Caltech Field-Portable Imaging Spectrometer

Description of instrument:

The Caltech imaging spectrometer system consists of a quad-core processor and two sensors (f/2.5
aperture vertical slit cameras), co-boresighted on an optical bench. The system was custom-built by
Headwall Photonics, Inc. The visible-near infrared (VNIR) sensor acquires data over a spectral range of
0.4-1.0 um with a 25602160 pixel CMOS (complementary metal-oxide semiconductor) array with a
spectral resolution of 5 nm (FWHM) and spectral sampling of 1.625 nm. The shortwave infrared (SWIR)
sensor acquires data over a spectral range of 0.97-2.60 um with a 640x512 pixel Stirling-cooled Mercury
Cadmium Telluride (MCT) focal plane camera with spectral resolution 6 nm and spectral sampling interval
6 nm (FWHM). The signal-to-noise ratio (SNR) is >100 over all channels. The imaging spectrometer
contains a compact, high density, data processing and storage unit (cHDPU) that runs Windows 7. Images
are built one image line at a time, viewing the scene through a slit. The system can operate in macroscopic
mode, using a tripod for imaging of large features, or in microscopic mode, using a translating sample stage
for imaging small samples.

Field setup (macroscopic-mode):

The imaging system can be mounted on a Headwall-
supplied tripod with a fine motion-control rotational stage to
acquire panoramic images of outcrops to provide an effective
instantaneous field-of-view (IFOV) on target of 0.6 cm (VNIR) and
1.7 cm (SWIR), respectively, from a standoff distance of 20 m
(precise spatial resolution varies with distance from the outcrop).
The instrument can scan over distances of ~10m to infinity at a
single focus. Closer distances require iterative optimization of
focus (manually adjusted for each camera) for the target in
question. The instrument and rotational stage are powered in the
field through the use of 2-4 low capacity (98 Whr) lithium ion
batteries. The batteries are plugged into a control system that
provides a single, regulated output. The controller also protects the
instrument by shutting power off in the case of anomalous current.
Batteries can be hot-swapped, and, with 12 batteries available, can
power the system for ~15 hours of continuous runtime. In the field,
the cHDPU is accessed to run the system and acquire data via a
direct Ethernet connection and remote desktop from a laptop. Scan
times depend on the lighting conditions and resulting exposure ‘3 v
times but are typically on the order of 1-2°/second. Exposure times are determined manually for
environmental conditions and optimized to obtain maximum signal without saturating on the brightest scene
elements. Large calibration panels are placed in the scene to assist with atmospheric correction.

The imaging system is field-portable. The imaging spectrometer can be placed in a custom
Neoprene pouch with additional foam padding and carried in an 80 L backpack. Other components (tripod,
rotational stage, calibration panels, laptop, power controller, cables, and batteries) are easily carried in
backpacks or by hand.

Laboratory setup (microscopic-mode):

The system can also be mounted on a rack, built by Caltech, looking downward and with the field
of measurement illuminated by a halogen slit lamp (output manually set up to 180 W). Images are acquired
by moving the sample under the imager with a fine motion-control stage to obtain images of rock samples
at ~71 pm/pixel (VNIR) and ~212 pm/pixel (SWIR) spatial resolution. The system can also easily be
mounted above other tracks or stages, such as those for core scanning.

For more information, please contact Bethany Ehlmann (ehlmann@caltech.edu) or
Rebecca Greenberger (rgreenbe@caltech.edu).
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