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Texture and depth maps of two neighboring camera viewpanets tosereoscopic 1,,
typically required for synthesis of intermediate virtuaws via V] VL v, Vs Ve W, Y, v,
depth-image-based rendering (DIBR). However, the bitoats-
head required for reconstruction of multiple texture angtidenaps D video camera
at decoder can be large. The performance of multiview video e bEE
coders such as MVC is limited by the simple fact that the chose
representation is inherently redundant: a texture or dpptbl
visible from both camera viewpoints is represented twicethls
paper, we propose an alternative 3D scene representatibauwi :
such redundancy, yet at decoder, one can still reconsextire residual data + l l “virtual” video camera
=) .
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and depth maps of two camera viewpoints sufficient for DIBR-

based synthesis of virtual intermediate views. In paréigulve ) ) ] .
Figure 1. Proposed interactive multiview imaging systerdestoder.Vir-

prqpose t.o first encode texture an.d depth maps of a_s'”g"? Vle\_’\{ual views are synthesized around the camera-captured viewsIBR D
point, which are used to synthesize the uncoded viewpomt Vi ycisted with residual data.

DIBR at decoder. Then, we encode additional rate-distofRD)
optimal auxiliary information (Al) to guide an inpaintirigased
hole-filling algorithm at decoder and complete the missifor To reduce the bitrate required for reconstruction of mistip
mation due to disocclusion. For a missing pixel patch, theak: texture maps from multiple viewpoints at decoder, multiviedeo
i) be skipped and let the decoder retrieve the missing infion  coding (MVC) schemes [2] encode them using disparity compen
by itself, ii) identify a suitable spatial region in the restructed  sation to exploit cross-view correlation. While MVC has who
view for patch-matching, or iii) explicitly encode missipixel coding gain over more naive independent view coding amhes
patch if no satisfactory patch can be found in the recontdic its performance is limited by the simple fact that the chossm
view. Experimental results show that our alternative repnéa-  resentation is inherently redundinnamely, a texture or depth
tion can achieve up to 41% bit-savings compared to H.264/MVGpixel visible from two reference views is represented twice
implementation. In this paper, we propose an alternative 3D scene representa
tion, one without pixel redundancy, that encodes referércaes
Index Terms— Texture-plus-depth format, depth-image-basetpr DIBR-based synthesis of intermediate views at decodier.
rendering, compact representation particular, we propose to first encode texture and depth wiaps
single viewpoint, which are used to synthesize a seconddetto
viewpoint via DIBR at decoder. Then, we desiguxiliary infor-
Recently, the interest in end-to-end 3D video communicasier- ~ Mation(Al) that is used to guide an inpainting-based hole-fiffing
vices is increasing rapidly and has led to interactivity 8Bdper-  algorithm [5] at decoder. The idea here is that hole-fillifgoa
ception improvements in related applications, includinyee-  rithm can maximally exploibon-localbut correlated pixel patches
Dimensional Television (3D-TV) and Free Viewpoint Telégis  in the reconstructed image to complete missing pixels dutsto
(FTV). This breakthrough has been aided by the recent develcclusion. We selectively encode Al in a rate-distortioDjRp-
opment of auto-stereoscopic displays, multi-cameratzedtsys-  timal way. Specifically, for a given missing pixel patch ireth
tems and depth acquisition technologies. In particulardtiMew  synthesized view, the Al can: i) be skipped and let the decbye
Video (MVV) communication systems can provide user naviga-itself retrieve the missing information, ii) identify a aible spa-
tion with a look-around sensation by view synthesis via dept tial region in the reconstructed view for patch-matchingiipex-
image-based rendering (DIBR) at decoder [1]. Views that are T - - .
not captured from a real camera can be synthesized usingéext For reference viewpoints that are close to each other, tlemsity

. . . . difference of the same pixel viewed from different viewgeifior most
and depth maps of wo neighboring camera-captured view) Wi objects is likely small. Further, it is not always true thateding the pixel

DIBR-based view ?yntheSiS' only texture and depth videoa c_’f difference contributes to view synthesis quality duringepblending.
subset ofeferenceviews are needed at decoder for reconstruction  2yniike typical 2D image inpainting scenarios, partial 3Dogeetric
of all intermediate virtual views used for smooth view triéing. information (depth map) can be exploited during pixelii[3, 4].

1. INTRODUCTION




plicitly encode missing pixel patch if no satisfactory gatan be D
found in the reconstructed view. Experimental results shat
our alternative representation can reduced bitrate by ufpl %6

compared to MVC for the same synthesized view quality. % »
The outline of the paper is as follows. We first discuss rellate P ’
work in Section 2. We then overview our interactive multivie np"

image system in Section 3. We discuss how Al are designed and vVl]p Q
selected in an RD-optimal manner in Section 4. Finally, expe

mental results and conclusions are presented in Section 5,an Figure 2. Notation diagram of an exemplar-based inpainteanique
respectively (from [5]). The current patci¥,, to be filled in, centered at the poipton
’ the boundany (2, is overlaying over the missing regida and the source

2. RELATED WORK region®.

From a representation perspective, the most related wahleilit-

erature is théayered depth videL DV) representation [6], where two references—can be constructed via DIBR using textute an
texture and depth maps of a single viewpoint is first encodéliea.  depth maps of the first reference, plus hole-filling guidedthsy
main layer, then occluded spatial regions in other camesa~vi transmitted Al. The desired virtual view is finally synttesi via
points are added as enhancement layers. We first note that LDWIBR using the two constructed reference views. It is imaort
like our proposed representation, also avoids the pixebssmta-  to note that the proposed RD optimization of the Al at encoder
tion redundancy problem in MVC. However, we differ from LDV ought to result in good quality for the continuum of virtudws

in the following aspects. First, we use a hole-filling algfum® to  petween the two references, and not just for a particuldualir
complete missing pixels in the projected anchor view, whil®/ view synthesized at decoder.

typically used traditional coding tools based on transfptus en- In the next section, let us review the hole-filling methodeuhs
tropy coding to explicitly encode disoccluded regions.@e;we  on the well-known Criminisi's algorithm [5]. Though we cles
design and employ RD-optimal Al to guide the hole-filling@lg  this specific implementation of exemplar-based technifpreson-
rithm to further improve quality of the synthsized referemew. creteness, it is important to note that our proposed opiititia

In the experimental section, we will show the performanda g&  framework extends beyond this specific scheme.

our scheme against LDV. 3.2. Inpainting-based Hole-Filling

From a methodolo erspective, the most similar work is a . . -
. . gy persp ; . . r}Because there often exist recurring patterns in pixel gatelcross
image compression algorithm in [8], wheassistant information 2 typical image, one solution is to search and identify examp

(edges in a code block) was encoded to aid a decoder edgé-base

NS . iy matching patches in order to fill in missing pixels. Crimirgs
inpainting scheme to reconstruct missing blocks. Thougtilai al. 151 first reported that exemplar-based texture svnthesita
in spirit to our proposed Al, our proposal differs in the &alling -[5] P plar- Y

aspect. First, our Al can provide location information tadgu the process necessary to replicate both texture and steuctu

- . . With input imagel and missing regioif}, the source region
a non-localexemplar-based hole-filling algorithm to a spatial re- _ . i e
. AR . d is defined asb = I — Q, and the boundary of the missing
gion with similar textural patches. In contrast, assistafarma- ST . -
S . . . S region is indicated by as illustrated in Fig. 2. For every patch
tion in [8] provides only edge information, which is usedyofdr h
. . . . ¥, centered at the point, wherep € 4§12, the patch¥,, can be
a local structural inpainting method that uses prior assiong . L .
. . ! decomposed into two disjoint sub-regions such that
about the smoothness of the structures in the missing regon
propagate boundary data. It has been shown that non-lodette  , — (w,nd)u(W,NQ) and 0= (¥,Nd)N(T,NQ) (1)
ral exemplar-based inpainting methods [5] often outpenftwrcal
structural methods when the smoothness assumption is net newhere both¥,, N ® and ¥, N Q2 are known at the encoder, while
essarily valid. Second, unlike block-based image codirdisac-  the decoder only has knowledgewf, N .
cluded patch can be of arbitrary shape, so in the case wrenat i o )
possible for a hole-filling algorithm to locate a satisfagtsimi- ~ 3-2.1. Priority computation , ,
lar patch, we efficiently encode the arbitrarily shaped Ippegch It has been shown that the quality of the output image synthe-

using the Graph-Based Transform (GBT) [9]. sis is greatly influenc_e_d by_ the order in which the inpainﬁgg
processed [5]. In addition, in the context of DIBR systensodi
3. PROPOSED SYSTEM clusions are the result of displaced foreground objectrihatals

some background areas. Filling in the disoccluded regisirggu

] ) o o background pixels therefore makes more sense than foredrou
In the proposed interactive multiview communication sgst@  5nag [4]. More priority is then given to patches that overley

user freely navigates from currently observed views toctete gions where the depth variance is low, excluding regionsiat t

neighboring views. If the requested view is itself a ref€en  foreqround/background boundaries. The selection of thesots
view, the full view is explicitly encoded and transmitted.th© patch to be filled in can be formulated as

erwise, the user is first given the closest reference vielo(emd
depth maps). Then, RD-optimal Al are gddltlonally transeait W, = arg ma>{c(\pp) -D(V,) .L(\pp)} 2
by encoder, so that another reference view—one where the re- PESQ

quested virtual view becomes an intermediate view betwhen t

3.1. Encoder/Decoder Communication

whereC is theconfidencderm that indicates the reliability of the
31 our earlier work [7], an inpainting algorithm was used istaight- current patchD is thedataterm that gives special priority to the

forward manner for hole-filing in the projected view, but nBRptimal  isophote direction, and is thelevel regularityterm as the inverse
Al was designed and deployed. square variance of the depth patch. For the sake of breviay, w




will not describe the different terms: for more details, teader At decoder side, we then propose to modify Eq. (3) to support

is referred to [4]. the proposed Al as follows
3.2.2. Patch matching . if .. =0
As originally defined by Criminisgt al. [5], once the highest pri- ¢! (Q*1 () it ¢ = O

ority patchW,- is selected, a block matching algorithm derives ¥y ®)
the best exemplar patch,- to fill in the missing pixels under the

patch¥,- such that

\112* + <71 (Q71 (@pred)) If @p* = Sopred
Wpstpr, it @, = om

B . where the functiong ~! andQ ! are the inverse GBT and quan-
Vo = ar(?e?m{d(\lfp* ne,v,Ne)} @) tization function, respectively. being defined in Eq.(3), repre-
sents the selected patch in a traditional inpainting allgorji.e.,

where the distancé(., .) is defined as the Sum of Squared Differ- . A} is utilized.

ences (SSD).
Having found the source exempldr,-, the value of each 4.2 RD Optimized Coding of Al
pixel-to-be-filledp’ € ¥~ N Q is copied from its corresponding )
pixel in ¥,-. After the patch¥,- has been filled, the confidence Given a delivered Al represented ky = {¢, }, we propose to

term C(p) is updated as follows re-formulate the hole-filling problem in an RD manner asdai
Clp)=1 Ype¥,-NQ 4) arg min/ (SSD(\IIPI’TQMDP) +)\~R(gop))dp (6)
v, 5Q

4. DESIGN OF AUXILIARY INFORMATION
where at the locatiop the SSD measurement quantifies an esti-
4.1. Types of Al mate of the inpainted reconstructed quality of the missigans,

The solution of Eq. (3) can diverge, however. This is due & th While R measures the bits needed to encode thg, Athat assists

fact that the minimization is done only on the sub-region N®.  the inpainting process. Herg,> 0 is the Lagrangian multiplier.

To tackle this issue, we propose to assist the inpaintinggs® Under the assumption that both encoder and decoder are using
with Al that prevents the aforementioned solution divergerThe ~ the same inpainting algorithm, itis possible to RD-optientd ¢
proposed framework supports four different &}, whereyp, € being transmitted to the decoder, which will improve theralle

{‘Pski s P> Porads <va} such that reconstruction quality as described in Eq. (6). For a givesind-
g P zation parametegp, finding the optimal RD-driven Alp can be

formulated through the minimization of the following Lagrpan
criterion:

* ¢, = hoinformation is sent. As a result, at the decoder
side, the patch is classically inpainted by minimization of
the distance function over the source sub-regign N ®
as expressed in I;q. (3). B arg min/ (SSD(\IJP,% lap) + A -R (g, |qp))dp )

* ¥, = the quantized transformed coefficients of the decoder-,—{, } /52
side-missing-region®, N 2 are explicitly delivered di-
rectly to the decoder such that with \ as defined in H.264 standard

Pintra *= Q(C (\IIP N Q)) A=0.85. 2‘17)*12 .4

where the transform domain functigmepresents the Graph- |n aqdition, it is important to note that the ground truth bét
Based Transform (GBT) [9], which fits well the arbitrarily pjssing-regions2 is known at the encoder side.

Egiped regiow, N Q. @ is a uniform quantization func- 5 EXPERIMENTAL RESULTS

* . = after inpainted prediction, such that the inpainting The performance of the proposed framework was evaluated us-
process at the decoder side is reproduced at the encoder, thgy the multiview video datasdal | et andBr eakdancers

qua_ntized transformed coefficients of the remaining resid{1024x768 @15 Hz) provided by Microsoft In the experiments,
ual is sent as follows the camera 4 is used as anchor view, and the view 5 as syrétesiz

. one.
Ppes = Q(C(VresN D)), With  Wres = W — Ue The comparison of objective compression performance is il-
where lustrated in the rate-distortion (RD) curves plotted in.Bigwhere
Ve =argmind(¥, N @, T, NP) the peak signal-to-noise ratio (PSNR) of the synthesizetlite
ac® video is plotted against bitrate (kbits/frame) over 100rfes. The
where the distancé(., .) is defined as the Sum of Squared RD results correspond to fivgp quantization parameters: 24,
Differences (SSD). 28, 32, 34, and 38. The bitrate consists of the sum of the an-

e ¢, = in a more traditional way, the ground truth is fully chor view rate plus the residual data rate. As shown in Fig. 3
utilized to compute the motion vectenv that minimizes ~we compare our proposed “1-view+Al” scheme against three ot

the Lagrangian function cost such that, := mv* with ers schemes: LDV [6], “1-view", “2-views". The proposed “1-
view+Al” scheme consists in encoding one anchor view and Al
mv” = arg min{d(\I’m Vpimv) +A-R (mV)}, to assist the hole-filling at decoder, as described preiyiou®V
p+mved

corresponds to the specific case of sending only INTRA Al. The
where all possible motion vectors are restrained within a‘1-view” scheme consists in sending only the anchor viewicivh
search window. is equivalent to delivering no Ai.¢., SKIP mode). The “2-views”
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Figure 3. RD comparison of our proposed scheme “1-view+Ajdiast:

LDV [6], “1-view” scheme where no Al is sent, and “2-views”r&me
where two anchor views are sent.

scheme consists of explicitly sending the two closest andeavs.

6. CONCLUSION

In this paper we proposed an alternative 3D scene representa
tion without pixel redundancy. We first encode texture angtlle
videos of a single view, which are used to synthesize a seaind
erence view at decoder. Then, we encode additional RD-aptim
auxiliary information (Al) to guide an inpainting-basedédilling
algorithm at decoder to complete missing information dudise
occlusion. Experimental results show an overall bitratiicgion

up to 41% over a classical H.264/MVC implementation.
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