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Motivation

● Principal Component Analysis (PCA) is a mathematical technique used for 
reducing the dimensionality of high-dimensional data. 

● Eigenfaces are the eigenvectors of the covariance matrix that are computed 
using PCA on a set of face images.

● As we know, Deep PCA is useful for abstracting features of CNN which is a 
better choice than MLPs in the field of computer vision.

● Use Deep PCA in finding eigenfaces



Related Work

● Eigenfaces
● PCA: classical feature extractors, useful for MLPs
● RCA: a broader component analysis that includes PCA and LSE.
● DeepPCA: built for CNNS



Eigenface

● Reduces each face image to a vector
● Then uses Principal Component 

Analysis (PCA) to find a set of 
low-dimensional features that capture 
the most important variations in the 
data

● Each eigenface represents a direction 
in the high-dimensional space of face 
images that accounts for a significant 
amount of variation in the data.











Related work of Eigenface
Eigenfaces have been widely researched and developed since it was first introduced by 
Sirovich and Kirby in 1987. There have been numerous notable works related to eigenfaces.

● Turk and Pentland (1991): Turk and Pentland were the first to introduce eigenfaces for face 
recognition in 1991. 

● Moghaddam and Pentland (1997): Moghaddam and Pentland introduced a modified version 
of eigenfaces, called Fisherfaces, that used linear discriminant analysis to improve the 
recognition accuracy of eigenfaces. 

● Lee and Kuo (1997): Lee and Kuo introduced a variant of eigenfaces called Independent 
Component Analysis (ICA) that used a nonlinear transformation to extract features that were 
statistically independent.

● Yang et al. (2002): Yang et al. proposed a method called kernel eigenfaces, which used 
kernel principal component analysis to extract nonlinear features from face images. 



Related work of Eigenface

● Ahonen et al. (2006): Ahonen et al. proposed a method called Local Binary Patterns (LBP) 
that used local texture information to represent faces. 

● Huang et al. (2014): Huang et al. proposed a deep learning approach to face recognition 
called DeepFace, which used a convolutional neural network to extract features from face 
images. DeepFace was shown to outperform traditional methods like eigenfaces and LBP on 
several face recognition benchmarks.

To this end,  a natural question is: can we both utilize CNN to extract 
features and retain the explainability of component analysis?



Unsupervised PCA for Dimension Reduction.

● RM is degenerated into a symmetric covariance matrix
● PCA(X) is typically formed from the principal eigenvectors



Supervised RCA for Dimension Reduction.











DPCA (Convolutional-PCA (CPCA))









DPCA is based on the following two-stage optimization formulation

- Encoder or extraction phase: Extraction of DPCA.
- Decoder or reconstruction phase: Reconstruction from DPCA.



DPCA





Alternatives



Alternatives



Why Use DPCA on FBI images

● The importance of explainability 
● Saving storage space



Future Work

● Neural Architecture Search (NAS)
● X-learning learning paradigm

○ X-learning is proposed as a joint parameter and structural learning paradigm
○ Structural pruning


