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Abstract: A covariance-free method of computing kernel principal components is proposed. First, a matrix, called
Gram-power matrix, is constructed with the original Gram matrix. It is proven by the theorem of linear algebra that
the eigenvectors of newly constructed matrix are the same as those of the Gram matrix. Therefore, each column of
the Gram matrix can be treated as the input sample for the iterative algorithm. Thus, the kernel principle
components can be iteratively computed without the eigen-decomposition. The space complexity of the proposed
method is only O(m), and the time complexity is reduced to O(pkm). The effectiveness of the proposed method is
validated by experimental results. More importantly, it still can be used even if traditional eigen-decomposition
technique cannot be applied when faced with the extremely large-scale data set.
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Fig.1 Contour image of first 3 principal components obtained from the proposed method (the top row)
and standard KPCA (the bottom row)
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Table 1 Experimental results of the first 3 eigenvalues using two methods (Ag=(Ax)*m)
z 1 AT OTES BT 3 ML (Ae=(4)*m)

The first 3 eigenvalues
1 2 3
A 5.556 4.95 0.247
Ak 22.558 20.936 4.648

0.9} |+

0.7 : :
0.5 find _ :

Dot product of average
eigenvector

0 20 40 60 chRJ " 100
Iteration
Fig.2 Average dot product of first 3 principal components obtained from
standard KPCA and the proposed method
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Fig.3 De-Nosing results obtained by different methods (1st row: original image; 2nd row: noisy image;
3rd row: de-noising result by batch KPCA; 4th row: de-noising result by proposed method)
K3 AT PR A9 B0 B G R e 2 R R 1 AT R B8 5 2 AT o 84858 347
FEIFRIE KPCA J795; 45 4 4T AR TA TG IR 28 1 [ e Ak PEL IS 13 2 1) 1&145)
Table 2 Error rate of 2007 testing sample of USPS data set using the proposed method (%)
R 2 AR K VR USPS i 4E 1 2007 AR R AR (1115 2 % (%)

; r Error rate
Number of extracting principal components =2 =3 42 9= =6
64 5.88 6.13 6.57 7.06 7.25
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