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Abstract

This report describes a result from a study and development of digital matting
techniques for natural background separation, using depth data obtained from an RGBD
camera. A study was focused on applying depth data to assist in computing the matt image,
which plays an important role in image matting; a process to replace an original background
with a new one. The study considered uses of depth data for two purposes. Firstly, use of
depth data for improving the matting result of existing techniques was studied. Next, the
study considered the use of depth data for automatic generation of a trimap image, which is
required as part of the input to the matting process. The first part of the study considered
existing techniques that make use of depth images. Those can be divided into two groups
based oh the matting computation approach employed. The first one consists of depth-
assisted techniques which are based on the Bayesian-based matting method. The second
group of depth-assisted techniques is based on the closed-form matting method.
Performance of these methods were studied through experiments with standard data sets,
as well as RGB-D images acquired by a Microsoft Kinect camera. For the second part on
automatic trimap generation from depth data, problems due to inaccuracy and
incompleteness of a depth image as obtained from a Microsoft Kinect camera has been
addressed. A method has been developed to improve the quality of a Kinect's depth
images, with the focus on its application to trimap generation. Improved trimap generation
generally results in improved matting process. The proposed method was evaluated by

using Kinect's depth images.
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3.2

RGB-D

321 Bayesian-based Matting

Bayesian-based matting .

(Bayesian estimation technigues) a

(F,B,a)

arg. max P(F,B,a IC) (3

arg maxP(C\F,B,a)P(F)P(B)P(a)/P(C)

arg maxL(C\F,B,a) + L(F) + L(B) +'L( )
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color) (- background color)
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3.2.2 Closed-form matting

Closed-form matting
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3
1 Bayesian Matting
® Original Bayesian method (OBAY)
® Depth-assisted Bayesian method Wang (DBAY-W) Wang [3]
321
® Depth-assisted Bayesian method Lu (DBAY-L) [8]
321
2) Closed-form Matting
® Original closed-form matting (OCF)
® Depth-assisted closed-form matting method Pitie (DCF-P) [5]
322
® Depth-assisted closed-form matting method 2  (DCF-S1, DCF-Ss2
) 322 DCFS1
4 [? DCF-S2
1=y<2 2
(
www.alphamatting.com) Kinect+DSLR Kinect
DSLR (Canon EOS kiss X4 kit 18-55 ,
18 mm) Kinect Depth Camera
Kinect DSLR ' Kinect
Kinect

(calibration)

www.alphamatting.com

Kinect

2
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4.1 Bayesian-based Matting Methods
411 Original - Bayesian Matting (OBAY)
5 Root Means Square Error (RMSE) 0.1080 of
Absolute Difference (SAD) 7451 4.1
Kinect+DSLR ( -4.2) 3 43
RMSE SAD
¢ 00418 2496
1
1 _
[
1| 0.1635 14657
1 A\ { A\
1
1 [ISJFm3 jfl]| 0.0747 3040
1 B r [m. ;-
0.1375 17060
-4
0.1226 5785
[
4.1 OBAY RVSE, SAD



4.2 Kinect+DSLR

43 Kinect OBAY
OBAY
412 Wang (DBAY-W)
RVISE 0.1040 SAD 7173
44 OBAY RVISE
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45
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4.1.3
RMVSE 0.1733
4.6
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SAD 14831
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4.1 RVISE
SAD 3921
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422 Pitie (DCF-P)

10
4.2.1
1 Ifa filter []
2. €0 €0
. €
3 d
[/sd
41 RVSE SAD Y — 5 10
41 RVISE SAD DCFP
Parameter RMSE/ SAD 5 ) RMSE/ SAD (10 )
nfd=1>fd- sd -1 0:1377-/ 3929 0.1379 / 7220
fd=1,€0- 10, d=1 0.1371 / 3940 0.1377 /| 7226
nfd = >eD= 20, Sf = 1 0.1370/ 3920 0.1376 /7222
n/,d =1 eD - 0. 1376/ 3931 0.1377/7218
n/,d = 30, -10, d=1 0.1382 / 3989 0.1382 / 7241
n/,d=30,€0=1 d- 1 0.1381 / 3982 0.1381 /7227
4.10 DFC-P 5
f4=1,€0=20, d=1
DFC-P f41 €0, d
a
DFC-P Kinect

411
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4.10

34

DFC-P

RMSE SAD
0.1053 1374
0.2160 6337
0.1138 1326
0.1819 9023
0. 0706 1584

RVSE, SAD
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nf,d- >eD=10, d=1
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411 Kinect+DSLR

3

DCFP



423 Closed-form Matting

1 (DCF-SY) 5 OBAY
10
kt k2 et
4.2 RVSE  SAD DCF-S1
Parameter RMSE/ SAD(5 ) RMSE/ SAD (10 )
TFd —1 d —1, /O —0.1, /2 —10 0.2518/8697 0.2916 / 16992
7fd ~>Sd “ 10, —01, &2 = 10 0.2446 | 8418 0.2857/ 16691
YifH=30,=1, kx=0.1, K2—10 0. 1872/ 5941 0.2332/ 13511
T d ~ 30, sd—30, KL=01 i@—10 0.1623 / 4830 0. 1880/ 10065
412 DFC-S1 5

fm=30, d=10, kx=0.1, k2 =106

DOF-SL nfd 5d
( RMSE/SAD

DFC-S1 Kinect

4.13
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DCF-S1

RMSE

0. 1304

0. 2230

0. 1731

0.2317

0. 0533

1939

6811

2288

11921

1192

RMSE, SAD



413 Kinect+DSLR

424, Sun

4.3 RMISE SAD

Parameter
nf,d - >sd =2>"1 =01, & - 10
Tifd = 1, Sd =10, kt —0.1, & = 10
nf,d = 30, 5d =1, kt = 0.1, k2= 106
riftd = 30, 5d =10, kt = 0.1, k2= 106

DCFS1

2 (DCF-S2) 1
RVSE  SAD 43

DCF-S2

RVSE/ SAD (5 ) RMSE/ SAD (10 )

0.1402 / 4075 0. 1444 | 7752
0.1383 / 4001 0. 1439 / 7682
0.1433 / 4177 0. 1468 / 7806
0.1378 / 3895 0. 1444 7712



DFC-S2 5

fd =230, d=10, kt = 0.1, k2= 106
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4

4.15

E . ml—2m -

11

4.14

39

RMSE SAD
0. 1086 1461
0. 2230 6764
0. 1188 1436
' | 0. 1781 8884
0. 0603 1032
DFC-S2 RVISE, SAD
OCF
Kinect+DSLR
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Kinect unknown  region

unknown region

(ground truth)

1 (effectiveness factor)
unknown region

unknown region
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R unknown region
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1 unknown region

B-A
4.2
9= ¢ “2
3
B unknown region
A unknown region
C known  region
4.20
3 0.781
0.797

45



5.1
RGB-D camera
- 2
7
Kinect+DSLR
1
Kinect-DSLR
Bayesian-matting method
2.
Closed-form method RMSE
RMSE [9]
3.
Kinect unknown region

unknown band

46



5.2

/_{.
ALY 'Q'

AR A

L = Yo w o = = Y ' v o o ¢y 1%
nasiuenansianulidmniunisidanuiensdnyivinnu leygislmhluldusylosiaunise

lidnsdllag visdu dnnenuillvsaudadiienn Lgséfmé"mﬁaﬁﬂL%’waaLaﬂaﬂinﬂﬂ%’aﬁﬁmiﬁﬂﬂﬂ%’



[1] A R Smith and J F Blinn, “Blue screens matting”, S5IGGRAPH 96,
pp. 259-268, 1996.

[2] Y. Chuang et. al, “A Bayesian approach to digital matting”, IEEE Int. Conf.
Computer Vision and Pattern Recognition, vol. 2, pp. 264-271, 2001.

[3] 0. Wang et. al., “Automatic Natural Video Matting with Depth”, Pacific Conf.

Computer Graphics and Applications, pp. 469-472, 2007.

[4] A Levin et. al., “A Closed-Form Solution to Natural Image Matting”, IEEE Trans.

Pattern Analysis and Machine Intelligence, vol. 30, issue 2, pp. 1-15, 2008.

[6] F Pitie and A. Kokaram, “Matting with a Depth Map”, IEEE Int. Conf. Image

Processing, pp. 21 - 24, 2010.

ma[g . et al, “Adaptive Depth Map Assisted Matting in 3D Video”, IEEE Int. Conf.
Multimedia and Expo, pp. 1-6, 2011.

[7]1 D. Herrera et. al., “Joint depth and color camera calibration with distortion
correction”, IEEE-Trans. Pattern Analysis and Machine Intelligence, vol. 34, issue 10, pp.

2058-2064, 2012. - =

[8] T. Lu, and . , “Image Matting with Color and Depth Information” Int. Conf.

Pattern Recognition, pp. 3787 - 3790, 2012.

[9] C Rhemann et. al., “A Perceptually Motivated Online Benchmark for Image

Matting”, IEEE Conf. Computer Vision and Pattern Recognition, pp. 1826 - 1833, 20009.

48



L = Yo w o = = Y ' v o o ¢y 1%
nasiuenansianulidmniunisidanuienisdnyivinny leygislmhluldusylosiaunise

linsdilag edu BnvieudilvidauUaailon uwavdesenidiadiveaenarsnnasaniinsiluly





