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Face recognition under unconstrained 

based on LBP and deep learning 

LIANG Shu-fen, LIU Yin-hua, LI Li-chen 

( School of Information Engineering, Wuyi University, Jiangmen 529000, China) 

Abstract: A face recognition method under unconstrained condition was proposed based on deep learning. At the same 

time, making LBP texture features as the input of deep learning net, and greedy training the network layer was made by 

layer to obtain good network parameters. At last, the trained net was used to predict the test samples’ labels. The results of 

experiments on LFW(labeled faces in the wild) show that the algorithm can obtain higher recognition rate than traditional 

algorithms(such as PCA, SVM, LBP).Otherwise, the recognition rate on Yale and Yale-B are also very high, the experi-

mental results show that deep learning net with LBP texture as its input can classify face images correctly. 

Key words: unconstrained condition; face recognition; LBP; deep network; deep learning 

 

1  �� 

��������	
���������

��������������� �!"#$%

�&'()*����+��,-./-0.�1

2345�6789:;<=>?@�AB�C�

�6789:��D;EF:G(HI��678

9:����JKLM� 2 NOPQ 3-D RS

[1,2]

T 2-D RS

[3~7]

�������(UV�WXYJ

K�Z[(PQ 3-DRS��������\]^

_`23VabTcd45�e#A(C 3-DRS

�f+gh�ijkl?m�nopqrkDst(

2-D RS�usv��wxV"#y�D�z\n

{��|p}~(Wolf  

[3]

\ LBP(local binary 

pattern )���������vU� Gabor ���

j��w=>�6789:��wx�����|

��C�+�������#��u�23��(

Marsico  

[4]

�} FACE (face analysis for commer-

�����2013-09-03T�����2014-01-29 

�����cdefg��hijklO61072127QTmnoefg��hijklO10152902001000002, S2011040004211, 

S2011010001085, 07010869QTmnopqrqstuklOvwp[2008]342 xQTmnSyz{|}�hijkl

O2012LYM_0127Q 

Foundation Items: The National Natural Science Foundation of China (61072127); The Natural Science Foundation of Guangdong

Province (10152902001000002, S2011040004211, S2011010001085, 07010869); Province Seedling Project of Guangdong Depart-

ment of Education (Guangdong Teach [2008] No.342); Outstanding Young Project of Guangdong Colleges and Universities

(2012LYM_0127) 

doi:10.3969/j.issn.1000-436x.2014.06.020 



� 6� ������� LBP���
 !"#$%&'()*+,- .155. 

 

cial entities)+����6789:������+

�us��\�6789:�abTcd���

�����>q�6789:�����(�

LFW(labeled faces in the wild)���� pq

61%�CU��D;�¡¢£Q\¤¥�¦§�¨

© 13 ª«¬[���1(®¯+�°���

��wx��y�Dn±�²���|p�
�¡

¢£Q�³´µ�Cr¶&'VJKX··n¸¹

º»��´µT|p( 

�¼�½¡¾¿À~À,¾XÁ¬(½¡¾¿

RiÂÃÄ�½¡ÄÅ�Æ���ÄjÇÈ��É

ÊËÌÍ�Ë#A�ÎÈ|�

[8]

(UV�½¡ÏÐ

ÑÒÓDBN, deep belief networkÔ

[9]

Y�.ÕS�½

¡¾¿���Ö Hinton� 2006×ØÙ�}�LÚ

�ÛÜÝÞßÑÒ

[10]

(à��á:��á�¾¿n

âÈÙ�ÌÍ����ã=>����äD���

|på�.n¢£Q�³´µ���á����

�(DBNæÊç&'Qèéêë��

[9]

��b�ì

íî

[11]

 ï�ðñ(CY�DBN òóåwxôõ

�Æ�ö÷¾¿q��wx�ôõ��

[12]

øâk�

÷x3ù������� DBN �ú��ÑÒû2

cd 2345�¾¿qnü���|p(LBP+

�

[13]

YÖ Ojala  �}��.#Aýþ����;

<��}��wx��[��[��� ôõ�R


�UM	
�, ²f+���+�¡��"#

cdT��n{D(LBP+���býþ��

[14]

�

|
M�

[14]

�����

[15]

 �!>q$%&'(÷

LBP ýþ���� DBN �ú��L#A��½¡

¾¿V�q�ö�(�Xz�j�;������

�Ë�¾�þ�P���vU'Q�6789��

��HI����¹n�( 

 !�� LBP ���6789:��wx�

ýþ���ü' DBN ��"á�¾¿ËÌÍ�Ë

#A�������� DBN #Èá�����M

N(LBP°�����wx�ôõýþ��\cd

T��$%"#?±�&'D�vU�� DBN ú

���Ë#(QÑÒ\wx��M	�þ)���

"*+ÑÒ¾¿qnü�����øâk���

DBN\ú�ê,��½¡¾¿Tá�������

�ÑÒ�#Èr®�����#A��å��u�

23�-.(� LFW ����r/|0��)*

+� PCA�SVM�LBP  z1� !+�°��

�"#�ÆDTÈÙD���y�DË±�;<Ë

#A2|��6789:��wx���Ï3��

\U��Ë���.î(âk�� Yale�T Yale-B

��4=>?Î�� �|0PQ LBPýþ���

DBN ;<��6789:��wxVË5#A�

��( 

2  ���� 

2.1  LBP 

�6�7��wx ( , )

M N

f x y× �ýþ��L÷

��wxV�8�ªx3[�U9ñx31?�

>q�:;��� 

 

1

,

0

( , ) ( )2

P

p

p cP R

l

p

f x y s g g

−

=
= −
∑

 (1) 

UV�

1, 0

( )

0, 0

x

s x

x



=
 <


�

�

c

g |�V<x3�

p

g ( 0,1,2, , 1)p P= −� |�÷

c

g �V<�R�=>

?�� Pª@AM	�x3�B

p

g C«nYDê�

E'FäD�G�f+�C«�x3H()* LBP

ýþR
.N# 2

P

.��å*+�����7êI

'@A LBPÝJ)* LBP�@A LBP��R
ê

*+q ( 1) 3P P − + (ß� LBP:;W���wx�

U�[��[��� ��R
K��}~�CY

LMR
�M	
�Nn;|p}~(�å|p

LBP :;w�Ol�Æ���v:;wM�

m(R

1

,R

2

,P, R

m

)Q��*f8�Q�R�w�=>�

��wx�R�w����vUSTU~ÉÊ��

wx�� H( 

 

,

,

{ ( , ) } {( , ) },

0,1, 1, 0,1, , 1

i j l j

x y

H I f x y i I x y R

i n j m

= = ∈

= − = −

∑

� �

 

(2)

 

UV�

1,

{ }

0,

A

I A

A



=




��

��

�

,

[ ], 0,

i j

H i= =H 1, ,�  

1, 0,1, , 1n j m− = −� , ( , )

l

f x y � LBP :;wx�n

Ý| LBP +�ÉÊ�nâ�HR
(MQ LBP �

R�wL÷� 3 ª�!|p}��wxÏ3O1Ô

|p��wx��R
Ï3ø2Ô|p��wx�

Vñ��ø3ÔVñ��STÉÊ��wx��ô

��( 

ÖQ LBPýþ��"#W¡$%n{D���

n{D�f+� �[�àæßÊç&'Qýþ

MN������wxM��XYZR ðñ��



�156� �  �  �  � � 35 � 

 

[®}�À�D;( 

2.2  DBN 

DBNYHinton� 2006×�}��.\ �Ê

RS�ºw 1°��UP RSY,6]^_`�

ÓRBM, restricted boltzman machinesÔ(\Q�ª"

# lÈabc� DBN~d�UL�c�ab

cel�fjM	L|��  

 

(1) (2) ( )

(1) (2) (1) ( 1) ( )

( , , , , )

( ) ( ) ( , )

l

l l

p

P P P

−=

v h h h

v h h h h h

�

�

 

(3)

 

UV�

(0)

v = h , v�DBNL�c�

( )

( 1,2, , )

k

k l=h �

�Û kÈabc��Û kÈTÛ k+1È�ab

cgh 

 

( ) ( 1) ( ) ( 1)

( ) ( )

k k k k

i

i

P P h

+ += ∏h h h  (4)  

 

( ) ( 1) ( ) ( ) ( 1)

( 1 ) ( )

k k k k k

i i ij j

j

P h b W hσ+ += = +
∑

h  (5) 

UV�

1

( )

1 exp( )

x

x

σ =
+ −

�

( )k

i

b |�Û kÈij�

( )k

ij

W

�Û k ÈTÛ 1k + Èel�kH�� DBN Vv

( 1) ( )

( , )

l l

p

−
h h ���ª RBMRS( 

 

� 1  DBN ���� 

DBNY�.ÕS�½¡¾¿ÑÒ�à�lSN

mQ��ÂÃÄÅ�Æ�;<Ö�qgh�ÖÇ

ùqÎù2��ú�ê,�����#Èc&'

SoftMax n�\��MN���>qú�ê,�N

«H��ã>qú�ê,�N«H��äDop(

q( DBN L.+��f+�L÷n¢£�³´µ

á�¾¿ú�ê,�ÌÍ��(�Ï3rs�k

Ý�Ltu�ê,vþðñ;<wxÂy��z�

�;á�{|}ab�æ¸ê,V�}~Ï3( 

3 ���LBP�DBN�����	
��� 

÷x3ù������ DBN�ú��à;¾

¿q��wxVa��ÌÍ���CÖQú���

Y�yÉ
�t�¾¿q��wx�ôõ�ÆD�

�(v LBPT DBNz�jL÷�½¡ÑÒ#A�

=��wx�ôõÏ3��k�½¡ÑÒfjM	

� 

 

(1) (2) ( )

(1) (2) (1) ( 1) ( )

( , , , , )

( | ) ( | ) ( | )

l

l l

p

P P P

−=

L

L

H h h h

H h h h h h

 

(6)

 

UV�H� LBPýþ���

(1) (2) ( )

,

l

Lh h h Y½¡Ñ

Ò\ú���H¾¿q�nâÈÙ�Îù���2

�U��DÁ�q½¡ÑÒ¾¿�#AD(BH�

)* LBPýþ����U7¡� 2

P

�� LBP\&

���7êÂ�ê���� 2Ù� 0 1→ �/� 0 1← �

�{��ÂQ 2Ù�{���7ê�+��k H?

����²7¡�Î��½¡ÑÒ�¾¿��Vf

+y�Â�rkDGÇ(BH�@A LBP ýþ�

��U��7¡�# ( 1) 3P P − + �LUqG7��

'��²N;*+Î����~�nü45( 

���wx,@AcdT����45k�Ö

Q LBP ýþ��H\U"#�±�&'D�2�

Ö DBN ¾¿q�ÌÍ����"#n{D(½¡

ÑÒ;<��\HV��[��[��� �R


÷�à�M	
��¾¿�>qË"#�ÆDTÈ

ÙD�ÌÍ��(v LBPýþ���� DBN�ú

��L÷±�½¡ÑÒ�¾¿;z( 

DBN \ú� LBP ýþ��¾¿���¡��

QÑÒ������B DBN �ê�#pq�ô�

���ÑÒ'Q��wxMNt�pq�ÈÑÒ�

MND;

[16]

(�� DBN ��º:O1Ô\Û�È

RBM�÷ LBPýþ���ú��\ RBM��t�

����=>�È����êø2ÔÎÈ RBM÷Ç

�È RBM ú}ê,�ú��\ RBM ��t��

���=> RBMÑÒ����êHø3Ô�Wü'

�ô�����\��@��È�ê����>

DBN ¡q�ô��(�����¢�å�ô��

�ghD�����£¡(CD, contrastive diber-



� 6� ������	 LBP
���������������� �157� 

 

gence)

[17]

�� RBM=> DBN�È����ê�G

Çå¾¿H«�ij�¤¥��>ÑÒ"#Ë@�

ê,.î;z( 

 !�� LBPT DBNJK�6789:��

���ºw 2°�( !+�"ì"¦º:( 

1) 'FäD�G�vî�§ T��§ G

7¨

32 32× ����R�w@©� ���.vþ( 

2) \��§ Tî�§ ��MQ���8ª

�Q� LBP ýþ���v8ª�Q���STU~

ÉÊ§ � LBPýþ��( ! LBPýþ����

k§ MQ�

4 5× �=> R� 1�x3ê P� 8(�

k°��� LBPýþ��Tx3ù��7êz�( 

3) v��§ �LBPýþ����DBNL�

Èú��\½¡ÑÒ��ªÈ���÷=���Ñ

Ò�ê(!V DBN Èê´� 2 ÈOÛ 1 È¾¿ 

� 0.002�«ÝÙê� 40øÛ 2È� 0.003�«ÝÙ

ê� 40( 

4) �½¡ÑÒ��¬W�vî�§ � LBP

ýþ���� DBN L�Èú��ü'��W�Ñ

ÒÖ:���ÈÙ2¾¿T��î�§ �ÌÍ

����ÑÒ�#È�� SoftMaxn�MN�=>

î�§ �N«H��f+��� ( 

 

� 2  ���� 

4  ������� 

�å/® !+���6789:�#AD�

´' LFW ���������r/�âk���

�"¯°+��D;��6789:���� Yale

T Yale-B���±²r/(r/I�°#���w

xß�¤³1�´��µ¶��W���q

32 32× (r/·9¸j�O2.20 GHz � Intel(R) 

Core(TM)2 Duo CPU�2.00 GB�¯( 

4.1  LFW ����� 

LFWV���wxY'«���íî¹Viola- 

Jones� Internet� ºq���� 5 749�» 13 233

6wx(UV�1 680 ��wxêHÂQ/ Q¼

6�½� 4 069 �¾#�6wx(wxM¿ �

250250× ���wx÷ÀÁ�u���+yW¡w

x(LFWus'Q�6789:��������

;ÂM|®²r89:��wx�{��ºab�

cd�ÃÄ�|
�XY�.Å�D� �{�(

 !´�wxêHÂQ/ Q 20 6����r

/\Í�UV��Æ 62ª�» 3 0236wx(8

�Ç�´� 5 6wx����§ �È:�î�

§ ( 

1) abcênâk+�D; 

DBN \ú�ê,MN���D��Q\Uá

:����ÈÙ¾¿�#AD(Hinton

[9]

É}��

Ê®ËÌ¾¿+��ÎÑÒ�D;�DBN�Èab

c�ªê&ÊÍ�Î� !r/V��Èab

cêzâ(�6789:��wx��gh�²�

#?���������wx�#A���ØÏÐ

�nâabcê
�: !+�D;(r/�B

º| 1°�(UV���klYt��.�T#�

����kleT�MNklÉî�§ MNk

l�ÑklÉ��klTî�kleT(H>¬Ò

�Y����)* LBPýþ���� DBNú��

r/V��aÈcêpq 4 000k�ÖQ��7

êÓÂ�U\�¯stÔ}å !�·9;zÕ

Ö�2�us×Øabcê� 1 000q 3 000�


�( 

�| 1L¸�ÇÙabcê�Ú5�½¡Ñ

Ò;<Ë@2|p��wx���CYÑÒ���

klTMNkl4ÇeÚ5�f+yªÛÚÂ�2

�\·9st4Çe�Î(âk�Ö| 1L¸��

abcêzâk�PQ@A LBPýþ���½¡

¾¿���� @ÎQPQx3ù��T)*

LBPýþ���½¡¾¿���PQ)* LBPýþ

���½¡ÑÒMN;zâPQx3ù�½¡Ñ

Òz�(@A LBP�GÇ��7ê�âk�N;*

+Î����~�nü45�\cdT����"

#�±�&'D�à�#2����n¬DDÜÎ

½¡ÑÒ¾¿;z:G�D;Ý�>q�1��

Þ(2��@A LBP ýþ��z\Q)* LBP ý

þ��Tx3ùwx���� DBN ú�k�GÇ

7¡
�:;Ë@2Ý|��wxÏ3�Ë#üQ

½¡ÑÒ¾¿( 



�158� �  �      � 35! 

 

2) § ênâk+�D; 

�����V���§ us�Dª����

��lS���§ êÀ�E;<���ßàD�

�À��\î�áâ�.îÀ#ü(| 2�½¡Ñ

Òabc� 5 000�nâ��§ êk� !+

��)*+��1?�B(�| 2L¸�)*+� 

PCA�SVM�LBP �§ 1?+k����N�

��Ý|D�n±(���§ êÚ5k���N

���?�}~�+��� FÚ�Lã)*+�

��6789:&'D?ß(½¡¾¿ß����

.����ÑÒ�ê��ä@���U[W¾ås

+y#«¬��§ �������æ;=>?@

���AB(��§ ê�Ú5\ DBN T

LBP+DBN45nY�Â�|0½¡¾¿+���

6789:ç1DË@�\�.23�èj45"

#Ë±�&'D�âk�Ö| 2 ��"d0PQ

LBP ýþ���½¡¾¿+�?PQx3ù½¡

¾¿+���� Ë@( 

� 2 �������	
��� 

"#$%& 

'� 

5 10 15 

PCA 31.92% 38.98% 39.46% 

SVM 36.58% 48.29% 52.40% 

LBP 38.64% 51.43% 56.27% 

DBN 81.30%( 82.59%( 82.99%(

LBP+DBN 82.77%( 84.02%( 84.54%(

3) LFW�nâN�k+�D; 

�éÐ !+���6789�����#

ADTêëD�÷!ì[4]��×P��½�´�

LFW �V��wxêHÂQ/ Q 8 6��I!

50ª�» 4176��wx��r/\Í�8�Ç�

´� 56wx����§ �Uí�î�§ (½

¡ÑÒabcê�| 2zâ�r/�Bº| 3°

�(Ö| 3L¸�nâ+�MNk� !+���

 �Î�pq 85.16%�d0 !+�"#?@��

�;z(!ì[4]� LFW�> 61%��� �CU

+����AB¢£Q������V����

[���1�²�§ êHîÂk��³���

eïð(1?| 2T| 3L¸��î�§ gh�

{k�PCA�SVM�LBP�� ��?Â�� !

+�;<ÊÍ?ç1��� ���Ë��"|0

 !+���6789:&'DË±( 

� 3 ��������	
���  

'� ��) 

PCA 35.93% 

SVM 45.51% 

LBP 47.30% 

FACE 61.00% 

DBN 84.05% 

LBP+DBN 85.16% 

 

���LFW����r/�BL¸�PQLBP

ýþ��� DBN MNñ¡ÎQú����x3ù

�
�(v LBPýþ����ÑÒ�ú��#(Q

� 1 �������	
�������� 

'� *+,-& ��) "#.//s 01./s 2.//s 

1 000 24.83% 149.17 6.36 155.53 

2 000 45.15% 383.52 15.81 399.33 

3 000 61.45% 720.31 30.34 750.65 

4 000 74.57% 1 164.53 45.39 1 209.92 

DBN 

5 000 81.30%( 1 706.08 67.48 1 773.56 

1 000 24.24% 471.84 13.05 484.89 

2 000 45.56% 859.80 22.86 882.66 

34 LBP+DBN 

3 000 61.65% 2 745.55 78.59 2 824.14 

 1 000 25.88% 156.58 6.72 163.3 

 2 000 47.92% 403.27 17.30 420.57 

LBP+DBN 3 000 62.63% 766.61 28.45 795.06 

 4 000 75.62% 1 173.92 47.30 1 221.22 

 5 000 82.77%( 1 743.00 68.06 1 811.06 



� 6� ������	 LBP
���������������� �159� 

 

ÑÒ*+\òíÏ3�fóôõ�¾¿q��wx

VôõD������r®\�6789:��w

x�����( 

4.2  Yale ����� 

Yale ���# 15 ª��8� 11 6wx�»

165 6wx�wxW¡ù� 256�M¿ �

243×320(8ª�# 6.nâ�|
�3.nâ�

cd��²wx#ö¤÷Tnö¤÷�V�(�

r/V�8�Ç�´� 5 6wx����§ �

È:���î�§ (| 4 �½¡ÑÒabc

ênâk�����B��| 4 L¸��ab

c?+k�â§½¡ÑÒn;��¾¿q67

89:��wx�N�Ï3�ÇÙabcê�

Ú5�ÑÒ¾¿q���À~ÀÂM�abc

ê� 5 000 k�ÑÒ¾¿q���wx��y�

D?±(�| 5L¸� !+�� Yale����

�� �Îpq 98.89%�? PCA�SVM�LBP�

DBNM��Îå 18.89%�4.45%�5.89%�2.22%�

d0+��6789:"#?@���;z( 

� 4 Yale���������
��� 

'� 

1 000 2 000 3 000 4 000 5 000 

DBN 44.21% 67.78%( 80.48% 90.00% 96.67% 

LBP+DBN 46.84% 68.29% 81.89% 90.14%( 98.89% 

� 5 Yale�������
��� 

'� ��) 

PCA 80.00% 

SVM 94.44% 

LBP 93.00% 

DBN 96.67%(

LBP+DBN 98.89%(

 

4.3  Yale-B ������ 

Yale-B���# 10ª��8�# 646cdnâ

�wx�wxM¿ � 192ø168�W¡ù 256(�r

¶&'V�\�¥ÂQ 90°�ùR¥ÂQ 90°���

wxJK�úHnÎ�ûüLõMwx(Èí���

wxMÊ 3õMO�º 1,cd45���cý��

¥�Q 10þ�ùR¥�Q 10þ�8� 76��wxø

�º 2��º 1cd89z¼�cý�¥�Q 20þ�

ùR¥�Q 20þ�8�» 12 6��wxø�º 3�

�º 1cd89ßà�Â�8�» 306��wx(�

º 1����º��º 2T�º 3��î�º( 

��r//®å !+�\�6789:T

6789:èj23�#AD�CUV��23\

+�45?ÂNåsJK� wr/ØÏÐ� !

+�,cd45kD;(| 6�½¡ÑÒabc

ê� 1 000~5 000kYale-B������� (Ö|

6L¸� !+�\Qcd{�"#?±�&'D( 

� 6   Yale-B���������
��� 

'� 56 1 000 2 000 3 000 4 000 5 000 

Sub2 52.12% 73.07%( 84.93%( 91.52% 96.67% 

DBN 

Sub3 48.50%( 71.13%( 84.34%( 89.57%( 95.67% 

Sub2 54.70%( 74.84%( 85.16%( 92.11%( 97.08% 

LBP+DBN 

Sub3 51.74%( 73.72%( 84.44%( 90.87%( 96.17% 

 

âk�Ö| 7L¸� !+�� PCA�SVM�

MSRÓmuitiscale retinexÔ�SQIÓself-quotient imageÔ�

LBP�DBN +��cd{�nÂ��º 2�� 

z��Ccd{>ghk�º��º 3�r/�B

L¸� !+�;<ÊÍ1?ç1��� ��)

*+��� EF:G���"d0 !+�\c

d�&'D?±( 

Ö÷�r/�BL¸�PQ LBP ýþ���½

¡¾¿ÑÒ;<¾¿qË5#A���wx�N�

��(ÖQ½¡ÑÒRiå��ÂÃÄÅ�Æ�ab

cNmQÃ���2�abcêÀ��½¡ÑÒ

�����y�DÀ±(1?| 2T| 5L¸� !

+��6789:����;z��ÎQ�67

89:��6789���wx16789:���

wxåsË��abc~RiU��M	
�( 

� 7 Yale-B�������
��� 

��) 

'� 

Sub2 Sub3 

PCA 96.67% 59.00% 

SVM 96.67% 72.67% 

MSR 97.50% 87.33% 

SQI 96.67% 80.67% 

LBP 97.50% 63.00% 

DBN 96.67%( 95.67% 

LBP+DBN 97.08%( 96.17% 

5  ��	 

 !�} LBPT DBNz�j��6789:

������ LFW �����r/�B|0� 



�160� �  �      � 35! 

 

!+�;<á:��á����6789:��

wx�#A��(v LBP� DBNz�j�]^å

DBNn;¾¿q��wxôõ�Æ����[��

> DBN ¾¿q�ÌÍ��,cd���$% �

45?�( !+��,ab�cd�|
�ÃÄ

 èj2345��6789:"#?@���

AB�âk�,�.2345� Yale�Tcd23

45� Yale-B���>?Î��� ( 

!VI'@A LBPýþ���� DBN¾¿�

�	���@A LBPýþ��¾��å 58.eã

�ýþR
��v 198neã�R
¾Dj��.

R
�L 198.R
���Ï3y?+���#


Ê DBN ¾¿q���D;:G�Ý�#°�Þ�

@A LBP��z\)* LBP��D;Ë�( 

	
�� 

[1] MEDIONI G, CHOI J, KUO C H, et al. Identifying noncooperative 

subjects at a distance using face images and inferred three dimensional 

face models[J]. IEEE Trans Syst, Man, Cybern A, Syst, Humans, 2009, 

39(1):12-24. 

[2] BLANZ V, VETTER T. Face recognition based on fitting a 3D 

morphable model[J]. IEEE Transaction on Pattern Analysis and Ma-

chine Intelligence, 2003, 25(9): 1063-1074. 

[3] LIOR W, TAL H, YANIV T. Effective uncon-strained face recognition 

by combining multiple descriptors and learned background statistics[J]. 

IEEE Pattern Analysis and Machine Intelligence, 2011, 33(10): 1978- 

1990. 

[4] MARSICO M D E, NAPPI M, RICCO D. Robust face recognition for 

uncontrolled pose and illumination changes[J]. IEEE Transactions on 

Systems, Man and Cybernetic, 2012, 43(1): 149-163. 

[5] JAVIER R, RODRIGO V, MAURICIO C. Recognition of faces in 

unconstrained environments: a comparative study[J]. Journal on Ad-

vances in Signal Processing. 2009, 12(4): 44-69. 

[6] WOLF L, HASSNER T, TAIGMAN Y. Descriptor based methods in 

the wild[A]. Faces in Real-life Images Workshop in ECCV[C]. 

2008.1-14 

[7] ZHAO D, LIN Z, XIAO R, et al. Linear laplacian discrimination for 

feature extraction[A]. Proc IEEE Conference on Computer Vision and 

Pattern Recognition[C]. 2009.1-7. 

[8] BENGIO Y, DELALLEAU O. On the expressive power of deep archi-

tectures[A]. Proc of 14th International Conference on Discovery Sci-

ence[C]. Berlin: Springer-Verlag, 2011.18-36. 

[9] HINTON G E, OSINDERO S, THE Y-W. A fast learning algorithm for 

deep belief nets[J]. Neural Computation, 2006, 18(7): 1527-1554. 

[10] COTTRELL G W. New life for neural networks[J]. Science, 2006, 

313(5786):454-455. 

[11] TALOR G W, HINTON G E, ROWEIS S T. Modeling human motion 

using binary latent variables[A]. Advances in Neural Information 

Processing Systems[C]. 2007. 1345-1352 

[12] ITAMAR A, DEREK C R, THOMAS P K. Deep machine learning—a 

new frontier[J]. Artificial Intelligence Research IEEE Computa-tional 

Intelligence Magazine, 2010, 5(4): 13-18 

[13] OJALA T, PIETIKAINEN M, MAENPAA T. Multiresolution gray- 

scale and rotation invariant texture classification with local binary 

patterns[J]. IEEE Transactions on Pattern Analysis and Machine Intel-

ligence, 2002, 24(7): 971-987. 

[14] ZHAO Z, PIETIKAINEN M. Dynamic texture recognition using local 

binary patterns with an application to facial expressions[J]. IEEE 

Trans PAMI, 2007, 27(6):915-928. 

[15] LEI Z, LIAO S. Face recognition by exploring information jointly in 

space, scale and orientation [J]. IEEE Trans on Image Processing, 

2011, 20(1):247-256. 

[16] BENGIO Y. Learning deep architectures for AI [J]. Foundations and 

Trends in Machine Learning, 2009, 2(1): 1-127. 

[17] HINTON G E. Training products of experts by minimizing contrastive 

divergence[J]. Neural Computation, 2002, 14(8): 1771-1800. 

 

��� ! 

 

 

"#$�1988-��������	�
������

��������������� !" 

 

%&'�1987-��#�$%&�	�
������

��������������� !"

 

()*�1975-����'(�)	�


��*+,�����������

��-.� /0-��!" 


