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Automatic matting based on fusion of blur estimation and saliency detection

PEI Xiao-kang, WANG Gui-jin, LIN Xing-gang
(Dept. of Electronic Engineering, Tsinghua University, Betjing 100084 , China)

Abstract: This paper proposed a new framework for automatic matting of natural images. First, estimated the blurring level of
each part of the input image according to the different focusing status in the foreground and in the background. Second, it calcu-
lated the saliency for the image and detected the salient regions. Then, with the combined information of blur and saliency, the
foreground region and background region could be roughly identified and separated ,and the Trimap which denoted the division
of the foreground , background and unknown region could be generated automatically. Last, accurate object matting could be ac-
complished by a sample-based matting algorithm on the basis of the Trimap. This algorithm did not require any user assistance
or other additional information. Experiments both on standard data sets and actual captured images well demonstrate the accura-

cy and effectiveness of this algorithm ,which can be widely used in image/video editing and composition.

Key words: automatic image matting; natural background; blur estimation; saliency detection; Trimap generating

il

0 3l

FRTS 5 T 9807 B A [ ( digital matting) J 46 76 1%
Hof AT E AR AR 0 B I i TR . R R A T i o
g — T SRR AR, T2 B T A K PR S A L B i
IR AR o 15 AR 4% e AR AN (] 1 2, 906 P 2 — ol 4
F AR, B B G PG RS M 2 R R R
O L I LB R 3R O 3 R MG AT 3% %
LT AR R NS 18 % B, MR SR £ F, MR rea i, st
(1) iR,

L=a,F; +(1-a;)B; (1)
Hor o, W BRI MG R I AR L, R %1 R 1Y
AEWEE ., mTRREBERMEF, IS SBEE B, WERIE,
T LK ] [ 02— AN A R 52 4 SR A5 A A7 A7 F 6 25 B, 7y
T AR BRI AN AL, — A B AR A — AN A T 2 bR I B 15
AR T R SRR N X, IR 4 B SR SR B
N = A4 (Trimap) o 45 T Trimap 4 o] LASRAEA SR8 5 104K
W D TR A . (R IERE B RFSE R T AR 2R
N TH5AE Trimap (192 [ 394K 5 1, Wang 28 A X ix 2655
VEHEAT T ARMF I S AS

WrRs B H: 2012-03-20; f&[E HH: 2012-04-25

N T ARE B Trimap 5 35— {4 2R IE 2% 9y 1 T4,
R ATATIR B S A BRI, — 2 [ K B 7 it A kT
FEFAR . McGuire 25 A2 7E 2005 4 5 G4t 17— FhEF X 5
A5 A SR I 7 i, RO BLAS K P ( defocus matting) . #E
PR R AR T — A 1 = AR R L B LR I
Ge Xl — S R TR A R AR S LA A BRI AR A
SRR SR I o A T A5 3 S R AR R B T
B UM £ Trimap , Y5 T P50 A 4 5 249 SR b 1 R
TR SR A X A% 21 o (R LS B RS S i€, Sun
2 N T NG P (flash matting) (975 %5 %075 1 AR
ST S IR 1T S IE , TR 255 5 N IR B A5 R I IR
JEHR R 22 i 2 B S B A v AT SR K IR BRI T 5
TAE ]S 5 N R G FAS I DR 70 5 P, 8K 308 3 19 o e 152
(2 AR R TRT SR IR ML R , ZEIBA DL i 47 780 g
RESLF 2R R AR . IO, 36 ) P AR ML 51 ) )
R LR BRIl i o 8 [ SR IR 7 BB b
G T N TRRAE 925 B N0 7 B A i 4 (N 2 15K
B DRDGKT AR ) i P I e B 4 IR R €0 P (5 2 A ) £ B
A FRTEE S0 DK 20 MELUH TS2B5 1 4R35 5 T I 9K

T SN L by B A, AR SO T — b AR
ISR £ A, L D B € P (A A A B ] Bl 6 B 1

VBT LI (1988-), B LR A & A, 5k, £ BHFE 7 6 BARAL T AL 3 I (prk09@ mails. tsinghua. edu. en) ; EF44(1976-) , B , @l 4
B, 2 RA T @ B AR X AR Fik s AT (1947-) , B, 4008, 1.5, b, 2 B AR50 o7 @ A AB At



- 3946 -

WA N R A R

529 %

REZ A T ) B IR A T4 AR ) Xk Py 0 3
I 35 P (R T T O 2% X S 2 75 8 T i 5 LA, M
1M [ Sl A RO ) Trimap , S8 5 FER 1 — B2 A bl 5 1%
T RSB K [ 25 5L . S IO PR AL, AR SCHR HE A AE
SR SR BEG LR SR AT F AR A, 9F HLRTES 50 JF — 2 (B
B A SR R B A . RORIR] 9 L, AR SOHE 42 fil A
B A A I R A g e B R S X, i
i BN 1 e R A S5 R L A R TR A DT 4%, ok
W T X RGBSR . S b ZEUR A R P K I A A
S YA IDCTE BAF 14 A PR B TR B LAy B v ot R R T
BRI TCER , BT LA SO 7 A I R 4L 1 3 S Y [+) i
AR Z 38 ik

1 EEMERRRE

ST RO TRl S B PERR DAY B S 11500 1 42 B
AR Z 5 A T B W e i RO BE , T3 i
SVRLIE > BIGER, B2 Trimap A58 A ShKE . AR
AR AN 1 BRI 20 o) TR EUR A MR R 1Y
AR ORIAR L s b) AT BHG AR DA SB35 ) R RO A
BV, 135 Trimap;d) 51 ASE T RAEIHR I F A R o

TETER

v
|$Ei 'I‘rimap}—hl PREE] %
K1 Ak Rk

RO AT

2 HERHEENE

2.1 BEEMEMIT

HRABAEBLA BUG BRRE, % T 88 3k RHR AR, AR iR
TEREIBY N, HEER AR I A BRI AN AR S . (R B R
AR BT R RAIRITREE . e SN SE AR
PRIZ TR EE (depth from defocus ) s EAOWIfl 11— I EZE 0 AT, 1H
R E MW R Z AR R AR B e R
Y BRI WA SCH) B AR 2 Ah 1T IR AR RS B 7 R TR 1
WSO, ATIAS 21— oK S ez R 4 (AR ] (blur map)

Bae 25 A\ $ T — PR AT T R A o
B P AE T S A s A SO T — Rt i o Al i
M, BRSBTS YRt & 5 2 i 40y FIdi 2%
ASCRIBORIAG T35 N BB 0 2 & AT EATT R B 2
B R EHET A IO W BB BE K G A X R
BB R RAGHRE S A I, SCBAn 5 T

a) % EGHETTTRAL ], W R £ G e ey K B2 LG, -2k
A5 /INRUBE T W I8, DASEAIR 3 A0 BRI MR 7 T ) . SRR X )
RSN S AR RON 7T LASE Bk S AR, AR A%

1
g(x,y,0,) =——exp( - (&% +¥*)/207) (2)
270y,

Horb o, R R  AURBEMI O R

b)) X AL B 9 T 45 A 10 oA I, A5 31 S ke i 5 Ao
TS BE B TR B SRS AT R RUBE B g S0 0 - 8, ik 45 3
TR AR L A

¢) R GAL RO BE 3 il i1 42 B RO RO BE . AR SO0 4]
IR AR R R T it 1 — RSB 1 RST /N B R B9 298

i o FH G A7 B /N R B (BRI 5 R P4, DA A
2 [ A )P S (EA D i B B L

o) X RSA P A 7 3 58 10 A, 8 60 55 1 % 2 1 A 2 1Y) IX I
i /D FCASORYI 32 (EL ARG IR 22 U1 R RO, 8 Tl AR 2 S
ATt

AL A Canny WG I RT, KRBE 4 v -1
b lon 6. 2 Al B i — ARG &L 5 1 e

LIRIEIR
éﬁ»?/&;‘ m

() BUSE (o) AW () MR (o) BEBIEERE () RLECHH
7 9 2 MZER BOMEE  GRMZER MR

K2 FCERRORI LA T TS

2.2 EBEMERELN

BRI ORIRE B n] LIAR g b DX 0 iy S Ry 5, (R B AR
AN, 52 5 R SRR W B A K, IR e W B — 2
ARG oA S 5 b TR I XA A M A
(saliency detection ) J2& 3 4F 3 1 5 ML AR o 40 38 ) — 4 44 T R
L, B B AR TE R G AR A DX sl Jb 2 1 A X
WUEEE W5 | R, — AT (4 I 7 1] st A2 Xoh JE o i H ARy
R BR8] HEXTEET 1 B S B 2 SO AT R i,
ARSCHIAT DR A A ThR A6

KT VRTINS B DURE TR 2 SR R v 1
AR TIRZ AR, P Cheng 2 A7 3 AL T 4
Jrxof L 1) B 1R B R 8 L B AR O MER A , DR AR SCBRE:
HEZRGIASCHR L7 ] A SRR AR o 0 38 P DR I A e, B 1
TEBRIBEGETHRRAE , R B 5 A FURERE SCREME R Y
B D

a)
“la

S(1) = % DL (3)

Hop 1, RER THERRR, D, 1) AR ZRAE Lab (7
A PR R SERAMFRBUEIE ¢ Rk,
A 3) AT E S B G E Y R

S(e¢;) =/§[f/-D(cl,cj) (4)

Horpron ZEG P BB BIE SRS ZPE ¢ 7E -G B
AL, R BB 0 ELT 1B B R0

RSB 5| A @R AN 17 B RSE, 0 B2 1
PRECHT R AT B 25 (R B I o O 1 4 i e 38 A 1
HERTE , S PG o 2o T xp i — U Sr L BT 1, 9K
J5 ARy B SR B A DB @ X FERE , LA i IX
BB XEEGIA T BB FACEE B S, LR
NER o ASSCERY Y, SR B SR T ] — B B e
F 2y 85, DX IS [ AL AEL 58 B2 HU N 0.4

— 2 SR (A 25 AN B 3T A A5 2 1
AR T LB 3 X O3 i/ 5, JEHAE A R TR WA 1 i1
GRRE TR

P

(a) FA & (b) 15 EI#Y 8 25 PE A

B3 2 P DX I 9 R T



% 10 H7

Tk S A TR RAORERANG A FHIRE LR

- 3947 -

2.3 Trimapit&

TE 2.1 f1 2.2 3 E 203l TR TR AR R A 2
PEPE S PIE fl B Rl T LSRR B R I/ 5 Xy
JE AR R

BT p BN Cy (p) , BEVEN C ey (P)
BASRIFILIE R B T RIS AR Crgonna (p) BIRLE 2

Crnmgmund (1) = (0o () 40) +p( oty () 1)) (5)
Horbp (e, A) FARLMEAS B R 2, B o
pe.d) =1 -exp( -—) (6)
ZHIN, 5 A, FT P RO B2 0 5 PR R R ), 40 ] e
7R

X RS AR AT HEA T (L ), A AL At A 5 DX 02
IR SIS 02, XIS B0 — (P37 — WP 5 D
DI AR A — Sl o SR 23 0T iR DX IR 5 X s AT 5
JESh b I TR, PO ERATE 10 22 B R €, 40X (T) e

TN BXAFERRAE B T AREERT R 8 SRR XA Trimap,
0 =erode(£2;,b) Uerode(£2,,b) (7)
2.4 RKHE

T AP R CL 22 A B T Trimap, R R T
Trimap (M B SA A0S & A SCRIHESRL . 58 2 AR
Pl A PG A B 1 R334 Trimap £ER 6 107 A 00 TARE
1 Trimap , [RIA SCHERE 1 — P T RAE R 2R de UG AL 1) 45
BRI S35 (robust matting) 'V Ay de 2 AR AL , 191K 14 51
VAR E = ELX Trimap (OR8N o

F R S RSO IR  a) AR S K B 1R 3, Bk
B — X dee 0 B TSR T SR AR AT R AT AR Y o
Bl s b) A LRI 57 DX 3 AL R R A o fHL, DASE A
PERTT SR AL ¢) SIS IR, R FRELIT L 55 1T
SRR, BRI A R

Pl 4 & Trimap FIIK & 45 R 875 B 18 AT UF B A2 i Y
Trimap HAFHBES T 70 A 15 757230 5 B 30 1) AR R DX, 454X
BRI 30HE THR I o fH.

g

(b) HLIE 1

I FE 5543

(c) A B Trimap  (d) B P 25 58
#l 4 Trimap H5 MK & w2 &

3 ZIWHERSITE

AU VC ++ F1 MATLAB 7 PC &4 F4RFRScil T4
SCHRHESR M A B, 525010 R B Intel Core™ 2
Quad CPU 4b¥i%s 2.5 GHz F: 45 L &% 3.25 GB N1F. K TiF
WA ST WM R B s P A AR R M, AR SCTEFR o 141K 1 B 4
ASAAEMR LAy AT T 5250, Xt 400 x 300 K/MWE |, 4%
SCRRE B BIFERT N 9 s
3.1 FRAEBIEE LMW

SCERLO J4RBE T I FIEM 2 T 45 5 Trimap A4 B 1L 1Y
FREEIRARE A A L0 o fHo A SCHRILMERTE Pt
B R R/ TE L, B A SO BT e ) — 275 5 A

XFEALBI IR AT S2 80 . S 25 TR SR IR A R

e A SR B 7 5 F AR A 2R A — Bty 2 T sl e e b
AN A SR o AR SCH RO R 52 4 RO EUR fi A
PG A I Trimap F-5¢ AR A, Pk BDEE AR SCRGE Y 2521 5
TSl A R AR A5 R T TR e R 1 SRS
RAER T MRS SCHRL 9 T I PEO AR IE , A SURHE o 14
XHRZEFI(SAD) 5 o A3 T7 R 2 (MSE) P> J7 1 A
GURMOMERRRE N3 1 Ps e WSS SRAT L, A SCROE ARG 19 o
P B Afy , 100 AR 2k 2R A4 SRAE RS H R — 26 X Ikt
B T AR URAN o {E, AN 5 (d) AP Rl PY DX, S BURE R 2R 5 AR
o B PTE TAR AR E HF AN REAR 4 3 S I i 57 017 57 58
RER B oA 5 8 T AR ST SA 2R Y Trimap A DUAC 4 3
Sy RN RS RN DX, AT DA SO SR AR SR TE A T BN
A B TRl SCRE TR BIAR A RS BE

1 RMERR R B SR AR B i AL

N % G101 E% GT22
ik SAD MSE SAD MSE
PREL AT 24.2 0.201 11.1 0.093
A 1.91 0.035 4.08 0.039

) A o PG () Tk

i Sk AR P 2

E 5 FREBESE T AR SCRR N TohR e 4R 45 7 Ui H e
3.2 ZHERWPXE

AT TR A R B AR SO — SE R ML R 4R
HSCHA I R i AT 1 R iE . B 6 AR LI AR, R T AR
SCEEA R RS AR B o BRI IR S RS 3 =
BRAHE o WEERATUIE R, A SRR IR B R EE SR
AN RIS S A, 5 A S A T R AR HL R A AR
BEECR

=0

K d
. .

) BB Gt (o) SEPE @ ABIER (o Hisl (0 £
B S oz I 45 25 Trimap IMEER HrER

Bl 6 ASCRIETE SR R i S e 45 2R
HIRASCRE WA — /BRI, 4 S T 85/ R R
F1 57 3R AR R AR AR, X i s e 14 80 L 3 2
RSSO DU AT RE R AL e A AR it —
A ZAR RS A T T TR 1 (R AR R BURFAE , 51
YR 1477 AR BRI 5% 58 80, A8 59 o Ty T R O S TR ALY
W,

4 LERIE

ARSCHR T TP X B AR T SRR AT 80 A shilk 5k
HESE o M) P HICAR AR B R 25 PR P A D T A9 £ AT R, X
3 WL/ H B DX, A A K AT 75 22 = @& Trimap, B4
IR R A E B, AR 2IMER A IE] (F 4% 3955 7)



(425 3047 )G R . RSO RTE T 584 A st AT, o
BN THE B BNAE B o SCIRZs Ak U] 1 A SCR A A0k
SUERTE . ARKBE— SRS E 2 RIS TR
A8 FH T

S E 3k

(1]

(2]

(3]

[4]

WANG Jue, COHEN M F. Image and video matting: a survey [ J].
Foundations and Trends in Computer Graphics and Vision,
2007,3(2) :97-175.

McGUIRE M,MATUSIK W,PFISTER H,et al. Defocus video matting
[ C]//Proc of ACM SIGGRAPH. New York; ACM Press, 2005 ;567-
576.

SUN Jian, LI Yin,KANG S B, et al. Flash matting[ C]//Proc of ACM
SIGGRAPH. NewYork ;: ACM Press,2006:772-778.

JOSHI N,MATUSIK W,AVIDAN S. Natural video matting using cam-
era arrays [ C]//Proc of ACM SIGGRAPH. NY, USA:ACM Press,
2006 :779-786.

(5]

(6]

(7]

(8]

[9]

WANG O,FINGER J, YANG Qing-xiong,et al. Automatic natural video
matting with depth [ C]//Proc of the 15th Pacific Conference on Com-
puter Graphics and Applications. Washington DC;IEEE Computer Soci-
ety,2007 :469-472.

BAE S,DURAND F. Defocus magnification [ J]. Computer Graph-
ics Forum,2007,26(3) :571-579.

CHENG Ming-ming,ZHANG Guo-xin,MITRA N ], et al. Global con-
trast based salient region detection [ C]//Proc of IEEE Conference on
Computer Vision and Pattern Recognition. Washington DC: IEEE
Computer Society,2011; 409-416.

WANG Jue,COHEN M F. Optimized color sampling for robust matting
[ C]//Proc of IEEE Conference on Computer Vision and Pattern Rec-
ognition. [ S.1. ] :IEEE Press,2007 :1-8.

RHEMANN C,ROTHER C,WANG Jue,et al. A perceptually motiva-
ted online benchmark for image matting [ C]//Proc of IEEE Confer-
ence on Computer Vision and Pattern Recognition. [ S. 1. |; IEEE
Press,2009 :1826-1833.



