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ABSTRACT 
 

 In this thesis we address the problem of estimating changes in surface reflectance in 
hyperspectral image cubes, under unknown multiplicative and additive illumination noise.  
Rather than using the Empirical Line Method (ELM) or physic-based approaches, we assumed 
the presence of a prior reflectance image cube and ensembles of typical multiplicative and 
additive illumination noise vectors, and developed algorithms which estimate reflectance using 
this prior information.  These algorithms were developed under the additional assumptions that 
the illumination effects were band limited to lower spatial frequencies and that the differences in 
the surface reflectance from the prior were small in area relative to the scene, and have defined 
edges.  These new algorithms were named Surface Prior Information Reflectance Estimation 
(SPIRE) algorithms. 
 Spatial SPIRE algorithms that employ spatial processing were developed for six cases 
defined by the presence or absence of the additive noise, and by whether or not the noise signals 
are spatially uniform or varying.  These algorithms use high-pass spatial filtering to remove the 
noise effects.  Spectral SPIRE algorithms that employ spectral processing were developed and 
used zero-padded principal Components (PC) filtering to remove the illumination noise.  
Combined SPIRE algorithms that use both spatial and spectral processing were also developed.  
A Selective SPIRE technique that chooses between Combined and Spectral SPIRE reflectance 
estimates was developed; it maximized estimation performance on both modified and 
unmodified pixels. 

The different SPIRE algorithms were tested on HYDICE airborne sensor hyperspectral 
data, and their reflectance estimates were compared to those from the physics-based 
ATmospheric REMoval (ATREM) and the Empirical Line Method atmospheric compensation 
algorithms.  SPIRE algorithm performance was found to be nearly identical to the ELM ground-
truth based high clouds and haze.  Minimum-distance classification experiments demonstrated 
SPIRE’s superior performance over both ATREM and ELM in cross-image supervised 
classification applications.  The taxonomy of SPIRE algorithms was presented and suggestions 
were made concerning which SPIRE algorithm is recommended for various applications. 
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