
An experimental study of Sub-Pattern based Principal
Component Analysis and Cross-Subpattern-Correlation

based Principal Component Analysis
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/EDF18>p=3>@?wS",�/E/E,J<�H�ZX=8I;I�DN�@H+=3/EDF18>b0�AB>�/E`:DXI~H�1�>n/E,��a/�Kbx6,
.:<;18."1�IE,�=w>�1]M8,+Z�/;,JHO`:>�DF{n9:,�Ktx�`�,+<;,pqsDXu�Ga9:S�W�4tU»DFI
=3.�.:ZNDF,J?w/;1�c�,�/~ZF1aHJ=3Z�2C,�=]/E9�<E,o?:=3/;=
2C<;187õIE9:S:.�=3/�/;,+<;>
IE,�/;I�=3>@?�qCDFDXuwH�ZX=8I;I�DXH+=8Z�W�4tUîDFIw.",+<E2C18<;7�,�?�/E1yc8,�/
��>�=8Zi<E,�?�9�H�,�?�?:=3/;=�0 AB>y= >a9�/;IE`:,+ZFZjKf/;`:,p.:<E1�.@1nI�,�?
/E,�HO`:>:DX{n9:,�<E,�?�9�H�,�I�/;`:,�?�DF7�,J>�IEDN1�>�=3ZFD�/QP�182f/;`:,�?�=]/;=
=3ZF<;,J=8?:PV<;,J?�9�H+,J?#SaPoGa9:S@Wt4tU�=8>�?#DF>�H�<;,J=�I�,�IeH�ZX=8I;IED��:�
H+=3/EDF18>�=8HJH�9:<O=8H+Po=8I�xt,+ZFZeqsIE,+,�IE,JHv¥�2C18<�?�,+/;=3DFZXI;u�0
AB>$IE,JH_/;DN1�>$l�K:xt,~<E,JMaDN,Jx�/;`:,VI;=3ZFDN,J>�/f=�I�.",JH�/;I�1825Ga9:S��
Wt4tU�¡ �]£j0~Ga1�7�,V2C9:>�?:=87�,+>n/;=8Z�DXIEIE9:,�IfDF>$/;`:,�H+18>n/E,+�n/
132�Ga9:S�W�4tUÕ=8<E,�.:<;,JIE,+>n/E,�?$DF>�IE,JH�/EDF18>�¤:0VAB>�I�,�H_/;DN1�>
¥�KaH�<;1�I;I���IE9:S:.�=3/�/;,+<;>�H+18<;<E,JZF=3/EDF18>#S�=�I�,�?#Wt4tUÕq\Ga9:S�â��
Wt4tUvu�/E,�HO`:>:DX{n9:,�DXI5.:<;18."1�IE,J?b0 Y ��.",+<;DN7�,J>�/O=3Z@<E,�I�9:ZN/;I
18>�I�,JM8,J<;=8Z8S",+>�HO`:7#=8<Ek~?:=3/;=3S@=8IE,JI5q\Lv46Ab<;,+."1�IEDN/E18<;DF,JIOu
=3>@?�/EDF7�,�H�1�7�.:ZN,+��D�/;DN,�If1826Ga9:S�W�4tU�KTGa9:S:âvWt4tUè=3<;,
?�DXIEH+9�I;I�,�?�DF>ºIE,JH�/EDF18>º��0���,�H�1�>�H�ZF9�?�,�x�DN/E`}I�1�7�,
H�1�7�7�,J>n/;I�DF>�IE,JH�/EDF18>��:0

2 Sub-pattern based PCA
��,w<;,+MaDF,+xáS:<;DF,���Pr/;`:,�Ga9:S�W�4tU�/;,JHO`:>:DX{n9:,p=3>�?y=
?�,+/;=8DNZF,J?�?�DXIEH+9�IEIEDF18>�7�=�P�S@,i2C1�9:>�?�DN>�¡ ��£�0
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Ç��Jñ����� ¦ `:,�18<;DFc8DF>�=3Z�.�=3/�/E,J<E>ê?:=3/;=�Kt§�KtDXI#.�=8<�/;D��
/;DN1�>:,J?yDN>n/;1�I�9:DN/;=8S:ZF,�>n9�7VS",+<�q\Ô�u�132�,J{n9�=3ZFZFP��BIEDNÖJ,J?
IE9:S:.�=3/�/;,+<;>�I�x�D�/;`:189�/�H�1�7�7�1�>�2C,�=]/E9�<E,nqsIOu�S",�/Qxt,+,J>
=8>nP�/Qx61�IE9:S:.�=3/�/;,+<;>�I+0 ¦ `:,fIE,�/e182 Ê8ËsÌ I�9�S:.�=]/E/E,J<E>�Ie132
=8ZNZ:1�<EDFc8DF>�=8Z�.�=]/E/E,+<;>�I'H+18>�I�/EDN/E9�/;,JI Ê8ËsÌ I�9:S�.�=]/E/E,+<;>oIE,�/JK
ÇhÈ É 0
Ç��Jñ��"!� i46ZX=8I;I�DXH+=8ZhWt4tUzDFIf.@,J<�2C1�<E7�,J?�1�>�,J=�HO`�1826Ô
IE9:S:.�=3/�/;,+<;> IE,�/;I�q�ÇbÈtÉ�uV/E1p,��a/;<;=�H_/�Ú�ZF1aHJ=3Zt2C,J=3/E9:<;,JI
/;1�c8,+/�H+187VS�DN>:,�?pZN1�HJ=3ZN�\2C,�=]/E9�<E,�IVIE,�/�q�Û5uV132�1�<EDFc8DF>�=8Z
.�=3/�/;,+<;>�IE,�/�K�§$0

3 Basic issues with SubPCA
Ga9�S�Wt4tUáDXI#M�,+<;P|DF>�/;,+<;,JI�/EDF>:c�K�S:9:/
=8I#.�<E,�I�,J>�/;,J?�DF>
¡ ��£�KhDN/�ZN,�=�M8,JIiIE,+M�,+<O=3Z�DFI;I�9�,JIv/E1�S",#,���.:ZF18<;,J?T0�AB>w/E`:,
2C1�ZNZF1]x�DN>�c�Kax6,~?�DXI;H�9�I;I�IE187�,iDFI;I�9�,JIJ0

3.1 Feature-order dependency
Ga9�S�Wt4tUýIE,+ZF,JH_/OI~² ) 2C,�=]/;9:<E,�I~H�1�>�/;DNc�9:189@I�ZFP8KbDF>�/E`:,JDN<1�<;?�,J<$132�=8.:.",J=3<O=3>@H�,p/E1�2C18<;7øI�9:S�.�=]/E/E,+<;>�IJK�x�`:DFZN,
?�DFMaDF?:DN>:ci/;`:,�c�DNM�,+>�.�=]/E/E,+<;>�DN>n/;1VÔ�I�9:S�.�=]/E/E,+<;>�IJ0 ¦ `�,
{n9:,�IQ/;DN1�>V=3<;DFIE,JIJK�x�`:,�/;`:,+<'Ga9:S@Wt4tU .:<E1�?�9@H�,JI�<;,JIE9:Z�/OI+K
x�`:DXHO`}=3<;,pDN>�?:,+.",+>�?�,J>n/$132�2C,J=]/;9:<;,�18<O?�,+<;DN>�c�0»�w,
DF>aM8,JI�/EDFc�=3/E,�?V/;`:DXI5SaP�H�18>@I�DX?�,+<;DF>:cVl$#i<O=3>�?:187Õ2C,J=]/;9:<;,
1�<;?�,J<;I�1�>$¤#Lv46A�S",+>�HO`:7#=8<Ek�?:=]/O=3S�=�I�,�I~q\Ga,J,VIE,JHV��u
=8>�?o/;`:,~<;,JIE9:Z�/OI�=3<;,~I�9:7�7#=3<;DFÖ+,J?
DF> ¦ =3S:ZF,#¢80

¦ =3S:ZF,#¢8[&%$,J=3>�=8>�?�M�=8<EDX=3>@H�,i132eH�ZX=8I;IED��@HJ=]/;DN1�>
=8HJH�9��
<O=8H+DN,�I�qC9�IEDF>:co¢�'('ê<;9:ZN,�u�x�DN/E`
l)#i<;=8>�?�187�DFÖ+,�?�1�<;?:,+<OI
182h2C,J=3/E9:<;,JIt2C1�<fGa9:S�W�4tU�0

*,+ � +.- ñ�� /zñ +10 23+ �4� +1065 ñ
�p=�M8,+2C18<;7 ?:=]/O= 748 #:0F¢
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L-I�DF>:c}/;`:,y<;,JIE9:ZN/;I|DN>�/O=3S:ZF,�¢�K
1�>:,�7#=�PýI�9�IE.",JH_/
/;`�=]/-/E`:,�Ga9:S�W�4tU�DXIf1�<;?:,+<f?�,J.@,J>�?�,J>�/�0 ¦ 1
H+18>��@<E7
x�`:,+/E`:,J<�Ga9:S�W�4tU DFIý1�<;?:,+<�?�,+.",+>@?�,+>n/ 18<�>�13/JK
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3.2 Selection of sub-pattern size
Ga9�S�Wt4tUyDFI�IEDNZF,+>n/�=3S"189�/�`:1]x�IE9:S:.�=3/�/;,+<;>
IEDNÖJ,-IE,+ZF,JH_�
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2C,J=3/E9:<;,ic8<;189:.@I+0

3.3 Truncation/Padding of features

'�1�<E7#=8ZNZFP8KtD�2i/;`:,�.�=]/E/E,J<E>êIEDNÖJ,$²�DFIo>:13/
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IE,JH�¤�0 l�u_K81�>:,�7#=�P�H�18>@I�DX?�,+<�K3x�`:,+/E`:,J<e2C,�=]/E9�<E,�IeDF>#/E`:,
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/E`�,pIEDFÖ+,p132�.:<E,JMaDN1�9�I�I�9:S�.�=]/E/E,+<;>�IJ0½Ga9�S�Wt4tU³9�IE,JI
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3.4 Selection of principal components
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3.5 Sensitivity to missing data and out-
liers
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3.6 Cross-subpattern correlations
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4 Cross-subpattern-correlation
based PCA (SubXPCA)

AB>�/;`:DFI�IE,JH_/;DN1�>bK'xt,�.:<;18."1�IE,�/E`:,
/E,�HO`:>:DX{n9:,8K5Ga9�S:â��
Wt4tUVK@x�`�DFHO`$DXIvS�=8IE,J?�1�>wGa9:S@Wt4tU½q�s�,+26I�,�H�l�u�=3>@?
H�<;1�I;I���IE9:S:.�=3/�/;,+>
H+18<;<E,JZF=3/EDF18>�q�s�,+2�IE,JHi¤:0 ��u6DF>�?�,�/O=3DFZ\0

4.1 Cross-subpattern-correlation based
PCA algorithm:
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4.2 Discussion of SubXPCA:
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4.3 Why is SubXPCA better than
SubPCA?
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5.1 Dimensionality reduction by SubX-
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5.2 Performance of SubXPCA over Sub-
PCA and PCA
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