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ABSTRACT

Peking Opera Facial Make-ups, which is originated in the life, is a special kind of
makeup method with national characteristics. It is a living art appeared on the stage with
the actors. It has the unique charm and itself has very high aesthetic, culture and
application value. Along with the value of traditional cultural heritage protection, more
and more attention is paid to the application research of this graphic art’s digital
modeling. At the same time, face detection and face tracking have not only confined to
the application category of face recognition. They are also widely used in the picture
and video retrieval, video monitoring, facial expression analysis and gender, race, age
discrimination. And the use in digital entertainment is one of the new applications. Rich
face expressions can express the realness and interesting of the characters and scenes in
animation and game design. Feature point’s identification which can show face
expression also gets much attention. We take Peking Opera Facial Make-ups as research
object in this paper. Through the analysis of this traditional art and the combination of
the facial make-up and real face in video, we do mapping of the digital facial make-up’s.
It involves the computer graphics technology, face feature points positioning technology,
image deformation technology and so on. Through the research, we can know this
traditional culture more effectively, and promote the development of the facial
make-up’s application in digital world.

The existing researches of Peking Opera Facial Make-ups are based on standard
face model and no study about the real face in videos. This paper we present a new
method which uses image deformation technology for mapping Peking opera facial
makeup onto a human face with time varying expressions in a video sequence. It takes
real face as the object, and the goal is translating the input that is Peking opera facial
makeup and face video to the video where makeup face has given facial makeup style.
In this mapping, the organs of the facial makeup, such like eyes, mouth, are aligned
with that of the human face tightly. At the same time, the shape of artistic patterns of the
facial makeup is well preserved. The related programs which are discussed in this thesis
include: how to get the vector facial makeup and the boundary points of its patterns,
how to position the feature points of facial makeup and face in each video frame, and

which kind of method we can use to do this mapping.

m
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In the earlier stage we analyzed the structure of Peking opera facial makeup and the
hand-painted process, and then used SVG format file to save them in a facial makeup
library. Before mapping, we first get the boundary points by subdividing the contour
curve segments of patterns. It will reduce the computation time with this points that can
represent the facial makeup to do mapping. Second, we define a set of points on the
boundary of organs of the facial makeup as the feature points, as well as their
correspondences on the human face in the first frame of the video. We track the set of
points on the human face using active appearance models (AAM) algorithm and
compute the position of forehead points by using homographic matrix to get their
corresponding points on each video frame. For each video frame, with the feature points
as the control points, we use moving least squares method to map the facial makeup
onto the human face frame by frame and get a video that the human face in the video is
with the Peking opera facial makeup. Comparing with the other methods, the organs in
the facial makeup and the human face are more tightly aligned and the shape of the

strokes on the facial makeup is better preserved in our method.

Key words: Peking Opera Facial Make-ups; Vector Image; Feature Points Location;
Image deformation; MLS
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Table 2-1 A vectograph file in SVG format

<?xml version="1.0" encoding="UTF-8" 7>

<!DOCTYPE svg PUBLIC "-//W3C//DTD SVG 1.1//EN"
"http://www.w3.0rg/Graphics/SVG/1.1/DTD/svg11.dtd">

<svg width="574pt" height="563pt" viewBox="0 0 574 563" version="1.1"
xmins="http://www.w3.0rg/2000/svg">

</g>

<g id="forehead">

<path id="forehead" fill="#fbe265" opacity="1.00" d="M 279.09 35.05 L 279.96 35.00 C
281.84 67.01 285.44 98.89 289.32 130.71 C 292.75 162.25 298.48 193.48 302.09 224.99 C
304.45243.01 306.40 261.11 309.07 279.06 L 308.18 278.83 C 300.27 252.67 291.01 226.87
280.26 201.72 C 279.52 199.87 278.29 202.17 278.07 203.05 C 272.07 217.59 266.08 232.14
261.06 247.05 C 256.82 257.13 254.45 268.43 250.03 278.19 C 259.01 197.06 273.14 116.50
279.09 35.05 2" />

</g>

</svg>

2.4 YEREmMEAS

BAVEAL GRS s RIRL I, X SR At TR HE A R S, AR
TR, DI SVG SCIFGRINCHS I SORESE 35 i 25 0 ok B2 26 40 43 4 14

WHHER S, ERMEREFEEOS ML, ERTNANTZ. 8@
W AR AR RIVE M R RN R B EEE . BT de



W KA F A8 3

Casteljau 5% 2 1HEABARER M L A bezier HELHB TS, BB ER
BRI K B Bezier #4822, WHKIE T Paul de Casteljau KILHIHER: £&
AENMETEBEIFRAFAEMARANME. AXZLHE 24, BT de
Casteljau 414} Bezier £k H.1%:.

B 2-4 Bezier HiZ4H 4>

Figure 2-4 Subdivision Bezier curves
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Table 2-2 The classic recursive code of subdivision Bezier curves
void subdivide_bezier (point 1, point 2, point 3, point 4)

{
HE A 12,23,34;
HHEHE B 123,234;
HHEEE M 1234
If(terminate_condition)

Z1-945;
BE| A 1234;
}

else

subdivide _bezier(1,12,123,1234);
subdivide _bezier(1234,234,34,4);
}

}
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HARERMAL. R LEXNFAAREFER, Mo FiE, TNELEHESFIL.

(d,+d;)*(d,+d,)<m_distance_tolerance*(dx*dx+dy*dy) 2-1)
XH m_distance_tolerance & —/NHE &, ZEHIMMEIEFIR/NEEKFES, T
—REI R PR, AL 0.5%0.5=025 . MAEMLEHEMTE 2-5 Fin, ®
BRI 5 e BRI R 0 AR IC

K 2-5 405} fR IS

Figure 2-5 Boundary points of a pattern after subdivision

2.5 KE/NG

A T KIRE LB B B, BUAE T EI B R a4 R
B, sURIEEHBEL. BE. WE. BT, W KBS L& &S LR
B, EEHFRBET, BE-MZXKE, Bae/MgR8EE 8 OIS
RA—ANBELZHINILR . BEREK, FADGUER N SMNL T T £ 9 BOFR
Bezier MiZKBURAIE, ASLHBATIRIXLEM L AN L. BT XL dh & #8 LL
Bezier MiZf% Ml i M AFEER BUSHI SVG A SUFb . ERTEZ HikEix L
W AT BERN A 5y, UDREGHI ARG, X ONILR S, 1R
L RS B AT AR TE BRI
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B 3E ABFESMER

ANRERZER. TRPRBEEENAE, SHHFAANREGREZRRLERE, i
BRSSP IER 4 3. PR AR A B RS+ R A NI 245 B
RERFHOABRE. Hex. R, KREMTESHEZR, dTARLZIERIE,
RIEOZL. ALOEL. BE. EEYHTIR, HEEWRXARFE BT
EftE, RUAREBIFENELIR—DEGREMENRE. FEFANAS
R T AR, UREHTREHES R, RIMER E3NS 0K
RPN Grk e b NI E R, BT ARBIERMFE, TSI MERIEH BEx
BBLAM A, MFX—EE, ROERAESIMERS S 8N BT R#AT
LLE:

3.1 BIES¥M

BGBATHST 20T, BAERHEAUEERR, XEQERERIEXEE
R, MEEF MR, KEHE, NAREEEEESLBGER, XD,
Ao R ERE, TRENXBEESHAMOAFERAZ. ANUTEES
RBARBEFEREORERE, RLEFEPAERRSEEE, XA
HMRFESESAEER L, REXZ, BMARNSIMRBEREWNTEL
TEBRE N, HRIBLTURGL.

JEG AAM LB EE AP, XIREE . R BRI EREE & ENH
B, AEHHEEAE, EARMNRXECENS, RAERFER. BTLKE
PZRBHFE, AAM BRERRSL EORES, mhTREEEMAR LR
B, XEARAEZNUN, AURNFIHFERATE-WHBLALE, &
BB AR S, FENEAREQNSRFEAHRT M eERE, W
B 3-1 (b) BFim. XTFRIERR, WEHFTiRETHNHRFESR, WHE3-1 (a)

FiRe
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P 3-1 44 DFFE R X AT
(a) B _EARICHIFFAE 3 (b) BUAR P 5B — WA R L (R AIE £
Figure 3-1 The corresponding positions of 44 feature points
(a)Feature points in facial makeup (b)Feature points in the face of first frame

3.2 EIPMIEBREZ B AIFE S

FEH MRS (Active Appearance Models, AAMs), #& T.F. Cootes 2272817 &
FFARBERS (Active Shape Models, ASMs) 23031320 5cp b 38 s () 53 — AN LT G5 it
AR B AL ARARRIN T, RSN MR E L. LT ASM, AAM 7E
BRI R N A E T YERIEAR (shape) FIGUEE (texture) {58, X4 /RL0H it
ITTILAS, WAOT RS, R—MEL _#ERNNREEE REFLER,
FEVFZEA 2N AR ISR E M P ERX—TERR TR -
FRIBUR, EER, HXWARBINAN ESSIER FERRENEREE THE
g,

AAM BT NRAFIE mUB AL EEOFEMRI S SR S AR R A T
fo. @ERIBATFIIGE, HehO5EE T AR BGRB8 T0 s AL & S
CEXEMARBAEHE T AT =AUERNERER, HXFARER s
FHX m AT BRI AR R A 5,=(X,1,Y 0o XimoYim )+ FEHT xije 35 205 A VI SR EE
1 mMARESE §AMHERRALRE. Bd 8. e, SRR EFIGES
AR [ B FFDBIR — MR REZ T, M3 BN BT S T4
b, PR s r (PCAY FTEREPER AR MR So MM IFEZ M IETE
RS, XHATRIEAR S ATLAGE BIEATEAR So M1 n MFAETRARM LA S, Rtkxt

S=8,+Y " pS, (3-1)



WRRFBMEFALRC

EAR So HiE)E, RERTTHEENGRULENSE. BHENIISGE
BAANRLEZIT S BHERE Sod, HELBNERERE—B, XKL
LI FERRER PCA B4, BIITHLIE A HHEEXMFELRE A, F
TR, RS A BT UERAERLEASELRENEREAE, NAHME
HOEEE A

A=A+ " QA (3-2)

BRREB GRS ER, BRI PCA —P %, ZRERRS
HRLESHZ A — MRt NHAHRLHAESIIRER.

S=S,+Y.. cMS, A=A+Y cMA, (3-3)

XK, REREIEESH o TR ES RN RLLR RS s8N
ANEHERE,, RAMEE—BARER.

i AAM SRS SRR ARG BR R AE s i3 8 2 AAM R SEB I 52
MNEMLAERE. REEE: T RAHMNEEARMBARE, FHERM
gEAFMEAR, BT RAEERNSHEEIREGHAEGRE, EHERNER
SEEB AX)SEENBAABBRHAR )X RSB EHER (WTR) &,

E=), o [A 0+ 2 4A (0 - (W(xp)))’ (3-4)
Hep x BR So FERAI—MRFE, (W(x:p) A FF LA BIREIX L So FEARKN

EHLBBREER, Wp) ROBHHESR. AAMM LESKRIBRUT:
1. SFTFHARAR B 1, #5 Adaboost Haar-like Face Detector 7 LR FIA R,

HEVIRUARIIALE . '
2. HVIAN B SR A A B H o EAVIGE, RIEK 33 i
HEBSTERITAR s REER A; 3t s ARAR BB KSR, X
- FAUW(P))

3. HEFEEBKE,=A-IW(x;p), FHFREMe,=[E,|:

4 HHERATHRAZSH c MRBEEAc;

5. B k=1.5 HEFH/HREE S c,=c,kAc;

6. EES T 23,4, AFH o, HHBIFHIRE es
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7. Wke<e,, M 1 fEAFMITI, 24 e M e MIAHZIR /MR, ULACES
W FHAEWAL, WK% k=1,0.5,0.25,0.125 EH L 4,5,

Wi g AAM 8 E RN AR MRS 4 A1t T R 2 & 8
MR, REU—E NGB ARMEERRER], TR T LR AR
WG AP RS . AMM RA AR BHRORAEH T B TR EE T R AR
KA BRI L ICRCA B B AR AR, FIB & M ERAKE IE& AR,
LAERERL 55 B AR NARIERE, B2 T AR R H b A B TR RSO 1) 45 AS 2L 7,
PNIEEEIIN L e BV A

SCHRVO % 3= 3 S IR RY 754 R 5 2E AL AR BR B U R (K S FEEAT T BT, A LA
AT — Wi E 5 SRR () 58 A7 R AE 52 45 RABCA AT SO B WA, GReLiftATiE
RICACHILAR, FEMST P ER B MR . AR SO A 77 iR BRER AT AT SR A 2 A
FREA, HERWE 3-2 frr.

Kl 3-2 ENSPURAYERER S N EAR
Figure 3-2 The face shape tracked by AAM

3.3 R BMMRBRENRNER

BRI NERBBIANR, Bk Ak REERPIAR, T EYR k& E T #E
BIEFBRIIRE, FHARAKREGRPH LR RE —BHE, B TE
SEUCAEAMREERL, BT E ) AP R TR R ER BATARE I BUR R IE 20, A e
% 18 N\ R B ARFAE B AR LRI 54, W ST 3R 78 3 A LA Y BRI 3] ) B AR AE
RERE b5 G N R AR ST ERER Bk AR TR AE S TV

R YE (homography) 2 —NMZ5[a] P F) P™ Y- ] f) o] 336 #8245 4142:431,
PN PR RS T BRI S BOERE e . FRINSEOERE . tH SN
HL, 28 dy 0N A AT DL R] — 2 () S B T AR PR BHR OCIE R, e AT



R KF I F AL

ZHEERRA, FIINERIRKIE. B&RRMXST LR MIEEEENEIEETHE.
3.3.1 HEtHER

RIS R S LR G REEYY), Z @A h Yk B BN R — %
FHEHNTERE K. AFRFRRR, ZRTVEER E—F P=XYZ] 5AE
SR — 4 B4R b A p=uv]” ZIRFEXRFR:

X
u
s|v

1

=K[R T] Z 3-5)

1
W s RREHAIRY, K RRAASEER, [R T)RANSSEER, Ko
R AIEERE, TRIFBEERE.
Bk At R AR R P RS E FEERMAT Z=0 M6 E, FEFHERER R K15
Fﬁ T; ﬁiﬁ %K/Aﬁ
u
SV
1
1

BHIASEASEEH—E, A8RBEERE, BaZRTFEER LR

= 2 B 48 T _E A R 5 2 1R 3 AT LA R 4 AR RE h SRR R L

sm=hM 3-7
XEM=[X Y l]Tié%?fﬁliF@ﬁﬁJ:B@)ﬁﬂﬁ?’?&é&ﬁ. mBER_EBRKLAH
B R, BRETEERE h=K[r, r, TR —A 3x3 e, HP . n BRERFRIFR
TEGFRE R LR T mEEE.

EERNGWH, ZRFREPANTBREBIBDMNEEZE, ARG
REA, ATRABEARBKNESER /=48 TFE L, XESHABHEERAP,
e 3-3 fin, HPAERRERTHALEP, ZERRBHIGFEABHS. H
FARBREONE, XEMESZIOZHED, FUSAKRSER, S P
AR R E 2 R P B A BRI R .

X

X
X[y 5, 5 T] :;' =X[5 1 T]{Y:l (3-6)
1
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K 3-3 AR — =4 PR mE (LEXR)
Figure 3-3 The point set which we suppose in the same 3D plane
XHE, MARRRE— W R NARNALE A p #h R %2 0] P IZ 5) ) = 4 F 11 ) 5
& P ER—BENMBE . BT A% P REANIMEARN, ZUIRE S TFBE S%E
HbJE, PR R =Y (A AR E AN, R AT b B AR, g

pi FIEAN & pu WK R
s, P, =h, P« (3-8)

H, PuRRAKE P PP kAN AKIF IR, p, FrRS i BIER DAL F K
A SRR .

AITEREE T Wi MR 527 ) PR AR Z BB R, B — 0, RIEE
() — AT P i T2 (8] A SR I KR X 3-8, X AR4F AL BT R i), B s, p, =h, Px «
s,p,=h Pe, BUHIATRGHES PR BN R — =4 AR nEng, o
RS EVEILINEL SRTPALIE XS

s;Px=hh'p, =Hp, (3-9)
¥ hh! &I RARF R H, XBIRATIR H bl B R T 1 2 18] 55 4 5
(homography matrix ).

ot P R T T V) B P R A R T AP T MG 2 (R B 2, X R B E
— Wi b g p AARAL B IR, BAT LB R 3-9 18 20 % s5xd R 1 5 — i 4R
Mk, DASLSKARE AN YERERE H RIER EEM.

3.3.2 KRB
AP B 28 1t AAM BERRBE IR 30 00— Se 3L ARAE 24, R B/ e
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p PEBS AFTARBRET LIRS . PTLARATE S RIAIPIAT G £is § i LA — L5
B A R R AR XA N AERE . B CM RN Z RS REEIRE, HATE
WRR 39, FTUA#XAMEREK KR — ML R/ ZRAE, ERAELNE
RATH R B - R R R B TRNHER H, EMRALURETHE
ISz 37 2 40 T B /75

2

minY’ P, -y (3-10)
KB p, e 3-0 R AN NIEE R IR

~ 1 ﬁ‘Bik

Py=e=—, . (3-11)

* hspm[thm]

Soob b RIS TR H RSN § TR, SRR AT R IR =
TR S B E — BB A (LU TR A, LTS 3R AT LA
FEF®.

S B PEREAT A7 B8 SRR H B 4T 1 BB, e AR S [T

- —~Tr —Tr
ﬁﬁﬁ}@ﬁ%ﬁ}uWﬂ@ﬂﬁm@ﬁ}P@ﬂ%ﬁ%%*mmmhfqu

h,py pikTh; - VEl.kTh;=0
HEREMRREARERERE FRRMAL:
-1 . —1h
[p‘: _OT '“‘_’*T] hl |=0 G-12)
0 py -vPi h;
HHFRKA N X1 WFIMBAER x T7: x=[h] b] bI], WF
-1 . =T
P _OT Rl (-13)
0" Px -VPx

KRR =0 MEKEHE, MRCHHHNEAXNE n 4, BAREBK
B o AR 3-13 WERMHEM, BXEFRAAHE-REB—IMROEETRE
Lx=0, H+F L & nA 1 3R, BFER—4 200 KR, |x|=1. REEHET
DUEH, SH N2, n=4, EFTRHIXANREF KT BRHRE x;
ASF USSR, n<d, BEME: BTN AHNE, >4, W RERECRT
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MEEFRAIR—RINBNHE. Bk, ELEREXNCMR, BRIAMEB#
HENERE, FEETRERENEE, BEHAS TN ARIRRLHER.

W 3-13 TUEN L ERARTRENEBREZNRK, BARXPEHEE
BEECELT, FRNRFHALRRI, IHEEFTERBERAEL017ER,
M2 FBER L MEFHIRK. &ML AESSRRIERZEE 3R Z M BURYE,
REEESTE—NBRXBER, BRRHEFAHHBRUEERBHE, L FAH
BIEME R ERERTERKES), BOREFRERTRSB/K. AT HRREX
— B, BATEEXERE L f—BeEsoE, HPEmsem sk, wembit
WTXERF MRS, FRTARBESREE: BIRRATFBMA
—eA . HPARRR AP R R PR AR R A MR R B B RO S ALE,
HERRAE RS RO RMENBRRLIR, IHE—RLRRERT —MEHEL
RIS T, BAMENRREREY RIE. T UL R X i
LR B R A AL AKRAEIRANFYE. MA—LEBS R &
PEIR—Ab 298 AL 22 4 B R AR F PR AL AR 75 1) SO AR R LL B AR R, T e 1A —
L0 AL 2R A IR P AL BR O M BB I EL BIAR R, B B kR E
FI& AR AREREHESHRV2 M 1. Ahamet RAKRIESER—k
W,

MF Lx=0 XHEMEUFRITBRAFTTRAMREY, LPEATRELH

(Singular Value Decomposition, SVD) I FERFIRBRERA T E. AXEXE

BNVERARETBRECATRESERKE, LA 4 i, HRIHEE
BIRIWRE N VIRRE.

SVD 7R —HMEUABITEENEREMES R, LFFARBRE D T
RS, BRI ERGSHMNBIHEBFEENA, EENTRESBEK—A
FERE > AR R — X A B R 5 IEATAEBE : SVD(A)= [U,S,V]. X F mxn(m>n)fI5EFE A,
BREE A 24,224, 24, ==4, =0,1H A %, BEZHATHNH,

MEBEFXNATo=Y\......(=1,2,3--0) HHEFE A KNTRE. BAFEEm A o
ZEHMEU. V, 8
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O,

A=U[Z Oncen ]V,ﬁﬂPZ: % |- HeEETLE A A=A

O(m-f)n' O(m-r)x(n-f)

[}

AR A=USV, U. V F3 A’ u=1,....M). vii=1,...N)7 FFR AR A #
k. AARAE, WR—HAREERE, SE—IERESAER.

KM RE, BHREREA Lx=0 A& x HiZER: 4 n=4 8, LK 89
SR, BB L#IT SVD ST, BAXHERTRE A ATRME EF I
HERAR, TRAERANR, LKEFHERANR L HFRE UESR
EFRMPHBANETRAERREME: L4, MEEEX LB SVD 48, dE
RREER U S 2non KR, SRER, X—ERERILBREXEN, HEAT,
KB KRR D EE R, EHBELARR LT, %K 99 M8 L'L,
HABH RE 5

[U,S,VI=SVD(L'L)

o, 0 - 0
s= 0 7Y
0 0 0 o

BERT S A T —AMRERIN AERE, 6,(i=12,-9) RS LAHNNMKFEME,
KRB RMAKBMRFEHES, A58/ MIFIEE o, MM ARHERR v, B
BB VARG —FIRERL Lx=0 X—H 2GR REIERERAFIRE
B x A8 33 ERE, KPS TERSEEPRERN TEMR, FiXEET
BE—TEHN1, BBERMPENER H.
BEHNBEB S (V)R THAREENSETEXRIESE, BEIKENL
£ cF P (R () B N AR R R T
1. SRR B G AR LM EEANSERNA, RERIPHE, BFHL
A: p,~mean(u,). p,=mean(V,):
2. BREZEANA SN TROSME, AANERRESLRF: Ay=y,-p,.
Av;=v;-p,. Bt 1. 2 BEERAGESKTFBEE:
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3. SRERE AR & 5 RE— LB E T
s,=1/mean(abs(Au;)) « s,=1/mean(abs(Av,)) ;

u'= Ay,
! mean(abs(Au;))
. Av; '

Vi Tnean(abs(Av,))

4. HHAT 3 SAFMAME R P BIFRHRERHRRZ

ul s, -sp, 0 [ju
RN REARLE| v |= s, -.p,]|v]
1 0 0 1 1
/s, 0 p,
MERZHREERZEH,,=| 0 s, p,|:
0 0 1

5. FAEBSERX CMEGRARRITFBER—LAE, REHXRN RS8R
A =0 FI24, BF) L 5ERE, 3@ SVD 448 & # -4 s ik,
RPN EEREH,,,

6. XM ANHEMNAZRGFHECLTAETRRN A, BAREREFE
G R BN, ERHELEGTELAHLIE RRELEGKELHR
R Ei=H,-,w-];i' o

3.4 REER

M BA %o ] B R 4R B B 047, BRATTRT LAE R AR SR BN £, foe) EFMFIERK
BN YEAERE, REHHLNAR PR, HH fn PREGEFLEALE. R
TEAFARERBEAR, HERIB-WPRNFIFCHRFERCERNER
t, BERAXEAS—WERSEN, FEHUENIMERRE S NER, &6
B4R A SBAR TS IR AR IE AR AR 0 K LU B — Wi AAM BRERZ RS BROUIL K9
AAATRAEASE WP NN ARTHHE, BEWIREGRENEER, RE
BWiZAEME RS — kAL, BRELRMNSLAME. IHEFRFIAMAR
Rt BAR KB VLA BB 1R, AT AR AAM 55, A RN R ENRFIERE,
WA 3-4 BizR.
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K 3-4 WA RERBI M ARFES
(FEFRC AM MERESR gttt EEREEL D
Figure 3-4 Feature points tracked in the video
(Green marks the AAM result, Red marks the calculated forehead points)

3.5 RE/G

AFEHR T LIMIELBIE B, P AR RS B R AL E KRR,
BRE M BATFFEMNRIFES, HFERRREES S HRT ENHN
MR AR, B ARBERSN, &FT 8 M A MEARES, B
FHIRFEREN 4 N E. WHREN 12 NS UURSHSMEER 24 M (B9
Ak 2D . 76 AM BETERERFIRIRT, 320 T I B N AR AR R UK AL B B ) R
BRBRFMER. BL, ERIFHVERABIELNEERLRES, RIMEM TR
WM, HHAMBRET S HIIRE, ZELPWRELER.
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£ 48 REEOTRMRS

R B A ARG BN, REMASHR BRI RBRAE. X TB,
BB EREPLERN AR, SRR PGB R RN FIREZEF
BE, RELBEGREEN—NEERS, 5 OpenCL AT LURA S L E L
BEBSEIAR, EIBETASEN=ZAELELCIEBELHIREER, TEA
Rishiask RIREE . VEREAEHRERSBRMETRN, EHBEREIHELEE
PABRGHR, AEHAEE. 2 HERIEDSLEHRAGBTIERAHR,
ATRRABFHLAELLE, FRIFVERFLERBFEEL RNFEHSAN
URERA ‘2F” BARENALE, FEENRAARKIE, HirtkiER
BFERER, RENREEBHRER, TRERERT —IMNEERZELAE, B
BEAR A A AR FE B AR SR S B 2 R B v I i -

FEABFEEARRYRE AT ER TSR —FER T ERYERN, FRETFE
EEMREDFHE FENRIFRR, BHNRREABER, $HELD
EMREORS, BEHETENZESSP BB RBEHTZHNH. REH
REMALBSEHIRBEE, FAATUARER, RiE. ERAZTERIERL
FRRB#ITE R ERE, ETRRER. FEMNSHEERANRITREEERITHI,
HEFRAIETHTEALR, HRER, KRAVMIHERNAXNER, WLHE
PR, RSO RER T EN RS E, BARUEAETHENENRIZ
SR AR T S I 3 B RS vl AE LA A\ R B R A T 1

2% 18] R TR R R RN RHR LS FI A IR RAE (lattices), BB
MR GHENRZET SRR XR, WESH FFD REER. BROFAT
UBEE (cage) HEHE, BREE_EPREREHEARELEANXZY
FHEUNEAE, RENNRERZAELN Y. ERENNAHETUHEE
BHATR AN NARENERENRAEAANKRRR, TENERERE
FRAMFR (coordinates), W Mean Value Coordinates. Harmonic Coordinates. Green
Coordinates %, SEENFRMRURELLABYE=EFRNOZEAEE. ETF
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ARENEREREANEERARETNER. REMARAGANEZANE
OMFRET BT RAEHE, FTU RS . ARREENERRARTEUNE
BT SR VR, XM OTERET A LERAEMERNA S RE.

4.1 BHTEEXR

B 173 (Free Form Deformation, FFD) & Sederberg % A2 #—Fig™
SR MEEREA 1, B BAREHE A BESY AR KT RRKT #iZ
BEEIE, HAHHNRBANSIAEXT -IMRBOFLE, BIyEmzs
BAETAZ ANER, REBHBRE LOEHAEZER, KRERBHYE

ERSERTER . XERMNEETR % LHER.
YR IT—ATHIR, F (K Yoin) T (K s o) R EE M E T HA LA,

RERBETTAMEN B RN AERESEHFE S, REEXA p ¥ 2z
BRI B mH MERA n+l AR, B FFD BEMEN m. n. VB ER, ¥
SIPFALE i AR H S AE Py MR SExy) A5 A
B =X+ (K X Yo+ (Vg - V) @1)
m n

KE—-AEE-ZERERABIEBSHAREXERLAN:

Z:;q z:o w; B (s)B] (1)p; '
20 2o WiBT (9B} ()

H, Brs) MBORNERRERY, GORTBENSNFRBAL, MEHE 0
A1 AXER, WE 41 FrrlEeE, dF—AMETHAER K Sy )2
A

X(s,t)= (4-2)

- X-X i = y-Y,..

4-3
Xow - Xoa " Yoo~ Yain “3)
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o
(Xmas, Ymar)
P=(x,y)

[

5=0.6

0.7

t=

(Xumts, Youn)
o

B 4-1 FFD J& B Ak hr
Figure 4-1 FFD local coodinates

XFE B R TR R, BERER 4-3 T A% AT R R s, )RR, #
s;t FIABFREEZE[0, 1] X [l Py, SEIE AR 4-2 SR AEWE 1B B AR T J5 1% s %0 I (0 37007
B, A%, FFD &4, —MEHISHBReES EmBENEREP SR
LR S, ST HRES XIREREESER, B blEd s HERKEE,
R TR R ARG X I 2 [ L .

SRR EA FFD R RE o0, MNMERRIE LS FHARMRE.
W 4-2 BRG] FFD . fhfi1LL FACS Zhik Rtk hS %, RS MM
REFEEIMERTHAE, BELREARNRKEME/ME, RO ERIERE R
FEEH BRI E R T RAE, TR 58 RS TR Z G B2 B BN U
e, BIAIRETESMU. TR f 22002

K 4-2 SUERERTH FFD R (SCER(14])
Figure 4-2 The pattern before the deformation and after the FFD deformation[14]

B A R BARR RHEfT sk —RAER, JF BBEMRHMELEH, AR

UFHIRI . B2, FFD FIRBAAE—SRRM. BT XEEBMR, FRER
TR R BCE R AT AR REE, S Ah, BRI A AN SR B T A LB
PRI XA BRI, P RS 3l A A T 5 R A T 4R,
R L sl MHERAL A 512, st R 3 A TR A HE B 122 0 3 750 B
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BB B 5% DFFD(Direct Manipulation of Free-Form Deformation)! 42
5t FFD f—Ffpefitt. BERE: X TEREMNRLA—K, BEBIHBERNZKE
ME, B %AERRREEHESERNETANEL REHEEHNRER
KRAME. XR—HEBETERG TS, NTFERENE LSRR DFFD &5 %
W, BEBETEHTRNREOER.

FRRENN BB, FEREE LT URES iR E S9N FFD &k
HE, ERX TP HAR, TRAERLLE LR BT R LR 5 € #F LB 2 .
HAIRE AAM BREZFIMFFIE S5, BME DFFD feild X £ E— A B3R,
RR B AE EEHENRL, #mRkitENR ERRA. AT DFFD £RAKME
BALD, EEBRRE. WERELMLBEESFERKNDE, BHHEESHEK.

4.2 BTELLEREHTR

ELOMFHE SRR RTE 1827 4E i Mobius®I3| A, B8 THHEHEREML
MEEPH—ANEEXE—LARABE—RRTHE AT RARTH— &
HAEMER. Ba, FAREOLIFR? SHTRN vi MASZAEAKH—
WA v, MERN—N=AK. BERHE-RIINNEFERRBAZXALUEHN
HNENTSESRER v, BRIFXLF—LHIRNENEOSF. ZAERE—
ATUBEATANEEA S RRER, HPHN=ANEREEE K, KE
EAEX=APHEOLIR. TNARRE— ST IT U RER N
AEAKEREALSEXNAEFHELL R, T EPFRERZLE, HE
B UMM R E X E 085, ZERERPRINNZNZIFHERNLIFRAE,
HABRMNSEENAFEM, WEE, shading. BRELARBEILMKAL,
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Figure 4-3 Star polygon
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K 4-4 MVC F1 GC IR TERUR =B (SCHR[58])
Figure 4-4 Comparation of MVC and GC in shape keeping
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B 4-5 GCARFERR (SC#R(58])
TR ROERE LR, EREXRESBIL T ESRENLF
Figure 4-5 GC deformation effect (reference [58])
The shape of deformed object is kept, but parts of the object extend out the cage
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M= \/&,Wﬂi HiT)z +(Z,wi9i Biﬂ)z (4-27)

RATFHLA SR £ (v) B, TERHERERRR L () PREAR, Hit

BHAILESRE. 4102 JA,, KEA AR 431 PEXHHAR, ARV R

TR v-p. — AN BER AR & . T L, (v) , L (v) MARHEAL AL ER, FFA v-p. 1
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10 358 FRHS AR T 7 F RIS 3 B 8 LA AR R B B S i 45 R, (BERIR

5 A B o % BN R 52 B B AR 2 I IR R G, A< S0P RATARMUL MLS
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Figure 4-6 Result of MLS similarity transformation based on points
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B 4-7 BRI
(a) MVC B 45 R, (b) GC BRETZSER, (c) FIHhZM MLS BRET 45 R

Figure 4-7 Experimental comparations
(a) Result of using MVC, (b) Result of using GC, (c) Result of using proposed method
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Figure 5-1 The first line is the input, the second line is the output

HETRERE N -

PR BERFERIEE, HITRENIFMAESVG AT, AKiEE.
JT 46
B 1 IR SVG B S RIRE S, RIS P R Bt AT 4
5, WHEIZHEAR A, P RNBRKIERNT K
SRR 2. fERE B U E S, B S Rox, MEA S RIS pis BEIE
AR BRI AR qi, JFE XA BN T
LR 3 XPUUF R — 1o
JT4h

42



WARKFFLZAIR T

SH3. 1. BREET P qi BHHFALE:
S 3.2, FRABHBD_F, BEMLERIY
SB3.3: X PhENANATREEL BEFARP,
SB® 3.4 RETHRENAL P, EFRSHAANIFKOR L,
RGN
#R
&R
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Table 5-1 Running time of our deformation

Video Tim Coote’s Qingxiang Wang’s Yu Liu’s

Facial (s/f) (s/f) (s/f)
Makeup

Erdun Dou 8.55 8.55 8.51

Yan Wei 8.21 8.23 8.19

Han Wu 341 3.34 3.34

GoldEye Monk 8.58 8.70 ‘ 8.67

Biao Liu 7.90 7.97 7.98

Yu Xiang 11.52 11.67 11.65

Chenghei Wu 13.47 12.51 12.47
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Figure 5-2 Results with different facial masks on different persons
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Figure 5-3 Results with different facial masks on one person
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