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Outline

• Background
• PCA (Eigenfaces)
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• Face Detection
• Experiments / Tests
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Face Recognition Background
• “Traditional” approaches use bottom-up Feature analysis 

and geometric measurements

• Additional methods include 
– Deformable templates
– Multiresolution templates
– Connectionists approaches

Piecemeal Approach
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Eigenface Approach
• GOAL: 

– Develop a fast, simple, and accurate face recognition 
computational model

• Assumptions 
– 2-D images, 
– Centered frontal portrait

• Method
– Use Information Theory to analyze data
– Encode images through Principal Components Analysis (PCA)

Holistic Approach
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Eigenface training (1 of 2)
• M=16 images (255x255 pixels)

– Each image vector Γ is 65536x1
– Input images: S = [Γ1, Γ2, … , Γ16]  (16x65536)

• Average Face is Ψ (65536x1)

• Each Image differs from mean Φ=Γ -Ψ

• Input faces A = [Φ1, Φ2, Φ3, … ,Φ16] (16x65536)

Valentine’s Norm-based coding 
in high dimensional face space
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Eigenface training (2 of 2)
• Covariance Matrix to find Eigenvalues L = ATA (16x16)

• Calculate eigenvectors v=eig(L)  (16x16)

• Obtain EigenFaces u=v*A (16x65536)

• Determine significant Eigenvalues/Eigenvectors to utilize M’ eigenfaces
with most information

• Encode input faces into low dimensional space through “weights”

Each Image is only represented by a vector of size M’ (7) instead of N2 (65536)
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Recognition using Eigenfaces
• Calculate ‘weights’ of unknown Input face (Γ)

• Compute Euclidean Distance from input face ‘weights’ to 
training images.  Closest match wins!
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Eigenfaces Overview

subtract
i=1…M’
“Eigenfaces”

dot

Database of M input images, 
each represented by their M’
weights Ω

ε Distance from 
input Ω to database

Select min distance

Face space distance

Face class distance
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Adaptive Learning

• Eigenfaces Bonus Feature
– If an unknown input face is both

• Close to face-space and
• Not Close to any face in the database

– Then
• It is a potentially new face
• The new face can be added to the database

Unsupervised Operation
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Face Detection (not recognition)
• 1 – Motion Analysis (optic flow)

– nothing to do with PCA
– Fails with various moving 

objects
– Fails without people moving

• 2 – Face Space
– Eigenface template matching

Ideal
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Issues
• Background
• Scale/Size
• Orientation/rotation
• 3d Viewpoint
• Expressions
• Lighting
• Makeup

http://images.google.com/imgres?imgurl=http://www.habanaelegante.com/Summer2003/graces_face_profile.jpg&imgrefurl=http://www.habanaelegante.com/Summer2003/Graces%2520Face%2520in%2520Profile.html&h=424&w=559&sz=23&hl=en&start=15&um=1&tbnid=Nw-DAO-RbN40QM:&tbnh=101&tbnw=133&prev=/images%3Fq%3Dprofile%2Bface%26svnum%3D10%26um%3D1%26hl%3Den
http://images.google.com/imgres?imgurl=http://grampyshouse.net/cliches/images/blackbaby.jpg&imgrefurl=http://grampyshouse.net/cliches/&h=510&w=599&sz=46&hl=en&start=24&um=1&tbnid=eFTFEwpVZmLScM:&tbnh=115&tbnw=135&prev=/images%3Fq%3Dexpression%2Bface%26start%3D18%26ndsp%3D18%26svnum%3D10%26um%3D1%26hl%3Den%26sa%3DN
http://images.google.com/imgres?imgurl=http://mcraeclan.com/Matthew/SithPic.jpg&imgrefurl=http://mcraeclan.com/Matthew/quake_clan_sith.htm&h=567&w=399&sz=22&hl=en&start=26&um=1&tbnid=exzp4lA4tE51iM:&tbnh=134&tbnw=94&prev=/images%3Fq%3Dsith%2B%26start%3D18%26ndsp%3D18%26svnum%3D10%26um%3D1%26hl%3Den%26sa%3DN
http://images.google.com/imgres?imgurl=http://www.tarrant-rushton.ndirect.co.uk/images/ResistanceManBonfireFaceLightWEB.jpg&imgrefurl=http://www.tarrant-rushton.ndirect.co.uk/Supplying%2520Resistance%2520Forces.htm&h=500&w=611&sz=10&hl=en&start=1&um=1&tbnid=wzPc7RfTA9gI1M:&tbnh=111&tbnw=136&prev=/images%3Fq%3Dface%2Blight%26svnum%3D10%26um%3D1%26hl%3Den
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Results2:  unknown

Light:            19%

Orientation:  39%

Scale:   60%

Experiments: 1- robustness

• Testing three independent variables identified as 
potential issues: lighting, scale, orientation

orientation

light

scale

Results1: correct

Light:            96%

Orientation:  85%

Scale:   64%
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Eigenface Enhancement Extensions
• Shape-free faces potentially addresses issues

• Eliminate Background through gaussian

• Rotate tilted face by pre-process

• Address scale variance through multiscale training or 
size estimation through pre-processing

Craw, 1995;  Craw & Cameron, 1991; Burton, Bruce, and Hancock, 1999

φ
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>data_
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http://images.google.com/imgres?imgurl=http://www.fredoneverything.net/AIB-Robber.jpg&imgrefurl=http://www.fredoneverything.net/AIB.shtml&h=600&w=450&sz=22&hl=en&start=21&um=1&tbnid=HNMgluwYz2scNM:&tbnh=135&tbnw=101&prev=/images%3Fq%3Dsurveillance%2Brobbery%26start%3D18%26ndsp%3D18%26svnum%3D10%26um%3D1%26hl%3Den%26sa%3DN
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Demo (1/4)

http://www.pages.drexel.edu/~sis26/Eigenface%20Tutorial.htm
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Demo (2/4)
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Demo (3/4)

x104
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Demo (4/4)
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Eigenfaces Applications

• Recognition/Authentication
• Face Detection/Location
• Compression/Storage
• Reconstruct Occlusions
• Actor segmentation for video
• Facial expression detector
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Conclusions

• Implementation of a computational model for recognition 
• Dimensionality Reduction
• Holistic approach
• PCA can be used to recognize other objects
• Thresholds have a significant effect

http://images.google.com/imgres?imgurl=http://www.birdsasart.com/burrowing-Owl-staring-tight-HEAD-_T9J6578-Cape-Coral,-FL.jpg&imgrefurl=http://www.birdsasart.com/bn158.htm&h=433&w=650&sz=70&hl=en&start=1&um=1&tbnid=YMT3HoqKm2qFOM:&tbnh=91&tbnw=137&prev=/images%3Fq%3Dstaring%26svnum%3D10%26um%3D1%26hl%3Den%26sa%3DN
http://images.google.com/imgres?imgurl=http://content.answers.com/main/content/wp/en/6/6b/Staring_eye.jpg&imgrefurl=http://simplenomics.com/how-to-handle-insults/&h=425&w=425&sz=18&hl=en&start=50&um=1&tbnid=fJNoeIPDqZg9sM:&tbnh=126&tbnw=126&prev=/images%3Fq%3Dstaring%26start%3D36%26ndsp%3D18%26svnum%3D10%26um%3D1%26hl%3Den%26sa%3DN
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