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Section 1 CytoViva Hyperspectral Imaging System Installation
1.1 Parts of the Hyperspectral Imaging System

. CytoViva Enhanced Darkfield Illluminator

. CytoViva Dual Mode Fluorescence (DMF) Module
. VNIR Spectrophotometer with Integrated Camera

. Optical Microscope

. Motorized Stage

. 150W Halogen Light Source

. Optical Camera

. Dual Port
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. Computer
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Section 2 Acquiring an Image & Basic ENVI Features
2.1 Starting CytoViva ENVI Software

e Open ENVI4.38.
o Select the CytoViva Hyperspectral Microscope tab.
o Select CytoViva HSI Microscope Controls (Figure 2.1a).
o The CytoViva HSI Microscope Controls GUI will open (Figure 2.1b).

File Basic Tools CytoViva Classification Transform Filter Spectral Map Window [CytoViva Hyperspectral Microscope | Help

CytoViva HSI Microscope Controls

Figure 2.1a
@ CytoViva HSI Microscope Controls — — O >
PCO HSI Control
Objective Magnification |60k Settings
Exposure (sec)
H5I Filename Choose

|C:‘\Users\Cyto‘Lﬁ1ra|‘\Desktop‘\H5l Image

Field of View
@Ful  OHaf Oauick () Numberof Lines |53

Preview H5I Cloze

Figure 2.1b

o Select the Objective Magnification that you are going to scan the sample with. The default list contains
10X, 20X, 40X, 50X, 60X, 100X.

e Skip to the HSI Filename and select Choose.

e Once the file window opens, browse to the location where the data will be saved.
o Enter the file name.
o Click Open.
= If the file name already exists, the user will be asked if they want to overwrite the file.
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e Select the appropriate field of view (default is Full).

o Full = the scan will produce an image with equal height and width.
Half = the scan will produce % of the full length image.
Quick = the scan is 21 lines < this is useful to obtain a quick check of the recording settings.
Number of Lines = prompts the user to select the number of lines in the scan. Regardless of how
many lines are scanned, the image will be created from the center outwards.

o O O

e Preview HSI: CytoViva HSI Microscopy Preview Window - Figure 2.1c.

@ CytoViva HSI Microscopy Preview — O X

Capture
Cancel

Figure 2.1c
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2.2 Starting the Scan

After entering the camera settings, the HSI scan is started by clicking Preview HSI at the lower left.

The CytoViva HSI Microscopy Preview window will open (Figure 2.1c). This information is used to:
o Confirm the placement of objects in the field of the scan.
o Aid in adjusting focus.
o Confirm that camera exposure is appropriate.

To use the CytoViva HSI Microscopy Preview window, place the cursor inside its borders. If the cursor
is outside the window, some information will not be displayed. The upper panel of the Preview shows a
histogram containing the number of image pixels that have values between zero and the maximum value
(16383). Under the histogram, the panel displays a live spectral image that is being captured by the
camera. In this image, the horizontal axis represents the X axis of the HSI image that will be recorded.
The vertical axis represents the wavelengths of the spectra captured in the HSI image. In the Figures 2
and 3, the vertical streaks are spectra from objects that are in the view of the HSI camera. This image
shows that several bright objects are in the view. Overlaid on the spectral image is an intensity plot.
Placing the cursor at any point on the image corresponding to a spectral wavelength causes the
intensities of all the points across the image, at that wavelength, to be plotted.

Focus: Typically if the objects are in focus in the eyepiece of the microscope then they are in focus to
the HSI camera. Often the thickness of the specimen makes it difficult to properly adjust for best focus.
This can be done more easily with the Preview image. When focused correctly, the spectra become
sharp (Figure 2.2a). You can adjust this focus by using the fine focus knob to obtain the minimum width
of the spectra. If the focus is poor, the width of the spectra lines increases (Figure 2.2b). Focusing with
the Preview window insures that the HSI scanned image will be sharp.

Capture
Cancel

| @ CytoViva HSI Microscopy Preview - O X

Capture
Cancel

Figure 2.2a. Frame out of focus Figure 2.2b. Frame in focus
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e Camera exposure: To ensure you have chosen the optimal exposure time, scroll over the brightest area
of the spectral lines and check the Max Intensity value at the top of the histogram. Max Intensity values
over ~16383 exceed the capabilities of the camera and will result in clipping, where the peak of the
spectra is not recorded. Since the duration of the scan will lengthen with exposure time, it is necessary
for the sample to be stable for several minutes and for external lights to be off when the exposure is over
a couple of seconds. Please note that fluorescent lights can be picked up in the recording, causing the
appearance of sharp spectral lines. If these are seen, turn off the lights.

e After you have viewed the CytoViva HSI Microscopy Preview window and have determined any
adjustments that need to be made, click the Cancel button. The CytoViva HSI Microscopy Preview
Window has to be closed for any changes in the Control window to reset.

e To make changes to exposure time, return to the CytoViva HSI Microscope Control window and type in
the number needed. Click Preview HSI to see the changes in the CytoViva HSI Microscopy Preview
window. The best exposure will be obtained when the intensity of bright features is <= 3000. Intensities
of a count under 200 don’t yield sufficient spectra data. Intensities will clip around 16383. The intensity
values appear on the plot coordinate. The plot scale will adjust to more and less intense parts of the
spectral image as you move the cursor. The most intense readings will occur at the spectral peaks, and
thus the cursor should be placed at the brightest portion of the spectra to insure that the HSI image will
not flat top any of the recorded spectra. Usually the spectral peak is near the center wavelength, so the
cursor would be placed halfway between the lower and upper ends of the spectrum.

@ Cytoviva HSI Microscopy Preview — m| X

Capture
Cancel

Figure 2.2c: Intensity plot showing a flat top or clipping
e Make changes to the camera exposure by canceling the Preview window and returning to the Camera
Settings dialog.

e After making a change, go back to the Live Preview by pressing Preview HSI and review the new
intensities.
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e When you are satisfied with the Preview, press Capture to start the scan. The following message will
appear (Figure 2.2d). Do not press OK yet.

Information

i Preparing ko measure dark current,
Turn off illumination,

Figure 2.2d

e At this point, divert the light path from the HSI camera to the microscope eyepiece by pushing the slide

bar in all the way on the trinocular head (you should hear/feel two clicks when pushing the slide bar all
the way in) (Figure 2.2¢e).

|

Push slide bar all the way in

Figure 2.2e

e Then press OK. Do not turn off or change the brightness of the illuminator. The dark image that will be
used is the average of the recorded dark frames. The following dialog appears (Figure 2.2f). At this point

divert the light path from the eye pieces to the HSI camera by pulling the slide bar all the way out on the
trinocular head (Figure 2.29).
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Information x
Captured 1 dark current image.
Please open aperture for slide image capture,

Figure 2.2f

. |

| .
) A ey
R
n
]
v

Pull slide bar all the way out

Figure 2.2g

e After completing the action in Figure 2.2g, click OK to start the scan.

e A window will appear which shows the data cube being built in real-time as well as an associated
spectral intensity graph (Figure 2.2h). The stage moves to the beginning of the scanning area and then
the individual lines of the HSI image are acquired, until the stage has moved to the end of the scan area.

e After the scan finishes, the HSI image automatically opens in ENVI.
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Image (data
cube) as it is
captured line by
line

Spectral Intensity
of current line =
being scanned

Current line  —p| s
being scanned

Figure 2.2h

e [f an image was rescanned using the same file name as a previous scan, the old data is lost. However, the
display still contains the old images. If this happens, remove the old data from the Available Bands List
by selecting Close All Files and open newly scanned image into the list.

e To remove the old data, highlight the old data in the List. Press File in the main image and click on
Close Selected File. Click through the display warning and the old data will be removed

e Open the newly scanned File to place it in the List and obtain the new image. See Open an Existing File
below for more details.
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2.3 Displaying HSI Images

e The HSI image display includes three windows:

o Image: This window is sized to include a user selected area of the full HSI image. The default is
a square window of 400 x 400 pixels. The image can be resized by pulling at the lower right
corner with the cursor.

o Scroll: This window contains the full HSI image. The size and position of the Image window is
marked with a red square. The red square can be moved to enter different parts of the full HSI
image into the Image window.

o Zoom: A sub region of the Image window appears in the Zoom window. The red square marks
the shape and the position of the zoom area in the Image window. This window can also be
resized and moved within the Image window. The zoom scale can be increased (+) or decreased
(-) at the lower left corner of the window.

[5P%1(R:Band 191,6:Band 121,B:Band 49):Aunp,_Cell60X:

File Overlay Enhance Tools CytoViva Particle Analysis Window

Figure 2.3a. ENVI Display of a HSI Scan of Au Nanoparticles and Cells that Includes: Image, Scroll, and Zoom displays
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The HSI image is automatically loaded into three displays: Image, Scroll and Zoom windows.

Upon opening an image file, the file name appears in the Available Bands List (Figure 2.4a).

Under the name, the individual HSI image bands are listed, showing the associated wavelengths.
Individual bands can be selected and displayed.

| ¢ !”7.

ODooooDOoOoOoDOoaOo

File Options
5 AgNP-60c-1 =

o Band 1(400.5472)
Band 2 (401.7385)
Band 3 (402.9301)
Band 4 (404.1220)
Band 5 (405.3143)
Band 6 (406.5068)
Band 7 (407.6997)
Band 8 (408.8929)
Band 9 (410.0864)

| »

Band 10 (411.2803) -

(0 Gray Scale @ RGB Color

|'Q R

OG

Band 196 (638.8997):AgNP-60x-1
Band 123 (548.2453):AgNP-60x-1

Band 50 (459.2963): AgNP-60x-1

Dims 696 x 349 (Unsigned Int) [BIL]

| Load AGE | Displlay #1~

Figure 2.4a. Available Bands List
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2.5 Selecting Display Bands

Images opened in ENVI can have different display properties. The images are displayed in Color format by

default, but can also be changed to Gray Scale.

When the image is first loaded, ENVI automatically picks which image bands to use for red, green and

Cyt.V| va

blue. The default bands give a true color rendering of the image.
o To confirm that true color is used:
= Right click next to the file name at the top of the available bands list.

= Select Load True Color to Current.
= The newly displayed image will revert to the default bands if they are not already being

used (Figure 2.5a).

llluminating the Future

Other bands can be selected for red, green and blue. One reason for selecting new bands is if the image
is known to contain no intensity at one or more of the default bands. Changing to a different
combination of bands will result in false color rendering. However, it may be desirable to do so in order
to create image contrast based on the features of the recorded spectrum.
Choose new bands by clicking to the left of red, green or blue.

O
O

Scroll to the desired band in the window above and click on it. After changing the image band

associated with one of the colors, ENVI automatically moves to the next color.
When you are done selecting the bands, press the Load RGB button (Figure 2.5b).

File Options

PEPEEETEEE

& @ AN

Open File in ENVI Zoom
Open File in ArcMap
Add Selected File to Memory

Close Selected File
Edit Header..,
Quick Stats...

Load True Color to <new> %
Load CIR to <new>

Load True Color to <current>
Load CIR to <current>

Load Default RGB to <new>
Load Default RGB to <current>

Fold All Files
Unfold All Files

Figure 2.5a. Load True Color menu bar

File Options
0 Band 446 (962.2796)
o Band 447 (363.6133)
O Band 448 (354 3473)
Ol Band 449 (366 2816)
o Band 450 (967.6162)
o Band 451 (968.9512)
o Band 452 (570.2865)
0 Band 453 (371 6221)
o Band 454 (372.9580)
0 Band 455 (374.2343)
0 Band 456 (975.6309)

« m

Gray Scale @ RGB Color

R Band 449 (965 2816} AgNP-50c 1
6 G Band 124 (549 4756) AQNP 601

g  Band 51(460.5032) AGNP-60c-1

t&m 696 x 349 (Unsigned i) [BIL]

|
J

[ Lowd 58 | Dep i+

Figure 2.5b. Automatic RGB bands
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Multiple HSI images that have already been opened, and appear in the Available Bands List, can be

displayed in separate windows.
o To open multiple images from the Available Bands List (Figure 2.6a).

Right click on the desired image.

Load True Color to <new>, will load the image into a new window.

Load True Color to <current>, will load the image over the current image.

Load Default RGB to <new>, will reset RGB values and open a new image window.

CytoViva, Inc. | 570 Devall Drive, Suite 301 | Auburn, AL 36832 | www.cytoviva.com
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Open File in ENVI Zoom
Open File in ArcMap
Add Selected File to Memory

Close Selected File
Edit Header...
Quick Stats...

Load True Color to <new>

Load CIR to <new>

Load True Color to <current>
Load CIR to <current>

Load Default RGB to <new>
Load Default RGB to <current>

Fold All Files
Unfold All Files

Figure 2.6a. Imaging open options
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The intensity scale of the image can be stretched or compressed by using several built-in options in the Enhance
drop down menu on the Image window.

2.7 Image Enhancements

e Stretch Option:

o First, select the window containing the HSI image. Select the Enhance menu. A drop down list
shows the built in options (Figure 2.7a).

Stretch options can be selected for any display windows: Image, Zoom, or Scroll.

The stretch option will be applied to the selected window, and also to the other windows.

However, only the selected window will fully adhere to the rules for the stretch option.

o Linear: Causes the full range of the display to span between the lowest and highest intensity
values of the image. This type of image shows the full intensity range without clipping.

o Linear 0-255: Only displays values between 0 and 255. This display is used more for 8 bit
images, but it can also be used for 16 bit images to see fainter objects.

o Linear 2% (default): Displays between 0 and the 2% point on the input histogram. This display
emphasizes very faint objects.

o Gaussian, Equalization and Square Root: The stretch options Gaussian, Equalization, and Square
Root perform a nonlinear transformation of the input histogram and the output histogram. Square
Root is most useful for visualizing both faint and bright objects together, and is recommended
for displaying cell and tissue samples.

o O

e Use the stretch options to obtain the best contrast of objects against the IRy ook Windaw
image background. Stretching can also reduce the appearance of vertical Flter g
stripes that are caused by noise in the HSI images. Going clockwise (Image] Linear
(Figure 2.7Db), these four stretches show the gold nanoparticles at :mh;":g t:::- 3%355
increasing contrast against background. The strength of the stripes also [Imsge] Gaussian
increases. The Square Root stretching makes both faint and bright objects [Imege] Equalization
more visible. Stretching the display does not affect the image data. Linear [tnege] Seuuane: Root
2% and Equalization stretching show the faintest objects. [Zoom] Linear

[Zoom] Linear 0-255
[Zoom] Linear 2%
[Zoom] Gaussian
[Zoom] Equalization
[Zo0m] Square Root

[Scrolf] Linear
[Scrol] Linear 0-255
[Scrol] Linear 2%
[Scrol] Gaussian
[Scral] Equalization
[Scrol] Squars Root

Histogram Matching. ..
Interactive Stretching. ..

Figure 2.7a. Enhance drop down menu
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Square Root

Linear 2%

Figure 2.7b. Examples of image with faint and bright features using different stretch options

¢ Interactive Stretching: ENVI also allows the image contrast to be set interactively. This mode is selected
at the bottom of the Enhance drop down menu: Interactive stretching.
o Interactive Stretching with Input & Output Histograms:
= The display can be adjusted by changing the relationship between the input and output
histograms (Figure 2.7c). This option provides greater flexibility to adjust the image
display.
= The vertical dashed lines at the left and right edges of the input histogram can be moved
to reset the bottom and top of the display range.
= Alternatively, these boundaries can be set by typing the new values into the stretch boxes
= The new stretch is made effective by pressing Apply.
= Image noise is effectively removed from the display by setting the lower boundary value
between 5 and 20.
= For RGB images, the process is repeated for each color by clicking the R, G, or B.
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Figure 2.7c. Input and Output Histogram

Apply | Stretch ID . |B2d “R G OB

Input Histogram Output Histogram

Current: Square Root, Hist Source: Image [160,000 points)
7 7

Input histogram of the red image band for the red channel Output display for the red channel
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2.8 Plotting

Intensity profiles along the X, Y and Z (spectral) axis can be plotted using the profile tool at the top of the main
image window.

| CytoViva Particle Analysis  Window
Link » R

Profiles
Polarzation Signatures Y Profide..

R
egion Of Interest Z Profile (Spectrum)..,

Addeional Z Profile...

Coloe Mapping

Gursor Location/Valus.. Asbitrary Profile (Transect)...
Pixed Locator.

Point Collection..

Build Mask...

Measurement Tool..

Line of Sight Calculator..

Spatisl Pixel Editor...
Spectral Puel Editor...

Animation..

Figure 2.8a. The profile list is under tools in the image tool bar

e Select a profile (X, Y or Z). In this example of silver nanoparticles, the X profile was selected and then
the Z profile was selected following the same procedure.
o When a Profile is selected, a cross hair appears on the Image and the intensity plot is displayed
o The plot will contain the image intensities along the horizontal crosshair (X) or the vertical
crosshair (), or the Spectral Profile that is contained in the HSI image pixels at the crosshair
intersection (Figure 2.8b).

(471 Rand 100

e M

* »

Figure 2.8b. Plot profiles
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e To view the Plot Key, right click in the Spectral Profile Window.
o Then click on Plot Key.

e Todisplay spectra from multiple regions of the image, right click in the Spectral Profile window
o Select Collect Spectra. A new curve is added to the plot each time a new area of the image is
clicked (Figure 2.8c).
o You can go back to the Zoom Window and select pixels to collect spectra.
o Inthe Zoom window, clicking (+) increases the zoom while (-) decreases it. It is easier to center
the cross hair on image features using a higher zoom setting.

m

Fide Ede

Remove "X:321 Y203
v  Plot Key

Stack Plots

Set Stack Offset

v Collect Spectra

Set 7 Profile Avg Window....

v Auto Scale Y-Auns

Reset Range

Figure 2.8c. Window to collect spectra from multiple regions

e Noise Reduction: Noise Reduction can be applied to the Spectral Plot by averaging pixels.
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e Auveraging Pixels:
o To reduce noise in the spectrum, right click in the Spectral profile
o Select Z profile average window (Figure 2.8d). When you change the Z Profile Average larger
than 1 x 1 the pixel in the zoom window is the bottom right pixel of the area (Figure 2.8e).

@ Set Z Profile Aver... [ S)|

WindowsSize 3 2x 3 21k

[ 0K |[Cancel

Figure 2.8d. Z profile average Figure 2.8e. Zoom window with 3x3 Z profile average

e By increasing the average window size to 3x3 this will significantly reduce the noise on the spectrum.
Larger window sizes can be used to further reduce noise if the spectrum of interest comes from a feature
that is at least this size. Excessively large window sizes will begin to include spectra from areas
unrelated to the feature, changing the spectrum. Use smaller window sizes for smaller materials of
interest.

e The Z Profile is useful for quickly sampling the spectrum from any part of the image.

e The spectral profile (Figure 2.8f) is marked with red,
green and blue lines that show the wavelengths of the
RGB display bands. The HSI band and wavelength
are shown below the plot when the user clicks on the
line. The default bands are true color wavelengths: red
= 640nm, green = 550 nm and blue = 460 nm. Images
will appear with normal colors using the default
setting.

Figure 2.71. Spectral profile, wavelength display
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The hyperspectral image data is saved when the image is scanned, before an image is displayed. This is why the

file name for the HSI file must be given before scanning. There is no need to save this data again. ENVI can
open images from files and display them, or bring selected HSI bands into a gray scale or RGB image display.

These display images can be saved in various formats. It is possible to save the main image and the zoom

image.

In the main ENVI bar:

©)

O
O
O

Click on File.

Then select Save Image As.
Then select Image File.

The Output Display to Image File dialog opens (Figure 2.9a).

Cutput Display to Image File

Reschdion | 24-bit Color (BSQY) -

Spatial Subset | Ful Scene

Input Image Resize Factor 1.0000
Output Image Size 696x 349x 3

O T —

Ouiput Result to @ Ale ) Memory

Ertu'Cl.tpl.tFlmm

C\Usersh\CytoViva'Deskiop Bertrand \output \ Ag NF

| OK ||Cancel ||| Select Mask... | | Clear Mask |

Figure 2.9a. Output Display to Image File
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O

If the image is color, use 24 bit BSQ resolution. For gray scale images use 8 bit.

A portion of the image can be saved using Spatial Subset. The number of samples (NS) is equal
to the number of image columns. The number of lines (NL) is equal to the number of lines
scanned, and to the number of image rows.

o Click the Image button to create the portion desired. You will see a red border around the image.
Grab the corner and resize the border to the desired image size, then click OK.

Click OK in the Select Spatial Subset Window.

The Output File Type gives a list of image types supported by ENVI. Select one of your
choosing (ex. JPG, TIF, etc.).

O

o O

e To enter the file name and folder.
o Select Choose.
o Then enter the File Name.
o Click Open.
o Then click OK in the Output Display to Image File.

e The Zoom window can be saved in exactly the same manner.
o Choosing Save Zoom Image.
o Selecting Image File.
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Section 3 Extraction of Spectral Profiles
3.1 Opening Test Image

e In this example, we illustrate how you can extract spectra from silver nanoparticles that appear in
different colors in the RGB display.
o Open the ENVI Software by double clicking on the ENV1 icon on the desktop.
= Click on File.
= Select open image file.
= Select the folder HSI Example Files located on the desktop (All example files are
provided in this folder).
= Select Aunp_cell-60x-1.
o Load the image into a new color display (Figure 3.1a).
o Set the display enhancement.
= Using the Image Menu click on the Enhance drop down list.
= Click on Image.

e Observe that there are small particles spread over the image and cells. These particles are mostly
yellow/orange. The colors viewed in the display are determined by which bands are chosen to represent
red, green, and blue in the available bands list. Although the particles appear to have different color
properties, we need to see if the spectra of the different colored particles are similar or very different.

e In the figure below, the Zoom window area is marked by a red square.

[ #1 R:Band 191G:Band 121, 8:8and 89 Aunp_cell-60XT - - ﬁﬁﬂ

File Overlay Enhance Tools CytoViva Particle Analysis Window

Figure 3.1a. Au nanoparticles and cells
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3.2 Acquiring and Labeling a Spectral Profile
Spectra can be plotted from image features that are selected by the cursor. This action uses the Z Profile feature.

e Enlarge the Zoom window so that it contains some particles (see Figure 3.2a).

e Increase the zoom factor so that individual pixels are observed by using the (-) and (+) tabs in the zoom
window.

e To turn on and off the crosshairs use the button to the right of the (+) in the bottom left corner of the
zoom window. The crosshair cursor appears below in the Zoom window (Figure 3.2a).

E‘?l Zoom [8x]

Figure 3.2a. Zoom window with crosshair enabled and centered on a particle

e Pulling up the plot window:
o Using the Image Menu Bar.
= Select Tools.
= Select Profiles.
= Then select Z Profile (Spectrum).
o Orright click in the Zoom window and select Z Profile (Spectrum).

e Inthe Zoom window, move the cursor, now in a crosshair format, over a red object.
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e Leftclick in the zoom window to obtain the spectra of the pixel under the cursor in the spectral profile
window (Figure 3.2b).

o The arrow keys on the keyboard will move the crosshair to the desired position.

@ #1 Spectral Profile:Aunp_cell-60x-1 | B |t S|
e —

File Edit Options Plot_Function Help

ral Frofile

10a00
175617 1. gth

Figure 3.2b. Plots using the spectral profile tool

e Then right click in the plot window and select Set Z Profile Average Window.

e Adjust the two window size boxes to 3.

e Click OK. You will see that there is a decrease in the noise of the plotted spectrum as the spectrum is
now averaged over 9 pixels centered on the crosshair.
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3.3 Reading the Data

e The spectrum contains data from all the image bands at a specific set of pixels chosen in an ROl or a
spectral profile. The band number, wavelength, and spectral intensity can be displayed at the bottom left
corner of the plot (Figure 3.3a).

e Read the information from specific locations on the spectrum by left clicking and holding the button
down as you move in the plot window. A line cursor follows your movement, and the band, wavelength

and intensity are updated in the lower left.

e In this example (Figure 3.3a), the data show that the cursor is at band 175, the wavelength is 617.83nm
and the intensity of the spectrum is 8791.00 units.

(3 #1 Spectral Profile:Aunp_cell-60x-1 o e S
e ——

File Edit Options Plot_Function Help

Spectral Profile

SO0

GRG0

= 4C00

2000

Figure 3.3a. The spectral profile with vertical cursor and data readout
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3.4 Changing the Plot Key Parameters

e In the plot window right click.

e Select Plot Key — you will see the spectral curve label name in the right margin.

e To change the Plot Key names, line color and style (so that can be identified later) go to the plot window
and on the image menu bar:

©)
(©)
©)
©)

(@]

Select Edit.

Then select Data Parameters.

In the Edit window, select the label and below enter the new name in the box below.

To change the plot color and line style right click on the box and select the desired line color.
For this example we named the particle spectrum red.

Click Apply and then close the edit window (Figure 3.4a).

e You can also select Plot Parameters from the Image Bar Menu to change the X & Y Axis, Title of the
Plot, and Background and Foreground color. If you don’t click apply the new spectral curve label will
not be changed.

File Edit Options Plot_Function Help

Spectral Prafile

8000 05 et Parameters RS = S|

Available Data Plats:

Name red

Color [JJJj Line Styte [ Sold -

Thick 1 ®Nsum 0 & SymSize 12 &

smbm@ Symbol & Line ﬂ
oply | Cance |

Figure 3.4a. Labeled Plot

CytoViva, Inc. | 570 Devall Drive, Suite 301 | Auburn, AL 36832 | www.cytoviva.com | 1-888-737-3130
27


http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/

CytoV|va®

[lluminating the Future

3.5 Collecting Spectra in the Same Field of View

e Inthe Plot Window right click and select Collect Spectra. This has just collected the spectra of your red
particle in the sample. When the Collect Spectra is selected, ENVI will collect spectra from any point
clicked in all windows (Image, Scroll or Zoom Window).

e Now to collect spectra of another particle.
o In this case we will collect the spectrum of the particle that appears yellow. Put the crosshair
cursor on the desired particle by left clicking in the zoom window and moving to desired location
o The new plot and its label appear together with the red spectrum and label.
e Repeat again for another particle.

e You may end up with three very distinct curves (Figure 3.5a).

e Finally, change the names and colors of these new spectra so they can be recognized later (Refer to Part
4: Changing the Spectral Curve Label name).

[ T8 o .o 200

File Edit Options Plot_Function Help

Spectrol Praofile

orange

yvallow

BROC W 'I ] Available Data Plots:
) red

DEH?E
=|[e}

BROC

Mame yellow

Color [ Line Style | Soiid -

Thick 1 = MNsum 0 5 SymSize 12 %

Smbmm Symbol & Line ﬂ
vl || Aeply || Cancel
th

4000

Figure 3.5a. Spectral curves from three nanoparticles
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Multiple spectra can be plotted in the same window. This provides an easy way to visually compare the spectral
curves of different features. Although points for spectra can be chosen from any of the display window, it is
easiest to use the Zoom window, where individual pixels can be identified.

3.6 Collecting Spectra from Different locations in the Image

e Inthe Plot Window right click and select Collect Spectra. We have already collected the spectrum of the
red particle. When Collect Spectra is selected, ENVI will collect spectra from any point clicked in all windows
(Image, Scroll or Zoom Window).

e Now collect spectra of other particles.
o We will collect the spectrum of the particle that appears yellow.
o Put the crosshair cursor on the desired particle by left clicking in the zoom window. The image
moves to place the desired feature at the center of the crosshair.
o The new spectrum from this location, and its label, appear together with the red spectrum in the
plot.

e Repeat again for a green particle.

e You may end up with three very distinct curves (Figure 3.6a). Note that the color of the spectral curve is
assigned by ENVI and does not reflect the color of the feature in the display.

[ #8220

File Edit Options Plot_Function Help

Spectral Profile

10000

Name yellow

Color [] Line Styte [Solid -

Thick 1 & Nsum 0 & SymSize 12 %

| [ |—|ﬁne, Symbal & Line ﬂ
an Apply || Cancel

Figure 3.6a. Spectral profiles from three image features plotted together

CytoViva, Inc. | 570 Devall Drive, Suite 301 | Auburn, AL 36832 | www.cytoviva.com | 1-888-737-3130
29


http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/

Cyt.Vl va

llluminating the Future

e After collecting spectra:
o Right click in the plot window.
o Click plot key. This will display the names of each spectra collected. The default names will be
the X and Y locations of the pixel selected for the spectra collected.
o Then go to edit plot parameters. This will allow you to change the title of the plot, X and Y axis
title.
By selecting Data parameters you can change the line color, line style and the plot key names.

By selecting editing plot parameters you can assign the spectra to different colors.
Finally, change the names and colors of these new spectra so they can be recognized later.

o O O
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3.7 Deleting Unwanted Spectra from the Plot
If you decide to remove a spectral curve, this can be done without restarting the plot.

e In the plot window, right click on the label of the unwanted spectra collected. The first spectrum, at the
top of the list, cannot be removed.

e Then click on Remove label (Figure 3.7a).

e The selected curve will be removed.

5 e s S > ===~ W
..... o B
File Edit Options Plot Function Help (i o B
Spectral Profile 1 [ 0B
..... o B
oranges N ||/ o B
. . .y o B
..... o B
%Remuve "¥:514 ¥.391"
2000 N v PlotKey
Stack Plots
E_J-E.I::l I_,' Set Stack Offset...
v Collect Spectra
Set 7 Profile Avg Window...
A0
¥ Auto Scale Y-Axis
Reset Range
S0 B
Dims 696 x 6
Load RGE

Figure 3.7a. Option list obtained by right clicking on the plot label
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Section 4 Saving and Viewing Profiles in the Spectral Library
4.1 Creating an Output Folder

When doing spectral analysis on scans you will need to create several different types of output files which could
include, but are not limited to:

e Spectral Library Files.
e Header Files.
e Spectral Angle Mapper (SAM) Files.

These are files of your spectral data that you will want to access later to compare against new samples. The
Output folder will contain files from scanned images.

e To create your output folder, choose a location within your Images Folder.
o Click on Create New Folder.
o Label the folder Output (Figure 4.1a).

Fle E® Vew Favortes Took Heb ¥
) o T sewar [ rodes  [TY-
At e | () CADoumarts and SettingsiChuck LudwigiDeshtoplimane Fokder v Be

tie and folder Tasks 3 J O

) Make 3 rew folder
@) bl ths fokder to the
Web

et Sharn the fokder

Other Places

{3 vesitzp

&) My Documents
) Shared Docunents
j My Comgrton

&g My Network Maces

Figure 4.1a. Output folder for saving image work in the images folder
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4.2 Saving and Viewing Profiles in the Spectral Library

After you have created your output folder (refer to Part 1: Creating an Output Folder), the red, yellow,
green and blue particle spectra (collected earlier) can be saved to a spectral library.

From the spectral profile window, select File.
o Then select, Save Plot As.
o Then select Spectral Library.

You will see the Output Plots to Spectral Library dialog box open.
o Select all of the plots listed in the window by clicking the Select All Items button.
o Then click OK.

You will see the Output Spectral Library dialog box open.
o Click the Select All Items button to put all spectra into the spectral library. Also individual
spectra can be collected and saved into the spectral library as well.
o Then click OK, the Output Spectral Library window will open.

In the Output Spectral Library window, enter the baseline intensity and the highest y axis value of the
three spectral curves in the Z Plot Range boxes.
o If curves came from imagery where the dark background had automatically been subtracted,
enter -20. This value will allow the variation around zero to be included.
o Do NOT click OK yet. This information is needed for scaling spectral library curves to the size
of other curves. For now, the other boxes should not be changed.

In the Output Spectral Library box, click the Choose button (located beside the enter output file name) to
select where the data will be saved.
o Go to your Output Folder and type in the chosen file name.
o You do not need to add an extension to the file name.
o Click Open.
= The library file and a header file are automatically saved in the Output Folder.
= The library is also added to the top of the available bands list.
o Then click OK.
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4.3 Viewing the Spectral Library File
The Spectral Library Viewer allows you to view the collected spectra individually or together.

¢ Inthe Available Bands List Window right click on the file name of the desired spectral library file.
o Choose Spectral Library Viewer.
o Inthe Spectral Library Viewer select the red spectrum.
o A plot window opens with the spectral curve.
o Select the other spectra in the Viewer - they are added to the plot. Note that curves saved in the
spectral library are also referred to as endmembers in automated spectral classifications. The use
of endmembers will be discussed next.
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Section 5 Spectral Angle Mapper Classifications (SAM)

5.1 Automated Comparison of Unknown Spectra with Spectral Libraries

The Spectral Angle Mapper Classification (SAM) an automated procedure for determining if a known
material is present in the input image, and locating which pixels contain the material. SAM accomplishes these
tasks by comparing unknown spectra in hyperspectral imagery with known spectra for the material in question.
The degree of match between the unknown and known spectra from each image pixel is displayed in a grayscale
image known as the Rule image. The Rule image shows, on a scale of light to dark, the relative degree to which
unknown spectra in each image pixel match the known spectrum. The scale is reversed from convention, so that
best matches produce the darkest pixels. Since by convention, high correlations are scaled toward the bright end
of the scale in image processing, the grayscale of the Rule image is often reversed to create this effect.
Additionally, a criterion for the match between known and unknown spectra can be given. When this is
requested, SAM produces a binary classification image showing locations of pixels with spectra that are within
the criterion.

The SAM method works by comparing unknown spectra from each image pixel with the known
spectrum (for example, in a spectral library) at each of the N wavelength bands recorded in the image. SAM
first determines a vector in N dimensions that represents the distance from the origin (dark) to the light intensity
recorded in each band of the unknown spectrum. The direction of this vector in N-dimensional space is used to
define a unit vector representing the unknown spectrum. The same procedure is performed for the known
spectrum. SAM then determines the angle between the two unit vectors. The best spectral match occurs when
the angle between these vectors is the smallest.

The selection criterion that was used to make the classification image is actually a threshold for the
spectral angle. Image pixels with spectral angles that are smaller
than the threshold are classified as containing material belonging
to the known spectrum. In plot shown below (Figure 5.1a), the

unknown spectrum was not classified as belonging to the known
spectrum since the angle turned out to be larger than the criterion
allowed. The angle of each pixel is output to the Rule image.
Because the method is based only on the direction of these

Band 2

Lnknown
pixel

Spectral -~

Threshold

&
-

vectors, and not on recorded light intensity, the SAM Foglo o . Tf:;”g”;g
classification is insensitive to the illumination of the sample in the pixel
recording. Therefore, it is important that dark values are removed

from the data before using SAM. Since sample illumination -

varies over the field of recording and between images, the SAM

tool is a highly useful classification method. Eand 1

Figure 5.1a. Threshold for classification of
pixels based on spectral angle

CytoViva, Inc. | 570 Devall Drive, Suite 301 | Auburn, AL 36832 | www.cytoviva.com | 1-888-737-3130


http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/

CytOV|va®

[lluminating the Future

5.2 Using the Spectral Angle Mapper (SAM)

This example examines an image of gold nanoparticles in a cell. The object of this exercise is to automatically
locate the AuNP objects within the image. First, the known spectrum for AuNP is acquired and saved in the
spectral library. Spectra that are used as a signature for identifying a material are called endmember spectra.
The SAM classification feature then is used to find the locations of objects matching the spectrum of AuNP in
the image.

e Acquiring the endmember spectrum.
o Inthe Main Menu Bar, use the Open Image File to load the input image.
o Click on the file: Aunp_cell-60x-1 (preloaded in the “CytoViva Example Files” folder on your
desktop).
= To optimize the display contrast, click on Enhance in the Image Window.
= Then click Linear 0-255 — this will enhance the display contrast and brightness.

o Move the Zoom area over the cluster of particles near the left of the tissue section (Figure 5.2a).

o Use the box in the Scroll Window to locate the area of the cluster of particles.

o Then use the zoom box in the Image window to better locate/focus the cluster of particles so that
they appear in the zoom window.

Figure 5.2a. AuNPs (inside square) in/on a cell cluster
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o Using the Zoom Window, select a clear, distinct particle using the crosshair cursor (Figure 5.2b).
We will use this particle to represent the AuNPs that are distributed throughout this image.

Figure 5.2b. Crosshair centered over particle in zoom window

o Now to plot the spectrum of the AuNP.
= In the Zoom Window, right click and select Z Profile (Spectrum).
= Before acquiring the profile, right click in the plot window and set the Z Profile Average
Window to a size that fits within the borders of the particle. Here a 3x3 rectangular pixel

average is selected.
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o Move the crosshair cursor over the center of the particle (Figure 5.2¢) and left click to obtain the
endmember spectrum that will be used to classify the image.

o Now give the plot key label a new name (Refer to Section 4, Part 4 — Changing the Plot Key
Parameters) that allows you to find it in the future. Here we chose AuNP_in cell (Figure 5.2c).

File Edit Options Plot_Function Help

AUNP_in cell

it 1000

Figure 5.2c. Spectral profile of particles with label in plot key
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e Saving the endmember to the spe7ctral library — 2 methods.
o Method 1: Using the Main Menu.
= From the Main Menu bar in the Image Window, select Spectral.
= Then select Spectral Libraries.
= Then select Spectral Library Builder.
= You will see the Spectral Library Builder dialog box open.
= Then select First Input Spectrum and click OK.
= In the plot window click and drag the label (AuNP_in cell) to the spectrum list in the
Spectral Library Builder dialog (Figure 5.2d).

[} Spectral Library Builde

File Impor Opton: Halp

Wavelangth: 400 T8T2 b 1000.1075 Nanomebers
Banda: 457

Specinum Hame

1

Figure 5.2d. Spectral library builder dialog windows
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= Click Plot to create a plot window that is used to accumulate the Endmember
Collection Spectra (Figure 5.2e). In this case we have a single Endmember.

File Edit Options Plot_Function Halp

Endmember Collection Spectra

Figure 5.2e. Plot containing the spectrum of the endmember

e Method 2: Using the Endmember Collection Spectra Window.
o Inthe Endmember Collection Spectra window click on File.
= Then select Save Plot As.
= Then select the Spectral Library (Figure 5.2f).

Fli Edet Options Plot_Function Help

Input Dats spectral Profile

Sarve Plot As AulP_in_call
Spactral Libany..
IDL Variakle

Prink...

Cancel
Posthonpt...

Image File..

Figure 5.2f. Saving endmember to spectral library file
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= The Output Plots to Spectral Library dialogue box opens.

= Click Select All ltems.

= Then click OK.

= The Output Spectral Library dialogue box opens.
= In this example, for Output Result, select Memory.
= Your spectral library is now present in the Available Bands List as data in memory.
= To view the Endmember plot.
= Right click on Memory in the Available Bands list (Figure 5.29).
Then select Spectral Library Viewer. This now shows the plot for the Endmember(s), in
this case we only have one (Figure 5.2h).

(3 Available Band... [imisl.=)s .S

| 2o Options |‘ ('3 Spectral Library Plots
E3 Memor =
| Library Vi .
o sof et by e File Edit Options Plot_Function Help

B VO[:, Save Selected File to Disk...

Bar Open File in ArcMap

Bae

B Close Selected Fide

Edit Header...
Quick Stats...

Fold All Files

Unfold Al Files
9 Gy Scale "TTMOYT:

Selected Band
Spectral Libeary [Memory 1)

Dims 457 x 1 (Double Precision) [BSQ)

Load Band | Disglay 41~

Figure 5.2g Figure 5.2h. Plot containing the spectrum of the endmember
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e Step 3: Performing the SAM Classification.

o We will use SAM to create a classification image that shows how well each pixel of the input
image matches the endmember spectrum. Then, we will create binary images showing which
pixels exceeded the threshold for matching the endmember.

o In the main menu bar, select Spectral.
= Then select Mapping Methods.
= Then select Spectral Angle Mapper.
= Then select the file in the list to use as the input image. For this exercise select Aunp_cell-

60x-1 (Figure 5.2i).

Fie Irdommation.

HY‘ES-\YAH

Cooke/PCO Dot Camera, CCD
demensions » 11921040, Bponre

| Soectal Subeet | 457/457 Bance
5‘,5‘"’ u,.‘m <None Selected> [ Hhr'

(o)~ o]

Figure 5.2i. Selecting the input file for classification

e For this specific example wavelengths above 800 nm provide no information for this sample image.
So to exclude the bands covering wavelengths above 800 nm, use the Spectral Subset feature. SAM
will create a 400-dimensional vector from 400 nm to 800 nm.

e Click on the Spectral Subset button.
e All bands are highlighted by default.

e First, remove the selection from all bands by clicking Clear.
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e Then in the boxes to the left of Add Range enter 1 in the far left box and 312 in the box just to the
right (this band corresponds to 800 nm) (Figure 5.2j).

cod-&
M 314 (801 mm
Band 315 (803 0211} Aunp_ oelém l

Band 320 (809 20505 Aunp_oet 60c-
Band 321 (811.1630)Aunp_cel-60c-1
Number of Rems salected. 313
[ 783 Range | [ Setect 4 | [ Gear | [Import ASCIL_ |

| LK ) (Concel | [Prevens ||

Figure 5.2j. Select the bands by using the Add Range boxes

e Then click Add Range.
e Then click OK.

e The Spectral Subset now shows 312 out of 468 bands are selected (Figure 5.2k).

Band 319 (308 4504) Aunp._
Barvd 320 (809 290K Aurp ¢ oolG&
Band 321 (811.1630% Aunp_ced-50x-1

Number of Rems sslected. 312
[ 203 Range | [ Setect 4 | [ Gear | [Import ASCIL_ |

| LK ) (Concel | [Prevens ||

Figure 5.2k. Selection of a subset of the spectral bands
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e Click OK again.

e You will see the Endmember Collection: SAM dialog box open.

e From the Plot Window, drag the label AuNP_in cell to the Endmember Collection: SAM box. It is
highlighted automatically in the list (Figure 5.21).

lection:S... S L= et ey

[ File Import Algorithm Options Help
File: Aunp_cell-60x-1 (Full Scene) |

Mask: <none selected>
Wavelength: 400.7872to 800.3034 cunknown unit:
313 bands (1-313)

Spectrum Name Color

Figure 5.21. Endmember Collection dialog with entry from label dragged from plot

e Click on Apply.

e You will see the Spectral Angle Mapper Parameters dialog box open.

e For Set Maximum Angle (radians), click on single value.

e Keep the Maximum Angle (radians) at 0.1. We will use this threshold first for the spectral angle.

e For Output Result, select Memory. This will send the classification image to the available bands list.
The Output Result image can also be saved as a file. The file name for this image should be chosen
as: filename_SAM.dat.

e For Output Rule Image, select No. Since the Rule image is not necessary to process the

classification. The Rule image can help you understand how well the classifier is working — see
ENVI help.

CytoViva, Inc. | 570 Devall Drive, Suite 301 | Auburn, AL 36832 | www.cytoviva.com | 1-888-737-3130


http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/

CytOV|va®

[lluminating the Future

If you want to Preview the Classified Mapped Image, click Preview (Figure 5.2m) from the Spectral
Angle Mapper Parameter window. This will show you what pixels are going to be classified before

saving.

75 Spectral Angle Mapper Parameters ——]

Set Medrmum Angle indians]
None & Single Vislue Mulipls Values

Maamum Angle imdiara) 0100

Output Reslt 1o ) Fle & Mamary

Ouput Rule Images 7 Mo J

|0 Gueve ] [Cancel | (ko] | [Proven |
I ———=—=——

Figure 5.2m. Window to preview

e After you click Preview, the Preview window is added to the SAM Parameter window (Figure 5.2n).

The overview window ONLY shows the pixels of a section of the entire image that are classified by
the SAM. Unclassified portions of the sample will not be shown.

Cassfication Preview

Set Madrrues Angie adans)

None @ Sngle Value Mutiple Values
Maamum Angle Fadang) 0100
‘QNWID Fle O Memory
| Output Rule krages 7 No jll

[Change View... | (221:476,221:476)

Figure 5.2n. Spectral Angle Mapper Parameters window with the preview window
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To change the preview area, click the Change View button (located under the Classification Preview
window). The Select Spatial Subset dialogue box opens.

Click the Image Button, the Subset by Image box opens.

Move the red square to the desired area (Figure 5.20).

[ Fie Aunp_ced-£0x-1
Dems: 656 x 657 (rteger)

Samples Zl) To 47% NS 5%
Ures 221 To 475 NL! 256

Ful Sze : 90224 bytes
Subset Size: 131072 bytes

Subset Usng
image

Subset by kmage Display 51 «

K| [Cancel |

[ Subset by lmage Change View... | (221.476)221:476)

Figure 5.20. Spectral Angle Mapper Parameters box, Select Spatial Subset box, Subset by Image

Then Click OK in the Subset by Image Box and the Select Spatial Subset box.

Once you have found the desired classification, click OK.

The SAM files are now added to the Available bands list. Now there are two images added to the top
of the available bands list.
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e To load each image in a new display, right click on the Rule Image. Then select Load Band to New

Display.

o Animage will open.

Then right click on the SAM image.
Then select Load Band to New Display.
Another image will open.
You should now have the original image, the original image and the SAM classification
image shown on your screen. For future SAM classifications, you can save Output Results
and Endmember Spectra by choosing the File option rather than the Memory. If you close out
the ENVI software, this file will be lost since it was saved to memory.

O
O
O
O
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5.3 Re-Loading Images from Available Band Lists Window

In some cases you may load one image over another by accident. This usually happens by clicking Load Band
to Current Display rather than Load Band to New Display. If this happens it will load the new image over the

original image. You will need to reload the old image to a new display.

To reload the original image (Figure 5.3a), scroll through the Available Bands List to find the original

image. In this exercise the image name is Aunp_cell-60x-1.

Click on the file name to highlight it.

Right click and select the option Load True to <new>.

g 0 00

gIRyIEELY

g
gl ¥

Spectral Library [|

Dims 457x 1 (Dc

Open File in ENVI Zoom
Open File in ArcMap
Add Selected File to Memory

Close Selected File
Edit Header...
Quick Stats...

Load True Color to <new>

Load CIR to <new>

Load True Color to <current>

Load CIR to <current>

Load Default RGB to <new>
Load Default RGB to <current>

Fold All Files
Unfold All Files

[ Losd Band | Depley i1+

Figure 5.3a. Available Bands List
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5.4 The Classification (SAM) Image:

The classification image shows the location of pixels whose spectra match that of the endmember. You will see
that using a value of 0.1 for the maximum angle causes only pixels in the selected particle to be classified as a
match for the endmember spectrum. The zoom window rectangle surrounds this particle, as shown in Figure
5.4a. In the zoom window, directly below the main image you can see that three pixels were classified. The rest
of the pixels within the particle contained sufficiently different spectra, as did those of every other particle, and
they were rejected as matches for the endmember. This outcome suggests that the spectral angle chosen for the
classifier is too small.

Figure 5.4a. Classification image using a low maximum angle in SAM
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5.5 Re-Classifying the SAM

For this example we believe other AuNP particles contained in the image have spectra that are similar to the
spectra collected for the first particle. Thus, we will try to add more of the particles into the classification.

e (o back to the Spectral Angle Mapper Parameters window.
e To return to the Spectral Angle Mapper Parameters window click apply in the Endmembers Collection:
SAM window.

o The Spectral Angle Mapper Parameters dialogue box opens.

o Change the Maximum Angle from 0.1 to 0.12 (We recommend a default angle of 0.1).

o Now click Preview. The new classification result is shown to the right of the dialog. You can see
that more particles are classified this time.
For Output Result, select Memory.
For Output Rule Image, select No.
For Output Result, select Memory.
Then click OK.
From the top of the available bands list, right click on the new image.
Then click on Load Band to New Display. The new classification (#2 SAM) images (Figure
5.5¢) with the original image (Figure 5.5b) and the original classification (#1 SAM) Image at the
side (Figure 5.5a). When you compare the first and second classification images, you will see
that additional particles scattered about the cell are classified as AuUNPs when the angle was set
to a greater value. The correct value for the angle must be found by experimenting with different
values.

O O O O O O

2 23 (hfand 19.0:0end 12LBBnd dtiang, ced-00c-1 S S

Figure 5.5a. Original Classification ~ Figure 5.5b. Original Image of the Figure 5.5¢c. New Classification
(#1 SAM) Image Obtained Using AUNPs in Cells (#2 SAM) Image Obtained Using
0.1 Maximum Angle Maximum Angle 0.3
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5.6 Linking the Displays
This feature allows you to link both the original image and the classified image to view the same areas.

e Right click in the Original Image Window.

o Select Link Displays.

o Link Display dialogue box opens.

o No changes are needed so click OK.

o Now when you move the Zoom box in any of the three images of the original or classified image
they move in sync.

o If you left click and hold in any window it will display what is in the opposite window (Figure
5.6a).

Figure 5.6a. Linking the two displays

o Tounlink the original image and classification image right click on the original image. Then select
Unlink Displays.
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This feature provides you with the capability to overlay the classification image onto the original image. It will
enable you to illustrate where the classification pixels are in the context of the original image.

5.7 Overlaying the Classification Image

¢ Inthe original image window select Overlay from the menu bar.
o Then select Classification.
o The Interactive Class Tool Input File dialogue box opens (Figure 5.7a).

Figure 5.7a. Selecting image to overlay

Select the classification file created from the SAM classifier.

For this example select Memory 3 (or samples will have a file name).

You can look at the Available Bands List to help determine which one is the SAM image.
Click OK.

The #1 Interactive Class Tool dialogue box opens.

Click on the tab beside the red box marked AuNP in cell (Figure 5.7b).

O O O 0 O O

=] Interactive Class T

File Edit Options Help

Tlon [ Unctasstied @on [ Avraca

Figure 5.7b. Activating the overlay feature
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o Now you will see an overlay image of your classified picture and the original image (Figure 5.7c).

Figure 5.7c. View of the classification overlay
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5.8 Merging Colors in a Classification Image

Sometimes multiple spectra are used to classify particles in a sample. This will give an overlay that has multiple
colors. Merging will allow you to combine the multiple colors into a single color.

e Open the image to be classified (Figure 5.8a), scroll through the Available Bands List to find the
original image.

Open File in ENVI Zoom
Open File in AccMap
Add Selected File to Memory

Close Selected File
Edit Header
Quick Stats..,

oGy S Load Troe Color to <new»
Load CIR to <new>

Saem (Aury Load True Color to <outrent»
Load CIR to <currert>

Load Default RGB to <new>
Load Default RGB to <current>

Dwere 656 Fold AN Fles
Unfold All Files

Figure 5.8a. Available Bands List

Click on the file name to highlight it.
Click Display # and select New Display.
Click Load Band to display the image.
In the picture window (Figure 5.8b).

= Choose Overlay.

= Click Classification.

o O O O

L7 #1 (RBand 191G Band 121 B:8and 451Aunp_cell-t0x-1

Classfication...

Contour Limes..
Density Skce...
Gnd Lines..

Regeen of Interest...

Vectors..

Image 5.8b. Image to be given an overlay
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o The Interactive Class Tool Input File window appears (Figure 5.8c).

[T Tnternctve Class Tool
[ Select Input Fle ] Fie: fomaon |

[Wharmony 53 [ESEES Tl |

(M 1] (452 1x1)

Farp_cell-Bx-1
Previcus File ]
Hewa File....
Spectrad Libeary...
RO File....

O | [ Carced | | [ Prervicus | EVF File..

Figure 5.8c. Interactive Class Tool Input File window

o Select file, then click Okay. If the classification file is not in the Select Input File list, then click
Open and select New File.
o An Interactive Class Tool window will appear.
o To show the overlay.
= Right click on any of the colored squares to activate and overlay all classes (Figure 5.8d).
= In the Interactive Class Tool window, click Options.
= Select Merge classes (Figure 5.8e).

09 #1 tteractive Class Tool R oo S

file Edt [Options | Help
Active Ciasa Class dutrbution.
Edit class colors/names..
B v < Merge classes..
50 Y N f e cl -
B xsovs 7 0n I fean for active class %
B xsove Mean for all classes
¥ On I Stats for active class 264
X510 Y262
Stats for all classes
W xsere don | Calculate Covariance with Stats 23
W xsever ¥.0n | Associated stats data file... 22
LD AL Class Transparency..
b ¥i0n 457
Hide Window
7 On Y22 o NI4T
vion [ xse2vzm 710n X574 Y434
Figure 5.8d. Overlay Image with Interactive Figure 5.8e. Options Drop-Down Menu

Class Tool Window
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= In the Interactive Merge Classes window (Figure 5.8f).

(Y Interactive Merge Classes

Base Class
Unclassified -

X:580 Y:224 P
X:579Y:223
X578 Y:222
X:579Y:223
X:580 Y:224
X:502 Y:260
X:503 Y:259
X:509 Y:263
X:510Y:264 =

m

Classes to Merge into Base

Unclassified
X:580 Y:224

Number of tems selected: 13

[ Select All kems | [ Ciear All tems |

Figure 5.8f

= Select one coordinate (X###: Y###) in the Base Class list (The first is automatically defaulted

to red).
= |n the Classes to Merge into Base list.
= Select all other coordinates (Do not select the coordinate chosen in the Base Class list).
= Click Okay.
= The classification file will automatically update to a single color (Figure 5.89).

B v
von [ xseovau von [ xs0va
Voo B xs»myzn von B xsnve
sion [ xsmvaz 00 X510 Y282
v\0n X579Y223 von B xseaven
0n X580Y.224 von W xsavem

B ey 70n X576 Y st

Figure 5.8g. Classification spectra unified to a single color
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5.9 Editing Colors in Classification Image

= In the Interactive Class Tool window, select Options, click Edit class colors/names...

7 #1 Interactive Cl

IeEdit | Options | Help

Class distribution...

Pctive Class
Edit class colors/names...

Merge classes...

= In the Selected Classes box, choose the coordinate to be changed. You can rename this coordinate in the
Class Name box. Click on Color, select desired color. Click OK.

Class Color

Selacted Classas

Unclassfied
X184 Y.417
X184Y 416
X:185Y.416
X186 Y:416
X186 Y:417
X187 Y417
X:187Y:418
X187Y:41%
X187 Y:420

Class Name

(pce..<] [ =]
Colors 1-20
Colors 21-40

Colors 41-50

CytoViva, Inc. | 570 Devall Drive, Suite 301 | Auburn, AL 36832 | www.cytoviva.com | 1-888-737-3130


http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/

Cyt.V| va

llluminating the Future

5.10 Removing Unwanted Spectra from Data Analysis

This feature provides you with the capability to remove spectra once data analysis is complete and a

classification file is created.

= In the original image window select Overlay from the menu bar.
o Then select Classification.
o Select the appropriate file.
o The Interactive Class Tool window appears (Figure 5.10a).

File Edit Options Help

Active Class [ Uocissstied

on [ Unciossfied 7/0n
vion [ xseovaze ¥10n
vion [ xsmsyen 7/0n
7on [ x5my2z2 7100
7l0n X579Y223 4100
7/on X580 Y224 7i0n
vion [ xsc2vas0 410n

B xs0sv2e
W xs0v2es

B xswov2e

X510Y262
B xseavasy
B xssav497

X574 Y494

Figure 5.10a. View of the overlay image

o Select Options.

o Click on Class Distribution (Figure 5.10b). The Classification Distribution window shows the
percent reactivity of each individual spectra. You must print this window or manually record the
data to be removed, as this window will minimize when you navigate away.

File
File: [Hemory7?] [485.112 points]
Clas= Hame Hpts Pct
Unclassified [479475] 98 838%
£:580 Y: 224 [5637] 1.162%
I:G579 Y:223 [0] 0. 000
X878 Y: 222 [0] 0000z
579 Y223 [0] 0,000 I
580 Y:224 [0] 0. 0003
X502 Y: 260 [0O] 0000z
I:503 Y:259 [0] 0. 000
H:509 Y:263 [0] 0. 000z
£:510 Y: 264 [0O] 0.000%
I:510 Y:263 [0O] 0. 000
510 Y:262 [0] 0. 000z
X:564 Y: 497 [0] 0. 000
H:563 Y:497 [0] 0. 0003
X574 Y 494 [0] 0000z
Figure 5.10b
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o Open the spectral library (Figure 5.10c).

SC000

. / QU
Yavelength

Figure 5.10c. Spectral library viewer window used to create the spectral library plot

In the ENVI task bar, select File, click Open Image File.

Select spectral library file to be edited. A Spectral Library Viewer window will open.
Click on each spectra to create a spectral library plot.

In the Spectral Library Plots window, select Options.

Click on show plot key and all spectra will be listed to the right of the spectral plot.
Right click on the spectra to be removed.

O O O O O O
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o Then select Remove X: ### Y :###, for all spectra chosen (Figure 5.10d).

..........................

Remove “X3579 ¥:223°
B3 v Plot Key

Stack Plots

Set Stack Offset
v Auto Scale Y-Axs
Reset Range

Cleas Plot

Figure 5.10d. Selection of spectra from plot key to be removed

o Save the file as a Spectral Library (Figure 5.10e).

' File | Edit Options Plot_Function Help

Input Data Ol pectral Library Plots

Save Plot As » ASCIL..

Print... Spectral Library... [:
IDL Variable...

Cancel
PostScript...
Image File...

Figure 5.10e. Saving Spectral Library
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Click File.

O

o Select Save Plot As.

o Click Spectral Library.

o Click Select all Items in Output Plots window (Figure 5.10f). e

X:579 Y:223 (457 bands)
X:578 Y:222 (457 bands)
X:579 Y:223 (457 bands)
X:580 Y224 (457 bands)
X:502 Y-260 (457 bands)
X:503 Y:259 (457 bands)
X:509 Y:263 (457 bands)
X:510 Y:264 (457 bands)
X:510 Y:263 (457 bands)
X:510 Y:262 (457 bands)
X:564 Y497 (457 bands)
X:563 Y:497 (457 bands)
X574 Y454 (457 bands)

Number of tems selected: 0

| Select All kems || Cear All Rems |

Figure 5.10f

o Thenclick OK.
o Click Choose in the Output Spectral Library window (Figure 5.10g).

Oeganize « ch«'obd{ T

W Favoetes X Scabe Factor 100 -
B Desitcp b n
Scade Factor 1
& Doaricas: L X ecor 1.00 iR
3. Recent Places |8 | pge -
L v x (Cytat Outont Renkt 1o @ Fo Meomory pources 1
- 7]
Erter Outpt Flename | Chocee —
i Lcanes = » q
¥ Documents ! #0
o Music '[ _ st o
i Pictures Lim ,:“ “,L‘ S we
B videor S —— it Files 14
.4 ) '

Figure 5.10g. Saving Output Spectral Library

o Enter file name in Output Filename window, click Open.
o Click okay in Output Spectral Library window.
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5.11 Mean Spectra Analysis and Normalization

Mean Spectra Analysis and Normalization allows the user to compare spectra from separate samples. This is
done by making all the intensities equal to 1.

= Mean Spectra Analysis:
= |n the Image Window menu bar select Tools (Figure 5.11a).

Link

Profiles

Polarization Signatures

Region Of Interest » ROI Tool...

Figure 5.11a. Opening the ROI Tool

= Select Region of Interest.

= Click ROI tool.

= Highlight the Region of Interest needed (refer to Section 2, Part 10: Working with
Regions of Interest ROISs).

= Then Click the Stats radio button (Figure 5.11b).

File ROILType Options Help

Window: () Image Scroll @ Zoom ) Off

ROI Name Color Puels | Polygg
* |Region #1 Red 2 232 4

 New Region ||| | Gato | | Delete Part |

[ Stats | [ Grow | [ Puxel | [ Delete ROI |

(Select A1 ||| [Hide ROIs | | Show ROs

Figure 5.11b. ROI Tool Window
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= The ROI Statistics Results window appears.
= Right click on the graph.
= Click Plot Key.

Right click on the graph again.
= Select Options.
= Click New Window: Blank (Figure 5.11c).

IQ_?(‘W Resst —=TT

Fée Options

Seoct Mt | Cowr Pt
Min/Max /Mean:R

1 Clear Pict

Sedort St~
Filensne C \Users CytoVive File
®01. Bogicn #1 [Ped) 32 §oi g
¥in  Max Options ’
:1 Pict_Fonction ’
)

ey

Figure 5.11c. ROI Statistics Results

= A new ENVI Plot Window opens (Figure 5.11d).

{3 ENVI Plot Window

File ﬂ Options  Plot_Function Help
Diata Pararmeters..

Plot Pararmeters..

Data Values..

Figure 5.11d. ENVI Plot Window
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= To load the mean spectra into the New ENVI Plot Window.

= Click and drag the Mean: Region of Interest from the ROI statistics window into the
new ENVI Plot Window. Multiple graphs can be loaded into this window for
comparison by dragging and dropping the required data.

= Click Edit from the menu bar and select Data Parameters.

= The Data Parameters Window opens. From here you can (Figure 5.11e).

P D
Y Data Parameter

Name Mean: Region #1 [Red] 32 points

o] o St ()

Thick T &Nsum 0 £ SymSize 12 &

b i) Smealne
- |

Figure 5.11e. Data Parameters Window

= Label the graph.
= Rename the selected region.
= Change the color of the plot: (Figure 5.11f).

Name Blue Sokgion

Cdo,r Lima Shdn | St = L
Items 1:20 > Black
Thick 1 Items 21:40 » White
5 l Items 41:50 > Red
Green
“ﬂ.pp}‘)] -Ca<n:e.l\[ Blue
Yellow

Figure 5.11f. Changing Graph Color
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= To change the color, right click on the color square.

= Move mouse over ltems: ##:##.

= Select acolor.

= Repeat these steps to for other ROIs that you want to normalize for analysis.

= Normalizing: Using the ENVI Plot Window that has the spectra to be normalized
open (Figure 5.119)

File Edit Options Plot Function Help

Figure 5.11g. Spectra to be normalized

= Inthe main ENVI toolbar.

= Select Spectral.

= Then select Spectral Math.

= The spectral math window will appear (Figure 5.11h).

‘ Save || Réslore'j Cear ijielete
Enter an expression:
floatis 1)/maxis1)

Add to List

_OK || Cancel || Help.

Figure 5.11h. Normalizing expression in Spectral Math window
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= Enter the normalizing expression: float(s1)/max(sl).

= Click OK.

= A Variables to Spectra Pairings window will appear.

= |n the Available Spectra list, click the curve to be normalized.

= Click the double arrows to change Output Result to New Window.
= Click OK (Figure 5.11i).

[ Vanables to Spectra Pairin

Exp: floatis1)/maefs 1)

Vadables used in expresson:

Fuaidsble Spectra st

Blue Solution

Map Variable to Input Fie

Output Result to New Window ﬂ'

[ oK || Gueve Cmoe.'Heip|c.Lea

Figure 5.11i. Variables to Spectra Window

» Repeat for all desired spectra.
= A new graph will appear with a vertical axis set to 1.
= Use Edit menu to change colors and labels (Figure 5.11j).

Figure 5.11j. Normalized Spectra
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In the ENVI toolbar.
Select Basic Tools.
Click Resize Data (Spatial/Spectral) (Figure 5.12a).

Select file to resize.

Click Spatial Subset radio button.

The Select Spatial Subset window appears.
Click the Image radio button.

5.12 Resizing an Image

[ File [Basic Tools

CytoViva Analysis

Classification

Resize Data (Spatial/Spectral)

Figure 5.12a. Opening the Resize Window

The Resize Data Input File box Opens (Figure 5.12b).

[ Seect bt Fle b (3 Setect Spatial Subset

| 7 = —

[Memory 7} 56k A1) T

| PMemory] (457 14c1) Fle: Aurp_cel£0c-1

| MemaryS; B3GE57%1) Owes €35 x 657 (rteger)

:‘ mory 1] (457 1Y) -
i Sarpies To 6% NS &%

Lres 1 To 697 N &Y

Rl Sze - 570224 bytes

Subset Soe 570 224 bytes
Sbeet Usng

(image | 10 |[Fie [ ROVEVE

; Scbest by Image | Dspley 51 v

l‘l’s,.,..' ocon Subes | 457/457 Banch

() ()] 2]

(———r ]
LOK || Concel |

(oK) (e ]| 7o | o]

. 4

Figure 5.12b. Select Spatial Subset window
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Resizing an image allows the user to focus on an area of interest and cut extraneous parts of the image.
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e A Subset by Image window appears. The whole scan is shown in this window. There is also a red box
that appears (Figure 5.12c).

Figure 5.12c. Subset by Image Window

e Click and drag the corners of the red box to the preferred size.
e Click OK to exit Subset window.

e Click OK to exit Spatial Subset window.

e Click OK to exit Resize Data window.

e Save file accordingly and the newly resized image will appear.
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5.13 Spectral Sub-setting an Image

Spectrally sub-setting an image allows the user to focus on specific wavelengths of light. This is useful in
removing second order harmonics and other known reflective contaminants.

e |n the main ENV!I toolbar.
e Select Basic Tools.

e Click Resize Data (Spatial/Spectral) (Figure 5.13a).

File [Basic Tools | CytoViva Analysis Classification
' Resize Data (Spatial/Spectral)

Figure 5.13a. Opening the Resize Window

Choose image to resize in the Select Input File list.
Click the Spectral Subset radio button (Figure 5.13b).

Select Input Fie:

{Memory 7] (696x697x1)

Memory®] (457 14x1)

?v‘-u-uyfa (696x697x1)

1 457)(1)(1
e
Full Scene I

Spectral Subset 457/457 Bands

Figure 5.13b. Resize Data Input file window
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e The File Spectral Subset window appears.
e Select the range of spectra to become the subset by clicking and scrolling (Figure 5.13c). To select non-
contiguous values hit the Ctrl key.

[ s —

Seloct Bands to Subset
Band 124 (552 7118) Aurp_cel-6x-1
125 (353.9767) Aunp_cel-50x-1
126 (555 2421 p_ ool £0x-1
2 5081)Aunp_cell Ex-1

( Aunp_cel60x-1
(555 041 D Aunp_col 601
085y Aunp_ced Bx-1
764) Aurp_ced 801

Band 140 (573 0082 Aunp_cel-50x-1

Bard 141 (574.2808) Auro_oed 601
Band 142 (5755538) Aunp_cel 50¢-1
Band 143 (576 8274) Aurp_oed 50x-1

Number of tems selacted: 11

[ Add Range | [ Seiect A | [Giear | [ impot ASCIL.. |

bt

|L0K._] [Cancel )| [ Preveus |

Figure 5.13c. File Spectral Subset Window

e Click OK to exit Spectral Subset window.
e Click OK to exit Resize Data window.
e Save file accordingly and the newly sub-setted image will appear.
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Section 6 Quantitative Spectral Analysis

In a hyperspectral scan, the spectral features are produced by specific light scattering and absorption
properties of the specimen materials that are recorded at each image pixel. Light scattering is strongly
influenced by surface chemistry, whereas the light absorption will depend on internal as well as surface
properties of the specimen. The recorded spectrum also contains features that are properties of the light source
that are used to illuminate the specimen, and also of optical filters that alter the light reaching the specimen. The
recorded data actually shows the spectrum of the light from the source, going to the sample where it is modified
by specific spectral features from the specimen. For example, light absorption by a specimen over certain
wavelengths may reduce the recorded light intensity at those wavelengths, but leave what is essentially a
spectrum of the light source at the other wavelengths. This occurs when the sample contains light absorbers
such as dyes and pigments, like melanin, that are intrinsic to the sample, or if there are dyes that are added to
create contrast from sample structures. For example, the hematoxylin and eosin stains will modify the spectrum
differently by virtue of their distinct light absorption properties. This situation is common for all of the
microscope methods that directly sample the illumination, such as bright field, reflected bright field and dark
field modes.

The situation is different for spectra of nanoparticles made from noble metals. For these, recorded
spectra show light scattered within narrow peaks that are caused by plasmon resonances, where nanoparticle
electrons resonate at frequencies that are influenced by the dielectric materials properties surrounding the
particle. When recorded with the dark field method, the recordings are exclusively from the scattered light and
do not contain any of the light absorption features. So, instead of recording the light source spectrum after it has
being modified by features of the specimen, the recording contains discrete resonance peaks whose strengths are
set by intensity of the light source at the resonance wavelengths. Of course if the specimen contains dyes,
pigments and nanoparticles, both kinds of effects can occur together in the recorded spectrum.

For all types of HSI spectra, simple procedures can be used to improve accuracy and repeatability so that
results can more easily be compared between recordings. One of the simplest methods is spectral normalization.
This procedure is able to counter the effects of the camera and spectrograph on the spectral recording. Both of
these components act to reduce the strength of the recorded spectrum at longer wavelengths. The idea of
spectral normalization is to compensate for these effects so that spectral characteristics of the sample are clearly
seen in the data. To perform this, it is first necessary to have the light source spectrum that was obtained with
your HSI system.
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6.1 Recording of the Light Source

This step is described using the CytoViva dark-field condenser.

Prepare a calibration slide with two samples under different cover slips. Put the samples close to each
other. Use clean glass slides.

The first sample (#1) should be blank, with just media (such as water or microscope oil) and coverslip
on the glass slide.

The second sample (#2) should include particles under the cover slip that are stable and that you
normally have available.

Add a small amount of immersion oil to the cover slip above each sample.

Begin by aligning the CytoViva condenser and 10X oil objective using the particle sample (sample #2).
Make the adjustments just as you would for normal viewing of the sample.

Switch to the 100X oil objective. Adjust for best focus. Then open the objective iris fully. You will see a
bright field of illumination. This happens because the numerical aperture (NA) of the objective exceeds
the NA of the darkfield condenser.

Move the stage to sample #1 (blank sample). You will again see the bright illumination, this time with
no contribution from particles. The steps that you have taken ensure that the glass and oil are present just
as they would be for actual recordings. Also make sure the Dolan Jenner light source is at 100% power.

Record 50 lines from the blank sample using the normal HSI settings. Make sure the camera exposure is
short enough that the plotted line is not clipped in the preview mode. Normally 0.005 seconds is a good
camera exposure time for recording the lamp but you may need to decrease or increase the exposure so
that the maximum intensity value on the Y axis is between 1000 and 2000 (Pixelfly PCI camera) or
between 4000 and 8000 (Pixelfly USB camera and Andor cameras).

Name the file lamp and append today's date to the file. This file is an HSI data cube containing a pure
recording of the lamp (Save the calibration slide for later use).

If the halogen light source is used every day, it is best to record the lamp once per month since aging of
the lamp can affect the spectrum of the output. With light to moderate usage, a new lamp recording
should be made every three months. If you halogen light source has an aluminum reflector lamp
installed, the output dial should be set to full output.
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e After the HSI files opens in ENVI you will see an image of a bright field of pixels. Use the ROI tool to
draw a region of interest in the center of the image (Figure 6.1a):

Figure 6.1a. Image from the lamp recording

e A new region appears in the ROI list. Click on Stats.

e A plot of the lamp spectrum appears in the ROI Statistical Results window (Figure 6.1b). Right click
and select Plot Key. The white curve labeled Mean: Region is the spectrum of the lamp that you will
use:

Select Stat v

Filename: C:“Program Files<ITT-IDL&d%lib“hook™t &

ROI: Region #1 ?Eed] 1750 points

Basic Stats Hin Hax Hean Std
Band 1 -3 19 7.552571  3.3784
Band 2 -3 22 B.069714  3.4357
Band 3 -2 20 B.7TIT14 3. 3821
Eand 4 -3 20 B 419429 3. 6029
Band 5 =2 21 9.594857  3.5577
Eand & -2 25 9.998857 1. 6129
Band 7 -2 24 10.291429 3 6065
Band & ] 22 10.901143  3.6307
Band 9 -1 24 11.791429  3.6546

{ »

Figure 6.1b. Spectrum from lamp recording in ROI Statistics Results
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e Now we create a Correction Spectrum from the spectrum of the lamp. In the main ENVI menu select
Basic Tools > Spectral Math. Click the Restore button and then click on the file correction.exp. This file
has been installed in the folder named hook, which is the first folder opened by the Restore button. The
expression float(s1)/max(sl) opens in the Expressions list of the Spectral Math window (Figure 6.1c).
Click on the expression and click OK.

17 Spectral Math [X]

Previous Speciral Math E xpeessions:
floatis1 Mmax(s1)

Save | Restore | Clear | Delete |
Enter an expression

Add to List

OK | Cancel | Heb |

Figure 6.1c. Spectral Math input window

e Assign the spectral curve labeled Mean: Region #1 to the expression by clicking on it in the Variables
Used in Expression list (Figure 6.1d). Change the Output Result to New Window and click OK. The
Correction Spectrum opens in the Spectral Math Result Window.

&7 Variables to Spectra Pairings li

Exp: |floatls1/mads1)

51 - Mean: Begon 81 [Red] 1750 points

Availlable Specha kst
Mir: Regon 1 [Red] 1750 ponks
Stdev: Regon #1 [Fed] 1750 pos

Mear: Hegion B1 [Hed) 1750
+5idev: Region #1 [Red) 1750 poirds
Mae Region #1 [Red] 1750 poirds

Map Varisble 1o Input File |

Outpest Resutto[New Window 41 |

K | Queus | Cancel | Help [[| Clea |

Figure 6.1d. Variable Assignment Window
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e Save the Correction spectrum as a Spectral Library using the File > Save Plot As > Spectral Library tool.
Use the file name Correction Spectrum - SL, which identifies it as the current correction spectral library.
Save it in your imaging folder where it can be accessed easily with the Normalized for Lamp Spectrum
feature. Note the maximum value of the curve is 1.0 (Figure 6.1e).

v} BN=)3

]
1
]
1
]
1.
]
i

B0 BI0 FJ00 a00 Q00 100

Figure 6.1e. Correction Spectrum

e The Correction Spectrum will be used to correct data cubes so that the unique spectral properties of the
lamp, camera response, and spectrograph do not influence the spectrum of the sample material. Before
correction, the relatively low strength of the illumination and low response of the camera at both ends of
the wavelength range produce an uneven response in the sample spectrum. This uneven response is
removed from the sample spectrum after correction.
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6.2 Spectral Normalization of the Lamp

This procedure removes the effect of the lamp spectrum so that sample features are seen more clearly.

First set the value of the highest point on the lamp spectrum to unity. If you recorded a new lamp
spectrum, go to Basic Tools located on the main ENVI menu, select Spectral Math.

Type in the expression: float(S1)/max(S1) and add it to the list of expressions. Select the expression and
hit OK.

Use the Save button to save this expression to a special folder where you will keep expressions. You can
use Restore to bring the expression back for another session.

Assign the lamp spectrum to the variable S1. If the lamp spectrum is already open in a plot window or
saved as a spectral library, you will see the spectrum in the list. Click on the name to select it.

Choose to save the results in a new plot. Click OK.

The normalized lamp spectrum is plotted (Figure 6.2a).

Figure 6.2a. Normalized lamp spectrum
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6.3 Spectral Normalization of the Specimen

Now you have a lamp spectrum for your HSI system. Next, we will use it to correct your specimen spectra
for instrumental effects. The correction is to divide the specimen spectrum by the normalized lamp spectrum.
There are different ways to do this. There is a routine in the CytoViva Analysis feature called Normalize for
Lamp Spectrum that is covered later. The following way is a manual way to do this to correct a single spectrum
or a whole date cube from a Z profile, or from an ROI.

e Go to the Main Menu bar (Figure 6.3a).
() ENviag

CytoViva Analysis  Classificati
ey Resize Data (Spatial/Spectral)
Subset Data via ROIs
Rotate/Flip Data

Layer Stacking

Convert Data (BSQ, BiL, EIP)
Stretch Data

Statistics »
Spatial Statistics »
Change Detection »
Measurement Tool

Band Math

Spectral Math

Segmentation Image

Region Of Interest »
Mosaicking »
Masking ’
Preprocessing 4

Figure 6.3a. Main menu bar

e Click Basic Tools.

e Click Spectral Math.

e Enter or Restore the correction expression: float(S1)/float(S2). Add it to the list of expressions and save
it to use later. Select the expression and click OK.

e Select S1 and make one of the following assignments.

e To correct a single specimen spectrum, select the curve you want from the list. It will appear there if it is
also in a plot window.

e To correct a data cube, use the file assignment option to browse for the specimen’s HSI data file. If you
do this, the entire image will be corrected.

e Choose a new window to plot the corrected spectrum. A new file name for the corrected data cube can
be chosen.
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e In the assignment window, select the normalized lamp spectrum for S2 (Figure 6.3b/c).

Recarded AuNP Spectra

500 800 700 &S00, 900 1000
Wavelength {nm)

Figure 6.3b. The uncorrected spectra

Carrected AuNp Spectra

500 800 700 ?OO 900 1000

Wavelength {nm)

Figure 6.3c. After correction for instrumental two nanoparticles effects

¢ Note that the correction results in noise where the uncorrected spectrum had no intensity. This noise is
not related to features of the particles.
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6.4 Correction for Second Order Diffraction

The range of the spectrograph used with CytoViva is from 400 nm to 1000 nm. Since the spectrograph is a
grating type, the spectrum starting at 400 nm also starts again at 800 nm because of the second order diffraction
of the grating. This means that there are spectral values between 800 nm and 1000 nm that mirrors the values
from 400 nm to 500 nm. Values between 400 nm and 800 nm are always obtained from the fundamental
wavelengths, i.e. the first order diffraction pattern, and are never contaminated by the second order.

e To obtain true values out to 1000 nm, we recommend using a 500 nm long pass filter to block the light
between 400 nm and 500 nm which will produce interference past 800 nm. This gives two free spectral
ranges:

o 400 nm - 800 nm without the filter.
o 500 nm to 1000 nm with the filter.

e Since the long pass filter does not transmit all of the light past 500 nm, it is necessary to also record the
light source spectrum when using the filter to do spectral normalization.
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6.5 Conversions to Reflectance and Absorbance Manually

The light absorbance properties of materials can be determined from the absorption spectrum that is
recorded as light passes through the material. Using HSI, the absorption of materials on glass slides can be
found and classification of the material based on the absorption property can be carried out.

e Transmitted Light: To obtain the absorption spectrum of a specimen on transparent surface, use a bright
field illumination which sends light directly through the glass slide into the microscope objective.

(@]

o O O

0O O O O

Locate the area of interest on the specimen and center it in the scan area.

Draw an ROI around the region.

Save the mean spectrum in a plot.

After recording the specimen, replace it with a blank slide, or a region of the same slide that does
not contain the specimen.

Open the ROI tool and use the same region to obtain the mean spectrum of the region.
Save this to a plot.

Calculate the absorption spectrum using the spectral math expression:

alog(float(S1)/S2). Assign S1 to the spectrum of the blank and S2 to the spectrum of the
specimen. Choose a new window to create the absorption spectrum. The light absorption is
maximum at the peak of this spectrum, where also the light reflectance is minimum.

e Reflected Light: To obtain absorption spectrum of an opaque sample/material, use a reflected light
illumination which sends light that bounces off the sample back into the microscope objective.

o

o O O

o O O O

Locate the area of interest on the specimen and center it in the scan area.

Draw an ROI around the region.

Save the mean spectrum in a plot.

After recording the specimen, replace it with a reflectance target. A suitable target is made by
LabSphere (model SDM-100-DU or SDM-050-DU).

Open the ROI tool and use the same region to obtain the mean spectrum of the region.

Save this to a plot.

Calculate the percent reflectance spectrum using the spectral math expression:
100*float(S1)/S2. Assign S1 to the spectrum of the specimen and S2 to the target spectrum.
Choose a new window to create the absorption spectrum. The light reflectance is maximum at
the peak of this spectrum, where also the light absorption is minimum.
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6.6 Conversions to Reflectance and Absorbance using the CytoViva Analysis

Tool

e This feature converts a data cube into absorbance or reflectance units using the CytoViva Analysis Tool
Convert to Absorbance or Reflectance.

(@]

@)
©)
@)

Example 1: Stained Tissue with CNTSs.

In the tool bar, click the CytoViva Analysis tab.

Then click the Calibration and Correction tab.

Then click the Convert to Absorbance or Reflectance (Figure 7.3a) and the Convert to
Absorbance or Reflectance box will open (Figure 7.3b).

Calibration and Correction -] Mormalize for Lamp Spectrum
Spectral Smoothing * Convert to Absorbance or Reflectance
Convert RO| to Spectral Library
Filter Spectral Library

Peak Location Classifier

Restore Previous Particle Filter Results

Figure 7.3a. CytoViva Analysis Tab

@ Convert to Absorbance or Reflectance hod

Input Image File | |

Blank Data Source | |

Convertto (®) Absorbance () Reflectance

Enter Output Filename | Choose

QK Cancel

Figure 7.3b: Convert to Absorbance or Reflectance Dialog

o Select the image that you want to convert using the Image Input File button from the Convert to

Absorbance or Reflectance box. For this example, use the file, Sample-100X located in the
Absorbance and Reflectance Folder. Click Open, click OK. We chose a stained sample which
will show how the dye absorption spectrum can be obtained with this feature.
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o For the Blank Data Source, use file name Blank-sIf located in the Absorbance and Reflectance
Folder. Click Open, select New file, select File, click Open, click OK.

o Check Absorbance box to select the type of conversion.

o If the absorbance is chosen the blank data source file must be a preloaded lamp spectra, if
reflectance is chose, the blank data source must be from a perfect reflector.

o Click Choose to enter an output file name. By convention, use the Input file name with ABS
appended to the name. These appendages remind you that the data has been converted to
absorbance or reflectance units.

o Click Open. Click OK.
o The Input file will be converted and the new image will automatically open in the Available

Bands List and in a display. Below are the Zoom image from the original scan and the converted
absorbance scan (Figure 7.3c).

-
g
4 »

LAe™ Y
e

Figure 7.3c: Original image (left) and converted absorption image (right)
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o The spectrum of the original sample, at the cross-hair and the absorption spectrum, at the cross-
hair of the converted image (Figure 7.3d).

() AECG BB

Figure 7.3d: Original image spectra (left) and converted absorption image spectra (right)

o If you try to open the original datacube after running this feature, you will need to manually
assign it to a new display. You will see that the converted image opens in the new display. You
can get the original image back by right clicking on the file name in the available bands list and
selecting Load Default RGB to Current. This is a known bug which will be fixed in the future.
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Section 7 Calibration and Correction

7.1 Correction for the Instrument Spectral Response

e The CytoViva Analysis feature Normalize for Lamp Spectrum is used to correct data cubes for the
uneven spectral response of the microscope optics. This process uses a recording of light from the lamp,
and thus the feature is termed Normalize for Lamp Spectrum in ENVI.

o Inthe tool bar, click the CytoViva Analysis tab.

o Then click the Calibration and Correction tab.

o Then click the Normalize for Lamp Spectrum (Figure 7.1a) and the Normalize for Lamp Spectrum
box will open (Figure 7.1b).

Calibration and Correction Normaize For Lamp Spectrum @
Spectral Smoathing ¥ Corvert bo Absorbance or Reflectance '_‘HWJ
Corwert RO b Spactral Libeary — Liems v |
Filter Spectral Library Dt Bt T (5 .r--mv-a (o] DU ISINIR  Sre——
Peak Location Classifier st S Pt | D |
Restore Previous Particle Fiker Results = ]
Figure 7.1a. CytoViva Analysis Tab Figure 7.1b. Lamp Spectrum Button

o Select the image that you want to correct using the Input Image button in the Normalize for Lamp
Spectrum box. Click Open, then click new file, for this example, select the Ag-100X file. Click OK.
If the file is already in the Input list, select the file, click OK.

o Next click the Lamp Spectrum button to enter the Correction Spectrum. Use NORM-lamp-SL for the
example, click Open, and then click OK.

o Keep the default Data Output Type. Click Choose.

o Give the name of the output file using the input file name with COR appended to it. COR reminds
you that the file is a corrected version of the data. Click open. Click OK.

o A corrected data cube file is saved and is opened in the available bands list and displayed. Now open
the original input image in the main menu bar, click File, Open Image File, and then select the file
(in this example Ag-100X). It will be displayed in the Available Bands List, select the file, right
click and select Load True Color <to new>.

o The corrected image will look virtually identical with the input image. Use the Square Root
Enhancement for the best image.
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o Inthe menu bar of the input image, select Tools, then link, then Link Displays. The Link Displays
dialogue box opens (Figure 7.1c).

Drisplay 1 'Yes | BE| Lirk sodf 1 yolf[1

Drisplay 2o | JH| Link sodf 1 polf[1
Link Size / Pogition | Display H1

Dymamic Overlay|OfF | 41 |Transparency (0100%) 0 &

Figure 7.1c. Link Displays dialogue box

o Select Yes for both displays and Off for Dynamic Overlay. Click OK.

o Open a Z-axis profile for both images by right clicking on the image and selecting Z-Profile. As you
click on different particles in the input image, the cursor moves to the same location in the corrected
image since these images are linked. The curve in the plot windows correspond to the same pixel in
both images. You will see how Lamp Normalization changes the input spectra. Turn on the Collect
Spectra option to show multiple curves on the same plot.

o When the input image is normalized by the lamp spectrum, spectra in the new image are corrected
for the uneven spectral response of the instrument. This compensates for the relatively weak
illumination and camera response at each end of the instrument’s spectral range. The input and the
corrected spectra are most alike where the lamp spectrum is near its peak, which is between 500 and
600 nm.
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o For the example with silver nanoparticles (Figure 7.1d), the input image is shown (arrows point at
nanoparticles with spectra of interest). Figure 7.1e shows the uncorrected spectra from the
nanoparticles on the left, and corrected spectra of the same particles on the right.

& - [BX]

Figure 7.1d. Main image window with four nanoparticles of interest

&) = 10X] & - [O)X]

Uncorrected Curves Corrected Curves

4000

000

;2000

1600 F ' 1000
00

¥

100 SO0 : ") a0c 100

Figure 7.1e. Left: Uncorrected Spectra of Particles, Right: Corrected Spectra Using Lamp Normalizing Feature

o Correction can bring out the presence of new spectral features that were masked in the uncorrected
data, and change the relative amplitudes of the features.
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Section 8 Particle Filter

This new feature is used to automate the selection of particles in an image. The Particle Filter determines where
there are particles or circularly-shaped objects that match criteria given by the user. The results are presented in
a Review dialog box that allows for refining the particle selection criteria. It is one of the most useful new
features of CytoViva ENVI 4.8.

e In the main menu toolbar, select File, click Open Image File, in the ENVI 4.8 folder in the particle filter
file, select AgNPs-PF-100x. Click OK. Image opens in a new display.
o Inthe image menu bar, select the Particle Filter Analysis (Figure 8.1a). Click Particle Filter.

o The Particle Filter Params dialog box will open (Figure 8.1b).

& DPart; :

Background Fitesing Method () Sum (&) Max

& #1 (R:Band 196,G:Band 122,8:Band 49):AgNP... [ |[B)BK)

File Overlay Enhance Tools NSUZUFEREREEERGEIEAEE Window SOoctal e M E sroed| 100 -
Particle Filter Vabd Dista Max | 3000 &

Restore Previous Particle Filter Results

Filter Particles by Soe )Mo (&) Yes

Size Thieshold (piceds) |20 —

Save Paticks Data to File [oplional) | Choose

(5 et

Figure 8.1a. Particle filter drop down menu Figure 8.1Db. Particle Filter Params box

o Select the Background Filtering Method. For this example, select Max.

o The default method (Max) is best to use if the particles have simple peaks in the spectrum. This
choice tells the Background Filter to use the maximum value from the spectrum at each pixel of
the data cube to detect particles. If you select Sum, it uses the sum of all spectral bands to detect
particles. You will notice that the default value of the threshold parameter Spectral Max Must
Exceed becomes 10000 when Sum is selected. If the particles have complex spectral shapes,
Sum may be a better choice.

o Enter the threshold value for Spectral Max Must Exceed (Intensity counts). This is the minimum
value that the filter must come up with using either the Max or the Sum Background Filtering
method in order for a pixel to be found in a particle. In this example the value was set above the
baseline values of spectra at 100.
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o Enter the value for Valid Data Max. This is the highest value allowed for the maximum spectral
value of a pixel in order for that pixel to be assigned to a particle. This value stays the same for
both Background Filter Methods. The recommended setting is a value higher than the peak value
of particles you want to find. Those particles having higher peak values in the data cube will be
excluded. For this example we used 3000.

o Choose whether to also use the particle size as a filter parameter. The default setting uses this
option. Small values cause the filter to exclude pixels around the edges of particle. In this
example, the size has been set very small to 20.

o Once particles have been found using the filter, the spectra of edges of those particles can be
easily found.

o (You can) enter a save file for the results if you desire. Click OK to run the Particle Filter.

o The Particle Filter Review Tool box opens (Figure 8.1c) and the detected particles are circled in
the main image window (Figure 8.1d). With this example using the settings given above, the
Particle Filter automatically found and circled several smaller, less bright particles.

o The option to Sort the list of particles by ascending wavelength was chosen in the Review Tool
window by clicking on MaxWL and then choosing Ascending from the Sort button. The mean
and maximum spectrum from the pixels forming the first listed particle are shown in the plot.
Sort options make it simple to select particles according to size, wavelength or brightness. Try
using the different Sort options.

- E | & 41 R:Band 196 G:E ] - O]

Source Data: C\Documents and Settings\System 3\DesktopiCamera Tests-11-10-1144gNPs-PF-100x
Size Max DM | Max'wl Partizle 1

an 105,000

[ Display Particle Overlay

‘ﬂﬂ [Se\ectAu]

Total Particle Count =19

[ Save Data ]

[ Delete Selected ]

Figure 8.1c. Particle Filter Review Tool Box Figure 8.1d. Main Image Window for Particle Filter
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o You can export particles that you select to either a Region of Interest or a Spectral Library
(explained below).

o To save the data from the Review Tool Box, click Save Data.

o Saving to Particle Data creates a file that contains the last state of the Review Tool. This file can
be restored by choosing Restore Previous Particle Filter Results in the drop down menu under
CytoViva Particle Analysis in the main image window.

o Saving to Table Data to ASCII causes the particle filter data to be written to a text file (Figure

8.1e). Make sure to add a .txt extension to the file so it will open correctly in Notepad or Word.
In both cases all of the particle data from the session is saved, not just the selected particles.

[ Filter Results Ex 1 ASCIl Table. ixt - Notepad

Particle ID Size Max DH Max Wl
B 16 482000 472,325
15 18 374,000 474,773
3 20 1098.00 477,220
17 18 453,000 483.339
1 17 849,000 484, 563
1 1 108.000 484, 363
13 20 1122.00 487,011
& 1 104,000 488,235
4 2 110,000 507.81%
1z 2 110,000 524,940
10 13 510,000 531,068
18 10 332.000 533,515
G 1 105,000 533,515
7 1 113.000 565,334
16 13 220,000 598,377
2 3 105.000 614, 286
19 17 328.000 6l6. 734
14 G 140. 000 680,371
5 1 169, 000 769, 709

Figure 8.1e. Filter Results to ASCII file

o How Selection Criteria Are Used By Particle Filter.
o Example 1: Spectral Library Export.
o Inthe Particle Filter Review Tool you could make a Spectral Library for each particle that was

found over a range of wavelengths between 475 nm and 525 nm by selecting the appropriate
rows in the list. Then choose Export, then To Spectral Library.
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o The Export particles to Spectral Library dialog appears (Figure 8.1f).
) - Ed

G pecing by Inchads | Pasicly Mogn Onip w

Dhutpt Dosts Type | Infeget w

Dlutprat Pgult 1o (=3 Fle () Mevsey

Ouped SLI Fiename | Crooie |

I Filler\E el Sientinl Ly Fillersel S5 Padteled

[ o |[Corcel |

Figure 8.1f. Export Particles to Spectral Library

In this example only the mean spectrum from each particle is going to be saved to a Spectral Library. Click
Choose for an output SLI file name. Use the defaults for other settings. Click OK. The file is saved and added to
the top of the Available Bands List.

From the Available Bands List, right click the file and select the Spectral Library Viewer and the Spectral
Library Viewer dialogue box opens (Figure 8.1g). The spectral curves of the particles that have wavelengths
between 475 nm and 525 nm are listed. Click on the Means of each particle and a spectral library plot of these is
shown (Figure 8.1h). Right click on the plot and select plot key (if needed).

Spcirad Library Plats
Fie E& Cpiora Plob Purcdion Help

9 ' - [B]x]]

Librany: Export Spectral Libeary Filtered Ag Paticles |
Wawelengthc 400.121002 o 1000.028989

Mean [Particle 3]
Mean [Parbcle 17)
Mean [Pariclz 1)
Mean [Farbcle 11)
Mean [Parbcle 13]
Mean [Particle 6]

Mean [Parbcle 4

Figure 8.1g: Library Viewer Figure 8.1h: Spectral Library Plots
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o Example 2: Region of Interest (ROI) Export:

= In the Particle Filter Review Tool you could make a Spectral Library for each particle
that was found over a range of wavelengths between 475 nm and 525 nm by selecting the
appropriate rows in the list. Then choose Export, then To Region of Interest and the ROI
Tools Dialogue Box opens (Figure 8.1i).

= The ROI Tool opens with the particles listed as individual ROIs which you can apply to
the image. You can create different colors for the ROIs by right-clicking Color and
choosing Assign default colors (Figure 8.11i).

% #1 ROI Toal

Window. Olmsge O Sccd OZoom ®0H

ROIName | Colr Pob]

* |Paticle 3 20 V20 A
Paticle 17 18 s
Paticle 1 17 m?
Paticie 11 1 mn
Particle 13 20 /20

Paticle 6 1 N w
< >

[ New Region | " | Goto || Delete Part |

| Stats || Goow || Pacet || Delete ROI |

[ Select A1 | || Hide ROI: |

Figure 8.1i. ROI Tool box
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Section 9 Filter Spectral Library

@
The Filter Spectral Library provides an automated process for removing spectra from a library that are

different from the spectra that you want to match to an input file. A library of spectra that have similar, but not
necessarily the same, properties as the undesired spectra is needed. The process removes the undesired spectra

from the input library by performing a statistical comparison of spectral properties using the Spectral Angle

Mapper (SAM). This is a versatile filter. An example of use of the Spectral Library Filter would be to reduce a

spectral library that was created from objects that have either one or both of two different attributes, such as a

range of particle size or peak wavelength, to a library that contains objects with only one of the attributes, or

contains only the particles that have both attributes.

e Selecting a Spectral Library to Filter.
o Starting from the main menu tool bar, click the CytoViva Analysis tab.
o Then click the Filter Spectral Library (Figure 9.1a).

& [NYI 4.8

Fle  Basic Tools e Ot Clagafication  Transfoem  Fiter  Spectral Map  Window  CytoWea  Help
Casblowration and Comection ¥
Spectral Smockhing "

Cotvrart P00 b Speckral Library
Fites Spasctral Libe iy

Pesk Location Classifier

Restore Previous Partice Fiter Results

Figure 9.1a: CytoViva Analysis Tab

o Select the Spectral Library to Filter dialogue box opens. The user selects a spectral library file
from the input list or opens a new one from this window using the Open tab (Figure 9.1b). This
file should contain all of the spectra from the analysis, including both the desired and undesired
spectral curves.

¥ Saluct the Spectrsl Library 1o Filter =

Saslescl Ingak File: Pk Frdoamsbion
[ Moyt 3] (45761 |
ol

o
Aghlse 1000 poenlily

(= (=) =)

Figure 9.1b: Spectral Library to Filter Box
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e Example 1: Simple Separation of Spectral Curves.
o This example will remove two spectra, deemed undesirable from a spectral library. Once the
Select the Spectral Library to Filter dialogue box is open, select the file sl. If the input file isn’t
in the list click open and then select the file. The input file sl contains four spectra (Figure 9.1b),
located in the ENVI 4.8 Examples folder. Click OK.

o The Filter CytoViva Spectral Library box appears (Figure 9.1c).

o Inthe Filter CytoViva Spectral Library box (Figure 9.1c), starting at the top the input file name
is shown in the Base Library box.

% Filtar CyteViva Spectral Librasy [x
- Spechal Dty
Bae Lieary | ©\Documerds and S eftrgs\Sythem PDwetkiopha

Esterrial Soapcs ) R0lE () Special Lisssy 0 s

_ Proceqsrg Paava
S8 Thesckokd A0S0 &

CAM Cownn s sber (%) Floabrey Pord () Doubls Précssed

Dresplay Flopen o Completon { s (%) e

~ Outpait Fies
Ouipet Result b (%) File /() Memwary

Dzt Flerue bot Fibsed Libensy | Choose |

OF || Comcal

Figure 9.1c: Filter CytoViva Spectral Library Box
o Next, choose the external source (source of undesired curves). You can choose from an ROI,
Spectral library or an Image. The source for this example is Spectral Library.

o Next is the Processing Params. The SAM threshold can be decreased if matches with the external
source need to be more precise.

o Default settings should be used for the rest of the input.

o The Display Report on Completion will produce a window showing how many spectra were
removed from the input library and how many remain.

o Save the new library to memory for review until the desired outcome is achieved, then save it to
a file. Click Choose, create a file name for filtered library. Click Open, then click OK.
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o The Select external source Spectral Library box opens. Select which input file to use for the
external source (Figure 9.1d). Click OK.

¥ Splect exiernal source Speciral Library

| Sedack Ingut Fils Fibs Indoamaataoe:
mﬁmalmﬂ-n

1l
deghlp-1 (N0 peelfly

(o) ()| e oo

Figure 9.1d: Selecting the External Source Input File

o In this example choose: sl1.

o It contains two curves that are already in the input library, but have been deemed undesirable,
and are to be removed. Since they match curves in the input library, SAM will not fail to find
them. In most cases where you will use the Filter Spectral Library feature, the External Source
library of undesired spectra are similar but not identical to the spectra you want to remove. If
SAM is able to match any spectra in the External Source with spectra in the Base Library, the
matching spectra will be removed from the Base Library. After running the filter, the results are
shown (Figure 9.1e).

& ENVI Text =13

Input Spectral Library: C:“Documents and Settings Systemn 3De s
Humber of spectra filtered out: 2 3
Humber of spectra remaining in library: 2 w

£ 2

Figure 9.1e. Results of the filtered spectra

o To view the resulting spectral library, in the Available Bands List, right click on file name, the
click Spectral Library viewer. The Spectral Library Viewer box opens. Click on each curve to
load the spectra into a new ENVI Plot Window.
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o Below are the spectral curves from the input Base Library, External Source Library and the
Filtered Library (Figure 9.1f). The Input Base Library (left) containing four curves, two which
are undesired, the External Library (middle) containing only the undesired curves, and the
filtered Library (right) containing only the desired curves.

5 - [ox|fs - [o]X%]

Spectral Profile

10 900 1000

Figure 9.1f. Input Base Library, External Source Library and Filtered library
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Section 10 Convert ROI to Spectral Library

This feature expands the abilities in ENVI to create spectral libraries from regions of interest (ROI)
associated with open images. In this example we will be using the AgNP-100X-Pixelfly data cube.

10.1 Working with Regions of Interest (ROI)

e In the main menu bar, click File, Open Image File, then select: AgNP-100X-pixelfly.
e Expand the Zoom window and move it around the four NPs at lower right area in the main image.

e Right click on the zoom window, click ROI Tool. Add circular ROIs over the three largest NPs as
shown (Figure 10a). The ROI tool box opens. In the zoom image, draw a circle around the lower left
particle, then double right click to complete circle and a red overlay appears. In ROI tool box click New
Region. Draw a circle around the middle particle, then double right click to complete circle and a green
overlay will appear. Repeat as necessary.

o - IB]x]

Figure 10a. Zoom Window with the ROIs (red, green, and blue)

e In the main tool bar, click the CytoViva Analysis tab, click on the Convert ROIs to Spectral Library. A
standard input file dialog appears.

e Select the image file, for this example choose: AgNP-100X-pixelfly and click OK.
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e The Convert ROIs to Spectral Library box opens and shows the ROIs that were created for this image.

Check all boxes (Figure 10b).

X

& Converl Rls to Spectral Library

Select ROIs o Cormert
[#101] Regen 21
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Figure 10b. Convert ROIs to Spectral Library

e For Spectra to Include, select All Pixel Spectra & ROI means. This will save spectra from every pixel in
each ROI along with the mean spectrum of each ROI.

e Accept the other default settings.

e Save the output to a spectral library file. Click choose, enter filename, click open, Click OK.
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e The file will show up in the available bands list. Right click on the file and select the Spectral Library
Viewer to open the spectra into the list (Figure 10c).

. AES|

Library: [Memary2] (487 bands]
Wavelength: 399.86731 to 1000.33197

Fegion #1 (215, 317)
Region #1 (214, 317)
Region #1 (214, 318]
Region #1 [215, 318]
Region #1 [216, 318]
Region #1 (213, 318)
Region #1 (213, 319)
Fegion #1 (214, 319)
Fegion #1 (215, 319)
Fegion #1 216, 319)
Region #1 (215, 320)
Region #1 (214, 320)
Fegion #2 (295, 320)
Fegion #2 (294, 320)
Fegion #2 (294, 321)
Fegion #2 (295, 321)
Region #2 (296, 321)
Region #2 (293, 327)
Region #2 [293, 322)
Region #2 (294, 322)
Region #2 (295, 322)
Region #2 (296, 322)
Fegion #2 (235, 323)
Fegion #2 (234, 323)
Region #3 [336, 247)
Region #3 [330, 247)
Region #3 [336, 248)
Fegion #3 (335, 248)

Figure 10c. Spectral Library Viewer window

e View the spectra by clicking the first entry, which opens the first spectrum into a plot window.

e The rest of the entries can be plotted by either hitting the keyboard’s down arrow, or in the menu bar on
the spectral plot by going to menu bar in the Spectral Library Plot box, selecting Input Data and
selecting Spectral Library (Figure 10d). The Mean is the average of each ROI and the regions listed
below are what make up the Mean.

1200

1 R0
100

Figure 10d. Spectral Library Plots of the individual pixel spectra from the ROIs
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Section 11 Spectral Smoothing

‘ |
This feature is used to reduce the noise in spectra from single pixels or regions of interest. Noise reduction
should be used to enhance the shape of spectral curves, such that small features of the curves are more apparent.
It can also be used before spectral mapping in order to improve results. There are three smoothing filters.

o Boxcar Filter: This filter averages the spectrum across a number of bands, putting the average of each
segment of the original spectrum into a new band. The number of bands in the new data is reduced by
this process. The boxcar filter will significantly reduce the size of the filtered data cube.

e Adjacent Band Averaging: The spectrum is averaged across a number of bands and written to a new
band in the output data. The filter moves over by one band and repeats to create a new average which is
put into a second band in the output image. The number of bands in the output and input images are
equal and sizes of the data cubes are the same.

e Savitsky-Golay Curve Fit Smoothing: Noise is removed from the spectrum by fitting smooth curves
over segments of the spectrum. This method removes random noise to the greatest degree. It is possible
for smoothed curves to have a reduced amplitude compared to the original curve amplitude. Default
settings for this feature should be used to best retain the original amplitude.

e Smoothing can only be done on an image. Not on a single spectra.
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e Part 1: Boxcar Filter Smoothing
o In the main menu bar, click File, Open Image File, then select: AgNP-100X-pixelfly.

o Inthe main tool bar go to CytoViva analysis tab, select Spectral Smoothing, click Boxcar Filter.

o Select Input File box opens. Select from list or choose Open, New. Click OK (Figure 11a).

& ENVI 4.8
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Figure 11a. CytoViva Analysis Tab
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o The Boxcar Filtering Params box opens (Figure 11b). The number you will enter determines how
many bands the new data will have. A larger number will cause a smaller degree of noise
filtering. Select number of output bands or use the default of 50, and then click Choose.

& X||

File: C:\Documents and Settings\System \Desklog &
Spatial Dimensions: Full Image

Mumber of B ands: 432

Spectral Range: 400012 - 1000.09 ron W

< >

Mumber of Output Bands |50 o

[Average B andwidth = 12.00 nm)

Output Result to (&) File () Memony

Dutpust Filenarme

Figure 11b. Boxcar Filtering Params Box

o Output Filename window opens. Enter file name, click Open, and then click OK.

o A new image opens. On the left is the original image and on the right is the smoothed image, see

(Figure 11c). In the original image, right click, click Z-profile. Spectral profile will open, select
pixel of interest. Repeat for new image.

Figure 11c: Original and Filtered Image
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o The spectral curves of a single pixel (Z-axis profile) are shown for the original (Figure 11d) and
filterer data (Figure 11e).

B - 3]

Figure 11d: Spectral Profile for Unfiltered Image

ral Profile

Figure 11e. Spectral Profile for Boxcar Filtered Image
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Part 2: Adjacent Band Averaging
o Inthe main menu bar, click File, Open Image File, then select: AgNP-100X-pixelfly.

@)

In the tool bar, click the CytoViva Analysis tab, click Spectral Smoothing, and then select the
Adjacent Bands Averaging (Figure 11f).

& ENVI 4.8

File Easic Tools EeUGWPERGEMEEN Classification  Transform  Filker  Spectral Map  Window  CwtoWiva Help

Calibration and Correction 3 h
Spectral Smoothing

Boxcar Filker Smoothing
Adjacent Band Averaging

Savitzky-Golay Curvefit Smoothing

Converk ROT bo Spectral Library
Filter Spectral Library
Peak Location Classifier

Restore Previous Particle Filker Results

Figure 11f: CytoViva Analysis Tab

o Select the image in the Select input file dialog, or click Open, New. Click OK. The Moving

Average Filter Params box will open (Figure 11g). Keep all image bands, to avoid the mistake of
creating files of differing numbers of bands.

5‘ Moving Average Filter Params

File: C:\Documents and Settings\System 3\Desktop A |
Spatial Dimensions: Full Image :

Number of Bands: 481
Spectral Range: 399.87 - 1000.33 nm Vi
< | 5 |

Smoothing Width 15 e{ (must be odd)

Output Result to &) File O Memory

Output Filename m

'8 examplesiSmoothing\agNp-100X-pixelfly - AAfiteti

[ 0K |[Cancel |

Figure 11g. Moving Average Filter Params Box
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o Enter a value for the Smoothing Width. A larger value averages the curve over a longer portion.

o Save your new data to either a file. Click Choose. Output Filename window opens. Enter file
name, click Open, and then click OK.

o The filtered data cube will open (Figure 11h).

o Lo & - [El

Figure 11h. Original Data Cube (left), Smoothed Data Cube (right)
o On the left is the original image and on the right is the smoothed image (To differentiate the
images, in the title of the smoothed image the heading Moving Ave has been added).

o The spectral curves of a single pixel (Z-axis profile) are shown for the original and filtered data
(Figure 11i).

o - [B]x] & - [5]x]]

Original Spectral Profile Fitered Spectral Profile

] 500 3 aoo 100

N ::;_ Lmmmp

Figure 11i. Original Spectral Curve (left), Smoothed Spectral Curve (right)
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e Part 3: Savitsky-Golay Filtering

o Inthe main menu bar, click File, Open Image File, then select: AgQNP-100X-pixelfly. In the tool

bar, click the CytoViva Analysis tab, click Spectral Smoothing, and then select the Savitsky-
Golay Curvefit Smoothing (Figure 11j).

Calibration and Correction ¥

Spectral Smoothing »

Boxcar Filter 5moothing
Convert ROl to Spectral Library Adjacent Band Averaging
Filter Spectral Library Savitzky-Golay Curvefit Smoothing

Peak Location Classifier

Restore Previous Particle Filter Results

Figure 11j. CytoViva Analysis Tab

o Select the image in the Select input file dialog, or click Open, New. Then click OK. The Sav-Gol
Curvefit Smoothing Params box will open (Figure 11k).

av -0 rvefit Smoothing Param:

File: C:\Documents and Settings\System FDeskiop A
Spabal Dimensions: Full Image

Mumber of Bands: 481

Spectral Range: 39387 - 1000.33 nm v

£ ¥

Widh |33 # (shuold be odd)
Degree |2 | (ypically 1-4)

Output Result to () File  (5) Memary

Cancel

Figure 11k. Sal-Gov CurveFit Params Box

o The Width sets how many bands are included in each fitting operation. A large width tends to keep
the amplitude of the filtered data the same as that of the original data. The Degree setting determines
how well the smoothed data can fit curves with narrow peaks or rapidly changing signal. A small

value can manage the fast changes where a large value gives better overall noise reduction. It is best
to keep the default for Width and experiment with the Degree.
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o Save your new data to a file. Click Choose. Output Filename window opens. Enter file name, click
Open, and then click OK.

o The filtered data cube will open. On the left is the original image and on the right is the smoothed
image (see Figure 11L).

& 41 (RBand 195 “ofx . - ol

Figure 11L. Original and Filtered Image

The spectral curves of a single pixel (Z-axis profile) are shown for the original (Figure 11m) and
smoothed (Figure 11n).

(@]

&) AEE] ) AEE]|

Spectral Profile Spectral Prefile

400

300

100 400 SO0 L0 a0 100
LNy ¢

a1 qoc

Figure 11m. Original Spectral Profile Figure 11n. Smoothed Spectral Profile
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Section 12 Peak Location Classifier

This features finds all pixels in an image that have a specified peak wavelength. It operates like other
classifier tools such as SAM. The Peak Location Classifier can be used to search an image for objects or regions
that have a peak in the spectrum that matches a known spectral characteristic.

e Go to the CytoViva Analysis tab, Select peak Location Classifier from the drop down menu (Figure

12a).
& ENVI 4.8
File Basic Tools RElERGEWEEN Classification  Transform  Filker  Spectral Map  Window  CybaViva  Help
Calibration and Correction »
Spectral Smoothing k

Convert ROI bo Spectral Library
Filker Spectral Library

Peak Location Classifier

Restore Previous Particle Filker Resulks

Figure 12a. CytoViva Analysis tab

¢ Inthe Select input image dialog, use Open to browse for the HSI data cube that you wish to classify and
enter it. If the image was already opened it will appear in the Select Input File list. For this example we
will use AgNPs-PF-100x (Figure 12b).

& Select input image

Select Input File: File Information:

AgHPs-PE-1002 File: C:\Documents and Settings\Systern 3D esktop
Dims: B96 » 201 » 432 [BIL]
Size: [Integer] 137 657 EE4 bytes,
File Tepe : EMYI| Standard
Sensor Type: Unknown
Byte Order : Host [Intel]
Prajection : Mone
Fizel 0= 0Meters
Wavelength : 400121002 ta 1000.088339
Upper Left Carmer: 1.1
Description: Cytavfiva HSI
Microzcopy image, Date = today,
Camera vendor = Cooke/PCO PikelFly
Camera, CCD dimensions = 139241024,
Expaozure tine = 0.50000000, & ain =

[ Spatial Subset ] | Full Scene

Select B_I,II,_‘I‘I

‘[ Spectral Subset ]|492a"492 Bands ”

Freviouz ||| Open vl

Figure 12b. Select Input Image box
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Select the data cube. Generally you will keep the default values for Spatial and Spectra Subset. You may
subset the spatial size of the datacube. If Spectral bands are selected, be sure that they include the
wavelengths of the peak that you are searching for and then click OK.

The Peak Location Classifier Params dialog opens (Figure 12c). Here you will enter several parameter
values that are used to decide how to process the image.

% PeakLocation Classifier Params X

Pesk Location frm] (£5025 &
Toeorcs ) 1000 &
Maise Floe 100 =
SmoothingLevel  High  «

I Must B Largest Peak n Spectum

Pokss: M schas B iwrwchvncti Fiou gt Fibee 1,22 rn

Cuipid Resultlo (3 Fls () Mamary

Oulpud s nage Fienams [ Chooss |

Duipat Fius bsages? e ﬂ'
Cluipad ezl ho (53 Fle () Mamony

Dkt Rk Image Fieraama [ Choose |

Figure 12c. Peak Location Classifier Params dialog

In the Peak Location box, enter the wavelength of the spectral peak of interest.

Next, enter the Tolerance, this is the range around the wavelength that you will accept for deciding to
include the pixel in the classification.

Then enter the noise floor which should be set to a value that is below the amplitude of expected spectral
peaks.

Next, choose a Smoothing Level. Choose a high level of smoothing to obtain best results (default).

Lastly, You can check the box if you only want the largest peak in the spectrum to be used, or leave it
unchecked to accept the pixel even if there is a larger peak at a different wavelength.

The Median Bandwidth shown in the NOTE is the spectral resolution of the input file. In the example,
we will accept the default values.
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e Check whether you wish to save the results in memory or to a file.
e Generally select No for Output Rule Image. However, if you want to see how close each pixel of the
image comes to having the desired peak, you can select Yes. If this is done, two grayscale images are

written to the available bands list that you can display.

e Select OK and the results of the Peak Classifier open (Figure 12d).

o - B]X] & AEH|

Figure 12d. (Clockwise from upper left) AgNP datacube, Distance to Target Wavelength, Wavelength at Classified
Peak, Classification Image

e AgNP Image: the original data cube.

e Classification Image: Shows the pixels that are within +/- 10nm of the desired peak wavelength of
650.25nm.
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o Distance to Target Wavelength Image: shows bright regions if the pixel has a peak that rises above the
noise floor. The brightness of the pixel will increase as the distance of the peak from the desired value
increases. The value of these pixels can be read using the Cursor/Location Value tool. The value is the
separation of the peak from the desired wavelength in nanometers.

e Wavelength at Classified Peak Image: shows an image where every pixel containing a peak above the
noise floor is displayed on a gray scale. The brightness of the pixel increases as the wavelength
increases. This Rule Image is useful for finding other peak wavelengths and how much variability there
is in the spectrum of all objects.
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Section 13 Clean-up and Supplies

To properly take care of the CytoViva hyperspectral system there are a few steps that are necessary
when you are done using the system to keep the system performing at its optimum level.

13.1 Daily Clean-Up of the System

e Use a Kimwipe or lens paper to wipe off any excess oil from the CytoViva condenser and the objectives.
You can leave a clean Kimwipe wadded up on the condenser to protect it when not in use and this will
also wick up any excess oil missed from cleanup.

e Use lens paper to wipe off any oil on the oil immersion objectives.

o Power off the light source.

e Turn the optical camera off by using the switch or unplugging the power cord connected directly to the
top of the camera.

e Optional — Turn the stage controller unit off using the switch on the back of the controller box.
e Cover the microscope with the CytoViva microscope cover.
e Use cleaning solution about every 2-3 months to clean the CytoViva condenser and the objectives.

e Letting the immersion oil sit and dry on the condenser and the objective lenses can cause a gum-like
film which can cause damage to the lenses and internal mirror of the illuminator.

CytoViva, Inc. | 570 Devall Drive, Suite 301 | Auburn, AL 36832 | www.cytoviva.com | 1-888-737-3130


http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/
http://www.cytoviva.com/hyperspectral-imaging/

Cyt0V|va®

llluminating the Future

13.2 CytoViva Supplies

Below are supplies that are recommended when using the CytoViva system:

Fisher Scientific ltems:
Pre-cleaned slides: 1 x 3mm plain glass slide, Part #: 12-544-1
Pre-cleaned cover slips: .17mm thickness, No. 1 slides (two sizes below)
o 18mm x 18mm: 12-542A
o 55mm x 24mm: 12-544-18

Cargille Immersion Qil: Type A (two sizes below)

4 fl. 0z.: 12-370A

16 fl. 0z.: 12-368B

TexWipes: Part # 18-315A

Fisher Brand Optical Lens Cleaner: used for slides and cover slips, part #: 22-143-974

Fisherbrand™ Easy Reader™ Plastic Centrifuge Tubes: part #: 05-539-5

Fisherbrand™ Standard Disposable Transfer Pipettes: part #: 13-711-7, quantity of 500.
Fisherbrand™ SureFit™ Ergo-F Pipet Tips: part #: 02-681-469, quantity of 1,000 per bag.

Gilson PIPETMAN Classic: part #: F123600G, Adjustable-volume; Gilson PIPETMAN Classic; Model
P20; Direct volume reading in decimal digits; Stainless-steel and PVDF construction; Vol.: 2 to 20uL;
Compatible w/Gilson tips D200, DF30ST

Cleanroom cleaned slides and coverslips:

o Applied Microarrays, (Dist) LLC.
Global Product Manager
nexterion@appliedmicroarrays.com
(480) 244-9395

o Item# 1098576 - NEXTERION® Glass D CUSTOM COVERSLIPS, Cleanroom Cleaned
Nexterion® Glass D type#1 D263
Borosilicate Glass for Microarrays
Size 22.0 mm x 22.0 mm +/- 0.015 mm
Thickness .0145 mm +/-0.1 mm
Edges: cut
Surface: as down draw
Cleanroom cleaned
25 pcs per pack
Cleaned glass pieces are packed in a box with spacers between each piece
Item# 1025087 - NEXTERION® Glass B cleanroom cleaned Slides
50 pieces per pack
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o Cleaned glass pieces are packed in a box with spacers between each piece
e Steps for adding scale bars to images using Image J:
o Open Image J
Click File, Open, Select the image you want to work with.
Click Analyze, choose Set Scale.
Distance in Pixels is dependent on the magnification and type of image; optical or spectral. Use
the table below to select the appropriate number.
Set the Known Distance and Pixel Aspect Ratio to 1.
Set Unit of Length to microns (um)
Check box next to Global. This will save your settings for subsequent images. Click OK.
Click Analyze, select Tools, and click Scale Bar.
Scale bar will appear in lower right corner. Select scale bar length.
Click File, Save As. Save image.

o O O

O O O O O O

Magnification | Optical (R6) | Spectral (Pixelfly) | Spectral (Andor) | 3D or Optical (R1)
10x 2.2 0.79 0.625 6.45

20x 4.40 1.58 1.25 12.9

40x 8.81 3.17 2.50 25.8

50x 11.01 3.96 3.13 32.25

60x 13.21 4.76 3.75 38.7

100x 22.02 7.93 6.25 64.5

¢ Making an AVI from images using Image J:
e Open Image J. Go to File, Import, Image Sequence

Open Next Cir+Shift+O
Open Samples »
Open Recent
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o Select the first image of the time capture results.

Filo Et mage Process Analvie Pugns Window el
QARAOAZ4A 4 \NALO2OMW» ) J & »
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e Click Open. A Sequence Options window will open. The number of images automatically imports.
Choose desired settings. Click OK.

Number ofimages:
Starting image: 1

Increment 1

Scale images: 100 %

File name contains.

or enter pattern

™ Convertto RGB
[v Sort names numerically
™ Use virtual stack

2048 x 2048 x 34 (544.0NB)

OK | Cancel] Helpl
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The AVI is then compiled in Image J. In the main Image J toolbar, Click File, Select Save As, Click

AVI.

Choose file type and compression options and frame rate. Click OK.

Edit Image Process £
New 4
Open Ctri+O
Open Next Clrl+Shift+O
Open Samples »
Open Recent »
Import >
Close Ctri+W
Ciose All
Save Ctrl+S

PNG

PGM

FITS...

LUT..
Selection...

XY Coordinates...
Results

Text.

Animated Gif ..
Analyze 7.5

Compression: BE=S# -
fps

Frame Rate: 7

OK | Cancel I

File is saved in the folder with the chosen images.
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Section 14 Glossary

o Image File: ] This is the file of the original image scanned with the spectrophotometer.

e Spectral Library File: ] This file contains the different spectra that the user will collect from the
scanned image.

¢ Rule Image File: [:3] This file contains the Rule image of the sample.

e Classification (SAM) File: £. This contains the classification (SAM) image of the spectra that matched
the library. It may also indicate a Peak Location Classifier (PLC) image.

e Rule Image: The rule image is the displayed grayscale image showing the degree of matching between
the known and unknown spectra from each image pixel. The Rule image is shown on a scale of light to
dark the relative degree to which unknown spectra in each image pixel match the known spectra.

e Spectral Angle Mapper Classification (SAM): an automated procedure for determining if a known
material is present in the input image, and the pixels containing the material. SAM accomplishes these
tasks by comparing unknown spectra in Hyperspectral imagery with known laboratory spectra for the
material in question.

o Classification (SAM) Image: this image shows the location of pixels whose spectra match that of the
endmember.

o Header File: A separate file created with the Hyperspectral image file, with the same name. This file
must be copied with the image file when data is transferred. The header file includes information for
CytoViva-ENVI to allow the image program to be opened and used.

e Endmember: This is any spectra that have been chosen as important for identification purposes in a
sample.

e OQutput File: This is a file that you create to include several different output files such as: Spectral
Library Files, Header Files, Spectral Angle Mapper Files, etc. This file will allow you to easily access

this information when needed.

o Z Profile Average Window: Setting the size windows will either decrease or increase the noise in the
plotted spectrum.

e Plot Key: This is the key that contains the labels of your spectral curves chosen.
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o X Axis (Default): The X-Axis default is the Wavelength. By moving the cursor over the point of the
peak you can see the wavelength of the spectra in the selected location.

e Y Axis (Default): The Y-Axis is the Value. This provides the intensity levels of the spectra.

o Data Parameters: This can be found in the plot key by click on the image menu bar and selecting edit,
then select Data Parameters. The Data Parameters will allow you to change the Key Plot names, line
style (dotted, thickness) and color.

o Plot Parameters: The Plot Parameters will allow you to change the title, X & Y axis labels and scaling,
background and foreground colors, and the font. This can be found in the spectral plot by clicking Edit
then Plot Parameters.

e Spatial Resolution: The minimum spatial separation that can be detected in the image. The control of
spatial and spectral resolutions work the same way.

e Spectral Resolution: The minimum separation in wavelengths that can be detected. The Low spectral
resolution setting is equal to half that of the Hi setting. Therefore if the Hi resolution were 1.5 nm, the
Low resolution would be 3 nm.
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Section 15 Troubleshooting

e What is the number for Technical Support?
o 1-888-737-3130

e After the scan has finished the Image on the screen is Black.
o One of the slide bars wasn’t opened or closed at the proper time. Refer to the Manual, Section 2:
Quick Start Guide, Part 3: Starting the Scan, numbers 6 & 7.

e The scanned image is out of focus.
o Before you scan your sample be sure to double check that the sample is in focus. Sometimes the
slightest movement can make the sample move.

e When I rescan an image the original image is still showing.
o Go to the Available Bands list and choose close all files and then in the Available Bands list and
open the new image you just scanned. You can refer to the Manual in Section 2: Quick Start
Guide, Step 3: Starting the Scan, and number 8 which provides more detail.

e Thereis a black area at the right or left end of my scanned image.
o This is due to the slit not being pushed in all the way on the spectrophotometer. Call Technical
Support.

e There is no spectral signal past 750 nm.

o CytoViva offers a different bulb for the Dolan Jenner to be used with hyperspectral imaging.
The bulb is an aluminum reflector bulb that will provide light output to 2000 nm. This bulb is
preinstalled at the CytoViva office, however the original dichroic bulb is still included as a back-
up. If your aluminum bulb has blown, please call CytoViva at 888-737-3130 to order a new one.

o There are also two different light guides that may come with the system depending on the
configuration. One is all black and is used for fluorescence imaging out to about 750 nm. The
other has a yellow tag and is used for hyperspectral imaging from 420 — 1,700 nm (VNIR and
SWIR). The yellow tag light guide has a UV filter to protect the user.

o If the improper bulb and/or light guide is being used, spectral data may not be transmitted at all
wavelengths.

¢ My image quality is not as good as it used to be.
o The system may be in need of maintenance. Light guides extinguish over time and should not be
used for over 3 years. If oil has been allowed to build up on the condenser, image quality may be
compromised.

e Call Technical Support for assistance. CytoViva offers service/maintenance visits and will also service
certain parts in-house.
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Limited Warranty

CytoViva warrants for a period of one (1) year from the date of purchase from CytoViva, Inc. or an authorized agent of CytoViva, Inc. (the “Warranty
Period"), that the unmodified CytoViva® Enhanced Darkfield Illuminator and/or Dual Mode Fluorescence Module (the “Equipment”) when new, and subject
to normal use and service, shall be free of defects in materials and workmanship and shall perform in accordance with the manufacturer's specifications.

If any component of the Equipment does not function properly during the Warranty Period due to defects in material or workmanship, CytoViva will, at its
option, either repair or replace the component without charge, subject to the conditions and limitations stated herein. Such repair service will include all
labor as well as any necessary adjustments and/or replacement parts. If replacement components are used in making repairs, these components may be
remanufactured, or may contain remanufactured materials. Repair or replacement without charge is CytoViva’s only obligation under this warranty. This
warranty is NOT transferable from the original purchaser of the Equipment.

Limitations

Other components of the product package, specifically including, but are not limited to, the light source(s), light source power transformer(s) and cord(s),
liquid light guide(s), optical filters, spectrophotometer, camera(s), software, microscope part(s), and motorized stage are warranted based on the individual
original manufacturer's warranties and policies. There is no warranty whatsoever on the contrast filters, bulbs or the coil (on the motorized stage)
purchased as part of the Equipment.

This warranty does not cover circumstances beyond CytoViva’s control, breakage, or a malfunction that has resulted from improper or unreasonable use
or maintenance, accident, tampering, misuse, neglect, improper installation, modification, improper maintenance or service, cleaning procedures, shipping
or repacking of Equipment, or service or parts to correct problems where such service or parts are performed or provided by anyone other than CytoViva
or an authorized agent of CytoViva; service required as the result of unauthorized modifications or service misuse or abuse; failure to follow CytoViva's
operating, maintenance or failure to use items supplied by CytoViva. This warranty is also void if the light source, light source power transformer and
cord, or liquid light guide is not used in accordance with the original manufacturer's instructions, recommendations, or documentation.

Warranty service will not be provided without a dated proof of purchase. [Please return the Warranty Registration Card together with a copy of the original
receipt, within thirty (30) days of purchase.] It is the purchaser's responsibility to return the Equipment to the authorized agent from whom it was
purchased. If the Equipment was purchased directly from CytoViva, it should be returned, postage paid, along with the original dated receipt to CytoViva,
Inc., 300 North Dean Road, Suite 5 PMB-157, Auburn, AL 36830. Your repaired item or replacement product will be returned to you postage paid. In the
event the purchaser returns Equipment to CytoViva and it is determined by CytoViva that the Equipment has been returned without cause, the purchaser
will be notified and the Equipment returned at the purchaser’s expense.

DISCLAIMER OF WARRANTIES/ LIMITATION OF LIABILITY

THE WARRANTIES CONTAINED HEREIN ARE IN LIEU OF, AND CYTOVIVA EXPRESSLY DISCLAIMS AND CUSTOMER WAIVES ALL OTHER
REPRESENTATIONS AND WARRANTIES, EXPRESS OR IMPLIED, STATUTORY, ARISING IN THE COURSE OF DEALING OR PERFORMANCE, CUSTOM, USAGE
IN TRADE OR OTHERWISE, INCLUDING WITHOUT LIMITATION, IMPLIED WARRANTIES OF MERCHANTABILITY, TITLE, INFRINGEMENT, OR FITNESS
FOR A PARTICULAR PURPOSE. WHERE NOT PROHIBITED BY LAW, CYTOVIVA WILL NOT BE RESPONSIBLE FOR ANY CONSEQUENTIAL OR INCIDENTAL
DAMAGES RESULTING FROM THE PURCHASE, USE, OR IMPROPER FUNCTIONING OF THIS EQUIPMENT REGARDLESS OF THE CAUSE. SUCH DAMAGES
FOR WHICH CYTOVIVA WILL NOT BE RESPONSIBLE INCLUDE, BUT ARE NOT LIMITED TO, LOSS OF REVENUE OR PROFIT, DOWNTIME COSTS, LOSS
OF USE OF YOUR EQUIPMENT, COST OF ANY SUBSTITUTE EQUIPMENT FACILITIES, OR SERVICES, OR CLAIMS OF THIRD PARTIES FOR SUCH DAMAGES.
CYTOVIVAS' LIABILITY WILL NEVER EXCEED THE PURCHASE PRICE OF ANY DEFECTIVE PRODUCT OR PART.

Thank you for purchasing CytoViva products.
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