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Goal of MSI Image Processing

e Construct “combinations” of input bands that enhance
the feature(s) of interest

« Combinations may be:
> Different bands in RGB-color image (“pseudocolor rendering”)

> Arithmetic weighted sums or differences

O Sums attenuate features that change over bands (“integrals”), and
therefore enhance features that are constant over bands (“derivatives”)

QO Differences attenuate features that are constant over bands, enhance
features that vary over bands



Combinations may be determined by:

e Trial and error
e Statistical calculations, customized for each leaf



Image Processing Software Tools

« ENVI™, now by &5 L3HARRIS"

GECTPATIAL SOLITIONS

 Adobe Photoshop™

 Matlab
» https://www.mathworks.com/products/matlab.html

 ImageJ
» https://imaqgej.nih.gov/ij/

e Hoku
> Keith Knox (knox@cis.rit.edu)




Image Processing in ENVI™:

Select GUI

 Shortcuts are listed in ENVI
folder

 We’re using “ENVI Classic”

Bl |4 Libraries

£ __: Documents

.. Music
[ Pictures
E Videos
& Computer
El.*;, Local Disk {C:)
2D
=] Intel
Ims
Perflogs
El Program Files
H 7-Tip
Adobe
=] Common Files
CrashPlan
H DVD Maker
Exelis
&3] FileZilla FTP Client
GIMP 2
B Harris
B enviss

license

hir
dlassic
custom_code
data
EMVILIDARSS
examples
extensions
IDL87
resource
save
uninsENVI5S51
(&5 Env (32-bit)
(&0 ENVI (54-bit)
[35 Envt + 1D (32-bit)
(&5 Envt + DL (54-bit)

ﬁ% EMVI Classic {32-bit)

(2} ENVI Classic (54-bit)

(2 ENVI Classic + IDL (32-bit)
(2 ENVI Classic + IDL (54-bit)
(=9 ENVI Classic Help

& ENv Help

B envissi+elease_notes.himl




ENVI™ “Classic” GUI

 Main Menu, with pulldown submenus

Ioix

File  Basic Tools Classification Transform  Filker Spectral Map Vector Topoographic Radar  Window  Help

« Submenus of most importance to us:
> File
> Basic Tools
Q Spectral Math
Q Region of Interest
Q Preprocessing
> Transform
a Principal Components
Q Independent Components
a MNF
> Filter
a Convolutions and Morphology
> Spectrum
Q SAM Target Finder with BandMax




* 3 Image “Windows,” which
may be rescaled as desired

> “Scroll” (full-frame image
scaled to fit)

> “Image” (subset of “Scroll,”
with secondary menu bar)

> “Zoom” (subset of “Image”)

e Secondary Menu Bar
> File
O save image as TIFF
> Enhance
O 18 options to change rendering
> Tools
Q Profiles

a Color Mapping
Q Cursor Location/Value




i

Sequence of Tasks in ENVI™ C@Tj

Create image cube(s) from collected data, create data format f[n,m,2]
> May be useful to create different image cubes for reflective, fluorescence, and transmissive images

> Calibrated differently and may be combined subsequently for processing that includes images from multiple
collection modes.

Edit image header to include filenames AND wavelengths
Use reference standards to calibrate gray values

Display image(s), using various rendering options to look for features of interest and/or select bands
that show features most clearly or prominently.

> ENVI can render “black & white” or 3-band “color” or “pseudocolor”
Export images to TIFF or JPEG format (if needed).

Process data using one or more built-in programs
> “Spectral Angle Mapping” (SAM)

> “Principal Component Analysis” (PCA)

> “Independent Component Analysis” (ICA)

Render and export processed images as 8-bit TIFF or JPEG (monochrome) or as 24-bit RGB or
pseudocolor.

Loop to 6!!



Sidebar: ENVI™ Queue Manager

 Means to set up batches of multiple operations

« Cannot set up “sequential” batches
> e.g., output of one operation in “Queue” becomes input for next operation

“File” 2 “ENVI Queue Manager”
=Tk

File

Gueuwed Procedures List
[1] Forward PC Transform

2] Spectral Math

Procedure Information

Select Al | Deselect Al |
Execute Selected | Remove Selected DK ‘ Lueue ‘ Cancel ‘




Task #1: Make Image “Cube”

* File > Open Image File

e Select the image bands to be included In
the cube and then click: Open

 Files will show up in window Available
Bands List.

#® Available Bands List ] — o x|

File Options

Bl 1] CCR_068- b01b16_RF+365+NBGORBP_FL cal med3

----- o Conv (Cal (Band 01 MB363UV.CCR_D68r_b01+016_RF).CCI
----- o Conv (Cal (Band 02 MB420Vi:CCR_D68_b01-b16_RF:CCR
----- O Conv (Cal (Band 03 MB450RE:CCR_068r_b01-b16_RF):CCI
----- o0 Conv (Cal (Band 04 MB470LB:CCR_068r_b{1-+16_RF):.CCF
----- o Conv (Cal (Band 05 MBEDECn:CCF{_DEBr_bI}‘I-ME_RF}:CCF’J
----- o Conv (Cal (Band 06 MB530Gn:CCR_068_b01b16_RF).CC
----- o Conv (Cal (Band 07 MBSG0LI:.CCR_DG6Sr_bD1+b16_RFXCCR
----- O Conv (Cal (Band 08 MB230Am:CCR_068r_b01-b16_RF):CCI
----- o0 Conv (Cal (Band 09 MBE15RO:CCR_068r_b01-b16_RF).CC
----- o Conv (Cal (Band 10 MBG30Rd:CCR_068r_b01b16_RF).CCH
----- o Conv (Cal (Band 11 MBESSDR.CCR_068r_bD1+b16_RF)CC
----- o0 Conv (Cal (Band 12 MB700IR:CCR 068 b01b16 RF).CCRT

< | >

" Gray Scale ' RGB Color

@ g [Conv (Cal (Band 10 MBE30Rd:CCR_068_b0116_RF)CCR_06

s |Comr (Cal (Band 06 MB530Gn:.CCR_068r_b01+16_RF).CCR_06

¢ g [Conv (Cal (Band 03 MB450RB-CCR_068_b01-b16_RF)CCR_0

‘ Ciims |E'| 76x 6132 (Floating Point) [BSQ]

‘ Load AGB | Displa)f#1v||




Saving Cube

 File 2 Save File As 2 ENVI Standard

I‘Il._n Basic Tools  Classdfication  Transform
Open Image File 3

Open Vector File

Open Remote File

Open External File
Open Previous File

Edit ENVI Header

Generate Test Data
Data Viewer

e

Fiter Spectral Map Vector Topographic Reder Window Help

SaveFile As

ENVI Standard

Import from IDL Vanabile

I CPU Parameters

Save Segzion to Script

ERIVE O pmps BAmpis sy

Export to IDL Variable ArcView Raster
Compile IDL Module ArcGIS Geodatabase

Tape Utilities b ER Mapper

ERDAS IMAGINE
Scan Directory List IPEG2000
Change Output Directory MITE

Execute Startup Script TIFF/GeaTIFF
Restore Display Group Cle
CADRG

ENVT Meta

ASCH

PCl

R-CHIVE

iy, Proainsgo Dulaed Sl
rregrg. Yousicabon end
o Fucsian, ’

.|“_" -7--.“ i



 New File Builder will be displayed, click on: Import File

Selected ENVI Files for New File:

import File... || Reorder Fies... || Delete |

Remove Superfluous Files 7 No

Output Resultto @) Fle () Memoary

Enter Qutput Filename [ Compress




 Create New File Input File
window

» Click to select files to include In
the image cube

> If all files on list need be
selected, click on first name,
hold down SHIFT key when
clicking last name

e click on: OK

Select Input File:
CCR D68 b01+16 RF+365+NBGOREP FL cal i
CCR_DGEr_b01+b16_RF+365+NBGOREP_FL _cal_
CCR_D&8r_b01+16_RF+365+NBGOREP_FL_cal

| | ,

File Information:

File: G:\Tyndale Peter_Malik\CCR_068ENVINCCF
Dims: 8176x 6132 x 23 [BSQ]

Size: [Floating Point] 4,612 441 344 hytes.
File Type : ENVI Standard

Sensor Type: Unknown

Byte Order : Host (Intel)

Projection : None

Wavelength : None

Upper Left Comer: 1,1

Description: Forward MNF Result

[Thu Jun 27 20:40:11 2019]

| Spatial Subset "FLI" Scene

||Select By [Fie 1_1”

Spectral Subset |I23\J'23 Bands

Previous |

| oK | Ccancel |

Openvn




To Reorder File Names in Builder:

e Click on: Reorder Files

* Click and drag OR click “center”
mouse button (or wheel) to reverse
sequence

 Click OK

Mew File Builder

Selected EMNYI Files for Mew File:

0053_000003-MBSA0IR_012_F &if
0053_000002-MBEVOIR_011_F &if
0053_000002-MB7E0IR_010_F &if
0053_000003+MB735IR_009_F tif

(053_000008MBYO0IR_DDE_F tif

[Band 1]
[Band 1]
[Band 1]
[Band 1]
[Band 1]

0083_000008+MB625Rd_007_F tif [Band 1]

0053_000008+MBE70AM_D06_F tif [Band 1]

0053_000003-MB535Gr_005_F tif

[Band 1]

0053_000003-MB505Cy_004_F tif [Band 1]
0053 _000003-MB4A7OLE_002_F tif [Band 1]

Import File... || Reorder Files... ]

Delete |

m

Remove Supedluous Files 7 Mo

Output Result to @) Fle ) Memary

Enter Output Filename [] Compress




o r-—-| B .-'_—Ir-—-| B
 Reorder Files 5 | (5 Reorder Fles =

1: 0053_000008+MB365UNV_D01_F tif [Band 1]

‘ 1: 0053_000008+MBI40IR_012_F tif [Band 1]

2: 0053_000008-MBE70IR_011_F tif [Band 1]

3: 0053 _000008-MB7E0IR_D10_F tif [Band

4: 0053 _000008-MB735IR_D09_F tif [Band 1]

5: 0053_000008+MB700IR_D0E_F tif [Band 1]

2: 0053 _000008-MB455RE_D02_F tif [Band 1]

3: 0053 _00000E-MB470LB_D03_F iif [Band 1]

4: 0053 _000008-MB505Cy_ 004 Ftif [Band 1]

6: 0053 _0D0000E-MBE25Rd_007_F tif [Band 1]

7: 0053 _0D00008-MB570Am_DDE_F tif [Band 1]

§: 0053_000008+MB535Gr_005_F tif [Band 1]

5: 0053_000008-MB505Cy_004_Ftif [Band 1]

10: 0053_000002-MB470LB_D03_F tif [Band 1]

5: 0053_000008+MBE535Gr_D05_F tif [Band 1]

5. 0053_D00008+MBE70Am_D06_F tif [Band 1]

1053 _D0000E-MBE25Rd_007_F tif [Band 1]

_000008+MB700IR_008_F tif [Band 1]

000008-MB735/R_D09_F tif [Band 1]

g3 _000008+MEYTB0IR_01D_F tif [Band 1]

11: 0053_000002-MB455RB_002_F tif [Band 1]

12: 0053_000008+MB365UV_D01_F tif [Band 1]

11: 0053 _000008-MBE70IR_011_F tif [Band 1]

12: 0053_000008+MB340IR_012_F tif [Band 1]

| OK || Cancl |

| OK || Canesl |




N

 ENVI returns to New File Builder window

* In section Enter Output Filename, type or choose
desired filename

> | often use shelfmark + leaf number + suffix indicating nature
of data (“-RF” for “reflective, “-FL” for fluorescence, or “-TX”
for transmissive)

> | generally choose NO filename extension
e click: Open
e To save new cube file click: OK




MY New File Builder

Selected ENVI Files for Mew File:

0053_D00008+MB470LE_DO3_Fif [Band 1]
0053_000008+ME505Cy_004_F £ [Band 1}
0053_D00003+MB535Gr 005 Fif [Band 1] —
0053_D00002+MB570Am_006_F £ [Band 1]
0053_D00003+MBE25Rd_007_Ftf [Band 1]
0053_D00003+MB700IR_008_Fif [Band 1] |2
0053_D00003+MB735|R_009_F tf [Band 1]
0053_D00003+MB730IR_010_F f [Band 1]

0052 _000008+MBEVDIR_011_F tif [Band 1 —
(053 _000008+MB340IR_012_Ftif [Band 1 &

| Import File... || Reorder Files... | | Delete |

Remove Superfluous Files 7 No

Output Result to @) Fle ) Memory

Enter Output Filename [ Compress

C:UsershlshtarDocuments 0053 _Syriac_MNF_2340

=

oLHivE

e, Wi
. ey

* Create New File will be displayed

» progress bar will give rough estimate
of how much time is required for the
process to finish

Q (HINT: it’s longer than you want it to be)

)



Edit Image Header
(band names + wavelengths)

R-CHIVE

* In the window Available Bands List right click on name
of new cube to display directory

Add Selected File to Memory

Close Selected File

Edit Header...

Cluick Stats...

Fold All Files
Unfeld All Files

e o i




window Header Info is displayed

« Edit attributes - Band Names

Header Info:C\Users\Ishtar\Documents\0053_Syriac_N..
B T

File Size: 537,271 808 bytes

[ Input Header Info From V] Edit Attributes »

Samples [7216] = Lines

Offset 0 = wstart

File Type | ENVI Standard
Data Type | Unsigned Int

Create Mew File Result [We

Band Mames...

Default Bands to Load...

Spectral Library Names..,

Wavelengths...
Bad Bands List...
FWHM...
Gains...
Offsets...

Acquisition Time...,

Map Infa...
RPC or RSM Projection Emulation...
Associate DEM File...




window Edit Band Name values iIs

R-CHIVE
Frtaim ol s

displayed S

 Type band names in Edit Selected Item
o After typing all new band names click on: OK

B Edit Band Name values

Cument Band Names:

Band 2

Band 3
Band 4
Band &
Band &
Band 7
Band &
Band 9
Band 10
Band 11
Band 12

Edit Selected tem:
Band 01 MB3E5LY

| OK ||Cancel ||| import ASCIL... || Clear |




reflectance or transmissive bands, cllckA
on: Edit Attributes > Wavelengths

;—‘Te - Ej?-ilz-ﬂgﬂbﬁei& _ Wavelength values window

np eader Inro Fnom it Attributes - . .

= e » select band in Edit Selected Item:
Default Bands to Load... > type wavelength value

Spectral Library Mames... .
e e (BN S| vt > In section Wavelength/FWHM
Units: select Nanometers

Bad Bands List...

O bneeaeos o el . ENVI will display Edit

Offset 0 = wstart

Data Type | Unsigned Int EWHM.. >CI|Ck On: OK
Create Mew File Result [WWe Gains... )
Offsets. « display returns to Header Info
Acquisition Time... .
Vop nfo. e click on: OK
e RPC or RSM Projection Emulation...
A lﬂl Aszociate DEM Iiile...




@ Edit Wavelength values M ENVI

description = {
Currem Wavelength Values:

Create New File Result [Mon May 24 11:49:39 2019]}
samples = 8176

Band 3 3.00000 lines = 6132

Band 5 500000 bands = 12

Band 6: 6.00000 —

B - 7 00000 header offset = O

Band 8: 8.00000 file type = ENVI Standard
Band 5: 5.00000

data type = 12

interleave = bsq

sensor type = Unknown

byte order =0

wavelength units = Unknown

Band 10: 10.00000
||| Band 11: 11.00000
Band 12: 12.00000

Edit Selected tem:
Band 01 MB365LIY: 365

Wavelength/FWHM l_ln'rts:l Manometers - II

| OK ||Cancel |||| Import ASCI... || Clear |

-




ENVI |

ENVI

description = {
Create New File Result [Mon May 24 11:49:39

20191}
samples = 8176
lines = 6132
bands = 12

header offset = 0

file type = ENVI Standard
data type = 12

interleave = bsq

sensor type = Unknown

byte order =0

wavelength units = Unknown

EQQ
description = { e

Create New File Result [Mon May 24 11: 49 39

2019]}
samples = 8176
lines = 6132
bands = 12

header offset = 0

file type = ENVI Standard

data type = 12

interleave = bsq

sensor type = Unknown

byte order =0

wavelength units = nanometers
wavelength = {

365.000000, 450.000000, 465.000000,
505.000000, 535.000000, 592.000000,
625.000000, 638.000000, 730.000000,
780.000000, 850.000000, 940.000000}



Close image cube file

e click on: File = Close All Files

> It iIs recommended to close all original image bands after
creating cube to free up memory space

» Quickest way to do this is to close all files via

File 2 Close All Files

 followed by
File 2> Open Image File

-

)



Calibrate Image Cube

select region of interest (Rol) used to evaluate statistics

Basic Tools & Region of Interest - ROI Tool

ENVI will display #1 ROI Tool window
In tab: ROI Type select: Polygon

To outline new Rol in Image window, click: New Region
> ROl window will list color of ROI to be outlined
> click on region number to highlight it
» Polygon, click around image window to create ROI
> right click to end selection.
click on File - Save ROIls
>

N



LLHvE

Calibration: S

* In main menu of ENVI1 Classic select:
Basic Tools - Preprocessing - Calibration Utilities - Flat Field

-




Calibration (continued)

« window Calibration Input File will be displayed

* In section Select Input File: choose cube file to be
calibrated

 display window Flat Field Calibration Parameters,
> highlight ROI to be used in section Select ROI for Calibration

 Enter Output Filename (add suffix “.cal”)
e click: OK

« Calibration converts “16-bit integers” to “32-bit
floating point numbers”
> DOUBLES the file size (from 100 megabytes / band to 200)



Display Images

 Gray Scale or RGB

€ nvovic sangs it TP

Fie  Opbora
= il Cary,_Brev_n_botiom_b014016_RF_ped_Fal_ca
ol (Rard 01 MEISELV Cary_Biww_n_botiom_014016_RF) (365 0000)
o Cal fBand 02 MB4 20 Cary_Beev_a_botiom_b01+86_RF) 20,0000

1 Cal B Od ME4 TOLD Cary_Brev_s_bomom_b31616_AF) (470 0000
o Cal Bard 05 MESISCy Cany_Brev_a_bottom_BO1 b 1S _RE) (S5 (000}
1 Cal B D6 MBSX0GnoCary_Pee_a_hotiom bl1b46_RF) 5300000
B Cal Bard 07 NESEOL Cary_Brew_a_bolam_bI01&16_AF] [SE0 0000

1 Cal fBiand D8 MBS5Am Cary_Brev_s_botiom_b31-418_RF) (5500000
o Cal Bard 05 NES15R0 Cary_Briw_a_Boltom_b01&16_RF) (515 D000
sl e 10 MBSXCRE Cory_Dewy_a_botiom 014 H6_RF 30,0000
o Cal Bard 11 NEELEDR Cory_Briw_a_Boftom_b014&16_RF) (555 D000
1 Gl e 12 METOOIR Cary_Brew_s_poom k014 16_RF) (700 0000
o Cal Bard 13 NETIHR Coary_Brire_s_Boltom_b18&16_RF) (735 D000
1 Gl e 14 METROIR Cary_Brew_s_pofom_b01&16_RF) (780 0000)
o Cal Bared 15 NEF IR Cary_Brere_g_Eeibom_b014&16_RF) 00000
o Gl fiard 16 MESHOIR Cary_Brev_s_bomom_b01&16_RF) (540 0000

B Memony1]
0 iwags [PCA_TH_wabsmade gg)

L T Groy Scdde = RGE Color

TR ﬁ Band 10 NEBEI0RS Cory_Brev_a_bottom_b0186_RF) 1530.0000Cery_Brev_a_botic

g [ ad O NEE30m Cory B _a_bestiom 015 T6_r) (590 DO00H Cey_iw_n_betit

N T = e e

B7Ex £192 Mosting Mot JR50]




Enhance the Displayed Image




Enhance

« Changes image based on statistics in one of the three
windows

e Default is “[Scroll] Linear 2%”

> Looks at histogram (probability distribution) of entire image
> Throws out 2% each of “lightest” and “darkest” pixels

> Linear Stretch of remaining pixels
a Darkest 2% become “black” in each displayed band
aLightest 2% become “white” in each displayed band
a Other pixels are scaled in proportion

N



._

Display Enhancements

 Use [Zoom] options to scale to small region

>
>
>

Zoom]
Zoom]

Zoom]

Linear 2%
Gaussian (mean p 2“127”, u+3c =2 255, n—-306 2 0
Square Root (stretches “darks”, compresses “whites”)

e Use [Image] options to scale to larger region



Export Image

« Converts floating-point file to 8-bits per channel

e Discards MUCH data ... do not expect to import back to
ENVI
File - Save Image As - Image File

« window “Output Display to Image File”
> Select gray-scale “resolution” (8-bit gray or 24-bit color)

> Select format:
BSQ = “band-sequential” (optimal for accessing spatial)
BIP = “band interleaved by pixel” (optimal for accessing spectra)

BIL = “band-interleaved by line” (compromise)



& pQutput Display to Image File

Resolution IE—bH (gray scale) j
2-bit lgray scale)

Spatial Subset ||F|.|II Scene
Input Image Resize Fador|1.DDDD

Output Image Size I'E-mx 400

Change Image Border Size... |

Output File Type |ENVI ]

Output Resutto & Fle ¢ Memory

Enter Output Filename Choose |

IC:"xLIsers"-rIepci"-.-’-\pp Data“Local’Temp*can_tmrimg

0K | Cancel ||| Select Mask... | Clear Mask

& putput Display to Image File

Resolution | 24-bit Color (BIF) ¥ |

Change Graphic Overay Selections. . |

Spatial Subset ||F|.|II Scene
Input Image Resize Fac:tnrl'l.ﬂ'DE*D

Cutput Image Size I'B-iﬂx 400x 3

Change Image Border Size... |

Output Result to

Enter Output Fil

IC:'\Users"u‘Iepci'

0K | Cancel

QOutput File Type IEN‘u"I "I

ENVI

BMP

HOF

JPEG
JPEGZ000
NITF

FICT

FNG

SRF
TIFF/Gea TIFF
XD

ERDAS IMAGINE

hoan_trmrimg

Clear Mask |

ER Mapper
PCI
ArcView




Filtering

e Filter - Convolutions and Morphology
» Highpass
> Lowpass

a“blurring” filter, attenuates “sharpness”, used for “blur-and-divide”
preprocessing to attenuate background variations

> Median
QO Useful for attenuating “salt-and-pepper” noise from fluorescence bands

Filter 2> Convolutions and Morphology 2 Median

N



Median

 Never used any
size >3 x 3

File | Convolutions Morphology Options

Con

Ker

High Pass
Low Pass

Lapladian
Directional

Gaussian High Pass
Gaussian Low Pass

Sobel
Roberts

User Defined

Quick Apply | Apply To File. ..




Lowpass

 FILTER - Convolutions and Morphology
« Convolutions 2 Low Pass

e Click on “up arrow” option for “Kernel Size”
»only odd numbers are available
> kernel must have well-specified “center” pixel
> Size > “stroke width”, rule of thumb is 2x

* “Apply to File (and WAIT)

. _-W



Divide (Spectral Math)

 Basic Tools - Spectral Math

» Enter Expression 2> “(float(S1))/(float(S2))”
* Click “Add to List”

s Click “OK”

* In “Variables to Spectra Pairing” window:

* Click on “Map Variable to Input File” (which brings up the “Spectral Math Input File” menu and
which selects all bands of the file)

» Select file name of numerator for “S1” (original or median filtered)
* Click on “S2”

* Click on “Map Variable to Input File”

» Select file name of denominator for “S2” (result of convolution)

« Click “OK”

* Select Name of Output File

+ Click “OK”

-

)



R CHE‘JE

Principal Component Analysis (PCA)

« Transform - Principal Components = Forward PC Rotation
« 2 Compute New Statistics and Rotate

r.u Basiz Tools  Classdication

bmingpe Sharpening
iBand Ratios

Principal Components

Independent Companents
MNF Rotstion
Colar Trandfonms

Decomrelastion Siretch
Photographic Stietch
Sturation Stretch
Symthetic Color Image
HDVT

Taszeled Cap




PCA 2

 Window Principal Components Input File is displayed

> Select image cube to process from list
> Click OK

 Window Select Statistics Subset is displayed
» INn the section Calculate Stats On select:

ROI/EVF
> In section Select ROI/EVF, select ROI to use
> Click OK

-

)



-

PCA 3

e window Forward PC Parameters

»choose or type names of:
(1) Output Stats Filename (*.sta)
(2) Enter Output Filename, then click: OK

 window Principal Components Rotation is displayed
 Watch progress bar not move — cup of coffee?

|



