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Introduction:  The blind separation of sources that 

are linearly mixed is often illustrated by the the cock-
tail party problem: a certain number of people speak 
together in a room. A series of microphones equal to or 
greater than the number of speakers are placed at diffe-
rent locations in the room so that each recording gives 
a different mixture of the speeches. Considering that 
the speeches are different so that they satisfy mutual 
statistical independence and that they mix linearly in 
the recordings, a family of statistical methods called 
independent component analysis (ICA) is theoretically 
able to reconstruct each individual speech. Similarly 
the contribution of different chemical elements present 
on the surface of a planet (equivalent to the speakers) 
vary in the spectra (equivalent to the recordings) acqui-
red above different locations, because the composition 
varies from place to place. Here we have tried to apply 
one algorithm implementing ICA to gamma ray BGO 
(Bismuth germinate) spectra acquired by the Lunar 
Prospector Gamma Ray Spectrometer. Using this well-
understood data set will provide insight into how to 
apply ICA to analyze gamma-ray data. A demonstra-
tion of ICA with a synthetic data set is also provided. 
Ultimately, we aim to apply ICA to the spectra acqui-
red by the Dawn Gamma Ray and Neutron Detector to 
determine the composition of Vesta.  Initial results are 
presented. 

Independent component analysis:  The linear 
mixing model mentioned in the introduction is often 
written as X=AS, where X the matrix that contains the 
different observations and S is the matrix that contains 
the sources. A is the mixing matrix, one of its compo-
nents gives the proportion of a given source to a given 
observation. The source separation of such linear mix-
es can be written as Y=WX, Y contains the recon-
structed sources and W is an unmixing matrix. Ideally 
the reconstruction is perfect if the separation matrix is 
the exact inverse of the mixing matrix.  
The implementation of the ICA algorithm requires the  
definition of a separating criterion to estimate the de-
gree of statistical dependence between the reconstruct-
ed sources at each iteration and a rule of adaptation of 
the separating matrix in order to optimize the criterion. 
One algorithm called JADE uses the sum of the squa-
red cross-cumulant at the fourth order as the separating 
criterion.  

A first step in the algorithm is to reduce the dimen-
sion of the observation matrix X by using principal 
component analysis. It consists of the eigenvalue de-

composition of the covariance matrix of X. The dimen-
sion of the dataset is then reduced to the number of 
eigenvalues which can explain most of the variance of 
the dataset. This retained number defines the number 
of sources to be reconstructed. The corresponding ei-
genvectors of the covariance matrix are called princi-
pal components. Observations X projected on the prin-
cipal components form a new smaller set of observa-
tions uncorrelated with each other Z. Then one can 
write Y=QZ where Q is a orthogonal matrix. Iterative 
adjustment of Q (by Givens rotations) is performed 
until maximization of the separating criterion mention-
ned above is reached. 

This statistical analysis implies sign and scale fac-
tor undeterminations for the reconstructed sources. In 
our case, we know that gamma ray-spectra must be 
positive, which naturally constrains the sign of the 
reconstructed sources. The variance of each recons-
tructed source Y is 1. The relative contribution of each 
reconstructed source to each observation is obtained by 
least square fitting each observation with the recons-
tructed sources.  

Synthetic spectra : JADE was tested on series of 
synthetic spectra obtained as random mixes of sources 
that were gaussian functions lying or not on an expo-
nential background. It is found that the method has 
more difficulty reconstructing the gaussian signals 
when an exponential background is present in the spec-
tra. 
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Figure 1 : Reconstructed sources obtained using JADE 
on Lunar Prospector gamma ray spectra. These presu-
mably correspond to: (1) Ti (black) (2) an association 
of Th, U, and K (red) and (3) Fe (green). 
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Lunar prospector gamma ray spectra : JADE was 
applied to a set of gamma-ray spectra of the Moon 
acquired by the Lunar Prospector Gamma Ray Spec-
trometer. These spectra are affected by a strong latitu-
dinal contribution resulting from the fact that the ins-
trument had an orientation always parallel to the rota-
tion axis of the Moon so that the response of the spec-
trometer varied with latitude. Consequently each spec-
trum was normalized by the average spectrum corres-
ponding to the latitudinal band where it was acquired 
before the series was processed by JADE.  
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Figure 2 : Maps of the relative amplitude of each of 
the reconstructed source over the surface of the Moon, 
These give the amplitude of the reconstructed sources 
determined from the least squares fitting procedure. 
Here are for comparison the (weight %) abundance 
maps of TiO2, Th and FeO obtained by [3]. These 
were determined by spectral unmixing using simulated 
elemental spectra.  In addition, corrections for neutron 
number density and the flux of fast neutrons were ap-
plied. 

Results : JADE was succesful in separting contri-
bution from the chemical elements whose abundance 
have the largest contribution in LP GRS spectra (Fi-
gure 1). The linear fitting of the observations with the 
reconstructed sources gives maps of the reconstructed 
sources contributions reasonably similar to the corres-
ponding chemical abundances of the Moon determined 
in the past (Figure 2).  

Grand Dataset : Variations of BGO spectra acqui-
red by GRaND at Vesta are mostly dominated by 
changes in solid angle as the spacecraft moves closer 
and further away from the surface of Vest. Principal 
component analysis show that the contribution related 

to solid angle acounts for 99.99% of the variance of the 
dataset. 

Conlusion : The study on synthetic spectra sug-
gests that a baseline should be removed before 
applying ICA to a set of gamma-ray spectra. This 
method is successful in separating contributions from 
different chemical elements for the Moon where spatial 
variations in composition are significant. The analysis 
of gamma ray spectra from the surface of Vesta will be 
more delicate because spatial variations in composi-
tions are burried in a large background related to solid 
angle.  Work is in progress to normalize each 
individual spectrum to the contribution of the solid 
angle, so that the resulting ones contain variability 
owing only to compositional variability over the 
surface of the asteroid. 
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