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Abstract

Face recoguition has been the tesearch focus in computer graphics, computer vision and pattem
recognition as its wide range of applications and scientific value. There are many face recognition
techniques have been proposed and shown significant promise, and many commercial systems are
available for various applications under well-controlled environment in return for the long time
research effort, but robust face recognition is still difficult as many unresolved challenges, such as
illumination and pose variation problems, expression problem and so on. This thesis is based on
the foundation of researching on face recognition in my laboratory and the projects that I have
taken part in, the main contributions of it are as following:

1) Provides a review of face recognition literature. Although there are some good surveys of
face zzcognition to be published in the past few years, we think it is necessary to give a new
overview of face recognition from different viewpoints because there are many new algorithms
and technologies to be presented very year. This survey describes the face recognition technology
from viewpoints of historical development, state-of-the-arts in the world, the classical algorithms,
performance evaluation and key issues in face recognition.

2) Measures quantificationally the three-dimensional shape and two-dimensional surface
reflectance contributions to face images recognition. Based on the BJPU-3D large-scale Chinese
face database and the correspondence between these faces by though mesh resampling, we have
altered the thtee-dimensional shape and two-dimensional surface reflectance of the original 3D
faces by making use of the average face, then we have implemented a series of experiments to
measure the contributions of three-dimensional shape and two~dimensional surface reflectance to
face image recognition under this change pattern. From the experiment results based on the
Eigenface algorithm, we concludes that the two types of information are both important for face
recognition but the 3D shape is much more impertant than the 2D surface reflectance, this
conclusion gives good suggestions and clues to the design of face recognition algorithms in future.

3) Proposes a face recognition method by synthesizing virtual face images based on face
shape prediction model by through the deep analysis of the illumination problern. We train the
support vector regression (SVR) model through examples of two-dimensional (2D) and
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three-dimensional (3D) face images which can learn and recall the regression relationship between
them, the use of the densely sampled geometry of the exemplar faces obtained by laser scanning ag
the prior knowledge about shape to train the SVR. can restrict the range of allowable faces. Then a
personalized 3D face can be predicted and reconstructed from a single frontal face image with
neutral expression and nermal illumination by using the trained SVR model. Realistic virtual faces
under different illuminations are synthesized based on the personalized 3D face to characterize the
face space and face recognition is conducted based on these representative virtual faces, the
illumination ratio map used in the synthesis of virtual faces enhances the reality of virtual faces.
The experimental results show that the synthesized virtual faces can significantly improve the

accuracy of face recognition under varying illumination.

Keywords face recognition; face shape; surface reflectance; illumination; support
vector regression
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Rezs TS ARG IR A (o) BEHE A0 A R 4 T 2 R B A AR R R B 4 28 1

Eigenface FEHIR A AIRM K RRF= 5 TR KRIHIER, EHER
(B0 B 4 A\ RO SRy AT RS, T ELRB AR B RO T F R A A RF M AR R RS
7, BBTHREFARIZR. BREigenface FEAFHE —BARE, Hk
EigenfaceMJR/RAENZVIGHREEREM, SHEANRETBEREGFEZN
RN, ZTENRERES IR TE. TFEZTEERAEARBRAGRESR
X4, T E AR AR IDE f AR BB R FRR, HFHURFFLE, B
S THARERERDTT, AR DT kR e

2.3.2 Fisherface

Fisherface 7 IS 2 A M iR 31 Sk s #kEigenface T2 M X —EE K
B, NEREWEHMARIRITEZ —. BAEigenface FEERERIFHIM ARE
RIFTHEMTR, BREBERNEET —ERETFNTSE BASERETA
EEGZ BHER MARAAEHERZAEREE DT A ARERRABRT
W& 2 7 . Fisherface¥ER LIt B3 Eigenface ik, 7EEigenfacefdyil
2ol E, XRAZMH S8 (Linear Discriminant Analysis, LDA) B ERT A
A B RBUEITAR B, AR F] A6 B RO A 2 18] (¥ BUBE R PT RE KT ) -— A S i
B G A2 [F BB R T RER /b . SCHR[161 %4 EigenfaceMIFisher face#4T T #
RSFTELE, SRERRALSRAFAABATHESBABREERR,
Fisherface 7 B RHIZIEIE B TEigenface 7.

2.3. 3 ETFNHITBRN S
A R & (Bayesian) R B R BEHEA NFIMEFHS HEW, MITH

-14-



%28 ARIRRBARR

Moghaddam?EEigenface fIZERE_ B8 H T BT R [T NH BB A HTHIA
RERBIE, REF I o R AT R 02, BAEBAR AT S %
BB RS RNE, EXQ, AE A (ntrapersonal 24, BIFE— AR HZE

TBEEZ AEEL, Qg WK (extrapersonalyit, BIANE AR KBS Z 61
. BEXFHEARLBETEEMSH, BLHBEENEZEA=L-LETHHRRE
HHMEFEERE p(A| Q) p(A|Q) . MA—BRIRIIAKRER, HZER
ﬂAﬂﬁfE#Bﬁ@“%Aﬁﬁ@’ﬁi’E%A', 27k A REEE P(A | Q) FIK[EHEER
P(A'|Qg), HPA|Q)>PA Q) MIANAERR—AEEE, TUAAERARR

ABE®G. ZHEESFRIBPNAT ERIMIERER, HNGEREEN
HR TR LE—ERE L RRAR. BENRE AR R MZLW. FERET96
WRFH, ZHFEAFREFNRANZR, HRNERARRTRETE.

234 ETHREEILERTE

# T3 B ILER (Elastic Bunch Graph Matching, EBGM) BIRAI AEHREA
IRHFHEEFED, REAEHRA—EHEE EBC) REFRAR, B
MTERREARXBFTER, HEERANSERAESIEALT (ARIA. AF
M) B R, £77 0 HMGabor BHAFIE, Fhdet, LHIBRMNFEVIZGHRE
B FISHIE R Z B LT e T 22 R SHMERBMARAKRE R, 3tk E LAY E
AEE MRS REEREMEPRES, FRHRRATIMGaborkF{EJet, B
FMABRYBEE . 85N ER BE@EETS SO B ERNALER
FERRREE. BHEANERT AREROBAELRL, AV RIFILE
—EBE LWL, AARFNIRANERE, FFERETRIEF, Mot BITHCT R
HARALF=.

2.3.5 EF=#REEBMNIARFG*

BlanzfVetter 4R HME T = E A (3D Morphable Model) H AR
B ERANERHNSUR D X — TR RED, ZHFEAEMARASESE (A
BERAETOE) RETHFNENRE. AE=SARENEM LBV AS

15



FERTERFTEREFARYT

ANE=H R — LB S R, Wid-& 54T (Synthesis by Analysis)
KR AR BERER, ATTHIRAANRRERSE. SESLFARREEL
EARSE. BRNSEFNMEN, BRABEEHNSERRTAR, BHFT
ERE. BRETHOARRG. KBERERY, Z7EAEMU-PIESE B AIFERET
BERE L REB TIREAGIRME, B T FENERE.

B LR A BB RTEZS, BEREFHARRAES, mETHyE
FT4#T (Independent Component Analysis, ICA) 7P BT B I RE R R
(Hidden Markov Model, HMM) B 7513, #F46H 1) E5h T R#E 7 (Active Shape
Model, ASM) ' E 2h Z MR (Active Appearance Models, AAM) PH*¥ #-F 37
¥ B YL (Support Vector Machine, SVM) (A s sas  S3r ok th AR  THL AT
MR BEKSE, BETREASEIaENNNER BB RH K LR G, &%
FERAFIRAEIZMARERDIR, FHEARTRARESRS AR, HAK
FRBHET —HEATRE, AMUOTENERNR TR, SR Gl AR
4.

2.4 A\RR5HItERETEH

NESRGIE SRV B A KRB A EE RS, AMERT LRSS S8 AR5
AR BEARKT, BRI LI AR RIS R AEE R EE RS SR
FTR . RTGET AR RA R RN RATE R T, ARRBEENR
FERENAMXN, BRERE - MRAERRNA THAMEEER AR
FRAEVE T B AR A AR 2 324 il BIEA L R GRS LEHIR BE L AR
AERERE, BAMFNENESEEATRIRAEEE. BEMAL, TER=
FpABORAPERERGR MM FERETHR . XM2ZVTSHMYRIFRVTHM .

2.4.1 FERET Ak

FERETI H B ik H EP K R EREAT R RI%E), HEMRTRE
Bze. FRMEESHRNEFNTESHAHABRRIEAR, ZREAE=1
HERHD: IRARRAIPIFR. BIUFERETH B ITFERETIRO . R AR
IR B MR FFRARARAEE, BIIFERETHEE B B o 3R AR B HoR T

-16-



%2 %E AERMMARE

FYFFERETHRM. FERETIR HASHRT19934E3H, #RT 19984,

% — YXFERET A R A M AE AN T 1994458 A 2547 (the Aug94 Evaluation) , iX
AR B R IR SR AR BB T B, H—HRNRAIN R A B
ZYRFERET ARG R B4 BE P4 T 19954 3 B 44T (the Mar95 Evaluation) , XK P4t
B B AR5 A RS RSB FNFERETIR B FF 162 A UGF O FTE B LR L Fix
A KU N SR EARBItERE: = RFERET A B IR A REVFAY T 1996
49 F 34T (the Sep96 Evaluation) , X IFM 4 AMF AR KRR, H—FHIAFT
BEREAREROERRE LY, EEFE SRR ERER, £/
. MRAEBEREARES, EERGE AU ARRNEEER. FHXKP
MEIEPCASL NP Correl at i onE B O BE 7R 4 AR BB M S Bk

FERET B AL 54 240 0 R B T 2B A B IRBIH A IR 8 A K P AEA
K, EHRRAE T RS MIT) BIRrRE. 5EZKE (D) T2 R&RA
|77 kAR B0 49 K 2 (USC) B3 ok PR D 1 5 v R 2 A ek R S B =R AR A B
. MRS RIERH, ARRHEEREGT ARBERARSE. FRMERELH
AR EAIR K. ARG SSE R B AR BRMES R B, X TEYIZK
250 000 48 B 9 B 4 fF AL (USRS £0) AR 42 24 — B LR 3R 4R (up 1T) BN
BhE, USCHYHYE B ILAE 5 B: A9 iR 528 (ident i fication) 43 B E94%FI59%, UMD
By 2% 1] £ T 4 B 7 R AR B 3. 4 B B 96% FT4T%: FFEMIEAL T, XM TF#IA
(verification), USCH3¥itk R TLAC i MSE4R R R 2%H114%, TIUMDHI ¥ 22 (8]
ERTEH 5 TR ) SR R 1%A112%,

FERET AR #(3% B FOFERET S 41 A R MRV MRS A RB MR R E T B
EEW, —RARRIER T ARRRE S EaERZEL: FERETH A — /N a#k 2R
HAIRFIBARF E, ARERERT D0 A BRBHTE KF 34 2 =
RfEIRIRR . AR AZEETALL,

2. 4.2 XM2VTS Bk

ERAFTERFEFARNZLMER. AP AF—MAHIRMTE, 8
LA ER & AN S T EYRILE BRI T A RANTE, MVISIHE

(Multi-Modal Verification for Teleservices and Security Applications)

-17-



R Tl R THEML2A X

M & &8 12 B A f1 i & (Advanced Communication Technologies and
Services) M E, B HMEFFAZHERARIRF T MR AZHIE. M2VTS
H R B FE RMVISER R 78, B8 T 295 A7E4- M A FI e (] B i FE g
EHR N B ERNERAE TN AN LA ER NS A B MET
TR,

XMZVTSTIA T B 81 23R 4 B T HMANE F(E BT S fr 83 RATEXM2VTSH
TR MR, %R A ARG @28 (verification), BIEALHHAAN
H5 6 BIFIE, A ANRRIES HEH P R R AR IE ST IR, REMRE
AN REBMAABTES 5 612 FZ B . FEICPR 2000 (the Intemnational
Conference on Pattern Recognition) b, YM2VISHHT T —IiRAI &%, HF12MHE
EHMT ERY), HERFHRLDARYE, ERMARBESR TN RETR
(False Acceptance Rate) Hl&iRTE412 (False Rejection Rate) 4Hl52. 3%/2. 5%F1
1. 2%F11. 0%, %% R 5FERETSS R %42 R (Equal Error Rate) #Hi.

FEA RN GTENNRE REESNATETETEEEX, HinkEdRa
%, EANTENRMEBEEEENER, TURKAREER Rz,

2.4.3 FRVT 33k

19974EFERETH i tH, AR RE LB R A FREHAF BT KR
R, 2RV AR RNRSENERRE, FI2000F0EHT —25 kAR
BRGE. ATHRAFELRGERIRIEREFEERLRERE, %EDAPPA,
NIJFIDODE % FHLH 4 B F 2000 2002 E B S BN T W R E 1T W B L A B
R B R G847 VPRI A3 H Face Recognition Vendor Test (FRVT). Z8ZAFRVTI,
M HMRABAZEREZETIRERBEEE, BHATRABEEFRFEAR
RAHEEAR . FRVTANRES Rk /i AR B BT m A R R K R T )

FRVT2000P MR B P 54 B AR IR R = S AT e . SREIPERE
LR X RABABATIRY, BN ARRRAFE AN, PR LR L
(B R SRR I S FE SRR R A ONT 1) M R R RS, RE S MIGAN R4
HWIER—MRAEE EHATINR, XEERIE TRRS BRI . Ak a@EAH
T fEE KBRS AR IRA RS T FRVT200003R, B2 RE5KEM

-18-



2 ﬁ J\Bﬁv’%ﬂiﬂfﬁiﬁiﬁ

ENERERT 2BRR. SFERETHRAMLE, FRVT2000MAMBEATFE,
AIEESE. . RIE. LB, FHEES. BE, 2PN E ERSAEAR
B&HHA . R RZUARNFHEEN B RESN ABRAERLFRE
W 125° WEAMEEFEMN AR RAIMECREFRENEW, JSAHEE
+40° B AKRZHE RSB T . ZPOEBRAS AR GEANEEAX, T
BAEEN ARCRAMERE R AR, XA EEHRAAKE®R, FRVT2000
R 4 R ECFERETHIMHA LS R B AR — e B, (B i 1al i) R oxsf A B iR 4
BEIRE R KREMT . FRVT20008 — 450 BUR AT EIAIRR . Y6 AL B AR
RENGRAERES FHUARER.

FRVT2002M 3R 3= E P HI20004E 5 AR RBI R AR BB AR, T AR IRS]
Rt SR R P PSR L BRI 88, FRVT20020F R4 T HIOR, %75
B B (HCInt) AR g BT B K (MCInt) , XHFREABE R R4 B 3hitt
17, AEALEZYS. RHFHCInt BRI LT RE AR BRI RFE LHFRHF
KIRAREIE E ERRAERE, ZBEBEH37, 437 AR1215898 BB 4 K.
MCInt R A E R ETRERFGIRMNETHAFFNR. ETHEE
FEMCInt WA AP EAR R & T HARRTI REMRE, METUHMMMCInt
PR RS SRR BT ARRAE R .

FRVT200201 I L B R0 T

DEFHAERARSE, NEERABHABERR, $iREZERN0. 01%5
IR RE LR A% HREZEN. IWNHBRERELRRELRY; HiRE
R 150 B RIE 4 4 10%.

2) HTEFMARRIERESE, ERNAREGE—RZAHARME N E
AR, HEAARER, BIFHANLERRLLHREZREN IO ARET
90%; XFESARER BFRANEERELEREZENCENIARE
2[50%, ATLlZS AR B IRB AR AR RS PR

3) WFEHEE, ERTAMBMABEL, HABAH—BH, EHFE
TEEEASEE I B R B I RAI B N 42%: 3K /MER0F M B R B IRBIE H53%. &
7 ) R R AR R R AL R R

4) HRABEEMARRNRELFENEN M EERE, WEEZH3



FEIT R TEm: 2R

FARNER, B RETERN I MR RAZEAL60%. NTRIFNER
o, WEREEEEN—E, RBIHEEET BAL5%.

5) BT EERRAAR A AR IR AR, FRVT20025 — A T R MK
AR, EREH, SRFHARRIES, BURERELS00AN
B TR I 2R A 85%, RARPE SRR 1600 A BT B 2 IR AR 2583%, SR
37, AT AR EEIRAIR TR, SAME, ZNENRKEESED—E, H
BIERE T 223N E 2 pl. — i, IRGIHE A S EE RN SR R .

6) FRBEMARRINEAEER, HEREHWARRINAZL, BHARNE
R EMIRABRATRCEINEL R, REBMULETEL IR 1822245 #
BHRBIEE 4 62%, TI38ZTA2ZERBRMIAAR A4, RUEZALFERARRIR
B, TIHERSHEMI0Y, BB LA KA T A,

7) FRVT2002%f AR FRIR R E#T TR, —METFZEBTHEAMA
FARH, — AR TYSFEFIMARIRG . MRS REW, —ERTERFTE
EERBARIRFIES, HARMNTEETALRBRRIRG. 2T REFFNAR
RERESHERGRBERE—H.

FRVT2006 8 /5 — IR R 4. AMEM AR RABARTS, REFREFNE
FRVT2002/2 A KRB ER B A B IRBI REFREBHHE, YU FIEA
EHATER: BoRERSERRG. SERBARERY. £BEARESR
BRI AR SRR THAEE KRS FRVT2006 HNISTAELHAT, HRIFFHBT
20065F1 5308, HIrEBHE PIHRE dK.

2.5 AMRAFTEIEM EE RS

RSP 76 £ -

D) EAAMARRHRE-BRERARGLENEERERE, HEZH
BEEFRAE, REMEGR BB LRERE, BwARIRAESE.

2) SRMARRAFERNREARLBRERAER, HHESAREIEEN
RIRAR, RAEEF LR RE R,
MBI A

1) BRATEABTARFRINREDAIEE, ARRTEETSE2M
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AR, BRTANARRNEERRE -HIrR=R, AREARE S
AERHERE.

2) ANERFEFRFRERNILASH. EREHMARSEONS, 5—AK
MNEE LA ERNATN? BRARZ EFEEER, BEFEARXERE
FR N, ARARXN S 2 [WH 2 K2R XEHE AR IRATTR &R
W, THRFE—PHR.

MNEBE R AR

A B A B B AR A B R R B SR UG 1 AR R R AR A 1 43
S, ERARBARNZARIEHERGRS, EHARRINAREHH
BERAEHEATIOER, TREARKELTUSAHEE: IBERCEE, B
A R k. WY, BREXRRES MASER (BN, RSN
REE . BERERERANCRZILERE, KAEHENEEARMNE-RE
HEGFHEFE, IAMEHRERN AS 8N EERE ERRSRE TR
HRAEFINERSBEARRAITANES. BREEERNEEENT:

1) JEMAELRE B

LR ARRAR RGBT TR KTERS, BEREN MR
FHEERUER, RHEZSAMCRELE AR, BEH TRFNELAR
WRIRS, EESMEREAGHTHIRAIERRE. BEATRARRH TREMERL
REBRNFE BRXETEHRE —EMRFUR P ERRT AR A8
fil, AR R SE R E R . SRR A0 2 PR FS AR IR A AR N A 3 5 1 2 —

2) EFAAAE

EEPARRHNRAEAT A BEAERY, EERER A FONERT
HITH, EERTRFERSRAZEANARER. B AR A RAX FE
AREGH LRI, EEMIFERMARBRRMRRNERRREE,
B SOE AR TR MO T . Boa A B A B TR B RS SR P AL 3 o I A

3) RiFHH

MNERAMEBRENRERRE, ARATESERNERLEHA BRIE
FENRE, EHRUERFIARETHARTESRNER, HHESHMRE
DEEEREMAT. MEARRHEAEE, BEAEERUBRE, Fl

21



bR T RETEMLFART

R R BEE AR BEAT R PR E R .

4) BASHENERE

HEERAAMNEEHERE T AR/ BRSO B2 7,
BB AN RREEHIEREK R, ERFAMERMER L M
R ARR 2 SE BRI R B8 2 A BT L ST R AR SE R R 2 TR B A
FREE, TR TIRAI BRI SRR

5) el

FRZW. BERKRERAE. My ESag g AR e

R«

26 RENH

SR LTENARE R, ARRAIEARE T KEHNIEL, FERBKH
WREMMAH, AEANRRIFRHARAE. EASTRIVR, 8375075
. RE PO LUR M S A RIS T ARIRAIBT R R R ARRFLAE
MR RTRESNANE ERNGRAIAESEH, BAIERERRFR
BEH—BEER. BiTEAMEEE T RIS A SEA, 5502 B P B AR
AT, KETREBFRB THREIRE, MLUARRANREEEHFRRE.
B UL AR R BOR S R R 5| E AN R B B RiE S 3, FFRE AR AHRA
HEMRLE, FHEE LR AT .



I VAR TR S BRI GUE A B3 A B iR A B R R A B IR B U o — &
AT XEEMAE, EZR BN AR AN EEN RGO RS RENETE
X, BIERMELFHRANETF =R AREANAR RN TEERFNELER
M. EZEBTFPEIAR =% ABEEEMN Eigenface HIEMEM LRBRE
BHREERGE B AR B G AT T 904 . RAFH=S AREER R =4
AEHBROGEEE, RO T EIHELBEXTRANR=ERRM 4%
LB ABRRRMNEMN, EREEEMRREE AR ERREARR
g R ARAREAERANERFELRRESNBRTIATLEREE
K.

3.1 EEEt

AERAERFLASHMEESH, MAEARKEREERRESR, B
EMABREH—BIRRE, BWARBRERKRIECRE=1EER: AR
Z&RR. AR ZERELEAS AR, RP=RRRIN_famE A
MRERYE, TR&HRIERE. NEBREBNIEFREANEE T L
—EEEEFER? LEEFTENAMRFI R, X ERT THL R
FUIE, EILER, RETHEFHOARRINTE, nETZHEK, =45
YEATREE IO S T AR AR A R IO ARA A fTA G 5 T A RS
ML, BT =415 BT ARIRA B R RERAE R RE A0 MR R
MRk BEERBHARN=ERRAO - ELBEE, 8- EREBETH
AR FTUBR RN AR = SR g B (5 BEANRA R WL
VRT .

EJLEH AR BARAR R & W L RARREARH = ERRE B 4L
BiEE, ARBIN=SNEAFHERP=EFRNAEELNLE, X
PiffE BRI EK . ETEHEABHN=EAREE, T[540 =47
WA LU AR IRR R 0iX — W HT T RENB, AR —EFEX
Mgie. EHERXMMASANTHERRATENAL, HARERAN=EARA
B, PR RIS R — G ABRBIR R, B, 1M
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LR T RFTFER LA

R ZFAATAE A ST IR, A ERRE = 4 RR AN 4R 508 % SERR i
MNERAFEEH SRR REN RN, BRARERERIARIRRIM K87,
FHEMLIRE M AT AR MRS AR IR E MR GER AR R I M
BENFEERNL BRARHARRRFHEN AR RN Z MHERANEN. X
THEPARIRZER B, AR ARARRE RS 2EE AR MHETEAR
A, FTLURER BRI KRR . B aTes SR AR SR
RAMERE TN AR AR E R S RN R T BN AR AR E
HEIEF, UMD E L EATENARRNEER AL TR THAR=
BRI BEUEX AR IRA W, XHST TR ERE XN R HNE.

ERPERAEE—RIMEW 300 MERH=ZEAR, XL ARRARN
B ERP BT, BT U @R AR ZE AR mHTER
W% QM %M, MG LI B original \ shape-normalized 7
reflectance-normalized =HERM =4 AR . RERFENREZ LA Phong
BEAEX=MNERXN=FAL RN S FEHERE. SEARMAET orginal.
shape-normalized F1 reflectance-normalized =F I E %, /A original 3%
B %4k % 240 AR, shape-normalized 1 reflectance-normalized ¥ & B G N #51
FIARTIRA . BT 3D AR 2D BN EEMERERNER, LR
45 SR AT LA S Bk MY 3D FERAD 2D SR nf AR RAIRI M . B3 T Eigenface BAK:
RBIF2 RALARRRNE S, HERTARRNFRAMEREEZ 3, &3
A Eigenface BL{EARFBE.

3.2 EREn

ELREETRNLEZMNEBNRIME=FARE, GWNHET=EANEBN
HE. = AR RIR TR K {85 original. shape-normalized 1
reflectance-normalized ARG 2B .

3.2.1 =%AR

RI AT K =4 A\ B B8 1f CyberWare 3030RGB/PSEUEIHICUGIRIN, &%
HEEAA T L — R A BRI AR E A NECYEER. AR ERAEE
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AR ILAER, FREEARATRECRTR, 029 <27 WMBINMEH A,
7718 (B hER, 0<h<300mm) 4784084, FHER (Fr R/R) #£260mm
B|340mm 2 ], BF—AJLARE RN E— 2440 (HRGBRT) SIEERA,

FEL489x 478 KM LR BBt BT EERICI FAREENERREAH
PERHARILEE, MXERMNBHREANERFELS AREDHEHRT
o, BE i, REIR BTN . CyberWare AR BHERERERS,
— A N\ B B A EHE K 24 $200,000 75 A01400,000 = A TR . CyberWare (X
G 2R E A AR E3- 1575,

(a) CyberWareiJ 1Y
(a) CyberWare Scanner

O)=EAE (LR (DEEER
(b)3D face {(c)Range shape () Texture image
& 3-1 CyberWare BN FREZEALHIE
Figure 3-1 CyberWare Scanner and the prototypic scan

RIEX FIR = AR HTAMNA. . RAMAFERESTHE, B3RS
ABRFERSH=® ALK, WE3-25F.
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3-2 FLBEHZ=SAR
Fig.3-2 The laser scan of head after pre-processing

3.2.2 ETRBEXRFM =4 ARYF

ATRERRNGEIENN= AR, BEETA=8 AR m#T=4%
RIEBEE _HGBEERNES, BE - MAKRM ZEQET A SR IR
BB MAMRREE, KEMEHARFGESEP0, T g AR
&M A REZ L AT, BME—AEENNRERRE. BCFAMBER
PR A BT Z 8 ARRRIXS F7 0%, P B R A R R 2 5003 2 A0 1 A
ERFE ACRANEREEER Krishnamurthy FEEPY, ZFEEAH=%
NEREBETHR, RENSE—FRATERSRIIFIMNE. ETIMERRK
ZHARXNFHE, RIEARFHESFE ARERE NS ET &R T, &
FExtgE— A RATHRAERA, b TERRTLUEAR AR NS FRFHRA
HIFR IR, TR EOXS BB LA R B2 o) F 0 B B AR R SR, 1 3-3 54
TARERFNEEMNER, B TRRKICAETRERKD R FHENS
. —EE NKKEHE, BEER, FTERARTERREERHE X
BERFBAR.

-26-



3-3 ZHARMERFLIEMARRFSHR
Fig.3-3 Mesh resamling procedure and average face aligned by mesh resampling method
and optical flow algorithm.,

3. 2. 3 shape—norma!l ized 1 reflectance-normal ized =% A fi&

FHAREFHYARERAEH S (attactiveness) FI—F A REA, B4
HFE AR MRS S, AU UERFO=8 ABRRBCEREZEARHRR
HANYBEAP. EXNEN=E ARAEFE LI EHN=ERRNE RS
MAMEGHE, XE=EARY BRREBRELEE RN ERRERET @R,
T B AT UMRER A= ARKRRE BASEERE B AEA, Aifiay AR5
3% shape-normalized ! reflectance-normalized =# A& . FTiB shape-normalized
AEREERB=ZEARHERE BB FR=ZENRNTRE B EAR,
reflectance-normalized ARt RIEEHB =8 NRRILOERE BBHEN FH=E AR
RIZCEME RIE MM . SEEM R AGHRRN, ARNEEEGEARN=
HFRRME B QR B RE, RO EREFN =FRE BN _RgC8E
EXT ARGRBIBI R, B EEs AR E88E 858, FHA
KETRAFEARMSIEX BRAE WAL, EREH =R A ERATHE AR
REREBRMUEGR, REZEARMLEGFEREEERERERATIAR
HIAR1E BB AR A shape-normalized AJ2, REF=4H ARAIERERIEHE
QA fE BERATFHANEREEE BB ARR reflectance-normalized AR .
FElscR RN =g ABFEZRMER: BHREMHMH =2 AR (original) . R
#FJ5 ) shape-normalized =# A AE BN A5 H) reflectance-normalized =4 A
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B 3-4 =HERXM=HAR, a HEREE=8AK, bk shape-normalized
ZHAR, ¢ % reflectance—normalized =# AR
Fig.3-4 Three versions of 3D faces, a shows the original 3D faces, b shows
the shape-normalized faces, ¢ shows the reflectance-normalized faces.

3.2.4 HREEHERN

AERANRLFMAREA - BARESR, HAEC=SABEEAN—
L — 4 AR R o ) FER R R Phong ERER AT LRI HBZEHEE
AEEE, ATESBIRPRREF—Z, RIDAARZARBRNZE]
RESMUEFEOER. SXBRHA—LBENT: FTAREHE-IZ%
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BiE )\E”'chf" B fﬂﬁﬂf* aﬁAﬂﬁxﬂﬂﬂﬁ‘ﬂﬁtfﬁ

AN EFREFOMMEE, RERTRESHFEAEERZER EAREPLH
FEA—EE, FCRTHENRZSE. ATRIMN=8 ANERFARKN A
#. ZAERENRIERN, FTH =8 ARKNRE S OREHR R E LR
FLHENTIASH=AE R SHER), NTUBLRYSRERNEZgEAR
B IE RS E R BRI O A BB AR FME, CARCRE B R AR P SR
DBZEIR—ih AR B S, HADND 64xed BE, REHETIASE, BN
LA E =S ARERARAE THRZBER. SHARTHE 300 KRE=
HARHBEES. 300 3 shape-normalized =H4k AR 8 E A 300 7
reflectance —normalized = A B ZEER, —3HF 6 BARAENBRREER S
- B2 0+ 15, 304 45%n60= Mg, B35 BERTARARTHREEA.

e e .:J
udd
i

B 3-5 7£0,15,30,45 ¥ 60° THHBZER, a ATHZRABRNBRER, b AEH
=4 A, shape-normalized. reflectance-normalized =4 A SRR
Fig.3-5 Projected images at view of 0, 15, 30, 45 aad 60° , a shows projected images of
the average 3D face, b shows the projected images of one 3D face in original,
shape-normalized and reflectance-normalized versions.

3.3 &ET Eigenface &9 AR5

A AR RRMERIEE R R, BARASNERIMEZSHAREM,
WY RE. EREAE, MTEHABRRMNUEBRTAANNAKRERGZER.
ZHRERN_GLEFERRARNNES AR EMYEDG, ABEAG B

BRERHNERGRVNERXFTHGFEFTEE, RIMTHLELN
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R Tl AF TEMEEAE T
e ———— S ————— T ————

shape-normalized =4t A I E A reflectance-normalized =4 ARHEE B
BIRAIIPN X FFp G B3 ARSRAA R M. BT Eigenface HZIRER ST X
ERITERBIER, BA1RA Bigenface BRI ZHRE BRI ZEaHE
Bt ABRARBIMI#E M. Eigenface HEEEIE T Sirovich 1 Kirby 8 EFma4r
(Principal Component Analysis, PCA)BAE™, L EBENEHE_EWFHCL4
9, FEHAEER. M Eigenface HHENREATLUEY, MENWARBRELE
LI 8 2R Eigenfaces 2T/, FrLL Eigenfaces R 7<EE I FISRITRE T %
Tt ee, R R N REARBIRGT ME B AGRREN, 2 ENE
fesle TR, X R Eigenface BEM—MEFHR AT E—RELTRAEFHES
MRS . A 3CZEF A Eigenface ik AT RAIN RS Z R T X—AFI A
. HUERBAIFAEEEFREAALRER.

SN KT B E & 4 51T Eigenface MMTIRA, FABHEWNARRE
fE T RBGETM AR FEY, WRETRNEREMER. ARA=4% AR
M % E BN Eigenface MG EBREMNC T AK E (gallery). H
shape-normalized =4 A\t E R A reflectance—normalized =4 NG ER
YE AR5 IR AU PE (probe), B 3-6 R/RT 01 30° FHIFH ARG 10 pode
fiEM .

Bl 3-6 FRIMAE TSR, a2 0° TEFHARNG 10 MEER, b A 30° FTHY¥
¥ ABEFRT 10 MEER

Fig.3-6 Average face and Eigenfaces, a shows the average face and the top ten Eigenfaces at

viewpoint of 0° , b shows the average face and the top ten Eigenfaces at viewpoint of 30°
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$3E ANERRESHSEGEN ARRANNER

AT AR ARNIREE GRS Eigenface, MEIGEARBIZEETLA
Eigenface IR, BTRREELESCRHIZ M, shape-normalized =4 A
F& 35 PR A0 reflectance —normalized =4 A K32 B 8 1 RE B Eigenface HERHRG
For, BERMGENSEEREEER, BrBRHME, AR RRERK.
MIRZNE R L UG R M 5 B A BRIRA RN, BT 3x 0,
15, 30,45 and 60° FEEEHT TRA, HIRERWTRAZ.

#3-1 BRBEREARAE THIRMNER
Table.3-1 First, third and fifth Face Recognition Rates of projected images in different views

. angle of view o* 15° 30° 45° B0°
images
Rt | remmiml| os350 250%  227%  107%  140%
Recogrition e
Y ;"m“"'“"]‘ 653% 61.0% 65.4% 67.0% 76.7%
T | ChEemmbmd ) o oh0c 350%  300%  173% 193%
Regrition m”“‘” ‘
Raie _ﬂ““m‘"‘“"‘ 70.0% B6.7% 62.4% 71.0% 76.7%
Fifth ““";’:‘:H 440% 390% 327% 213% 213%
Fate ’“";"'m"'““’“" 720% 68.7% T2.7Y TLTYW 8.7

MRGIERE, ABRERALHENET Eigenface 5k ARIRFI KT W44 e L
JEE o) il Ee g

(1) ARMERERRNLGERGR, EAARNAESRTEYE. M ARE®R
HAHMAEEREW, NBHNERFELLEM, shapenormalized Hl
reflectance-normalized ZHARHEEBREFEAETHRESRAEZMET
80%, XRHLA—FEBRRERSN BB G ERAKEw, NHRAE
B ERemiE ARESE. A AR R E fe R iR B R A AR
AR,

(2) FERME B3 ABRCRA KR REE A TOEA BN AR AN RN, £k
5 5% ¥ reflectance-normalized A 45 % BRI IARIFE E T shape-normalized A
RERGRIRAE, ZRARFRATRE B ERAFREHLER BN AKR
HIRITERE K

() BEEREAENIEM, ARG Xt AR E SR 7 M w23 K g
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& A5 AR EGIRA I REN A N, MR 3-1 TTEIF I, shape-normalized 5
B & ) R B R R A RN £ S T BRI S reflectance-normalized
EERGHANEEERRARNEME & LA MER, XRBARNRREE
FRENGRANEEEENER, HARTCREABEEMNIERT.

3.4 XE/NE

ETEREMXME=2ARE, REHFH T ARERESNGESRE
AR AR T E TR ST NRRBE, SHAEXTERE, R
I TR T IUMES: 8B—, RAT 300 M =$ AR, BAMBEN=4 AR
o Gl R AR RO R R &4 FRRE BRGEEE BX AR MBI B, 2
=, RRAANZEARRSRRNEOLRHENER, FFRAERREEMAR
XHF. FERATRE T B AR BRI T ol iT AR Z KR E SRS EE
BRI 8=, RI1FHA Eigenface HIEHET ARIRA, TARMHAETIRE,
B AR EER T RAR R RENRRERENEREL.

UEZEANZEARBHNFERENAARZEEERHEIAR IR E
SEANGRMNERNAR, BIMMERSGRFNTERRRO-EEE. — M HH
MNEARRF SR RY, DARNESIZRAKKERESNLERGR, HHER
RER.

BERERHRHAE, RIMERSERAREN BN HAKRBRER
MR B AR NER, EABREESREMRIETRESRRICESM.
BEBRGHELKDHARAFARRMRGIEET LT LRGSR EEW,
ERBATMELR S RIERE ARG LR E ARG RRSEE SN ARIRS
RN, TERITAADABTEEX IEMH—F PR .
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F4E ARRSPHRMEAR

F4E AR PHE R B E

HR AL E AR RN TR AR L, RERZE T T #BE 4
o HARW T ABRBRHRTRE, REMTTAREZAS ARRIMZRA,
5 AR AR A PR R R T T N

41 ARBEHERTER
4. 1.1 ARBBH—BRERIER

AT BRI R BB R dh EROR AR R % (AL, JRENE) B3, BEn
TR R AR e MR AT RR . XARERERBAFYEOEER, 18
PIERE AR - R BARRER TR AREGTE S
HEBBERLE. NESREURRERHRI KEMRERNEAR L, £
MG RTE R B AFREHURNBFRCERENEE. TRFH, AR
ROTERE, ANEERNERARAXRER:

o ABAMER

BEAERZEBR. ABRREIGE (KA R URARRE. RIK
24t

o AKSMREER

BREAREMG OGRS R RS . BEYG (RERD6LERS) | #Hidy (]
H. BPMARMESURRBRESHEWACE. REAE. AES) .
MAREGTTURRAAEABEERNBERN RS, B

1= f(Fourai Foapa) @)
Hep, B S RTABRBRE, F,, FF,,, 7 HRRARNIEEMS

MEE, THERMARER. BAYAREBREFERELambertAPhongtl
i
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4.1.2 ABBE&EY Lambert TR

ERRERZRYABBERFE, Lambert RIXTHEE T — BB R
WYL RORRE T MK R AT €. MiELambertER, —MEERFMGE
R R AT HOREE RSB RAS Y65 W AR IR R B 2 (7] M) R T
. BREAR R R ST RIER 2 Lamberti R, ANBRERRN NREEH,
TN R R AT AR 7 A

I(x,y)=k,-1,,-cosi (4-2)

R I(x,y) A ABERE (x, y) BIrab o R,
k, AN E S P(x, y,z) SR R8T,
I, AEBRE,
cosi AAR £ P(x,y,2) IR EE R SR MR ARE.
FIRARRE R P(x, y,2) RERLERER N, Plx, y, ) Bl ACER B4
MR L, WR4177URrAm TR
I(x,y)=k- 1, -(NL) (4-3)
B, B0REER, K420 LRELRD, ALELEA-EE, R
TTRR LI B R TR A 7 1)
4.1.3 ABRB{&E Phong eiRiER!

5&REAF, BHRIHAEZQNLHGE - EOT EE, SfBEE—E
ARAKE, B AMEREE T OARTEN. BT —-REERHANTEL
ARZ, KB AR R R BRI R — RO R R B R
RISl A, B R R AR N, RAMKE R KPhongR R R w
LAFR AT HAR:

Ix,v)=k, -1, +ky 1, -(NeL)+k -1, -cos"@ (4-4)
B,
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F 4% ARRAITLHE RS

I(x,y) AARERE (x, y) SRR RERE,
k, AR B P(x, y,z) 4b 1018 R 513,

ko ARG L8 P(x, y, z) LRI T RS 2,

I o~ 1y AR B CHERR,

N. LA P(x,y,z) eI B AE R BB G A

0 4 BB AL T MK FEA,
n v B RADE SRR

M ER A E GRS ETAEEY, ARRIDEMIRESEREREA
BEEHARRYE, BEHIARNFERE. ELFHRNETARZEERN
REEEPE LR R AR A R R R R A R IR R, SHESEAR
WA R A .

4.2 ERTLN AR

BRAREERAREENIBNER, HRHT ARRE KN ERIER
ik, ERR-AREARAEEMTRENZREER T ARARER —XR
£4TRGHERAS, XH2REWARRIEEN—IEERR. B4
BRTA—-ABERAAREFTFTHARERR. FERETHRY RUNEERT
RIARRBIRE, Hitsed &SRR R

Fig.4-1 “The variations between the images of the same face due to illumination are almost
always larger than image variations due to change In face identity.” —-Moses, Adini, Ullman,
ECCV, 94
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JeE T2 T2 i

BB TR, FRVT2002M98 B ARSI RA M PR S RRY, BEFMFLARIR
MALGHEZTTAABTMZHAK, BEMSZAREGIAHRTRE
%, TEFiLAMTES, E4-22FRVI20020 B IR £ .

0 X AcSyx m Joontueut
s jopew
09 . - —— I : g:ngM n lmg
augl S ©  Drearn¥iAH o Vesaga
0.8 ’ -'"--,”:_ - ‘I Evammane A Vmensphete
- "] ‘ TSN
] 0.7 Q \. > ’,-q\-‘..__\\
i ) 7"\‘\ --""J N
E 0.6 . G\\*\Q\ ~ \E" e '-.§\n N ._‘“-'\
€L \ . \\ .. \ —
-4 05 . - F N e — e
£ - n\\ A S -
5 04 N ,"’// \\:\‘ TS SNy N
® . 1 F o e
3 \@_ < S C\. \ SN o it
£ 03 J NE -7 NN e
3 \!/ BN oW X T Teel
> < T
0.2 Ve _ =
\\. = B g
0.1 . \H’S—-‘——--.......‘.....,._.__.a
W
¢0 J ~—
i ] I ] 1
Indoar Indoor Indoor Quidoar Quidacr
{same day) {sarnegay, (aifl, day} {same day]) {gitt, day)
overnead)

"B 4-2 FRVT2002 »GEREAE SRR R (4]
Fig. 4-2. The results of face recognition under varying lighting in FRVT2002.

BREJLENSARBERT T KENFRFRHE T HEMRRT %, B2X
SRR —SE B AT R T B S0k AR (A e AL, AR R SR LY

BRo BTLAJERRZEAY ) B BE R ARG IR BB AR R R R B, FRpEE— PR
MR R

4.3 MAXBEBEEELZD %

LHMAR RN REREERRNRES SRR NABIE-BIER T
ARFEREFWANME, BURAESIH TR, SHREEIAREETHAR
Bg. xR RN R RS E AR IRAB AR MBS A S RAEH, FRGC(Face
Recognition Grand Challenge) S0 =% B iF £ A RMBEAR M ERUSTHEA
RRAEARMSEFNA, R — M EETARENEXBNE EEAREETL
BEITERER . AMIRE TSRt E R 72, SO (60185 5504
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F4E ARRRPIERE

=% NERKEGRNE AR =REH ., RBEIEUBFENARELER. X
fk[62] A IX By N =28 AREUREHME . IR AN AR LEE. K
TAERREEBREA= R EFTIERISFS (Shape from Shading) 75
LIS g2 — M AR . RIELEREE B AT R INE R,
He IR ARSI R 18 M B R P IR B AL AR A RHAE DN, g
FRET R AAER A R T EE AR TR B RMERLEUAFEAR TR
HEEE), REETHERGETAN. LERHEERENEEARR
FRAREGRI A, —RERTIBEUMAT RIS, B P
BB BERE R SRATIR T AR AN S & ST, (621 B Hm
MR B, MTRARM—BANRIRY, EF-MHHLRE TEEARA LR
A, B2, EVIGHARE ARERGESLNBLT, EM—XTEEE
HoB P BRI B, (BRI R A RO A 2 A E AR AR R, X Rt
B ARG B EE R R —. 58 DT R TR S siig o
R, AR EA G B AU, BB RN T .
ETEGMTEELE. KB TR EH BRI Tk,

4.3.1 RN EBRAHBEHERN S E

RETARTUARGBFERLE L RBARROREENEE RS
%, GAERRSITHEE-RBER THEFNECR, HREEXRBRULEKR,
A — PR AR IR A AR S R R

® /1% (Edge Map)

BRI A% — R R B REENELIE, BRNREESLTRRET
AR R AR EREE R BN AEEET ™4, el EmEal A 2R
TUABUEN . EREGEZEETRESEREREX, LA ARREHZNEER
. BECRE, SRGKERSMAL, DEEEMEREATERN—FHENE
BHRR.

o EKEREE

ik, E—E&HET, WAL EGKE>ERwETEE
B R, B A] LU B GBS B 0 AR R RIS E SR e B AR
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S ARG, A EHR B R — I BB R T B R .

o LLHIE

Belhumeur 507 ot - B A R B AR5 7 2 G L) R M 5 2 SR 51
E&2aAREE THRE -2 L, ERBFRMNEE. ZHE N AR
W ERRB THREREBRZ ML BRELAFAHNMIEERF AR
RO B ) ] PR TR B, L FEMR R S A R EL L R R BB B R A X
(A FIR R

4,3.2 ETEGMABYAE

ETEGMAENFEETERMARMEME RO MAE LR, STHAR
FRARTHAREG#T A EROERFERERR, ATHEARAERE
REBHFIE. WE & 52DCabor B, X EEHEAT gk, EFENELLE
{Histogram Equation, HE), E7H E#E Ik (Histogram Specify, HS), GammalKfE
B2 1E (Gamma Intensity Correction, GIC) & #EN AR RAIR T E#E.

o E{& 52DGabor#

A FR A0 T T R W Gabor /MR — R B EIE AR R, 72
W& ARRSI B =R Cabor B AM 1 A — AL BB AFE TR AT, EEA
HEHFERAEEEHNE. KB R S52D0abor i %R 51 R ER 0IL %R
FEFHED.

® Log%#

T ERKERT logR AT ENAE P E AN —MERETH, RESR
EHRARVAED AR EGRIT A BROKERRZREEN, T Hlog
B REIRI RIRR.

o HEhik

SCRITBINE T B E, BEFEMNEN, Gammalk BEALIES T H#AT
T AT SRR, 5 AR B G T X L] A A AL B AT DL S AR IR A I e
Bk,
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#48 ARIRMIRRIRE

4.3.3 XBF=EBAE

EF T2 M A ABTER RIS B4 T R 4 A e — M
P F IR, BRI E TR B B R TR RAME R
T AT LA AR A S 22 VB, AT LU B R BT 85, X2
Fri R B A A B B E T

® % H# (Mumination Cone)

AT — T B R R E E R, IR T S
BUREET. BREFHETRRNEL, EETEET, A ARELE
T 6 B R T — O B T2 GE8) b BT LRI 2 Bt LI
P PR E A A TR AR RAHE, RIS DUR A I 0 AR TR AR D
Rt %A BRAERNEARNET I ARER. S ARTURTATAESFL
FRAEBILEA . WY L, A AR R IR AT L S M AR AR e 3,
SR BES £ NGRS R PR R
S BB\ IR R T R A, SRR St O R B R A S
TR B AR TR, B FIREL AT A B — MR T, A
BRI R S A B R BT B0 T 25181, B MDA AT BU o A B TR
FEEHE, EEUYERERRARREEHA anbert RIBIHARTAME
TSR AT, T RS ERASIEARRA L 2, R
TR W T SRR

o HEEEANTER

PRI 2 e T 22 b R T AN R A 7 Lambert S50 BRI ARG AR
B L ASHERENZ b B2 - A Lambertes R E1 R
#, SOR[2114EY T Lambertd AR R SOLIE T 00 RS A RIET —/MoDEY
S PET 2SR, T BRI Lambert ™ I S 257 %18 46 T O S T B
MESET AR TR . BT T A —SUER R, %
ARARFHARRY, RIS FOARRT, RETHRTHAEL
S, EA DR TR G £ TR (R RE SRR MR, AT
X~ R

® 7 E % (Quotient Image)
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JLE TR T2 A 25

FEGIEES T A Lambert BRI R, BARABRRENS, &7
EERARR RAMARBRER G REBOEEN S . fEEE OV HFEPR
AR FHR G EZ L, NTHHAEAINREMRCR THERRL. 8 TR
BFAENZEGHANER, EXRE4HRNEATRERASETNRALE
MEXHER, 5REEX. ARIFEERNERALabert B, REZEEE
ESFRE, BEEARMAEXFAEARNBR, REERMELHETH
NBARAR AT, #WENZTERINA.

4.3. 4 ERIEEERNAE

FRGCU'HSEio 45 RRAAM M ARG BEAR T LUR K LR B AR ISR, E
B—BERTRNBESIABHSESE, BHRAFARESTHRARR
A, B A A P R R B I A B At R JU AR AR R O R 1R R LA
2, X AR Bt B 1R 5 R 5

® SFS{(Shape From Shading)

SFSRE—MRARAE, BAH—EMAREMNE. CHR[64] R HITFHRSFS, #]
BARHIRGE BB ANBMEERY. ZHFENERBERNAAENRE
B, HAEHEEARAHTHER, SALEEMAREAG THHER, K5
A FEEHEAT IR 621420 T 4SS, okl ¥ 3 AR E&HE
EENEEZE RN 4R REKEWMANBRZRR. G sFSAR A AR
ER, FUTUATFEEEARBRIRG, SATELZBAKRESR, RF—
AR BEIEl . i SFSHEMSFSHARER ST EL TR, MAEE
THER, FARERARAR ™M LamertBiE. MA—BARERS, FIH
BRI SFSBEIT U SRF LR AS T HEMBRR, AT LLFEETIHE
I, AT SE R 45 SRR B 4 m e A0 A RS A AT LR AT St A B IR AP B

o “HAKRERRTE

WECEE, ZHBEERR R A RA KRR R AR
BrAE, BRTHEHMARERSEANGESHE LIRS, ELHEE
BRI =8 AR KA RERMAR B GHTIRNT, ZEFRVTEEE FHIRERE
BT Z A ER . CER[76] 18 Fisherfacef I B ERIME S, NEWA
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F4FE NIRRT RS

—RAREERTEHAFARAEEFHTHRUAKE®R, AEHFA
Fisherface i i#H4T IR B, ZEORLAUMIST A SR 3#E FE L AR 4 BB TE
HIH R

THRA[S11RE T —Bh4E4 43 #7 (analysis-by-synthesis) B 77 53R SEEE = 4 A
MER, RECHRARFZH THERMARBE. 2UEEAEL " EARRE L
A S AR = 4 ARG b X AP AE /5 AL AR A IR RS SEBL = 48 A\ J (5
BN REAREANEEGEN HREUN=8AK LAREEEELRN=4A
K, SERGSE BB T A SRR R R A A

4.4 BRAXBEBHFELRE

BRI B R AT T RERFFFUH RS TRE Tk, BENE i EY
AR B AARRRA] B R AR, W AR . R IEEER
ETEGEBHEAN TS, XEFEARELRDRARAERL, —BBRLTH
RAMEREEE R . SRFEE ERNR, TERSRATENES,
B B A R AR R i e s BT ER AL B J7 R R B AL
R E R B AR R B GHAT TR, RTEN R E R K
#, EABFEMEMCE, XEFEBAT —2HERMR, RS RUEHR
Kigs, HEMATREMARLSBEAR: BT TERNATERBWARIRSS
W ER T, REFEE—-ENBRRTR T EIN KBNS ERERNRIHE
%3, RREBEINFERERRNIR. KBRS REHIIGEREE
#® T PREREREMR, ST EERF AR, RN ABARE G
FRIBRUREFHREEORY, R8T ZRTEELRPHINA: BhEl
N EGE R HA R EAEN—RERE, STERAEER, BRTE
MEBAERRA R MELARBR, B FE AR EREIER R
Rl BB XRFTEN— R R ERRGERRY B L AERE, AR
B ZGAAR R —RA RS, (B RET ARRER IR (FERFEIRE) LRAT
BUET M EIFHRRAR, FXRRNETERRELT M E T ARBRH
WHEMHKEDANRERTE, REABET—EM4.
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4.5 KT/NG

AR ABORAT LR AT TRE S 2. AT ARBRHRTH
B, AF -RESEENAMNERNETRE. ExAETHRERAENEE
T, B LR &I RS N UK. BICGHERAGRITIE. BEmt
B, LBRTZRMEMHEARNTTE, HRNERTEET B4,

BHEIRE, MMABERE N PARRARRAISARNNE, B-6HE
FHAKRE, X ELRARFREGREREDIE MO RE. B8
RER ), REIMEGRARRER (RZICHER) &, AR &R
BT SR
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AT, YR AN BRI — A, A SGRI T AT
NBTEAR TS T 3R 8 I 2 S8 DA S R A R IR i PR R PR 4 R
SHRBRARRY T IR AEEEOABRENEY, MATEAREMFT
rcp s A RS, B ST GE T E AR = TR, Sia A=
SRRAMARE, SRARAREGTHAREHBR, AT AMERFAR
B AR RIS R AR . SREREN, MNENARSERT LS
Bt £ YE AT RO A B IR TP AR

51 fHXTHE

BN, Yr B ARRR T E— N AR A R, AR
77 VE B S B PR (ot A B 5 0 B8 . = M TR R R O T LA HH LA
— . AR o R S A A AR AR TR, 5y v R SR
HAERMES T EN RS EAABSERFR MR AL, BB
7ok AT RIS Y, FRVT 2002 #8HH ST 20EA T LUR IF AISGE AR
RN (AR = R S E T T E AR TR £ FLI B B R A R
A AER. ARRIFITHNSRFERRY, BinARBRAARSEH AR
B BRI SRR, MTT— R F B T AR AR ARER, RAEHK
FRARBELETHALER, —FITHIERESRRRNREE T HEIAR
EREABREARVAEENAN. XMENEHT —REEHH
(analysis-by-synthesis)i =R ER=BARMNER, RECRTREMTRE
WARE G, T R 8 AR S 2 M AR =8 AR
B ARR S LR ST 4 A R A, BRI R R B
WA L EEEEASBNSE AR, TR TR T B EARLR
B SE . BREE ARG EAEES, ETEREN S ARSI AT E
i, ERESEEAEEN=SARNARNR: A4RFRAR T HESAKRE
@, EHEERIEARRE LA ARNSE, SHERNEIARTEN S
BB BB,

MAREGEH=EARE— A HENE, BT ARMIRNITER B ik

MABEREH=EARE—RENE, BT ARMIRNITER H ik
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FER TR THEMEEX

EREERN . BUTRAE. ARBSTOEEARKERER. SE#EE (K
BRAE) MAFARER, UARBEMAE=ERRL EFEEERX
Ro FICRET —FET ABRRBAGER & BORRE G AR RA %, @il
BFAREIAEEGERAR SRR ZAPAEXR, XA EXRELDE
BRTRMNFRANARBEN SRR EAXE R EERIGNSEI AR
BEBANZHHRZEMRXR, BI—1=8 ARBRMPEE, HA—IEEEL
R4S TP EEARER, B RTERTRERRSAARK = 8
W ETF MW AR ZERRPMA B, &R R TRARE N E S,
MFEE AR ARREHA KRN RS BT, SHMRLTEAEL, &4
HRRA T RA U T JLAMER: (D) FIAE S B EZSJCLAMARN=ZEA
RfE A ANFER TR R W ZRiE AR, BEIEARMTE: (20 T ARIRE
REE—BERAE. FHRENETRGEIALERBA; (3) SHE=H
AEERTTEML, ETHRURHEGTEAGRERBHUHNMRSE: (4 TEHE
RE B AR T AR RAERE.

5.2 HiE R R AR
AR BRI =% A RBEHERINER S RE, ZENBENERBANLE.
5.2.1 ARRBE&ZMEL

ARG AEERER AN, PHERBHERRERR, BT HEOHH
#, BUTRAFTIREARET A LR, FTIREFRRTLOHNE, &
JERATHER: . WECNUIBIHRME, E/BWRP.OLETAPE., WRERNER X
PAEESEN - AEER, WE 515w,

K 5-1 WK ARER

Fig.5-1 Normalized face images



F5 8 BT ARBRTMSAN S R

5.2 2 =% AR MNE

=% AR AR CyberWare 3030RGB/PS B4 HER BRI, %A
ST L — B8 B A SRR LT 1 B AU B 5045 B . CyberWare 345K
BOEIERERE, —NAKKEGEEEE KL H 200,000 5 400,000 N =FH
DR REHTTR. A, PEHURLFHTLTLE, BHEHARIER
WEHEOSEAR, KA TETFRAERENTRNRAFHE, S ETUER
EFE = AR B AR A, T A BRES 1, T LR =8 AR
AR, ATERELE, FESENRAES IR

8 = Xi‘l’Yl‘l’Zil’Xizﬂ-“’Xin!Yin’Zin)r

1<i<N 5-1
T, =(R,,Gy,B,, R, R,,,G,,B.) 5-1)

He, SRBINSHARNHRAR, RMNTHREETAMN RCB A4
BHGERE, NRABRM, "RERBEESHABKAY, WERRAKE
E PR TR S THRNFRER. #RA 327,

5.3 ¥HFmENEE
5.3.1 XEHEEH

HLAE2E SIBT ST LN SR tH A 3 PR MR, ) R S A R SR R B R 1 L
WFEERTIR, EEERNERERMZ —BYW%. Fih% 3 iS(Statistical
Learning Theory, SLT)%[1EF5TsER A TH RERBANISBEINE, HX
B T 3 ¥ mE Hl(Support Vector Machine, SYMY""Wix—mli 24354, A
TEHETEMRKREMUSRMERE, MAREALEHFHERARER/DL
(ERM), RIUBREATOHET MR, BETEEMRRERRF RS,
AT REPMHATRBE, #3517 FRNER. NBEINEHRRESE

BIMIERE (510 ), (Fys VDo (% ) FA T SER BRI ATUR 12 I
KR, ETRBMEL S (e, W) S RERT A 1 R T BT TN .

SVME MK MER T RS RERRAKN, EABATHEHALL
A O . MES-2FTR, FL RRAEL A ARFEEARER, BXFH%E
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A (VISE) REMTT 40, WNBEINERE—METHR(CHRBLTREL)
AR R AIBI R, HA T AT LRI R A A IE AP,

5-2 H AN T H0KBTE
Fig.5-2 Classified supper plane for linear divisibility

B, WERMKER, XENBYEEEHE, EHET I 4
Ak, HARFEEFERRBER ), ELMMRETEINERE, mEs-2
FRIEFEP. WMEZESRMAER, FIANERNERANETF@PO, HET
HANAEHRRINGHEERS T, TARES>RMBMargin)B K. LR
BRI RAIMEE, XEASVMEELEEZ —. FrBSRRAREREMNETE
LA BRI A BT F 4R P H AP FEE R R, SE SN
S B PR AT BT B A EE R AR, MEBIER AT RETE, ER
ENRET 238 FH, BRERINSIBTE, KEREREMBNIFHE
(Support Vectors).

5.3.2 XFRAREFER
T0 8T T AR 3L M B AL (Support Vector Machine, SVM)RE—FE F & # X
BAMLENMINALREITE, F &8 ANHE
(05,2, (5as 2o (B, Z)} C R* X R, HPx, e RV HBAE, z € RAMH AT
6, XRABNAE—MELEHL:
fx,@)=wd{x)+b (5-2)
Hep, ©2RHEE, EHAEEHRETNBHIAGETH, dEEME, o



R SVM HSHES. MR 000 1 -1, RIPRZEUREAIFRENH

(Support Vector Classification, SVC); Rz, MEBRRRESME, RITFRZEM
B # % C # 7 B [5] )3 (Support Vector Regression, SVR), 3% &—SVR 0
v-SVRBU, s SVRH, WHEEH K(x,y)=DE)»D(y), MIFHRERR
ARRA— MU E:

= 1 ! ! * L *
mu}EZ (a;'~o:,.)(a;~aj)K(xi,xj)+e;(ai +a) - z(a —a) (53

aa i,J=1 i=1

, |
st Y@ -2)=0,02a,0 <Ci=l,..,]

=1
He, e ARRBETEBRE, o ,q W Lagrange ® T, C ATARTHE.
B a,0 /5, XERREEHHRERERRN:

f (x)=Z!:(a? —a K (x,x)+b (5-4)

=1

5.4 EF ZHEREANABRERTERIER

ALBEAXFHAREERNGMEIABBRM=BRRZ MKXR, 27
= ARTECRTMER, §eNMERANVGTEMRITE, REH6 LTS
%u

5.4.1 ARSI EZ

BRATHANGEEN =S AREELL THLE, BELERESGBARY
HEH XY, METARRUBRKNENBR, KHAEFRMTE
(PCAT BT RS, TR E M BN LSRR8 A

7. SEENTRE S 4, /3 4 AR 97%H o9%rt, —HEBN=4
k=0

=
FEREFIEFEN B0 n=41 M m=47. XA 200 \NBEEREZREN =4
FREE R G o, 1 G A ERNVIAREERE, BX S ESBYE, €015
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BEAGEBERE BR800y ), By, ) CR xR,
k=12,..,m, HF @, € RUENSRNBEVISORAL, B, b B 7.
BT 4R m &6, YI5BE m ASTREREE £, ). » fo(X)
AR LIBSVM #i-EABLY 4 3 ¥ i B E LIS MTB, wAsn
BEREK(x, y)=exp(-y(x~yy) A ES. B8y BXMEHD 0125 B/MEY

0.000488; ¥ CEAMERN 8192, B/MEA 2.0; B2H e FE, EH 1.0. XS
HAE MR BTV GRE 3T “cross-validation” B2,

5.4.2 ARRE PR

MAREEABEN. PRHEFHEDAREE, XH B3I ARER
MEGARW, BAFMARCERBEAREMBAKYEEX Y, B PHRE
S FIRAGLED, IR ANEEET IR . BERIEISSME, BRELEY

MBS, EAKLENBRASENRSAKELEERY R  a,, KK
AELA(B) s Fi®) s v fod) TREFMHZANZERRER
BBy s Bir BEZRNSHEARNETASTENBAR= SR, B
53 U T AL AR BGRTMH 0= BAR.

5.5 AR XBRFHTHELRK

ETTRHNZEABNRABSSRARARTHEMAREBR. X

TR A BRI R R AR B R &R .

N

B 5-3 FRLEMETREIT =g AK
Fig.5-3 The normalized images and the 3D faces predicted by using SVR Model
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5.5.1 XHILGIE

4% L1491 B (Expression Ratio Image, ERDERIG & LA HER T RIFHIZE
4, f£8h BRI BAR, A30E X T —# R i B (Mlumination Ratio Image, IRI),
RAXERARABEHTHABER. AREAEE=SARERNELFXES
HTHRERRKL, EXA:
L(u,v)
T yor ()

KA, (u,v) hBEEGRIT, T AZEANRERERRANRS, FTHEERE

R,(u,v)= (5-5)

Bg, I, AZENEERERBEAELES,, THEERBEK. RAFE
FeR SR PR IR R &4, ] Phong JeMERITH R EGR. FHEAH
REB B RA RN EENRERR, FORRREAARRT @ ARG AR R,
BT Ly R Ly, ) BA—Z&ARERNEZER, FUOLRLEIER,
LS5 ZARMFRAEREA X, FRBHIEEARBRRERRER, ®RALE
58, TERERENRRARRETAAMARSE, A UHANREEHSH
FHEE A= EANRERNRELCE. B 54 RAR&G TRoLR LG R,

B 5-4 ARFMTHAREEIE
Fig.5-4 lumination Ratio Images under different illumination

5.5.2 EHEREIER

MASERREAG THEERE], TRbEHEG AR ERRER =
G \RBIGHERRLAE R B, AR ERFAEEETHANER], %

RH:

( u,v
INar( )
AXRARELEAENAARGSRSBREMES, AP rREARRRHELEM

L(u,v) = I(u,v)* R, (u,v) = I(u,v)

(5-6)
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Bl 5-5 REEARERANERNEDARBR, 7. B=FREHBER,
BT BT ERMREN T BB,
Fig.5-5 The original images from CAS-PEAL and the synthesized images. The first and third
lines are the original images and the second and fourth lines are the synthesized images.

5.6 ILIHLER

M el
i L e
ST LT :
1'."!-1.'14' il

Bl

B 5-6 CAS-PEAL PEAM &AM & [41)
Fig.5-6 Configuration of the lamps in CAS-PEAL
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Dele A e, XBREBARNELS FTHENER. CASPEALARERA
FE2BAELHTRAABTHESG, KB ARTRCRELTHERE R
WEA R MES- 6~ M TERERESE, KA ARBERIEN probefE. %
REREGEERMEEREG(EEFW, MR, PHERE, L
feKgallery, HRMRAETLREGETMARMNZEERNERERNESR. I
BRFANRELE 1A AR165MEESR, P Hcenter-light, left-lightFlright-light
=RAREANERSR. RATEHIEELET 4 R4E M EHE % (Normal) /£
galleryP, HMARM=ZEERAEHENER. FH AN Egenface i {E
SRR, ERMEREGIEMIANSERNR-1INR-25R. Bl RS
RRATATUBR WM T 4R

# 5-1 7E CAS-PEAL FE.L{¥ Fl Bl BRI G RYIRAI & R
Table.5-1 Recognition accuracy on CAS-PEAL database

-90° | -4 ] 00 | 452 ] 90°
D Virtual- 18.0% 36.0% 60.0% 32.0% 20.0%
Virtual+ 32.0% 52.0% 76.0 % 42.0% 30.0%
M Virtual- 20.0% 42.0% 62.0% 32.0% 24.0%
Virtual+ 30.0% 60.0% 84.0 % 48.0% 32.0%
U Virtual- 22.0% 38.0% 62.0% 30.0% 24.0%
Virtual+ 30.0% 54.0% 78.0 % 42.0% 32.0%
#5-2 EMBRFARE LEARTUEGRITEKIRMNER
Table.5-2 Recognition accuracy faces on Yale Face Database
left-light | center-light | right-light
Virtual- 40.0% 60.0% 33.4%
Virtual+ 53.4% 86.7% 60.0%

(1) FRXFFBECAS-PEALAREL G RFARE, BinEtEgae
B S it AR R B AR

(2) EABO). PAFEMAITAED) T wFERRENERES,
IXTTREAR B3 TR 77 R SRR ARG e FRAS AL A ma LB 53, U ) SRt AR
BEWAEWAES . SRR A RS 5N BRI AR R 0w AR 5
A, T BB E SRR AR RERER, X0 HEARR T REEK
AR AR

(3) BARMERFEARERRELE D, BESIAFERE 90%, XLTRE
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57 A& /NG

LRSERETHET ARRMAREE SR EDEROTEN ARG R &M
THNECARE RER R KB . AR MR T SRR B B R BT ARG TR T
RO F R AR A A SR I AR R 538 Se 3E A\ 097 A S CRAIE TR () AR 44
AR E T B EELNA GRS EE RN, BT S ERNE M
BR.

SEBEEUT LAFHESR SRR () FEARTNREMZTHF
X, BURERITMERHE, FABEERXFRERENRZINLEIEE: 2)
BEr W ARTRUR A RERNABKRRE R, 5525 R n g e o
ft, AEZLERNHEDERNGRAR: (3) HRSEEABKRINE
N, BEREARGEXNSEFMEAME. () BmiEi AR, F8ZTERES
T AR
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EYMITHERELREZEFRMNEM LEREARAHNTHUTRRS
RBEETMARRIRURZEJLARRE BA ERTEER B KR
BVE L B 0 BT R I, X SRTRIABORBI BB FRAT T M.

AEXEHEBARR., SEMI ABRABARRT THRBES, B EARR
PREATTE, AARRASRERREE, BASIMIARR. ZI0R317%.
M BEVR O LL R TG B R4S B4R T AR IR S AT R & .

EAERHET K AREF E =8 AR EME T XA R AR5 50E
MER L, EFRT T ABENLREEM T T A= SN TS a8 A
B&IRAIKMEN, BHXA Eigenface BIEHAT A FARE BA A KRBIHIE
TERE K TLER B AR IRMOZE, fFHEHUEARERRAL X4
Wt LUE ARIRA B R BIR G TR MR KB AR ET _EEBHTA
R R BT A IR AR X

FERUE LR B BT ARCRAF R — R AR AR, AR MET ARG
RIS B 290 B R M A BRI Ty i, S R AR 2 5] AR BB R A = 4
FERZ EHATER R, FFERH R X RIEA SR RTAM S A AR B G K
ARZEER. B AEHAZIEFNARDIRBEL T EARKFEHRET
TR HER 1, T AR TRBGEERIR . LR R R T HERZIT RN E
AR E R AE REREAKR S M PERE.

BEAXMITAE, EREEUT AT E#TEH P

B, RERERNZEGE BN AR RANERR Y, BARNBLUTERE
BXpgin, HERMNOXRGRIFARENNNER, BARBERERT
B SRR AN B2 B ALK FRA A R AR H A
SX LR ERPAERW, A RN LR SRR R AR R T AR
WAE EMECEE B ABRAMER, MERIMAAEZTENRTES K
B

B2, AR R T X Frm BEE 0 ARTERTE R 2 — g AR
RIFENFIE, BEUEHHRATRZE P EEAR TR 2SI A, MR
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