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Imaging spectrometers are

ubiquitous

* Moon (M3)
« Mars (OMEGA, CRISM)
* Jupiter (Galileo NIMS)
« Saturn (Cassini VIMS)
* Vesta (Dawn VIR)
 Comets (Rosetta)

* In-situ a

» Terrestrial applications
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Images courtesy
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Imaging spectrometers are
ubiquitous
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A) VIMS Equatorial Region
- B) M3 Equatorial Region
L. C) VIMS South Polar Region
D) M3 South Polar Region
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Images: NASA/ISRO/JPL-Caltech/USGS/Brown Univ.
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Challenges for tactical use

1. Impossible to visualize
a full image cube
(hon-infuitive for
untrained operators)

2. Planetary spectral
data can be noisy

3. Signals are subtle,
difficult to interpret

4. Targets are often
unknown in advance

5. Unconstrained
atmospheric
conditions

6. Localized features
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Essential capabilities for tactical
iInstrument operations

« Select and view spectra
» Build a spectral library

* Determine key constituents in a new
Image

* Find subtle signatures for minerals of
interest
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Browsing as a search problem
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Why use a web service?

* No need to downlink full-res data cubes
* No need for expensive/complex client-side software
» Co-locate processing and data

Hyperspectral Image Search Hyperspectral Image Search
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CRISM frt00003fb9
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Matched filter search algorithms

Mahalanobis 3.0
distance 2.0
Score
isocontours
Measures the
distance to target, ® Test
along isocontours of spectrum
the background
distribution
0.0
0.33
Matched / 056,
Filter

Projects each test

Score isocontours

Mixture-Tuned
Matched Filter

Enhances the matched
filter by assessing mixing
feasibility — regions that are
feasible linear mixtures of
the target and the
background distribution.
This helps reject
nonphysical false positives
(i.e. negative mixing ratios)

est
spectrum

Mixture-Tuned
Clutter-Matched
Filter Test & =

spectrum

spectrum onto the Enhances MTMF with —
direction of the target, est a more complex, /./ — 0.0
with whitening to spectrum multi-modal // isocontours
account for background model.
background We match each test
covariance spectrum using its
closest background
Score / cluster.
isocontours -
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Detection sensitivity

Matched filter score
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Example: Multispectral Dawn
Framing Camera

« Used multiple-filter Automatic alignment of filtered images using
SIFT landmark features [Lowe, 2001]
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FC21A0007011_11272235916F1W (8 filters) “Shadow” search result “Fresh erosion” search result

Credit: NASA/JPL/DLR
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Example: Dawn Framing Camera

Hyperspectral Image Search
— C fi mipldevlinux7:38

hsifind-0.0.3
Spectrum for FC21A0007195_11273022916F1W.MULTIBAND
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Credit: NASA/JPL/DLR
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Example: AVIRIS instrument,
Cuprite NV

Cuprite, Nevada
AVIRIS 1995 Data
USGS
ark & Swayze
Tetracorder 3.3 product
Sulfates
P K-Alunite 150c
K-Alunite 250¢
K-Alunite 450¢
Nagz-Alunite 100c
Na40-Alunite 400c
Jarosite

Alunite+Kaolinite
andf/or Muscovite

Kaolinite, wxl
Kaolinite, pxI

Kaolinite+smectite
or muscovite

Halloysite
Dickite

Calcite
Calcite +Kaolinite

Calcite +
montmorillonite

Image: USGS

Na-Montmorillonite

Nontronite (Fe clay)
other minerals

low-Al muscovite

med-Al muscovite

high-Al muscovite

Chlorite+Musc,Mont
Chlorite

Buddingtonite
|:| Chalcedony: OH Qitz

Cupr

Pyrophyllite +Alunite

Clark & Swayze, 1995, #F & -1 — 4N
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Example: AVIRIS instrument,
Cuprite NV

a6 6

[ Hyperspectral Image Search

€ C ft [ mipldevlinux?:38888/hsifind_0.3/

hsifind-0.0.3

Spectrum for f970619t01p02_r02_sc04.a.cr.rfl

(calcite
signature)

Credit: NASA/JPL
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Example: CRISM MTRDRs

psorptioh at
2.291 and 2.390 micron
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My Spectrum Library j

Credit: NASA/JPL/Brown
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CRISM frt000094f6_07_if166j ter3_bip
NASA/JPL/Brown
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Example: CRISM MTRDRs

I:' Hyperspectral Image Search

[} miplra-sds1.jpl.nasa.gov:3

Magnitude

2.3 24 2.5
Wavelength

My Spectrum Library '

Credit: NASA/JPL/Brown
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Conclusions

* Many tactical analysis tasks can be
formulated as search

» “Terrestrial” matched filter target detection
techniques apply equally well to planetary
domains

« Server-side computation is portable,
bandwidth-efficient
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