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Abstract: A scheme of categorizing Laplacians is introduced in this paper based on the computation times of
similarity weights for each pair of adjacent data points. It is also theoretically proven that the Laplacian construction
with multiple computations of similarity weights for each pair of adjacent points can better capture the local
intrinsic structure of data than those methods with only one or two such computations. A novel Laplacian
construction method is then proposed, which is more suitable for natural image matting task. In this method, all the
different similarity weights for any pair of adjacent pixels are reconstructed by using a local linear model in the
neighborhoods they fall into. By combining the user-provided constraints which specify some pixels as foreground
or background, a quadratic objective function for matting based on semi-supervised learning is formed. When
estimating the colors of unknown pixels by sampling foreground and background colors, this optimization problem
is reformulated and solved in an iterative manner. What’s more, this iterative scheme can also be successfully
generalized and applied into other previously constructed Laplacians for image matting tasks with only sparse label
scribbles. Both the theoretical analysis and experimental results validate that the proposed Laplacian construction
approach can better capture the intrinsic structure between image pixels, and can propagate the finer ingredients of
an image foreground and background rather than just their labels, and thus the mattes of higher quality are obtained.
Key words: matting; semi-supervised learning; local learning; Laplacian regularization; quadratic optimization

H OE: FIA—AEAREAT AR DAERAE T ok 4 k)2 £ Laplacian 49 %48, 5P AIE6 EIEEA T @4 % kAR
AAATHF 49 Laplacian #3% tb R L — K R PR ABDAMARMA 49 Laplacian #1:% & g4k mab ) 3 238 B 3 JUAT 46 4.
R BT —FIe E AT B RBR T RIAES-49 Laplacian #:E 75 ik 3% 7 kil iE & —sH 44 E A R R
By BRARIR A L — AR S AR R M R AR AR AL 4 AR P RIS T B RAFILA R F R RME
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BET F—HEATHNREIN A ARABGRZTHIRRG % 835

fiE BA & SR R AR T B VT VA R Mot R R A 2 69 Hodt Laplacian 3 7 5 R T R IRAEIRBRAS T 200 69 A 4R IR
FLALE i Tl i sk R IIE S FTADE Y Laplacian 545 B 7ok ik B RAR K 19 69 1 AR 45 M, A B e
F XA ARG T 4R H ) RAARRAT T A 3RAF EAR 4G M FRIRACR.

KB FAHRIGFBHEF T R D A G40 E R R AR

HEESES: TP181 XERFRIZED: A

SPIFR I (matting) & — R G K BT S8 4 T S 4 B H SR IR, T2 N T AR ORI L R AR N
R U0 S A5 A o A I, A — AN T e () P g i T — ELOI R i ok, A 2 5 LA R AR G T 3k
15580 1 R S ER BUn) K — I N R C @B IR A F TS StEME B I 41 G BRI G T R Ak
J7 R

C(p)=a(p)F(p)+(1-a(p))B(p) (1)

X, a(p) BRI EAGF p MIRASE(HFR N IE M BE o). IR M0 TS 50 40 B9 504 160 il 05t 2% 2 Bt - 1) J. %
T AR E G R U IL BRI AE T3 AT R, T 8T — AN H 1) RE & ) 85

LA 11 AR B G S P B B AR AR & AT e ) P P 0 v AN A AT 45 2% TR AH 9 1, pH s b 43 A Tl
T2 8 16 9 2 7 i T3 T ol 010 07 3 I A R 0 P 5 A5 5 IO« 75 S O L0 (R0 80 T L9 e P P 4R ik 1)
AR % 2R Ak . UL 75 5 (Bayesian matting) it 1% 25 05 sk (K S RACEE B R T BUSIK BUE ZE v i 4 T A6
AT SR 5 X8 A I 35 5 2 M HEAT 40 A A% T, 0 5 55 A B AR 545 il f ) 8. UL o 0 O 9k e — S A LI
S BT PN B S AR S bR A T TR T R AR SRRl D KRS 40 R4 (B k- trimap), 75 2
A % S5O I 33K ol S SR I 8 6 FH P R — o A A I B A VR AT AR AT A% 45 77 7 (belief propagation, fi B
BPYMIy I T AN AT 1Y A B SRS T 2 T e M R L P I TR R B R T SRR A
R i AR B A5 AT A B A 4 3 AR A 3 e £ T4 A8 2 1) ofit Easy Matting ™I #5 4 X I 1) 1 /R 7] K
BB AL 37 F A, T8 R BRS AR A AR SR AR e R 7 R, T T W IE B o AN 18 T A 3 1) e LR e =
TREFLZ AT 1 RE D), BRI AR R B 4 i AN 2 DL AR AR R AT 75 S 43 A1 (R 0N, 0 250 1) J 30 4 5 I 7
SRAF SRS BRE A B IR 4 A A5 22 AR S T A5 36 00 D7 v 0 AS S8 s A 1 11 38 5% B C (L, T 2 35 i
T 50 AR SR 8 T P 2 SRR AR S5 2 AT 1 B8 B Ok T e B PR AR A IR T ER N AT AT R & S HCR g 72 b R
5 25 5 MU BRI 5 S 880, T T LASJAS o) A el SR AR 3R 2 ) W] SRR 3 2 4% 2R T VR R A S B L
SOV E bR I DG B TR B AL 38 1R R S5 1 R S ke T SRHULE 4845 32 AH G M 1 v ff 82 3R JR) 350 45 g 110) 220 il 7 (€]
15 40 BERRE 30 ) A 400 L A 3 5 . Sun 4 NSRS sE RS 10 trimap %2> FRBERT . 15 S EOLH
T a6 38 A 52 i 152 £ Ja5 2 e, AT 5 £ SR A7 a9 30 K24 (Poisson) 7 R Bt WL 47 (random . wallk) 7 v A fift
(closed-form)J5 ¥ BV 2 3 st de /N — VA B BOR AL 8 FH P B AU (R AT 75 54240 o DL 5 F A I8 PR 1) T 55 ) A
AT 5 B2 %7 B5.Robust Matting™ Mk B 45 & b3 w4 45 A 380 3o 7 SRR B B B HAT i 1 AT 18 IR RE AR Al o 1
—AMNYIEE I oft, 28 J5 th BEAL AT B AL — A B A il ke ik — 20 Sl 45 SRR Lk 12 0 VRS W AR B AL I b e A
AT AR AL W T TR BRI LRTT 15 S48 7 4%l 40 A A ik, J) 3 DA GRAIE il R°E Al 7 (R A1) 46 of B 2 5 3
fir.Levin 2 N0 SCHR[8] 43 (19 Laplacian 4E I (3 HEAT T 3F— 020 0 3 0 T S 4R By v SCBR[10)5R
PG R T00 1 SRR B2 A A v S A A5 32 3 - S BRI H s 45 7 0 NS 29, 1 X A P 2 ) W
AMGFE B WA 4 iy 177 25, RE i B T 5% H 4.

IA 2 R A AR AR S T A EL Bl (e Be S Laplacian (MR K, sl A VA 45 8 — AN BE R D
A i) LB AT 25 5 R IAE R T A I Laplacian Y6 £ B & 45 & 7 AR AL Ak Sk il A AR » T
K HASE 1 Laplacian 3 804 [R] (1) S5 fife 45 3, DL N 1% 0 3% A 1) Laplacian 74 B8 3K 75 BELAR IR &5 S 45 i) 8, 22 4177
Rz BB T

Bl b b 3 ), A SOFE FH P RIS A AT T SR S 20 R N SR I EMG E bR SR I ) RN B 2 o A
S HELE 2 rp B VR A A A B T 8k SO Laplacian #4935 75 sCHEAT 20 25 10 AR K B W10 R 2 ST 4%
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ARPLOT S SRFH () LA A8 IIAR DA A 7 U HEAT FR e 53 b, BT AT — e AR 445 35 7 AN ) 408 45 5 ik £ 41 L
PERE AN A BN R T — Rl it 5 2 AR AP BUEL TS 10 Laplacian #4938 J5 32 3k — 20 ik e
Hy3E ) Laplacian 55 il FEBCARAN S & St — Rk AR A9 S5 OR % 7.

1 X BHREBRE Laplacian IE N4k 55 fE Y #E FN 45 26

Y5 A AR XS{X0,Xa oo X1 Xis1, o X FOROA—ANFR 542 Y={1,2,..., ¢}, 00 | A A xi(i<D)FRIE N yieY, T T
4 15 X (I+1<u<n) & AR ARAC IR 25, 2 1 — 2 W 43 28053, e AT AT BAS 7 B T (6 — A A i) e

J:%fTLer(f—y)TE(f—y) 2

XL Y=[y1,...,11,0,...,0]T €R" L€ R™ " J 1 i HE W40t 1) 1 W4 S B2 SR A 11 bk F= [, B, ] T e R PO SCARR i A0
oy SR G oy L 2 Fa AR 5 T T ot R B R L F R 8 of 1, 55 55 Ee R™ J& X £ 4 B, J 0 M a1
T8 A s A B SR AR 5 A S AT B AR IR 2 R E

2 W B A 2 ) S KRR B T S 50— BOPE AR 15 R AH A8 r R T RETE A A 0 bR 5 A TR FR 45 4 b (I T B3R
ZR) P A Ec i U AT B A A (R R AR 5 25 b 2 B 2 ) Sk ) 2 B2 R AR TR SR B B — B AR ) T
A PTAS ()BT 24 M B A 10 78(2), G e] 4 36 1 U A 6 B L i ] A ) S B T BT 1% FRAE A 3 L I AR —
A0 s R AR A BUE v S0 E K Laplacian %E FERIS> 2 3 Fs .

EX L AT A0 S A ERE TR — IR IR 2 IR BT R 3& 1) Laplacian 43 58K 4 5 4H S PE Laplacian.
HAACHE Laplacian £ £ #H ¢ Laplacian.

Bl 1 RS bR T b 3 Rk ) Laplacian 78 il B /N AH AT s 2 A AP IS 1) 22 e A B i) i 3R
PRI AR T A0, R j 37— oA 0 552, 24 408 smOx (i, )t BLE DA A A w8 38 T =5 22 0BT v S e AT R BB I, B
HH ZEAE 1% AR 1 (1N R 3x3). X B wiyj(K) 271 BA Kk Hh o fR 40 3 7 11 o 408 a5 368 (i, ) BRI ARLABL I AU AT

il il i i
e
(a) wii(i)=w;(j) (b) wi(i)=wii(i) (c) wij(K)2wi(l)

Fig.1 Geometry computations of local neighborhood vary with Laplacian construction methods
1 AR Laplacian #41& J7 v X B A 7] 1) J) 8 48 4sk JL AT 7 5

HAHSGPE Laplacian X5 5 & 1() 3R 7R, Jo i B i 2B A& LA j 2 b (R 4B s, wy HRF 15— 20 BT wi (i) =wy (). %
SR AR G Laplacian #9375 U2 ] Laplaciant™ ™), 5 Sk L=D—W.HEAT 2566 F9 AR AL AL T A% by HLAT 3 7K
A () e 0T B R T BRI

HEAHGPE Laplacian XJ V& 1(0) W27, M BL 0 B j oA rpoCs (10 408 Ju R b R I wy SR IR I FLOE
wii (i)W (). SCRR[11,14,15] 8403 T IXFE ) A ME Laplacian:L=(1-W)T(1-W), JLAC A J 2 300 5k DUAREAS 3 o
A O IR JR A0 B R A A3 3 1.

% M % Laplacian XF A & 1(c) 3R 7, R AH AR TI s 0] (i,j) H IAEAT AT LA K 0 AR bt A 5 7 —
wij [R5, O EL T kel AT wyy (K)z2wyp(1). SCHR[B]44) 12 [¥) Matting Laplacian 52 % #H 5GP Laplacian ¥4 17,
RARKy 18 552 W CHR[8].

R 1. Z MM Laplacian L FAHSSME Laplacian FEEANSSM: Laplacian BEM% 5 4 %50t 29 5 25 51 1% 43 1
4%,

TIE B R AR S 50— SOV AR B B A 1) &0 A R 2R AR R R IR T AT ) FR AR R A RAT —
B a5 § (RS Ry 2D A 25T By I XS o IBUGR RISR 7R hy=tih +th®+ L +tch™, R 4 2
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PR B BR> hEAE hy v BT o 9 B AL T8 A B2 1 3 BERRTADL: O 3R 2 R B0 i J 1 0030 i 1 A28 45 B IR 4
B T B £ SRAF IR S 0T AR IR A 4 B o AU A B 1 A 445 A =X B
h' = wit '+ wit  h? + .+ wilt, h

W7 (1) B A0 7 B 4 N E A LA S, e BAE L K(ket]) o 0 B AB R P, A
RFEARR T Y hE R ShSSh1=1, L K K), B 500 ()76 20 0 FRATABL A R T L AL bt 0
(i) T AE A K Ay Lo i 408458 o PR AR AR TR wyg(K) A AR, BT wi =~ w (k) L PHLE,

b Wy @th' + W, (2)t,h? + .+ wy (Kt h

TR 590 T AR A IS O] R0 A A 408 St AN ) 48 AR ALL I BSUAEL (1) B9 ke A 768 4,3 Bl Laplacian #3774
B B AL 3 20 5l AT s A

ST LA SCE Laplacian, B8k 06 (i,§) 2 1 IO ARALPE B AT — A, e AREE T BT AT 123 (AR BLYE 56 3R, IR,
T £ T AR AT B N = wy (" + £ h? Lty h) ok 85 28 5 3 1 TR AR AT AT X4 9 SR A5 A 4 1
77 2 2 T ) [RS8 A0 8 8 AN AT R R R

o T HAH S Laplacian, P24 s (i) 2 18] B ARBAPE BB A PRI AS, 91 HLI8 5wy (i) (), BR1 G, 1 0 AR 4 19 28
ME B A B = wy (Dt h" -+ wy ()07 + e+ wy (Kt h' 1wy ()=wi (1) 25 wi () 2wy (5). BT RCRLIE 3 DX 53552 50 1 43 14
TUHR;
W2 AHCHE Laplacian, 52k s (i) 2 18] BIARARUPEANAE A5 2 A, 9 HLIE & SAT B AR R B, Al i A& 3
285 BN B = wy (Ot h" + Wy (2)th? + o+ w (Kt ' XA RE Tak,wyg (1) (k). 3230 3 R AT 120403 7 1 e o
K 40 10X 43 JIT A A 5 23 1) DT iRk, 36 B8 4 M 7E A 20 a5 IR0 A 4 AT T B0 () J 3B AR S e A 3B 28 3 i 4 O

AR AR L § oA RO AR A gy o AR A, R 3 RS T A B AR .

2 ETRHFINRYRERNMAZE

FEFI PR BEES 2 BT T SR iCTE s N AT AR BRSO B, S5 b T B A ) ) LA T I
(K318, B R A el s SR R R B R ARG 2R 1 15 (K0 0 W7, 7 S I 45 5 18T 1(c) 5 s 22 A1 % Laplacian.
O I BATT A T =y S e Ak 2 > B ROK LR AR B 1(c) P (KIS LA . — HL Laplacian #4356 i, 45 13 1 P S 43 14 46
ORI T SRR s 2 A SR R M ) A 2 e 2 3 (2) P 7 ) IR A SR A ) R oxok FEE 2 5X0(2), AR ST S 4 R
(1 Jo s 2 ) — SRR 1 R, 43 A 4R 22 MG Laplacian 1 D4R I A) i 7 v R 5040 #0045 40 SROI I ey 325 5 7%
2.1 EMREMHBERE )RR

N TSRS C KRR F S S B RS S 8o, BB LU — AR 57 2 BEROR PG 52 i~
CH bR R L

‘]sZZZ(ai_Oij)z (3)
j=lieN;
Horpr oy RORER T MR EEAELL J oA P 1 4Bk N a8 s AN e 8 27 > A8 B Tl 1) o L AR SCHR 33 1R AT Sk A

Hon SR EE MG LSS A X @) A TR
J =%‘,|Iam—0m I 4)
KL, 0, = [0 Oy o O ]+ @ =[d™ ™ o017 5T m AT B R 1 o B i) B N2 4R 5 m A/
PR 2240 m 2 G R AR DT 2R 5.
2.2 %tAxT*LaplacianiE W LI E /5%
BBAT— B ZE IR A S H ot mT DU S 203805 25 1 ofEL I Stk B2 45 St T B A 40 Jed 38 e Mk A 8 -
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VieN,,0,= > w"a (5)

jeNp

HAEFER AN o, = (WM o™ Hirp,
(W(r'n)) :[W'm) ----- Wl(T)l Wu(T+)1 ----- | N \] (agn)) _[a(m) - |(ml) a( e a\(Nm,:|]'
S Y 2 45 wi™ o A R ) SR A

min||C; - > wime, | (6)

J jeNp

Horpr, wi™ G A FAAE Y W =1, Vje N W =0.

jeNp
Sy SR fife 24 2 (6), WM K AL C BTN RS Gram FiFE M™, M™ = (C,1" -C™)"(C;1" —C{™) , JL P, 1 & |Ny|
Yer 4 1 r i, CI™ A x| Ny R, R 51 E A Nip o PR 3% S0 1, 3 (R 1R, d=3. I i, 22 (6 Iy wi™ A7

anr M
(m) _ (Mi(m))711
VI
—H3R1S w(’") HGFARN A (B), 13T A 20 (4) ) B AR R

(7

o] [y et
(m) (m)yT (M)
2 29} (sz ) a3 2
Js(a):z”am_om ” :Z . : :Z”am _W(m)am ” :za;(l _W(m))T(I _W(m))am (8)
m m . 2 m m
1
o | (WD

33 L1 87 A W N [ N B, 5 14T it (wE)T Rk, 3 4 76 30 0.5 X Ly =(1-W™)T(1-WM™), 55 (i j)
/l\%E]gi‘EE%j‘j é‘ij _Wijm) _Wj(im) +2Wk(im)vvkgm) 7;5\:1—,—!75” é |—J []Tj‘j‘] 1 )”Jjj O .JH: it(s)ﬂ_igg ':JESZ
K

J(a)=a'La 9)
Hodr L nxn FERE, h A (@) T 40, H i 4T j 5T HE A
ml(i%N [5“ _Wij(m) _Wj(im) +Zk:wk(im)\ngm)j (0

2.3 BUBRHIE ARIUE X &3 M B = MR BUK B A 5%
T T R T A A 2 IR A, 23 S S T A SR AR e ) Tk
B SR AR 75 (LLN-d). S 24 I i) —Fh 42 e X7 Uit A2 2 ki 2 F 2 W1 IS (L 88 2 T 1 5tdR
AR IR B AR A ok R S R B I =10 bR id o T R 5 R, B 3L a=0.
S5 E U0 2 2X(9), )L T R 38 e 1tk 2 20 1) S5 i LT 3 AR v gl o SR 41 i e B /A i)
J(@=dLa+(a-y)'E(ay) (11)
HorhyeR" 0 M A FE EeR™ XS AR 0 B SN J G E, i &y 1 R TC R IO 6 of, R TTR 2 E N 0;
XT)W E W% 70 25 BUR B A SEAR N J0 3 A8 0. DRIk, 2 S (L) ISR A AH 2 T B e — et R 4
(L+E)a=Ey (12)
IR ARSRAR T (LLN-1). Bk 4005 0 A1 55— g S5 2k 45 38 060 0L A 5 F0000 1 1) 22
W BB AG =R 43 0 S8 TR bRC T4 Ve, 582 1 SbRid 43 Ve AR E1AR 1L HE 43 Vo, 730 Vs VeuVe R H
FR 1,51 i AE B R AR R T 0 Ve I Vg DGR AR A S 5 R G A T 12 (1) 45 20 00 0 TAE R R EG
P VR T DX IR 1 55 KA T 5 2 Ik t N AN 5185 p BBl (B U (B I BRI ) T 8 AR 28—
MIHT S TSP R TR 3 p BUEAE A oF, B, B 400G 35 n] Lhan R e e
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GET Fi—AATEHRFE DA RBRTWIRRG ik 839

Ny
M

Ja = Z[NZZZHC apF;_(l_ap)Bg”z/o-ﬁ) (13)

vy =
W, F SR Ve T ETSRE A BUOAY, B) 4R Ve T IO SUREAIUE AL, Cy 185 p LS. o2 2 Cp by
C,—a,Fy—(1—a,)B] (i,je{1,2,... . N})EFE B 1 75 22 A& SCHL N=5, 0, HIH I N 0.5.
A9 L A% CAIFRIC R R Vie FURFIARIC R R T Vo BEAT XS 238, )00 24 2X(9) 5 1k
Js(au):[al a”{;'i E}[Zﬂ =ayLca, +2a R, +aLya, (14)
Forr oy 7 1 AT SRAR K A KRR A5 3R oofEL A JC I 10) e AN E L O A4 FEIR) A 1) 0 Y Ve BT Vg
Etﬂ{%}%ﬂﬁaﬁ.pwbi oy 4 T SRR o B I AR
% x,=C,-F,,y}=C,-B) Ij—l,2,...,N,p—l,2 ..... IVul 4 22 20(13) B s BETE 2

Ji(ay)=— aUPaU szaJS(l—aU)+%(1—aU)TT(1—aU) (15)
Hr,
S UL S
i=1 i=
N N .
s—dig( 5 st/ 35wk )
i=l j= i=1 j=1
Rh= dlaG(Z_lly /07 e leyfvurylvm/alimj'
1241 .
FH 1E D)4k 30 28 3 (14) R 40 20 R 0T S (15) F5 B E = 7 FE
J(ay)=Js(au)+A2da(av) (16)

Horn, 2 800, B A B, AR U SCHR T M L1 10 P A SCHL A, = e o £ iR R0 B, 08 S B 1 J LA
TRAR D I LE G I TR A T O A A5 B3k 320 5 A (1 DK 43 DX RS Dl e, HL S 1 a2 AR Lk i 40 5 Ty A
JH, CAASE A3 1 56 37 B £ 11 2%, S AL b EX 02y 6.4,
AKX (16) K T ay KT, FHORAR W F Ltk 7R ¢ 1n)
[LU +12[|3‘P+;T—szsj]au=/12(;T1—l\11251j—RTaK 7
i 1R T 0K 3 i ek R 3 (16), 3 1 2 2 (L7) SR A AN AR AC 20 K ey SRR AR TE LR, 58 4
I IEAR SR SR AR AL TR K
a) ;‘ﬁJ:Lﬁ/ﬂ:T AR A3)F AR (14), 15 th 2 R (@7) KA
by HANXA7) R ay 5 K H T 0p>0.99 F5 R p KIHE] Ve b IR0 B3 p Wl 5 p<0.01 5 p X
UEI@J Ve P JEbR IG5 p MG
¢) REPATLE Q)R b), HE AN A G Z PRI Ve 1 Vg k.
IEARE R S LR 2K M 32 20 SR B oo 7] I, 42 R SCRR (4109 0530, i AN Ve F Vg HIE$E— X REAAE S Vy
R g AT BSOSO AT ST RT . T SRPEAE A W N LA R 2 N
(F;.By) = angi r:jm IC, —aqu —(1—0:q)BqJ I (18)

3 #83k Laplacian A7 SR NP BT N A
PR MR TT 1 — IR SR AR o, 45 AN (B T IR ALAL T ARAL 3R SR AR 45 B WA B AR IZE 2D SR IG IRAT o i
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RO R b IR AR A BT LAHE T R — 2 BT B S R E AR DG Laplacian I F S T
% b 4 8 3 i Laplacian #4938 77 30 AH DGR SR R BUEE AR VA 94 Ay

1) HH12%PE Laplacian [ 7 % .Random walk J5 757 i Wi4% . Global Easy 75 3:BVRIHT 1/)|Ci—Cjl1 ke i 57
AT % FH AR A5 (1) BB th 45 1 35 AT 40, i 73X Al Laplacian #4935 77 30 S 8UM 485 Z5hR 1005 BAR S R E AL 1%,
TEVEAHRE 5 =38 LA AR A E— 25 X A b 12 A5 S I B A3 EE A, DR 7 0 2 (0 06 T 5% DX Sl R 5% DX sl B, 30
SFHERY) H BRI 10 G TR AR TR,

FIFH Global Easy J7 ¥ " k4 3& 1) % 5 I Laplacian, 45 & 2 30(12) 3K il 45 th— /> &5 Global Easy 4% 7 2% I
[ B SRR 5 5 0% Sk Easy-d. Sk, %) T Random walk 779 7 #453 (¥) Laplacian % 1% A8 A% 3% sk i3t 47
T T R LLL-L

2) FEAHIYE Laplacian (97775 & R L=(1-W) T(1-W)[f FEAH Pk Laplacian s i T 1B 4 43 %24,
(X S B I I8 A DL 3 B, B AT s A FR e v R IR AR AR T N T St B 0 T O vk 43 ilad
oA LL2-d BT LL2-i. tH 28 1 745 ] S0 AT AR — X6 A 408 A R AR ABL A A AR V15 A B e AT 8% 1 g R oo £ 5 8 4 S 45 4 Frg A
) T AN [ L0, 128 U7V ) S ) AR B R 0 e AR T AR G 1 Laplacian ) 512,

3) Z M5tk Laplacian 1) 77 % .Closed-form!®, 232 () LLN-d A1 LLN-i $4J& T 2K 07 vk i 8 1 9] 4, 1% 2K
JiAERIE Laplacian B A AR — o AH AT 18 AH AU B F 525 BE G A LA AR] ) 30 408 4l (R 22 e AT 9 N 1A )
JUAT 45 1) B 7R AT 738 A, R b, " AT A6 888 240 DA T2 52 43 LA SEORS 400 10 5 54 0% 4 63 i 5 AN 7 5 DX I T R 8 1R 2
Hh AR RE I RS A0 24 4R, TFRE T UKE SCRR[8] P Mk B Laplacian 45 A AR 7 v kSR (ic b Closed-i).

IR R SRR Laplacian J7 vk b SR I T 2 SRR 7 VE RN T A B (R A0 RO AR AU AU T SR O AT
IR R LAFF (R B0 2 K ) — A Laplacian FEFE L, X 51 H 2 SR A# 5 A8 7] 1 .

Table 1 Classification of matting methods based on Laplacian
R 1 HF AR Laplacian J5ik 2 K00 E %€

Laplacian classification
Single-Correlation Laplacian Double-Correlation Laplacian | Multi-Correlation Laplacian
Direct solver Easy-d Random walk!™ LL2-d Closed-Form™ LLN-d
Iterative solver Global Easy™ LL1-i LL2-i Closed-i LLN-i
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AATAAR B B i il 8 ARAE 5 SCHR[8] 56 4 AR [ (¥ Laplacian, PR MR S A 85 #1123 /N0 A4 SR s &5 1A i g vk

WA AR 2 5, g5 B 3() .
HASVER 02,3 28 Laplacian 11— UREARR MR 19 45 S an B 3(m)~FE 3(0) 7 A8 24 16 3 1) B B K Ak 4 1
(Global Easy —¥IEACH &5 B -5 B 3(0)AHALL). e A) 3k 1t 26 AR MR YE R LR RS X 2 AR 4 SR O R W SRR 3 FE.

WA

a) Scribbles (b) Bayesian!?! (c) Global Easy!™ d) Global Poisson!® (e) Random walk!”
(f) Geodesic mattlng[m] (g) Robustmatting™ (h) Closed-Form® (i) LLN-d (j) LLN-i

Fig.2 Extracted o mattes by some representative methods
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Fig.3 Extracted « mattes by three types of Laplacian with direct and iterative solvers
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Fig.4 Test images with scribbles and their « ground-truth mattes
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Fig.5 A SSE comparsion of a mattes produced by the same type of matting methods
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Fig.6 «a mattes extracted by the algorithms with different Laplacians for T5
Kl 6 &Fh Laplacian J7 iK% T5 K aZ

] WL, 2 AH G Laplacian 197775 L6 T G EXI3R15 06 19 45 R .Closed-form 1 LLN-d £ T1~T6 iX 6
g B A% 45 R AH 24,26 T7 AT T8 | LLN-d S 47 (W3R I, 7+ H YT Robustmatting. SiBE% LLN-d £ E 5 .
A T 5 2 VR I G R 3d 3 Jeg i &5 # AR A 1) i s HL AT A AR 5. Robustmatting 7642 (RS 411 1Y) Trimap &1 43 11
A5 00 B 0% B A5 0 1) 5% 0 B T 4 SR TR0 224 0 R T 5% 0 400 o T T, T 0 o 3 b 5 R 3R A5 B AR
WG oofiti U, 5 BRI 25 TR 00 MR B R B 3 AR SRORS 75712k T LA — 25 )45 5 375 B 09 0 2 4005 AL ) B 2 P 6(h)~ T
6()) 7 (1 TR K, 25 55 4 40 745 A8 15 T SR B8, AT SR BV S5e 4 H A6 1) 0 2 B0 1) 45 . AR 1B ARV Closed-i Al
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Fig.7 Some composition examples
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