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Hole-filling Algorithm Based on Extrapolating Spatial-"Temporal
Background Information for View Synthesis in Free Viewpoint

Television
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Beomsu Kim', Tien-Dat Nguyen', Min—cheol Hong**

Abstract

This paper presents a hole—filling algorithm based on extrapolating spatial-temporal background information
used in view synthesis for free-viewpoint television. A new background codebook is constructed and updated in
order to extract reliable temporal background information. In addition, an estimation of spatial local background
values is conducted to discriminate an adaptive boundary between the background region and the foreground
region as well as to update the information about the hole region. The holes then are filled by combining the
spatial background information and the temporal background information. In addition, an exemplar-based
inpainting technique is used to fill the rest of holes, in which a priority function using background-depth
information is defined to determine the order in which the holes are filled. The experimental results
demonstrated that the proposed algorithm outperformed the other comparative methods about average 0.3-0.6
dB, and that it synthesized satisfactory views regardless of video characteristics and type of hole region.
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(c)
Fig. 6. Example of local BG estimation: (a) virtual depth

map with grouped hole pixels, (b) result after

local BG estimation, (c) histogram of child
rectangle.
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(e) (f)

Fig. 10. Visual comparisons of the 46th frame of the
“Ballet” video sequence with synthesizing from
camera 3 to camera 4: (a) warped result, (b)
result with the DHHF method, (c) result with
Ming’s method, (d) result with Koppel's method,
(e) result with Yao's method, (f) result with
proposed method.
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Fig. 11. Visual comparisons of the 33rd frame of the
“Car Park” video sequence with synthesizing
from camera 3 to camera 4: (a) warped result,
(b) result with the DHHF method, (¢) result with
Ming’s method, (d) result with Koppel's method,
(e) result with Yao's method, (f) result with
proposed method.
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12. Visual comparisons of zoomed and cut image of

Figure 11: (a) warped result, (b) result with the
DHHF method, (©) result with Ming’'s method, (d)
result with Koppel's method, (e) result with Yao's
method, (f) result with proposed method.

L3 119l B wHE Fakel AL 8D (3

2= Z3u (b) DHHF Al 23 (o) Ming Al
Z3 (d Koppel Al Z3f () Yao whal Zaf

(f) et &4 Aot

SA7I= FaE EURE RS 2HE
Ao Zlow AFHAT FAAE AA
A3t = EE A & AV F
= S7/HES 29 5 A%ieH, Koppel
A 44> DHHF 23 vlaste] g3
b 2A ks ey, Koppel #2412 i
A% 1A FH9e FAAGE ol & o
= dAds dAste 2H3E 2dstdon,
Al e HEhE AE5AHR] SAHE]
A dsd Aoz #FEHAY ES, Yao
A wid g AAE e AAEEl

A & (transition artifacts)S WA A oW,



j.nst.Korean.electr.electron.eng.Vol.20,No.1,031 ~044 ,March 2016

42

AR T w0 ®T
SE20E F2w TEY
g = 2 = - = I Koy
E_ s g o = o ! °
- 2 S = - T = o) o X
5 £ S KL Q-]_._ =
Cmme% |_h_||.|a\mu/ _Aﬂ7
2 =5°" @7 g o mo o
8 = . 0 ~ U= ;oLA,._.o
d”vwa(\ ol_l_|..7é Hoﬂﬂ - X
S 2 8 5. <03 - B oo
£ 82838 3o oo i\ X
S o%E PrEE oo ds
NBo 8 g M T R
5 2 | E = L B 9
S = ¥ O aoxX - X = 5
o = 38 ® Bl a 0 < N T
= — O =
S =% 229 g s 2. O Mo mr -
288 ggegm . _ 0 Fooome T
Ta - - BwrS® WLty
E- L3I L E_M . - = 3 EF
g o = 2 SO G
- 3383 o ) g E N
9T mmmlo_ul..?é ﬂ.HﬂZﬂJl:/
3 eeSOEm)M_‘ 9 .._,A :i
>S5 £ E 850807 P owr o
< e %d..ao%wﬂ
S [ w O T oo
[ _)_ Y M o
N S’ B |
B oA T oo o we o WY AT o Aok X T N T RFE N O o RFH T . o W N ORT T W W OEE B
TR B MR AT LT HE W ED oo E RBETYED N R MO~ <
~ oF o E! = o o =y &oﬂl X TN o T ® K o v~ el o ™ )
— o _ % o= 4R 2 T °0® U o= o N LY K RO, T K
3 AmMoAT__aLA_dﬂ oHiEﬂHAT N @.zﬂﬂ@.71_wu. H o ._szﬁeo_ ,adl
FEop T o2y @F T AT Mo o N Bo Ho %o N M mw o T [ e T et
ART LT ST MET L5, T GRET Ay Pl B W W B B g
_ = o LR 4 E L g = <0 (A 3 ®E T B =% H o= o g oy
eI — o Br Al T wo 9l %O o Eamﬂw»an%l W r o E
Ho‘loﬁ‘l_uﬂo] T JJ o O % wo oﬂuﬂlo_u,m ‘..Won_x X - om R
R e W TR s X gy — R o B e & = - op o E
# o o ﬁoﬁﬂﬂm:_o%o;ﬁ PT e TR W R gy W R R Rt T
o = o) e ro B N ° 0o _ dp = =
%%Wmm%WMW%Wﬂ@?%% ﬁmﬂs%wuﬁ?%mcwe_/#@u.mﬁ Hﬂ_ ﬁ%aﬂﬂ%%ﬂ%
= - ol X o A —~ oy = ol o =n - K or I 5 oR
I = = 1 = = o El ay K o of 4 a2 e < 2o Noar W AR
o R = X X oo MMM T 3 B o ~ Hﬂu_nau]‘_ 2 e B . 0 ox o hg —_—
e i =~ o WK Mo £d < B K 70 > bl Ho G~
_%?7%M,MOAa.ﬂw;%ﬁ%% Ly TR TR gD o D Tk fom=g®a g
— 0 ~ (] s
U TR B~ M ST w oI N gy F e Mo D IR e
ol i oR 0| % mu = oo BN " BL o ™ oo o R = 5 Wﬂ Al M T o= B ] ok oF
o ST g MR X e Wy T T T Mo B e O T ool T
R e R T TR T A TR Y L w 8 Jo KA A Al
ﬁe%E%%ﬁiHou,ﬂﬂ%armfﬁo_,% wﬁw@ﬂ%ﬁo ﬂ%z@ﬂ%%@ S N
J-o.u,l T == 0 ﬂﬂﬁ 7o) = _— o
ww Pyt gy ¥E g R R PREE T Lk
™ R T ok om AR <O RO or T AR L W o RpEoRT TR ™ <A oo X" S a0
THERRPLREIRAFTTFNITT HUPHRRRT RE M T P oF RO OF o E o R

(42)



Hole—filling Algorithm Based on Extrapolating Spatial-Temporal Background Information

43

for View Synthesis in Free Viewpoint Television

References

[1] A. Smolic, P. Kauff, S. Knorr, A. Hornung,
M. Kunter, M. Muller, and M.

“Three-dimensional postproduction

Lang,
video and
processing,” Proc. of the IEEE, vol. 99, no. 4, pp.
607-625, Apr. 2011.

[2] N. A. Dodgson, 3D
displays”, Computer, vol. 38, no. 8, pp.31-36,
Aug. 2005.

[3] C. Fehn,
(DIBR), compression,

new

“ Autostereoscopic

“Depth-image-based rendering
and transmission for a
3D TV,” SPIE Proc.
Stereoscopic Image Proc. and Rendering,
93-104, May 2004.

(4] P.-]. and Effendi,

distortion smoothing approach for depth map

approach on

g

Lee, “Nongeometric
preprocessing,” IEEE Trans. Multimedia, vol. 13,
no. 2, pp. 246-254, Apr. 2011.

[5] S. Zinger, D. Ruijters, L. Do and P. H. N. de
With, “View interpolation for medical images on
autostereoscopic displays,” IEEE Trans. Circuits
and Systems for Video Tech., vol. 21, no. 5-6,
pp. 533-541, Jan. 2012.

[6] S. Zinger, L. Do and P. H. N. de With,
“Free-viewpoint depth image based rendering,”
J. of Visual Commu. and Image Representation,
vol. 21, no. 5-6, pp. 533-541, Jul. 2012.

[71 M. Solh and G. Alregib, “Hierarchical
hole—filling for depth-based view synthesis in
FTV and 3D video,” IEEE J. of Selected Topics
in Signal Processing, vol. 6, no. 5, pp. 495-504,
Sep. 2012

[8] B. Marcelo, S. Guillermo, C. Vincent and B.
Coloma, “Image inpainting,” The 27th Annual
Conf. on Comput.
Techniques, pp. 417-424, 2000.

[9] K. Oh, S. Yea and Y.-S. Ho, “Hole-filling

method using depth based inpainting for view

Graphics and Interactive

synthesis in free viewpoint television and 3D
video,” Picture Coding Symposium, pp. 1-4, June
2009.

[10] I  Daribo, H. Saito, “A  novel

layered depth video for 3D
TV, IEEE Trans. Broadcasting, vol. 57, no. 2,
pp. 533-541, June 2011.

[11] A. Criminisi, P. Perez and K. Toyama,

inpainting-based

“Object removal by exemplar-based inpainting,”
IEEE Conf. on Computer Vision and Pattern
Recognition, pp. 721-728, June 2003.

[12] M. Koppel, X. Wang, D. Doshkov, T.
Wiegand and P. Ndjiki-Nya,

spatio-temporal filling of disocclusions

“Consitent
in the
multiview video plus depth format,” IEEE Int.
Workshop on Multimedia Signal Process.,
25-30, Sept. 2012.

[13] M. Xi, L-H Wang, Q.-Q. Yang, D.-X. Li
and M. Zhang, “Depth image based rendering

pp.

with spatial and temporal texture synthesis for
3DTV,” EURASIP J. on Image and Video
Process., vol. 2013, no. 1,
DOI:10.1186/1687-5281-2013-9, Feb. 2013.

[14] C. Yao, T. Tillo, Y. Zhao, J. Xiao, H. Bai
and C. Lin,
algorithm

“Depth map driven hole filling

exploiting temporal correlation
information,” IEEE Trans. Broadcasting, vol. 60,
no. 2, pp. 394-404, June 2014.

[15] K. Kim, T. H. Chalidabhongse, D. Harwood
and L. Davis, “Background modeling and
subtraction by codebook construction,” IEEE Int.
Conf. on Image Processing, vol. 5, pp. 3061-3064,
Oct. 2004.

[16] E. J. Fernandez-Sanchez, Jor Diaz and E.
Ros, “Background subtraction based on color and
depth using active sensors”, Sensors, vol. 13, no.
7, pp. 8895-8915, July 2013.

[17] A. S. Glassner, Graphics Gems, Academic
Press, Cambridge, MA, 1990.

[18] Z. Wang, A. C. Bovik, H. R. Sheikh and E.
P. Simoncelli, “Image quality assessment: From
IEEE

13, no. 4, pp.

error visibility to structural similarity,”

Trans. Image Processing, vol

600-612, Apr. 2004.



44 j.nst.Korean.electr.electron.eng.Vol.20,No.1,031 ~044 ,March 2016

——1 BIOGRAPHY

Beomsu Kim (Member)
2007 : BS degree in School

of
Soongsil University.

2009 : MS degree in School
of Electronic

Electronic

Engineering,

Engineering, Soongsil University.
201072012 Associate Researcher, Korea
Internet & Security Agency (KISA)

20127 : PhD candidate, School of
Electronic Engineering, Soongsil
University.

Tien—-Dat Nguyen (Student Member)
2012 : BS degree in

Electronic and

Telecommunication
Engineering, Hanoi

University of Science
and Technology, Vietnam.

201372015 Staff, FPT Corporation in
Vietnam.

20157 © MS degree candidate, School of
Electronic Engineering, Soongsil
University.

Min-Cheol Hong (Member)
- 1988 BS

Electronic

degree in
Engineering,
Yonsei University.

1990 ' MS
Electronic

degree in
Engineering,

Yonsei University.
1997 :©  PhD degree in  Electrical

Engineering, Northwestern University.
199071992
Electronics.
199771998 : Research Fellow, Northwestern
University.

199872000 : Senior Research Engineer, LG
Electronics.
2000™
Electronic Engineering, Soongsil

Research  Engineer, LG

. Professor, School of

University.



