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ABSTRACT

Four camera systems designed to enhance robotic exploration of Mars were tested in August
1999 at the Albion Basin in the Wasatch Mountains of north central Utah. The first camera
system, the SpectraCam, combines a fiberscope and fluorescent spectrometer to find evidence of
life in cracks and microcaves. The second device, the ThrowCam, may be launched at scientific
targets that would normally be inaccessible to a mobile robot because of navigation obstacles.
The PanCam is an inexpensive simulator of the IMP system used on the lander during the
Pathfinder mission. The BalloonCam was used to simulate descent imagery during the field test.
The helium balloon approach was tested as a replacement for the images acquired from a
helicopter, which are normally used during Mars robot field tests. All four instruments
performed within expectations. The SpectraCam and ThrowCam will be further developed as
potential scientific instrument for future Mars missions.

INTRODUCTION

Robotic geology, the identification of rocks and features via a remote, mobile robot, is a
relatively new field of intellectual endeavor distinct from field geology, its closest relative.
NASA's Mars Exploration program demands a high level of sophistication and insight into this
scientific field if it is to succeed in discovering signs of life on Mars. In order to speed the
growth of this field the NASA Ames Research Center has conducted a number of field tests with
mobile robots in terrestrial, Mars-like environments.

During the next five years, NASA will send three robots to investigate the surface of
Mars to find evidence of life. The challenge is daunting, even considering NASA's role as a
world leader in robot technology, extraplanetary exploration, and its access to many of the
world's finest scientists and engineers. Robotic geology is near its infancy. The first fossil
discovered by a mobile robot on Earth or otherwise occurred during the Atacama Desert Trek in
the summer of 1997.[1]

One of NASA's immediate needs is to maximize the scientific productivity of remote
robot exploration in order to achieve the greatest possible benefit from the near-term Mars
missions. To address this need, the NASA Ames Research Center has participated in a series of
field trials with mobile robots in challenging remote environments. The trials have been



performed at the Kilauea volcano [2]; Mt. Spur, Alaska [3-4]; under the Arctic glacial ice [5];
Dinosaur Tracks, Arizona [6]; and the Atacama Desert in Chile [7-9]. In these tests a fielded
robot is directed by a team of geologists and engineers to make scientific observations of the
remote terrain.

In February, 1999, the GROK Lab analyzed the behavior and effectiveness of a science
team using the Marsokhod mobile robot to explore the Silver Lake region in the Mojave Desert
near Baker, California.[10] The study addressed the manner in which the geologists organized
themselves, how they allocated their time in different activities, how they formed and
communicated scientific hypotheses, and the frequency with which they requested different types
of data from the mission archive during the first three days of the mission. Eleven scientists
from the NASA Ames Research Center and 3 of the 5 scientists who participated from their
home institutions were videotaped as they worked throughout the 3-day experiment. The
videotape record indicates that 46% of available person-hours were consumed in semi-structured
or formal meetings and that only 1% of their time was spent studying immersive, three-
dimensional virtual reality models of the robot's surroundings. Analysis of the visual imagery
received from the robot indicates that acquisition of the large panoramic information led to high
levels of redundancy (up to a factor of 5) in the data acquired. The scientists archive requests
indicated that small, specifically requested image targets were the most frequently accessed
information. The work suggests emphasizing specific science targets over high-resolution,
stereoscopic, panoramic imaging when programming a mobile robot's onboard cameras.

The study of the geologists and their decision-making processes revealed that the robot
design was often guided by rather naive assumptions about the geologists' needs. For example,
significant elements of the Marsokhod robot, the Pathfinder robot and the Madame Curie robot,
scheduled to land on Mars in 2001, are designed to provide three-dimensional, photorealistic
models of the remote environment, which the Maroskhod study indicates has little impact on
geologist decision making,

In an effort to provide alternative directions for roboticists working on the Mars
exploration problem, the GROK Lab developed and field tested two alternative data collecting
technologies, designed to maximize their utility to geologists rather than building three
dimensional virtual environments. The first instrument, the SpectraCam, is designed to collect
spectrographic and video information from cracks in rocks, which suffer less exposure to the
wind-blown dust. Rock cracks are possible locations for life on the Martian surface. The second
instrument, the ThrowCam, is a camera-transmitter-receiver arrangement designed to be
launched towards a science target from the robot platform. The utility of a launched camera is
that geologists often wish to inspect high resolution images of rocky outcroppings and other
terrain elements that are hazardous to a mobile robot's safety. The ThrowCam allows the
imagery to be acquired without endangering the robot platform. The laboratory also developed
and fielded a pan and tilt camera arrangement similar to that used on current robotic platforms.
The pan and tilt camera will be used in future tests to allow the utility of the different devices to
be compared.

The field test was located in the Albion Basin of the Wasatch Mountains of north central
Utah near Salt Lake City, within the Alta ski area. The area is a 624ft long, oblong ridge
consisting of three geologic units that strike generally northwest with dips of 25-35 degrees. The



first unit, a Cambrian Tintic formation, consists of medium grained tan to white quartzites.
Bedding ranges from 10-30cm with some large scale crossbeds. Sedimentary structures in this
bed provide evidence of Cambrian life, including worm burrows, ripple marks and glacial
striations. The second of three units is the Cambrian Ophir formation consisting of fine-grained
gray to red shales and siltstones. This unit includes trilobite tracks, ripple marks, worm burrows,
and glacial striations. The third unit, approximately 50ft thick, is a transition zone between the
Ophir and the Tintic. It is comprised of interbedded shales and quartzites from both formations
and contains the same sedimentary structures as the Ophir and Tintic, except the trilobite tracks.
This interbedding shows paleo transgressions and regressions. The Ophir-Transition contact is
defined as the last prominent quartzite bed before larger amounts of interbedded shales occur.
The Tintic/Transition contact is defined as the last prominent shale bed before significant
interbedding occurs.

There are two faults within the site area. Both located in the center of the ridge north of
the house. Both are dip-slip faults and strike southwest. The larger of the two extends into the
stream valley on the west side of the ridge and offsets all three units. There is fault breccia
visible along the fault surface. The smaller fault extends only into the Ophir and Transition zone
and offsets the contact between the two.

THE SPECTRACAM

OBJECTIVE

The SpectraCam is designed to collect images and spectral reading from inside
microcaves, holes and cracks on the Martian surface in order to detect evidence of life and to
identify rocks and minerals. Microcaves, cracks and holes may provide a unique opportunity to
learn about the geology and exobiology of Mars, because those features may not be permeated
with the red dust that covers the outer surface of most Martian features.[11,12] The undusted
surfaces will provide less ambiguous evidence about geologic and life processes on Mars.

The objective of the development effort was to show that the SpectraCam could provide
image and spectral data from the interiors of rock crevices and holes and reliably distinguish
between scenes containing chlorophyll (a common chemical in terrestrial flora) and scenes
without chlorophyll objects.

METHOD

The SpectraCam is a combination of two instruments (Figure 1): a flourescence
spectrometer (the S2000-FL from Ocean Optics, Inc., Dunedin, FL) and a fiberscope (the
FFPACK! from UXR, Los Angeles, CA) connected to a digital camera (a Computar color
camera with an 8-mm manual zoom and focus lens). The combined instrument has a 2-foot,
flexible portion with a maximum diameter of approximately | cm. The spectrometer detects
chlorophyll through the optical emission from gas-phase atoms that have been excited to higher
energy levels by absorption of 470 nm wavelength electromagnetic radiation (blue light).
Chlorophyll creates characteristic peaks in the spectrum of the fluoresced light. The fiberscope
uses a coherent bundle of optical fibers to bring an image at the tip of a flexible probe to an
eyepiece fitted with an electronic camera adapter. The selection of both instruments was driven
by cost constraints and focused on demonstrating results within a terrestrial environment,
however, similar technologies could be used for the Mars. Readings from both instruments were
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fed directly into a laptop computer that stored the images and data in distinct sequences.
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Figure 1: Block diagram of the SpectraCam. The long, flexible ends of the fiberscope
and the spectrometer are inserted into the target microcave. The signals are digitized and
recorded on a laptop PC.

For the field test, the equipment was deployed into 14 naturally occurring, horizontal
microcaves along two outcroppings at the test site. The shape of the caves varied, but tended to
be roughly 2 to 6 inches in diameter. At each microcave, images from the fiberscope were used
to manually position the device inside the cave at a depth between 6" and 2' from the cave
entrance. At each position between 2 and 4 images were collected. One was collected with the
fluorescent light source to show the position of the spectral reading. One or more images were
collected with the white light source to provide the visual context of the spectral data,

RESULTS

Twenty data sets were collected in the field. Each set contains three to five images plus
spectrometer data. Figures 2 and 3 present representative samples from these datasets. In Figure
2, the device captured a fungal colony inside the microcave. The color image clearly shows the
green growth on the red rocks behind. The spectral data shows a distinct peak near 700 nm
wavelength. This peak is characteristic of chlorophyll. In Figure 2 the probe was placed in front
of a rocky opening leading farther into the cave. The spectral data indicates that there was no
chlorophyll on the surface of the rock. In both images the tip of the floroscope extends from the
region in which the spectral data was collected towards to the edge of the image. Although the
images from the fiberscope were clear on the monitor at the field site, the digitized images on the
PC were not. This was probably a result of the limited spatial and color resolution of the CCD
board camera used to capture the images from the fiberscope. The results indicate, however, that
the SpectraCam can provide evidence of life from inside a small cave or crack in a rock.
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Figure 2. One area in a microcave
explored by the SpectraCam
contained a fungal colony. The
peak in the 700 nm spectrograph
indicates the presence of
chlorophyll in the fluoresced target
area (surrounded by white).
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Figure 3: When the SpectroCam
explored another cave that was
devoid of flaura, no chlorophyll
peak was present in the
spectrograph.




THROWCAM

OBJECTIVE

Many geologically interesting terrain features, such as rocky outcroppings and cliff faces,
are difficult for mobile robots to navigate. ThrowCam may be launched toward a science target
in order to acquire close up images of interesting features without exposing the robot to the
navigation hazard. A protective foam shell (a Nurf football) protects a camera (MB-45CB from
Polaris, Industries. Atlanta, GA) , power supply, and 900 MHz video transmitter (AVX900MINI
from SuperCircuits, Inc.) that may be launched toward the features (Figure 4). Throughout its
flight, the ThrowCam transmits a video signal that is recorded for later frame-by-frame analysis.
Frames acquired just before the camera collides with the target provide close-up images of target
feature. The ultimate design of the ThrowCam could be either a disposable, single-attempt
mechanism, or on reusable, retractable devices.

Camera i Video ___._ Videe | | sVHS
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Figure 4: Block diagram of the ThrowCam, including the soft foam core containing the camera,
transmitter and battery, and the stationary unit, which received and recorded the images.

METHODS
A region of the Project Marvin test site was selected for its inaccessibility to a mobile

robot, and the presence of a large science target (a square boulder) with a visual features (white
mineral veins) that were not visible from the launch position.

Figure 5: Image of the test site as might be seen by camera located on a rover;
and a close-up image of the one of the two target locations



The camera was then thrown by hand toward the target approximately 20 times. The
video signal was recorded onto an sVHS tape using a JVC sVHS VCR. ...

RESULTS

After completing the test and returning to Iowa City, the videotape was reviewed frame
by frame on an sVHS VCR. Approximately 4 frames per trial were selected and digitized
through a Matrox Marvel G200 TV video card. Representative images are presented in Figure 6.
Not all images were equally clear because of the transmission’s reception quality and the
accuracy of throw. Both of these factors may be improved. It is interesting to note that the
spinning motion of the ThrowCam did not blur the images.

Figure 6: Representative images from the ThrowCam. Although the image orientation is
random, the vein structure in the target is clear, providing valuable information that
would be otherwise difficult for a mobile robot to acquire.

PANCAM

The PanCam unit was designed to provide an inexpensive prototype of the IMP camera
system build for the Pathfinder Lander. The devices consists of the pan/tilt motor pair (the
Transit Robotic Camera Mount (RCM) from Surveyor Corporation, San Luis Obispo, CA)
mounted with a camera (a Computar color camera with an 8-mm manual zoom and focus lens)
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Figure 7: Block diagram of the PanCam system.



(Figure 8). The pan/tilt assembly can be positioned within a range of 180 degrees in pan and 120
degrees in tilt. A software program controls both the serial signals sent to the pan/tilt unit and the
framegrabber to move the camera orientation and store images received from the camera. Images
may be combined to form a high resolution mosaic as shown in Figure 8.

Figure 8: Mosaic of the test site made from PanCam images.

BALLOON IMAGING

A fourth experiment conducted in collaboration with The lowa State University's
HABET Lab to determine the practicality of using a helium balloon to acquire images to
simulate descent images acquired by a landing craft during its descent to a planet's surface. A
downward-pointing camera was launched in a tethered helium balloon with 20 Ibs. of lift to
altitudes up to 1,000 feet.

Shortwave radio signals sent from the ground activated the camera shutter producing a
series of images collected at different altitudes. The ground team manipulated the tethers to
move the balloon along the ground. These images were later combined to make a high-quality
mosaic overhead images of the test site. The geologists relied heavily on these mosaics when
generating geologic maps (Figure 9). The total cost of the helium, time and effort, limitations on
the altitude and control over the picture direction, however, limit this approaches' attractiveness
compared to manually taking photographs from a rented helicopter. There may also be some
chance that prolonged use of the balloon for this purpose may cause rare weather events,
although the tornado in Salt Lake City may have been pure coincidence.

CONCLUSIONS

Project MARVIN provided an inexpensive test of a variety of new imaging technologies
that are appropriate both for future Mars missions and for terrestrial mission simulations. The
SpectraCam and ThrowCam are both innovative and promissing. Initial results indicate that
SpectraCam is capable of providing illuminating scientific information from cracks and
microcaves. Work is currently ongoing to develop a suitable deployment mechanism and
identify technical limitations that would limit the device's effectiveness on a Mars mission. A
launch mechanism is also under development for the ThrowCam, which may be useful in
applications beyond Mars. The results of this effort have been shared with the NASA Ames
Research Center and are likely to benefit NASA's simulation and testing of Mars robot
operations.


















