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Hyper-Spectral Scanner Design and Analysis
Gregory Canavan*, John Moses, and R. Smith

Abstract

This is the final report of a two-year, Laboratory Directed Research and
Develpoment (LDRD) project at the Los Alamos National Laboratory (LANL).
An earlier project produced rough designs for key components of a compact
hyper-spectral sensor for environmental and ecological measurements. Such
sensors could be deployed on unmanned vehicles, aircraft, or satellites for
measurements important to agriculture, the environment, and ecologies. This
represents an important advance in remote sensing. Motorola invited us to
propose an add-on, proof-of-principle sensor for their Comet satellite, whose
primary mission is to demonstrate a channel of the IRIDIUM satellite
communications system. Our project converted the preliminary designs from
the previous effort into final designs for the telescope, camera, computer and
interfaces that constitute the hyper-spectral scanning sensor. The work
concentrated on design, fabrication, preliminary integration, and testing of the
electronic circuit boards for the computer, data compression board, and
interface board for the camera-computer and computer-modulator (transmitter)
interfaces.

1. Background and Research Objectives

Earlier projects produced rough designs for key components of a compact hyper-

spectral sensor for environmental and ecological measurements (Barrett, e. al. 1991, Canavan

and Barrett 1991, Borel and Canavan 1994). Such sensors could be deployed on drones,

aircraft, or satellites for measurements important to agriculture, the environment, and ecology
(Canavan and Teller 1991a & b). Such sensors would represent an important advance in the
measurement of key parameters whose global distributions are not known accurately (Canavan
and Wood 1991). Motorola recognized that fact and invited us to propose a proof-of-principle,

add-on sensor to their "Comet" satellite (Canavan 1995a). Comet's primary mission is to

demonstrate a channel of the IRIDIUM satellite communications system, which is to begin

deployment in 1996. Comet is a very fast paced program. Motorola's communication link had

* Principal investigator, e-mail: gcanavan@lanl.gov

-




already been fabricated and tested, and the satellite was to fly in May 1995. Thus, the
experiments had to be ready for delivery for integration with Motorola's payload in February.
To meet that schedule, it was necessary to complete the design of our instrument in December,
fabricate it in January, and test it in February (Canavan 1994). Los Alamos could meet that
schedule through steps discussed below; thus, it was selected to field the experiment. The
sensor is a combination of an existing charge-coupled device (CCD) camera, a wedge filter for
hyper-spectral resolution, and an existing R3000 flight computer, which were built, integrated,
and tested on schedule and have performed satisfactorily on the satellite. The flight portion of
the experiment will take images, compress and store them, and transmit them to ground
stations as a demonstration of the value of space remote sensing with hyper spectral resolution
as a means of assessing the status of vegetation around the globe.

2. Importance to LANL’s Science and Technology Base and National R&D
Needs

This project supports Los Alamos core competencies in complex experimentation and
measurement as well as theory, modeling, and high-performance computing. The
technologies—small satellites and compact, well calibrated sensors—are essential to laboratory
support of environmental monitoring and global climate change. This approach to remotely
screening and cataloging thermal emitters could also be applied to monitoring traffic or land use
(Barrett, et. al., 1991). There are also non-proliferation and counter-proliferation applications
(Canavan and Worden 1994). Potential DoD customers are the Air Force space and tactical
components, other services, and intelligence agencies. These sensors would complement high-
resolution reconnaissance from complex sensors. It has recently been demonstrated that they
can discriminate man-made objects in thick foliage even with modest spatial resolution.

3. Scientific Approach and Results to Date

Normally, such a fast-paced schedule would not be possible for the development of
space hardware; however, in this case extensive prior work built a base of technology that
could be integrated rapidly into the required sensor. The key was the selection of a sensor that
was so simple it could be built in the two months allowed, which is about an order of
magnitude shorter time than usually needed for an instrument this ambitious. We selected a
wedge filter aligned over a CCD array. The wedge filter is aligned so that the frequency of
light passed increases in the direction along the satellite's flight (in-track). Thus, at any time,
the wedge passes red light from regions behind the satellite, green light from below it, and blue
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light from ahead. As the satellite moves, the wedge passes—and the array measures—light
from all frequencies from each point below. The wedge does not differentiate frequencies in
the transverse direction; thus, at any time the array images in space in the cross-track direction
and in frequency in the in-track direction. As time passes, the satellite’s motion causes the
sensor to image in the track-wise direction as well. This simple configuration, with no moving
parts, images in- and cross-track directions and frequency. Only recently have wedge filters of
the uniformity and arrays of the size needed to make the concept practical become available.

The main components of the selected sensor are a 10-cm telescope, a visible CCD
camera, and a commercial wedge filter, which produce the required hyper-spectral resolution.
The R3000 flight computer processes the data and compresses it into the memory available for
storage and bandwidth available for transmission to the ground. For the telescope, camera,
and filter, Los Alamos teamed with the Optical Corporation of America (OCA), which has built
and flown similar instruments on Brilliant Pebbles and Clementine. Although the schedule was
tight for an instrument of this optical quality, OCA's prior experience made it possible for them
to meet our fabrication and delivery schedule. The OCA instrument was built to our
specifications and acceptance. The OCA delivered their instrument on a schedule consistent
with the needs for our functional and environmental test, which it passed without incident. We
mated it with the wedge filter and calibrated the combination, which was close enough in
uniformity and flatness to require little correction.

The schedule for the flight computer was also very tight. What made it feasible was
Los Alamos' extensive experience with the R3000 computer and the availability of the backup
R3000 computer for the SAWAFE experiment. Its processor, memory, and power boards
could be used directly. Only the data compression and camera and modulator interface board
needed to be built. Through related programs, we had identified appropriate compression
chips and produced preliminary designs for the interface circuits. Thus, the computer could
also meet schedule for completion of the design, fabrication, and testing of the circuit board in
the flight computer. It was used for the design and test of generic compression circuitry and
was not integrated with funding from Motorola for component and system fabrication and
integration.

Executing these preliminary designs and tests over the following few weeks enabled us
to maintain the schedule required to meet Motorola's integration and launch deadlines. The full
sensor was completed, tested, and integrated into Motorola's satellite, where it remains,
awaiting launch for reasons that have to do with the booster, not the satellite. It has beenin a
state of readiness and checking for a period of several months.
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