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1.Introduction to IDCubePro® — Interactive
Discovery Cube

Multi- and hyperspectral imaging modalities encompass a growing number of spectral techniques that find
many applications in geospatial, biomedical, machine vision, and other fields. The rapidly increasing
number of applications requires convenient easy-to-navigate software that can be used by new and
experienced users to analyze data, develop, apply, and deploy novel algorithms. Herein, we present our
platform, IDCubePro®, an Interactive Discovery Cube that performs essential operations in hyperspectral
data analysis to realize the full potential of spectral imaging. The strength of the software lies in its
interactive features that enable the users to optimize parameters and obtain visual input for the user in a
way not previously accessible with other software packages. The entire software can be operated without
any prior programming skills allowing interactive sessions of raw and processed data. Similar to the
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launched 2020 IDCubeLite®, a free version of the software' available from https://www.idcubes.com/,
IDCubePro® presents many benefits and offers structural flexibility to discover new, hidden features.

v.2.77

Multi and hyperspectral imaging (HSI) modalities have emerged as an exciting opportunity to explore the
optical properties of objects and discover hidden features not accessible by other techniques. In contrast to
the traditional spatial images produced by conventional cameras, spectral imaging generates 3D datasets
(datacubes), with spatial and spectral dimensions. With each pixel containing information of the entire
medium or high-resolution spectrum, spectral imaging provides abundant information about individual
chromophores and their interactions that contribute to the location, intensity, and alteration of the optical
signal, significantly better than monochromatic or traditional color cameras. This spectral imaging approach
leads to a vastly improved ability to classify and differentiate the objects based on their spectral features,
enabling even small, otherwise unnoticeable, features to be amplified.

In the last decade, spectral imaging expanded from the narrow niche accessible only to a handful of
organizations in academic and governmental research facilities to a broad range of commercial institutions.
As spectral imaging hardware (benchtop scanners, handheld HSI cameras, imaging satellites, drones, etc.),
has become more available, the number of spectral imaging applications has tremendously increased.

Meaningful analysis of datacubes is the most critical and time-consuming step in many current applications.
The high dimensionality of spectral imaging data and their large data sizes (often > 1 GB) gives an excellent
opportunity to learn more about the subject; however, the extensive and efficient analyses (i.e.,
pretreatments, algorithms, visualizations, etc.) of these datasets present the strongest barrier to the imaging
workflow. IDCubePro® breaks this gap by bringing a universal, powerful computational platform that
enables comprehensive and rapid data analysis for a variety of spectral imaging platforms.

! Mishra D, Hurbon H, Wang J, Wang ST, Du T, Wu Q, Kim D, Basir S, Cao Q, Zhang H, Xu K, Yu A, Zhang Y,
Huang Y, Garnett R, Gerasimchuk-Djordjevic M, Berezin MY. IDCube Lite: Free Interactive Discovery Cube
software for multi- and hyperspectral applications. J Spectr Imaging. 2021;10: doi: 10.1255/js1.2021.al.
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2.Getting Started with IDCubePro®

IDCubePro® is a highly versatile software that performs a large number of essential operations in the
spectral imaging domain and enables image analysis for users across a range of technical proficiencies. The
goal of the software is to make spectral imaging accessible to new and current users that focus on obtaining
useful results rather than (but not excluding) developing algorithms. The strength of the proposed software
lies in its intuitive design that enables the user to perform high-level data analysis as well as develop new
algorithms via a visual, interactive interface. Built around a collection of spectral imaging algorithms, the
software facilitates the search of hidden information inside large datasets providing a new experience of
data analysis.

The overall workflow of the IDCubePro® in multi- and hyperspectral (or any three-dimensional data, i.e.
time-lapse data, fluorescence lifetime imaging data, etc) is illustrated in this diagram.

| SN
o

b

- Interpretation

b Quantification

3.Representing Hyperspectral Data

The values measured by a hyperspectral imaging sensor are stored in a binary data file in a variety of formats
such as ENVI, tiff, png, mat (matlab), excel, Dicom (dcm), NIFTI (nii) and others. The data file is often
associated with a header file that contains ancillary information (metadata) like sensor parameters,
acquisition settings, spatial dimensions, spectral wavelengths, and encoding formats that are required for
proper representation of the values in the data file.

For hyperspectral image processing, the values read from the data file are arranged into a three-dimensional
(3-D) array of form M-by-N-by-C, where M and N are the spatial dimensions of the acquired data, C is the
spectral dimension specifying the number of spectral bands/channels such as wavelengths used during
acquisition. Thus, one can consider the hyperspectral image as a three-dimensional (3D) dataset in the form
of a stack composed of a set of two-dimensional (2D) monochromatic images. This type of dataset is called
a hyperspectral datacube or simply a datacube.

IDCubePro® extracts the data from the datasets and constructs the datacube by reading the data file and the
metadata information and combining them in one file. The generated by IDCubePro® single file stores the
datacube and spectral wavelengths. Additional header information can be extracted and stored separately.

11
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Note, that while IDCubePro® can handle a variety of formats and sources, each hyperspectral imaging
system is unique and might need a distinct plugin function to be developed separately.
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Color Representation of the Datacube

To visualize and understand the object being imaged, it is important to represent the datacube as a set of
2D images by using a variety of color schemes. The color representation of the datacube enables you to
visually inspect the data and facilitate interpretation. You can select a colormap from an extensive menu
and use interactive sliders to visualize false color monochromatic and Red-Green-Blue (RGB)
representations of the datacube. In addition, IDCubePro® offers a variety of 3D plots to represent the 2D
image (such as surface plots). Finally, the user can employ a powerful 3D Viewer Toolbox to visualize and
process the entire datacube.

Preprocessing

Hyperspectral imaging sensors are typically characterized by high spectral resolution and low spatial
resolution. By analyzing the pixels of the acquired hyperspectral data, we can determine the spatial and
spectral characteristics. Pixels, when viewed individually, are vectors of values that describe the intensity
of'alocation (x,y) along z different bands. Pixel spectra are critical elements of spectral data analysis. These
pixel spectra are often distorted due to factors such as sensor noise, uneven light conditions, the presence
of spectral artifacts, and low resolution. In addition, there is a number of spatial artifacts that distort the true
image. You can identify anomalous pixels and assess the quality of the image to judge where it is useful.
The IDCubePro® software offers a wide range of preprocessing techniques for removing undesirable
artifacts.

(ma:
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To enhance the spatial resolution of hyperspectral data, you can use image fusion methods. The fusion
approach combines information from the low-resolution hyperspectral data with a high-resolution
multispectral data or panchromatic image of the same scene. This approach is also known
as sharpening or pansharpening. IDCubePro® offers several functions for sharpening hyperspectral data
using high spatial resolution multispectral images.

Dimensionality reduction is another preprocessing step that is necessary for all hyperspectral imaging
applications. A large number of bands in the hyperspectral data increases the computational complexity of
data processing. At the same time, the contiguous nature of the band images results in redundant information

12
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across bands. Neighboring bands in a hyperspectral image have a high correlation, which results in spectral
redundancy. These bands can be removed without losing important information. You can visualize the
redundancy by building a correlation matrix and removing the redundant bands, thus decreasing
dimensionality.

v.2.77

IDCubePro® offers several approaches for reducing the spectral dimensionality of a datacube from
relatively straightforward band removal and spectral binning to orthogonal transforms using principal
component analysis (PCA) and maximum noise fraction (MNF). PCA and MNF toolboxes transform the
original datacube into a new datacube where the bands/channels are replaced with principal components.
The total number of principal components is equivalent to the number of bands/channels in the original
dataset. The software presents principal components in descending order of the amount of total variance,
with the most important components coming first. The newly generated datacube can be saved for further
hyperspectral data analysis. To reduce the size of the datacube, the user can perform ‘spectral’ cropping
keeping only the most important components (i.e., the first 10 components). Spectral dimensionality
reduction using PCA or MNF is implemented in several toolboxes such as Endmembers Extraction and
t-SNE.

Spectral Unmixing and Classification

In a hyperspectral image, the intensity values recorded at each pixel in the region specify the spectral
characteristics of the region. The pixels that belong to a homogeneous profile with a relatively pure spectral
signature are known as pure pixels. These pure pixels constitute the endmembers of the hyperspectral data.
Heterogeneous profiles are a combination of two or more distinct homogeneous surfaces. The pixels
belonging to heterogeneous profiles are known as mixed pixels. The spectral signature of a mixed pixel is
a combination of two or more endmember signatures. This spatial heterogeneity is often due to the low
spatial resolution of the hyperspectral sensor but might also represent a physical mixture of two signals.
Spectral unmixing is the process of decomposing the spectral signatures of mixed pixels into their
constituent endmembers. The spectral unmixing process involves two steps: Endmember extraction and
Spectral Matching implemented in Endmember Extraction and Spectral Matching Toolboxes.

Endmember extraction — The spectra of the endmembers are prominent features in the hyperspectral data
and can be used for efficient spectral unmixing, segmentation, and classification of hyperspectral images.
Convex geometry-based algorithms, such as pixel purity index (PPI), fast iterative pixel purity index
(FIPPI), and N-finder (N-FINDR) are some of the efficient approaches for endmember extraction. Once the
endmembers are identified, you can estimate the fractional amount of each endmember present in each
pixel. This can be achieved by constructing the abundance maps for each endmember, which represent the
distribution of endmember spectra in the image.

Spectral matching — IDCube enables the user to interpret the pixel spectra by performing spectral
matching. Spectral matching identifies the class of an endmember material by comparing its spectra with a
reference spectrum. The reference spectra usually represent pure spectral signatures of materials, which are
available as spectral libraries in the ECOSTRESS format? available from https://speclib.jpl.nasa.gov/. With
IDCubePro®, you can also generate your own reference spectra and save them in the ECOSTRESS format.
Then, you can compute the similarity between the saved spectra and the entire datacube.

2 Meerdink, Susan K., et al. "The ECOSTRESS spectral library version 1.0." Remote Sensing of
Environment 230 (2019): 111196.

13
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Hyperspectral image processing applications include classification, target detection, anomaly detection, and
other types of analysis.

v.2.77

* You can segment and classify each pixel in a hyperspectral image through a variety of unmixing
algorithms, such as Spectral Angle Mapping, Phasor, k-Means, t-SNE, or Contrast Maximization.

e You can perform target detection by matching the known spectral signature of a target material to
the pixel spectra in hyperspectral data.

e You can also use hyperspectral image processing for anomaly detection and material analysis.

You can also perform machine learning techniques for advanced segmentation.

Search Documentation

Typing in this field allows you to search the documentation right from the IDCube interface. Start typing
any of the terms and you will be connected with a relevant section of the technical documentation on our
IDCube website.

=

ﬂ Search Documentation P‘
Histogram = RGB histograms
- &, 50 R Q fi
0
600

For example, typing PCA will give a list of links to the website-located information.

DEA. . o L K
PCA: components spectra
- PCA: components area
PCA: Cumulative Fraction of Variance
I PCA: contrast saturation
g PCA: gamma correction
—-SMNE
Endmembers

The information from the website will be open:

14
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Keyboard and Mouse Shortcuts
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Principal Component Analysis Toolbox

Transforms the data to  lower dimensional space and finds principal companent vectors with their
directions along the maximurm variances of the input bands. The principal components are in descending
order of the amount of total variance,

+ Identifies the principal components from the hyperspectral data.

- Combines principal components in @ pseuda color image.

The implemented keyboard and mouse shortcuts can be applied to most images and plots, including image
display, spectral plots, and histograms. The following shortcuts enable quick manipulation of the image

space.

Shortcut

Help with shortcuts
H
Image zoom shortcuts
zZ
Shift+Z
X
Shift+X
Y
Shift+Y
Directional Control
Arrow Keys
Image modifications shortcuts
N
E
G
Spacebar
Mouse Controls
Left Click
Right Click
Scroll In/Out

Description

Press ‘H’ at any time to display Help. Dismiss by pressing ‘H’ again.

Zoom In

Zoom Out

Zoom in X Dimension
Zoom Out in X Dimension
Zoom in Y Dimension

Zoom Out in Y Dimension

Arrow keys can be used for Pan

Normal Axes/Expand Image
Equal Axes/Normal Image
Toggle Grid

Toggle Axis Ticks

Activate Zoom/Pan Functions
Pan in any direction
Zoom In/Out
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4.Main Interface

The software is built using a modular architecture. The heart of the IDCubePro® is the Main Interface that
is composed of the following panels:

. Spocira of the seleched points o area

Panels in the Main Interface:

1. Toolbar Panel, 2. Image Display Panel, 3. Data Reduction Panel, 4. Data Export Panel, 5.
Datacube Mathematics Panel, 6. Interactive Band/Channel Selection Panel, 7. Spectral Analysis
Panel, 8. Image Adjustment Panel, 9. Frame-By-Frame Panel, 10. Directory Information Panel,
11. Computer Information Panel.

16
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5.Toolbars

Features: Many of the toolboxes and features have accompanying icons. This manual covers each type of
icon in the corresponding sections.

DRSS FHMEFAL DD /00NN %A NLA XA F R 8T DY A
Icon Function
[N Plot Edit Mode
= Open IDCube format
ﬁ Save As

Flips the main image horizontally

Iy

Flips the main image vertically

b

Rotate clockwise

2]
[

Rotate counterclockwise

[ .
L Jd| B

Activates crop

Measures the distance between two points using a straight line and visualizes the profile (see Area
Information Toolbar)
Measures the area of the rectangle in a specific region of interest

e Provides mean, standard deviation, and pixel area (see Area Information Toolbar)

N

o Measures the area of the circle in a specific region of interest

=t e Provides mean, standard deviation, and pixel area (see Area Information Toolbar)
s Measures the area of the polygon in a specific region of interest

= e Provides mean, standard deviation, and pixel area (see Area Information Toolbar)
ey Measures area of freestyle shape in a specific region of interest

e Provides mean, standard deviation, and pixel area (see Area Information Toolbar)

in-* Activates Principal Component Analysis (PCA) toolbox
¢-¢ Activates Maximum Noise Fraction (MNF) toolbox
m=s Activates Classification toolbox

Activates Spectral Signature Matching (SSM) toolbox

Activates Endmembers toolbox

Activates Maximize Contrast Between Two Regions toolbox

Activates t-SNE Clustering toolbox

A
o Activates Vegetation Indices toolbox
%
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Activates Phasor Clustering Segmentation toolbox

Activates Correlation Matrix (R-squared plot) toolbox

Activates 3D Viewer toolbox

Opens Get 3D Slice under the 3D Viewer toolbox

Opens Get orthogonal slice under the 3D Viewer toolbox

Opens the Data Fusion toolbox

Opens the labeling tool for machine learning

Activates Machine Learning toolbox

Resets to the original dataset

Stop calculations

Keyboard shortcuts

BERXH2< 9t X =P

Information
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5.1. Working in the Plot Edit Mode

The IDCubePro® supports a point-and-click editing mode that you can use to customize the appearance of
your graphs, panels, and entire windows. This section describes how to enter the Plot Edit mode and
perform basic editing tasks, including selecting, cutting, copying, pasting, moving, and resizing objects and
modifying other images, plots, and panels properties.

Starting Plot Edit Mode

Before you can select objects in a figure by clicking on them, you must activate the plot-editing mode.
There are several ways to activate a Plot Edit mode:

Choose the Edit Plot icon ks on the figure window Main Toolbar menu or select Edit Plot from the
Edit menu. You can also use a hot key Ctrl+E.

File View Edit Plots Image Statistics Filtering and Enhancement Data Corrections Toolboxes Machine Learning Windows Help

DR MIT AL /D00 %MSLA X A F R 68T & D 2 8

SHrTaaR B L E T Y @
S ¢ AAB I E NNNTOQ|\1&

When an interface window is in the Plot Edit mode, the Edit Plot button in the toolbar is depressed and
turned blue.

Exiting Plot Edit Mode
by

To exit the Plot Edit mode, click the selection button
button is no longer depressed, and its color is grey.

. When the Plot Edit mode is turned off, this

Selecting Objects in a Graph
To select an object in a graph, move the cursor over the object and click it.

To select multiple objects at the same time, move the cursor over an object and press Shift+Click to select
it. Repeat for each object you want to select. You can perform actions on all the selected objects. For
example, to remove a textbox annotation and an arrow annotation from a graph, select the objects and then
click Delete.

Deselecting Objects

To deselect an object, move the cursor off the object onto the figure window background and click the left
mouse button (this deselects all selected objects and selects the one you clicked). You can also Shift+Click
on a selected object to deselect it (doing this will not deselect any other object).

Copying and Pasting Annotation Objects

In the Plot Edit mode, you can copy and paste annotations such as textboxes, text arrows, rectangles, and
ellipses, in various combinations. If any such objects happen to be pinned to their axes (see Pinning a Point
in the Image), their copies are pasted unpinned.
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Moving and Resizing Objects
To move or resize an object in a graph in the Plot Edit mode, perform these steps:
e Select the object.

e To move the object, drag it to the new location. You can also move it one pixel up, down, left, or
right with the appropriate Arrow key on your keyboard.

e You can Shift+Click to select multiple objects and move them as a group. Arrow keys work well
for this. However, when you resize one of several selected objects, only that object changes size.

Note: There are some restrictions on moving and resizing the objects such as panels. You can resize some
panel objects, but you can only move them by dragging their edges, one at a time.

Undo/Redo — Eliminating Mistakes

Pressing Ctrl+Z enables you to undo a recent operation.

20



HSpeQsl

v.2.77

5.2. Area Information and Statistics: ROI Toolbar

The ROI Toolbar allows the user to select different areas of interest and acquire statistics from the selected
area.

Line Measurement: Provides linear pixel measurement of selection. Allows the user to measure
the distance between the points and generate the XY plot of pixel intensities.

Rectangle Measurement: Creates a rectangular region of interest. Allows the user to collect
statistics from the ROI and generate a histogram of intensities.

Elliptical Measurement: Creates an elliptical region of interest. Allows the user to collect statistics
from the ROI and generate a histogram of intensities.

Polygon Measurement: Creates a polygon region of interest. Allows the user to collect statistics
from the ROI and generate a histogram of intensities.

Freehand Measurement: Allows the user to freely draw a region of interest. Allows the user to
collect statistics from the ROI and generate a histogram of intensities.

Line Measurement

1. Click the Line icon "f from the ROI Toolbar menu.

ics  Filtering and Enhancement

/O OR % Y

Note: In the Main interface, activation of the Line icon automatically places the line inside the image
panel. For the IDCube toolboxes, you might need to choose a specific panel by clicking on the panel first
and then clicking Line.

2. You can change the length of the line, its direction, and location by dragging the line or line ends
to a new position.

The number inside the line yields the distance between the points. The distance is measured in pixels.

3. Use the right-click to activate a menu with several additional functions shown.

Export to Workspace...

Show Distance Label
Set Color

Constrain Drag
Delete

X-Y Plot

21
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Export to Workspace...

Show Distance Label > Export to Workspace... Export to Workspace...

7 Medium Blue Show Distance Label >  ShowDistancellabel > v/ LabelOn

Constrain Drag Light Blue Set Color > Label Off
Set Color > h
Delete Light Red Constrain Drag

Constrain to Horizontal Delete

X-Y Plot Green
Yellow Constrain to Vertical XY Plot

Magenta . None

Cyan
Light Gray
Black

Note: Function Export to Workspace... is not available for IDCubePro® users.

Selecting X-Y Plot creates a graph of intensity across the line. Moving the line will update the X-Y plot
accordingly.

TEU Dy TIopS L GO WaSTIgTOTT DTV ETSIy T oT TOTST

ring and Enhancement Data Corrections Toolboxes Machine Learning Windows Help
asfif/ncogsensaRiajsnrRloXtas o0 DR/ Nl osul
EEE \\\NT1OQo[us

Etev? D LD OFK

| E Figure 3: IDCube: ROI XY Plot

lasan

Area Measurement

This tool provides basic statistics of the selected region: mean signal intensity, standard deviation, area,
area % from the total image, intensity maximum and intensity minimum.

1. Select a region of interest with a Rectangular, Ellipse, Polygon, or Freestyle. A frame will be
formed.
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L ~ mean: 0.892143, std: 0.0547856
At min: 0.652077, max:1
area: 1650 pix (3%)

Clear f | 7.': -

The region of interest will automatically display the region’s mean pixel density, standard deviation,
minimum, maximum, and area (and area percentage of the entire image).

2. Drag the corners or the frame to a new location.

3. Right-click on the frame to open a selection menu.

mean: 0.861006, std: 0.0914324
min: 0.621378, max:1
area: 1632 pix (3%)

Copy Position

Set Color
Fix Aspect Ratio
Histogram

Delete

a) Copy Position enables the user to record and store a position. Click Copy Position and
then Paste in your document. For the rectangular frame. The location coordinate will be in
the following form: [X Y Width Height].

b) Set Color Selecting histogram creates a graph of intensity vs the number of pixels.

¢) Select the color of the frame from the dropdown menu.
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Copy Position
— Set Color 3 v Medium Blue

Fix Aspect Ratio Light Blue

Histogram Light Red

Delete Green
Yellow
Magenta
Cyan
Light Gray
Black

d) Fix Aspect Ratio enables the user to move the frame without accidentally changing its
shape.

e) Visualize the histogram from the selected area. Note: Moving the region of interest will
update the histogram accordingly. The number of bins in the histogram can be adjusted by
moving the slider above the plot.

| mean: 0.861006, std: 0.0914324
min: 0.621378, max:1
area: 1632 pix (3%)
& 4} %
£ Figure 3: IDCube: ROI Histogram — O X
TEIEIES ¥
P2 AA B EEINNNNTOO WS
s m—) 7 |
RGB [w1=1090.4084, w2=1317
NALYSIS
7]
o
2 4000
raMode | gzonn
= .
References

Yi Sui (2022). Add an ROI toolbar to your figure.

(https://www.mathworks.com/matlabcentral/fileexchange/41120-add-an-roi-toolbar-to-your-figure).
MATLAB Central File Exchange. Retrieved April 30, 2022.
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5.3. Color Toolbar (LUT)
The Color Toolbar provides color adjustment through the variety of Look Up Tables (LUTs) options:

The first selection window displays the original color scheme, which is set to “jet” as default. The second
selection window displays the previously selected color scheme. The following color schemes are available
and are listed below in order from left to right: Autumn, Bone, Cool, Copper, Gray, Hot, Pink, Spring,
Summer, Winter, Jet, HSV, Colorcube, Flag, Lines, and Prism.

Custom color schemes are also available (custom 1-4 LUT).

Examples:

Jet” Color Scheme “Gray” Color Scheme “Custom 2 LUT”
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*Future versions of IDCubePro® will feature a LUT Designer*.
References

Based on: US (2022). lutbar: a pedestrian colormap toolbar/context menu creator
(https://www.mathworks.com/matlabcentral/fileexchange/9137-lutbar-a-pedestrian-colormap-toolbar-
contextmenu-creator ), MATLAB Central File Exchange. Retrieved April 30, 2022,
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5.4. Camera Toolbar

The Camera Toolbar enables you to perform a number of viewing operations interactively in 3D. You can
select the type of camera motion control by clicking on the toolbar buttons.

Position the cursor over the Image Display and click, hold down the right mouse button, then move the
cursor in the desired direction. The display updates immediately as you move the mouse.

The toolbar contains the following parts:

Camera Mation Controls Principal Axis Scene  Projecti  Reset Camera Axis
selector light on Type and Target marker
| Stop |
— Perspective

Y7z as %P e ? “.O® @+ Y
Camera Motion Controls: These tools select which camera motion function to enable.

Principal Axis Selector: Some camera controls operate with respect to a particular axis. These
selectors enable you to select the principal axis or to select a no-axis-constrained motion. The selectors
are grayed out when not applicable to the currently selected function.

Scene Light: The scene light button toggles a light source on or off in the scene (one light per axes).
Projection Type: you can select orthographic or perspective projection types.

Reset and Stop: Reset returns the scene to the view when interactions began. Stop causes the camera
to stop moving (this can be useful if you apply too much cursor movement).

Camera Target: Push to select a surface point in your 3D scenery as a new camera target. This point
becomes the center of the field of view and stays there when orbiting or rolling the camera. Clicking
into the background restores the default camera target.

Axis Marker: Provides an axes marker at the chosen camera target to facilitate orientation when plot
box boundaries are out of sight. Colors are blue/yellow/red for the x/y/z-axis, respectively. The length
of the spikes is proportional to the size of the plot box.

Perspective: When enabled, dragging the mouse vertically changes the perspective effect of the view.
This is achieved by simultaneously modifying the distance and the zoom factor of the camera such that
the size of objects in the projection plane remains unchanged.

Steps:

1. Inthe default vie Camera Toolbar is on. You can remove it by clicking Open a file and select View
— Close Camera Toolbar or to put it back go to View — Camera Toolbar.
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View Edit Plots Image Statistics Fil View Edit Plots Image Statistics Fi
Colortheme > Close LUT Toolbar
Close LUT Toolbar u_
List of Bands/Channels List of Bands/Channels
Image Scale Ctrl+G Image Scale Ctrl+G
Expanded View Ctrl+N Expanded View Ctrl+N
View Header Information View Header Information
View Image Information Ctrl+I View Image Information Ctrl+I
View HeatMap View HeatMap
Edit Plot Ctrl+E Edit Plot Ctrl+E
Turn Instructions Off Turn Instructions Off

Alternatively, go to the Plots tab and select a 3D plot such as Mesh 3D, Surface 3D, Contour 3D, or
Hybrid 3D. This action will activate Camera Toolbar.

Hitcgram MoSHEd Image b i Dl

2. You can select the functions from the Camera Toolbar icons or activate the same menu using a
right-click menu on the IMAGE DISPLAY panel. When the right click is applied the following
menus will appear:
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Zoom: Rotation axis:
Camera Motion > v Orbit Camera Camera Motion >
Camera Axes > Orbit Scene Light Camera Axes > X Principal Axis
Camera Reset 3 Pan - Turn/Tilt Camera Reset > Y Principal Axis
Projection y Move - Horizontally/Vertically Projection Y% Z Principal Axis
Move - Forward/Back No Principal Axis
Zoom
Roll
Camera reset: Projection:
Camera Motion >i """" .
Camera Motion >
Camera Axes > Camera Axes o
Camera Reset > Reset Camera & Scene Light Camera Reset >
Projection { e Projection 3~ Orthographic
Reset Scene Light Perspective

Additional information:

Once activated, the Camera Toolbar can be also used for manipulations of 2D datacube representations.
The number of functions however is limited and might vary between the types of images. An example
below, shows how the Zoom Camera function can be used to increase the size of the image beyond the
image display.

When the file is open and the Color Toolbar is activated, click the Zoom Camera icon —— or select from

the right-click menu.

o AW G WO
Orbit Camera

Carnera Motion :

Carnera Axes E Orbit 5cene Light

Camnera Reset 3 Pan - Turn/Tilt

Projection Move - Horizontally/Vertically
Move - Forward/Back

~  Zppm

Ro

Position the cursor over the Image Display and click, hold down the left mouse button, then move the
cursor toward the center to zoom.
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3. You can reset the image back to the original by using one of the two methods:

e C(Click Reset Camera and Scene Light in the Camera Toolbar.

e Click Restore View in the Strip Toolbar, located in the right corner of the image panels.

CICER; agoaaq
L . =
|Reset Camera and Scene Light| or Restore View F

References:

The algorithm is built in part using BetterCameraToolbar developed by Ulrich Reif, 2022,

https://www.mathworks.com/matlabcentral/fileexchange/70605-bettercameratoolbar, MATLAB Central
File Exchange. Retrieved May 2, 2022.
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5.5. Strip Toolbar

Hovering over the right corner of image and plot panels reveals a drop-down menu with options for
reversing (flipping) spectral axes, exporting the images and spectra, moving, zooming, and panning the
image as well as viewing information about individual pixels.

e The images and plots used in IDCube feature a hidden Strip Toolbar that can be activated by
hovering over the right corner of the image or plot.

e Strip Toolbar houses individual buttons. If checked the buttons turn blue.

e The buttons from this toolbar have priority over other commands. To continue working with other
functionalities implemented in IDCube, uncheck any buttons from the Strip Toolbar that are

checked.
i]mn e EHOQaq
' =]
3000 % 5
=
% 2000 g
- 1000 b
gﬂﬂ 4;0 51;0 5;0 EI;G éﬁ 71;0 7;0 E(‘lﬁ 850
Band/Channel
Button Name Icon Description Availability
“flip vertical’ T Flips Y axis on the spectral plot Only for spectral data
“flip horizontal’ bid Flips X axis of the spectral plot Only for spectral data
'export' & Displays menu of export options. Everywhere
'brush’ é Toggles data brushing mode. Only for scatter and spectral data
'datacursor’ = Toggles data cursor mode. Everywhere
'rotate’ (&) Toggles rotate mode. Only for 3D objects
'pan’ ™ Toggles pan mode. Everywhere
'zoomin' @ Toggles zoom-in mode. Everywhere
'zoomout' a Toggles zoom-out mode. Everywhere
'restoreview' 3 Restores original view of axes or tiled Everywhere

chart layout.

Hovering over the 'export’ button reveals a drop-down menu with options for exporting the content of the

chart or image:
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Button Name Icon Description
Save =] Save the content as a tightly cropped image or PDF.
Save as image Copy the content as an image.
Save as vector graphic Copy the content as a vector graphic.

Flipping spectral axes

The direction of the axes in the spectral windows can be reversed. The default direction is from low to high
values. Pressing ‘flip’ buttons reverse the directions of axes. Blue colors of the flip icon indicate ‘reverse’
direction as shown in the spectral images below. The spectral view can be returned to the original by
pressing the buttons again.

Y axis flipping X, Y axes flipping

Spectra of the selected points or area Spectra of the selected points or area

Adding DataTips

Data tips are small text boxes that display information about individual data points. By default, the data tips
include the data specified during chart creation that correspond to the individual data point.

e Activate the DataTip icon by changing the line color to blue (or another color depending on the
color theme of the software).

o Interactively create data tips by clicking on data points in a chart, for example, line and scatter
plots. Press Shift+Click to put additional DataTips.

Right-click on the DataTip activates the following menu.

Action Hotkeys Description
Selection Style Based on a Mouse Position.
Snaps to Nearest Data Vertex (default).
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Action Hotkeys Description

Display Style Places a frame inside the figure (see the picture above on
the right).
Data Tip (default) (see the picture above, on the left).

Create New DataTip Shift+Click Creates new DataTip in addition to the existing.

Delete Current DataTip Delete Deletes the current single DataTip.

Delete All DataTips Deletes all single DataTips.

Export Cursor Data to Workspace Only available for developers of IDCube.

Some of the described buttons might perform additional task specific functions. The descriptions of these
functions are considered in the corresponding applications.

How to do Brushing

Brushing enables the user to interactively mark, delete, modify, and save observations in graphs. Selection
of one or several groups of data points as shown below with single or multiple brushing groups or several
spectra.
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adiCrancel

] 2
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Note: Not all charts support data brushing. The absence of the brushing icon indicates that this chart is not
supported. For example, brushing for the Multi-Spectra mode is not supported.

Mouse Gestures for Data Brushing

You can brush graphs in several ways. The basic operation is to drag the mouse to highlight all observations
within the rectangle you define. The following table lists data brushing gestures and their effects.

Action

Select data
using a Region
of Interest
(ROD)

Select a single
point

Add a point to
the selection or
remove a
highlighted one

Gesture

ROI mouse drag

Single Left click on a
graphic object that
supports data brushing

Single Left click on a
graphic object that
supports data brushing

Result

ROI rectangle (or rectangular prism for 3-D axes) appears during the
gesture and all brushable observations within the rectangle are
highlighted. All previously made brushing marks are removed. The
ROI rectangle disappears when the mouse button is released.

Produces an equivalent result to ROI rectangle, brushing where the
rectangle encloses only the single vertex on the graphical object closest
to the mouse. All other brushing annotations in the figure are removed.

Equivalent brushing by dragging an ROI rectangle that encloses only
the single vertex on the graphic object closest to the mouse. All other
brushed regions in the figure remain brushed.
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Action Gesture Result
with the Shift key
pressed
Add to or Click on ROI drag ROI grows; all unbrushed vertices within the rectangle become brushed
subtract from with the and all brushed observations in it become unbrushed. All brushed
ROI Shift or Ctrl keys vertices outside the ROI remain brushed.
pressed

Work with Brushed Datapoints

After brushing is performed, the right-click activates the following menu:

Action

Replace with

Color

Removed Brushed

Removed Unbrushed

Export Unbrushed...

Paste Data to Command Line
Copy Data to Clipboard
Clear All Brushing

Result

Replaces the values either with Not a Number (NaN) values or constants.

Enables the user to select the color. A Color Picker will be activated. The color
will be applied with the next brushing.

Deletes brushed points.

Deletes unbrushed points.

Only available for developers of IDCube.

Only available for developers of IDCube.

Enables copying the data and exporting it to Excel and other software.

Removes brushing.
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5.6. Annotation Toolbar

Allows the user to add text and shape outlines to the image for presentation purposes.

Activate the Annotation Toolbar by clicking one of the icons on the toolbar. This action will activate the
Edit Plot mode where you can move most of the objects including buttons and frames.

Edit Plot

l Mode

kDR & FItT A & I8 70005050 %%
d2AA BT EEES \\\NTOO “a

Fill color and Text color, Align text Fill color and Insert text Pin object Display the
line/edge front, bold line/edge arrow, text, todata Object
color oritalic color rectangle and point alignment tool

ellipse

Exit the Edit Plot mode by clicking the button b located in the Main Toolbar. Note: the changes
made in the Edit Plot mode can be undone using Ctrl+Z. See more about Edit Plot mode in the dedicated
section.

Enclosing Regions of a Graph in a Rectangle or an Ellipse

You can add a rectangle or an ellipse to draw attention to a specific region of a graph. While either object
is selected, you can move and resize it as well as display a right-click context menu that enables you to
modify behavior and appearance. Insert the rectangle or ellipse by clicking the corresponding button

o

in the Annotation Toolbar. The cursor changes to a cross indicating you can click down, drag,
and release the left mouse button to define the size and shape of the object.

Pinning Rectangles and Ellipses

You can attach the rectangle to a particular point in the Image by pinning it to that point. First, click on the

object, then select the pin icon- button in the figure toolbar ha . A black pin will appear. Move the pin
close to the lower corner where the white square is and click. Pinning attaches the lower left corner of the
rectangle or ellipse to its current location in the axes data units. You can move the point of attachment by
clicking the corner and dragging the anchor to another point. The cursor changes to a pin while you are
dragging. You cannot drag or resize a rectangle or an ellipse when it is pinned.
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Textbox Annotations

A textbox annotation is a rectangle that can contain multiline text. You can attach the textbox to any point
in the figure. Insert a textbox by clicking the textbox button in the figure toolbar o , then click where you
want to place the text. The default behavior for textboxes is for them to automatically resize to accommodate
the amount of text you enter. You can also resize the textbox after typing or click and drag the box to a

certain size when you create it (when you do this, the textbox stays that size no matter how much text you
place within it).

You can also select Add Textbox from the Edit —Annotation menu.

Edit Plots Filtering and Enhancement  Data Corrections  Toolboxes

Rotate SO | /2 0 ) N %, A
I NNRNTOO[A s
I e 8D L0 @ F
I Remowve Bands ?

Annotation Add Textbox
| Edit Plot Ctrl+E Add Text Arrow

This action also activates Edit Plot mode. To exit the mode and return to the main features press icon u
located in the Main Toolbar.

Selecting Textbox Objects

L

The textbox must be first activated using the Edit Plot button located in the Main Toolbar |_" |:
e To move the textbox, click the text once to select it.

e To edit the text, double-click within the box.

Pinning the Textbox

You can attach the textbox to a particular point in the Image by pinning it to that point. Select the pin button

in the Annotation Toolbar and click a handle of the textbox. By default, pinning attaches the lower
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left corner of the textbox to its location in the axes data space. Move the point of attachment by clicking on
the corner and dragging the anchor to another point, but you cannot drag the textbox when it is pinned.

v.2.77

Annotation Lines and Arrows

Add lines and arrows to a graph and attach them to any point in the Image. The three types of arrows
include:

e Single-headed arrow
e Arrow with attached text box (text arrow)

e Double-headed arrow.

| . o . . . NN
nsert a line or arrow by clicking the appropriate button in the Annotation Toolbar , then
click down, drag the line or arrow to the desired point, and release the mouse. The arrowhead appears at
the terminal end. With the line or arrow selected, right-click to display the context menu, which provides
access to several options.

Inserting a Text Arrow

A text arrow combines a textbox with an arrow. It is useful for labeling points on a graph. Add a text arrow
to a graph by selecting the arrow button that has a T above the arrow. Insert the text arrow and type text in
the box.

N NN H B
ke,

|Insert Text Arrow |

You can also select Add Textbox from the Edit — Annotation menu. This arrow has a preset design with
an orange textbox attached. The design can be changed.

Edit Plots Filtering and Enhancement  Data Corrections  Toolboxes

| Rotate P S B S S T S R
Crop PNANRNTOO |4 &
Ein | # L@ @4
Remove Bands >
Annotation : Add Textbox

| Edit Plot Ctrl+E Add Text Arrow

This action also activates Edit Plot mode. To exit the mode and return to the main features press icon
located in the Main Toolbar.

Pinning the Arrowhead End

Attach the arrowhead end to the point of interest on the Image while letting the text box automatically
reposition itself as you zoom or pan the graph.
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Select the Pin button in the Annotation Toolbar.

Changing the fonts

Use the following icons to change the font and color of the font: AA|BI . Double-click inside
the object (textbox or text arrow), click on the font icons, and select the font and/or the color.

Font X
Font Style Size
Plain 10
~ s A
Helvetica-Narrow Bold 9
High Tower Text Italic 10
Impact Bold Italic| |12
Imprint MT Shadow 14
Informal Roman 18
Ink Free v 24
Sample
The quick brown fox jumps over the lazy dog.
1234567890

Cancel

Coloring Texts and Objects

Note: Color Picker blocks interaction with other windows until the user closes it.

Coloring of the annotation uses Color Picker apps that are activated with the right-click menu or using
the corresponding icons S 2 from Annotation Toolbar.

Two options can be implemented and selected from the top right buttons (shown with arrows):

e The Standard Colors app (default).

e The Custom Colors app. This color picker provides a tab for selecting custom colors from a

gradient as well as intensity. Move the vertical slider to display the desired region of color space.

Then click the color gradient to select a color. This app also offers a dropdown menu to select or
input the desired color.
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Standard Colors

[RGE [0-1] - | RGEI [0-1]
Recent Colors R G E RGB [0-1]
aE Bl =2 FE[ 2| | reenss
Preview Preview Hex
|
| OK | Cancel OK Cancel 0K Cancel
Group Option Description
Standard Colors Preset colors Allows the user to select the color by clicking on it.
Custom Colors RGB [0, 1] Enables the user to input RGB triplet interactively as the red, green, and
blue components of the selected color. The intensities must be in the
range [0 - 1].
RGB [0, 255] Enables the user to input RGB triplet interactively as the red, green, and

blue components of the selected color. The intensities must be in the
range [0 - 255].

Hex Enables the user to input a Hex number (interactively and manually) of
a color.
HSV Enables the user to input HSV triplet interactively as the Hue (H),

Saturation (S), and Value (V) components of the selected color. Hue is
selected with the scalebar on the left (range 0-360 degrees), S and V are
from 0 to 100.

Removing and Editing Annotations

You can delete or modify any annotation by clicking an Edit Plot button b icon located in the Main
Toolbar. You will have to click this button again to exit the interactive layout.
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5.7. Interactive Colorbar

Adds additional interactive features to the existing colorbar to improve visualization and customization of
the monochromatic image. Activate the Interactive Colorbar menu by making a right click.

500

3000
Transfer Min
2500
Delete Modifi
Location > B
Standard Colormaps >

Interactive Colormap Shift
Open Colormap Editor

Open Property Inspector JAGE DI

Show Code (INFOR
o C:\PlasticAndCoin\Cry
Select from the following options:
Button Name Description Default Comment
Delete Deletes the toolbar. n/a
Location Displays the colorbar in a specific location such as East outside
'north outside.
Standard colormap Choose from the preset colormaps: parula
cool, gray, hot, hsv, jet, turbo and parula.
Interactive colormap | Interactively changes the distribution of color n/a Activates interactive
shift values within automatically assigned limits. layout.
Open colormap editor = Adjusts scale and customized LUTs, not available n/a
for IDCubePro® users.
Open Property Analyze properties of graphical objects, not n/a
Inspector available for IDCubePro® users.
Show Code Not available for IDCubePro® users. n/a

Colorbar Location:

To change the position of the colorbar, Right click on the colorbar and select Location. An example below
shows the North Outside location.
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H Delete

| Location > East Outside
Standard Colormaps > West Outside
Interactive Colormap Shift | ¥ North Outside
Open Colormap Editor South Outside

I Open Property Inspector East

Show Code West

Standard Colormaps

To change the colormap, Right click on the colorbar and select Standard Colormaps. A list of standard
colormaps is given in the table below. Notice, that a large number of colormaps are available from the
toolbar menu.

Colormap Name Description

cool

gray

hot

hsv

jet

tubo

parula (default)

Interactive Colormap Shift:

To shift the mapping of data values into the current colormap, Right click on the colorbar and
select Interactive Colormap Shift. Then, select a color in the colorbar. The cursor will change its shape
to a double-headed arrow with a vertical line inside. The entire colorbar will be flanked with four blue
squares indicating the activation of the Edit Plot mode.

0 1000 2000 3000 4000 5000 6000
[ + .
Press the left button on the mouse and drag the cursor. As you drag, the mapping of data values into the
colormap shifts. When complete, leave the interactive mode by unchecking Interactive Colormap Shift
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(Right click on the colorbar and select Interactive Colormap Shift again), or pressing the Edit Plot button

s

Tip: In some cases, it is difficult to activate the cursor when the colorbar is in a vertical (i.c., east or west
orientation, see above). If that is the case, change to a different position (i.e., north colorbar position), and
then adjust the colors. You can then return to your desired colorbar position. The colormap values will not
be affected.

v.2.77

from the Main Toolbar. The Edit Plot button should turn grey.
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6. Panels
6.1.

Image Display Panel

Note: PAVIA dataset is used as an example.

Basic Information

The panel presents 2D or in certain cases 3D representations of the dataset. Changes in the image can be
made by a variety of commands and functions from most of the panels and Tabs.

Panels affecting Image Display

Toolbar panel
Data Reduction panel
Datacube Mathematics panel

Interactive Band/Channel
Selection panel

Image Adjustment panel
Frame-by-Frame panel

Tabs affecting Image Display

View
Edit

Plots

Filtering and enhancements

Data correction

Image Zoom and Pan

Description

Applies colormaps and annotations.
Applies changes the size and binning.
Applies mathematics to the image.

Select different bands and their
combinations.

Optimize the visualization of the
image.

Animates the frames.

Description

Adds scale.

Changes the size of the dataset,
binning.

Modifies the plots of the current frame.

Applies filters, enhancements, quality
controls, and other functions to the
entire datasets.

Applies corrections to the dataset.

Effect

Global to the entire datacube
Global to the entire datacube
Global to the entire datacube

Only to the current frame
Only the current frame (can be made

global)
Global to the entire datacube

Only to the current frame

Global to the entire datacube

Only to the current frame

Mostly global to the entire datacube

Mostly global to the entire datacube

The presented image can be zoomed in and panned. The Image Display also serves as a gateway to spectral

analysis.

Zoom and Pan can be used in three different ways:

e Mouse Wheel
e  Mouse Drag
e Strip Toolbar
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6.2. Using Keyboard and Mouse shortcuts (see section Computer
Information Panel

v.2.77

Features:
1. The COMPUTER INFORMATION panel provides real-time information about the user’s PC CPU and
memory usage.

2. CPU data is displayed as a percentage (%) of the PC’s capacity.
3. Memory is displayed in megabytes (MB).

CPU (%) 1.20% Monitor
Memory (MB) 1291 4 Stop

The “Monitor” button starts/resumes the information collecting process.

The “Stop” button pauses the information-collecting process. Functionality can be resumed by pressing the
“Monitor” button.
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‘Smart’ Zoom (via Mouse Wheel)

Smart Zoom enables the user to click on any pixel of the image and start zooming the around the pixel by
using the wheel of the mouse. The selected pixel remains in the center of the image.

Pan (via Mouse Drag)

In the zoom mode, you can pan the image by the right-click, holding the button down (the cursor turns into
a hand), and moving the image. You can also combine the right-click while pushing down with the
keyboard arrow keys to perform panning.

Using Strip Toolbar

This toolbar has Pan, Zoom in, Zoom Out, and Restore View buttons.
1600(
1400(
1200

1000t

8000
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Right Click Menu in the Image Display Panel

Features: Enables the user to activate specific functions in the IMAGE DISPLAY panel through the right-
click menu.

Steps:
1. Load a file and Right click on the image in the IMAGE DISPLAY panel.

‘ ‘{ 4000

Copy Image With Annotations

Copy Image

Save Image As...

Save Image With Annotations as...

Save As a Label File...

Save ROI-Average Spectrum in ECOSTRESS Format...

|
2. Select an option from the following menu:
Option Description
Copy Image Copies the current image without any additional information.

Copy Image with Annotations | Copies the current image with the additional information (i.e.,
RGB [wI=586, w2=730, w3=742], Bandwidths (bwl=, bw2=, bw3=),
Contrast=0%, Quality:13.83).

Save Image As... Saves the current image in png, jpeg, or tiff format with no additional
information attached.

Save Image with Annotations Saves the current image in png, jpeg, or tiff format with Annotations.

As...

Save As a Label file... Saves the current image in png, and mat formats for machine learning
applications.

Save ROI Average Spectrum In | Provides interactivity to select the region of interest and saves the average

ECOSTRESS Format. spectrum in ECOSTRESS format to use elsewhere. For example, Spectral
Matching Toolbox.

Alternatives:

Saving images in different formats is also available from the Strip Toolbar; however, the format of saving
and the size of images might be different from the Right click menu. Saving an average spectrum from the
selected area in the ECOSTRESS format is also available from SPECTRAL ANALYSIS panel.

References

Dany Cabrera (2022). Image Mouse Zoom and Pan (https://github.com/danyalejandro/imgzoompan),
GitHub. Retrieved May 2, 2022.

Ned Gulley (2022). Zoom Keys (https://github.com/gulley/Ax-Drag), GitHub. Retrieved May 2, 2022.
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6.3. Data Reduction Panel

The panel enables changes to the size of the dataset by either cropping (spatially and spectrally) or binning
(spatially and spectrally). These functions are applied globally for the entire datacube.

Note: PAVIA dataset is used as an example.

Spatial Crop Interactive

Features: Enables spatial cropping of the entire dataset.
Steps:

1. Inthe DATA REDUCTION panel click Select Crop (also can be triggered by using an icon - ** )
or using Edit — Crop — Spatial Crop.

Spatial crop activates an interactive rectangular (active frame) that enables the user to select the
region of interest and crop the rest of the image. (Press the Spatial Crop button again to deactivate
the crop function).

2. Move the boundaries of the active frame with the mouse. The coordinates of the frame in
a format [left bottom width height] can be seen below the image. The units are pixels. When
the active frame size is adjusted, IDCube automatically updates the coordinates to the new
values.

bottom
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jons  Toolboxes MachineLearning  Windows  Help
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8000

7000

- 6000

Datacube Mathematics

Single Channel j

Broadband

image Algebra
2000
Custom Functions

‘CHANNEL SELECTION

1000

Single Cha. Two-Chan Three-Cha RGB j

Band/Channel 1

3. Click Apply Crop. The change will be applied globally and a new datacube will be stored in the
internal memory, without erasing the original data. A new pop-up window with information about
the spatial dimension of the new dataset will appear in the left corner showing the dimension of
the new frame, type of data, color, maximum, and minimum. In the case of the RGB, the maximum
and minimum will not be shown. Click Reset Image to return to the original datacube (Note: all
other changes will also be eliminated).

4. (Optional) The new dataset can be saved using a standard Save Data As...— Save as IDCube
format or Data Export function and opened as a new datacube.

Spatial Crop by Coordinates
Features: You will be able to specify the X/Y Position and X/Y Dimension to crop the datacube.
Steps:

1. Open a file.

2. In the DATA REDUCTION panel enters the values under Spatial Crop by Coordinates. This
method enables the user to apply the same crop coordinates across other images. For that, select
the anchor point (X coordinate, Y coordinate), and the dimension in both X and Y directions from
the anchor.

3. Activate by clicking Confirm area button then click Apply Crop. The spatially cropped image is
saved in the memory of IDCube, but the original image is not affected. A window Image
Information will pop up with the updated information about the new dataset.

4. Click Reset to return to the original image.
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Data Reduction Data Export

Interactive Crop

Spectral Crop

Features: Enables spectral cropping of the entire dataset.
Steps:
1. Loadafile.

2. Inthe DATA REDUCTION panel enters the values in the Lower and Upper Limits. This will cut
the z-dimension of the datacube from both sides. Click Clear to empty the fields.

Data Reduction Data Export

Interactive Crop

3. Click Apply. The new datacube will be spectrally cropped. The original data will not be affected.

4. Click Reset to return to the original image.

Alternatively, this can be done from the Edit — Crop — Spectral Crop function available from the Menu
Bar.

A pop-up dialog will ask for the lower and upper limit of channels (i.e., wavelengths) with the default values
showing the current lowest and highest channels. Enter the values and click Apply Cropping. The original
data will not be affected.
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o Spectral Cropping - g X
Enter Lower Limit: 867.1
Enter Upper Limit: 1698.1
Apply Cropping
Spatial Binning

Features: Performs spatial binning of the entire dataset to decrease the number of pixels.

Pixel binning is the process of combining neighboring pixels into a larger pixel. This larger pixel represents
the area of all the individual pixels. For example, in 2 x 2 binning, the signal from a square of 4 adjacent
pixels is combined into 1, and in 3 x 3 binning, the signal from a square of 9 adjacent pixels is combined
into 1. Binning decreases the size of the file and provides averaging.

Binning options Combined pixels

None

2x2
(4 pixels =1)

3x3
(9 pixels = 1)

4x4
(16 pixels =1)

Steps:

1. Open a file. In the DATA REDUCTION panel enters a single value for the Spatial Binning. For
example, the value 3 will indicate 3 x 3 binning. Press Apply and Spatial Binning will be applied
to the entire datacube. Click Clear to empty the field.

Data Reduction Data Fxport
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2. Click Reset to return to the original datacube. In that case, all changes to the datacube will be
rejected.

v.2.77

3. (Optional) The new dataset can be saved using a standard Save Data As... — Save as IDCube
format.

Alternatively, Spatial Binning can be performed from the Edit — Binning — Spatial Binning function
available from the tab. Enter the number and click Apply Binning.

£ Spatial Binning — O X

Put an integer starting from 2

Bin number: [

Apply Binning

Spectral Binning

Features: Performs spectral binning of the z-direction of the datacube to decrease the number of
bands/channels.

Spectral binning is the process of combining neighboring individual bands into a single band. For example,
in 2 binning, the signal from 2 adjacent bands is combined into 1, and in 3 binning, the signal from 3
adjacent bands is combined into 1. Spectral Binning decreases the size of the file and provides averaging
across the bands.

Binning options Combined bands

None
2
3
4

This function is not available from the DATA REDUCTION panel but is available from the Edit Tab —
Binning — Spectral Binning. Enter the number and click Apply Binning.

£ Spectral Binning - O X

Put an integer starting from 2

Bin number:

Apply Binning
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6.4. Data Export Panel
Note: PAVIA dataset is used as an example.

Features: Enables the user to export a part of or all of the dataset into a variety of formats including ¢iff,
raw/HDR, commonly used by a variety of data acquisition systems, such as ENVI, Inc, and Excel.

Steps:
Load the image file and select the Data Export tab. Available options are:
o Convert to a tif/tiff stack
e Convert to a raw/HDR file
e Convert the entire datacube into Excel
e Convert the selected region of interest into Excel
e Convert the current image into Excel
o Convert the mean spectrum into Excel
o Convert all spectra into Excel

e Convert the current image into Excel

File View Edit Plots Filtering and Enhancement  Data Corrections  Toolboxes
kD R[S T AR I /DO NN % SN
BolaAlBI|EEENN\NTOO|#&
MiKraddEleten § OAD L@ @4

0O E
Convert IDCube dataset to Raw/HDR format
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Convert into a tiff Format
This option saves the images into a stack of frame-by-frame ¢iff files.

Select a TIF/TIFF radio button and click Convert. You will be asked to select a folder. The current
directory will be your default folder. The stack of tiff files will be automatically saved in the specified
directory.

El Conversion — >

“ Conversion complete. Your Stack tif is in the specified folder

Convert into a raw/hdr Format

This option saves the entire dataset into one of the most common industry-standard hyperspectral imaging
formats used by ENVI Inc., and other companies.

Select a raw/hdr radio button and click Convert. You will be asked to select a folder. The current directory
will be your default folder. The conversion will generate two files (raw and hdr) in the specified directory.

£l Conversion - *

- Conversion complete. Your Raw/Hdr converted file is in the originallENVI

folder

Convert into an Excel Format

When this option is selected three other options will be offered: i) convert the entire datacube into Excel,
i) convert spectra from the selected regions into Excel, and iii) convert the current image into Excel.

Data Reduction Data Export

Conversion from IDCube format to other formats

OTFmFF - (O RawHDR d
@ DataCube

O Spectra

Olmage Save As...

Convert the Entire Datacube into the Excel format

Click Save As... and select the name of the file. Click Save. A pop-up message will warn that this operation
might take a long time.
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[ Excel conversion

Your entire datacube wil be converted to Excel. Each tab will correspond
to a specific channel. The entire process might take long time

*

A pop-up message box wi

1l inform when the conversion is complete.

B Export to Exce

ﬂ Successfully Exported to Excel format. .. File Location: 112 xdsx

s

The number of tabs is equivalent to the number of bands/channels. For example, Pavia has 103 channels.

112 - Bxcel

%
Calibri
D 2=

Clipboard

AL -

Insert  Page Layout

Paste
aste B I U- &

Formulas

Alignment &

Data Review View Mitro Pro Acrobat
— B¢ General ~ [ Conditional Formatting -
$ + % » [JFormatas Table~

0 o
i S0

- [Z7 Cell Styles -

Number Styles

F G H | J

Power Pivot

=N e
X Delete - [+ £~
o Share Upload
&5 Format - -
Cells Editing Box ~
=
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1875 1768 1840 1778 1741

1

2

3 1926 1807 1823 1758 1815
4 1726 1599 1659 1764 1831
5 1630 1427 1620 1855 1883
6 1942 1863 1915 2096 1907
7 1889 1554 2021 1919 2088
8

9 1796 2034 2199 2311 2180
10 1939 2067 2216 2176 2322
1 2039 2195 2200 2172 2425
12 1955 2156 2282 2221 2425

13 2018 2418 2372 2413 3019
14 2099 2090 2099 2406 2627
15 2064 2059 2260 2462 2302
16 2242 2114 2370 2191 1666

1663 1739 1844 1891 2134
1800 1825 2037 2058 2142
1924 2034 2083 2128 2247
1958 1964 2210 2245 2316
2051 2206 2287 2392 2340
2047 2326 2447 2643 2717
2223 2485 2505 2656 2780
2432 2662 2780 2579 2962
2461 2904 3614 4058 3913
2810 3654 4100 3854 3006
2691 3294 2895 2450 1443
2926 3018 2198 1273 918
3458 3361 2645 1891 1719
2125 1908 1587 2084 2435
1572 1743 1943 2427 2350
1751 2220 2421 2183 2404

2224 2317 2304 2367
2346 2263 2091 2032
2377 2342 2180 1971
2550 2363 2371 2324
2613 2462 2651 2782
2638 2577 2554 2767
2931 2700 2579 2533
3491 2631 2232 2297
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963 1303 2117 2308
1145 1784 2036 2338

2243 2173 2618 2939
2296 2425 2582 2474
2671 2513 2563 2060

Average: 2356.530776  Count 16864  Sum: 39740535

17 2318 2438 2518 2270 1667 1823 2115 2460 2547 2481 2614 2553 2101 2036
18 2142 2342 2343 2178 2182 2185 1957 2403 2581 2437 2546 2413 2180 1930
4 » Sheets Sheet26 Sheetd7 Sheets Sheet29 Sheet ... @ 4 3

B @ [ -

1 + 100%

Convert the Spectra into Excel format

This option is interactive. You can either select a single spectrum from the image by clicking somewhere
on the image or select a region of interest by drawing a rectangle. Click Save As... and select the name of
the file. Click Save.

Convert Mean Spectrum from the Area

Select Mean spectrum from the area and click Select Area. Point to a specific location or draw a rectangle
over the image and click Save As... Select a folder and enter the name of the file. Click Save. A pop-up
message box will inform you when the conversion is complete.
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Data Reduction Data Export

Conversion from IDCube format to other formats

(OTFmFF (CJRawHDR  (®) xis/xlsx 2]
(") DataCubé Specta

@ Mean spectrum from
(®) Specira _ Select Area |

O All spectra from area

O Image Save As.

Datacube Mathematics

O Single Channel ﬂ

Open the saved Excel file. Notice that the wavelength values are preserved in the first column.

File BGILEM Insert Page layout Formulas Data Review  View  Ni
S cu Calibri 1 AR T == - BWe
pacie. 1P BIU H-A- = = Ewm
- ~ Format Painter =l ” = = 5V
Clipboard ~ Font ~ Alignment
Al v fo 430
A B C D E F G
1 430  657.68
2 434 538.4173
2 438 452.6045
4 442 429.4036
5 446 439.0545
6 450 451.2091
7 454 450.3509
8 458 428.6709
9 462 415.0618
10 466 413.9818
11 470 416.2764
12 474 401.1855
13 478 390.8473
14 482 393.0709
15 486 399.6673
16 490  401.36
17 494 405.6
18 498  414.54
19 502 425.3745
20 506 438.3255
21 510 458.0073
22 514 490.9709

Sheet1 ®

Convert All Spectra from the Area

Select All Spectra from the Area and click Select Area. Draw a rectangle over the image and click Save
As... Select a folder and enter the name of the file. Click Save. When the conversion is complete a popup
message box will appear.

Open the saved Excel file. The left column represents bands/channels. Notice that the wavelength values
are preserved.
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Sheet1 [C] “

Convert the Currently Displayed Image into Excel Format

Click Save As... select the folder and enter the name of the file. Click Save. When the conversion is
complete a popup message box will appear.

Data Reduction Data Export
Conversion from IDCube format / Export

O TIFMIFF O Raw/HDR ® xls/ xlsx J
Image:

(O DataCube

C Spectra

®image Save As |

Open an Excel file. The rows and columns represent the spatial dimension of the saved image.

Page Layout  Formul ¢ Nitro Pro
S, 3 cut Calibri Ju AN == 9 Bweptet [General By [ &= Bx i 2y
T I e e o [
s U- - oA 2% EiMageacomar - § % 23 Condonl Formatas Cel | lnsn DatoFomat g i
Clipboard 3 Font 3 Algoment 6 Numbe  n siyles celis
AL ¥ Sfe | 554
A B c D E F G H 1 J K L % N o 3
1 ssa] 626 650 ss6 522 403 Se2 483 413 487 65 594 505 550 646
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4 52 s0s 570 588 518 395 514 01 554 718 S50 514 500 540 487
s s0s s 610 57 632  Se4 505 53 564 409 429 706 518 570 564
6 538 se2 423 648 564 526 518 522 371 518 558 489 656 528 606
7 sS4 a5 450 50 614 475 694 546 391 463 534 500 514 475 568
8 576 505 610 580  S52 514 654 522 622 463 538 598 568 554 692
9 618  se2 463 775 518  so1 592 552 463 405 590 405 614 491 459
10 604 445 335 564 560 450 505 556 588 463 642 S22 540 461 580
i 499 630 562 540 572 530 455 479 630 526 489 377 60 544 550
12 sa2 658 455 672 467  s05 710 518 483 471 457 497 518 626 700
13 Ss4 570 497 604 509 379 664 429 546 622 586 345 453 644 622
14 592 666 S5 644 500 534  s62 534 518 52 485 530 530 640 656
15 568 590 610 495 493 467 622 505 560 379 417 417 459 606 580
16 600 433 574 524 ss2 475 62 518 509 363 437 373 556 562 542
17 53 566 642 556 576 530 630 459 425 451 522 530 487 630 614
18 726 730 5% 712 624 548 634 592 634 514 630 505 576 536 626
19 505 425 702 369 594 509 600 447 660 568 G618  S62 544 540 514
20 se0 678 748 612 508 483 638 568 634 650 670 626 530 578 606
21 530 437 se2 672 640 475 441 447 604 696 598 389 548 570 610
22 606 489 443 724 459 538 672 606 572 600 546 566 536 582 622
Sheett [ @ <

Alternatives: Some of the functions can be also activated through the File — Export IDCube to other
formats.
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6.5. Datacube Mathematics Panel

Note: PAVIA dataset is used as the example

Features:

e Enables image algebra to be performed on the entire dataset.

e Enables broadband image analysis.

e Performs mathematics on the image offering more than 50 math functions.

e Saves the new datacube.
Steps (could be used in a different order):

1. Load the data using File — Open.

Y Position Y Dimension

Confirm area_| Apply Crop |

‘Spatial Binning Spectral Crop

Lower Limit
Upper Limit
Apply Clear ]

Apply Clear

Datacube Mathematics

() Single Channel

() Broadband

() Image Algebra
() Gustom Functions

Single Channel

Check the Single Channel radio button. This will activate a Single Channel in the CHANNEL
SELECTION panel. Alternatively, you can click the Single Channel radio button.

The user can select any single wavelength as well as the bandwidth. The image will be immediately updated

with the new image.

The slider automatically detects the highest and lowest band. If no wavelengths of other units are assigned,
the slider will follow the number of the detected bands starting from #1. You can also type the band

number/channel, etc. number.

Upper Limit

Spectra |

Channel: 606, Bandwidth: , Image quality: 21.29

(2} Hover Cursor Over Image

Intensity
=
o

Apply Clear Apply Clear
Datacube Mathematics
(O Broadband
(Oimage Aigebra
(O Custom Functions:
[ Getimaage [l Reset |
CHANNEL SELECTION
(®)Single Ch.) () Two-Cha.. () ThreeCh.. (JRGB 7|
1
[ ; =] SPECTRAL ANALYSIS
606
PR Iensity Scale
Min
Multi-Spectra Mode
Max
|_Cear [ Apoly |
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Broadband

Check the Broadband radio button. That will automatically select the Two-Channel option in the
CHANNEL SELECTION panel. The broadband will correspond to the wavelengths between wavelength
1 and wavelength 2, (i.e., from 442 to 698 nm) as shown below. Notice that bandwidths will be deactivated
when Broadband is selected.

Image Algebra

Check the Image Algebra radio button. That will activate a dropdown menu with preselected commonly
used algebra and logical functions. This selection will automatically activate the Two-Channel option in
the CHANNEL SELECTION panel.

Datacube Mathematics

None (Single Band)

_..Inverse Image (1/X) (Single Band)

_..Image Complement (Single Band)

...Log10 (Single Band)

...First Derivative (Single Band)

...Second Derivative (Single Band)

...Summation (Two Bands)

_..Subtraction (Two Bands)

...Simple Ratio (Two Bands)

...Normalized Ratio {(Two Bands)

_..\Weber Ratio (Two Bands)

...Log10(Ratic} (Two Bands)

__Multiplication (Two Bands)

...Log Multiplication (Two bands)

.Logical AND (Two Bands) I

...Logical OR (Two Bands)

...Logical XOR (Two Bands)

_..Absorbance from Transmision A = 2-Log10(T) (Single Band)

... Transmission from Absorbance %T = 10(2-A) (Single Band)]
e
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Table 1. Functions implemented in Image Algebra

Description

None (default)
Inverse image

Image complement
First derivative
Second derivative
Summation

Simple Ratio
Normalized Ratio
Weber Ratio
Logl0[Ratio]
Multiplication
Logl10[Multiplication]
Logical AND

Logical OR

Logical XOR
Absorbance from Transmission

Transmission from Absorbance

Number of bands

Single Band
Single Band
Single Band
Single Band
Single Band
Two Bands
Two Bands
Two Bands
Two Bands
Two Bands
Two Bands
Two Bands
Two Bands
Two Bands
Two Bands
Single Band
Single Band

Mathematical Expression or
function

wl

Iwl
imcomplement(wl)
gradient(wl)
gradient(gradient(wl))
wl + w2

wl./w2
(wl-w2)/(wl+w2)
(wl-w2)/w2
LoglOwl./w2)
wlxw2

LoglOwl +w2)
wl AND w2

wl OR w2

wl XOR w2
A=2-logl10(T)
%T=10"™2-4)

IMPORTANT: The changes induced by the functions implemented by Image Algebra are global
and applied to the entire datacube. These changes are passed to other functions, filters, toolboxes,
etc. but not passed to other Image Algebra functions. Since the changes are global use the Reset

button when you need to remove the effect of the function.

If you selected one function from the Image Algebra dropdown menu and then another, the previous
function will be canceled, the dataset will be reset to the original datacube and a second function will be

applied.

Pressing the Get Image button will have no additional effect.

If a Two Bands function is applied, the new datacube will use the first band (w/) as a variable and the

second band (w2) as a constant.

@] Converting the datacube ...

I
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A message box Converting the datacube will inform when the conversion is completed. To verify that the
conversion was successful, check Real-Time Spectrum from the SPECTRAL ANALYSIS panel.

v.2.77

The function is activated immediately after its selection from the Image Algebra dropdown menu. Clicking
Get Image will repeat this function.

You can save the new datacube via File — Save Data As... — Save in IDCube format (Ctrl+S) or Right
click on the image and select Save New Datacube in IDCube Format... and select a folder where a new
file will be stored. Alternatively, Right click on the IMAGE DISPLAY panel and select Save New
Datacube in IDCube Format... and select a folder where a new file will be stored.

Custom Functions

Select the Custom Functions radio button. This will automatically activate an interactive field where the
user can type an equation. After entering an equation, click the green Get Image button. The produced
image will be seen on the IMAGE DISPLAY panel. You can change the bands to visualize individual slices.

IMPORTANT: The changes induced by the functions implemented in Custom Functions are not
global and do not apply to the entire datacube. These changes are not passed to filters, toolboxes, etc.
The changes are only temporally and therefore other commands will remove the effect of the custom
function. To store the entire datacube affected by the custom function, Right click on the image and
select Save New Datacube in IDCube Format... and select a folder where a new file will be stored.

B

Copy Image With Annotations

Copy Image

Save Image As...

Save Image With Annotations As...

Save As a Label File...

Save ROI-Average Spectrum in ECOSTRESS Format...

Save New Datacube in IDCube Format...

EJ Select Destination Folder X

1 « ExampleHSIData > SingleFileFormat > Pavia > v O £ Search Pavia

Organize ©  New folder =- @

Name Status Date
3 Quick access

= Envi @R 7172

% Documents

¥ Downloads

&=/ Pictures v < >

Folder: |

Select Folder Cancel

Format and Notation
Type an equation using the following format:
Examples: wl +w2
sin(wl+w?2)
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sin(wl./w2)
sin(wl.*w2) (use dots for divisions and multiplications)

Up to three selected channels are supported. Use wl, w2, or w3 and their combinations. Combine any of
the functions with other functions:

Examples: log(sin(sqrt(wl.*w2)))
fishifi(erf(cos(wl)))
The list of equations and functions supported by IDCube is given in Appendix 1.
6.6. Interactive Band/Channel Selection Panel

Note: Plastic and Coin dataset (cropped) is used as an example.

The panel consists of several functional units: Single channel visualization, Two - channel visualization,
Three - channel visualization, Bandwidths, and Constant Saturation.

O Custom Functions

| Get Image_

(®)singech ( )Two-Cha  ( )ThreeCch . ()RGB 7|
Band/Channel 1
5 i ] SPECTRAL AN
478

Bandwidth Intensity Scale

Min
Ch1 Multi-Spect!

Max

_ Spectra et

Single Channel Visualization

Features:

Use this option to visualize the image at any single band/channel. The resulting image will be
monochromatic.
Steps:

1. Open a file. The default view is monochromatic using a randomly selected single channel. Both
DATACUBE MATHEMATICS and CHANNEL SELECTION panels will show Single Channel
radio button clicked.

2. Change the values of Bands/Channels 1 by either entering values in the boxes or using sliders.
The main image will be automatically updated. The input values along with other information will
be added to the caption under the main image.

60



v.2.77

Datacube Mathematics

]
L
I Clear I Apply I Clear I Apply

3. The values for each pixel can be visualized by clicking a Data Tips icon on the Strip Toolbar and
pointing to the pixel of interest. Data Tip shows the coordinate, the intensity of the pixel (index),
and the assigned color using the RGB notation (normalized to 0-1).

7000

[X.Y] [162 28] 6000

Index 2770

[R.G,B] [0.0117647 1 0.984314]
o

Channel: 1493, i , Image quality: 38.83

(Optional). You can increase the number of bands assigned to each channel by entering values in the
BANDWIDTHS panel.

(Optional). You can fine-tune the image by adjusting histograms in the HISTOGRAM panel.

Pressing the Reset button will return the image to the original unprocessed state in the monochromatic
mode.

Notes:

Large datasets might cause a delay in updating the slider value and the image. Click the green Get Image
button to ensure the effect.

The sliders work well for a relatively large number of bands that are uniformly distributed. For a small
number of bands (10 or less, i.e., in multispectral imaging) adding the values manually might be necessary.

Two-Channel Visualization

Note: Plastic and Coin dataset (cropped) is used as an example.
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Features: Use this option to visualize the image of any combinations of two bands/channels and the
corresponding mathematics using preset Image Algebra functions. The resulting image will be
monochromatic.

v.2.77

Steps:

1. Open a file. The default view is monochromatic using a randomly selected single channel. Select
Two-Channel from the CHANNEL SELECTION panels. DATACUBE MATHEMATICS panel
should automatically select the Image Algebra radio button. Alternatively, you can select the
Image Algebra radio button first.

2. Apply any mathematics available from the Image Algebra dropdown menu in the Datacube
Mathematics.

Preset functions

Datacube Mathematics
O Single Channel

O Broadband

@® Image Algebra None (Single Band) ~

O Custom Functions

Get Image

Bandwidth

None (Single Band)
__Inverse Image (1/X) (Single Band)
_.Image Complement (Single Band)
_.Log10 (Single Band)
...First Derivative (Single Band)
CHANMNEL SELECTION ...Second Derivative (Single Band)
O Single Cha... ® Two- ...Summation (Two Bands)
...Subtraction (Two Bands)
Band/Channel 1 _..Simple Ratio (Two Bands)
o[ Normalized Ratio (Two Bands)
_..Weber Ratio (Two Bands)
_..Log10(Ratio) (Two Bands)
_..Multiplication (Tweo Bands)
...Log10(Multiplication) (Two Bands)
...Logical AND (Two Bands)
Ch 1 ...Logical OR (Two Bands)

Ch2

...Logical XOR (Two Bands)
WigK

| Clear [ Aoplv | Clear | Apply

Number of channels

Description

None 1 No math is applied
Inverse image 1 Iwl

Image complement 1 imcomplement (wl)
Logl0 1 LoglOmwl)

First derivative 1 diff wl)

Second derivatives 1 diff (diff wl))
Summation 2 wl + w2
Subtraction 2 wl - w2

Simple Ratio 2 wl /w2
Normalized Ratio 2 wl -w2)/(wl +w2)
Weber ratio 2 wl -w2)/w2
Logl0(Ratio) 2 Logl0 (wl /w2)
Multiplication 2 wil x w2
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Preset functions Number of channels  Description
Log10(Multiplication) 2 Logl0 wl xw2)
Logical AND 2 wl AND w2
Logical OR 2 wl OR w2
Logical XOR 2 wil XOR w2

3. Change the values of Bands/Channels 1 and Bands/Channels 2 by either entering values in the
boxes or using sliders. The main image will be automatically updated. The input values along with
other information will be added to the caption under the main image.

CHANNEL SELECTION

O Single Cha . ® Two-Chan_. OThree-Cha. ORGB 7|

Datacube Mathematics

O Single Channel ﬂ Band/Channel 1
+ JI |
O Broadband 431
@® Image Algebra Summation % Band/Channel 2
-4
() Custom Functions 776
Bandwidth Intensity Scale
Ch1 Min
Ch2 Max

| Clear B Applv | Clear I Applv

4. The values for each pixel can be visualized by clicking a Data Tips icon on the Strip Toolbar and
pointing to the pixel of interest. Data Tip shows the coordinate, the intensity of the pixel (index),
and the assigned color using the RGB notation (normalized to 0 -1).

14000

12000
[X,Y] [154 85]

M Index 11272
[R.G,B] [1 0.639216 0] 10000

8000
6000
4000

2000

Summation: Image 1493 + Image 1160; Image quality: 35.10

Pressing the Reset button will return the image to the original unprocessed state in a monochromatic mode.

You can increase the number of bands assigned to each channel by entering values in the BANDWIDTH
panel. You can fine-tune the image by adjusting histograms in the HISTOGRAM panel or changing the
range of the intensities by entering numbers in the Intensity Scale.
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Histogram RGB histograms

1000 75— ' : : , Inten.smy Scale
Min
500} ] Max

| Clear [ Apply |

8 10 12 14 16 18
Rin= Nimher Min: 7.418
500 Max: 17.931

Transfer Min-Max to Intensity Scale | ﬂ

Large datasets might cause a delay in updating the slider value and the image. Click the green Get Image
button to ensure the effect. The sliders work well for a relatively large number of bands that are uniformly
distributed. For a small number of bands (10 or less, i.c., in multispectral imaging) adding the values
manually may be necessary.

Three-Channel Visualization (Custom Functions)
Note: Plastic and Coin dataset (cropped) is used as an example.

Features: Use this option to visualize the image of any combinations of one, two, or three bands/channels
using many preset Custom Functions. The functions should be typed into the interactive field. The resulting
image will be monochromatic.

Steps:

1. Open a file. The default view is monochromatic using a randomly selected single channel. Select
Three-Channel from the CHANNEL SELECTION panel. DATACUBE MATHEMATICS panel
should automatically select the Custom Functions radio button and activate an interactive field for
entering an equation.

2. Type a valid equation using an appropriate notation from the list of functions or their combinations
from the list of available functions. You can use one, two, or three bands denoted as wl
(Band/Channel 1), w2 (Band/Channel 2), and w3 (Band/Channel 3).

Datacube Mathematics

O Single Channel (7]
O Broadband
O Image Algebra

@ Custom Functions wl+w2+w3

64



v.2.77

Datacube Mathematics

O Single 7] ( ) single Ch... ( )Two-Cha.. (®)ThreeCh.} ( JRGB 7|
Band/Channel 1 Bandwidth
() Broadband — - et L |
(_)Image Algebra 971 | ch2
(®) Custom Functions log(w1."w2-w3) ‘ Band/Channel 2 .%“@g“:m
| | D
1544 | Intensity Scale
Min
Band/Channel 3
m . Max |
1619 | Clear |

[X,Y] [183 38]
Index 16.3377 17
[R,G,B] [10.0901961 0]

J

(w1=1493 ,w2=1160 ,w3=1619 )

1. Change the values in Bands/Channels 1 - 3 by either entering a value in the box or using sliders. The
main image will be automatically updated. The input values along with other information will be added
to the caption under the main image.

2. The values for each pixel on the Image can be visualized by clicking a Data Tips icon on the Strip
Toolbar and pointing to the pixel of interest. Data Tips show the coordinate, the intensity of the pixel
(index), and the assigned color using the RGB notation (normalized to 0 - 1).

3. (Optional). You can increase the number of bands assigned to each channel by entering values in the
BANDWIDTHS panel.

4. (Optional). You can fine-tune the image by adjusting a histogram in the HISTOGRAM panel or
changing the range of the intensities by entering numbers in the INTENSITY SCALE panel.

Saving: Custom Function only changes the current image and does not generate a new datacube like
some other functions. IDCube Pro enables the user to save the entire datacube after the results of the
custom function. If more than one variable (wl, w2, w3) is selected, only w/ will be used as a spectral
variable. Other variables such as w2 and w3 will be used as constants. The image below shows the
effect of the fft function (Fourier transform) on the image.

5. To save the datacube, Right click on the Image Display and select Save New Dataset in IDCube
format. You can then open the new datacube through the File — Open Dataset in IDCube format
(Ctrl+0).
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Pressing the Reset button will return the image to the original unprocessed state in the monochromatic
mode. The RGB channel values will be remembered.

Notes:

Large datasets might cause a delay in updating the slider value and the image. Click the green Get Image
button to ensure the effect.

The sliders work well for a relatively large number of bands that are uniformly distributed. For a small
number of bands (10 or less, i.e., in multispectral imaging) adding the values manually might be necessary.

You can increase the number of bands assigned to each channel by entering values in the BANDWIDTHS
panel. You can adjust the Contrast Saturation of the image by entering the number from 0 (default) to 49.
You can fine-tune the image by adjusting histograms in the RGB HISTOGRAM panel.

Additional Information:

For the list of Functions and Expressions that can be used in IDCubePro® see section Appendix 1.

Visualization with Pseudo RGB
Note: Plastic and Coin dataset (cropped) is used as an example.
Features:

Use this option to visualize the image at any three different bands/channels as a pseudo-RGB image. In this
mode, you can assign any band.

This feature is mostly for visualization and can work with other visualization functions (histogram, contrast
saturation, cropping, etc.).

1. Open a file. The default view is monochromatic using a randomly selected single channel.

Steps:
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2. In the CHANNEL SELECTION panel selects RGB mode. IDCube automatically and randomly
assigns values to all three channels.

v.2.77

( J)single Ch... ( ) Two-Cha...

| Clear | Apply

Each Band/Channel is assigned to a specific true color.

Band/Channel Color
#1 red
#2 green
#3 blue

3. Change the values of Bands/Channels by either entering values in the boxes or using sliders. The
main image will be automatically updated. The input values along with other information will be
added to the caption under the main image.

Data Reduction Data Bxport

The RGB values for each pixel can be visualized by clicking a Data Tips icon on the Strip Toolbar and
pointing to the pixel of interest. The scale of the colors using a standardized 0 to 255 scale normalized
between 0 and 1.
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~2=1390, w3=1626], Bandwidths (bw1=bw2=bw3=)2, = {" & E {;} ality:2

[X,Y] [187 39]
[R,G,B] [0.821242 0.802031 0.624152]

You can increase the number of bands assigned to each channel by entering values in the BANDWIDTHS
panel.

You can adjust the Contrast Saturation of the image by entering the number from 0 (default) to 49. You
can fine-tune the image by adjusting histograms in the RGB HISTOGRAM panel.

Pressing the Reset button will return the image to the original unprocessed state in the monochromatic
mode but will remember the values for the RGB channels.

Additional Information:

Large datasets might cause a delay in updating the slider value and the image. Click the green Get Image
button to ensure the effect.

The sliders work well for a relatively large number of bands that are uniformly distributed. For a small
number of bands (10 or less, i.e., in multispectral imaging) adding the values manually might be necessary.

Bandwidths
Note: Plastic and Coin dataset is used as an example. Example is given for the RGB mode.
Features:

Use this option to broaden the band as shown below and treat the resulting group as a single band. For
example, in the RGB mode, you can include additional bands on every color channel.

This function can be used with any Channel Selection: Single Channel, Two-Channel, Three-Channel,
or RGB.

This feature is for visualization only and can work with visualization functions (histogram, colormaps, etc).
The entered bandwidths do not pass to other functions that treat input as single bands.
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No bandwidths selected I
Bandwidths selected
Steps:
1. Load the file.
2. Select the bands of interest in Band/Channels. Those are the center bands.
3. Go to the BANDWIDTH panel and add values to Ch1 through Ch 3. The bandwidth indicates how
many bands/channels will be combined to generate the image.
4. Click Apply and observe the image. The information about the bandwidths can be seen in the

caption under the image.
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‘Spatial Crop Interactive

Interactive Crop |
Spatil Crop by Coordinates
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X Position X Dimension
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Confirm area.
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Y Dimension
Cro
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Additional Information:

The current version of the software sums the signal from several bands grouped into one band.

Contrast Saturation
Note: PAVIA dataset is used as an example.

Features:

Enables the user to adjust the image visualization by changing the contrast saturation. Contrast saturation
is preserved for any further changes activated from Main Interface but is not transferred to Toolboxes.

Only available for the RGB mode. The original data are not affected.

Steps:
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1. Load the image file and select RGB from the CHANNEL SELECTION panel:

v.2.77

Reset
) ThreeCh_ (@RGB 7]
Bandwidth RGB [w1=947 w2=1390, w3=1626],_Bandwidths (bw1
il cht 5 SPECTRAL ANALYSIS
Ch2 (7
Ch3 [~ RealTime Spectum |
i — Apply_
Contrast Saturation % Multi-Spectra Mode
= g _ Spectra Vathematics |

2. Put a value in Contrast Saturation % between 0 and 49.9 (default 0). A higher level of contrast
saturation will make the image with higher contrast and often darker. To remove the contrast
saturation, put a zero in the Contrast Saturation field.

Contrast Saturation Contrast Saturation Contrast Saturation Contrast Saturation

= 0 (Original) =10 =20

Additional Information:

The algorithm maps the values in true-color image RGB to new values by saturating the bottom N% and

the top N% of all pixel values, where N is the value inputted into the textbox. The same mapping is applied
to each channel.
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6.7. Histogram Image Adjustment Panel
Note: PAVIA dataset is used as an example.
Features:

Enables the user to optimize the view of the image using an interactive HISTOGRAM panel. Works in
both, monochromatic mode and an RGB mode.

Monochromatic mode

1. Select the Monochromatic tab in the HISTOGRAM panel. To adjust the image, move either a
magenta (minimum) or cyan (maximum) boundary line. The changes can be seen in the Min and
Max fields located under the histogram.

a. The Bins number enables the user to change the number of the histogram bins. The default
level is 500, this quantity depends on the spatial size of the image, and smaller files might need
a lower number of bins.

g Windows Help £

LN XN IHHIT AT YT Y i)

7| Sparch Dacurnent sl £
BOOO Histogram RGA histogeams
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7000
100d
&soac K
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a 2000 4000 B0a0 8000

Fire brnher Min: i
i M 3099.3208
- 4p00 Transar Min-Max bo Intenshy Scale 7]

Histegram Modified Image Frame by ]+

- 3000 7]

2000

ood | Vierw o IMAISE DESPLAY

DIRECTORY INFORMATION
|<;-W=u:-'x:mm1 mak ~ |

Channel: 442, Bandwidlh: , Image quality: 32 36

The changes in the images will be immediately visualized:

a. Inthe HISTOGRAM MODIFIED IMAGE panel located below the HISTOGRAM PANEL
(default).

b. Inthe IMAGE DISPLAY panel if the View on Image Display checkbox is checked.

|:| View on IMAGE DISFLAY
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You can also expand the image by clicking on it.
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Note: After adjustment the histogram you can save the entire dataset as a new file. Select File — Save
Histogram-Modified Dataset and select a destination folder. By default, the current folder will be opened.
You can create a different folder. Press Select Folder. For details see Save Histogram-Modified Dataset

section).

RGB mode

Select the RGB histogram tab in the HISTOGRAM panel or select RGB in the CHANNEL SELECTION
panel. To adjust the image, move either a white (minimum) or orange (maximum) boundary line in each of
the channels (Red, Green, or Blue). The scale of the channels is between 0 and 1.

7]

Search Dooarmontal o
Hestogram BGB histegrarns

u vazus
5001 |
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224381 1 ?

Higtogram Madified Irmage Frame by o]

Hesingram Maihad image| Edl

1. The changes in the images will be immediately visualized:

a. Inthe HISTOGRAM MODIFIED IMAGE panel located below the HISTOGRAM PANEL

(default).

b. Inthe IMAGE DISPLAY panel if the View on Image Display checkbox is checked.

2. You can also expand the image by clicking on the image.
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6.8. Image Enhancement Panel

The main feature of the panel is to improve the visualization of the 2D representation of the datacube. This
is performed using an image histogram.

An image histogram is a gray-scale value distribution showing the frequency of occurrence of each gray-
level value. Modification of image histograms is commonly used in image enhancement procedures.

IDCube calculates the histogram for both the grayscale image and the RGB-type image. The number of
bins in the histogram can be changed (default = 500) and is determined by the image type and size. Larger
images might require a larger number of bins. IDCubePro® enables the user to control the number of bins.

IDCube also enables the user to modify the image by controlling the boundaries of the histogram. In the
unprocessed image, all pixels have an intensity and are presented in the histogram. Moving boundaries in
the HISTOGRAM panel allow you to remove some of the pixels with abnormally high or low intensities.
These pixels are eliminated from the image. The boundaries can be controlled interactively by grabbing
and moving the boundaries or by entering the values in the appropriate fields.

HISTOGRAM panel for monochromatic images:
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Monochromatic Histogram

Note: Plastic and Coin dataset is used as an example.

Features:

Enables adjustment of the monochromatic images via interactive histogram manipulation. The changes in
the image are first observed in the HISTOGRAM MODIFIED IMAGE panel.

In the case of monochromatic images, you can set the range of intensities for all frames in the dataset.
Steps:
1. Open a file. The histogram will be generated automatically.

2. Select the 1% tab in the HISTOGRAM panel. To adjust the image, move either red (minimum) or
green (maximum) boundaries. The changes can be seen in the Min and Max fields located under
the histogram. The Bins Number enables the user to change the number of the histogram bins,
default 500. This quantity depends on the spatial size of the image, and smaller files might need a
lower number of bins.

Histogram RGB histograms

1000

500

0
0 5000 10000 15000
Bins Number Min: 92
500 Max | 13116.557
| B
[ Min-Max to Intensity Scale |] 2]

Histogram Modified Image Frame-by... Ll
£E5080a G =

—

\iew on IMAGE DISPLAY:

The changes in the images can be visualized in two windows:

e In the HISTOGRAM MODIFIED IMAGE panel located below the HISTOGRAM PANEL
(default).

e In the main IMAGE DISPLAY panel, if the View on Image Display checkbox is checked.
The changes induced by the monochromatic histogram can be applied globally to the entire dataset.

3. For that click Transfer Min-Max to Intensity scale. The INTENSITY SCALE panel located on
the bottom left will display the new values.

4. Click Apply. You will see that the colorbar on the IMAGE DISPLAY panel will reflect the new
boundaries. Click Clear to remove values and clear the fields.
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RGB Histograms
Note: PAVIA dataset is used as an example.

Features: Enables adjustment of RGB images via manipulation of the interactive histogram.

The changes in the image are first observed in the HISTOGRAM MODIFIED IMAGE panel. The changes
are only applied to the shown image. Changes in the wavelengths will bring the histogram's min and max
values back to the default values.

Steps:

Select the RGB histograms tab in the HISTOGRAM panel. To adjust the image, move white (minimum)
or orange (maximum) boundaries on any of the three-histogram panels corresponding to three color
channels (Red, Green, and Blue). The default scale for each color histogram is from 0 to 1.

Move the boundaries to change the values. In contrast to the monochromatic images, the Bins number is
fixed at 500.

The changes in the images can be visualized in two panels:
e In the HISTOGRAM MODIFIED IMAGE panel located below the HISTOGRAM panel (default).

e In the main IMAGE DISPLAY panel by clicking the textbox View on Image Display to change
the visualization panel.

Click Reset to change the histograms and entire image back to the default level.
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6.9. Spectral Analysis Panel

Note: PAVIA dataset is used as an example.

Features:

1. Interactively presents spectra at individual pixels.

2. Shows spectra from the selected region of interest (with or without standard deviation).

3. Calculates interactions between the selected spectra that are related to a specific region of interest.
4. Performs mathematics over the spectra (log, derivatives, etc).

5. Saves selected spectra as images, in Excel, or ECOSTRSESS format.

Steps: (could be used in random order)

The spectral analysis toolbox is located at the bottom of the Main Interface.

SPECTRAL ANALYSIS

4000f

Intensity
@
(=]
8
o

Mutti-Spectra Mode
Spectra Mathematics Al

400 450 500 550 600 650 700 750 800 850 —

Real-Time Spectrum: In the SPECTRAL ANALYSIS panel click Real-Time Spectrum and place the
cursor on the image. The spectrum will be generated with its maximum marked with a red circle. The

position of the cursor, maximum intensity value, and the total number of channels will be shown above the
graph.

Multi-Spectra Mode enables the selection of several regions of interest to visualize their spectra. The

default presentation is the standard deviation spectrum. The function enables several spectra to be
visualized.

To visualize spectra in a different mode, Right Click and select one of the options:
e Standard deviation spectrum (default)

e Mean spectrum
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Spectral Mathematics: This mode enables both single-spectrum math as well as a spectral comparison
between the selected region of interest and the entire dataset. Click the Spectra Mathematics button. A
new panel with the available options will appear. Select the method from the drop-down menu. Available
options are listed in the table:

Group Mathematical function

Information Length of the spectrum (default)

Normalization of one or two spectra

Spectral algebra Subtraction of two spectra
Simple Ratio between two spectra
Logl0
Derivatives of spectra
First Derivative

Second Derivative

Fourier transform of spectra Low pass Fourier transform filtering

High pass Fourier transform filtering

Spectral Correlation between two regions of interest Spectral Correlation value
Spectral Divergence value

Spectral Angle Value

Spectral Correlation between the selected region of Spectral Correlation Map
interest and the rest of the image (correlation maps)

Spectral Divergence Map

Spectral Angle Map
Spectra smoothing Savitzky — Golay smoothing
Background removal Continuum Hull Removal

Polynomial Baseline Removal
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SREHILAES ~  Display 5td Spectra (default)
Length of spectru Display Mean Spectra

Real-Time Spectrum Display Mean and Std spectra

z Copy Spectra Image
Multi-Spectra Mode ié Save Spectra Image as...

- Save Std Spectra in Excel...

500 | | I I I I | I Save Mean Spectra in Excel...
e 0 0 >0 gi'im,cr‘a::g‘ 0 0 e 0 Clear ROl/Spectra Save Spectrum in ECOSTRESS Format...

Press the Select 1% spectrum button and draw a region of interest.
Whenever applicable, press the Select 2" spectrum button and draw another region of interest.

Click Generate to visualize the results. Note: if Correlation Maps are selected, a new interactive pop-up
window will appear.

Saving options. The software enables several methods for saving data. Available options include:

1. Right-click the mouse on the area outside of the spectra. The options enable the user to save all
spectra as images, in Excel and ECOSTRESS format (see below).

a. Click Copy Spectra Image to generate an image that can be pasted elsewhere. (NOTE:
this option does not include legends).

b. Click Save Spectra Image as... to save an image as a png, jpeg, or tiff format. (NOTE:
this option does not include legends).

c. Click Save Std spectra in Excel... to save standard deviation spectra derived from a region
of interest.

d. Click Save Mean Spectra in Excel... to save mean spectra from the spectra derived from
a region of interest.

2. Hover over the spectral window to activate a small toolbar and point to the Save icon. When
pointed, the icon further splits into the following icons (options):

a. Save As...
b. Copy as Image
c. Copy as Vector Graphic

7

3. Saving spectra in Excel format using a brush. Click the Brush icon in the Main Toolbar or
hover over the spectral window to activate a small toolbar and point to the Brush icon. When
clicked, the Brush icon will turn blue.

E

Intensity
=
2
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T

500 | I I I I I I I
400 450 500 550 800 650 700 750 80D 850

Band/Channel
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Brush the entire or part of the spectra on the graph and Right click. Select Copy Data to Clipboard or
activate a pop-up by clicking Export brushed... and the Identify Brushed Data table comes up. The
lowest row in the Table corresponds to the first spectrum, the second from the bottom to the second
spectrum and so on. Select the row and the spectrum and the legends will became thicker indicating the
spectrum you selected. Click OK and paste the numbers into Excel or other text file. If you need to select
another spectrum, you will have to repeat the process: right-click on the spectra, select Copy Data to
Clipboard and select another row. At the end, click the Brush button from the small toolbar to deactivate
it.

v.2.77

Spectra of the selected points or area

Replace with

Color... ectrum

Remove Brushed bectrum

Remove Unbrushed

Export Brushed..
Spectra Mathematics

4] Identify Brushed Data - O x

Number of Brushed Points
412

[ 412 i

5. Flip spectral axes

The direction of the axes in the spectral windows can be reversed. The default direction is from low to high

values. Pressing ‘flip’ buttons -I reverse the directions of axes. Blue color of the flip icon -
indicate ‘reverse’ direction as shown in the spectral images below. The spectral view can be returned to the
original by pressing the buttons again.

Y axes is reversed Xand Y axes are reversed

Spectra of the selecled points or area P Spectra of the selected points or area
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NOTE: Many functions on the software will stop responding if one of the icons from the Strip Toolbar is
activated (blue-colored) except the flip functions. Before you go to the next task, please make sure activated
(blue) icons are turned off.

Saving in the ECOSTRESS format. The ECOSTRESS spectral library is a compilation of over 3,400
spectra of mnatural and manmade materials. These libraries were developed as part of
the ASTER and ECOSTRESS projects. IDCubePro® supports the format of the library and allows spectra
to be saved in the standard ECOSTRESS format that can be used in the Spectral Matching Toolbox. A new
pop-up ECOSTRESS Format Parameters will offer an ECOSTRESS META INFO form to be filled.
Submitting any information is optional. This information will be used as a header. Feel free to add the
information or leave the fields blank.

] ECOSTRESS Format Parameters — m] X

ECOSTRESS meta info
Name:

g remate sensing

Class:
= nia

Particle

slze: n/a

Description:

Band units: nanometers

Date:

Additional
info:

Save File

Click Save File and select the folder to store the spectrum.

IMPORTANT: the name of the file must be followed a specific format: yourname spectrum.txt
(i.e., pavia_spectrum.txt) where spectrum.txt is mandatory and cannot be changed.

[l Ecostress — *

In the following stap, append the name of the file with the word
"spectrum” at the end. Exampla: "yourname_spectrum®

Notes: Some of the advanced spectral functions are also available from other toolboxes.

References:
ECOSTRESS library downloads: https://speclib.jpl.nasa.gov/;
ECOSTRESS Library MATLAB format:
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https://www.mathworks.com/help/images/ref/readecostresssig.html

Length of Spectrum
Note: PAVIA dataset is used as an example.
Features:

Provides information about the length of the z-dimension. For most of the datacubes, this information is
independent of the regions of interest (ROI), but ROl is still required to operate the function.

Steps:

1. Click Spectra Mathematics.

2. Select the ROI on the image using a mouse.

3. Select Length of Spectrum from the dropdown menu.
4. Click Select 1°* Spectrum.
5

Click Generate. The information will be given in the spectral plot window.

RGB [w1=506, w2=574, w3=598], Bandwidths (bw1=,bw2=bw3=), Contrast=0%, Quality:22.71
SPECTRAL ANALYSIS

2 | -
.
Real-Time Spectrum
= Length of the spectrum = 31 ‘
M- Spectra Mode §31
E
| Specira Mathematics | 30 [ Generate
460 480 500 520 540 560 580 60C

Bandifhannnl

Normalization of Spectra to [0 1]
Note: PAVIA dataset is used as an example.
Features: Normalizes up to two spectra from two corresponding regions of interest.
Steps:
1. Click Spectra Mathematics.
2. Select Normalization from the dropdown menu.

3. Click Select 1** Spectrum and draw a region of interest. The spectrum should appear in the
SPECTRAL ANALYSIS panel.

4. Click Select 2" Spectrum and draw a region of interest. The second spectrum should appear in
the SPECTRAL ANALYSIS panel.
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‘Spécira of e selecied parils of srde

5. Click Generate. Both spectra will be normalized to [0, 1].

Spacirs of e selecled points or ares

Simple Ratio of Two Spectra
Note: PAVIA dataset is used as an example.
Features: Divides two spectra from two corresponding regions of interest.
Steps:
1. Click Spectra Mathematics.
2. Select Simple Ratio from the dropdown menu.

3. Click Select 1** Spectrum and draw a region of interest. The spectrum should appear in the
SPECTRAL ANALYSIS panel.

4. Click Select 2" Spectrum and draw a region of interest. The second spectrum should appear in
the SPECTRAL ANALYSIS panel.

Speciro of the selecled poals or ares

5. Click Generate. The resulting spectrum will be a result = S1/S2.
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Spactra of the selecied points or aea

Log10 of Spectra
Note: PAVIA dataset is used as an example.
Features: Calculates the Log10 of a spectrum.
Steps:

1. Click Spectra Mathematics.

2. Select Log10 from the dropdown menu.

3. Click Select 1** Spectrum and draw a region of interest. The spectrum should appear in the
SPECTRAL ANALYSIS panel.

Spectra of e selectio points or ares

4. Click Generate. The resulting spectrum will be a result = log10(S1).

Spectra of Nie selpcked poinis of are

First Derivative
Note: PAVIA dataset is used as an example.
Features: Generates the first derivative of the spectra.

The first derivative of the spectrum from the region of interest is performed in two steps. First, the function
averages the spectra from the region of interest. Second, the algorithm performs derivation of the spectrum,
converting the mean spectrum into its corresponding first derivative spectrum.
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Steps:
1. Load the file. Select Spectra Mathematics and select First Derivative.

2. Press Select 1% spectrum. Draw a region of interest. A spectrum corresponding to the average
spectrum of the selected region will appear in the SPECTRAL ANALYSIS panel.

Specira of tha sslsctsd points or arsa

3. Press Generate and observe a new spectrum.

200

100

TENSITy
o

-100
400 450 500 550 600 650 700 750 800 850

Band/Channel

Note: You can save the spectra using the brushing mode available from the Strip Toolbar.
Alternative:

You can also execute the first derivative of the entire dataset selecting the First Derivative from Image
Algebra available from the DATACUBE MATHEMATICS panel.

Datacube Mathematics

None (Single Band)
__Inverse Image (1/X) (Single Band)
...Image Complement {Single Band)

...Summation (Two Bands)
{ - Subtraction (Two Bands)
...Simple Ratio (Two Bands)

...Normalized Ratio (Two Bands)
_Weber Ratio (Two Bands)
...Log10{Ratio) (Two Bands)

Additional Information:
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A first-order derivative is the rate of change of intensity with respect to the band/channel number. A first-
order derivative starts and finishes at zero. It also passes through zero at the same wavelength as the max
of the band. Either side of this point is positive and negative bands with maximum and minimum at the
same wavelengths as the inflection points in the band. This bipolar function is characteristic of all odd-
order derivatives.

v.2.77

Second Derivative
Note: PAVIA dataset is used as an example
Features:

e Generate the second derivative of the spectra.

e Second derivative spectroscopy is a technique that enhances the separation of overlapping peaks.
The second derivative measures the instantaneous rate of change of the first derivative. The sign of
the second derivative tells us whether the slope of the tangent line is increasing or decreasing.

1. Load the file. Select Spectra Mathematics and sclect Second Derivative from the dropdown
menu.

2. Click Select 1% spectrum. Draw a region of interest. A spectrum corresponding to the average
spectrum of the selected region will appear in the SPECTRAL ANALYSIS panel.

SPECTRAL AMALYSE

Real-Time Spectrum

Muiti-Spectra Made

&0 &0 0 750 e00 L
Band Charae!

3. Press Generate and observe a new spectrum.

50F

Intensity
(=]

| Second Derivative of S1 |
_50 I I I I
400 450 500 550 600 650 700 750 800 850

Tip: You can save the spectra using the brushing mode available from the Strip Toolbar.

Note: You can also execute the second derivative of the entire dataset by selecting Second Derivative from
Image Algebra available from the DATACUBE MATHEMATICS panel.
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Datacube Mathematics

O Single Channel j

O Broadband

® Image Algebra None (Single Band) M
Mone (Single Band)

O Custom Functions __Inverse Image (1/X) (Single Band)

...Image Complement (Single Band)
...Log10 (Single Band)

_..First Derivative (Single Band)
_..Second Derivative (Single Band)
CHANMNEL SELECTION _..Summation {Two Bands)

O Single Cha... ® Two- _..Subtraction (Two Bands)
_..Simple Ratio (Two Bands)
Band/Channel 1 ...Normalized Ratio (Two Bands)
Weher Ratio (Twa Bands)

Low Pass Fourier Transform Spectral Analysis

Note: PAVIA dataset is used as an example. Can be used in conjunction with Filtering and Enhancement
Tab — Low Pass FFT Filter.

Features: Performs FFT of the spectrum and removes high-frequency data.

The Low Pass FFT of the spectrum from the region of interest is performed in several steps automatically
after several inputs from the user. First, the function averages the spectra from the region of interest. Second,
the algorithm performs a Fourier transform of the spectrum, converting the mean spectrum into its
corresponding frequency domain spectrum. Third, the algorithm executes a low pass filter with a specified
user cut-off frequency. In the final step, the inverted Fourier transform algorithm is performed to generate
a new dataset with only low frequencies remaining.

Steps:

1. Optimize and visualize the performance of FFT on an individual spectrum from the selected region
of interest using Fourier Transform.

a. Load the file.
b. Select Spectra Mathematics.
c. Select Low Pass Fourier Transform.

2. Click Select 1** Spectrum and draw a region of interest. A spectrum corresponding to the region
will appear in the SPECTRAL ANALYSIS window.
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Length of spectrum
Normalization
Subtraction

Simple Ratio
Log10

First Derivative
Second Derivative

High Pass Fourier Transform
Spectral Correlation

Spectral Divergence
Spectral Angle

Spectral Correlation Map
Spectral Divergence Map
Spectral Angle Map
Savitzky-Golay smoothing

Length of spectru... v
Real-Time Spectrum
Spectra Mathematics Generate

| Clea

3. Press Generate and enter a Cutoff value number in the pop-up dialog. The number reflects the %
of Nyquist frequency in the range between 0 and 1.

Bl Low frequency FFT filter parameters — O X

Low pass frequency cutoff, range 0.01 to 1

Visualize spectra Apply to Image

4. Press Visualize Spectra.

Observe a new window that shows the following spectra: the original spectrum, FFT transformed spectrum,
and a reconstructed spectrum as shown in the figure below. From top to bottom: i) original spectrum, ii)
frequency domain spectrum, with red dots showing the frequencies that are preserved for subsequent
inverse Fourier transform, iii) the spectrum after the inverse Fourier transform.

Cutoff =1.0 Cutoff =0.5 Cutoff=0.25
(Preserves 100% frequencies) (Keeps 50% low frequencies) (Keeps 25% low frequencies)
E Figure: 3: IDCube Pro: Fourler wanstorm - 0 X [ Figure 3: IDCube Pro: Fourler transtorm - o X I Figure 3: INCube Pra: Fourier transtorm - ) ®
Gle Edit View lnserl ook Deskiop Window Help » Gl Edit View Inserl lools Desklop Window Help , Ll Cdit Miew lnsert Tools Desklop Window Help
Nads A 0B RE PEE EIEIEIEIDY:] DNode 2|08 E

from Fourier

Note: the intensity scale of the reconstructed spectra automatically changes and ranges from 0 to 1.

The results of these transformations can be also seen in the SPECTRAL ANALYSIS panel. Multiple
reconstructed spectra from several cutoffs can be visualized.
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05 —

400 450 500 550 600 650 700 750 800 850

(Optional) After the cutoff value of the FFT filter is optimized, press Apply to Image to visualize the
resulting filtered image.

B Low frequency FFT filter parameters - [ X

Low pass frequency cutoff, range 0.01 to 1

Visualize spectra Apply to Image

References:
The algorithm is built using part of the ff#/ library developed by Shmuel Ben-Ezra in 2009:

https://www.mathworks.com/matlabcentral/fileexchange/25017-fft-filter-clean-your-signals-and-display-
results?s_tid=srchtitle

High Pass Fourier Transform Spectral Analysis

Note: PAVIA dataset is used as an example. Can be used in conjunction with Filtering and Enhancement
Tab — High Pass FFT Filter

Features: Performs FFT of the spectrum and removes low-frequency data.

The High Pass FFT of the spectrum from the region of interest is performed in several steps, automatically
with several inputs from the user. First, the function averages the spectra from the region of interest. Second,
the algorithm performs a Fourier transform of the spectrum, converting the mean spectrum into its
corresponding frequency domain spectrum. Third, the algorithm executes a high pass filter with a specified
user cut-off frequency. In the final step, the inverted Fourier transform algorithm is performed to generate
a new dataset with only high frequencies remaining.

Steps:

1. Optimize and visualize the performance of FFT on an individual spectrum from the selected region
of interest using Fourier Transform.

a. Load the file.
b. Select Spectra Mathematics.
c. Select High Pass Fourier.
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d. Click Select 1% Spectrum and draw a region of interest. A spectrum corresponding to the
region will appear in the SPECTRAL ANALYSIS panel.

v.2.77

Length of spectrum
Normalization

Subtraction

Simple Ratio

Log10

First Derivative

Second Derivative

Low Pass Fourier Transform

s Fourier Transform
Spectral Correlation
Spectral Divergence
Spectral Angle

Spectral Correlation Map
Spectral Divergence Map
Spectral Angle Map

Savitzky-Golay smoothing

Length of spectru... v

Real-Time Spectrum
Spectra Mathematics

2. Press Generate and enter a Cutoff value number in the pop-up dialog. The number reflects the %
of Nyquist frequency in the range between 0 and 1.

B High frequency FFT filter parameters — O X

High frequency pass cutoff, range 0 to 1

Visualize Spectra Apply to Image

Press Visualize Spectra.

4. Observe a new window that shows the original spectrum, FFT transformed spectrum, and a
reconstructed spectrum as shown in the figure below. From top to bottom: i) original spectrum, ii)
frequency domain spectrum, with red dots showing the frequencies that are preserved for
subsequent inverse Fourier transform, iii) the spectrum after the inverse Fourier transform.

Notice: the intensity scale of the reconstructed spectra ranges from O to 1.

Cutoff =0.0 Cutoff =0.5 Cutoff=0.25
(preserves 100% frequencies) (keeps 50% high frequencies) (keeps 75% high frequencies)

T figune 3 (b P Teuri
File it Wiew inset Tools Des)

Ddde@d 08 k[E

- I Figure & 13Cube Pros | ouicr anslonm - u x & Vigure 3 10 -

Window el - Vil L iow mart ok Desklop Wisdow ek B - Vil L iow mert Taoks Desklop Wisdow el -

~, ol specin , , urspacinam
\L © selected acuenes

B
\/‘v\r\/ e,

from Fourier transform |~ Reconsiructed from Faurier transform

.
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The results of these transformations can be also seen in the SPECTRAL ANALYSIS panel. Multiple
reconstructed spectra from several cutoffs can be visualized.

v.2.77

1

— |

. GtB2
data3
0 “ — e e e e e N\ N\

~— —

0.5

-0.5
400 450 500 550 600 650 700 750 800 850

Band/Channel

(Optional) After the cutoff value of the FFT filter is optimized, press Apply to Image to visualize the
resulting filtered image.

o High frequency FFT filter parameters — O x

High frequency cutoff, range 0 to 1

Visualize Spectra I Apply to Image

References:
The algorithm is built using part of the fftl library developed by Shmuel Ben-Ezra in 2009:

https://www.mathworks.com/matlabcentral/fileexchange/25017-fft-filter-clean-your-signals-and-display-
results?s_tid=srchtitle

Spectral Correlation
Note: PAVIA dataset is used as an example.

Features: Generates comparison between any two regions of interest interactively selected on the image
using spectral correlation algorithm.

Steps:

1. Load the file. Select Spectra Mathematics and select Spectral Correlation from the dropdown
menu.

2. Click Select 1** Spectrum. Draw a region of interest. A spectrum corresponding to the average
spectrum of the selected region will appear in the SPECTRAL ANALYSIS panel.

3. Click Select 2" Spectrum. Draw a region of interest. A spectrum corresponding to the average
spectrum of the selected region will appear in the SPECTRAL ANALYSIS panel.
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Length of spectrum
Normalization f
Subtraction

Simple Ratio

Log10

First Derivative

Second Derivative

Low Pass Fourier Transform
High Pass Fourier Transform
Spectral Divergence
Spectral Angle

Spectral Correlation Map
Spectral Divergence Map
Spectral Angle Map
Savitzky-Golay smoothing
Spectral Correlati...

Select 1st spectrum
Select 2nd spectrum

20001

ity

3]
=

Intens

=
=]
=]
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400 450 500 550 600 650 700 750 800 850 perrmselsamm Ve

Randifh,

4. Press Generate to measure the spectral correlation between two objects. Correlation coefficient
scores can range from —1 to +1. A score of —1 indicates a perfect negative correlation, while a score
of +1 indicates a perfect positive correlation. Higher scores correspond to stronger spectral
correlation. A score of 0 indicates no correlation between the two selected areas.

n

Spectral correlation = 0.96416

Intensity
:

0 . . . . . . . .
400 450 500 550 8600 650 700 750 800 850

DandlChannnl

In the shown case where two areas (purple boxes) were selected, the spectral correlation score is 0.964. For
comparison, the correlation score between the roof and the grass is 0.672.

Press Clear ROI/Spectra to start another correlation analysis or any other spectral tasks.

The function is based on a spectral cross-correlation algorithm that computes the p-scores for Pearson's
correlation using a Student's t distribution for a transformation of the correlation.

References
Gibbons, J.D. Nonparametric Statistical Inference. 2nd ed. M. Dekker, 1985.
Hollander, M., and D.A. Wolfe. Nonparametric Statistical Methods. Wiley, 1973.

Spectral Divergence
Note: PAVIA dataset is used as an example.

Features: Generates comparison between any two regions of interest interactively selected on the image
using spectral information divergence (SID) algorithm.

Steps:
1. Load the file. Select Spectra Mathematics and select Spectral Divergence.
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2. Click Select 1* spectrum. Draw a region of interest. A spectrum corresponding to the average
spectrum of the selected region will appear in the SPECTRAL ANALYSIS panel.

v.2.77

3. Click Select 2" spectrum. Draw a region of interest. A spectrum corresponding to the average
spectrum of the selected region will appear in the SPECTRAL ANALYSIS panel.

500

Length of spectrum
MNormalization el
Subtraction

Simple Ratio

Log10

First Derivative

Second Derivative

Low Pass Fourier Transform
High Pass Fourier Transform
Spectral Correlation

Spectral Divergence
Spectral Angle

Spectral Correlation Map
Spectral Divergence Map
Spectral Angle Map
Savitzky-Golay smoothing
Spectral Diverge...
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2000+ data 1|

7] data 2

g 15007 1 Select 2nd spectrum
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DamdlChammal

4. Press Generate to measure the spectral information divergence score between two objects. A lower
score corresponds to a stronger similarity between the areas. A value of 0 indicates no divergence
between the two areas.

-~

Spectral Divergence = 6.0051

Intensity
[=2]
T

5 . I I . I I . I
400 450 500 550 600 650 700 750 800 850

DandAdlTC hannal

In the shown case where two areas (purple boxes) were selected, the SID score is 3.9382. For comparison,
the SID score between the roof and the canopy is 38.43.

Press Clear ROI/Spectra to start another analysis or to perform any other spectral tasks.

Additional Information:

The method measures the spectral similarity between the two mean spectra from the selected ROIs by using
the spectral information divergence (SID) algorithm. This method might also be used to compare the
spectral signature of an unknown material against the reference area. The smaller the divergence, the more

likely the pixels are similar.

The method computes spectral similarity scores based on the divergence between the probability
distributions of the two spectra.

References:
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Chein-I Chang, “An Information-Theoretic Approach to Spectral Variability, Similarity, and
Discrimination for Hyperspectral Image Analysis.” IEEE Transactions on Information Theory 46, no. 5
(August 2000): 1927-32. https://doi.org/10.1109/18.857802.

Du, H., C.-I. Chang, H. Ren, F. M. D’Amico, and J. O. Jensen, J. "New Hyperspectral Discrimination
Measure for Spectral Characterization." Optical Engineering 43, No. 8 (2004): 1777-1786.
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Spectral Angle
Note: PAVIA dataset is used as an example.

Features: Generates comparison between any two regions of interest interactively selected on the image
using a spectral angle algorithm.

Steps:

1. Load the file. Sclect Spectra Mathematics and select Spectral Angle from the dropdown
menu.

2. Click Select 1% spectrum. Draw a region of interest. A spectrum corresponding to the average
spectrum of the selected region will appear in the SPECTRAL ANALYSIS panel.

3. Click Select 2™ spectrum. Draw another region of interest. A spectrum corresponding to the
average spectrum of the selected region will appear in the SPECTRAL ANALYSIS panel.

500

Length of spectrum
Normalization it
Subtraction

Simple Ratio

Log10

First Derivative

Second Derivative

Low Pass Fourier Transform
High Pass Fourier Transform
Spectral Correlation

Spectral Divergence
Spectral Angle

Spectral Correlation Map
Spectral Divergence Map
Spectral Angle Map
Savitzky-Golay smoothing

mo=

Spectral Diverge...
Select 2nd spectrum
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4. Press Generate to measure the spectral angle between two objects.

A lower score corresponds to stronger spectral similarity. A score of 0 indicates perfect similarity. Usually,
a score > 0.1 radians indicate no similarity.

F T T T T T T
Spectral Angle = 0.050503



https://doi.org/10.1109/18.857802
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5. In the shown case where two objects were selected, the spectral angle is 0.05. For comparison,
the spectral angle between the roof and the canopy is much higher 0.405 (not shown) indicating
a low spectral correlation between the two subjects.

v.2.77

6. Press Clear ROI/Spectra to start another spectral angle analysis or any other spectral tasks.

Additional Information:

The spectral angle algorithm determines the spectral similarity between two spectra by calculating the angle
between the spectra. Smaller angles represent closer matches between the two selected areas.

References:

Kruse, F.A., A.B. Lefkoff, J.W. Boardman, K.B. Heidebrecht, A.T. Shapiro, P.J. Barloon, and A.F.H.
Goetz. “The Spectral Image Processing System (SIPS)—Interactive Visualization and Analysis of Imaging
Spectrometer Data.” Remote Sensing of Environment44, mno. 2-3 (May 1993): 145-63.
https://doi.org/10.1016/0034-4257(93)90013-N.

Spectral Cross-Correlation Map
Note: PAVIA dataset is used as an example.
Features:
e Enables to draw a seed and cross-correlate with the rest of the image.

e Identifies the area of the highest/lowest cross-correlation.

e Quantifies the area correlated with the seed.

1. Press the button Spectral Mathematics on the Main Interface under SPECTRAL ANALYSIS.
2. Select Spectral Correlation Map from a dropdown menu.
3. Select 1*'spectrum.

4. Draw a region of interest that can be used as a reference point (seed) and visualize the mean
spectrum.
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Length of spectrum
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Log10
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5. Click Generate to open another window Spectral Correlation Map.
6. Visualize and quantify a Spectral Cross-Correlation Map.

Higher cross-correlation corresponds to a closer match between the seed and each pixel in the image. Use
a slider on the histogram to visualize the images with the highest or lowest correlation. The area of the
matched cross-correlation (high cross-correlation) is shown in the title.

|
O
X

£ IDCubePro : Spectral Correlation Map (SCM)
File Export View Help Exit ~
NEEEY WA IEEEREIC I I T LR T T YT -
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The Reset button can be used to revert the image to the original.
Additional Information:

The toolbox is based on a spectral cross-correlation algorithm that computes the p-values for Pearson's
correlation using a Student's t distribution for a transformation of the correlation.

Values of the correlation coefficient can range from —1 to +1. A value of —1 indicates a perfect negative
correlation, while a value of +1 indicates a perfect positive correlation. A value of 0 indicates no correlation
between the seed and the pixel.
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References:
Gibbons, J.D. Nonparametric Statistical Inference. 2nd ed. M. Dekker, 1985.
Hollander, M., and D.A. Wolfe. Nonparametric Statistical Methods. Wiley, 1973.

Spectral Information Divergence Map

Note: PAVIA dataset is used as an example.

Features:
o Interactively selects a seed.
e Show a divergence between the seed and the rest of the image.
e Identifies the area of the highest/lowest divergence.

e Quantifies the area correlated with the seed.

1. Press the button Spectral Mathematics under Spectral Analysis on the Main Interface.
2. Select Spectral Divergence Map from a dropdown menu.

3. Select 1**spectrum.
4

Draw a region of interest and visualize the mean spectrum.
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Speciral Divergence Map
Spectral Angle Map
Savitzky-Golay smoothing
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5. Click Generate to open another window Spectral Divergence Map. The mapping calculations
will start.

6. Visualize and quantify a spectral information divergence map.
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K 1DCubePro : Spectial Divergence Map (SDM) - @ X
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Spectral Divergence Ma

Spectrum of the seed

Lower divergence corresponds to a closer match between the seed and each pixel in the image. Use a slider
on the histogram to visualize the images with the highest or lowest correlation. The total area of the matched
divergence (low values) is shown in the title.

Using the Reset button below the image, revert the image to the original.
Note: For this calculation, only values between the cyan line and the left edge of the histogram are counted.
Additional Information:

Spectral Information Divergence (SID) measures the spectral similarity between the specified test
spectra (pixels in the image) and reference spectra (mean spectrum) from the selected ROI by using the SID
method. This method is used to compare the spectral signature of an unknown material against the seed
reference spectra or to compute spectral variability between two spectral signatures.

SID: measures the spectral similarity between the spectra of each pixel in the hyperspectral data and the
specified reference by using the spectral information divergence (SID) technique. The method computes
spectral similarity based on the divergence between the probability distributions of the two spectra.

References:

SID: Chein-I Chang. “An Information-Theoretic Approach to Spectral Variability, Similarity, and
Discrimination for Hyperspectral Image Analysis.” IEEE Transactions on Information Theory 46, no. 5
(August 2000): 1927-32. https://doi.org/10.1109/18.857802.

Spectral Angle Map
Note: PAVIA dataset is used as an example.

Features:

Measures the spectral similarity between the spectra of each pixel in the hyperspectral data and the specified
reference spectra (seed) by using the spectral angle mapper (SAM) classification algorithm. A lower score
corresponds to stronger spectral similarity. A score of 0 indicates perfect similarity. Usually, a score > 0.1
indicate no similarity between the pixels. A static similarity threshold will have to be applied to recognize
similar and dissimilar areas.
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e The user can interactively select a seed area.

e Shows a spectral angle map between the seed and the rest of the image.
e Identifies the area of the highest/lowest angle.

e Quantifies the area correlated with the seed.

Steps:

500

Length of spectrum
Normalization

Subtraction

Simple Ratio

Log10

First Derivative

Second Derivative

Low Pass Fourier Transform
High Pass Fourier Transform
Spectral Correlation

Spectral Divergence
Spectral Angle i
Spectral Correlation Map
Spectral Divergence Map

Spectral Angle Map

SPECTRALANALYSIS 2]
1 Spectral Diverge .
Real-Time Spectrum
=
Multi-Spectra Mode §05 | Select 2nd spectrum §
2
= CF
0 01 02 03 04 05 06 07 08 09 1 Me

Dandifhannal

Draw an area in the Image Display that you would like to use as a reference. This area is called a seed
area.

500

Length of spectrum
Normalization

Subtraction

Simple Ratio

Log10

First Derivative

Second Derivative

Low Pass Fourier Transform
High Pass Fourier Transform
Spectral Correlation

Spectral Divergence
Spectral Angle I
Spectral Correlation Map
Spectral Divergence Map

Spectral Angle Map

SPECIRACANARYSS 2]
1 T T T T r r T r - Spectral Diverge... v
Real-Time Spectrum
2
Mutti-Spectra Mode. § 05
£
- CF
0
0 01 02 03 04 05 06 07 08 09 1 Me

Bandl~hananl

1. Press the button Spectra Mathematics on the Main Interface under the SPECTRAL ANALYSIS
panel.

Select Spectral Angle Map from a dropdown menu.
Select the 1% Spectrum button.

Draw a region of interest and visualize the mean spectrum.

A

Click Generate to activate the calculation of the map. A new pop-up window Spectral Angle Map
appears after the calculation is performed.

6. Visualize and quantify a Spectral Angle Map.
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SAM: Histogram Nodified Image;

‘Spectrum of the seed

1. The mapper has three panels:
a. Spectrum of the Seed area shows the average spectrum across the selected seed area.
b. Histogram of the image where each value is a spectral angle score.
c. A monochromatic image of the map where each pixel value is a spectral angle score.

2. The lower angle value corresponds to a closer match between the spectrum from the seed and the
pixel in the image.

3. Use aslider on the histogram to set a threshold to visualize the images with the highest or the lowest
similarity. For example, to see the regions on the image with the highest similarity to the seed,
move the green boundary on the histogram to the left. The modified image of the map will show
the highest similarity.

4. The total area of similar objects with the defined threshold (low values) is shown in the title above
the map.

5. Press the Reset button to cancel changes and return the spectral angle map image to the original.

Note: For these calculations, only values between the green line and the left edge of the histogram are
counted.

References:

Kruse, F.A., A.B. Lefkoff, J.W. Boardman, K.B. Heidebrecht, A.T. Shapiro, P.J. Barloon, and A.F.H.
Goetz. “The Spectral Image Processing System (SIPS)—Interactive Visualization and Analysis of Imaging
Spectrometer Data.” Remote Sensing of Environment44, no. 2-3 (May 1993): 145-63.
https://doi.org/10.1016/0034-4257(93)90013-N.

Savitzky-Golay (S-G) Smoothing
Note: PAVIA dataset is used as an example.

Features: S-G smooths noisy signal data using a least-squares digital polynomial filter. Optimizes and
visualizes the performance of the S-G smoothing algorithm on an individual spectrum from the selected
region of interest using Savitzky-Golay smoothing.
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Steps:
1. Load the file.
2. Select Spectra Mathematics — Savitzky-Golay smoothing.

3. Press Select 1% Spectrum and draw a region of interest. A spectrum corresponding to the region
will appear in the SPECTRAL ANALYSIS panel.

ol

Length of spectrum
Normalization ¢
Subtraction

Simple Ratio

Log10

First Derivative

Second Derivative

Low Pass Fourier Transform
High Pass Fourier Transform
Spectral Correlation
Speciral Divergence
Spectral Angle

Spectral Correlation Map
Spectral Divergence Map
Spectral Angle Map
Savitzky-Golay smoothing
Spectral Angle M... v

ERVIR

SPECTRAL ANALYSIS

1
Real-Time Spectrum
Z
@
Multi-Spectra Mode. § 05
=
= CP
o
0 01 02 03 04 05 06 07 08 08 1 Cloar ROVSpoctra et

4. Press Generate. A pop-up dialogue window will ask for additional parameters, Polynomial Order
and Frame Size.

£l Savitzky-Golay parameters — O X

Polynomial Order Frame Size

Polynomial Order corresponds to the degree of the polynomial fitted to the points in the moving frame.
The default value is 2. Polynomial Order value must be smaller than Frame Size if the frame size is a
positive integer. The default value is 10.

Frame Size modifies the frame size for the smoothing function. If the Frame Size value is greater than 1,
the rolling window is the size of the input number (i.e., 10) and independent of the number of
bands/channels. Higher values smooth the signal more with an increase in computation time. If the Frame
Size is less than 1, the window size is a fraction of the number of points in the total number of channels.
For example, if the Frame Size value is 0.05, the window size is equal to 5% of the number of points in
the total number of channels.

When the process is complete, the new spectrum will replace the original image. We suggest clearing the
spectrum by pressing Clear ROI/Spectra before drawing a new area of interest.

(Optional) The optimized parameters can be applied to the Savitzky-Golay filter.

Additional Information:

100



HSpeQsl

IDCube uses a modified version of the Savitzky-Golay algorithm. The original algorithm developed by
Savitzky and Golay assumes the input vector corresponding to the band/channel dimension has uniformly
spaced separation units, while the current algorithm also allows one that is not uniformly spaced.

v.2.77

When the input bands/channels vector is evenly spaced, the least-squares fitting is performed once so that
the signal is filtered with the same coefficients, and the speed of the algorithm increases considerably.

The algorithm specifies the degree of the polynomial fitted to the points in the moving frame. The default
order of the polynomial fitted to the points in the moving frame is equal to 2. The default frame size
is 10 samples. Both parameters can be modified in the IDCube.

Continuum Hull Removal from Spectrum
Note: Plastic and Coin dataset is used as an example.

Features: Enables rapid removal of continuum hull from the spectra across the entire dataset. See also
Continuum hull removal from spectrum section.

Continuum hull removal is a pre-processing technique used in hyperspectral image analysis to remove the
spectral continuum from the data. The spectral continuum refers to the background signal in the image that
is not associated with any specific spectral features or information. This background signal can obscure or
distort the spectral information of interest, making it more difficult to analyze and interpret the data.

Step 1. In the SPECTRAL ANALYSIS panel click Spectra Mathematics button and select Continuum
Hull Removal from the right menu.

Step 2. Select 1stspectrum button and draw a region of interest on the image.

. [
| in -
[u} [i]
———8——=
500

Channel: 871, Bandwidth: , Image quality: 41.65

SPECTRAL ANALYSIS

2]
6000 . . . r . Continuum Hull Remo_.. v
Real-Time Spectrum
> 4000 Select 1st spectrum
i
Multi-Spectra Mode ] | Select 2nd spectum |
= 2000
0 I I I I I I I I
800 00 1000 1100 1200 1300 1400 1500 1600 1700
Band/Channel Clear ROIfSpectra

Step 3. Click Generate and a popup dialogue IDCubePro : Continuum window with methods will popup.
Select the method and press Apply.
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u IDCubePro : Continium ... —

makima

makima

A new window with the original spectrum, convex hull and continuum removed corrected spectrum will
appear.

[ Continuum Hull Removal: makima - O b

D@ae 2| 0E xE -

Additional Information

The continuum hull removal technique involves estimating the continuum spectrum and subtracting it from
the original hyperspectral data. The goal is to remove the background signal while preserving the spectral
information of interest. The specific method used for continuum hull removal may depend on the
characteristics of the data and the analysis goals. After the continuum is estimated and subtracted, the
resulting data is referred to as the "continuum-removed" spectrum. This spectrum represents the spectral
features of the image without the background signal, making it easier to identify and analyze the specific
spectral signatures associated with different materials or phenomena.

The algorithm performs three steps: 1. Identifies a continuum hull using one of the methods (see a Table
below). 2. Subtracts the original spectrum from the continuum hull. 3 Repeats the procedure 1-2 for each
pixel.
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Method

'makima’

'linear’

'nearest

'next’

'"pchip’

'cubic'

'v5cubic'

'spline'

Description

Modified Akima cubic Hermite interpolation. The data is modeled
using a cubic polynomial that is based on a set of Hermite basis
functions, which are used to interpolate the data. The Modified Akima
method improves upon the Akima method by adding a smoothing
factor that reduces the impact of any noisy or erratic data points on
the interpolation results.

Linear interpolation. The interpolated value at a query point is based
on linear interpolation of the values at neighboring grid points in each
respective dimension. This is the most common interpolation method.

Nearest neighbor interpolation. The interpolated value at a query
point is the value at the nearest sample grid point.

Next neighbor interpolation. The interpolated value at a query point
is the value at the next sample grid point.

Shape-preserving piecewise cubic interpolation. The interpolated
value at a query point is based on a shape-preserving piecewise cubic
interpolation of the values at neighboring grid points.

Cubic convolution used in MATLAB.

Same as 'cubic'.

A spline is a piecewise polynomial function that is defined by a set of
control points, which are the known data points in the case of spline
interpolation. The spline curve is constructed by fitting a series of
polynomial segments to the control points, with the requirement that
the curve is smooth and continuous at each control point.

Acknowledgement

Comments

Particularly useful in situations
where the data is noisy or contains
outliers, as it is able to provide a
smooth interpolation.

Memory requirements are similar to
those of 'spline'.

Requires more memory and
computation time than nearest
neighbor.

Modest memory requirements.
Fastest computation time.

Same memory requirements and
computation time as nearest'.

Requires more memory and
computation time than 'linear'.

Points must be uniformly spaced

This method falls back
to 'spline' interpolation for
irregularly spaced data.

Similar memory requirements and
computation time as 'pchip'.

Uses the cubic spline as it provides a
good balance between smoothness
and accuracy Requires more memory
and computation time than 'pchip'.

The code in part was developed by Marian-Daniel Iordache, Copyright (April 14, 2016):

Polynomial Baseline Removal in the Spectrum

Note: Plastic and Coin dataset is used as an example. Also see Polynomial Baseline Removal from the
Data Correction tab.

Features: Enables removal of the baseline from the spectrum from the selected region of interest.

Polynomial baseline removal is a pre-processing technique used in hyperspectral image analysis to remove
the baseline from the data. The idea behind Polynomial Baseline Removal is to fit a polynomial function to
the baseline of the signal and then subtract it from the original signal to obtain the corrected signal.
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Step 1. In the SPECTRAL ANALYSIS panel click Spectra Mathematics button and select Polynomial
Baseline Removal from the right menu.

v.2.77

Step 2. Select 1% spectrum button and draw a region of interest on the image.

Step 3. Click Generate.

Spectra of the selected points or area

A new window with the original spectrum, baseline and corrected spectrum will appear.
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£ Baseline removal: Polynomial degree 2 — O x

NS W@ 0E »E .

QOriginal spectrum
Baseline polynomial degree 2

Corrected spectrum

Additional Information

The algorithm performs three steps: 1. Fits a polynomial function to the baseline with the selected degree
of the polynomial function depends on the complexity of the baseline simple linear function (degree=1) or
a higher-degree polynomial function (degree > 1). 2. Subtracts the polynomial function from the original
signal. 3. Shifts the spectrum to have minimum values at zerois.

The choice of the degree of the polynomial function is usually made by trial and error. The presented
method will help you to visualize and optimize baseline removal on a specific region of interest. Once
satisfied, you can perform removal of the baseline using Polynomial Baseline Removal from the Data
Correction tab.

The polynomial function fits to the spectrum using a least-squares regression algorithm. The polynomial
order is typically chosen based on the noise level and complexity of the data, with higher-order polynomials
providing more accurate fits but also increasing the risk of overfitting. After the baseline is estimated and
subtracted, the resulting spectrum data are shifted to have minimum value at zerois. The final spectrum is
referred to as the "baseline-removed" spectrum. The entire algorithm is performed over all pixels in the
image. This spectrum represents the spectral features of the image without the background signal, making
it easier to identify and analyze the specific spectral signatures associated with different materials or
phenomena.
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6.10. Frame-By-Frame Panel

Note: PAVIA dataset is used as an example.

Features:

Presents images in a movie-type fashion. Can be combined with any other functions including mathematics.

The movie can be saved as a movie file (avi) (via File - Save As...—Video).

Steps:
1.

Select Frame-by-Frame Display and press the green Play button. Press the red Stop button to
stop the movie.

Machine Leaming Windows Help Y

imafofR eXtaov e R R Hal i NEENEEEF |

12000 . . .
1000)
500
10000
o
8000 HIns Hmher Minc *
00 Max 13116557

TransferWnaxto Iensty Seake | 7

Wodiied Image Frame-by-Frame DIsplay o]
FRAME-SY-FRANE DISPLAY
Char

EX

viononwice ... ]

¥ ! DIRE
. ( ‘ . C ExampleHSData'SingleFlc Format PoviaiCrop A
Channel: 542, Bandwidth: 5, Image qualty; Complex dala type et

The movie can be visualized in two windows. Click View on Image Display to change the
visualization panel.

The movie can be combined with many functions available in IDCube. In the example shown in
the figure below, Frame-to-Frame Display is combined with Mathematics where the image is
calculated via the Normalized Ratio between two channels. In that case, Image Display will show
the resulting images with the first channel scanning while the second channel remains stable.

= Search Documentati 2
Histogram RGB histograms

600]

400

200

-1 -0.5 0 05

Rins Mimber Wi E]
500 ex: 0794

| rcansterbin i o nensity Scaie S
vodified Image Frame-by-Frame Display| |

FRAVE-BY-FRAVE DISPLAY
Channel: 838 o

DIRECTORY INFORMATION
C:\ExampleHSIData\SingleFileFormat\Pavia\Crop
ped mat
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The movie can be saved through Save As... from the File menu and selecting Video (.avi). The movie will
be saved in the avi format in the folder.

v.2.77

A movie.avi - VIC media player - O x
Media Playback Audio Video Subtitle Tools View Help
MNormalized Ratio: Image 694 nm =+ Image 762 nm
7N 4 o

00:02 00:03

> w3 [S]2% o' i ]
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6.11. Directory Information Panel
Note: The panel is interactive and allows the user to copy/paste/edit the information.
Features: Generates a list of opened files with the pathways.

Opening a single file: When the single file is open, the information about the file can be seen in the
DIRECTORY INFORMATION panel in the lower right corner of the software.

W

Opening a single file with references generates a list of the main file and references

Opening multiple files generate the list of files opened.

Note: In the current configuration IDCube does not support Concatenated files. Instead, only the last
opened file is shown
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6.12. Computer Information Panel

Features:

4. The COMPUTER INFORMATION panel provides real-time information about the user’s PC CPU and
memory usage.

5. CPU data is displayed as a percentage (%) of the PC’s capacity.
6. Memory is displayed in megabytes (MB).

CPU (%) 1.20% Monitor
Memory (MB) 1291 .4 Stop

Monitor | The “Monitor” button starts/resumes the information collecting process.

The “Stop” button pauses the information-collecting process. Functionality can be resumed by pressing the
“Monitor” button.

Stop
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/. Tabs

IDCubePro® offers many functions organized in tabs in the following categories

[ IDCubePro (Powered By HSpeQ)

File View Edit Plots Image Statistics Filtering and Enhancement Data Corrections Toolboxes Machine Learning Windows Help

kDR ME Ak

DO %% mARE S F R

N T aad P bl § % @
2 AAIBIIESEENNNTIOOQO @&

Tabs
File Tab

Function

Open Dataset in IDCube Format

Add References in IDCube Format

Add Multiple Datasets in IDCube Format
Concatenate IDCube Dataset

Import Other Formats and Convert to IDCube

Open Legacy Format Datasets (MATLAB)
Open Color Image (BMP/JPED/TIFF)
Convert Images to Stack (JPEG/PNG/TIFF)
Recent IDCube Datasets

Download Example Files in IDCube Format
Export Setup...

Copy Interface View

Save Interface View As...

Save Data As...

Save Histogram-Modified Dataset

Print Preview As...

Print

Exit

Generate Report
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Additional info

Additional menu

Additional menu

Additional menu

Generated menu

Additional menu

Additional menu

Pop-up window

Pop-up window

Saved as a txt file
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Tabs Function Additional info
View Tab Colortheme of the software Additional menu
Close/Open Color LUT Toolbar
Close/Open Color Camera Toolbar
List of Bands/Channels Pop-up window
Image Scale
Expanded View
View Header Information Pop-up window
View Image Information Pop-up window
View Heatmap Pop-up window
Edit Plot
Turn Instructions Off
Tabs Function Additional info
Edit tab Rotate and Flip Additional menu
Crop (spatial and spectral) Additional menu
Bin (spatial and spectral) Additional menu
Spectral Crop Dialogue window
Change Bands Pop-up window
Annotations Additional menu
Edit Plot Mode
Tabs Function Additional info
Plots Tab Contour 2D plot
Contour-filled 2D plot
Mesh 3D plot
Surface 3D plot
Contour 3D plot

Remove all plots
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Tabs Function Additional info
Image Statistics Image Quality Plot Additional menu

Tabs

Filtering and Enhancement Tab

Tabs

Data Corrections Tab

Anomaly Pixels
Texture features

Hausdorff (Box-Counting) Fractal Dimension

Function

Mean Spatial Filter

Mean Spectral Filter

3D Gaussian Filter

NGmeet Filter

Spatio-Spectral Total Variation (SSTV) Filter
FFT Filters

Savitzky-Golay Smoothing
Asymmetric Least Square Smoothing
Standard Deviation

Decorrelation Stretch

Color Inversion

Normalization

Contrast Enhancement

Structure Similarity Index

Remove all filters and enhancements

Function

Background Data Correction

Flatfield Correction

Multiplicative Scatter Correction (MSC)
Standard Normal Variate (SNV)

Remove all filters and enhancements
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Pop-up window
Pop-up window

Pop-up value

Additional info

Dialogue window
Directly applies to Image
Directly applies to Image
Directly applies to Image
Dialogue window
Dialogue window
Dialogue window
Dialogue window
Directly applies to Image
Directly applies to Image
Directly applies to Image
Additional menu
Additional menu

Pop-up value

Equivalent to Reset

Additional info

Interactive menu
Interactive menu
Interactive menu
Interactive menu

Equivalent to Reset
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Tabs
Window

Create Binary Image
k-Means Classifier
Machine Learn Classifier

Deep Learning (future releases)

Function

Automatically populates with every open window
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Tabs Function Additional info

Toolboxes Principal Component Analysis (PCA) Pop-up toolbox
Maximum Noise Fraction (MNF) Pop-up toolbox
Image Classification Pop-up toolbox
Spectral Signature Matching Pop-up toolbox
Endmembers Extraction Pop-up toolbox
Image Indices Pop-up toolbox
Contrast Maximization Pop-up toolbox
Correlation Matrix (R-Squared) Pop-up toolbox
t-SNE Clustering Pop-up toolbox
Spectral Phasor Clustering Pop-up toolbox
3D Viewer Pop-up toolbox
Feature Finder Pop-up toolbox
Fusion MSI and HIS in IDCube format Pop-up toolbox
(Pansharpening)

Tabs Function Additional info

Machine learning Create Label(s) Pop-up window
Create Mask(s) Pop-up window

Pop-up window
Dialogue window
Pop-up toolbox
Pop-up toolbox

Additional info

Generated menu
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Tabs Function Additional info

Help About IDCubePro® Online link
Tutorials Online videos
Report Bug Online form
Terms of Use Pop-up document
Error Log Generated document
About HSpeQ Online (idcubes.com)
Contact Us Online form

Visit IDCube website and check for updates
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7.1. File Tab

The File tab includes the following functions

Tabs Function Additional info
File Tab Open Dataset in IDCube Format
Add References in IDCube Format Additional menu
Add Multiple Datasets in IDCube Format
Concatenate Image Additional menu
Import Other Formats and Convert to IDCube Additional menu

Open Legacy Format Datasets (MATLAB)

Open Color Image (BMP/JPED/TIFF)

Convert Images to Stack (JPEG/PNG/TIFF)

Recent IDCube Datasets Generated menu
Download Example Files in IDCube Format Additional menu

Export Setup

Copy Interface View

Save Interface View As... Additional menu
Save Data As... Additional menu
Print Preview Pop-up window
Print Pop-up window
Exit

Generate Report Saves as a text file

Open Dataset in IDCube Format

Features:
Open a file that has already been converted and saved in the IDCube format
Steps:

1. Go to File and select Open Dataset in IDCube format from the drop-down menu. You can also
use Ctrl+O as s shortcut

2. Find your file in the directory and select Open.
3. The file will load and open on the IMAGE DISPLAY panel.
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File View Edit Plots Filtering and Enhancement  D:

Open Dataset in IDCube Format Ctrl+0
Add Reference in IDCube Format

Open Multiple IDCube Datasets >
Concatenate IDCube dataset >
Import Other Formats and Convert to IDCube >

Open Legacy Format Datasets (MATLAB) Ctrl+L
Open Color Image (BMP/JPEG/PNG/TIFF) Ctrl+W
Images to Stack (JPEG/PNG/TIFF)

Recent IDCube Datasets

Download Example Files in IDCube Format >
Export Setup...

Copy Interface View Ctrl+R
Save Interface View As...

Save Data As...

Print Preview...

Print... Ctrl+P
Exit Ctrl+X
Generate Report

Add References

Note: This function is only available for data in the IDCube format. For other formats, the user needs to
first convert the data files and reference files into the IDCube format.

Features:
e Removes artifacts related to the illumination and noise from the detector.
e Provides a pure spectrum of the sample

Steps:

1. Open a folder file in IDCube format. Switch to the RGB mode and adjust band/channels
/wavelengths. Visualize the spectra of the object. The reflection spectra are severely affected by
specular reflection from the light source and to some degree by the dark noise from the detector.

Fie View Fdil Plots_Fiteing and Enhancement s Toolbowes Machine learning Windows Help -
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S2AA(B T EEINNNTOOHS

2] Search entat 2]
Data Reduction Data Export Histogram RGE hislogrars
Sl i
nerace Crog g Ciop 1000,
S Crop oy Certin 2000| |
xposten XDmenson o
o f
¥ Poston ¥ Dimension 1200, -
Gt s sepy Crop e : ; 1
o
- Spec Gop 0 !
Lower Limi

0
mmi;
A |

Histogram Modifled Image Frame by... .|,y

e on s DisPLAY

Aooy | Cear Fopy

Datacube Mathematics.

O Gustom pusctons

[ Getimage Bl Reset |

CHANNEL SELECTION DIRECTORY INFORMATION
Osegecn. OTwecra. (OTieech.. (@RGe 7| [C-Usersimberez010ncCrhe - Washrgien
wi= 7 8837, w= endidihs (in1=5, =10 br3=3), Corl [sessher
— = | 1717 8930, w3=1441], Bancinidths (w15, ?=1 0 o33 Corl B e
5 Sl ent s SERCTRM B Refspastcs._| mat
5011 ohz |10 3
ony | 3 Rk Tire Speciium
BaniCrarmai 2 =
el S | -~ oo | 5 .
i o Saiesn %o [ o3 S —
SoriCrarmel 3 = GRU () W
w4 o= G Syectc Hethernics —
i 0 a1 02z 03 04 05 05 07 08 05 | mecgero | MeworGm) sop




HSpeQs=l

v.2.77

2. To correct the image, you will need to have control images recorded under similar conditions. The
example folder has two correction files. The white refimage shown below is recorded from a strip
of white reflective material made of Spectralon®. The dark_ref image is recorded in the same
setting as the closed lens of the imaging system.

3. To apply the correction files select File = Add reference in IDCube format and select one of the
three options White, Dark, or White and Dark.

e  White — corrects for white reflection only.
e Dark — corrects for the dark count only.
e  White and Dark - correct for white reflection and dark count.

e Remove corrections — deletes all corrections.

File View Edit Plots Filtering and Enhancement Data Corrections Toolboxes Machine Lear

Open Dataset in IDCube Format Cul+0 | % % M AR | [/ 4 ‘ L ‘
Add Reference in IDCube Format White

Open Multiple IDCube Datasets Dark

Concatenate IDCube dataset White & Dark

Import Other Formats and Convert to IDCube None

Open Legacy Format Datasets (Matlab) Ctrl+L

Open Color Image (tiff/bmp/png/jpeg) Ctrl+W

Recent IDCube Datasets >

When the White and Dark option is selected, a message box Select the White Reference First will appear.
After clicking OK, a pop-up dialog window Select White Reference File will appear. Choose the white_ref
correction file and click Open.

[ References — X

ﬂ Select the White Reference first
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[] Select White Reference File |
« v C:\ExampleHSIData\Plastic_coin with Refs
Organize New folder
~
~ Name Status Date modified Type Size
s+ Quick access
= % dark_ref [OF) 4/6/2021 5:59 PM MATLAB Data 130,295 KB
|'= Documents
# | plastics_1 [©F) 4/6/2021 4:45 PM MATLAB Data 328,452 KB
¥ Downloads - .
@8 4/6/2021 6:02 PM MATLAB Data 22,402 KB

&= Pictures

© Papers

After selecting a white ref file, a message box Now Select the Dark Reference will appear. You will be
prompted to select a Dark Reference file after clicking OK. Choose the dark_ref correction file and click
Open.

K References — it

ﬂ Now select the Dark Reference

|Select Dark Reference File
T

CaFxampleHSIData\Plastic_coin with Refs

Organize > New folder
"~ Name Status Date modified ype Size
# Quick access

. plastics_1
¥ Dewnloads -

416

®©

©

white_ref 3

=1 Pictures

The completion of the task will be confirmed by a message box.

[ References — X

“ Correction for white and dark references completed

The IMAGE DISPLAY and the DIRECTORY INFORMATION panel will be automatically updated. To
visualize the spectra, click multispectral mode and select the region of interest. The corrected spectrum
shown as a mean spectrum +/- standard deviation is drastically different from the non- corrected (see
above). One of the features of the corrected spectrum is a relatively high standard deviation at both ends of
the spectrum. This is caused by the limited sensitivity of the detector at wavelengths shorter than 950 nm
and longer than 1650 nm.
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File View it Plots Fitering and Enhancen Golboses. Machine Learing Windows  Help
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Note: A new dataset corrected for the white and dark noise can be treated as a typical IDCube dataset.
Additional Information:

[llumination in hyperspectral imaging systems is often not uniform across the image, generating potential
artifacts. This problem can be eliminated by calibrating the image with the white object. Currently, the
widely used standard reflectance surface is made of Spectralon ® white diffuse reflectance target, although
other materials especially in remote sensing can also be used. In addition, imaging detectors used in HSI
systems generally have dark currents. Dark current is dependent on temperature and is proportional to
integration time. To convert raw intensity into reflectance, reference and dark images are taken before or
after acquiring sample images. The reference image is taken with a standard reflectance surface placed in
the scene, and the dark current is measured by keeping the camera shutter closed. The raw data are then
corrected using the following equation.

_ Lraw = laark
Iwhite - Idark

where [ is the calculated reflectance value, /., is the raw data of a given pixel, and lzu+ and L are the
dark current and the white reference intensity of the given pixel, respectively.

References:

Lu, Guolan, and Baowei Fei. "Medical hyperspectral imaging: a review." Journal of biomedical optics 19.1
(2014): 010901.

Add Multiple Datasets in IDCube Format

Note: This function is only available for data recorded or converted to the IDCube format. For other
formats, the user needs to first convert the data file and the reference files into the IDCube format. The files
might have different spatial (X-Y) coordinates but must have the same spectral (Z) coordinate.

Features:
Enables the users to open several datasets and treat them as a single file.

Steps:
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1. Select File = Open Multiple IDCube Datasets and select one of the options. The available
options are:

v.2.77

a. Horizontally — adds files horizontally (up to 7 files). Spatial coordinates might be
different, but the spectral coordinates should be the same.

b. Vertically — adds files vertically (up to 7 files). Spatial coordinates might be different,

but the spectral coordinates should be the same.

c. Z-axis — adds file along the spectral (Z) axis.
2. Select Multiple IDCube Datasets (the files must be in the same folder).

File = View Edit Plots Filtering and Enhancement  Data Corrections  Toolboxes  Ma

Open Dataset in IDCube Format
Add Reference in IDCube Format
Open Multiple IDCube Datascts
Concatenate IDCube dataset

Import Other Formats and Convert to IDCube

Open Legacy Format Datasets (Matlab)
Open Color Image (tiff/bmp/png/jpeg)
Recent IDCube Datasets

Download Example Files in IDCube Format
Export Setup.

Copy Interface View

Save Interface View As...

Save Data As...

Print Preview...

(ISR L S A~ O
b i NN E =N
Horizontally
Vertically
Z-axis
CtrlsL
Ctrl+W

7]

i xlsx
>

>

Ctrl+R

% D
Yrustin ¥ Do
oot s e e
Spta b Sl O
Lo Lkt
U Lind
sty Clest
@Sk Gl Ly
it
Cikmage Agetrs

Vit i

I 220000
S8 § & §E §E § § 3§ § %

If six or more files are selected, then the files are arranged in the most compact form such as 3 x 3 for six

files.

[ IDCubePro (Powered By HSpeQ)
File View Edit Plots Image Statistics Filtering

hancement Data Corrections Toolboxes Machine Learning  Windows Help

kORMEA LI/ R s LN Y IHHIT AT
A ENICIN P LtV ?ODLO
S2/AAB I EEFINNNNTOO W&

Data Reduction Data Export

‘Spatal Ciop neractve
Interactive Crop Apply Crop 2

Spatia Crop by Cordntes

XPosiion X Dimension

¥ Postion ¥ Dimension

Confirm area Apply Crop
Spatial Bining Spoctal Cop
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Upper Limit
hoy || _Clear nopy Cear_|
Datacube Mathematics
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O Brosdoand

O image Agetra
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| Get Image |
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When the Z-axis is selected, the files are open stacking in the Z direction as shown below. Notice that
spectra of the new dataset in the SPECTRAL ANALYSIS panel reflect three files.

v.2.77

@Sngecm. OTw o Owescrn. ORGE 1]

e L e

20
ReskTeve Speckum_|

(== e e

o T
....

| |

Concatenate Images

Note: PAVIA dataset is used as an example. The maximum number of files to be concatenated is 5.

Features: Allows to open maximum of four images and position them next to each other. The images do
not have to be the same spatial dimension but must have the same spectral dimension.

Steps:
1. Load the data using File, Open... or using an icon and open a file in the IDCube format
2. Go to File — Concatenate IDCube dataset to add a new image. Two options are available:
a. Concatenate Horizontally
b. Concatenate Vertically

File View Edit Plots Image Statistii Filtering and Enhancenr Data Correctiol Too

crl+0 % % A 5

QOpen Dataset in IDCube Format

The procedure can be repeated with up to five files concatenated.

Open Legacy Format Datasets (MATLAB)
Open Color Image (BMP/JPEG/PNG/TIFF)
Images to Stack (JPEG/PNG/TIFF)

Ctrl+L
Ctrl+W

Add Reference in IDCube Format > \;j{sE @

Open Multiple IDCube Datasets E o~ = d
Concatenate IDCubedataset Horizontally
Import Other Formalvswand Convert to IDCube Vertically

Recent IDCube Datasets

Download Example Files in IDCube Format

Export Setup...

Copy Interface View
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rections  Toolboxes Machine Learning Windows Help )
R A AL N R I HHIT L T T Y - i
EEED
kS
7 Search Documentati2)
Histogram RGB histograms
4000
 [—
o
|
Histogram Modified Image Frame-by... ., |
L2l
Import Other Formats

IDCubePro® allows the conversion of different file formats to the IDCube format. This functionality can
be accessed under the file menu and hovering the Import other formats and Convert to IDCube menu
option.

[l IDCubePro (Powered By HSpeQ)

File View Edit Plots Image Statistics Filtering and Enhancement Data Corrections Toolboxes M

Open Dataset in IDCube Format Ctrl+0 . . . . . | . | . ‘ . . | .
Add Reference in IDCube Format > :+ .
Open Multiple IDCube Datasets > rme ‘ vy
Concatenate IDCube dataset >
Import Other Formats and Convert to IDCube AV (.avi)
Open Legacy Format Datasets (MATLAB) Ctrl+L BIL/HDR; BIS/HDR; BSQ/HDR
Open Color Image (BMP/JPEG/PNG/TIFF) Ctrl+W DAT/HDR; RAW/HDR
Images to Stack (JPEG/PNG/TIFF) DICOM (.dem)
Recent IDCube Datasets FITS, (fits, fit, .fts)
Download Example Files in IDCube Format JPEG/PNG/TIFF Stacks
Export Setup... H5 format (h5)
Copy Interface View Chl+R NIFTI (nii)
Save Interface View As... Princeton SPE (.spe)
Save Data As... Cytoviva
Print Preview... Headwall Photonics
Print... Ctrl+P Middleton Spectral Vision
Exit Ctrl+X Resonon
Generate Report Specim Spectral Imaging
| () Gustom Functions I H5 format
AVIRIS >
Hyperion >
CHANNELSELEGTION | Landsat ’
(®) Single Ch... () Two-Cha.. ()Three-Ch.. ( JRGB I PlanetScope >
Band/Channel 1 Sentinel 2
T | Zhuhai-1
%:wswe Becker & Hickl FLIM (SPCImage, raw)
Min Bruker >

l:l Perkin Elmer (.fsm)

Witec >

Max

The following imports and conversions to the IDCube format are available:
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FITS (fits, .fit, .fts)

FSM (.fsm)

JPEG (.jpeg, .jpg) single

PNG files (.png), single

TIF/TIFF (.tif, .tiff), single

H5 (h5)
JP2 (jp2)

JPEG (.jpeg, .jpg), stack

L1R/HDR (.11r, .hdr)
MAT (.mat, m)
NIFTI (.nii)

PNG (.png), stack

raw data file

RAW/HDR
SPC (.spc)

SPE (.spe)

TIF/TIFF (.tif, .tiff), stack
tiff and .jpg files with the

hdr

Flexible Image Transport
System, used by Andor, SensIR

Perkin Elmer (IR imager)
various

various

Landsat 8, Landsat 9

various

Sentinel 2
Various
Hyperion

Bruker (Lumos)
Medical imaging

various
Becker&Hickl (FLIM system)

Headwall Photonics, Middleton
Spectral Vision

Witek

Princeton Photonics, also used
by Andor and SensIR

PlanetScope

Zhuhai-1 Satellite
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General type of files Instruments/platform Comments

AVI (avi) Movies Imported and conv§ned dlrgctly to IDCube
format, no spectral information

BIL/HDR (.bil/.hdr) Resonon Imported and converted directly to IDCube format

BIP/HDR (.bip/.hdr) Resonon Imported and converted directly to IDCube format

BSQ/HDR (.bsqg/.hdr) Resonon Imported and converted directly to IDCube format

DAT/HDR (.dat/hdr) Cytoviva, Arion Optics Imported and converted directly to IDCube format

DICOM (.dem) Medical imaging Imported and converted directly to IDCube format
No metadata

FILE/HDR Aviris, Aviris NG Imported and converted directly to IDCube format

Imported and converted directly to IDCube
format, no spectral information

Imported and converted directly to IDCube format
Requires conversion Images to Stack first

Requires conversion from Images to Stack first

Requires conversion from Images to Stack first

Imported directly to IDCube format

Imported and converted directly to IDCube format
Imported and converted directly to IDCube format
Imported and converted directly to IDCube format
Requires additional input (image dimension)
Imported to IDCube format

Imported and converted directly to IDCube format
Imported and converted directly to IDCube
format, no time information

Imported and converted directly to IDCube format

Requires additional input (image dimension)

Imported and converted directly to IDCube
format, no spectral information

Imported and converted directly to IDCube format

Imported and converted directly to IDCube format
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Import AVI files (.avi)

Features:

e _qvi stands for Audio Video Interleave, a widely used video file format created by Microsoft.
IDCubePro® enables the user to convert these types of files to the IDCube format.

o The .avi files contains only a three-dimensional structure (m x n x [), where m and »n are spatial
coordinates and / is the spectral coordinate.

Steps:
1. Click File — Import other formats and Convert to IDCube — Import AVI.

[l IDCubePro (Powered By HSpeQ)

File View Edit Plots Image Statistics Filtering and Enhancement Data Corrections Toolboxes Mg

Open Dataset in IDCube Format o HEBHEE E BN EBE R
Add Reference in IDCube Format V. @

Open Multiple IDCube Datasets > T r I

Concatenate IDCube dataset >

Import Other Formats and Convert to IDCube > | AVI (avi)

Open Legacy Format Datasets (MATLAB) Ctrl+L BIL/HDR; BIS/HDR; BSQ/HDR
Open Color Image (BMP/JPEG/PNG/TIFF) Ctrl+W DAT/HDR; RAW/HDR
Images to Stack (JPEG/PNG/TIFF) DICOM (.dcm)

Recent IDCube Datasets FITS, (fits, .fit, .fts)

Download Example Files in IDCube Format > JPEG/PNG/TIFF Stacks

Export Setup... H5 format (.h5)

Copy Interface View Ctrl+R NIFTI (.nii)

Save Interface View As... Princeton SPE (spe)

Cowim Mt A Curbmusins

Import DICOM files (.dcm)

DICOM stands for Digital Imaging and Communications in Medicine, which is a standard file format used
in the medical imaging industry to store and transfer medical images and related information. DICOM files
are typically created by medical imaging devices, such as MRI or CT scanners, and they contain not only
the images themselves but also metadata such as patient information, the imaging modality used, and the
acquisition parameters. DICOM files are designed to be platform-independent, which means that they can
be viewed and analyzed on different types of computer systems using specialized software programs.

Structure of the DICOM folder:

Name Status Date modified Size
|7 image-000001.dem @A 90 KB
[7 image-000002.dem @A 90 KB
| image-000003.dem @R 1/12/2023 5:45 AM 93 KB
|| image-000004.dcm [OF) 1/12/2023 5:45 AM 90 KB
|7 image-000005.dcm @A 1/12/2023 5:45 AM 90 KB
|7 image-000006.dem @A 1/12/2023 5:45 94 K8
[7 image-000007.dem @A 1 90 KB
[1 image-000008.dem @8 1/12/2023 5:45 AM 90 KB
| image-000009.dcm @R 1/12/2023 5:45 AM 90 KB p
|| image-000010.dcm @R 1/12/2023 5:45 AM 90 KB
|7 image-000011.dem @A 1/12/2023 5:45 AM 90 KB
[7 image-000012.dem @A 1/12/2023 5:45 AM 90 KB
[7 image-000013.dem @A % 5:45 AM 92 k8
[1 image-000014.dem @A 1/12/2023 5:45 AM 92K8
|| image-000015.dem @R 1/12/2023 5:45 AM DCM File 90 KB v
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To import the files, click File — Import other formats and Convert to IDCube — DICOM (.dcm)

[ Select Folder to Open X
&« > v 1 « DIC.. » 1b9baebi6d2.. » v D /2 Search 1b9baeb16d2aebat3...
QOrganize ~ New folder ' ®
N ~
Docur# # Name Status Date modified
Down
¥ Dicom_example @A 3/6/2023 10:29 Al
[&] Pictun #
Plastic #
Stude
Preser #
panar # ¥ € »
Folder: | Dicom_example ‘
| Select Folder | | Cancel
The .dcem files will be combined and converted to the IDCube format.
[ IDCubePro (Powered By HSpeQ) N - X
File View Edit Plots Image Statistics Filtering and Enhancement Data Corrections Toolboxes Machine Learning Windows Help
AojAamzasnj/asoageemnsaeatnlRloeXtasoe~0 0 0 Ul EesuuulEEREEE 7
MN¥FAAER ELE P OD LD
d2/AABI EEE\\N\NTOO &
2| Search Documentati-2]
Data Reduction Data Export Histogram RGB histograms
‘Spatal Cop teracive 5 10t
__interactive Crop | |__Apoiv Crop_| =
‘Spatl Cop by Coornaes 1000
Xeostin | xDmemsn | ‘
YPoston | YDmeson |
_Confim area_| __AoplyCrop_| S RIETT)
‘Spatial Binning. ‘Spectral Crop 500
Lowertime Rins Number w1000
L | Upperbimit [ Max: 1319
_nopy | _clear Aoply Glear Transte i oo sty Sede | 21
Datacube Mathematics 0 Histogram Modified Image Frame-by...| .,
— = g ge Frame-by. __,:
O Broaband
O image Algebra
O Gustom Functions 500
[ view on WiAGE DiseLAY
(CHANNELSELECTON 'DIRECTORYINFORMATON
(@singeech.. ()TwoCha.. ()Three-ch.. (JRGB 2 ~1000 C\ExampleHSIDaiaDICOM\bbacbi6dzacbal A

Channel: 220, Bandwidth: , Image quality: 38.47
SPECTRAL ANALYSIS

3bed71045df1bcB5Dicom_example

Agd spectum,

CPU (%) Monitor

v

150200 250 300 30 AN Memory (MB) Stop

Save As

O IDCube format

(m)

A message box will inform you when the conversion is complete.
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£l Saving - X

ﬂ The file is saved successfully in the IDCube format

The conversion also generates a NIFTI type file (.nif) and extracts the header information demHeaders.mat.

Name h Status Date modified Type Size o
|| ARTERIELLEnii @A 3/6/2023 10:58 AM NIl File 184,833 KB
* | demHeaders.mat (OF 3/6/2023 10:58 AM MATLAB Data 4K8
*  Dicom_example.mat [OF 3/6/2023 11:03 AM MATLAB Data 80,503 KB
[ image-000001.dem [©F} 1/12/2023 5:45 AM DCM File 90 KB
[ image-000002.dem [©F} 1/12/2023 5:45 AM DCM File 90 KB
[ image-000003.dem [©F} 1/12/2023 5:45 AM DCM File 93k8
[ image-000004.dcm [©F} 1/12/2023 5:45 AM DCM File 90 KB
[ image-000005.dcm [©F} 1/12/2023 5:45 AM DCM File 90 KB
[ image-000006.dcm [©F} 1/12/2023 5:45 AM DCM File 94 k8
[ image-000007.dem @R 1/12/2023 5:45 AM DCM File 90 KB
[ image-000008.dem [©F} 1/12/2023 5:45 AM DCM File 90 KB

To visualize a header file, click View — View Header Information... sclect a demHeaders.mat file.

K View header files - X

ﬂ Header files with extensions .hdr, .txt, .xml and others can be read.

If you do not see this file, change the default . hdr type of files to .mat.

Select metadata file X
1« 1b9baeb16d2aebal3bed71045df1bc65 > Dicom_example v 0 £ Search Dicom_example
Organize ©  New folder - m @
A Name Status Date modified Type A
s Quick access
= nii A : il
“ Documents » ? ARTERIELLE nii [©] 3/7/2023 11:59 AM NI Fil
dcmHeaders.mat (O 3/7/2023 11:59 AM MATL,
¥ Downloads » —
Dicom_example.mat @A 3/6/2023 11:03 AM MATL.
&= Pictures * [] image-000001.dem @A 1/12/2023 5:45 AM DCM
PlasticAndCoin [ image-000002.dcm @R 1/12/2023 5:45 AM DCM
Students and collal # [ image-000003.dem @~ 1/12/2023 5:45 AM e,
= ~ . .
Presentations  # v < >
File name: |dcmHeaders.mat v \| Al Files (%) v
Open Cancel

The header file will be opened in a new window.
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[ IDCubePro : Header information

File Edit View Insert Tools Desktop Window Help

<FileSize>91250</FileSize>
Fi formati

diaStorageSOPInstanceUID>

<SpecificCharacterSet=ISO_IR 100</SpecificCharacterSet>
<ImageType>ORIGINALIPRIMARY\AXIAL HELIX</ImageType>
<InstanceCreationDate>20061012</InstanceCreationDate>
<InstanceCreationTime>091605.000000</nstanceCreationTime>
<SOPClassUID>1.2.840.10008 5.1.4.1.1 2</SOPClassUID>

Import FITS files (.fits)

FITS (Flexible Image Transport System) files are a type of file format commonly used in astronomy to
store and exchange data. These files can contain a wide range of information, including astronomical
images, spectra, and data tables. One of the key features of FITS files is their ability to store metadata about
the data they contain. This metadata can include information about the instrument used to acquire the data,
the location of the observation, and the processing steps that have been applied to the data.

ipLength>

Fi formationVersion>1</Fi o Ision:
<MediaStorageSOPClassUID>1.2.840.10008 5.1.4.1 1. 2</MediaStorageSOPClassUID>
<MediaStorageSOPInstanceUID>1.2.826.0.1.3680043.8.1055.1.20111102150758591.03296050.69 180943</Me
<TransferSyntaxUID>1.2.840.10008.1.2 4 91</TransferSyntaxUID>
<ImplementationClassUID>1.2.826.0.1.3680043 8.1055.1</ImplementationClassUID >

<ImplementationVersionName>dicomlibrary-100</mplementationVersionName>
<SourceApplicationEntityTitle=DICOMLIBRARY</SourceApplicationEntityTitle>

<SOPInstanceUID>1.2.826.0.1.3680043.8.1055.1.20111102150758591.03296050.69180943</SOPInstanceUID

To import the file, click File — Import other formats and Convert to IDCube — FITS (.fits)

Import Stack of .tif/tiff, .png, and .jpeg files

Features: IDCube directly imports a stack with .¢if/tiff, .png, and jpeg files. Cells_tiff stack dataset is used
as an example. To form a stack, see a previous section Convert individual JPEQ/PNG/TIF files to Stack.

Steps:

1. Click File — Import other formats and convert to IDCube — Import JPEQ/PNG/TIF

Stack.

E] IDCubePro (Powered By HSpeQ)

File View Edit Plots Image Statistics FEiltering and Enhancement Data Corrections Toolboxes Me

Open Dataset in IDCube Format a0 HEEHEE E N EE R
Add Reference in IDCube Format = @

Open Multiple IDCube Datasets > e«

Concatenate IDCube dataset >

Import Other Formats and Convert to IDCube > AVI (avi)

Open Legacy Format Datasets (MATLAB) Ctrl+L BIL/HDR; BIS/HDR; BSQ/HDR

Open Color Image (BMP/JPEG/PNG/TIFF) Ctrl+W
Images to Stack (JPEG/PNG/TIFF)
Recent IDCube Datasets

DAT/HDR; RAW/HDR
DICOM (.dem)
FITS, (fits, fit, fts)

Download Example Files in IDCube Format b

JPEG/PNG/TIFF Stacks

Export Setup...
Copy Interface View Ctrl+R

Save Interface View As...

2. Select a stack of fif/tiff files from the directory.
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K Select tif Stack X
&« v P « SingleFileFormat » Stack of tiff files v D Search Stack of tiff files
Organize ~ Mew folder = - [ e
3 Pap il - - - - ’
2 My
. ) A at3_1m4 05 @ A at3_1m4 06 @ A at3_1m4 07 @ A at3_1m4 08
@ Stu
Acti #
Plas
@ Cla:
Pav -«
@) A at3_1md_09 ® A at3_1m4_10 () & Stack 5 A yolume_50x
g VIEA
o < 5050 v
File name: Stack R | tif Files (*.tif, *.tiff, *.TIF, *TIFF) ~

Click Open. The stack file will be converted to the IDCube format and ready to use for any other operations.

You can also save the tiff stack into the IDCube format using Save As... option from the File menu.

Import Raw/HDR and Dat/HDR files
Note: Kootenai river dataset is used as an example (available from

https://www.sciencebase.gov/catalog/item/5bf48b00e4b045bfcae252d6).

Features:

e raw/hdr and dat/hdr files are commonly used by commercial data acquisition systems.
IDCubePro® enables the user to import and convert these types of files to the IDCube format

e Hyperspectral datasets often use raw/hdr or dat/hdr format. These formats have at least two files.

e The .raw or .dat files contains all relevant data and have a three-dimensional structure (m x n x [),
where m and # are spatial coordinates and / is the spectral coordinate.

e The .hdris aheader file that contains metadata. The header file typically contains information about
the type of sensor used to acquire the image, the date of the dataset collection, the number of
discrete spectral bands, and the corresponding wavelengths or channels.

e Typically, the header file uses the same name as the image file and is located in the same folder.
Steps:
2. Click File — Import other formats and Convert to IDCube — Import Raw/HDR or Dat/HDR.
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[ IDCubePro (Powered By HSpeQ)

File View Edit Plots Image Statistics Filtering and Enhancement
Open Dataset in IDCube Format
Add Reference in IDCube Format
Open Multiple IDCube Datasets

Concatenate IDCube dataset

Data Corrections  Toolboxes Mg

Ctrl+O .o_ °o_ A A KA F e ﬁ
% @

THelw &

>

AVI (avi)
BIL/HDR; BIS/HDR; BSQ/HDR

DAT/HDR; RAW/HDR

Import Other Formats and Convert to IDCube 3

Open Legacy Format Datasets (MATLAB) Ctrl+L

Open Color Image (BMP/JPEG/PNG/TIFF) Ctrl+W |

Images to Stack (JPEG/PNG/TIFF)

Recent IDCube Datasets FITS,
Download Example Files in IDCube Format >

Export Setup...

Copy Interface View Ctrl+R NIfTI
Save Interface View As...

==~ ot

DICOM (.dem)

(fits, fit, .fts)

JPEG/PNG/TIFF Stacks
H5 format (.h5)

(nii)

Princeton SPE (.spe)

3. Select a folder that has both files. For example, folder Kootenai Rover has .dat and .raw files.

| B File Selector

o v 4 + ExarnpleHSIData 3 ENVI > Kootenai River
Organize * News folder
2 lame
- Quick
Ca [ EoctCASIsubS.dat SR 448/2020
[+ KoctCASIsubS.hdr g
#C
=P
P
ko
54
A w £

) B

File name! “KootCaSisubbhdr” “KootCASkubS, dat”

4. Select both .dat and .hdr files and click Open. The
automatically converted to the IDCube format. After completion, metadata from the header file will
be automatically shown. The file name will be preserved and saved in the original folder as shown

below.

ions Toolboxes Machine Learing | [J

o]

Al Files =

| apen Cancel |

files will be opened in IDCubePro® and

. 0 = . i
“ % %S G B A F L edit View Insert Tools Deskiop Window Help 1!
1O & ENVI ~
description = {
File Resize Resul, xresize factor: 1.000000,  resize factor: 1.000000. !

[Fri Oct 05 11:36:17 20181}

interleave = bip
sensor type = Unknown
byte order = 0
xstart = 7823

[ import is complete - X

The files are converted to the IDCube format and saved in the original
folder

o 001, 5.000000006-001,
d names = {
Resize (Channel 3 401.624nm +/- 7.143nm (rows 271-276) (sc) 46 (1
Resize (Channel 4 415.908nm +/- 7.141nm (rows 265-270) (sc) 45 (1!
Resize (Channel 5 430.188nm +/- 7.139nm (rows 259-264) (sc) 44 (1
Resize (Channel 6 444.465nm +/- 7.137nm (rows 253-258) (sc) 43 (1
Resize (Channel 7 458.738nm +/- 7.136nm (fows 247-252) (s0) 42 (1
Resize (Channel 8 473.008nm +/- 7.134nm (rows 241-246) (sc) 41 (1
Resize (Channel 9 487.274nm +/- 7.133nm (rows 235-240) (sc) 40 (1

00, 5.0000000000€-001, 5.0000000000€-001, 11, North,

984" DATUM['D_WGS_1984" SPHEROID['WGS_1984",
JUNIT["Degree0.0174532925199433]) PROJECTION["Tr
0000.0] PARAMETER["False_Northing",0.0lPARAMETE |5
ftor",0.9996] PARAMETER["Latitude_Of_Origin" 0.0LUNIT ¥

6U):C2602_Kootenai_0928 pix),
6U).C2602_Kootenai_0928.pix),
6U):C2602_Kootenai_0928.pix),
6U):C2602_Kootenai_0928 pix),
6U).C2602_Kootenai_0928.pix),
6U):C2602_Kootenai_0928.pix),
6U).C2602_Kootenai_0928pix), v
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I = | Kootenai River - [m} ks
Bl o e @
« v |« ExampleHSIData > ENVI > Kootenai River v o O Search Kootenai River
A O Name Status Date modified Type Size
v Quick access
= | KootCASIsubb.dat @4 47472020 615 PM DAT File 63,714 K8
[£ Document # .
| Kool€ASIsubS hdr @A 44472020 6:21 PM HDR File 6kB
& Download # = o .
- KootCASIsubS @A 4£10/2022 4:29 PM MATLAB Data 71,005 KB
= Pictures A
Papers A
@ s v < >
3items. & a =

Import HS files (.h5, .hdf5)

HS5 or HDF5 (Hierarchical Data Format 5) is a file format designed to store and manage large and complex
datasets. It is a data model, library, and file format for storing and managing data. HDF5 is organized as a
hierarchical structure of groups and datasets. The data can be stored in a variety of data types such as
integers, floats, strings, and arrays. The groups act as containers for datasets and other groups, and datasets
can store data of any size and dimensionality. One of the key features of HDFS5 is its ability to handle
metadata, which is data that describes the attributes and characteristics of the dataset. This metadata can
include information such as the creation date, author, and version of the dataset, as well as information
about the data itself such as units and scaling factors. HDF5 is widely used in scientific research,
engineering, and data analysis applications due to its ability to handle large and complex datasets, its
flexibility, and its portability across different operating systems and platforms.

Note: The IDCube algorithm has been tested on several examples to open HDF5. IDCube might not be
able to perform that for every HDFS5 dataset because of the wide range of HDF5 formats.

Step 1. To import the files, click File — Import other formats and Convert to IDCube — HS (.h5)

[ Select H5 data X
<« v « ExampleHSIData > HS v 0 O Search H5
Organize ~  New folder E- 1 0

A Name Status Date modified

s Quick access

& Douments  # [ ] slices example.hs ca 2/23/2023 4:42 PM
¥ Downloads *
&=/ Pictures »
DlactirAndlain & M I >
File name: |slices_example.h5 V‘ (*.h5%) V‘
EJ IDCube_One: Save in IDCube format (.m) — O X

lslices_example_lDCube
Vashington University in St. Louis\ExampleHSIData\H5
Save As

O IDCube format (.m)

Save Cancel

A message box will inform you when the conversion is complete.
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@ Saving

1 The file is saved successfully in the IDCube format

X

The converted file can be found in the folder

Y < lhs

<« v
A
7+ Quick acc
|5 Doau
‘ Down
&= Pictul
Plasti
Stude o,

2 items

Share

View

« ExampleHSIData > H5

~
Name

|| slices_example.h5

* N
slices_example_|DCube.mat

Status

@8
@~

v U

Date modified

2/23/2023 4:42 PM
3/6/2023 7:58 PM

£ Search H5

¥ Type

H5 File
MATLAB Data

>

}

Import NIFTI files (.nii)

NIFTI (Neuroimaging Informatics Technology Initiative) files are a type of file format used in
neuroimaging to store and share medical imaging data. They are a standard format for storing and

distributing neuroimaging data and are widely used in the research community.

NIFTI files contain both image data and metadata, including information about the image dimensions, voxel
size, and orientation, as well as the data type and any image transformations that have been applied. This
metadata is important for ensuring that the data can be properly interpreted and analyzed by different
software tools. In the IDCubePro® NIFTI files can also be generated from DICOM (see Import DICOM

(.dcm) files section).

To import the file, click File — Import other formats and Convert to IDCube — NIFTI (.nii)

Y = INIFTI

€ oo

3t Quick acces:
|= Docum
4 Downlc
&= Picturec
PlasticA
Student
Present

1item

A

Share View

<« ExampleHSIData > NIFTI

~
Name

| ] ARTERIELLE.nii

To save the converted file, click File — Save as...
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Date modified

1/21/2023 7:33 PM

O Search NIFTI

Type

NII File
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[ IDCube One: Save in IDCube format (.m) — O X

Save As

QO IDCube format (.m)

Cancel

A message box will inform you when the conversion is complete.

[ Saving — X

The file is saved successfully in the IDCube format

< | NIFTI - O X
Home Share View v @
<« v « ExampleHSIData > NIFTI v O £ Search NIFTI
ES
ol Name Status Date modified Type
yp!
3 Quick acces:
: ARTERIELLE.nii @R 1/21/2023 7:33 PM NIl File
Docum
f‘;] NIFTI_IDCube.mat @R 3/6/2023 7:26 PM MATLAB Data
¥ Downlc #
'ownlc
[&=] Pictures #
PlasticA A
Studeni
Present# v <
2 items
K Select its file X
T « ExampleHSIData > FITS v U P Search FITS
Organize ~  New folder = . m @
A Name Status Date modified Type Size
# Quick access
N || WFPC2u57802051_cOf.fits ©A8 3/6/2023 9:58 PM FITS File
Documents »
¥ Downloads »
K pictres v I >
File name: |WFPC2u5780205r_cOfx fits v [ i) v

To save the converted file, click File — Save as...
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£ 1DCube_One: Save in IDCube format (.m) — O x

Save As

Q IDCube format (m)

Cancel

A message box will inform you when the conversion is complete.

£ saving — X

ﬂ The file is saved successfully in the IDCube format

| B = | NIFTI
Wome  shre  view
« v P « ExampleHSIData > NIFTI v o £ Search NIFTI
A Name

Status Date modified Type
# Quick acces:

. - y .
% Documn # | ARTERIELLE nii @F 1/21/2023 7:33 PM NII File

¥ Dounle# | NIFTLIDCube.mat @A
ownlc

3/6/2023 7:26 PM MATLAB Data
=] Pictures &

Plastich #

Student

Present # v < >

E=

The conversion also generates a header file. To open a header file click View — Save as...

2 items.

[ Select metadata file

X
T <« ExampleHSIData > NIFTI v 0 £ Search NIFTI
Organize ~ New folder - M @
A Name Status Date modified i
# Quick access
4 Documents » ] ARTERIELLEtxt o) 3/8/2023 5:59 PM ™
¥ Downloads »
=] Pictures »*
PlasticAndCoin »

Students and callahorator # ¥ <

File name: | ARTERIELLE.nii

= A
() Broadvand

The header file will be opened in a new window.
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[ IDCubePro : Header information - X

File Edit View Insert Tools Desktop Window Help k]

Filename:C:\Users\ExampleHSIData\NIF TMARTERIELLE nii A
Filemoddate:07-Mar-2023 19:33:42
Filesize:189268720

Version:NIfTI1
Description:ime=20061012085229.000;
ImageSize:512

ImageSize:512

ImageSize:361
PixelDimensions:0.58984
PixelDimensions:0.58984
PixelDimensions 0.5

Datatype:int16

BitsPerPixel 16

SpaceUnits:Milimeter

SliceCode:Unknown
FrequencyDimension:0
PhaseDimension:0
SpatialDimension:3
DisplayintensityRange:0
DisplaylntensityRange:0
TransformName:Sform

Qfactor:-1

AuxiliaryFile:JPEG 2000 lossless - Ver

Import from different instruments

To save the converted file, click File — Save as...
IDCubePro® supports many formats and platforms.

For accessing data from satellites and other remote sensing platforms, see our video tutorials at
https://www.idcubes.com/tutorials.

Examples of using platforms from several types of platforms are given below.
Aviris Classic

To find and download the file go to https://aviris.jpl.nasa.gov/ and click on the panel Search the Data
Archive. (Might require login in and not available for general public)

@ aviris jpl.nasa.gov (CUNT-2 - S - |

Airborne Visible'/ Infrared Imaging Spectrometer.
WELCOME

Home .
e . Next Fiight Data

Announcements

Data Archive
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Aviris NG

AVIRIS NG stands for Aviris New Generation. AVIRIS-NG is an imaging spectrometer that measures

reflected radiance at Snm intervals in the Visible to Shortwave Infrared (VSWIR) spectral range from
380-2510nm.

Step 1. Downloading data.

Notice: Aviris NG operates by a company/governmental agency that is not affiliated with IDCube. The
access to the data and the quality of the data are not controlled by IDCubePro.

To find and download the file go to https://avirisng.jpl.nasa.gov/data.html. Red areas indicate available
data.

< C O @& avirisng jplnasagovidatantml 2 % QP N0

Airborne Visible / Infrared Jmaging Specfrometer

AV

GENERATION

« C O @& avirisngjplnasagov/dataportalf a2t Q@@

Jet Propulsion Laboratory
California Institute of Technology

5) AVIRIS-NG Data Portal 2014-2021

Map | Data Table | Additional Info
-« AVIRIS-NG Data Portal

= = éri:“

2 v]=]] k

O A ¢
%, ‘
b
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AVIRIS-NG Data Portal

Site Name: |AP CHE 17 201

1% o

{ MCRS=
| #Samples: 3629 # Lines: 10202
Pixel Size: 0.9m

- Sl Solar Elevation: 27.37
Solar Azimuth: 148.2¢
Rotation: -81
Naturpark | Download Orthocorrected, Radiance
Demtgtal Data
| View RGB Quicklook
Zw s im men
| KMLdisplay F

| zoom1o

Find the data of your interest and click Download Orthocorrected Radiance Data. The download will
start.

:,'\ ang20191027t15....tar.gz
~ 05/1.9 GB, 5 mins left

After the download is complete, unzip the file to see a folder with all files

V0 = |ang201910274153848 rdn v2x1 - o x
bome S viw °
« v 4« ang201910.. > ang20191027¢153848 rdn v2x1 v O | P Searchang201910271153848 rdn v2x1
A O Name ate pe Size
. 10562 K8
@
Downloads
M 2951768
= pictures * o
Papers - 2248639 K8
Mgt 15K
Studonts and col # 2951768
. 1w
. » 1082298
. @
R o 116401k
1) ang20191027¢153048 rdn v2x1 obs orthdr 371 1w
s tost * .
5] ang20191027¢153848 README vt sk
IDCubePro b
13 tems EH=

Step 2. To convert Aviris-NG files to IDCube, select Import Other Formats and Convert to IDCube —
Aviris — Aviris NG

K File Selection — X

ﬂ Select two files: Image data file (usually the largest file) and metadata

file (.hdr)

Navigate to the folder with the files and select an image datafile, usually the largest file, and a header file
that has the same name as the datafile but with extension .idr. Click Open to initiate the conversion.
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Select two files: image data file and a metadata file (hdr) file X
<« ~ 4 1 > ThisPC > Downloads > ang: 153848.tar > 153848 rdn_v2x1 v | L | P Searchang20191027t15384.
Organize *  New folder E- m @
© github_repo A O Name Date modified Type Size
- grabit [) ang20191027t153848_rdn_v2x1_git 3/1/2020 12:18 PM File 10,582 KB
B pin_recent places quick access [ ang20191027t153848_rdn_v2x1_glthdr 3/1/2020 12:18 PM HDR File 1KB
© Please DocuSign / for 153848 _rdn_v2x1_igm 3/1/2020 12:18 PM File 29,517 K8
1 scitransimed.abj8186_files s1_to_s ] ang20191027t153848_rdn_v2x1_igmhdr 3/1/2020 12:18 PM HDR File 18
1 SUC_Di 8 [ ] ang20191027¢153848 rdn v2x1_img 3/1/2020 12:17 PM File 2,248,639 KB
B ssst ] ang20191027t153848_rdn_v2x1_img hdr 3/1/2020 12:17 PM HDR File 15K8
eat 0921 [ 1] ang20191027t153848_rdn_v2x1_loc 3/1/2020 12:16 PM file 29517 K8
: 1039 [] ang20191027t153848 rdn v2x1_lochdr 3/1/2020 12:16 PM HDR File 1KB
S, 41586_2020_2797_MOESM4_ESM [ ang20191027t153848 rdn_v2x1_obs 3/1/2020 12:18 PM File 108,229 KB
' ang20191027153848 tar [7] ang20191027t153848 rdn_vax1_obshdr 3/1/2020 12:18 PM HDR File 1KB
| ang20191027t153848 rdn_v2x1 [1] ang20191027t153848 rdn_v2x1_obs_ort 3/1/2020 12:16 PM File 116,401 KB
@ cellagezip [[] ang20191027t153848 rdn_v2x1_obs_orthdr  3/1/2020 12:16 PM HDR File 18
& fijwindzip [ | ang20191027153848 README v2x1.txt 3/1/2020 12:18 PM Text Document 9KB
@ github_repo.zip N
2 arahit 7in v
File name: |"ang20191027t153848 rdn_v2x1_img" *ang20191027t153848 rdn_v2x1_imghdr” -] [ AlFiles () v

Completion of the conversion will be notified with a message box.

£l Import is complete

The files are converted to the IDCube format and saved in the original

folder

O

X

After the conversion is completed, the new imaging file in the IDCube format (with a .mat extension) will
be generated and saved with the same name as the .LIR file.

File View Edit Plots Filtering and Enhancement Data Cormections Toolboxes Machine Learning Windows  Help

yomsmzasajlsogconesnspeafulnjlextraoe ool Eunl inauuullZB0EEER

Data Reduction Data Export

S22 AABI EXZ3\\\NTOO[wWa

Notice: AVIRIS-NG generates imaging data with values that are artificially low (highly negative). These
data correspond to the edges of the image. If necessary, the best way to eliminate these data points is to

crop the image.

Due to the presence of several header files, the header file will not open automatically. It can be opened via
View — View Header Information. Any file with a .idr or .£xt extension can be opened this way.
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EJ IDCubePro 2.0 Beta : Header information - X
File Edit View Insert Tools Desktop Window Help k]
ENVI =

description = {
AVIRIS-NG Measured Radiances in uW nm-1 cm-2 sr-1}
samples = 638
lines = 2123
bands = 425
header offset = 0
file type = ENVI
data type =4
interleave = bil
byte order =0
map info = {UTM, 1, 1, 666079.295792, 3839667.69305, 5.1, 5.1, 14, North, WGS-84, units=Meters, rotation=
3.0000000}
crosstrack scatter file = /home/winstono/isat-deviang/cal/data/20170125_via_ang20160925t182412_crf
‘wavelength units = Nanometers
flat field file = /nome/winston: 1g/c: 20180727_ang20180628_BLUSS_avg_rows300-340_ff
'wavelength file = /home/winstonolisat-deviang/calidata/20190111_ang20180325t061759_wavelength_fit_full txt
wavelength = { 376.719576 , 381.729576 , 386.739576 , 391.749576 , 396.749576 , 401.753576 ,
406.76957600000003 , 411.77957599999996 , 416.789576 , 421.799576 , 426.80957600000005 , 431.819576
,436.819576 , 441.829576 , 446.839576 , 451.84957599999996 , 456.859576 , 461.869576 ,
466.87957600000004 , 471.87957600000004 , 476.889576 , 481.899576 , 486.909576 , 491.919576 ,
496929576 , 501.93957600000005 , 506.94957600000004 , 511.94957600000004 , 516 959576 ,
521.9695760000001, 526979576 , 531.9895759999999 , 536.999576 , 542 009576 , 547 009576 ,
552.0195759999999 , 557.029576 , 562.039576 , 567.049576 , 572.059576 , 577.069576 ,
582.0795760000001 , 587.0795760000001 , 592 089576 , 597.099576 , 602.1095760000001 ,
607.1195759999999 , 612.1295759999999 , 617139576 , 622139576 , 627 149576 , 632.1595759999999 ,
637.169576 , 642179576 , 647.189576 , 652.199576 , 657.209576 , 662.209576 , 667.2195760000001 ,
672.229576 , 677.2395759999999 , 682 249576 , 687.259576 , 692.269576 , 697 2695759999999 ,
702279576, 707.289576 , 712.299576 , 717.309576 , 722.319576 , 727 3295760000001 , 732.339576 ,
737.339576 , 742349576 , 747.3595760000001 , 752.3695759999999 , 757 379576 , 762.389576 ,
767.399576 , 772.399576 , 777.409576 , 782.419576 , 787.429576 , 792.439576 , 797 449576 , 802450576 ,
07 4A057/0000001 212 ARQSZA00N0001 817 47Q576 4805 400577

v

Hyperion (tiff format)

Hyperion generates files in two formats with .ziff'and ./1r/hdr extensions. In the case of tiff files, all tiff files
are located within one folder. The folder has also a metadata file. To convert the #iff files to IDCube format,
select Import Other Formats and Convert to IDCube — Hyperion.

File View Edit Plots Filtering and Enhancement Data Corrections Toolboxes Machine Learning Windows Help
Open Dataset in IDCube Format Crl+0 %% m AR KA F AT S DY
Add Reference in IDCube Format OO s
Open Multiple IDCube Datasets >
Concatenate IDCube dataset >
Import Other Formats and Convert to IDCube > Convert Multiple TIF/PNG/JPEG Files to Stack
Open Legacy Format Datasets (Matlab) Ctrl+L Import TIF/PNG/JPEG Stack
Qpen Color Image (tift/bmp/pna/jpeg) Crlsw Import Raw/HDR or Dat/HDR Files
Recent IDCube Datasets Specim Spectral Imaging
Download Example Files in IDCube Format 3 Middleton Spectral Vision
Export Setup. Heacwall Photonics
Copy Interface View Curl+R Cytoviva
Save Interface View As.. Arion Optics
Save Data As... 3 AVIRIS S
Print Preview... Hyperion b Hyperion TIF
Print... Ctrl+P Landsat b Hyperion L1R/HDR
Exit Ctrl+X PlanetScope
Generate Report Sentinel 2
LB 0BT Satellite
() image Agebra FSM (Perkin Elmer)
(O Custom Functions FLIM Raw (SPClmage, Becker & Hickl)
) FLIM to IDCube

A pop-up message will ask to select a folder where the #iff files are located.

£ File Selection - X

| Select a folder with all tiff files
L
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[ Select Folder to Open X
« v « ExampleHSIData > Hyperion » v 9] O Search Hyperion
Organize ~ New folder = - (7]
BUGS ol Name Status Date modified
Contrast enhancement New folder o8 3/22/2022 1:01 AM
I Desktop il spill (X 3/22/2022 1:01 AM
[ Documents Qil Spill Bohai Sea 2007 GAR 3/22/2022 1:01 AM
Email attachments Tucson Fire July 03 2003 HDR files OA 3/22/2022 1:01 AM
Endnote 9 Tuscon July 03 2003 G R 7/17/2022 6:56 PM
ExampleHSIData . >
Folder: ‘ Tuscon July 03 2003
Select Folder Cancel

Select the folder and click Select Folder where the tiff files are located. The conversion will start
immediately. After the conversion is completed, the message will appear. The new imaging file in the
IDCube format (with a .mat extension) will be generated and saved with the same name as the ziff files.

£ import is complete — X

The files are converted to the IDCube format and saved in the original

folder

Hyperion (L1R/hdr format)

Hyperion generates files in two independent sets formats (ziff and LIR/hdr). This part of the manual
describes how to download and process Hyperion files in the L/R/hdr format. The folder has also a metadata
file.

Step 1: Selecting the area and Landsat 9

Landsat 9 data can be obtained by visiting https://earthexplorer.usgs.gov/. You will have to log in to the
website in order to download the data.
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[ seoren creers [REEREE oaberal Criena | o Search Crtaria Sumemary (o)

1. Enter Search Criteria
‘o nanT your search eres: type I an address of place name.
IN2125.0 Cik T 4010 32402 YT SS31ch area (o
‘he nilp decumentaticn). andor

:

Move to the location of interest and select the area by, for example, clicking on the map.

ZUSGS

science for.chaoging work!

EarthExplorer

Search Cricre [T ST

1. Enter Search Criteria

O NaOW yOUF SSATTN S 1y3E 1 20 3000
165 Gr GICk I 713 19 Ooine:

el e hep cozumentanor)

Searen Criteria Summary = Glear Search Grieris

Select a Ceocading Methed
"

l} unEp sTaTEs

ox |
IR

4 Lat 99" 27 19N, Lom: 089" 1551 W iR

e e

[ e ange R

a. In the Data Range (below) specify the Date, Cloud Cover, and other options.

b. In the Data Sets tab (on the top), go to EO-1 and select sat dropdown menu which contains EO-1
Hyperion.
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Search Criteria Additional Criteria Resulis

Search Criteria Summa|

2. Select Your Data Sef(s)

Check the boxes for the data set(s) you want to search. When
done selecting data set(s), click the Additional Criteria or Results
buttons below. Click the plus sign next to the category name to
show a list of data sets.

‘ [J Use Data Set Prefilter (What's This?) ‘

‘ Data Set Search | | ‘

PEITISSIUNS TIaVE Uliangey OF you are 1101 Seeiy ar

expected dataset, click here to refresh your list.

& Aerial Imagery
% AVHRR
EOS Legacy

Commercial Satellites

-

&

Declassified Data
Digital Elevation
Digital Line Graphs

-

Digital Maps
EO-1
O OE @ Eo-1AU

m

lobal Fiducials
HCMM
ISERV

-3

&

fED-—S-TATES—

< c o

R—

@ earthexplorer.usgs.gov

Show Result Controls. =

Data Set Cck here to export your resuts » @&

EO-1 Hyperion ~]
DRpIayIg =TT OTTT
(Restore Excluded Scenes)
Entity ID: EO1HO240332016314110°7_AS3_01
Acquisition Date: 2016-11-09 00.00:00-06.
H Target Path: 24

Target Row: 32
Coordinates: 3346802 . -50.236047

- Ydd YL EAFO

Entity 1D; EO1H024032201222610KF_PF1_01
Acquisition Date: 2012.05-15 00:00.00-05

Target Path: 24
Target Row: 33
Coordinates: 38 79111 ,-90 32903

Bids/LaHO|

Entity ID: EOTH0240322004318110PR_PF1_01

Acquisition Date: 2004-11-13 00:00:00-06
Target Pam:

Target Row:

Coordinates: 33 570808, 00 409674

Ydd/LEAWO

Entity ID; EO1HO240332004270110P0_PF1_01
Acquisition Date: 2004-09-26 00:00.00-05
Target Path: 21
Target Row: 32 -

View ltem Basket » | Submit Standing Request »

L1R Product in HDF format (233.65 MiB)

L1Gst Product in GeoTiff format (224.79 MiB)

L1T Product in GeoTiff format (231.24 MiB)

Full Resolution Browse in JPEG format (159.77 KiB)

GIS Ready Bundle in JPEG format + world file (161.27 KiB)

When the download is complete, unzip the file.
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Step 2. To import the file to IDCube format select File — Import Other Formats and Convert to IDCube
— Hyperion (L1R/hdr).

v.2.77

File View Edit Plots Filtering and Enhancement Data Corrections Toolboxes Machine Learning Windows Help

% bR EAFnRONT L DY
Add Reference in IDCube Format oo ‘ Q&

Open Dataset in IDCube Format Ctl+0 |} %,

Open Multiple IDCube Datasets

Concatenate IDCube dataset >

Import Other Formats and Convert to IDCube

Convert Multiple TIF/PNG/JPEG Files to Stack

Open Legacy Format Datasets (Matlab) Ctrl+L Import TIF/PNG/JPEG Stack

Open Color Image (tiff/bmp/png/jpeg) Ctrl+w Import Raw/HDR or Dat/HDR Files

Recent IDCube Datasets Specim Spectral Imaging

Download Example Files in IDCube Format Middleton Spectral Vision

Export Setup... Headwall Photonics

Copy Interface View Ctrl+R Cytoviva

Save Interface View As... Arion Optics

Save Data As... AVIRIS

Print Preview... Hyperion Hyperion TIF
Print... Ctrl+P Landsat Hyperion L1IR/HDR
Exit Ctrl+X PlanetScope

Generate Report Sentinel 2

(J Broadband OBT Satellite

(O mage Algebra

FSM (Perkin Elmer)
FLIM Raw (SPClmage, Becker & Hickl)
FLIM to IDCube

(O Custom Functions

A pop-up message will ask to select two files with .L/R (datafile) and .hdr (metadata) extensions.

Ed File Selection X

ﬂ Select two files: Image data file .L1R and .hdr file

Click OK and select two files. The Image data file is usually the largest file and the header file has a .hdr
extension.

File(s) Selector. Select both L1R and .hdr files X
1 |« Hyperion > Tucson Fire July 03 2003 HDR files > EO1H2180322011318110T3 July 3 2003 v o £ Search EOTH218032201131...
Organize New folder = m 0
~ [ Name Status Date modified Type Size
5t Quick access N
B Documents » |1 EO1H2180322011318110T3.AUX oA 10/23/2020 1:04 AM AUX File 206,432 KB
|| EO1H2180322011318110T3.L1R @A 10/23/2020 1:04 AM L1R File 411,405 KB
¥ Downloads » s
EOTH2180322011318110T3.mat @R 7/17/2022 12:49 AM MATLAB Data 337,229 kB
= Pictures * [] EO1H2180322011318110T3.MET Y 10/23/2020 1:04 AM MET File 1KB
Papers »* [] EO1H2180322011318110T3.xt oa 10/24/2020 11:22 PM Text Document 16 K8
My grants » || EO1H2180322011318110T3_PF1_01.fgdc OR 10/23/2020 1:04 AM FGDC File 18 KB
Students and colla # || EO1H2180322011318110T3-cor.hdr @A 10/24/2020 11:30 PM HDR File 16 KB
Active » |- README&xt SA 10/23/2020 1:04 AM Text Document 6 KB
_ P, N v
File name: ‘“E01H2180322011318110T3—cor.hdr" “E0TH2180322011318110T3.L1R" ~ \ Al Files () v

Select the files and click Open. The conversion will start immediately. After the conversion is completed,
the header file will be opened automatically. The new imaging file in the IDCube format (with a .mat
extension) will be generated and saved with the same name as the L/R file.
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bolboxes Machine Learning | 3 [DCubelro 2.0 et

AN

i @ ® A P Erie edit view Insert Tools Desktop Window Help ’-E B

=Y |

description = { Hyperion L1 Data Product [Fri Aug 30 164630 2013]}

samples = 256 arch Documenta 2!
00

[
file type = HDF Scientific Data
data type = 2

interleave = bil

sensor type = Unknown

byte order = 1

read procedures = { hdf_read_spatial, hdf_read_speciral]
subset procedure = hdf_read_scroll

[ import is complete — x B 0
x10*

The files are converled lo the IDCube format and saved in the original Min: -32767
folder Maze 1477

oK ntensity Scale | 2]

TyperTOn T ANy U N
(25612423400 H;gennnu Band 11, age Frameb...[ .||
56124 Hyperion L1: Band 12 o
(256:24243400) Hyperion L1 Band 13,
6x242%3400) Hyperion L1 Band 14,
(256:24243400) Hyperion L1 Band 15,
6x242x3400) Hyperion L1 Band 16,
Hyperion L1 Band 17,
Hyperion L1. Band 18,
( Hyperion L1’ Band 19,
(256:242¢3400) Hyperion L1. Band 20, v

Landsat 9

Features: IDCubePro® allows for the conversion of different file formats to IDCube files. This manual
will outline the steps to download and convert Landsat 9 data from the USGS website to IDCube format
files.

Step 1: Selecting the area and Landsat 9

Landsat 9 data can be obtained by visiting https://earthexplorer.usgs.gov/. You will have to log in to the
website in order to download the data.

Move to the location of interest and select the area by, for example, clicking on the map

= USGS

Sclence forachanging worlt

EarthExplorer

Search Cricre [T ST

1. Enter Search Criteria
o naro 2 type n 2n aer
i map 15 oot
e he oo

Searen Criteria Summary =

Glear search Criteris

we:
umentatin

l} uhitED states

iR
Tl
iR
IR |

e e

[T ot o | o oses

c. In the Data Range (below) specify the Date, Cloud Cover, and other options.

d. In the Data Sets tab (on the top), find a Landsat dropdown menu that contains “Landsat Collection
2 Level 1” data. In this dropdown menu, the “Landsat 8-9” data can be selected.
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View e Basket » | Submit Standing Request-»

Step 2. Downloading the data

a.

The “Product Bundle” must be selected so that the entire dataset can be converted.
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Download Options n

Product Options ~ Landsat Collection 2 Level-1 Product Bundle

LELVI  Full-Resolution Browse (Matural Color) GeoTIFF (14.00 MiEB)
LELM  Full-Resolution Browse (Thermal) GeoTIFF (14.00 MIB)

LELVI  Full-Resolution Browse (Quality) GeoTIFF {14.00 MiB)

LELVI  Full-Resolution Browse (Natural Color) JPEG (6.00 MiB)

LELI  Full-Resolution Browse (Thermal) JPEG (6.00 MiB)

il

LELVM  Full-Resolution Browse (Quality) JPEG (6.00 MIB)

Product Download Options for LC09_L1TP_023033_20220414_20220414_02_T1 ®

Landsat Collection 2 Level-1 Product Bundle

F R RLYe: [l | andsat Collection 2 Level-1 Product Bundle

The following items are available for individual download

(Item Name Filter)

IERIERERE] oo s oo e

[ % | & oun Rt

R (o0 s g e m e

[ % | & 0sus Pttt

IR (50 s e e m e
LCOELUTF'FD$30337292.294147212204%4702711793‘TIF .

Once downloaded the dataset will appear as a zip file. This file can be unzipped using any software. We
use 7-Zip software to extract the data. The resulting data file will be a folder.

=

LC09_L1TP_024033_20220507_20220507_0... /10,2022 12:03 PM File folder

Step 3. Converting the data from the Landsat to IDCube format.

The conversion function in IDCube can be accessed by navigating to the File menu — Import Other
Formats and Convert to IDCube — Landsat — Landsat 9.
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File View Edit Plots Filtering and Enhancement
Open Dataset in IDCube Format Ctrl+0
Add Reference in IDCube Format
Open Multiple [DCube Datasets
Concatenate IDCube dataset
Import Other Formats and Convert to IDCube
Open Legacy Format Datasets (Matlab) Cirl+L
Open Color Image (tiff/bmp/png/jpeg) Ctrl+W
Recent IDCube Datasets
Download Example Files in IDCube Format
Export Setup...

Copy Interface View CtrlsR
Save Interface View As...
Save Data As..
Print Preview...
Print... Ctrl+P
Exit Ctrl+X
Generate Report
Lower Limit
Upper Limit
Apply ‘ Clear ‘ Apply |

Data Corrections

Toolboxes  Machine Learning  Windows
1% % AN A F R
TOO|4H s

IS

>

Help
8t

Convert Multiple TIF/PNG/JPEG Files to Stack
Import TIF/PNG/IPEG Stack
Import Row/HDR or Dat/HDR Files
Specim Spectral Imaging
3 Middleton Spectral Vision
Headwall Photenics
Cytoviva
Arien Optics
S AVIRIS
Hyperion
Landsat |

Landsat 8
PlanetScope Landsat 9
Sentinel 2

OBT Satellite

FSM (Perkin Elmer)

FLIM Raw (SPCImage, Becker & HickI)
FLIM to IDCube

The desired Landsat 9 data folder can then be selected for conversion.

G e

S AAIB I
Dot Reshcon. Dt Erpat
ER s —
fin b B T 4
Spatia Crop by Coordnates
X Position X Dimension
¥ Position Y Dimensson
Contrmrca | Appiy Crop
‘Spacal Eimnng Spoctel Cop
Lower Limt
Upper Limit
rety || clem | nosy Cear
[Irer—

<

CHAE SELETTON
@SrgleCha . O TwoChon . OThree-Cha.. ORGE 1)
BamdChamnel 1
5 i L s
4
Bandwith oty Sealo [P
Min

The converted file will be saved in the original folder path and the file will automatically be

IDCube.

reaoviam D0 Ul ianuunlf08 BE(0Ga0
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age sty 4147
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opened in
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PlanetScope Satellites

Planet launched their first Dove microsatellites in 2015 with multiple launches in subsequent years. As of
2022, over 240 PlanetScope microsats were orbiting the planet, providing daily imagery of most Earth’s
landmass at 3-meter resolution with 4 multispectral bands (i.e. blue, green, red and near-infrared [NIR]).
SuperDoves launched since 2019 feature 3-m imagery with 8 multispectral bands, adding coastal blue and
red edge data.

(a) Dove Classic

1.0
|Blue | 455-515

o 08 500-590
8 |Red | 590-670
§ 0.6 780-860
& 04

0.2
0.0

400 500 600 700 800 90 1000
(b) Dove-R
N | Blue | 464-517
08 547-585
3" |Red | 650-682
S 06 846-888
&
¢ 04 | ‘
02 J !|
0.0 .
400 500 600 700 800 90 1000
(c) SuperDove
1 > T
0 o] N |“ [ tal Blue [ 431-452
08 ! | Blue | 465-515
@ | Green | 513-549
S 08§ | \ | 547-583
8 04 I | 600-620
@ 0 [Red | 650-680
02 RE | | 6a7-713
| |l 845-885

400 500 600 700 800 900 1000
Wavelength (nm)

Spectral responses for PlanetScope: (a) Dove Classic ‘PS2’, (b) Dove-R ‘PS2.SD’, and (¢) SuperDove
‘PSB.SD’ sensors. (see ref)

Ref:

A. E. Frazier and B. L. Hemingway. A Technical Review of Planet Smallsat Data: Practical Considerations
for Processing and Using PlanetScope Imagery, Remote Sens. 2021, 13(19), 3930;
https://doi.org/10.3390/rs13193930

Sentinel-2

Sentinel-2 is an Earth observation mission from the Copernicus Programme that systematically acquires
optical imagery at a high spatial resolution over land and coastal waters. The mission is currently a
constellation with two satellites, Sentinel-2A (launched in 2015) and Sentinel-2B (launched in 2017); a
third satellite, Sentinel-2C, is currently undergoing testing in preparation for launch in 2024. Level-2A data
is the most ideal for research activities as it allows further analysis without applying additional atmospheric
corrections. Sentinel-2 collects multi-spectral data with 13 bands in the visible (B02, B03, B04), near-
infrared (B05, B06, BOS, BO8A), and short-wave infrared parts (B09, B10, B11, B12) of the spectrum.
Sentinel 2 provides images with three types of spatial resolution: 10 m, 20 m, and 60 m as shown in the
Table:
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Table: Sentinel 2 Bands

Band name Resolution = Central wavelength Bandwidth (nm) Purpose
(m) (nm)
BO1 60 443 20 Aecrosol detection
B02 10 490 65 Blue
BO03 10 560 35 Green
B04 10 665 30 Red
BO5 20 705 15 Vegetation classification
B06 20 740 15 Vegetation classification
B07 20 783 20 Vegetation classification
BOS8 10 842 115 Near-infrared
BOSA 20 865 20 Vegetation classification
B09 60 945 20 Water vapor
B10 60 1375 30 Cirrus
B11 20 1610 90 Snow / ice / cloud discrimination
B12 20 2190 180 Snow / ice / cloud discrimination
AOT 20 Aerosol Optical Thickness map
SCL 20 Scene classification layer
TCI 10 B02+B03+B04 True color image
WVP 20 Scene-average Water Vapor map

Step 1. Download data.

The data can be downloaded from several resources such as Copernicus Open Access Hub
(https://scihub.copernicus.eu/dhus/#/home) and Earth Explore (https://earthexplorer.usgs.gov/).

A brief guidance from the Copernicus Open Access Hub is shown here.

« C 0 (@ sihbeopemicsa a s 05 E %0

Welcome to the Copernicus Open Actess Hub
The #5510 i

p

(a;% 38,892

rod. pul

prod. published in the last 24h

f‘j DHUS Dpen Souree Pores

mics
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Press the Open Hub panel and put your login information (or register if you are a new user). After that
switch the Navigation Mode to Area Mode.

v.2.77

Then, 1) draw the region of interest (which will turn yellow). 2) Press the three lines on the Search Criteria
and add criteria to narrow down the search. We suggest specifying Sentinel 2 as a mission platform. 3)
Click Search to start the search process.

Descenang

O masien: semmner

Sateen Piaorm

Falansaton

s oo e 7
B wson e

Preceet Type

Felave Oran Humber (¥om 1 10 143) ‘Clout Gover % (83 10 TO S 4l

O Mssion Semsaeta.

Satehes Patom

Y W insert search criteria...

Display 1 to 25 of 1094 products. &2 X
Order By: Ingestion Date 4 0 products selected O

Request Done: ( footprint:"Intersects(POLY GON((-17.195914685066157
65.80807224000765,-17.017440713474738 65 80807224000765.-17 017440713474738
66.06278388669077,-17.195914685066157 66.06278388669077.-17.195914685066157

Downioad URL hitps //sciub.copernicus ducts( o 1
Py Mission: Sentingi-2 Instrument: MS! Sensing Date: 2022-07-02T12:43:21.024Z Size 736.20 MB
<N

Download URL. ./ copernicys 1/Products("6 48c2-41. 21

. Mission: Sentinei-2 Instrument. MSI Sensing Date: 2022-07-02T12:43:21.024Z Size: 275.26 MB

Downioad URL: hitps-//scinub.copernicu: 6D 1 4
- Mission: Sentinei-2 Instrument: MS] Sensing Date: 2022-07-02T12:43:21.024Z Size: 632.76 MB

A $2A_MSIL2A_20220628T130311_N0400_R038_T28WDT_20220628T191909 ]

Download URL: https //scinub.copernicus 1/Productst 4d32-860a-08
Mission: Sentinei-2 Instrument: MS! Sensing Date: 2022-06-28T13:03:11.024Z Size: 376.56 M8

$2A_MSIL2A_20220628T130311_N0400_R038_T28WDU_20220628T191909 o
FF™® " Download URL: htips//scihub copernicu ducts(dd 1a0-

‘ Mission: Sentinel-2 Instrument. MSI Sensing Date: 2022-06-26T13:03:11.024Z Size: 644.67 MB

Products per page: << < page-moua > 55 “
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Unzip the file. Sentinel 2 dataset has the structure as shown on the left panel. Navigate to the IMG_DATA
folder. In some cases, the IMG DATA folder has subfolders, such as R10, R20, and R60. R20 and R60 are
supported by the IDCubePro®. If any of the subfolders are selected (i.e., R20) you can see all bands that
are available for processing. Refer to the meaning of each band in the Table of Sentinel 2 bands above.

v.2.77

R20m

%

« v
S2A_MSIL2A 20220702T124321_N0400_R095_T27WXP_20220702T190317
S2A_MSIL2A_20220702T124321_NO400_R095_T27WXP_20220702T190317.SAFE
AUX_DATA
DATASTRIP
GRANULE
L2A_T27TWXP_A036700_20220702T124316
AUX_DATA
IMG_DATA
R10m
R20m
R60m
QI_DATA
HTML

Share  View

« GRANULE > L2A_T27WXP_A036700_20220702T124316 > IMG_DATA > R20m

~

O

rep_info

S3A_OL_2 LRR__20220717T121552_20220717T130012_20220718T152835_2660_087_323
v

14 items

Step 2. Converting data into the IDCube format.

- O X
0
v o £ Search R20m
Name - Date modified Type
[ T27WXP_20220702T124321_AOT_20m,jp2 7/2/2022 7:55 PM JP2 File
] T27WXP_20220702T124321_801_20m,jp2 7/2/2022 7:55 PM JP2 File
] T27WXP_20220702T124321_802_20m jp2 7/2/2022 7:55 PM P2 File
[ T27WXP_20220702T124321_B03_20m.jp2 7/2/2022 7:55 PM JP2 File
] T27WXP_20220702T124321_804_20m,jp2 7/2/2022 7:55 PM P2 File
| T27WXP_20220702T124321_805_20m jp2 7/2/2022 7:55 PM JP2 File
] T27WXP_20220702T124321_B06_20m jp2 7/2/2022 7:55 PM JP2 File
[ T27WXP_20220702T124321_807_20m,jp2 7/2/2022 7:55 PM JP2 File
] T27WXP_20220702T124321_B8A_20m,jp2 7/2/2022 7:55 PM JP2 File
] T27WXP_20220702T124321_B11_20mjp2 7/2/2022 7:55 PM P2 File
[ T27WXP_20220702T124321_B12_20m.jp2 7/2/2022 7:55 PM JP2 File
] T27WXP_20220702T124321_SCL_20m,jp2 7/2/2022 7:55 PM P2 File
] T27WXP_20220702T124321_TCI_20m jp2 7/2/2022 7:55 PM JP2 File
] T27WXP_20220702T124321_WVP_20m,jp2 7/2/2022 7:55 PM JP2 File

Select Import Other Formats and Convert to IDCube — Sentinel 2.

[ IDCubePro 2.0 Beta (Powered By HSpeQ and Washington University in St. Louis)

File View Edit Plots Filtering and Enhancement Data Corrections Toolboxes

Open Dataset in IDCube Format Ctrl+O
Add Reference in IDCube Format

Open Multiple IDCube Datasets

Concatenate IDCube dataset

Import Other Formats and Convert to IDCube

Open Legacy Format Datasets (Matlab) Ctrl+L
Open Color Image (tiff/bmp/png/jpeg) Ctrl+W
Recent IDCube Datasets

Download Example Files in IDCube Format

Export Setup...

Copy Interface View Ctrl+R
Save Interface View As...

Save Data As...

Print Preview...

Print... Ctrl+P
Exit Ctrl+X

Generate Report
(U Image Algebra

() Gustom Functions

| Getimage B Reset |

3

Machine Learning Wit

%M AL B A F R

rOo|a s
>

>

Convert Multiple TIF/TIFF Files to Stack
Import TIF/TIFF Stack

Import Raw/HDR or Dat/HDR Files
Specim Spectral Imaging

Middleton Spectral Vision

Headwall Photonics

Cytoviva

Arion Optics

AVIRIS

Hyperion

Landsat

PlanetScope

Sentinel 2

OBT Satellite

FSM (Perkin Elmer)

FLIM Raw (SPClmage, Becker & Hickl)
FLIM to IDCube

You will be prompted to select the folder with the data that will be imported into the IDCube format.

a File Selection

ﬂ Select a folder with all image

X

files (i.e. tiff, jp2, .png, efc)
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Select Folder to Open X
« v |« L2AT27TWXP_A036700_20220702T124316 > IMG_DATA > v O £ Search IMG_DATA
Organize ~ New folder = - (7]
github_repo ~ Name Date modified Type
bit .
grabt R10m 7/2/2022 7:55 PM File folder
pin_recent_places_quick_access R20m 7/2/2022 7:55 PM File folder
Please_DocuSign_Amendment for R60mM 7/2/2022 7:55 PM File folder
S2A_MSILZA_20220702T124321 1
S2A_MSIL2A_20220702T124321
AUX_DATA
DATASTRIP
GRANULE
L2A T27WXP_A036700_2022!
AUX_DATA v < >
Folder: | R20m
Select Folder Cancel

After selecting the IMG DATA folder, a waitbar will appear to show the conversion progress.

EJ Converting to IDCube file and savi... — X

20% Complete

The converted file will be saved in the original folder/file location.

The converted file will automatically be opened and visualized in the IMAGE DISPLAY panel. In this
example, the data in a folder containing Sentinel 2 images were converted to a single IDCube file, saved in
the same directory, and opened in the IDCube format.

El Import is complete - X

The files are converted to the IDCube format and saved in the original

folder

Zhuhai-1

The Zhuhai-1 hyperspectral satellite is a commercial remote satellite constellation that was launched first
in 2018 and is currently operated by Zhuhai Orbita Aerospace Science and Technology Co., Ltd. On 2022,
there were 10 hyperspectral satellites. These hyperspectral satellites can observe the Earth’s surface every
2.5 days. The satellites images area are 50 x 50 km, with the spatial resolution 10 m. The sensor has 32
bands with the spectral resolution of 6 nm (FWHM) shown in the table, generating images 5056 x 5056.
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Additional information is available from https://www.obtdata.com/en/zhuhail.html. The data are stored as
individual #iff and jpg files with the Adr file.

Table: Zhuhai-1 Bands

v.2.77

Band Wavelength Resolution Band Wavelength Resolution Band Wavelength Resolution
(nm) (m) (nm) (m) (nm) (m)
1 440-446 10 12 639-641 10 22 779-781 10
2 462-469 10 13 664666 10 23 805-807 10
3 486-494 10 14 669-671 10 24 819-821 10
4 496-504 10 15 685-687 10 25 832-834 10
5 505-514 10 16 699-701 10 26 849-851 10
6 526-535 10 12 639-641 10 27 863-866 10
7 545-555 10 17 708-710 10 28 878-881 10
8 554-565 10 18 729-731 10 29 894-897 10
9 574-585 10 19 745-747 10 30 908-912 10
10 590-602 10 20 759-761 10 31 923-930 10
11 619-621 10 21 775-777 10 32 937-944 10
I IDCubePro (Powered By HSpeQ) - X
BB WEA A G GO e G KA Su A SHr S0 ennIENa N NNaal ANENENERE -
2 AABI EEINNNNTOOGSE
Dt cion Do ; Histogrom RGB histograms
References:

X. Feng, Z. Shao, X. Huang, L. He, X. Lv and Q. Zhuang, "Integrating Zhuhai-1 Hyperspectral Imagery
With Sentinel-2 Multispectral Imagery to Improve High-Resolution Impervious Surface Area Mapping,"
in IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, vol. 15, pp. 2410-
2424,2022, doi: 10.1109/JSTARS.2022.3157755.
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Bruker (Lumos)

Lumos microscope generates imaging files that can be saved in a .mat format. This conversion also
generates an .Adr file that contains the information regarding the dimension of the image. An example of
this .Adr file is shown below and includes samples that corresponds to the number of pixels in the X — axis,
lines that corresponds to to the number of pixels in the Y — axis, and bands that correspond to the number
of spectral bands (Z — axis). (Note: the actual number of bands is N = bands — 1).

lumos

-~ Name Date modified Type Size Folder
j Lumos Opus file.0 9y HOR File TKB  FromV
Lumaos Opus file matlab export 9/ MATLAE Data 380343 KB FromV

Wiltec (spc)

Wltec microscope generates imaging files that can be saved in an .spc format. The Information file (.txt) is
also stored. To start the conversion, select File — Import Other Formats... — Wltec —Witec(spc) and
open an spc file.

[l 1DCubePre (Powered By HSpeQ)

File View Edit Plots Filtering and Enhancement  Data Corrections  Toolboxes  Machine Leaming  Windows  Help

Open Dataset in IDCube Format G+ (O T % % A B A Fe RO
Add Reference in IDCube Format lrOo[aa
Open Multiple IDCube Datasets >
Concatenate IDCube dataset >
Import Other Formats and Convert to DCube Convert Multiple TIF/PNG/JPEG Files to Stack
Open Legacy Format Datasets (Matlab) Ctrl+L Import TIF/PNG/JPEG Stack
Open Color Image (tiff/bmp/png/jpeg) Ctrl+W Import Raw/HDR or Dat/HDR Files
Recent IDCube Datasets Specim Spectral Imaging
Download Example Files in IDCube Format Middleton Spectral Vision
Export Setup... Headwall Photonics
Copy Interface View Ctr+R Cytoviva
Save Interface View As... Arion Optics
Save Data As.. AVIRIS
Print Preview.. Hyperion
Print.. Ctrl+P Landsat
Exit Ctrl+X PlanetScope
Generate Report Sentinel 2
Tl OBT Satellite

Apply ‘ Clear | Apply

Datacube Mathematics

CrgvaTy orgarze mrew
« - « ExampleHSIData > Witec
Email attachments * Name -
Endnote 9
£ leHSIDat Other files
xarﬂp e ; ata 5l witec example file
Arion Optics =l witec example file—Information
Aviris
bg 180712001

FSM (Perkin Elmer)
FLIM Raw (SPClmage, Becker & Hickl)
FLIM to IDCube

Bruker

Witec

Witec (spc)

opET Ferece
v O £ search Witec
Date modified Type Size
10/12/2022 1:46...  File folder
10/7/2022 10:14...  PKCS #7 Certi.. 19,355 ..
10/7/2022 10:14...  Text Document 2 KB

In the popup dialog window, Wltec Input, enter the Y dimension to satisfy the condition specified in the
window. Here, IDCube automatically recognized the total number of pixels (=4800).
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O WitecIn.. — Pl

Enter Y dimension (in pixels) that
satisfies X*Y = 4800

Ok Cancel

To identify the Y dimension, open the saved text file with Notepad (only a portion of the text is shown
below). Point per Line corresponds to the width (X dimension), Lines per Image corresponds to the height
(Y dimension).

General:

System ID: 508-12080-994

Start Time: 4:36:29 PM

Start Date: Wednesday, July 6, 2822
Duration: 19h 2m 42s

User MName: Witec

Sample Name: Ouai moisture 24 hours

Configuration: Raman CCD1

Large Scale Image Scan (Depth):

Points per Line: 30 X - axis
[ines per Image: [12] Y - axis
Scan Width [pm]: 80.000

Scan Depth [pm]: 60.000

Scan Origin X [pm]: B.008

Scan Origin Y [pm]: 0.00808

Scan Origin Z [pm]: -38.000

Gamma [°]: B.600

Scan Speed [s/Line]: 1128. 008

Integration Time [s]: 14

You can save the dataset as a new file in the IDCube format by clicking Save Data As...— Save in IDCube
format(.m) or CTRL+S.

Open Color Image

Note: Opens a color image in tiff, png, or jpeg format.
Features:
Enables the users to process any color image as a hyperspectral imaging dataset.
Steps:
1. Select File — Open Color Image and open the file.
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File View Edit Plots Filtering and Enhancement Data Corre|

EJ Select Image File

I X

e PR [ ezt @i &« v <« OneDrive .. » ExampleHSIData » v U £ Search ExampleHSIData
Add Reference in IDCube Format ’r 1
Open Multiple IDCube Dataset > -
G e s Organize ~ New folder - m @

Concatenate IDCube dataset >
Import Other Formats and Convert to IDCube > A 7 Name Status Date modified Type A
Open Legacy Format Datasets (Matlab) Ctrl+L 5t Quick access . ) .

» . %] idcube-icon SR 8/28/2020 4:12 PM JPG File
Open Color Image (tiff/bmp/pna/jpeg) Ctrlsw [ Documents * =
S —. N @ Orange images (OF) 11/25/2020 6:48 PM JPG File
Download Example Files in IDCube Format > ¥ Downloads * [&] orange_label2 R 7/29/2021 523 PM PNG File
Export Setup... = Pictures ~ &] orange1 OR 7/29/2021 5:13 PM PNG File
Copy Interface View Cul+R SingleFileFormat  # 8] Pumpkin-field oY} 11/25/2020 6:54 PM JPG File
Save Interface View As.. - = P e e _ . [
Save Data As.. > Pavia A v o< >
Print Preview...
Print... Ctrl+P File name: |0range images "| (*bmp, *jpg, *jpeg, *.png, *tir ¥
Exit Curl+X
Report Generate
Al

2. Process the file with any of the functions available in IDCube.

[ IDCubePra 2.0 Beta (Powered By HSpeqQ and Washington University in St. Louis) = ] x
file View Edit Plots Filtering and Enhancement Data Corrections Toolbores Machine Leaming Windows Help .
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The number of channels is equal to 3. Red color corresponds to channel 1, green color corresponds to
channel 2, and blue color corresponds to channel 3.

Convert individual #if/tiff, png, and jpeg images into a stack

Note: IDCube directly imports only stacks. Importing individual files requires converting individual images

into a stack and then importing the formed stack.

Features:

IDCubePro® enables the user to convert multiple individual #iff, png, and jpeg files into a stack (the user
can select the type of a stack file: #iff, png, or jpeg) and then import a stack file to IDCubePro®.

The following example Cells tiffs dataset is used as an example: The file presents a compilation of 10 tiff

files.

1. Click File — Import other formats and Convert to IDCube — Convert Multiple
JPEG/PNG/TIF/ Files to Stack.
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File View Edit Plots Filtering and Enhancement Data Cg

Open Dataset in IDCube Format Ctrl+O
Add Reference in IDCube Format

Open Multiple IDCube Datasets >
Concatenate IDCube dataset >
Import Other Formats and Convert to IDCube >
Open Legacy Format Datasets (MATLAB) Ctrl+L

Open Color Image (BMP/JPEG/PNG/TIFF) Ctrl+W
Images to Stack (JPEG/PNG/TIFF)
Recent IDCube Datasets

Download Example Files in IDCube Format >

Export Setup...

Copy Interface View Ctrl+R
Save Interface View As...

Save Data As...

Print Preview...

Print... Ctrl+P
Exit Cirl+X

Generate Report

2. From the opened directory navigate to the folder and select individual #ff files that you would
like to convert to a stack.

£l select an input image file 5
i v 4 « SingleFileFormat » Stack of tiff files v [ ] £ Search Stack of tiff files
Organize ~ Mew folder =- 1 @
= A A =
o #
2 * .
o * SR a3 ima 0l CA a3 imd 02 O A a3 1md 03 A atd imd 04 O A at3 1md 05
+ — — —
b 8
3 #
o %
G Ra3 1md 06 SR a3 1imd 07 OGR a3 1md 08 A at3 1md 09 O A at3_1md_10
&
a »
» Gyt
fi
b @ A yolume 50x Y
File name: |"at3_1m4 01" "at3_1m4 02" "at3 1md 03" "at: ~ | TIFF (*if) w

3. Press Open. A new window will be opened asking where to save the stack file. The default
name is ‘Stack’ and the default extension is .zif.
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£ Save file as
« v N « SingleFileFormat » Stack of tiff files v | D ' Search Stack of tiff files
Organize ~ New folder -
@ My A ) A a3 1m4 01 @A at3_1md_02 @A at3_1m4 03 ) A a3 1m4 04
@ Stus

Act #
Plas
o Cla:A F
o &
R T Do o L Chi oo

Py
File name: . Stack

Save as type: | [tif)

# Hide Folders Cancel

~

You can rename the file and select a different type of file from the dropdown menu.

File name: ‘ Stack.tif

Save as type: | (*.tif)

(*.png)
A Hide Folders (*jpeg)
All Files (*.%)

Click Save. The completion of the file conversion will be confirmed.

K Conversion to stack — X

ﬂ Conversion is completed, you can find your stack in the defined folder

Press OK. The stack file will be ready for import into IDCubePro® as shown in the next chapter Import
JPEG/ PNG/ TIF/ Stack.

Open Legacy Format

Note: This function is only available for data stored in a folder with two separate matlab files: Image.m
and wavelength.m.

Features: opens MATLAB datafiles with or without header files. /mage.m file has all the data, and
wavelength.m files have header information.

Steps:

Click File — Open Legacy Format Datasets (Matlab), or click Ctrl+L.
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File View Edit Plots Filtering and Enhancement D

Open Datazet in IDCube Format Ctrl+0
Add Reference in IDCube Format >
Open Multiple IDCube Datasets >
Concatenate IDCube dataset ¥
Import Other Formats and Convert to IDCube >
Open Legacy Format Datasets (Matlab) Ctrl+L
Open Color Image (tiff/bmp/png/jpeg) Ctrl+W
Recent IDCube Datasets ¥
Download Example Files in IDCube Format >
Export Setup..

Copy Interface View Ctrl+R

Save Interface View As...

Save Data As... >
Print Preview...

Print... Ctrl+P
Exit Chrl+X

Generate Report

2. Select a folder with your data. The folder should have one file Image (format N x M x L) or
two files with the names Image (format N x M x L) and wavelength (a linear vector that defines
the wavelengths in L). Files with other names will be ignored.

3. Click Open to visualize the data. Note: if the wavelength file is absent the channels for
datasets will be defined as 1,2,3 etc.

[ Select Folder to Open ¥
« =3 v 4 <« ExampleHSIData » LegacyFileFormat > PlasticAndCoin v O Search PlasticAndCoin
Organize ~ New folder B (2]
S
# Quick access (o) MName Status Date modified Type Size
[ Desktop Endmembers @R 317 PM File folder
‘ Downloads Endmemebrs_nINDF @A 112:43PM File folder
B Documents MMF OR 0 File folder
. PlasticAndCoin @A 3/21/2022 10:47 AM File folder
&= Pictures . = A .
PIastchn%Com - Copy OA 3/21/202211:11 AM File folder
& My grants
. Date created: 3/21/2022 11:11 AM
o Papers v Availability status: Available when online

Activity: Shared

Folder: | PlasticAndCoin - Copy Size: 431 MB

Files: Image

Select Folder Cancel

Download Example Files

IDCubePro® enables the user to download files directly from the IDCube files depositary stored in a cloud
location. The file will be downloaded as a ready-to-use file in the IDCubePro® format (.mat or .m
extension). Additional datasets can be also opened from our website https://www.idcubes.com/examples.

You can see in the left corner that the file will start downloading after you select the example dataset.
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About  Sclutions  IDCube Lite  Leam  Store

HSpeQal = logn in @ ¥ 0 =

Contact

Examples

Geospatial

If the file is too large it might be downloaded as a zip file. The files can also be downloaded from the file
menu. Go to File — Download example files in IDCube format.

File View Edit Plots Filtering and Enhancement Data Corrections Toolboxes Mach

Open Dataset in IDCube Format cl+0 |G % % T A K ‘ /]
Add Reference in IDCube Format THEH | 4 &

QOpen Multiple IDCube Datasets >

Concatenate IDCube dataset >

Import Other Formats and Convert to IDCube >

Open Legacy Format Datasets (Matlab) Ctrl+L

Open Color Image (tiff/bmp/png/jpeg) Ctrl+w

Recent IDCube Datasets >

Download Example Files in IDCube Format Rose Leaves

Export Setup... Plastic and Coin

Copy Interface View Ctrl+R AVIRIS Example

Save Interface View As... St. Louis Area

Save Data As... Farmland and Rivers |
Print Preview... FLIM Data i
Print... Ctrl+P Hand Image in SWIR
Exit Ctrl+X a

Report Generate

Selects the example file to download. Currently available options are:

Rose Leaves (hyperspectral)

Plastic and Coin (hyperspectral)

AVIRIS data (hyperspectral)

St. Louis area (multispectral)

Farmland and rivers (multispectral)

FLIM (fluorescence lifetime imaging) data

Hand image in SWIR (hyperspectral)

The list of files might be updated. You will be redirected to a web browser. IDCube file format will
download automatically.

References:

For more information on the example files like size and instrument, visit our website at
https://www.idcubes.com/examples
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Recent IDCube Datasets

The function allows the user to reopen recently opened files. The function shows files opened during the
current session of the software

File View Edit Plots Filtering and Enhancement Data Corrections Toolboxes Machine Learning Windows Help

Open Dataset in IDCube Format a0 (e amsn B AR ots e AO 00 U Euwuunil®
Add Reference in IDCube Format OO 4 e

Open Multiple IDCube Datasets >

Concatenate IDCube dataset |k © X

Import Other Formats and Convert to IDCube > 2l

(Openllegacy FormatiDatazets (Matiab) Ctrl+L Histogram| RG hi
Open Color Image (tiff/bmp/png/jpeg) CtilsW. 1000————
Recent IDCube Datasets Ci\Users\ 0 — ileFormat\Pavia\pavial.mat

Download Example Files in IDCube Format QL i icAndCoin\Cropped 1 - Copy.mat

Export Setup...

Copy Interface View Ctl+R 2 L '
Save Interface View As. y g 1
Save Data As. > : ! : m‘:’m
Print Preview... e 5 o
Prit.. Ctrl+p e 4 -

9 Histogram Mocifie
Bxit Ctrl+x

Generate Report

(O image Algebra
() Gustom Functions

Export Setup

Note: Can be used to export the panel views without performing screenshots. Available for the Main
Interface and all toolboxes.

Features: Customizes figures and interfaces before saving.

The example below shows how to use the EXPORT SETUP window to customize a figure before saving.
It shows how to change the figure size, background color, font size, and line width. It also shows how to
save the settings and apply them to other figures and toolboxes before saving them.

Set the figure size by clicking File — Export Setup. In the toolboxes, this function is located in the Export
— Export Setup.

File View Edit Plots Filtering and Enhancement Data Cc

Open Dataset in IDCube Format Ctrl+O

Add Reference in IDCube Format >

Open Multiple IDCube Datasets >

C:ncatenatz IDCube dataset > K3 1DCube Pro: Endmembers

Import Other Formats and Convert to IDCube > File | Export View Help Exit

Open Legacy Format Datasets (Matlab) Ctrl+L ‘ Export Setup... i
Open Color Image (tiff/bmp/png/jpeg) Ctrl+W r Copy Interface View Ctrl+R N
Recent IDCube Datasets 2 I Save Interface View As... |
Download Example Files in IDCube Format > Elcmemoen wrcooermen e v
Export Setup...

Copy Interface View Ctrl+R

Save Interface View As...

Save Data As... >
Print Preview...

Print... Ctrl+P
Exit Ctrl+X

Generate Report
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Set Figure Size

Specify the desired dimensions in the Width and Height fields, for example, 5-by-4 inches. The
dimensions include the entire interface window except for the frame, title bar, menu bar, and toolbars. If
the specified width and height are too large, then the figure might not reach the specified size.

To make the axes fill the figure, select Expand axes to fill the figure.

Properties

Width: 5 ~| Units{inches b4

Rendering .

Height: 4 ~
Fonts d Restore Figure
Lines [ JExpand axes to fill figure Eport..

Apply to Figure

OK
Cancel

Help

Export Styles
Load settings for: default v Load

Save as style named: |default Save

Delete a style: v Delete

Click Apply to Figure. Applying the settings changes the appearance of the Interface figure on the screen.
All settings from the EXPORT SETUP dialog are applied to the figure. Thus, more than just the figure size
can change. For example, by default, IDCubePro® converts the background color of the saved figure to
white.

Set Figure Background Color

Set the figure background color by clicking the Rendering property in the EXPORT SETUP window. In
the Custom color field, specify either a color name from the table or an RGB triplet. For example, set the
background color to yellow by typing ‘y’ in the custom color field.

Properties
IZG . Colorspace: RGB color v frarshyim e
en Sl (] custom color: |w .
Fonts Restore Figure
Lines [ ] custom renderer: painters (vector format) ~ Export..
Resolution (dpi):  auto ~
(dpi) oK
Keep axis limits
Cancel
Show uicontrols
Help
Export Styles
Load settings for: default ~ Load
Save as style named:  default Save
Delete a style: ~ Delete
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An RGB triplet is a three-element row vector whose elements specify the intensities of the red, green, and
blue components of the color. The intensities must be in the range [0,1], for example, [06.4 0.6 0.7].
This table lists some common RGB triplets that have corresponding color names. To specify the default
gray background color, uncheck the Custom Color checkbox.

Long Name Short Name Corresponding RGB Triplet

white w [111]
yellow y [110]
magenta m [101]
red r [100]
cyan c [011]
green g [010]
blue b [001]
black k [000]

Set Figure Font Size and Line Width

Change the font by clicking the Fonts property. Specify a fixed font size and select a font name, font-
weight, and font angle. For example, use the default font. The tick mark locations might change to
accommodate the new font size.
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Properties
Size Custom size:  (®) Scale font by auto %
Rendering with minimum of |8 points |
Lines (O Use fixed font size 10 points

D Custom name: | Helvetica b
(] Custom weight: \normal v

[ ]Custom angle: |normal v

Change the line width by clicking the Lines property. Specify a fixed line width, for example, 2 points.

Properties
Size [ Custom width: O Scale line width by auto %
Rendering with minimum of |0.5 points
Fonts
(O Use fixed line width 1 points

[_]Convert solid lines to cycle through line styles

Click Apply to Figure on the right side of the Export Setup dialog.

Save Figure to File
Save the figure to a file by first clicking Export, and then specify a file name, location, and
desired format. For more information about file formats, see the following chapter Save
Interface Image As...

Apply to Figure

Restore Figure

Export...

QK
Cancel

Help
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Save Figure Settings for Future Use

Save your settings to use for other figures (i.e., toolboxes) by creating an export style. In the Export Styles
section, type a style name, for example, MyCustomSettings. Then, click Save.

Export Styles

Load settings for: Documents b Load
Save as style named: | MyCustomSetting
Delete a style: v Delete

Apply Settings to Another Figure

Apply your settings to another figure by opening the Export Setup box from its figure menu. In the
EXPORT STYLES section, select the style name and click Load. Next, click Apply to Figure on the right
side of the Export Setup dialog. MATLAB applies the saved style settings to the figure.

Export Styles

Load settings for: Documents » Load
Save as style named: Documents Save
Delete a style: Presentations Delete

default

Restore Figure to Original Settings

Restore the figure on the screen to the original settings by clicking Restore Figure.

Apply to Figure

Restore Figure

Export...
oK
Cancel

Help

Copy Interface View

Note: Can be used with the Main Interface, all toolboxes, and many pop-ups. In the toolboxes, this function
is in the Export tab.

Feature: Enables the user to copy the entire interface of the selected frame or window.

164



HSpeQsl

v.2.77

Steps:
1. Open a file.

Select File — Copy Interface View (or Cltr+R). In the toolboxes, this function is located in the Export
— Copy Interface View (or Cltr+R).

File View Edit Plots Filtering and Enhancement Data C{

Open Dataset in IDCube Format Ctrl+O
Add Reference in IDCube Format >
Open Multiple IDCube Datasets > £l IDCube Pro: Endmembers

Concatenate IDCube dataset . . .
s File Export View Help Exit
Import Other Formats and Convert to IDCube

Open Legacy Format Datasets (Matlab) Ctrl+L [tq Export Setup... B N
Open Color Image (tiff/bmp/png/jpeg) Ctrl+W @ Copy Interface View Ctrl+R \ \ Y
frecet IDCUbe Datosets 2 Save Interface View As...

Download Example Files in IDCube Format > ENcwicvioors srcoocrmonmic oo

Export Setup... @ NWHFC

Copy Interface View Ctrl+R

Save Interface View As...
Save Data As... >

Print Proview

2. Open Word, PowerPoint, or any other software and paste (i.e. by clicking Ctrl+V).

Save Interface View As...
Note: Common for the Main Interface, all toolboxes, and many pop-ups.
Feature: Enables the user to save the entire image of the IDCubePro® Main interface and toolboxes.
Steps:
1. Open a file.

2. Select File — Save Interface View As... In the toolboxes, this function is located in the Export
— Save Interface View As...
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File View Edit Plots Filtering and Enhancement Data C¢

Open Dataset in IDCube Format Ctrl+0

Add Reference in IDCube Format >

Open Multiple IDCube Datasets >
Concatenate IDCube dataset

Import Other Formats and Convert to IDCube >

Open Legacy Format Datasets (Matlab) Ctrl+L

Open Color Image (tiff/bmp/png/jpeg) Ctrl+W [:§
Recent IDCube Datasets > &
Download Example Files in IDCube Format >

Export Setup...

Copy Interface View Ctrl+R

Save Interface View As...

Save Data As... >

Print Preview...

Export Setup...
Copy Interface View

EJ IDCube Pro: Endmembers

File Export View Help Exit

NN
Ctri+R N\

Save Interface View As...

EMNomvicmoo vrcoocrmom mc rirow

(@) N\WHFC

3. You will be asked to name the file and select the folder. By default, the folder will be the same as

where the original file is located.

Data Reduction Data Export
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Memary (MB) Siop |

Notice: The saved image might look different from the actual image. For example, you might see white
fields around the panels. To remove this white background use Export Setup, sclect Rendering and

uncheck the custom color (w stands for white).

Properties
Size Colorspace: RGB color v
;
Lines D Custom renderer: painters (vector format)
Resolution (dpi): auto v
Keep axis limits
Show uicontrols
Export Styles
Load settings for: default v
Save as style named:  default
Delete a style: ié
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Click Apply to Figure and OK to close the Export Setup dialogue window. The white background will

be replaced with the original gray.

Data feduction Data Export
5 e
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Save Data As...

Features: Enables the user to save and export the processed dataset into several formats including ziff,
raw/hdr, avi, and .xlsx which are commonly used by a variety of data and image analyses.

Load the image file and select File — Save Data As... and choose a format. Available options are:

Saving in the IDCube format

Saving as a tiff stack of frames in a #if/tiff format
Saving in an ENVI (raw/hdr) format

Saving datacube into a video (avi) format

Saving the entire datacube in an Excel (x/sx) format
Saving the current frame in an Excel (4) format
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EJ IDCubePro 2.0 Beta (Powered By HSpeQ and Washington University in St. Louis)

File View Edit Plots Filtering and Enhancement Data Corrections Toolboxes Machine Learning
Open Dataset in IDCube Format ctrleQ |} % % A D ‘ 4 | L 3 | + Y
Add Reference in IDCube Format roo | e Ex
Open Multiple IDCube Datasets >
Concatenate IDCube dataset >

~

Import Other Formats and Convert to IDCube >
Open Legacy Format Datasets (Matlab) Ctrl+L
Open Color Image (tiff/bmp/png/jpeg) Ctrl+W

Recent IDCube Datasets >
Download Example Files in IDCube Format >
Export Setup...

Copy Interface View Ctrl+R

Save Interface View As...
Save Data As... Save in IDCube Format (m) Ctrl+S

Print Preview... Stacked Images (.tiff)
Print... Ctrl+P ENVI (.raw/.hdr)
Exit Ctrl+X Video (.avi)

Report Generate Excel (.xlsx)
[ llmace Aloebra |

Save in IDCube format (.m)

You can use this function to save the changes in the IDCube format. A pop-up window will ask for the
name of the new file and the folder. By default, IDCubePro® uses the original folder for saving.

You can opt for automatic opening of the saved file by checking the Automatically Open Data After
Saving box.

EJ IDCube One: Save in IDCube format (.m) — ] X

saveAs ——M—MmMmMmMm 0 0 o/

Q IDCube format (.m)

Save Cancel

Save as a stack of frames in tif/tiff format

This option allows the user to save the entire dataset into a tiff stack of frame-by-frame tiffs. You will be
asked to select a folder.
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K Select Folder Location to Save TIFF X
< > 3‘ e ‘ - £ Search Mikhail Berezin
Organize ~ New folder == - (7]
~ ~
@ Box
3 oo 2
23 Dropbox - - L -
.cisco 3D Box Contacts Desktop
@ OneDrive - Personal Objects
Desktop .
CRE I -
E -
Documents @ e A
Pictures v Docume Docume Downloa Dropbox Favorites
Folder: | ‘
Select Folder Cancel

The stack of frames in a ¢iff format will be automatically saved in the selected directory.

[ Conversion — X

ﬂ Conversion complete. Your Stack.tif is in the specified folder

Save in ENVI (raw/hdr) format

This option allows the user to save the entire dataset into one of the most common hyperspectral imaging
formats used by ENVI Image Processing & Analysis Software and other companies.

Select Raw/HDR radio button and specify a folder from the pop-up window. Click Convert.

£l Conversion - X

Conversion complete. Your Raw/Hdr converted file is in the ariginal/ENVI

folder

Save in a video (avi) format
You can use this function to generate a frame-by-frame movie. This function can also be combined with a

Single Channel and Two-Channel option with selected equations. A new pop-up will ask for the name of
the new file and the folder. By default, IDCube uses the original folder for saving.
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o 1DCube_One: Save As Movie [.avi)... — ] X

O Frame-by-frame movie (.avi)

After the file is formed, it can be opened via a variety of programs that support the avi format.

Convert the Entire Datacube into the Excel format

Click Save As...— Excel — Entire Datacube and put the name of the file. Click Save.

£ Export Data Cube to Excel X

<« v 1 = ThisPC > v U £ Search This PC

Organize ~ & - (2]
~

v ®ThisPC ® ¥ Folders @
> 3D Objects 3D Objects
> [ Desktop
> Documents

> & Downloads o Desktop

>

>

D Music

[&] Pictures
- v . Documents v

File name: | Excel_conversion -]

Save as type: | ("dsx) v

A pop-up message will warn that this operation might take time. A pop-up message box will inform when
the conversion is complete.
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K Fxcel conversion — pt

Your entire datacube will be converted to Excel. Each tab will correspond
to a specific channel. The entire process might take long time

The number of tabs in the Excel spreadsheet is equivalent to the number of bands/channels. For example,
if the file has 103 channels, there will be 103 tabs labeled 1-103. The assignment of the channels to
wavelengths will be implemented in future versions of IDCube.

Soc 1 X Autosum = A
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Save the Current Image into the Excel format

Click Save As... — Excel — Current Image and select the folder and the name of the file. Click Save. A
pop-up message box will inform when the conversion is complete.

[ Export to Excel - et

Successfully exported current image to Excel format...File Location:
C:\Users\

Louis\ExampleHS|Data\SingleFileFormat\Pavia\NewImage. xlsx

Open an Excel file. The rows and columns correspond to the spatial dimensions of the saved image.
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Additional Information:
All saving functions, except the movie, can be also activated through the Export Tab.

Additional saving functions (such as interactive Mean spectrum from the area, and All Spectra from the
area) are available from the Export Tab.

Data Reduction Data Export

Conversion from IDCube format to other formats

(O TIFMIFF ()RawHDR (@) xis/.xisx &l
O DataCube SPecira

Mean spectrum from _..
Select Area

@ 2 5 O All spectra from area
(O Image _SaveAs_ |

Save Histogram-Modified Dataset

Features: This function enables saving the entire dataset after adjusting monochromatic histogram in the
HISTOGRAM panel. The intensity of pixels outside the boundaries defined by the HISTOGRAM panel
will become equal to zero.

Steps: After adjustment the histogram select File — Save Histogram-Modified Dataset and seclect a
destination folder. By default, the current folder will be opened. You can create a different folder. Press
Select Folder.

[ Select Destination Folder X
&« v P <« SingleFileFormat » PlasticAndCoin » Histo_saved v 9] P Search Histo_saved
Organize ~ New folder = - (2]
~
~ Name Status Date modified Type
s+ Quick access
|5 Documents No items match your search.
¥ Downloads
&=/ Pictures
PlasticAndCoin i I 24
Folder: ‘ Histo_saved
Select Folder Cancel

A message box will pop-up to display a message indicating that the file is being saved.

[ saving Datacube — X

ﬂ Histogram-Modified Datacube Saved to Directory

The saved file will be named automatically. The original filename will be appended with a timestamp.
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& + | Histo_saved — O X
Home Share View o
&« v « ExampleHSIData > SinglefileFormat » PlasticAndCoin » Histo_saved v U £ Search Histo_saved
&= Pictur# ~ Name Status Date modified Type
Plasti
astic % Cropped 1 - Copy (2)-histo_2023_03_28_001840.mat @~ 3/28/2023 12:18 AM MATLAB Data
Stude: # | Cropped 1 - Copy (2)-histo_2023_03_28 001957 mat @A 3/28/2023 12:19 AM MATLAB Data
Preser
Paper: vl >
2 items =

Print Preview and Print
Note: Plastic Bowl file is used as an example.
Features:
Enables the users to print a currently active figure window
Common for the Main Interface and all toolboxes
Steps:
We recommend adjusting the printing area by using Print Preview before printing.
1. Activate the window by clicking somewhere on the window. Select File — Print Preview

[ IDCubePro 2.0 Beta (Powered By HSpeQ and Washington |
File View Edit Plots Filtering and Enhancement Data Co

Open Dataset in IDCube Format Ctrl+0
Add Reference in IDCube Format >
Open Multiple IDCube Datasets >
Concatenate IDCube dataset >
Import Other Formats and Convert to IDCube b
Open Legacy Format Datasets (Matlab) Ctrl+L
Open Color Image (tiff/bmp/png/jpeg) Ctrl+wW
Recent IDCube Datasets >
Download Example Files in IDCube Format b
Export Setup...

Copy Interface View Ctrl+R

Save Interface View As...

Save Data As... >
Print Preview...

Print... Ctrl+P
Exit Ctrl+X

Report Generate

[l ey ¥ Pt S

2. A Print Preview dialogue box will appear. This box controls the layout and appearance of figures
before sending them to a printer or print file. A scaled version of the figure is displayed in the right-
hand pane of the dialog box. Controls are grouped into four tabbed
panels: LAYOUT, LINES/TEXT, COLOR, and ADVANCED.

You can position and scale plots on the printed page using the rulers in the right-hand pane of the Print
Preview dialog.
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e Use the outer ruler handlebars (black boxes pointed by red arrows) to change margins. Moving
them changes plot proportions.

v.2.77

e Use the center ruler handlebars to change the position of the plot on the page. Plot proportions do
not change, but you can move portions of the plot.

o The buttons on that pane let you refresh the plot, close the dialog (preserving all current settings),
print the page immediately, or obtain context-sensitive help.

e Use the Zoom box and scroll bars to view and position page elements more precisely.

Tip: To print the entire view of the window of interest (active window) select Use manual size and
position the radio button and click Best fit.

i

3. Click Print and select printing preferences. (This function can be also activated from File — Print

or Ctrl+P)
| print X |
Friftat
|
Narme: Adobe POF - FProperties... |
Status:  Roady
Type: Adobe PDF Comverler
Where:  Documents\® pdi
Comment [ Print tofile
Frink rangs Copias ‘
@ Al Mumbses of copias: 1 ==
" Pages  trorm: |7 to: |1
2Bl 213 I
~ 1 1
| 0K Caneal

174



v.2.77

HSpeQsl

Layout

Use the LAYOUT tab, shown above, to control the paper format and placement of the plot on printed pages.
The following table summarizes the Layout options:

Group

Placement

Paper

Units

Orientation

Option
Auto

Use manual...

Top, Left, Width, Height

Use defaults
Fill page
Best fit

Center
Format
Width, Height
Inches
Centimeters
Points
Portrait
Landscape
Rotated

Lines/Text Tab

Use the LINES/TEXT tab, shown below, to control the line weights, font characteristics, and headers for
printed pages. The following table summarizes the LINES/TEXT options:

Description

Let IDCube decide the placement of the plot on the page.
Specifies position parameters for a plot on the page.
Standard position parameters in current units.

Reverts to the default position.

Expands figure to fill printable area.

Expands figure to fill printable area, center the figure, and preserve the
figure’s aspect ratio.

Centers plot on the printed page.

Allows U.S. and ISO® sheet size selector.

Sets sheet size in current units.

Uses inches as units for dimensions and positions.
Uses centimeters as units for dimensions and positions.
Uses points as units for dimensions and positions.

Sets upright paper orientation.

Sets sideways paper orientation.

Currently the same as Landscape.
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| Layout| Lines/Text | Color | Advanced

Lines
Line Width @ Default
© Scale By 100 %
@ Custom (0.5 [P
Min Width @ Default
() Custom
Text

Font Name @ Default

) Custom | Helvetica

Font Size @ Default

(©) Scale By 100 %

@ Custom (10 points
Font Weight | Default =
Font Angle :Default v:

Header
Header Text

Date Style :none v:

Group Option Description

Lines Line Scales all lines by a percentage from 0 upward (100 being no change), print lines at a
Width specified point size, or default line widths used on the plot.
Min Width = Sets smallest line width (in points) to use when printing; defaults to 0.5 point.

Text Font Selects a system font for all text on the plot, or default to fonts currently used on the
Name plot.

Font Size  Scales all text by a percentage from 0 upward (100 being no change), print text at a
specified point size, or default to this used on the plot.

Font Selects Normal ... Bold font styling for all text from the drop-down menu or default to
Weight the font weights used on the plot.

Font Selects Normal, Italic, or Oblique font styling for all text from the drop-down menu or
Angle default to the font angles used on the plot.

Header Header Allows typing the text to appear on the header at the upper left of printed pages, or leave
Text it blank for no header. Header text only supports plain text characters.

Date Style = Selects a date format to have today's date appear on each printed page, or none for no
date.

Color Selection Tab

Use the Color tab, shown below, to control how colors are printed for lines and backgrounds. The following
table summarizes the Color options:
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| Layoutl Linesf’Textl Color | Advanced
Color 5cale
@ Black and White (Lines and Text only)
) Gray 5cale
) Colar
RGB
CMYK
Background color
_) Same as figure
@ Customn | white -
Group Option Description
Color Scale Black and White Select to print lines and text in black and white but use color for patches and
other objects.
Gray Scale Convert colors to shades of gray on printed pages.
Color Print everything in color, matching colors on the plot; select RGB (default)
or CMYK color model for printing.
Background Same as figure Print the figure's background color as it is.
Color
Custom Select a color name or type a colorspec for the background; white (default)
implies no background color, even on colored paper.
Advanced Tab

Use the ADVANCED Tab, shown below, to control finer details of printing, such as limits and ticks,
renderer, and resolution. The following table summarizes the ADVANCED options:

Group Option Description
Axes limits Recomputes limits = Redraws x- and y-axes ticks and limits based on printed plot size (default).
and ticks and ticks

Keeps screen limits = Uses the x- and y-axes ticks and limits shown on the plot when printing the
and ticks previewed figure.

Miscellaneous = Renderer Selects a rendering algorithm for printing: painters, openGl,
or auto (default).

Resolution Select resolution to print in dots per inch: 150, 300, 600, or auto (default),
or type in any other positive value.

Print UIControls Not available in IDCube Pro.

Alternatives: Use File — Print Preview on the figure window menu to access the Print Preview dialog
box, described below. IDCube also offers additional controls such as Lines/Text, Color, and Advanced.
Some functions and buttons might not be available for IDCubePro® users.
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Print
Note: We highly recommend adjusting the printing parameters by using Print Preview first.

Features: Enables the users to print the currently active figure window. Common for the Main Interface
and all toolboxes

Steps:
1. Select File — Print or press Ctrl+P

[ IDCubePro 2.0 Beta (Powered By HSpeQ and Washington U
File View Edit Plots Filtering and Enhancement Data Co

Open Dataset in IDCube Format Ctrl+O
Add Reference in IDCube Format |
Open Multiple IDCube Datasets >
Concatenate IDCube dataset >
Import Other Formats and Convert to IDCube b
Open Legacy Format Datasets (Matlab) Ctrl+L
Open Color Image (tiff/bmp/png/jpeg) Ctrl+wW
Recent IDCube Datasets >
Download Example Files in IDCube Format b

Export Setup...

Copy Interface View Ctrl+R
Save Interface View As...

Save Data As... b4
Print Preview...

Print... Ctrl+P
Exit Ctrl+X

Report Generate

2. Select the printer and press OK

Print X
Printer

Name: |Adobe PDF A Properties...

Status:  Ready
Type: Adobe PDF Converter
Where:  Documents\* pdf

Comment: [ Print to file
Print range Copies

® Al Number of copies: 1=
(" Pages from: ’17 to: ’17

F g T

Generate Report

Feature: Reports are generated showing which functions were applied to the datacube. IDCubePro® stores
many steps that were applied to the dataset.
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Select File — Generate Report to generate a list of functions that were applied to the dataset. This is
usually done at the end of the image processing session.

v.2.77

File View Edit Plots Filtering and Enhancement Data C

Open Dataset in IDCube Format Ctrl+O
Add Reference in IDCube Format >
Open Multiple IDCube Datasets >
Concatenate IDCube dataset >
Import Other Formats and Convert to IDCube b
Open Legacy Format Datasets (Matlab) Ctrl+L
Open Color Image (tiff/bmp/png/jpeg) Ctrl+W
Recent IDCube Datasets

Download Example Files in IDCube Format >
Export Setup...

Copy Interface View Ctrl+R

Save Interface View As...

Save Data As... >
Print Preview...

Print... Ctrl+P
Exit Ctrl+X

Generate Report

Pressing Generate Report automatically activate a pop-up dialog window. Select the directory, enter the
file name and click Save. The default directory is where the original dataset is located.

[ Generate Report X
<« v /* @ > OneDrive - Personal v D £ Search OneDrive - Personal
Organize ~ New folder e (2]
@ Box ol Name Status Date modified
SR ;|
é: Dropbox Desktop 11/9/2021 10
Documents (@] 10/6/2021 9:5|
@ OneDrive - Personal Pictures [« 7/27/2021 6:1
Desktop # Personal Vault ©] 6/27/2022 9:1
Documents
Pictures
v < >
File name: | Report 07_2022a v
Save as type: | (*.txt) hd
~ Hide Folders Cancel
[ Generating Report — X

ﬂ The report of applied functions has been generated
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Open the saved file outside of IDCubePro®. The report lists all functions that were applied to the dataset.

| Report 07_2022a - Notepad — 1 X

File Edit Format View Help

RGB Slider 1>>RGB Slider 2>>RGB Slider 3>>Constrast Saturation>>Spatial
Crop>>Constrast Saturation>>Spatial Crop>>Surface Plot>>Contour 3D
Plot>>Reset Image>>Reset>>Spatial Bin>>Flatfield Correction>>

Ln 1, Col 1 100%  Windows (CRLF) UTF-8 &
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7.2. Export Tab

Note: This tab is not available in the Main Interface window. The equivalent functions are located under
the File Tab.

The functions implemented under the Export Tab enable changing the visualization of the interface,
improving the visual appearance of the interface, and copying and saving the view of the interface. The
functions also provide additional information regarding the dataset.

Tabs Function Additional info

View Tab Export Setup See description in File Tab — Export Setup section
Copy Interface View (Ctrl+R) = See description in File Tab — Copy Interface View section

Save Interface View As... See description in File Tab — Save Interface View As... section
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7.3. View Tab

The functions implemented under the View Tab provide changes to the visual appearance of the entire
IDCubePro® package with all connected toolboxes, add/remove toolbars, and improve the visual
appearance of the image on the Image Display. The functions also provide additional information regarding
the dataset.

View Edit Plots Image Statistii Filtering

Colortheme >
Close LUT Toolbar

Close Camera Toolbar

List of Bands/Channels

Image Scale Ctrl+G
Expanded View Ctrl+N
View Header Information

View Image Information Ctrl+|
View Image HeatMap

Edit Plot Ctrl+E

Turn Instructions Off

Tabs Function Additional info
View Tab Changing the Colortheme of The Software Additional menu
Close/Open Color LUT toolbar Toggles the appearance of the
colortheme
Camera Toolbar Enables Camera toolbar
List of Bands/Channels A pop-up window shows all bands in
the dataset
Image Scale Adds scale to the image
Expanded View Expands the image in X-dimension
View Header Information Pop-up window open the header
information
View Image Information Pop-up window shows the current
image information
View Image HeatMap Visualizes the image with in a HeatMap
view (opens as a separate window)
Edit Plot Interactive changes in the layout
Turn Instructions Off (toggle) Prevents pop-up notification and
suggestions
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Changing the Colortheme of the Interface

Features: Enables the users to change the color of the interface work in three different colorthemes.

Select Edit — Colortheme and select one of the following options: Gray (default), Dark Grey, Dark Blue.
All toolboxes will also follow the selection and will have the selected colortheme.

View Edit Plots  Filtering and Enhancement  Data Corr

Calartheme i Grey (default)

Close LUT toolbar Dark Grey

Carnera Toolbar Dark Blue

List of Bands/Channels = '
Gray (default):

saxsjrapoxrsovaA @ F I NINRIRNRINRORERER
NN &
L3P E e 9 ODLOON
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List of Bands/Channels

Note: PAVIA dataset is used as an example
Features: Enables viewing a list of bands and channels in the dataset.

IDCube uses the following notation: bands are assigned the order number (1, 2, 3, etc.), while the channels
have units (i.e., wavelengths, 430, 434, 438, etc.) as illustrated in the screenshot below.

Steps:

1. Open a hyperspectral imaging file through the Main interface: File — Open dataset in IDCube
format.

2. Click View — List of bands/channels.

] List of Channels/Wavelengths - O X
Exit Copy » Home

S, d Cut Calib
Egy Copy -
Band number Channel/Waveleng Paste
- ~ Format Painter

Clipboard ]

E13 >

4 A | & | ¢

1] 1 430

2 | 2 434

3 | 3 438

4 | 4 242

5 | 5 446

6 | 6 450

7 | 7 as4

s g 458

N E] a62

10 | 10 466

11 | 11 470

12 12 474

13 13 478

3. Copy the list of the bands with the corresponding channels to Excel or another software.
a. By clicking on the Copy menu option.
b. By highlighting the desired data and right-clicking.
c. By highlighting the desired data and using Ctrl+C.

Image Scale
Note: The default image does not show a scale. The addition of the scale to the image is temporary.

Features: Enables the users to see the scale in pixels. The same effect can be achieved by using a hotkey:
a spacebar on the keyboard.

Steps:

Select View — Image Scale (Ctrl+G) to visualize the scale. Move any of the sliders or engage any of the
functions to remove the Image Scale.
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Or click on the Image Display and press the spacebar to activate scale (See Keyboard and Mouse
Shortcuts).

v.2.77

[ IDCubePro 2.0 Beta (Powered By HSpeQ and Washington University in St. Louis)

File View Edit Plots Filtering and Enhancement Data Corrections Toolboxes Machine Learning Windows Help

b Colortheme A KNE A|FR R OMT S[D e
E Close LUT toolbar

£

KR List of Bands/Channels *

\;]. Image Scale Ctrl+G

Expanded View Ctrl+N

D
5 View Header Information (from imported .hdr/.raw files)
View Image Information Ctrl+l

Edit Plot Ctrl+E 50

Y Position 'Y Dimension

Confirm area Apply Crop

Spatial Binnin - ‘ 100
g Spectral Crop

Lower Limit

3 Upper Limit

Apply Clear Apply Clear 150

Datacube Mathematics

(O single Channel 2|
O Broadband 200
(O Image Algebra

(O custom Functions

Expanded View

Note: Enables temporary expansion of the image over the entire IMAGE DISPLAY panel.

Features: Enables the users to automatically adjust the image to the entire view. The same effect can be
achieved by using hot keys: n — expanded view, e — normal view (default) from the keyboard.

Steps:

1. Select View — Expanded View (Ctrl+N) to visualize the image over the entire IMAGE
DISPLAY panel.

1 IDCubePro 2.0 Beta (Powered By HSpeQ and Washington Universty in 5. Louis)
File View | Edit Plots Filtering and Enhancement Data Corrections Toolboxes Machine Learning Windows Help

hsaleiajfulploXtsovalaBI/EIIIININNNRRREREN

- a3 x

Search
Histogram RGB histograms

o M
Histogram Modified Image Frame-by... ;.
£0QQ G «
et Image = S , e, (] view on AGE DispLAY

DIRECTORY INFORMATION
[C Bl S DataSigerierormatPavapai ~

- . -
(Osinglecn.. ()Two-Cha.. ()ThweeCh.. (®)RGB 2] RGB [w: 0], Bandwidihs (bw1= bw2=bw3=). Contrast=0%, Quality:16.40

DR l e SPECTRAL ANALYSIS
T cnz 2
et ettionsrcnn | ~
. ) o Sawon . [ ot Spectratiose | Snﬁ £
Sandchans 3 £ cPuH) Montor
: 07 02 03 04 05 06 07 08 09 | memmmime | Ve s

View Header Information

Features: Extracts header information from a limited number of formats. Currently, only Adr files from the
ENVI format are fully supported.

185



v.2.77

HSpeQsl

[ Select hdr file
« N ion > Tucson Fire July 03 2003 HDR files » EO1H2180322011318110T3 July 3 2003 v
A [ Name

4[] E01H2180322011318110T3-corhdr

Status
©R
Ol spill
Oil Spill Bohai Sea 2007
Tucson Fire July 03 2003 HDR files

£01H0360372002179110KZ

EO1H2180322011318110T3 July 320 v <

File name: |EO1H2180322011318110T3-cor.hdr

Date modified

10/24/2020 11:30 PM

Type

HDR File

View Image Information

Note: IMAGE INFORMATION panel only shows the information of the visualized frame. The panel also

pops up after changes to the spatial coordinates (i.e., cropping).

Features: Enables the users to view basic information about the entire dataset and the image in the IMAGE

DISPLAY panel.
Steps:
1. Open a file.

2. Select View — Image Information or use a hot key (Ctlr+I).

View Edit Plots Image Statistics
Colortheme
Close LUT Toolbar
Close Camera Toolbar
List of Bands/Channels
Image Scale Ctrl+G
Expanded View Ctrl+N
View Header Information
View Image Information Ctrl+I
View Image HeatMap
Edit Plot Ctrl+E

Turn Instructions Off

3. Visualize the information about the image. The IMAGE

Eil

>

INFO panel includes the width (x-

dimension) and height (Y-dimension) of the image, class of data (single, double), image type
(intensity for monochromatic, and truecolor for RGB), the minimum and maximum intensity of the

currently shown image, and the number of bands (z-axes).
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£ Image Info (IDCubePro (Powered By HSpeQ)) - O X @] Image Info (IDCubePro (Powered By HSp... — O e
Attribute ‘ Value ]

Width (columns) 264 _ Attribute Value

Height (rows) 207 ‘Width (columns) 264

Class double Height (rows) 207

Image type intensity Class double

Minimum intensity 0 Image type truecolor

Maximum intensity 5394

Number of bands 510 Number of bands 510

< > € >
View Image HeatMap

Features: This feature visualizes the image as a Heatmap that allows the user to visualize the values of
individual pixels after the zoom.

View Edit Plots Image Statistics Fil

Colortheme >
Close LUT Toolbar

Close Camera Toolbar

List of Bands/Channels

Image Scale Ctrl+G
Expanded View Ctrl+N

View Header Information

View Image Information Ctrl+I
View Image HeatMap

Edit Plot Ctrl+E
Turn Instructions Off

A new window Heat Map will be activated. Zoom on the window to visualize values of individual pixels.
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£ IDCubePro: Heat Map —
File
|
=N A ll.llI--II a2
Heatmap )

Pixel # 126
Pixel # 114
Value 651

Pixel #

(DT CI XD OIT- T RUD T X €O FORDrE R GIXD DI CI XD SO e
COPCEOEIIIIIIIS <+ T T T 000 O T0900 00D VOU SIS R RGO
B -~ N

Pixel #

8000

7000

6000

5000

4000

3000

2000

1000

E IDCubePro: Heat Map — O X
¥ File ¥
Ekllll‘lll---.:!lgggi-»
Heatmap
111 [ 1339 933 | 790 | 990 | 1216|1414 | 200 | 848 | 1230 | 1361 | 1418 | 1526 | 1467 8000
112 [ 1372| 1020| 722 | 867 | 1011|1608 | 941 | 1070 | 1083 | 1369 | 1318 | 1308 | 1675
113 | 1265 | 1125| 850 | 852 | 957 | 1438 | 1376 1100 | 1081 | 1418 | 1327 | 1126 | 1076 By
114 | 900 | 1324 984 | 804 | 992 | 1106 | 1743| 984 | 1090 | 1072 | 1420 | 1350 | 1470
115 | 798 | 1213 [ 1198 | 882 | 1007 | 1028 | 1540 | 1266 | 1119 | 1078 | 1735 | 2284 | 2341 6000
116 | 604 | 046 | 1386 | 057 | 932 | 966 | 1228 | 1630 | 1385 | 1742 | 2306 | 2422 | 2506
117 | 856 | 679 | 1318|1102 | 970 | 928 | 1124 | 1783 2470-3616 2280 | 1818 5000
3 118 | 858 | 676 | 876 | 1380 | 1126 | 1208 | 1871|2151 | 2870 | 4650 | 3808 | 1503 | 1404
C 119 | 817 | 704 | 748 | 1215 | 1720 | 1995 | 2230| 2193 | 2120 | 1867 | 2349 | 1091 | 1438 s000 |
B 150 | 31 | 767 | 880 | 1756 | 2206 | 2151 | 1980 1704 | 1563 [ 1426 | 0853 | 1002 | 1175
121 | 1008| 937 | 961 | 1185|2126 1933 | 1369 | 1117 | 1028 1650 | 115 | 1175 | 1028 3000
122 | 1155|1124 | 929 | 1031|1539 | 1236 | 1023 987 | 1053 | 1668 | 1276 | 1078 | 1107
123 | 1257 | 1126|1037 | 971 | 1073|1201 | 1228 885 | 057 [ 1198 | 1702 | 1261 | 1130 e
124 | 1228|1233 | 1126 | 993 | 1116|1334 | 1206 978 | 083 | 1084 | 1674 | 1345 | 1200
125 | 1194|1222 1116 | 1127 | 1153 | 1228 | 1432 1098 | 1033 | 1020 | 1458 | 1766 | 1079 1000
126 | 938 | 1200|1244 | 1142 1223 | 1163 | 1285 1184 | 1019 | 1060 | 1104 | 1633 | 1440
127 | 867 | 1102|1274 | 1156 | 1212 | 1168 | 1215 1326 | 978 | 949 | 1069 | 1576 | 1483
128 129 130 131 132 133 134 135 136 137 138 139 140
Pixel #

Tips

To interactively explore the data in your heatmap, use these options:

o
o
o Data tips — Hover over the heatmap to display a data tip.
o

position.
o

Zoom — Use the scroll wheel of the mouse or the + and - keys to zoom.

Pan — Click and drag the heatmap or use the arrow keys to pan across the rows or columns.

Rearrange rows and columns — Click and drag a row or column label to move it to a different

Sort values — Click the icon that appears when you hover over the row or column label. Click once

to sort the values in ascending order, twice to sort the values in descending order, and a third time

to reset the order.

Note: The changes made with this feature will not affect your original data or the data used in the main

interface.
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Edit Plot

View Edit Plots Image Statistics Fil

Colortheme >

: Close LUT Toolbar

| Close Camera Toolbar
List of Bands/Channels
Image Scale Ctrl+G
Expanded View Ctrl+N
View Header Information
View Image Information Ctrl+I
View Image HeatMap
Edit Plot Ctrl+E

Turn Instructions Off

This action will activate the Edit Plot mode that can be also activated by pressing Ctrl+E. In this mode
you can move most of the objects including buttons and frames. This function is equivalent to pressing the

button l:? . After activation the button will turn blue.

Exit the Edit Plot mode by clicking the button s located in the Main Toolbar. Note: the changes made
in the Edit Plot mode can be undone using Ctrl+Z. See more about Edit Plot mode in the dedicated section.

Turn Instructions Off

Features: Many toolboxes provide brief instructions in the form of pop-up message boxes. This function
enables the users to turn Instructions off.

View Edit Plots Image Statistii Filtering

Colortheme >
Close LUT Toolbar
Close Camera Toolbar

List of Bands/Channels

I Image Scale Ctrl+G
) Expanded View Ctrl+N
€ View Header Information

View Image Information Ctrl+|
View Image HeatMap
Edit Plot Ctrl+E
Turn Instructions Off
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7.4. Edit tab

Functions implemented in the Edit Tab allow you to modify your dataset. All changes are global, which
means the changes are saved internally and replace the original dataset during the computation session.
However, no changes are applied to the original data stored in your folder. Your original data will not be
affected.

Tabs Function Additional info

Edit tab Rotate and Flip Additional menu
Spatial Crop Additional menu
Bin (spatial and spectral) Additional menu
Spectral Crop Dialogue window
Change Bands Replaces with new bands
Remove Bands Pop-up window
Remove Bad Pixels Pop-up window
Annotations (textboxes, arrows) Additional menu
Edit Plot Mode Activates interactive plot

Rotate and Flip

Note: PAVIA dataset is used as an example.

Features: Enables rotation of the entire dataset.
Steps:

1. Open a hyperspectral imaging file such as PAVIA through File 2 Open Dataset in IDCube
format.

2. Click Edit, Rotate and select one of the rotation options or select the icons:
a. Flip Horizontally
b. Flip Vertically

c. Rotate Clockwise 90 Degree
d. Rotate Anticlockwise 90 Degree.
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Plots Image Statistii Filtering and Enhancenr Data Correctior Tc

Flip Horizontally

Crop Flip Vertically

Bin Rotate Clockwise 90 Degree
Change Bands Rotate Anticlockwise 90 Degree
Remove Bands

Annotation

Edit Plot Ctrl+E

Example: Rotate Clockwise 90 Degree:

[ IDCubeFro 2.0 By HSpeQ and i ity in St Louis) = 5] X

File View Edit Plots Filtering and Enhancement Data Corrections Toalboxes Machine Learming Windows  Help ~
ko simzasjsauconsesmsag|afulRleXtasjov~aa I/HI/EINIRINNOINDRRERENR
22AA(BIEEINNNNTOONS
WHTALER LR OAD LOOF

earch Documentati 2k
Histogram RGE histograms

Data Reduction Data Export

Spectra of the selected points or area

Click Reset to return to the original view. Note: this will reset the entire image including a crop or filter.

Spatial Crop
Note: PAVIA dataset is used as an example.
Features: Enables spatial cropping of the entire dataset.
Steps:
1. Open a hyperspectral imaging file through the Main Interface.

2. Click Edit — Crop and select one of the cropping options or select of the icons:
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Edi4 Plots Image Statistii Filtering and Enhancerr

Rotate >‘/ 0O o
1 Spatial Crop
Bin Spectral Crop

| ~ - - -

Change Bands

Remove Bands

Annotation

Edit Plot Ctrl+E

3. Click Spatial crop (also can be triggered by using an icon IEI ).
4. Alternatively, click Interactive crop in the DATA REDUCTION panel.

Data Reduction Data Export

5. Move the boundaries of the active frame.

Note: Spatial crop activates an interactive rectangular (active frame) that enables the user to select the
region of interest and crop the rest of the image. Move the boundaries of the active frame with the mouse.
The coordinates of the frame in a format [left bottom width height] can be seen below the image. The
meaning of the coordinates is shown below. The units are pixels. When the active frame size is adjusted,
IDCube automatically updates the coordinates to the new values.
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6. Click Apply Crop. The change will be applied globally and a new datacube will be stored in the
internal memory. A new pop-up window with the information about the new dataset will appear
in the left corner showing the dimension of the new frame, type of data, color, and maximum and
minimum. In the case of the RGB, the maximum and minimum will not be shown.

v.2.77

[ Image Info (IDCubePro 2.0 Beta (Powered .. — O K
Attribute Value
Width (columns) 219
Height (rows) 415
Class double
Image type truecolor
-( _)

7. Click Reset to return to the original view. Note: this will rest the entire image back to the original
including any filters or histogram adjustments.

8. The new dataset can be saved using a standard Save function.

Spectral Crop

Features: Enables spectral (z-dimension) cropping of the entire dataset.

Steps:
1. Open a hyperspectral imaging file through the Main interface (File — Open).
2. Click Edit — Crop — Spectral Crop.

s Edit Plots Image Statistii Filtering and Enhancerr

Rotate WA D O W
) Crop > Spatial Crop
Bin > Spectral Crop
= ~ - - -
Change Bands
Remove Bands >
Annotation >

Edit Plot Ctrl+E

A new window pops up. Enter the value for the lowest spectral limit and the upper spectral limit:
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[ Spectral Cropping — O X

Enter Lower Limit: 867.1

Enter Upper Limit: 1698.1
I Apply Cropping

Click OK. The new datacube will be spectrally cropped. The original data will not be affected.
Alternatively, this can be done from the DATA REDUCTION panel on the Main interface:

2 AABI EEENN\NXTOO
WS ANE2 L EV 9 OD LO

Data Reduction Data Fxport

Interactive Crop

Datacube Mathematics

Bin (spatial and spectral)

Note: PAVIA dataset is used as an example.
Features: Performs spatial and spectral binnings of the entire dataset.
Steps:
1. Open a hyperspectral imaging file through the Main Interface.
2. Click Edit — Bin and select one of the binning options:

a. Spatial binning — only perform binning in the spatial coordinate to decrease the number
of pixels.

b. Spectral binning — only perform binning in the spectral coordinate to decrease the number
of spectral bands.
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Edi4 Plots Image Statisti Filtering and Enhancen D¢
Rotate W/ i O np e
Crop g v @ Am

H Spatial Binning
Change Bands Spectral Binning
Remove Bands >
Annotation >
Edit Plot Ctrl+E
[ spatial Binning — a X [ Spectral Binning - a X

Put an integer starting from 2

Bin number:

Put an integer starting from 2

Bin number: [N T

Apply Binning Apply Binning

3. Click Reset to return to the original view.

Note: Reset will reset all changes made including crop and filters.

4. The new dataset can be saved using the standard Save function. Alternatively, Spatial Binning can
be done from the Main Interface.

Data Reduction Data Export

Change Bands

Features:
e Changes set of bands to another set of bands. The new bands has to be set either in the excel or text

file as a column. The dimension of the new set of bands (/ x n) must be equivalent of the current
dimension.
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X Cut
Bx Copy -
aste .
- ' Format Painter
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Clipboard 5 Font
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For changing the bands, click Edit — Change Bands and select the file

Edit Plots Filtering and Enk

Rotate >
Crop 2
Bin >
Change Bands

Remove Bands >
Annotation 2
Edit Plot Ctrl+E

After completion, the changes will be confirmed by a message box.

EJ Change Bands — X

ﬂ Changing bands is completed

Confirm the changes by looking at the spectra.

Remove Bands
Note: PAVIA dataset is used as an example.
Features:

e Enables removing specific bands or groups of bands from the dataset.
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e IDCube uses the following notation: bands are assigned the order number (1, 2, 3, etc.), while the
channels have units (i.e., wavelengths, 430, 434, 438, etc.). Removal of any band/channel will
reassign the band numbers, but not the channels.

v.2.77

Steps:

1. Open a hyperspectral imaging file through the Main interface: File — Open dataset in IDCube
format.

2. Click Edit — Remove bands/channels to see the following options:
a. Individual bands/channels removal (Table)
b. Range of bands removal
c. Range of channels removal

3. To delete individual bands or channels select Individual bands/channels removal (Table) and
click on the appropriate one or many checkboxes.

4. Click Remove Band/Channel button. The bands/channels will be removed from further
consideration. To cancel the deletion, click the blue Reset button on the Main Interface.

K List of the presented bands/channels - m} X
Exit

Band number ChannelfWaveIeng‘lh Select
430
434
438
442
446
450
454
458
462
466
470
474

[ Table of Bands/Channels

Bands/Channel removal will not affect your stored data. You can always
restore your original set of bands by clicking Reset button in the Main
Window.

1
2
3
4
5
6
7
8
9

=)

Ogoooojo|oomoo;

N

To delete the range of either bands or channels select Range of Bands Removal or Range of Channels
Removal and add the bands/channels in the box using the specified format.

£ Band(s) Removal — ] X

Put band numbers or range (i.e., 1,5,7 or 25-50)

—
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EJ Channel(s) removal — O X

Put channels or range of channels (i.e., 640-695, or 515,728, 1122) u

_I—

Click Apply button. The bands/channels will be removed from further consideration.

To cancel the deletion, click Reset on the Main Interface.

Bad Pixel Removal
Note: Plastic and Coin dataset is used as an example.
Features: Enables rapid removing of spikes from the dataset

Bad pixel removal is a common preprocessing step for hyperspectral datasets to remove pixels that are
noisy or have other artifacts. One way to do this is to use a median filter to smooth the data and identify
pixels that are more than a certain distance from the median.

Steps: Sclect Edit — Bad Pixel Removal.

Edit  Plots Image Statistics Filt
Rotate >
Crop >
Bin >
Change Bands

~ BadPiclsRemoval
Remove Bands >
Annotation >
Edit Plot Ctrl+E

In the dialog box enter the Median average value n that will perform (n X n), the default value is 3.

Enter Median absolute deviation (MAD) for each pixel using the median function. The algorithm identifies
bad pixels as those that are more than m MADs from the median, the default value is 5.

[l Bad pixel removal — O 4

Median averaging (odd number)

Median abs deviation Apply

The completion of the algorithm will be notified with the message box
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[ Bad Pixel — X

u Bad pixel removal completed

The example below shows the effect of Bad Pixel Removal different values on the dataset

Untreated data Median averaging =3, Median averaging =3,
Median absolute deviation = 5 Med absolute deviation = 3

RGB [w1=084, w2=1215, w3=1629], Bandwidins (bw1= bw2=bw3=), Conirast=0%, Quality:22 371 RGB [w1=084. w2=1215, w3=1629], Bandwidths (bwi= bw2=bw3=) Contra:

%, Quality:21.29 1GB [w1=984, w2=1215, w3=1629), Bandwidths (bw1=.bw2=.bw3=), Contrast=0%, Quality:27.35

Click Reset to return to the original dataset
Additional Information:

This algorithm first applies a median filter to each individual band of the dataset using function. The
resulting filtered data is temporarily stored. The algorithm then calculates the Median and Median absolute
deviation (MAD) for each pixel using the median function. The algorithm identifies bad pixels as those that
are more than m MADs from the median, and replace them with the median value. Finally, the algorithm
displays the corrected hyperspectral image.

The median absolute deviation (MAD) is a robust measure of variability or dispersion of a dataset. It is
defined as the median of the absolute deviations of the data points from the median of the dataset. In other
words, it measures the average distance of each data point from the median. MAD is calculated using the
following formula:

MAD = median(|xi - median(X)|)
where X is the dataset, x; is the i-th data point, and |.| denotes the absolute value.

MAD is a useful measure of dispersion when the dataset contains outliers or is not normally distributed. It
is less sensitive to extreme values than the standard deviation, which makes it a better choice for skewed or
heavy-tailed distributions. MAD is often used in conjunction with the median to estimate the spread of a
dataset. In hyperspectral data analysis, the median + m x MAD is used to define the range of "normal"
values, where m is a scaling factor chosen to reflect the variability of the dataset.
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Annotations

Note: PAVIA dataset is used as an example.

Features: Enables adding interactive textboxes and arrows into the image display.
Steps:

1. Open a hyperspectral imaging file through the Main interface: File — Open dataset in IDCube
format.

2. Click Edit — Annotations. Two options are available.
a. Add Textbox
b. Add Arrow.

These objects have preset feature designs and are different from the general use annotations that are
available from the Annotation Toolbar.

3. Select an option and it will be placed on the Image Display.
4. The user can type text, move, or resize the annotations.

5. Note: this tool automatically activates the Edit Plot. To disconnect the Edit Plot, click the icon

or deactivate through Edit — Edit Plot or Ctrl+E.
6. Annotations can be changed or deleted at any time by activating Edit Plot mode.

7. When the Edit Plot is activated, use Ctrl+Z to cancel the changes.

i Takme stbebasiy febe .
Aajigsrofeemeg e a Funja et oo oI RRRARRNNEN RN RO HER R

e

o Cemp bases o |7
Sootm By e G
‘o Lo Lt

ppar L.

1 1 s v oy w a4 o e 07 G W i =
" B Zhar Wi =Ty

Use the Strip Toolbar in the upper right-hand corner of the image display to copy the image with the
annotations.

Edit Plot Mode

Note: PAVIA dataset is used as an example.
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Features:

o Allows the user to activate the interactive mode and rearrange the home page for a more
personalized visualization experience.

o Allows the user to modify and delete annotations (see Toolbar — Edit Mode).
Steps to modify the layout:
1. Open a hyperspectral imaging file through the main interface File — Open dataset in IDCube format.

2. Click on Edit — Edit Plot or select the icon b or press Ctrl+E

3. Click on any of the static frames to visualize the boundaries of the frame and move, expand or delete.
You can cancel the change by pressing Ctrl+Z.

Note: some of the panels are fixed. That includes the HISTOGRAM panel, DATACUBE MATHEMATICS
panel, and DATA REDUCTION panel. Buttons can be moved within the parent frame.

Click on the Edit Plot icon to return to the functional view.
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The changes in the layout cannot be returned back by the Reset button. Instead, you can go all the way back
to the original layout by activating the Edit Plot again and repositioning the frames, or by pressing Ctrl+Z
several times until you get to the original layout. In the screenshot below, the SPECTRAL ANALYSIS
panel went to the left, and the IMAGE DISPLAY panel was increased.
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7.5. Plots Tab

Note: Plastic and Coin dataset (cropped) is used as an example.

Features:

Enables the user to visualize the current image in a variety of 2D and 3D ways. The visualization is
temporary and will return to the default view with further data manipulation.

Steps:
1. Load the image file and select File — Plots and choose a type of plot. Available options are given
in the table below.
Tabs Function Additional info

Plots Tab Contour 2D plot
Contour-filled 2D plot
Mesh 3D plot Activates Camera Toolbar.
Surface 3D plot Activates Camera Toolbar.
Contour 3D plot Activates Camera Toolbar.
Remove All Plots Returns to the default single channel image.

Edit Plots Filtering and Enhancement Dat:

"R . Contour 2D s
A A Contour filled 2D . \ \\ N
Mesh 3D
ductior Surface 3D
op Interac Contour 3D
B Hybrid 3D o | Wl
op by Cot

Remove All Plots

ition OO
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Type of plot Graphical Description Description
Contour 2D r U@: Creates a contour plot containing the isolines of matrix Z, where Z contains
L < intensity values on the x-y plane as height. IDCube automatically selects the
B contour lines to display.
Contour filled 2D = Creates a filled contour plot containing the isolines of matrix Z,
where Z contains height values on the x-y plane. IDCube automatically selects
the contour lines to display.
Mesh 3D Creates a 3D mesh plot that has solid edge colors and no face colors. The
function plots the intensity values Z as heights above a grid in the x-y plane
defined by X and Y. The edge colors vary according to the heights specified by Z.
Surface 3D _ Creates a 3D surface plot that has solid edge colors and solid face colors. The
1’3 function plots the intensity values Z as heights above a grid in the x-y plane
defined by X and Y. The edge colors vary according to the heights specified by Z.
Contour 3D = Creates a 3D contour plot containing the isolines of matrix Z, where Z presents
== intensity values on the x-y plane as height. IDCube automatically selects the
contour lines to display.
Hybrid 3D Creates a 3D surface plot with a contour 2D plot underneath. A combination of

* a Surface 3D and Contour 2D.

Selection of 3D plots automatically adds a Rotate 3D button to the Strip Toolbar menu located in the right
corner of the image. You can click it to rotate.

&, AEI@ IR Q G

Rotate 3D

The selection of 3D plots also automatically activates a Camera Toolbar that enables a large variety of
manipulations of three-dimensional objects.

N7 aa S0 T % @ @ &

Tip: You can use different color LUTs from the toolbar or Interactive colorbar functions (via the Right
click on the colorbar) to fine-tune the colors of the plots.

To return to the default plots, click ke ! ormove any band/channel functions. Examples

of the plots are shown below
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7.6. Image Statistics Tab

Tabs Function Additional info

Filtering and Enhancement Tab Image Quality Plot Additional menu
Anomaly Pixels Pop-up window
Texture features Pop-up table
Haussdorff Fractal Dimension Pop-up value

Image Quality Plot (BRISQUE, NIQE and PIQE algorithms)

Note: PAVIA dataset is used as an example.

Features:

e Image Quality calculates the no-reference image quality score for the image using several
methods. The range of the Quality Score is from 0 to 100. A smaller score indicates better
perceptual quality.

e (Calculates the quality of the images as the function of the wavelength.
Steps (could be used in random order)

1. Load the data using File — Open... The Quality score of the image is located in the text box
under the image as shown below. This value is calculated using BRISQUE algorithm.

2. Go to the Filtering and Enhancement — Image Quality and select Image Quality Plot to
visualize the image quality as the function across the entire z-axis (band/channel/wavelength). The
available algorithms are:

a. BRISQUE
b. NIQE
c. PIQE
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Image Statistics Filtering and Enhancement Data Corrections Toolb

Image Quality
Anomalous Pixels

Texture Features

Hausdorff Fractal Dimension

>

BRISQUE Image Quality Plot
NIQE Image Quality Plot
PIQE Image Quality Plot

—t Y

The plots below indicate relatively poor-quality images at wavelengths <450 nm corresponding to large

values of indices.

K Ouality of the image (BRISQUE)
File

T Quality of the image (NIOE)
IED

MED

E Quality of the image (PIOE! = = ®

S8 &
S AAB I EEINNNNTOO

(S E &

H &

B2 AABIEEINNNNTOONRS

(S &

S s AAB I EEINNNNTOORS

el

Tip: You can save Quality plots spectra in Excel format using a Brush button from a Strip Toolbar. Hover
over the spectral window to activate a Strip Toolbar and click the Brush icon. When clicked, the Brush
icon will turn blue. Brush the entire or part of the plotted spectrum and right-click. Select Copy Data to
Clipboard. Paste the copied data into Excel or a text file.

==

2 AABI EEFINNNNNTOONWSE

Additional Information:

Replace with

Color...
Remove Brushed

Remove Unbrushed

Export Brushed...

Paste Data to Command Line

Copy Data to Clipboard ]

Clear All Brushing

A A B c
1 430] 43.74334

2 434 42.98931

3 438 41.36104,

4 442 37.68222

5 446 34.69053

6 450 29.39166,

7 454 26.61321,

8 458 254536,

9 462 22.41455

10 466 21.57201,

11 470 19.95987,

12 474 18.6744,

13 478 16.01449,

14 482 13.77668,

15 486 12.97667,

16 490 1153579,

17 494 10.93335

18 498 11.28277,

19 502 10.04003

20 506 9.128742

21 510 9.618337

22 514 10.40755 (7 (ctry~|

Sheetl | @

The algorithm predicts the BRISQUE score by using a Support Vector Regression (SVR) model trained on
an image database with the corresponding differential mean opinion score (DMOS) values. The database
used for this algorithm contains images with known distortion such as compression artifacts, blurring, and
noise, and it contains pristine versions of the distorted images. The image to be scored must have at least
one of the distortions for which the model was trained.
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PIQE (Perception-based Image Quality Evaluator) scores the image distorted due to blocking artifacts and
Gaussian noise. The algorithm generates spatial quality masks that indicate the high spatially active blocks,
noticeable artifacts blocks, and noise blocks in the image.

v.2.77

NIQE (Naturalness Image Quality Evaluator) measures the distance between the natural scene statistics
(NSS) based features calculated from the image to the features obtained from an image database used to
train the model. The features are modeled as multidimensional Gaussian distributions.

References:
BRISQUE:

Mittal, A., A. K. Moorthy, and A. C. Bovik. "No-Reference Image Quality Assessment in the Spatial
Domain." IEEE Transactions on Image Processing. Vol. 21, Number 12, 2012, pp. 4695-4708.

Mittal, A., A. K. Moorthy, and A. C. Bovik. "Referenceless Image Spatial Quality Evaluation Engine."
Presentation at the 45th Asilomar Conference on Signals, Systems, and Computers, Pacific Grove, CA,
2011.

PIQE:

Venkatanath, N., D. Praneeth, Bh. M. Chandrasekhar, S. S. Channappayya, and S. S. Medasani. "Blind
Image Quality Evaluation Using Perception Based Features", In Proceedings of the 21*" National Conference
on Communications (NCC). Piscataway, NJ: IEEE, 2015.

Sheikh, H. R., Z. Wang, L. Cormack, and A.C. Bovik, "LIVE Image Quality Assessment Database Release
2 ", https://live.ece.utexas.edu/research/quality/ .

NIQE:

Mittal, A., R. Soundararajan, and A. C. Bovik. "Making a Completely Blind Image Quality Analyzer." IEEE
Signal Processing Letters. Vol. 22, Number 3, 2013, pp. 209-212.

Anomalous Pixels

Note: Plastic and Coin dataset is used as an example dataset.
Features: Identifies anomalous pixels in the 3D datasets using Reed-Xialoi (RX) detection algorithm.
Steps:

1. Select Filtering and Enhancement — Anomalous pixels

Image Statistics = Filtering and Enhan
Image Quality >
Anomalous Pixels
Texture Features

Hausdorff Fractal Dimension

2. Enter the Confidence coefficient to set a threshold at which any pixels with a higher confidence
coefficient will be considered anomalous. The default level is 0.99. This threshold represents the
RX score above which a pixel is an anomaly with 99.0 % confidence.
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3. As the first step, we suggest using the default value and pressing Apply. You can identify a more
suitable Confidence coefficient value by analyzing the Plot of the cumulative probability
distribution of RX score values (see below).

v.2.77

Kl Anomalous pixels threshold criteria — ] K

Confidence coefficient (0 to 1)

IDCubePro® will compute the plot of the Cumulative probability distribution of RX score values (scale
from O to 1). Pixels with a high RX score are likely anomalous pixels. IDCubePro® also displays the RX
score map where each pixel in the dataset is assigned the raw RX score. Both graphs appear in a pop-up
panel Reed-Xialoi (RX) Scores side-by-side as shown below:

B Figure 3: Reed-Xialoi (RX) scores - O ®
[2] k| = o
S slAABT EEINONNNNNTOO | W&

Tip 1: Use the Strip Toolbar from the right upper corner of the graph (to see this toolbar, hover over the
right upper corner of the graph) to identify the threshold (shown 0.988). Enter this new threshold value into
the Confidence coefficient field to tune the anomalous pixel detection.

oata o

X7
Y 0.98766

Tip 2: Right-click on the Colorbar to change the colorscheme or adjust the colors using an interactive
colorbar shift.

IDCubePro® automatically applies a threshold criterion to detect anomalous pixels with an RX score
greater than the computed threshold. The result is a binary image in which the anomalous pixels are assigned
the intensity value 1 and other pixels are assigned 0. This binary image is generated in a second pop-up
panel named Detected Anomalous Pixels (binary). The detected anomalous pixels are overlaid with the
automatically generated pseudo-RGB image shown in Overlaid Image panel.
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Notice many anomalous pixels found in the coin. These anomalous pixels correspond to highly reflective
areas of the coin’s surface.

v.2.77

EJ Figure 4: Detected anomalous pixels - O x
@J | H .
B2 AA|BI EEENNNTOO A&

Detected Anomalous Pixels (binary) Overlaid Image

Additional Information:

The method detects anomalous pixels in the hyperspectral data using the Reed-Xialoi (RX) detector. The
RX detector calculates a score for each pixel as the Mahalanobis distance between the pixel and the
background. The background is characterized by the spectral mean and covariance of the datacube.

The RX score for each pixel is computed according to the following equation.

Dix = (r — uc) "2 (r — uc)

Where r is the pixel under test and uc and 2¢ are the spectral mean and covariance respectively. Anomalous
pixels typically have high RX scores.

References:

[1] Reed, LS., and X. Yu. “Adaptive Multiple-Band CFAR Detection of an Optical Pattern with Unknown
Spectral Distribution.” IEEE Transactions on Acoustics, Speech, and Signal Processing 38, no. 10 (October
1990): 1760-70. https://doi.org/10.1109/29.60107.

[2] Chein-I Chang and Shao-Shan Chiang. “Anomaly Detection and Classification for Hyperspectral
Imagery.” IEEE Transactions on Geoscience and Remote Sensing 40, no. 6 (June 2002): 1314-25.
https://doi.org/10.1109/TGRS.2002.800280.

Texture Features

Note: Only works for monochromatic images. Some features result in NaN or equal to 0 (zero) need to be
ignored. Does not produce meaningful results on RGB type images.

Features: The function calculates 14 image parameters known as Haralick Features.

To compute the Haralick features select Image Statistics and select Texture Features.
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Image Statistics Filtering and Enhan

Image Quality >
Anomalous Pixels
Texture Features

Hausdorff Fractal Dimension

A table of Haralick texture features will pop-up.

@] Image Statistics — O X
Haralick Texture Features
Feature Value
Angular Second Moment (Energy) 0.9995 ~
Contrast 0.0096
Correlation 0.2387
Vanance 637422
Inverse Difference Moment (Homogeneity) 0.9998
Sum Average 15.9982
Sum Variance 255.8873
Sum Entropy 0.0022
Entropy 0.0034
Difference Variance 0.0248 ~
< T >
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Texture

Angular Second Moment (Energy)

Contrast

Correlation

Variance

Inverse Difference Moment
(Homogeneity)

Sum Average
Sum Variance

Sum Entropy
Entropy
Difference Variance

Difference Entropy

Meaning and range

Angular Second Moment measures the image homogeneity. Is high when
image has very good homogeneity or when pixels are very similar.

Equal to 0 for a constant image and become larger as the pixel intensities
in a local neighborhood become more disparate.

Measures the linear dependency of grey levels of neighboring pixels -1
to 1.

Increasing weight given to greater gray value differences.

It is high when local gray level is uniform is close to 1 when only a few
dominant gray-tones are present.

Average sum of gray levels.
Variance of sum of gray levels.
Uniform (flat) distribution of sum of gray levels has maximum entropy.

Reflects the amount of randomness in intensity of an image and
increases with the images local complexity.

Variance of difference of gray levels

Uniform (flat) distribution of difference of gray levels has maximum
entropy

Information Measure of Correlation I Normalized mutual information.

Difference between joint entropy and joint entropy assuming

Information Measure of Correlation II .
independence.

Relates to how fast the Markov chain converges. Calculates how

Maximal lati fficient o . . . . .
aximal Correlation Coefficien transition matrix for a Markov chain of neighboring pixel gray levels.

Additional Information:

Haralick texture features are common texture descriptors in image analysis. They are statistical features that
describe the texture of an image. They are based on the co-occurrence matrix, which is a matrix that
describes the frequency of occurrence of pairs of pixels with certain values in an image. The traditional
histogram based methods (first order statistics) show only the distribution of grey-levels in individual pixels
ignoring the spatial distribution of grey values. The texture analysis method uses higher-order statistics,
and consider the relation between two or more pixels at a time. One advantage of Haralick features is that
they are robust and can capture different types of texture information such as smoothness, coarseness, and
regularity, making them suitable for a wide range of applications such as medical image analysis, remote
sensing, and computer vision. Another advantage of Haralick features is their computational efficiency.
They can be computed quickly and easily, even for large images, using algorithms such as the Gray-Level
Co-occurrence Matrix (GLCM).

References:
Haralick, Robert M., Karthikeyan Shanmugam, and Its'hak Dinstein. "Textural features for image
classification." IEEE Transactions on systems, man, and cybernetics 6 (1973): 610-621.
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Kumar, Rekhil M., and K. Sreekumar. "A survey on image feature descriptors." Int J Comput Sci Inf
Technol 5 (2014): 7668-7673.
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Acknowledgment:

In part based on Rune Monzel (2023). haralickTextureFeatures, MATLAB Central File Exchange.
Retrieved March 4, 2023, (https://www.mathworks.com/matlabcentral/fileexchange/58769-
haralicktexturefeatures )

Haussdorff fractal dimension

Note: Only works for monochromatic images. Does not work on RGB type images (produces NaN value).
Features: The function calculates Haussdorff fractal dimension of the presented image.
To compute the Haussdorff fractal dimension, select Image Statistics and select Haussdorff Fractal
Dimension.

Image Statistics = Filtering and Enhar

Image Quality >
Anomalous Pixels
Texture Features

Hausdorff Fractal Dimension

A value corresponding to the Haussdorff fractal dimension will pop-up.

El Fractality — X

Haussdorf fractal dimension:

‘ OK Cancel

Additional Information:

Haussdorff fractal dimension measurement is a mathematical method used to quantify the complexity or
irregularity of an object or pattern. In imaging, this method can be used to measure the complexity of an
image, such as the branching patterns of blood vessels or the surface texture of an object.

The Haussdorff fractal dimension measurement provides a way to describe the level of complexity in an
image by measuring how much the pattern repeats itself at different scales. The measurement is based on
the idea that fractals exhibit self-similarity, meaning that they have the same structure at different levels of
magnification. The Haussdorff fractal dimension measurement calculates the degree of self-similarity by
measuring the amount of space that is filled by the fractal pattern at different scales.

Applications of Haussdorf fractal dimension measurement in imaging include the analysis of medical
images, such as identifying the level of complexity of tumors or analyzing the branching patterns of blood
vessels. It can also be used in remote sensing, where it can help identify and quantify landscape features
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such as rivers, forests, and mountains. Additionally, it has applications in computer vision, where it can
help identify and classify complex images, such as recognizing handwritten characters or classifying
different types of textures.
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References:

Bruno, Odemir Martinez, et al. "Fractal dimension applied to plant identification." Information
Sciences 178.12 (2008): 2722-2733.

Ghosh, Jayanta Kumar, Ankur Somvanshi, and R. C. Mittal. "Fractal feature for classification of
hyperspectral images of Moffit Field, USA." Current Science (2008): 356-358.

Acknowledgment:

Based on  Alceu Costa  (2023). Hausdorff  (Box-Counting)  Fractal = Dimension,
(https://www.mathworks.com/matlabcentral/fileexchange/30329-hausdorff-box-counting-fractal-
dimension), MATLAB Central File Exchange. Retrieved March 5, 2023.

7.7. Filtering and Enhancement Tab

Functions implemented in the Filtering and Enhancement Tab allow you to modify your dataset by
removing noise as well as other modifications outlined in the table below. Additional functions allow for
evaluating the quality of the data and the results of filtering. All changes to the dataset are global, which
means the changes are saved internally and replace the original dataset during the computation session.
However, no changes are applied to the original data stored in your folder. Your original data are will not
be affected.

Tabs Function Additional info

Filtering and Enhancement Tab Mean Spatial Filter Dialogue window
Mean Spectral Filter Applied to the Image
Gaussian Filter Applied to the Image
NGmeet Filter Applied to the Image
Spatio-Spectral Total Variation (SSTV) Filter Dialogue window
FFT Filters (low and high pass) Dialogue window
Savitzky-Golay Filter Dialogue window
Asymmetric Least Square Smoothing Dialogue window
Standard Deviation Applied to the Image
Decorrelation Stretch Applied to the Image
Color Inversion Applied to the Image
Normalization Additional menu
Contrast Enhancement Additional menu
Structure Similarity Index Generates a value
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Mean Spatial Filter
Note: PAVIA dataset is used as an example.

Features: Removes spatial noise in the entire datacube by averaging nearby pixels. This filtering is global
and will be retained for all other functions and treatments.

Steps:

1. Select Filtering and Enhancement — Mean Spatial Filter.

Filtering and Enhancement Data Corrections Toolboxes Machine Learning Window|
ﬁ Mean Spatial Filter = & m‘ x ‘ S+ b.| R |
Mean Spectral Filter N &
3D Gaussian Filter
NGmeet Filter
= Spatio-Spectral Total Variation (SSTV) Filter
Fast Fourier Transform (FFT) Filters >

Savitzky—Golay Smoothing

o

Asymmetric Least Squares Smoothing

Standard Deviation

Decorrelation Stretch

| Color Inversion

i Normalization >
Contrast Enhancement >

5| Structural Similarity Index (SSIM)

2. Select the filter cutoff (N) as an odd number from the pop-up dialogue window. The default value
is N=3. The filter applies an N-by-N median spatial filter in two spatial dimensions. Each output
pixel in the output image contains the median value in the N-by-N neighborhood around the
corresponding pixel in the original dataset. The original image is padded by mirroring border
elements. Press Apply.

£ spatial Filter parameters - O X

Filter cutoff(Odd number)

3. After completion click Apply and visualize the filtered image.

£l Filter - X

ﬂ Spatial filter completed

The filtered image can be returned to the original by using Filtering and Enhancement — Remove all
Filters and Enhancements or Reset button.
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Mean Spectral Filter
Note: PAVIA dataset is used as an example.

Features: Removes spectral noise in the entire datacube by averaging nearby bands/channels. This filtering
is global and will be retained for all other functions and treatments.

Steps:

1. Select Filtering and Enhancement - Mean Spectral Filter.

Filtering and Enhancement Data Corrections To

Mean Spatial Filter

v Mean Spectral Filter
3D Gaussian Filter
NGmeet Filter
Spatio-Spectral Total Variation (SSTV) Filter
Fast Fourier Transform (FFT) Filters >
Savitzky—Golay Smoothing

Asymmetric Least Squares Smoothing

Standard Deviation

Decorrelation Stretch

Color Inversion

Normalization >

Contrast Enhancement >

Structural Similarity Index (SSIM)

Remove All Filters and Enhancements

2. Select the filter parameters. The entered value indicates how many N bands will be averaged. If
N=3, three signals will be averaged over three bands.

El Spatial Filter parameters - m] x

Filter cutoff (Odd number)

a. After completion, click OK and visualize the filtered image.

[ Filter — X

ﬂ Spectral mean filter completed
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b. The filtered image can be returned to the original by using Filtering and Enhancement
— Remove all Filters and Enhancements or Reset button.

v.2.77

Note: The Reset button is global and will revert all changes.
Additional Information:

The filter applies an N-median spectral filter along the spectral dimensions. Each band/channel in the output
dataset contains the median value in the N neighborhood bands/channels around the corresponding band in
the original dataset. The original spectral dimension is padded by mirroring border elements.

Gaussian Filter
Note: PAVIA dataset is used as an example.

Features: Removes spatial and spectral noise in the entire datacube by applying a Gaussian Filter. This
filter is global and will be retained for all other functions and treatments.

Steps:

1. Select Filtering and Enhancement — 3D Gaussian Filter.

Filtering and Enhancement Data Corrections Too

{ v Mean Spatial Filter
Mean Spectral Filter
3D Gaussian Filter
NGmeet Filter
Spatio-Spectral Total Variation (SSTV) Filter
Fast Fourier Transform (FFT) Filters >
Savitzky—Golay Smoothing
Asymmetric Least Squares Smoothing
Standard Deviation
Decorrelation Stretch
Color Inversion
Normalization >
Contrast Enhancement >

Structural Similarity Index (SSIM)

2. After completion, click OK and visualize the filtered image.

£ Filter — X
| Gaussian filter completed

o |

3. The filtered image can be returned to the original by using Filtering and Enhancement —
Remove all Filters and Enhancements or Reset button.

Additional Information:

The algorithm filters the datacube with a 3D Gaussian smoothing kernel with a standard deviation of 0.5
and returns the filtered image. All voxels in the image must have values.
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NGMeet filter
Note: PAVIA dataset is used as an example.

Features: You can use the NGMeet function to remove noise from hyperspectral data by using the non-
local meets global approach.

Steps:

1. Select Filtering and Enhancement — NGmeet Filter.

Filtering and Enhancement Data Corrections To

Mean Spatial Filter

Mean Spectral Filter

3D Gaussian Filter

NGmeet Filter

Spatio-Spectral Total Variation (SSTV) Filter
Fast Fourier Transform (FFT) Filters >
Savitzky—Golay Smoothing

Asymmetric Least Squares Smoothing
Standard Deviation

Decorrelation Stretch

Color Inversion

Normalization >
Contrast Enhancement >

Structural Similarity Index (SSIM)

2. After completion, click OK and visualize the filtered image.

£ Filter — X

| NGmeet filter completed

3. The filtered image can be returned to the original by using Filtering and Enhancement —
Remove all Filters and Enhancements or Reset button.

Additional Information:
The NGMeet method estimates the denoised datacube by using these steps. For each iteration, i

1. Compute spectral low-rank approximation of the noisy input data (Y;) by using singular value
decomposition. The approximation results in a reduced datacube (M) and the related orthogonal
basis 4..

2. Perform spatial de-noising of the reduced datacube M, by using non-local similarity filtering. You can
control the degree of smoothing by specifying the smoothing parameter 'Sigma".

3. Perform inverse projection. Map the denoised reduced datacube M, to the original space by using the
orthogonal basis 4.. The result is the denoised output (X)) obtained at iteration i.

4. Perform iterative regularization. Update the noisy input data, Y., = AX; + (1-1)Y.
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5. Repeat steps 1 to 4, for the specified number of iterations. The final value X;is the denoised
hyperspectral data.

v.2.77

References:

He, Wei, Quanming Yao, Chao Li, Naoto Yokoya, and Qibin Zhao. “Non-Local Meets Global: An
Integrated Paradigm for Hyperspectral Denoising.” In 2019 IEEE/CVF Conference on Computer Vision and
Pattern  Recognition (CVPR), 6861-70. Long  Beach, CA, USA: IEEE, 2019.
https://doi.org/10.1109/CVPR.2019.00703.

Spatio-Spectral Total Variation (SSTV) Filter

Notes: Plastic and Coin dataset is used as an example.
Features: Removes Gaussian and sparse mixed noise.
Steps:

1. Open a file and select Filtering and Enhancement — Spatio-Spectral Total Variation (SSTV)
Filter.

Filtering and Enhancement Data Corrections Toc

Mean Spatial Filter

Mean Spectral Filter

3D Gaussian Filter

NGmeet Filter

Spatio-Spectral Total Variation (SSTV) Filter
Fast Fourier Transform (FFT) Filters >
Savitzky—Golay Smoothing

Asymmetric Least Squares Smoothing

Standard Deviation

Decorrelation Stretch

Color Inversion

Normalization >
Contrast Enhancement >

Structural Similarity Index (SSIM)

2. Select SSTV filter parameters from the pop-up dialogue window.

[ SSTV Filter Parameters - O >

Az (0-1) p: (0-1) v (0-1) lterations

B B B B

Apply

a. The value of parameter A adjusts the de-noising strength corresponding to sparse noise,
whereas parameters ¢ and v provide the tradeoff between retaining the original image and
smoothness by total-variation regularization, respectively.

b. The default parameter values 4 = 0.1, 4= 0.2, and v = 0.2 have been found empirically (see
the ref. below). These parameters can be adjusted to get the desired denoising strength.
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c. The algorithm seems to be weakly sensitive to the specific values of these parameters and
allows a broad range of values. The number of iterations = 40 seems to be optimal to
achieve convergence (see the graph below).

v.2.77

3. After completion, click OK and visualize the filtered image.

L Filter — X
ﬂ SSTV fiter completed

4. Visualize the results. You can also run Filtering and Enhancement — Image Quality — Image
Quality (BRISQUE). The improvement of the image quality is shown in the chart below. A lower
level of BRISQUE score indicates a higher quality of the image.

Image Quality Spectral Plot / BRISQUE algorithm

Original After SSTV

w
o
o
o
(%]
w
2
g
)
o
0

550 650 750

Wavelength, nm

Notes: The algorithm is computationally demanding. Decreasing the number of iterations might
significantly decrease the computation time.

Tip: Optimize the filter’s parameters on a smaller size by first cropping the image.
Additional Information:

Gaussian noise is a kind of signal noise that has a probability density function (pdf) equal to that of the
normal or Gaussian distribution. Major sources of Gaussian noise in digital images arise during acquisition
e.g., sensor noise caused by poor illumination and/or high temperature, electronic circuit noise, and others.
The sparse noise includes random valued impulse noise, salt-and-pepper noise, and horizontal and vertical
deadlines.

References:

H. K. Aggarwal and A. Majumdar, "Hyperspectral Image Denoising Using Spatio-Spectral Total
Variation," in [EEE Geoscience and Remote Sensing Letters, vol. 13, no. 3, pp. 442-446, March 2016, doi:
10.1109/LGRS.2016.2518218.
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FFT Filters

Low Pass Frequency Domain Spectral Filtering

Note: PAVIA dataset is used as an example. Can be used in conjunction with the Low Pass FFT function
from the SPECTRA MATHEMATICS panel.

Features:

e Use this filter to remove high-frequency components from the spectral coordinate in the entire
dataset. No filtering is applied to the spatial coordinates.

e The Fast Fourier Transform (FFT) is used to transform the input spectra. To perform the FFT filters
efficiently, IDCube enables users to first optimize and visualize the performance of these filters on
a spectrum from the selected regions of interest (available from the SPECTRAL ANALYSIS
panel).

e The FFT filtering of the image is performed in three steps automatically. First, the filter executes a
pixel-by-pixel Fourier transform of the spectrum, converting the original spectra into their
corresponding frequency domain spectra. In the second step, a low-pass filter with a specified cut-
off frequency is applied. In the third step, the inverted Fourier transform algorithm is applied to
generate a new dataset where only low frequencies are kept.

Steps:
1. Load the file.
2. Select Spectra Mathematics Select — FFT Low Pass Filter.

=g ==y

Filtering and Enhancement  Data Corrections  Toolboxes  Machine Learnir

Mean Spatial Filter O~ I S
Mean Spectral Filter )

3D Gaussian Filter

MNGmeet Filter

Spatio-Spectral Total Variation (S5TV) Filter

Fast Fourier Transform (FFT) Filters | FFT Low Pass Filter
Savitzky—Golay Smoothing FFT High Pass Filter

-

Asymmetric Least Squares Smoothing
Standard Deviation

Decorrelation Stretch

Color Inversion

MNormalization ¥
Contrast Enhancement >

| Structural Similarity Index (S51M)

A pop-up dialog will ask you to enter a Low-Frequency cutoff value. A higher value indicates that high
frequencies will be removed before the reconstruction resulting in the low-frequency image where 50% of
the high frequencies are cut. Notice that the scale is between 0 and 1.

(To Visualize Spectra after FFT analysis, go to the Spectral Analysis chapter of this manual).
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EJ Low FFT Filter parameters — OJ X

Low frequency cutoff, range 0.01 to 1

1
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0.6
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0.1

0
Channel: 450, Bandwidth: , Image quality: 22.06

Similar to other filters, the processed dataset is temporarily stored and available for other processing
algorithms.

References:
The algorithm is built using part of the ff#/ library developed by Shmuel Ben-Ezra in 2009:

https://www.mathworks.com/matlabcentral/fileexchange/25017-fft-filter-clean-your-signals-and-display-
results?s tid=srchtitle

High Pass Frequency Domain Spectral Filtering

Note: PAVIA dataset is used as an example. Can be used in conjunction with the High Pass FFT function
from the SPECTRA MATHEMATICS panel.

Features:

e Use this filter to remove low-frequency components from the spectral coordinate in the entire
dataset. No filtering is applied to the spatial coordinates.

e The Fast Fourier Transform (FFT) is used to transform the input spectra. To perform the FFT filters
efficiently, IDCube enables users to first optimize and visualize the performance of these filters on
a spectrum from the selected regions of interest.
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e The FFT filtering of the image is performed in three steps automatically. First, the filter executes a
pixel-by-pixel Fourier transform of the spectrum, converting the original spectra into their
corresponding frequency domain spectra. In the second step, a high pass filter with a specified cut-
off frequency is applied. In the third step, the inverted Fourier transform algorithm is applied to
generate a new dataset where only high frequencies are kept.

v.2.77

Steps:
1. Load the file.
2. Select Spectra Mathematics Select — FFT High Pass Filter.

Filtering and Enhancement = Data Corrections  Toolboxes  Machine Learning

Mean Spatial Filter C | | 4 | R Y | +
Mean Spectral Filter L)
3D Gaussian Filter

MNGmeet Filter

X Spatio-Spectral Total Variation (55TV) Filter

; Fast Fourier Transferm (FFT) Filters 3 FFT Low Pass Filter
” Savitzky-Golay Smoathing FFT High Pass Filter
L

Asymmetric Least Squares Smoothing

Standard Deviation

Decorrelation Stretch

Color Inversion

il Normalization »
H 3

Contrast Enhancement

Structural Similarity Index (S5IM)

3. Press Generate and put a Cutoff value number in the pop-up dialog. The number reflects the %
of Nyquist frequency in the range between 0 and 1. A higher value indicates that more low
frequencies will be removed before the reconstruction. The value of 0.5 means that 50% of the
low frequencies are cut.

£ High FFT Filter parameters - O X

High frequency cutoff, range 0 to 1

(To Visualize Spectra after FFT analysis, go to the Spectral Analysis chapter of this manual).
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Channel: 450, Bandwidth: , Image quality: 42,68

Like most other filters, the filtered dataset is temporarily stored and available for other processing
algorithms.

References:
The algorithm is built using part of the ff#/ library developed by Shmuel Ben-Ezra in 2009:

https://www.mathworks.com/matlabcentral/fileexchange/25017-fft-filter-clean-your-signals-and-display-
results?s tid=srchtitle

Savitzky-Golay Filter

Note: Plastic dataset is used as an example. Can be used in conjunction with the Savitzky-Golay smoothing
from the SPECTRA MATHEMATICS panel.

Features: The filter smooths raw noisy signal data from the spectral coordinate using a least-squares digital
polynomial filter.

Steps:

1. Select Filtering and Enhancement — Savitzky-Golay.
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Filtering and Enhancement Data Corrections To

Mean Spatial Filter

Mean Spectral Filter

3D Gaussian Filter

NGmeet Filter

Spatio-Spectral Total Variation (SSTV) Filter
Fast Fourier Transform (FFT) Filters >
Savitzky—Golay Smoothing

Asymmetric Least Squares Smoothing

Standard Deviation

Decorrelation Stretch

Color Inversion

Normalization >

Contrast Enhancement >

Structural Similarity Index (SSIM)

2. The pop-up dialogue window will ask for additional parameters Polynomial Order and Frame

size.

Polynomial Order corresponds to the degree of the polynomial fitted to the points in the moving frame.
The default value is 2. Polynomial Order value must be smaller than Frame Size if the frame size is a
positive integer. The default value is 10.

Frame Size modifies the frame size for the smoothing function. If the Frame Size value is greater than 1,
the rolling window is the size of the input number (i.e., 10) and independent of the number of
bands/channels. Higher values smooth the signal more with an increase in computation time. If the Frame
Size is less than 1, the window size is a fraction of the number of points in the total number of channels.
For example, if the Frame Size value is 0.05, the window size is equal to 5% of the number of points in

the total number of channels.

[ savitzky-Golay parameters —

Polynomial Order

Frame Size

The smoothing of the spectra occurs in a pixel-by-pixel manner. When the process is complete, the new
image will replace the original image. A pop-up message box will inform that the process is complete. Click

OK to remove the message box.

£l smoothing - X

ﬂ Savitzky-Golay smoothing completed
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(Optional) You can estimate the effect of the filter on the resulting image by running the Structure
Similarity Index. For that, select Filtering and Enhancement — Structure Similarity Index from the
menu bar. This index calculates the structural similarity (SSIM) index comparing the original dataset with
the filtered one. A value closer to 1 indicates higher similarity and a value closer to 0 indicates low
similarity.

v.2.77

£l s5IM Score — *

Structure Similarity Index Scone:
|EI-.H4?BE |

oK Cancel |

(Optional) You can also estimate the result of filtering the images using image quality measurements. For
that select Filtering and Enhancement — Image Quality — Image Quality (BRISQUE). A new window
with the image quality index for every channel will be calculated. Lower values correspond to better quality.
In this example, Savitzky-Golay smoothing with the default values significantly increases the quality of the
images between 1100 nm and 1550 nm.

B Quality of the image (BRISQUE) — ] X | El Quality of the image (BRISQUE) — O X
|2 E| % == N
delaalBI|EEENNNTOO | Wa dlAAlBI|EEE N NNRNTOOQS

Before 5-G smoothing After S-G smoothing

Additional Information:

IDCubePro® uses a modified version of the Savitzky-Golay algorithm. The original algorithm developed
by Savitzky and Golay assumes the input vector corresponding to the band/channel dimension has
uniformly spaced separation units, while the current algorithm also allows one that is not uniformly spaced.

When the input bands/channels vector is evenly spaced, the least-squares fitting is performed once so that
the signal is filtered with the same coefficients, and the speed of the algorithm increases considerably.

The algorithm specifies the degree of the polynomial fitted to the points in the moving frame. The default
order of the polynomial fitted to the points in the moving frame is equal to 2. The default frame size
is 10 samples. Both parameters can be modified in the IDCubePro®.
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Asymmetric Least Square Smoothing
Note: Plastic and Coin dataset (cropped) is used as an example.

Features: The filter is based on asymmetric least squares smoothing for multiple spectra baseline
correction. The algorithm also eliminates scatter effects on the spectra.

For large images, Asymmetric Least Square Smoothing might be computationally expensive. The algorithm
might take several minutes depending on the size of the image and the number of iterations. We recommend
using Spectrum Background Removal implemented in the Feature Finder toolbox from the Toolbox
menu to optimize parameters.

Steps:

1. Load a file and select Filtering and Enhancements — Asymmetric Least Square Smoothing.

Filtering and Enhancement Data Corrections To

Mean Spatial Filter

Mean Spectral Filter

3D Gaussian Filter

NGmeet Filter

Spatio-Spectral Total Variation (SSTV) Filter
Fast Fourier Transform (FFT) Filters >
Savitzky—Golay Smoothing

Asymmetric Least Squares Smoothing

Standard Deviation

Decorrelation Stretch

Color Inversion

Normalization >
Contrast Enhancement >

Structural Similarity Index (SSIM)

2. Select the smoothing parameters from the pop-up dialog.

@] Asymmetric Least Square Smoothing parameters - ] K

Smoothness defines how smooth the baseline should be (default 100).

Asymmetry defines how "low" the baseline should be. The range is from 0 to 1. Lower peaks require
asymmetry approaching 0, while high peaks require asymmetry value approaching 1.

Iterations define the number of iterations to reach the converge (default 20). The calculation time is
proportional to the number of iterations.

3. Press Apply and visualize the smoothed image after the computation is complete.
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£l Smoothing — X

| Asymmetry smoothing completed

4. (optional) Click Multi-Spectra Mode in the SPECTRAL ANALYSIS panel and draw a region of
interest to visualize the spectrum before and after the smoothing procedure. The original spectrum
(shown as mean +/- standard deviation) shows numerous sharp peaks related to noise. After
filtering, the new spectrum shows no sharp peaks and a much smaller standard deviation.

2500

2000

1500

1000

Channel: 997, Bandwidth: , Image quality: Complex data type
SPECTRAL ANALYSIS

Real-Time Spectrum

6000

4000

Intensity

2000

Spectra Mathematics

0
80 900 1000 1100 1200 1300 1400 1500 1600 170 pmrery. m—

BandiChannnl

We recommend using the Feature Finder toolbox to optimize filter parameters. Feature Finder toolbox
has an option to generate three spectra: the original spectrum (green line), the baseline spectrum (red dotted
line), and the corrected spectrum (blue solid line). Corrected spectrum = Original spectrum — Baseline
Spectrum. An example of this optimization with the adjusted Asymmetry parameter is shown below.

1000 ¢ f," If'r ‘||‘ : | 1000 ¢ ;_a f“/" “\ ] 00 r.," “I
! ’/'J/\\J Lf\./\b{ LAl M\J “-,,/] \J‘/\v ol \_.--—-—-L-"\'N\n/\_f‘-/\,(
Smoothn"e.ss": 5000 Smoothn"e.ss": 5000 Smoothneés: 5000
Asymmetry: 0.001 Asymmetry: 0.01 Asymmetry: 0.1
Iterations: 10 Iterations: 10 Iterations: 10

Reference:

Eilers, P. H., & Boelens, H. F. (2005). Baseline correction with asymmetric least squares smoothing. Leiden
University Medical Centre Report, 1(1), 5.

Standard Deviation Filter

Note: PAVIA dataset is used as an example.

Features: Modifies the dataset with a Standard Deviation filter to visualize the edges of the objects. This
filter is global and will be retained for all other functions and treatments.

227



HSpeQs=l

v.2.77

Steps:

Select Filtering and Enhancement — Standard Deviation filter. After completion, click OK and
visualize the filtered image.

£ Filter — pod

H Standard deviation filter completed

The filtered image can be returned to the original image by using Filtering and Enhancement —
Remove all Filters and Enhancements or Reset button.

Additional Information:

The algorithm performs standard deviation filtering of the dataset (spatial only) for each frame and returns
the filtered image. The value of each output pixel is the standard deviation of the 3-by-3 neighborhood
around the corresponding input pixel. For pixels on the borders, the algorithm uses symmetric padding
where the values of padding pixels are a mirror reflection of the border pixels.

Decorrelation Stretch
Note: PAVIA dataset is used as an example.
Features:

e Applies a decorrelation stretch to the dataset. The primary purpose of decorrelation stretch is visual
enhancement.

e Decorrelation stretching is a way to enhance the color differences in an image.
e This filter is global and will be retained for all other functions and treatments.
Steps:

1. Select Filtering and Enhancement — Decorrelation Stretch. Visualize the resulting image after
the decorrelation stretch is completed.

Filtering and Enhancement Data Corrections To

q Mean Spatial Filter

Mean Spectral Filter

M 3D Gaussian Filter

NGmeet Filter

Spatio-Spectral Total Variation (SSTV) Filter
Fast Fourier Transform (FFT) Filters >
Savitzky—Golay Smoothing

Asymmetric Least Squares Smoothing

Standard Deviation O Filter
Decorrelation Stretch i
. ﬂ Decorrelation stretch completed
P Color Inversion o
Normalization >
Contrast Enhancement > 4 =

correlation stretched image

Structural Similarity Index (SSIM)
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The image can be returned to the original by using the Filtering and Enhancement — Remove all Filters
and Enhancements or Reset button. Note: Reset button is global and will revert the processed dataset
back to the original dataset.

v.2.77

Color Inversion
Note: PAVIA dataset is used as an example.

Features: The algorithm computes the complement of the image where black and white colors are reversed.
In the output image, dark areas become lighter and light areas become darker. For color images, reds
become cyan, greens become magenta, blues become yellow, and vice versa.

This operation is global and will be retained for all other functions and treatments.
Steps:

1. Select Filtering and Enhancement — Color Inversion. Visualize the complement (inverted)
image.

Filtering and Enhancement Data Corrections To
Mean Spatial Filter -1000
Mean Spectral Filter

3D Gaussian Filter

-2000

NGmeet Filter

Spatio-Spectral Total Variation (SSTV) Filter
Fast Fourier Transform (FFT) Filters >
Savitzky-Golay Smocthing

Asymmetric Least Squares Smoothing

1-3000

1 -4000

1 -5000

Standard Deviation
Decorrelation Stretch 6000

Color Inversion

Normalization > -7000
Contrast Enhancement >
Structural Similarity Index (SSIM) Color Inverted image

The Color Inversion algorithm can also be applied to the RGB presentation. Each color channel of the
resulting image is the complement of the corresponding complementary color channel in the original image.
Dark regions become light, red colors become cyan, green colors become magenta, blue becomes yellow,
and vice versa. Below is an example of the original pseudo RGB image [w1=466 nm, w2=725 nm, w3=671
nm] (Left) and its complement (Right).

Original pseudo RGB image Complement pseudo RGB
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This inverted image can be returned to the original by using the Filtering and Enhancement — Remove
All Filters and Enhancements or Reset button.

Additional Information:

In the complement of a grayscale or color image, each pixel value is subtracted from the maximum pixel
value. The difference is used as the pixel value in the output image. In the output image, dark areas become
lighter and light areas become darker. For color images, reds become cyan, greens become magenta, blues
become yellow, and vice versa.

Normalization

Normalization [0 1]
Note: PAVIA dataset is used as an example.
Features:

e Applies a normalization algorithm to the spectral axis of the dataset having all intensity values in
the range between 0 and 1.

o This operation is global and will be retained for all other functions and treatments.

Steps:
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Select Filtering and Enhancement — Normalization — Normalization [0 1]. Visualize the
normalized image. The colorbar values are between 0 and 1.

v.2.77

Filtering and Enhancement Data Corrections Toolboxes Machine Learning Windows |

Mean Spatial Filter LA E S Fh R 0.8
Mean Spectral Filter )

z - 07
3D Gaussian Filter
NGmeet Filter 06
Spatio-Spectral Total Variation (SSTV) Filter
Fast Fourier Transform (FFT) Filters > 0.5
Savitzky—Golay Smoothing 0
Asymmetric Least Squares Smoothing :
Standard Deviation 0.3
Decorrelation Stretch

02

Color Inversion
Normalization > Normalization [0 1]
Contrast Enhancement b Z-score Normalization

Structural Similarity Index (SSIM) Standard Deviation Normalization

Normalized image

This rescaled image can be returned to the original by using Filtering and Enhancement — Remove
all Filters and Enhancements or Reset button.

Note: PAVIA is used as an example.
Features:

Applies a normalization algorithm to the spectral axis of the dataset having all intensity values in the range
of the Z-score. Z-score describes the deviation from the mean in a number of standard deviations. The Z-
score is positive when the sample is above the mean and negative when below.

This operation is global and will be retained for all other functions and treatments.
Steps:

1. Select Filtering and Enhancement — Normalization — Z-score Normalization

Filtering and Enhancement Data Corrections Toolboxes Machine Learning  Windows

Mean Spatial Filter AN KA F RS
Mean Spectral Filter 0 &
3D Gaussian Filter

NGmeet Filter

Spatio-Spectral Total Variation (SSTV) Filter

Fast Fourier Transform (FFT) Filters >
Savitzky—-Golay Smoothing

Asymmetric Least Squares Smoothing

Standard Deviation

Decorrelation Stretch

Color Inversion

Normalization > Normalization [0 1]

Contrast Enhancement > v Z-score Normalization
Structural Similarity Index (SSIM) Standard Deviation Normalization

2. After completion, click OK and visualize the normalized image. The colorbar values are within
the Z-score.
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| EJ Normalization — X
Z-scoring completed

[oc ]

3. This rescaled image can be returned to the original by using Filtering and Enhancement
— Remove all Filters and Enhancements or Reset button.

Tip: Use the histogram to visualize parts of the image with positive or negative Z score values.
Additional Information:
Z-Score calculation:

z=(x-m)/o

where x is the sample value, m is the sample mean, and o is the standard deviation of the distribution. z
describes the deviation from the mean in a number of standard deviations and is positive, when the sample
is above the mean, and negative when below.

Contrast Enhancement
Note: PAVIA dataset is used as an example.

Features: Improves the visualization of the image through image-improving algorithms such as Image
Adjustment, Histogram Equalization, and Contrast-Limited Adaptive Histogram Equalization (CLAHE).
The algorithms convert the low-contrast image into a higher contrast.

Image Adjustment increases the contrast of the image by mapping the values of the input intensity image
to new values, by default, 10% of the data is saturated at low and high intensities of the input data.

Histogram Equalization performs image histogram equalization. It enhances the contrast of images by
transforming the values in an intensity image so that the histogram of the output image approximately
matches a specified histogram (uniform distribution by default).

Contrast-Limited Adaptive Histogram Equalization (CLAHE) performs contrast-limited adaptive
histogram equalization. Unlike Histogram Equalization, it operates on small data regions (tiles, default
8x8) rather than the entire image. Each tile's contrast is enhanced so that the histogram of each output region
approximately matches the specified histogram (uniform distribution by default). The contrast enhancement
can be limited to avoid amplifying the noise which might be present in the image.

Notice: to apply these algorithms, the image will be first converted into a pseudo-RGB mode with random
channels.

Steps:

1. Select Filtering and Enhancement — Contrast enhancement — Image adjustment
(Histogram Equalization, or CLAHE).
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Filtering and Enhancement Data Corrections Toolboxes Machine Learning  Windows  Help

Mean Spatial Filter

#o ROXTH oy~ 0 0k

Mean Spectral Filter

3D Gaussian Filter

NGmeet Filter

Spatio-Spectral Total Variation (SSTV) Filter
Fast Fourier Transform (FFT) Filters >
Savitzky-Golay Smoothing

Asymmetric Least Squares Smoaothing

Standard Deviation
Decorrelation Stretch

Color Inversion

Normalization >

Contrast Enhancement

Structural Similarity Index (SSIM)

~ Remove All Filters and Enhancements

Image Adjustment
Histogram Equilization
Contrast-Limited Adaptive Histogram Equalization (CLAHE)

Remove All Contrast Enhancements

2. After completion, click OK and visualize the image in the pseudo-RGB format.

Examples of different image adjustments.

n Contrast Enhanc...

ﬂ Image adjustment completed

Original

Image adjustment

Histogram
Equalization

X \»‘j
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3. This resulting image can be returned to the original by using Filtering and Enhancement —
Remove all Filters and Enhancements or Reset button.

v.2.77

Reference

Zuiderveld, Karel. “Contrast Limited Adaptive Histogram Equalization.” Graphic Gems IV. San
Diego: Academic Press Professional, 1994. 474—485.

Structure Similarity Index (SSIM)
Note: The structural similarity index (SSIM) is only possible between two datasets of the same dimensions.

Features: Calculates the SSIM score for 3D datasets after datacube processing using the original datacube
as the reference image. This metric quantifies image changes caused by processing such as data filtering.
A value closer to 1 indicates a higher similarity to the original image.

Steps:

1. Open a file and perform one of the image processing algorithms. For example, remove Gaussian
noise by selecting Filtering and Enhancement — 3D Gaussian filtering.

2. After the filter is applied and completed, select Filtering and Enhancement — Structure
Similarity Index.

Filtering and Enhancement  Data Corrections T

Mean Spatial Filter

Mean Spectral Filter

3D Gaussian Filter

MNGmeet Filter

Spatio-Spectral Total Variation (55TV) Filter
Fast Fourier Transform (FFT) Filters >
Savitzky—Golay Smoothing

Asymmetric Least Squares Smoothing
Standard Deviation

Decorrelation Stretch

Color Inversion

Mormalization b
Contrast Enhancement »

Structural Similarity [ndex (551M)

A new pop-up window SSIM Score will produce the calculated structural similarity index. A value closer
to 1 indicates higher similarity and a value closer to 0 indicates low similarity.

£l 55IM Score - pad

Structure Similarity Index Scone:
0.94758
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References:

Wang, Z., Simoncelli, E.P., Bovik, A.C. Multiscale Structural Similarity for Image Quality Assessment.
In: The Thirty-Seventh Asilomar Conference on Signals, Systems & Computers, 2003, 1398—1402. Pacific
Grove, CA, USA: IEEE, 2003. https://doi.org/10.1109/ACSSC.2003.1292216

Remove All Filters and Enhancements

Feature: The function is equivalent to Reset. It removes all changes and return the dataset to the original

one.

Filtering and Enhancement Data Corrections To

g

After completion a window will pop-up

Mean Spatial Filter
Mean Spectral Filter
3D Gaussian Filter
NGmeet Filter

Spatio-Spectral Total Variation (SSTV) Filter

Fast Fourier Transform (FFT) Filters
Savitzky—Golay Smoothing
Asymmetric Least Squares Smoothing
Standard Deviation

Decorrelation Stretch

Color Inversion

Normalization

Contrast Enhancement

Structural Similarity Index (SSIM)

Remove All Filters and Enhancements

K Filter — X

“ Al filters removed

7.8. Data Corrections Tab

Functions under the Data Corrections tab apply corrections to hyperspectral data related to issues with data
acquisition or object properties. The tab handles issues with uneven illumination, light scattering in thick
materials, distortion of optics, and other common problems.
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Tabs Function Additional info

Data Corrections Tab Background Data Correction Interactive menu
Continuum Hull Removal Method selection
Polynomial Baseline Removal Method selection
Flat Field Correction Interactive menu
Multiplicative Scatter Correction (MSC) Interactive menu
Standard Normal Variate (SNV) Interactive menu

Background Data Correction
Note: PAVIA dataset is used as an example.

Features: Performs background data correction of the entire dataset based on the selected area (background
area).

Steps:
1. Open a file.

2. Select Data Corrections — Background data correction.

Data Corrections  Toolboxes  Machine Lear

Background Data Correction

Flatfield Correction

Multiplicative Scatter Correction (M5C)
Standard Mormal Yarnate (SNY)

Rermove All Data Corrections

A pop-up message will ask to draw a region on the image that will be used as a background.

El Data Correction — >

Draw a rectangle on the Image to set the background and visualize the
background spectrum. The dataset will be corrected for this spectrum.

3. Draw an area that can be used as a background. The spectrum of the background will appear in the
SPECTRAL ANALYSIS panel. The entire dataset will be corrected for the selected background
within a few seconds.

The effect of this procedure is illustrated in the following table.
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background correction

Spectrum of the bowl before

Spectrum of the background Spectrum of the bowl after
background correction

e s

B B T e

10 I
.

Continuum Hull Removal from the Image

Note: Plastic and Coin dataset is used as an example. See also Continuum Hull Removal from the
SPECTRAL MATHEMATICS panel.

Features: Enables rapid removal of continuum hull from the spectra across the entire dataset. See also
Continuum hull removal from spectrum section.

Additional Information

Continuum hull removal is a pre-processing technique used in hyperspectral image analysis to remove the
spectral continuum from the data. The spectral continuum refers to the background signal in the image that
is not associated with any specific spectral features or information. This background signal can obscure or
distort the spectral information of interest, making it more difficult to analyze and interpret the data.

Step 1. Select Data Correction Tab and press Continuum Hull Removal.

Data Corrections Toolboxes Machine Lear

Background Data Correction
Continuum Hull Removal

Polynomial Baseline Removal

Flatfield Correction

Multiplicative Scatter Correction (MSC)
Standard Normal Variate (SNV)

Remove All Data Corrections I

Step 2. Select a method from a popup dialogue and press Apply.
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[ IDCubePro : Continium ... — ] X

makima

makima

Step 3. The completion of the algorithm will ne informed by a message box.

[ Continuum hull — K

ﬂ Continuum hull is removed

The choice of the method is usually made by trial and error (use also Continuum Hull Removal from the
SPECTRAL MATHEMATICS panel to visualize the removal on a specific region of interest. For example,
after application of ‘makima’ the corrected spectrum will look like shown below:

[ Continuum Hull Removal: makima - O b
NEde|(a|0E s E 5

Top of convex hull
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Method Description Comments
'makima’ Modified Akima cubic Hermite interpolation. The data is modeled = particularly useful in situations
using a cubic polynomial that is based on a set of Hermite basis where the data is noisy or contains
functions, which are used to interpolate the data. The Modified Akima | outliers, as it can provide a smooth
method improves upon the Akima method by adding a smoothing = interpolation.
factor that reduces the impact of any noisy or erratic data points on M . ‘ like th
the interpolation results emory requirements are ke those
of 'spline’.
linear' Linear interpolation. The interpolated value at a query point is based Requires more memory and
on linear interpolation of the values at neighboring grid points in each computation time than nearest
respective dimension. This is the most common interpolation method. = neighbor.
'nearest’ Nearest neighbor interpolation. The interpolated value at a query Modest memory requirements
point is the value at the nearest sample grid point. S
Fastest computation time
'next’ Next neighbor interpolation. The interpolated value at a query point Same memory requirements and
is the value at the next sample grid point. computation time as 'nearest'
'pchip' Shape-preserving piecewise cubic interpolation. The interpolated Requires more memory and
value at a query point is based on a shape-preserving piecewise cubic = computation time than 'linear".
interpolation of the values at neighboring grid points.
'cubic’ Cubic convolution used in MATLAB 5. Points must be uniformly spaced.
. . S This method falls back
vScubic Same as 'cubic. to 'spline' interpolation for
irregularly spaced data.
Similar memory requirements and
computation time as 'pchip'
'spline’ A spline is a piecewise polynomial function that is defined by a set of Uses the cubic spline as it provides a

control points, which are the known data points in the case of spline
interpolation. The spline curve is constructed by fitting a series of
polynomial segments to the control points, with the requirement that
the curve is smooth and continuous at each control point.

good balance between smoothness
and accuracy Requires more memory
and computation time than 'pchip'

The continuum hull removal technique involves estimating the continuum spectrum using a polynomial or
other mathematical function and subtracting it from the original hyperspectral data. The goal is to remove
the background signal while preserving the spectral information of interest. The specific method used for
continuum hull removal may depend on the characteristics of the data and the analysis goals. After the
continuum is estimated and subtracted, the resulting data is referred to as the "continuum-removed"
spectrum. This spectrum represents the spectral features of the image without the background signal,
making it easier to identify and analyze the specific spectral signatures associated with different materials

or phenomena.

Acknowledgement

The code in part was developed by Marian-Daniel Iordache, Copyright (April 14, 2016):
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Polynomial Baseline Removal from the Image

Note: Plastic and Coin dataset is used as an example. See also Polynomial Baseline Removal from the
SPECTRAL MATHEMATICS panel.

Features: Enables removing of the baseline from the spectra across the entire dataset. It can improve the
accuracy of data analysis by removing unwanted noise and artifacts in the signal.

Additional Information

Polynomial baseline removal is a pre-processing technique used in hyperspectral image analysis to remove
the baseline from the data. The idea behind Polynomial Baseline Removal is to fit a polynomial function to
the baseline of the signal and then subtract it from the original signal to obtain the corrected signal.

Here are the steps involved in performing Polynomial Baseline Removal. Go to Data Corrections tab and
select Polynomial Baseline Removal.

Data Corrections Toolboxes Machine Leari

i Background Data Correction

' Continuum Hull Removal

Polynomial Baseline Removal

Flatfield Correction

Multiplicative Scatter Correction (MSC)
Standard Normal Variate (SNV)

Remove All Data Corrections

Select the degree of polynomial (from 1 to 9) and click Apply to perform fitting

u IDCubePro . Polynomial... _ D >< Ed 1DCubePro : Polynomial...
1 v
After the conversion a pop-up message will appear:
£l Polynomial base.. — X

] Polynomial baseline removed

Additional Information

The algorithm performed fours steps: 1. Fits a polynomial function to the baseline with the selected degree
of the polynomial function depends on the complexity of the baseline simple linear function (degree=1) or
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a higher-degree polynomial function (degree > 1). 2. Subtracts the polynomial function from the original
signal. 3. Shifts the spectrum to have minimum values at zerois. 4. Moves to another pixel and perform the
procedures 1-3.

v.2.77

The choice of the degree of the polynomial function is usually made by trial and error (use Polynomial
Baseline Removal from the SPECTRAL MATHEMATICS panel to visualize the removal on a specific
region of interest. For example, after application of the 2 degree polynomial the corrected spectrum will
look like shown below.

[ Baseline removal: Polynomial degree 2

Nads /a0 ErE x

Original spectrum
— Baseline polynomial degree 2

Corrected spectrum

The polynomial function fits to the spectrum using a least-squares regression algorithm. The polynomial
order is typically chosen based on the noise level and complexity of the data, with higher-order polynomials
providing more accurate fits but also increasing the risk of overfitting. After the baseline is estimated and
subtracted, the resulting spectrum data are shifted to have minimum value at zerois. The final spectrum is
referred to as the "baseline-removed" spectrum. The entire algorithm is performed over all pixels in the
image. This spectrum represents the spectral features of the image without the background signal, making
it easier to identify and analyze the specific spectral signatures associated with different materials or
phenomena.

Flatfield Correction
Note: PAVIA dataset is used as an example.

Features: Performs flat field correction on the entire dataset. This post-imaging procedure cancels the
effects of image artifacts caused by variations in the detector or the light sources resulting in a more uniform
(flatfield) output with more uniform color and brightness across the frame.

Steps:
1. Open a file.
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2. Select Data Corrections — Flatfield correction. A pop-up dialogue window will ask to identify
a reference spectrum.

v.2.77

Data Corrections = Toolboxes  Machine Lea

Background Data Correction

Flatfield Correction

Multiplicative Scatter Correction (M5C)
Standard Mormal Vanate (SMNY)

Remowve &l Data Corrections

[ Flatfield Data Correction - X

ﬁ Select reasonably flat area on the Image and draw a rectangle.

4. Click OK and draw an area that needs to be corrected. A valid ROI has these characteristics:

a. Topographically flat
b. Spectrally flat (uniform spectral response)

c. Shows a strong signal source to reduce the impact of random noise

Original image After flatfield correction

The entire dataset will be corrected for the selected area. The spectrum of the middle structure is corrected
for the flat field.
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References:

Roberts, D. A., Yamaguchi, Y., and Lyon, R., "Comparison of various techniques for calibration of AIS
data" in Proc. of the 2nd Airborne Imaging Spectrometer Data Analysis Workshop, 1986, JPL Publication,
86-35, pp. 21-30.

Multiplicative Scatter Correction (MSC)
Note: Plastic and Coin dataset is used as an example.
Features: Corrects spectra in the datacube.

Steps:

1. Open a file and select Data Correction — Multiplicative scattering correction (MCS).

Data Corrections | Toolboxes  Machine Lea

Background Data Correction

Flatfield Correction

Multiplicative Scatter Correction (MSC)
Standard Mormal Wariate (SMY)

Remowve All Data Corrections

2. A pop-up dialogue window will ask to identify a reference spectrum.

[ Data Correction — X

“ Draw a rectangle to set a reference spectrum

3. Click OK and draw an area. A mean spectrum from this area will serve as a reference spectrum.
When selecting an area select a more or less uniform part of the image. After the calculations are
complete, visualize the resulting image that is corrected for scattering.
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Original image After flatfield correction

The effect of MSC can be visualized by looking at the individual spectra from one of the objects. For
example, spectra from the multiple spots in the plastic bowl (located at the top of the image) show large
changes. After correction with MSC, all spectra are much more similar.
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Additional Information:

Performing scattering correction is generally a challenging task and ideally gets rid of all effects that are
unrelated to the chemical nature of the sample, but it depends on the sample morphology and measurement

geometry.

Multiplicative scatter correction (MSC) is a widely used classic normalization technique to correct spectra
in such a way that they are as close as possible to a reference spectrum. In IDCube the reference spectrum

is the mean of the selected area.
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MSC requires a reference spectrum. This is the most important difference between MSC and SNV which
is also implemented in IDCube.

v.2.77

The reference spectrum is ideally a spectrum free of scattering effects. For the reference spectrum, we
suggest selecting a uniform area with minimum changes in morphology. If the spectral data are reasonably
uniform, the average spectrum from the area is a close approximation to the ideal reference spectrum. This
is the main assumption behind MSC.

Mathematically, if X, is the mean spectrum from the area, the multiplicative scatter correction is done in
two steps. We first regress a spectrum for each pixel X; against the mean spectrum. This is done by ordinary
least squares:

Xi = ai+biXm
The corrected spectrum for each pixel is then calculated:
Ximse = (Xi-ai)/bi
References:

Isaksson, Tomas, and Tormod Nes. "The effect of multiplicative scatter correction (MSC) and linearity
improvement in NIR spectroscopy." Applied Spectroscopy 42.7 (1988): 1273-1284.

Burger, James, and Paul Geladi. "Spectral pre-treatments of hyperspectral near-infrared images: analysis of
diffuse reflectance scattering." Journal of Near Infrared Spectroscopy 15.1 (2007): 29-37.
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Standard Normal Variate (SNV)
Note: Plastic and Coin dataset is used as an example.

Features: Removes light scattering from the image and reduces differences in the global intensities of the
signals.

Steps:
1. Open a file. Select the Data Correction tab and select Standard Normal Variate (SNV).

Data Corrections | Toolboxes  Machine Lea

Background Data Correction

Flatfield Correction

Multiplicative Scatter Correction (MSC)
 Standard Normal Variate (SNV)

Remowve All Data Corrections

2. From the pop-up dialogue window, select a Sliding window size. The default value is 10, which is
equivalent to 10x10 pixels.

[ SNV parameters - O >

Sliding window size

A sliding window is a computational imaging technique that uses a small number of pixels in a grid of cells,
of a specified size (i.e., 2 x 2) to perform calculations and reduce the calculation time. The grid of cells
passes through the spatial dimension of the image. At each pass, the calculation within the window is
performed and the first pixel in the window takes the values from the calculation. IDCube uses the length
of one dimension as the window size. Here is the illustration of the Window size = 2.

Sliding window
BN HE .
’ » s

The resulting image shows an image with significantly less distortion of color. However, some additional
artifacts, such as the apparent three-dimensionality of the objects can be observed.
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The right and bottom border of the new image shown in green is the size of the sliding window in pixels
(here is 10-pixel width).

Additional Information:

Performs a normalization of the spectra that consists in subtracting each spectrum by its own mean and
dividing it by its own standard deviation. After SNV, each spectrum will have a mean of 0 and a standard
deviation of 1.

When using SNV, the spectra always have positive and negative values centered on 0, which may make
interpretation difficult.

SNV assumes that multiplicative effects are uniform over the whole spectral range, which is not always the
case, so artifacts could be introduced by this transformation

References:

Barnes, R.J., Dhanoa, M.S., Lister, S.J. 1989. Standard normal variate transformation and detrending of
near-infra-red diffuse reflectance spectra. Applied Spectroscopy 43, 772-777.
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7.9. Toolboxes Tab

IDCubePro® offers a variety of toolboxes to perform diverse operations. Our toolboxes are standalone
software packages connected to the Main Interface via a one-way channel. The datasets from the Main
interface are the input for the toolboxes. Any changes to the datasets in toolboxes will not go back to the
Main Interface and will not affect your data in the Main Interface. We suggest saving new datasets
generated by toolboxes and opening them later. For the best performance, we suggest using only one
toolbox at a time and closing it before opening another toolbox.

Tabs

Toolboxes

Function

Principal Component Analysis (PCA) Toolbox
Maximum Noise Fraction (MNF) Toolbox
Image Classification Toolbox

Spectral Signature Matching Toolbox
Endmembers Extraction Toolbox

Image Indices Toolbox

Contrast Maximization Toolbox

Correlation Matrix (R-Squared)

t-SNE Clustering Toolbox

Phasor Clustering Toolbox

3D Viewer Toolbox

Feature Finder with Spectrum Background Removal
Fusion MSI/HSI (Pansharpening)
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Pop-up toolbox
Pop-up toolbox
Pop-up toolbox
Pop-up toolbox
Pop-up toolbox
Pop-up toolbox
Pop-up toolbox
Pop-up toolbox
Pop-up toolbox
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Pop-up toolbox
Pop-up toolbox
Pop-up toolbox
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Principal Component Analysis (PCA) Toolbox
Note: PAVIA dataset is used as an example.

Features: transforms the data to a lower dimensional space and finds principal component vectors with
their directions along the maximum variances of the input bands. The principal components are in
descending order of the amount of total variance.

Identifies the principal components from the hyperspectral data (Part A)

Combines principal components in a pseudo-color image (Part A).

Plots spectra of components (Part A).

Plots Cumulative Fraction of Variance (Part A).

Saves PCA data in IDCube format (Part A).

Quantifies the area by each component (Part B).

Performs scatter analysis and K-means to identify classes (Part C).

Saves PCA segmented regions as labels for Machine Learning toolbox (Part B and C)
Saves PCA clusters as new datacubes (Part C).

Saves PCA inverted clusters as new datacubes (Part C)

Steps:

Select Principal Component Analysis from the Toolbox tabs from the Main Interface. Two windows
will popup: PCA and Scatter plot in 3D. The scatter plot PCA 1, 2 and 3 corresponds to the components
selected in the PCA popup. Changing components will automatically change the image and the scatter
plot.

[ PCA: Scatter Plot - u} X

iconem - d 32

L3 L IR2=Ee] 1
» s AAB I EEINNNNTOO HE

In addition to visualizing the components the toolbox offers advanced segmentation either based on
quantifying individual components (button Quantify), or cluster analysis (button PCA Clustering)

A message box with instructions will pop-up. Note: The instructions can be turned off by clicking View —
Turn Instructions Off.
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£l Step 1: PCA analysis - X
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Visualize each component by selecting a component number and its weight.

Adjust the gquality of the image with Contrast Saturation and Gamma
= Correction.

IPress QUANTIFY button to calculate the area under each component.l

|Press PCA Clustering button to select cluster from the scatter plot |

PCA toolbox analysis consists of three major parts. Part A: Visualization, Part B: Quantification, Part C:
Scatter analysis.

PART A: Visualization of components

Move sliders of individual components to see the combined pseudo-RGB image. The default position of
sliders in 1, 2, and 3 that corresponds to Red, Green, and Blue.

Adjust the weight of each component. The default value is 1 for each component.

1. In the COMPONENT SELECTION panel, scroll through different principal components assigned
to different color channels. (Default Component #1 is red, component #2 is green, and component

#3 is blue). The combined image in a pseudo RGB format. Note: Only the first 20 principal
components can be accessed.

2. Assign Weight to any of the channels to enhance the signal at a specific channel. Default values =
1 for each channel. Higher/lower weight of the component will increase/decrease the color of the
corresponding component.

3. Inthe Spectra of Selected Compounds panel make a right click to activate a menu. You can save
all three spectra of the principal components in the Excel format.

Spectra of Selected Components

0.2
Comp 1
~ 01 Comp 2
S Comp 3
2 Copy Image R
= 0
e S~ | Save Image As...
&) 01 \/ Save Spectra...
-0.2 : : : : . : : .
400 450 500 550 600 650 700 750 800 850

Band/Channel

When spectra are saved an info box pops-up
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[ saving Spectra - X

ﬂ Spectra exported to Excel format

4. Image enhancement enables to improve the visualization. Current options are:

a. Contrast Saturation Limit (%). The default value is 0. The range is from 0 to 49%.

b. Gamma Correction. Gamma Correction takes values between 0 and infinity. The default
value is 1. If gamma is <1, the image is weighted toward brighter pixels, if gamma is >1,
the image is weighted toward darker pixels.

5. To visualize the scatter plot in different view rotate the plot with a rotation tool shown with a red
arrow, or make a right click and visualize options:

Restore View

Go to X-Y view
Go to X-Z view
Go to Y-7 view

Rotate Options Plot Box Rotate
+~ Continuous Rotate
~  Stretch-to-Fill Axes

Fixed Aspect Ratio Axes

PART B. Quantification of Principal Components
1. Click Quantify to open a dialog with the following options.

[ Specify Parameters for PCA quantification - [m} X

Owverlay input: n

Principal Component number: 1234

Threshold value,%:

Overlay method: OISAN @® 5D @ SDSAM

I Apply Overlay
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2. Set Threshold value, %. The default level is 30% and will be applied to each component. You do
not need to adjust the value; you can do that in the next step.

v.2.77

a. Select the Principal Components Number(s) that you would like to quantify. Use the format
such as 1 2 3 4 with spaces between the numbers. Note: The limit is 10 components.

b. Select an Overlay method. The available options are:
i.  SAM (Spectral Angle Map) — default.
ii.  SID (Spectral Information Divergence).

iii. =~ SIDSAM (Spectral Information Divergence-Spectral Angle Mapper Hybrid
method).

3. Click Apply Overlay. The new pop-up PCA Quantification will show the following information:
Pseudo RGB rendering of the original dataset.

b. Threshold values, % selection box for individual Principal Component (the limit is 10
components).

c. Threshold Segmented Regions (based on the input of the threshold value) image with the
overlaid principal components.

d. Histograms that correspond to each of the components.

e. Area of each component in pixels (located in the title of each histogram plot component).

] IDCube Pro: PCA Quantification - O *
Exit View Help Exit File Edit View Insert Tools Desktop Window Help >
kA flscos aA

d2AA|BT EEFINNNNNTOO WS

Threshold value, %
30
40 |
65

Component4 | 86 |

RGB rendering of the original dataset

Ly
Apply Threshold

Component #1; Area:9464 Component #2; Area: 18799 Component #3; Area:1954 Component #4; Area:5953
1000 1o v 3000 4000 i
3000
2000
500 500 2000
1000
1000
0 [ 0 0
20 40 60 80 100 0 4 6 8 100 6 70 80 9 100 70 80 9 100
Rl | ,

4. Adjust the Threshold value for each component. Note: The colors of each component might
overlay with the map of the early listed principal component number. To verify overlap, assign the
previous component Threshold value to 0.
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5. Save the segmented image as a Label file for the Machine Learning toolbox. For that, select a
single component in step 5. Make a right click on the segmented image to activate Save as a Label
File tab. Note: we suggest using only one component as a label such as show below.

v.2.77

Threshold value, %

[comonnt |

PCA: AM segment.&, (=] M@ Q) 4}

4

Click the tab and specify the file name. The .png and .mat files will be generated
Additional Information:

e Each image can be zoomed and panned by using a mouse. Each image can be also modified using

shortcuts. Click a to see the list of standard mouse functions.
® You can click on each image to see it in a larger separate window. Each image can be saved.

The toolbox includes the following algorithms: a) PCA and b) Overlay which includes three algorithms:
SAM, SID, and SAMSID. The calculations are similar to the abundance method used in the endmembers
mapping but using principal components instead of endmembers.

References:

SAM: Kruse, F. A., A. B. Lefkoff, J. B. Boardman, K. B. Heidebrecht, A. T. Shapiro, P. J. Barloon, and A.
F. H. Goetz. "The Spectral Image Processing System (SIPS) - Interactive Visualization and Analysis of
Imaging spectrometer Data." Remote Sensing of Environment 44 (1993): 145-163.

SID: Chein-I Chang. “An Information-Theoretic Approach to Spectral Variability, Similarity, and
Discrimination for Hyperspectral Image Analysis.” IEEE Transactions on Information Theory 46, no. 5
(August 2000): 1927-32. https://doi.org/10.1109/18.857802.

SIMSAD: Chang, Chein-I. “New Hyperspectral Discrimination Measure for Spectral Characterization.”
Optical Engineering 43, no. 8 (August 1, 2004): 1777. https://doi.org/10.1117/1.1766301.
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PART C: Cluster analysis with K-medoids
1. Click PCA Clustering to start PCA segmentation based on k-medoids of the clusters.

K IDCubePro: PCA Clustering - g X

P T

[ PCA Clustering

Select K-Medoids Parameters: Distance Metric and Number of Clusters to
X cluster the scatter plot and press APPLY.

2. Select the Number of clusters and the Distance Metric. The results of clustering will be seen in
the CLUSTER OUTPUT panel on the right lower panel.

K IDCubePro: PCA Clustering - X
File Export View Help Exit ~
O R|/7t3009

dslaAap 1 EEINNTOOHE

CA: Scatter analysis

Press SELECT CLASS button to visualize individial class as a brighter

Apply
‘Squared Eucldean =

A pop-up instructions will suggest further steps.
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El Results of PCA clustering — [} X

Resulting image shows the overlay image of the selected class in bright
random colors.

The total area covered by the class is provided under the image.

ﬂ Select a different Number of Classes and a different K-medoids Distance
metrics and press APPLY again.

To save the image as a Label File for machine learning, or save Cluster or
Inversed Cluster as datacube make a right click and press the tab.

Click the green button Select Class button to visualize the cluster in the image.

A pop-up will appear asking for which class/cluster the user would like to view.

O kK-medoids cla.. — O ey

|Errtartha class number, (i.e., 3) |
d

OK Cancel |

The area covered by the selected cluster (in a bright color with the area measured in pixels) will appear at
the bottom of the image.

[ IDCubePro: PCA Clustering
File Export View Help Exit
[0 &|/ =)
»2/AA[B I

ExaN\\NXTOO0[@s

Clster #3 area=5132 ’
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El Results of PCA clustering - X

Resulting image shows the overlay image of the selected class in bright
random colors.

The total area covered by the class is provided under the image.

4 Select a different Number of Classes and a different K-medoids Distance
metrics and press APPLY again.

To save the image as a Label File for machine learning, or save Cluster or
Inversed Cluster as datacube make a right click and press the tab.

1. Save the segmented image as a Label file for the Machine Learning toolbox. After selecting the
class, make a right click on the segmented image to activate Save as a Label File tab. Click the
tab and specify the file name. The .png and .mat files will be generated.

2. You can also save only the data that belongs to the cluster area as a new datacube by selecting Save
Cluster as a Datacube file. In this case others the pixel values of the object will be preserved as
original, while the other pixels will be assigned as 0 (zeroes) across the entire datacube. By selecting
Save Inverted Cluster as a Datacube File, the saving will be inverted. The pixels from the area
occupied by the cluster will be assigned to zero, while the other values across the object will remain.

Save as a Label File...
Save Cluster as a Datacube File...

Save Inversed Cluster as a Datacube File...
I

Additional Information:
Distance Metrics

A distance metric is a function that defines a distance between two observations. Distance metrics can be
specified by one of the following. Definitions of the distance metrics are given in the Table:

Value Description
euclidean Euclidean distance.
squaredeuclidean Squared Euclidean distance. (This option is provided for efficiency only. It does not

satisfy the triangle inequality.)
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Value Description
seuclidean Standardized Euclidean distance. Each coordinate difference between observations is
scaled by dividing by the corresponding element of the standard deviation,
mahalanobis Mahalanobis distance using the sample covariance of X, C = cov(X,'omitrows').
cityblock City block distance.
minkowski Minkowski distance. The default exponent is 2.
chebychev Chebychev distance (maximum coordinate difference).
cosine One minus the cosine of the included angle between points (treated as vectors).
correlation One minus the sample correlation between points (treated as sequences of values).
hamming Hamming distance, which is the percentage of coordinates that differ.
jaccard One minus the Jaccard coefficient, which is the percentage of nonzero coordinates that
differ.
spearman One minus the sample Spearman's rank correlation between observations (treated as

sequences of values).
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Maximum Noise Fraction (MNF) Toolbox
Note: PAVIA dataset is used as an example.

Features: transforms the data to a lower dimensional space and finds principal component vectors after
noise removal with their directions along the maximum variances of the input bands. The principal
components are in descending order of the amount of total variance.

Identifies the noise removed principal components from the hyperspectral data (Part A)
Combines principal components in a pseudo-color image (Part A).

Plots spectra of components (Part A).

Saves MNF data in IDCube format (Part A).

Quantifies the area by each component (Part B).

Performs scatter analysis and K-means to identify classes (Part C).

Saves MNF segmented regions as labels for Machine Learning toolbox (Part B and C)
Saves MNF clusters as new datacubes (Part C).

Saves MNF inverted clusters as new datacubes (Part C).

Steps:

Select Maximum Noise Fraction from the Toolboxes tab from the Main Interface. Two windows
will popup: PCA and Scatter plot in 3D. The scatter plot PCA 1, 2 and 3 corresponds to the components

selected in the PCA popup. Changing components will automatically change the image and the scatter
plot.

o o

[ MINF: Scatter Plot - a X

o9 ea S pEN
NANTOO[wa ds

e
hNENE RS
»sAABIES

Coorspace
©Res.

In addition to visualizing the components the toolbox offers advanced segmentation either based on
quantifying individual components (button Quantify), or cluster analysis (button MNF Clustering)

A message box with instructions will pop-up. Note: The instructions can be turned off by clicking View —
Turn Instructions Off.
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[ Step 1: MNF analysis - X

v.2.77

Visualize each component by selecting a component number and its weight.

Adjust the quality of the image with Contrast Saturation and Gamma
Correction.

Press QUANTIFY button to calculate the area under each component or MNF
clustering.

|F'ress MNF Clustering button to select cluster from the scatter plot |

MNF toolbox analysis consists of three major parts. Part A: Visualization, Part B: Quantification, Part C:
Scatter analysis.

PART A: Visualization of principle components

Move sliders of individual components to see the combined pseudo-RGB image. The default position of
sliders in 1, 2, and 3 that corresponds to Red, Green, and Blue.

1. In the COMPONENT SELECTION panel scroll through different principal components assigned
to different color channels. (Default Component #1 is red, component #2 is green, and component
#3 is blue). Note: Only the first 20 principal components can be accessed.

2. Assign Weight to any of the channels to enhance the signal at a specific channel. Default values
=1 for each channel. Higher/lower weight of the component will increase/decrease the color of the
corresponding component.

3. Inthe Spectra of Selected Compounds panel make a right click to activate a menu. You can save
all three spectra of the principal components in the Excel format.

0o Spectra of Selected Components
Comp 1
. 01 Comp 2
S Comp 3
2 Copy Image R
& 0
2 ~ | Save Image As...
& 01 \_/ Save Spectra...
-0.2 ; . . . . . . .
400 450 500 550 600 650 700 750 800 850
Band/Channel

When spectra are saved an info box pops-up:

@) Saving Spectra -

X

ﬂ Spectra exported to Excel format
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4. Image enhancement enables to improve the visualization. Current options are:

v.2.77

a. Contrast Saturation Limit (%). The default value is 0. The range is from 0 to 49%.

b. Gamma Correction. Gamma Correction takes values between 0 and infinity. The default
value is 1. If gamma is <1, the image is weighted toward brighter pixels, if gamma is >1,
the image is weighted toward darker pixels.

£ MNF: Scatter Plot - O X

ds

PART B. Quantification of Principal Components
1. Click Quantify to open a dialog with the following options.

[ Specify Parameters for MNF quantification - O X

Threshold value, %

Principal Component numoer:

Overlay method: OlSAN

Apply Overiay

2. (Optional) Set Threshold value, %. The default level is 30% and will be applied to each
component. You do not need to change the value at this moment; you can do that in the next step.

3. Select the Principal Components number(s) that you would like to quantify. Use the format such
as 1 2 3 4 with spaces between the numbers. NOTE: The limit is 10 components.

4. Select an Overlay method. The available options are:

a. SAM (Spectral Angle Map) — default.
b. SID (Spectral Information Divergence).
c. SIDSAM (Spectral Information Divergence-Spectral Angle Mapper Hybrid Method).

5. Click Apply Overlay. The new pop-up NMF Quantification will show the following information:

a. RGB rendering of the original dataset.
b. Threshold values, % selection box for individual Principal Component (the limit is 10
components).
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c. Thresholded image (based on the input of the threshold value) with the overlaid principal
components.

d. Histograms that correspond to each of the components.

e. Area of each component in pixels (located in the title of each histogram plot component).

v.2.77

[ IDCube Pro: MNF Quantification - o X
View Help Edt Fle Edit View Inset Tools Desktop Window Help o
[B|A[£|rm AL

®/AABIEFINNKNTOONNE

MNF: pseudo RGB representation Threshold Segmented Regions

Apply Threshold

Component #1; Area:7508 Component #2; Area:8810 Component #3; Area:8090 1500 _ComPONENL #4; Area18408
1500

1000
1000 ity
500|

500
500 500

6 70 80 9 100 0 8 @ 10 70 s 0 10 20 4 6 8 100

i 3

Adjust the Threshold value for each component. Note that the colors might overlay with the map of the
early listed principal component number being on top. To verify overlap, assign the early component
Threshold value to 0.

6. Save the segmented image as a Label file for the Machine Learning toolbox. Make a right click
on the segmented image to activate Save as a Label File tab. Note: we suggest to use only one
component as a label such as show below.

Threshold value, %:
PCA: SAM segment.2, (=] @ Q (3 _ 30

<

Click the tab and specify the file name. The .png and .mat files will be generated.

Tips:
e FEach image can be zoomed and panned by using a mouse. Each image can be also modified using
shortcuts.

e You can click on each image to see it in a larger separate window. Each image can be saved.
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PART C: Cluster analysis with K-medoids

1.
2.

Click PCA Clustering to start PCA segmentation based on k—means of the clusters.

Select the Number of clusters and the Distance Metric. The results of clustering will be seen in
the CLUSTER OUTPUT panel on the right lower panel.

FN\\NTtO0wsa

Original

X
Putthe number of clusters in K-Medoid parameters

KMEDOIDS PARAMETERS

Number of lusters: 3 Apply.

Select Distance Welre.  Squared Eucldean v

A pop-up instructions will suggest further steps.

MNF SCATTER PLOT

[ PCA2 A & PCA1

K-MEDOIDS CLUSTER OUTPUT

El Results of MNF clustering

random colors.

metrics and press APPLY again.

Resulting image shows the overlay image of the selected class in bright

The total area covered by the class is provided under the image.

ﬂ Select a different Number of Classes and a different K-medoids distance

To save the image as a Label File for machine learning, or save Cluster or
Inversed Cluster as datacube make a right click and press the tab.

3. Click the green button Select Class button to visualize the cluster in the image. A pop-up will

appear asking for which class/cluster the user would like to view.

El K-medoids cla.. —

Enter the class number, (i.e., 3)

0K

x

Cancel

The area covered by the selected cluster (in a bright color with the area measured in pixels) will appear at
the bottom of the image.
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View Help Exit

NNXNXNTOO ®a&

MNF SCATTER PLOT

‘
. ) [o e
‘ e

10

50

L > o
K Results of MNF dustering — X

100 (RS
Resuling image shows the overiay image of the selected class i bright -
random colors ==

~
150 3 The toal area covered by the class is provided under the image. o
L8] select a diferent Number of Ciasses and a different K-medoids distance 0 ~
metrics and press APPLY again. — 2
PCA2
200 To save the image as a Label File for machine leaming, or save Cluster or
Inversed Cluster as datacube make a right click and press the tab.

250 § T

50 100 150 200
Number of clusters: 4 é

Select Distance Metric:  Squared Eucidean v

4. Save the segmented image as a Label file for the Machine Learning toolbox. After selecting the
class, make a right click on the segmented image to activate Save as a Label File tab. Click the
tab and specify the file name. The .png and .mat files will be generated.

You can also save only the data that belongs to the cluster area as a new datacube by selecting Save
Cluster as a Datacube file. In this case others the pixel values of the object will be preserved as
original, while the other pixels will be assigned as 0 (zeroes) across the entire datacube. By selecting
Save Inverted Cluster as a Datacube File, the saving will be inverted. The pixels from the area
occupied by the cluster will be assigned to zero, while the other values across the object will remain.

50

100 [

%

250 : Save as a Label File...

Save Cluster as a Datacube File...

Save Inversed Cluster as a Datacube File...

Additional Information:

MNF toolbox computes a specified number of principal component bands by using the Maximum Noise
Fraction (MNF) transform. To achieve spectral dimensionality reduction, the specified number of principal
components must be less than the number of spectral bands in the input datacube. MNF computes the
principal components that maximize the signal-noise-ratio, rather than the variance. MNF transform is
particularly efficient at deriving principal components from noisy band images. The principal component
bands are spectrally distinct bands with low interband correlation.
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The components derived using MNF transform are also called non-adjusted principal components and the
MNF transform arranges principal components in the decreasing order of the principal component's image
quality.

v.2.77

MNF transform is equivalent to a two-stage transformation in which the data are first transformed so
that the noise covariance matrix is the identity matrix and the second stage is the principal components
transform.

MNF transformation gives a better signal-to-noise ratio (SNR) than PCA transformation when signal-
dependent noise is present in the input data. PCA transformation works better than MNF transformation
when Gaussian white noise is present in the input data.

The toolbox includes the following set of algorithms: a) MNF (noise removal +PCA) and b) Overlay which
includes three algorithms: SAM, SID, and SAMSID. The calculations are similar to the abundance maps
method used in the endmembers mapping but using principal components instead of endmembers.

Distance Metrics

A distance metric is a function that defines a distance between two observations. Distance metrics can be
specified by one of the following. Definitions of the distance metrics are given in the Table:

Value Description
euclidean Euclidean distance.
squaredeuclidean Squared Euclidean distance. (This option is provided for efficiency only. It does not

satisfy the triangle inequality.)

seuclidean Standardized Euclidean distance. Each coordinate difference between observations is
scaled by dividing by the corresponding element of the standard deviation,

mahalanobis Mahalanobis distance using the sample covariance of X, C = cov(X,'omitrows').

cityblock City block distance.

minkowski Minkowski distance. The default exponent is 2.

chebychev Chebychev distance (maximum coordinate difference).

cosine One minus the cosine of the included angle between points (treated as vectors).

correlation One minus the sample correlation between points (treated as sequences of values).

hamming Hamming distance, which is the percentage of coordinates that differ.

jaccard One minus the Jaccard coefficient, which is the percentage of nonzero coordinates that
differ.

spearman One minus the sample Spearman's rank correlation between observations (treated as

sequences of values).

References:

MNF: Green, A.A., M. Berman, P. Switzer, and M.D. Craig. “A Transformation for Ordering Multispectral
Data in Terms of Image Quality with Implications for Noise Removal.” IEEE Transactions on Geoscience
and Remote Sensing 26, no. 1 (January 1988): 65—74. https://doi.org/10.1109/36.3001.

264



HSpeQsl

SAM: Kruse, F. A., A. B. Lefkoff, J. B. Boardman, K. B. Heidebrecht, A. T. Shapiro, P. J. Barloon, and A.
F. H. Goetz. "The Spectral Image Processing System (SIPS) - Interactive Visualization and Analysis of
Imaging spectrometer Data." Remote Sensing of Environment 44 (1993): 145-163.
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SID: Chein-I Chang. “An Information-Theoretic Approach to Spectral Variability, Similarity, and
Discrimination for Hyperspectral Image Analysis.” IEEE Transactions on Information Theory 46, no. 5
(August 2000): 1927-32. https://doi.org/10.1109/18.857802.

SIMSAD: Chang, Chein-I. “New Hyperspectral Discrimination Measure for Spectral Characterization.”
Optical Engineering 43, no. 8 (August 1, 2004): 1777. https://doi.org/10.1117/1.1766301.
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Image Classification Toolbox
Note: PAVIA dataset is used as an example.
Features:
e Performs Classification using several algorithms based on the selected seed areas.
e Quantifies the area and other parameters.
Steps:
1. Open a hyperspectral file through the Main Interface.
2. Navigate to Toolboxes — Classifications. A new window will pop up.
3. Select an algorithm from the ALGORITHM SELECTION panel. Currently available options are:
a. Spectral Matching - supports only one class.
b. Spectral Angle Mapping (default) - supports several classes (areas of interest).
Spectral Angle Mapping
4. Select Spectral Angle Mapping.

5. Click Add Class and select a region of interest. Click Classify to perform classification. Adjust the
output by specifying Threshold Parameters Alpha and Beta Values.

Tip: Start by changing the Beta Value 0.5 units up and down. Click Classify to perform the mapping.

[ IDCube Pro: Classification - o X
File Edit View Help Exit

K Eas|saocos o/ N MR Enes b BEEREEEIRERER|D

dslaa|pi | EEINNNTOOC w4

AIGORTTHM SELECTION

(O Spestral Match (single class)

You can select many regions by clicking Add Class again and selecting another region.

Note: the colors in the classified image are assigned randomly. To change the colors click Classify again
without changing any other parameters. If you need to select a different region or add another class after
you performed classification, click Reset and repeat the steps.
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To copy results to Excel, click Export Data to Excel. Alternatively, highlight the results with Ctrl+A and
copy (Ctrl+C). Paste the results to Excel or other software.

v.2.77

With one selected class:
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Spectral Matching

1. Select Spectral Matching (only one class can be selected).
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& IDCube Pro: Classification = a x
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2. Click Add Class and select a region of interest. Click Classify to perform classification. A new pop-
up window along with a dialog will appear. The left image will show a new map where each pixel is
measured against the average spectrum from the selected region of interest. The lower Score (dark blue
in the default colorscheme) corresponds to the higher similarity. The plot on the right shows the
histogram Number of Pixels vs. Score.

3. From the histogram, identify the first feature in the histogram, (i.e., the first peak) and put the value
into the dialog window. Click OK to visualize the resulting image to the right. The segmented image
can be viewed in different look-up tables (LUTs) that could be selected from the Color Toolbar menu.
The colorschemes show the similarity between objects of the image but in different colors. Very close
(matched) objects will have the same colors, slightly different will be colored differently.

[ IDCube Pro: Classification - o X
File Edit View Help Bt
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4. To copy results to Excel, click Export Data to Excel. Alternatively, select the results with Ctrl+A and
copy (Ctrl+C), then paste the results to Excel or other software.

Additional Information:

Alpha and beta parameters: These parameters act as threshold values that binarize the output image based
on the selected classification algorithm. The main threshold value is based on the following equation:
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Level = ((graythreshold - output) + alpha) - beta

Here, Level is the threshold value to binarize the remapped output image.
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Spectral Signature Matching Toolbox
Note: Requires spectra saved in the ECOSTRESS format (name_spectrum.txt).
Features:
e Compares the similarity of each pixel spectrum to the reference spectrum.
e Detects a target in the hyperspectral image by using a specified spectral signature matching method.

e Shows the area that corresponds to the reference spectrum in the ECOSTRESS format
(https://www.mathworks.com/help/images/ref/readecostresssig.html). Spectra can be recorded in
the ECOSTRESS format from a SPECTRAL ANALYSIS panel and ENDMEMBERS
EXTRACTION toolbox (see corresponding sections).

e (alculates the area (in pixels) that matches a specific spectrum with the user input threshold value.

o Enables batch processing.

O IDCube Pro: Spectral Signature Matching (SSM) - o x
File View Help Edt
HEWNE| /s oot e | BN ealNeaauaBD80E BE R

SCORE MAP.
Spedral Angle Wapper (SAH) - Match

1. Browse your directory to select the reference spectrum name_spectrum.txt file in the ECOSTRESS
format. You can select multiple spectra.

2. Click Load Library Spectra.

3. Ifonly pne spectrum is selected, you can select the method of spectral matching from the dropdown
menu. The methods are described below. Available options are:

e Spectral Angular Mapper (SAM)
e Jeffries Matusita SAM (JM SAM)
e Normalized Spectral Similarity (NS3)

e Spectral Information Divergence (SID)
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e Spectral Information Divergence - Spectral Angular Mapper Hybrid (SIDSAM)
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4. Click Match to visualize the matching score. A lower score indicates a better match with the
uploaded spectrum.

5. The software automatically generates histograms of all score intensities under the HISTOGRAM
OF SCORE MAP. Select a threshold close to the first feature (i.e., a peak) on the histogram.

6. The orange color object(s) are generated and overlapped with the original image. The total area of
the match in pixels appears in the title of the IMAGE DISPLAY panel.

7. If multiple spectra are selected, the dropdown menu will become inactive. Click Match to activate
a pop-up Multiple Signature Matching box. You can leave a threshold value as default (=0.2) or
change with the range from 0 to 1 for SAM or other ranges for SID and SIDSAM. Select the
Overlay method (SAM, SID, SIDSAM) and click Match.

£ Mulltiple Signature matching — O X

Overlay input:
Threshold value: 0.2

Overlay method: © SAM @®siD @ SIDSAM

Match

[ IDCubePro: Spectral Match - X
View Help Exit

OriginalImage. ‘Segmented Image.

RGB rendering of the original dataset Threshold Segmented Regions

Apply Threshold

Class #1; Area:16044. Class #2; Area:10806 C Area:678

1000,
1000, 1000|

500
500 500

You can adjust the threshold based on the corresponding histogram to visualize the location of the area
with the matched spectrum

Additional Information:
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Spectral Angle Mapper (SAM) is a spectral image processing classification that matches the spectra from
pixels to reference spectra. The algorithm determines the spectral similarity between two spectra by
calculating the angle a between the spectra. Smaller angles represent closer matches to the reference
spectrum. Reference spectra can be uploaded from known sources or directly extracted from an image as a
region of interest (ROI) mean spectra (from the Main Interface see Main Interface manual).

v.2.77

JMSAM is a spectral image processing classification that matches the spectra from each pixel (test
spectrum) to a reference spectrum. The method computes spectral similarity based on the Jeffries Matusita
(JM) and SAM distances between two spectra. A smaller JIMSAM score indicates a strong match between
the test spectrum and the reference spectrum.

NS3 computes spectral similarity based on the Euclidean and SAM distances between the test spectrum and
the specified reference spectrum by using the normalized spectral similarity score (NS3) method.

SID measures the spectral similarity between the spectra of each pixel in the hyperspectral data and the
specified reference by using the spectral information divergence (SID) technique. The method computes
spectral similarity based on the divergence between the probability distributions of the two spectra.

SIDSAM measures the spectral similarity between the spectra of each pixel in the hyperspectral data and
the specified reference by using a hybrid SID-SAM hybrid score.

References:

SAM: Kruse, F. A., A. B. Lefkoff, J. B. Boardman, K. B. Heidebrecht, A. T. Shapiro, P. J. Barloon, and A.
F. H. Goetz. "The Spectral Image Processing System (SIPS) - Interactive Visualization and Analysis of
Imaging spectrometer Data." Remote Sensing of Environment 44 (1993): 145-163.

JMSAM: Padma, S., and S. Sanjeevi. “Jeffries Matusita Based Mixed-Measure for Improved Spectral
Matching in Hyperspectral Image Analysis.” International Journal of Applied Earth Observation and
Geoinformation 32 (October 2014): 138-51. https://doi.org/10.1016/j.jag.2014.04.001.

NS3: Nidamanuri, Rama Rao, and Bernd Zbell. “Normalized Spectral Similarity Score (NS3) as an
Efficient Spectral Library Searching Method for Hyperspectral Image Classification.” IEEE Journal of
Selected Topics in Applied Earth Observations and Remote Sensing 4, no. 1 (March 2011): 226-40.
https://doi.org/10.1109/JSTARS.2010.208643

SID: Chein-I Chang. “An Information-Theoretic Approach to Spectral Variability, Similarity, and
Discrimination for Hyperspectral Image Analysis.” IEEE Transactions on Information Theory 46, no. 5
(August 2000): 1927-32. https://doi.org/10.1109/18.857802.

SIDSAM: Chang, Chein-I. “New Hyperspectral Discrimination Measure for Spectral Characterization.”
Optical Engineering 43, no. 8 (August 1, 2004): 1777. https://doi.org/10.1117/1.1766301.
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Endmembers Extraction Toolbox
Note: PAVIA dataset is used as an example.
Features:
e Identifies the number of endmembers from the hyperspectral data.
e Extracts individual endmember spectra and saves them in Excel and the ECOSTRESS format.

e Quantifies the area given by each endmember.

O IDCube Pro: Endmembers - o x
File Edit View Insert Tools Deskop Window Help View Help Exit
WEas|SE /nCcod M En s a NERNEEE(R
T —
@
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'END MEMBER SELECTION
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s >
@ wrHoR Endmember 7 a3 Green Channel

O
[—

O [CE e T

"ESTMATED AGH MAGE

7
Endmamber 3 as Blue Channel

RGB Image of  New Data Cube.

Select PPI function to estimate the endmembers by using the PPI approach. The PPI approach projects the
pixel spectra to an orthogonal space and identifies extreme pixels in the projected space as endmembers.
This is a non-iterative approach, and the results depend on the random unit vectors generated for orthogonal
projection. To improve results, you must increase the random unit vectors for projection, which can be
computationally expensive.

Use the FIPPI function to estimate the endmembers by using the FIPPI approach. The FIPPI approach is
an iterative approach, which uses an automatic target generation process to estimate the initial set of unit
vectors for orthogonal projection. The algorithm converges faster than the PPI approach and identifies
endmembers that are distinct from one another.

Use the N-FINDR function to estimate the endmembers by using the N-FINDR method. N-FINDR is an
iterative approach that constructs a simplex by using pixel spectra. The approach assumes that the volume
of a simplex formed by the endmembers is larger than the volume defined by any other combination of
pixels. The set of pixel signatures for which the volume of the simplex is high are the endmembers.

Steps:
1. Select option in Endmember Calculation Method. Available options are:
a. NWHEFC
b. PFA
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c. Noise Whiten -False
2. Specify the method that calculates the number of endmembers under Endmember Estimation
Method. Available options are:

a. N-FINDR
b. Specify the number of iterations. If the field is empty, the default is the Number of
Iterations = 3 x the number of endmembers. Note: The computation time of the algorithm
increases with the increase in the number of iterations.
FIPPI
PPI
e. Alternatively, type the number of endmembers you expect to find (shown 5, default is 0).
The number must be less or equal to the number of channels. If this box is filled with a
number, the method selection is irrelevant.
3. Select the reduction method. If this argument is specified, the function first reduces the spectral
dimension of the input data by using the specified method. Then, it computes the endmember
signatures from the reduced data. Available options are:

/o

a. Principal Component Analysis
b. Maximum Noise Fraction (default)
4. After the endmembers spectra are calculated (can be seen in the ENDMEMBER SPECTRA panel),
single endmember images are produced in the ABUNDANCE MAP IMAGES panel. At the same
time, the best three images are combined in the ESTIMATED RGB IMAGE panel.

5. Select Monochromatic/PseudoRGB options to visualize the image on the IMAGE DISPLAY panel.
Available options are:

a. Monochromatic

b. Pseudo RGB
Use a slider to move between the images (in a monochromatic mode) or combine the images in the pseudo-
RGB mode. Up to three images can be combined.

Click the Quantify button to measure the area covered by each of the selected endmember. A new pop-up
menu will be opened followed by a new panel (See the Quantify manual).

Tips: You can click on each image to see it in a larger separate window. Each image can be saved.

Each produced endmember spectrum can be saved either in Excel or the ECOSTRESS format. To save the
spectra, right-click on the ENDMEMBERS SPECTRA panel. In the case of ECOSTRESS, the spectra
have to be saved one by one. When Save Spectra in ECOSTRESS format is selected, a pop-up dialogue
window ECOSTRESS Format Parameters will request additional information, like the Endmember number
(mandatory field), name, type, etc.
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Additional Information:

The toolbox includes several types of algorithms: a) to find the number of endmembers, b) to identify their
spectra, and c) to calculate endmembers’ abundance maps.

Noise-whitened Harsanyi-Farrand—Chang (NWHFC) finds the number of endmembers present in a
hyperspectral datacube by using the NWHFC method. When 'NoiseWhiten — false' is checked, the algorithm
does not perform noise-whitening of the data before extracting the endmembers. In that case, the method is
also known as the Harsanyi—Farrand—Chang (HFC) method.

The method also requires the input for the Probability of False Alarm (PFA). The default value for PFA is
107 (default). A smaller value will provide more endmembers.

N-FINDR is an iterative approach for finding the endmembers of a hyperspectral dataset. The method
assumes that the volume of a simplex formed by the endmembers (purest pixels) is larger than any other
volume defined by any other combination of pixels. Computes principal component bands and reduces the
spectral dimensionality of the input data by using MNF or PCA. The number of principal component bands
to be extracted is set equal to the number of endmembers to be extracted. The endmembers are extracted
from the principal component bands.

Pixel Purity Index (PPI) extracts endmember signatures from hyperspectral datacube by using the pixel
purity index algorithm. The method computes the orthogonal projections of hyperspectral data values on a
set of randomly generated unit vectors known as the skewers. Then, the method computes the PPI count for
each data value. PPI count is the number of times a data value results in an extreme point when projected
onto these skewers. Those data values with more than the expected number of PPI count comprise the
endmembers of the hyperspectral data. PPI is a non-iterative method and the steps involved use MNF or
PCA to reduce the dimensionality of the input data. The number of principal component bands to be
extracted is set equal to the number of endmembers to be extracted.

Fast Iterative Pixel Purity Index (FIPPI) is an approach that iteratively selects the better candidates for
endmembers after each iteration. Unlike the pixel purity index (PPI) technique, the FIPPI method selects
the initial set of skewers by using the automatic target generation process (ATGP). As a result, the algorithm
converges faster and generates a unique pixel for each endmember. The steps involved in FIPPI approach
use MNF or PCA to reduce the dimensionality of the input data.

References:
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PPI: J.W Boardman, F.A. Kruse and R.O. Green, "Mapping target signatures via partial unmixing of
AVIRIS data.", Technical Report, California, USA, 1995.https://ntrs.nasa.gov/citations/19950027316

FIPPI: Chang, C.-1., and A. Plaza. “A Fast Iterative Algorithm for Implementation of Pixel Purity Index.”
IEEE  Geoscience and Remote Sensing Letters 3, no. 1 (January 2006): 63-67.
https://doi.org/10.1109/LGRS.2005.856701.

Image Indices Toolbox
Note: AVIRIS file “Lakes” is used as an example.
Features:

e Applies established indices to the dataset.
e Saves the new indices.
e Combines established and new indices in a pseudo color image, generating a composite index.

Steps:

1. After opening a file, from the Main Interface, select Toolboxes — Image Indices — Vegetation
Indices — AVIRIS.

A new window toolbox will appear.

[ IDCube Fro: Vegetatian Indices -8 =
File Export View Help Exit
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The toolbox interface has four panels:

1. IMAGE DISPLAY panel shows a 2D image after applying the index. By default, it shows a Random
Wavelength Index, which is simply a slice of a datacube at a randomly selected band/channel. Other
standard indices are given in the following table.

2. STANDARD INDEX panel presents a selection of the established standard indices. Selection of the
index from the dropdown menu and clicking Display Output updates the image on the Image Display
panel.

3. CUSTOM INDEX panel allows you to develop your own index. Currently, IDCube supports two- and
three-channel indexes. You can select the available channels from the dropdown menu and visualize the
result on the IMAGE DISPLAY panel by clicking Display Output located on this panel and pressing Save
New Index. You can add the new index to the list of indexes in the COMPOSITE INDEX panel (see
below). The panel also allows opening a stored index via the Upload Index button.

4. COMPOSITE INDEX panel allows you to combine images generated by up to three individual indices
into a pseudo-RGB image. This panel has three subpanels. The sliders under the individual subpanels reflect
the color of the channel: the left slider — contributes to the red channel, the middle slider — to the green
channel, right slider — to the blue channel. The sliders also help the user to adjust the image before sending
it to the Image display. Each slider has two sub-sliders that can be moved.

Note: To be combined in the RGB image, each index image in the subpanel is normalized to [0, 1].
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Standard Index Platforms supported

1. Random wavelength index AVIRIS, AVIRIS-NG, Hyperion
2. Normalized Difference Vegetation Index (NDVI) AVIRIS, AVIRIS-NG, Hyperion
3. Modified Chlorophyll Absorption in Reflectance Index (MCARI-1) AVIRIS, AVIRIS-NG, Hyperion
4. Modified Chlorophyll Absorption in Reflectance Index (MCARI-2) AVIRIS, AVIRIS-NG, Hyperion
5. Normalized Difference Water Index (NDWI) AVIRIS, AVIRIS-NG, Hyperion
6. Modified Triangular Vegetation Index 1 (MTVI 1) AVIRIS, AVIRIS-NG, Hyperion
7. Modified Triangular Vegetation Index 2 (MTVI 2) AVIRIS, AVIRIS-NG, Hyperion
8. Renormalized Difference Vegetation Index (RDVI) AVIRIS, AVIRIS-NG, Hyperion
9. Leaf Area Index (LAD) AVIRIS, AVIRIS-NG, Hyperion
10. Modified Simple Ratio (MSR) AVIRIS, AVIRIS-NG, Hyperion
11. Soil-Adjusted Vegetation Index (SAVI) 2 AVIRIS, AVIRIS-NG, Hyperion
12. Modified SAVI with self-adjustment factor L (MSAVI) AVIRIS, AVIRIS-NG, Hyperion
13. Optimized Soil-adjusted Vegetation Index (OSAVI) AVIRIS, AVIRIS-NG, Hyperion
14. Normalized Difference Nitrogen Index (NDNI) AVIRIS, AVIRIS-NG, Hyperion
15. Normalized Difference Salinity Index (NDSI) AVIRIS, AVIRIS-NG, Hyperion
16. Red-edge Inflection Point 1 REIP-1 AVIRIS, AVIRIS-NG, Hyperion
17. Transformed Chlorophyll Absorption Ratio (TCARI) AVIRIS, AVIRIS-NG, Hyperion
18. Triangular Vegetation Index (TVI) AVIRIS, AVIRIS-NG, Hyperion
19. Photochemical Reflectance Index (PRI) AVIRIS, AVIRIS-NG, Hyperion
20. Cellulose Absorption Index (CAI) AVIRIS, AVIRIS-NG, Hyperion
21. Cellulose Absorption Index 2 (CAI-2) AVIRIS, AVIRIS-NG, Hyperion
22. Simple Ratio Water Index (SRWI) AVIRIS, AVIRIS-NG, Hyperion
23. Plant Water Index (PWI) AVIRIS, AVIRIS-NG, Hyperion

Index Image Display panel

The panel allows you to visualize established and newly developed indices as monochromatic images and
composite indices in the RGB format. Each index comes with its own colormap. Some of the colormaps
are specifically designed by IDCubePro® team for the corresponding indices. Other colormaps such as
preset colormaps from the Color Toolbar or the Right click menu on the colorbar can be also applied.

Standard Index panel
Steps:

1. Select an option from the dropdown menu. There are currently 23 indices in our AVIRIS, AVIRIS-
NG, and Hyperion index databases. Each index is made of two or three wavelengths. Wavelength
selection for the same index differs across platforms because of differences in the hyperspectral
hardware.
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2. Normalized Difference Vegetation Index (NDVI) ... ‘q\L

1. Random wavelength index o A
2. Normalized Difference Vegetation Index (NDVI)

3. Modified Chlorophyll Absorption in Reflectance Index (MCARI-1)
4. Modified Chlorophyll Absorption in Reflectance Index (MCARI-2)
5. Normalized Difference Water Index (NDWI).

6. Modified Triangular VVegetation Index 1 (MTVI 1)

7. Modified Triangular Vegetation Index 2 (MTVI 2)

8. Renormalized Difference Vegetation Index (RDVI)

9. Leaf Area Index (LAIDI)

10. Modified Simple Ratio (MSR)

11 Soil-Adjusted Vegetation Index (SAVI)

12. Modified SAVI with seff-adjustment factor L (MSAVI)

13. Optimized Soil-Adjusted Vegetation Index (OSAVT)

14. Normalized Difference Nitrogen Index (NDNI)

15. Normalized Difference Salinity Index (NDSI)

16. Red-Edge Inflection Point 1 (REIP-1)

17. Transformed Chlorophyll Absorbtion Ratio (TCARI)

18. Triangular Vegetation Index (TVI1)

19. Photochemical Reflectance index (PRI)

20. Cellulose Adsorption Index (CAI v

2. The information about the index will be automatically shown in the ABOUT THE INDEX
subpanel. The image corresponding to the selected index will be shown in the IMAGE DISPLAY

panel.
STANDARD INDEX
(® Structural Veqetation Index .
|2. Normalized Difference Vegetation Index (NDVI) ... v
-
' NDVI(RED-NIR): Difference V ion Index A :
ssesses whether the target being observed contains live green
ation or not. Calculated as NDVI = (800nm - -
5nm)/(900nm+685nm). Low NDVI values indicate
imoisture-stressed vegetation and higher values indicate a higher &
idensity of green vegetation.
. .
e .
CUSTOMINDEX

3. Click Display Output to visualize the index image

Custom Index panel
Steps:
1. Activate the panel by Selecting the Custom Indices radio button.
2. Select the number of variables. Current choices:
a. Two variables: allows user to enter two bands.
b. Three variables: allows user to enter three bands.

3. Type a formula (See Appendix 1 on notation and selections of available functions).
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1033 B
CUSTOM INDEX 1043
@ Custom Indices 1055 !
1072
Sel_ect number of Three variables 1081
variables 1091
1101
Wi w2 1110 v
Select channels/ 501 v 453 v 365 v
wavelengths
Enter index formula 0.5(w1+w2) + 0.2°w3

(i.e. wi+w2 /w3)

[ ]Add to the Composite index

Display Qutput Upload Index

4. Visualize the result on the INDEX IMAGE DISPLAY panel by clicking Display Output located
on this panel.

5. Save the index by clicking the Save New Index button.

(Optional). You can add a new index to the list of indices in the COMPOSITE INDEX panel by checking
Add to the Composite Index box. A new index called custom1 will appear at the bottom of the list of
indices in the COMPOSITE INDEX panel.

6. You can also open a previously stored index via the Upload Index button.
Composite Index panel
Steps:

1. There are three subpanels. Select an index from the dropdown menu on each of the subpanels. The
index images will be immediately shown as monochromatic images. Pixel intensities on the image
are normalized between 0 and 1 values.

2. Use sliders to adjust the visual appearance of the image. Each slider box has two small sliders. To
move the small slider, click on it to activate (changes the color from grey to color) and then use the
left and right boxes to move the slider. Repeat the procedure to the second slider.
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1. Random wavelength index v 1. Random wavelength index b
Random wavelength Random wavelength
400 .
300 0.4
200
100 0.2
0 :
St Wi 0
Min Max TRE Shold Value - Index Image 1 Min Max Threshold Value - Index Image 1
N — | " | | " | — — | * |
| | View on Imaae Disnlav | | View anImaae Disnlav

3. Repeat the steps on all three subpanels.

4. Check View on Image Display to combine the index images together and visualize them on the
INDEX IMAGE DISPLAY panel by pressing Combine as RGB on the Image Display button.
You can continue adjusting the subpanels with sliders. After every adjustment, click Combine as
RGB to visualize on the INDEX IMAGE DISPLAY panel.

COMPOSITE INDEX

custom1 ~ 5. Normalized Difference Water Index (NDWVI) ~  18. Triangular Vegetation Index (TVI) ~
Normalized Difference Water Index (NDWI) Triangular Vegetation Index (TVI)
‘ : .
Min Max Threshold Value - Index Image 2 Min Max Threshold Value - Index Image 3

|- =] [ = — = = _— E— -
/| View on Imaae Displav vl View onlmaae Displav | View on Imaae Displav

Combine as RGB on Image Display

References:

The design of the sliders was based on the work by Danielle Ripsman, (2022). superSlider
https://www.mathworks.com/matlabcentral/fileexchange/43285-superslider), MATLAB Central File
Exchange. Retrieved May 11, 2022.
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Contrast Maximization Toolbox

Note: The toolbox works best when the original image in the Main Interface is monochromatic. If you see
issues, please close this toolbox, return to the Main Interface and select Single Channel radio button.

Features:
1. Finds the channel/wavelength for the best contrast between two selected regions of interest (ROlIs).

2. Finds the channel/wavelength for the best contrast and the corresponding bandwidths between two
selected regions of interest (ROIs).

3. Identify whether there is a difference between two ROIs and quantify the difference using
Bhattacharyya distance (Db). Higher Db corresponds to better contrast between two ROIs

4. Identifies new indexes.

Db=0 =

/ >” O\ / P
\ B\ /\ u\

Quantitative measurement of contrast using Bhattacharyya Distance (Db).
Higher contrast corresponds to the higher value of Db.

Steps:

1. Load the file and select Toolboxes — Contrast Maximization

Toolboxes Machine Learning Windows Help

g Principal Component Analysis (PCA) | 3
! Maximum Noise Fraction (MNF)

Image Classification

Spectral Signature Matching

Endmembers Extraction

Image Indices >

Contrast Maximization

t-SNE

Phasor Clustering

Correlation Matrix (R-squared)

3D Viewer

Feature Finder

Fusion (MSI/HSI) in IDCube Format '
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A toolbox window with instructions will pop up.

w
2

S@Eocowan By s
FINNNNTOO|HS

Original

Histogram RGE Histogram

1000

500

0 1000 2000 3000 400

B [ step 1: Contrast

imization Setup

Select a methcd from Matnematics menu,
shape,

i
buttors,

2. Select Mathematics. Available options are:

Description

Single channel:

Summation (two channels)

Simple Ratio (two channels)
Normalized Ratio (two channels)
Weber Ratio (two channels)
Logl0(Ratio) (two channels)
Multiplication (two channels)
Log10(multiplication) (two channels)
Logical AND (two channels)

Logical OR (two channels)

Logical XOR (two channels)

Image complement (Single band only)
First derivative (Single band only)

Second derivative (Single band only)

3. Select the Selection Tool. Available options are:

Ellipse
Polygon
Freehand

d. Rectangular

o op

4. Select the Band Shape. Available options are:

a. Rectangular Band Shape

283

chooss e Selection tool, Band

[0 Select a methed by pressng either EXHAUSTIVE SEARCH or MONTE CARLO SEARCH

Eins Humbar
X 00

Contrast Plot

Mathematical Expression or function

wl

wl + w2

wl./w2
wl-w2)/(wl+w2)
wl-w2)/w2
LoglOwl./w2)

wl x w2

LoglOwl + w2)
wl AND w2

wl OR w2

wl XOR w2
imcomplement(wl)
gradient(wl)
gradient(gradient(wl))
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b. Gaussian Band Shape

Square band Gaussian band

Channels/wavelenghts Channels/wavelenghts

5. Select the method for finding the best channel(s) for contrast. Available options are:

a. Exhaustive Search without the bandwidths
b. Monte Carlo Search with the bandwidths

@] Step 2: Contrast Maximization Parameters - X

| You selected Exhaustive search. Draw two areas of interest with the cursor

| = | and wait for the results

6. Draw two regions of interest with the cursor. The calculations will start immediately.

If the Monte Carlo is selected, then a new dialog asks to put the minimum and maximum bandwidths as
well as the number of samples. (NOTE: The number of samples depends on the size of the image. A higher
number will make the calculation slower.)
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£ Input -

Enter minirmurm bandwidth:

Enter maximum bandwidth:
50

Enter number of parameter samples:
2000

Ok Cancel

The results are displayed as a new image and a contrast map. The title of the image gives the wavelengths.
Toolbox display once processing has been completed. Note the title of the image gives the specific max

contrast values.

o

File Export View Help Exit

ORMEaAL SEBC

2 AABI EES \\\\TEIO aa

Best Normalized Ratio: 706 - 566 /706 + 566

Histogram RGB Histogram

A E Step 3: Contrast Maximization Results.

the best
interest based on the selected parameters

The results of the calculation is shown on the tile of the image.
The contrast plot (f one channel is selected) o contrast map (for two
contrast

Higher level of Db corresponds to higher contrast between the regions.

channels) shows the calculated Bhattacharyya distance (Db) as a metric of

Contrast Space : 2D Plot

1000
500
o 0.1 02 03 04 05 06 07 08 09 1
Sins Number win 0
500 Max 1
st Plot
5 800 U
700
e 05
&
@ 500
0

450 500 550 600 650 700 750 800
Band/Channel
‘Wavelength Selection
() Monochromatic (®) Dual-Channel (O Pseudo RGB
Channel 1 v
C.§ — m|
05
Channel 2
L — L
Normalized Ratio (two cnannels) Elipse O Freenana (® Rectangular Channel 3
O Owame O | oo .

Additional Information:

The algorithm implies relatively homogenous intensities within the region of interest. Adjust the size of the

ROI accordingly.

References:

T Du, DK Mishra, L Shmuylovich, A Yu, H Hurbon, ST Wang, MY Berezin. Hyperspectral imaging and
characterization of allergic contact dermatitis in the short-wave infrared, Journal of Biophotonics 13 (9),

€202000040, 2020

DM Kim, H Zhang, H Zhou, T Du, Q Wu, TC Mockler, MY Berezin. Highly sensitive image-derived
indices of water-stressed plants using hyperspectral imaging in SWIR and histogram analysis Scientific

Reports 5 (1), 1-11, 2015
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t-SNE Clustering Toolbox

Note: The Toolbox supports parallel computing to accelerate computation. Plastic is used as an example.
Large files might a take a long time to compute. A typical time for a SOMb file (Pavia, 340 x 610 x 103)
takes about 10 minutes on an average desktop computer.

Features:
e Builds a 2D or 3D scatter map from the entire datacube.
o Enables a user to separate clusters via the k-means and visualize their position on an image.
e Enables a user to visualize up to 10 clusters.

e (alculates the area covered by each cluster (in pixels).

3. Open a file.
4. Select Toolboxes — t-SNE Clustering

Toolboxes Machine Learning Windows

Principal Component Analysis (PCA)
Maximum Noise Fraction (MNF)
Image Classification

Spectral Signature Matching
Endmembers Extraction

Image Indices >
Contrast Maximization

t-SNE Clustering

Spectral Phasor Clustering
Correlation Matrix (R-squared)

3D Viewer

Feature Finder

Fusion (MSI/HSI) in IDCube Format

Calculations for t-SNE are computationally demanding. For that, the datacube size is minimized
by using the pre-binning step in both spectral (bin=3) and spatial bin (3x3) dimensions. The
preprocessing calculation starts immediately.
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7]
File Export View Help Ixit
O 7 7c09 0
2 AA|B I EEINNNYNTOOHAA
METHOD. EMBEDDMG DISTANCE METRIC * OPTINIZATION GONTROL
Ot jme Exaggeration |>1]
) o rbeddng Eucidesn 0 — Leam Rae 1061000} 20

Ol ()50 Eneea A
2 = PCA Gamponsres o fe— Sde  Omne ol L5

LSNE SCATTER PLOT

5. Select a method: available options are:

a. Barnes-Hut variation of t-SNE is used to speed the t-SNE algorithm and to cut down on
its memory usage. The Barnes-Hut algorithm groups nearby points together to lower the
complexity and memory usage of the t-SNE optimization step. The Barnes-Hut algorithm
is an approximate optimizer, not an exact optimizer. There is a nonnegative tuning
parameter Theta that affects a tradeoff between speed and accuracy. Larger values of
Theta give faster but less accurate optimization results. The algorithm is relatively
insensitive to Theta values in the range (0.2 - 0.8).

b. Exact method.

6. Selectatype of embedding to specify the type of scatter plot that you will receive. Available options
are:

a. 2D (default)
b. 3D

7. Under Distance Metric from the top, chose the parameters for the calculations (see Additional
Information for further explanation):

a. Distance metric
b. PCA components

c. Exaggeration parameter

d. Perplexity parameter

e. Standardize

f.  Under Optimization Control

8. Click the green Run t-SNE button. The t-SNE scatter plot will be generated on the right upper
panel.
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9. Select the Number of clusters and the Distance Metric. The results of clustering will be seen in
the CLUSTER OUTPUT panel on the right lower panel.

v.2.77

[ Step 2: Clustering

Put ihe number of cAisters in K-Medoid parameters.

APPLY.

|

A pop-up will appear asking for which class/cluster the user would like to view.

NE procassing ime (Bames-Hut).
a5 77

O kK-medoids cla.. — O ot

|Errtartha class number, (i.e., 3) |
1)

OK Cancel |

The area covered by the selected cluster (in a bright color with the area measured in pixels) will appear at
the bottom of the image.
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Flle Bxport View Help Bt

ar 7 7ms

dsAABr EEINN\NTOO0S

METHOD EMBEDDING

@ parmes1ut ® 20 embeaang Evcicean

Ot ()20 Embedding

PCA Components: 0

DISTANCE WETRIC:

" OPTIMIZATION CONTROL

Exaggeraton [+1]

Perplexty [5-200]

‘Standartize

. Leam Rafe [100-1000]

Theta 011
O True

ol

I Step 4: Resuilts of +-SNE dustering

tay image
fandom colors

The total area covered by the ciass is provided under the image.

You can selact a diferent Number of Classes and a different K-medoids
distanca metrics and prass APPLY again.

To remove the results of LSNE esleulation, press CLEAR and sslcet
different -SNE parameters.

Lez]]

40

20 -k~ 26

+SNE processing time (Bames-Hut)
959712

an &n
Clusler #7,area=290
KMEDOIDS PARAMETERS
Humger of clusters

‘Seleet Distance Weire:

80 0
20

0 |

{dlick apply ta

Chebychey ~

10. Save the segmented image as a Label file for the Machine Learning toolbox. After selecting the
class, make a right click on the segmented image to activate Save as a Label File tab. Click the
tab and specify the file name. The .png and .mat files will be generated.

You can also save only the data that belongs to the cluster area as a new datacube by selecting Save
Cluster as a Datacube file. In this case others the pixel values of the object will be preserved as
original, while the other pixels will be assigned as 0 (zeroes) across the entire datacube. By selecting
Save Inverted Cluster as a Datacube File, the saving will be inverted. The pixels from the area
occupied by the cluster will be assigned to zero, while the other values across the object will remain.

2d0eaq

Save as a Label File...
Save Cluster as a Datacube File...

Save Inversed Cluster as a Datacube File...
|

Additional Information:
There are two t-SNE algorithms, specified as Exact or Barnes-Hut.

The Exact algorithm optimizes the Kullback-Leibler divergence of distributions between the original space
and the embedded space.

The Barnes-Hut algorithm performs an approximate optimization faster and uses less memory when the
number of data rows is large.
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For both algorithms, t-SNE uses squared pairwise distances to calculate the Gaussian kernel in the joint
distribution of X.

v.2.77

Exaggeration: Size of natural clusters in data, scalar value 1 or greater, 4 (default). Size of natural clusters
in data, specified as a scalar value 1 or greater. A large exaggeration makes t-SNE learn larger joint
probabilities of Y and creates relatively more space between clusters in Y. t-SNE uses exaggeration in the
first 99 optimization iterations. If the value of Kullback-Leibler divergence increases in the early stage of
the optimization, try reducing the exaggeration.

Number PCA Components: PCA dimension reduction nonnegative integer, 0 (default). PCA dimension
reduction, specified as a nonnegative integer. Before t-SNE embeds the high-dimensional data, it first
reduces the dimensionality of the data to Number PCA Components using the PCA function.
When Number PCA Components is 0, t-SNE does not use PCA.

Perplexity: Effective number of local neighbors of each point positive scalar, 30 (default). Effective
number of local neighbors of each point, specified as a positive scalar. Larger Perplexity causes t-SNE to
use more points as nearest neighbors. Use a larger value of Perplexity for a large dataset.
Typical Perplexity values are from 5 to 50. In the Barnes-Hut algorithm, t-
SNE uses min(3 xPerplexity,N-1) as the number of nearest neighbors.

The 'Perplexity' value cannot be greater than the number of rows of X.

Standardize: Normalize input data, false (default) / true. Normalize input data, specified as false or true.
When true, t-SNE centers and scales X by dividing the columns by their standard deviations. When features
in X are on different scales, set 'Standardize' to true. Do this because the learning process is based on
nearest neighbors, so features with large scales can override the contribution of features with small scales.

Learn Rate: Learning rate for the optimization process, 500 (default), positive scalar. Typically, set values
from 100 through 1000. When Learn Rate is too small, t-SNE can converge to a poor local minimum.
When Learn Rate is too large, the optimization can initially have the Kullback-Leibler divergence
increase rather than decrease.

Theta: Barnes-Hut tradeoff parameter, 0.5 (default), scalar from 0 through 1. Barnes-Hut tradeoff
parameter, specified as a scalar from 0 through 1. Higher values give a faster but less accurate optimization.
Applies only when Algorithm is Barnes-Hut.

Distance Metrics

A distance metric is a function that defines a distance between two observations. Distance metrics can be
specified by one of the following. Definitions of the distance metrics are given in the Table:

Value Description

euclidean Euclidean distance.

squaredeuclidean Squared Euclidean distance. (This option is provided for efficiency only. It does not
satisfy the triangle inequality.)

seuclidean Standardized Euclidean distance. Each coordinate difference between observations is
scaled by dividing by the corresponding element of the standard deviation,

mahalanobis Mahalanobis distance using the sample covariance of X, C = cov(X,'omitrows").

cityblock City block distance.

minkowski Minkowski distance. The default exponent is 2.
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Value Description

chebychev Chebychev distance (maximum coordinate difference).

cosine One minus the cosine of the included angle between points (treated as vectors).
correlation One minus the sample correlation between points (treated as sequences of values).
hamming Hamming distance, which is the percentage of coordinates that differ.

jaccard One minus the Jaccard coefficient, which is the percentage of nonzero coordinates that

differ.
spearman One minus the sample Spearman's rank correlation between observations (treated as

sequences of values).

k-Medoids Clustering: k-Medoids clustering is a partitioning method commonly used in domains that
require robustness to outlier data, arbitrary distance metrics, or ones for which the mean or median does not
have a clear definition. It is similar to &-Means, and the goal of both methods is to divide a set of
measurements or observations into k subsets or clusters so that the subsets minimize the sum of distances
between a measurement and the center of the measurement’s cluster. In the k-Means algorithm, the center
of the subset is the mean of measurements in the subset, often called a centroid. In the £-Medoids algorithm,
the center of the subset is a member of the subset, called a medoid.

k-Medoid is more robust to noise and outliers as compared to k-Means because it minimizes a sum of
pairwise dissimilarities instead of a sum of squared Euclidean distances. The k-Medoids algorithm returns
Medoids, which are the actual data points in the data set. This allows you to use the algorithm in situations
where the mean of the data does not exist within the data set. This is the main difference between k-Medoids
and k-Means where the centroids returned by k-Means may not be within the data set. Hence k-Medoids are
useful for clustering categorical data where a mean is impossible to define or interpret.

Performance of t-SNE:

Performance depends on data sizes and algorithms. t-SNE can take a good deal of time to process data. If
you have N data points in D dimensions that you want to map to Y dimensions, then

o Exact t-SNE takes of order DxN? operations.
o Barnes-Hut t-SNE takes of order DxNlog(N)xexp(dimension(Y)) operations.

For Pavia, N is greater than 1000 or so and has the embedding dimension Y is 2 or 3 hence the Barnes-Hut
algorithm can be faster than the exact algorithm.

References:

van der Maaten, Laurens, and Geoffrey Hinton. "Visualizing Data using t-SNE." J. Machine Learning
Research 9, 2008, pp. 2579-2605.

van der Maaten, Laurens. Barnes-Hut-SNE. arXiv:1301.3342 [cs.LG], 2013.

Jacobs, Robert A. "Increased rates of convergence through learning rate adaptation." Neural Networks 1.4,
1988, pp. 295-307.

k-Medoids:
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Kaufman, L., and Rousseeuw, P. J. (2009). Finding Groups in Data: An Introduction to Cluster Analysis.
Hoboken, New Jersey: John Wiley & Sons, Inc.

Park, H-S, and Jun, C-H. (2009). A simple and fast algorithm for k-Medoids clustering. Expert Systems
with Applications. 36, 3336-3341.
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Spectral Phasor Clustering Toolbox

Note: This Toolbox supports parallel computing to accelerate computation. PAVIA dataset is used as a
sample.

Features:
e Builds a density map from the entire datacube.
e Enables a user to select a cluster and visualize their position on a black and white image.
e Enables user to visualize up to three clusters.
e (alculates the area covered by each cluster (in pixels).

e Enables searching of the region of interest on a cluster.

1. After loading a file, select Toolboxes — Phasor Clustering.

Toolboxes  Machine Learning  Windows Help

Principal Component Analysis (PCA) Wt
Maximum Moise Fraction (MMNF)

Image Classification

Spectral Signature Matching
Endmembers Extraction

Image Indices ]
Contrast Maximization

t-5ME

Phasor Clustering

Correlation Matrix (R-squared)

3D Viewer

Feature Finder

Fusion (MSI/HSI) in IDCube Format

A set of pop-ups will guide you through the process.

[ Step 1: Input method for Phasor Clustering. — *
A: Select the prepocessing method Onginal Image (no changes) or
Subtraction.

ﬁ B: If Subtraction method is selected, provide a | that will be
used for subtraction of the original image.

C: Press START bution.

2. Select a Method. Available options are:
a. Original image.

b. Subtraction (help to spread the scatter plot). For this option, select a wavelength using
either a slider or type a band/channel/wavelength.

3. Click a Start button to generate a scatter plot (PHASOR SCATTER panel) and a gray image
(RECONSTRUCTION panel).
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A: Visualize portions of the cluster on the RECONSTRUCTION panel by clicking the blue Reconstruct
button. Click Reconstruct and select the first region of interest using either a rectangular or an ellipsoid
selection tool. This will produce the areas on the cluster as matching colors on the grayscale image. Click
Check/Uncheck the “Overlay original image” to show/unshow the original image as a background.

v.2.77

GlWEA L B/ A8 T BS80S ESEEE00 B X
P2 AAIB I EFENNNTOO|Ha&
e
Salaata wenss. P —
Cagiol irope 7 K| o
| o |

Reconstruction: area of the last selection:51104

B: Visualize selected areas from the RECONSTRUCTION panel on the PHASOR SCATTER panel using
the Search button.

4. Press the Search button and select the area of interest to see the location of the corresponding
cluster (as red, green, or blue dots). You can repeat this selection up to three times.

5. Use Band Selection to visualize the image within a specific wavelength range.

R Ea s C(f (M WM s u B EEREEE HEEN(B X
dzlaalBr|E=sNNNTOCO|as

Prasor selecton panel

‘Sl Mthod Sl Bant(Channal for subacon

B = o N

Phasor Scatter Reconstruction: area of the last selection:0
- - 3 3

AR

BAND SELECTION
e channainaavsiengtn £ T N —
82 = 15

u| Overay orginal image

6. Save the segmented image as a Label file for the Machine Learning toolbox. After reconstructing,
make a right click on the reconstructed image (right panel) to activate Save as a Label File... tab.
Click the tab and specify the file name. The .png and .mat files will be generated. Note: we suggest
using a single reconstruction for saving as a label file.

294



v.2.77

Copy image
Save image as...
Export image to excel

Saveas

Additional Information:

The toolbox uses the Fourier Transform function that computes and plots the transformed spectrum from
each pixel as a scatter plot.
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Correlation Matrix (R-squared)

Note: Plastic and Coin dataset is used as an example.

Features:
e Builds a correlation matrix to visualize the cross correlation between bands.

e The matrix identifies groups of highly correlated bands in the dataset for potential compression of
data.

e The toolbox allows manual deletion of the redundant bands.

1. Open a file.

2. Select Toolboxes — Correlation Matrix (R-squared).

Toolboxes Machine Learning Windows

: Principal Component Analysis (PCA)

) Maximum Noise Fraction (MNF)
Image Classification
Spectral Signature Matching
Endmembers Extraction
Image Indices >
Contrast Maximization
t-SNE
Phasor Clustering
Correlation Matrix (R-squared)
3D Viewer
Feature Finder
Fusion (MSI/HSI) in IDCube Format

The calculation will start immediately and produce a correlation matrix with the histogram.

8 0CubePro: Corrdation matrx (R-squarel o -

File Export View Help Ex ~
DLL L I I N T -
»¢|AA|BI NNANTOO 4 &

R-squared Plot

0 02 04 06 08 i

[ Correlation matix (R-squared) - X

Band/Channel

Visualze the most comelated bands using Histogram Panel and inieractive
colorbar,

BB ik RESET tuton to restor th agantva,

Salect and remove correlated bands by pressing REMOVE BANDS bution (a
table of bands will be opened). Note: RESET bulton deos not restore bands

el

50 100 150 200 250 300 350 400 450 500

Band/Channel
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Remove Highly Correlated Bands (Optional):
1. Press Remove Bands to launch a Table with all bands in the dataset.
2. Select the bands with the highest values of correlation (i.e., 75-90) and click Remove.
The removal of the bands is global and will affect the original data.

3. To see a new correlation matrix, you will need to run the Correlation Matrix toolbox again. Within
the toolbox, the numbering of bands will reflect the deletion.

K List of the presented bands/channels — O X
Exit

—
Band number |Channel/Wavelength |Select [ Table of Bands/Channels

430
434
438
442
446
450
454
458
462
466
470
474

Bands/Channel removal will not affect your stored data. You can always
restore your original set of bands by clicking Reset button in the Main

Window.

1
2
3
4
5
6
7
8
9

Remove Band/Channel

Ojooogoooooono

Additional Information:
The toolbox uses a square of a function that computes a Pearson correlation matrix.

Pearson's linear correlation coefficient is the most used linear correlation coefficient. For a band X, in X and
a band Y, in matrix Y, having means

n

Ya = Z (X,:)/n, and ?b = Z (Xb,j}/”l
i=1

=1
where 7 is the length of each spectrum.

Pearson's linear correlation coefficient rho(a,b) is defined as:

n

rho(a,b) = =l

n J} n i
DXy m, -1
=l

=

Values of the correlation coefficient can range from —1 to +1. A value of —1 indicates a perfect negative
correlation, while a value of +1 indicates a perfect positive correlation. A value of 0 indicates no correlation
between the columns. IDCube uses a square of the correlation coefficients. In this case, the correlation
coefficient can range from O to +1. A value of +1 indicates a perfect positive or negative correlation
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between the bands, suggesting the redundancy of the bands. A value of 0 indicates no correlation between
the bands.

References:

v.2.77

Gibbons, J.D. Nonparametric Statistical Inference. 2nd ed. M. Dekker, 1985.
Hollander, M., and D.A. Wolfe. Nonparametric Statistical Methods. Wiley, 1973.
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3D Viewer
Note: Plastic and Coin dataset is used as an example.
Features:

1. Builds and rotates 3D images where X, and Y are spatial coordinates and Z — is the spectral

coordinate.
2. Changes the dimensions for better representation of the datacube.
3. Performs Isosurface and Alpha mapping.
4. Performs orthogonal slicing.
5. Performs 3D slicing.
Steps:

1. Select the 3D Viewer toolbox or a shortcut icon button from the Main Interface to start 3D Viewer.

1elearning  Windows Help

L|=|=tg..|ﬁ|q}11-|u'
L
SE DISPLAY

For effective visualization of files, the toolbox performs spatial and spectral binning (n=3) before 3D
visualization.

[ Spatial-Spectral Binning... - >

[ IDCube Pro: 3D Viewer - X
File Export View Help Exit
G HENE 7 a8

Generate 3D Get orthogonal slice Get 3D Slice W Back to Original

6000

5000

Orthogonal slice scale control panel

Slicer of axes
1000
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3D View

1. Click Generate 3D button. This command will activate a 3D INTERACTIVE panel on the right.

[0 1DCube Pro; 30 Viewrer

View Help  Exit

FIHEENE 7 o8

- a X

2008 6

30 Method
Violume render

30 Colormap Axes scale

Alpha Map
custon

i)

Orthogonal slice scale control panel

Slicer of axes

2. Mouse control is activated:

a. Rotate 3D View by clicking, holding, and moving the left button of the mouse.

b. Zoom 3D View by clicking, holding, and moving the right button of the mouse.

¢. Zoom can also be activated by the scroll wheel.

3. 3D INTERACTIVE panel enables the following options:

a. Volume type.

L

L.

1ii.

.

Volume render (default). Shows all data with or without the alpha values. Alpha values
provide transparency to the object.

Isosurface. The isosurface function computes and draws a surface by connecting points
of a constant value within a volume of space. Activates the following options (NOTE:
Other functions will not work when Isosurface is selected).

Isovalue. This value defines the surface properties where each point has the same value
(the slider shows the range from O to 1).

Surface Color. Shows the color of the isosurface (see below).
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[ 1DCube Pro: 30 Viewer
Exit

—
[ [ o 5

3D Method
isosurfaca

50 Vaue
Axes scale

3D Colormap

Alpha Map
sustom

Orthogonal slice scale control panel

Slicer of axes

b. Alpha map: alpha value sets the face transparency for objects. Alpha Map uses a vector of
values ranging from 0 to 1. This alpha map displays the lowest alpha data values as completely
transparent and the highest alpha data values as opaque. There are preset sets of vectors:

L
1l

1il.

1v.

C.

Linear.

Profile 1- 9

Custom. The user selects the alpha value and the intensity value. When this
function is selected, two sliders corresponding to the alpha value and the
intensity values are activated. Only a linear profile is currently implemented.

(an example of a Linear and Profile 1 is shown below).

Dimension Control. Is used to multiply the size of the object in X, Y, and Z directions to
visually increase/decrease the dimensions for better visualization. No changes are introduced

to the actual values in the dataset.

Linear

Profile 1 (preset) Custom

50 100 150 200 250

50 100 150
Intensity

100 150 200 250 Intensity

Intensity

200 250 50
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d. Select a 3D Colormap under Generate 3D. Available colormaps are black&white, autumn,
bone, cool, copper, gray, hot, pink, spring, summer, winter, jet, hsv, colorcube, flag, lines,
prism, CT-bone, white, and contrast.

3D Slice View

Click Get 3D Slice button. This command will activate a SLICER OF AXES panel on the right. The
panel has three slicers corresponding to the X, Y, and Z axes.

[0 10Cube Pro: 30 Viewer - o x
View Help Bt

FMENE /(0[8] ]
» 4 AA[BI] N

HIHFTLITTT YN -

Click Reset to return to the default view.
Orthogonal Slice View

Click the Get Orthogonal slice button. This command will activate an ORTHOGONAL SLICE SCALE
CONTROL panel on the right. Enter the values to adjust the dimension (the value is used to multiply the
dimension with default values equal to 1). It will only affect visualization.
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hHEEE[ /oo [ J QB nacuul S RRNE RS

X:319

Z: 256

To change the intensity of the image, left-click on the image and drag the cursor up or down.
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Feature Finder
Note: Plastic and Coin dataset is used as an example.
Features:
e (alculates and removes the background from the spectra.
e (alculates the peak intensity, position, peak width, and area under the peak (positive and negative).
e Visualizes the peak in the dataset.
e QGenerates the new dataset for the peak of interest and saves it in the original directory.

e The toolbox supports parallel computing to accelerate computation.

[Fe Eopon_vow van B 5]
Rrsocofaa il ne s ba N S8R EFE/RERn B/x[x
b s[AA|B I [EZANNNNTOO (WS

Steps:
1. Select the area of interest.

2. Correct the spectrum for background using None, Asymmetric Least Squares Smoothing, Savitzky-
Golay, or Bayesian EM methods

Tie Gpot View Fp B0 B
sffrmoosaa g W ol nnwb u B S80E BE(REanm[X[x |
* /[AA DI EES \NANNTOO[AA

erucssaea.

—
= i

benip

lquarzie
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3. Move the boundaries to select a spectrum and calculate spectral parameters: such as Peak
Intensity, Peak Maximum, Peak Width, and Peak Area.

v.2.77

4. Press the Find Pixels buttons to visualize the pixels that have the peak features. This can be done
by two different methods specified below.

Method 1: Find Peaks by Peak Intensity. Change the values of the peak to any positive value less or
equal to the identified peak intensity. Enter zero, if you would like to see the pixels in the image
corresponding to the entire peak. Press Apply to Data (Peak).

Find Pixelz by Peak Intensity Find Pixels by Peak Area

I IDCube Pro : Spectrum Background Remaval - 5! x
View Lelp it = -
Rssuicca 0|l el NNk B C8REEE §EQu

S 2 AABIEFINNNTOONSE

Method 2: Find Peaks by Peak Area. Leave the value intact. Press Find Pixels by Peak Area.

Apply to Data(peak) Apply to Data(area)
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[ 10CubePro: Spectrum Background Removel

oW/ sl NswuuulSEBE
JN\XNXTOO |H&

uuuuuuuu

p i

1000 /
/ 'V p W
i A 1 / 5\Va
0 v/ Vi WS L
\

\

-1000 200

80 900 1000 1100 1200 1300 1400 1500 1600 1700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
Band/Channel Band/Channel

Spectrum correction parameters (optional)
O Savitziy-Golay © Asymmetic east squares OBayesian €M None 0

You can save the new datacube with the corresponding changes in the image by pressing Save the
Datacube as a new dataset to the directory.

Additional Information:

Savitzky-Golay filter: The filter applies a type of sliding window to the data.
ORDER: is an order of the polynomial.

WINDOW: is the number of data points in the window at any one time.

For example, Window = 11, and Order = 3 fit a polynomial of order 3 to 11 data points at a time and the
ith data point will be approximated by the polynomial evaluated at the point corresponding to i.

Asymmetric Least Squares Smoothing: This method uses a smoother with an asymmetric weighting of
deviations to get a baseline estimator. In doing such, this processor quickly ascertains and corrects a baseline
while retaining the signal peak information.

SMOOTHNESS: defines how smooth the baseline should be (default 100).

ASYMMETRY: defines how "low" the baseline should be. The range is from 0 to 1. Lower peaks require
asymmetry approaching 0, while high peaks require asymmetry value approaching 1.

ITERATIONS: defines the number of iterations to reach the converge (default 20). The calculation time is
proportional to the number of iterations.

Bayesian EM filter: The filter adjusts the variable background (baseline) of a signal with peaks by
following three steps: 1) estimates the background within multiple shifted windows of width 200 separation
units (s.u.) along the x-axis, 2) regresses the varying baseline to the window points using a spline
approximation, and 3) adjusts the background of the input signal.

WINDOWSIZE: sets the width for the shifting window. The default is 200 s.u., which means a background
point is estimated for windows of 200 s.u. in width.

STEPSIZE: sets the steps for the shifting window. The default is 200 s.u., which means a background point
is estimated for windows at every 200 s.u.
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REGRESSION METHOD sets the method used to regress the window estimated points to a soft curve. The
default is 'pchip'; i.e., shape-preserving piecewise cubic interpolation. Other options are 'linear' and 'spline’
interpolation.

ESTIMATION METHOD sets the method used to find the likely background value at every window.
Default is 'quantile’, in which the quantile value is set to 10. An alternative method is 'em', which assumes
a doubly stochastic model.

v.2.77

SMOOTH METHOD sets the method used to smooth the curve of estimated points, useful to eliminate the
effect of possible outliers. Options are none' (default), Jowess' (Linear Fit), 'loess' (Quadratic Fit), or
'rlowess' and 'rloess' (Robust Linear and Quadratic Fit).

QUANTILE VALUE changes the default quantile value. The default is 0.10.

Note: The baseline subtraction mode does not preserve the height of the tallest peak in the signal when
subtracting the baseline.

References:

Lucio Andrade and Elias Manolakos, "Signal Background Estimation and Baseline Correction Algorithms
for Accurate DNA Sequencing" Journal of VLSI, special issue on Bioinformatics 35:3 pp 229-243 (2003)
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Fusion (MSI/HSI, pansharpening)
Note: Hyperspec-VNIR Chikusei dataset is used as an example.
Features:

e Combines low-resolution hyperspectral dataset and high-resolution multispectral dataset to
generate a high-resolution hyperspectral dataset.

e *Future release* Evaluates the quality of fusion.
Steps:
1. Open Toolboxes — Fusion (MSI/HSI) in IDCube format. A new window will pop up.

Toolboxes Machine Learning Windows

Principal Component Analysis (PCA) |
Maximum Noise Fraction (MNF)
Image Classification

Spectral Signature Matching
Endmembers Extraction

Image Indices >
Contrast Maximization

t-SNE

Phasor Clustering

Correlation Matrix (R-squared)

3D Viewer

Feature Finder

Fusion (MSI/HSI) in IDCube Format

@] Step 1. Select Data — X

Upload high spatial resolution multispectral and low spatial resolution
hyperspectral data using BROWSE MSI... amd BROWSE HSI... buttons.

Visualize the images from random channels in the Imaging Panel.

2. Click Browse... and locate the multispectral and hyperspectral datasets.

pectral/lFused Images
Multispectral Image
— ——

Hyperspectral Image

o Step 2. Perform Data Fusi... — X

Select Data Fusion Method from the dropdown menu.

Push PERFORM DATA FUSION button.
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3. Select an algorithm from the ALGORITHM SELECTION panel. Currently available options are:
Gram-Schmidt Adaptive algorithm.

v.2.77

Smoothing filter-based intensity modulation with hypersharpening.
c. Generalized Laplacian pyramid with hypersharpening.

& IDCube Pro: Multispectral and Hyperspectral D
File Export View Help Bt ke
s smoow KA Wul CEREEEEESalm

S 7 AABI EETN\ \ &

A-

al
NN

D step 2 Perform Data Fusi.. = K

B Salect Data Fusion Metod from the dropdown menu.
Push PERFORM DATA FUSION bution,

o]

Click the green Perform Data Fusion button. Click the Plot Spectra buttons and touch the images to
visualize the spectra. Click on the top of the image to expand the image.

12 IDCube Pro: and D i — o x
File Export View Help Exit El
s 7009 BN
S/ AABI EFT

To save the fused dataset, right-click on the fused image and select Save as New Datacube.
References:

This toolbox includes three algorithms for fusing hyperspectral and multispectral data to obtain high-
resolution hyperspectral data. The toolbox is based on the following references:
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Review of fusion methods: N. Yokoya, C. Grohnfeldt, and J. Chanussot, "Hyperspectral and multispectral
data fusion: a comparative review of the recent literature," IEEE Geoscience and Remote Sensing Magazine,
vol. 5, no. 2, pp. 29-56, June 2017.

GSA (Gram-Schmidt adaptive): N. Yokoya, C. Grohnfeldt, and J. Chanussot, "Hyperspectral and
multispectral data fusion: a comparative review of the recent literature," /EEE Geoscience and Remote
Sensing Magazine, vol. 5, no. 2, pp. 29-56, June 2017.

v.2.77

SFIM-HS (Smoothing filtered-based intensity modulation with hypersharpening): J. G. Liu (2000)
Smoothing Filter-based Intensity Modulation: A spectral preserve image fusion technique for improving
spatial ~ details, International Journal of Remote Sensing, 21:18, 3461-3472, DOL
10.1080/014311600750037499

GLP-HS (Generalized Laplacian pyramid with hypersharpening): Selva, M.; Aiazzi, B.; Butera, F;
Chiarantini, L.; Baronti, S. Hyper-sharpening: A first approach on SIM-GA data. [EEE J. Sel. Top. App!.
Earth Obs. Remote. Sens. 2015, 8, 3008-3024.

Hyperspec-VNIR Chikusei data converted to the IDCube format is available from our website. Visit
https://www.idcubes.com/examples to download.
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7.9. Machine Learning Tab

The functions under the Machine Learning Tab include labeling and masking toolboxes that are necessary
for the training of datasets. The functions also include supervised and non-supervised machine learning
techniques.

Tabs Function Additional info

Machine Learning Creates Label(s) Pop-up toolbox
Creates Mask(s) Pop-up toolbox
Binary Tool Pop-up toolbox
k-Means Classifier (two methods) Dialogue window
Machine Learning Pop-up toolbox
Deep Learning* Pop-up toolbox

* not currently available for IDCubePro® users

Create Label(s)

Note: Rose Leaves dataset is used as an example.
Features:
e Enables user to label a single class with multiple labels.
e Enables user to label multiple classes with a single label for each class.

e The labels can be saved to use for the machine and deep learning applications implemented in
IDCube.

Steps:
1. Select Create Labels from Machine Learning Tab.

Machine Learning  Windows  Help

Create Labels

Create Masks

Create Binary Image (from RGE mode)
K-Means Classifiers »

Machine Learning Classifier

The image from the IMAGE DISPLAY panel (from the Main Interface) will automatically be shown.
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e el Selection type: Number oflabels (i.e., 3) without background:
- Single class with multiple labels 3 Apply
Label multiple classes SmaEEsTalEas é
E Step 1. Select a number of classes — =

Select either a SINGLE CLASS or MULTIPLE CLASSES pushbuttons.
L

Notios the.
additional

label for the background is added automatically as an
class.

2. The Label maker toolbox offers two options:

a. Label a single class (in addition, a background class is generated automatically, thus a total
of two classes are generated)

b. Label multiple classes (in addition, a background class is generated automatically, thus
N+1I classes are generated).

Label a single class

1. Click Label a Single Class pushbutton. The choice will be confirmed by the dropdown menu from
the Selection Type. A Number of Labels window will be activated.

2. Enter a number of labels you plan to have and click Apply. The background label will also be
generated automatically.

Crestelabels Savelabels Clear Help Exit -
1T I a
B 1= = NN\ NTOO =&

TR Selection type: Number of labels (i.e., 3) without background:
Muttiple Classes. ~ 3 Apply
Label multiple classes e
[ Step 2. Enter a number of labels - x
Enter a Number of Labes and push APPLY button.
L3l Notice the tabet for the background is added automatically as an
addtionsi dace.
38
a8
i 34
! a2
3
28
|
Pep— =
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3. A pop-up will ask you to select the drawing tool. Click OK and select a tool (i.e., rectangle).

v.2.77

elabels Savelabels Clear Help Exit
E=N - I ; |

NNRNTOCO | =- 3

7 A A B

Lahel a single class Sel=chonme Number of labels (i.e., 3) without background
Singh il ith tiple labels ~ 3
Label multiple classes e

El step 3. Perform labeling and save labeled...  — had
Select the drawing todl from the toolbar (Rectangle, Ellipse, Polygon,
Freehand) and draw specified number of labels
Visualize labels in the Labelled Image Panels

Save the labeled image (in .png and .m format) for Machine Leaming
applications

4. Draw the number of areas that belong to the same class. The labels will be numbered such as shown
below and automatically shown in the LABELS panel after the number of labels reaches the

specified number (i.e., 3).

E IDCubePro: Create Labels

: Savelabels Clear Help Exit N -

NNXNTOO = &

Selection type: Number of Iabels (i.e., 3) without background:

Single class. with multiple labels. ~ 3 Apply

Label multiple classes

Single class Output

CRp——

5. Click Save Label(s) and select the directory. The default directory is the location of the original
dataset. Notice: two files will be generated a png file and a m (or mat) file. Both files are
necessary for machine and deep learning applications.

Label Multiple Classes

The steps are similar. In addition, you can use the Push Multiclass Label(s) function to visualize the
selected labels on the left panel at any time as long as the number of drawn labels is less than specified in
the Number of Labels field.
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] IDCubePro: Create Labels - o <

NN TOO &

Selection type: Number of labels (ie., 3) without background

Mutiple Classes. ~ 3 Apply

o i |

[Push if you need to send fewer number of labels ]

Click Save Label(s) and select the directory. The default directory is the location of the original dataset.
Notice: two files will be generated a png file and a m (or mat) file. Both files are necessary for
machine and deep learning applications.

Create Mask(s)
Note: PAVIA dataset is used as an example
Features:
e Enables user to select masks with multiple labels.

e The masked image can be saved to use for machine and deep learning applications implemented in
IDCube.

1. Open file in IDCube format.
2. Select Machine Learning — Create Mask.

Machine Learning Windows Hel

| Create Labels
Create Masks
Create Binary Image
K-Means Classifiers >

Machine Learning Classifier

3. From the new pop-up window Masking Tool, push the Activate button, enter the number of
masks (default is 3) and press Apply.
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o
File Export CreateaMask Clear Help Exit >
3 R~ @8
» ¢ I EEINNNTOO W&
Number of masks (i.e., 3):

8000

7000

6000
[ Step 1: Masking tool - X

5000 Press ACTIVATE bution and enter the number of masks.

= Push APPLY button.

4000 Lo |
3000
2000
1000

4. Choose a drawing tool from the toolbar and select the area on the left image. You can zoom in if
desired. The selected areas will be automatically converted into pixels with values equal to ONEs
with the rest of the image (background) to ZEROs. The colors for the masked objects are random
and selected by IDCubePro®. In this example, a Freehand tool has been selected.

» ¢ EFEI\\\\\NTOO|wa
Number of masks (i.e., 3):

: sonl

8000
7000
6000
5000
4000
3000
2000

1000

5. Press the Save mask(s) button. The user will be asked to provide the name of the file. Two files
will be generated: png (color image) and m (in the format m x n x 3). These files can be used for
machine and deep learning applications in IDCubePro®.

6. Press the Clear mask(s) button to start a new task.

Note: Future versions of the software will enable the user to adjust the selected area.
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Binary Tool
Note: PAVIA dataset is used as an example.

Features:

e Performs classification of the dataset using a binary method. Each pixel above a certain threshold
is assigned to a value of ‘1’ (white color) while each pixel less than a threshold level has a value of

“0” (black color).

o Calculates the area above the threshold (see below).

e That classified image can be saved as a labeled file for machine learning.

Steps:

1. Select Machine Learning — Binary Image. The calculation will start immediately and produce

the binary matrix with the histogram.

o
File Export View Help Exit -
[ | ’ /oo a [ | " FmE EZ B E a
= 4 = ] IR AN AN sl Ul cCREEES REnn
NNAYXTOO W&
Binary: Histogram Modified Image
e . N w Histogram

600 e
400]
200|

[

6 01 02 03 04 05 06 07 08 08 1

B Hurror M 1
500 Max 0

K Binary adjustment and saving - %

Use histagram boundaries to modiy the binary image.
Push RESET button 1o restors arginal view

Push SAVE THE LABEL to save the binary fils in png and m format for

wther applications

Histogram

£ 5 AR R

X

200

0 01 02 03 04 05 06 07 08 09 1

053327

Bins Number Min
500 Max: 024112
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3. Press Save the Label to generate a png file in your specified directory and (automatically) mat file.
These files will be needed for the Machine Learning applications.

v.2.77

~
] Name Status Date modified Type Size
% Labela @A 5/13/2022 7:01 PM MATLAB Data 3 KB
|&] Label4 @A 5/13/2022 7:01 PM PNG File 9 KB
| i Wa} P PR = O S 1=Vt =1 | — =

k-Means Classifier
Note: PAVIA dataset is used as an example.

Features: Performs classification of 3D datasets using k-Means clustering-based volume segmentation
algorithms. Two types of the k-Means classifier are available:

e Slice-based clustering k-Means classifier (frame-to-frame classifier)
e Global clustering k~-Means classifier (entire datacube).
Slice-based frame-to-frame classifier
Steps:
1. Open the dataset in the IDCube format.

2. Click the Machine Learning tab on the menu bar, select k-Means Classifiers, and select k-Means
Slice-Based Clustering Classifier.

Machine Learning  Windows Help
- -
Create Labels DY & B "RITIE W | | ]
Create Masks
Create Binary Image (from RGE mode)

K-Means Classifiers J I K-Means Slice-Based Clustening Classifier I|

Machine Learning Classifier K-Means Global Clustering Classifier

3. The new dialogue window k-Means parameters will open. Enter the number of expected clusters
(classes). The default number is 2. Enter the number of iterations (usually <100).

4. Each color in the updated image corresponds to a different class (1 out of 10 in this example). Pixels
with the color corresponding to label 1 on the colorbar belong to the first cluster, label 2 belongs to
the second cluster, and so on for each of the & clusters.
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B K-Means slicing

Enter the number of expected unique clusters (dbjects) and the number of
iteration. Larger number of custers will require more iterations,

Each aclstered
images.

[oe ]

[ K-means 3D slices parameters

Number of clusters Max iterations

File View Edit Plots Filtering and Enhancement Data Corrections Toolboxes Maching Leamning  Windows  Help -

RORS SMFALDIS /OO LAE S F RNt o A@ D0 UMl NN muhu N SEREEE
s AABI EEI\\NTODO4a&

Search Documentat £

Data Reduction Data Export Histogram RGB histograms

Histogram Modified Image Frame-by... ||

5. Use Band/Channel sliders and other functions to further optimize the image.

Note: The number of labels on the colorbar is identified automatically and could be equal to or less than
the number of input clusters.
k-Means Global Clustering Classifier

1. Open the dataset in the IDCube format.

2. Click the Machine Learning tab on the menu bar, and select k~-Means Classifiers and k-Means
Global Clustering Classifier.

Machine Learning = Windows Help

Create Labels D &
Create Masks
Create Binary Image (from RGE mode)

~o Q& unl|

K-Means Slice-Based Clustering Classifier

Machine Learning Classifier -Means Glol ustering ier
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3. The new dialogue window k-Means parameters will open. Enter the number of expected clusters
(classes). The default number is 2. Enter the number of iterations (usually <100).

v.2.77

4. Each color in the updated image corresponds to a different class (1 out of 6 in this example). Pixels
with the color corresponding to label 1 on the colorbar belong to the first cluster, label 2 belongs to
the second cluster, and so on for each of the £ clusters.

£l K-Means Single

7000
The method will allow non-supenvised segmentation.
Enter the number of expected unique clusters (cbjects) and the number of
iteration. Larger number of clusters will require more iterations,
All bands/channels in the datacube will be treated together 6000

B K-means global parameters

MNumber of Clusters
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Since this algorithm is global across all bands/channels, the changes in the Band/Channel slider positions
will not affect the image.

Note: The number of labels on the colorbar is identified automatically and could be equal to or less than
the number of input clusters.

Additional Information:

k-Means clustering is an unsupervised machine learning algorithm. It is the fastest and most efficient
algorithm to categorize data points into groups even when very little information is available about data.
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IDCube employs a k-Means++ algorithm that chooses the initial values (or "seeds") for the 4-Means
clustering algorithm. The procedure initializes the cluster centers before proceeding with the standard -
Means optimization iterations.

v.2.77

References:

Arthur, David, and Sergei Vassilvitskii. “K-Means++: The Advantages of Careful Seeding.”
In Proceedings of the Eighteenth Annual ACM-SIAM Symposium on Discrete Algorithms, 1027-35.
SODA ’07. USA: Society for Industrial and Applied Mathematics, 2007.
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Machine Learning Classifier
Note: Rose Leaves dataset is used as an example.

Features: Performs limited classification of 3D datasets using machine learning algorithms. Training is
conducted using a single file. The validation process is currently not supported. Confusion matrixes are
only built for the training procedures.

Steps:
1. Open an IDCube file from the Main Interface.

2. Click the Machine Learning tab and select Machine Learning Classifier from the menu.

Machine Learning  Windows  He

Create Labels

Create Masks

Create Binary Image

K-Means Classifiers >

Machine Learning Classifier

A new Machine Learning window will open. The window will present the image in the same mode as the
main interface (such as RGB as shown below). The window will also provide information about the dataset
(left upper corner).

[ #]
File Export View Help Exit k]
| S & roald III.I.II--II:!
& 2 AA BT EEFNN\\MNTOC | =2

Data Management Labeled Data
Training Data EJ Step 1: Load labeled image - X Labeled Image

Training data:
Rows:248

Columns:319 | Load labeled image that has the same dimensions as the criginal image
Bands:350 —

Total Spectra (Featuresh:78474
OK
Total Data points: 27465300 -

Total Size:0.20464 GB

Load labeled image

Naive Bayes ~

Classify new dataset

Original Image

Classes:

Confusion Matrix

Classification Results

HSI Data:
Rows:

Columns:

Bands:

Total Spectra (Features):
Total Data points:

Total Size:

F1Score,% Accuracy.% Emor%

The toolbox enables the user to use two types of labeling files. Available options are:

e Single class labels. This option enables using multiple labels of the same class.
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e  Multiple class labels. This option enables using multiple classes with one label per class.

v.2.77

The algorithm also counts unlabeled parts of the images as background classes for both of these options,
that the total number of classes for a single class label is equal to two: labeled + background.

Note: IDCube treats the background data as a separate additional class. The labels of this class are identified
automatically.

In this example, we will use a file with two selected classes using one label for each class.

3. Click Load Label Data and select a file previously saved from labeling. The file should have a .m
(or .mat) extension and is automatically generated along with the .png file by using the Create
Label tool. The labeled file with two labeled areas corresponding to different leaves will appear in
the right corner. The number of classes (=3) corresponds to two labeled classes (in blue and red)
and a background (black).

o

File Export View Help Exit ~
| £ s ) ...II--II::
» ¢|AA|BI EE "NNTOO | #&

Data Management Labeled Data

vl
Y

Training data:

Rows:246

Columns:319

Bands:350

Total Spectra (Features):78474
Total Data points:27465900
Total Size:0.20454 GB

Load labeled image

Naive Bayes ~

Classify new dataset

Classification Results.

ESL’DSNH [ Step 2: Select Machine Learning Methed - X

Original Image

Columns:
Bands {| Select machine learning method from the dropkswn menu and push TRAINA

Total Spectra (Features): 5SS MODEL button

Total Data ponts:

Total Size:

F1Score.% Accuracy,% Emor%

4. Select a method from the dropdown menu.

Load labeled image

Naive Bayes £

Naive Bayes

Linear Discriminant Analysis
Binary Decision Tree

Nearest Neighbour

Feed Forward Neural Network

Support Vector Machine Res
ata:

Currently available options are:
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Machine Learning Method
Naive Bayes

Linear Discriminant Analysis
Binary Decision Tree
Nearest Neighbor

Feed Forward Neural
Network

Support Vector Machine

Training speed®
Very Fast (1.2 sec)
Very Fast (3.38 sec)
Fast (6.56 sec)
Slow (700 sec)

Fast (11 sec)

Slow (3300 sec)

Prediction speed
Fast

Fast

Fast

Slow

Moderate

Very slow

Memory usage
Small

Small

Small

Large

Medium to Large

Medium

*) actual time is for the shown file on a desktop 64 GB RAM, Intel(R) Xeon(R) E-2286G CPU @
4.00GHz 4.01 GHz

5. An example is given with the Naive Bayes method. After selecting this method, press the Train a
model button. The training prediction model will appear as an image. The classified leaves seem
to reproduce the actual shapes. The accuracy of the training is 76.1%, and the F1 score is moderate
(46.7%).

#]

»

T I
NANNNTOO A |

Data Management Labeled Data

C\Users\berezinm\OneDrive - Washington

Training Data
Training data:

Rows:246

Columns:319

Bands:350

Total Spectra (Features) 78474
Total Data points: 27485900
Total Size:0.20484 GB

Load labeled image

Original Image Training predicted Image

Naive Bayes ~

Classes 100 200 300
3
Gonfision Matrox
o 11908 | 5869
Classify new dataset
—} @1 81 | 2398 | 3n |
"
3]
Classification Results g2| 94 | 34 | 2045 i
HSIData: =
Rows: [ Step 3: Results of training - x X 16.3%
Columns:
Bands: 0 1 2

Observe the results of Naive Bayes training in Training Predicted Image ) -
1| and explore Confusion matrix Predicted Class [ Zoom | !

46.7 76.1 239
F1Score,% Accuracy,% Error,%

Total Spectra (Features),
Total Data points:
Push CLASSIFY NEW DATASET bution

Total Size:

Individual Class Images

The produced Confusion Matrix can be opened in a separate window by clicking the green Zoom button.
Class 0 is the background. Classes 1 and 2 are the leaves.

The score might be improved by making the right click on the Training Predicted Image.

6. After the training is complete, press Classify new dataset button

Classify new dataset

‘ and open,

for example, the original (not cropped) Rose_ Leaves file.
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i - = = B C
k| £ & B(n e P i s uuBEERE L
»d2|AA BT EFEINNRKNTOO|® S
Data Management -
o [ Step 4: Results of ML classification — x Labeled Data
Training Data C:Wsers\berezinmOneDrive - Washington
C\users\berezinm\OneDrive - Washington
Rows:246 Visualize individual dass images (last dass is always a background)
Columns:319 .
Bands:350 BB Gick OVERLAY button to overlay individual classes with the original image
Total Spectra (Features):78474 (enly works for the same size images)
Total Data points:27465900
Total Size:0.20464 GB
Load labeled image
Predicted Output Image
Naive Bayes ~

— 100 200 200
3

Confusion Matrix

Classification Results

C:\Users\berezinm\OneDrive - Washington
Rows:268

Columns:640

Bands:350 0 1 2

Total Spectra (Features): 171520 Predicted Class @
Total Data points:60032000 67 761 239

Total Size:0.44727 GB
F1Score,% Accuracy.% Emor.%

Individual Class Images

7. The results from this example where three individual classes are identified: the labeled classes
(class 1, light green, class 2, black), and the background (class 3). (Note: The background class is
identified automatically).

8. Press the Overlay button to put all classes together. Although having the same dimension of the
training set and the new datasets are not critical, having the same dimension enables overlay
function by pressing the corresponding button. The overlay image below shows all three classes:
white — background, purple (mostly left leaf), and light blue (mostly right leaf).

Using Machine Learning with Linear Discriminant Analysis.
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File Export View Help Exit ~
h| 78|/ [ AT TN I
» /AA|BI E=T

Data Management Labeled Data
Training Data C:Users\berezinm\OneDrive - Washington

Training data

Rows:246

Columns:319

Bands:350

Total Spectra (Features 78474
Total Data points: 27465500
Total Size:0.20464 GB

Load labeled image

Linear Discriminant An... ~

0 2454 | ase7
B1| 999 | 1851
8
S2| 78 2645
Classification Resuts @

2
HS Data: E

Original Image Training predicted Image

Cosses:. 100 200 300
3
Confusion Matrix

Rows. FIRTY 42.0%[42.4%

Columns: 28% | 57.1%|57.6% |

Bands: ) 1 2

Total Specira (Features) Predicted Class
Total Data points: = 0 100

Total Size:
F1Score% Accuracy.% Eror%

Press the Overlay button to combine classes together in one image. The overlay image below shows all
three classes: white — background, purple (mostly left leaf), and light blue (mostly right leaf).

Additional information
Confusion Matrix for Binary Classification

Confusion matrix is often used as an evaluation criterion for the machine learning model. It gives simple
and efficient performance measures for the selected model. The most common performance metrics
calculated from the confusion matrix are shown below and to the left of the confusion matrix and specified
below. For simplicity, we can only consider a case, when the binary classification problem has only two
classes positive and a negative (background) class.

Confusion Matrix

o

True Class

Predicted Class
98 594
F1 Score,% Accuracy,%
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True Negative (TN): refers to the number of predictions where the classifier correctly predicts the negative
class as negative.

v.2.77

False Positive (FP): refers to the number of predictions where the classifier incorrectly predicts the
negative class as positive.

False Negative (FN): refers to the number of predictions where the classifier incorrectly predicts the
positive class as negative.

True Positive (TP): refers to the number of predictions where the classifier correctly predicts the positive
class as positive.

Accuracy: provides the overall accuracy of the model, meaning the fraction of the total samples that were
correctly classified by the classifier. To calculate accuracy, use the following formula:

Accuracy = (TP+TN)/(TP+TN+FP+FN)*x100, %
Error (Classification Error or Misclassification): tells what fraction of predictions were incorrect.
Error = (FP+FN)/(TP+TN+FP~+FN)*x100, % or (100-Accuracy, %)

Precision: Defines what fraction of predictions as a positive class were actually positive. Calculated using
the following formula:

Precision = TP/(TP+FP) x100, %

Recall: Defines what fraction of all positive samples were correctly predicted as positive by the classifier.
It is also known as True Positive Rate (TPR), Sensitivity, Probability of Detection. Calculated using the
following formula:

Recall = TP/(TP+FN) x 100, %

Specificity: Defines what fraction of all negative samples are correctly predicted as negative by the
classifier. It is also known as True Negative Rate (TNR). Calculated using the following formula:

Specificity = TN/(TN+FP) x100, %
F1-score: 1t combines precision and recall into a single measure. Mathematically it’s the harmonic mean
of precision and recall. It can be calculated as follows:
Precision X Recall 2TP
Precision + Recall  2TP + FP + FN’

A perfect model has a precision of 100%, recall of 100%, and the F1-score of 100%. The metrics of the
model can be improved by trying different methods.

Flscore =2 X %

7.10. Windows Tab

Shows all open windows except the Main Interface. Enables the user to bring the window on top of the
software. Automatically populates.
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g Windows Help

PMF Quantification oy

K4

Maximum Maoise Fraction
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7.11. Help Tab

Tabs Function Additional info
Help About IDCubePro® and Terms of Use Pop-up document
Tutorials Online videos
Report Bug Online form
Error Log Generated document
About HSpeQ Online (idcubes.com)
Contact Us Online form

About IDCubePro® and Terms of Use
IDCubePro®, by HSpeQ LLC, St. Louis, MO, 63110, USA; Initial release September 2022,
Cite: IDCube Pro, Hyperspectral Imaging Software, HSpeQ LLC.

Tutorials

Video tutorials to the software are located at the HSpeQ website https://www.idcubes.com/tutorials or
our YouTube Channel https://www.youtube.com/channel/UCgkuxZAkOSIDho2VItvES g

Be® D
E

HSpeQ LLC 3 susscrBED [
27 subscribers

SUBSCRIPTIONS

e DisnepMusicVEVO

Report Bug

You can report your problem online. Please be aware that your report generates the unique ID of your
computer and sends us an Error Report Log (see the following section). We need this information to
check for the source of the problem and find a solution.
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al

£ Bugs report - X

Your report will include the unique ID of your computer

o

HSpeQal About Soons IDCubelie lean Stora Contact ogn in @ ¥ O

Submit an Issue

50 you found o bug

We are somy for any inconvenience! Thank you for taking the time to submit on issue 50 our

s con ki

Error Report Log

IDCubePro® automatically generates a report log and stores it on your computer.

j *IDCubePro-05-06-2022-0018-logs - Notepad -
File Edit Format View Help

ans =
<a href="matlab:helpPopup struct" style="font-weight:bold">struct</a> with fields:

GraphicsRenderer: 'OpenGL Hardware'
Vendor: 'Intel’
Version: '4.6.@ - Build 27.20.100.9171'
RendererDevice: 'Intel(R) HD Graphics 620'
Details: [1x1 struct]

[Warning: JAVACOMPONENT will be removed in a future release.ﬂﬂ

[[> In <a href="matlab:matlab.internal.language.introspective.errorDocCallback('javacomponent', 'C:\
\javacomponent.m', 85)" style="font-weight:bold">javacomponent</a> (<a href="matlab: opentoline('C:
\javacomponent.m',85,8)">1line 85</a>)

style="font-weight:bold">IDCubePro</a> (<a href="matlab: opentoline('C:\IDCubePro.m',950,8)">line 950</a>)]l

ans =
3x1 <a href="matlab:helpPopup cell" style="font-weight:bold">cell</a> array
{'fHG2Client"' }
{ '"IITCONTROI RACKGRALIND NS ' S
Ln 12, Col 62 100%  Unix (LF) UTF-8

In <a href="matlab:matlab.internal.language.introspective.errorDocCallback('IDCubePro’, 'C:\IDCubePro.m', 950)"
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About HSpeQ

We invite you to visit our website at https://www.idcubes.com, where you can access information about
us, find educational materials and get access to new downloads. By clicking on the picture below, you will
be connected to the page.

About Solutions IDCube lite Learn Store ; o
HSpeQ=l = login in @ W O 7

Contact

Who We Are

What We Do

Contact us

We are always interested to hear from our customers and constantly looking for new partners. This link
https://www.idcubes.com/contact-us connects you to the easy-to-fill form website. You can also click on
the picture below and you will be connected to this page.

HS _I About Solutions IDCubelite Learn Store . v 0 -
ogin in @ =
peQ: Contact ¢
Nome *
Contact us
First Name Last Name
HSpeQ LLC
- Ermnail *
4340 Duncan Ave, Suite 243,
St Louis, MO 83110
USh Company Name [
Industr
nawvQ v
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Appendix 1: Expressions That Can Be Used in
IDCube

Select the Custom Function radio button. This will automatically activate an interactive field where the
user can enter an equation. After entering an equation, click Get Image.

Datacube Mathematics
C Single Channel ﬂ
O Broadband
O Image Algebra

@ Custom Functions wi+w2+w3

To save the entire datacube make Right Click on the image and click Save New Datacube in IDCube
Format. If more than one wavelength is used in the custom function, only w/ will be used as a variable.

I )

Copy Image

Copy Image With Annotations

Save Image As...

Save Image With Annotations As...

Save As a Label File...

Save ROI-Average Spectrum in ECOSTRESS Format...

(W1=470 , w2=710 1 Save New Datacube in IDCube Format...
Format and notation
Type an equation using the following format:
Examples: wil+w2
sin(wl+w2)
sin(wl./w2)
sin(wl. *w2) (use dots for divisions and multiplications)

Only up to three selected channels are supported. Use wi, w2, or w3 and their combinations. Combine any
of the functions with other functions:

Examples: log(sin(sqrt(w1. *w2)))
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fftshift(erf(cos(wl)))

Note: some of the functions and operations are linked to the explanation materials available from
https://www.mathworks.com/.

Arithmetic Operators

Function

+

V¥

./

Description

Addition

Subtraction

Element-wise multiplication
Element-wise right division

Element-wise left division

Trigonometric Functions

Function
sin
cos
tan
asin
acos
atan
atan2
sinh
cosh
tanh
asinh
acosh

atanh

Description

Sine of the input

Cosine of the input

Tangent of the input

Inverse sine of the input

Inverse cosine of the input

Inverse tangent of the input
Four-quadrant inverse tangent of the input
Hyperbolic sine of the input
Hyperbolic cosine of the input
Hyperbolic tangent of the input
Inverse hyperbolic sine of the input
Inverse hyperbolic cosine of the input

Inverse hyperbolic tangent of the input

Log and Exponential Functions

Function
exp
expml
log
logie
logilp
log2

Description

Exponential

Compute exp(x)-1 accurately for small values of x
Natural logarithm

Common logarithm (base 10)

Compute log(1+x) accurately for small values of x

Base 2 logarithm and floating-point number dissection
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Mathematical Expression Example
wl+w3

wl-w3

wl. *w3

wl./w3

wl.\w3

Mathematical Expression Example
sin(wl)
cos(wl)
tan(wl)
asin(wil)
acos(wl)
atan(wil)
atan2(w1)
sinh(wl)
cosh(wl)
tanh(wl)
asinh(wi)
acosh(wl)
atanh(wi)

Mathematical Expression Example
exp(wl)

expm(wl)

log(wil)

loglo(wl)

loglp(wl)

log2(w1)


https://www.mathworks.com/
https://www.mathworks.com/help/matlab/ref/exp.html
https://www.mathworks.com/help/matlab/ref/expm1.html
https://www.mathworks.com/help/matlab/ref/log.html
https://www.mathworks.com/help/matlab/ref/log10.html
https://www.mathworks.com/help/matlab/ref/log1p.html
https://www.mathworks.com/help/matlab/ref/log2.html
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Function Description Mathematical Expression Example
nextpow2 Exponent of next higher power of 2 nextpow2(wl)
pow2 Base 2 power and scale floating-point numbers pow2(wl)
reallog Natural logarithm for nonnegative real arrays reallog(wl)
realpow Array power for real-only output realpow(wl)
realsqrt Square root for nonnegative values realsqrt(wl)
sqrt Square root sqrt(wl)

Hyperbolic Functions

Function
sinh
cosh
tanh
coth
sech

csch

Description

Symbolic hyperbolic sine function
Symbolic hyperbolic cosine function
Symbolic hyperbolic tangent function
Symbolic hyperbolic cotangent function
Symbolic hyperbolic secant function

Symbolic hyperbolic cosecant function

Inverse Hyperbolic Functions

Function

asinh
acosh
atanh
acoth
asech

acsch

Description

Symbolic inverse hyperbolic sine function
Symbolic inverse hyperbolic cosine function
Symbolic inverse hyperbolic tangent function
Symbolic inverse hyperbolic cotangent function
Symbolic inverse hyperbolic secant function

Symbolic inverse hyperbolic cosecant function

Error Functions

Function

erf

erfc

Description

Error function

Complementary error function

Fast Fourier Transform (FFT) Functions

Function
£t

fft2

Description

Computes the discrete Fourier transform (DFT) of w1 using a fast
Fourier transform (FFT) algorithm

2-D fast Fourier transform, which is equivalent to computing fft(fft(X)
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Mathematical Expression Example
sinh(wl)
cosh(wl)
tanh(wl)
coth(wl)
sech(wl)
csch(wl)

Mathematical Expression Example
asinh(wl)
acosh(wl)
atanh(wl)
acoth(wl)
asech(wl)
acsch(wl)

Mathematical Expression Example

erf(wl)
erfc(wl)

Mathematical Expression Example
Fft(wl)

FFt2(wl)


https://www.mathworks.com/help/matlab/ref/nextpow2.html
https://www.mathworks.com/help/matlab/ref/nextpow2.html
https://www.mathworks.com/help/matlab/ref/pow2.html
https://www.mathworks.com/help/matlab/ref/pow2.html
https://www.mathworks.com/help/matlab/ref/reallog.html
https://www.mathworks.com/help/matlab/ref/realpow.html
https://www.mathworks.com/help/matlab/ref/realsqrt.html
https://www.mathworks.com/help/matlab/ref/sqrt.html
https://www.mathworks.com/help/symbolic/sinh.html
https://www.mathworks.com/help/symbolic/cosh.html
https://www.mathworks.com/help/symbolic/tanh.html
https://www.mathworks.com/help/symbolic/coth.html
https://www.mathworks.com/help/symbolic/sech.html
https://www.mathworks.com/help/symbolic/csch.html
https://www.mathworks.com/help/symbolic/asinh.html
https://www.mathworks.com/help/symbolic/acosh.html
https://www.mathworks.com/help/symbolic/atanh.html
https://www.mathworks.com/help/symbolic/acoth.html
https://www.mathworks.com/help/symbolic/asech.html
https://www.mathworks.com/help/symbolic/acsch.html
https://www.mathworks.com/help/symbolic/erf.html
https://www.mathworks.com/help/symbolic/erfc.html
https://www.mathworks.com/help/matlab/ref/fft.html
https://www.mathworks.com/help/matlab/ref/fft2.html
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fftshift Rearranges a Fourier transform X by shifting the zero-frequency fftshift(wil)
component to the center of the array.
ifftshift Rearranges a fftshift back to the original transform output, undoing the = ifftshift(wl)

result of fftshift

Graphic, Image Processing, and Filtering functions

Function

Edge
"Sobel"

"Prewitt"

"Roberts"

"log"

"zerocross"

“Canny"

"approxcanny"

entropyfilt

rangefilt

bwconvhull (BW)

bwconvhull (BW)

im2bw

imbinarize

Description

Find edges in a 2-D grayscale image, Sobel is the default

Finds edges at those points where the gradient of the image I is maximum, using the
Sobel approximation to the derivative.

Finds edges at those points where the gradient is maximum, using the Prewitt
approximation to the derivative.

Finds edges at those points where the gradient is maximum, using the Roberts
approximation to the derivative.

Finds edges by looking for zero-crossings after filtering with a Laplacian of Gaussian
(LoG) filter.

Finds edges by looking for zero-crossings after filtering with a filter that you

specify, h

Finds edges by looking for local maxima of the gradient of I. The edge function
calculates the gradient using the derivative of a Gaussian filter. This method uses two
thresholds to detect strong and weak edges, including weak edges in the output if
they are connected to strong edges. By using two thresholds, the Canny method is
less likely than the other methods to be fooled by noise, and more likely to detect
true weak edges.

Finds edges using an approximate version of the Canny edge detection algorithm that
provides faster execution time at the expense of less precise detection. Floating point
images are expected to be normalized to the range [0, 1].

returns the image, where each output pixel contains the entropy value of the 9-by-9
neighborhood around the corresponding pixel in the input image

returns an image, where each output pixel contains the range value (maximum value
— minimum value) of the 3-by-3 neighborhood around the corresponding pixel in the
input image.

Computes the convex hull of the desired objects in BW (black and white,
binary mask) and returns, a binary convex hull image. Desired pixel
connectivity conn =4 or 8

Computes the convex hull of the all objects in BW (black and white, binary
mask) and returns, a binary convex hull image. Desired pixel connectivity
conn=4or8

Converts the grayscale image to binary image BW, by replacing all pixels in
the input image with luminance greater than level with the value 1 (white)
and replacing all other pixels with the value @ (black).

Creates a binary image from 2-D or 3-D grayscale image by replacing all
values above a globally determined threshold with 1s and setting all other
values to @s. By default, imbinarize uses Otsu's method,
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Mathematical Expression
Example

edge(wl)
edge(wl, ‘Sobel”’)

edge(wl, ‘Prewitt’)
edge(wl, ‘Roberts”’)
edge(wl, €‘log’)

edge(wl, ‘zerocross’, h)

edge(wl, ‘Canny”’)

edge(wl, ‘“approxcanny’)

entropyfilt(wl)

rangefilt(wl)

bwconvhull(BW,'objects’,conn)

bwconvhull(BW, 'union',conn)

im2bw(wl,level)

imbinarize(wl)


https://www.mathworks.com/help/matlab/ref/fftshift.html
https://www.mathworks.com/help/matlab/ref/ifftshift.html
https://www.mathworks.com/help/images/ref/edge.html?searchHighlight=edge&s_tid=srchtitle_edge_1#buo5g3w-1-h
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Function Description Mathematical Expression
Example
imgradient Find gradient magnitude of 2-D image imgradient(wl)
imbilatfilt Applies an edge-preserving Gaussian bilateral filter to the grayscale or RGB image with | imbilatfilt(wl, N)
smoothing N.
padarray Pads image with an amount of padding in each dimension specified by N padarray(wl, [N
N], 'both")
"both' Pads before the first element and after the last array element along each dimension. padarray(wl, [N
N], 'both")
"post’ Pad after the last array element along each dimension. padarray(wl, [N
N], 'post’)
"pre’ Pad before the first array element along each dimension. padarray(wl, [N
N1, 'pre’)
watershed Transform the image treating it as a surface where light pixels represent high elevations | watershed(wl)
and dark pixels represent low elevations
imclose imclose(w1,SE) performs morphological closing on the grayscale or binary image wl,  imclose(wl,
using the structuring element SE (example SE = strel('disk’,10)) strel('disk',10))
Other Special Functions
Function Description Mathematical Expression Example
gamma Gamma function gamma(wl)
gammaln Logarithmic gamma function gammaln(wl)
ellipke Complete elliptic integrals of first and second kind ellipke(wil)
expint Exponential integral expint(wl)
airy Airy function airy(wl)
psi Digamma function psi(wl)
lambertw Lambert W function lambertw(wl)
zeta Riemann zeta function zeta(wl)
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Appendix 2. System Requirements for Graphics
(PC)

Recommended System Requirements
For the best results with graphics, your system must have:

e At least 1 GB of GPU memory and 16GB of RAM memory for the files less than 5S00MB. For
larger files at least 32GB RAM memory is recommended.

e Graphics hardware that supports a hardware-accelerated implementation of OpenGL 2.1 or later.
Most graphics hardware released since 2006 has OpenGL 2.1 or later. If you have an earlier version
of OpenGL, most graphics features still work, but some advanced graphics features are unavailable.
For the best performance, OpenGL 4.0 or later is recommended.

e The latest versions of graphics drivers are available from your computer manufacturer or graphics
hardware vendor.

IDCubePro® is a DPI-aware application that takes advantage of your full system resolution. Our graphics
look sharp and properly scaled on all systems, including Windows and Macintosh systems.

Upgrade Your Graphics Drivers

Graphics hardware vendors frequently provide updated graphics drivers that improve hardware
performance. To help ensure that your graphics hardware works with IDCubePro®, upgrade your graphics
drivers to the latest versions available.

IDCubePro® can encounter low-level issues when creating graphics on your system. For example, plots
will become corrupted, or your graphics hardware might run out of memory. You can encounter these issues
while creating and working with 2D or 3D charts. These issues are often due to older graphics hardware or
outdated graphics drivers. To resolve them, try the options described here.

e On Windows® systems, check for driver updates on the website of your manufacturer. If no updates
are provided, then check the website of your graphics hardware vendors, such as AMD, NVIDIA,
or Intel.

e On Macintosh systems, the graphics drivers are part of the operating system. Use the latest updates
provided.

e On Linuxsystems, use proprietary vendor drivers instead of open-source replacements.

Finding a Renderer Implementation for Your System

Note: this function might not be applicable for all computers.

IDCubePro® displays graphics using a hardware-accelerated, basic hardware-accelerated, or software
implementation of the graphics renderer. To determine which implementation IDCubePro® is using, press
Help — Error Log report. This structure also provides the name of the graphics renderer. For example, if
IDCubePro® is using hardware-accelerated OpenGL, the field returns 'OpenGL Hardware'. If it is using
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software OpenGL, the field returns 'OpenGL Software'. Your Error Log report will have this
information.

v.2.77

Hardware-accelerated graphics:
GraphicsRenderer: 'OpenGL Hardware'
Vendor: 'Intel'
Version: '4.6.0 - Build 27.20.100.9171"
RendererDevice: 'Intel(R) HD Graphics 620
Details: [1x1 struct]

Software implementation of the graphics:
GraphicsRenderer: 'OpenGL Software'
Vendor: 'Microsoft Corporation’
Version: '1.1.0'
RendererDevice: 'GDI Generic'
Details: [1x1 struct]

By default, IDCube tries to use a hardware-accelerated implementation if your graphics hardware supports
it. In some cases, IDCubePro® automatically switches to a software implementation:

e If your system does not have the necessary graphics hardware.

e If you are using a graphics driver with known issues, an older graphics driver, or graphics
virtualization. Update your graphics drivers to the latest versions available.

o Ifaprevious IDCubePro® session crashed due to a graphics issue. If the previous session was using
software OpenGL and crashed, then subsequent sessions use a more stable version of software
OpenGL that has fewer capabilities.

Future upgrades will enable a user to specify an OpenGL implementation.

Fix Out-of-Memory Issues

Graphics hardware with limited graphics memory can cause poor performance or lead to out-of-memory
issues. Improve performance and work around memory issues with these changes:

e Use smaller figure windows.
e Close other toolboxes.

e Bin your images if possible.
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Parallel Processing

To deliver the best performance, some of the functions and toolboxes of IDCubePro® (i.e., t-SNE, Feature
Finder, Machine Learning use parallel processing. To visualize the performance and see the number of
cores on your PC click ctrl+alt+del to activate Task Manager, sclect Performance tab and change the
view to display all cores if you like. Right-click inside the CPU graph, choose Change graph to and select
Logical processors. The picture below shows the activity in every core (total 8 cores).
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Contact Technical Support

If you cannot resolve the issues, please contact HSpeQ
https://www.idcubes.com/contact-us and provide the Error Log report.

technical

Help

About IDCubePro
Tutorials

Report Bug

Error Log

Terms of Use

About HSpeQ
Contact Us

Visit IDCubePro Website and Check for Updates
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Contrast Maximization........cccceeeeeiiieeeeieniieeeee e 284
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natural scene statistics (NSS) ...cccvveveereeeireenieereeeiee e

Naturalness Image Quality Evaluator
Nearest Neighbor
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NS e 270, 272
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SPECIfICILY .......ceeeeeeeeeeeee ettt 326
SPECTRA MATHEMATICS panel.....cccoceevvenne 220, 221, 223

SPECTRAL ANALYSIS76, 81, 82, 83, 87, 90, 94, 98, 121, 220,
227, 236, 270

Spectral Analysis Panel........cccoceeveviieiiiieiiiiee e 16
Spectral ANGIE ...ccveeeeeeeeeee e

Spectral Angle Map
Spectral binning..............
Spectral Correlation
Spectral Correlation Map ......ccccceevvveeenciveeninneenn, 77,94, 95
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