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Tools to:

— Open and display CRISM images

— Apply certain standard corrections

— Produce summary parameters

Programming initiated by Shannon Pelkey and others
at Brown University; continuing contributions by
many

Runs as extension to ENVI (ITT VIS)

This presentation will cover basic CAT mechanics

— Subsequent presentations cover application to CRISM data
interpretation and science



CAT Distribution

e Collection of IDL/ENVI procedures, CRISM
calibration data files, miscellaneous reference
data files

e Detailed installation instructions in cat_setup.pdf
(at download site)
— Details vary by OS

— Root of the CAT directory tree is CAT_ENVI, which
may be a top level directory, subdirectory, or
symbolic link, depending on OS and user preference

e Download site linked at:

http://pds-geosciences.wustl.edu/workshops



o IDL/ENVI procedures for CAT are found under:
— CAT_ENVI/save_add/CAT_programs
o Calibration Data Records (CDR):
— CAT_ENVI/aux_files/CDRs/
e Ancillary Data Records (ADR):
— CAT_ENVI/aux_files/ADR/
e User manuals, CRISM SIS:
— CAT_ENVI/aux_files
o Default CAT output:
— CAT_ENVI/out
o CAT temporary file output:

— CAT_ENVI/tmp

o Nominally CAT will clean up; files may be left in event of a crash;
can be deleted after a session



CAT Setup

e ENVI config file:
— Need envi.cfg in CAT_ENVI

— Can copy from one of the defaults, envi_win.cfg, envi_unix.cfg
according to OS

— Useful things it specifies: tmp file directory, default output
directory, spectral library directory, default data directory (where
it looks first to open files)

e CAT config file:

— CAT_ENVI/catconfigs/crismcat*.cfg
e Replace * with any text, or omit
e Can have multiple configs (multiple users, customized analysis, etc)
— select at startup, reload during session if desired
e Not required
e PDS path, aux_files path, default volcano scan



CAT Startup

X! ENVI 4.5

Exit CAT 6,5 File Basic Tools Classification Transform Filter Spectral Hap VYector Topographic Radar lindow Help |

\

e When CAT installed, ENVI starts with CAT menu added

— includes CAT version number
o Additional CAT-specific items added under Help and
Display/Tools menus -
indow My |_i

=== Start ENVI Help [
- — >
———)pp CAT User Guide
> crIsH SIS

Mouse Button Descriptions
About ENYI




CAT: Open CRISM File

wres [ File Basic Tols [NPUT DATA:
! Reload CAT config file _ CRISM PDS |mage ﬁle (*.IMG)

—» Open CRISH File

| Convert Format: PDS to CAT —_ Correspondlng PDS Iabel (*.IMG)

i z::izm t:_ 17 e example: FRT000064D9_07_IF166L_TRR2.IMG
orrectlions
' FRT000064D9 07 _IF166L TRR2.LBL
EPF Utilities -
Spectral Analysis Utilities ~
" Map Utilities - X/ Select CRISM file(s) to open: ﬂ
Data Filtering - Directory
I Hiscellaneous Utilities - | | ism/flight/crism_pds_archive/trdr/TRIR/2007_172/FRTO000G4D3/4
o Filter Files _
| [eme FRTO00054D9_04_RA1555_TRR2, IMG A
- FRTO00084D9_05_IF156L_TRR2, IHG
. o : . FRT000064D9_05_IF1565_TRRZ, IMG
select input file in the ENVI — | Disctories FRT000064D3_05_RALSEL_TRR2, IHG |
: N | :00005409_05_RA156S_TRR2, IHG
dialog box that pops up o FRT000064D9_07_IF1EL_TRR2, IHG
FRTO000B4D9_07_IF1665_TRR2, IMG
FRTO000B4D9_07_RALEEL_TRR2, IHG
FRTO00054D9_07_RALEES_TRR2, IHG i
Opens CRISM data in Selection
Available Bands and in -

DISpIay WIndOW oK | Filter‘l M




CAT: Convert PDS to CAT

e Convert to file with ENVI header
(eS| e i Tls | oM pDS data for IR channel:

l Reload CAT config file

Open CRISH File — Spectrum stored long-to-short
> | ?2%“ F°'::F FIS to CAT — Last wavelength 65535 (CRISM invalid

adiance to

i ATP Corrections data COde)
- .| o Convert Format: PDS to CAT
Spectral Analysis Utilities - — Reverses order of IR spectrum
il T - — Replaces the 65535 wavelength with 4.0

I Déta Fllterlng — - mlcrons ( ) O X/ Select CRISM file(s) to convert: "
Miscellaneous Utilities - i)

I /Users/morganfl/project/crism/testdata/FRTO00028BA/

Select input PDS file —» | == Files

*, MG FRT000028BA_00_DFOBSL_EDRO, IHG £
: FRT000028BA_00_IF0835_EDRO, IHG
to convert here Directoriee | FRT000028BA_01_SC156L _EDRO. IHG
FRT000028BA_01_SC1565_EDRO, THG
N | 700002380 _03_SC156L_EDRO, IHG

FRT000028BA_03_SC1565_EDRO, IHG
FRT000028BA_06_DF0O8SL_EDRO, IMG
FRT000028BA_06_DF088S_EDRO, IHG
FRT000028BA_07_DE165L_DDR1, IMG

Selection

i

0K | Filterl Cancel I




(/‘\ ™ M 3
| O O O [X Converti

Output Result to:

Common CAT question:
Output to file or memory?

« File + Memory

OK | Cancell

Select “File,” then select an output
path and, usually, filename via the
ENVI dialog:

™ O O X Select Ouput Directory (filenames determined by
Directory
/Users/morganfl/project/crisn/testdata/FRTO00028BAA O R
Filter Files
--F Select “Memory” and
- computation proceeds, with
output to Available Bands
Selection and Display window
I
0K I Filter I Cancel |
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CRISM CAT: Photometric & Atmospheric Corrections

B File selection dialog...

caT 6.5 | File Basic Teols then select corrections
| Reload CAT config file

Open CRISH File
| Convert Format: PDS to CAT
Radiance to I/F
-p i: ATP Corrections
EPF Utilities -

Spectral Analysis Utilities

:

" Map Utilities -
Data Filtering -
I Miscellaneous Utilities -

Then pick a volcano scan selection method...

S ™ M

X' Choose how CAT picks atm transmission reference

“* Pre-selected optimium wavelength shift volcano scan
« Default volcano scan B1C4

« User-selected volcano scan

0K Cancel

B -

W aya

N ATP Corrections

Photometric correction: Division by cos{i):

+ On

A 0ff

Choose atmospheric correction:

« Division by scaled volcano observation,
« Empirical use of EPF,

“* None,

0K | CANCEL |

Then finally, select scaling
wavelengths...

“* New McGuire 2-wavelength (2007/1980)

+ 01d Pelkey 2-wavelength (2011/1899)

OK | Cancel I

X! Choose bands for volcano scan scaling
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CAT: Photometric Correction

Behind the Scenes

Photometric Correction...

First order correction to radiance for
non-normal solar incidence:

Divide by cos(incidence angle)

Gets incidence angle at aeroid from
DDR (ancillary data file)

11



CAT: Atmospheric Correction

Behind the Scenes

e Atmospheric Correction: Need to correct spectrum for
absorption by CO, (IR only)

— Volcano scan: special observation viewing nadir on traverse
across Olympus Mons

— Estimate atmospheric transmission =
(base spectrum) / (summit spectrum)

— Correct a scene spectrum by scaling the volcano scan
transmission to match the scene at 2 wavelengths near the CO,
2-micron band, then divide

e One wavelength near absorption peak, one in wings
e Adjusts for variable atmospheric optical depth- elevation, season...

0.20
0.15

C.10

0.05
0.00

(W APR W AW
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CAT: Atmospheric Correction
Behind the Scenes 2

Selecting Volcano Scans...

Spectrum drifts ~1nm with
optical bench temperature

Need transmission spectrum at
matching shift to avoid
artifacts at CO, band edges

Volcano scans:

7 processed so far
Contamination (water ice?) in 3

Drop A3F6; contaminated, shift
nearly identical to A93E

Keep 94B5, 9E04;
no other scans near 0.2, 0.3
nm shift

Individual volcano scans
accessible via VS ADRs

(61C4 AL=0.9 nm)

S AL Rl

Lo A " n
. ey WA e M o

\J.._. P n M."\
|

Vi eCs

vieC4



CAT: Atmospheric Correction

Behind the Scenes 3

e 3 choices...

— Pre-selected optimum wavelength shift (normally recommended)

o CAT picks AT CDR based on SCLK

— the AT incorporates the volcano scan with spectral shift that's the best
match to the observations within a “thermally stable time period”
(demarcated by cooler switches, safe modes, etc.)

— For MRRDRs: CAT finds appropriate scans for each location based on
SCLK of the individual component observations within the tile

— Default volcano scan XXXX
o XXXX = volcano scan observation ID
e Default scan set in config file
— Default default = 61C4; canonical clean scan, first used
— User-selected volcano scan

e Pick from a list of available VS ADR'’s
— VS ADR = volcano scan transmission data
— Identical to AT CDR’s, but stored by volcano scan instead of SCLK

e Might use this option to check contamination effects
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CAT: Atmospheric Correction

Behind the Scenes 4

e S0 which volcano scan am I actually using when I let
CAT pick?
— CAT prints the AT CDR filename it selects at the ENVI command line

Using wavelengths from:
..CAT ENVI/aux files/CDRs/WA/CDR410803692813 WAOO000000L 3.IMG

Using atmospheric transmission from:
..CAT _ENVI/aux files/CDRs/AT/CDR430873156619 AT0000000L 5.IMG

— The label for that CDR lists the volcano scan ID in a comment

/* This AT CDR 1is derived from volcano scan
observation ID 8608. *x/

15



CAT: Atmospheric Correction

Behind the Scenes 5

e Selecting scaling wavelengths: 2 options...
— McGuire 2-wavelength (2007/1980) [recommended]

e 2007 nm near absorption peak

e 1980 nm in wing, but close to 2007 to reduce systematic
error in presence of broad mineralogical absorptions near 2
microns

— Pelkey 2-wavelength (2011/1899)
e Original wavelengths in CAT
e Closer match to OMEGA correction

e Occasional artifacts from scaling errors caused by
mineralogical abosrption affecting 2011 but not 1899

16
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CRISM CAT: Spectral Analysis Utilities 1

e Summary Parameters: Efficiently
calculated indication of where in a
scene particular mineralogical spectral |ai===

7 [1] BDI1000IR

=

7 [2] IRA

features might be observed

J7 [4] LCPINDEX
I [5] HCPINDEX

CAT 6,5 | File Basic Tools Classification Transform Filter Spectres > [6] ¥R
i Reload CAT config file —————— e F [7] ISLOPEL |
Open CRISH File I ) Rk
I [3] BIM500
' Convert Format: PDS to CAT —
———7 I [10] ICERL
Radiance to I/F F [11] BDL750
ATP Corrections I [12] BD1300
EPF Utilities - I~ [13] BDI2000
S 1 Analysis Utilities F y I [14] BD2100
pectral Analysis Utilities I goectral Summary Products " UNIR Data | 7 18] m2210 :
Map Utilities -

& : : HuperSPECtral Summarg Products - IR Data Number of items selected: IBd—
Data Filtering “ Run MGM on IR Data Joined Data e
Miscellaneous Utilities “ MRO CRISH Continuum Cube

B e < MRO CRISH Spectral Stats — Output Result to > File < Memory
—m—m\ - Enter Output Filename Choosel

I?User‘s/morgamfl/project/crism/testdata/F ‘

Pelkey et al, 2007, JGR 112,

doi:10.1029/2006JE002831 s | oo
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CRISM CAT: Spectral Analysis Utilities 2

IR

e Hyperspectral Summary Parameters; [soi=mei

Jtilize additional bands from o

nyperspectral data for improved

I~ [8] BD2230

identification of spectral features

— CAT mechanics similar to standard
summary parameters

Number of items selected: I,?

Select All I Elearl

Output Result to “* File < Memory

Enter Output Filename Choosel

I YlUsers/morganfl/project/crism/testdatasF

0K I Cancel I
1
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 MGM: Modified Gaussian Model
— Spectral fit to mafic absorption bands

"O O O X MCM Event
Run MGM3

« Using hyperspectral bands (slow),

« With a multispectral subset (faster),

OK | Cancel |

X/ Available Bands List

File Options

e O

. BIHCP

.. 0 RMS

- 0 NITER

Elﬁ FRTO00028BA_07_IF165L_TRR1_CAT_mgm_mssub, img

- 1 NBDLCP: { BDLCP/BILCP+BDHCP)
- 0 deltaRMS

B@ FRTO00028BA_07_IF165L_TRR1_CAT, img
- 0 Band 1 (1,0014)
- 0 Band 2 (1,0079)
- 0 Band 3 (1,0144)
- 0 Band 4 (1,0210)

LL-

4 Gray Scale

« RGB Color

Selected Band

BDLCP:FRT0O00028BA_07_IF165L_TRR1_CAT_mgm_mssub, img

Dins |j£4o x 450 (Floating Point) [BIL]

Load Bandl Display #1»
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¢ MRO CRISM Continuum Cube

— Linear continuum between tie points at two
selected wavelengths

— Also produces the ratio to the calculated
continuum and fit parameters
o Often useful with joined data
(VNIR + IR)

— VNIR helps determine continuum over the
mafic bands at 1 and 2 microns

(O O O X MRO CRISM CONTINUUM CUBE

Continuum Options:

“ lavelength < Band Index

Tie Point X1:

1,00135 7
Window Size

Tie Point %23 0
4,00000 | I

Output Selections

I Median Filter

I” Continuum |~ Ratio I Parameter

Dutput Result to “> File < Memory

Continuum Cube: Choose |

YlUsers/morganfl/project/crism/testdata/F

Output Result to “> File < Memory

Ratio Cubes Choose|

Ylsers/morganfl/project/crism/testdata’F

0K | Cancell
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e MRO CRISM Spectral Stats

— Calculate spectral statistics for
data cube and user-defined
mask band

— Includes median; not available in
built-in ENVI ROI stats

A O O X MRO CRISM SPECTRAL STATS

Select items from the list:

7 [1] Maximum

7 [2] Mean + Stddev
™ [3] Hean

7 [4] Hedian

7 [5] Hean - Stddev
7 [6] Hinimum

Number of items selected: I:B

Select All| Clear|

Output Result to “> File < Memory

Enter Output Filename Choosel

I Ylsers/morganfl/project/crisn/testdatasF

OK | Cancel I
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CAT: EPF Utilities

"V O w epE Event | Select from the 11

o PrOJeCt Seg ments Project band overlap fors | IMages in an EPF

series, or run all

« Complete EPF series,

CAT 6.5 I File Basic Tools Classification T « Part of EPF series,
| Reload CAT config file —_—
' Open CRISM File 0K Cancel

Convert Format: PDS to CAT
Radiance to I/F

ATP Corrections

EPF Utilities

L Project Segments
Spectral Analysis Utilities - prgject and Plot -

Map Utilities P T — i
Data Filtering -
Miscellaneous Utilities - i

22
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CRISM CAT: Map Utilities

e Project Single Cube Data

— Map projection using coordinates from DDR

A A A

X! #2 Scroll (0.46434)
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CAT: Map Utilities

e LATLONINATOR

— Compute latitude, longitude,
meters east and north for an
already georeferenced image

faYaXo X LATLONINATOR Parameters

Geo/Map Dptions

Select items from the list:

7 [1] Longitude
7 [2] Latitude
7 [3] Meters East
7 [4] Meters Morth

Number of items selecteds: |:4

Select All| Clear|

Output Result to “* File -« Memory

Enter Output Filename Choosel

I i coord

OK | Cancel |
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CAT: Data Filtering 1

e CIRRUS

— Despiking (removing isolated noise spikes)
— Destriping (correcting column bias)

X idl
CAT 6,5 | File Basic Tools Classification Transform Filter Spectral
i Reload CAT config file _— - i I” Destripe
* Open CRISH File
Gaussian kernel size IBO

' Convert Format: PDS to CAT

X Radiance to I/F
! ATP Corrections

EPF Utilities - Gaussian kernel sigma spectral I?
Spectral Analysis Utilities -

Gaussian kernel sigma spatial |:’1?

e o2 o iy T
Map Utilities - | I” Despike
o . A
:‘]:ta ::lt’eerUt.lit' . CIRRUS ks Clean Spectral Cube threshold. inout |2
iscellancaus tilities - JR) CRISH Remove Stripes  Crppis pelp Edes it I2

- : Flatten Summary Products
ﬁ-—v - ok| canceL| HeLP
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CAT: Data Filtering 2

e MRO CRISM Remove Stripes

— Alternate stripe removal algorithm
— Generally, CIRRUS destripe preferred

— But, Remove Stripes offers control over
multiplicative vs. additive correction

= = =
aYaya

x| MRO CRISM REMOVE STRIPES: Caveat Emptor!

Processing Options

Orientations

 Column Stripes <~ Row Stripes

Dutput Result to “* File < Memory

Enter Output Filename Choosel

Normalization Statistic:

“ Mean - Median

Ylsers/morganfl/project/crismn/testdata/F

Mormalization Operator:

“ Multiplicative -« Additive

0K I Cancel |
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CAT: Data Filtering 3

o Flatten Summary Products

— Removes banding along lines in summary
product images

— Post-processing correction of spectral smile

27



CAT: Miscellaneous Utilities

e IR Spectral Shift

— Computed for an observation from optical
bench temperature in the PDS label

— Select an open file; routine gets inputs for
shift given filename

CAT 6.5 | File Basic Tools Classification
i Reload CAT config file —
| |

Open CRISH File
! Convert Format: PDS to CAT

Radiance to I/F
i ATP Corrections

EPF Utilities -
Spectral Analysis Utilities - |
| TR
Map Utilities -
Data Filtering -

Miscellaneous Utilities -

L

IR Spectral Shift

28



CAT: CRISM Z-profile

*Plot CRISM spectrum

*Access under display “Tools / Profiles” menu

O [X| #1 Band 170:FRTO00028BA_07_IF165L_TRR1_CA

File Overlay Enhance Tools | Window

£ ~. Link -
e o2 Al
o ot gl Y Swipe
' ﬁ!‘ff
. % Flicker
%, Blend i
,,,;".;v_l . g VTR
Y b Profiles r ¥ Profile,,.
Polarization Slgnatupes - ¥ Pl"O'Fileooo X! #1 CRISM Profile: FRTOO0028BA_07_IF165L_

il 7 WG " Z Profile (Spectrum)... File Edit
"~ #HCRISH*CIR Z Profile,.,.

Cursor Location/Value,,. Additional Z Profile...

Options Plot_Function Help

Color Mapping

Pixel Locator... Arbitrary Profile (Transect)...
Point Collection,,, T
Build Mask.,..

- Measurement Tool,,.,

Line of Sight Calculator,..

Spatial Pixel Editor,,,
Spectral Pixel Editor,,,

-~

For .~ y-¢ HAnimation,,.

- &}'

"o & =g 2D Scatter Plots,..
o S 3D SurfaceView. ..




6

CRISM CAT: Reload CAT Config File

e Can load a new CAT configuration
file during a session
— Changing user, different investigation, etc.

faYaXa N\ Select a CAT Config File

A Asers/morganfl/CAT_ENYI/catconfigs/crismcat,cfg

« fUsers/morgamf1/CAT_ENVI/catconfigs/crismcat _unix_default,cfg

+ fUsers/morgamfl/CAT_ENYI/catconfigs/crismcat_win_default,cfg

0K Cancel
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CAT: Common Problems

e ENVI starts without CAT menu

— Make sure you have an envi.cfg in CAT_ENVI
directory with default save_add directory pointed at
CAT_ENVI
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