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CRISM

 Familiarize CRISM data users with the new
MTRDR data set and products.

e |Learn how to...
— open and browse files
— create and analyze spectra
— create custom visualization products

e All material provided online as a take-home
exercise.
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CRISM Outline

1. Basics

1. CRISM Analysis Toolkit (CAT) installation

2. Opening and displaying an MTRDR spectral cube

3. Displaying spectra

4. Opening and displaying an MTRDR summary parameter cube
5. Linking and browsing

2. Spectral Analysis

1. Selecting a region of interest (ROI)
2. Calculating statistics

3. Enhancing features

4. Interpretation

3. Visualization
1. Custom RGB products
2. 3-Dimensional views
3. Mosaicking
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CRISM

Walk-Through Section 1
BASICS
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CRISM CRISM Analysis Toolkit (CAT)

e The CRISM Analysis Toolkit (CAT) is a series of custom
IDL procedures packaged as a plug-in to ENVI, a
proprietary remote sensing software available through
ITT Exelis.

e To download and install the CAT, go to
http://pds-geosciences.wustl.edu/missions/mro/crism.htm

e You will need CAT Version 7.0 or better to utilize the
MTRDRs and related data products.



Opening an MTRDR cube

e Start IDL/ENVI, with CRISM Analysis Toolkit (CAT) installed
e On the main menu bar, go to >CAT >Open CRISM File

A () EnvI 4B ) (~) (0

Exit CAT untagged‘lll File Bazic Tools Classzification Transform Filter Spectral Map  Mector Topographic  Radar  Window  Help
Reload CAT config file

Open CRISH File —9 K () Select CRISM file(s) to open: O ®
Corwert Format: PDS to CAT Directory
Radiance to IAF I.H'prnJect.H'crism.H'Flightfcr‘iSm_pds_ar‘chivef'mtr‘dr‘.H'HTR]]R:E
ATF Corrections Sl Sl
EPF Utilities - *, ing*, THE [ 1
Spectral Analyziz Utilities -
Directaries
Hap Utilities - L
Data Filtering - L
Mizcellaneous Utilities -

Apply CRISM Bad Bands

e In open file dialog
box, select
*IF*J_MTR3.IMG _
cube and click OK [

Ok | Filterl Eancell




6

CRISM Initial Display of MTRDR cube
e Any image cube is initially opened in ergagem -
ENVI in a cluster of 3 windows. BL e

e Scroll (shows full spatial extent)
e Image (full spatial resolution)
e Zoom (4x resolution subset)

e Red box in the Scroll window shows
location of Image window; red box in
the Image window shows location of
Zoom window.

e HINT: For CRISM images, it is usually
helpful to maximize the Image window,
after which the Scroll window is no
longer needed (see next slide). A

Scroll
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X () #1 (R:Band 304,G:Band 122,B:Band 41):FRT000094F6_07_IF166J_MTR3.IMG —— & @ ®

] KOMBn @B &
Change Zoom window

size or magnification
level, or turn

crosshairs on here \

CRISM Default RGB Stretch for MTRDR

The default bands for an MTRDR are
e R: Band 304 (2529.51 nm)
e G:Band 122 (1329.21 nm)
e B:Band 41 (768.40 nm)

Equivalent to TAN browse product

All bands are listed in the Available
Bands List and you can load any
combination.

By default, ENVI applies a 2% Linear
stretch to each band independently;
a 1% Linear stretch is shown at left.
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CRISM Displaying a MTRDR Spectrum

e From the Image window menu, >Tools >Profiles >Z Profile (Spectrum)

% Tools | Window K () #1 Spectral Profile:FRT000094F6_07_IF166J_MTR3.IMG V& ®
Lt | File Edit Options Plot_Function Help
Profiles F % Profile, .. E——
— - Spectr aflle
Polarization Signatures “ % Profile...

Rogiem OF lniserest “ 7 Profile (Spectrum),,, —e—

“ #RISHCIR Z Profile...
| Cursor LocationdYalue, ., fdditional Z Profile...

Color Mapping

ixel Locator, .. Arbitrary Profile (Transect),..

oint Collection,,.
uild Hask, ..
easurement Toal,, .

P
P
B
H

Line of Sight Calculator,..

Spatial Pixel Editor,,,
Spectral Pixel Editor,..
Animation,, .,

2D Scatter Plots,.,

3D SurfaceView, ..
SPEAR

Z-profile
extracted at
oom
window
location.

Colored vertical lines on spectral plot indicate RGB
wavelength positions — can adjust, reload new
combination in Image window. o



I:g\'

A ) NSpecNProfile:FRTO00094F6_07_IF166J_MTR3.IMG @ ®) X () Plot Parameters

File Edit Optionsz

Plot_Function Help

Plot Title “ISpectr‘al Profile

Background . Foreground I:‘
]
! Font  Roman 1» | Charsize I:%i)‘?() ﬂ
4
|"|J Axiz  w H-fxis |" Y—Hxisl Thick “;1 ﬂ
-
/
f

fixis Title “fh'alue

Style I Exact 7 Extend I Of Mo Box

Range “ (), (000 To “:3\3‘30000

Tick Style “™ In w Out -« Grid -« OFF

= ®
Tick Length IAI)‘OZ 4| Minar Ticks IB ﬂ

Tick Marks “* Auto < Fixed

‘I?‘oooo To‘l?‘ZUOU Inc‘l?‘UEOO

Bottom Hargin I}i ﬂTop Margin IS ﬂ
Hin ¥al I: Hax Wal I:

Apply | Cancel

Go to >Options >Set Z Profile Avg
Window to change the number of
pixels averaged together for the
displayed spectrum.

' K () setzProfi (v) (&) ) ' e
14 ¢ <5 ¢
‘ ;3 | Eancell

Window Size

Go to >Edit >Plot
Parameters to set
the x- and y-axis
ranges, change
plot labels, colors,
etc.

HINT: Leaving
this dialog box
open will keep the
axis range from
changing as you
browse the scene.

10
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CRISM Anatomy of a MTRDR Spectrum

Location of bad bands at detector and
filter boundaries \

Speciral Profile
T / I¢ T r T T T T Tl ' T T T I N ' T I T T T T T T

0.30

0.25

0.20

0.15

Corrected I/F

0.10

lllIIIIIIIIIIlIIIIIIIIIl

0.05

TN

Do i | i | 1 1 i i | I i L P | 1 L L | i i i i | L .T i | 1 1 .
500 1000 1500 2000 2500 3000 3500
Wavelength (nm)

VNIR detector wavelengths 2-micron atmospheric IR detector wavelengths
(0.4-1um) correction residual (1-4 pm)

11
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CRISM Opening an MTRDR Summary Parameter cube

e Same procedure as before... On the main menu bar, go to >CAT
>0pen CRISM File B v Lo —— G

File Optiohs

* Choose *Su*\]_MTRSIMG f||e and C“Ck OK B“E.RDT000094F5-07-5u15m_nm3.mc A

~ 0 RER
A (©) #5 R770:FRT000094F6 07 SU166J_MTR3.IMG —— ME ® o BI530

File Overlay Enhance Tools Window | - 0 SHBO0
- 0 BDG40

e R770 loaded by N

- 1 RPEAKL

. d f I o BOILOOOYIS
e e au t 0 Rdd0
i #_‘: - o IRRL
¥ - o BII10001R |
gl - - o IfA

- O OLINDEXZ
o LCPINDEX

e All SU bands -

(parameters) o

o BI1500

o ICERL

displayed in i

Available Bands =
LiSt ‘ + Gray Scale “* RGE Color

AR || R7FO:FRTO00034FE_07_SULEET_HTR3, IHG

w6 || RPPO;FRTO00094FE_07_SULEEI_HTRS, ING

~ B || R7TOLFRTO00094FE_07_SULEEI_HTR3, IMG

Dins |j?91 « 730 (Floating Point) [BS0]

1' b
e ) Load REB | Display #5»
i

12
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CRISM SU MTRDR: Single Band Display

e Load the D2300 parameter: from Available Bands List, right click on
D2300 and select Load Band to New Display

" = O 7 = © @ ]
ﬁ Available Bands List e ® YAINp &7 1100:FRTI0002AED 07 SUTESY MTRY.ING ¥ @ ® Tl () 47 Band:D2300:FRT000094F6_07_SU166J_MTR3.IMG -

| File (verlay Enharce Tools  Uindow

O]
®
x)

File Options File Stretch_Type Histogram_Source Defaults Options  Help

e 0 IRRL A1
o BIT1000IR
- 0 OLINIEXZ
- 0 LCPINDER
- 0 HCPIMDER
- 0 T5LOPEL
- [ BI1435
- 0 BI1S00
- 0 TCERL
... 01 BI1750
.. 01 BI1900
- 0 BIT2000
o BI2100
o BI2210
- 0 BI2290

APRLY | Stratch

|§—o‘oos : ||20‘022

Input Histogram Output Histagram

Ij:urrent: Linear, Hist Source: Scroll (41,724 points)

- WLoat:l Band to Mew Display =
. 0 §INI

o ICEF

- 1 BICF
.. o BpE( Fold ALl Files

e Default Linear 2%
stretch includes
unrealistic parameter
values less than zero

Load Band to Current Display

Quick Stats,..

.. 0 BDZ] Unfold ALl Files
... 0 BIZ200
.. 0 BIZ400
.. 0 CINDEX

= DT4A7AND £

‘ “* Gray Scale -~ RGE Color

Selected Band

|| 123003 FRTO00034FE_07_SU1E6]_HTR3, [MG

Dims IE?S]. % 730 (Floating Point) [BSO]

Load Bandl Dizplay #7» |

13
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CRISM SU MTRDR: Apply Appropriate Stretch

e For most band depth and similar measures of absorption,
e Zero is the minimum realistic value

e The 99" percentile is typically a good maximum, although there is
a empirically-determined “minimum maximum?” that varies by
parameter (e.g., 0.02 for D2300)

e From Image window, go to >Enhance >Interactive Stretching

' A& () #7 Band:D2300:FRT000094F6_07_SU166J_MTR3.IMG ) = (x) ' . .
File Stretch_Type Histogram_Source Defaultz  Optionz  Help | ® Type mln and max Values Or Sllde
ol s [room ¢ [ dashed bars until at correct percentile

values (will display along bottom)

e If needed, modify the histogram
binning and range under >0Options
>Histogram Parameters

Turrent? Linear, Hist Source: Scroll (41,724 points)

14
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cRrRISM SU MTRDR: D2300 Display Comparison

File Overlay Enhorce Tools  Windew

- W R

Default Stretch Optimized Stretch, Optimized Stretch,

(-0.006 to 0.022) Grayscale Blue-Red Color Ramp
(0.0 to 0.027) (0.0 to 0.027)

e To apply color ramp, go to >Tools
>Color Mapping > ENVI Color Tables

15
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crISM SU MTRDR: RGB Display and Stretch

e Load PHY from Available Bands
List: >Select RGB Color >click on
D2300, BD2210, and BD1900 to fill
In RGB fields >New Display from
drop-down >Load RGB

e Optimize stretch of each band from
Image window: >Enhance
>|nteractive Stretching

A #2 (R:D2300,G:BD2210, B:BD1600) FRTOCO0S4FE 07 SUTEE) MTRIIMG

Tile Dverlay Evhorce Tools  Window

PHY
Browse
Product
Result:

X () #2 Red:D2300:FRT000094F6_07_SU166J_MTR3.IMG ) =

“| D2300

Min: 0.003
(distribution
peak)

Max: 0.028 (99th
percentile)

File Stretch_Tuype Histogram_Source

Peplu| strstch || D.003

Defaults  Options Help

: ||§0‘028

X (O) #2 Green:BD2210:FRT000094F6_07_SU166J_MTR3.IMG (R

“| BD2210

Min: 0.001
(distribution
peak)

Max: 0.020
(“minimum
maximum?”)

@lBD19OO

Min: 0.014
(distribution
peak)

Max: 0.046 (99th
percentile)

File Stretch_Type Histogram_Source Defaults Options Help

vRvB

Output Histogram

8 ||j:0‘020

+ Seroll (24,405 points )

A () #2 Blue:BD1900:FRT000094F6_07_SU166J_MTR3.IMG @

File Stretch_Type Histogram_Source Defaults Options Help

Aeplu| stretch ||fn.o1a

B ||30,045

Dutput Histogram

ear, Hist Source: Scroll (41,B68 points )

16
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Other Browse Products for 94F6

FEM

R: BD530

G: SH600

B: BD11000OVIS

MAF

R: OLINDEX2
G: LCPINDEX
B: HCPINDEX

HYD

R: SINDEX
G: BD2100
B: BD1900

17
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CRISM Linking Spectral and Summary Parameter Cubes ___

e From either Image window, >Tools >Link then one of
e >Link Displays for pixel-location based link (requires exactly same
size images; allows blinking and transparency), -OR-

e >Geographic Link for map projected link (can be different spatial
coverage or resolutions)

A () #1 (R:Band 304,G:Band 122,B:Band 41):FRT000084F6_07_ J_MTR3.IMG — ) @ (3] ! X - A #2 (R:D2300,G:BD2210,B:ED1900):FRT000094F6_07_SU166J_MTR3.IMG
K ©) ® zoon &) & (73
File Ouerlay Erhance Tools Window = et s =

X)

18
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CRISM

Walk-Through Section 2
SPECTRAL ANALYSIS
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CRISM Spectral Analysis Methods

e In general, there are 3 steps to spectral analysis:
1. Locate interesting material(s)
- Summary parameters are a good start

2. Collect best possible spectra (scene “endmembers”)
- Pixel average, Region of Interest (ROI), etc.

3. Interpret endmember spectra
- E.g., comparison to laboratory mineral spectra

e This is what ENVI is designed to do...

— There are many analysis tools/options available within
the ENVI software environment.

— Not all of them work well with CRISM data.

20
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CRISM Pixel-based Endmember Extraction (1/2) .

e As an example, let’s find an endmember spectrum for the
~D2300-bearing material in FRTO00094F6.

Load D2300 as single band and
stretch to emphasize highest
realistic D2300 values.

Link D2300 with MTRDR
spectral cube and PHY browse
(optional, but useful)

KOB2on@@® @ KOMLnOO @ XKO#z2m@®@® ®  XKOm2n@O® &

' link s
]

F

:}ll'.
Nominal Stretch Emphasized Stretch  Spectral Cube PHY Browse
(0.0 to 0.022) (0.04 to 0.05) RGB 21




® NASA

CRISM Pixel-based Endmember Extraction (2/2) iy

e From the linked spectral cube Image window, extract a Z-profile (Spectrum)

e In the spectral plot window
— Go to >Edit >Plot Parameters to adjust y-axis (65535 values skew the range)
— Right click anywhere to view Plot Key and set Z-profile Avg Window to 3x3 pixels
— Preserve this spectrum for later use under >Options >New Window: with Plots...

XK @ # 2oon &) @ @ A () #1 Spectral Profile:FRT000094F6_07_IF166J_MTR3.IMG ME ®

File Edit Options Plot_Function Help |

F Plot Key
4 Stack Plots

Set Stack Offszet,..
4 Collect Spectra

Set 7 Profile Awvg Window, ..

4 Huto Scale Y-Axisz

RGB

Reszet Range

22
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CRISM ROIl-based Endmember Extraction (1/3)

] M ) i‘ﬂ‘ 304,G:Band 122 B:Band 41):FRTO00084FE 07 _IF166) MTRI.IMG

N ~1 « Create a Region of Interest (ROI) from the
highest D2300 values throughout the scene

e In the spectral cube Image window, go to
>Qverlay >Region of Interest

Clazzification,,.
~ Contour Lines...

Density Slice,..

Grid Lines,, .

-éRegiDn of Interest, .. N

Vectors, ..,

XOw “‘"T““'il: ©0 ® e In the ROI Tool
File ROI_Type Options Help | >Opt|0nS >Ban(’j
- Calculate Covariance with Stats

T | Uindour A Inage s cnern, furer L. Threshold to ROI

e Select the D2300 band
from the SU MTRDR file

e Type in min and max

| RDI Nar_ %

& | Region #1

S i values of 0.04 and
Create Class Image from ROIs... 0_05, reSpeCt|Ve|y
Create Buffer Zone from ROI=, ..
— Compute ROI Separability,.. ® ShOU|d get a reSUIt Of
Mew Resion] | 5 e Window 198 p|Xe|S
seape| fewe| Fiaei| Delete ROI| ° I\/Iay want to refine
Select All| | Hide ROIs| ‘o #5iie threshold range to get

fewer pixels
23
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CRISM ROIl-based Endmember Extraction (2/3)

File Option

The ROI appears as red pixels in the
displayed window

In the ROI Tool, calculate the average of
the pixels by clicking >Stats

" X (O ROl Statistics Results: FRT000094F6 07 IF ) ) (X @ nght CI|Ck W|th|n

- | the Stats Results

Select Plotb | Clear Plat|

esh | FfiT-:::' 00094F6_07_SU166J_MTR3.IMG) [R
(.4 .

plot area to adjust
Plot Parameters
and view Plot Key

e (Click and drag the
Mean spectrum to
the previously-

sotoct st | | created spectral

i i A lot taining th
Bazic Stats Hin Mazx Hean Stc S
d 1 0,045015 0, 0E5824 0, 052753 0,005 p ot containi ng e
Band 2 0.045101 0,057443 0.054043 0,005 .
Band 3 0.045119 01, 063824 0,056621 0,005 | b d
Band 4 0.051481 0076477 0.061227 0,00z pIXe -pase
Fand 5 0.051623 0.075135 0.052573 0, D0FE
Band B 0,055301 0084497 0, 0EEETE 0,007¢
Band 7 0.057085  0.086617  0.058997 0.007¢ endl nen |ber
Band £ 0.0B0500 0031985 0.073213 0,007
Band 9 0,052750 0, 096913 0, 076380 0,008
Band 10 0.0E5078 0100731 0.073437 0,008 t m
Band 11 0.053641 0107685 0.084282 0,005 SpeC ru
]
= TP

24
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CRISM ROIl-based Endmember Extraction (3/3)

e A third method would be to define a polygon ROI...

.;I(GIH&JITMIE (v & F{c“l

e ROLTuse Options Hﬂ% | In the ROI Tool, select >ROIl_Type >Polygon

e Create New Region and select Zoom as the
active window

._'ﬂ(lf:lmZuun@@ ()

e = ==~ e« Calculate statistics on the
polygon-ROI as before

e The polygon ROI can be used
alone or (e.g.) to spatially
constrain the band threshold
ROI: =ROI Tool > Options

Window: = Image =~ Scroll ™ Zoom - OFF

=

ROI Mame | Color |

El

| P

-9‘ Hew Regiu:unl

Goto I Delete Partl

Statsl Gmwl F‘ixell Delete REIII rlght C“Ck >|nterseCt
to finalize n—
Colect Hlll Hide RDISI Show RDISI - Ji - Calculate Covariance with Stats .
A O M Zoor ) © &) Meazurement Repaort, .. Reglons

Report Area of ROIs,.. -

Merge Regions,..

Intersect Regions,..

Reconcile ROI=, ..
Reconcile ROIz wia Map...
Band Threshald to ROI...

Create Class Image from ROIs...

25
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CRISM Example Endmember Spectra — D2300

e Four D2300 spectra were extracted using the methods discussed in
previous slides: 1) 3x3 pixel average, 2) band threshold, 2) polygon,
and 4) band threshold-polygon intersection.

e Inthisscene, | ____  owcomotmemverspeos
there are no F -
huge sl
differences i .
between the ol -
spectra. . ]

e In general, 0151 -~
more pixels = | | :
less spectral 010~ —
noise. : ]

005 N

#1 X:540 Y:540 [3x3 AVG] T T e

Mean: Thresh [Red] 198 points Wavelength (nm)

Mean: Region #2 [Green] 301 points
Mean: Thresh [Red] 198 points AND Region #2 [Green] 301 points [Blue] 93 points

26
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CRISM Enhancing Spectral Features

e There are two widely accepted ways to enhance spectral
features to aid with interpretation:
— Ratio to a spectrally neutral area in the same scene
— Continuum removal
e Benefit to using a ratio is that you may cancel out detector noise
or spikes
e However, if your denominator spectrum is not truly neutral you
may introduce unintended spectral shape, e.g., from:
— Broad features from mafics like olivine or pyroxene
— Spectral slope
— VNIR variability from ferric oxide-related features
e Continuum removal is not recommended over the entire CRISM
wavelength range, either

— Best results when focused on relatively narrow range bracketing the
feature(s) of interest

27



KOmzomp= @0 ®

Denomin?
_ il y

-

Numerator

Ratioing (1/2)

Numerator: let’s use the D2300 spectrum with the least noise
- the average from the green polygon ROI.

Denominator: Create a similar-sized polygon in the nearby
spectrally bland dark material and calculate its average

spectrum

K ) ENvias v

Exit CAT untagged File Bazic Tools Claszification Tranzform Filter Spectral Hap Vector

Topographic  Radar Window Help

Rezize Data (Spatial/Spectrall
Subzet Data wia ROI=
Rotate/Flip Data

Layer Stacking

Calibrate HiRISE to I/F

Corwert Data (BSO, BIL, BIP)
Stretch Data

Statistics
Spatial Statistics
Change Detection

Heasurement Toaol

Band Math

QSpectr‘al Math

| A () spectral Math (¥ (=)

Previous Spectral Math Expressions:

Sauel Restorel Elearl Deletel

Enter an exprezszion:

9 =1/

Segmentation Image

Region Of Interest
Mazaicking

Mazking

Preprocessing

Add to List

| K| Cancel| Help|

Exp: I%ifSQ

Variables used in expression:

51 - Mean: Region #2 [Green] 301 points
G2 — Mean: Region #4 [Magenta] 252

fvailable Spectra list

=
Hap Yariable to Input File |

Dutput Result to I}Jew W indaw ﬂe

Clearl

0k I Dueuel Cancell Helpl

From the ENVI main
menu, go to >Basic

# () variables to Spectra Pa (~) (=) (%) TOOlS > Spectral Math

e Enter the
expression: s1/s2

e Map the
numerator (s1)
and denominator
(s2) to the
Available Spectra
List

e QOutput to New
Window

28
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CRISM

Ratioing (2/2)

Spactral Profile
T

Spactral Profile
T

0.25 _IN ! t ! ! ! hean: [~ ! ! ! ! —Itean: Region #3
_ ] b Original D2300 Spectrum
o ' o
3 3
o N o
> i >
000 1 1 1 1 1 1 - - 1 1 1 1 -
500 1000 1500 2%00 2500 3000 3500 1800 2000 220(?1 2400 2600
avelength Wavelengt
Spactral Profile Spactral Profile
2o T T T T T 1 fan —— T T T T T —|51 -
1.8 f= - I - 1
: ] Ratio-Enhanced .
1.8 -
B T 1.
. .
) o - o
2 - - 2 9,
o o
= i - >
1.2 =
[ i 1.
1.0 = -
0.8 - TsEE ]
B8 o 1 1 1 1 1 1 = - 1 1 1 1 | —
500 1000 1500 2000 2500 3000 3500 1800 2300 220(?j 2400 2600
avelength Wavelengt



Continuum Removal (1/2)

e Examine 3 wavelength regions independently: ~1.4, ~1.9, and ~2.3 um.

e In >Edit >Plot Parameters, subset the x-axis range to bracket the feature
of interest

e Then choose Plot Function > Continuum Removed as the display method
e You will likely have to rescale the y-axis in the continuum removed-plot

F ¥ Axiz: Wavelength Zrofile
¥ RAxizt Index
¥ Bxiz: 1 lWavelength

Mormal
Hedian

Continuum Removed

Binary Encoding

Normal Continuum Removed
The 1.4 band is better-emphasized by the ratio!

30



G
CRISM

No mal

File Edit

Spactral Profile
T T

L 1 1 1
1800 1850 190 950
\ﬁuvelengt%

Spectral Profile
T T

1
2300
Wavelength

File

KC

File

Edit.

Opti

A () ENVI Plot Window

Continuum Removal 2/2)

1.921um

ENVI Plot Window

Edit

Options

Plot.

1 1 1 1
1850 190 950 2000
\ﬁuvelengt%

1
2050

Spectral Profile
T T

2.291 2.390pm

1
2300 Waovelength 2499



6

CRISM Spectral Libraries

,1@ Luemunaene @ Save spectra as ENVI spectral libraries
e | e oions i (% S|1) ) or export as ASCII text file

1 Input Data -
Mﬁsicllm | — From a spectral plot window, >File >Save Plot As
F‘r‘1nt”+i Spectral Library,.. > SpeCtral lerary

Cancel IIL Variable.,,.

e — HINT: Line colors are not preserved; make sure
mage Fr1le, .. .
you rename the spectra appropriately

A () ENvIas —— ®® ®
Exit CAT untagged File Bazic Tools Classification Transform Filter Spectral HMap  Vector Topographic  Radar  lWindow  Help

SPEAR Tools

Target Detection Wizard

e To retrieve a saved library or VIEW —.cu e 3>tz iy Vi

Spectral Slices

a reference spectral library S fpectrsl Litrary Resareling

“ Spectral Library Builder

Pixel Purity Index

—_— From the ENVI main menu’ n-limensional Yisualizer

Happing Methods

>Spectral > Spectral Libraries

> Spectral Library Viewer

- Se|eCt *SII flle, Or Open neW Spectral Hourglass Wizard

Automated Spectral Hourglass

» CRISM spectral library:

Multi Range SFF

http://geo.pds.nasa.gov/missions/

Spectral Math

mro/spectral_library.htm .
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CRISM Interpretation i

X © spectral Livrary v © @ &0 Compare the enhanced spectra to laboratory reference
spectra to locate the best mineralogic match(es).

For the D2300 endmember example, open a library
containing phyllosilicate spectra and load candidate
reference spectra to examine absorption band positions
In detall...

| A () spectral Library Plots <3>

File Edit DOptions Plot_Function Help

ILLYE Spectll’ol Library F’Iolts

ILLITE LAILOZ T T T T T T T T T T T T T T T
ILLITE LAILG3 |
ILLITE
KAOLINITE
KAOLINITE
KAOLINITE
KAOLINITE

s1/s2
SAPONITE LASASZ

lROLINITE

KAOLINITE

lROLINITE

KAOLINITE

lROLINITE

KAOLIMITE MDJB25
ROLINITE-SERPENTIKE BRRLIBS2G

Value (Offset for clarity)

Diagnostic bands
match best with

\'

_ / _ 1.941
nontronite. 2291 2390

2.5 3.0

2.0
Wavelength
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CRISM Interpretation Guidelines

e Common sense rules apply to spectral interpretation:

— All major absorption features in the spectrum of the proposed
reference mineral should be present or otherwise accounted for

— Relative strengths and shapes of spectral features of the

proposed reference mineral should be replicated in the CRISM
spectrum

e Even a single CRISM pixel (—=20m) is unlikely to comprise
a single pure mineral, i.e.,
— Spatial mixing is likely
— Intimate mixtures can also occur
— Geochemically intermediate phases are also possible

e So, simple explanations are usually best, but complexity
happens. It's real geology, after all!
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CRISM

Walk-Through Section 3
VISUALIZATION
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Custom Composites

A (- #8 (R:BD530,G:0LINDEX2,B:D2300): FRT000094F6_07_SU166J_MTR3.IMG © @ ®

e Custom RGB composites =t
and browse products can
take advantage the
joined nature of the
MTRDR summary
parameter cube.

KO #8Zoon @ @

e Example at right &
shows ferric,
ferrous, and
clay variability. _ IS

- MANY color units ¥ . e N E s e
to follow-up on!! ‘2 R: BD530 G: OLINDEX2 B:D2300
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CRISM 3-D Rendering (1/3)

e 3-D visualization can be helpful for understanding
relationships between different units.

e First, open the map projected DDR cube (*DE*L_MTR1.IMG)
and load the Elevation band

— Highest resolution MOLA gridded data is oversampled to match
CRISM spatial scale; co-registration is good but interpolation in
sparse areas can lead to feature mismatch x o «« Band3ﬂ4_.;a$ﬂzz_s Band 41):FRT0000

File (Owerlay Enhance Tools | Window

— Note the approximate elevation range
under >Enhance >Interactive Stretching oo iation Sipares
. Region Of Interest
(you'll need this later) Color Hepping

«g "7 - Cursor Location/alue,.,

15 .
" | Pixel Locator,,,

e |Load and stretch the band or RGB
composite that you want to view in 3D

e From the Image window, go to 20 specr
>Tools >3D Surface View L e e o

'z -;% 2D SurfaceView,..
3 LSk ¥ SPERR

s 2

P
3 Point Collection,..
' o Build Mask...
 Measurenent Tool,,,
L
5

¥ “ % Line of Sight Calculator, .,

| spatial Pixel Editor...

- = -‘ | Spectral Pixel Editor,..
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CRISM 330

A () 3D SurfaceView Input Parameters (~) (~) ()
1

Q :

DIEM Re=solufion

B4 4128 4256 512 T Full I Dther

Resampling: =~ Mearest Meighbor “™ Aggregate

DEM min plot walue ~Z000E e
DEM max plot walue —200c] e

Yertical Exaggeration || 5,0 ﬂ

¢ Image Resolution

A Full o Other

High Resolution Texture Mapping I:ﬂn ﬂ

Spatial Subsetl
‘l [k I Eancell Helpl

Full Scene

Rendering (2/3)

e |n the 3D SurfaceView Input dialog
— Indicate Full DEM Resolution

— Type in min and max elevation values
that bracket the actual range

— Indicate Full Image Resolution

' A () 3D SurfaceView (Vert Exag: 5.0) <4> — (&) (~) (%) '

File Options Help

Initial
3D view
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CRISM 3-D Rendering (3/3)

e Use mouse buttons to navigate, or ot
use >0Options >Surface Controls

e Perspective view here is looking
south (5x vertical exaggeration)

e Note that the lowest point for the
western crater (right side, arrows)
Is offset from the crater’s center
due to sparseness of the
interpolated MOLA tracks

A () 3D SurfaceView (Vert Exag: 5.0

PHY browse product

© @ 60 () 3D SurfaceView (Vert Exag: 5.0) <3> = e ®

i gl

Colorized topography
20m contours

39
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Mosaicking (1/4)

e Mosaicking multiple CRISM cubes together allows broader
geographic context for inferred mineralogy.
— Can mosaic map-projected spectral, summary parameter, or DDR cubes

e MTRDR empirical correction of scene-specific geometric
dependencies greatly improves mosaiclking results.

A () ENVI 4.8 — ) (=) (<

Exit CAT untagged File Basic Tools Classification Transform Filter Spectral  Map | Wector Topographic  Radar  Window  Help |

Registration

Rigorous Orthorectification

e Open the MTRDR files: N S —
_ FRT000094F6 Georeference from Input GemeureFerenced

beoreference SPOT “ Tiled QuickBird Product

- FRT0002 1 BCB Georeference SealliFs “ Tiled WorldYiew Product

Georeference ASTER
Georeference AVHRER

e From the ENVI main menu, go to

Georeference HODIS

>Map >MosaiCking >Geo refe renced Georeference COSMO-SkyMed (TIGH)

Georeference RADARSAT
" Build RPCs

Customize Map Projections
Convert Map Projection

Layer Stacking 40




Mosaicking (2/4)

X O @e @

File Importlﬂptions Help

Import Files,,.

e |n the Mosaic dialog box, go to =Import
>Import Files and Edit Properties
— Select the two cubes you wish to mosaic

X () Entry: FRT000094F6 ( (%) (A) (%)

— Import Files and Edit Properties...

Background See Thraough

* For eaCh flle; Tata Yalue to Ignore |5553E§ 3 €<
Indicate a Data

Ignore Value of | et vt & 2
65535 and Mosaic
Display of Gray i

Scale, Band 1 (you
can change this
later).

[4»

Mozaic Dizplay

Band I;l ﬂ
Linear Stretch I,TQJL?IK ﬂ

Color Balancing “™ Mo~ Fixed -« Adjust

*“_ 0 | # o f: IESraH Scale |41 (—

‘ [k IEancelI Elearl
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CRISM Mosalicking (3/4)

A () Mosaic 1093 x 923 (Equidistant Cy (~) (~) )

| ® You should see the indicated band
(1: R770) appear in the mosaic
window for each cube.

e To save, go to >File =Apply
— Indicate filename and

File Import Optionz Help

|nCIUde a . X () Mosaic Parameters ® @ ) .
baCkg round Output ¥ Pixel Size ||19,29514900 Meters

value Of 65535. Output ¥ Pixel Size ||19,29514900 Meters

Resampling  Mearest Meighbor 7

Output Result to “™ File - Hemory

Enter Output Filename Ehu:u:usel

I94FE_21BEE_SU_mDsaic+imd |

BE5aE 3 €

Background Yalue

To adjust layering order or edit display 0| oo el
properties, right click on filename here | 42
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CRISM MOsaiCking (4/4)

A ) #6 (R:R2529,G:R1506,5:R1080):94F6_21BCB_SU_mosaic.imy ———————— ®® ®

e Load a mosaic just like = me e e
any other file

e Go to >File >Edit ENVI
Header to set Data
Ignore Value (65535)
and reapply band
names if desired

e TAN browse product at
right =

e NoO histogram
matching

e Some seams .
visible, and a few & "
pixel offset on ﬁ 'I“- Es
slopes where the
MOLA shape model .
IS perhaps
Inadequate

R:R2529 G: IRA
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More Mosaic Results

PHY browse
product -

Some parameters
mosaic better than
others due to the
nature of their
formulation

— More noise is
apparent in
FRTO0021BCB
(right image) as a
result of the 125K
detector
temperature

R: D2300 G: BD2210 B:BD1900
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CRISM

QUESTIONS?

Please also visit the PDS forum:
http://geoweb.rsl.wustl.edu/community/index.php?/

forum/20-mrocrism-data-users-workshop-2012/
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