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< PC1 is calculated such that it accounts for (= explains) the
largest possible variance in the dataset

< PC2 accounts for the largest remaining variance, etc.

< PCs are linear combinations of original variables

< PCs are uncorrelated (perpendicular, orthogonal) to each other
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< Number of PCs equals the number of original variables,
but higher PCs mainly explain data noise

< T:. scores > relationships among samples
< P: loadings > (dis)similarities among original variables
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< 2D function of spatial coordinates x and y: | = f(x, y)
< | = intensity (gray level in GS images)
< |, x and y are discrete quantities

<+ RGB color images consist of three 2D image planes: R, G
and B

144 149 144 144 144 126 126 126 134 126
144 149 144 149 135 126 125 144 144 144
164 173 156 149 135 135 135 144 139 160
199 189 182 164 156 139 149 139 149 150
186 204 199 199 169 173 150 150 160 173
176 174 199 189 204 189 176 169 156 173
150 150 176 190 189 204 204 186 164 150
173 135 164 179 197 204 199 169 139 135
116 86 135 176 199 190 176 164 150 150

86 56 86 164 189 169 169 169 169 169

8-bit GS image: 0 <1 <255




< |deal image compression method should remove all redundant
and/or irrelevant information while preserving the important
information

< In practice, both non-redundant and relevant information are
discarded to achieve a higher compression ratio (CR) and

reduced file size
< CR = size of original image / size of compressed image

< Lossless (reversible) compression

< Reconstructed image — after compression and decompression —
is identical to the original

< Examples: LZW, LZ77 implemented in GIF, PNG, TIFF file formats

< Typical CR ~ 2:1 for natural scenes, somewhat higher for
document images




I_Ubb_y CUITIPI CbblUl I

< Lossy (irreversible) compression

< Reconstructed image contains degradations with respect to the
original

< Examples: JPEG, JPEG 2000
< Trade-off between image quality and storage size
< Much higher CR than with lossless compression

.6 : ; CR =144 :1
File size = 83261 bytes File size = 9553 bytes File size = 1523 bytes




< Singular value decomposition (SVD)
< Alinear algebra tool related to PCA

mxhm mxm mxmn

A =U-S-VT

A ... mean-centered digital image matrix
U ... orthogonal matrix containing left
singular vectors

V ... orthogonal matrix containing right
singular vectors

S ... diagonal matrix with singular
values (SV) on its diagonal

To compress image A, we
retain only the first few SV's
(“Principal components®)
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CR 4881 SSII\/I 0.34 PSNR 14.6

1024 X 1024

CR = 1024/(2*PCs + 1)

.fd"n = \

CR 1681-SSII\/I 0.62 PSNR = 167




Results (cont‘d)

Hedgehog

CR = 1011 SSIM—O76 PSNR 184

1024 X 1024

CR = 1024/(2*PCs + 1)

CR 511 SSII\/I 0.91 PSNR = 217




Results (cont‘d)

Buildings

SSIM = 0.92




< Ability of a computer to scan, store, and recognize people by
their facial characteristics

< Subfield of computer
vision and of biometrics
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Image or Face Face Identification
video detection recognition Classification

< We know very little about how human beings recognize faces

< How do computers perform such a complex task?

< Various strategies
< Model-based approach — use of different face models
< Feature extraction
< Texture-based approach

< Template (pattern) matching

< Artificial neural networks
< Data compression (PCA)




< Eigenfaces (eigenimages) — a
set of eigenvectors derived from
the covariance matrix of the
high-dimensional vector space of
human faces

Eigenfaces are obtained using
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By appropriate weighted R sy ) &

summation (= linear

combination) of the eigenfaces

and adding the mean face, each

training database image-ean be ®, ... mean-subtracted i t face

reconstructed W, ... j " weight
u ... j " eigenvector




< After the eigenfaces have been computed, the second step
depends on the application:

< |dentification — labels of individuals must be obtained

<+ Recognition of a person where it must be decided if the individual
has already been seen

< Classification — a face must be assigned to a certain class

< If an unknown (= test) face is to be recognized, classification
has to be made using some distance measure

< Common distance metrics: Euclidean or Mahalanobis distance

< Drawback of the method: poorer recognition of faces when
viewed with different levels of light or angles

< Faces need to be seen from a frontal view under similar lighting
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<+ MATLAB algorithm based on the code written by A. H.

Omidvarnia
http://www.mathworks.com/matlabcentral/fileexchange/17032

-pca-based-face-recognition-system

< Five step-procedure:
1. Select training and test database paths.
2. Select path of the test image.
3. Run 'CreateDatabase’ function to create 2D matrix of all training
images.
4. Run 'EigenfaceCore' function to produce basis of facespace.

5. Run 'Recognition’ function to get the name of equivalent image in
training database.
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