog is shown, like in the following figure. The user must
provide the layer name, in theLayernameedit field. Thelayer type can be selected
from the Layertype panel, byticking the button for point, polyline or polygon. The
default value is pointtype. Toaddahx AOOOEAOOAKh OEA OOAO
field name in theAttributes panel, theNameedit field. The types can be selected
from the Typelist. After setting the attribute field name and type, theA\dd attribute

(@]}
@)
(@)
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button is activated. To add the new dtibute, press the Add attribute button, and

it is added to thelayerd O AOOOEAOOAO 1T EOOh AO ET OEA
| £ New layer |. = ﬂh_]

Attribute definition

Layer name Attribute Name Attribute Type

MyNewTheme Date Calendar date -
Layer attributes = =

Layer type Attribute Name Attribute Type —

____________ SHAPE Point

@ Point StringAttribute String

_ . DoubleAtrribute Double

() Palyline

() Polygon

?

To remove an attribute,the latter has to be selected in the attributes list, from the
Attributes panel. After the attribute is selected, theDelete attibute button is
activated, as in the next figure. Pressing this button removes the attribute.

-

-
|£:| New layer lil_léj
Attribute definition
Layer name Attribute Name Attribute Type
Add attribute
MyNewTheme Calendar date -
Layer attributes =
Delete attribute
Layer type Attribute Name Attribute Type
SHAPE Paoint
(@ Paint StringAttribute Siring
= Palviine DoubleAtrribute Double
> po P
() Polygon
W

After the setting of thelayer name, theCreatelayer button is activated. To create
the new vector layer, press this button. After pressing it, avindow is shown,
where the user is asked to select the folder where the newector layer will be

created.
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i Y
| £ Select location for the new dataset M

Recent:| ~ | E X 5 %
(- | leoworks.base -
-- L .m2
B | thumbnails
- |, AppData

iz Contacts

, CSECDViewer

[+ Bl Desktop

&- 4 Downloads

-- i Favorites

B | leoworks.data

; 183_[]23_1:urkey19?6_uhn3?_hn_kmez|a
- . Animation

. Cluj 2011-RGB-4-5-3_kmeans.data

- | Cluj 2011-RGB-4-5-3_kmeans2.data

, Cluj 2011-RGB-4-5-3_translate.data

- || GPS_Data

. Landsat_ETM_2001-08-26_multispectr;

- Landsat_ETM_2001-08-26_multispectr;

- | Landsat_ETM_2001-08-26_multispectr; =
] T | 3

[ Open ][ Cancel

o

9.1.5Query by attribute field values

Access theQuery by attributedialog window either from the Subsetdialog (when
opening files) from thesubsety attributestab, or from theGIS ManageiThe Query
by attribute allows you to select object in a vector GIS dataset based on their
attribute values.

Queries on attribute field values
include|
[ Query ” Query builder ” Clear ] Save Query Result ?
Attribute values: VIEW OMLY
Feature identifer Theme type  osm_id name type
1 MultiPolygon  |4724853 industrial -
10 MultiPolygon (19912075 residential T
100 MultiPolygon  |45188519 residential
101 MultiPolygon  |45188521 residential
102 MultiPolygon  |45138522 farm
103 MultiPolygon (45138523 residential
104 MultiPolygon  |45135524 farm
105 MultiPolygon  |45188525 residential
108 MultiPolygon  |45138527 residential
107 MultiPolygon (45138523 farm
108 MultiPolygon  |45188529 residential
109 MultiPolygon 45315262 farm i

For generating a query, theQuery builderis used (see figureabove). The query
values can be intraluced by hand or be selected from a list, as in the following
figure. The editable query field is marked with the red triangle.
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i ki
| £| Query by attributes E@g

Theme attribute fields Query operation Attribute field values
the_geom [ AND ][ OR ] allotments -
osm_id basin b
name [ = ][ i ] vineyard
L < < ] -
arass
= =
[ I |
[ LIKE ][ MOT LIKE ] cemetery _
resicentid [ Setaueryvabe | |Sreehouseford
rmlan
village_green
brownfield i

(type LIKE 'Yeresidential®s' )

[ Verify ][ Query H Clear H Done H Close ] ?

b

In order to perform a query on a selectedayer, an attribute field must be selected
in the Theme attribute fieldslist box, by clicking it. Then select the operator, by
pressing one of the buttons situated in theQuery operationarea. Afterselecting
the Theme attribute field and the Query operation, a query value must be set
Finally, press theSet query valudéutton. The queryis shown in the query area.
Press theVerify button. If the query is correct, the messag®uery is correctis
shown. By pressing theDonebutton, the query string is transferred to theObject
and attribute table window. Press theClosebutton, to close the query builder. In
order to execute the query, press th@uerybutton in the Object and attribute table
window. Press theQuerybutton and the query is done directly. The query results
are shown in theObject and attribute windowand in the view, as in tle following
figure.

&l Landsat_ETM_2001-08-26_multispectral-band_1
5= Qu

Queries on attribute field values

(type LIKE "%eresidential %' )
[ Query ” Query builder ][ Clear ][ Save Query Result ][ Refresh ?
Attribute values: VIEW ONLY
Feature identifer | Theme type  osm_id name type
tiPalygo 63078 ano dentia -

4 MultiPolygon 19908199 residential |E|
9 MultiPolygon 19911898 residential
10 MultiPolygon  |19912075 residential
i1 MultiPolygon  [199123564 residential
12 MultiPolygon  |19916665 residential
25 MultiPolygon  |30950038 residential
27 MultiPolygon  |30950133 residential
29 MultiPolygon  |30953673 residential
37 MultiPolygon  |36112741 Ca' Savio residential
40 MultiPolygon  |44620863 residential

MultiPolygon 44620908 residential o
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9.2 Composing and printing maps
The Map menu provides access to functions allowing one to create map
compositions that can beprinted or exported as PDF or JPEG files.

The Map menu contains the following functions:

1 create a new mapcomposition;

1 add different types of elements to the map;

1 print or export the map as PDFor JPEG

1 show or hide the map gridor the map composer ruleg

To create a new map composition, you have to choose ti@reate option and
generate apredefined map canposition using the image in the current viewer.

By default, the new composition contains a snapshot of the viewer to which the
geographical coordinates of the upper left and lower right corners were added,
together with a grid showing coordinates in mapunits, a scalebar and a North
arrow (see the image below)

If the Viewer you start from contains a colofindexed image (e.g. resulting from a
supervised or unsupervised classification), the legend of the image is
automatically added in the map compositia.

For getting a correctmap grid and a goodooking map image, nedata (gray area)
should be avoided in the viewer. To this goal, one may need to zoom and pan or
even resize the viewer window.

The size of the page can be increased vertically and horizatiyy using the arrow
keys. If the size is not modifying when using the arrow keys, this is because you
previously edited a text map element and this still has the focus (it is the only map
element that can hold the focus). To remove the focus and use theocav keys
again, you have to press the CTRL and TAB keys simultaneously.
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To add different types of elements to the map, you have to click thesert item in
the map menu and then one of the elements being displayed when the menu is
expanded.

9.2.1Craating a Legend

For creating a legend to be included in your map, you need to generate a number
of image samples and then to add text explaining the meaning of those samples as
shown in the image below:
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