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Abstract

In the detection of the criminal investigation, the face image of the suspect is the most concerned
goals for investigators. But in the actual monitoring, the suspect is far from the camera and the
resolution of the surveillance camera is so limited, which lead to the size of the captured face image
is small. Thus, it is difficult to identify the suspect. How to improve the spatial resolution and quality
of the captured face, and enhance image clarity and discriminability of face value is a challenging
field. Face super-resolution is the technology aiming at solving the problem of inducing one
high-quality and high-resolution (HR) face image from the given low-quality and low-resolution
(LR) face images by combining with complementary information from consequence image frames
or learning the prior knowledge from the given image database.

In recent years, a number of learning based face image super-resolution approaches has been
proposed. Based on the assumption that the LR and HR manifold spaces share the similar local
structure, these learning based face image super-resolution approaches try to learn the relationship
between the LR and HR training sets, and then use the learned model to infer the HR face image of
the input LR image. But face image super-resolution technology still faces the following three
challenges especially in the surveillance conditions: (i) the high-dimensional space consisted by the
high-dimensional data is not linear. The size of current face database is limited; (i1) the manifold
space is susceptible to noise. In serious case, the face image of suspect often severely affected by
noise; (iil) the local structure of the low and high resolution image manifold spaces is inconsistent.
In this thesis, we study the problem of enhancing the representation ability of the given database,
designing a robust image patch representation, learning the neighbor embedding model with
consistent coupled manifolds, and the main contribution of the paper is highlighted in the following:

(1) Face database representation expansion through nearest feature line manifold learning.

To solve the inconsistence between the LR and HR manifold spaces caused by the limited sample
in the face database, we introduce the concept of nearest feature line, and it can extend every two
sample points of the training set to numberless points on the feature line by connecting the two points,
which improves the expression ability of the original samples. Our algorithm maintains linear
relationship in a smaller local space than traditional manifold learning based methods, and reveals
the non-linear relationship between HR and LR face manifold space. This reflects the nature of
manifold learning theory. Experimental results show that the gain of the proposed face
super-resolution algorithm over [3] is 1dB in term of PSNR in the CAS-PEAL-R1 face database [4].

(2) Noise robust patch representation via Locality-Constrained Representation.

The noise will reduce the accuracy and stability of sparse representation based face
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super-resolution method. To this end, we propose a noise robust face super-resolution method via
locality-constrained representation. It analysis the influence of noise on the representation of image
patch, and establish a locality-constrained representation model, which uses the locality prior to
constraint the representation. This method can project each image patch into its neighborhoods in the
training set adaptively, leading to a robust image patch representation, which solves the not unique
problem of least square representation [ 1] and the unstable problem of sparse representation [2]. The
average PSNR and SSIM improvements of locality-constrained representation method over the
sparse representation method [2] are 1.02 dB and 0.0168 respectively in the FEI face database [3].
The subjective results of reconstructed face images are also better.

(3) Projection between the LR and HR spaces through HR manifold constraint.

The current manifold learning based super-resolution approaches mainly focus on the structure of
the LR manifold and neglect the HR one. To this end, we propose to establish a HR manifold
constrained mapping model between the LR and HR images. In particular, we use the original HR
manifold structure to regularize the reconstructed HR manifold space, making the local geometric
structure of the reconstructed HR image patch manifold and the original HR image patch manifold in
consistency. When compared with the LR manifold constrained face Super-resolution method, the
gain of the proposed method is 0.34 dB and 0.0044 in terms of PSNR and SSIM in CAS-PEAL-R1
face database [4], 0.27 dB and 0.0049 in terms of PSNR and SSIM in AR face database .

(4) Learning and fitting of the image degeneration model via Multilayer
Locality-Constrained Iterative Neighbor Embedding and Intermediate Dictionary Learning.

The performance of learning based face super-resolution methods will drop sharply when the
degeneration process is very complex. To this end, we introduce the LR dictionary learning to the
face image super-resolution task for the first time, and establish a multilayer locality-constrained
iterative neighbor embedding model and an intermediate dictionary learning model. Then we
propose to update the LR training set by constructing intermediate dictionaries and modeling the
relationship in much more consistent LR and HR spaces. Experimental results show that the gain of
the proposed face super-resolution algorithm over [2] is 1.66 dB and 0.0303 in terms of PSNR and
SSIM in the CAS-PEAL-R1 face database [4].

In summary, this thesis completes the express expansion of face image database, robust face
image representation and learning of the relationship between high and low resolution images by
referring the mechanism of human visual perception and cognition. It provides a new way to the

actual monitor face image super-resolution reconstruction on the theory and key technologies.

Key Words: Video Surveillance, Face Super-resolution, Manifold Learning,

Neighbor Embedding, Dictionary Learning
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AR, BRI NI EHEER ST RN RO B AR, $asm R i A N
it 7wl 1111 ) il 17 2y A 1 RO S i = e D S 7 L 7 B e 0 N o/ I s TN
WL BRSO R FEA S R TR, PR R IEEO TR A, AR 155
ORI, T HAE5E PAEASIIRIERE ). SRAPT RN S 0 H R N B B = R A
TR, B 1 EERAT R .

FEARENSEE T, AR T EEREREEOVEE D RIRHE, R EERIEE 522D
HEL MERSSEDER AR, DA, A2 P ITAE, RS 5 RN B e S S MR B N 2 Ay
fiE, LG BT EIRFAE . J7 IR RERFE . RAIE -2 B SRR SE4E, ARG T LAUS T
GFHIEA R
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KK FHEFERL

F=F ETEGEREBARKTHRESEAMES PR
"k

3.1 5|18

RIS IIE, 20044E B R R HChangs N BIBE T80 /0 b AR 23 (R IR ) 3%
AT AL LR LR — Bk,  $RH— PR T4RIER N (Neighbor Embedding,
fAIPRNED  IEUGE /e A7, I B GE ARFEAS f FA B b o R R, 1%
JTFR D BNGREANE P AR ERIBCR . B TNEF RIS A A B B 1 R
EHAMEAE S (BMEYY BABORIIZRIEIERE, 23] 1 2 m iz
SRTE, UEAERAH AR T KRB TR MBS PR 1% B, FanZe NP
AP EUREE TSR IR NS S 1715, BRI RIBUE SRR AT VR BB (R A A5 R . 20
ENNRIERFFRIME R, RH—FAFRIE (Common Manifold) AR, XfChang®s A
FINE TR T T AR R A PR P B A S TR 38— A SR 2], 18
AR A AT AR 7 2]

B2, W ATt KR B E ), A mABNR PG T RoR i i 2
HILS LS BN E A SRR, k. 20105F Yang®E NFEH B K Mibignty (Sparse Coding)
HR GBS R A AR, SRR T MR BSOS
SFRNMENRHUT RN, 2T EERIR B B AR R Bt IR g I 2 R I, —J71H],
BRI B RE SR RIE, J3—J7TH, ZRAREMPFEA RG> . R ik
Mgt eng, AT LA SIS S D A AR B E I ER i  ZoER EIG He. 5 f] E SR I AEL
(R RN 7 2] J2AHEL, YangSE B HH IR 3R 715 m] DURSE ML MG H B T B kb
Pt A G, o 1 3R T-ARIBR N BUSIE 73 #2071 E B R A B &
AN

SR, FIRTTEEA A M N B S5 5e 505 B, B R AR A . AT
o NREG R —Rm Bt is, Fra N2 i RIRES . B A A
FERIES B, 20 B BN G S B AR AR EEEH . T
WK, AR E N RV 2 A T E B NI e 0. 3-8 X R BEA I
AFHHELSRE], B, AP NG NS S PR AN UG R A H 2 B R 1)
X577 KR UG AN Hk, AT —MIE PR UG, AR 9
BNFEAA RN B RIS T RS R 213G 5, MR PR A B GIE
SO N AN R, RN ORFRR RO, RTINS B AL ) = 7
REWGY e, BE B, BRpra M ERELN SRR AR BRI, fRRRE R R
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RN RS NGBS BN E, T EAE RN R ER NG GO TR, RE&55)
N HER N R A brm AR NI 1 EIRERD R, T B R
NI RIS W R AR R N I GERAER TR A N R
[A]R ZRE

- | FURENE AP |
Hallucinated =$= | = = = = = =HR face
HRface GEEEN | UEEEF RSURE N § images
4 wiaidi | R () W R NN
d Wil o+ ol o+ el e s

I
|
|
\

==

—-m 7T

\ \
\ \

\
V-
4 e +;:%;!
1 | |
n... B |
||
L
IS

2 -7

LR face

Input .
P B images

LR face
K F
=fF K il

Testing phase ) Training phase

B3-1 AT ERRRGAIARS PR RAIERE,

fltn, P9zsSEkEMaE NI 7SRNG RGHSH TR, B IHE TN —akk
7x (Least Squares Representation, [#FRLSR) HIALE FEUGH ARG #5207 MK
SRR ZREE RN 2 G A FE R B A BEUR PO AR o UG Dk
TR/ ER, A Z R B X NIZREE R EUR T A TR A, S Ei
RN B, SR, IR B BB SRR ER R ORI, BT iR
N TG IR IR o FEEUG R FOR R B —. i, 20114 Fung e NP2 —Fh
T IR E G NG T, R AR IR BHERE IR, S —Fhdt
THibi#e/~ (Sparse Representation, fEIFRSR) 7 B KGR NI M HERHE, 55—
Pl HAME— M. 2R ST Yange NI LR R 7 i3 AIMaZe N5 T LSRG 1 B
BUGH I R, FERRLT T R RO, 4RI, SROTTEEELE L R AR & 2 Aib:
—J7, N TR FOR R EIIMEL,  EAE A BN RN T R el — e 5
HINPURHZE RAR R BIFEAR UG I AT AN EE, A o — 2R ah = R N B
AMFAER ARSI S B — 0710, BT ARER O iR A E R U, SRR
FEEENEFR RIS E HBEPIERZ BTG, RRRBERED.
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KK FHEF{58 L

input image input image input image
patch patch patch
/
)
W/
W/ " v
L - W
W
image patch space v image patch space ~ image patch space
[ :LSR II:SR Il:LcR

32 =AARR RS AT ERIET &,

AR, THEASEAHOCHT FURER I Rt St TR~ s = (A R e 45
FARR S, X SRIRAR 2 N T RS BGR2R. EIEARic A AR AR O
Mk, HPAG T ARG B RIMERE . IR TR R K, AR R I AR 5]
ANBNEGHE PR E R, e —ME TR HREKR (Locality-constrained
Representation, f&I#KLeR) A 73R HE . KI3-202 =M GRS RT R R B
Eo EXTHANEGHTRRE, FIFAREHRA R ENG RN R AL, 7 EUEHEA 73 A
H B E MG U S N RS R B A AR IR, IR B A BB, ST R
PSRRI . R, U S G, s R D E R AR ERPGT R, AT
IRFHERT H 8o TMEMalt 775, A TR 1 e FEAR BUR PO S R R AT E, AN
AR TEGRGRER, AR TATREMNRESEFEE, FHEMaf i amg B A g, 1@
HIERAUTMUR:

(1) EKREBLIR S T AR R Ay, R H— P T REAR RN
PR, ZITER A TR A UAEAS O T MR, AR A s AR G
R ARZR IR 4544

(2) FIHEAHERAREGIIFOR 25 IS A BGYSE SE ARG, &5
PRESIEIIFEA G, 5T LSRIVEH UGS R AN — DL Sk T o i UG
FORAKETE B 0] FBAS 21 S G

(3) TR IIAE, HIERNOE R SRR B EIAH AR IS, St
TIEXTE A NIGENR . JCHAE SRR EE N3RS A NI EUE R 7 e B o B

AR FRIIZHA R : 32N AERFEE RIS Jri%: LSRURISRE, 883 351
AR OTER RS, AFEEUR PSRN HAR R B RIS T R 2 R &
TR NI PR AR VEASE A 553 4750 e AT St T LSRMY, SREAILR =
PR RGN JR 3RS A 283 5B EFELA AR, CUMHMIT AR {5 A
AR A2 N PG 2 1 32 2 Wt b S BRI Sy A 850 DL S g e TR e, oA
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TJREZHRIENZE. WGBS EBIAEE . WFFREFRENRIAIER I, 553.6
TOIRBAT RS, FEHLEITE 1R T BBl RER ST A .

1

U

1+1 7))
I}patch_size

u overlap

B33 ABEIEERS R EIERTE,

3.2 ERRRRAE

WY" (n=1..,N) NIGENGEE, NEINGERD. BiRNEEEH T BMAN R
MIEUEEL, XM EUGHEHSIEA Y "G, )11 <i <UL <j <V} , M =UV . UNAEHE
GO BRI, VANEEGEATERBNEGIE G, ) ZnEEIENEEIE
N B R R o —w FRILLE AR, WEI3-33%0, patch size R overlap 43 HFRoREUEELIIR
INHAHEE EHE R TA)5E B MBI

XF SR —E A B X, 0 R B [F R i AR B g3 07 AT 0 B
{X(@i, )11<i<U1< j<VY, SFTFAFALEG ) LRGSR, erl LU NAL B RTE NN

GFEAREGHOTROR, B8N BE R WG, ) = [w G, ), W, 3, §),.... Wy (0, D]

BETRRMI3.2.1 513227 WK o I A 5 5| 5300 SR B P R UG R T R J7i:: MaZi AJR
FRILSRIEA TungZs N1 H USRI,

321 BT E

I B ANEGHSEE, MaZs NFIFFEARES TR E (RCEFDAG, §) ) EEGR
STRREL NG X G, j) BHATIES TR

X(i,j)=iY”(i,j)wn(i,j)+e, (3-D
b, MR BRI B IR 2
SRR AT DAL N TR LT AR e N —RedbL 5 [ L

w'(i, j) = arg )in||X(i,j)—ZY”(i,j)wn(i,j)||§ st 2w (0 =1 (32

w(i,
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KK FHEFERL

AT LR e (R AT R A
3.2.2 W ARTE

FESEBREOL T, BTGRP B L B GHRHER R AEROR, 30 (3-2) (MfifANmE
o N T RPCXISFAS LR R, 8 R AE BB 5 ENZY A0, S8 e
MHEARLS BN LI SE AP E . I, Jung@E NI FREE, FIFHVIZEAT—
MTEMAEGIX G, §) #H1750R, AR HETRG SR (BMEARGBIZ5).
SRFVEPHGR (3-2) FRIRIARAI A L6 AT b RHE (R 1% ] L

min [[w@, Dl »st I X, J')—ZY”(L w, G, DIE<e, (3-3)

o, A8 £ ik, Forn—AREPIEFICRNEN . X 33 &2 MHALE,

EHERARAAE R TN R Z MR, M5 33) MREWHE (i
ZIREAMERD) L WA ERAT DA SR R AL BB

min || w, j) i, st |IX(i,j)—iY"(i,j)Wn(i,j)lliﬁg, (-4

n=1

oy AR VS, Fon - MREF A TTRAGHEREM, &> 0 NRVFIIEMRZER
1B

BB AFBRLIHEMIR,  SROFEF— 5T MEERAE e (R (3-2) ) Af
ME—HIE, T35 T AR R B BRI N

3.3 BAREEA B PWERE L

33.1 ERERLARRT

SR 5 AFGBR LI, (FFLSRAT AN UG RF R A M —Fe i, SRMISRY
PR IR, 2K T RGBT . RASR VAR SR AIREAS KIS
P (PR TR SRR BB BORIZE S, Tl i e #R 4 R Ay A i —
)@, RAENLER S > SR R R, Rt se et TAmi i e s, Renl ey
AR R ISARAERIN T 2] . SRt R8s, R MAIR.

Pk, Yol N3RS A ARgmint3e - (Local Coordinate Coding, fHFFLCC) J7iZAN
RIS Sz L SRl . R, AbA T IR FUER TE—SR e PR, RSt
LRSI SN B, TSR 2 ) ), T Rt a3 T TR R R4S L
MBI IE AT A R . 2 RIX— AR R &, FATKRE2eiminAzI= (3-2) H,
B — P T REAR I BB R T, HAssmsan T
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AT —BABFIANARESHELEZFR

min [|d(i, j)ow(i, J) [, st. ||X(i,j)—gv"(i,j)wn(i,jnﬁszs iwn(i,n:l, (3-5)
Sesb, <o BB NARZ AR, G, ]) R RTINS,
DL X () SIS AR RIRGR R B0

d, (i, §) = X )-Y"( ), 1<n<N. (3-6)
TLLK Y (3-5) S T huke ] F
Wi, j)=argmin{|| X (i, J) —gv“(i, Pw, i, 1) ||§+r§[dn(i, w, i 1)12}

w(i, j)

st. iwn(i, j)=1. (3-7)
X 37 AW F-TNERIREAT, #rEENERGSHANRG SR, F
TN R, « NIENSE, P E MR TR R, M =0 i, $2
H LR ATVERUE AR TLSRATVEN . AT IHE SIS /I E « XTI . ZESRH
LeRA¥EH, RO BUEAFAMER: &2, & r DM FELSRATVE IR Al K 1 o A1
fRASIAIME— R, ETESRREREE A LN UGS TR BT ORAEXR “FhEn” 4
REAE 00 B SURIIRT, 163 41 RA T e — ).
3.3.2 BfReREiiL

HAreE (3-7) "LABAEU FAERETE R

w (i, j)=argmin{|| X (i, ) =Y (i, )Hwi, ) 5 +7 | Dw(i, ) I3}, st i_‘,Wn (i,j)=1. (3-8)

w(i, j)
Y (i, j) BN, ) IFTAREAREHEH R, SR — SR EARRIGIY " (i, ) 1217
R EIER SR . DN x N BN AAERE, HX AL A TEN:
D, =d,(i,j), 1<n<N. (3-9)

N
2 3(w) =l X3 1) =Y G w1+ 1 Dw(, )15 B Y w (i, ) =115
n=1
N 2 2
J(w) =l X =2 Y "w, [3+7 || Dw;
n=1

N N
=X w, > YW, |;+7] Dw];
| nzﬂl HZ:; ll+ 7 I Dw I (3-10)

30K [ Dw
:||[;< YL X =Y 2 X =Y N W +2 || DW
i ¥ ones(N,1) /&2 —MNYETTER 2 NS &, Ff4 C=X(, j)ones(N.1)" =Y, j) »
G(i,j)=C'C, Q=G+7D?, X (3-10) AJLUE—B{E1LA:

39



KK FHEFERL

J(w) =|| (X -ones(N,1)" =Y)w|i; +z || Dw]f;
=w' (X -ones(N,1)" —Y)" (X -ones(N,1)" —Y)w+zw' D' Dw
=w'C'Cw+rw' D’w (3-11)
=W Gw+7w' D*w
=w' Qw.

1 iwn (i, ) =LIXADMLHGRAT T, SMb I (w) , BT EHRAS B H kg Tk g, 4

J(w,2) == w'Qw+ A(ones(N,1)" w-1), (3-12)
EFREEEL I (w, ) ST wRTH:
& gxl) =2Qw+ Aones(N,1) =0, (3-13)
H iSRRG w
W= —%Qlones(N ). (3-14)
HFREREL I (w, 2) XF A RGH:
oJ(w,A) Tw_1_ i
o =ones(N,1) w-1=0, (3-15)
¥ G140 R B-15, FH
ones(N,1)" w=ones(N,1)" (—%Q‘lones(N 1) =1, (3-16)
HEIMA,
—% = (ones(N,1)" Q'ones(N,1))™". (3-17)

R (3-17) AN (3-14) FfEHE] LIS SR Hf A
We Q'ones(N,1)
~ (ones(N,1)" Q ‘ones(N,1)) ’

LRI RS SRR, WsGIRPEnE, T REGRHERE Q SR, —ANEARL
(ISR A w IR 77958 ELEER ARV 7 T2 Qw = ones(N, 1) , SR 5 FRRE SR AZ IR 45 SR AT 4 s 45

S, ) =10 F4, SO F R,

(3-18)

w=Q\ones(N,1). (3-19)
X B-19) RS “\ 7 AARFERERIEIZH.

3.3.3 SR REEARB I RRE
TE NGB HER R, 2R 2 5K im0 HER NI USRS B 2 KA e N UG
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AT —BABFIANARESHELEZTR

ke AR NGBS IO YL, AN, (RO NRE GRS SICEY L - A

B HER RSB 455E TKNERRIN A RR AREE X, I8 IIZR e R AR AR
BIEFEASS, BRI PR NREIR X, -

B 5G, B PRI RIBR A3 SHeigehs BT R SR NS B EA A A IR N
FGR B G N 2805, AR MR PR G, Al DR ISRATIFR H A2
NI ERHTERIENGEOR, REHERI YRR RGBS ERROR /8. R0
REGHRI S R B ESUE A R LTS,  IRa Bbss g e B
FARALE. E R R MRS AT LA EA_ A3 2R ZoR R BN B R i AR G ke &
AMEIpUAR ). e, REEMSRIRE PR EGRRETERNE, B P m R B
B AT MG R = R AR

N T PRI R R AR I NG 7 R FRAROVERE, I8 SR U 1aH
EIEMEBSHeiaRR, AN GEAT R A AT AL B A LRI EORIITERESETT o

IERSCERPPIFHREI), e UGS B e 261 T RIREURIEAE L, 251F
ML T BRI E R, » BB~ #eegkik

p(IHigh | ILow) = p(IHigh | IMedium) . (3_20)

e e el el UEi R R NS E R ABAY - SR LN e Sk G S Y SO TP
RS S AT S USRI (5 8. STERDMR I, A T 3RS EHR K ity
J8%ys AR 5 BRI R BT Tl i e Rt . AT, BATERAAIW
= UARER AN I GREATATACEE,  Refm A EMBIREDBOR 2 A b R R R
SR ARG IR A I3 1 s o

Hik3-1 BT RABARRTOARAR)HE
L BN SRR NP o ROERNREEIIZRES V' h

MR NI X |, BGHOD, IBEGEC mR e E g, Rz
s

2.t EMESPERNEREE X, 5

3. R =AM AR HR NGB BT ERAER A b R A
i SN

4. R R NS EEIIZRER . (KR NS EHEIIZREE SAMREOCZ Ja iRy
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Rk FHEF
HER NG UG LR RIRRR I SR 7 BB R
5. WA HER N ER ERERE—IRX G ) 5
6. TN EIG/N X, §) FIIZREER A N MR R BN

L0 )3 Z BRI

d,(i, )=l X (0D =Y A0 DI, 1sn<N;

7. (R HERREARRUGEREELY G, )} B X G, ) HERMRFEREE w(i, j):

w' (i, j)=arg(_m)in{|| X (i, J) =Y @, )w(i, ) I+ 1 DwGi, j) 113 | » st an (i,§)=1;
8. I NI BAnm ar HER RN X, G )«

X, 3) =20 YA G, w6 )«
9. HE LR DESHEFTE EUGH A H e b,
10. BT IBCEA A I R (I EUG SR BB, SRERRLUEME R ERL
BIELL B EAPER NGRS X, -

34 WRENEERE ST

SRS SS) QU 6/ E NS AN IV Ew ST Wi N TS e T et v i e e v g e B i
WA T HENIRERE . AT RS BB R &, KRS BG5S 1M
PR AN EERSERAIR, TR TR L A B RO E . SULFER, £
17 Saw AV Qe V7oA e DS S = i et A e A T RS s [ D T PR TN =N
Casa = S Sl =(0] 3% N 14 et o 150 et )L 8

FEAINERE T RITER 7, BATPRE 70T WE PRI HTNURE BT BRI IE PRI LA
(LSRUTFERISRT ) AR ILeR AT VAR A Rtk AT SLae b R R T
FELNR BB ), 2RI BHE R, T2 3.5 TS i W2

3.4.1 HHESHT

AT MRRLSRAEN . B AILeR VAR, ATV A IR IS LR G N
TAFIE R RHER, 58— MEAL PO A E R w o B =R R

3 L= EHR RGN ERHG RS R 144 > N3 B 11 UG AN U< /T T U ER AN V =
imrow - overlap
patch_size - overlap }
42
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AT —BABFIANARESHELEZTR

AR PSR R, WEI3-ARTR. BRI A T A, LSRFVE
ARG, PR ZHIIFR UG T FME. H=AT /R LeRIVAIIAR, HFm L
(EAE R EE ARG, RAEEAMSRATVE AT MET . SLeFnf, Sabrhigs) 7 —A4
A LSRITEVHISR T2 S B BUE LU ST A e A B 00, ifi4
FILCRITEFTHRAG RIBUE AT DAL BLA 2 “HE7 1) (R BUEAR %) o Bk
B FERH N BB HGEATROR A AR, St BULeR 7l v D E A Ve AR BUGEREEA T n
P FoR, XU EEDAE SURE, [ 7 ASRBZErD SR s iR .

LSR LSR

LcR LcR

0.4 J

0.2 J

ol ,

-0.2 r

0 0.5 1 15 2 2.56 0 0.5 1 15 2 2.56

x10 x10

B34  TRRATAROHRENER: $—FHLSRA Y, %17 HSRT ., $ 4TI LR T ik,

LR AR TR E T B RAOLER, B H IR TR E GBI B KHEFZ 6 B h R by 4
R. HEZBOHHEEA TR EQBAFR AT TE, MLY% kAT R RAH T,

Bk, A @ —MREET T B4R bR ——Gini index (GD), K EHIEEAFRFRRTE
fokgitt. BdgHs, Gl EEPHECFORBEE R W = [w,w,, -, w, ] BB IEA T

patch_size - overlap
B N R

. imcol - overla
V =ceil { P } , imrow = 120, imcol = 100, patch_size =12, overlap = 4. ceil X)iR B K TalE & THewER
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Gl (W) =1- 23 M |(L‘i”/2), (321)

iz WL, L

A W :[|W[11 ey |l Wy ] gy 1 Wy Lo < Wy | A= g, -, w TAVINERHRF

JRRIEER, 2w, N, B GR, M2, - L SRR MeT.

F3- 145 T =MARFEITERIGL. HiZERT BT, RESRTIEEIFsM R, (H
R TR R AR T LSR AT VAN PR TR SR . MFE3-1RT A, $EH 7RI
PEHESR TP #04%, (HRAR T LSRATIEIHE & 1 85%.

% 3-1 ZAPRE 749 GINT 547,
AEFE | LSRIFFEY  SRATEE LR
GI 02181 0.5325 04040

3.4.2 [SERESHT

RPN SR LU SN T, SO MRt B RAE AR S ) A
Wl m BT DA B B AR TR MR OR . R4V, BA TR 7 ARISER R
Yo 534 NPT FRORPEE RS, FATHHER R N REONL IR &
d, FEHIHT KRBT, 53

sort(d) = dyy, dppyoe-+, 0y | Oy <y <o <. (3-22)

RYE_ Lt rAr S, FATEXPHRORBCE R E W BT EHY, SRR RFRoR
B AW, :

Wy = W, Wego -, W5 (3-23)

CAMINEICHET JE HIRE RS sort(d) JbiAkbr, DAHEEMREE B HEP IO R el i w, A

PR CnEB-5F7), i 7 =FAANEDEERE SR mERAT I, BEEREA RIS
NN EEIET R R, FoRBUEAER N SRR ELI AR, S AR A
TR IIE ORI BEEREA AR/ IR D). WAt SRHKIJNEE 2 ik
FHARIREA EUGHOA TR R . BATHAIL, LSRATVEVRISR AP T REH B AR H2RIE, T
A THIITERT ARBF R XA, PRI BUE IR E o
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LSR

LcR

1.2

0.8

0.6

Weight
Weight
Weight

04

0.2

0

- . . 02 . s
6 0 2 4 6 0 2 4 6

B35 =ATRATHEOFHERE MBS THTE,

SRR, AN A AN E BT AR | =R FEIR R VAR R
AL, FATE X T — R E e s KIMEREES (K-Mean Distance » faiFRK-MD) [,
K-MDJE X4

1

I n,. . 2 E

ZCK(X(LJ'))”X(I’J)_Y ()] .
K

K-MD=

(3-24)

For, X, j) ALY (L j) I m e C (X (L i)} 7l N BUGERAN S 22 0 B KA fi B B
WGEARIG . Hd, C (X, ) FRKN TR RIIZRFEA BRI T hR. Fmtl
{EERR, TP AV ARG E L, HRRK-MDIIE L, — Mo 5iER R T ad
RN EUG LS KRS B S K IR AR G PRAFE B R . (R, K-MDfE
)N, DX RO i 0 R M«

E3-6 2R = A A FFR T ERIK-MDEATE BT B WA H, TEKHCRNFENE (K=5,
K=20, K=50, K=100) FIEHLT, FEHMLRAVEMK-MDIEAEE-HTERY NMOTERIN, i B3 E
HoE /N XSRS HE PRI LR R 2Aa, SRR ERIA IR ARG S
NEGHOR A . SUEFER, FATEERD], $RHERK-MDIEREE KRG ImE K,
TP L2 A [FIKAE T K-MDAE AR R E o« X UL T X A SSRGS
BN EEH BRI, A IECEBEN L (CEASIEARUER B U AR B G, Tty
THHILR I, IGFEARSE AU B GRTEZR idk,  WnRKAENR, DR
AAARIREA G, T FEK-MDEIIE K. RS, $EH A T REiE s
ARG, W] DURGF B R AR UGB 2 (8] 0 Ji T LA 25440 o
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LSR(5-MD) LSR(20-MD) LSR(50-MD) LSR(100-MD)
1000 1000 1000 1000

500 500

o
[’
o
o
o
=
«
o
=}
o =)
[
o

0 0.34380'5 1 ’ 0.33650'5 1 0 0.34180'5 1 ’ 0 0.3563

SR(5-MD) SR(20-MD) SR(50-MD) SR(100-MD)
1000 1000 1000 1000

0.5 1 15

500 500 500 500

0 0 0 0

r
r

0 (36005 1 5 0 (3005 1 15 0 025005 1 15 0 {36005 1 15
LcR(5-MD) LcR(20-MD) LcR(50-MD) LcR(100-MD)
1000 1000 1000 1000
500 500 500 500
% 05 1 15 % 05 1 15 % 05 1 15 % 05 1 15
0.0877 : 0.1252 : 0.1696 - : 0.2230 - :

B3-6  EZARRRRNAEOKMDAL 7B $—i72LSR7#Y % —72srR7#ld =/ 21LR7
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UG HURA IR 2 TR LA ABL A S T LT e e ™ X IR B R g 2
LR R (FEATRIERIR R, SR IE BRI RIN) U R ORRF 2 5 1w 7
157500, JEmHENH Bbrm o deR G, E4-20R, E96, STTRARR S PR EHGHR]
PR HERI G B SOH TR, /RIRRERE. R, BirmadiEgduEn] IR
(R R EOHN BT S 0 B R 2R G TS 2] o e U () TS s 1 SR 70 7%
# HChangZ NEWR H R 45545 772 (Neighbor Embedding, fFANE), %-FH N2 #E%
B, 12 iE I B R BRI B M AR K AR T e R,
TR BB IR BT B KA = ARG B b, 153 BAsm iR g, s
YangZ NERR H—FhIL TR 2~ (Sparse Representation, fiiFKSR) MIEUGHEN R, %
JFEE B NRRBESEE, AT LB SENE 77 T B i KAMREAS SN A 0 1R
BIGER A S H A A SR 8. FRATT 2 B3 R 20 SR 3R s ik 1B B8
(Locality-constrained Representation, f&JFRLcR) {EFEUGHRIIFRRIEREF 5| N Rt 2R, Jmit
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KK FHEF{58 L

R RGLFEA GRS, TR IT A G, Fom RARIN AR iR R,
RIS TARGFI N E A RE

SR, TR PR R 8] “ 2R —" IR, ST iAo AR %R
JHERIUE— SRR AR RSO B, AESERREOL N IO, REITFRR T TIRZ 2
BETHERFEACZ A EUEAT R AIEN, AEREEATTRIAS BTE AR 32 i R R
i Zeasl B SPGB 7 5 S S0 AY 1= s 22 S0 sl L1 s SR P RUEE e[ S BN )8 T 1 2
EalCI[YIR G AP S

Output HR face
LR training set X  HR training set Y

K42 ATHABRTOAAD Ty ERIEZTER,

LR training set X

| IR
¢ - [ Mapping ] y =1(x)

ke U Y=E(X)

_;'

Input LR face [ 1] ] T 111 .
I%II_IL_IL,II_II_I---L_II_II_IL,ILJIJ

HR training set Y

K43 A FEEdmneARAES R T ERETER,

RN FIET 2 ) I EUGER 3 P 7 R R T AT R 5% . XT84 UG 7y %
BEE—MEA N, B ) — R AR UG (B 2 v 70 72 UG 2 (R ) LS R
kT Hixm e G, e TR EA MR . B3 XA R R e B
TappenZe N PN USRS R B K P A AR At T i) R 1 — N RIFEAE 2 2tk
A1 A, SZU R EARR S &, NiAINguyen WOBE Y — sl 3 i Bl EUE B R 72
KimAlKwon M7 LA EHEH R4 819 (Kernel Ridge Regression, fAIFRKRR) Jiik. N
T LB iR TN S EAN FUS D SRR N, IR VAT R R RS T
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SRARERG IR PEREG. R, Tang N\MHREIERSBRARAS 2S T LM B2 5,
FEEEH — ML T DM gmAD )T (Greedy Sparse Coding Regression, [&#XGSCR) UGS
SR WSS B EK:, HuangfTWu B H — e A BRI =38
2P (Local Linear Transformations, [GIFRLLT) FUGHE - HEREVE. ZE NG — B
RN MG ] — A AR 2R UG 23 R B vy o e MG s TR R 2 P e e e A, BT
A FHE AR, IZEEAEE A A T R, LUT AR R4
JR BN, SERTTHEAT B2 e i R AR S R I HE 34T B & N
B, FIErE g JHER AR,

MEL BRI, FATATEIE W mo e BURRE 2 [RIAYIG 7 H2 BUG AT 2 [R) T =)
H ) U SSA AN— SO i T 2 () MG 73 3 T TR IR B ORI o T3 T [l A SR )
EHEHE T 2 T AR XA ) “ AR ik, 0TI RE T 5E. N
i, LR BB, BATERE U BHG s R 2 o B S AT
WIS BRI H bR s 7 R EUE, AN TR ZE T I BEUSOEE r HE Tr “ AR
FORBE” XIS 9 T AR FANSZ B R s () e 0 R B S TR ) LA 6
FIRAE, AT DR T — M mE S SdE EANESE:  AEMEAR D PR G SR AR
B2 SR R FEAR U TR B i R R AR TR S R o 3 5| NIRUE S5 R =)
AR, ARSI, S FISdEEEA OT 2 i NI PR ER
PAMIC NG A Z NI KA B AR ) T ARFA R, A2 B R RIS 7 3
(R BRI s S SR AR U7 H B AR R UG T S o R AN 2 TR K e
TSR SR E AR, B R BURPSCRRA S I A GRS . X TS R B SCS I 75 &
A RERNE,  H T ICEIR AT N R UG PO R AR s o e R, 9t gAr]
W—PuERTT SRR, M A5 2R S B SRR AN R 2 S
BT R

SR A RGE S FER AR, AR R TERE] DAL T LA :

(1) fEGHE TGS 2R T IBSON M AR R UG PUAA “HMIRIZFORE”, SR
KB AE SR O I TRl ARFSEH PR s R PR BRI B “MHFI#R
IR IR AR VFAT TR A I B HER BUGRA “AIRES#EE”. B, SR HE72%
Xof VR AT B AR BE N R i 5

(2) SET T 2] — A2 R IR RO E . (RIS UGS —
SR, ARESRHR TN DR EUR P — X R E R R R SR, IFE
IR SCPEEE B2 ST IR R R TR DR B e TR, S HH BT VAR TN R B
1M 5 FA R E &N

(3) ST AT R R AA =  HEE EG S A U SR R Bl 72 AH b, AR ESR TS
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KK FHEFERL

A GG S e UG (A1) LR AR IR K e O, IR LT 45 Mok 20 T =
KRR EGH [RI R e R . B ZU0EK, TR ERRENS B R H B 22 1)\ Ry
TS o

AT TR ZHN T 42T RN P B N T, EIX— i, 3K
Ml TARBEFTHBINGT S, BEENAME T IBR CRET-gmidaR 17 AN T B 3 Fie)
P72 BRIERERR, BJaaH THEREHE S AERRIE (R EREGIdE ST
Jaiids SR SCEEE A 7% (Low-Resolution patch guided Locality-induced Support Regression,
fiIFRLR-LiISR) Al #ER B e S T REiE S 0S4 H 777 (High-Resolution patch
guided Locality-induced Support Regression, fAF#KHR-LiSR)) LA EATIFIHELISZINANT; 564.3
T T A CAS-PEAL-RI A FE™ L 5 3014 1 AR G 128 TV R0 795 o siz o R 50 e (04
CUM+MIT A B ZE sz b ARG BUR ) 1 2 st b SEa B SR A 20k A
SIS NI EEE, b TIARRE SR /NI A AN, S e A= il
GV BRARAERZN TR REIIREN; 44T R AT IR S 704, o0t T 2R
ARNRIBLAIR NS =R A R R SRR S5 . — 877
FAERTTERIN S FBASTIAZIAT T g, e T ARIET NG RS AR 43 5 ) i L,
JAETS BT RER IS 7 ] o

4.2 BT @0 NRRIEHIRIFRIRNE S

4.2.1 FFSEN R iNEE

FEAT T, FAIGH T IR TTVER BARLETT . e AT B — SRS SO R
P55 o W E PR, NG 1] R AT AR eSS 5 i R NI BINZRAEAS Y =Ly, 3, AT
MR HER NI EBINZRFEAS X = {0 BIERAE T, AR R NS EIG x 960 H Ari o9
RNy, fidhe. Hor, N FZRIIZERR DN ERAIET, S PRl geEAsA
B AR HERINZRAEA N B AR AR HER AR AR 73 v MH A B A
B Ly, DIl < UL <j v N )G i) I<i<U < VY Rk G DI 9 U1 <j o H
F, M=UV, UREE SR AR B SIEIGEE, 7GR TR NG ATk
B, () FREBIAE GRS R TN HIAAR. T RN 70 9T i R
R HER NG R IR — MR PRI, G, J) PR B R BBy, (1) - 408
PGSR B, HHE. RGP R EAE R PR BBy, G, ) [1<i<U,1< j<V},
TGS 5K A b B NIREIR y, . FHAAPEIE T2 PR 5% Gk
TIRNFOR A TR At

(1) ET ISR FERINE. FIH SR P BRSO B T A R %
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FEAR EHEHO N HER EUR TG TR, ISR N IR R UG 2t 225
w =argmin{|| x, (i, j) = X (i, ))w]|f +AE(W)}, 4-1)
Hrb, X G, j) TUEEEARIGH 7 EE, RSB EA G, ) FIFTE IR AR
Hex G, j) BB, I X G, §) =[G, ), %,G, ), %y Gy )] o E(w) 72 T4miis 28w 158
AR, XAPSEIR R AT LSS B AL 5 ARG A R, Bl eiimsirt, 2 72
—MEMWSEA T, HREEHUR P B EAR ZE AN T g R w e E B2
[T, — B3RS TR AL , X TRl FRoRr 7k E N ISR gRD R
Vs ESIPOY AN R DA A s ezl iy 7 NS S (R R A () A (B ) R N () K
M SRAS = 70 e G P
v (i, =Y G hw . (42)

BTt s N 73 e 7B Bt s K e B G LA M R 2R 248K
SRIM, HT 2B TUS RN, a0 R R S R E MR iR R 2 a2 “%
XF—" HIBRESIC R, IXAMmAITE “AHRIZ R ARl B AESEPR GOl T - AGL.

(2) ZETEEFTRK NSRBI TE. S5ETREFR NG FEREAR, 2k
TIEEA R BRI /e UGS B M R s . A VB A i R I 25
B SR HER NGRS SIS E R, fix -y » SRERIERANEK O HER ARG G
X (i, J) » M1 BN ¢ RBAORTIN H bR 7 e EHE

y (i, 1) = F(x (@, j)). (4-3)

ST AR TR ESR AR R R R “AHRIR SR X — A R %A,
T BTN A TC T MR AR R, B S m R R BRI RC &R, A
F T RIE AR B IR TS (T [F—A B SRR LA R Rgs AR, i ]
AT H AR EHE A T RERD o

422 FERESRISERTE

5 FIRIE TGRSR A T BT P SONER R A AR, A TR —FEai
JEABENEIR 5% IS B R HER SRR GIZREARRIbR S I8 T 534N
PIFEREARD Z IR R AR, T B AR R N . e, b SCPaR(E B n] LAl
LR PIRDT AT SR R MR R R SRAR I RIS EAZ B KA ol 88
AR R B R PR B BHSER SR E RS 58 Rt BbRs R
PR R R NZRAEAS 2[RI R IR AR, TR TR iR R UGBS 4
PRI RN . IXAHUR IR RIERZNE R RN R: R PR BRI R T T R
PR HISHEEE R (LR-LISR) Al 73 BB T T Rl 5 i SAE & A5k

(HR-LiSR). £E4% N RIS, AT PRI X PRI
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KK FHEFERL

4221 &HHEBGRBEF T AHEFFH L ERD )T 5%

TR Tt on I NRRE  e giflh 2 88 2 1L 8L e i i vkrp, sy
PR G “ARIPFRE” X —I B R A RBAARR “AHFRSCIE4E”, RIAERA
KR AR RN AR EUGEO— — 31, TG e s RE et — S8Ry
W B, FRHITERAE SR HEER SR GEA S R S I R B G TR o6
R AR SR NG A A

SR E T LB, ) F R PR A R

Q={(x, Y1), (%, o)+, (X, Yy )} (44
NTFREE, LB E T ERRIG ). ST MNMaMNMESTERE G, BAIEAR
IR B SR e A UG A () RIS 1 5 70 PR P AR UG s ) (1) LS R
f(x,P) =Px o L H/IMELLT HFREREL, (B AT DGR ER I BB AR R

Or_tisr = Z(PXn Yn) +05||P” 4-5)

ook, PRRERARIGARL, [P T, o £ R AT N B T ()

w, a=10°), S ARINEHREGIAENGFEATRIPISHEEE . WA, BT RIES
ST NI ER BURHuE ) (ilitt) SRR,

UEAESR, R STER RIS 1, BARERA TS B ARl 3o I e 4 PRI 7]
{BSEEATTRVE AR HUBHAIR, R, X 4E A AT RERR AL — MR EURZER]
2 ol 1P i == 1 AW St e i AR AR A5 L S S S 4 A
f“fﬁﬂ:¢F§?Vf§i$W%L R AR, AN e R G 2 10 IR e i

FEAETT, FAHRHH R HIX N SR sl HR B HaRTE R AR R
% UEE‘*E% JriEiHl CREAS MRS [N XN D 2 20 iR e BB A TR SR SC R
R, PUGERATIE S B AT SRR E o WA, STHFERRIRT LLE St M Ik

S, =supp(dist, |,) , (4-6)
o, dist, | o dist, K ANERZNOME, supp( dist) ) B dist, T K AN NE I I ER S 2R
WG . dist A ANRIFER BT S PR Z A B G S F iP5 R R
dist,, =l|x =X, |5, 1<n<N, 4-7)
Horb, x, RARTHERNGFEA UGPSR G TP EE n M PR EHE .

@iﬁXSL ={x, 1% €X,neS } MY, ={y,|y,eY,neS }, A BbreRdL (4-5) ATLASEM

R

Ounusn =[PXs, =¥, [} +alPIE.- (4-8)
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BT LR-LiSR NGB HER AR AISUIEYE 4-1 .

Hika1 A HEBBIAEF T RIAFHILER =T %

1.

A mABRANEEBINGE X =3, KRN BRI 24
Y={y,}, , WANEDFERNEENE x,, BRSO, BRI R &%
7 SHERENN QI KD, S maxdter;
i mEMEREPERENEER Y,
R m R NG EHENIZREE . AR R NSRRI Ja ik 7%
NGB R > s ) o BEREL {y, G j)11<i<U 1< <V,
Ix G, DIL<i<UI< VY, {x (i, j)]1<i<U,1< j<V);
XFMNETFER NS B BRI EGER X G, §) »
TR NG HER G x G, ) AR BTA N MRS HR A G
%, G, DI Z AN T ER G R :

di (0 §) =% G ) =%, (D) I, 1<n<N
PAHR R BRI SIS

S, =supp(dist, |,) s
ARSI AEE SN R o R SR AR
Xs, ={X,I% eX,neS }F Y, ={y,|y,eY.,neS };

SRAGIRAL HAReREY (4-8) 13BN R SIEREALE G B e S FEAREE S
R B R O
P =YSL X; (XSL XSTL +al )_1 ;
T T E R Ry,
Yi = th ;

10. ERPIRS-DIROH E P BB HU LRI A B A B e e
LR PAT DB A Ry e R B A N EUR B B T2, AR5

FRAREMEER A BB, SRR N R Y, -

4222 BN HEBEREF T AN FFHIEERBH &

FEVA_EFRHHILR-LISRTIVE S, SCHEARAI LA H bR 7 e MR P S A AR BT
f¥lo SEBR ELR-LiSRJVER B8 T ARG 2 I LT 4544, 10 2008 7 AR A RSG AR SN
IR R IR S R B GRITE R R EHE B . FERTR, BA MG r T RE D ot
HRIMILR-LiSRJji%: 25—, SLR-LiISRINAM I SCEERT A, SRHEEA 78R
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KX KFHEFE L
TSRS B, Bt T — Pk R R S S S A pR . Jiit DA
RO, R B RS T TR I E R EG U E N B R, i eE SRR
HIRERfE, TR AT DS 2R A ) i o R MG i) o
FFUL S, FA145 HHR-LiSR 1 HFReR%L:

Our-Lisr = z (Px, = ¥,)* + 0‘||P||2F . (4-9)
neSy

2 R R BBINZAEAXRTY, A B b2 RN SR s s, M
B IRIBRES BRHP . AL S B TSR R R BB PUE A0, S
IR R B BHUHIK A AU R 0 R AR A R R R hRd L

S,, =supp(dist, |,) , (4-10)
dist,, MM E T HEREIGILS @ RS EA UGS TR P R
dist,, =y, =y, If, 1<n<N, 4-1D

Hrr, oy, R FERIIZEAR BB RE ST Em N PR EIGRER,  dist,, | & dist, K
A/ NRIE,  supp( disty) ) HE dist,, "PKANERNRMERT MRS AR

BB X, ={x, 1%, eX,neS, } MY, ={y |y, eY,neS,} H b eREnT LA A R R

O uiw = [PXs, = Y5, | + [Pl (4-12)
2 A AR R B i MR PR UG SR A B S R EUR SR E A SR 2, 4008
TS, ERR LT PI A, BN R T Lalid — RIS EI AT K
FEAEFNS, BATEHRNN (4-12) #HTRT, IS SEOVERE B &R .
FIFMEFEE T v(AB) <r(BA , A =tr(AA"), and tr(A)=tr(A"), FfI1f:

O =[PXs, Y[ +elPl: s
—tr{(PXg, Y, )(PXg, —Ys, )T }+atr(PPT),

NTHMEIE (4-13), BATEESESRRTPRISEOFES, TRIANHI RIS FERFP:

2PXg X§, —2Ys XJ +2aP =0
= P(Xg, Xq, +al) =Y, XJ, (4-14)
=P=Y, X{, (X, Xg, +al)™.

AR ZE R HH T RN R0 N e o e SRR R A B B b2 SIS B[R OC R0}
N PR G x HATHN, RSB HER EANSRE PR NI  y, - Tl TE AN E
NI RAR R NI EHER 732 M R UG N, FEO R (A3,
MEZIT) ARG T, 285, FRATRIAFEHFILR-LISR /7 7Z2HHR-LISR /772X R4
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KRR EUGHSIA TN, AR R B, HRE oAk, JAr AR
GHGEIFREELIR. GIAREGEIIIECR YY)« FETFHR-LISR NGB HER 1S an s
420N,

k42 BHPHERRREFTAREFHILEEREF %

L BN SoER NEEBINGESY ={y.}., , KoFRNEEGIISGES
X ={x 1, TANEIFERNEEE x, BUEIOON, ITEET BRI BME R,
SR GEAINEKD, ISR maxdter;

2. i EMETERNRER y, ;

3. FE R NG EGINIZREE. IR NI UG ZR AR R X 3 SR 7 il
BUGEL, Ly (i, j)|1<i<U,1<j<VE A (0, ))|1<i<U1< j<VIY

4. ¥Iatk: r=0, y°=Bicubic(x);

5. B ERFEZ SRR HER NG BN y0 1208 523 R 7 27 v EHE
B, Ly, j)|11<i<U,1< j<V};

6. X E— iSRS R NG ENE BRI Ey; ;

7. Ty AR A N DN ERREARRGER Ly, (, )Y, Z AP R
Ay

dist,, =y, -V, I3, 1<n<N;
8. IR HER MR SIS
S|, =support(dist;, |,) s
9. PAHR PR SHEREARSL ST BT 0 SRR G

X, ={x|x,eX,neS,} A Ye ={y,ly, €Y., neS,};

10.[FESCHEAES, SR ERREREL (4-12) 193RI R SRR SR /0 %
SRR M

PT=Y{ (Xg, ) (X, (X)) +al)™s

118 A HE Birm s B G
Yt =P
1R23EROEN: r=r+1;
13.EEPIRSIPIRIT E A r > maxlter ;
14. EEOPIRS PR 2 B 2 A FUS A H 5 EE
15 R A ARG R v 7 P UG A E NI EUE RS B T2, A5
FRUAEEME R BB BIIE, RAE N m AP NEER Y, -
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KK FHEFERL

4.3 SEIRZERSHT

FEARTSIG T, BATEA A TSRS, I8 S R AR 0 HER FRARXTEL,  S8iE
T IR D HR R R . ATESER R H A 1 B AR DY

® ST NGB AR SRR LSS RAN ], S 57050 TSEBRt oL MRS IR )
R NG R I B 25 R ey 2

® (EFE R HEA BRI AT IAAKIT Y R (ERCHRFE), NSRRI
A EEIOS 2 S WU pR AR A SRS, IXRA AR L B i

® B REMESSRAIRIIGIN, AR AR R - 5KAR
SRR N R ?

® RAREL STESESNLEE N, SRS AT ISR I RAI RN R
AT ) R TA IS R

431 MHEEESSHEE

KREIGFFCAS-PEAL-RINIGZEY, AR A ETRICMUAMIT AR 47, e FiX L
NI ZERIVEAIN AR LS X N SEIG 25 SR Bt A T U o RATIXTEL 142 757% (LR-LiSR
FIHR-LiSR) A1 HFT U/ MR R ATER R MG R IR ERYE B WangS5 NI4T
MEFE A RIS, =R TS i N PR (ChangfINEFIEP), YangfISR 77
PERIBATZ B LRI ) F =T MR N R 51 (Kim&5E N
KRR, TangZ% A H AIGSCRIT VA A HuangZs NHR HAILLT 578D . RS HETA
ZAHW NP TR, XBERGH 7SR TR,

N TR EMLE R, ORI LRSS H O S, R B
B A, 4T WangZe N3RH RRFIER 4 RIG7725Y, #ECAS-PEAL-RIAJKRZERIAR A
N FERIRTA SegeH, $RIERHME B REE G T REEN99%. X TR T UG %, &
IHEREGHONEA12 X 12858, G I B B4 MEZs MR HR B EHOR
INERAX MG ER, SRS [AIE B 1 ME R IR, fE—EMEGHORNT, FHERE
Bz A BB EmNE, NS PR SR8 X T Chang®E AT H FINETT 2
53, 7ECAS-PEAL-R 1\ ZE ARSI A Se#3 AR R/ NRIIE AR AN 04 50, FEAR NG E R SES6 S
PREER/INEITAR AN 1005 X6 T Yangs A$RH ISR VA AIKimE: A S H KRR 77720,
A TEBR IS S EFAE L T E AR CRLEH TR A2 A LR iR,
TECAS-PEAL-RI K FEFIAR NI 2 T SL3e R A R S0 W B R 0.04; % T Tang®8 A
FRHIIGSCRITVENY, FRAT AN HEFREL T 50,0004 i HR UG, FIZRET10240 5
TR HER EUGHUR 7 xS T RAMRHAILR-LISR /578, RAE—AS5 G /MMiT
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KD FETT. TECAS-PEAL-RIAJEZEFIAR NG ERIFT A SEIGH,  SCEEER/INRIITAT
MNKHHEN100; FFTIRAHREAHR-LISR 7, & RAWNSHFEERY, e N
BT AR AN KA KA B imaxter. ECAS-PEAL-R1AJGZEFIAR NI TG S26 T, 52
PR NI ARANBUK RIFEHI R 158100, SRR S imaxdter M3 (TEHE N REV/INT,
TA PRI A SH O SRR .

4.3.2 CAS-PEAL-R1 ARSEE ERUXTEESER

TEA/NYIH, BATEIEATF N ZE——CAS-PEAL-RIAJRGFE FHHTRIEMEREN, B8
51040 R 3087 LIRSS . FATHRI IR QA PERFFAIEFES I B Gt AT
o ERTA 10405k I G B &, FATIBENLIZEFE 10005k NG EIGZEATIINZR, FIFHRIT
He405k NGB A B & HE, A e REAE NN - & B B
RN UG ISR FH P MRS A TR BT A 112 X 10018 3R CAnEd-4F7) « IR N
BNGE T ORSTAX AP EJERds) AT RRAE (A=l E, IR HER A
PRI NE28 X 251850 MR AR NIRRT 5 3.

E44 CAS-PEAL-RI AR B4

N T EEHEN R ERERE, A TRAIE(E(EMELL (Peak Signal to Noise Ratio, fjFf
PSNR) FISERIFHLLEES (Structural SIMilarity, fFRSSIMD Fififatr. AFTEAN, HTPSNR
PP FEFRRAE LS S i NRR B WSz, BRIk, FRATTRA A4 h—FE g AR B2 1)
PN FRARSSIMAE N BRI 5 5 1 Rt . 64- 1 NARIA 5 1ECAS-PEAL-R1 A JIG 2 11
BMEER ., ATLAES], 1A AEPSNRFISSIM B r_ B T st Ebi2: (LeRJT
BB CONKA-TAT AR, 454 T NI B SIS B iRIGE P AT LA3RAS
TR EIPERE, BIISRATIEE, LeRJTVELL BEFRA BRI ILISR ik . X FE R NREAA B
PR R RAIFRIERE T, T LN NI A TR . AR 25 S AN G P
B HEURR, R R AER IR NI U SRR AR, AR Ak ) e
JTE B R ER 2. VN — Rl BB R 778, KRRFIEMIEANE A T NG
1%, FONEFTHR MR % E AR SRR TR, a5 e G & 454
S5 e GSCRAVEM N ER AR NG UGN Znt v 2 )15 81— A guxd, HobkRELr T
KRRJFVEM, (B RAGSE AL B, BARLLT L — AN T UGB ik, i H.
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e T NRMALEGE, (EHEEREHEA e R T E WEE T XREREZ S
HAENISRNT B R RE— M B AR AT IR 2N E B B2, DRI TIANRE & N AR
E MR PR EUG R TIRRE . FATSERTHR LRI PIRIA 2 4 HH FILISR T i A
BN LU 38 BB TR, IR NE EA It I T R AR I — S e ki
AR B2 (T EEARNS T 28 I ILeR 71 A/EPSNRFISSIM 43 Hil$E 7 70.46 B £10.0054.

k4-1 R 7k ECAS-PEAL-R1 AJ & £ 69PSNR (dB)#=SSIME A3 Heo

WiRr PSNR SSIM

Wang?™! 26.62 0.8254
NEB 2791 0.8868
SR 2827 0.8968
LcRIEZ 18 28.84 0.9083
KRRM! 2691 0.8597
GSCR!M 28.18 0.8971

LLT [ 27.64 0.8823
LR-LiSR 28.96 0.9093
HR-LiSR 29.30 0.9137
Improvement 0.46 0.0 054

K4-5 AT TSE TR AR UM R P N o e iR R 45 R . WU
Wang5 AJE H IIRFAERE 44 e 77234 B () A TR B 2 oy N AR DR 2808, (A
HRH, WaANGFEEE0A0, 1ZART B8 1 e Rai A ReT Roh E R (5 2 .
[€14-5(c) INE I L. A e (R TRUR A I M NI A 75, 5
S IFVE AR T ZE ITE T H R CRAAR R T U S5 R 7 AR ZENE 7™, I
PR UG R BT ) LT 5 R AR AR A B R A R 2 (SRS 2 HHEEZ T,
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SSIM=0.9265), M4 (PSNR=30.23 dB, SSIM=0.9265).
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PGS HFIH TEZEERTA 40 AN EUZ ) PSNR FiT SSIM H. M
5-10 A0 5 mT R0, SR TTEAERT T B AR as 2 AT (7E PSNR A 4.56 dB 142
Tt ££ SSIM _EA45 0.0837 HIERTT) . BEEEEINIGIN, $-TTTEANT BLAEE AR 71
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FT DCT AR AT VA, Bolr AN K Yo 2000 SFFIRATFHR IS, feild
ALK PRk 150, X5 T HTHE IS T R UGB 77 (Chang 25 AR HE ARSI A Yang
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117 H5 R aA w0 B G U SE ALk, Wang &5 A B H RIS B de RG24 e il
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AIREGI N LS AR 7 R S AN EAE RFIEL Y, X BRI T K SR N R g
A TEREAALFTH LA - Yang 22 NIRRT R T IAP T Zhang 25 AN$RHZE T DCT
SRAAIB IR AT VR A AT AT RO R, (EE EA TR IS SR A AT, BARRAEN
MR SR R B S RN RN

(2) ZMERTH

N TP PSR R EER IR, AT T A& br
PSNR #1 SSIM {8 (41l 5-12 fs). MWZEIRTUAE Y, EIX Tudmet te i, ARESRHE
THESAG T Btk . B 5-12 BB T ANEIELERTA 40 skl 72 PSNR
F1SSIM . HIEERATLF AR ILSS5E: (1) ZT ARG T IEALI T Wang
265 NI BRI A RIS, 3 BRI T3 T R UG R iR i RS, 8t 4y
PR R AR ISR RIRIERE ST (2) 5 NG B IR R, FETAr B
NGB/ #5510 (Zhang 25 NFRHHET DCT 34K N 7SR A 15 e (7920
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4T Chang Z5 NI H ARSI N A, AT TAE FEE ARG B s 5 R (3) fEFTE H
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B 5-12 REF A 40 FRMXAI R T4 25 R 49-F3 PSNR F= SSIM &3 bb, Wang 4 A2 69 454E4%
Hea ko> (PSNR=26.04 dB, SSIM=0.7989),. Chang % A42t a94R KA (PSNR=27.76 dB,
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DCT 3% 89 4% 8 A 7 =% (PSNR=27.59 dB, SSIM=0.8929) #= % {1142 # 7 3+ (PSNR=3022 dB,
SSIM=0.9265).

(3) BERZREXH.

AN, FRATREE TSR ER MR N AR 228 (CPU IfED. &
5-13 451 T BT 40 KRB AE Windows “F-4 Matlab (R2012a) #f4:. Intel Xeon 8 1% CPU
(2.13GHz 116G PI47) PC ML FHIPF3) CPU I21THH . 5 Chang 8 AB&H IARIEHER N 715
531 Yang 2 NAR RSN, Zhang 28 NARHIFET DCT $sRAGATISRIR A7 104
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R BRI oL, TR, IR EMERIGERT R ER N R R . Lo

103



ED S E S IR0

LRSI AR 1A S A E NIRRT, BN AZSRIA A A 2K
PERAZEAT—E IR, 7500 B A TR A,

545 ¥Hg

ML ERSERRSEIG AR LA Y, NI 0 3 TR IR AT T AL R A AR S
ATRAT—LERE S R S (N TN, SR SRR AR AN e i B B e PR sk
2R MRREGATN GRS ZR B T E R . X 73220 [ aRea, B
SRINGREEA AR BAT 2 GARIE . (GIARBARHERERE) . Feilith, £ESEbr
PR Onf s NS UG T 0 MR D, S 2 NIRRT e A e eIk A
i CH—EMMEBE REREHAD . SCHEREAIR,. fFE €. K5 154H T
S e 30 FEREDL T R HER N B 7 AL 45 R A IE TR 7%
RNEE GG T PR SR T LA, Fa A0 NG i E A A5 R 2
SRR BT 0L IXEZLEROMMI PR N EIGR S s m AR NG 2
(B R U R AN — S E BN &, S8 — SR I N 0 R TV AR S > T e
7B o

©)

B 5-15 S AAHM @ AfeAe E @A TR HELER. (a) Fo (0) 2HAMNYGRL P FEANAE G
B EAR, (b) Fo (d) PARMEMATORSHFETMER, (6) ARMHPHFEARBR,

104



AT —RAMF I GARALSHELEZTR

ERSEPRRAETHSER AT N ISR, AR AR G2 M e 30 BEAN R Rprs£1,
I SEPRI IR NN A% AL, RO NG R 5 — ML A AT 2% (14 T
XTI SRR [ E ARG 2 — Nl AR, REZMERIA S, B, JEREEH T
PRAEUGICES), NI 25, BRI 4, FESEhRisisersi, JA T ] L2
—HNREBFS. L, B T AR IR PER NG EGEAEAST e i seia s e, sz
B2 TR EAMS AR FIRE ] ARV E S 3R B (5 ORI Bk a2 T2
TS (PEHER IR WG PR L5 5D MR T2 07E 2RIt E ED
KWKE — R R = R NSRS BA DI AR, WIS RS 9#
NG 7 e BRI R T R P AR 4t 1 RT R

)
- M b, !

A 5-14 ZRMBRBARSHELERTE. F—ATARBRINGRR, F AT ATARS R ML

Ko MTFHMER, ABARNGFA TR HEACEY, HEARSHEEMG S0 HFEAER,
105



KK FHEFERL

AR, RN AR e EA A U A R G AT B 3520515
ARG R ISR, (ER A IASE AR A B, BRI, SR s
AL SR AT REASE F T4 RIS 2 A D A RAERE, JRABANREAF T N
TR BEAL N IR A AT 518 . PO NSRS E PR e ™ AR T A
BT ONREEINER). 1M Liang 2 \PWGSCHTRHIN, T4 RRHEHIA (Eigenface
Fisherface B(# KPCA) HIJPVFARMER R R MR AIA HI I EIUR iy BEltE, ansfA
FER A SREA L 2 R R AR R — IR IS IS, s so 2 NS it
T NIl AR B, JTHRAAEMA N BRI RS RN AR T 30x30 SR E CE
KIGF M2 RFHER R N TR RE A W AR T . WEEIASKE, AR
HARARHEARA, RAFERORANT A e, AN T ORI — 2R dftiid 1
HHATFRIE, i Local Binary Pattern (LBP), Scale-Invariant Feature Transform (SIFT) and
Histogram of Oriented Gradients (HOG)35. [Klt, —Fim] DA R E A4 H mie b2 15 i A\
IR IN A B TPt T R e T RN SRR RE . PRI, it Rm] DA
He 56 22 B FURIRE AR RN MR 0 3R A PR RE 38—

5.5 Zhig

FELEETH, BATHR PP NSO 7 HFRHE I —— 2 R R AR LT HUEA QIR
Jiike TSR, BATESAIR Bicibic ARG RIHERNGENR, RRTHEA T
BRI R EBHAIZRSE 0 HER BB PCZ TRIRERES, IAE R PR E K K M
AR E R G B, BRI RIREE BRI B KR R FEA IR
B, iR RO B E RS R . e, MR FIRE R S A E AN S R ISR EA
JEAS R K ANERR R 7R EGHEN AL T A brm R . 208 LDISAG, mTBLE
PR R R BUG. R T A IBEER I e 7 MG A\ B s it
&, SRR MEERN BRSO ER NI, R EMH R R NGER. R RS
FRZTAOAA RN SRR, Bl DT TR, Il e AIZR 7>,
REMERH 1 — M2 2 RS HOERIN NGRS, ST I 250, Sehi)
JREAT ARG B UG U AL, I Hatt O GEER EEE R SUREARERY,
SRR, SR 2RSSk R] 1 H Al

106



AT —BABFIANARESHELEZTR

BRE RESRE

WS RGO H AT R L BE e —, BEFE T2, s
1= PLHTGE A L S A Pt A ORI ZE TR . AR BB B B 26
2R, AR SRR PSR R, RN R SGEN BRI,
MR TR ToRFE. MBS, BHS R N EHE = D ERHRARIE. 2 HAR
R PRSI GBI, N FAR SR RERIRD, SROUEEAIR, T isiznt
#HE SR, R RGO NIRRT PR 2 AR, AR R4 e 2
AT BRI NG BN EARIRCR,  Fomnt NS EUERAS B ORI AR RS
e ZNOpN e SR (TR NPR! TS Sl RU 9ag- 210y i i pde St CRi DN N 70 EP RS Il G <
PR B FR R A, st TR RR A SURIE N A R B AT LUSe Al AT
AR RGIAAL, TSGR SRR, BRI R NG B ERE A R0 it
RsEERAR, A CIBARRI A B R R, SodeR. ARRI AR, dimitma e
PRI, It e IR BB A5 ISR M TR AR B

6.1 FTIERE

A S NS BFIAT IV LR SN IR R BT ek . AR R s
BRI Rk R GRS RIS, e 2 EGIEIEA iE Td FE
TR AR IN:

(1) RHETBOTRHELR AN PR BT E

FENBEB AR e R b, S NBIIRIEZE A, ER R
(B TERURFIELS, A NIRRT IR IR (B0 F 7RI BT A,
MIMTSEIMIE TREAR S BB OR BB THRHEA IR ER . @ IR G5 TRk
PER AU 2 2 IR N RSN ISR SR s R R AR 2RI R &,
SEAMADL T B S AR . B N 7 e R T B MR B R e
[ € =Y 31 Y29 AV 1=t VB A=W i i sl L et 7 s T P L 8 2 1 D o R
CIFRHONRSH, SRR NIGAEAS 2 [ B RS M B BRSO AL, JREEAIERAE
] AR MAIR LI ANE & T SR N FEA e (1 BBk 7 R A

() RHETREARFRHIREEE AR PR ER %

FERGEERoR R b, BT S NS SEI AR SRR R T, MR
FVERAREBHUEoR R AEEUGHUE A 8] B G RGBS R R S
AEGS, EIEITREA R G, IR PAUE RS RIBE R, 5 EIGEY

107



KK FHEFERL

PR SEIERE, SEOUNR BB MR BRI A RO AR . DU NG5
HIEHE SR RN LAEAS SRR B b, SRR AT RED ) MR U EHE B T 2R,
AR FERAS BB 7] B R AU I — RESESEAR RN, 120 1 BRI RS AR 2
PEREE— 2552t

Q) RUETRIARTEFIEH R ARB R BT

Feat= (A i e L Sl TR 15 7 AN ) T e 1 DO e S =1 iz S N el EI P
IR ST 5% RIS 32 SR A S Y =y R RO A M N se s R, 4
BRI R R BRI 2 8], (A A IR R U A AR S e = U
L5 —2, SEBURFFIR SRR B GIEE  B R R BRI A RN — B . I
A RN IR TTEA R _EAGERAR IR BB 0 R L 4 b s 3 F 25 1 i o0
KEGRIES, B R PER GRS A E IR, SR YRR A “ 22X
MIAETE R R, SR S AL AR 5 JFUR IS 0 AR 2 R KR ) LT A —
o JUHEBRFUERE AR 2, GBORE O K HA BRI IR A R FEGR IR B
T —BHIRAE T, DA NG PR EA R E SRR AR

@) RHET RS CBRANN IS A PR BT

FERAEIRE N 2 2R B R AR b, A ASENRE—oE—— 20
SJRRER, UKL PR A 7 i SR AR S NS e s rh, ity
BEIZ Z R R NG 73, SBHR IMIR RIS R 5 R ah i e N R IR R 2
JE72 . FEANL SRR IR AR NS 8] > R AR BRI R, AT RENS SE it
BB TR ] S H, ST R IR R R 2 B2 R UGG R A > . I
PRI NG 73 3 5 i) LR ORI ST 3 P 5 s 18] 1 ey 4 s ) ) S e
RABPEAGGIRR, IR R HERER AL “ 22X BFIABENE Rl TR
FHEBUBOR BB AR M 243 () SZ R P DR SRR, I R UG R IR B 4 22 I K
CRIDNRID R A B0, —IRVERIMUN 22 S B e A ot il g ]
IR B TR A

6.2 FFEIIERE

AR 43 T 2 2 A AT R L —, BV S5 ST, L
32225 AR BRI A 4 AR R XS, LA R S SRS
BRRIIME . A SCHE BRI RS T i R BRI T T — i, JRH T LA
BN BTV, AR AIRATTIEAT T T A,

108



AT —BABFIANARESHELEZTR

SR, T SERR AR, R R NI BERIO R R ok, RIS RE 2 B
FEfa NRFE MRS TR RN, W NG MR A R BRI ATE B,
FEAMERREERT SR, yRAEEVEZ R At B T IR

(1) TR PR MG Al —BURHER R . I 751254 BRI ARG SRR,
FAMMBEAS BRI R AR EENEoR, R PR MBI RS
BER, Bk HER B GRUEARI LTS A RA 2. Bk, SECEn—2k
HIRR TR EURIFAL, BB R R R RGBS — S s e ix e
e SRl E YN T YR PNI PN B

Q) FAFENEEZ—RENRERER . NEEREART BRER, e RARMER
ghittseltr. AEXT NI EMEHH T R SIS, B RS B ARG R
I, XA NG NG R/ NGRS, TR BRI T 70 A3,
e T NIRRT B EER. Eit, Sa NREGHLEMERE, WARE
BHATE Y, FERRGRFRYE, SRR AT s A PRk
LR PR AW 1A L

) ETNESERINESEEME. IETHEAFEA &R G T R
I, SRH T8t SE, WE NREE ARG ERSEHE SR, Flunek.
Bt B LCECT Y, MEE. IRN A LA B SRR R, NAZREU R A
MR RIENEEBROAEREE, IRIOIZGAE S TR RS0, &
Az R PIRAN AR T EBHSSAN IS ORI, AT e
EHIME, SRR S .

@) MSMNKBOPREN . T 2WEERRTEP ARG B EERIE T 2R
PURZ [AFER EAMBE R (N EARSRMELIRD, B2 2 ik 2035 B0 32 22
RIS RER D PR EGREARAR (AERDAMELHD . TR R
B IXPRZRAE ST DAL A S BRI T S AR
BFPA, BRI TR SR SRR RS T4, (B2 I TARAT IR
APR, WAl EAME BB IGEIRIE, S ERIEA IR, £ PR ORI AR
AT T TS 22, 1T A AR OCIELT RS BRI T R m PR IR - Sk
A%, DAEAEAH T AOTRIRT S T B, (EE TR A MR SR G Sepstibiit
RIARRBIER, 250K, DA ORI T E 22 . MRG0 R 5 AR ARG
P GETHERINEL BN GETEIRINE) REARE 7 H R BRI E
FERERE, 2R RORIRE -, XMELUIRBGEMEA R, EERRCRANEEAR, Hi s
FHORYERN N BAHRIE LS SR 0 R SR A A T 2 200, RIS m B e R
RO EEANORICRE, S xR s s AR K B Rt 17— A7

109



KK FHEFERL

MR oS SHFIENR

MR A BRIEREESEMMESHIIXR
NI R A E NS - RS NI U N KT o Z [RIRG R
B wy (i, j) = Dw(i, j), BirekEt (3-8) mJEHS1E:

Wi Gi, J)=argmin{[| X (i, §) Yo (i, §)wo (i, ) 1B+ 11w G, §) 2} (A-D)

wp (i, §)
HA, Yo60,)=Y(,j))D", HRFAEREIEWG, j) =D W, (i, j) - N T FAHEEN, fFA
FIRERAERIEN T, FAIERAEER (,]) . B4, X (A-D 7[5
wj, =argmin {[| X —Yowy [+ || wy I3} - (A-2)

Wp

H¥EBayesian# e, HAFREREL (A-2) AIB/EQ FIEA:
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