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This paper presents a hole—filling method using extrapolated spatio-temporal background information to obtain a synthesized
view. A new temporal background model using non-overlapped patch based background codebook is introduced to extrapolate
temporal background information In addition, a depth-map driven spatial local background estimation is addressed to define
spatial background constraints that represent the lower and upper bounds of a background candidate. Background holes are filled
by comparing the similarities between the temporal background information and the spatial background constraints. Additionally,
a depth map-based ghost removal filter is described to solve the problem of the non-fit between a color image and the
corresponding depth map of a virtual view after 3-D warping. Finally, an inpainting is applied to fill in the remaining holes
with the priority function that includes a new depth term. The experimental results demonstrated that the proposed method led
to results that promised subjective and objective improvement over the state-of-the-art methods.
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Fig. 1. Framework of the proposed holefilling method.
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Fig. 6. Performance comparisons of ghost removal: (a)
synthesized view with [12], (b) synthesized view
with proposed ghost removal, (c) difference
between before and after removal of ghost
artifacts  (green:  removed background pixels,
blue: preserved foreground pixels).
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Fig. 8 Example of mpalntingi (a) labeled disocclustion
(¢: non-holes, f2: holes, d£2: boundary of
disocclution), (b) result after inpainting method.
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Z 1. PSNR % SSIM M5 H|u!
Tablel. PSNR and SSIM comparisons.
Video PSNR (dB) SSIM
Camera - N
Seq. Koppel Xi Yao | Muddala | proposed | Koppel Xi Yao Muddala | Proposed
Ballet 3—4 21.94 24.49 21.30 23.83 25.43 0.7625 0.7978 0.7423 0.7853 0.8176
allel
4 —5 2157 23.42 20.45 22.98 23.99 0.7476 | 0.7746 | 0.7277 0.7449 0.7723
Break 3—>4 28.60 2847 27.89 28.39 28.89 0.7791 0.7799 0.7740 0.7772 0.7824
Dancers | 4 — 5 30.97 30.67 30.11 31.34 31.58 0.7977 0.7974 0.7941 0.7986 0.8010
Book 7—8 18.46 15.77 18.96 19.38 21.84 0.8042 0.7604 0.7515 0.7417 0.8133
Arrival 9—>28 19.50 19.68 20.03 20.38 21.01 0.8263 0.8245 0.8336 0.8378 0.8540
Lovebird | 4 — 6 17.25 1727 1718 17.63 18.02 0.8845 0.8876 0.8873 0.8905 0.9039
1 6 —>8 1711 16.94 1712 1553 19.83 0.8537 0.8333 0.8402 0.8022 0.8830
Car 3—>4 22.21 22.39 21.94 23.711 24.14 0.9045 0.9065 0.8969 0.9122 0.9216
Park 4 —5 21.46 21.75 21.24 23.19 23.53 0.9010 0.9014 0.8935 0.9087 0.9169
Street 3—>4 25.25 2553 24.20 25.89 26.27 0.9649 0.9660 0.9565 0.9671 0.9707
ree!
4 —5 25.03 25.37 24.53 25.76 26.26 0.9648 0.9662 0.9579 0.9651 0.9699
Average 22.45 22.65 22.08 23.17 24.23 0.8477 0.8476 0.8380 0.8443 0.8672
¥ o2 = e odpkEk W (S )
Table2.  Processing time comparisons per frame. (unit: sec.)
Spatial Resolution Video Seq. Camera Koppel Xi Yao Muddala Proposed
3—4 12.79 38.84 10.16 20.75 712
Ballet
4 —5 10.90 36.37 12.13 17.95 7.54
3—>4 9.72 29.76 5.74 9.59 4.37
Break Dancers
4 —5 10.06 30.64 6.88 10.61 6.73
1024x768
) 7—38 9.84 28.35 7.01 8.30 5.43
Book Arrival
9 —>38 11.49 29.29 4.68 9.37 554
. 4 —6 13.32 23.82 3.59 7.46 511
Lovebirdl
6 —> 8 9.34 21.84 2.64 4.15 2.8
Average 10.93 21.84 6.60 11.02 5.58
3—4 34.46 7052 17.20 60.42 9.07
Car Park
4 —5 32.58 69.55 2788 64.02 9.16
19201088
3—4 40.98 71.86 13.31 50.74 6.32
Street
4 —5 37.68 71.52 12.98 4719 6.25
Average 36.43 70.86 17.84 55.59 7.70
. PSNR comparison of "Ballet" ?Z PSNR comparison of "Street" 7](3] 039:1]9] z‘;é]EHoﬂ Lq,g]_ }\é _‘—6‘_91 rlzij]_ﬂ_ _EL %;g o] 2}1];]_
;‘::m’w ';Mv“mm = ,mew\r\//\/\ Muddala %21 Xi W23 vjaste] 494 At
§ -, P oA 187 Felel @ DRSAT 13 AeR A Hg 8
§ - A A A A7 Gelo] 23 AT T THE E o
Tow e a e Tieaaes e oo #AHQ] A vl ©rh W] Ak
—Xi Koppel =——Yao ‘Muddala =—Propose: %iﬂ% Ho]—é]'% E::'?:]’ %EHOH E‘%g}ﬂ O‘?l%}\é 9}\74] 7]
@ o & nn AdE Ass dehin 98e aw
agl 9. =3 glof w2 PSNR H[: (a) “Ballet”, (b)
“ ” O]qu-
Street AT
Fig. 9. PSNR comparisons as s function of frame 29 9ol “Ballet” 2 “Street” Aol tisl] &
number: (a) “Ballet”, (b) “Street”. o & PSNR A% HlaZ el et 712 wa s

(1196)
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(a) “Ballet” (3 — 4)

(b) “Loveblrdl” (4 — 6)

) “Car Park” (4 — 5)
ul (J%’-‘Oﬂﬁ REZCR): g Juh, Koppel AL Xi @Al Yao A

% 10, ZoHE JHA AR SE A 3 HI
Muddala 4], &t 24l 81 2 et
Fig. 10. Visual comparisons of zoomed synthesized image (from left to right): warping image, Koppel's method, Xi’s

method, Yao’s method, Muddala’s method, proposed method, and ground truth.

< 7HE A defell wet w4 e FelAe & & Atk AlbshE WA HAR A 7|9 A7
A Ay o]t PSNR HA7F 21, o] &2 2l 2w 2l kel deel dAglo] e A
3 Tl At A s fAS] ofE e A A FaR st AlEFIE w7 HRE o] &3 &
F7F A, Zuel (flickering) @7de] HEbHAl Ae H4Ss Eal 7t el EAste B2 WA
ot gk Atste EAE WA AHA A BEHE Ao g o2 Qe AHAY 373
AR &5 Fa 71E WA vlaste] 2y Izt of AiEsE =9 & AT
PSNR A7} Aom AlzbA o &2 d3d A 34 7 2o B A A g 94E 11 109
S AE 7 UE AT F AU UER At Koppel 3242 7Hd 999 A4 2
ZF A S st Ak Bl E E 20 YERS W g ZeE fall ASete A dAAR A
o Xi #A e A Gl wE ds FEet AoARJNY HFAANA FAGgs HAE 7tely 92
71 98 34 @9 SSIME ol gt by e B BEASHA wo] 7]sketA e dto] A H
ArEds da = drh Koppel B2 9] dd#S F2 oh Xi WA ol A AFE-3h= shA ©h9) o] SSIME w7
ol AE A B QAHol HAel o A, F93 949 A Gl e aRHoE WA
Yao HWA4]¢e] dAxge F7 ooy o AAH FAds THd F o, 1y A dgelAe
o, o] Z Qs kel @9 A7lel wheh ALk w7 s EEstrlds A7 A% o= <
#Az7k A o Eo] Koppel ¥ Yao Wa& fAF 9 3 ngE Thel g ool wol EAgFF 7684
2 A @Yol Aol wret AikFol w438 F7HE = dido] AAA "t Yao WA AHAE ¢4
Ax= s ol wugs FATd = A o9 AR HAAAM wAE E AE FIE FAIC 1L
Muddala Aol Al AF8-5 & two-level 1#|0E 2} glste] W7 @dol wiA Fol HAbEE A9 3
e ArtEs AAQsE T alo] HH, Ak A3ttt Muddala W22 A& 4 (layered) 7 o] %44
< 7 @9 A7)l vl o EA ot} AQtet= olgste] 7t WA ¥ 725 AR &
WA 2 71E FAE HAES vlaste oo At o, 14 dd9 #<(crack) B FH A
A A o2 o, Abge AXIE A S S P A2E #Ao] EAlet= EAM itk HE
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