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CRISM What is an MTRDR?

1) Hyperspectral targeted observation central scan TRR3 I/F image cube with additional
systematic data processing:

— [PHT] Lambertian photometric correction
— [ATM] Revised empirical correction for atmospheric gas absorptions
* [RSC] Post-ATM mitigation of introduced column-dependent residuals

— [EGN] Empirical normalization of observation geometric dependencies (e.g. atmospheric scattering)
to the nearest-nadir sampled geometry

— [ESC] Empirical modeling and correction of residual cross-track optical distortions (spectral smile)
— VNIR data transformed to the IR data sensor space
— “Bad bands” removed

— Map projected to a global standard
* Equirectangular with rolling center latitude of projection
* Polar stereographic poleward of +/- 65 degrees latitude

2) An image cube of spectral indices (“summary parameters”) derived from these corrected,
normalized data

3) Animage cube of map-projected geometric information from the DDRs

The current best available “whole observation” correction to what
an idealized gimbal-free version of CRISM would acquire
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CRISM

Corrected, Map-Projected Data= MTRDRs*

3 Component Image Cubes

* Map-Projected Targeted Reduced Data Records

4 , N N : , ™
Scene I/F, unitless Summary products, Map-projected info from

P Y I/F or unitless DDR, various units
#' o i i

- ——’
.n_-._/.:— o s

L

ey

=

Multiband image of corrected I/F; Multiband image of various Multiband image of IR DDR

VNIR transformed to IR; map summary parameters; VNIR image planes, map projected
projected; “bad bands” removed transformed to IR; map projected (elevation, slopes, photometry)

FRCETRRFTCID =TT _—
INSTRUMENT _NAHE _ "COMPACT RECONNAISSANCE IMAGING THTRUNENT_NANE = "CONMPACT RECONNAISSANCE IMAGING
= TS R SPECTROMETER FOR HARS" ésjggggEgI,TEST,NAME = "MARS RECONNAISSANCE ORBITER"

INSTRIENT. [D =Rt iﬁsg@ﬁ”mg” . ﬁ:ég" INSTRUMENT_NAHE = "COMPACT RECOMMAISSANCE IMAGING

THRGET_NAHE =iRg T SPECTROMETER FOR MARS"

PRODUCT_TVPE — MPTARGETED_RER FRODUCT _TVFE = MAP_PROJECTED_SUMMARY_FRODLCTS e iy

PRODUCT _CREATION_TINE = 2A18-11-21T17:d4 07 PRODUCT_CREATION_TIME =72e88-AB-29T16 - 1647 eI S

START_TIME = 2AP8-BE-21T17:28:57.794 START_TIME =i2008-A8-21T17:20 574704 PRODUCT TYPE — MAP_PROJECTED. DDR

STOP_TIME = 2008-99-2LT17:22157.529 STe_TIE =ieo08 00, iT i Besee PRODUCT_CREAT ION_TIHE = 289B-PB-29T16116:47

SPACECRAFT_CLOCK_START_COUNT = "4,B383806478 . B4696" SPACECRAFT_CLOCK_START_COUNT - "4/903806478:4506" START_TIHE - - 2009-85-21T17:20:57.794

SPACECRAFT_CLOCK_STOP_COUNT = "4,B9838B6597.52718" SPACECRAFT_CLOCK_STOP_COUNT - = "4/903886597 52718 STOP_TINE . 2BPB-BB_ATATi22 157528

ORBIT_KNUMBER = "HLLL" AT g SPACECRAFT_CLOCK_START_COUNT = "4/98306478:4596"

OBSERVATION_TVPE = "FRT" QBSERVAT LON_TYPE B ERT SPACECRAFT_CLOCK_STOP_COUNT = "4/0B38A6597:52718"

OBSERMATION_ID = 16¥8008C282% A .

1RO :0BSERVAT LON_NUHBER - 164072 Eggf;;g;és:;;gN EER S i:gs:ﬂﬁ?ﬂ?ﬂ OREIT_NUMBER _ e

MRO:ACTIVITY_ID = "IF165" 2 o =5 - OBSERVATION_TVPE = "FRT"

1RO SENSOR_ID - HROACTIVITY 10 = joliie ESERVATION_ID e
EES;SS?SSE;Q?UN o = ; RO: 0BSERVAT LON_NUNBER: - 1ee

/% Detector and FPE temperoture refer to IR component of observation */ oRE PRsbUeT T ot :Eggggégg\;w ) ”Egiss

HRO:DETECTOR_TEMPERATURE - -162.396 FRT0008C202_07_DELESL_DORL FRODUCT_VERSLON_ID s

MRO:0PTICAL_BENCH_TEMPERATURE = -52.938 i SOURCE_PRODUCT. 10 =

T0: SECTRONETER HOUSINGITEP® = “I6:725. PRODUCER_INSTITUTION_MAME = "APPLIED PHYSICS LABORATORY" FRTEO9BC02 7 DELEEL Dok

1R :SPHERE_TEMPERATURE = 52.672 i R i

RO :FPE_TEMPERATURE - .78 SOGTHARE - MARE, = ‘mtEdr-Ringling!

5 SOFTHARE_VERSION_ID = "L.at PRODUCER_INSTITUTION_NAME = "APPLIED PHYSICS LABORATORY"
PRODUCT_VERSLON_ID =3 o -

Detached PDS label describing the Detached PDS label describing the Detached PDS label describing the
source files, corrections performed, source I/F cube, listing the bands, source DDR, listing the bands, with
\. _with map projection information ) \_ with map projection information ] \_ map projection information )
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CRISM MTRDR Nomenclature

* FRT =Class Type
- FRT (Full Resolution Targeted Observation)
- HRL (Half Resolution Long Targeted Observation)
- HRS (Half Resolution Short Targeted Observation)
* 00003E12 = 8-digit hexadecimal Observation ID
* 07 = Hex counter for image within observation
* IF166 = Processing, internal command macro used
- IFnnn —I/F / Macro #
- SUnnn — Summary products / Macro #
- DEnnn — Derived data / Macro #

* J=SensorID S
- Jfor joined (for IF and SU) Qé‘e (ég, bfé@ O
- L for IR (for DE) N e o\\<< Q_x& &
* MTR3 = MTRDR, calibration version = 3 N s L& T
* IMG = file extension \\,?? c)e,éfo & &E .\Q@b &
- IMG for binary image data & o ¢ F ¥ >
- LBL for detached ASCII PDS label FRTOOOOBE12_07_IF166J_MTR3IMG

The file name describes the type of data, an
overview of the processing, and gives the
unique ID and counter
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S
CRISM

A non-Map Projected Version of the

Corrected Data will also be PDS-Delivered

TER = Targeted Empirical Record

4 . N
Scene I/F, unitless * FRT = Class Type
_‘g " — FRT (Full Resolution Targeted Observation)
— HRL (Half Resolution Long Targeted)
— HRS (Half Resolution Short Targeted)
* 00003E12 = 8-digit hexadecimal Observation ID
* 07 = Hex counter within observation
* IF166 = Processing, internal macro used
— IFnnn - I/F / Macro #
* J=Sensor ID
— Jfor joined
Multiband image of corrected I/F; - TER3 = TER. calibration version = 3
VNIR transformed to IR; “bad . S
bands” still present IMG = file extension
— IMG for binary image data
s o — LBL for detached ASCII PDS label
e UE £ >
/* Detector and FPE temperature refer to IR component of observation */ ,&q Q/\ rb (\’b
et b ;:;za:s& & e N O
MRO:SPECTROMETER_HOUSING_TEMP = -76.728 0 Q k@
mefhmak e N Q SR @
PRODUCT_VERSION_ID 6\ ,0%\0 k \'Q,b Aé \@
Detached PDS Iabel describing the \\,@ & o{\@ .@’0 _&6 o\é@
source files, corrections performed & O‘o6 ® 0’3 © P
\ / FRTO0003E12 07 IF166J TER3.IMG

03/18/2012 CRISM MTRDRs - Data User's Workshop 2012 5



> Each Type of I/F File is Accompanied by a

Wavelength Table

CRISM

FRT = Class Type
— FRT (Full Resolution Targeted Observation)
— HRL (Half Resolution Long Targeted)

e R — HRS (Half Resolution Short Targeted)

8,196, 436.13 IHSTRUMENT _MAME =

g,ig;, ::g.iz SPECTROMETER FOR MARS" .. . .

sl DSTRIRENT.1) - RIN * 00003E12 = 8-digit hexadecimal Observation ID

1199, TARGET_NAME = MARS

8,208, 462.15 FRODUCT_TYPE — MPTARGETED_RDR _ " .

2281, - PRODUCT_CREATION_T IME = 2A12-B3-14TA3 147 148 -

0,201, 465.65 * 07 = Hex counter within observation

0755, 48L.67 P o

B.204, 466,47 T s LN * WV166 = Processing, internal macro used

3,232, ;g:-ig SPACECRAFT_CLOCK_STOP_COUNT = "N/4" WV W I h / M #

8,2a7, 5a7.78 PRODUCT _VERSION_ID Zangm - nnn — ave engt acro

,208, 514.21 PRODUCER_INSTITUTION_NAME = "JOHNS HOPKINS UNIVERSITY . _

#,203, E28.72 APPLIED PHYSICS LABORATORY" J - SenSOF ID

iyl Sl SOFTHARE_NAME = 'ntrdrpipsline! ..

0:212: 540:25 SOFTYARE_YERSION_ID ="1.8 — J for JOlned

8,213, E546.76 P A& listfile including detector row rumbers aond wovelengths in the */ . . .

g:i;: gggg; /% Targeted Empirical Record and Map-Projected Targeted RDR images. */ A TER3 = Product type and Callbratlon version

8,216, 566.29 OBJECT = WAYELENGTH_SOURCE_TABLE H H H

8,217, 572.81 NAME = "CRISM JOINED WAYELENGTH TABLE" - TER, calibration version = 3

gsgigs :gggg INTERCHANGE_FORMAT = "ASCII" . . .

0,220, 5503 s i — MTR, calibration version = 3

8,221, 593.86 ROW_EYTES = 14 . .

8,222, £05.38 DESCRIFTION = "CRISM JOINED WAVELENGTH toble" * TAB= flle extension

3,223, 21;32 OBJECT = COLUMN

122, . COLUMN_NUMEER = 1

B,225, 624.92 NAME - SPECT_ID — TAB for table of Wavelengths

S’ﬁgg’ gg;-g; DATA_TYRE = ASCII_INTEGER

Bi2%0, 716,78 L — LBL for detached ASCII PDS label

8,248, T22.72 DESCRIPTION = "Spectrometer identifier; @ = IR; 1 = YNIR"

8,241, 729.2% END_OB.JECT = COLUMN

8,242, 73B.T7 DBJECT = COLUMN

8,243, 742.30 COLUMN_NUMEER = 2

8,244, 748.82 NAME = ROWNUM x. ,b

& 1 >
ASCII table Detached PDS label ,@@ n)((:\ &% Q_b .oo’b
indicating source describing the table & QF <2 Q.x\ &
N e S ¥
detector, detector S P < © 3 @
row number, and & e & ¥ L °
A\ 54 O > & &
wavelengths & o ¢ Q © 2

FRT0O0003E12 07 WV166] TER3.TAB
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03/18/2012

CRISM Post-TRR3 Processing and Prod PDS Deliverable w/ example filenamesl

Input
Data

Standard
Corrections

Empirical
Corrections

RR3 (S, L) '

osph
orrectio
(L

Derived Product Generation

otome
orrectiol

FRT00001234_07_DE164S_DDR1.IMG, .LBL
FRT00001234_07_DE164L_DDR1.IMG, .LBL

_______ m FRT00001234_07_IF164S_TRR3.IMG, .LBL
FRT00001234_07_IF164L_TRR3.IMG, .LBL

Combine

VNIR and IR
)

Map Project
(L)

Apply Bad >

Bands

()

n

Calculate
Summary
Parameters

©)

FRT00001234_07_BRFEMJ_MTR1.PNG, .LBL

Products

+ 14 others: TRU, VNA, FM2, FAL, TAN, IRA,
MAF, PHY, PH2, HYD, ICE, IC2, GLO, CAR, CA2




(a CRISM Gimbaled Observation Geometry

CRISM FRT0000C202

CRISM Observation Geametry — FRTOQ0QCZ02

Emlssfon Angle — Azimuth Angle (Radius — Theta)

a0

CRISM Observation Ge@metry — FRTOOOOCZ0Z
140 T T T | T T T | | T T T | T

N = 282000

120

120 -

100 .

Phose Angle [Degrees)
h %

20 m

o 20 4 = &0
Emissicn Angle (Deqrees)
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CRISM Gimbaled Observation Detall

FRTO000C202

FRTOOCOCZ02 — CRISM IR Gimbaled Observation Detail

0.15

L ood0

0.05

0.00 I 1 1 L : L 1
400 500 500 700 [=10]u] j=1u]n]
Wavalength (nm)

Il
1500 2000 2500 3000 3500
Wavalength (nm)
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CRISM

Lambertian
Photometric Correction [PHT]

Dl e O00T54-07 DE fodl DDRI MG, LB
CEEEEES L« The Lambertian (cos]i]) photometric correction
assumes the simplest reasonable surface bidirectional
= B reflectance function and corrects the data to a normal
illumination geometry

* Allows observations acquired at varying incidence
angles to be more readily compared

& (© 0x3192 Band:|63] [0.0500:0.3500] ® @ @ X © 0x3192 Band:[63] [0.0500:0.3500] <2> ® @ @

2{‘. 3
",? R | :
¢ ’l'}\r‘ "l - :
R e
INA ~ 60° ST

cos(INA) ~ 0.5

FRTO00003192 - Columbia Hills, Gusev Crater (MER-A)

03/18/2012 CRISM MTRDRs - Data User's Workshop 2012 10



CRISM

Lambertian

Photometric Correction [PHT]

otome

orrectio

CME

- Lambertian (cos[i]) photometric correction
w/r/t the MOLA areoid

* MOLA MEGA source product - gridded
degree and order 50 spherical harmonic
expansion (16 ppd)

* CRISM DDR incidence angle (INA) band
oversamples the areoid data

* Smooth fit to areoid INA data
* Two dimensional quadratic model

47.212 47,348 47 484 47.620 47.756

03/18/2012 CRISM MTRDRs - Data User's Workshop 2012
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CRISM

Lambertian

Photometric Correction [PHT]

otomet
Correctio
VNIR TRR3 RGB — VNIR TRR3 PHT RGB
FRTCOOCC202 CRISM VNIR Composite FRTCOOCC202 CRISM VNIR Composite
o.14
"""" o.zof T7 7T T
012 .18
.16
L 0.10 L
= > 014
0.08 012
0.10
0.06
0.08
Spectrl Median & Percentile Interval Spectral Median & Percentile Interval
F T T T T T T 3 0.20F T T T T T T T T =
0,12;— : N —; - : N ]
010 : N = 0.15F ; N =
: WS el B WSS al
w BB 0 I =9 . N 1 1 7]
= g : 3 = ol [ —
2o . : E - : : ]
0.04F- E E = 01055_ / E _E
0,02:— 1 1 —: N 1 1 7]
o.anb o . L . " ; 3 oonb . o . L . . . 3
400 500 200 sl 800 200 1000 400 500 200 sl 800 200 1000
Wavelength {nm} Wavelength {nm}
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Lambertian

Photometric Correction [PHT]

orrectio
(S: L)
IR TRR3 RGB — IR TRR3 PHT RGB
FRTOO00C202 CRISM IR Composite FRTOO00C202 CRISM IR Composite
.18
oq2f __T__ Loollac
a.11
Q.16
oo £
0.14
0.3 H
1] orzfl__ 1]
0.08
Spectral Median & Percentile Interval Spectral Median & Percentile Interval
0.20, | ' i ' ' A 030F, \ ' i ' 4
- : : : 3 o.25F1 . ! :
015" | : = E | | : 3
- 1 1 - O‘ZO:—: : : =
Lo i q4 = = i 3
ogsE! | | | ¥ | : E
0.00E . . A . . 3 ookl . . A . . 3
1000 1500 2000 2500 3000 3500 1000 1500 2000 2500 3000 3500
Wavelength {nm} Wavelength {nm}
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CRISM Post-TRR3 Processing and Products

Modified Volcano Scan

Atmospheric Correction [ATM]

PDS Deliverable w/ example filenames

. FRT00001234_07_DE164S_DDR1.IMG, .LBL

Input
o

Standard
Corrections|

Empirical
Corrections

Derived Product Generation

FRT00001234_07_DE164L_DDR1.IMG, .LBL

m FRT00001234_07_IF164S_TRR3.IMG, .LBL

I s« The volcano scan atmospheric correction uses an

empirically derived atmospheric transmission spectrum
to characterize and remove spectral structure

Combine
VNIR and IR
)

e attributable to atmospheric gas absorptions

FRT00001234_07_DE164L_MTR1.IMG, .LBL

........................ = * The ATM procedure is only applied to CRISM IR data

pectral Cube
FRT00001234_07_IF164J_TER3.IMG, .LBL

Apply Bad

[Map Project]. . lly Corrected,
)

03/18/2012

573;15 apjfﬁlgﬂgg FRTO000334D CRISM IR Composite FRTO000334D CRISM IR Composite
pectral Cube |
FRT00001234_07_IF164J_MTR1.IMG, .LBL
Calculate | Map Project lap Projected I T
Summary "LJ) s ® Summary | 0.08 0.22
Parameters ameter Cube
g)
O FRT00001234_07_SU164J_MTR1.IMG, .LBL
B Summal
..... arameter Brows 0.08
Products 0.21
FRT00001234_07_BRFEMJ_MTR1.PNG, .LBL rlpee==
+14 others: TRU, VNA, FMZ, FAL, TAN, IRA,
MAF, PHY, PH2, HYD, ICE, IC2, GLO, CAR, CA2
w 007 _____ L
=N =N
0.20
0.06
[eRE]
0.05
018
2 .
Spectral Median & Percentile Interval Spectral Medion & Percentile Interval
e F e
E B 0.30F 3
015 e - E Vi E
- [ 4 0.25 [} —
n d E i E
| 0.20F 3
w O10F 1w E
= E 1 ~oisE E
o.05- i o.10F i E
o ] E Vi E
o ] 0.05F Vi b=
C ] E Vi E
0.00 La 1 0.00kE 1
1000 1500 2000 Z500 3000 3500 1000 1500 2000 2500 3000 3500
Wavelength (nm) Wavelength {nm}

-

FRTO0000334D - Victoria Crater, Meridiani Planum (MER-B)
CRISM MTRDRs - Data User's Workshop 2012 14



CRISM

imospher
orrectio

(L)
Volcano Scan Correction
« Observations contain atmospheric
CO, absorption

* Derive transmission from Olympus
Mons “volcano scan”

base summit

transmission = :
summit

« Scale transmission to match
absorption in scene spectrum, divide
to remove atmosphere

03/18/2012

Modified Volcano Scan
Atmospheric Correction [ATM]

Artifact Correction

Correction leaves a bowl-shaped
artifact at 2 microns

+ Related to P/T dependence of CO,
spectrum
Apply correction to VS base spectrum;
assume linear continuum; difference is
“artifact spectrum”

Extracting 8608 Artifact

artifact

0.94L 1 \ X
1.6 1.8 2.0 2.2 2.4
Wavelength (microns )

Add artifact to corrected spectrum after
scaling to minimize correlation between
artifact and corrected spectrum

CRISM MTRDRs - Data User's Workshop 2012 15



CRISM

Modified Volcano Scan
Atmospheric Correction [ATM]

imospher
orrectio
(L)
IR TRR3 PHT RGB — IR TRR3 PHT ATM RGB
FRTOO00C202 CRISM IR Composite FRTOO00C202 CRISM IR Composite
.18 .18
Q.16 Q.16
= =
0.14 0.14 H
orzfl__ 1] ozl __]]
Spectral Median & Percentile Interval Spectral Median & Percentile Interval
0.0 " ' T ' ' 7 o.30F) . ' k ' g
i e el e ]
0.20F-| : : 3 ozof ; ! =
= 0‘15;— i _z < :_ i _z
0.00E . . A . . 3 ookl . . A . . 3
1000 1500 2000 2500 3000 3500 1000 1500 2000 2500 3000 3500
Wavelength {nm} Wavelength {nm}
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Ratio Shift Correction [RSC]

CRISM Post-TRR3 Processing and Products PDS Deliverable w/ example filenames

b [Bot s D —————— oo BE A SO e, L8
I TEEEEESE 1« The Ratio Shift Correction quantifies systematic

i cross-track residual structure (ground plane along-track
striping) and develops a correction frame from the

PR o] conone | e ol evaluation of inter-column ratio statistics

(O] &) FRT00001234_07_DE164L_MTR1.IMG, .LBL

* Statistically supported cross-track structure is retained

pectral Cube
FRT00001234_07_IF164J_TER3.IMG, .LBL

Apply Bad Map Project | ____[Fully Corrected, 5 .
BTE)ds ) ‘ FRTO000334D CRISM IR Composite FRTO000334D CRISM IR Composite

Empirical
Corrections

FRT00001234_07_IF164J_MTR1.IMG, .LBL

Calculate Map Project.
Summary J)
Parameters

()

lap Projected
Summary | 0.22
ameter Cube

_07_SU164J_MTR1.IMG, .LBL

B Summa
---.m|Parameter Brows
Products

FRT00001234_07_BRFEMJ_MTR1.PNG, .LBL
+ 14 others: TRU, VNA, FM2, FAL, TAN, IRA,
MAF, PHY, PH2, HYD, ICE, IC2, GLO, CAR, CA2

L
1000 1500 2000 Z500 3000 3500 1000 1500 2000 2500 3000 3500
Wavelength (nm) Wavelength (nm}

FRT0000334D - Victoria Crater, Meridiani Planum (MER-B)
03/18/2012 CRISM MTRDRs - Data User's Workshop 2012 17



Ratio Shift Correction [RSC]

atio Shi
Correction
(L)

IR TRR3 PHT ATM BD1900 IR TRR3 PHT ATM RSC BD1900

[ X (2 ATM BD1900 Band:[0] [0.0000:0.0300] ® @ @ [ [ K © ATM RSC BD1900 Band:[0] [0.0000:0.0300] ® @ ®
13 - ,-.v- 3 .t

= LR R R AR RRE RRRRRRERN
= LR R R AR RRE RRRRRRERN

100 fZOD 300 400 500 * G0 100 *ZOD 300 400 500 * G0

Parameterization of 0xC202 1900 nm spectral region highlights ATM residual

03/18/2012 CRISM MTRDRs - Data User's Workshop 2012 18



CRISM Empirical Geometric Normalization [EGN]

CRISM Post-TRR3 Processing and Products PDS Deliverable w/ example filenames

-71 ...................................... e« | * The Empirical Geometric Normalization characterizes

and develops a correction for the geometric
- = dependencies that result from the continuously varying
el ~ e sl geometry of CRISM targeted observations
z * Correction of characteristic wavelength-dependent
=¥ | along-track gradients

ad [Map Project.
N0

Standard
Corrections

Empirical
Corrections

)

X © 0x00017709 RGB:[53;36:26] [0.1408:0.1936]; [0.1057:0.1425]; [0.0544:00740] @ @ (@ KX (© 0x00017709 RGB:[53;36:26] [0.1412:0.1911]; [0.1059:0.1389]; [0.0544:0.0703] @

FRT00001234_07_BRFEMJ_MTR1.PNG, .LBL
+ 14 others: TRU, VNA, FM2, FAL, TAN, IRA,
MAF, PHY, PH2, HYD, ICE, IC2, GLO, CAR, CA2

FRTO00017709 - Heimdall crater, Northern Plains (PHX)

03/18/2012 CRISM MTRDRs - Data User's Workshop 2012 19
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CRISM Empirical Geometric Normalization [EGN]

Characterize and Mitigate Geometric Dependencies

Spectral data sampled with respect to the observation geometry
- Targeted observation central scan and associated EPFs
- Default is [cos(e), g]; 1 degree sampling
- Robust statistics - sample bin median and MAD weighting
Sampled I/F data modeled as a low-order two-dimensional polynomial

- Independent model for each spectral band
- Default model order is [2, 2] - can be overridden
- Least-squares optimized using Levenberg-Marquardt algorithm

Forward model spectral cube normalized to the model spectrum at the
minimum sampled emission angle (minimum atmospheric path length)

- Spectral stability enforced in the normalized correction cube

Spectrum for each spatial pixel divided by the corresponding
normalized/stabilized forward model spectrum

'‘Kitchen Sink Correction' - atmospheric aerosol scattering, atmospheric
path length, surface photometric effects

03/18/2012 CRISM MTRDRs - Data User's Workshop 2012 20



(.\.__
CRISM Empirical Geometric Normalization [EGN]

X © Emission Angle (DDR Areoid) Band:[1] [0.5784:36.3740] ®® @ X © cosiEmission Angle] (DDR Areoid) Band:[1] [0.8052:0.9999]

@
®
3]

K (© o0xcz202 Band:[63] [0.0969:0.1373] ® @

g T —

27.783 37.080 0.953 1004

# © Binning Map Band:[0] [0.0000:7.0000] @@ @ X (© Phase Angle (DDR Areoid) Band:[2] [45.3862:65.5608]

®
®
B

#

60.235 66.004

48.708 54.474
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CRISM Empirical Geometric Normalization [EGN]

Baond 63
- +|".‘I|:|t|:|I +'+ I I I I I i
L * Model % -
i % 1
0‘22_ +>§~<X ;| . I
I ' * # |
T | 0 i
T 020 : i* _
— '-g i ++ ﬁ!‘\ s : 1 M
& . R & 3 EGN 0xC202 VNIR correction profiles
c BRI I
o) E_ Q18— : >§ :'-_{- . . . . . EG.N C‘olurl'nn .320. Pr?filel . . . .
2 L E ]
'l: & | xgi F ]
| | o Y 400 -
(@) at1sl- E ]
C L c ]
© - - |
L 300 -]
E 0.2 0.4 [E ) 0.8 1.0 b E m
Independent variable 0 [Cos{Emizsion Angle)] 2 C 7
[ = -
D_: Baond &3 £ 200 3
i T T T T T T T T T T T T T T E B
Z 024_ + Datao +, _ r B
> | Modsl + o B g
N [ %% + * 100:— —:
o a2z o] £ ]
N L + + =~ E ]
@) | + i B ]
< g + + C 7
= r 7 ] il o
o » 020 : %"f;? W — .
prd 2 L " Wit 4 ;; * 4 I/F Ratio
) £ - + 0t *E .
4 L g, + @ i
TN E » e, # . ¥
g - + 0o -
I o o :
[ o B
. o ]
L XK><+ +I+ ++-H— +* + -
aie— % . oy b -
L + >Q<>‘«>¢<+ i A |
L *F:H*HW . t, J
L - i
R P I A I A B
40 ] &0 7o 80 ]

Independent Variable 1 [Fhaze Angle]
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ormalizatic

VNIR TRR3 PHT RGB — VNIR TRR3 PHT EGN RGB
FRTOOOCC202 CRISM VNIR Composite FRTOOOCC202 CRISM VNIR Composite
ezof TT 7T T _ 0.20
0.18 ORE:] I
Q.16 Q.16
‘3014"_ - ‘30.14—-- = By
oazf ] o1z --=--
0.10 000 ]
cosf T 7] o,os"% """
Speétcl Medion & ercemt\“le Interval Spectral Meitm & Percentile Inter\ful
0.20F : .' T ; y ] 0.20F : .' = ; =
. % ] e
= o,wof— : E E —E = o,wof— : E E —E
el - ; E [ - - ; :
0a0f e ; L . . 3 oab_. e ; L . . .
400 500 &00 Joo 800 200 1000 400 500 &00 Joo 800 200 1000
Wavelength {nm} Wavelength {nm}
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Empirical Geometric Normalization [EGN]
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IR TRR3 PHT ATM RSC RGB — IR TRR3 PHT ATM RSC EGN RGB

FRTOO00C202 CRISM IR Composite FRTOO00C202 CRISM IR Composite
.18 .18
Q.16 Q.16
L L
= =
0.14 H 0.14
oazpd ] 0.12
Spectral Median & Percentile Interval Spectral Median & Percentile Interval
0.30F] " ' a 0.30F, . : 2
= 1 1 = = 1 1 3
[E8%] mall| 1 1 - 025 1 1 —
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E 1 1 3 = 1 1 =
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" = 1 1 3 " =y 1 1 3
£ oisf ' 4 ok ' =
E : E = ' E
1 1 1 — 1 1 1 —
- 1 1 1 - - 1 1 1 -
—_I 1 1 ] —_I 1 1 ]
il - 1 1 1 — il - 1 1 1 -
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1000 1500 2000 2500 3000 3500 1000 1500 2000 2500 3000 3500
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Empi

rical Smile Correction [ESC]

CRISM Post-TRR3 Processing and Products

PDS Deliverable w/ example filenames

,,,,, . FRT00001234_07_DE164S_DDR1.IMG, .LBL

Standard
Corrections

Empirical
Corrections

Derived Product Generation
S+L
Mask
)

{
|

FRT00001234_07_DE164L_DDR1.IMG, .LBL

_______ u FRT00001234_07_IF164S_TRR3.IMG, .LBL
FRT00001234_07_IF164L_TRR3.MG, LBL

s

Combine

VNIR and IR
)

lap Project |, | BMap Projected
(L) DDR Cube

FRT00001234_07_DE164L_MTR1.IMG, .LBL

llly Corrected
pectral Cube

FRT00001234_07_IF164J_TER3.IMG, .LBL

()

Apply Bad lap Project | o lly Corrected,
Bands () lap Projected.
) pectral Cube
FRT00001234_07_IF164J_MTR1.IMG, .LBL
Calculate p Projected
Summary “*®IE Summary
Parameters

ameter Cube

_07_SU164J_MTR1.IMG, .LBL

FRT00001234_07_BRFEMJ_MTR1.PNG, .LBL
+ 14 others: TRU, VNA, FM2, FAL, TAN, IRA,
MAF, PHY, PH2, HYD, ICE, IC2, GLO, CAR, CA2

* The Empirical Smile Correction characterizes and
develops a correction for a radiometric residual related
to spectral smile - an instrument optical artifact

* Correction of wavelength-dependent asymmetric
cross-track gradients

_ O 0x64F6 RGB:[53;36;26] [0.2425:0.2755]; [0.1963:0.2184]; [0.1219:0.1338] <2> O O
- - i

ot

® X © 0x84F6 RGB:[53;36;26] [0.2425:0.2755]; [0.1963:0.2184]; [0.1219:0.1338]
e &

High atmospheric opacity
observation (Tyyst ~ 1.4)

03/18/2012

FRTO000064F6 - Ares Vallis (MPF)

CRISM MTRDRs - Data User's Workshop 2012
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CRISM Empirical Smile Correction [ESC]

CRISM Spectral Smile X

X IR Spectral Smile Band:[0] [-2.0000:15.0000]

=3 |X

X

X VNIR Spectral Smile Band:[0] [-10.0000:1.0000]

A ‘% A

>

VNIR Spectral Smmile

IR Spectral Smile

e — MR B R S ‘ 8 P Bl i e A S
= E 1ok
= 5 L
o T
& <&
& S . N
= =
Z Z 5
@ Qr
= T T
= =
0 (=]
£ 2
O I e et e e et e m e m e e m PR e e e e o e e m = = —]
Ll [ Lo Ly | Loy i [
o 100 200 300 400 500 500 0 100 200 300 400 500 600

Detector Column Index Detector Column Index
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b

CRISM Empirical Smile Correction [ESC]

- pi_ri 3
. O?EL!EO Characterize and Mitigate Optical Artifact Radiometric Residual

* Albedo normalization - low spectral frequency reference cube divided out
of the input I/F spectral data

- Prevents albedo “spoofing” in the empirical model

* Column sampling histogram calculated from the detector wavelength map
- Default bin size is 0.125 nm (FRT); 0.250 nm (HRL, HRS)
- One histogram for each detector row (spectral band)

* Robust statistics
- Median normalized I/F and MAD for each wavelength bin

* Optimal weighted linear model calculated for the sample values as a
function of wavelength

- Weighting is a function of the reference histogram and data spread

* Detector smile/frown forward model normalized to the model value at the
“sweet spot” wavelength near the center of the field of view

* Data value for each pixel divided by the normalized forward model
* Minor correction - typically order of magnitude smaller than EGN
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Band B3 ESC Line 225 Profile
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ESC Input Ratio

nput RGB:[205;360;425] [0.1136:0.1604]; [0.1200:0.1733]; [0.1151:0.1507] X © ESC Ratio RGB:[205;360;425] [0.9885:1.0135]; [0.9816:1.0166]; [0.9743:0.9534]

ey = é -

Reference

[ XK (© ESC Reference RGB:[205;360;425] [0.1136:0.1604]; [0.1200:0.1733]; [0.1151:0.1

- ea —

Corrected Ratio
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Empirical Smile Correction [ESC]

IR TRR3 PHT ATM RSC EGN RGB — IR TRR3 PHT ATM RSC EGN ESC RGB

FRTOO00C202 CRISM IR Composite FRTOO00C202 CRISM IR Composite
.18 .18
Q.16F==F==13 Q.16
L L
T T
0.14 0.14
0217 0.12
Spectral Median & Percentile Interval Spectral Median & Percentile Interval
o030, | ' o ' ' = o030, | ' o '
-1 1 1 -1 1 1
o251 1 1 - oz 1 1 -
F 1 1 ] = 1 ! 3
0.20F1 : ; = 0.20F : : =
" = 1 1 = " = 1 1 =
= 015 : = > o015k L 3
o0 1 1 —E o0 1 1 —E
F 1 1 = - ! 1 . -
= | 1 1 -1 = | 1 ] -
GASE 1 1 = GASE 1 1 =
= 1 1 = = 1 1 =
0.a0E AL . Ll . L - 0.a0E AL . Ll . L -
1000 1500 2000 2500 3000 3500 1000 1500 2000 2500 3000 3500
Wavelength {nm} Wavelength {nm}
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Spectral Median & Percentile Interval

/
n

M
m

400

I/F

0.35

0.30

700
Wavelength (nm)

800

900

FRTO0007901 CRISM IR Composite

1000

1500

2000

2500
Wavelength (nm)

3000

3500

MTRDR
Composite Gallery

FRTO00007901
Olympus Mons

FRTOO0O0OB6F1
Gale Crater

Low Spectral
Contrast

High Spectral
Contrast

Shorter Path
Length

Longer Path
Length

VNIR TRR3
PHT RGB

IR TRR3
PHT RGB

CRISM MTRDRs - Data User's Workshop 2012

FRTOOOOBGBF1 CRISM

VNIR Composite

0.4
asl 7T
w
=
02
oAfTTTTT y
i AN
Spectral Medion & Percentile Interval
05 T T T
' ' '
' '
04F ' /,/\/M—“\’\—m—-—‘v~ i
' '
1 1
B —
L o3 0 v
= ' '
= —_
02 ; : E
'
1
01E 1 =
1
'
00
400 500 800 700 800 °00 1000
Wavelength {nm}
FRTOOO0B&F1 CRISM IR Composite
05f _____]
0.4
w
=
0.3
o2pf-=-
edian & Percentile Interval
05SET T T
' '
' v
04T 1 1
' ' '
1 1 1
w 0.3 = 1 1
& ' ' '
02E ] ' =
' ' '
1 ' 1
0B ] 1 e
1 ' I
' ' '
00 i
1000 1500 2000 2500 3000 3500

Wavelength {nm}



FRTO0007901 CRISM VNIR Composite

Spectral Median & Percentile Interval

MTRDR
Composite Gallery

FRTO00007901
Olympus Mons

Low Spectral
Contrast

Shorter Path
Length

FRTOOO0B6F1
Gale Crater

High Spectral
Contrast

Longer Path
Length

400
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M L
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Combine VNIR and IR

PDS Deliverable w/ exar

o +ve0 FRT00001234_07_DE164S_DDR1.IMG, .LBL
Data W' FRT00001234_07_DE164L_DDR1.IMG, .LBL
. . +e...m FRT00001234_07_IF164S_TRR3.IMG, LBL

FRT00001234_07_IF164L_TRR3.IMG, .LBL

* Sensor space transform maps VNIR (S-detector) data
into the IR (L-detector) sensor space using DDR
latitude and longitude information

* Intersection of transformed S data and L data valid
pixel masks applied to the joined (J) data cube

] Pe @

@ X © TERMSK Band:[0] [0.0000:3.0000

K © s:L Displacement Map Band:[0] [0.0000:0.0000]

* IR (L) detector sensor space map *S valid N L_valid = J_valid
* DN indicates displacement to
nearest VNIR (S) detector pixel
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(e Combine VNIR and IR

CRISH
CRISM VNIR:IR sensor space transform

Combine
VNIR and IR

()

VNIR TRR3 PHT EGN ESC RGB ’ VNIR TRR3 PHT EGN ESC XFM RGB

K (@ 0xC202 VNIR RGB:[53;36;26] [0.1415:0.1791]; [0.1210:0.1470]; [0.0820:0.0953] (&) @& @ K (@ 0xC202 VNIR XFM RGE:[53;36;26] [0.1415:0.1791]; [0.1210:0.1470]; [0.0820:0.08! (&) & @
o T p——— " B E K o e R >

* VNIR — IR transform is nearest neighbor — no spectral averaging
* VNIR and IR systems have different spatial sampling functions
* VNIR and IR detectors are operated at different frame rates

* Even after the VNIR — IR transformation differences in how the VNIR and IR systems sample
the surface may be apparent
* VNIR/IR spectral offset at sharp albedo boundaries
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(¢ Combine VNIR and IR

VNIR:IR sensor space transform

CRISM

Combine
VNIR and IR

()

IR TRR3 PHT ATM RSC EGN ESC RGB IR TRR3 PHT ATM RSC EGN ESC RGB

. X (0 0xCc202 IR RGB:[205;360;425] [0.1151:0.1560]; [0.1200:0.1664]; [0.1160:0.1558]

@E @ "X © 0xC202 IR RGE:[205;360;425] [0.1151:0.1560]; [0.1200:0.1664]; [0.1160:0.1558]
i ; — e d 3 ¥ e e 3 " .

e, — -

* VNIR — IR transform is nearest neighbor — no spectral averaging
* VNIR and IR systems have different spatial sampling functions
* VNIR and IR detectors are operated at different frame rates

* Even after the VNIR — IR transformation differences in how the VNIR and IR systems sample
the surface may be apparent
* VNIR/IR spectral offset at sharp albedo boundaries

03/18/2012 CRISM MTRDRs - Data User's Workshop 2012
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CE.’F.'SM CRISM Full Spectral Range Data Products

FRTOO0OC202 CRISM JOINED Cemposite FRTOO0O0CZ202 CRISM JOINED Composite
0.8
- i
oasfh | .
s H
=
014k = =[=]- 4 4
012 - = _ E
] ] 012
Spectral Median & Percentile Interval [T 77
0.30 T T T I k- _-_-_--_4
0.25 = [0.99]
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R _z 0255_
00 —E E .
’ 3 020 -
0,05 i _: r ]
o0l " " : 3 . = 3
1000 2000 3000 S ! ]
Wavelength {nm) o 10:— ! ] i e
L] : : : : .
. [ : Apply Bad _II 5 o8 = 0.05F~ E E E 3
i | orrecte o 1 ' ' ]
“ully Corrected i . Bands o} \1ap Projectd, 1) ag Projected 0.00Ex T L . . . . ]
Spectral Cube - (J) (‘J) pectral Cube 500 1000 1500 2000 2500 3000 3500
K Y ! Wavelength (nm)

L L)
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CRISM MTRDR Product Map Projection

Sl T T —— R To00001234 07 D104 DORI MG, LB

L """""""""""""""""""" TEEEEEES e Geographic Lookup Table (GLT) based map projection

e e * Encodes line/sample pixel mapping from unprojected
(sensor) space to map projected space

BT & -- * The same GLT is used to generate all MTR products

C] &) 0001234_07_DE164L_MTR1.IMG, .LBL

............................... for a given source observation

Empirical
Corrections

Derived Product Generation

pectral Cube
FRT00001234_07_IF164)_TER3IMG, LBL

Apply Bad lap Project o« lly Corrected,
Bands () lap Projected.
) pectral Cube

0001234_07_IF164J_MTR1.IMG, .LBL

K () 0xC202 GLT Sample Lookup Band:[0] [-630.0000:630.0000] ®® @ X © 0xC202 GLT Line Lookup Band:[1] [-450.0000:450.0000] ® &®

Calculate Map Project. ap Projected
Summary ) " Summary
Parameters ameter Cube

()

00001234_07_SU164J_MTR1.IMG, .LBL

ite Summ B Summa
wse Produ =»-.m|Parameter Bro
R ()8 Products

FRT00001234 07_BRFEMJ_MTR1.PNG, .LBL
others: TRU, VNA, FM2, FAL, TAN, IRA,
MAF PHY, PH2, HYD, ICE, IC2, GLO, CAR, CA2
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CRISM Map Projected DDR Data Product

Map Project
(L) FRT0000C202 IR DE MTR Mola Elevation

73"15'E 73°20'E 73°25'E 73°30E
| | | |

FRT0000C202 IR DE DDR Mola Elevation ‘
= 8 f fjf e ”\\

= N
S B
g‘j +\\. ....... S
& e \ rd
I = n
D S
- -+ + =
o m
4] =
=] 5
— -+ +— —
[ o
E 1 1 | 1=
7315 E 73°20E 73°25'E 73°30E
[ |
275 200

Map Projected I
DDR Cube |
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CRISM Post-TRR3 Processing and Produc PDS Deliverable w/ example filenames

nput —sy . FRT00001234_07_DE164S_DDR1.IMG, .LBL
Data w FRT00001234_07_DE164L_DDR1.IMG, LBL
...................................... m FRT00001234_07_IF164S_TRR3.IMG, .LBL

W L FRT00001234707_IF164L_TRR3.MG, LBL
Standard k
Corrections
Empirical
Corrections a

0 on |

Derived Product Generation - ——
S+L Combine lap Project | BMap Projected
Mask VNIR and IR (L) DDR Cube
() )

FRT00001234_07_DE164L_MTR1.IMG, .LBL

............................... | Pully Corrected
pectral Cube

FRT00001234_07_IF164J_TER3.IMG, .LBL

Apply Bad ["Map Project Lo lly Corrected,
Bands () lap Projected. ‘
) pectral Cube |

Calculate |§
Summary
Parameters ’
()
N’

FRT00001234_07_IF164J_MTR1.IMG, .LBL

lap Projected
Summary |
ameter Cube

FRT00001234_07_SU164J_MTR1.IMG,

B Summal
---.m|Parameter Brows
Products

FRT00001234_07_BRFEMJ_MTR1.PNG, .LBL
+ 14 others: TRU, VNA, FM2, FAL, TAN, IRA,
MAF, PHY, PH2, HYD, ICE, IC2, GLO, CAR, CA2

-

BL

Hematite + Monohydrated Sulfate, Canmdor Chasma

Magnesite; NIl Fossae

Dlivine; Nili Fossae

Fe/Mg smectite; Nili Fossae

Monchydrated {Fe) sulfate; Juventae Chasma
Fresh CO2 ice; 5 polar cap

Bright =oll, Gusev crater

El Dorado sand, Gusev Crater

03/18/2012

04

arracted I/F
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CPF‘QM What is a Spectral Summary Parameter?

Calculate
Summary

Parameters

()

03/18/2012

The spectra on the previous slide show some of the most outstanding mineral
exposures in the CRISM data set

They are buried among 4 billion spectra in targeted observations and another
4 billion spectra in the global mapping data

To find and visualize the occurrences of mineral exposures, we create
synthetic images that parameterize diagnostic, indicative, or informative
spectral structure

These are called summary parameters

CRISM MTRDRs - Data User's Workshop 2012 41
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cprcm Example — Calculation of BD2210

Calculate

summary | * MTRDR spectral summary parameter calculations take advantage of

Parameters

() CRISM targeted observation hyperspectral sampling

* The effective I/F value at parameter reference wavelengths is a function of a
neighborhood of spectral values around each reference wavelength

* Spectral kernel size and interpolating function tuned for each parameter

* Kernel size typically 1, 3, 5 samples - larger in limited cases

* Kernel median; boxcar smooth; polynomial model

Phyllosilicate Library Spectra
— T

IR Multispectral Hyperspectral

Reflectance

0.3~ MONTMORILLONITE CAJB13
I NONTRONITE NBJB26

| SAPONITE LASAS1

021 | BT R R R B IR R TR S T A IR R TR S T A

1.2 — 1.4 1.6 1.8 2.0 2.2 24 2, 2-2 24 2-2 24

Waveléngth (micro}neter)
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Example — Mapping of BD2210

Calculate
Summary
Parameters
(J)

HRLOO0043EC

ap Projected | |
- Summary i
arameter Cube

ey

I/F in source spectral data Strength of AI-OH band @ 2210 nm
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G
CRISM Hyperspectral Summaray Parameters i ﬁ

Calculate
Summary
Parameters
(J)

|esdadsiny

R AL s

L]

I
<
O
0
=
2]
O
0
0
—
=
L
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CRISM

Calculate
Summary
Parameters
(J)

Key VNIR Spectral Summary
Parameters

03/18/2012

Name Description Derivation: Higher values detect...

R770 Rgference yNIR Reflectance at 770 nm Brighter mat.erlals or
brightness image sunward facing slopes

RBR Slope" of VNIR "red 77Q/440 nm reflectance Dustier surface
edge ratio

BD530 530-nm band Relative to continuum Greater content or larger
depth between 440, 709 nm particles of ferric oxide

SH600 Height of 600-nm |Relative to continuum Dust coatings on dark rock,
"shoulder” between 530, 709 nm or olivine

BD920 Depth of 920-nm |Relative to continuum Crystalline Fe minerals
band between 800, 984 nm (esp. hematite, pyroxene)
Integrated depth of| Area between spectrum _

BDI1000VIS |1-um band at and horizontal line tangent Stronger 1-um band due to

VNIR wavelengths

to peak reflectance

Fe in pyroxene, olivine

CRISM MTRDRs - Data User's Workshop 2012
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Calculate
Summary
Parameters
(J)

(1/2)

Key IR Spectral Summary Parameters

03/18/2012

Name Description Derivation: Higher values detect...
IRA Rgference !R Reflectance at 1330 nm Brighter mat.erlals or
brightness image sunward facing slopes
Strength of broad |Area between spectrum L
OLINDEX2 |Fe absorption with {and line fit to wavelengths c(:)cilr:/tlgieniind/(r)wr :I::éilicates
shoulder at 1.7 um|{1700-2500 nm g phy
L CPINDEX Indicator of low-Ca| 3-point curvature index Pyroxene, favors low-Ca
pyroxene (1050,1330,1815 nm) type
HCPINDEX Indicator of high- |3-point curvature index Pyroxene, favors high-Ca
Ca pyroxene (1050,1470, 2067 nm) type
Slope evaluated between |Ferric coating on dark rock,
ISLOPET NIR spectral slope 1815, 2530 nm or atmospheric aerosols
1435-nm CO2 ice |Relative to continuum
BD1435 | band depth between 1370, 1470 nm | ~O2 frost on surface
BD1500 1500-nm H20 ice |Relative to to continuum |H2O ice on surface or in
band depth between 1367, 1808 nm |atmospheric aerosols
. . Bound H20 in hydrated
1900-nm H20 Relative to continuum o :
BD1900 band depth between 1875, 2067 nm phyllosilicate, zeolltel,.
sulfate, carbonate, silica
BD2100 2100-nm shifted |Relative to continuum Monohydrated sulfate

H20 band depth

between 1930, 2250 nm

CRISM MTRDRs - Data User's Workshop 2012
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CRISM

Calculate
Summary
Parameters
(J)

(2/2)

Key IR Spectral Summary Parameters

03/18/2012

Name Description Derivation: Higher values detect...
BD2210 2210-nm Al/Si-OH | Relative to continuum Al-phyllosilicates and
band depth between 2140, 2250 nm |hydrated silica
D2300 Dropoff into 2300- |Relative to reflectance at [Fe/Mg phyllosilicates, Mg
nm band 2140-2210 nm carbonate
Convexity due to 3-point curvature index Mono- and poly-hydrated
SINDEX bands at 1900- | 5140 2200 2400 nm)  |sulfates
2100 & 2400 nm ’ ’
Depth of overtone |Sqrt of product of depth of
BDCARB bands in Ca/Fe bands at 2330 and 250 Ca/Fe carbonate
carbonate nm
Relative to continuum
BD3000 gggg-ggnpmzo extrapolated from 2210, | Adsorbed and bound H20
2530 nm
1-sided depth of |Relative to continuum
CINDEX 3890-nm extrapolated from 3630, [Carbonate
carbonate band 3750 nm
Depth of 2350-nm |Relative to continuum : :
BD2350 bar?d between 2290, 2430 nm Serpentine, chlorite
IRR2 NIR continuum 2530/2210 reflectance Ice vs. dust clouds, surface

ratio

dust / dust-bearing deposits

CRISM MTRDRs - Data User's Workshop 2012
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CRISM CRISM MTRDR Browse Products

CRISM Post-TRR3 Processing and Pro PDS Deliverable w/ example filenames

a 34_07_DE164S_DDR1
FRT00001234_07_DE164L_DDR1

FRT0000
™ FRT0000

Standard osph
Corrections orrectiof

L)

Empirical
Corrections

Combine
VNIR and IR

) FRT00001234_07_DE164L_MTR1.IMG, .LBL

ully Corrected
pectral Cube

FRT00001234_07_IF164J_TER3.IMG, .LBL

Apply Bad
Bands
)

Calculate
Summary
Parameters
(J)

00001234_07_BRFEMJ_MTR1.PNG, .LBL

14 others: TRU, VNA, FM2, FAL, TAN, IRA,
MAF, PHY, PH2, HYD, ICEIE2, GLO, CAR, CA2

03/18/2012 CRISM MTRDRs - Data User's Workshop 2012
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CRISM What is a Browse Product?

« Browse products are 14 “flavors” of PNGs with scaled combinations of
1-3 summary products — many are bland, but a fraction identify
geologically significant mineral exposures

o The objective is to follow up by analyzing the full I/F data
« Each browse product has a theme (color, a mineral class, etc.)

« In the PDS, each browse product will have a PDS label describing
scaling of the component RGB bands and map projection information

« Here is a preview of MTRDR browse products...details are still being
finalized

« We also CURRENTLY provide a subset of the browse products
described here at crism-map.jhuapl.edu
» The set described here will have:
— Much lower noise
— Much lesser artifacts

— More “flavors” to better detect a greater variety of mineral exposures
49



CRISM MTRDR Browse Product Nomenclature

o FRT = Class Type

— FRT (Full Resolution Targeted
Observation)

— HRL (Half Resolution Long)
— HRS (Half Resolution Short)

o 00003E12 = 8-digit hexadecimal
Observation ID

e 07 = Hex counter within
observation

BRxxx = Browse and theme

— See following slides for 3-
character strings

J = Sensor ID

— J for Joined
MTR3 = MTRDR, calibration = v3
IMG = file extension

— PNG for binary image data
— LBL for detached ASCII PDS label

FRTOO003E12 07 BRTRUJ MTR3.PNG

L'J

50
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CPFQM’ VNIR and IR Reference Albedo

« To correlate spectral variations with morphology
o VNA: Corrected I/F at 770 nm
o IRA: Corrected I/F at 1330 nm

VNA IRA
FRTOOOO3E12: Olivine, phyllosilicate, dark basaltic material in Nili Fossae 51
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CRISM VNIR and IR Color

« Color variations, to help locate mineral exposures geographically

 TRU: VNIR enhanced color, R=600-nm I/F, G=530-nm |I/F, B=440-nm I/F

o TAN: VNIR+IR enhanced color, R=2529-nm I/F, G=1330-nm |/F, B=770-nm |/F
o FAL: IR enhanced color, R=2529-nm I/F, G=1506-nm I/F, B=1080-nm I/F

Note excellent
VNIR-IR
registration!

FRTOOOO3E12: Olivine, phyllosilicate, dark basaltic material in Nili Fossae 50
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CRISM VNIR and IR Color

« Color variations, to help locate mineral exposures geographically

 TRU: VNIR enhanced color, R=600-nm I/F, G=530-nm |I/F, B=440-nm I/F

o TAN: VNIR+IR enhanced color, R=2529-nm I/F, G=1330-nm |/F, B=770-nm |/F
o FAL: IR enhanced color, R=2529-nm I/F, G=1506-nm I/F, B=1080-nm I/F

Carbonate
and clay often
blue-green

Basaltic
material often
gray-brown

Olivine

characteristic
red

FRTOOOO3E12: Olivine, phyllosilicate, dark basaltic material in Nili Fossae 53
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CRISM VNIR and IR Color

« Color variations help to locate mineral absorption features geographically
o TRU: VNIR enhanced color, R=600-nm I/F, G=530-nm I/F, B=440-nm I/F
o FAL: IR enhanced color, R=2529-nm I/F, G=1506-nm I/F, B=1080-nm I/F

Carbonate
and clay often
blue-green

Basaltic
material often

— gray-brown

Fe-phyllosilicates
commonly reddish

TRU FAL

HRLOOOO43EC: Layered clays in Mawrth Vallis region 54
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CPFQM — VNIR Spectral Shape

o Curvature of VNIR spectrum due to
— Ferric and ferrous mineral absorptions
— Negative slope due to dust-on-rock coatings or compacted dust texture
« R=BD530, G=SH600, B=BDI1000VIS

Green= textural
effects

Red= nanophase or
xtalline ferric oxides

Blue =
leaner/more mafic
surfaces

TRU FEM

. =N
B i) o

HRLOOOO43EC: Layered clays in Mawrth Vallis region 55



FMZ2 — Fe Minerals

o Absorption bands due to
— Olivine and pyroxene (1000 nm)
— Nanophase ferric oxide (530 nm) and xtalline ferric/ferrous minerals (~920 nm)

« R=BD530, G=BD920, B=BDI1000VIS
| p— Green= coarser-
grained Fe minerals

Red= nanophase or
xtalline ferric oxides

Blue = cleaner
/more mafic
surfaces

TRU FM2

HRLOOOO43EC: Layered clays in Mawrth Vallis region 56



CPFSM FMZ2 — Fe Minerals

« Dramatic response in/around crystalline hematite deposits
« R=BD530, G=BD920, B=BDI1000VIS

Red=
W@ nanophase
ferric oxides

Yellow= both

Green=
hematite

TRU FM2

FRTOO009CBSG6: “gray” hematite mass wasting from layered
deposits in Candor Chasma 57



crIsm MAF-Fe? in Olivine, Pyroxene, Phyllosilicate

NASA

e NIR spectral curvature due to absorptions from

— Low- and high-Ca pyroxene (~1000- and ~2000-nm)

— 1000-1700 nm feature due to olivine and Fe-phyllosilicates
« R=OLINDEX2, G=LCPINDEX, B=HCPINDEX

Red=olivine

Green=low-Ca
pyroxene

Gray=weak
bands

MAF
FRTOOOO3E12: Olivine, phyllosilicate, dark basaltic material in Nili Fossae 58
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criem MIAF-Fe?* in Olivine, Pyroxene, Phyllosilicate

NAS

e NIR spectral curvature due to absorption bands from

— Low- and high-Ca pyroxene (~1000- and ~2000-nm)

— 1000-1700 nm feature due to olivine and Fe-phyllosilicates
o« R=OLINDEX2, G=LCPINDEX, B=HCPINDEX

blue=hi-Ca
pyroxene

Green=low-Ca
pyroxene

Dull red=Fe-
phyllosilicate

MAF
FRTO000064D9: Lo- and hi-Ca pyroxene, olivine in Nili Fossae 59
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CRISM PHY- Phyllosilicates (v1)

« Common metal-OH absorption bands and state of hydration
— Al/Si-OH (2210 nm) or Mg/Fe-OH (~2300 nm)
— Chemically bound H,O (~1900 nm)
« R=D2300, G=BD2210, B=BD1900

- 5l )
s o W
o TR Y
o O e
‘
&

Red=Mg/Fe-clay
(magenta where it's
more hydrated)

Green= Al-clay or
hydrated silica
(blue-green where
it's more hydrated)

FAL PHY

HRLOOOO43EC: Layered clays in Mawrth Vallis region 60
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CRISM PH2 — Phyllosilicates (v2)

o Wavelength position of 2200-2350 nm metal-OH absorption band
— Blue ~ near 2210 nm, green ~ near 2300 nm, red ~ near 2350 nm
— Relates to cation composition and silicate type

« R=BD2350, G=D2300, B=BD2210

Green=Mg/Fe-clay

Blue= Al-clay or
hydrated silica

FAL PH2

HRLOOOO43EC: Layered clays in Mawrth Vallis region 61
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CRISM PHZ2 — Phyllosilicates (v2)

o Wavelength position of 2200-2350 nm metal-OH absorption band
— Blue ~ near 2210 nm, green ~ near 2300 nm, red ~ near 2350 nm
— Relates to cation composition and silicate type
« R=BD2350, G=D2300, B=BD2210
Green=Mg/Fe-clay

Red=serpentine

FAL PH2
FRT0000634B: Fe/Mg clays and serpentine in Claritas Fossae 62
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CRISM HYD — Hydrated Sulfates

o Absorption bands in hydrated sulfates
— Monohydrated sulfates (strong 2100-nm and weak 2400-nm band)
— Polyhydrated sulfates (strong 1900-nm and strong 2400-nm band)
« R=SINDEX, G=BD2100, B=BD1900

Magenta=
polyhydrated
sulfate

Yellow-green=
monohydrated
sulfate

(Strong blue = other
hydrated mineral)

FAL HYD
FRTOOO09COA: Hydrated sulfates in Juventae Chasma 63
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CP;SM CAR — Mg Carbonate

o Absorption bands in hydrated Mg carbonate
— 2300-nm, 2500-nm carbonate overtones
— 1900-nm bound H,O band

« R=D2300, G=BD2500H, B=BD1900
._ Pale yellow=

Hydrated Mg
carbonate

Red/magenta=
hydrated Mg/Fe
phyllosilicate

CAR
FRTOO0OO03E12: Thin Mg carbonate layer in Nili Fossae 64
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CRISM CR2 — Ca/Fe Carbonate

o Absorption bands in Ca and/or Fe carbonate
— 2330-nm, 2530-nm carbonate overtones
— 3890 carbonate fundamental

« R=D2300, G=BDCARB, B=CINDEX

Pale yellow=
CalFe
carbonate

(Red/magenta=
hydrated Mg/Fe
phyllosilicate)

FAL CAR
FRTO00124B3: Excavated Ca/Fe carbonate in Tyrrhena Terra 65



CF—?FSM GLO - “THEMIS Glowing Terrain”

« Spectral continuum and 3000-nm band strength distinguish putative chlorides
and associated materials

« R=ISLOPE, G=BD3000, B=IRR2

Yellow=Hydrated
minerals, esp.
phyllosilicate

Blue = “chlorides” (weak
3000-nm band, positive
NIR spectral slope)

Dull
gray/green =
other

TRU
HRLO000860C: Chlorides and phyllosilicate in Terra Sirenum 66
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CPFQM’ — H,0O ice, CO, ice, dust

o CO, ice from 1435-nm band, H,O ice from 1500-nm band, dust from MIR
brightness

« R=R3920, G=BD150, B=BD1435

Red=exposed
ice-free dust

Blue = CO2
frost/ice

Green=H20
frost/ice

TRU 1IC2
FRTOOOO59E2: CO, fans on dust and H,O ice, S polar cap 67
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