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Introduction: Asteroid simulant impact dis-
ruption studies provide a model for analyzing
collisions in the Solar System and are also used
to explore fundamental differences between the
production of cosmic dust, meteorites, and aster-
oids. Experiments for these studies have been
carried out at the NASA Ames Vertical Gun
Range in Moffett Field, California [1].  The ex-
perimental procedure involves suspending the
sample in a vacuum chamber and launching a
projectile to obliterate the sample. Foil detectors
are placed around the chamber to measure parti-
cles and high speed cameras are used to record
the the disruption.  Past studies have looked at
differences between the disruption of terrestrial
and extraterrestrial samples, as well as  anhy-
drous and hydrous meteorites [2].

The impact of the projectile into the sample
caused fragmentation, launching particles into
the foil detectors.  Observation of these foils
revealed full penetrations (holes) and partial
penetrations (dents) in the foil detectors.  Initial
work analyzed the full penetrations to produce
information about the dispersal of particle size
distributions during the disruptions [3].
However, it was realized that data may be lost by
not looking at the partial penetrations, especially
in low fragmentation events. Previous work
analyzing the partial penetrations used physical
methods. These proved to be tedious, time-
consuming, and eye-straining.  This project is
directed towards more efficiently and accurately
measuring partial penetrations through
computational analysis.

Method:  Several computational methods
were investigated in this project.  Initially, it was
proposed to use a high-powered cellular micro-
scope to view the foil detectors.  However, with-
out the necessary prism, the microscope proved
to be no more useful than previously imple-
mented methods.  Prisms are used in micro-
scopes to view dry objectives, which encom-
passes the foil detectors.  Without the prism, the
microscope could not sufficiently convey the
information necessary for analyzing the foil de-
tectors.

Next, the use of image analysis software was
investigated.  Two scans of each foil detector
were made to attempt to isolate full penetrations
from partial penetrations.  A foil detector were
scanned as a front-lit image showing the front
surface of the sample with both holes and dents.

The foil were scanned again as a backlit image
showing only the full penetrations.  The images
were then superimposed, allowing full penetra-
tions to be differentiated from the the partial
penetrations.  This superimposed image was
evaluated using ImageJ to measure the widths of
the partial penetrations.  Currently, the partial
penetrations must still be evaluated manually,
which is an exceptionally tedious process.  Since
the collated images still faintly show the full
penetrations, the process of analyzing the partial
penetrations could not be performed automati-
cally.  This is because ImageJ will not differenti-
ate between the partial penetrations and the full
penetrations.  The discernable partial penetra-
tions must still be measured manually.  If the
partial penetrations could be evaluated automati-
cally, this method would be more useful.

Discussion:  The difficulty in the procedure
was manipulating the size of the individual im-
ages to best layer them without disturbing the
quality of the images.  Using the transparency
function of Photoshop, the backlit image was
faded to show the partial penetrations clearly on
the frontlit image.  When the superposition proc-
ess was complete, the analysis portion begun.
The penetrations that were consistent between
the images were determined to be full penetra-
tions and were marked.  The remaining penetra-
tions were assumed to be partial penetrations.
The image was then transferred to ImageJ where
the unmarked penetrations would be analyzed for
their width and depth.  The primary concern was
that the manual process involved a large amount
of human judgement, which introduced error.
Additionally, the process of analyzing the image
was proving to be time consuming, which was
inefficient based on the number of foil detectors
that needed to be analyzed.  For this reason it
seemed advantageous to automate methods for
carring out the analysis process.

While investigating the layering of images, a
new potential methodology was found.  It may
be possible to analyze the partial penetrations
three-dimensionally using ImageJ.  This process
was attractive because analysis of both width and
depth would be possible. The general
complication associated with this process are that
the images of the foil detectors need to be in
Stack format, which requires a more complicated
imaging process than presently used.  The
current images are not in Stack format and
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cannot be analyzed with this method.  This
procedure needs further exploration to determine
its efficiency, however, the accuracy should
suffice if ImageJ is capable of measuring the
partial penetrations automatically.
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Figure 1. Frontlit scan of foil detector 1 from
shot 090219.

Figure 2.  Backlit scan of foil detector 1 from
shot 090219.
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