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Research on age invariant face verification technology

SUN Yan, LI Xujun, HE Qihong
(School of Physics and Optoelectronics, Xiangtan University, Xiangtan 411105, China)

Abstract: The texture, shape, and other features of the face will change dramatically with age, significantly reducing the
accuracy of face recognition. To solve this problem, this study proposes a multitask cross-age face verification al-
gorithm based on the dual coding average local binary pattern (DCALBP) and deep learning algorithm. First, the multi-
task convolutional neural network is used to detect the face area. Second, the DCALBP and histogram of oriented gradi-
ents are used to extract the face texture and shape features, respectively. Then, the canonical correlation analysis is con-
ducted to merge the face texture and shape features to determine the facial age features. Finally, the Siamese network is
employed to extract the facial features and separate the facial age features from the facial features, suppress the influence
of age factors on face verification, and obtain age-invariant facial features. The algorithm can identify whether it is the
same person by feature matching. In this study, the accuracy of the FGNet, MORPH Album?2, and processed synthesis
data sets is 89.73%, 98.32%, and 98.27%, respectively, and the effectiveness of the proposed method is fully verified.
Keywords: face verification; deep learning; age interference; dual-coded average local binary pattern; histogram of ori-
ented gradient; canonical correlation analysis
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Table 1 FG-NET data set age distribution
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Table 2 Positive and negative sample combination method

A B FEASIRL /5K
0~4 193
5~10 218
11~16 201
17~24 182

25~69 208

FEARA T30 IEREARX M SREAS AR
0~4 and 5~10 50 50
0~4 and 11~16 50 50
0~4 and 17~24 50 50
0~4 and 25~69 50 50
5~10 and 11~16 50 50
5~10 and 17~24 50 50
5~10 and 26~69 50 50
11~16 and 17~24 50 50
11~16 and 25~69 50 50
17~24 and 25~69 50 50

%3 AEFEE FG-NET HiE&E FRiRRI=
Table 3 Recognition rate of different method on FGNET

ik W%
HFA 69.0
MEFA 76.2
CAN 86.5
LF-CNN 88.1
eSS 89.73
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KAk E A, B 6000 AFEAXT, fFEAS A 6000
AR AR [R]AF % i W 5k R, 4 5% 6000 A4~
FEAXT o B RS N AL FE I ZR4E 19 3000 A Y%K
PEAE, R A AL FE I 2R 48 A IE4E 19 4000 A
FEANE, TE G RE A X 19 358 B 7 X Il 2R S A TRD
AR 7 MORPH2 | A SEEG 45 SR AN 4 P,
223 EHZAHBEE LG THER

FG-NET #¥s £ 50& />, H 18 & LIF M Ed
RO S 19 60% L 1, MORPH % #i 48



©252 . O R

S S

%16 &

AR AR EP W N R BN G R R- €/ EN ]
AEAERLE T 60 & L I A B 2 B B B
R TR AR A R AN A, X A B A
HEAT R P, A — & 13040 A 52840 5K A
R BB AR, A ES R 0~77, 32 5 RARSCHR
(0 AR LR B B4 L SE g 2

x4 AEFIETE MORPH2 #iE & FRYIARI R
Table 4 Recognition rate of different method on MORPH2

I PUIIZ/%
HOG+HFA 91.14
HLBP+CARC 92.80
HOG+IFA 92.26
MEFA 93.80
LSP+HFA 94.87
LF-CNNsJ:ZE A5 95.13
LF-CNNs 97.51
OE-CNNs 98.55
R 98.32

RS5 ANFARAFACEGABBEELHIARE
Table 5 Recognition rate of different method combina-
tions on the comprehensive data set

Jiik B /%
SiameseNet 84.36
SiameseNet+ResNet 90.80
SiameseNet+ResNet+tHOG 93.13
SiameseNet+ResNet+DCALBP 94.96
SiameseNet+ResNet+DCALBP+HOG 98.27
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P, G S REAE 2547 A DL B o, 4 DG RC R
(EE i CYNE AT A e S I aTlod <R (R 8
£, 7€ FG-NET ., MORPH VJ J W™ 5 45 i 22
Bl 4 LI T80, 45 B FAR A RCR, 100E T Ik
Ji 2 B B

S % 3k

[1] CHEN B C, CHEN Chusong, HSU W H. Face recognition

and retrieval using cross-age reference coding with cross-
age celebrity dataset[J]. IEEE transactions on multimedia,
2015, 17(6): 804-815.

[2] LANITIS A, TAYLOR C J, COOTES T F. Toward auto-
matic simulation of aging effects on face images[J]. IEEE
transactions on pattern analysis and machine intelligence,
2002, 24(4): 442-455.

[3] DUONG C N, QUACH K G, LUU K, et al. Temporal non-
volume preserving approach to facial age-progression and
age-invariant face recognition[C]//Proceedings of 2017
IEEE International Conference on Computer Vision.
Venice, Italy, 2017: 3755-3763.

[4] LI Zhifeng, PARK U, JAIN A K. A discriminative model
for age invariant face recognition[J]. IEEE transactions on
information forensics and security, 2011, 6(3): 1028-1037.

(5] skhzhz, wwh, bmlist, 5. WREEAE & M4 1 —AC S ik

SRR AL S [J]. AR RS, 2015, 10(2):
193-200.
ZHANG Yuanyuan, HUO Jing, YANG Wangqi, et al. A
deep belief network-based heterogeneous face verification
method for the second-generation identity card[J]. CAAI
transactions on intelligent systems, 2015, 10(2): 193-200.

(6] Jr¥, BRI, (L. w2 I 2% 22 AR A5 SRl A i
PUTTE (0], BRER S -4, 2021, 16(2): 279-285.
FANG Tao, CHEN Zhiguo, FU Yi. Face recognition meth-
od based on neural network multi-layer feature informa-
tion fusion[J]. CAAI transactions on intelligent systems,
2021, 16(2): 279-285.

[7] OJALA T, PIETIKAINEN M, MAENPAA T. Multiresolu-
tion gray-scale and rotation invariant texture classification
with local binary patterns[J]. IEEE transactions on pattern
analysis and machine intelligence, 2002, 24(7): 971-987.

[8] LOWE D G. Distinctive image features from scale-invari-
ant keypoints[J]. International journal of computer vision,
2004, 60(2): 91-110.

[9] PARK U, TONG Yiying, JAIN A K. Age-invariant face
recognition[J]. IEEE transactions on pattern analysis and
machine intelligence, 2010, 32(5): 947-954.

[10] GONG Dihong, LI Zhifeng, LIN Dahua, et al. Hidden
factor analysis for age invariant face recognition[C]//Pro-
ceedings of 2013 IEEE International Conference on Com-
puter Vision. Sydney, Australia, 2013: 978—989.

[11] GONG Dihong, LI Zhifeng, TAO Dacheng, et al. A max-
imum entropy feature descriptor for age invariant face re-
cognition[C]//Proceedings of 2015 IEEE Conference on
Computer Vision and Pattern Recognition. Boston, USA,
2015: 5289-5297.

[12] XU Chenfei, LIU Qihe, YE Mao. Age invariant face re-

cognition and retrieval by coupled auto-encoder net-


http://dx.doi.org/10.1109/TMM.2015.2420374
http://dx.doi.org/10.1109/34.993553
http://dx.doi.org/10.1109/34.993553
http://dx.doi.org/10.1109/TIFS.2011.2156787
http://dx.doi.org/10.1109/TIFS.2011.2156787
http://dx.doi.org/10.1109/TPAMI.2002.1017623
http://dx.doi.org/10.1109/TPAMI.2002.1017623
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.1109/TPAMI.2010.14
http://dx.doi.org/10.1109/TPAMI.2010.14
http://dx.doi.org/10.1109/TMM.2015.2420374
http://dx.doi.org/10.1109/34.993553
http://dx.doi.org/10.1109/34.993553
http://dx.doi.org/10.1109/TIFS.2011.2156787
http://dx.doi.org/10.1109/TIFS.2011.2156787
http://dx.doi.org/10.1109/TPAMI.2002.1017623
http://dx.doi.org/10.1109/TPAMI.2002.1017623
http://dx.doi.org/10.1023/B:VISI.0000029664.99615.94
http://dx.doi.org/10.1109/TPAMI.2010.14
http://dx.doi.org/10.1109/TPAMI.2010.14

%23

PINHE, 26+ 25 A W MG B B AR B 5

* 253 -

works[J]. Neurocomputing, 2017, 222: 62-71.

[13] LIN Liang, WANG Guangrun, ZUO Wangmeng, et al.
Cross-domain visual matching via generalized similarity
measure and feature learning[J]. IEEE transactions on pat-
tern analysis and machine intelligence, 2017, 39(6):
1089-1102.

[14] LING Haibin, SOATTO S, RAMANATHAN N, et al.
Face verification across age progression using discrimin-
ative methods[J]. IEEE transactions on information
forensics and security, 2010, 5(1): 82-91.

[15] WANG Yitong, GONG Dihong, ZHOU Zheng, et al. Or-
thogonal deep features decomposition for age-invariant
face recognition[C]//Proceedings of the 15th European
Conference on Computer Vision. Munich, Germany,
2018: 764-779.

[16] WEN Yandong, LI Zhifeng, QIAO Yu. Latent factor
guided convolutional neural networks for age-invariant
face recognition[C]//Proceedings of 2016 IEEE Confer-
ence on Computer Vision and Pattern Recognition. Las
Vegas, USA, 2016: 4893—4901.

[17] 4T 3, ERIERE. ST LBP FIAEY 7E 1 CNN AKG R
BIBESE [J]. HHALEAR S A, 2020, 30(3): 62-66
REN Feikai, QIU Xiaohui. Research on face recognition
of CNN Based on LBP and data expansion[J]. Computer
technology and development, 2020, 30(3): 62—66.

(18] FMLRR, B HEAR, P22, 2. MRURH G/ HT A B S H:

TERRAE R A S R R [T]. HHEPLAEIR, 2005, 28(9):
1524-1533.
SUN Quansen, ZENG Shenggen, HENG P A, et al. The
theory of canonical correlation analysis and its applica-
tion to feature fusion[J]. Chinese journal of computer,
2005, 28(9): 1524-1533.

[19] CHOPRA S, HADSELL R, LECUN Y. Learning a simil-
arity metric discriminatively, with application to face
verification[C]//Proceedings of 2005 IEEE Computer So-
ciety Conference on Computer Vision and Pattern Recog-
nition. San Diego, CA, USA, 2005: 539—-546.

[20] HE Kaiming, ZHANG Xiangyu, REN Shaoqing, et al.
Deep residual learning for image recognition[C]//Proceed-
ings of 2016 IEEE Conference on Computer Vision and
Pattern Recognition. Las Vegas, NV, USA, 2016:
770-778.

EE R

PINEE, B LATFE AR, R BT SET7 1)
HNTARE ST HU G | R A B
NPV

FIMEE, B, W, T
J7 18 9 N T RE TS ALALAE | HE 0L
&

fuf e ik, A5 A, ERAIITT
1) SR R Rz 4 | PR AL B



http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.1016/j.neucom.2016.10.010
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TPAMI.2016.2567386
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.1109/TIFS.2009.2038751
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3969/j.issn.1673-629X.2020.03.012
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015
http://dx.doi.org/10.3321/j.issn:0254-4164.2005.09.015

