
Abstract 

Spectral unmixing methods are at the heart of object identification, land cover mapping from              
remotely sensed hyperspectral images. The reflectance pattern obtained from a pixel is the             
resultant of the reflectance of multiple elements due to the limited spatial resolution of the               
hyperspectral scanners used in remote sensing application. Spectral unmixing process encloses           
modeling of the data, identification of the pure spectral reflections and computation of             
abundance of these endmembers. Although hyperspectral data is originally of very high            
dimension, it lies in a significantly lower dimensional subspace. This subspace structure is of              
paramount interest to the researchers. In this thesis we explore the low-rank structure of the data                
and carry out different unmixing approaches. 

To this aim, we first proposed efficient approaches for estimation of the number of endmembers               
present in the image. The proposed approach for estimating the number of endmembers aim to               
account for the diverse noises present in the data. The next contribution of the work lies in                 
faster, and more efficient unsupervised unmixing method, that covered complete unmixing           
framework. Although a plethora of algorithms are present for unmixing of hyperspectral data,             
very few of these actually cater for the lower computational requirement while maintaining the              
accuracy in performance. 

Library pruning approaches identify the image endmembers from the spectral library, and            
compute abundance matrix by inversion. The library pruning process greatly increases the            
accuracy of abundance computation and the runtime performance. However, the prevalent           
library pruning approaches often overestimate the number of endmembers, and show degraded            
performance in the presence of spectral library with high mutual coherence. We aim to propose               
exactly library pruning approaches that will mitigate the effects of high mutual coherence of the               
spectral library. We carry out library pruning for both linear as well as bilinear mixing model.                
Hyperspectral images often reside in a lower dimensional nonlinear manifold structure, and show             
significant levels of correlation in the spectral domain. We propose a novel band selection              
approach that accounts for the complex nonlinear structure prevalent in the data create issues in               
band selection. We explore manifold based band selection, and study the effects of band              
selection on unmixing performance. 

Keywords: Hyperspectral unmixing; Subspace-based approach; Library pruning; Endmember        
estimation; Landcover mapping; Unsupervised unmixing; Semi-supervised unmixing; Sparse        
Inversion 

 



 

 

Publications: 

 

Accepted Papers 

 

1. S. Das, A. Routray, and A. K. Deb, “Fast Semi-supervised Unmixing of Hyperspectral              

Image by Mutual Coherence Reduction and Recursive PCA", Remote Sensing, 10. 7 (2018):             

1106. 

2. S. Das, A. Routray, and A.K. Deb, "Sparsity Measures for Library Aided Unmixing of               

Hyperspectral Image", IET Image Processing, 2019. 

3. S. Das, S. Bhattacharya, A. Routray and A. K. Deb, "Band Selection of Hyperspectral               

Image by Sparse Manifold Clustering", IET Image Processing, 2019. 

4. S. Das, and A. Routray, “Covariance Similarity Approach for Sem-blind Unmixing of             

Hyperspectral Image", IEEE Geoscience and remote Sensing Letters, vol. 16, no. 6, pp. 937-941,              

2019. 

5. S. Das, A. Routray and A. K. Deb,"Noise robust estimation of number of endmembers in a                 

hyperspectral image by eigenvalue based gap index", 8th Workshop on Hyperspectral Image and             

Signal Processing: Evolution in Remote Sensing (WHISPERS), 2016. 

6. S. Das, A. Routray and A. K. Deb,"Convex set based abundance constrained unmixing of               

hyperspectral image" presented in 2017 Annual IEEE India Conference (INDICON), 2017. 

7. S. Das, A. Routray and A. K. Deb,"Hyperspectral Unmixing by Nuclear Norm Difference              

Minimization based Dictionary", 2017 Annual IEEE India Conference (INDICON), 2017. 

8. S Das, J.N. Kundu, A. Routray, "Estimation of the number of endmembers in a hyperspectral                

image using eigen thresholding", in 2015 Annual IEEE India Conference (INDICON), 2015.  



9. S. Das, S. Chakraborty, A. Routray and A. K. Deb, "Fast Linear Unmixing of Hyperspectral                

Image by Slow Feature Analysis and Simplex Volume Ratio Approach", IGARSS 2019            

(Accepted). 

 


