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Preface

NOTE: This document is in DRAFT form and is expected to have errors. During this time, please direct
all comments to the author.

This documentation supplements and in some cases expands on the Opticks documentation found on
the Help menu and online at the Opticks site. The intent of this documentation is to provide the user
with a logical overview of the application as well as some additional commentary on the tools, their use,
and how they are used in for a particular purpose (e.g. identifying a particular cover type or material in
an image requires a series of steps and a number of tools to complete the task).

The Opticks User Guide begins with a general overview of the application, getting it set up and being
able to load an image and becoming familiar with some of the tools and how to interact with the
application interface. The Opticks site provides a much more detailed explanation of the tools. This
document will explain the use of many of the tools as an analyst works through common and realistic
image processing tasks as they relate to remotely sensed imagery.

Users are encouraged to refer to both this document as well as the Opticks Help as needed to complete
tasks. Please submit comments, questions, errors, and issues to one of the following:

nate@jenningsplanet.com
jenninn@arc.losrios.edu
users@opticks.ballforge.net (free registration is required to post comments to the Opticks forum)

The user forum email can be found on the Opticks page under the Community section of the home page.

http://opticks.org




Acknowledgements

The author would like to acknowledge all of the great staff at Ball Aerospace. This small community of
full time application developers has put together fairly comprehensive open source image processing
software tailored for remotely sensed imagery. They all do great jobs of putting out regular software
updates (several per year) with some significant improvements in each release. Being a user, unpaid
developer, educator, and promoter of Opticks, | commend them on their expert abilities, guidance, and
attentiveness and responsiveness to the both the user and developer communities. | want to especially
acknowledge Kip Streithorst and Trevor Clarke for their patience and knowledge to help me through my
first deployment of the RADAR extension as well as their successful leadership and mentorship of the
first Google Summer of Code Opticks Projects. Two great extensions came out of this endeavor. | am
glad to have been a part of this project. | also want to thank Michael Constatine and Dustin Atkins with
their additional input and support on my questions regarding some of the Opticks functionality.

| also want to thank Kevin Rock from SpecTIR who graciously provided some of their hyperspectral data
that | used to help develop the Hyperspectral content in this user guide. User’s can obtain free sample
data at www.spectir.com.

This user’s guide is one of my contributions back to the Opticks user community with the hope that
others will gain a broader appreciation for remote sensing, digital image processing, and the fact that
there is a strong, user-friendly open source application that focuses on the world of remote sensing.



Opticks — Getting Started

See Help menu for a comprehensive explanation of the Opticks, toolbars, function descriptions and basic
tutorial guides. Most of these can orient the user with Opticks functionality. Make sure to download
the sample data sets or use images provided by the instructor.

Setting up the Opticks Environment

If Opticks is installed on a personal or standalone system, the default settings will likely be sufficient to
perform the Opticks functions. If Opticks is used in a lab where the user does not have write access to
all of the default Opticks file paths, the following settings will need to be changed. If the same user uses
different computers, the settings may need to be set for each new user/machine.

Using Opticks in a multi-user lab environment, the default options for Opticks may need to be changed.
The Options are found under Tools—Options. Some folders may need changing If users do not have
write access to the default locations. Users should check with a technology administrator to make sure
the proper access to system folders is available.
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The following paths can be changed and set by the user to provide locations where users have
read/write access. Normally, the paths only need to be changed once; however, in some lab
configurations, specific users may need to make the same changes if different machines are used.



For the Session—File Locations change the paths below as needed. Write permission may be required
for some locations.
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Loading Custom Plug-ins (Opticks Extensions)

Plug-ins are additional code packages that extend the core functionality of Opticks. These are custom
built applications developed in C++ by the Opticks open source community and delivered as either
compiled dynamic link libraries (DLLs) or from compressed files (AEB — similar to the zip format). A few
plug-ins exist for Opticks (Spectral Processing, Python, RADAR, and SAR (Synthetic Aperture RADAR) that
are not part of the core functionality of Opticks. Before downloading and installing plug-ins make not of
the installed Opticks version and the Plug-ins version number. Plug-ins support specific versions of
Opticks. Some plug-in versions are not forward or backward compatible. The Opticks Extension site will
indicate which Opticks version is supported.

Three methods exist to load extensions.

1. Install Extensions for the Help menu. Once the AEB files are downloaded, users can install the
extensions by going to the help menu and choosing install. The installed extensions will show up
under the help menu.
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2. Drag/Drop AEB onto Opticks. Users can download the extensions from the Opticks site and
simply drag and drop the AEB extension into any location on Opticks when the application is
open. The AEB will extract and load in the proper location for Opticks to recognize it.

When AEB files are installed, users will see the installed extensions under the Help menu.

3. Copy DLL file to Opticks Plug-in directory. Download and open the zip file containing the DLL file
from the Opticks extension site. Copy the DLL file the C:\Program Files\Opticks\<Opticks
version>\Plug-ins folder. When Opticks is open, typically a new toolbar will appear in the
Session Explorer. Also, the user will see the DLL file show up in the Plug-ins Tab.
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In either case, the user can check the respective Toolbar from the Session Explorer to load the toolbar if
one exists for the plugin. Make sure to read any documentation that accompanies the plug in.

Saving an Opticks Session

To save an Opticks Session (similar to a project file), the user can choose File—Save Session As (or Save
Session if an Opticks Session already exists) and assign a session name. The Opticks Sessions will have
an extension of .Session and an Opticks Session folder (.SessionDir) will be created in Windows Explorer.
The SessionDir contains a number of files that keep track of imagery and settings used in the respective
session. Image files do not have to be stored in the same directory as the Opticks Session.
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Customizing Opticks Options

The user can also make modifications to some of the Options within Opticks such as units, colors, and
custom band combinations.

Creating a Custom Band Combination

1. Under the Tools—Options menu, select Raster under the Layers Options.
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2. Click on the Add button on the Color Composites portion of the Options window.

3. Make the following changes by highlighting on each element to rename the New Composite and

assign band combinations. If wavelengths are known, these can also be added if necessary.

= Color Composites

ame Red Green  Blue
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SWIR

Sveleng
Band Mumber 4 5 3

Add

Remove

QF l I Cancel
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Using the New Band Combination

When users import or display imagery, this new color composite will be available.

Displaying Toolbars

Tool bars for Opticks are usually displayed at the top of the application. Additional Toolbars can be
added by doing the following:

1. Click on the Toolbars menu in the Session Explorer

File Edit Wew Layout Tools wWindow Help
FE S F BB o > P&
T Ba 0 &
A IR A I
: Lock | M @& O - |[Tahoma

: Brightness 0
'l P 4 M — 0025 + A =
© Spectral Iﬁ - m B kg
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@ea
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Standard

Tie Paint

Toolbosx

FEREEROFEEEEEREEE

[ indows |nimati0ns Elements Flug-Ins

2. Check the respective box to display the toolbar

Toolbar Overview

This section provides a brief overview of each Opticks Toolbar (checked below). Unchecked toolbars are
not covered in this document. See the Help menu for more details on the tool. Other sections in this
guide will have additional details on respective tools as they are discussed. Some toolbars are not
activated until an image or other feature is loaded into Opticks. Hover the mouse over a specific tool to
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see the name of the tool. Also, look at the lower left corner of the Opticks Application window to see a
short description of the tool.

Session Explorer I X

+- Workspace Windows

+- Dock. Windows

BE Toolbars

ol

[ Aspant

[ Animaéion
Annotation
Brightness
Lisplary

eneral Algarithms
GEe0

Geographic Features
Measurement
Spectral

Standard

Tie Point

Taalbas:

Windows &nirnakions Elernents Plug-Ins

AOI
The AOI (Area of Interest) tool allows the user to create small areas on the image to perform additional
operations such as create subsets, limit processing areas, and work with spectral signatures. An AOI

layer must be created or exist to activate the toolbar. Some of the AOI tools are used with the Spectral
Processing Toolbar as well as with processing multispectral and Hyperspectral imagery.

F B je|n iy e - §F @ &-I]-

Annotation

The Annotation Toolbar used to add text, and other information to the image display for a simple map
to be produced. An annotation layer must be created or exist to activate the toolbar.

- annotation [ Leck |4M| @& O - B 7 U A-

- B O

Ml
Is.

Brightness

The Brightness toolbar allows the brightness and contrast of the current image window to change. An
image must be loaded into the image viewer to activate this toolbar.

Brightness J 1&  Contrast J 68 |Band 3 - Red - Red w |C:fRemote_Sensing/Opticks_Images/p014r035_7t19990 w
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Display

The display toolbar provides the primary navigation functions for zoom in/out/full extent, pan, and
various image rotation options.

BRARNE[F vVEA " LA AGN L Z PRO

General Algorithms

The General Algorithms provide some basic image manipulation options. An image must be loaded to
operate many of the functions within this toolbar.

Genetal Algorithms

Band Math

Change Up Direction

[rata Fusion

Flatten Annotation Layver
Principal Component Analysis
QT Cluster

Band Math

Provides options to perform basic math functions between different image bands (e.g. addition,
subtractions, divide (band ratios), multiply, etc).

Band Math

Bands:
) Degrees (*) Radians (®) single Cube ) Mulki Cube

Band 1 - Blue-Green 0,435
Band 2 - Green  0.56
Operatars Mumbers Band 3-Red 0.66

Band 4 - MIR.  0.83

Band 5 - MIR1 1.65

Band 7-MIR2 2,215
L]
B
=)L
L]

Clear Undo [ owverlay Resulks Process

Change Up Direction



This function allows the user to change the up direction to always be at the top of the image. For
example, if a satellite has a southern orbital path, the southern part of an image may be at the top and
appear “upside down.” Users can change this direction if required.

Data Fusion

This function allows for two different images to be combined into a single image space or to integrate
higher resolution imagery with lower resolution imagery.

Flatten Annotation Layer

This option is not yet documented.

Principle Component Analysis

This function runs a principle component analysis routine. Principle Components often is used to reduce
the number of bands required for image processing as well as performing some change detection
operations. Consult a Remote Sensing textbook for more details.

QT Cluster

This option is not yet documented.

Geo

The Geo Toolbar provides the ability to assign a georeference (coordinate system) to the image.
Georeferencing is discussed in more details below. Images must have a related set of ground control
(GCPs) for the georeference to be assigned. The toolbar provides some basic ability to add GCPs.

Latitude/Longitude, UTM, and MGRS (Military Grid Reference System) coordinate systems are
supported.

Geo @ - I B

Geographic Features

The Geographic Features toolbar provides the ability to load GIS shapefiles or geodatabases (including
ArcSDE enterprise grade geodatabases).

Geographic Feature
Edit this menu |
Import geodatabase |

Measurement

The Measurement Toolbar allows measurements to be made and displayed on the image. Animage
must be loaded and georeferenced to use this toolbar. Also the Measurement Mode button must be
clicked.
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Spectral Processing

The Spectral Processing Toolbar provides several tools and algorithms for processing hyperspectral data
and creating spectral signatures for identifying different materials from hyperspectral (or other
imagery). The Spectral Signature capability is provided by the Spectral Processing Extension. An image
must be loaded into the viewer and some functions require the spectral values to be represented as
radiance or percent reflectance as well as know the specific wavelengths for each band. Often
hyperspectral data is provided with radiance or percent reflectance whereas other non-hyperspectral
imagery is represented with a brightness value relative to the materials reflectance. Specific functions
on the spectral toolbar are discussed in the Hyperspectral section. See Appendix B for a full description
of the Spectral Processing Extension.

spectral |2 o EE B b

Standard

The Standard Toolbar provides the ability to open or import a variety of image and vector data types. A
link is also provided to access the Opticks Help.

FE &S L EBRBE - @
Tie Point

The Tie Point Toolbar provides some ability to collect additional points in image data so that some basic
image rectification can be performed.

N gl 47

Toolbox
The Toolbox Toolbar is another primary toolbar that is used often in Opticks. It provides the capability
to view histograms of image bands, loads the Session Explorer, load a scripting window to run custom

scripts, create image subsets (image chips), link image viewers, and activate the layer edit mode that
activates the AOI tools

Hluid s T HFk = % &
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Working with Imagery in Opticks

To use Opticks, image data must be loaded into the application. This can be achieved by going to File—
Import Data and then search for image data or the Import Tool (Open Folder button) on the Standard
Toolbar. Since a variety of imagery can be loaded (panchromatic [i.e. single band black and white], true
color, multi-spectral, or hyperspectral), it can be loaded and viewed either as a single band image or 3 of
the multi-spectral or hyperspectral data can be assigned to the RGB colors of the color display. By
default, multi-spectral data not already saved into an Opticks session will display as black and white.
The user will need to change the display to assign specific bands or wavelengths to the RGB color
display.

Opticks supports a number of raw and common file remote sensing image formats. Some are sensor
specific, while others are in common delivered format (TIF, ERDAS Imagine, ENVI, NITF, HDR). Opticks
has its own image format called ICE (Image Cube). Data can be saved and exported to this format.
Other image processing software may not be able to read this format. Itis recommended to save data
to a more common format (e.g. TIF).

Display an Image
Click on the Import Data Tool

%Jﬁtﬁﬂ'ﬁ ? &

Select the specific file format and location of the file.

Import @E|
Look in: (£ Ci\Remote_Sensing|wisc_Image\Images o O 02 @ E] @
Mame Size Type Dake M
B Jun3.tif 769 EE tif File 1042812

chrnclp_sub, LiF . LEMB LFFile 54200

Choose the appropriate file
format.

Common formats are: GeoTIFF
(TIF), BSQ, BIP, BIL, ERDAS
Imagine, ENVI, HDR, NITF)

<

File name: sactmclp_sub. tif
Files of bype: | GeoTIFF Filas (*.kf) ~
Importer: Auko Importer e

The Options button brings up an additional dialog box that allows the user to select specific bands of the
image and assign them to RGB display colors, otherwise, the image will display as a grayscale image (the
default).
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Import Options

Dot el Data | File | Subset | Metadata | Wavelengths | Importer |
=8 sactmclp_sub. L
@ ...JImages/sactmclp_sub. Lif UNCLASSIFIED

Item Yalue G|
Bands |6
i | Data Type !Unsigned 1 Byte
RGB dISpIay coIors can be Processing Location |In Mernory
assigned to specific sensor | Interleave Format |BIP
bands. The Display mode can Badvakies l”
. o % Pixel Size 1
also be set to RGB to display T I
color. Units !
!Gra Band
NOTE: Display mode must be ' |4 |
set to RGB to see the color l5 I
. |3 |
assignment. : =
| I :
[ Import All l [Impnrt Mone ]
[ QK ] [ Cancel l

The user can change the band combination at any time by bringing up the image properties from the
Session Window and then right click on the image file.

Image Properties



File Edit View Lawout Tools Window Help

EH S BB o « 2€ [FuDeT FN

 Brightriess

B EA R B vBE & oA AGN AL
= =

71

J
¢ General Algorithms | Gen ﬂ - 2|7

i Spectral I&fm@lﬁ?| # & A M

Session Explorer

=) Workspare Windows
=3 sactmclp_sub.tif
Corner Coordinate:

1 ®- Dock Windows Display Mode
| = Tocbars Image Stretch 3
- ] Al Display As
O Aspam
[ Animation Copy
7 1 Annotation Select Lavers of Type
- [v] Brightness
[] Display Convert,..
[¥] Gereral Algarithr . Delete
[¥] Gea
- [v] Geographic Featy ¥ Displayed
- [#] Measurement Rename. ..
z Spectral Copy Name
- [¥] atandard il
~ |w| Tie Point
- [¥] Toolbox

Windows Animations || Elements || Flug-Ins

Displays the properties for the selected item

Right click on the image and
then select Properties to bring
up the image properties.

Band assignments, display mode, and image stretch can be changed in the image properties dialog box.
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Properties: sactmclp_sub. tif

= Display Configuration
Display Mode: !EGB vl

Complex Commponent: |Magnitude vl

[ze5 =

Opacity:

=l Grayscale

Display Element; |sactmc||:u_sub.tiF

Display Band: !Band 1

Lower Stretch alue: | 5.000000

|Upper Stretch value: |95.DDDDDD

Stretch Units: !F‘ercentile vl
Stretch Type: iLinear ‘vl
= RGB
Red: Green:
Display Element: !sactmclp_sub.tiF Vl |sactmclp_sub.tiF Vi |£.tmclp_sub.tif
Display Band: !Band 4 vl |Band 5
Lower Stretch alue: | 5.000000 4| |s.000000

Upper Stretch value: |95.DDDDDD

5| [s5.000000

Skretch Units: |F‘ercentile

vl |Percenti|e

Stretch Type: ILinear

¥

1 Mo e Tos ks s F e b i

If the all of the display bands indicate the same band number, then the image will display in grayscale

(black and white), even if the image is multi-band.

Reviewing Metadata about the Image

Information about an image can be viewed at the time of import or loading into Opticks or through the

Elements Tab in the Session Window.

) e |




Session Explarer & X I . . .

[=)- pO14r033_7t19990923_z13_spectral.re.i... nght CIICk on the Image' and
Corner Coordinates | . g

select properties to view

metadata

|
Windows " Animatiins | Elements E}:Ej

Displays the propertie®or the selected item

Refer to the Data Elements Properties in the Opticks Help for additional information.
Data Tab

This tab shows the basic information about the image (bands, rows, columns, data type, pixel size, etc.).

Properties: p014r033_7t19990923_z18_spectral.re.ice.h5

Data | File | Metadata | wavelengths |

Item value )
Mame i frempfp014r033_7E19990923_215_spectral.re.ice.hs
Type RasterElernent
Parent Data Set
Rows 7a4z
Columns 8732
Bands &
Data Type Unsigned 1 Byte
Processing Lacation In Memary 3
Interleave Format EBIP
Bad Values
¥ Pixel Size 1
Y Pixel Size 1

Units v

K l [ Cancel ] ’ Apply
File Tab

This tab also contains much of the same information found in the Data Tab and also contains any ground
control points (GCPs) that is used to place the imagery in geographic space.
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Properties: p014r033_7t19990923_z18_spectral.re.ice.h5

| Data | File | Metadata || Wavelengths |
Item Yalue b
Filename Ciftemp/p014r033_7E19990923_218_spectral.re.ice.hs
Data Set Location [DatasetsCubel/RawData 0
Rows To42
Colurnns g73z
Bands &
v
Ground Contral Paints (GCP)
Mame Column Row Latitude Longitude
GCF S 4366 3921 M35°53'31.183" W75TZ1'3.513"
GCP 4 g7z T4z M37e53'22 624" W73e4'38,921"
GCP 3 1 To4z M37e52'51.585" WFESHE'51, 295"
GCP 2 8732 1 M39°54'3, 360" W73°55'14, 545"
GCP 1 1 1 M39°5335 822" WTESHT 26, 915"
OK ] [ Cancel ] ’ Apply
Metadata Tab

The metadata tab provides information about the wavelengths that are used in the current display.

Properties: p014r033_7t19990923_z18_spectral.re.ice.hS

Data File Metadata \Wavelengths |

IMetadata:
ame Type Value
=R Special Civna Tu 2 =
= Band DynamicObject 4 children
Cent... wvector<double = 0.485, 0,56, 0.66, 0.83, 1.65, 2.215
End.. wector<double=  0.53, 0.6, 0.69, 0.9, 1,75, .35
Marmes wveckor <skring = Band 1 - Blue-Green, Band 2 - Green, Band 3 - Red, Band 4 - MNIR, Ban...
Start... wector<double=  0.45, 0.52, 0.63, 0.75, 1.55, 2.08
Collectio... DateTime September 23, 1999, 00:00:00
(= Spectral DynamicObject 1 children
= wavelen... DynamicObject Z children
Actu... string microns
Displ...  string microns
[ Filker: | |
¥ % EEBEEEBL
OF, l l Cancel ] [ Apply ]

Wavelengths Tab

The wavelengths tab provides information about the specific wavelengths for each band in the full
image file. The wavelegnths can be displayed in micrson, nanometers, or inverse centimeters.



Properties: p014r033_7t19990923_z18_spectral.re.ice.h5

Data File Metadata Wavelengths |

Wavelengths:
Band | Start Center End From Element. ..
1 0.45 0.485 0.53
oad...
z 0.5z 0.56 0.6
4 0,76 0.83 0.9
5 1.55 1.65 1.75
7 2,08 2.215 2,35
FWHM, .
Scale. .,
Uniks: |[yfsslyH]

ok || cancel ][ apply

Subset an Image

Users may not want to import an entire image into Opticks, especially if the image is very large (> 1 Gb)
or | there are a large number of bands and some are known to not contain very useful information (such
as hyperspectral data with the water vapor absorption bands removed). Two options are available to
limit the number of bands and spatial extent of the image during import. See the Opticks Tutorial on
Spectral and Spatial Subset for additional details.

Band Subset

An easy way to subset an image containing a smaller number of bands than the original is to select (or
ignore) bands from the input image using the Options button on the Import dialog box.
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Import

ZIX]

voooomEEAA

Look in: | [T C\Remote_Sensinglitisc_ImageiImages
Mame 4 Size Type Date
Jun3.kif 769KE LFFile  10/28)
‘ MaD_SPOT.IMG 1.5ME IMGFile &/23/2
MaD_TM.IMG 1.5ME MG File &/za/2
= sackrclp_sub, kif 1.5SME tf File  S5f4/20
‘tm_sacsub.img KE imgFile  10/10/4
< | >
File marne: |tm_sacsul:-.img | | Open

Files of type: iAII Cipticks Files (*.wxedata * WHEDATA * cgm *.CGM *.dt? * hdr * bag *,

Imporker:

I.ﬁ.uto Imporker

Import Options

Data Sets:

= tm_sacsub.img

@ ..BjImagestm_sacsub.,img

| Data | File | Subset | Metadsta | ‘Wavelengths |

Impaort Al

] [ Irnport Mone

Rows —

Start Row: |1 w

End Row: 249 v
Skip Factor: |0 e
Bands -

Columns -

-
Start Colurnn: | v
End Column: 476 v
Skip Factor: i o

Choose the bands to import.
Unselected bands are not
imported.

Custom Selection...

(=

[

Notice that the imported image shows 3 bands
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Properties: tm_sacsub.img

Data | File: || Metadata || Wavelengths |

Ttern Yalus 5
| Marne i [Remate_Sensing/\Wisc_ImageImages/tm_sacsub.img
- Twpe RasterElement
| Parent Data Sek
| Ruows 249
| Columns 476
~|Bands 3
| Data Type Unsigned 1 Bvte
| Processing Lacation In Mermoary L3
| Interleave Format BSQ
~|Bad Values
| % Pixel Size 1
~| ¥ Pixel Size 1

[+ Units w

[ o4 J [ Cancel l l Apply

The imported file still indicates 6 bands in the original image file.

Properties: tm_sacsub.img

| Data | File | Metadata | Wavelengths |

Ttem Yalue i
- Filename C: [Remote_Sensing/Wisc_Image/Imagesitm_sacsub.img
- Data Set Location C: [Remote_Sensing/Wisc_Image/Imagesitm_sacsub.img 1
- Riows 249
- Columns 476

Ground Contral Painks (GCP)

Marne ¥ | Colurn R Latitude Longitude

[ [o]'4 J ’ Cancel ] [ Apply
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If the remaining defaults are chosen, then the image will display as gray scale. The user can use
methods described above to change the band combination and to display the image as RGB (i.e. as a
color display).

Spatially Subset Image

In addition to the above, the user can also limit the spatial extent of the image by using the Preview
button in the Import window.

- [= 5 = = | o e
Look in: !aC.'l,Remote_Sensmg'l,Wlsc_Image'l,Images ¥l I | 0 J @ | @
Marne Size Type IM
Juna ki 769 KE LFFile  10f28)
B MAD_SPOT.IMG L5ME IMGFile /282
MAD_TH.IMG 1.5MB IMGFile &/25/2
=] sactrnclh_sub. L.5ME LFFile  Sp4f20
B tm_sacsub.img 813 KE img File  10/10];
£ | >
File name: !tm_sacsub.img | Qpen
Files of type: EAII Opticks Files (*wxdata * . WiDATA *,cgm *,CGM *.de? *, hdr *.bsg *, v| Cancel
Impoarter: EAuto Imporker Vi [ Options... l

Use the tool provided to select a rectangular area to subset the image by the extent of the rectangle.
Using this method in addition to the Band Subset can limit both the number of bands and the spatial
extent of the imported image at the same time.

Import |r|f5_<|
Lookin: iﬂi‘]C:'l,Remote_Sensing'l,Wisc_Image'l,Images vi 090 3 @ I@ Iéi

File {1 of 1): tm_sacsub.img 1] ¥

Mame
Junz. ki Data Set {1 of 1): C:/[Remote_Sensing/Wis 4 ¢

B MaD_sPOTIMG
MAD_TH.IMG
E] sackmelp_sub.bf

‘ tmn_sacsub.img

UNCLASSIFIED

Chip Size: |Custom

v)
| 5| Pixel: (305, 73)
File name: |tm_sacsuh.img | [QDT]

Files of type: !AII Opticks Files {*.wxdata * WiXDATA *.cgm *,CGM *,dk? * hdr *.bsg *, v! Cancel

Importer: |nut0 Irnporker A ! Options, ..




After the image is imported, the following viewer appears with the both the number of bands and the
spatial extents reduced.

B8 C:/Remote, Sensing/Wisc_ImagefImages/tm_sacsub.img

% WNCLASSIFIED

—

UNCLASSIFIED

If the user changes the band combination, the new imported file may look like this.

B8 CifRemote_Sens _Image/Images/tm_sacsub.img E@@

UNCLASSIFIED

UNCLASSIFIED

Working with Histograms

Histograms are graphical representations of data. In the case of remotely sensed imagery histograms

represent the distribution of pixel values for a given spectral band. Opticks can display histograms for

spectral bands. The values along the X axis may represent the brightness range (intensity levels) of an

image and the Y axis represents the total count for a given brightness value. For more information see
the Opticks Help under Opticks Studio—Working with Opticks Windows—Histogram Window.

Viewing a Histogram

To view the histogram for a band of the active image viewer, click on the Histogram tool on the Toolbox
toolbar.
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Alternatively, the user can expand the Dock Windows element under the Session Explorer, and then

expand the respective image. Check the box for the Histogram Window to display the histogram for the

active image.

File Edit ‘Mew Layout Tools Window

 Brightniess 1

-

Session Explorer
=] Workspace Windows
2 sactmolp_sub.kif
® Corner Coordinates
BBl sactmolp_sub. L
= tm_sacsub.img
m_sacsub.img

[=)- Dock Windows
Annotalbn fmage Palatte
Background Blug-in Windos

reta b ot

2 [ |.|.I.|.|.|.|.l Histagram Window

sactn;clp_sub.tif - Blue

sactmclp_sab.tif - Red
SR tm_ !
tm_sacsub.img - Gray
[ E0 Message £og Winabw
mrroa g =

Seta ) g et

Help

35 Contrast

< ¥

&

1

@

BE & LREo-c 28 @uDeS OB = ke @
BRE N R e vVER WO LAMASAGH YN Z BRO

75! Bana 3 - Gray

. General Algorithms || Geo & [ 80 1P gl | Geographic Features | < P S e
coecrd |30 A BSBPE7 | ) 4 o )| e 1 W

=

L

- ;:C:,I;ﬁemote_Sensing.,-l’.\n'
oA
Lock s@ Co, [EE|

g X

acsub.img

CLASSIFIED

UNCLASSIFIED

The Histogram tools loads a graphic display for one or more of the bands in the active image. If the user
has only a gray scale image displayed a single histogram shows up like this.
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Opticks
File  Edit
FE S 4BREB 0o

Wiew Layout Tools Window  Help

2¢ @fwWoss FE = h &

sackmelp_sub, tif
Corner Coordinates
sactmclp_sub. tif
tm_sacsub.img
m tm_sacsub.img
= Dock Windows
[ Annotation fmage Palette
[ % Sachground Flug-in Wincter
[ Convolistion aés Eofiar
[ Aicker Controt
m Histogram Window 2

Windows | Animations Elements Plug-Ins

Histogram W\n\:iuw

I C:IRemote_Sensing/Wisc_Imagellmagesitm_sacsub.img ~

SSIFIED

UNCLASSIFIED

tm_sacsub.img - Band 4

=1
300
250
200
150
100

c0

\ tm_sacsuh’.img— Gray f

UNCLASSIFIED

AN Iy B v[E & LLhnsAGNMNM L Z RO
Brightness J 35 Conbrast J 75 BandS-Gra}f'

General Algorithms Geo 4 I# B IF o gl D GeographicFeatures |1 ) B S SE L 7

Spectral [ S EEEP L7 2 L AT se LB e (2 S @ 1] Lack U A »
Session Explarer 5 X

“Warkspace Windaws ~

T
250

If the image is a multiband image the user can right click in the Histogram Window and choose the
Displayed Band. Select a different band to change the histogram.

Fle Edt WView Layout Todls Window Help
FE 8 YRR - & De S Fw = h e

ackmclp_sub, tif
® Comer Coordinates
sactmclp_sub bF

= g

tm_sacsub.img
(= Dock Windows
[ Annotation fmage Passtte
[ % Background Slug-n Wincows
[ Convolution matrix Editor
[ Ficker Conirole
|l Histogram window

Windows Animations Elements Plug

Histogram Window

C:IRemote_Sensing/Wisc_Ima Change the hlstogram

Choose a different band to

UMCLASSIFIED

tm_sacsub.img - Band 4

<

B A I B vBl& | by save...

: Brighkness S 35 | Contrast 1 75 [Band3-Gray vcmd & print...

| General Algorithms || Geo @ B @ 17 gl JF |1 GeographicFeatures () % R G 2 G707 ? < Gridines
spectral |35 A BHEBZEZD P A A M ae LB 0 - Z R B If Lock | iy ¢ O MouseMode

Session Explorer & x Legend
Wor)gséce"vdmd'ol;u's A Custom Zoom. ..

Rescale Azes

Bad Values...
Set Spatial Sampling. ..

Aute Zoom

Calor Map

Stretch Type
Stretch Units
Stretch Reset
Displayed Element

Security Markings. .
Export

Properties...
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Sets the security markings on the plot

UMCLASSIFIED

Chrl+s
Cultp | sacsubimg v

»

B |B 1 U A »
Chrl+L - :

I
200
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If a multiband image is displayed as color a histogram is displayed like this.

Opticks

fle Edt Yew Layot Jools Window Help
e & tREv-o 2&(Eos S PK = k& F
AN K E[ow vBE& [BlasasgddGRb B R

Brightness J - 69 Conbrast J - 65 Band4- Rec{ v ;C:p’Remute_SensingJ’Wis:_Image][magesi}m_sa:sub‘\mg v
General Algarithms | © Gen & [# oB 1P gl 0 GeographicFeastuwres 1 g R S G S0 7 7 £
spectral |26 £ BlEBPEZ D F 4 A M ae 1 W . o2 IR N e Lock | o @& O I | B ru A »

Session Explarer 5 X
| = Workspace Windows |
= fg# sactmclp_sub . HF I
’ Corner Coordinates
sactmclp_sub.bif
! tm_sacsub.img
BBl tm_sacsubiimg
= Dock Windows
[ Annotation fmage Palette
[ % Sachground Flug-in Wincter
[ Convoiistion Matrsx Ecttar
[ Aicker Controt
= m Histogram Window 2

Windows | Animations Elements Plug-Ins

Histogram W\n\:iuw g X

I C:IRemote_Sensing/Wisc_Imagellmagesitm_sacsub.img ~ I

UNCLASSIFIED
tm_sacsub.img - Band 4

=1
300
250
200
150
100

c0

T
50 100 150 200 250
UNCLASSIFIED

\_tm_sacsub.img - Red [\_tm_sacsub.img - Green \_tm_sacsub.img - Blue

Notice the three tabs at the bottom of the histogram indicating the Red, Green, and Blue bands. When
each color tab is clicked, the respective histogram is displayed. Notice the Band number at the top of
the Histogram Window. Users can change the band assignment for a given color by right clicking in the
Histogram Window and change the Displayed Band as described above. The displayed window will also
change.

Changing the Contrast

Users can also change the stretch of the active image by left-clicking (or left-click hold and drag) on the
left or right side of the colored area in the Histogram Window. The image will change in contrast.

Changing the Image Stretch

Different kinds of image stretches can also be applied to the image by using the Histogram Window.
Applying an image stretch to an image can enhance different areas within an image. A typical image
stretch for remotely sensed image is a two standard deviation stretch following a linear function.
Different types of image stretches and units can be used per band while using the Histogram Window.
Right-click in the Histogram window to access these options.
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Rescale Axes

Bad Yalues. ..
Set Spatial Sampling. ..

v Auta Zoom
Synchronize Auto Zoom

Displayed Element Histogram Equalization

Color Map 3
& v Linear
Stretch Units 4 Exponential
UNCLASSIFIED Stretch Reset 4 Logarithric
»
»

tm_sacsub.img - Band 4 Displayed Band

Security Markings...

n Export

Properties...

Linear — typically the default stretch and follows a linear function. The data is stretched in a linear
fashion from low values to high values and tends to apply a stretch evenly across the image.

Exponential — follows an exponential curve. This stretch tends to suppress darker areas and enhance
brighter areas.

Logarithmic — follows a logarithmic curve. This stretch tends to suppress brighter values and enhance
darker values.

Histogram Equalization — this stretch attempts to place an equal number of pixels to a specific number
of spectral categories across the brightness range. The effect of this stretch tends to make the brighter
areas just a little brighter and the darker areas just a little darker. The brighter areas can look a little
more washed out.

An image stretch can also be changed by right-clicking on the image file in the Session Explorer.

spectral [ PRSP LP] ) LA LB 2N D &

Session Explorer ol 4

= Workspace Windows A.
= sackmclp_sub. tif i
# Corner Coordinates

=) Dok, Windows
[ Annotation f

Linear 0-100%ile

E gmf&iig:; Lingat 2-98%ile
[ Alicker Contro Copy Linear 5-95%ile
@ lll_lhll Histogran Select Lavers of Type Equalization
Windows | Animations  Convert.. 3 Reset
| 7 Delete
Histograrn Window
' v Displayed 7 :
C:/IRemote_Se i nagesitm_sacsub.img ~
Copy Marme
n Export

Properties. ..

The stretch units can also be changed.
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Bad Yalues. ..
Set Spatial Sampling. ..

v Auta Zoom
Synchronize Auto Zoom

Color Map
Stretch Type

* v vEl v ¥

Raw Yalues
Stretch Reset Percentage
Displayed Element i

UMCLASSIFIED . Percentile
Displayed Band v Standard Deviation
tm_sacsub.img - Band 4 Security Markings. ..

Expork
Properties...
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Hyperspectral Processing with Opticks

Overview

Processing hyperspectral imagery is usually an involved process and often requires a number of
preprocessing steps before any image analysis (usually material identification) can take place. Opticks
uses the Spectral Processing Tools to accomplish these tasks. See Appendix XX for specific details of this
tool set. The hyperspectral processing section describes some of the basic tasks an analyst usually
implements to conduct material identification.

Hypespectral imagery is becoming more available and affordable for organizations. Since hyperspectral
usually requires special skills in image acquisition, identifying physical, chemical, and geographic
properties of materials, and strong skills in image interpretation and analysis, image analysts usually
need additional education and training. Opticks provides a strong overview of the tasks and is
continuing to develop functionality for spectral signature analysis and processing.

Opticks offers the following hyperspectral image processing capability which primarily uses the Spectral
Processing tools and algorithms, including the Signature Window and the AOI tools (to assist with some
of the signature and preprocessing tasks).

1. Preprocessing

a. Bad Band Identification — Minimum Noise Fraction
b. Atmospheric Correction — Empirical Line Method and Internal Average Relative
Reflectance

2. Material Identification - Constrained Energy Minimization and Spectral Angle Mapper
Future releases of Opticks expect to have some additional Signature Library comparison capability.
Sample Imagery

The sample image used in this tutorial is from NASA’s AVIRIS airborne sensor (http://aviris.jpl.nasa.gov)

and SpecTIR, an airborne hyperspectral sensor operated by the SpecTIR company, www.spectir.com.

The Spectral sample imagery is from the Suwannee National Wildlife Refuge collected just before oil
from the Deep Water Horizon came ashore. See the website above to download the imagery. The
sensor collects 360 specific wavelengths between 400 and 2500 nm with a single “band” representing ~
5 nm width/band. The SpecTIR image can only be used for training and evaluation. Contact SpecTIR for
additional limitations and additional sample data. The AVIRIS imagery can be obtained through NASA or
Opticks at http://opticks.org.
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NOTE: It is recommended to use subsets of data to work through the development of the image
processing steps and parameters (such as threshold values, etc).

Pre-requisite

Make sure to load the Spectral Processing Extension. See Appendix A for more information and a
discussion of the tools and algorithms.

Load the Hyperspectral Image

Several options can be chosen as part of loading an image into Opticks. In the case of an ENVI or Opticks
(ICE) format image, wavelength data can be directly associated with the imagery. Since so many bands
exist with hyperspectral data, a couple of options exist for providing some default band display (NIR,
SWIR, RGB, etc). In addition, to reduce the quantity of data loaded into memory, the analyst can choose
to subset the image (virtually) by drawing a box around a portion of the full image (Spatial Subset). Also,
since some hyperspectral data may have “bad bands” represented by a “salt and pepper” effect, the
user can choose to ignore these bands, provided they are known before loading the image. In some
cases, some general image review is needed to determine how the hyperspectral data can best be
loaded. Once an Opticks Session is saved, these settings are loaded when the analyst opens the saved
session.

The Suwannee-0609-1331.hdr (and .DAT file) is used in this tutorial. The imagery can be downloaded
from www.spectir.com or from a local network. For the American River College Ethan Way Lab, this

image can be found here:
N:\geog 342\imagery\hyperspectral\spectir

Use the Import data (folder or tool from the File menu). Change the path to the location of the image
data.
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Import |E ﬁ_q

Look in: E:remote_sensing_im...vperspectraliSpecTIR VI o 9 0 ,,.j @ [_E_:[ @
| | Marne Size Type Date ModiFiE:
| Suwannee_0609-1331_glk.dat 3.1ME datFile 10/1Zf2010|

f| Suwannee_0609-1331_glk,hdr 886 bytes hdr File 1D,|'12,|'2010§

Suwannee_0609-1331_igm.dat 5.9ME datFile 10/12/2010|

f| Suwannee_0609-1331_igm.hdr 530 bytes hdr File 1D,|'12,I'ZDID§

Suwannee_0609-1331_ref dat 2637 MB dat File  10f12¢2010 |

f| Suwannee_0609-1331_ref.hdr 7 KB hdr File 10,!'12,!'20105
L >

File name: j-|- -j Cpen

Files of type: :P:Ii Opticks Files (* wxdata *, WXDATA *:cgm # CGM *.de? * hdr * hsq* v' Cancel

Importer: ;_Auto Importer | V| Options. ..

A number of files exist for the Suwannee image. Choose the Suwanee_0609-1331_ref.hdr file. The .hdr
file is a header file that contains the bands, rows, and columns information for the image. The actual
image has the .dat extension (notice the file size is much larger).

Spatial Subset (Optional)

Since hyperspectral imagery is typically quite large, the user can “subset” the imagery to a smaller
geographic extent. For this tutorial, the user will subset the imagery for extra practice.

The user can use the “preview” tool to bring up a preview image of the scene. The Zoom by Extent tool
can be used to select a subset of the larger image to view in Opticks. The spatial subset only loads the
selected area of the image into Opticks. If the user wants to save this subset, follow the procedure
below.
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Import

Loak in: .,ﬁE;i,remote_sensing_im...yperspectral'l,SpecTIR +| Preview Button [=

| File {1 of 1) Suwannes_0609-1331_ref.hdr

Data Set {1 of 1): E:jremate_sensing_imac

Mame

. _] Suwannes_0609-1331_glt.dat
= Suwannes_0603-1331_alt.hdr
| % Suwannee_0603-1331 _igm.dat
=l Suwannes_0609-1331_igm,hdr

Chip Size: [custam

.

[# >
File name: iSuwannee_DSD‘B—lSSl_reF.hl:Ir _ Zipen
Files of type: |l Opticks Files (* widata * WXDATA *, cgm *,CGM *,dt? *.hdr *.bsq *, »
Irnparker: Auto Importer B —

Zoom to an area of interest. When the cursor is placed in the preview area, the cursor will look like

the zoom to extent tool i

Import

Look in: [C5) Ertremote_sensing_im... yperspectrahSpecTIR. v () ) @ 2 (8] E] &
[ Harme File (1 of 1): Suwannee_0609-1331_ref.hdr 4

%] Sumarnes_0609-1331_gh.dat| Dataset(lg

Suwannee_0609-1331_gle.hdr |

Suwannee_0609-1331_igm.dat
| Suwannee_0609-1331_igm.hdn
B Suwannee_0609-1331_ref.dat|
=

Suwannee_0609-1331_ref.hdr |

Chip Size: |Custom

W

File pame: | Suwannes_0609-1331_ref,hdr Qpen
Files of type: |all Opticks Files (*wxdata * WHEDATA *.cgm *,.CGM *,dt? * . hdr *.bsg *, v|
Importer: Auto Imporker w Qptions.. .

The image will zoom to this extent.

Review the Image Information
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Image analysts should review the image data before using it. Opticks provides a number of tabs that
provide an overview of image characteristics such as rows, columns, bands, wavelengths, etc. Use the
following options to review the imagery before opening in Opticks.

1. Click Options
2. Click on each of the tabs to review the information about the image.

Data Tab

Import Options

Data Sets: Eta_-I File I|- Subset -II Metadata -II Wavé[engf-hs -i
= [+ Suwannee_0609-1331_ref.hdr |
BN ] e 05051331 refdar
Ttem Yalue A
| Mame E:/remote_sensing_images/hyperspectral/SpecTl...
B !Tvpe RasterElement
!Parent Data Set
|Rows 343
!Columns 320
|Bands 360
!Data Type Signed 2 Bytes
: EProcessing Location In Mernary
!Interleave Farmnat EIL &
| Bad Values a
[ Pixel Size 1
| Pixel Size 1
E!!Units G
Import Al l [Import Mone
[ 8] 4 ] ’ Cancel ]




File Tab

Import Options

Data Sets: Data | File: I- Subset | Metadata - Wavél-engt_hs
= Suwannee_0603-1331_ref.hdr
@ . rnes_0609-1331 refidat | | | Item value 25
g.l.:ilename |Etremate_sensing_images hyperspectral/SpecTl... |
) EData Set Location . !_
| Riows | 1200
| Columns |320
|Bands |360
|18 |
I 1 |
Ground Control Points (GCP)
Mame ¥ | Column Row Latitude Longituds
Import All Hlmport None
[ oK ] [ Cancel

Subset Tab

This tab provides information about the area chosen in the Spatial Subset if an area was chosen. In
addition, if bands were “ignored” they will show up as “not highlighted” in the subset tab.

Import Options

Data Sets:

Suwannee_0609-1331_ref hdr
@

..nnee_0609-1331_ref.dat

Data | File |

I Metadata | wavelengths |

Impart Al l [ Import Mone

Rows -
Start Row,

End Row:

Skip Factor: |0

Bands -

Columns -

Start Column:

End Colurnn:

Skip Factor:

L

i_

Band 1
Band 2
Band 3
Band 4
Band 5
Band &
Band 7
Band &
Band 9

<

Band 10
Band 11
Band 12
Band 13
Band 14
Band 15
Band 16
Band 17
Band 13

Band 19
Band 20
Band 21
Band 22
Band 23
Band 24
Band 25
Band 26
Band 27

Band 28
Band 23
Band 30
Band 31
Band 32
Band 33
Band 34
Band 35
Band 36

Band 37
Band 38
Band 33
Band 40
Band 41
Band 42
Band 43
Band 44
Band 45

Band 46
Band 47
Band 48
Band 42
Band 50
Band 51
Band 52
Band 53
Band 54

Band 55 Band 64
Band 56 Band 65
Band 57 Band 66
Band 55 Band 67
Band 59 Band 68
Band 60 Band 69
Band 61 Band 70
Band 62 Band 71
Band 63 Band 72

Band 73
Band 74
Band 75
Band 76
Band 77
Band 78
Band 73
Band &0
Band 81

Ban
Ban
Ban
Bian
Ban
Ban
Ban
Ban
Ban

>

Customn Selection...

(=

] [ Cancel

|

Bands not loaded are not highlighted. This is optional.
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Import Options

Data Sets: !-Data \| File | Subset | Metardats || Wave‘léngt‘?‘ﬂs-l

= Suwannee_0609-1331 _ref.hdr
@ .lispecTIR Suwarnee_0609-1331 ref.dat | | Rows -

Skark Row: 4:191 L
EndRow:  |S690 -

-~

Skip Factor: ID By

Band 191 Band 200
Band 192 Band 201
Eand 193 Band 202
Band 194 Band 203
Band 195 Band 204
Eand 196 Band 205

Band 193 [

- Columns -

Start Column: |1 w

End Column:

Skip Factor:

320

a

v

~
=

and 262 Band 271 |
d 263 Band 272 [
el Band 273 [

and
and
and
Elpei==) Band 265 Band 274 |
Band 257 Band 266 Band 275 [
Band 255 Band 267 Band 276 [
EBand 253 Band 268 EE

Band 260 Band 269
Band 261 Band 270 £l

Import All Import Mone

Custom Selection. ..

Click on Custom Selection to load a text file that contains a list of “bad bands.” This might be helpful
to create if a number of images required these bands to be removed. In some cases, the “bad

bands” may correlate to specific wavelengths of the spectrum such as water or carbon dioxide

absorption. In the case of SpecTIR imagery, the company has developed methods to maintain as
much of the original data as possible while keeping the quality of the image data high. In most

cases, end users do not need to remove “bad bands.”

Band Selection Options

) Subset

Start Band: [Band Math fband 1 refl [%*100]:0804-1129_pol_ref.dat) |

EndBand:  [Band Math (band 178 refl [%*100]:0804-1129_pol_ref.dat) |

Skip Factor: |D |

(%) Bad Bands Fil=

File: | |

Load the text file.
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File  Edit

Format  Yiew Help

Data Sets:

Data File Subset Metadata Wavelengths
= Suwannee_0609-1331_ref.hdr
@ ..nnee_0609-1331 ref.dar || Metadata:
Mame Type Walue
[=)- Special DynamicObject 1 children
[=- Band DynamicObject 3 children

Start... vector<double>  0,3933, 0.3977, 0,402, 040645, 0,4107, ...
End... wector<double= 0,3973, 0.4017, 0.4055, 0.41015, 0.4143..
Cent.. vector<double>  0,3953, 0.3997, 0,4039, 04083, 04125, ..

[ Filker: | |

T V% BEEED

Import All l ’Import Mone ]
’ OF ] i Cancel ]
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Wavelengths

Import Options

Data Sets:

=0 "Eluwannee_DE;DQ-lSS1_reF.hdr 11
@ nnee_0609-1331 refdat || Wavelengths:

Data | File .Subset. Metadata Wavelengths |

Band Start Center End

l1 0.3933 0.3953 0.3973
2 |o3er7 [0.3997 0.4017
3 |0.402 |0.4039 0.4058
[+ [o.40845 |0.4083 |0.41015
s [0.4107 |0.a125 0.4143
[6 o149 l0.4167 |0.4185
7 [0.4195 [0.4213 0.4231
8 |0.4239 |0.4257 |0.4275
la |0.4283 [0.4301 0.4319
10 04328 [0.4348 |0.4364
11 04373 [0.4391 0.4409
12 '20.4413' '_ 0.4436 |0.4454

13 0.4463 0.4481 0.4499

|0.4526 |0.4544 | &8

Import All l ’Import Mone

Manometers
| Inverse Centimeters

()]

Notice that by changing the units of Microns, Nanometers, or Inverse Centimeters. Most of the time
units will be microns or nanometers.

Load Wavelengths from File (Optional)

Optionally, if an image does not have wavelength values by default, a text file can be created that
contains the information above. Two formats are possible: 1) WMD — wave metadata file (ENVI format)
and 2) .wave (.wav or .wave) which is a plain ascii format. As an example for the .wav format, the
following was created for an AVIRIS image which has 224 bands.

A text file was created with the following information obtained from
http://www.csr.utexas.edu/rs/sensors/spectral 94 all.ascii. Some minor modifications were

performed in Excel and then exported out to a generic comma delimited text file. The following format
is required to properly load into Opticks. NOTE: These are approximate values for an AVIRIS image file.
Ideally, validated wavelengths values from the image source will be obtained.
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[} aviris_wavelengths.wav - Notepad

File Edit Format Wiew Help
1 378.3045993
2 387. 9899895
3 397.6850135
4 407.3849045
5 417.115021
5] 426, 834951
7 436, 579986
2] 446, 3350065
=] 456,104 598
10 465, 865021
11 475. 654984
12 485, 4399865
13 495, 2350165
14 505.045013
15 514. 85000865
16 524.6700135
17 534.4585046
18 544 . 3099665
19 554.154 3985
20 563, 950041
21 573.8199765
22 583.655029

383.140004 387.004005 A
392.8399045 397.6900025
402, 540002 407.3950045
412,25 417.1150055
421.980011 426,.845000
431.709990 436, 584990
441, 459951 446,339956
451, 220000 456,.1040055
460, 98999 465,875
470, 76001 475.654950
480, 540088 485.444002
400, 330006 4G05,2400055
500.140015 505.0450135
500,050012 514.855011
510, 76001 524.6700135
529, 580017 534.49002035
339.400024 S44,315002
540, 22008 554.1490635
559, 070007 S563.9850155
68, 900024 573.820007
578, 73000 5832.6600035
588, 580017 593, 505005 v

This text file can be loaded into the Wavelength tab by choosing Load from above and finding the

specific wavelength file.

3. Click back on the D

4. Click the Set Display Bands. The user can choose a default band combination. NIR (Near

ata Tab.

Infrared) is provided by Opticks. Although SWIR (short wave infrared) is provided by Opticks, it

may not work for all image data sets. The Landsat 453 is a custom band combination created
and stored by the user. See the Customizing Opticks Options for more information.

5. Choose NIR. Click OK.

Import Options

Data Sets:

= Suwannees_0609-1331 _ref.hdr
@ . nnee_0609-1331_ref.dat

Data | File _- Subset |

Metadata | ‘Wavelengths

UNCLASSIFIED

| Itemn
| | Name
‘ :Typa
|Parert Data Set
| Rows
il:‘oiumns
;Bands
;Data Type
:Proces.s.\ng Location
:Interiéave Format
|Bad Values
;X Pixéi Size
;V Pixel Size
= jUnits

Value o
E:fremate_sensing_images/hyperspectralfSpecTl..
RasterElement

307
1320

.360
-_ Slgneci 2 Bytes
.In"Memory:
Jen

0
;

= v

Impart All Import Mone

Set Display Bands «

Landsat 453

[ oML
SWIR

True Colar

6. Click Open from the Import dialog box.
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Import

Loak in: [ Ex\remote_sensing_im.yperspectraliSpecT It »| (3 ) (4] & E] E]@'

e File {1 of 1): Suwannee_0609-1331_ref. hdr

%] Suwannee_0609-1331_glt,dat |
& Suwannee_0609-1331_glk.hdr |

Data Set {1 of 1); E;fremote_sensing_imag

| ) |

File: pame: -Suwannee_DE;DQ—1331_ref.hdr

Files of type: |all Opticks Files (% wxdata * WHXDATA *.cgm *.CGM *.dt? * hdr *.bsq *. +

Irnporter: EAuto Impoarter w

The image begins to load.

Auto Importer

L
‘ N\ Copying data

L
[------
QOpticks

File Edit View Lavout Tools ‘Window Help )
Sa 3 ¥ o oo- 2@ [AuDeS EW = L8
@E IR 0w vES M paras AGNN L Z RED

Brightness J © 44 Contrast J - 83 :Band 104 - Red
Gereral Algarithms | © Geo @ | #0171 4% Geographic Features | A ,ﬁ E= s e A 7

ap 1. B . | Lock | 41 » ¢ Ratios

B=E3

“ |Etfremote_ W3

. RADAR Processing

Session Explorer [}

I

Suwannee_0609-1331_ref.dat
BBl suwannee_0609-1331_ref dat

[ Dock Windows

1+ Toolbars

indows Animations Elernents Plu 4 E]
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7. Click on the Workspace Windows from the Session Explorer to see that the .DAT file is loaded.

Remove Bad Data (Minimum Noise Fraction)

Under Development. Future Updates will have this section documented. Check www.jenningsplanet
(Training and Tutorials) for future updates.

Atmospheric Correction

Two algorithms exist in Opticks for performing atmospheric correction. Since objects reflect energy
back to the sensor, some of it interacts with water vapor and other gases, thus preventing the sensor of

IM

capturing the “actual” surface reflectance of the object. Atmospheric correction can accommodate for

some of these effects. Opticks provides two methods for performing atmospheric correction.
Empirical Line Method (ELM)

Under Development. Future Updates will have this section documented. Check www.jenningsplanet

(Training and Tutorials) for future updates.

Internal Average Relative Reflectance (IARR)

The IARR method uses an overall average of radiance values that can be applied to all of the image
bands. This method does not require any field measurements or bright and dark pixel assignments. This
method is not considered very robust and is mostly useful for areas that have little or no vegetation.

Use a radiance file for the input image. Typically the defaults can be accepted. An output .IARR file will
be generated that stores the output reflectance file. This file can then be used for subsequent material
identification.

IARR 71X
Average Calculation
(*) Input File: mple/RAD{0S04-1147 _rad,hdr|
Area of Inkerast:
() Full Extents: Row Step Factor: 1
Column Step Factor: |1

Output Options

Data Tvpe: Float 4 Bytes w

Processing Location: |In Memary L

Cutput File: Eample/RAD{0S04-1147_rad.iare | | (2
Ok l l Cancel
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Once the IARR file is generated, the analyst can compare radiance and reflectance values from the
two different images. The Display Pixel Signature Tool can be used from the Spectral Toolbar to
evaluate image spectra from different locations throughout the radiance and reflectance image.

Uncorrected Radiance Image

Opticks

Ele Edit Yiew Layout Tools Window Help

B S &REv-o 28 (FuDsD PE = hE

(RARFERz: VAR S LAAIAGMML L PRO
-1

w IE ifremote_sensing_imagesthyperspectral/SpecTIRfSacRiverDelka_wetland_vegetz v \

: Brightriess Ly 54 Conbrast ————————————————————— -I_' 87 |Ean\:| 51 - Red
i e | P Rt e . A ? 4
e = Raw Radiance Image | ‘ -
spectral | # |HBP B2 P L A M | Lack | M (5 O3 - ||Tahama | 0 Ratios || RADAR Pracessing
Session Explbrar . & x| i e i

E:emois .nsing mogeshyperspedralSoe UNCLASSIFI ) UNCLASSIFIED
Pixel (149, 335) Developer Rell Spectr‘a IS fr‘om Developer Release

Fixel (168, 352)
Fixel (168, 353)
Fixel (169, 353)

(=) cuprite_aviris.re.ice.hs
ACI Element 1
Pixel {108, 149)
Pixel {113, 85)
Pixel {13, 62)
Pizel {138, 44)
Pizel (147, 44)
Pixel {166, 35)
Pixel (208, 45)
Pixel (208, 58)

Fixel (214, 76

center pixel below

UMCLASSIFIED
Developer Release

LZuuu |
5 10000 ™
2 |
]
% 6000 | ﬁ
£ 4000 SR
£ X

2000

Band Mumbers

Mot For Production Use
UMCLASSIFIED
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IARR Image Corrected for Atmospheric Effects

Opticks
Fle Edit Miew Layout Tools Window Help

Fe S Lwe o o 28 (ALWEST W =k wF
BREW e VBA S LAMASAGM AL T BRO

1 1— & [Band 51 - Red

+ |E:fremote_sensing_imagesihypsrspectral/SpecTIRfSacRiverDelta_wetland_vegetz ¥ |

: Brightriess o 54 Contrast —
General Algorithms || Geo b - 1B |1 (F gl |1 GeogaphicFesturss 1 % D SLLSE 7 | 7 |4
e : L == | 1ARR Corrected Image _
Spectral Hﬁl,& |%;Eﬁ k2 AN LB O PR DR Lock | M & O RDAR Pracessing

& x - X?‘ﬂ b E

Session Explarer
[#- 0304-1147 _rad.dat

[ E:jremote_sensing_imagesfhyperspectral/Sps
Pixel {149, 335)

UNCLASSIFIED UNCLASSIEIED

Developer Release

Spectra is from
center pixel below

Fixel (168, 352)
Fixel (168, 353)
Fixel (169, 353)
(=) cuprite_aviris.re.ice.hs

ACI Element 1
Pixel {108, 149)
Pixel {113, 85)
Pixel {13, 62)
Pizel {138, 44)
Pizel (147, 44)
Pixel {166, 35)
Pixel (208, 45)
Pixel (208, 58)

peloie7e |

E:Iremote_sensing_images/hyperspectraliSpecTIRISacRiverDelta_wetland_vegetation_sample/R (D/0804-1

Reflectance

UMCLASSIFIED
Developer Release

Reflectance

Eand Numbers

Mot For Production Use
UMCLASSIFIED

Material Identification

After the various corrections are complete, the hyperspectral imagery is ready for use primarily to
detect the geographic occurrence of different kinds of materials such as specific vegetation types,

minerals, geologic features, contaminants, etc.

The hyperspectral imagery should have wavelength information available. If the image does not load
the wavelength values by default, see the Spectral Processing Extension (see Wavelengths) below to
learn how to generate a file that can be used to with the image data. The image needs to be loaded into

an Opticks Viewer.

Two material identification methods are available in Opticks: 1) Constrained Energy Minimization and 2)

Spectral Angle Mapper.

The process below shows the process an analyst needs to perform to conduct a

material identification. The image below is for demonstration purposes only.

Before using either algo

rithm, a pixel or area of interest must be selected for evaluation.

Constrained Energy Minimization
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Under Development. Future Updates will have this section documented. Check www.jenningsplanet

(Training and Tutorials) for future updates.

Spectral Angle Mapper
1. Zoom to an area of interest in the image.

2. Use the Display Pixel Signature tool or use the AOI tools to generate an AOIl and then generate a
spectral signature from it. For example, the image can be zoomed to the area shown in red,
then the Display Pixel Signature tool can be used to select a pixel to generate a spectral curve
shown below.

o -y — b

Session Explérsr 8 X

(= Workspace Windows

[ 0804-1147_pol_ref.dat
0804-1147_rad.dat
E:fremote_sensing_imagesihyperspe
H E:fremate_sensing_images/...
cuprite_aviris.re.ice.hs
=[O § aors

Rectangle 1

m cuptite_aviris, e ice hS

[#- Dock Windows
Toolhars

(0

Noth[gEoduc'tion Use
ASSIHED

tiindows ‘ Animations Elements | PéE}

For example, click on a pixel (236, 1004) in the above image to bring up a spectral curve for the selected
pixel. Look in the lower right to see the row and column of the cursor. Note the pixel row and column;
it will be needed in the next step to run the Spectral Angle Mapper algorithm. Alternatively, the user
can show the legend in the signature window (Right click in the Signature Window—Legend) to show the
row and column of each spectral signature.

Signature Window

E:lIremote_sensing_imagesihyperspectrallSpecTIRISacRiverDelta_wetland_vegetation_sample/lREFI0804-1147_pol_ref.dat ~

UNCLASSIFIED
Developer Release

3000
2500
2000
1500
1000

500

Digital Mumber

T T T T T T T T T T T T T T T T T T T T T T T T
20 40 &0 &0 100 120 140
Band humbers

Mot far Production Use
UNCLASSIFIED

47



Signature Window with Legend shown.

Signature Window

E:iremote_sensing_imagesihyperspectral/lSpecTIRISacRiverDelta_wetland_vegetation_samplelREFI0804-1147_pol_ref.dat ~

UNCLASSIFIED
Developer Release
— Pixel (235, 1004)
— Pixel (242, 977)

5000
4000
3000
2000
1000

Digital Mumber

¥ — T T T T T T T T T T T i
20 40 &0 a0 100

Band humbers

T
120

Mot far Production Use
UNCLASSIFIED

E:fremuote_sensing_images/hyperspectral/SpecTIR/SacRiverDelta_wetland_vegetation_sample/REF/0804-1147_pol_ref.dat_/\_AOLElement 1 /
_ —————————————————————— —

3. Click on the Spectral Toolbar—Material ID—SAM.
4. Choose the pixel above from the Signature list.

Spectral Angle Mapper

iigl;atures Target Signature Location 5 oK
Pixel (168, 353)
Pixel (168, 3530
Pixel (169, 3530
Pixel (208, 45)
Pixel (208, 58)
i 4, 7
Pixel (246, 95)
Pixel (26, 58)
< | & Pivel (77, M) s
YUY &HX
Cukput Layer Mame: |Sam Results |
Threshold: |5.0000 =)
[ area of Interest: | |
Combine results from multiple spectra inta a single pseudocolor layer Impart ==

5. Click OK. If the identified pixels look like little “+”, right click on the SAM Results and select
properties and change the marker to a filled in square. Change the color if desired.

Session Explorer 5 X

=) Workspace Windows
= 0804-1147_pol_rel

[ 4 B

[ 0504-1147 rad]  Select Layers of Type
= E:fremoke_sens Converk,.,

B8 E:freme X Delete
=@ cuprite_aviris.re

=[] § aari| v Displayed
Rectangle 1 Rename...

_ B cuprice Copy Mame
Diack Windows
Toolbars & Export

& Pro

48



Properties: Sam Results
=) Pixel Marker

Symbal: + t| I
(mxJ+
= Pass Ar =1/ K
Pass Are. EEE :|
mBerN ¥
Filled Pixel E
Second Yalus:  |85.074615

Colar:

<

Pass Are.

First Walu

[ K ] [ Cancel ] [ Apply ]

The results of the SAM algorithm are shown below for the local area where the pixel was chosen.
Zoom out and pan around to see the geographic extent of the SAM results.

NGL
DeveloperRelease

NotforProduction
UNCLEASSIEIED

To process more than one material type at a time, select different cover types to identify in the image
using the Display Signature tool. Multiple spectral curves will appear in the Signature Window. See the

example Signature Window above. Click on the Spectral Tools—Material ID — SAM to identify the
material.

NOTE: This will likely take a little longer than a single material type. It is recommended to use smaller
subsets of the image to develop and refine the processing steps an parameters (such as threshold
values, etc).
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Spectral Angle Mapper

b iigl;atures Target Signakure | Location
- Pixel (230, 980)

el 23, 301

- Pixel (232, 981)

|2

- Pixel (236, 1004)
- Pixe (241, 1018)

- Pixel (243, 58)
- Pixel (246, 95)
- Pixel (26, 58) =
- Pixel (261, 513

- Pixed (27, 30 v

7 Ex

Cutput Layer Mame: |Sam Resuls

<

Threshald: |5.0000
[] Area of Interest: |P.OI Element 1
Combine resulks From multiple spectra inta a single pseudocalor layver Impark ==

Notice the progress meter shows which signature is being processed.

"\ Processing Signature 1 of 2 @ SAM running an
NP signature Pixel (235, 1004)

[T | 19%

Cancel

The resulting SAM Layer has multiple colors shown (i.e. a pseudo color layer).

ks

Ele Edt Miew Llayout Tools Window Help

BE S LtEB oo 78 @uwDsS FE = k¥ &
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The colors and display type can be changed by right clicking on the SAM Results in the Workspace

Window. The name of the class can also be changed by clicking on the name and providing an alternate
name.

Properties: Sam Results

= Pixel Marker
symbal: [ -

=] Classes

Marme Drata Value Red Gteen  Blue Calar

[ Shrubs 2 D 255 0 (|
¥ Indeterminate -1 255 a 0 I
[ Ma match o o 255 255 /1

Add ” Remave ]

[ (a4 H Cancel ” Apply
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Appendix A - Spectral Processing Extension

The Spectral Processing Extension is a plug-in created by the Opticks team that provide some spectral
analysis capabilities for multispectral and hyperspectral image data. Most of the functions are used with
hyperspectral data for pre-processing or material identification. See the Hyperspectral section for more
details to use some of the spectral tools and algorithms. The KMeans classification algorithm is
currently in draft form for Opticks version 4.4.x with its primary function being a semi-automated
(hybrid of unsupervised and supervised methods) classification algorithm.

Install the Spectral Processing Extension

Drag and Drop the Spectral.AEB file into Opticks or go to the Opticks Help—Extensions—Install to install
the AEB file. The spectral Toolbar will be loaded. Users will likely need to restart Opticks for the new
extension to appear. After the extension is installed, the user will see the following dialog box from the
Help—Extensions menu item.

RADAR Processing 1.3

RADAR Processing - Texture Analysis and
Speckle Reduction Algorithms.,

Uninstall Disable Update

Spectral processing
: 1.1.0
algorithms

Algarithms to perform hyper and multi-
spectral analysis

Spectral Toolbar

The Spectral Toolbar contains both algorithms (image processing functions) and some tools to use with
image data and spectral signatures.

© General Algorithms | © Geo 4 1 B |

d Spectral E - Bﬁé @ I':E’ if? e 'G.‘]
5 Material ID 8 x
Preprocessing

Classification 0609-1331_ref.dat

annee_0609-1331_ref.dat

Transforms
Support Tools

- vy ¥ v v
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The spectral tools are used to create, view, and evaluate spectral signatures created by the user. The
spectral signatures will be used in algorithms to categorize other pixels in the image containing the same
material. The Signature Window will often be used in conjunction with these tools.

Spectral Tools

I Spectrall @ E |@|@ bz I

From left to right the tools are:

Show Signature Window

The window is typically for the active image viewer

Signature Window
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Pin/Unpin Signature Window

Creates a custom plot area to capture spectral signatures from different image windows. Images must
have the same kind of units (bands or wavelengths) to display in this plot.

Signature Window ]

Custom Plots ~
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Developer Release
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Create a spectral signature with the mouse

Click inside an image window with this tool to generate a spectral signature, similar to those shown

above.

Display AOI and average signature

Displays both the individual signature of each pixel in the AOI as well as the average signature of the

pixels in the current AOI. This plot requires an AOI to exist in an image viewer. The signature plot is

derived from the pixels within the AOI. Each black spectral curve represents each pixel spectra. The red

curve represents the average spectra of the pixels in the AOL.
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Display Average Signature of AOI

Displays the average signature of all the pixels in the current AOI. The red curve represents the average

spectral for all of the pixels within the AOI.
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Opticks
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Support Tools

Material ID

Material ID contains two different functions that can be used to identify material types within the image

a. CEM - Constrained Energy Minimization
b. SAM - Spectral Angle Mapper

Preprocessing

Preprocessing contains two different functions to perform some pre-processing on a raw hyperspectral
image. These are two methods of converting radiance values (often captured by the sensor) to
reflectivity values (often used by the end user) for image analysis. These are considered atmospheric
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correction methods that correct for water and various atmospheric gases that affect the “reflectance” of
objects back to the sensor.

a. ELM - Empirical Line Method
b. IARR —Internal Average Relative Reflectance

Classification
This is the Draft KMeans algorithm and is not officially released by Opticks.

Transforms

This option contains the Minimum Noise Fraction (MNF) for both Inverse and Reverse transforms. This
function is often used as a pre-processing step for hyperspectral data to remove some noise that is
inherent in the image before further processing is completed.

NOTE: NDVI is and will be a transform function that will eventually be removed from this toolset and
placed on a different tool set. Refer to the Ratio Wizards in Appendix A that show a number of ratios,
including NDVI.

Support Tools

Support Tools contains the Spectral Library Builder and the Spectral Signature Window. The window can
also be activated from the toolset described above. The spectral library builder can be used to generate,
save, and import/export spectral signatures for use in material identification.
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Appendix B — Creating and Using Wizards

Wizards

Wizards in Opticks allow the user to develop and create a process (i.e. a workflow or model) and then
can reuse it for different inputs and outputs. Wizards can assist with improving productivity of
repetitive tasks and can also add functionality to Opticks without requiring any special programming
skills. Wizards can be executed in various ways such as within the Wizard Builder, from a custom toolbar
and menu list, or externally by running a command or batch file.

Using Wizards for Common Tasks

Some Image processing tasks that are not part of the core Opticks functionality are good options for
creating a wizard. One such example is the creating band ratios using the Band Math Tool. Ratios can
be computed using the Band Math Tool, but this is typically a single operation and the user cannot save
the math expression without copying and saving it to an external file. This can be cumbersome since the
expression can be complex. One alternative to expanding the flexibility of the Band Math Tool is to
incorporate it into a custom wizard where the user can develop the algorithm one time and then reuse it
for different kinds of images.

Building a Wizard

To create a custom wizard, the Wizard Builder is used. The Wizard Builder is started from Tools—
Wizard Builder. The Wizard Builder is displayed.

Wizard Builder - Untitled
Edit

File Wiew  Item

Ded & 2R 888 X 4 0
‘Wizard Item Palette 5 X [ ‘Wizard Properties g X
Al ) Mame: E_IE;\';izard. 1
j AOT Layer Exporter ~ leard Menu i
| AOT Modsl Exporter I g e
| A1 Product Exporter Location 1
: Annokation Layver Exporker
: Annotation Model Exporter =
*| Band Math
= \ Wizard and
| Bitmap Plot Widget Exparter
"] Bitmap View Exporter ] ] ObJect Execution
— 5 ProceSSIng ObJeCtS Execution Mode: EEatch
| CaM Exporter Mande i
; Change Up Direction and gr‘oups of Inputs:
; ColorType . Harne Type Description
.| Covariance ObJeCtS |
| Create Animation
ol -y
Algarithm V
Exporker | . . L
Wizard Builder Outputs:
Georeference . - -
Canvas (Processing Name Type Description
Wigwer
objects go here)
Wavelength

Wizard

Value
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A set of processing objects are displayed on the left side. These are used to build the model and show
up in the middle section. The right side of the Wizard Builder is used to determine how a process will be
executed (interactive through user input or batch mode for automating tasks) as well as changing the
order of objects and indicating if a custom toolbar will be created with menu options to run the wizard.

An example of a simple model is shown below.

Wizard Builder - NDVI.wiz

Fle Edit Wiew Item
D & 4 2@ RAAE & X &8
Wizard Item Palette & X | \Wizard Properties 3 X
Al MName: Opt\cks Rat\os ]
Z AOI Layer Exporten 4 | Meru Location: [Ratlos])’NDVI_ i
| 0L Model Exporte == 3
7| 441 Product Export Execution Mode: [Tnteractive ~|
| Annotation Layer E = s 1 : .
7] Annokation Madel - @ | Wizard Trem Properties & %
| Band Math 8- .
= Batch Wizard Exe Get RasterElement o
B Ml Type:
| Bitmap Plot Widget : =
| Bitmap Wiew Export e Execution Order: &+ &
R & r
= EZI:JI e NDWT [ ] Execution Mode: |Bakch
] “porter ™
_ Change Up Directio T Inputs:
= CDIDrT_YDe iNamE Type Description
Zovariance GeoTIFF Exporter |
| create Animation
: Create Export File | .
: Create File Descripl 5 @
| Create Raster File | ad
; Data Fusion Cutput File Mame ®
| DateTime ®
| Derive Layer ®
| Derive Product v I o
< J @ | ™ L
[ ] Qutputs:
Algorithim ™
e | Wame Type Description
E: t |
%porter ®
izeoreference Create Export File Descriptor
Wiewer
‘wiavelength
‘izard
Walue

This model shows the Band Math Tool as well as a Get Raster Element object to solicit an image file that
is already open in Opticks as well as the actual math expression (e.g. NDVI) that the Band Math Tool
uses. The model also includes objects to solicit an output file name from the user and the file will be
exported using the TIF format.

The Execution Mode (upper right) is set to Interactive indicating the tool will require some user input to
run to the tool. If the execution mode was set to Batch, the user would click the menu option (or the

Execute button in the Wizard) and the process would run without user interaction. Notice on the upper
right that a menu location has been set to:

[Ratios]/NDVI

This structure indicates that a tool bar called “Ratios” will be used and /NDVI indicates a menu option
under the Ratio tool bar.

58



NOTE: For Opticks to properly use the custom toolbars the Wizard Path must be set and the wizard files
must reside in this folder. Below, the Wizard Path is set to C:\temp, but this can be changed by the user
under Tools—Options.

|

Options @

Animation = Default Paths
Export .
Layers Type Location
Cptional Messages Diefaulk Expark Path C:/Program Files/Opticksi4.4.0
Resampler - -
= Session Default Impark Path C:/Program Files/Opticks)4.4.0
File Locations Defaulk Session Save/Open Path | fDocuments and SettingsMate My Documents,Opkicks
General
I+l Log Path L1
kevhoard Shartcuks =ssage Leghe ftempf
Save Product Template Path C:/Program Files/Opticksi4. 4, 0 Templates
Windaws Temp Path C:temp)
Suppart Files Path C:/Prograrn Files/ipticks 4.4, 0fSupportFiles
Wizard Path Cfremp)

The processing objects above are numbered indicating the order in which they are used. The first object
is the Get Raster Element. The Get Raster Element allows the user to choose an existing file that has
been imported into Opticks. Alternatively, Import Data Set (i.e. an input file that is not currently
displayed in Opticks and solicited from the user by making the object Interactive) can be used. If the
image already is open in Opticks, the user will be shown a message that the image is already loaded.
The second object is the math expression. Both objects are required to run the Band Math Tool (third
object), since the Band Math tool requires an image (i.e. an image cube) and an expression for the tool
to operate.

Also note the different colored outlines on the objects.

1. Black indicates an interactive object (one that requires user input)
2. Redindicates batch mode (that does not require user input)

Each object in the Wizard Builder can have different modes of operation similar to that of the entire
model. In the example above, two interactive objects exist:

1) the input file (Get Raster Element)
2) the Output File name (a name provided by the user and will have the TIF extension)

Four batch objects exist in the model and will not have any user interaction:

1) the math expression

2) the actual processing of the math expressions through the use of the Band Math Tool

3) create File Export Description (this sets up the export function to tell Opticks an output file will be
generated

4) the kind of exporter (in this case a GeoTIFF export type)
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The inputs to the model are:
1. Input Raster (already opened within Opticks)
2. Math expression
3. Band Math Tool

The outputs to the model are:

1. Output GeoTIFF that requires:

1. File name
2. Export descriptor

Note that the Band Math Tool has two green lines, one going to the Export File Descriptor and one going
to the GeoTIFF Exporter. Both the Export File Descriptor and GeoTIFF Exporter need to know that an
image file, in this case the output raster of the Band Math Tool. The Export File Descriptor is connected
to the GeoTIFF Exporter so that the GeoTIFF Exporter knows the specific kind of export file to create.

The exact same structure can be used for any Band Math function, with these changes:

1. The specific math function
2. The output filename

Alternatively, the user can modify the model to also solicit any valid input file, provided it is not already
imported into Opticks.

In the model above, the user can choose to not write (save) an output file and the output from the Band
Math Tool will appear in a new window in Opticks. The user can save the image at a later time.

Updating the Wizard List

Before Opticks is aware of any new changes to a Wizard or Wizard Toolbar, the Update Wizard List
menu option must be checked to refresh the Wizard List (Tools—Update Wizard List).

The following ratios were added as part of the “Ratios” toolbar.

ll Fatios

GMOWT

Infrared Index II (TM)
Mid TR Indesx (TR)
Maisture Stress Index
MCEI |
MDY |
TM1baTHMZ ‘

o B —

TM3kaTM4
TrStaTME
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Each of the specific ratios is a separate Wizard (.wiz files) although they all show up under the Ratios
toolbar because they have the same [Ratios] toolbar placement and all of the .wiz files exist in the same

directory (set by the Wizard Path under Options).

The ratios are common to Landsat TM. Additional ratios can easily be added and other menu options
created for different sensors.
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