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Sparse optimal mean principal component analysis
based on self-paced learning

XU Ziwei, CHEN Xiuhong
(School of Digital Media, Jiangnan University, Wuxi 214122, China)

Abstract: Principal component analysis (PCA) can be referred to as an unsupervised dimensionality reduction approach.
However, the existing methods do not consider the difference of samples and cannot jointly extract important informa-
tion of samples, thus affecting the performance of some methods. For the above problems, based on self-paced learning,
we proposed a sparse optimal mean PCA algorithm. In our model, loss of function is defined by L, ; norm, the projec-
tion matrix is regularized by L, ; norm, and the mean value is taken as a variable to be optimized in the iteration. In this
way, important features can be consistently selected, and the robustness of the method to outliers can be improved. Con-
sidering the difference in training samples, we utilized self-paced learning mechanism to complete the learning process
of training samples from “simple” to “complex” so as to effectively reduce the influence of outliers. Theoretical analys-
is and the empirical study revealed that the proposed method could effectively reduce the influence of noise or outliers

on the classification progress, thus improving the effect of the classification.
Keywords: image processing; principal component analysis; unsupervised learning; data dimension deduction; sparse;
optimal mean; self-paced learning; face recognition
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Table 1 Attributes and characteristics of different datasets

Bnde  REAEL BB M FHIE
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AR 3120 120 32x32 LI
R U GAT Y
BIO 1460 22 32x32 FEA AR
COIL20 1440 20 32x32  BEASIEEAEE
MNIST 1000 10 28x28 FEABAHR

reG BEEEL
li fi ML BOLPE

(a) UMIST #dise (b) JAFFE %4k

" (d) MNIST $chia g
B1 HoSERHMEENFTRL

Fig. 1 Visualization of some datasets with noise
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Fig. 2 Classification accuracies of different algorithm in different subspace dimensions on six datasets
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Table 2 Average classification accuracy and standard deviation of various PCA algorithm on six data sets with different
noise training samples

PGS L PCA SPCA JSPCA OMRPCA SPL-OMSPCA
6 0.5980+£0.0222 0.5853+0.0449  0.5936+0.0200 0.5897+0.0292  0.6198+0.0220
9 0.6430+0.0253  0.6377+0.0225 0.6418+0.0316  0.6425+0.0324  0.6718+0.0377

UMIST (13 x 13#4Y)
12 0.6872+0.0203 0.6761+0.0373  0.6764+0.0412  0.6830+0.0382  0.7185+0.0128
Mean 0.6427+0.0226  0.6330+0.0349  0.6373+0.0309  0.6384+0.0332  0.6700+0.0242
5 0.6520+0.0587  0.6447+0.0553  0.6447+0.0580  0.6413+0.0920  0.71000.0367
10 0.7060+0.0660  0.7010+0.0960  0.6950+0.0450  0.6940+0.0560  0.7910+0.0590

JAFFE (13 x 133#4)
15 0.7260+0.0660  0.7280+0.0680  0.7240+0.0640  0.7340+0.0660  0.8120+0.064 0
Mean  0.6947+0.0636  0.6912+0.0731  0.6879+0.0730  0.6898+0.0713  0.7710+0.0532
8 0.5456+£0.0214  0.5669+0.0174  0.5444+0.0263  0.5681£0.0205  0.5744+0.0255
13 0.6450+0.0135  0.6509+0.0280  0.6495+0.0105  0.6517+0.0279  0.6659+0.0197

AR (10% HlER 1)
18 0.7368+0.0091  0.7292+0.0292  0.7211£0.0211  0.7397+0.0207  0.7440+0.0240
Mean  0.6424+0.0147  0.6490+0.0249  0.6383+0.0193  0.6532+0.0230  0.6614+0.0231
18 0.7391+0.0222  0.7424+0.0263  0.7438+0.0365  0.7362+0.0172  0.7621+0.0131
20 0.7483+0.0258  0.7589+0.0286  0.7480+0.0206  0.7520+0.0196  0.7741+0.0206

BIO (10% H(EL M)
22 0.7661+0.0116 0.7769+0.0168  0.7681+0.0364  0.7682+0.0223  0.7860+0.0247
Mean 0.7512+0.0199  0.7594+0.0239  0.7533+0.0312  0.7521+0.0197  0.7741+0.0195
4 0.7864+0.0156 0.7735+0.0306 0.7836£0.0215 0.7840+0.0296  0.7895+0.0392
5 0.8100+0.0245  0.8011+0.0202  0.8149+0.0239  0.8116+0.0350  0.8205+0.0265

COIL20 (10% ML)
6  0.8357+0.0190 0.8394+0.0227 0.7939+0.0251 0.8476+0.0365  0.8522+0.0211
Mean  0.8107+£0.0197  0.8047+0.0245  0.8201+0.0215 0.8144+0.0337  0.8207+0.0283
15 0.7515+0.0209  0.7449+0.0273  0.7528+0.0284  0.7439+0.0329  0.7718+0.0271
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