
UNSUPERVISED 
STACKED CAPSULE AUTOENCODER 

FOR 
HYPERSPECTRAL IMAGE CLASSIFICATION

Erting Pan1, Yong Ma1,2, Xiaoguang  Mei1,2, Fan Fan1,2, and Jiayi Ma1,2

1Electronic Information School, 
Wuhan University, 

Wuhan 430072,China

2 Institute of Aerospace Science 
and Technology, Wuhan university, 

Wuhan, 430072, China

IEEE ICASSP 2021 1



Outline

Challenge & Motivation
 Challenge

 Insufficient labeled samples
 High computational cost
 Unavoidable loss of valuable information

 Motivation
 Capsule
 Structural characteristics of hyperspectral data

 Methodology
 Overview
 Part Capsule Autoencoder
 Object Capsule Autoencoder

Experiments
 Quantitative and qualitative results on Pavia Center dataset 

Conclusion

22021/04 IEEE ICASSP 2021



Challenge & Motivation

 Motivation
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 Challenge

Capsule

It interprets an object by the geometrical arrangements of parts

Representing attributes such as presence, position, scale orientation...

Hyperspectral data  

Spectral dimension —— inherent properties of land-covers

Spatial domain——Spatial dependence and distributions

Insufficient labeled samples  caused by expensive cost in collecting and 

labeling hyperspectral data.

High computational cost   caused by complex network structure

Unavoidable loss of valuable information in CNNs   caused by the pooling layer

 Superiority performance of existing deep learning methods



Methodology
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Parts with their pose ObjectsObjects predictions



Part Capsule Autoencoder
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Part Capsule Autoencoder
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GMM:
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Object Capsule Autoencoder
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GMM:
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Experiments
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Conclusion
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Unsupervised stacked capsule autoencoder

 Modeling the spatial distribution of different land-covers

 Explore Object-Viewer and Object-Part correlations in HSI

 Employ ConvLSTM as the encoder of Part Capsule Autoencoder 
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