A Layered Method of Visibility Resolving in Depth Image-based Rendering
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Abstract

A layered method is presented in this paper tolvesthe
visibility problem in depth image-based renderidgnovel
three-layer representation for each reference viee, the
main layer, background layer and the boundary layier
proposed. A spatial-temporal method is designegetwerate
the boundary layer for pixel-based rendering (sihay).
Meanwhile, a temporal background model is built éaich
frame by searching backward and forward for unceder
background information based on depth variance he t
reference video. Promising results of view synthesing
the multiple-view 3d data from Microsoft Researdbreak
dancer" and "ballet’, are given to demonstrate the
performance of the proposed method

1. Introduction

In the past decade Image-based rendering (IB& h
received much attention as a powerful alternativethe
traditional geometry-based rendering for view sgath [2, 8,
1, 11]. Applications such as video games, virtuavel,
multiple view video coding (MVC), 3-d TV and free
viewpoint video (FVV) stand to benefit from thickmology.

Depth-image-based rendering (DIBR) is an IB&htéque
to generate a novel view [7] from one or more insagad
associated per-pixel depth information [9]. Deteation of
colors per pixel in the synthesized view is thessitzal
computer graphics problem of reconstruction andmgging.
Generally the rendering method can be pixel-basgltfing)
[6, 8], or (triangular) mesh-based [5, 15]. Eitheay has to
deal with the occlusion and dis-occlusion probléfis

The straightforward solution for occlusion hingl is Z-
buffering [2]. An alternative method is mapping thigels in
a back-to-front specific ordef7]. Its short-coming is
unavailability for rendering with multiple referemgnages.

Since the reference view doesn’t provide infation
about the dis-occluded area or hole, a view syiglsstem
has to assume the background typically extendstivdole,
such as searching backwards along the epipoles in¢gs],
despite that it gets more complicated when thegfanend
object is non-convex. Alternatively, people can lapp

boundary and statistical pattern assumptions ire-fitihg
through inpainting and texture synthesis [14,
Nevertheless, this method has to take the riskxt#neling
foreground into the hole. It is worth to mentiomaBe et al.
proposedayered depth imagéLDl) to tackle this problem
[10]. However, generating a compact LDl as a segatiem
task is not easy.

A simple technique is smoothing the depth imfation by
low-pass filtering [4], still possibly leading toegmetric
distortions. In contrast, a smart approach is pseddn [15],
which locates the depth discontinuities and creates
boundarystrip around these pixels. Then it performs image
matting to determine the color and depth withinséhstrips.
Both the main layer and boundary layer are bleridgéther
to remove cracks and artifacts in view synthesi#ni@isi et
al. consider a temporal background model to hdipgfiin
holes and reducing temporal artifacts in view ptdation
from a pair of rectified images for one-to-one evafcing
[3]. Its background model is built by bi-modal disiy
histogram-based segmentation and maintained dyabynic
The bi-modal histogram looks characteristic of takatively
simple scene of talking head, notwithstanding ithislel will
face more challenges in the complicated backgroésda
matter of fact, range data segmentation is dificBesides,
background maintenance is also challenging though t
camera is assumed fixed [12].

The author’s work is inspired by [15] and [3]. lhist
paper a layered method of depth-image based regdeith
one or more camera views is proposed. Each refereine
applies a novel three-layer representation, ie.nain layer,
background layer and the boundary layer. When thmdbary
layer is built in pixel-based rendering (splatting) spatial-
temporal method is proposed in this paper. Meaewhithe
reference video, a temporal background model istcocted
for each frame by searching backward and forwand fo
uncovered background information based on deptiance.
Experiment results using MSR multiple view datBreak
Dancer” and “Ballet” are presented to demonstrdie
proposed method and future work are discussed @aint

13].
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*http://research.microsoft.com/vision/lnteractivemﬁvlediaGroup/BD
VideoDownload/




2. The Layered DIBR Approach

2.1. 3-D Warping

The technical route to realize DIBR is 3-d imagarping
[7, 8] known in computer graphics literatures. éngrates a
novel image from any nearby viewpoints by un-projec
pixels of reference images to the proper 3d loocatand re-
projecting them onto the new image space.

Let's define a 3-d point by its homogenous
coordinatesy = (x,y,z1)!, and its perspective projection in

the reference image spaceds= (u,,v, ), then
w P =PPM, p, (1)
where PPM  is the 3x4 perspective projection matrix, built

by extrinisic and intrinsic parameters of the calibd
reference camera. Correspondingly, it is directges the
equation for the synthesized view as
w,P, = PPM,p. (2
Denote the twelve elements of the perspective gtioje
matrix PPM, as g i =1,2,3 j=1,2,3,4 From image point

P, and its depttz, other two components of the 3-d pant
are estimated by a linear equation as
a, &, X _ bl , (3)

a & Yy b
with
by = (04 - U Gsq) *+ (G5~ U Gs3) 2
Ay = UGy - Ohyr & = Ui O3y - Ghpe
B, = (Uaq - V; Usa) + (03~ V,Us3) 2

81 TV, Oy - Uyt 8 =V, Osp - Upo-
Re-projecting the 3-d point onto the synthesizeagenplane
by (2), the novel view's image is obtained.

2.2. Boundary Layer

In the reference view, depth discontinuitieshat boundary
between foreground and background cause the holdsei
synthesized view. Since the pixels along the bogndathe
objects receive contributions from both of the gyund and
background colors, thesmixed pixels' color will result in
visible artifacts in depth-image-based renderindgiotigh
boundary matting is originally a technique to rezlute
artifacts due to mixed pixels [15], the concermhis paper is
more focused on filling in holes.

First the depth discontinuities are located tgoking if the
disparity jump between each neighboring pixel ggreater

foreground andg, is the background, then pixel ande,
are modified front, as

val’ (g,) =awal(f,)+ (- a)wal(e,)

val'(d) = b*val (g,) + (L- b)»al(d),
where 54, p are constant factors (0.2<< p<1) andval(.)

denotes the color or depth information. Like [1%he
boundary layer is eroded by one pixel to preveatks from
appearing in rendering.
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Figure 1. Boundary layer construction in splatting

Furthermore, for each pixel in the boundary aagiits
information in temporal dimension is exploited, isearching
forward and backward at the latest frames in timeeseideo
for uncovered background by checking whether abrupt
disparity reduction is more than a given threshold.
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(c) Disparity varies over the sequence
Figure 2. Temporal extension in boundary layer
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It is possible to find not a few background delate pixels

than x pixels. Based on the pixel-based rendering method With smooth disparity change during a period ofttmous

(splatting), the procedure to form the boundaryedais
discussed specifically below.

lllustrated in Figure 1, pixel’s disparity valuedisp(d ) is
checked with its 8-neighborhood. When a dispatityyg is
detected, boundary pixels are marked and theirr cata
disparity values are adjusted based on backgroxtedson.

The modification formula for the pair of pixels the depth
discontinuity is: for example, if depth jump is falibetween
pixel d and pixel ¢, shown in Figure 1, wherel is

frames. A simple method is median-fitering them the
disparity space; alternatively the one which c@oconsistent
with the existing color determined by backgroundeagion

as above is selected. The color consistency me@sahesen

to be al, distance in the RGB space. If different background
information is found in the forward and backwardedtion,
the color consistency metric is also used to deberrthe
ultimate one. If no background information is fouritie
existing information obtained from background esien will

be preserved.



Figure 2 is illustrating this scheme by an exampixel in
red at frame 20 in view 4 of MSR multiple view wide
“Ballet” is on the boundary area (on the left hargljown in
the image Figure 2(a) and its associated deptlgimé 2(b).
The depth value at this position varies in the wrssquence,
shown in Figure 2(c). The disparity at frame 2@ighlighted
in red. Searching forward and backward, background
candidate pixels are extracted, shown as paintegraen.
Then the one from them the most consistent withettigting
color from background extension is chosen. Figugh@ws
examples of generated boundary layers (color doly)}he
first frame in video “break dancer” and video “bdll
respectively.

In summary, the proposed method to build thendaty
layer works in a spatial-temporal way. Informatiom
temporal dimension is exploited that is more rédiathan
simply extending background in spatial dimension.

Figure 3. Boundary layers in “Ballet” and “Breakndar”

2.3. Background Layer

Usually holes result from unknown informationuliple
reference views provide spatial information in IBRhile
temporal consistency offers additional informatianvideo-
based rendering, such as the use of a temporaytmoid
model for hole-filing in [3].

(a) Color
Figure 4 The background model in “Ballet”, “Break dancer”

) isparity

In this paper a disparity-based temporal methisd
proposed to build the background for each frambaaowit the

burden of depth data segmentation and background

maintenance [3]. It is to extend the idea of terapor
background extension for the boundary layer desdrilm
Sect. 2.2; for each pixel, its varying disparitytie whole
sequence is investigated and abrupt disparity @hahgt
greater than a given threshold is detected; bageithai, the

temporal disparity curve is separated into differgggments,
where disparity in each segment varies smoothlghea
segment is assumed to possess the same backgrodirid
be the background for other segment or itself, adly
each segment is searched forward and backgroufiodtds
background from neighboring segment. A complicated
algorithm would utilize the spatial consistency dptimize
the background model [14]; instead in this papediame
filttering is employed to determine the disparitygahe color
for each segment. Figure 4 provides examples ofbtlie
background model at frame 20 in video “break daheed
video “ballet” respectively.

The proposed method is not trying to maintain a
background model, instead to discover temporallg th
uncovered background information in neighboringmiea
based on depth plunge.

2.4. Compositing in Rendering

The compositing method combines the warped fsanagn
different layers and different views. The more eagited
reference view is defined by the angular distarssun [1].
For each reference view, the background layerpthia layer
and its boundary layer are formed. Figure 5 shohes t
compositing framework from two reference views. éPix
blending is realized by Z-buffer [2]. Below the pealure
using the pixel-based rendering (splatting) isuised.

The splatting method will render the novel vipixel-by-
pixel varying the reconstruction kernel size deframan the
disparity and normal vector orientation of the refee pixel.
The splatting kernel size for the background/maiget
differs from the boundary layer, because the ladir be
warped to the dis-occluded area in the synthesiizsd. The
hole size can be estimated based on the deptlepéstry,
which decides the reconstruction kernel size iatsph.

Reference view 1 Reference view 2

Iain layer Ilain layer
rendering rendering
Background Background
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Figure 5. Multiple (two) reference views-based ety

In blending, two main layers are fused firshem the
boundary layer and the background layer are apptie in
the uncovered area in the synthesized view.

3. Experimental Results

A GUI is designed with Visual Studio.Net and
implemented with VC++ for depth-image based remdgeri
Two experimental results for video “ballet” and ébk



dancer’from MSRare given in Figure 6-7. There are eight
cameras in video capture, view 0-7. To demonstth&e
rendering with multiple reference views, view 2 arnew 5
are selected as reference, and other views arkesjrgd. In
each figure in this paper, the results with/withbote-filling
are shown for comparison (the holes are drawn kgt
The hole filing process applies spatio-tempor&rimation
from the boundary layer and the background layer.

(a) without hole-filling (b) viithole-filling
Figure 6. Rendered view 6 from views 2, 5 in “Bélle

(a) without hole-filling (b) with holffing
Figure 7 Rendered view 1 from views 2, 5 “Breakatal

The PSNR (peak signal-noise-ratio) values forttssized
sequences (with/without hole-filling) are givenTiable 1. It
is shown PSNRs for views 3-4 are higher than viévisand
6-7 because the holes are smaller and fewer irfottmeer.
Meanwhile, since the baseline distance betweerhbeiing
cameras in capturing data “Break dancer” is less ttata
“Ballet”, PSNRSs in the latter get lower.

4. Conclusions

A novel depth image-based rendering method is [segpo
The layered-based representation with the mainr,laye
boundary layer and the background layer solvessigibility
problem in rendering, i.e. occlusion and dis-odolus A
spatial-temporal rather than spatial only methodpig
forward to build the boundary layer in splattingigieasier to
apply this spatial-temporal framework to the meabeul
rendering method). Meanwhile, a temporal background
model is constructed based on depth variation énvthole
video to form the background layer.

In future work, a more delicate spatial-temporathod
can be investigated to improve the rendering quadind
meanwhile it is advantageous to consider imager prio
artifact removal.
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Table 1. PSNR values of synthesized sequencesnithblt hole-filing (HF) for “Break dancer” and ‘@let” respectively

View # 0 1 3 4 6 7
“Break dancer” w/o HF| 19.11 21.19 31.13 29.13 22.4( 20.7b
“Break dancer” w/ HF | 31.49 33.45 34.82 35.05 34.11 31.59
“Ballet’ w/o HF 16.29 18.45 29.48 27.78 21.00 17.38
“Ballet” w/ HF 27.29 32.68 35.43 35.78 33.87 24.8b




