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Abstract

Abstract

Automatic facial image analysis has very large theoretic and practical values.
How to extract facial features, implement the algorithm and obtain more efficient
results through facial image analysis and recognition, is attracting a large number of
researchers to study from multiple fields such as pattern recognition, computer vision,
artificial intelligence and neural network. This thesis focuses on locality preserving
manifold learning algorithms of facial image analysis and recognition technology. The
main research contents of this thesis can be summarized as follows:

(1) Research of facial image analysis on the basis of locality preserving manifold
learning in spectral clustering experiments. The cropped and normalized face images
are used as the experimental dataset, which contains the interference factors such as
varying illumination conditions, differing mask conditions, differing facial
expressions, varying number of samples and random pixel noise. Based on the
spectral clustering experimental results, the effect of interference factors on the
locality preserving manifold learning algorithms is discussed. The performance of
these manifolds preserving methods in a variety of interference situations is analyzed.
Experiments show that some locality preserving manifold learning algorithms have
superior robust, such as multiple graph regularized method, elastic net hypergraph
learning, #,-graph learning.

(2) Propose a novel collaborative representation based face recognition method.
Many face recognition methods have been proposed, among them, the recently
proposed collaborative representation based face recognition has attracted the
attention of researchers. Many variants and extensions of collaborative representation
based classification (CRC) have been presented. However, most of CRC methods do
not consider data locality, which is crucial for classification task. In this thesis, a novel
collaborative representation based face recognition method, LP-CRC, is proposed,
which balances data locality and collaborative representation. The proposed method
incorporates locality adaptor term into the robust collaborative representation based

classification framework, leading to a novel unified objective function. The
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Abstract

Augmented Lagrange Multiplier is used to optimize the objective function. Tests on
standard benchmarks demonstrate that the proposed face recognition method is
superior to existing methods and robust to noise and outliers.

Key words: Facial image analysis, Locality preserving, Manifold learning



H %

BH3x

BB ZEID e 11
11 FHFTRE BTN oot 11

1.2 BEIRIIMIFTEIRAR oo 12
1.2.1 NG A MR AT TR oo 12

1.2.2 FRIEZE ST TEIAR covoooe s 16

1.3 FEEIITIRIZR oo e 19

LA BB REE oo 20
BE ETREARBHABRBEGRIESZNTAR s 22
2.1 RIARIEE S ES BT oo 22
2.0 TETEZRTTIE oot 22

2.1.2 FEF KULAB B BIRIEARTE T oo 23

2.1.3 FEF B IE N HIFEBE AR TTIE ooveoeeeeeeeeeeseesseessesssseesssssssense 25

2.1.4 HeFo, BRI BGRB8k I 28 BB I 2 2] D55 e 28

215 AR TR JT025 oo 30

2.2 SEIEETHIL oo 31
2.2.1 SEIS IR e 31

2.2.2 SEIBTFAIIVE oo 32

2.2.3 SEIEVEE oo 32

2.2.4 ORL BHEAESZIRZE T (oo 33

2.2.5 Extended Yale B EHEAE S A5 TR oo 37

2.3 ZREEINVGE oo 39
BEE ETREARNBERFABIRANSGE. .o 40
3.1 BN RRIR AT IE e 40
3.2 RIEMIAEAIRMERIZIT N o 42

3.3 RIEBEBM B AT EENLE oo 43
3.4 LP-CRC F3EBIMBALARRY ..o 43



H %

3.5 LP-CRC A3EMMALIEREAIRIE ....cooooovveceees 44
T o OO 44

3.5.2 HARBEERALIIFE ..o 45

3.6 LP-CRC 3BT ZEHMM ...ooooeeeeeeeeeee e 47

37 SEIIIEETTIL oo 48
IO RS e 48

3.7.2 TIGBHETTVE oo 48

3.7.3 LP-CRC LB EIL B IHTE ...oooooooeeoeoeoi e 49
3.7.4PIE BIEAEAISEIEZE TR (oo 52

3.7.5 AR ETHEAEMISZIRZE TR ..o 53

3.7.6 LFW BB AR TSI AE TR oo 55

3.8 ZREEINGE ..o 57
BIUE BAERE oo 58
DL FBEE oo s 58

B2 FBBER oot 59

e =0/ (TR 60
ST BRI B R ERIAIASERR R oo, 64
< OO TP 65



H %

Content

Chapter 1 INtroduCTiON.........cocoiiiiiiiieeeee e 11
1.1 Research Background and SignifiCance............c.ccooveveveneienininenieeen 11

1.2 Research Status in the Domestic and OVerseas...........c.ccovvvrereiinirieninnen, 12
1.2.1 Research Status in Automatic Facial Image Analysis...........c.ccoceinee. 12

1.2.2 Research Status in Manifold Learning...........ccoccevvveveviesiieneiis i 16

1.3 Main WOork of ThiS ThESIS ......cccuiiiieiiieeeeeee e 19

1.4 The Organization of ThiS TheSIS.......cccccvveiiiiiiiieie v 20
Chapter 2 Clustering analysis based on Locality Preserving............. 22
2.1 Locality Preserving and Clustering analysis ...........ccccoooeveiinniniiniienienen, 22
2.1.1 Spectral CIUSLEIING .......cccvieiieieiie i 22

2.1.2 Locality Preserving Based on k-Nearest Neighbor Graphs.................... 23

2.1.3 Graph Regularized Non-negative Matrix Factorization .......................... 25

2.1.4 ¢,-Graph Learning and Elastic Net Hypergraph Learning..................... 28

2.1.5 Low-Rank Representation ... 30

2.2 Experimental ReSUILS...........cooiiiiic e 31
2.2.1 EXperiment ENVIFONMENT ...........c.cccoviviiiicicse e 31

2.2.2 EVAlUAtioN CriterON ......c..coiiiiieicicceeese e 32

2.2.3 EXPeriment SELHING .......cccoviviiiieeecsee s e 32

2.2.4 Results 0N ORL DALASEL ..........ccovveeiiriiriieeiiesieeeseiseee e 33

2.2.5 Results on Extended Yale B Dataset ... 37

2.3 SUMIMIBIY ...ttt bbbttt b e b et b e e nne e 39
Chapter 3 Locality Preserving Collaborative Representation ........... 40
3.1 Robust Collaborative Representation for Classification .......................... 40

3.2 Locality Linear Coding for Classification.....................cccoooviniiniiininnn, 42

3.3 Locality-Constrained Group Sparse Representation .............ccccceevevnenee. 43

3.4 LP-CRC’s Unified Objective Function ..................ccocoooiniiiiiiinicicien, 43

3.5 Optimization of the LP-CRC’s Unified Objective Function ..................... 44

9



H %

3.5.1 Augmented Lagrange Method...........ccccoovrninnnnneecese s 44

3.5.2 Optimization of the Unified Objective Function..........c.cccccovvririirvrnnnns 45

3.6 LP-CRC’s Classification Rules ...................cccccoviiiiiiiiii i 47

3.7 Experimental Results and DiSCUSSION ..........cccceeieiverieiiie i 48
3.7.1 Data Sets and Experiment ENVIFONMENT ..., 48

3.7.2 Comparison Baselines and Configurations..........c.cccccecevvvvnnniesiinnnenns 48

3.7.3 LP-CRC’s Parameter SEttiNg........ccccouvvireiniinieieeinesieeessieeiise e 49

3.7.4 ReSUItS 0N PIE DAASEL.........cccooveireieirieieieisesee ettt 52

3.7.5 ReSUlts 0N AR DAaSEL .........cccceurieirieirieisiesee st 53

3.7.6 ReSUItS 0N LFW DataSet..........ccccovururirinieininieieisies i 55

3.8 SUMIMBIY ...ttt nb et nnees 57
Chapter 4 Conclusion and ProsSpect........c.ccccvvviieenieenieeiiesie e sse e 58
4.1 CONCIUSION Lottt b e bbbt ne e e 58

4.2 PTOSPECT. ...ttt ettt 59
RETEIENCES ...t et 60
Scientific Research Activities and Achievements...........c.cccoevevivennene, 64
ACKNOWIEAGEMENTS. ..o vve e 65

10



W Al

11 HMIREREEX

B 5 B KT (AN W R AT AR V& 15 22 AR, N ATTHF 46 75 SR DR A e A 1)
SR T e T T LR R S50 S 10 AR DR R (Biometric) i ¥ ik
IR 78 FR40 B SEAE NI B, e AR — b il B4 B 10 R (I
SEZE T AZMAEIE. B AEYRE AR B E LR, 0T AR EE
AEFR L S3HT . R RR SRAEAN BT I

NIER A (Face Recognition) & i@ id vHENLE AR FE BN WK HRE(S Bt 1T
S HEN T EYRE AR . 7R 1990 FZ BT, AR AT R R ARy — M )
BRI I, BIF TSR 2 0 A AE A b2 ek, A0 e DR ARG B 7E &
S5 TR R AR SR EBURN 3 AT G BT 5 1 26 A5 AT UART S5 AR AIE s 0 AR T
ALEAR RGN SR TR LI AR RIESE NS, X — B EIRER
MR AT AR BT FE R . 72 1990 4E & 1997 4E 2 (], HBh AMRIRHE R
TR, X B TR Y B 28 RFERE (Eigenfaces) IXFERR EARE AR
WHFLTTIE, A4 N B AU AR AR AR A, e A R B 2 A T 8 &
QA MR A THEEALARSE . N TR B LR 2% )RR 25 I 248 S 0F 7 400
1998 FE4, Jy T RXDGH . RIGEBHETIEER, EAEHEMEK NIRRT
IR RN TR R, NI R N ) R G A Bt — B R e .

FENKI R R — RANEAR L, N BRI 2 e ) — 57
ST NI R B Re b G N e 0, THAREE, RREFREL, BLxsr28, HlpeiR
I s N MR B RFAE SR IR e 3 B 45 R — A R EER R, T ARAE A
FAER AV Z A TeE K ER, AT T ve 2 Wik (1 AEAMEZ E4F
FESRA NIRRFAE, B A AR R B S M # R L (20 ANKT7 m M BagLE, T
NI G S = AE B3R, R — AN R A B B NG R 22 AR K (3) K
ZEASATEYE, ISR FRAF AR B A AR RE T A5 0T 3 BT 45 SR 23 1 A
T (4) EEHAMPRI R A0, R i 75 25 B A R OISR A A7 AE
PIRMGE R SRR T AREG S I d 5 B MR R 2, HIRHER IR

11



W Al

AR SR U5 1205k = G — A AR HE

N B & B B O RE A B S I B T 4 R 53— A B R, 3
HEOLN, T RS HREARZE, 15330000 S5 R pUtEnh . 2R P K
BRI RRE 7 BEAC BRYE R ER A, v 4 s 1) A B AN FE K R I ]
AN A, T HO 503 AL B T5 9 1 R AE AN T 1S g, AR SR 2Rk BTk B2
AECAIE T 73 A v E (R AR 2 MRS o 0] PR e S0 PO 48 P52 9 DR 35 B s ol
¥) N AEZ5 A BSOS ST N BB A T e i) — S B 2R

LSt Fr (B AE A A e AR 2R R S5 M, RO H R I SR AR 2R R R4 ik
BT R TR TIE 5 2 7515 #0713 T Mercer 72 FE—fTA7 2
AEE R B BCRR PT AR k% R B, R e A% eR B s e 4 2 8] 1) AL AR S AR AL D ik
B FAZ R BT B, CAIABIREAE H 1) o 5052 i N 4 B2 Vs, ) A
A7 R DR B M 7] L, E A% R BB A P W R e A s A A% g 32 T i P
FE L, 552 Mercer 5E BRI e HCAT T LAE A% s AT, Tl H TR BRI L I %

UL I AR % 52 08 H I B4 T5 . MBS 2 e R Aa
QIR XS Sol TR ED 7R kel L1 P E (AR (=l aA S s it Bl LT Y /AR R S/ Qi 1Y
[ FRI B ) LAl R g T R A P 3 O 7 R RS, ol J LAAT S A 2 A4S 22 R 2 TR
HIZHINA, FEZIUT. bS58 T UINOCR, ORIl > 5
Rt 7RSSR FR A . MU 1B R AR IR BT IR, BB A
T BN FIRUEE B F B LS 52 20 2, s AR R AR, DAGI) LA 24
NSEILTFBL AE A 3] I REARAS S5 R INAT 28 W52 21 B LA 4EEE (K
HER DA, TFR R R AR, 52 H AT R AR LM S P4 T 7

AN FRE TR T RS N BB e B 53, BARERX S T Ok
Fr NG BB o A T3 12 B S B FH AR L RO VR 20

1.2 EPRIMFRITR

1.2.1 ABRB®& A ZEERIMARIIR

FERAA AU ANTH AL WK, BB s R A5 21 R IEA A2 S 1Y
—RNEUG M 75 AR RS Bruno 78 [ L]0 0 L2047 4H M A g 4 o 1 i

12



W Al

(R IR 3 T R i 4 i (Sparse Coding, SC)fFEAR, SCER[2,3]MIWFFRTEH:, H
SR UG A 5 AN ] B 25 AL SR AR P T . SCHR[4-6]H, 1 SC 7 i
BFoyRRNTFHRITRONEMAHE, Wy = da, Wi EalFiGE 5yET M
@ PR RN . e JEHCRIRIEa M B, SC LAY M-
ming|lall; s.t.]ly — ®all, <€ (1.
Hre R WG AEAZSERMER — DN ER /DR IES. FT SC iiEris iz
SR AR &N, B BRI E[7-10] R4 An[11]. TR 7 1[12]
R PR [13-14])%.
Wright %8 A\[15]4E Nl B r A 7k 454 SC HRig, 4R H 1 24 MR
(Sparse Representation for image Classification, SRC) KIS Tk, & X
X; € R™MMREE IR HNGHAR, X852 NIIGHEAER, XIEEKE,
HIX = [X1, X2, .., X ], X TR RN B Gy € R™, SRC XX yHEAT i
Forn: y = Xa. TR Ea = [a, ay, ..., ag], a5 X565 b 17,
SRC HiEiRHINEyE TiZk, WAy ~ X;a; %70, HILATEHG M Eat KL 5L
ay(k # DEMEESLLEUDN, RAE a EBOR, R REWS A8 A arb At i JE A Xy gk
1TEF0R, RIMERA RN aff) €, o BOENMEIT, SRC HSEEHAT R 40T

SRC &%

1. A A X Ik AT I A Ak 3
2. yfEX ERIRB N Uy

a = argming{lly — Xall5 + Alell1} (1.2)
HAA > 0 V1l R B 15 AL TR i ) S 5L

o B o B T 34
4. Xy identity(y) = argmin{r;}
L0 LK y 17 AES S BN B, Wright 25 A 7E[15] AR T {6 FE B4 e 1
(SFIGYIES B & TNt 2 ENITRIA: &k

@ = argming{lly — [X, I[e; 1113 + Al [a; B1ll+} (1.4)
AT LI HE SRR (1.2) SEMIAIR, 0O\ MR T Ltk 4 R R K
F 2 R

13



W Al

SRC J7iAAE NSRBI 7 T FE B 7 OLF5 BT BE B0k KB T A It 20 R
NER A iAW FT, B0 Gao £ A\ [16]32H T M Ron fiZ 0 Yang 55 A\ [17]
fi ] Gabor 427 34T 1 A4 NG EHR iR s 2 > 1d#2; - Cheng % A [18]
MR A€ B O B R AR IE R s Qiao <5 A [19]4 H 1 2k R i & 1) JE M
B 217715 Yang 45 N[20]7E BIER 73 S8 ok w4 5 5 2 <6 7 5 UL IRC (Linear
Pyramid Matching, LPM)AH454 .

£ SRC J7i% NI UG 73 B BN a2 1B R, BRIP4 7 26T SRC Ak
AR IR R AN LA R AL AR N BRI 9 e 7778 . Huang 28 A\ [21]42 1 fefig
X N G A 1) AR AL R 7 1% Wagner 55 A [22] 52t 17 RS A v NJISE G RE X
JGHRSRATARAG I TT 15 Peng 5 A [23]41¢ iz FIRAR 73 il v -k 9 35 7 B i 4
IR RMERE SR 1) 738 SCHR[24-27182 H T 358 SRC U AR (1 7 2% ) 5
%o

A ME LR BT I 2 YRR M R LU BRI 1, SCHR[28-35]
PEH T IE R AR YE R R MU R s B, STER[B0TH AUER T HLA
BAREMERINES . #EHE (Gradient Projection). [F46 (Homotopy).
AR UG (terative Shrinkage-Thresholding). #T/BlkE (Proximal Gradient)
AU Fr ks B H e 75 (Augmented Lagrange Multiplier, ALM). SCHR[30]%F %%
ST TR FE IS U BB FU LT A, [FI4E[34], ALM F18, B /175 1%[35]
R SHE A5 et 1 YA Aff P I8 BT

BEAR SRC JAAE KR m Sk S 2 iZ AT SN A, ER HSRAS A
RE HA) SR B 15 AR A 5 A ) B o A2 NS PR 0 AP i T o I 100 BB It 20 R 24 78
B, X TR BRSO ) B alf e, IEWARI, Bl Liu 55 A [36]7E MR AL AR
I B I e FE AL Gao S A [37]HEH T 1E SC AR il N i
WL IE NI4T Yuan H1 Yan[3810F: AR FF ISR EUR P AR E AL S5 K R, RIJR
TRl — 43 RIFEARREE R OC R, 18R B R A b AT 52, 7,
TEHIIAH Lasso 293K 5LHL; Elhamifar 55 A [39]#2 H T #2 mi Bk & e 45 14k
Wi 878 TT 12

FR T I S R B 1) R o AR B 2 e, TE AT, T 2 T
FERYy 5T NGHEAR[X 1, Xo, oo, X Z IR« STHER[A0] R 803 58 T 5 8i PE

14



W Al

AR ) = 2B, Shi 58 A[411%F SRC J7 %10, IE AL TREEAT 15 18
WHFE, IR T af ML e, I A E SRC J7 VA1 REALBR AR S B R 3%
Rigamonti 55 A\ [42] tL ¢ T SRC J7 5 MG AR 7712 (Convolution Filter) (X 7],
15 H PR () 2 3] I FR AT BUARLASE R A58, 3t — DR B L A
£ TE AR ITTLE A A A5 1 v 2 i gl FLAth 1E DU AL I 4K

Zhang %5 A [4317E N EUZ 73 #r S5 vhont B 7 A B €, YE500E U A 30T 1) 1 ) 2
ANy YOEOEWALTR SRC Tk, Seda g5 SRR W P [ o i 1 R 24 T
SRC, {EMAAR R s FH AR 55 1) B e f €, 1E AL T0UAR s €4 1 U AH TR0 E B8 5 B9
HISATIERE, DAL yEAt, Zhang 55 AAEJG Sa0T 7E[44] Th VR 4HHe T SRC ik
1) TN 3 T < T 117 s M 2= 2 X i o R R O ) N TN e~

(Collaborative Representatin based Classification, CRC), 1% /72 5Bk E 4 L
SRC /NM3Z, ML RAEHE HH H AR AR ER SRR . %
JEEIE R CRC J7 ik AL FE 5 W AE AN 75 1) B A Ve, Zhang 45 NFE[44]h 4R 1T E
AL TIPS FI5R U B (1 CRC Tk &k (R-CRC).

CRC JPiEMINLERVERE S AL | K& T 0 [F) 2 B0 NG AR 20 #r 77 1k i et
WHIE, 5 FEE] CRC JETCiA AL 3 m AR Lk 70 A K, Wei 55 A\ [45]32H 11
N CRC FiEdR£R Iy i 08 J= i M 20 ) CRC % J5%:(KLCRC).  Timofte %%
N[46-4713R 1 I by Rl R 73 3051 (WCRC).

NI BB o Bt 53R T BT FEAE 0 40 R B A 858 5 x5 N R ) 1 &
[48-50], SCHR[50]H4h H 1 xF b EUGRMBUER LR G 73 Hr . X T LR I A
P&, b5 2 T i P = 22 i e N r 28 35 AN e 1, IS R T S ] ) B 3R 1
A E S T 25 R . Ding 25 AN [4814& Hi 1 REME Ak 3 11 3 5 ) i 4% ££ 90 LA
9 N KR 7735 . Ding 55 N [49] 76t B: il B3R T 2 05 A0 2 g0 W38 YR

(MDML-DCPs) NG EUERG J5i8, 1% 5 VEE AL B N 2 AR R AR 1) )y
A7 R HITHE BRI G HE R B 72 NG R B 5 i e P
AREIBETERER, Bl Xu 55 A [S1152 H K 2 WL e B A ] 4 2] (MISL),  HLAE
2k R R E A FEART A T SR AR 22, DAL RN 5 {F (0 BB 1k . He 25 A [52]4%
N7 o WAL S8 7= G e AN U A [ RS

AN R, VFZ B FUE T Aa i A 78 OS5 JR A o NI A& o B

15



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

