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abstract:

In this report, qualitative analyses of ICA and its application for the facial image representation are

described. Recently, ICA (Independent Component Analysis) became popular as a new analytical tech-

nique for Blind Source Separation problems of EEG and the speech signal, etc. Linear bases found by

ICA have interesting characteristics such as non-orthogonality and spatial locality. To urge understand-

ing of these characteristics known by intuition, we conducted experiments with 2D toy-data sets and

provided qualitative analyses in comparison with PCA. Next, we applied the ICA for a facial image

representation. Unlike previous studies which used raw pixel values with crude shape-normalization,

we separated shape and texture of facial images and derived ICA based representations independently

for shape and texture. We investigated the e�ectiveness of this method by recognition experiments of

identity and facial expressions.
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ŷ

Y
y [TuZ�Y=U��X�pq��mZ

U

�rs��­3 S[�\ZW�1

�2�­3
A[�\a|pq

3 ICAVWX
PCA

a
ICA[}Y���?NA (decorrelation)�­ ��Z
PCA

�
2 �KyZC*[�?NA�­�[j£�ZICAY 2 �[\[]�KyZC*[�?NA�­ �q�[�aaN^�� ICA[��a�mZ_���|tuu¶_��[�,^�3]�����pq

ICA

j«¼¥¦p��YZ
PCA

aY`|¼��][���|lq�[��ZICA[��Y
�¡y¢[�]j�&5mZ���a|¼�pq�[�a��a^jG_�p��Z2� [+F¡y¢j£�m
ICA

�­lZ
PCA

j«p��a[¨©�­®�q
�¡y¢YZ
1

´bw¢Z�� 2

´bw¢Z��� 2

´bw¢Z��� 3

´bw¢Zc�² (curb-

linear)

u�[ 5

MdXZe´bw¢fjghju����iCj9P[�YZ��§�[Mdkajl>�
1000

Äa|p«�j��q���j£�m
PCA

a
ICA

�­l¥�����m
1

j/�q�� 2

´bw¢[u�j£�mY PCA

Z
ICA[}Y�����u�[¤tuHF�e�mlp�Z��� 2

´bw¢[u�XYZPCAXYn 1

���u�op[uq�<[HFjF#��Z��Y}Y�[u�a�r��HFj|pq�:� ICA

XYZ�[«�|u�j£�m�u�[HF�/��



m
1: PCA

ª«¬
ICA

j«p��
(\7:PCA

Z�7
:ICA

Z��Y¡y¢[ x

Z��Y
y)��¥���mlp[�&:pqgHZ´bw¢�

1

k�:|l��jYZ
PCA

XYn
1

��[��u�[¤tuHF�Flmlp�ZICAXY 2

k[���a�jZ¤tuHFj�l���r��HFa|®mlpq��YZu�[]�j«®mY
PCA

j«¼¥¦p���
ICA

«¼��#u�[���a�9p�a�/�mlpq¦�Zc�²[u�j£�mYZ
PCA

a
ICA[}Y��u�±²���jefX |lq�<�Z

PCA

�c�u�op[uq�<[HFjn 1

����k,p[j£�mZ
ICA

Y
2 �u����3u���§�jklm[u��<[HFjn 1,2

����l;��q��YZ
ICA[�,^�3]�/�mlpq�jZ«¼fº^| (

��|
)

iCj9u�j£�m��[«�| 2

k[����l;5p:¿opq
Bartlett

�Ybcdj
ICA

�·i�Z¥��������,^�3]��k	�.W�mlp[3]

q��XY
a�mZ±²j£�m��A���b³´wzµef:�¥�� ICA

ª«¬
PCA

���m
2

j/�q
PCA

��Y\.:��jZICA��Y��^|�[�
���qPCA��a¨©�mZICA��XY�_�_�[«�|�3��[��Y® ¼af�pq
PCA

��Y�[��]:���,?N�
0

a|p�Z
ICA

��[��Y�£(��X 0.017X�®�q

m
2: �,^�3] (\:PCA ��,

�
:ICA

��
)

4

���V ICA��Xno�«�jZ!"+i��m �
PCAj«pefj%&¼ZICAj«¼bcd�ef�p�aYZg�jbcd[u����X�paY�9j#l�aZ¦�bcd[�3^ef[½¾] [6]|}[P:�Z½¾X�pa�9��pqº�Z�[«�| ICA

j«pef[b¸¹Iw³�jª,p½¾]�Bartlett

�
[3]v��� [14]

j«®m/��mlpq���[¯­12XYZbcd[c'([)´*9ef��[¦¦[±X+i�ml�q�:�Zbcd[±²-.a³´wzµ-.�u¶�p�aXZ¸¹j½ a|p�a�Åj���mlp
[7, 12]

q¦�Z³´wzµjYÄ+¹Åj½i|-.�!¦�p�a�/"��mlp [11]

q��XZbcd[±²a³´wzµ�u¶�Z��§�rsj
ICA

�ilmef�mZeef[]�[_`�#��q



m
3:

±²a³´wzµ
4.1 ���������	
bcd[±²-.a³´wzµ-.[u¶Y[�[«�j�m­|�qbcd:�[±²-.[�;YZ�[«�j­�q¦rZ

FUTON

Iw³� [13]

j«¼\����
83

Ä[��P[
�(��o� 166 � )´*9�¥�pq�j±²)´*9[�� (

��±²
)

��#�aj«®m��:�[G.)´*9�¥�Z���±²-.�e�)´*9 (

±²)´*9
)

a�pq³´wzµ-.YZ¦rbcd[��P���
	XX p����zkaj��±²g��xCJ�p�aX±²76y[³´wzµ��pq�[³´wzµYZbcd:�Ä�[bcdkaj`|p±²[���¼�:�Zc'ka[£h���mlpq�jZb[f��� [1]

�
64x64

c'a|p«�j��A�Z�[c'(��o� 4096� )´*9�Z³´wzµ-.�e�)´*9 (

³´wzµ)´*9
)

a�pqbcd[±²a³´wzµ[
�m 3

j/�q
4.2 ICA� !"#$%&±²a³´wzµ[ PCA

ª«¬
ICA

Y[�[«�j­ �q¦rZu¶��±²a³´wzµ��§�jklm
PCA

j«¼���¥�pq+i�pbcd['�a��[���¥¦p�Z\.$½([��:��j()*8+�·,|-�j|pa�.¦X+i�p�[a�pq�jZPCA��[/�j£�m ICA

�­ �
[5]

q
ICA

XY=UiCj9a��[���¥¦p�Z
PCA

aY`|¼��[�.�0�p�a�X |lq¦�Z������paY1�|l��Z23[b[ef�S4jY¥���|#|pq��XZbcd��[¦¦+i�p[XY|#ZPCAj«®m¥����j£�m
ICA

�­ �q��j«¼Z2

3[bcd[ IC

ef[� ��PCA

��[�j51�p�a�X pqbcd[±²a³´wzµYZPCA��a�[�±
���Z�plY
ICA

��a�[�±
���
(PCA [��)´*9�W

�1

X6d���[)Xef��pq�[����o�)´*9�Ä�[bcd[efa�pq
4

�X78�pe-cd¡y¢)yw�ilm
ICA

�­®�
9�Z±²jklm��:�e
PCA��[HFgGA�5��[�m 4

jZ
ICA

��[HFgGA�5��[�m 5

jZ¦�Z³´wzµjklm�hjGA�5��[�m 6

ª«¬m
7

jZ��§�/�q±²[��jklmYZPCA��Y\.$½([�[:� 3

kZ
ICA

��Y��^|�[�
���q³´wzµ[��YZm 2[: 3

kj£h�pq�j±²jklmZPCA���op^|GA�/�[j£�ZICA��Y (�j±²efjªlm
)

�u^|GA�/�mlp�a�&:pq
4.3

"#$%&;<�=>?
4.2

X78�����ilmZ
PCA

ª«¬
ICAj«pb[�u�,efj«¼��[�±
��¥�p�aXZ@yM

(

��)´*9ef
)

:�bcd�ABt�p�a�X pqABt[CD��¸�p��Z��[Etjil�[aYÅ[bcdjklmZ=U:�¥¦po��
(110

Ä
)[�YZ()*8+�

97:5%(80

Ä
)

a|p
IC

�u�,�ilmABt��cdaZ [cda[��¿o�q cd (

³´wzµ)ZABtcdZ�ucd[
�m
8

j/�qlr�[cd�F�YE�#ZGu|CDXefX mlp�a��¸X �q¦�Z
�
(

o
608

'
)

aABtcd[��Hy´6�MI¶Y
3.82

X�®�q
5 JKLM
ICA

�il�±²a³´wzµ[u¶ef[½¾]�NO�p��jZ
ATR

XPt���e-cd¡y¢)yw�+i�m¸¹º»�­ �q+i�pbcdYQRe
61BZ��§� 5

Md[e- (

SbZT¬ZU¼ZV��ZW 
)[cdXZ�om[



� -3 -2 -1 0 +1 +2 +3

sPC1

sPC2

sPC3 m
4:

±²¤tuka[GA
� -3 -2 -1 0 +1 +2 +3

sIC1

sIC2

sIC3 m
5:

±²rstuka[GAcdjklm�
�X
83

Ä[��P
��
���X�pq�[�Y22B (

QRe
11B)[cd 110'�=UiCj9a�milZ

PCA

ª«¬
ICA[���Et��q��mZ�¼[ 100Bjklm�[��j«pef���¥�Z��iCj9ª«¬³w*iCj9a�milp�aa�pq���>?�p�Z$½([()*8+� 97:5%

a|p�
(

³´wzµ80ÄZ±²19

Ä
) [PCA

���+i��q¦�Z=UiCj9a��ª«¬³w*iCj9Y��[|l«�j
��[a�pq�|&YZ��iCj9 _³w*iCj9jY=UiCj9j�pcdY!¦�|lq¹ÅY³w*iCj9a��iCj9[,[Hy´6�MI¶j«p�EI¶¹Å�j«¼­ �qI¶Y±²Z³´wzµ[��§�jklm¥��q

e
1:

Ä+¹Å¸¹++i�p�� ¸¹+
(%)±²[� PCA 20.9

ICA 22.4³´wzµ[� PCA 61.6

ICA 71.4

5.1 ���	
���Etj+i�|:®� 100Bu[cd[�YZSb
100

'���iCj9a�Z�[� 4

k[e- 398

'�³w*iCj9a��q±²a³´wzµjklmZPCA aICA

��§�[¸¹+�e 1

j/�q³´wzµef[��il���ZICA [¸¹+�
PCA

�

10%\�®�q¦�Z±²YPCA

Z
ICA[}Y�jªlm�̧ ¹+��lq��YZ=



� -3 -2 -1 0 +1 +2 +3

tPC1

tPC2

tPC3 m
6:

³´wzµ¤tuka[GA
� -3 -2 -1 0 +1 +2 +3

tIC1

tIC2

tIC3 m
7:

³´wzµrstuka[GAUiCj9a³w*iCj9X`|pe-[cd�+i����Z�g+�X�®m�e-j«p±²GA�< l:�X�pa�9��pq
5.2

%��	
���Etj+i�|:®� 100Bu[cd[�YZ
50B[cd 250

'�
5

e-[��iCj9a�Z�¼
50B[cd 248

'�³w*iCj9a��q±²jklmY
5

X¥����[�jZ�om[PCA

���+i�m
ICA

��
(110

Ä
)

�¥�Z��:�b[�3^���«#a�9mlpa�&�p±²
19

Ä _³´wzµ80Ä[���Z�P�X
����[�+i�m[º»�­®�qº»
9�e
2

j/�qÄ+¹Åj¨oZe-¹ÅXY±²jªlm�̧¹+�]#Z±²jYe-�e�-.�!¦�p�a�/"��pq

e
2:

e-¹Å¸¹++i�p�� ¸¹+
(%)±²[� PCA 59.3

ICA 59.8

ICA(

�
�
) 61.3³´wzµ[� PCA 84.2

ICA 85.2¦�Z�om[º»X ICA

j«p¹Å+�
PCAj«p�[�\�¼ZICef�be-[¹Åj½¾X�p��]�/��mlpq

6 �1�
ICA[��X�p��[���]jklmZ2� ¡y¢�ilm PCA

a[¨©�­lZPCAX



 cdABtcd�ucd m
8:

³´wzµ[ABtF�YefO��|u�±²�
ICA

XefX p�a��¸��q¦�Z
ICA

��[�,^�3]jklm�\]^j�¸��q±²a³´wzµ�u¶��bcdj«pÄ+¹Å_e-¹Åº»XYZ�om[º»jªlm ICA

�
PCA

�\�¼ZICAj«p̧ ¹+[F\��¸��q��jZe-j£�m
ICA[�3^ef�½¾X�pZª«¬e-¹Åj½¾|-.�±²j«¼�#!¦�p��]�/��q�:�Z

IC

efj«p¹Å+[F\Y��[��j��mZe-¹Å«¼Ä+¹Å[Hj��j��&��q�[��[_8Y	
[��a|pq¦�Z±²[ ICA

����P�X
�����jZ��[¸¹+[F\������a:�Z
ICA

��[o/�:��·|���
��pH����X�p�a�/"��pq���®m	
Z
ICA

j«p��=Uj
9Z23[~�j£�m�·|��[���&5[=U�­ ���jklmN��ml#����pq��n
1

���ºUEa�m�,
�m��®�Z
ATR+,-./0123n�12�[�hZ¦���:�k��l�<#��12�[�hja�l��¦�q�� !
[1] Shigeru AKAMATSU, Tsutomu SASAKI,

hideo FUKAMACHI, and Yasuhito SUE-

NAGA. Automatic extradtion of target im-

ages for face identi�cation using the sub-

space classi�cation method. IEICE Trans.

Information and Systems, Vol. E76-D, No. 10,

pp. 1190{1198, October 1993.

[2] S. Amari, A. Cichocki, and H.H. Yang. A new

learning algorithm for blind signal separation.

In Advances in neural information processing

systems, Vol. 8. MIT Press, 1996.

[3] Marian Stewart Bartlett and Terrence J. Se-

jnowski. Independent components of face im-

ages: A representationfor face recognition. In

Proceedings of the 4th Annual Joint Sympo-

sium on Neural Computation, Paris, 1997.

[4] Anthony J. Bell and Terrence J. Sejnowski.

An information maximization approach to

blind separation and blind deconvolution. In

Neural Computation, pp. 1129{1159, 1995.

[5] Anthony J. Bell and Terrence J. Sejnowski.

The independent components of natural

scenes are edge �lters. In Vision Ressearch,

pp. 3327{3338, 1997.

[6] Roberto Brunelli and Tomaso Poggio. Face

recognition: Features versus templates. IEEE

Transactions on Pattern Analysis and Ma-

chine Intelligence, Vol. 15, pp. 1042{1052,

1993.

[7] Ian Craw, Nicholas Costen, Takashi Kato,

Graham Robertson, and Shigeru Akamatsu.

Automatic face recognition: Combining con-

�guration and texture. In Proceedings of the

International Workshop on Automatic Face



and Gesture Recognition, pp. 53{58, Zurich,

1995.

[8] Aapo Hyv�arinen and Erkki Oja. Independent

component analysis: A tutorial.

http://www.cis.hut.�/projects/ica/.

[9] A. Lanitis, C. J. Taylor, and T. F. Cootes. A

uni�ed approach to coding and interpreting

face images. In Proceedings of the 5th Inter-

national Conference on Computer Vision, pp.

368{373, Cambridge, USA, 1995.

[10] S. Makeig, A.J. Bell, T.P. Jung, and

T.J.Sejnowski. Independent component anal-

ysis of electroencephalographic data. In Ad-

vances in neural information processing sys-

tems, Vol. 8, pp. 145{151. MIT Press, 1996.

[11] Kazunori Okada, Shigeru Akamatsu, and

Christoph von der Malsburg. Analysis and

synthesis of pose variations fo human faces by

a linear pcmap model and its application for

pose-invariant face recognition system. sub-

mitted to International Conference on Auto-

matic Face and Gesture Recognition, 2000.

[12] Thomas Vetter and Nikolaus Troje. A sepa-

rated linear shape and texture space for mod-

eling two-dimensional images of human faces.

Technical Report TR15, Max-Plank-Institut

fur biologische Kybernetik, 1995.

[13] ���� , F��, ��:��,
	
,���

, ���. b _e-¸�jN�p�Gº»[��[bcd�tIw³� { futon system

{.

0=�. HIP97-39, ��-./0=�, 1
1998.

[14]

����
, ���TQ, �����. ��� rstuu`�il�b[�\jklm. 0=�. PRMU99-27, ��-./0=�, 6 1999.


