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Outline

e CRISM data processing and product description
— Updated radiometric calibration (TRR2 = TRR3)
— Systematic spectral processing
— Revised summary parameters and browse products

e MSL candidate landing sites — CRISM web site

— Active online community resource

— 170 targeted observations of the MSL candidate landing sites presented
e CRISM prototype TRR3 I/F image cubes
e Systematic browse products, false color composites, etc.

e Representative observations and derived analysis products

— Mawrth Vallis

— Holden Crater

— Ebserswalde Crater

— Gale Crater
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CF?FSM CRISM Data Processing Upgrade Overview

e A major upgrade of the CRISM data processing pipeline is nearing completion

— Non-map projected hyperspectral data, calibration version 3 (TRR3s)
» Radiance (‘RA’) cubes — output from radiometric calibration version 3

» |/F cubes — TRR3’s processed though custom filtering procedures
O IR: kernel filter to remove stochastic noise
O VNIR+IR: mitigation of systematic column-oriented noise
— Map-projected filtered hyperspectral data
» Upgraded atmospheric correction
» Correction for observation geometric/photometric effects
» Correction for spectral smile effect
— Browse versions of the data with the above corrections
» Reformulated to show more phases, reduce artifacts
o 1strelease for MSL candidate landing sites - via CRISM web site
e Redelivery of other data will begin with next PDS delivery
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& Post-Calibration
CRISM Empirical Corrections

The TRR3 data still exhibit two effects

* Along-track brightness variations

« Due to continuously varying gimbal angle

« Processing fits variation as a function of observing geometry in
the central scan and accompanying EPF segments

o Datais normalized to minimum emission angle

* Cross-track brightness variations (optical artifact)

« Fits cross-track variations using a function constrained in form
to follow spectral smile

o Datais normalized to center of the FOV
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CRISM Data Processing Progression: Heimdal

TRR2

Current I/F PDS deliverable

False color IR RGB composite;
0.5% linear stretch on each
displayed band; spectral
median plot with
interquartile envelope and
| K. RGB wavelengths indicated;
"""" it boxplots show data

— ' distribution of RGB bands
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CRISM Data Processing Progression: Heimdal
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CRISM Data Processing Progression: Heimdal

FRTOO017709 CRISM IR Composite
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CRISM Data Processing Progression: Heimdal

FRTO0O17709 CRISM IR Composite
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(o Spectral Summary Parameters / Browse Products -  xasa _

CRISM  Targeted Observation Hyperspectral Sampling

FRTOO00/D87 - TRR2

Previous:

Use only 72 channels present in both multispectral and
hyperspectral data for spectral parameter calculation

Spectral noise propagated into parameter

MAF -

Red: OLINDEX
Green: LCPINDEX
Blue: HCPINDEX

Current:

Evaluate spectral data in channels near wavelengths
used in parameter calculations

Mitigates propagation of spectral artifacts
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(& Spectral Summary Parameters / Browse Products -  nNasa

CRISM Improved Parameter Functions

FRTOO00/D87 - TRR2

MAF (previous) -
| Red: OLINDEX
[F Green: LCPINDEX
; f s i Blue: HCPINDEX
' False'positive strong, |

olivine detection
o

IRA - Corrected brightness at 1.3 um

MAF (current) -

Red: OLINDEX2 OLINDEX2 — Mitigates spectral continuum
f Green: LCPINDEX effects in parameter calculation

Blue: HCPINDEX

" No false positive

Salvatore, M. R., J. F. Mustard, M. B. Wyatt, and S. L. Murchie (2010),
Definitive evidence of Hesperian basalt in Acidalia and Chryse
planitiae, J. Geophys. Res., 115, E07005, 11
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0 CRISM Web Site

CRISM

Ccompact ' Reconnaissance Imaging Spectrometer for Mars

MRO CRISM - MSL Landing Site Selection

This web site contains browse versions of CRISM hyperspectral, targeted observations of the four finalist candidate MSL landing sites,
and links to the hyperspectal data. CRISM observations shown here have been newly reprocessed to include several upgrades from
previous version of the data:

® Calibration has been upgraded to correct most systematic instrumental artifacts (the data are "TRR3s", replacing earlier
"TRR2s"),

& An iterative kernel filter has been applied to IR data to mitigate semi-random artifacts due to pixels with elevated noise levels;

® Acorrection has been applied for effects within individual observations resulting from systematic instrument optical
characteristics uncorrected by radiometric calibration;

® The emission function a nying each targeted rvation has been used to model scattering effects of
atmospheric aerosols, and normalize all parts of each observation to the nearest-to-nadir geoemtry present within the
observation; and
® "Browse" version of the data have been modified to minimize effects of solar illumination and shadows, and new informative
products have been added
Contents:

(1) MRO Support of MSL Landing Site Selection
(2) An rview of CRISM rvations of th ndidate MSL Landin

(5) Links to CRISM Browse Images of Candidate MSL Landing Sites
(6) Additional Resources

(1) MRO Support of MSL Landing Site Selection:

The MRO project and the CRISM, HIRISE, and CTX science and operations teams support the MSL landing site selection process
through the acquisition of high resolution panchromatic, color, and hyperspectral orbital remote sensing data. The first MSL landing site
selection workshop was held in May, 2006. At that workshop 30+ candidate landing sites were proposed by the Mars science
community. Following the second MSL landing site selection workshop in October 2007, the number of sites considered was reduced to
10 sites. The third landing site selection workshop was held in September 2008, following which the list was namrowed o 7 sites. The
list was further narrowed to 4 finalists based on engineering considerations:

® Holden crater (contains a deltaic deposit whose lower beds contain phyllosilicate minerals)

® Ebserswalde crater (contains another deltaic deposit whose lower beds contain phyllosilicate minerals)

® Gale crater (contains an interior sedimentary deposit grading upward from phyllosilicate- to sulfate-containing beds)

® Plains surrounding Mawrth Vallis (covered by a deposit with interbedded Fe/Mg phyllosilicates, Al-phylosilicates, silica, and ferric
minerals)

(2) An Overview of CRISM Observations of the Candidate MSL Landing Sites:
The characteristics of the standard CRISM hyperspectral targeted observations covering MSL landing sites are listed below.

New MSL candidate landing
site CRISM browse products

Brief explanation of
systematic data processing

ites
(3) An Overview of CRISM Browse Images of Candidate MSL Landing Sites
(4) Interpreting the Browse Products _ Prod UCt OVE I’VIEW

 Done
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Most Visited ~
[ CRISM Web Site (x]
example, IR_PHY and IR _

can have bluish colors gue 10 spectré effects of water ice hazes. Tllumination geometry or atmospheric

dust and ice hazes can create artifacts in VNIR_FEM, IR_MAF, IR_PHY, and IR_HYD. IR_PHY and VNIR_FM2 are most susceptible to
detector artifacts.

More detailed information is available on:

® |nterpreting the Browse Products

® Visible and Near-infrared (VNIR) Browse Products
e |nfrared (IR Pri

-

WA,

Detailed information on the

; \ browse products, parameter
An excellent reference describing the underlying parameters used in constructing browse products is:

Pelkey, S. M., J. F. Mustard, S. Murchie, R. T. Clancy, M. Woliff, M. Smith, R. Milliken, J.-P. Bibring, A. Gendrin, F. Poulet, Y. Langevin,

and B. Gondet, CRISM multispectral summary products: Parameterizing mineral diversity on Mars from reflectance, J. Geophys. Res.,
112, E08S14, doi:10.1029/2006JE002831, 2007.

(5) Links to CRISM Browse Images of Candidate MSL Landing Sites

Click on the name of a site below to see locations of CRISM images covering it or to view the high resolution browse images.

|sITE NAME |LocaTiON |ELEVATION |KEY FEATURES

|Holden Crater [26.37°, 325.10°€ [~1.9km | Fiuvial tayers, phyliosilicates

| Everswalde Crater |23.86°s, 326.73°E [~1.5km | Deita

Gale Crater 4.49°S, 137 42°E ~4.4km Layered Sulfates,
Phyliosilicates

Mawrth Valiis 24.01°N, 341.03°E ~2.2km Noachian Layered
Phyliosilicates

(6) Additional Resources:

CRISM Home Page
HIiRISE MSL Image Catalog
MARSOWEB

THEMIS support for MSL landing site selection

MSL Landing Site Selection Committee Contacts:

Contact Role
M. Golombek Mars Landing Site Steering Committee Co-Chair
J. Grant

Mars Landing Site Steering Committee Co-Chair

CRISM MSL Landing Site Selection Contacts:

Contact Role *
S. Murchie CRISM PI .
J. Mustard CRISM Deputy-PI; MSL Landing Site Selection Committee Member :
| Dene 4

stretches, products
interpretation, and caveats

Click on the site name to
access product the library
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Most Visited ~
0 CRISM Web Site (%}

CRISM

Ccompact ' Reconnaissance Imaging Spectrometer for Mars

| HOME | +OVERVIEW | +SCIENCE | +INSTRUMENT [ + EDUCATION

+ NEWS CENTER wALLERY
grn 10 Candidate MSL Landing Sites List >

| FRT0000A955 -
E FRTO000B386

FRTOO003BFB - | | FRTOO0096DA -
FRT000094F6 FRTOCO0AG00

FRTDO0CCS96 -
FRT0001180C

FRT000176389 -
FRTO0018F4E

HRLOOD0285A -
HRLO0011CCD

HRS0000307A -
HRS00018EBS

FRT00012D3C -
FRT00017229

View Details

green = 533 nm

blue = 442 nm

Context e -
Image -_| 1
| G i
[ I : i ~
w@ﬁgu.ls View Detsils View Details View Delails View Details View Details View Delails
Observation
iy 00 00 00 00 00,00 e
IR detector te rature (left) and a heric opacity (ri
Composite - ~ B —— o
e Imanes @ - - -
Vi il View Delails View Delails View Delails View il Vi tal Vi il
VNIR_RGB
Enhanced 1
visible color
red = 592 nm View Details

) < | >

<« »l

. Done

BN

Observations organized into
tabs by type and time order

1 column = 1 observation

, €= 1row =1 product type

Data quality metrics —
IR detector temperature
Atmospheric opacity
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Most Visited ~

1D

CRISM Web Site (<}

VNIR_FM2

Oxidized iron
minerals

red = BD530
(ferric minerals)

green = BDO20
(crystalline fermc
minerals)

blue = BDI1000
nm (variety of
iron minerals)

View Delails

View Delails View Details

L

View Delails View Detlails

Composite
IR Images

‘|

L

--

View Details

View Delails View Details View Details

IR_RGB
Enhanced
infrared
color

red = 2503 nm

green = 1500 nm

blue = 1080 nm

IR_IRA

IR surface
brightness

gray level =
brightness at
1330 nm.

IR_MAF

Mafic
mineralogy

red = OLINDEX2
{olivine)

Vigw Details View Details

View Details

[ &=

>

Done

.. A A o

Each product type emphasizes
one way to visualize the
observation information
content: context image showing
footprint, Fe minerals, mafic
minerals, phyllosilicates, etc.

Click on a thumbnail to access
full-resolution version
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Most Visited ~

10 cuswsss o] B stretches for site-to-site
UNIFORM STRETCH ACROSS ALL SITES AUGESS TO MRO DATA IN THE PDS [ Comparlson and to h|gh||ght

The I'ollowiggﬂ @l\:s provirde direct access to nt'he PDS archive of | | h .
calibrated CRISM data for this observation if the data have already

been archived, as well as to CTX or HIRISE images coordinated Oca ete rogenerty
with it.

® VNIR image data, calibrated to units of VF
& VNIR geometric information, in several units
* |R image data , calibrated to units of I/F
® |R geometric information, in several units
* Accompanying CRISM emission phase functi

CTX and HIRISE coordinated images Lin kS to version Of d ata

already in the PDS (TRR2)

These prototype TRR3 data products are being made available
prior to PDS release to support MSL landing site studies.
Permission for use is for that purpose. PDS labels for TRR3
products are under development. The labels here are

"PDS-compliant” labels from radiance images used to calculate I/F, Li n kS to e a rly re I e a Se Of

and some of the label information is mismatched (e.g., units).
However these labels are adequate to support ingestion of TRR3s

into CAT. T R R 3 S
*® VNIR image cube

® |R image cube
® |R label

Links to full resolution versions
S I e of the browse products with
. i e e oan, ot and without geographic grid

I FRT00008141_07_IF167L_TRR2.LBL .
23002 Characterize surface hazards and Detailed breakdown of

science of possible MSL rover landing site
observation and data set

Future Exploration/Landing Sites
b 2006_166 h

Year

ol characteristics: lat/lon/L,, i/e/g,
Observation D Leeelll . lines/samples/bands, etc.

| — - il

Done )
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FRTOO00B141 CRISM VNIR Composite
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FRTOO00B141 CRISM VNIR Composite
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Mawrth Vallis — FRTO000B141

VNIR RGB N VNIR FM2 R: BD530
G: BD920
B: BDI1000
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VNIR spectral variability — Fe mineralogy




(& Mawrth Vallis — FRT0000B141

IR PHY R: D2300
G: BD2210
B: BD1900

20

Western portion of the ellipse dominated by Al-phyllosilicate signatures




FRTOO00OC1D1 CRISM VNIR Composite

Holden Crater — FRTO000C1D1 M
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(® Holden Crater — FRTOO00C1D1
CRISM
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Light toned deposits in IR RGB image correspond to enhanced D2300 and BD1900

spectral indices (magenta pixels — Fe/Mg phyllosilicate) in IR PHY browse product



FRTOOOOAADE CRISM VNIR Cormposite

Eberswalde Crater — FRTOOOOAADE ™**
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FRTOOOOAADE CRISM VNIR Cormposite
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IR RGB IR PHY R: D2300
G: BD2210
B: BD1900
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Fe/Mg-Phyllosilicate detection - magenta pixels in IR PHY brose product —

restricted to small knobs/outcrops



FRTOOCOBEF1 CRISM VNIR Composite

Gale Crater — FRTOOOOB6F1
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FRTOOCOBEF1 CRISM VNIR Composite
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(® Gale Crater — FRTOOOOB6F1
CRISM
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Distribution of ferric/ferrous iron phases
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Gale Crater — FRTOO00B6F1

IR HYD R: SINDEX
G: BD2100
B: BD1900
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Hydrated sulfate signature correlated with pyroxene signature




(&

Summary

CRISM

CRISM support for MSL landing site selection:
http://crism.jhuapl.edu/msl_landing_sites/

e The systematic set of derived CRISM analysis products provides an
objective framework for the evaluation and comparison of the
spectral signatures at each candidate site

e CRISM prototype TRR3 I/F data available for MSL candidate landing
sites via the website

31
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CRISM

Future Attractions — Systematic Product Mosaics
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CRISM

CRISM TRR3 Calibration - Additional Material

37



TRR3 vs. TRR2

2% ENVI Plot Window

S=1E

X201 Y:200 [180x1G0

H#2 H:201 ¥:200

101

#4 3001 V200

[1 Ok 1

#3 201 V200

1051

TRR3 — new
- spectral artifacts fixed

- less high-frequency spectral noise

File Edit ©Options Plok_Funckion  Help
B ' ' ' ' | ' ' ' '
4ol 2 Of 6 intermediate versions that were
rejected (too-large spectral slopes,
organized artifacts, etc.)
.38
0.36
.34
TRR2 - old version has issues:
- time-drift of calibration at 1-1.7 pm
©.32 - artifacts at 1.9, 2.5, 3.2 um
- systematic spectral noise
— %5 a3
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CR(fSM Unfiltered vs. _
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CRISM HDF — Single Pi
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TRR2 vs. TRR3

CR

40



TRR2 vs. TRR3
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(o 2.3-um Phyllosilicate Band TRR2 vs. TRR3 NASA g
CRISM (1% stretch) $
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CRISM

MSL Systematic CRISM Browse Products Gallery
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Holden Crater — FRTO0O00C1D1 Gallery
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Eberswalde Crater — FRTOOOOAADE Gallery
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