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Introduction: Rapid progress in being made in utilizing CCD spectrographs for visible and 
near-IR imaging spectroscopy of planetary objects (1,2,3). This application utilizes 
astronomical spectrographs as imaging spectrometers by employing long slits and reading out 
the CCD chip as rapidly as possible while scanning the slit across the object. The application 
of this technique in this project has yielded a huge amount of data of the lunar surface which is 
just beginning to be analyzed. 

Data: The data set discussed here is of dimension 600x1 000 spatial elements by 100 spectral 
channels covering the entire central highlands at a resolution of two kilometers, from .7 to 
1.00pm. The raw data contain a number of difficult calibration problems which are 
aggravated by the gigabyte size of the data set. The present state of spectral calibration has 
yielded image cubes relative to the spectrum of the Mare Serenitatis 2 standard site (4). 

Two preliminary data products have been generated. The first is a ratio of a previously 
obtained infrared image at 1.6pm(5) to one of the visible wavelengths. The value of this ratio 
should be closely correlated with the slope of the infrared continuum used by lunar 
spectroscopists as a classification parameter(4). The rubber stretch function in the PGD 
Geosciences Array Processor was used to coregister of the IR and visible data. 261 control 
points were chosen manually. Using these control points the IR image was warped to fit the 
near-IR data. 

Results: The ratio image exhibits interesting characteristics. Several spectral 
characteristics known from near-IR spectroscopy are exhibited. Fresh craters appear dark 
indicating a shallow IR continuum. This shallow slope is typical of immature surfaces lacking 
significant amounts of agglutinates which have "red" spectral slopes. Mature mare units are 
somewhat brighter (steeper continuum slopes) than some portions of the highlands, but 
certainly not all. Areas known to be pyroclastic deposits appear bright consistent with their 
known spectral properties. Overall, the 1.6 pm to .80 pm ratio image is consistent with 
previously acquired knowledge of lunar spectral behavior. 

The second product was generated in order to explore the spectral information contained in the 
near-IR image cube without applying previously defined parameters. Ideally, principal 
components analysis would be employed but the large size of the data and the extreme 
computational intensity of that technique led us to a technique we term "polynomial 
decomposition." This procedure fits and removes polynomials of increasing order from the 
data, each iteration extracting spectral information. 

A constant was fit to each spectrum in the extinction corrected cube. The coefficient of the 
constant is equal to the average DN of each spectrum. The value of the fit coefficient is equal to 
the average reflectance of each spectrum. This average albedo was divided out of the original 
cube and the resultant cube is scaled to the average albedo of each point. To the scaled cube a 
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straight line (1st order) fit was performed on the residual spectra. The first and second 
coefficient images of the linear fit correspond to the slope of the spectrum and a small constant 
term (most of the constant being removed in the previous iteration). A "fit cuben was 
generated which contained the linear fit of each spectrum and divided out of the previously 
scaled cube. The residual cube contains spectra with the average slope removed. Inspection of 
the residual spectra suggested that a third order polynomial would fit the remaining data 
better than a parabola and this third order fit was performed. 

It is obvious that these coefficient images contain considerable spectral information. The 
coefficient images show major regional changes which differ depending upon the coefficient. 
These variations are undoubtedly due to differences in the abundances of the components in the 
soils. No attempt has been made as yet to do unit mapping or other analyses, primarily 
because there is at present no way to associate these coefficients with physical variables. 
However, they do suggest that further analysis will be fruitful. 

The next major step in data analysis is to convert the image cubes to absolute reflectance and 
begin to extract quantitative' mineralogic information from them using spectral analysis 
algorithms employed with existing spectra. 
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