FOER2H AU A Vol.29 No.2
2009 42 A Journal of Computer Applications Feb. 2009

XS :1001 —9081(2009)02 — 0429 — 04

ER 00 [ 3ot R BHR TR S AR N ST IR AR Y

A
(VLPEIRRE RS NG B TR R, B & 330022)
(igzeng@ qq. com)

B OEHRTHRENHIROKTBRFN TSI~ ERB ARG TN, A ABKRT FTEHE
RABNAFE , EREERMRPHEEAGE LR A3SANETEAWEEARRBRIKELNILE, 4
EEWAEE AE AL EARYFEALRBIRDMERY R TH KA RSHEAYGEE, RERALT
TS ARG AR BRI ERB SR A, AR A KNG BRIIET Y R TS,

KR EAE AR AR E; RERR

hE4SES: TP391  CHEMRESRG:A

Single view modeling of symmetric curved surfaces and texture extraction

ZENG Ji-guo
(School of Computer and Information Engineering, Jiangxi Normal University, Nanchang Jiangsi 330022, China)

Abstract: An entire demonstration on that the horizontally flipped image of a reflective symmetric object was equivalent to
an image photographed from another position was given. The parallel structure was used on calibrating the camera first. Then
the feature points were maiched between the original image and the horizontally {lipped image. Traditional structure from
motion techniques can be used on recovering these points. With the constraints of these feature points, perspective projection,
coplanarity and colinearity, the curved surfaces can be recovered by minimizing the linearly constrained quadric objective
function. Finally, the pixels of the recovered texture were obtained as a barycentric combination of the colors of the near four
pixels. The effectiveness of this method was verified by experiments.

Key words: single view modeling; symmetric curved surfaces; texture extraction

0 = TR BN R TR — ), H &% SR 2) RE
" FAP REAS TR MR o T B TR E B 1), (A B ME B B A

TER RHLTEE B EEEEARTIR TIHEIME  XEARAIEEEE, FEERYCRRE3) MR R H
FHENLEI R A A, FIHRSHE =%  BIBHEERENAPZE, X6 -7TIRA—-Mir kRS

R RH NG BT R, BAR ARG = MR R g
2 A)AALE, I R B i 5 A B LT R el A
TEHARERBNITEEA=HEE,

X TRUTERAYE S HBARNENG R, TUMA
AT R IR R IEAS S L R LB At B
SCHR( L] A P R A b B 3T SR P AT SF A RS L
FHARR =R, X2 BE R, TR TR
HRERTRHETE BT HEK S REET A
PIREM NS, TR R PE MR B MK
MHFER AMENGRERE. SGR3IFAERE R =
AHARERRRFATRA, LR T =AASR(EER TN
B) TR Z AR E H LA AR, STB T X RARE B 18
KB =4 B T[4 ] LIERYT R M LIS aE R
LR AT, A IRLNG (R PR AR AL AR B, X5 T B P i or
BAER, B AR EREER WS R P& EZE
HRFEMER.,

PR ] TSR O T, SCRIR[ S ] $R T — vt AL Bl
AT BB TIE T R R E X — RPN AR EE
THEOGIRIN 2.5 4eE A REL, ERSTIE TR T —FE A
LA K — > i TR0 AR R B, o T BR300 I T
B R—ERNERE, WA SR 1)2.5 4

%5 B #2008 —08 - 13 ; & [E] H #7:2008 - 10 - 06,

B E R 778 PR R R B A R AR IR T
HECH =R, 530S 1M Jr kAl b, SOk 6,7 T3
TR RETH AR EED, M AT HREEERN =
GEREAL, HR,ZITHE A 7E — 26 R R4k 1) 72 2 4 5
B TR G, T R R EE, R R R
JUIESH B R R BB R (N 155) 5 2) B R R A
EXHBER HANEEABRARENEFRENER. X
FIK (8 1] P T X R 24 SRR 32 D7 B AT T TR0 T ) A
1) R = A 0 Bt B R B 3 S R AIE s B TR BE AL, T A R i
P AGTH:2) FIRB B R, T A R IE B R, BT LA
FIARREEEN T EZ RN, I K R,
TESCHR[ 8 13RI BT ik A FE AT AR - 1) X R4
TR BRI KT B B RS T M55 Sh— " BRI AR E
PR ZER;2) REn T AEPLERBE R UG 07, A A
Gy SR AHEATIRE ;3) WA N A LCR IR BT ¥ o ASLE XL
EARRERE TSR BRI ITR

1 SEEARE S E LA

WRR AR ERBRAERL, BB SALAR L
N LR TN 0, A ERE L, BREE £ RME—RYR A
S8, T LAEBIK - 80 5 W SN AR IR i B R e 2 4

EEREN G LE (1976 - ), B TFABE A I, 8L, FEPTR 0 BEES BRI,



430 AL A

FHFI— MBI ER, B 3 A i 20 E U
BATEHRTERMEY, BV AT PRV T FRIE S 23 1)
A8, B FIRAERBRAVIRIELZ BB R, £ 8%
R R E G TG, BRI H R EE AR (EHE)
HIARPLA SEUE L S TR o

L1 4Rk

ez oA — 5 p, 4 BB A 45 R HEAT R 7 ;p 7E
F MR TSR p, = (%,51,2) R - NLIFRT
E‘Jélé*fj—‘lh = (%,%2:%) MAEMNZIERHRERRN:

p: = Rp +1¢ (1)
HAHME R B2—1 3 x3 WIEZMERE, ] TRRFRE T H
Bit=(t,,1,,0)" FRVE, TBREREZ G HTH. FE
HENEt BE— TR RERTER LR R T LR,
H A bRt B AR LR, RIOTBE RS — LR
R T HITHR P

ATETRG,EHH o BB MR RERESZ
MEIRR T AR, BIE(1) EFE R

p: =Rp +4, (2)

B (2) AT A B8 AN AR R T W bR AR o 55—
MEFRR T AR

P =R (p,—t,) =R7'p, +¢ (3)
Heb R™ A R W0, BT R 2 IEACHFE, HIL R =
Rt B AR RN R S — AR R TR AR, A
A3 LIEE:

t, =Ry, (4)
Hit R (4) AKX (2) W15
P, = Rp, — Ry (5)

RS BRFIAE— D LARR T KIS LR B L AR A
e, eF T LU 28 X BERE o, 58 Y BHIER: B, 4% Z Bhies:
y SCBL, BICAE RS R T LASRAR R -

cosfBcosy sinasinBcosy — cosasiny cosasinBcosy + sinasiny

cosBsiny sinasinBsiny + cosacosy cosasinBsiny — sinacosy

- sing sinacosf

1.2 RigEEx R &R G5 IEIER

RAEENE LA, X TR 2R TREE—
BM = (X,Y,2)" i3 BB EEERBFES m = (u,
v) T ATLARRN

Alu,w,1]" = K[RI £][X,Y,Z,1]" (6)
Heo A B—MHEZHEBARE, (R,1) BIEFLIRRMEN TR
BALLLAT R IR T8, K RIRBALA S HUERE :
f 0 12
0 f L2
0 0 1
e 1, F T, G = BRI B A

ZIRWNE 1 PiarER, CfC aRRE—LaHE
AHPLAEL, OXYZ BHEFR AR R, MM, BKT YOZ 3FRIY
PR, my,my B M M, TEF RPN, m' ', B
M, M, IR E R, B — BRI ERE E S
Ja BRI R AL B R E T . AR T Em R
W RARIRR 1) YOZ 5YEXMBTFEES2) F—. 2%
AHPLI GO TE OX Bl b, X B 5 A AR A 2 T AL iR B e
PR — N ER R MR R S TR AR R,

INSRKeA R AL PR R S5 OX MiER A o, A543 O HifE
¥ -8, BG i ER OX TR -1, 5 58— MR RE
A, HIE AR R AT i IR R

cosacosf3

K= (7)

%29 %
cosB —sinasin8 - cos asinf
R = 0 Ccos a —sina ] (8)
sinB  sin acos B cos acos B
t=-R[-1, 0 01" (9)

[, 28 —ZRAHALAY A in R AT LA /R Rl ad 52 OX e
a, 58 OY ek B, MG EIR OX 175 ¢ BB, NMAH 5
AALEIBER AN VRS T AR /R AN F

cosB sinasinf cosasinf

R = 0 cos & - sina ] (10)
—-sinf8 sinacos B cos acos B

£ =-R'[t, 0 01" (11)

M ERX R M, (- X,Y,Z) MIM,(X,Y,Z), B
TIES—-FE ZIRERPHERE SRR RA m (4 ,0,),
mz(uz ,”2) s m’l(””l ,”’1) s mlz(ulz :”,2) s *E?Ei‘iﬂ) ,ﬁﬁfﬂ:
FIfEX R

AJwu v, 11" = K[RI ][ -X,Y,Z,1]"
Mluy,v,,11" = K[RI ][ X,Y,Z2,1]"

A w0, 1" =K[R I ¢][-X,Y,Z,1]"
A (u,,0,,17" =K[R' | ¢'][X,Y,Z,1]"

WAER(12) ATLRBINF R F m', fm, om/, fl m, Z 7]
HIRR:

{(uII o) = (I, —uy,v,)

(ulz y”lz) = (Iw - :”1)

MK(B)TLUER, EZEERPHERSMLE, F
FHEEE — 1 B 15 P %o RE B R R 2 (o) ) B IR AR AR AR A T /K T
B, BT IR A0 AL MBI G T KB
B IE M E X RN BB EMN T M 53 S — X B AL B
BRHER,

(12)

(13)

1 BRI A R R
2 MR

X T RA SR B RIS E, UM MRS R+
(I FA LS AT A SE LB B MO ML AR E™ o opog
ab M HIRZE BB OP.0Q UV AB 1R ; OP 5 0Q THIH
ZF—m 0,0P 5 UV¥T, 0Q 5 ABF15,

R S RABLRRREE, [x,,y,] RR S o BB, &
B ca TR LA d,, = [2,,y,, /1" KFR, M ab 58
A o SR KE T cab MM BT UER K 1, =
d, xd,, Bi x TR ERE BRPHEREK
B SR P M R B T Y 1 R AT LA B TR 5 RS
gy SR ST v

Bedo, EHLE OP WITI AR, dyo 2 0Q BT &,

.
{dop =n, xdy (14)
dy, =n, xdy,
XEAKdyp L dy,, HEFTLIER:
dop'doo =0 (15)



%2 ¥ 228 HALE sTAR W B R R SRR IR 431

K (15) SRS HFAR, KBRS H L AR A (15) 3

A1, AT AR Rl — AN FARE £ 4 OF R, 1L RE AT DL R,

— AT B RS, BRI AR M —A f B IE SERUR
v Vo4

B2 FAREHL R
3 LMARTHEEERERSCERR

3.1 ETEFNERRARBZESLE

CAAEYL S, 72 52 T X R 4 1A S s 5 RN 7K F- B0
FEBZ FILESE R, MAE RN ETE SN EREA
AT LU I R =S B AR, BB B B e B IR
B Z [T A SRR P, SR i R P A R R e 1 AR G 4
B3 R M t, BJEH A=A EIRER SR AR .

SRR M i TET_EARRAE B 25 ()L B, AT LA A 25 8]
L AR Dy ol T BT SR AR B R PR AR
3.2 HEMRT

A FAFRAERI SR TE 720,177 1> R, RRRALH=
MR MM A r(u,0) = [X(u,0),Y(u,0),
Z(u,v) 1" Fom, i #ER E  BME S B R R
E(r) FesE=3l ",

= L 2 2 2
E(r) = [ ral?+ Ira I + Ir, | *duds (16)

RABEAC A AR L e 4. M E r Rl =4
m xn WHERE X,Y,Z SRFIRH . T 3 SRR B TR 4 AR e
SR ZERRE R R,

r[0,17° R
B3 —fp = 4R A
el R R b, e il T b BT AR RS R AL PR A,
— ol e = [x"y" 2" 1", B xy,z SR RAEER
X.Y,Z PRICRHSIRS & 5350, % PIA% S AR B — B
Mo S RERAELH PLoESTE BEE R
(i, /) M—Hr BB RR R

(Lulind =X 1) =X -1 (17)
XG0, ) =X, j+1) -X(i,j-1)

M, —Hr- T EsieRR N

Xo(iy ) =X +1,7) -2X(i, j) +X(i -1, )
X,(,)) =X(i+1,j+1) -X(i,j+1) - (18)

X(i+1,7) +X(, 7))
X, (i, /) = X(i,j+1) =2X(i, /) +X(i,j-1)
HEESHAT DR —A mn x mn B EEOR R C HEMLFER

R B SRR N %, = Cxyx, = Cxo AEEH, C,,,
C,. 71 C, ATLUARITR B RSH. Bk, 8(16) AT LR
BT g KB R

{d@=fWﬂ@M%%+%%M

E(g) = &(x) +8(y) +£(5) = £'Conam8
3.3 itk

IRV, WAL (19) g E(g) #A7BUMES
BEARM, B r(u,0) = 0, BIEKARE SR E . BN
% LB BME E(g) RIS LR,

1) BB AR B ARRET r(u,0) = [X(u,0),¥(u,
0) Z(u,0) 1 FEaRHY. R, AT IR AT R B A, B S
W (X,Y,2) FH— P RPIEH,

2) AR 405 AL PR = 0 SR A A 7
AR, T HALHHE B — AR B A HLAL A R
HRARRE &, SR N EBRAAZET. BAREY
BT LUTIR (20) %75

f 0
o s °]
Hrpf RAROLERE, (u,,v,) %I)ﬁﬂ@@@%ﬁ?, (x,y,2) A
MR AFRR TR, (u,0) HEBGRERR, A BN EER40H
AE. B (20) , ATLIRB RN RIEAR
{fx +(uy -u)z=0
Sy + (v, —v)z =0
3) I 2ysR : an R dh B s AL TR B, WA R
FR(22) FRAWH,
Ax(i,j) +By(i,j) +C(i,j) +D =0 (22)
Hrb (4,B,C,D) RFHENSE
3.4 SKUEART xR ERRRBNEL
SR X LB TR SO il T R T X R M A TR
TR ZRRAEEE, B MRMELRET LIRS N Ag =
b IER, I B RAEMATR, E(g) W, MRS R
g'Cg, H C G EH % (Hessian matrix) , H i, RHELH
TR LhE A
{g* = argmin{E(g) = g'Cg|
W Ag = b
S hIRE B B RBEE T LA (25) AL VR R 4 -

A W 29

@@%EIYE C B— IR, S T —4 m x n K
KU, CHIR/DA 3mn x3mn, BITRAR 13 MEETE,
R (26) R AF S F A Matlab SRSZBUN), i@ B a Bk iR, HFH
FRsREIIE &R R
3.5 GIIERE

T B SUHR AR 0 R 1 FRAE T 1 O SOk AT T N m
BT, 3 TF -5 T 14 S A PSS ot 7, 415 B B A b B s B 31
Elfg L BB EREEER , ATk R B Mg n e
PR, (HXkEE TR, L F B Mg 4k, 84
ALE B IR o R TR AR R —MER (Bl ¥ e

— AL AR TR ST AP0 4 x4 BIRAR ) .

FIF(20) T DAY o= (8] S 3 B B b B G R IE
MBS RBAME AR P B R E B — M 4RE B R
RIBEEVER AT S MBI O E, X R I SR SRR
SRR . B, 2R SOAR A X4 R BT A B A B R A4
TRENTIEERARTEOARIRF A BEBREAE

(19)

(20)

(21)

(25)



432 AL A

529 %

Bo ME4 R, (x,5) WHETRBRABBRRLER, (20,71)
(21,91~ (%0, (20,%) S USRI 15 R I AR (A ARE R
HH) o B fe,y) AR (x,y) BHEERER, RAETHEL
A bR SRR U T RFER

Voo Va
fx,y) = Vf(xod’o) +7f(x0,y1) +

Vio Vi
Vf(xl,yo) +7f(x1,y1) (27)

H Voo = (xp =) (3 = 9) Vo = (% —2)(y %), Vie =
(=2) (i =9), Viy = (x=x)(y =), V="Vo+Vy +
Vie +Vio

(xov yl) (xl’yl)

(xo,¥s) (.30
B4 BT AR S B

4 EH 54

B 5(a) NFI FH SONY-PS2 AHHLIA B I MM AY HE -, 1%
KA 1600 x 1200, ) F Aif T - 24 1 S E AR Hlbs 2 B o
T HEPLA AEE £ =1865. 83,

T JeTE R bR B R A K - B ER P DL B4R AE b, W 5
(b), () Fim. SREFA=fMMERERE= R ST,
FIFI 2 T ¥ X Se 4G 5 i B ok , IR B W 6 s (1 T
i

(a) Bt EHR

(b) LEFIRE R HUCEAHE S (c) 7EK PRI BIR T LT
B5 f RIS £ DT B A RAE A

(o) ERMSHBU G
1 AP T A 2

(a) BEERH) TR P AR

B 6 FE T A AR

Y S LR A T, SR AN 7 BT Y SRR A
G54, A I R/N R 24 x 24, K EHLREL M, M, M, M, J% M, M,
WIN AL v = 0 LB LR K HLE MM, MM,
BMMy RIMAML v = 1| FHBERREAR; KLk
MAM; BRI v = 0 EHBAREAER B L
MAM BIMAME v = 173 ENBERB R AT H ML
MAM, I & v = 273 FBARP AR Kl L
MAM, I v = 1 FRBERBREAR, 550, i
Ku = 0MTFEMAM, EHTPFEATRMME e = 173

A 10 MA, My LA M v = 2/3 AL F
MAM, FRFHEAH A v = 1 AT m MAM;,
BETR AR, M e sk ER N L5 , R 6 A 25 80 5 2k
A LASRAGANE 8 (a) , (b) B 7 Ay ol Th] A Y (AR o 4 2 74 IR
BRKE T(c) BRNSERGR LD MELE) , FREASR
FIANE 9 BRI ST TR AL,

u=0 u=1/3 u=2/3 u=1
M1 M2 M3 Ma

|
—_

Jrnieaoe
.¥~:lm$$«‘f§? T
% En LI
ST

53
T
[o2¥

ppRAaEt ]

M7 M8

(b) B HLPIAR
LePELR

(a) FYAH (R iy R TD
EARE AR 25

7 VAU TR AR 1 2K B RIS FE

(c) JRELHY
LR

55
G055
grees

Ol
SRRRRS

<
Pritntody
-‘v::;t:':*::%g;';f;;‘.%
"";"?":{"0’,0’0’:
RIS
R

f‘é{c
() ERAMTMAMETE (b) SRR R th TS
FS T

) WECE R 2N (c) LCBL 5
ity = ek fy = e
B9 FEMEE =R
FIRASCA-HB I, 7T LA &7 i E AT ESme 9
RHETRME R, EENRRY . BRETEAEEFRE
TED A i T 0 J A, DRI AN B S8 2 AR SCRR [ 6 - 7 14231 iy i
EEREITE,
SE 0k
[1] STURM P, MAYBANK S. A method for interactive 3D reconstruc-

tion of piecewise planar objects from single images[ C]// Proceed-

(é;) ﬂfﬁﬂmg (b
=ty bt

ings of British Machine Vision Conference. Nottingham: British Ma-
chine Vision Association, 1999: 265 -274.

[2] CRIMINISI A, REID I, ZISSERMAN A. Single view metrology [J].
International Journal of Computer Vision,2000,40(2): 123 —148.

[3]1 #il, WHEKk FREREEnREERN=4EMI. 7E
F & B3], 2004, 9(4): 456 —459.

[4] R, O80E W AT VHEINERY RIS T SRR
S WREAHEIBOT SRR, 2004, 16(8): 1045 -1050.

[5] LI ZHANG, DUGAS-PHOCION G, SAMSON J S, et al. Single
view modeling of free-form scenes [ J]. Journal of Visualization and
Computer Animation, 2002, 13(4): 225 -235.

[6] PRASAD M, FITZGIBBON A W, ZISSERMAN A. Fast and con-
trollable 3D modelling from silhouette[ C]// Proceedings of Euro-
graphics. Dublin, Ireland: ACM Press, 2005: 9 -12.

[7] PRASAD M, ZISSERMAN A, FITZGIBBON A. Single view recon-
struction of curved surfaces[ C]// Proceedings of the IEEE Confer-
ence on Computer Vision and Pattern Recognition. New York: IEEE
Press, 2006: 1345 —1354,

[8] ZENG JIGUO, ZHANG YAN, ZHAN SHOUYI, et al. Reconstruc-
ting symmetric curved surfaces from a single image and its applica-
tion[ C]// Lecture Notes in Computer Science. Xi'an: Springer,
2006: 204 -213.



