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Texture clustering matting algorithm

YANG Wei~, GAN Tao, LAN Gang
(School of Electronic Engineering, University of Elecironic Science and Technology of China, Chengdu Sichudn 610054, China)

Abstract: To solve the problem that traditional matting methods do not perform well in highly,textured regions, a Texture
Clustering Matting ( TCM) algorithm based on K-Nearest Neighbor ( KNN), matting was proposed. First, the texture features
were extracted. Second, a new feature space which contained color, positibniiand textire information was constructed. Third,
the matting Laplacian matrix was constructed by clustering neighbors in the new feature space. Last, the opacity was solved by

using the closed-form solution. The experiments on benchmarl( datasets indicate that the overall ranking of the proposed

method is significantly improved, which achieves relatively leading matting effect for highly textured image.

Key words: Texture Clustering Matting ( TCM); K:tNearest Neighbor ( KNN) matting; Laplacian matrix; closed-form

solution

0 5%

e BB SR P, 2 AEITTR SRR BRI
RSB RT R AR 3R IR DR, S HAE R G —
R 9 B 1R TR R B R X B B 2 74K [ ( Digiital miatting)
TR EEBIZ LA, 75 BT R R RTRF 5t B R
B ool s RRBE TR MAEMERL TLHATRE
FBREG B, AIAEHE o KEGWARAXTTWT .

L =aF +(1-a)B (1)
Ho o, e [0,1] 5 a, = | HERFZBENTTR; Hea, =0
B LRRRBRNER; H00< ap < I, RN ZBRNETR
MERARE X TROER, () FE3ATEMT R
FAR R X B TN E (ill-posed) [ BT LA, 3X
B B RAE RS s P A B R A BOME B K
BB I AT, TR

RRIEAATF B R GEHHREALE SRR AR, AR
GAXE T LARBU N ZE T B @ RAF R TR R AL 5P
KEAR FETHORENTTER B EHRH O TR, REF
HIERRTR F AIE R B A& AT R ARG RN «o
Tk TRE AR B R IR B T ik p , ABR G = B B4 T
T AT S5 2R BRI, AR A AR SR SR A AR o

FEEE T 6 KB O 3 P, UL 3 4K & (Bayesian
Matting, BM) " ${L40R R 1] 2002 2 5, 4y SR A 45 K i 26 A0 26 1)
R ECE F B SRR RRAE T FE4IIE R , R+ R E N
SENYHEN R BRB T RBERFATERR REENR

5 B #7:2013-04-23 ; f& = HHf :2013-06-07,

EEE A (1986 - ), 8, W ER A, B, EEBTFIT T BRI B
2RI (1970 - ), 58, WU SAR A, P00, B L, E BT« SRR

BRFE 71« BRI B SRR S R (R 5

TR, YRS S aM RN, SR EEAE &
FEH1% B (Robust matting) ! 4 T R85 RAEEMACR , IR IN T {515
RELATLUCR BRI R m MR R R WA A, (B YR A
R 35 bR R , SRR BRI A A B SRiff 38 S SR A B 8 Fn &L
BEANATHK B ( Weighted color and texture maiting) &.3:7 A%
MR T B G ASRRRE , 8T RIS E BIR R R
Sk, BUR T AT I EIRR -

TEE: TR AL AW 7 o, 0 #3% B (Poisson
Matting, PM) " B BRI RT R AN RO T 3  E B R 152
EBEY FRE AR, FIAK R E R R & ERE.
LR Z BB, BT o 5 I I MR IR T
B, % B8R A E, F B K K B (Closed-Form Matting,
CFM) B (i Rk G — BTSN, BT R F A L8 B
ER AT LA S SR BRI R E E  ZR M G, B Color line 27,
B/ ME IR RO SRR AT SR iE T B T Hg
TR EAE B, X S BB RIS R R G BT R B T &
i, Bz #R A s I8 AR B ( Nonlocal matting) ) FFHIER)
FRYEN (nonlocal principle) * B HTHYEE T Rl s M ,
BB REIEBABRUR A FTHE; K L4 ( K-Nearest Neighbor,
KNN) &Y Fil A KR4 E:, o BRI IE R 2, H A DL
R, R TR, IR I BAS T S e ik B ROR .

RE IR N R 5, YRR AT 5 X B
GELNANESN, RENESRNEN Bing R
WA, P X AR T o MR 5 2, el
BRI DI, 831 (strong edges) FEAR T L BB B AR A

H#(1975 =), 38, WIS ARA, BIBER, W4, 2%



3214 A A

533 %

HIMERR B, 078 o BB RS AT SR DA B A DX R b1 DX A% 4 o
BATE) B 2R B GIX E 7 1 T AR B o L in, B
RAEIE TN 2 70 O R, SR80 A B AN A S5 350 4k 2 4 i
A B ORE SERE LA S MRS 5 . 0 b, £ T LA
2] T R TR A T A Bl — LA T
SR, WA X 41X e (R R A Ml A BE | ARG Y £ BE SR
f#o

AR SCET X BRSO A B I AR B R A 1] A, 2 T KNN
REE 3%, T —Fh 808 58 K 4K & (Texture Clustering
Matting, TCM) B3 i B MR B SCBE A Sy — R AR AE,
(R 455 I — b B AT 4045 R A e AR O L8R R T
U ARG R AB SRR ) HE R 3 TER SR &R LI SK B 2R
HEBA T A SCEA REA ROt R B SO B KRR B AT

1 KNN 4% B & %

KNN X BB F 2P RWT -

1) $RBURRAE ) B,

FIFR IRk E G R B AN B AR B SR B B ARAE

X(i) = (cos(h),sin(h) ,s,v,x,v),; (2)
Hr:h,s,v 3304 HSV B B &7 E; (2,5) ABRR
O AT LY e

2) FlA K 4B BAGEGR MR R

FIH AR5 :

kG, ) =1- | X(i) -X(j) || /C (3)
H:X(2) AFHER & C BUERT REL BRIEA(, /) B
B (B2 O B 1 22 8] AEHMRUPERUE B - ) FRAMBISRREA sk
PR B K I

L=D-4 (4)
HD Jyxt sk, D, = ZAL'J-O

3) AR

TARPARGEE(=45E) , RIGHFEMRE .

a=(L+AM)"(Av) (3
B M A AERE, FIALT AP X EAMRE XL v
R R, FRAE T H 8RR E KBRS NARREH
(flan A = 1000) ASCET RS SRE, R BUFE R
B R T -ME TSR I ERE,

2 QEREREEE

TG IR BTk RAH T EMR N (5 5, 2 0% T 208
WREENMIIF L S [ 3 ] R T 80, 5 8 (UAF ik
— AR RN A, G MR BIRT R/ RO AN #
SCERI Y TCM B35 e B & A B R AE B9 ER Al b B9 T &
UL, fLXSRHMILIR S 1E—E, R F A UL R KT B A
R ARG REEARERN R . TCM JBIE 1 iR

REgEIgR

SOHSAE $R IR
BUEASSAE

A~ LB B RTAERE |-{ bR A

Z:igﬂﬂga
1 SRR E R
2.1 GUIBHHEIRER
FIR/NE BN 2 R AL, B9 S 4 SR IE .
A 354343 B ( Principal Components Analysis, PCA ) FlIZE {4
H %) 43#7 ( Linear Discriminant Analysis, LDA) S W IR FE 4t , i
LA T A% MBI TR R AT RWX K, WE

=0H

A 2 Fiso
FEEEGg ~ DR -{PcA]l{ LDA |~ ZrmisiE
B2 SO BGERE

2.1.1 AT s Begs gk

INBES R BN SO R R Haar /N A%, 453
TEAH,V,D, BN HRRERE B K 3 E FX 8
BRI IEATELL 3 x 3 B 78 RIME, IR
B ATE/NENRIBER T 2, AU RIEF AR AL RIFHE
XTI R/ bicubic B S R R E /N SCERAFE
HLARR N -

T = {A%T;fv) sAZT,c) 9A(l,c) ’H(l,c) 9V(l,c) sD(z,c) } (6)
Hipe RRPEEE;] = 1,2 RR/DERE,
2.1.2 PCA B4

FIFH PCA B EAT A — IR IR o LLGR 32 J5THR B0t Py 242K
R B AT IR, FEIR IA R 4E B B0 ) AMIRZE R R 1E
Z3 (8],

PCA BEIRBUT

1) S A BB BERRFALT 06, NOVE BB R 5,36 4

2) SREENZE H R o Bf 36 M AFIESR I E, X BT A A4
T ycs6 BRI 25 0T ML B TIE, ATIAR 2 W 15 225 1

3B C AL , IEFHE ERE T HES

4) VHE I BORETRT d ANMFALIEX R AL [ &, M R
QETRE R IR 56,00

5) M JRIBARAE Usey LR B EREP

XF3(6) A 36 LR IAGAE Ty, 5 SR H PCA, B T 20 96%
HEE 5 BRI AR AEP .  TRAZ TN 3 TR

i

Tad | var
| T={A(va(:,c)’Au,mHU.;)vVu,c)’Du,n} |

R IT 25

| *%ﬁﬁ*lﬂ%mﬁj% |
! i
P HES B RHE T Yot B A4 1)
2i=1,2,"++,36) u(j=1,2,,36)
I
[EE6cnHfe R, d=1]
BB BER
U=tu, u,--.u,
£ LA
P=TU

E BB

B3 PCA FIkURE

IR EUR I FRAE 450 36 4E T M8 d 4t , d IEAES ~ 7,
TR LR A Bk R M4t , I FT R R 80
B X3 BE o
2.1.3 LDAF#

FIH] LDA SkHAT58 kR4, FR—MHoE ), 10
RIS AN 5 KIS X A0k o XTRIT R F FIH & B X &
RIS HIA K EE SR, B0RE B AMSEEEN
AHEFT LDA 247, BURT 3 4858 , 10, IR R E R R 1R 4E 4
HY 36 ZE T IS 3 4, Hrp, RAMAET LI Rt 5 B v
( Akaike Information Criterion, AIC) f531483,

LDA By .

1) FIF k-means S E5, 437 %y A BT 5 F1E S S0



% 11 4

T A TREREGEA T

3215

PNxd ﬁgg;

2) WERRBIBBUEREMS, MRABBUEIERS, ;

3) THESERES, S, MARAEH

4) THEHET 3 AMEEE R ARAE 8] &2, M R4
des H

5) ¥BOHP,,, U, FRE, 8084800 d NERT 3
4%,

LDA H R mAE 4 iR,

Gﬁ@

LH N BLAR R RPN 23 2 B |

PR RA A I B (i=1,2,--,m), 2K
BITTEAN B (i=1,2,+,m), PRI BIE 1] Ba
I

Y i
gni(a—c,)'(a—c,)/N g ;(p,-—c,)‘(p,—c,)/N

i

! |
EEEGEA EREGTE
[ ERES. S |
Iiﬁﬁﬁ?ﬁﬁmél

B A 3 AVAE (B 0 P B
L 1) B A BB P U={ 0,1, )
i
P2t J5 SRS SR RS
L=PU

HW
K4 LDA H:Hif

Xt GTO1 HEAT/NE 3 , R F PCA \LDA #8455 HYJMEg: 2
BUH Sr AR, B3 10,255 ], BoR sEMR SR E L, Ui
K5 BiR . JRIGEERAGEEME S(a) SIS AT RNE
AR E R SO LR HUS B =2 S (5 (B))
H BIRTRME R COH X 0Tk, 55 _4E8 i (E5(c) ) M
BT IR BARRSERAFE o
2.2 HEHHIRERE

RHUH ZCFHE LUS , S EFRE 22 B BRI —E

R KRB G2 A RGB 5 HSV (AL HSV Fif
ZS A5 AT BRI , 1B H ROR BT R R @ BYFRAE )
BEN:

(rygybav!tl’t2!t35xyy)iy RGB ?EI‘E_'J
X(L) = {(COS(h) 5Sin(h) asy”atl yt2 5t3 yxay)iy (7)
HSV 73 A

Hor:r,g,b,h,s,v 57510 RGB Fl HSV B8535 M &1 4 i 5
bt by AREMIBCHRRE; (x,y) ABREMNNAE &R, 5K
(2) M IZFIEINT 3 BEBHRHE 4,05 050

FIAR(T) WERR(2) 517 KNN IRE Tk, KI5 5%
B a,

(b)
B5 S

3 EBRERAMN

AR SR TS . SRS 8 IFI
EFMNGET X 8 IREGIL RS TV ERFEENER B
BHEEE R AT R AN ES LERYR AERN
TR . AT IR B B B R B 5 HEF O : Net,
Plastic bag,Doll|Troll, Donkey , Elephant , Pineapple , Plant, f /7
AT =4E7, BIREET B 3 i =47 F : small Jarge
1 userd” small BIRHRINE B HRIR, BIVESKE A ; large BIRIIRR
15 BmS HIVE SRS ; user B FRIPIHEZIH o

FIA TCM BIEB AKX E S RS , 4 Rhemann S5EE T —
AR EIRTEEY EHT TERERERE., A EHRE
X E 4R (Ground truth) B = AWK Bk A, EELRERS
Ground truth #47 Lb35, B8] — N E AT,

AL FE Matlab F & L, PC R EE N AMD
Athlon 1T X2 250 4£b¥E2%, 345 3.00 GHz,4 GB NTE, £
MRBEEIE 8 IRE A, 2B 3 Fp =20 BN T IR , S B
ok b g AU B IR AR N B3R, 3 KNN B 2% | Closed-Form 5.
1k Bayesian B 3L Poisson H ik, SRI0E 1 Pim,

a)

Rl TREEMEIREMHFTREHAS

Sum«6f Absolute Differences

Mean Squared Errors

e overall rank “ayg. small rank avg. large rank avg. user rank overall rank  avg. small rank avg. large rank avg. user rank
TCM 9.6 12.9 9.9 6.1 9.3 12.6 8.9 6.4
KNN matting 12.8 14.1 13.6 10.5 10.3 11.5 10.5 8.8
Closed-Form mattingh, ,13.8 13.0 12.0 16.3 13.6 12.3 12.9 15.8
Bayesian matting 26.9 27.0 27.5 26.1 26.7 26.8 27.3 26.0
Poisson matting 28.8 29.0 28.6 28.8 28.9 29.0 28.8 28.9

MF 1A LUE S, % 30K TCM B354 i A SCBUERAE
B IREREAR T BENRS. Hd, A3 RZEH(Sum of
Absolute Difference, SAD) B3 S HE4 B KNN B 12,8
EFENT 9.6; #1517 # (Mean Squared Error, MSE) [f)514 5
HeZ i KNN B3R89 10.3 2ABIT 9.3, L large =4 EMESN
HIA X 8 IREMR M 4R 2 A3 iR 2 LN 6 B (X
8 g & 14 By )T FF 4 : Troll, Doll, Donkey. Elephant. Plant.
Pineapple . Plastic bag Net)

ME 6 T LA ZSONE R KBS SR B, 3175 TR
FAFRBETE. &7 fE 8 AL =4E small Jyf A
M o H#,

TEE 7 ~8 H1,(a) ~ (g) 43310 : R ER (Input) . =43

[&] ( Trimap ) | Possion Matting ( PM) | Bayesian Matting ( BM) |
Closed-Form Matting ( CFM) \KNN matting 1A= (& 5 (TCM) ,,
B9 Z 12 2y [& Troll F1 Pineapple 7 L =43 & large Fil user 4
AR « i,
IAE 9 ~ 12 AT LUK M A A SCR R RS T &FH
R,
4 i
SHERERER—FETHREHEUEEEN T, o8
PHE T BN A, R BIR R AR R R,

o A EE M A B 200 DR 38 i) SR M (RSB A% 4 , 3R AR T KINN 4K [
H I BEE , BAR T B IRESCR . TSR TS, TU%



SR A

3216
FE I LA 2558 Jrdl DO AR, #F — A R S BT B AR R
AR
ER S5 «
1-Troll 3-Donkey 5-Plant 7-Plastic bag
2-Doll  4-Elephant 6-Pineapple 8-—Net
50
45 — Texture clustering
40 matting
35 L | -2 KNN matting(2012)
2 ;’(5) e Closed—form
Y 5 matting(2006)
15] Bayesian
10 ™ matting(2001)
5
0 1 2 3 4 5 6 7 8
W E GRS
(a) EXIRE
6
5 Texture clustering
matting
4 —A KNN matting(2012)
23 _._ Closed—form
S 5 matting(2006)
'y . Bayesian
1 matting(2001)
0 1 2 3 4 5 6 7 8
i E R
(b) B FHFRE

K6 LR EIREER RN RHRERIY T R LB

k(d) BM  (e) CEM- (f) KNN (2)TEM
I 4 18 B4R E A

’ 7
(a) Input(b) Trimap (c) PM
7

(2) Input (b) Trimap\(c)PM (d) BM (e) CFM (f) KNN (g) TCM
B8 J54 igER AR

(a)llﬁi)ut (B)PM  (©)BM  (d)CFM () KNN  (f) TCM

&9 Toll tb4(large #iA)

(b) M () BM (d)CFM  (e) KNN  (F) TCM ;

10 Toll Fr%%(user HiA)

(a) Input .

(a) Input (b)

(¢)BM  (d)CF (e)
Pineapple L3 (large fiiA)

WF"’IFIF’IFI

) TCM

(a) Input

. (c)BM ‘ (d) CFMY (e) KNN ) TCT‘\)[”

T (b)PM
& 12 Pineapple %8 (user A )

SE 3k

[1]

[2]

[3]

[4]

[5]

[6]

[71

[8]

[9]

[10]

[11]

[12]

CHUANG Y Y, CURLESS B, SALESIN D<H, “e al. A Bayesian
approach to digital matting [ C]// CVPR 2001; Proceedings of the
2001 IEEE Computer Vision and Patten Reeognition. Washington,
DC: IEEE Computer Society, 2001; 264 —271.

WANG J, COHEN M F._Optimized color sampling for robust matting
[ C1// Pregeedings of the 2007, IEEE Conference on Computer Vi-
sigfi,and Paitern Recognition. Washington, DC: IEEE Computer So-
ciety, 2007: 1 =8.

SHAHRIAN Ey RAJAN D. Weighted color and texture sample se-
lection for image matting [ C]// Proceedings of the 2012 IEEE Con-
ference on Computer Vision and Pattern Recognition. Washington,
DGC:/TEEE Computer Society, 2012: 718 - 725.

SUN J, JIA J, TANG CK, et al. Poisson matting [ J]. ACM Trans-
actions on Graphics, 2004, 23(3): 315 -321.

LEVIN A, LISCHINSKI D, WEISS Y. A closed-form solution to
natural image matting [ J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 2008, 30(2): 228 —242.

LEVIN A, RAV-ACHA A, LISCHINSKI D. Spectral matting[ J].
IEEE Transactions on Pattern Analysis and Machine Intelligence,
2008, 30(10): 1699 -1712.

LEE P, WU Y. Nonlocal matting [ C]// CVPR’11: Proceedings of
the 2011 IEEE Conference on Computer Vision and Pattern Recogni-
tion. Washington, DC: IEEE Computer Society, 2011: 2193 -
2200.

BUADES A, COLL B, MOREL J M. A non-local algorithm for image
denoising [ C] // CVPR 2005: Proceedings of the 2005 IEEE Computer
Society Conference on Computer Vision and Pattern Recognition. Wash-
mgton, DC: IEEE Computer Society, 2005: 60 —65.

CHEN Q F, LI D, TANG C-K. KNN matting[ J]. IEEE Transac-
tions on Pattern Analysis and Machine Intelligence, 2013, 35(9):
2175 -2188.

MUJA M, LOWE D G. Fast approximate nearest neighbors with au-
tomatic algorithm configuration [ C]// Proceedings of the Fourth In-
ternational Conference on Computer Vision Theory and Applications.
[S.1.]: INSTICC Press, 2009: 331 -340.

RHEMANN C, ROTHER C, WANG J, et al. A perceptually moti-
vated online benchmark for image matting [ C] // CVPR 2009: Pro-
ceedings of the 2009 IEEE Conference on Computer Vision and Pat-
tern Recognition. Washington, DC: IEEE Computer Society, 2009:
1826 - 1833.

RHEMANN C, ROTHER C, WANG J, et al. Alpha matting evalu-
ation website [ EB/OL]. [2013-03-04].

ting. com.

http: //www. alphamat-



