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Hyperspectral Images(HSI)

● Images with hundreds of spectral bands at each pixel.
● Used in aerial land surveys with aircrafts or satellites.
● Different objects reflect different wavelengths of the spectral bands.
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Image taken from: https://en.wikipedia.org/wiki/Hyperspectral_imaging

Different spectral bands

Example of 3-D Tensor:



HSI(2)
● Each pixel has different features corresponding to spectral bands.
● Usually two type of tasks:

○ Pixel Classification task - Where each pixel belongs to one class.
○ Unmixing task - Composed of multiple materials.

4Image taken from: https://en.wikipedia.org/wiki/Hyperspectral_imaging

Different spectral bands

Example of 3-D Tensor:



Problem:
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Preliminary Definitions 

● Kronecker Product of two matrices such that:
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Preliminary Definitions (2) 
● Khatri-Rao Product(KRP) of two matrices is a column-wise Kronecker 

product.
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Preliminary Definitions (3)
● The CP decomposition of a 3-mode tensor of size I ✕ J ✕ K for a particular 

rank R is given by sum of R rank-one tensors:

A, B and C are the factor matrices.
A: I ✕ R, B: J ✕ R and C: K ✕ R

∘  denotes the three way outer product.

● Tensor Completion is the task of predicting missing values in a tensor using 
tensor decomposition.
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Problem Definition
Given:

● X : a 3-D HSI tensor of size I ✕ J ✕ K 
● Y : a label matrix of size I ✕ J and 
● R: Tensor rank 

Generate a feature space for a classifier such that pixels in the image are 
classified into one of the given classes.
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Label Matrix: Y
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Proposed Method: ORION
● Intuition: Map the input space to higher dimensional space. 
● CP decomposition of X of size I ✕ J ✕ K yields 3 factor matrices.

○ A: I ✕ R, B: J ✕ R and C: K ✕ R
● Tensorized feature space: Khatri-Rao Product of matrices A and B

● Mode-3 matricization of tensor: 

● Tensor Rank for CP is bounded by min(IJ, JK, KI). 12

Matrix Bounded by K

    X

X1 of dimension I ✕ JKJ

I

K

X(:,:,1) X(:,:,2) X(:,:,K)... Example of mode-1 matricization 



Proposed Method: ORION
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Experimental Evaluation
● Implemented Using Matlab and Python

○ Tensor Toolbox by Sandia Labs1 for tensor completion task.
○ Scikit-Learn for classification task.
○ Tensorly2 for tensor operations in Python.

● Datasets:
○ Indian Pines
○ University of Pavia
○ Salinas
○ Salinas-A (Subscene of Salinas dataset)

1 http://www.sandia.gov/~tgkolda/TensorToolbox/index-2.6.html
2  http://tensorly.org/stable/index.html

15

http://www.sandia.gov/~tgkolda/TensorToolbox/index-2.6.html


Experimental Evaluation(2)
● Baseline Methods: 

○ Support Vector Machines(SVMs):
■ Linear Kernel
■ Polynomial Kernel
■ RBF Kernel

○ Multi-Layer Perceptron

● Evaluation Metrics:
○ Classification Accuracy 
○ F1 Score
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Classification Accuracy (80-20)
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Classification Accuracy (30-70)
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Discussion about Salinas and Salinas-A
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Salinas Salinas-A
● Linearly Separable● Potentially has better trilinear structure



Classification Accuracy Vs Rank 
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Conclusion
● Introduced tensorized feature space based on factors generated from tensor 

decomposition.
● Demonstrated effectiveness of our methods against traditional linear and 

non-linear supervised learning methods.

Our code is available at https://github.com/ravdeep003/ORION

22

https://github.com/ravdeep003/ORION


Thank You!

Supported by:

Grant no.: 
OAC-1808591

•
•
•
• Code: https://github.com/ravdeep003/ORION

23

mailto:rpasr001@ucr.edu
https://www.linkedin.com/in/ravdeep003
http://www.ravdeep.in/
https://github.com/ravdeep003/ORION

