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Before Getting Started

Thisbooklet introducesthe Hyperspectral Analysis processin TNTmips®, which
provides specialized methods for visualizing, processing, and analyzing images
produced by the new generation of hyperspectral remote sensors. These exer-
ciseswill familiarize you with basi ¢ proceduresin Hyperspectra Andysis, including
acquiring and saving image spectra, working with spectral libraries, calibrating
images to reflectance, and spectral matching and classification.

Prerequisite Skills Thisbooklet assumesthat you have completed the exercises
in the tutorial booklets entitled Displaying Geospatial Data and TNT Product
Concepts. Those exercises introduce essential skills and basic techniques that
are not covered again here. Please consult those booklets for any review you
need. Additional background on hyperspectral analysis can befound in the booklet
Introduction to Hyperspectral Imaging.

Sample Data The exercises presented in this booklet usefilesin the cur97 data
collection. Because of thelarge size of this dataset, it is not distributed with the
TNT products. You can download the cup97 dataset from microimages.com or
contact Microlmages to obtain afree copy of these Project Fileson CD.

More Documentation This booklet is intended only as an introduction to the
Hyperspectral Analysis process. Background information on hyperspectral im-
agesand their analysis can befound in the bookl et I ntroduction to Hyper spectral
Imaging. Further information can befoundin avariety of tutorial booklets, Tech-
nical Guides, and Quick Guides that are available from microimages.com.

TNTmips® Pro and TNTmips Free TNTmips (the Map and Image Processing
System) comesinthreeversions: the professional version of TNTmips(TNTmips
Pro), the low-cost TNTmips Basic version, and the TNTmips Free version. All
versionsrun exactly the same code from the TNT products DV D and have nearly
the same features. If you did not purchase the professional version (which re-
quires a software license key) or TNTmips Basic, then TNTmips operates in
TNTmips Free mode.

All the exercises can be completed in TNTmips Free using the sample geodata
available from Microlmages.

Randall B. Smith, Ph.D., 23 August 2013
©Microlmages, Inc., 2000-2013

You can print or read this booklet in color from Microlmages’ Web site. The
Web site is also your source for the newest tutorial booklets on other topics.
You can download an installation guide, sample data, and the latest version
of TNTmips.

http://www.microimages.com
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Welcome to Hyperspectral Analysis

Hyperspectral remote sensors collect image datain
many narrow, contiguous spectral bands. The re-
sulting datasets contai n numerousimage bands, each
depicting the scene asviewed within anarrow wave-
length range. Although this multiband conceptual -
izationisanatural outgrowth of our experiencewith
multispectral images, an aternative approachismore
useful for analyzing and interpreting hyperspectral
data. The hyperspectral scene can be thought of in-
stead as a single image with a spectrum of bright-
nessvaluesstored for eachimagecell. Theseimage
spectra can be compared with field or laboratory
spectrain order to recognize and map the spectral
signatures of ground materials such as green veg-
etation or particular minerals.

The prototype Hyperspectral Analysis process in
TNTmips provides specialized interactive analysis
toolsthat alow you tofully exploit the spectral range
and spectral resolution provided by hyperspectral
datasets. The process alows you to view and save
image spectra and to compare image spectra with
laboratory spectra stored in spectral libraries. Sev-
eral methods of spectral classification are also
provided.

To illustrate the use of the Hyperspectral Analysis
process, we will work with a sample scene from
NASA's Airborne Visible/Infrared Imaging Spec-
trometer (AVIRIS). Thissensor collectsdatain 224
contiguous spectral bandswith abandwidth of 0.10
um. Each 20-m square cell in the scene has a con-
tinuous spectrum over therangefrom 0.4to 2.5 um.
The scene coversthe Cuprite mining district in west-
ern Nevada, USA. Rocks in severa areas of the
scene have been altered and mineralized by hot wa-
ter solutions (hydrothermal alteration), creating
concentrations of alteration minerals that provide
good targets for spectral analysis.

STEPS

M launch TNTmips

M choose Image /
Hyperspectral from the
TNTmips menu

The exercises on pages 4-
10 show you how to open
a hyperspectral image,
examine image bands and
band information, and use
the Hyperspectral Explorer
to find a useful RGB
combination of bands for
visual reference during
analysis. On pages 11-14
you learn how to acquire,
view, and save image
spectra. Classification of
the hyperspectral image
using image spectra is
introduced on pages 15-21,
and pages 22-23 introduce
dimensional reduction
methods. Procedures for
finding spectral end-
members for analyzing
images are covered on
pages 24-29. Pages 30-36
introduce methods of
correcting the raw image
values to reflectance and
discuss the use of labora-
tory reflectance spectra and
spectral matching proce-
dures. Pages 37-39
discuss continuum-removal
and some additional image
processing options.
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Analyzing Hyperspectral Images

Open a Hyperspectral Image

NOTE: The sample files
used in these exercises are
not distributed on the
TNTmips CD. You can
download these files from
the Microlmages web site
(www.microimages.com) or
contact Microlmages to
obtain a free copy of the
files on CD-R.

STEPS
M click the Open

icon button in the %

Hyperspectral Analysis

A hyperspectral image can be stored ina TNTmips
Project Filein one of two ways: as aset of separate
raster objects, with one object for each wavelength
band, or as asingle hyperspectral object. A hyper-
spectral (or hypercube) object includesraster value
and wavelengthinformation for all of thebandsina
hyperspectral image. The hyperspectral object in-
corporates|osslessimage compression, and so offers
asignificant reductionin file size in comparison to
the multiraster format. Image display inthe Hyper-
spectral Analysis processis aso much faster when
using a hypercube object.

window and
select = Hyperspectral Analysis MwE
HyperCube File TInage Help |
L Conpute Log Residuals,..
ObJeCt frOm the %@ Renove Continuum,,.
dropdown Find:| Self Organizing Hap Classifier... e b
menu V0 Filtering... £ 2
M use the Conpute Autocorrelogran... (‘m:‘é‘mijl
Standard Select Conpute Pinel Purity Index... POALERERE
Ob'ect dialo to 30 Hyper Cube Display. .. lsyndes 1
hj th 9 Convert To HyperCube Object... [* Fonst| i
EUSF?I‘?EeQ? (()ebject fonvert From HuperCube Dhjoot... | | guve fis Yewt...|  Belobe Spostrus
inthe cur97cus I 2]
Project Hie
View Tool LegendYieu Options Layer Help
@@ 0l = 829000 = 0w [ 0 &k 0/d
< i 3 S 3 s
When you import a ?? gk
hyperspectral image \ NE
you can choose either
the multiraster or
hypercube format. You i
can also convert an s
image from one format s
to another within the %
Hyperspectral Analysis
process using options
on the Image menu.
S Hyperspectral Mnalysis Layer Hanager
Group Layer -
P REREe 1=
B /101997 AVIRIS inage of Cuprite, Hevadald| L= Scalez| 175526 _3.2{] 3 37 32 25.638 «=[H 117 12 51.625
|[drau: 8 Seconds |
]
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Analyzing Hyperspectral Images

3D Hypercube Display

The 3D Hypercube Display emphasizes the high
spectral content of the hyperspectral imagewhileal-
lowing youto quickly examine any of theindividual
wavelength bands. The 3D Hypercube Display win-
dow portrays the hyperspectral image as a
three-dimensional “image cube”. Thetop and right
panel s of the cube show the corresponding edgecells
of each wavelength band, with wavelength increas-
ing toward the back of the cube. The shortest
wavel ength band isdisplayed by default onthefront

STEPS
M choose 3D Hyper Cube

Display from the Image
menu in the Hyperspec-
tral Analysis window
move the Band Number
slider at the bottom of
the 3D Hyper Cube
Display window to view
different wavelength
bands on the front face
of the cube

choose Close from the

File menu in the 3D
Hyper Cube Display
window

of the cube. You can select any of the wavelength
bands for display on the front of the cube by using
the Band Number dider or the arrow icon buttons.

The “fuzzy” zones on the edges
of the hypercube indicate two

| ==} - groups of very noisy image
Saoechot o bands. Each of the two groups
spans a wavelength region in
which atmospheric water vapor
absorbs almost all incoming and
reflected solar radiation. As a
result the bands in these wave-
length regions (near 1.4 and 1.9
micrometers) have little image
content and are dominated by
sSensor noise.

=30 Hyper Cube Display

Edit Color Hap...

| nisplay =

Rl W

‘Band Hunber: ‘ I [129 <| B> Havelength: [ 1.573 |

You can also apply a color map to
the image cube. Select Edit Color
Map from the File menu to open a
standard Color Palette Editor
window. You can use the Palette
menu to choose one of the many
predefined color palettes, or design
your own color palette. The
illustration to the right shows the
Cuprite image cube with the
predefined Beach color palette.

-

Band Hunber: 0 Jaes 1,!' Havelength:| 1.573 |
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Analyzing Hyperspectral Images

Select Bands for RGB Display

STEPS
M in the toolbar in the

Hyperspectral Analysis
window, click on
the Select Bands
icon button

1

hi |

M in the Select Bands

window, use the Red,
Green, and Blue menus
to change the bands
selected for display and
press [OK]

Red |207 =
EreenllEZ =

Blue |3s =
0K | Cancel

M in the Layer Manager

window, click on
the icon for the
Cuprite hypercube
layer

M note the Band number

and wavelength
reported for Red, Green,
and Blue, then click [OK]

The Hyperspectral Analysis process automatically
selects three bands for RGB display in the
Hyperspectral Image window. The bands are ini-
tially chosen to span most of the spectral range of
the datawhile avoiding bands with excessive noise
or no data. The selection of bands for display has
no impact on analysis processes, so you can use
the Sdlect Band window to manually changethe com-
bination of bands you want to use as a visual
reference. The Raster Layer Controlswindow shows
the band numbers that have been selected for Red,
Green and Blue color components along with their
assigned wavelengths. You can also use this win-
dow to select any of the standard automatic
contrast-enhancement methodsfor each color chan-
nel. Your band selections and contrast settings are
automatically saved as part of the display param-
eters for the hypercube object.

TheHyperspectral Explorer procedure (described on
the following pages) provides a rapid means for
evaluating many RGB band combinations.

= Raste =3z Group Layer

Object | Options | Legend | Filter | 30 | M EEE T I

IcupS?cuh.rvc / Cuprited7 1997 AVIRIS inage of Cuprite, Hevada -

Geurel‘erencelm
Red -

’73and 207 Hauelengthl 2.3381 Eontrastlﬂutn Hornalize ﬂ |5 1
Green [

’:}and 123 Hauelengthl 1.5132 Contrastlﬂutn Hornalize :I‘ i Area O Uro e al=aiteratio
Blue

’;and 36 Havelength| 0,6929 Contrast|Auto Normalize ;l‘ 2

Cuprite image with bands selected to
approximate natural color view. The
Cuprite district is a desert area with
very little vegetation. It includes
several hills surrounded by alluvial
fans, and is bordered on the east by a
dry lake bed (Stonewall Playa).

Hydrothermally altered rocks are ‘ onewall Rlaya
exposed in the hills on either side of salt fla ﬁi‘
the highway. : o
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Analyzing Hyperspectral Images

Start the Hyperspectral Explorer

The Hyperspectral Explorer isaunique, automated
tool for visualizing the hyperspectral image. It al-
lows you to automatically create alarge number of
potential RGB band combinationsfor asamplearea.
You can then preview the combinations as an ani-
mated sequence and select oneto use asareference
image during further analysis.

After you select the Explorer tool, use the mouse to
drag open a rectangular inspection box in the Hy-
perspectral Imagewindow. Whenyou right-click to
accept the box, the portion of each band included
within it isloaded in memory so that different RGB
combinations can bedisplayed rapidly. (Thesize of
theinspection box cannot exceed the product of 256
by 256 raster cells.) Other controls for the proce-
dure are accessed from the Explorer window, which

is explained on the following pages.

= Hyperspectral Inage 0]

Yiew Tool LegendYiew Options Layer Help

@@ O] +2| $|2)2|C|c 20| /] k(¥ o

STEPS

M press the Hyper- g’
spectral Explorer
icon button on the
Hyperspectral Image
window

M hold the left mouse
button as you drag the
cursor over the image to
draw a rectangular
inspection area; release
the button to cease
drawing

M resize or move the
rectangle to match the
illustration

M click the right mouse
button to accept the
inspection area and load
the image bands (this
may take several
minutes)

Explorer window after
sample images are loaded.

=Explorer

B < 9 1] 2

N S

5 B

| |0.330

i le

| 0,413

/
View:| 1.0 Scale:| 175526 E] M 4N 37 32 25.638 «s[H 117 12 51.625

Use left/right mouse buttons to define/accept area of inspection |

Hyperspectral Image Win/dow with completed Explorer
inspection box. (If the box reaches the Explorer size limit
as you are drawing, the initial box disappears, and a new
box begins to draw at the current cursor location.)

This exercise continues
on the next page.
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Analyzing Hyperspectral Images

Explorer Window Display

STEPS

M press the Trg
Parameters button U
on the Explorer window
change the Interband
Interval value in the
Parameters window to
15, and press [Close]

]

= Paraneters

Display Hethod:; Band Scan —
Cross Section: Horizontal —

Spectral Hagnification:; 1 —
Interband Interval: |15 Bands

Cloze I Help I

You can also drag the
colored sliders for the Red,
Green and Blue compo-
nents to set an initial RGB
combination. This sets
both the wavelength order
and interband intervals for
all RGB combinations.

= Explorer

Bl <y 2|

The Hyperspectral Explorer creates a suite of RGB
band combinations using constant Red-Green and
Green-Blueintervals (in number of bands). You can
set asingle value for both intervals using the Inter-
band Interval field in the Parameterswindow. When
you use this option, the shortest-wavelength band
in each combination is assigned to the Red display
channel and the longest-wavelength band to the
Bluechannel. For example, an Interband Interval of
15 createsRGB combinationsusing bands 1, 16, and
31; 2,17, and 32; 3, 18, and 33; and so on until each
band has been used in at |east one RGB image.

To understand the lower part of the Explorer win-
dow, imaginethat all of the prepared RGB images of
the inspection box are stacked on top of each other,
with the lower wavel ength combinations at the top.
Then make avertical slice down through the stack
along a line through the middle of the inspection
box (shown as the dashed cross section line in the
view window). The Explorer window displaysthis
vertical dlice. Each horizontal line of pixelsin the
window pane shows the colors produced by
one of the RGB combinations along the cross
section line. Thedisplay givesan overview of

5/
7

W [

the range of colors produced by each of the
band combinations, allowing you to focus on
useful ranges of combinations.

Because AVIRIS bands are narrow and have no
wavelength gaps between them, adjacent
bands appear very similar to each other. When
a small value (such as 3, the initial default) is
used for the Interband Interval, each RGB set
consists of three very similar bands. Conse-

/
These fields show the wavelength
(in micrometers) of each compo-

nent in the current RGB set.

This exercise continues
on the next page.

quently, each RGB image cell has nearly equal
contributions of Red, Green, and Blue. The
resulting color images (and the Explorer window
view) are dominated by gray tones (see the
illustration on the previous page). Increasing the
Interband Interval reduces the similarity between
component rasters, producing more colorful
RGB combinations.
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Analyzing Hyperspectral Images

Run the Hyperspectral Explorer

When you press the Play button on the Explorer
window, the process cyclesthrough the prepared set
of RGB combinationsin increasing wavelength or-

STEPS .
M click the Play icon

button on the Explorer
window

der and displaysthem at one second intervalsinthe | @ press the Pause 0 I

inspection box. You can use the other icon buttons
to pause, reverse, or restart the sequence, and the
vertical dider to change position in the sequence.

icon button when

a color combination
similar to the one in the
illustration is displayed

When you find a combination that highlights fea- | @ press the Full @,

tures of interest, press the Full View icon button to

apply this combination to the full image.

Portion of the original RGB image
with a new RGB combination
displayed in the inspection box.

Bands 172 (1.989 um), 187 (2.139 um), and 202
(2.288 um) displayed respectively as R, G, and B.
This band combination highlights the hydrothermal-

View icon button

When you play the sequence of Explorer
images, the colored sliders move to indicate
the band wavelengths used in the current
combination, and the vertical slider shows the
current position in the stack of combinations
depicted in the lower part of the window.

1

ly altered rocks in the Cuprite scene and distin-

guishes different types of alteration.

= Explorer

B < i3] 2|
e g 1 [1.589°

The “fuzzy” horizontal stripes in
the Explorer window represent
groups of RGB sets that include
one or more bands with
significant image noise. You
should avoid including very noisy
bands in analysis operations,
since they may not provide useful
information.

M press the Zoom Box gl
icon button in the
Hyperspectral Image window
to hide the Explorer window
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Analyzing Hyperspectral Images

Examine Band Characteristics

Hyperspectral analysis
procedures require spectral
information for each band in
the hyperspectral image.
Controls for viewing and
editing this information are
found on the Image tabbed
panel in the Hyperspectral
Analysis window.

STEPS

M click on the Image tab
on the Hyperspectral
Analysis window

M move the Band Number
slider to examine the
Wavelength and
Bandwidth values and
the histogram for various
bands

The Band Number dlider on the Image panel alows
you to quickly select any one of the component
bandsand review itsspectral characteristics. A his-
togram of the current band is shown at the bottom
of thepanel. TheWavelength field showsthewave-
length in micrometers of the band center, while the
Bandwidth field shows the width of the spectral
band. For AVIRISimages, theimport process auto-
matically incorporates this information with the
spectral bands. If you import hyperspectral data
from another source not yet supported by TNTmips,
you will need to enter the spectral information for
each band. If thewavel ength value (in micrometers)
is included in the object description, you can use
the Auto Define utility to assign the appropriate
wavelength to each band; approximate bandwidths
are then calculated when needed during process-

ing.

= Hyperspectral Analysis [ [C]x]

File Inage Help

%gﬂ Spectral Librarg...l

Use the Band
Number slider or

the arrow icon \.\ f hy C Equal Area Hornal. =1 IT
t i tion: izati 6
tt t | t nospheric Lorrection qua. Irea Nornalization

the desired
band.

File Display Options Help
Use the Auto / ) -_

Define option only —T1
when spectral
information has
not yet been
associated with
the spectral
bands.

Find; py | Hath | Edit Inage |classify | PeA/mHF |

Calibration

Additive Offset: Hininun = .8

N Characteristics
Band HumberTT—= | || 89 B
Hane: [BANDES
I]escriptiun:lllauelength: 1,201710
Mavelengthz| 1,201710 Ruto Define|
Bandwidth:| 0,0005200—
Use Havel Range: Full — [From (6,76 ta: [emoz

ude Atmospheric Absorption Bands

The Display menu provides several modes for viewing
histograms, including outline (shown), bars, and 3D strips.
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Analyzing Hyperspectral Images

View Image Spectra

The Spectral Profiletool allowsyouto select anim-
agecell and display its spectrum in the Spectral Plot
window. You can also specify asmall areaand dis-
play itsaverage spectrum. A spectral plotisagraph
of spectral brightness value (vertical axis) versus
wavelength in micrometers (horizontal axis). The
Spectral Plot window can display one or more spec-
tradrawn from the hyperspectral image, or spectra
stored in a spectral library. The value and wave-
length ranges and grid intervals for the plot are
computed automatically from the selected spectrum
or spectra. You can aso choose to set the range for
either plot axis manually using the controls at the

STEPS

M click the Info tab on the
Hyperspectral Analysis
window

turn on the Display
Spectral Plot toggle
button

select the Spectral lt"'ﬁ
Profile tool from

the Hyperspectral Image
window toolbar

move the cursor to the
middle of Stonewall
Playa (see illustration)
and left-click to place the
selection cursor

]

bottom of the Spectral Plot window.

right-click to read and
display the spectral
profile

=Hyperspectral Analysis

File Inage

You can choose the dimen-

Spectral Library...

g/0=/=m|

sions of a square sample area

Find:|

Husber of Helghted R

Save Spevtrun |

_ Info | Hath | Edit | Tnage | Classify |
r Spostrun Buse[Inrgee?, 89
Geseripiions lm
Snbor of Chenneios|  ged
1

T

Savn

from the Sample Window
option menu. The default value
is 1, which displays the
spectrum for a single image
cell. An AVIRIS image cell
rarely includes only a single

/

material, so most single-cell
spectra are composite in
nature. In spectral analysis it is
often advantageous to restrict

= /

Plot /
I Display Spectrayﬂt

Sanple Hindow: 17— |Pixels

“* Single Spectrun

/v Hultiple Spectra

the sample area to a single cell
that is the “purest” example of
a particular material of interest.

Thags

Raste

thresi

=Spectral Plot

// File Color Help
Spectral Plot
When you turn on the Multiple Spectra toggle »« R N N
button, you can show a series of spectra in ! T 0 | i
different colors in the Spectral Plot window. 5" | R N
$08 g7 [ A i B
s N AR
You can left-click in the spectral plot to place 01 N m 14 ” 20 2:4
crosshairs which you can move around the plot. 4 —_wavelength
The values for the crosshair location are shown | Havelength:| 0000000 Reflectance:| 0.000000
in the Wavelength and Reflectance fields below | #avelength Range:| 0,37 To:| 2.51 . Hanual Rangs
the plot. Yalue Range:m Tu:lﬁ - Hanual Range
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Analyzing Hyperspectral Images

Set a Wavelength Range

STEPS

M click on the Image tab in

the Hyperspectral

Analysis window

select Subset from the

Use Wavelength Range

option menu

M enter 1.989 in the From
text field and 2.457 in
the To text field

M move the cursor into the
Hyperspectral Image
window and click the
right mouse button to
recompute the current
image spectrum

]

= Hyperspectral Analysis

File Inage

The characteristic absorption features of many of
thealteration mineralsin the Cuprite scenelieinthe
wavelength range from 2.0 to 2.46 um. The Subset
option on the Use Wavelength Range menu allows
you to restrict processing to the hyperspectral im-
age bands within a specified wavelength range.
Once you designate the subset range, image spec-
traand all spectral analysisfunctionsare limited to
that group of image bands. Specifying awavelength
subset can speed processing and increase the qual-
ity of spectral classificationresults. You can change
the subset range at any time during an analysis ses-
sion.

Help

Spectral Library,.. |

D=} )

Find.

=ESpectral Plot

File Options Color

Info | Hath | Edit  Tnage IElassifg | peasmNF |
MwET |5

Calibration

Additive Offset: Hininun = .8

Atnospheric Correction: Equal Area Nornalization — | R4

085

Spectral Characteristics

Band Hunber: IJJ—IEﬂIE,
Hane: [BANDBY

Description: [Havelength: 1.201710

Havelength:| 1.201710 Auto I]efinel

Banduidth: | 0,008570

/‘ug

Wavelength

Use Havelength Range: Subset — |Fron:|1.989 to:|2.457

Havelength: |/ 0.000000 Reflectance:| 0.000000

|

f Exclude Atnospheric Absorption Bands

1.99 toi|

2.46 _J Hanual

Havelength Fange: |
YaluefRange: 0,86 to:l 1.00 _i Hanual

Nle Display Options

/

Recomputed image spectrum for

the wavelength range 1.989 to

2.457 micrometers (um). Range

values that you enter are auto-

matically adjusted to reflect actual \

image band wavelengths.

Spectral Plot

The Exclude Atmospheric Absorption Bands
toggle excludes from processing two preset
wavelength ranges: 1.33 to 1.41 um, and 1.81

to 1.95 um. Atmospheric water vapor absorbs
|_most of the energy in these spectral regions,
so the included image bands contain much
random noise and little information about
surface materials. These ranges are shown as

T
'
+
1
L
T
'
T
T

Wawelength

gaps in spectral plots, as in the plot to the left
(highlighted here by the red bars).
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Analyzing Hyperspectral Images

Save Image Spectra in a Spectral Library

In some instances you may want to acquire a num-
ber of image spectra for use in analyzing and
classifying the hyperspectral image. To do so, you
need to save the spectrain aspectral library object.
Choosing the New Spectral Library option opensa
temporary library. After one or more spectra are
added to thelibrary, you can saveit asan objectina
Project File.

If you save an image spectrum acquired from a sub-
set of the image bands, only the portion of the
spectrum corresponding to the sel ected wavelength
rangeissavedinthelibrary. Hyperspectral analysis
operationsthat compare spectraautomatically com-
pensatefor differencesin spectral range and spectral
resolution. Before comparison functionsareapplied,
overlapping spectra are truncated to their common
spectral range, and spectra with differing band
widths are resampled to the coarsest input spectral
resolution.

When you extract an image spectrum with the Spec-
tral Profiletool, adefault spectrum nameis created
withtheform ImageX X,YY; XX istheraster column
number and Y'Y isthe raster line number. You can
renamethe spectrum if you like by editing the Spec-
trum Name text field before saving the spectrumin
thelibrary.

The name of the file containing the currently open
spectral library is shown in the text field.

EHyperspectral Analysis

File Inage

STEPS

M click the New Q’
Spectral Library icon
button on the Hyper-
spectral Analysis window

M move the cursor into the
Hyperspectral Image
window and right-click to
reacquire the image
spectrum

M click the Info tab and

note the default name in

the Spectrum Name field

click [Save Spectrum]

click the Save As

icon button

M use the standard Select
Object procedure to
name a new Project File
and library object

HE

The spectral values in an
image spectrum are
adjusted automatically
before plotting or process-
ing according to the options
selected on the Calibration
subpanel of the Image
tabbed panel. These
options are used to adjust
radiance values measured
by a sensor to values
approximating the spectral
reflectance of the ground
materials; they are dis-
cussed in a later exercise.

Help

\
%gﬂ Spectral Library.,.. IC:\tenp\TEHFDDDl.THP / HEW

The spectrum

currently

Find:|

. Tnfo |Hath | Edit | Tnage | Classify | PCAMME

highlighted in the

Spectrun Name|Inage607,293

library listing can

Hunber of Channels: 48
NHunber of Heighted Runs: 1

Save Spectrun |  Save fs Teut... |

Description: [Fron hyperspectral inage, col = 607,

Delete Spedtrun |

be deleted using
the Delete
Spectrum button.

The names of spectra in the open library are listed in the pane

on the left side of the Hyperspectral Analysis window.
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Analyzing Hyperspectral Images

Save a Spectrum as Text

STEPS

M click the Save as Text
button on the Info panel

M use the standard Select
File dialog to name an
output text file for the
spectrum

M open the outpur .csv file
in a text editor to
examine its format

M exit the text editor when
you are finished
examining the file

EHyperspectral Analysis

File Inage

You may wish to export spectrafor usein other soft-
warefor further analysisand plotting. The Save As
Text button saves the data for a selected spectrum
in an text file with the file extension .csv (comma-
separated vaues). Theformat of thefileisillustrated
by the sample below. Thefilehasonelinefor each
spectral band, with the data lines preceded by a
header line. Thereare three columnsof datathat are
separated by commas. wavelength, reflectance (or
uncalibrated brightness value), and standard devia-
tion (bandwidth). Filesinthisformat can be opened
directly by most spreadsheet programs. If you want
to export more than one spectrum, each one must be
saved separately to itsown file.

M=
Help

%gﬂ Spectral Library.,.. IC:\tenp\TEHFDDDl.THP / HEW

[fnazc607,293 A

Find: [ Info | Math | Edit | Inage | Classify | PCA/MMF
Spectrun Name|Inage607,293

Description: [Fron hyperspectral inage, col = 607,

Hunber of Channels: 48
Hunber of Heighted Runs: 1

Save Spectrun |

Save fie Text...| Delete Spectrun|

Use the Save As Text button to save the
selected spectrum in a CSV file.

wavelength,reflectance, standard deviation (bandwidth)
1.98867, 0.91535, 0.010990
1.99869, 0.88486, 0.010970
2.00870, 0.85609, 0.010950
2.01872, 0.89134, 0.010940
2.02873, 0.92012, 0.010920
2.03874, 0.93310, 0.010900
2.04875, 0.93234, 0.010880
2.05876, 0.93215, 0.010870
2.06876, 0.94171, 0.010850
2.07877, 0.94504, 0.010830
2.08877, 0.94841, 0.010810
2.09877, 0.95240, 0.010800
2.10876, 0.96267, 0.010780...
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Analyzing Hyperspectral Images

Use Image Spectra for Classification

If you know thelocations of key surface materialsin
portions of the hyperspectral scene, you canuseim-
age spectra from these locations to identify other
occurrences inthescene. Thisprocedureisin some
ways similar to supervised classification, and sev-
eral methods are available on the Classification
tabbed panel.

The SAMPLIB1 spectra
library contains image

File Inage

STEPS

M click [Spectral Library...]

M select object sampLiB1
from the sampuLiBs Project
File

M on the Info panel, turn on
the Multiple Spectra
toggle button for spectral
plots

=Hyperspectral Analysis

spectra from relatively

= 0| =] | Seectral Library. .. [o:\Data\Cuprite\sanplibs,ruc / SAHPLIBL

Find:

337,336 _Alunite
550,94_Kaolinite |

pure occurrences of three
of the common ateration
minerals in the Cuprite
scene. However, most cells in the image probably
include more than one material or mineral, each of
which hasits own characteristic spectrum. The spec-
trum of such a cell has a composite shape that
depends on the spectral shapes and relative abun-
dancesof theincluded materials. The hyperspectra
classification methods produce araster with cell val-
ues that measure the similarity between each image
spectrum and the target spectrum. Be cautiouswhen
interpreting the values in this raster, because either
a high abundance of the target material or the pres-
ence of another material with asimilar spectrum can
produce equivalent “similarity” values.

529,267_Chalcedon

Info | Hath | Edit | Inage | Classify | PCRANE

Gpooirun ﬁaaalinageﬁ@?,?ﬁﬁ

ﬁﬁﬁﬂfipzinnzlivan hyperspechral insger vel

M select each of the three
spectra listed in the
pane on the left side of
the Hyperspectral
Analysis window to add
them to the Spectral Plot
window

M click the Classify tab

This exercise continues on
the next page.

0.8 |
0.7 4
0.6 1

Value

-/

529,267_Ehalcedony
b !

. 337,336_Alunite

Wavelengtﬁ

Locations and spectral plots
of image spectra included in
the sampLiB1 spectral library.
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Analyzing Hyperspectral Images

Matched Filtering

STEPS

M select Matched Filtering
from the Algorithm
option menu

M select spectrum
337,336_Alunite

M press [Add] to add this
spectrum to the End
Member list

M repeat the last two steps

for the remaining two

spectra in the library

press [Classify]

use the standard Select

Objects dialog to name

each output raster and

direct them to a

NI

The Matched Filtering algorithm uses a Constrained
Energy Minimization technique to assess the spec-
tral composition of each image cell. Each image
spectrum is assumed to be alinear mixture of atar-
get spectrum and multiple unknown spectral signa-
tures. Theprocessidentifieswhat proportion (if any)
of each composite image spectrum could be pro-
duced by the target spectrum (end member). A per-
fect match yields an output value of 1, while poor
matchesyield low positive or even negative val ues.
The process creates a separate fl oating-point output
raster for each target spectrum (end member).

. . = H; spectral Analysis _[C]]x]
new Project File e e
h File Inage Help
(processing may
take several E e Library. .. [c:\Data\Cuprite\sanplibs,rve / SANPLIBL
minutes or more) | Find: Info | Hath | Edit | Tmage Classify |Pcnmur |
M use the Layer 337,336 Alunite |
550,94_KaoLinit: ; ithns ilteri
Manager for the DTS Classify... | g:g‘nljlthn.p : Hatched Filtering =
523,267_Chalcedon | soshold Valunt| %80
HyperSp?Ctral Filber Bisdow Sizer G0uB
Image window End Henbers
to view the Add Renove | Renovs ALL|
output rasters 337,336_Alunite i
550,94_Kaolinite
529,267_Chalcedony

Matched Filtering result for spectrum
337,336_Alunite with linear contrast
enhancement. Brightness indicates
degree of match to the target spectrum;
only the brightest areas indicate a con-
fident identification of the target material.

Two variants of the standard matched
filtering procedure are also available on
themenu: Derivative Matched Filtering
and Locally Adaptive Matched Filter-
ing. The Derivative method uses the
first derivative (sope) of the spectral
curvesrather than the actual spectral val-
ues, providing asimilarity check that is
more sensitive to curve shape and less
sensitive to overall brightness differ-
ences. The Locally Adaptive method
determinesalocal unknown background
signaturefor eachimagecell, and isbest
suited for identifying occurrences of
materials that are relatively rare in the
scene.
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Analyzing Hyperspectral Images

Spectral Angle Mapper

The Spectral Angle Mapper treatstarget spectraand
image spectra as vectors in n-dimensional spectral
space. Each spectrum defines a point in spectral
space, and this point can also be treated as the end
of avector that beginsat the origin of the coordinate
system. The angle between a pair of vectorsis a
measure of the similarity of the spectra; smaller spec-
tral angles indicate greater similarity. This method
isinsensitiveto differencesin average brightness be-
tween spectra that may be due to topographic or
sensor gain effects, because thesefactorschangethe
length of the spectral vector, but not its orientation.

This process produces two output

STEPS

M select the Kaolinite
image spectrum in the
End Member list and
press [Remove]

repeat for the
Chalcedony image
spectrum

select Spectral Angle
Mapper from the
Algorithm option menu
press [Classify]

name each output raster
and direct them to your
classification Project File

HE

Info | Math | Edit | Inage Classify | PCA/HNF

rasters. a Spectral Angleraster that
containsvalues of the spectral angle

Classify...

RAlgorithn:

Threshold Yalue:| , 5,00
Filier Hindus Siizl;

Spectral Angle Happer =

Bersslir

for eachimagecell, and aClassras-

End Henbers

Add | Renove

ter in which cells are assigned to

| Renove ‘J.ll

|337.336_ALunite

end-member classes based on the
anglevaluethat you set for the Threshold Value pa-
rameter. If you select multiple end-member spectra,
the spectral angle is calculated between an image
spectrum and each end member spectrum, and the
minimum value is shown in the Spectral Angleras-
ter. However, thisraster ismorereadily interpreted
if only asingle end member is used.

Portion of the spectral angle raster for the
target Alunite spectrum. Low values
(darkest tones) indicate areas with the best
spectral match.

/ &
Cells with a spectral angle
value less than the
Threshold Value are
assigned to the endmember
class in the Class raster.
You will need to experiment
to find the appropriate value
for a particular target

spectrum.

Class raster displayed over the Spectral
Angle raster, with cells assigned to the
end member class shown in red.
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Analyzing Hyperspectral Images

Cross-Correlation

STEPS

M remove the Alunite
image spectrum from the
End Member list

M add the Kaolinite image
spectrum to the End
Member list

M select Cross Correlation
from the Algorithm
option menu

M enter 0.87 in the
Threshold Value
parameter field

The Cross-Correl ation matching method cal cul ates
the linear correlation coefficient between each im-
age spectrum and the target spectrum for different
match positions (spectral band shifts). The correla
tion values in the best matching position for each
image cell are shown in the Correlation raster (val-
ues between 0 and 1, with 1 indicating a perfect
match). Cellsinthe Classraster are assigned to an
end-member class using the correlation value that
you specify for the Threshold Value parameter. This

o press [Classify] method isrelatively insensitiveto differencesin av-
M name each output raster | erage brightness.
and direct them to your . L
classification Project File | Comparing the results of these classification exer-
cises, note that the output rasters produced by the
Tnfo | Hath | Edit | Tnage Classify |PI3FI/HNF | Cross-Correlation and SpeCtral

Classify... Algorithn: Cross Correlation = | Angl e M appa methOds IOOk I I ke a

Threshold Yalue:| 0.87

Fiibwr Hipdow Glze: 8080 _||

coherent image, while much of the

End Henbers

Matched Filtering (MF) image ap-

Add Renove | Remove ALl |

pears“blurry”. The MF resultsare

550,94_Kaolinite

7 .

Correlation raster for the target kaolinite

Bl actually the best, because most of
the scene has low match values for a given target
spectrum, and there is little spatial correlation be-
tween these low values. The MF method does a
better job of recognizing thetarget spectrum within

various composite (mixed material) image spectra.

Y &

Class raster (threshold value = 0.87)

image spectrum with auto-linear contrast displayed over the Correlation raster, with
enhancement. High values (bright tones) cells assigned to the end-member class
indicate areas with the best spectral match.  shown in yellow.
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Analyzing Hyperspectral Images

Linear Unmixing

The Linear Unmixing method uses a suite of end- | STEPS

member spectra to assess the spectral composition | ¥ remove the Kaolinite
image spectrum from the

of egch image F:ell. Cells are assumed to contain End Member list
varying proportionsof the selected endmember ma- | @ select Linear Unmixing
terials, and the resulting image spectraare assumed from the Algorithm

H . H _ option menu
to be linear combinations of the endmember spec ® click [Spectral Library..]
tra. The process produces a raster for each | & select object savpLi2
endmember that shows the fractional abundance of from the sampLiBs Project
that endmember material for each image cell. The - ng s e to th

al all siIx spectra 1o tne

process also creates an Error raster. End Member list

i ; icim. | M press [Classify]
Selection of appropriate eqdmember spectraisim © name each output raster
portant to the success of this process. The selected and direct them to your
endmembers should represent “ pure” (single-mate- classification Project File

ria) cells, if they existintheimage. Proceduresfor
identifying such image cells are outlined on pages
21-27. These procedures were used to
identify the spectra included in spectral
library sampLIB2. On the basis of spectral
shape and published information about the
Cuprite area, four of these spectra can be
attributed to single minerals (alunite, cal-
cite, kaolinite, and muscovite). The other
two spectrain the library probably repre-
sent spatial mixtures of two or more £
minerals that do not occur in pure form §

throughout any single image cell in the

scene. Fraction image for
the IEM-Alunite
=iHyperspectral Analysis MEE endmember
File Inage Help displayed with
%Eﬂg Spectral ler‘aru...lc:\I]ata\l:upmte\sanphhs.r‘vc / SAHPLIB2 autonormalized
contrast
Find: . .
I : Info | Hath | Edit | Inage Classify | PCA/HNF | enhancement.
IEH_Alunite A
IEH_Calcite Classify,..| Algorithn Linear Unnixing =
IEH_Kaolinite - Fewr 3
TEH_Huscovite ihresheld Yeluel| 5,68
IEH_Aa Filier Hindow Sirei Bt o |
L End Henbers
Add Renove | Renave ALL|

IEH_Alunite A

TEH_Calcite

IEH_Kaolinite

TEN_Huscovite

IEN_Aa

TEH_Bb

A
= T
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Analyzing Hyperspectral Images

Assessing Unmixing Results

Intheideal linear unmixing case, fraction valuesfor
individual endmembers should range from 0 to 1,
and the sum of the fractional abundances for each

Fraction images for the image cell should equal 1. Butif you supply too few
IEM_Kaolinite (top), i i _
IEM_Calcite (middle), and endr;eggberj' or mafpmprﬁte demanmS tthral::

IEM_Muscovite (bottom), tlor_l undances for each cell may not sum to_t e
endmembers, all displayed desired value of 1. If a selected endmember is a
with autonormalized mixed cell, and “pure’ cellsrepresenting its compo-
contrast enhancement. nents are present in theimage, the pure cellswill be

1 assigned negative abundance values or val-

uesgreater than onefor some end members.
If there are alarge number of such “out of
range” values in the fraction images, you
may need to add or replace endmember spec-
tra

The linear unmixing equations include an
error term that is minimized to identify the
best-fit set of endmember abundance val-
ues. Thecomputed error vauefor eachimage
cell isincorporated inthe Error raster. Bright

| cellsin the Error raster (high error values)

indicate areasthat were not adequately mod-
eled by the selected set of endmembers, so
you may need to concentrate your search
for additional endmembersin those areas.

Error raster for the Cuprite linear unmixing run
using the endmember spectra in sampLiB2
(displayed with autoexponential contrast
enhancement). Bright areas probably contain
materials not included in the endmember set.
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Analyzing Hyperspectral Images

Self-Organizing Map Classifier

The Self-Organizing Map Classifier performs an
empirical (unsupervised) classification of the hyper-
spectral image, so you don't have to specify target
spectra.  Like the Spectral Angle Mapper, image
spectraaretreated as pointsin n-dimensional space.
The process uses neural network techniquesto find
a best-fit set of 512 class-centers, then assigns all
image spectrato one of these classes using spectral
angle as the measure of similarity.

The neural network used to determinethe class-
center vectorsisasguare 16 x 32 array of hodes,
each representing one class. Initialy the spec-
tral valuesfor each node are assigned randomly
(producing randomly-oriented classvectors). A
large sample of image spectra are compared one by
oneto the full set of nodes. For each test spectrum,
the nodewith themost similar spectrum hasits spec-
tral values adjusted to improve the match. In
addition, nearby nodesin thearray are al so adjusted
to alesser extent. After many sample spectra have
been processed, the node values convergeto a set of
class-center vectors that approximate the distribu-
tion of all image spectra in N-dimensional space.
Similar class vectors aso lie close together in the
node array, and the greater the areathat similar ma-
terials cover in the hyperspectral image, the more
classes are used to represent s .
them. Thisproperty of theclas- §
sifier ensures adequate spectral
discrimination of different va-
rieties of common, widespread
materials.

Class raster with 512 classes
created by the Self-Organizing
Map classifier, shown with a
random color map.

STEPS

M select Self Organizing
Map Classifier from the
Image menu

M use the standard Select

Objects dialog to name
each output raster and
direct them to your
classification Project File

/

The Distance raster is a
graphical representation of
the final state of the Self-
Organizing Map, the 16 x 32
array of nodes used to
determine class centers.
Each cell represents one
class, and the cell value is
the average spectral
distance to neighboring
classes. Dark areas
represent tightly grouped
class centers.
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Analyzing Hyperspectral Images

Principal Components Transform

STEPS

M click the PCA/MNF tab

M click [Calculate
Eigenvectors] (process-
ing will take several
minutes)

M choose each of the four
options on the Display
option menu and study
the resulting plots

M press [Forward
Transform] to create a
set of PC component
rasters

M use the standard Select
Objects procedure to
direct the output rasters
to a new Project File

M use the Layer Manager
for the Hyperspectral
Image window to view
the PCA rasters

Info | Math | Edit | Inage | Classify PCA/NNF |

Adjacent hyperspectral image bandsarevisually and
numerically similar, and therefore contain much re-
dundant information. The Principal Components
transform is a standard method for deriving a new
set of imageswith reduced spectral redundancy. The
processisalinear transformation that projects each
image cell’s spectrum to a new set of orthogonal
coordinate axes. These axes are chosen so that the
output images are uncorrelated and ordered by de-
creasing variance, with thefirst principal component
axis corresponding to the direction of maximum vari-
ancein spectral space. Important imageinformation
is generally concentrated in the low-order compo-
nents, while noise increases with increasing
component number. Use of low-order PC rastersin
place of original image bands can speed visua analy-
sisand classification of the hyperspectral image.

The eigenvalue plot shows the image

- Principal Conponents « Hinimum Hoise Fraction

variance for each component axis. The
[ sum of the eigenvalues equals the sum

Calculate Eigenvectors| Display: Eigenvalues - of the band variances in the original
Sanpling Rate: 10 = Conponents| || el 9

Companent

— T =T oi...] image. You can also display plots of
atistics? Inage ave... | Load... . -
~ Component Variance and Band Variance
Esevate: (in percentage of total variance).

The eigenvector plot for each principal
component shows the set of weighting
coefficients (one for each image band)
used in the coordinate transformation
for that component. Use the slider or

Second principal component raster

arrow buttons to choose the desired

Forward Transforn... [For Companents:| 1 taz| 7. component.
ifu\ PCA/HNF |

Info | Hath | Edi\ | Tnage | Class:

4 Principal Enn‘nnents < Hininun us"se Fraction

Calculate Eigenu\mtnrs| Display: \Eigenve:tﬂrs =

Sampling Rate: @ = Conponent; | * | |2 q|p|
Statistics: Inage| s | Save...|Load...|

Eigenvector 2 (0.05186)

Wavelength (mkni)




Analyzing Hyperspectral Images

Minimum Noise Fraction Transform

If bands in a hyperspectral image have differing | STEPS

amounts of noise, standard principal components | ¥ click the Minimum Noise
Fraction radio button at

derived from them may not show the usual trend of the top of the PCA/MNF
steadily increasing noise with increasing component panel

number. The Minimum Noise Fraction transform | & click [Calculate

(MNF) isamodified version of the Principal Com- Eigenvectors]

M display the various plots
ponentstransform that ordersthe output components Py P

by decreasing signal to noiseratio.

The MNF procedure first estimates the
noise in each image band using the spatial
variationsin brightness values. It then ap-
plies two successive principal component
transforms. The first uses the noise esti-
mates to transform the dataset to a
coordinate system inwhichthenoiseisun-
correlated and is equal in each component.
Then a standard principal components
transform is applied to the noise-adjusted
data, with output components ordered by decreas
ing variance. Thisprocedure producesacomponent

RGBI display of the first 4

. . . . . . MNF components (3 = Red,
set in which noise levels increase uniformly with | 5 - Green 4 = Blue,

increasing component number. Thelow-order com- | 1 = Intensity).
ponents should contain most of the image
information and little image noise.

You can use the Save and Load buttons
Info | Hath | Edit | Tnage | Classiey PCA/N | / to save and reload the statistics
calculated by the Principal Components
Calculate Eigenvectors| Display:  Band Vaujaﬁa = and MNF transforms. For examp|61 you
Sanpling Rate: 10 — |  Cenponcntt] "+ @|pl| might calculate the transform in one
Statistics; Tnage — | Save...|Load,.s| session, and reload the statistics later to
create component rasters. For the MNF
transform, you can save the image
statistics and noise statistics using the
options on the Statistics button.

<+ Principal Components “* Hininum Hoise Fraction

Moise Yariance Contribution

Fercentage
noow
& B

‘ ] ‘ | { The plots produced by the MNF
208 218 220 239 ™ transform show the noise statistics

wiavelength (ki L !
= calculated from the original input bands.
Forward Transforn.. . [Fer Canponentsz[ 1 ta:| 7

Creating MNF component rasters using the Forward Transform option can require
several hours or more, depending on the number of input components. You can find
the first 5 MNF component rasters for the Cuprite scene in the mnrF_cup Project File.
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Analyzing Hyperspectral Images

Pixel Purity Index

STEPS

M click the Open J
icon button and %
select RVC Image List
from the dropdown menu

M select all raster objects
in the mnF_cup Project File

M on the Image panel,
select None from the
option menus for both
Additive Offset and
Atmospheric Correction
calibration methods

M select Compute Pixel
Purity Index from the
Image menu

M in the Pixel Purity Index
window, select 200 from
the Test Directions Per
Pass option menu, and
change the value in the
Threshold Value field to
0.10

M click [Run] and direct the
output PPI raster to a
new Project File

The set of low-order MNF components provides a
“distilled” version of the hyperspectral image that
can beused torapidly identify relatively “pure” im-
age spectra for use as spectral endmembersin the
Linear Unmixing operation. The Pixel Purity Index
(PP!) operationisthe first step in identifying these
endmember spectra.

When image spectra are plotted as points in n-di-
mensional space, endmember spectra should lie at
cusps along the margins of the datacloud. (Thisis
trueregardless of whether we usethe original spec-
tral bands or the transformed MNF components).
ThePPI createsalarge number of randomly-oriented
test vectors emanating from the origin of the coor-
dinate space. The spectral pointsare projected onto
each test vector and spectrawithin athreshold dis-
tance of the minimum and maximum projected values
areflagged asextreme. Asdirectionsaretested, the
process tallies the number of timesanimagecell is
found to be extreme. Cellswith high valuesin the
resulting PPI raster should correspond primarily to
the locations of “edge”’ spectrain theimage.

Test Vector

AN — value

A two-dimensional illustration of how the Pixel
Purity Index identifies potential extreme image

S Ne X2, —1 spectra (large red dots).

o~ e, 25Xe o
% V0 v You can select both the number of passes that the
S TS 7R PPI operation makes through the full set of image
< RSN T spectra and the number of test directions
€ TR / examined per pass. You can use the Resume PPI
o o o\ Threshold toggle to rerun and add to an existing PPI raster,

7 continuing until the number of new cells identified

per pass falls to a value close to 0.

Component 1

When the PPI operation is run on raster sets with
integer values, the default threshold value of 1.00
corresponds to a distance of 1 digital number. When
the PPl is run on floating-point rasters with non-integer
values, like MNF component sets, the default value is
interpreted as 1 Standard Deviation. A threshold close/-
to 0.10 is more appropriate for MNF component sets.

ElPixel Purity Index

“* New PPL \v Resune PPT

PPE Rester...

Hunber 0f Passes:l 10

Test Directions Fer Pass: 200 —

Pixels Per Test: 200 —
Threshold Value:| 0.10

Run |

Cancel | Help |
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Analyzing Hyperspectral Images

Start the n-Dimensional Visualizer

STEPS

To assess the results of the PPI operation we will
use the n-Dimensional Visualizer tool. This tool
allows you to create and view an n-dimensional
scatterplot of spectrafor an area in the hyperspec-
tral image or MNF component set. You can view
the scatterplot from different viewpoints and rotate
the plot manually or automatically inreal time. You
designate the sel ected area by drawing apolygonin
the Hyperspectral Image window. You can usethis
tool to investigate the spectral properties of differ-
ent materials in the image and to search for image
cellswith extreme spectral valuesthat might repre-
sent pure endmembers.

When you use the PPl raster as a mask, only cells
with PPI values above the specified threshold value
(and within the selection polygon) are displayed in
the scatterplot. The threshold eliminates cells that
were only flagged as extreme in afew spectral di-
rections. When no mask is used, you should use a
smaller selection polygon to obtain a manageable
set of spectral points.

EIn-Dinensional ¥isualizer _ O]

Help | The grayscale

PPI mask raster
is displayed
over the MNF
image with O-
value (null) cells
transparent.

Dptions

&

Spin| Speed: I l_
Sreren Hepth I 46,0
Hode: I__I p &

Class: -

&2
& &

]3| %]

/
The Style icon button toggles the point
display style between two modes: single
pixel (button in) and box (shown here).

)

)

in the Image Mask
section of the Info panel,
click [Raster...]

select the PPI raster you
made in the previous
exercise, or the one
provided in the ppi_cup
Project File

change the Threshold
Value field for the image
mask to 25.00

Inage Hask

Raster.,. te/PPI_CUP,.rvc / PPT

Threshold Yalue:| 25,00
Clear Sawe fs,..

click the
n-Dimensional
Visualizer icon button in
the Hyperspectral Image
window

use the Line / Polygon
Edit Controls to draw a
polygon that includes
most of the image, as
shown below

M click [Apply] (or press

M make sure the

the right mouse button)

Style icon button
on the Visualizer

window is toggled out
turn on the Label
Axes icon button

This exercise continues on the next page.
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Analyzing Hyperspectral Images

Rotate the n-Dimensional Scatterplot

STEPS
M move the Speed slider

You can use the n-Dimensional Visualizer to find

on the Visualizer window
to speed 2
M press [Spin]; the button
changes to read Stop
M after watching the plot
automatically rotate for a
while, press [Stop]
use the direction arrow
icon buttons to rotate the
plot by increments
press the Change
Viewpoint icon ﬂ
button several
times
place the mouse cursor
in the view pane of the
Visualizer window, hold
down the left mouse
button, and drag in the
desired direction to
rotate the plot manually
This exercise continues
on the next page.

\

/ (&=
The Change Viewpoint icon button

alters the viewing direction by 90
degrees. Clicking it several times
allows you to rapidly view the plot
from a number of different directions.

The arrow icon
buttons rotate the .
plot by a small,
constant amount
in the specified
direction.

and mark themost extreme cell samong thoseflagged
by the PPl operation. A typical n-dimensional scat-
terplot shows better separation of point clusters
when viewed from certain spectral directions than
from others. Usually you need to rotate the plot in
order to find these directions and to understand the
distribution of points. The rotation options in the
n-Dimensional Visualizer provideagreat dedl of flex-
ibility, including manual, incremental, and automatic
rotation modes.

The Spin button starts an animated rotation of the
scatterplot in successive, randomly-chosen direc-
tions. You can use the Speed dlider to vary the
rotation speed. The rotation speed is also depen-
dent on the number of spectral pointsand the number
of dimensions. The animation works best with a
small number of dimensions (lessthan 15). You can
also rotate the plot by small incrementsin aspecific
direction using the arrow icon buttons. With the
window mode set to Rotate, you can rotate the plot
manually in
any direction
by dragging
the cursor in
the Visualizer
window. .

= n-Dinensional Yisualizer

Options Help |

oy B

£,

ililil Spin| Speed:
94, ‘44|¢| Sreres Deptht
Hode: [ <] Ig_
Class 'ﬁyﬂM

y 4

/
With Rotate mode turned on you can rotate
the plot in any direction by dragging the
cursor in the Visualizer window.
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Analyzing Hyperspectral Images

Mark Endmember Classes

Asyou rotate the n-dimensional scatterplot, ook for
clusters of pointsthat define the edges of the distri-
bution in various directions. In some cases these
areisolated small clumpsof points, in otherstheends
of elongated clusters of points that define a mixing
line between two endmembers. Stop rotating when
you can distinguish several edge clusters. The n-
Dimensional Visuaizer alows you to select each
such cluster of spectral pointsand group themintoa
class. The points you assign to aclass are shown in
the window in the selected color. You can repeat
thegrouping operation for other pointsto assignthem
to the same class, or choose a new color to create
additiond classes. Classcolorsare maintained when
you rotate the plot so that you can better visualize
the distribution of the spectral points. The Show
Classes option enhances visibility of classes when
only afew spectral points are assigned to each. It
uses solid lines to connect the spectral pointsin the
classto the class mean.

Example first class
Use the Class color P

option menu to select a Polygon for
color for marking a class. second class

STEPS

M when you have ﬂil
identified several
edge clusters, press the
Classify icon button to
change the cursor mode

M make sure that
the Show ﬁl
Classes icon
button is toggled in

M left-click in the plot area
to place vertices
defining a polygon that
surrounds a point
cluster (as in illustration
1 below)

M right-click to accept the
polygon (illustration 2)

M click on the colored
button labeled Class
and choose another
color such as cyan

M draw a polygon around
another cluster of points
(2) and right click (3)

M press [Spin] and
observe how the
marked clusters relate
to the remaining points

M press [Stop]

Spin| Speed: I l_
Sheran Bopbbs 16,6

Hode: Eﬁ be
Class: = _I_I_,EI_I

—"ﬁlﬁl’éﬁ@

Spin| Speed: I_E
Steres Hepth I 46,0

1
In Classify mode you can Press the Clear Class icon
use the mouse cursor to button to release all points
draw a polygon to selecta  assigned to the currently
cluster of points to assign to selected class color.

a class.

Press the Clear All Classes
icon button to release all
classified points from their
respective classes.

This exercise continues on the next page.
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Analyzing Hyperspectral Images

Save Endmember Classes as a Mask

STEPS

M continue rotating the
plot and grouping points
until you have marked
six or seven classes

M when you are satisfied
with the set of classes,
press the Classes *
to Source icon EI
button on the
Visualizer window

M click [Yes] in the first
Verify window that
opens (to create a new
mask raster containing
the class cells)

M click [No] in the second
Verify window that asks
whether to save the
current mask raster (no
changes have been
made that require
saving)

A temporary mask raster
showing the locations of
cells in the marked classes
has now been substituted
for the PPI raster you have
been using as a mask.

Inage Hask

Raster...FTEHPUUUZ.THP £ Hask
Threshold Value:l 25,00

Clear | Save As... |

M to save the temporary
class mask, click [Save
As]

M save the class mask in
the same Project File as
the PPI raster you
created earlier

Continue changing viewpoints and rotating the plot
tofind additional endmember clusters. Asyou view
theplot, resist the natural impulseto visualizeit asa
rotating three-dimensional volume. At any moment
the plot isshowing atwo-dimensional projection of
an n-dimensional hyperspace (5 dimensionsin this
example). Thespatial relationshipsof point clusters
can only be determined by examining projections
from many viewpoints. For example, apoint cluster
that always appearsto lieon astraight line between
the sametwo endmember clustersisprobably amix-
ture of thetwo, rather than an additional endmember.

The Classes to Source option allows you transfer
theclass cell locationsto the current mask raster, or
to anew mask raster. Each classisassigned aunique
raster value, and a Colormap subobject containing
the class colors is automatically created. A new
mask created by this procedure is atemporary ob-
ject that isautomatically substituted for the current
mask. To reuse this object you must save it using
the Save As button on the Image Mask section of
the Info panel.

Example endmember classes for the Cuprite MNF component set shown from
different viewpoints in the n-Dimensional Visualizer. Your classes may be
larger or smaller or use different colors. Note that a given endmember cluster
lies on the edge only when seen from certain viewpoints.

page 28



Analyzing Hyperspectral Images

Select Endmember Spectra

Inthefinal step in defining image endmembers, we
can use the endmember class raster as a mask with
the original Cuprite hyperspectral image to select
and save endmember spectra. The colored cells in
the mask identify the locations of candidate image
spectra. Other cellsin the mask aretransparent, re-
vealing theunderlyingimage. To enhancevisibility
of the colored class cells, you can add one of the
grayscale MNF component rasters as a reference
layer. You may also want to use the controlsin the
Layer Controls window to hide temporarily al lay-
ersexcept themask in order to locate all of theclass
cells.

For each endmember class, use the Spectral Profile
tool to extract and display the image spectrafor the
individual classcells. (UsetheMultiple Spectraop-
tionfor the Spectral Plot window.) Choosethe most
representative spectrum and save it in a spectral li-
brary. Repeat until you have saved a spectrum for
each endmember class.

Zoomed view
of part of the
northeast
quadrant of the
Cuprite scene
showing three
spatial clusters
of class cells
representing
different
endmember
classes.

0.9 1
0.8+

Value

0.7 1

06
21 22 23 \2.4

Wavelength

STEPS

M repeat the steps %
on page 4 to
reopen the cuprITE97
hypercube object

M on the Image panel,
select Subset from the
Use Wavelength Range
option menu and set the
range to 1.98 to 2.46

M In the Layer Manager
window, click the
Add Raster icon
button and select
Single from the
dropdown menu

M select mnF_1 from the
MNF_cup Project File

M in the Visualizer Image
Mask section of the Info
panel, click [Raster...]

M select the Classes mask
raster you saved in the
previous exercise, or the
one provided in the
ppI_cupr Project File

M use the tools in the
Hyperspectral Image
window to zoom in on
the northeast quadrant
of the scene and locate
one of the collections of
colored mask cells that
mark the members of an
endmember class

M click on the
Spectral Profile ﬁ’
icon button on the
Hyperspectral Image
window

M on the Info panel, turn on
the Display Spectral Plot
toggle button

M move the cursor to the
individual class cells and
right-click to view their
spectra

Plot of several individual spectra for the endmember
class represented by the color cyan.
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Analyzing Hyperspectral Images

Import a Field or Laboratory Spectrum

STEPS

M in the Layer Manager
window, right-click on
the entry for the mnrF
reference layer and
select Remove Layer
from the dropdown
menu

M inthe Image Mask

section of the Info panel,

click [Clear...]

M on the Image panel,
select Full from the
Wavelength Range
option menu

M click the New
Spectral Library
icon button

File | Tnage

| Mew Spectral Library..

| Dpen Standard Spe[:tral Library,,, -~
Open Spectral Library...

Open USGS Spectral Library...
Inport USGS Spectral Library...

= Hyperspectral Analysis
IE S\tenpATEHPOOO2, THP /

Spectral reflectanceis the ratio of radiant energy
reflected by amaterial at aparticular wavelength to
the energy incident on the materia at that wave-
length. Variations in spectral reflectance with
wavelength congtitute amateria’sr eflectance spec-
trum, and arise from its chemical make-up and
physical structure. Instrumentscalled spectrometers
are used to measure reflectance spectraof materials
such assail, rock, and vegetation. Reflectance spec-
tra can be measured in the field under natural
illumination, or in the laboratory under more con-
trolled conditions. Field and laboratory spectra
provide known spectral signatures that can be used
toidentify different materialsin ahyperspectral im-
age.

You can import spectrafrom external
sources into a TNTmips spectral li-
brary by using the Import Spectral

=

Inport Spectral Curve...

Open Hyperspectral Inage...

v

Save fis...

Exit

HSEII Fornat. .

Spectron SEB90. ..
PINA Spectroneter...
FieldSpec FR Format,..

Fdit | Tnoge | Claseify | Curve procedurein the Hyperspectral

sobsus Hose |l aun, fra

N |—i Analysis process. You can choose

from severd common spectrometer file
formats, or select the generic ASCII
- format. ASCII filesmust beinthe.csv

M from the File menu on
the Hyperspectral
Analysis window select
Import Spectral Curve,
then ASCII Format

M use the standard Select
Files window to
navigate to and select
file GRNGRASS.CSV

M turn on the Display
Spectral Plot toggle
button and select the
new library spectrum

= Hyperspectral Analysis

File Inage

format describedintheearlier exercise entitled “ Save
an Image Spectrum as Text”.
bein aseparate external file.

Each spectrum must

= Spectral Plot

File Options Color

Spectral Plot

T i i
i '
| ] |
T T T

0o 14 18 24 20
Wavelength
:[ 0.000000 Reflectance:| 0.000000

%gﬂ Spectral Li.hraru...lE:\tenp\TENPOOOE.THF # NEH

Range:|  0.41 to:|  2.98 J Hanual Range

Range: 0,00 to: 0,71 - Hanual Range

Find: |

Erngrass.csv

Info |Hath | Edit | Inage | Classify | PCA/HNF |

Spectrun Hane |grngrass.csv

Description: |Inported from ASCII file

Hunber of Channels: 424

page 30



Analyzing Hyperspectral Images

Open the USGS Spectral Library

The United States Geologica Survey's Spectroscopy
Lab has measured the spectral reflectance of about
500 minerals (basic components of rocks and soil)
under standard laboratory conditions. They have
compiled the measurements in the USGS Spectral
Library, which is freely available to the public.
Microlmages has imported the USGS Spectral Li-
brary and incorporated it within the Hyperspectral
Analysis process as a Standard Spectral Library.
Other public spectral libraries may be added to the
Standard library list in the future.

Thereflectance spectrainthe USGS Spectral Library
cover awavelength range from 0.2 to 3.0 microme-
ters, with spectral bandwidth less than 0.01
micrometers (comparable to the spectral resolution
of an AVIRIS image spectrum). In additionto min-
era spectra, the USGS spectral library alsoincludes
afew spectraacquired from different types of veg-
etation foliage. The vegetation spectraare grouped
together following the al phabetical listing of mineral
spectra.

M click the Open Er|
Standard Spectral @I
Library icon button on
the Hyperspectral
Analysis window

M open the Spectral Plot
window if it is not
currently open, and turn
on the Single Spectrum
toggle

M in the spectrum list,
select the next-to-last
Alunite spectrum

You can find additional
information about the USGS
Imaging Spectroscopy
program and the USGS
Spectral Library on the
World Wide Web at:
http://speclab.cr.usgs.gov

Keep the Spectral
Plot window open

= Hyperspectral Analysis ™ mE3
File Inage Help for the“ next
exercise.
= - = : :
%gg Spectral Library... lc.ltntlum32/spec11b.ref
Find: | Info |I|ath | Edit | Tnage | Classiry | PoasiE
Acnit 3
e el J Spectrun Nane|Alunite H5295,38 H1R1Ba RBS | Plot of the selected
Actinolite Descriptions [copy of splib003 r 251 Alunite reflectance
Actinolite I
Actinolite Clee @7 M egl] db) spectrum.
Actinolite Hunber of Meighted Runs: 1
Adularia = SmectraIRpIoY
Albite Save Spectrun | Save As Text,.. | pectra’ 1o
Albite ;
: File Color Help
Albite [USES spectral infornation Fields:
Allanite Aquisition Date 246/81/1952
Alnandine Right Ascention: 0,000000
Alnandine Declination Coordinate: 0.000000
Alnandine Incident Angle: 0,000000 08 ----f4-—---
Alnandine o
Alnandine 06
- Plot Inage Mask ||
alite I Display Spectral Plot Raster...l S04
Alunite i -
Alunite Sanple Hindow: 1 i |Pixels| |Thesshold ¥alf 02 {f----------
Alunite . i
VAN B gisar || 0o ! . :
Alunite « Hultiple Spectra - | o7 1'\2/'Vaveléggth 22 27
Annonioalunite
Annoniun_Chloride Havelength:| 0,000000 Reflectance:| 0,000000
Anmonio=jarosite . 5
Anmonio=T11itesSn Havelength Range.l 0,25 To.l 2,98 I Hanual Range
Annonio-Snectite . Value Range:| 0,03 To:| 0.89 . Hanual Range
o P > |
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Analyzing Hyperspectral Images

Correction to Reflectance

STEPS

M on the Image panel,
choose None from both
the Additive Offset and
the Atmospheric
Correction option menus

An airborne or satellite-mounted hyperspectral
imager measures spectral radiance: the upwelling
radiant energy at the sensor for many narrow
wavelength bands. These radiance values are only
partly determined by the spectral reflectance
properties of surface materials in
the scene. A number of other

Library,.. ll:: /tnt/uin32/speclib.ref

factors contribute to the measured

Info | Hath | Edit Tnage |Elassifg | PeasnNF |

Calibration

radiance, with effectsthat vary with

Atnospheric Correction:

Additive Offset: Hone — &8

(I wavelength. For example, the
amount of solar energy illuminating

Hone

M select the
Spectral Profile ﬁl
tool from the
Hyperspectral Image
window toolbar

M obtain an image
spectrum from the
Stonewall Playa area
near the east edge of
the image (see page 4)

Raw radiance spectrum for
Stonewall Playa. The
overall shape of the
spectrum, with maximum
brightness in the visible light
range, replicates the solar
irradiance curve and the
dropoff in atmospheric
scattering with increasing
wavelength.

ESpectral PLit

File Color

=I5 the surface varieswith wavel ength
(described as the solar irradiance curve) and with
the sun’s height in the sky when the image was
acquired (solar zenith angle). Other factorsinclude
wavelength-sel ective absorption and scattering by
atmospheric gasesand particulates, and illumination
differences due to topography (direction and angle
of dope, and shadowing).

In order to make meaningful comparisons between
image spectra and laboratory reflectance spectra,
the image radiance values must be corrected (cali-
brated) to reflectance by removing these other
contributing effects. The Hyperspectra Analysis
processin TNTmips offers several commonly-used
empirical correction methods. These methods are
applied to the raw hyperspectral image on-the-fly,
so you do not need to recompute and store different

versions of the image. The steps in this

LX) exercise disable these calibrations so that

Help

you can examine raw radiance spectra.

\
\ Spectral Plot

Several major lows in the radiance spectrum
— (labeled A through D) result from strong
atmospheric absorption at specific wave-
lengths. If the atmosphere was uniform over
the scene and elevation differences are not

-01

14 7
Wavelength

extreme, raw spectra from all image cells

Havelength:| 0,000000 Reflectance:| 0,000000

should include about the same effects from

Havelength Range:l 0,37 TD:l 2,51 _ Hanual Range

Value Range:| 0,00 Toi| 1,00 J Hanual Range

atmospheric scattering and absorption, as
well as the same solar irradiance spectrum.
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Analyzing Hyperspectral Images

Flat Field Correction

STEPS

The Flat Field correction method reduces atmo-
spheric and solar irradiance effects using the mean
spectrum of an areayou designate with the Flat Field
Cdlibration tool. The areayou select should be to-
pographically and spectrally flat: it should have a
uniform spectral reflectance at all wavelengths, with-
out significant absorption features. The average
spectrum from such a“flat field” will be an almost
pure signature of solar irradiance plus superimposed
atmospheric scattering and absorption effects. The
Flat Field method divides each image spectrum by
theflat field spectrum. With an appropriateflat field
spectrum, this procedure will largely remove atmo-
spheric and solar irradiance effects. (The selected
area should be bright in order to reduce the effects
of random image noise on the correction.) If the
scene includes large variations in elevation or the
atmosphere was not uniform over the scene, some
residual topographic and atmospheric effects will
remain in the calibrated image spectra.

Choosing an appropriateflat fieldis

Calibration

)

)

=

Dperation

I Bl S e e

use the standard View
window tools to zoom in
on Stonewall Playa
select the Flat
Field Calibration E’
tool from the
Hyperspectral Image
window toolbar
use the standard Line/
Polygon Edit Controls to
draw a polygon covering
the brightest part of
Stonewall Playa (see
illustration)

o] 8 (m]E3

Hode |Action

prlgl Help I

“

choose Flat Field (By
Region) from the
Atmospheric Correction
option menu

Info | Math | Edit Inage | Classify | PCAZHNF |

obviously acritical step in this cor-
rection method. No natural material

RAdditive Offset: Hone — 6.6

Atnospheric Correction: Flat Field {By Region} _Jl &8

has a completely flat reflectance

spectrum. Bright man-made materials such as con-
crete have a fairly flat spectral response and thus
can provide appropriate targets in hyperspectral
scenes of urban areas. In the Cuprite scene, the
bright, salt-encrusted surface of Stonewall Playahas
no significant mineral absorption features, soit pro-
videsan approximateflat field spectrum.

The Maximum correction method assembles an ap-
proximateflat field spectrum automatical ly using the
maximum valuein each spectral band. Image spec-
traaredivided by the maximum spectrumto produce
the corrected image spectra. This method may be
appropriateif the sceneincludesavariety of materi-
als of differing overall brightness.

|

reacquire an image
spectrum from Stonewall
Playa

e
n:.\l\'. ‘/ﬂ

Draw a polygon with the
Flat Field Calibration tool to

ind

icate the area to be used

to determine the flat field
spectrum.
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Equal Area Normalization

STEPS

M select Equal Area
Normalization from the
Atmospheric Correction
option menu

M select Minimum from the
Additive Offset
Calibration option menu

M reacquire an image
spectrum from Stonewall
Playa

Info | Math | Edit Inage |Elassifg | pecemme |

Calibration

Equal Area Normalization is the default method of
atmospheric correction in Hyperspectral Anaysis,
it is enabled automatically when you start the pro-
cess. Thiscalibration method does not require any
knowledge of surface materials in the scene. The
radiance values in each image spectrum are first
scaled so that the sum of the values for each image
cell is constant over the entire scene. This proce-
dure shifts all image spectra to nearly the same
relative brightness, removing differ-

Additive Offset: Hininun

= o4

Atnospheric Correctjfn: Equal fArea Hormalization —i | 6.6

ences in overall brightness between
materidsaswell asillumination differ-

The methods on the
Additive Offset Calibration
option menu correct for
atmospheric backscatter
and instrument artifacts that
raise the measured radiance
values by a constant
amount for each cell in an
image band. The default
Minimum method deter-
mines the minimum value in
each band and subtracts it
from all cells in the band.
The Dark Field Calibration
subtracts from each cell the
average determined from an
area that you outline using
the Dark Field Calibration

tool on the Hyper-
spectral Image E’
window. The area

you select should be dark in
all bands; a deep water
body or heavily shadowed

area would be the best
target.

ences caused by topography. An average spectrum
for the entire scene is then cal culated from the nor-
malized spectra. For a scene that includes many
different land cover types, averaging may largely
remove spectral features attributed to the surface
materials. The average spectrum should then re-
semble the flat field spectrum described in the
previous exercise. Finally, each normalized image
spectrum is divided by the average spectrum. The
resulting spectral values represent reflectance rela
tive to the average spectrum, and in ideal cases
should be comparable to true reflectance spectra.

Large elevation differences or variations in the at-
mosphere across the scene may cause atmospheric
effects on theimage spectrathat are not removed by
Equal AreaNormalization. Inaddition, if therearea
few widespread materials in the scene, the average
spectrum may include absorption featuresrelated to
these surface materiasinstead of representing only
atmospheric and solar irradiance effects. In these
casesthe calibrated spectra produced by Equal Area
Normalization may differ significantly from truere-
flectance spectra.

NOTE: If the hyperspectral image has already been processed to reflectance, you can
choose the Manual options on the two Calibration menus and set numeric values for offset
and scaling. For example, sample AVIRIS scenes calibrated to reflectance by NASA use
integer values from 0 to 10,000 to correspond to the reflectance range 0 to 1.0. In this
case set the Additive Offset value to 0 and the Atmospheric Correction value to 10,000.
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Analyzing Hyperspectral Images

Classification with Reflectance Spectra

Once the hyperspectral image has been calibrated
to reflectance, you can use reflectance spectra of
the materialsin the USGS Spectral Library (or any
other library of reflectance spectra) to locate and
classify image cellswith similar spectra. You usethe
same classification methods and follow the same pro-
cedures outlined in the previous exercises in this
booklet on spectral classification, but select library
reflectance spectrainstead of archived image spec-
tra as end members. The spectral classifiers alow
you to produce a series of material maps (classras-
ters) showing the distribution of image cellsmatching
the target spectrum within the threshold you have
sef.

With the empirical calibration methods currently
implemented, the Spectral Angle Mapper and Cross
Correlation methods produce the best results using
reflectance spectra. For the Cuprite scene, the de-
fault Equal Area Normalization does not appear to
achieve a sufficiently accurate reflectance calibra-
tion to produce good results with the Matched
Filtering method using reflectance spectra.

EHyperspectral Analysis

File Inage

STEPS
M press the Full

icon button on the @

Hyperspectral Image
window

select Subset from the
Use Wavelength Range
option menu on the
Image panel, and set the
wavelength range from
1.98 to 2.46

in the spectrum list for
the USGS Spectral
Library, reselect the
next-to-last Alunite
spectrum

press [Add] on the
Classify tabbed panel to
add the Alunite spectrum
to the End Member list
use the default Spectral
Angle Mapper algorithm,
and set the Threshold
Value to 15

press [Classify] and
direct the output rasters
to your classification
Project File

Class raster displayed
over the Spectral

El gﬂ Spectral Library, ., |si/tnt/uing2/speclib,ref

Angle raster, with cells

Finds |

- Info | Hath | Edit | Inage Classify |P|:nmuF |

assigned to the
Alunite class shown in
red.

fcnite

fctinolite J Classify...| Algorithn: Spectral Angle Happer =1
gzzi::ii:: Threshold Valus:| 15.00
Actinalite Fiiber Window Size: Hbulls o |
Rctinolite

T End Henbers

Rlbite Add Renove | Remove ALL| |-
:i:;:: Alunite H5295.38 HiR1Ba A
Allanite

Alnandine

Alnandine

Alnandine

Alnandine

Alnandine

Alnandine -~

Alunite

RAlunite

Alunite

Alunite

RAlunite

fmmonioalunite

Annoniun_Chloride

fmmonio- jarosite

fnnonio-Illite/Sn

Annonio-Swectite |

N — )
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Analyzing Hyperspectral Images

Spectral Matching

STEPS

)

]

NI

337,336_Alunite
image spec{rum.

click [Spectral Library...]
on the Hyperspectral
Analysis window

select object sampLiB3
from the sampLiBs Project
File

in the Plot controls on
the Info panel, turn on
the Multiple Spectra
radio button

in the Spectral Plot
window, turn on the
upper Manual Range
toggle button and set the
Wavelength Range from
1.98 to 2.46

scroll to the bottom of
the spectrum list and
select 337,336_Alunite
click the Math tab, and
select Band Mapping
from the Algorithm
option menu in the
Spectral Matching
control panel

press [Find Match]
select the first
spectrum in the
list of matching

= Hyperspectral Analysis

File Inage

The spectral matching procedureis useful for iden-
tifying specific unknown materia sin ahyperspectral
image. You can save an image spectrum for the tar-
get material into acopy of areference spectrd library,
then search the library for the reflectance spectra
that best match the unknown spectrum. (In thisex-
ercise you use alibrary containing the reflectance
spectra in the USGS Spectral Library along with
three Cupriteimage spectra.) Thematching process
finds the twenty spectra that best match the target
spectrum and ranks them by closeness of fit.

Two spectral matching methods are available. The
Spectral Angle Mapper method is identical to the
classification method described previously. The
Band Mapping method compares spectraon the ba-
sisof the positions and rel ative depths of absorption
features (local minimainthe spectral curves). Both
methods are relatively insensitive to differencesin
average brightness (note the large vertical separa-
tion between the target spectrum and best matching
spectrum in the spectral plot).

Help

spectra

%gﬂ Spectral Library... lc:\Data\Cuprite\sanplibs.rvc / SAHPLIB3

Hitherite

Find: | Info Hath |Ed1t | Inage | classiry | PoasmiF |
3

Yerniculite
Yerniculite
Yesuvianite

Input Spectra
Spectrun Az | 2]
Spectrun Bz L

-0.05 T T
z0s 2
W elen:
] =
Best matching [ —]

spectrum from the
USGS Spectral
Library: an alunite
reflectance
spectrum.

\ Spectral Plot
T

r/

; Operation: HfAverage — | 7 NHornalize Output

Output Spectrun:l

fpply Gperation

i Spectral Hatching

Saltbrush

plezleaves
Pinon_Pine
Rabbitbrush
Russian_Olive
Sage_Brush

Tunbleweed
Halnut_l eaf

550,94_Kaolinite
529,267 _Chalcedon

P — )

) Find Hatch Rlgorithni Band Happing =
Yoo ———
i |_~1- Alunite, Corr: 0,92, Goodness: 1,09 i
‘ 1 2- Alunite, Corr: 0,91, Goodness: 1.10 J
3 - Alunite, Corr:  0.80, Goodness: 1.26
4= Alunite, Corr: 0,74, Goodness: 1,34
5 - Alunite, Corr: 0.73, Goodness: 1.37
6 - Ulexite, Corr: 0,72, Goodness: 1,39
7 = Annghio-IllitesSn, Corr:  0.69, Goodness: 1.44 4
=l l/ 1
/

In this example, the top five matching
spectra are alunite laboratory spectra.

===
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Analyzing Hyperspectral Images

Remove Continuum from Image

Many minerals can be recognized Spectial Plot
by the position and shape of one L

or afew narrow absorptionfeatures | ©°°
inaparticular part of the spectrum.
These features (commonly called
“bands’) appear asvaleysinthe | vs

spectrum. Inacompositespectrum | os
from a hyperspectral image, the ' Wavelength
shape_ of the SpeCtr?‘I Curve sur- Spectral plot showing the kaolinite image
rounding an absorption band may  spectrum (bottom) from the savpLie3 spectral
vary. This broader curve shape, library, the continuum computed for it (smooth
or continuum, is the aggregate re- ggee)c,tijnncql t(t:gpc)ontmuum-removed kaolinite
sponse of all the materials that '
contribute to the spectrum. A sloping continuum | STEPS
causes an apparent shift in the location of an ab- | ¥ select Remove
sorption band'’s reflectance minimum. Spectral ﬁ:;'g%’;g%r: t:‘:
matching of ind_ividual absorpti on bands (such_asin Hyperspectral Analysis
the Band Mapping method) is more accurate if the window _
continuum is removed from the spectra prior to | ¥ use thde Se:ea File

. .. . procedure to name a
mamchl ng. Thlsmvolvesdn{ld| ng the spectral value new Project File to
in each channel by the continuum value. contain the continuum-
removed image bands

You can use the Remove Con-
tinuum option on the Image menu
to create acontinuum-removed ver-
sion of the hyperspectral image (for
the current wavelength subset).
The operation computes the con-
tinuum for each image cell, then
creates and saves the correspond-
ing continuum-removed spectrum
forthecell. Spectrayou extract from
this processed image can then be
directly compared to continuum-re-
moved library spectra. The next
exercise discusses how to remove  RGB display of continuum-removed bands

the continuum from Iibrary spectra. 172, 187, and 202. To examine the image
without interrupting the continuity of these

NOTE: the continuum-removed image exercises, launch another instance of the
is created with a separate raster Hyperspectral Analysis process and open
object for each band rather than as a the continuum-removed image there.
single hyperspectral object.
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Analyzing Hyperspectral Images

Remove Continuum from Library Spectra

STEPS

M select the
550,94_Kaolinite
spectrum from the
sampLIB3 spectral library

M in the Plot portion of the
Info panel, turn on the
Single Spectrum radio
button, then the Multiple
Spectra button

M in the Spectral Plot

window, turn on the

lower Manual Range

toggle button and set the

Value Range from 0.5 to

1.0

click on the Edit tab

from the Operation

menu, select Continuum,

then press [Apply]

press [Restore]

select Remove

Continuum from the

Operation menu, then

press [Apply]

M press [Save Spectrum]
to save the continuum-

KRE

KR

You can remove the continuum from individual
spectrain alibrary by using the controls on the Edit
tabbed panel. The spectrum you select from the
library isshownintabular forminthispanel. Select
Continuum from the Operation menu to merely
computethe continuum for display in aspectral plot,
or Remove Continuum to compute a continuum-
removed spectrum fromtheorigina library spectrum.

When you apply any of the mathematical transfor-
mations selected from the Operation menu, the
spectrum table on the Edit panel is updated and the
result is stored temporarily in memory. Usethe Re-
store button to remove the transformation or the
Save Spectrum button to save the result as a new
spectrum in the library. This spectrum is assigned
the same name as the parent spectrum. You can use
the controls on the Info panel to edit this name and
resave the spectrum.

removed = tral Analysi mEE
. erspectra. nalysis

spectrum in the = L

. File Inage Help

library

%’gﬂ Spectral Lihrar‘u...I[::\Data\tuprite\sanplihs.ruc / SAHPLIB3

Find: __ TInfo | Hath Edit |Inage | C1assiry | pcAsmuF
Vermicul i

Verniculite .
Set. \ e e Havelength Yalue Bandwidth Error <
RAdd \Vesuvianite 1.988670  0.956881  0.010930 0.000000
Substract 1.998690  0.940945  0.010970 0000000 J
. 2.008700  0.942444  0.010950 0000000
Hultiply
2,018720  0,946829  0,010340 0,000000
Interpolate Foisite 2,026730  0,96423d  0,010920 0,000000
Snooth Rspen_Leaf-A 2,038740  0,952706  0,010900 0,000000
Nornalize Aspen_Leaf-B 2,048750  0,952440  0,010880 0,000000
Continuun Blackbrush 2,058760 0,928478 0,010870 0,000000
e G g;::;:ﬁzzze 2.068760  0.914303 0010850 0.000000 | 4
Derivative Dry_Long_Grass h Range:| 1,9887 to:| 2,4572 All
Fir_T ,
Binarize Ji:ip;iesush Operation: Renove Continuun — | Yaluei| £.060
Parabolic Fit W Save As New Record
—

X i Pinon_Pine
The steps in this Rabbitbrush
exercise create a Sage_Brush
spectral plot similar | |7aryeeer

to the one illustrated |[#alnut-Leaf

page. =

1 Haple_Leaves

Russian_Dlive

337,.336_Alunite

on the preceding
529,267_Chalcedon

Apply | Save Spectrun | Restore

=
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Analyzing Hyperspectral Images

Other Image Processing Options

The Image menu on the Hyperspectral Analysiswindow offers several additional
processing options which are summarized briefly below.

L og Residualsisacalibration technique that model sthe observed radiance value
for each image cell asthe product of the surface reflectance, atopographic factor,
and an illumination factor. The topographic factor (slope direction and shadow-
ing) is constant for al wavelength bands for any image cell, but varies spatially.
Theillumination factor (solar irradiance) is constant over theimage (assuming a
cloud-free sky), but isunique for each wavelength. In order to determinereflec-
tance from the measured radiance value, we need to remove the effects of the
topographic and illumination factors, neither of which is usually known. The
Log Residuals algorithm mathematically eliminates these factors by performing
a series of divisions for each image cell using the measured band values, the
geometric mean over al wavelength bands for each cell, and the spatial geomet-
ricmeanfor eachimageband. The
geometric means are computed
from the arithmetic means of the
logarithms of the measured values.
These calculations are too in-
volved tobedoneon-the-fly, sothe
Log Residuals process producesa
transformed set of image bands.
The resulting log residual image
spectramay lack someof theorigi-
nal image information. If any
material spectrumispresentinall
image spectra, that spectral com- : :

ponent will be removed by the Ic_j_og Iresiccijuals forti_oar:ds 17RZ,(:3L87, gn; ZOTZh
process Logresduaisimagesalo | SRS sty =% 0 o8, (e
tend to accentuate image noise.

VQ Filtering is an image transformation procedure that is related conceptually
tothe Self-Organizing Map (SOM) classifier discussed earlier inthisbooklet. The
procedure appliesthe SOM classifier to the imageto derive 256 spectral classes,
and assigns each image cell to the class with the closest mean in spectral space.
Then the mean spectrum for the assigned classis subtracted from each observed
spectrum. Theresulting residual (filtered) image of each input band shows how
well (or how poorly) each cell fits its assigned class at that wavelength. You
might use the results to pinpoint the locations of unusual (but potentially inter-
esting) materialsin the scene.
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Advanced Software for Geospatial Analysis

Microlmages, Inc. publishes acomplete line of proféssional software for advanced geospatial”

datavisualization, analysis, and publishing. Contact usor visit our web sitefor detailed product
information.

TNTmipsPro TNTmipsProisaprofessiona system for fully integrated GI'S, image
analysis, CAD, TIN, desktop cartography, and geospatial database management.

TNTmipsBasic  TNTmipsBasicisalow-cost versionof TNTmipsfor'small projects.
TNTmipsFree TNTmips Freeisafree version'of TNTmips for students and profession-

aswith small projects. You can download TNTmips Free from Microlmages web site.

TNTedit  TNTedit providesinteractivetoolsto create, georeference, and edit vector, image,
CAD, TIN, andrelational database project materialsin awide variety of formats.

TNTview TNTview hasthe same powerful display featuresas TNTmipsand is perfect for
those who do not need the technical processing and preparation features of TNTmips.

TNTatlas TNTatlasletsyou publish and distributeyour spatia project materialson CD or

DVD at low cost. TNTatlas CDs/DV Ds can be used on any popular computing platform. -

Index
ﬂuto Define wavelength.............ccccc.... 10  matched filtering..........ccoceeeenines 16,1}
Band mapping (spectra matching).......... 36  minimum noise fraction transform....... 23
continuum, removal............c..ccuenee. 37-38  n-Dimensiona Visudizer................. 25-28
classification pixel purity iNdeX........cccoeeerererieennenne. 24
Of IMage.....cccerieieieieeeee principal components transform......... 22
in n-Dimensional Visualizer. self-organizing map classifier................ 21
using reflectance spectra.................. spectral angle mapper................. 17,18,36
CONLINUUM. ... spectral libraries..........ccceene 13,15,29,31
cross-correlation................. USGS spectral library........ccocceeene. 31

equal area normalization
flat field correction to reflectance............
Hyperspectral Explorer..............c.......
hyperspectral (hypercube) object..
3D display Of....ccevveveeeeene.
RGB display of......ccccoceeiieenieenne
illumination effects.........cccccceeviiiinnnn.
imaging spectrometer
import, spectrum..........
irradiance, solar.........c.ccoccveveeinnnnenne.
linear UNMIXiNg........ccoeveeveereenienneneens
Qg residuals calibration method............

spectral matching
Spectral Profile tool..........cccccveeuene
spectral radiance...........cccveveveeieenienns
spectral reflectance.............
correcting radiance to.
spectrum (spectra)
endmember.

saving in library......c.ccoeenenenenne.

saving as texXt......cccoeeeveeeeeennnnn. 14
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