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6.5 Spectrometer Menu



1. Introduction to Hyperspectral Dataand Resonon

Products

Hyperspectral Imaging, orimaging spectroscopy, refers to the creation of a digital image containing very
high spectral (color) resolution. Each spatial pgpntel) in a hyperspectral image represents a
continuous curve of incoming light intensity versus wavelength. For example, red, green, and blue

arrows below show the spectrafor three pixels of an image of a leaf in the image below. The data can

also be mterpreted as a stack of images, with each layer in the stack representing the scene ata

differentwavelengticthA & & & G | -@hehsiofafimages®B F SNNBR G2 | & |

The benefit of tle additional information provided by hyperspectrahaging is that it generally allows you to
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tell the difference between materials better than you can with traditional color images. This capability can be
applied to a wide range of current and emerging applications in remote sensing, sorting, qualigl,cont

research and development, and more.
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scientific applications. Spectronon is a powerful hyperspedat visualization andnalysis software
packageve provide as a free downloaSee instructions
below.) Spectronon is easy to learn, offers efficient
workflow, and is highly extensible by the user for custom
applications. Additionally, a number of datacubes can be
downloaded from our websiteo you can begin exploring
hyperspectral data within a few minutes.

SpectrononPro has all the features of Spectronon, but alsc
includes data collection tools that are highly integrated wit
our Pikaimaging spectrometers to streamline the collectio
of spectral images.

This User Manual covers the installation and use of Pika

series imaging spectrometers and Spectronon software. Chapters 2through 4 concentrate on data
visualization and analysis capabilities available in both Spectronon and Spectroroné&rters 5and 6
describe data acquisition features and system control in SpectrononPro, and Chapter 7 describes
scripting and plugin capabilities for advanced users.

1.1 Downloading datacubes and Spectronon
To download a free copy of Spectronon and sangaleacubes, begin by creating a Resonon account. You can

YEGAAFGS (2 wSazy 2 yinovresReos. gdmerig&dirdclly B $he doNdoad page at
http://downloads.resonon.com/ and click orCreate an account

[RESCNON]

Resonon Registered User Site Login

Download Area

Username
Welcome to the Resonan's registered user download site

Password
Download Spectronon
If you have not previously registered please create an account to download Spectronon software

After a brief registration you will be able to download Spectronon and sample data cubes Remembertte (]

« Forgot your password?

CLICK HERE TO CREATE YOUR ACCOUNT | * foretyou usemanc?

Requirements
Supported in Windows XP.
Atleast2 Gigs RAM, 1.8GHz CPU.
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Fill outthe User Registration form. Once complete, enter the values shown in the maagthe
bottom of the pageand then click on th&®egisterbutton at the bottom of the page. Resonon wviO T

distribute your information
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1.2 How it works
Resonm imaging spectrometers atme-scanimagers, which means they collect data one line at a time.

To assemble a complete twdimensional image, multiple lines are imaged as the object (orimager) is
translated. The multiple linemages are then assembledé& by-line to form a complete image, as
indicated belowAscanning system is often needed to wgResonon imaging spectrometer

Multiple lines are assembled to creat
a two-dimensional image.

_ LeafScan Direction
4



To obtairhyperspectral data, the signal from each pixel is dispersed (or diffracted) into its spectral
components much likgpassing the light from each pixel through a prigis process occurs for every
pixelinthe line (red squares in the image below). The dispersed sifyoai all the pixels arenaged
onto a fo@l plane array. One of the benefits of this approach is that all the spectrarj@oformation is
collected at the same timfor each pixelThe resultis a detailed spectral curve for every pixel in the
image.




2. Viewing and Manipulating Hperspectral Dataz

Spectronon and SpectrononPro

Spectronon provides visualization and manipulation capabilities for hyperspectral images. SpectrononPro

software has all the features of Spectrondmyt also enables data acquisitighNB Y wSaz2y 2y Qa Tl YAf
AYF3ASNBR® {LISOGNRYy2Yy a2Fidgl NS OFry 0SS R2gyt2FRSR FT2NJ 1
http://www.resonon.com/. (See instructions in Chapter 1 of this manual.) SpectrononPro comes bundled

GAGK ye 27T wSa anfebersFar marerddaricedanakisisISapabilties, software packages

such as ENVI® are available.

This chapter will begin with the basics, such as opening a hyperspectral datacube and viewing the data. A
complete description of visualization tools ispré&i®@ Ay / KFLJiISNI nd wSFSNByOSa G2
G{LISOGNRY2YytNRE | & gStfo
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2.1 Opening a Datacube

Start by launching Spectronon to open the window shown below.

RESOURCE
TREE PANEL

#Spectroiion Pro

File Dataculfe

Info
Resource Wee
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Spectra
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MAN MENU
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IMAGE
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Window Help
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The size of thpanelscan be changed by positioning thersorat the edge of thgpand you wish to
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# Spectronon Pro

Datacube Image Spectrum Selection Plots Spectrometer Window Help

. , RONGRMNIL
Info R
To open a datacubeselecttheFile4 h LISy 5 | (Thishikt@@®xdialogthat allows you to

browse to find your datacuhéelect your datacube and click Opento load your datacube. This will
resultin the following:

¢ Animage of your datacube wdppear in themagepanel

¢ Alisting of the open datacube will appearin the Resource Tree

e Tabs will appear in the Parameters window that allow you to changanage (more on this
later)

e Headerinformation on your datacube will appear in thtormation panel

Note: Spectronorcanopen any datacube with an EN&/formatted header. This includes .bip, bil, and
.bsq formats.

This chapter employan example datacubefdI&M®F Y R w ®FedeS @ridies. (This datacube can
bedownloadedf N2 Y wS a 2 y 2 hftR/&downlSadsrésanh.coni) By default, the dateubeis
opened with drue colorimageof the datg whichapproximates the appearance of the object under
normal lighting conditions by combining red, green, and blia&elengthgrom the datacube

[ =]x]

e b0 0 E

Info

Tools =X
Orange Yellow PW09-RGB
Resource Tree Spectrogram = X ¥

(P cubes

(5 orange Yellow PW03.bip

0 orange velowpwosres | ®#— OPENED FILE LISTED HERE ]

Spectra 08
¥ Calibration ® 06

04
0.2}
0

rightr

Controls
Info

e = v
|Cube: C:\Documents and Auto Update
Settings\Rand\DesktopiM&MsiOran

\ge Yellow PW09.bip | RGB | Contrast

Preset:
‘Render Tool: RGE (Class TriBand) & 3 « = I Teses
return an RGE (3-layer) image from =" —— >
3 given bands of a cube MAGE FR OM
Filter Tool: Contrast (Class Stretch) L . o DATAC UBE F ILE
Stretch the brightness values g > o 5 > & > . .
between two give percentage < > 640.0
amounts
X -
< 404.6985 699.5805 994.4625
L X
Mone 7 L 250:0
Green J
404.6985 699.5805 994.4625
il 460.0
. Blue
TooL CONTROL PANEL: J
404.6985 699.5805 994.4625
INFORMATION ON FILE IMAGE ADJUSTMENTS )
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2.2 Spectronon Tools
With a few minutes of practice using tlhailabletools, you will be able to manipulate and visualize

hyperspectral data quickly andfedfiently.

2.2.1 Zoon, Pan, Flip, and Rotate Tool

K| Tozoomto a specific area of the imagselectthe magnifytool inthe toolbarand the cursor will
change Clickkhe magnifytool in theimage andthe view will zoomin. Itis also possible to click an
drag aselectionwithin theimage to zoom into theelectedarea.

& Tozoomout, selectthe demagnifytool and click anywhere in the image.

The user may also Zoom In and Out using the mouse scroll wheel, if available.

T Topanthe image whileeoomed n, select thepantool. Click andraginside of the Image to pan.

2C T e

Click these tool to rotate left, rotate right, flip vertically, or flip horizonttilyimage.



2.2.2 The Inspector Took Spectral Plots
& Theinspectortoolallows you to see the sp&eim associated witlapixel. Choose thinspectorfrom
the toolbar, and thenlick a pointinside themage. This will:

e Plotthe spectrum for the pixel in thepectrum plot panel
e Listthe pixel location (sample and line number) india¢a panel
o Listthered(R) green(G), andblue(B) brightness values in tliata panel

p— — o
Fhmemaa i ve el 0

Orange Yellow PW09-RGB

<>

Tools PR

Resource Tree Spectrogram | X | Y

P cubes
Orange Yellow PW09.bip GRAB THE INSPECTOR TooOL HERE 4500 ; —
[ Orange Yellow PW03-RGB
Spectra » 3600 f N—f%"-’“/"%
¥ Calibration & 2700}
o 1800
0 L i
400 500 600 700 800 9001000
Wavelength (nm)
Controls
Info

L o
| Cube: C:\Documents and uto Update

Settings\Rand\DeskkopiMaMsiOran

RGBE
‘ge Yellow PW09.bip | Contrast

Presets 2
Render Tool: RGE (Class TriBand) I
return an RGB {3-layer) image from
3 given bands of a cube
\Filter Tool: Contrast {Class Stretch) Color Infrared
Stretch the brightness values
between two give percentage i b 640.0
amounts =
Red v
404,6985 699.5805 994.4625
Data
A <>
|samples: 475 550:0

line: 255 Green J
‘R: 3540 404,6985 699.5805 994.4625
|G 255
B 113 PIXEL LOCATION s 450.0
Blue :

PIXEL& RED, GREEN, AND BLUE BRIGHTNESS 404.6985 699.5805 994.4625

Click on other pixels to see the spectra from other pixels, click and hold while draggimggectoro
update theplot panelcontinuously.

Thered, green andblue verticdlines in thespectralplotindicate the hyperspectral wavelength bands
used to generate the currentimage.
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2.2.3 Region Of Interest (ROI) Tools and Options
It is often useful to consider a group of pixels within the imade ROI tools enable thiggability and

provide a number of option#\s will be seen later, the ROl tool is often used during one of the first steps

in classifying different objects within a hyperspectral image.

To selecta Region of Interest (ROI), select eithenthruee L orlassc” tool fromthe menu
bar. Click and drag a rectangle of interest with tharqueetool, or click and drag any closed shape
with thelassa After selecting an area, rigialick to reveal a pojup menu with several options.

# Spectronon Pro @
File Datacube Image Spectrum Selection Plots Spectrometer ‘Window Help
" PR SN : [+ |
SREPNH_QEDC T o 0 :
Info =X Tools =X
Orange Yellow PW09-RGB
Resource Tree Spectrogram | X ¥
(P cubes
ﬂ Orange Yellow PW09.bip 4500 : z : g )
[ Orange Yellow PW0OS-RGB MWL\M/
Spectra i 3600 |~
¥ Calibration £ 2700 |
5 1800 |
@900 | -
— live
‘ will ==
400 500 600 700 800 900 1000
. Wavelength (nm)
Controls
Info ‘
v| Auto Updat:
| Cube: C:\Documents and uto Update
| SettingsiRand\DeskkopiMaMsiOran
|ge el RGB | Contrast !
~
wensd ROl SELECTED . Presets ,
retur ey 7T -
3 given bands of a cube
Filter Tool: Contrast (Class Stretch) e Mean Spectrum . Color Infrared
Crop into New Cub
Stretch the brightness values . : IOp PO INeR e .0
between two give percentage Mean and Standard Deviation | <> 640.0
amounts Mean First Derivative | ~
. Mean Second Derivative . Red v
Send To Clipboard 404.6985 6995805 994.4625
Data .
|samples: 612 < | 550.0
line: 896 Green J
R: 3479
|G: 3054 404,6985 699.5805 994.4625
|B: 102 P
MENU REVEALED = 00
Blue I
WITH RIGHT-CLICK v
404,6985 699.5805 994.4625
- v

A small ROl on one ofdlred candies has been selected and a Figlitk has revealed the popup
selection menu.

Hint: The selectioimenuisalsoavailable in thanain menu.

One of the most useful of these optionsmeanspectrum (Descriptions for the other ROI options can
befoundin Chapter4.) Selecting theeanspectrumoption calculates the mean spectrum of all the
pixels within the ROl area you selected and plots the result ispleetral potter.

11
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Note that there are now two plots shown in tlspectral plotterand they arecolor-coded The curve
labeledliveis the spectrum for the single pixel selected by the Inspector tool. The new mean spectral
""""" curve for the ROl is labeled with a

Tools ER
Spectrogram = X Y default name.

Hint: To examine the plots in more
4000 ; . . . , detail, you mayresize theplot parel
boundary by dragging the edges
Alternatively, click on themagnify
tool, then clickor dragin the spectral
plotter to zoom in. The pan tool wi
2400 | f | allow you to pan within thespectral
( plotter as well

3200 |-

rightness

' 1600 | / \ | Note that selectindVlean Spectrum
= creates a new emy in theresource
tree under a new headingpectra.
800 [ 5 ] Rightclicking on the spectrumin the
— Spec- .
ﬂz J’/ o (e resourcereewill reveal a menu of

oL 1. L . ' : options. Some of the most used
400 500 600 700 800 900 1000 . .
| , options are listed below. Full

Wavelength (nm
2 descriptions of the options are
provided in Chapter 4.

SPECTRUM FROM AVERAGE SPECTRUM
INSPECTOR TOOL ROI FRoOM ROI

File Datacube Image Spectrum Selectic

sEesMmaal 9c

Save Specum
Change the name and save the spectrum as a file

Info ]
Set Label Color Resource Tree
Open acolorpicker dialogo changehe labelcolor of the (P Cubes
[ pl d h | lassificati based (59 orange vellow Pw09.bip
spectra plot and as shown later, classification arbased on ] Orange Yellow PWOS-RGE
this spectrum Spectra
- Oranﬂr\ Sallaoa PLUION Rim ~mes n
ShowRegion ¥ Calibrat|  53ve Spectrum

Save Spectrum As ...

Show the originally selected aréa the ROIn the current Close Spectrum

image This option is useful after you have selected several

) Hide Plat
Set Label Color
Show Region
Resource
e Copy Spectrum As Text 3
Oranae Yellcew -
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2.3 Image Visualization
Hyperspectral data can be visualized in far more ways than conventional color imagescomirgks
are provided in theéool control panel

By default, the image is displayedlirue Colorwhich means three representative bands are used to
generate a RedreenBlue (RGB) image, approximating how it appears to a human ey&olbe
Infrared preset option provides a falseolor RGB imagsith the red band set to an infrared
wavelength. This option is useful for live vegetation datacubes.

Any time yu wish to restore the image to True Color, simply click otlie Colobutton under
Presets

To generate false colorimages, use theesiscbr

Controls
arrows to change the wavelength bands used to
[] Auto Update create the RGB Image. This tool is often useful when
RGE | Contrast | trying to visualize specific spectral features
Prasets associated with an objectin your imageAlito
Updateis notselectedclick Update to generate the
.
new image.
o
m TheMode menuallows you to identify the band by
— AT wavelength (typically the most useful), or by band
' number.

Red j

404.6985  699.5805 "\ 994.4625

an | 550.0

—q
Green B
404.6985 699,5805 Q94,4625 SLIDERS ALLOW YOU TO CHANGE THE
: B BANDS USED TO GENERATE THE IMAGE.
S 460.0
Blue ]

Vv
404.6985 699,5805 994.,4625

Mode |‘Wavelength v



As an example, of how falsmlorimages can reveal interesting features, move the Red sliderto
approximately 593 nm, and the Greerddr to approximately 516 nm, then clitlpdate This generates
a new falsecolored image, shown below, that reveals there are actually two kinds of red candy, and
suggests there are two kinds of yellow carédyach candy typespositioned in the shapefcan(fdé. (In
Chapter 3, a classification technique will show this more clearly.)

#:Spectronon Pro E]

File Datacube Image Spectrum Selection Plots Spectrometer Window Help

By mr@maal 9C ¢ o 0 2
Info = Tools =R
Orange Yellow PW09-RGB
Resource Tree Spectrogram = X ¥

(P Cubes

Orange Yellow PW09.bip 4500

[ Orange Yellow PW03-RGE 2 300 [ ] [N
Spectra ll 2700 [—

¥ calibration < 1800 |-
-l |

900 500 600 700 800 9001000

Wavelengtt m)

Controls

[ Auto Update

Inf
s RGB | Contrast
| Cube: C:\Documents and
Settings\Rand|DeskkopiMaMsiOran

Mode |Wavelength v
|ge Yellow PW09.bip & g

2 A 592.83322
Render Tool: RGE {Class TriBand)

return an RGE (3-layer) image from
3 given bands of a cube

-

Red \)

404.6985 699.5805 994,4625
\Filter Tool: Contrast {Class Stretch)

L& .
e @
.
@
®e
- e
eoe
e &

i 516,75366
Stretch the brightness values
between two give percentage Green J
amounts
404,6985  699.5805 994.4625
<> 459.2145
Data =%
‘samples: 607 Blie v
e 529 404.6985  699.5805  994.4625
R: 3309 Presets
|G 1406

Color Infrared

Note: The Red, Green, and Blue vertical lines in the Spectral Plot show the location of the bands chosen
to create the falsecolor RGB image.
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Controls

Update [] auto Update

RGE Contrast

Use Contrast
v
Enhancement

Presets

2% stretch

Linear stretch

Adjustments

< b 2
Low Cut =4 '
Percentage
0 S0 100
< » ag
High Cut -
Percentage v
0 50 100
Inverse [ |
Individual

TheContrasttab in thetool control panehllows
you to adjust the image contrast.Ufse Contrast
Enhancemenis not checked, no image
enhancementwill be done and the tools in the
Contrast tab will be not be active.

Note: Contrast enhancement does NOT change
the hyperspectral dta. It only changes the way
the image appears.

Generally, contrast enhancement is beneficial. The
2% stretchis the default, and it sets the darkest

2% of the pixelsin the image to a value of 0, and
the brightest 2% of the pixelsin the image to
maximumbrightness (255). This choice minimizes
the impact of glareYou can customizéfie
percentage of the dark pixels setto O ahe
percentage of the bright pixels setto 255 with the
sliders.TheLinear stretchoption sets these
percentages to zero.

Thelnversecheckboxs useful if you wish to
highlight dark pixels.

Theindividualcheckbox controls whether the

brightness levels of the three image layers are considered all together or as individual layers.
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# Spectronon Pro Itis often useful to view a single band in a stardi
grayscale (blac&kndwhite) image to visualize the impact
of a single spectral feature. To do this, go to thain
menu and selecDatacube 4 New Image4

File BSEEGNEN Image Spectrum  Selection  Plots

[ e

! Mew Cube 4
Info
Mew Stack RawCamera Data

e A rm—

Grayscale
Re
(¢ SaveCube . ) ) ] )
( SaveCubeds.. bp Selecting this option will create a new grayscale image,
Close Cube ’Ug-RGB open a new set of controls thetool control pane)

and add the new image to the listin the Resource Tree.

The controls are similar to the RGB contrdsAuito Updateis not checked, be sure to clitkpdateafter
moving the slider to see the grayscale image for a new band.

# Spectronon Pro E]
File Datacube Image Spectrum Selection Plots Spectrometer ‘Window Help

N PN R S R R R [0 g

Info IR

Tools =R
Orange Yellow PW09-RGE Orange Yellow PW09-Greyscale
Resource Tree

(P Cubes

{5 orange vellow PWO3.bip 3500 -

[0 Orange Yellow PWO3-RGE [ — live] ‘ : ‘
range Yellow -Greysc 2800
R RS WAVELENGTH OF SINGLE BAND —-—’MMM\

Spectrogram | X Y

¥ Calibration

0 500 600 7(50 860 960 1000

Wavelength (nm)

< >
- n Controls
Info

= — — VA

| Cube: C:\Documents and ~l uto Update
| Settings\Rand\DesktopiMaMsiOran
|ge Yellow PW09.bip

|

| Greyscale | Contrast

<> a2 |
Render Tool: Greyscale (Class | 592 |
|SingleBand) Band -
| return a single band rendering from || Wavelength v
ione of three selection techniques 405 700 994

Filter Tool: Contrast (Class Stretch) Mode |wavelength v
Stretch the brightness values
between two give percentage

‘amounts v/

Data

|sample: 263
line: 255

|
Walue: 2534

As with theRGBmages, a vertical line in the Spectral Plot shows the band you have chosen. Note that

even though the image is from a single band, the InspexntdrROTooks will continue to plot and
operate on all wavelengths

Hint: With Auto Updateselectedin the tool controlpanel, youcanquickly scroll through single barid
images.

Warning:For largedatacubes or slow computers, thfuto Updaterefresh rate may be slow.

; RESONON



2.4 PlotPanel
Theplot panelallows you to visualize hyperspectral data gragally. This has already been seen with
the use of the Inspector and ROI tools, but here we explorgtbgpanelin more detail.

Theplot panelhas three tabsSpectrogramX, andY. These three tabs provide you with plots along the

three axes of a daicube using the InspectorT(@ , as shown below.

INTENSITY PLOT FOR RGB \

—— | INSPECTOR ToOOL LOCATION

\ RGB VALUES OF PIXEL AT

INSPECTOR ToOOL LOCATION

dicking on theXandYtabs in the plot panedccesses the corresponding cresectional plotsThe plot
will show the intensity versus position value for the RGB bands used to create theonthge
Grayscale band if used with a grayscale image.

Note: The direction oXandY depends on the orientation of your cube. Moving the Inspector Tool
should reveal which axis you are plotting.

Hint: Use the magnifyIn tool , the demagnifytool , and thepan tool in the spectral
plotter to navigate and examine features.
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