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Overlapped Block Disparity Compensation with Adaptive Windows
for Stereo Image Coding

Woontack Woo and Antonio Ortega

Abstract—in this letter, we propose a modified overlapped lower for smaller blocks, at the cost of higher overhead, and
block-matching (OBM) scheme for stereo image coding. OBM has thus, the block size to be used for matching can be selected by
been used in video coding but, to the best of our knowledge, it has g 41y7ing the corresponding rate-distortion (RD) tradeoffs [3].
not been applied to stereo image coding to date. In video coding, However FSBM has several well-known drawbacks. First
OBM has proven useful in reducing blocking artifacts (since mul- ' ) g ) ) ' ’
tiple vectors can be used for each block), while also maintaining inaccurate disparity estimation and compensation (DE/DC) can
most of the advantages of fixed-size block matching. There are two result because: 1) a single disparity is transmitted for each block;
main novelties in this work. First, we show that OBM techniques  2) the accuracy of the DV (e.g., integer-pixel resolution) may
can be successfully applied to stereo image coding. Second, wg,t e syfficient to describe the actual disparity; and 3) inten-
take advantage of the smoothness properties typically found in . . . . !
disparity fields to further improve the performance of OBM in this S|t_y_n9|se effects and occlusions lead to disparity vectors that
particular application. Specifically, we note that practical OBM ~ Minimize the DCD energy but do not correspond to the true dis-
approaches use noniterative estimation techniques, which produce parity. Note that DV field inaccuracies due to items 1) and 2)
lower quality estimates than iterative methods. By introducing can result in higher DCD frame energy, and therefore, higher
?mOOthnfﬁs con?_ttram;st;]nto tht‘? nc;nge(rje_mve _?V computaﬂond \;ve required transmission rate. In addition, in situations where it is
improve the quality of the estimated disparity as compared to : . . o :
st:fndard non?terati%e OBM approaches. |ﬁ ad)c/iition, weppropose deswable_ to e_stlmate intermediate images from the ster_eo pair,
a disparity estimation/compensation approach using adaptive @ DV estimation that does not correspond to the true disparity
windows with variable shapes, which results in a reduction in [e.g., because of 3)] will lead to artifacts appearing in the inter-
complexity. We provide experimental results that show that our mediate view. Finally, FSBM tends to produce artifacts at the

proposed hybrid OBM scheme achieves a PSNR gain (about 1.5-2y 5 houndaries in the predicted image, especially when low
dB) as compared to a simple block-based scheme, with some o
rate coding is used.

slight PSNR gains (about 0.2—0.5 dB) in a reduced complexity, as o~ .
compared to an approach based on standard OBM with half-pixel ~ Therefore, efficient alternatives to FSBM for DE/DC have

accuracy. been a main focus of the research on stereo image/video coding
Index Terms—Disparity compensation, half-pixel search, MRF SINce the pioneering work by Lukacs [2], [4]{8]. HO\{VeVer,
model, overlapped block matching, stereo image. the various proposed schemes have some shortcomings. For

example, DE with a Markov random field (MRF) model can
overcome the inconsistency of the DV field by taking advantage
of disparity information of neighboring blocks [5], [9], [10].
The overall bit rate of a coded stereo image pair can be 1®ubspace projection is another way of estimating a smooth
duced by exploiting the inherent similarity between the two inBV field [8]. However, both schemes have limitations because
ages. As in video coding, a popular approach to exploit thise smoothness constraint tends to increase the energy level
similarity is to find a disparity vector (DV) field for one of the of the DCD frame, and therefore, more bits may be required
images and then transmit the disparity compensated differerfice coding. Meanwhile, the energy level of the DCD frame
(DCD). In addition, as in video, the DV field is normally com-can be reduced using noninteger (half or quarter) pixel-based
puted for fixed-size blocks rather than pixels or features becawsgarch at the cost of an increase in the rate of the DV field.
fixed-size block matching (FSBM) achieves reasonable perfdrhe remaining problem, the blocking artifacts, can be reduced
mance while being simple to implement [1], [2]. In a FSBMyy adopting various other methods, such as post-processing,
scheme the encoder transmits, as overhead, the vectors for emgmentation-based estimation/compensation, etc. However,
block, along with the corresponding DCD. The DCD energy imany post-processing algorithms degrade the quality of the
whole image, as well as the block boundaries. While segmen-
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estimation requires relatively complex iterative schemes wee introduce @E with a modified MRF modehat results in
resolve the noncausal spatial interaction among motion vectarsmooth DV field, without excessively increasing the energy
of neighboring blocks. For practical implementations, in ordéevel of the prediction error, while reducing the bit rate for the
to reduce this estimation complexity, “two-step procedure®V field. Then, given a smooth DV field, we proposeselec-
can be adopted, i.e., an initial motion vector field is estimatéiye OBDCthat reduces blocking artifacts and energy level of
using FSBM and then the motion field is refined to improvéhe DCD frame by adaptively changing the shape of the OBM
the encoding performance. For example, block matching (BM)indow to prevent the oversmoothing problem.

[13] or windowed BM [17] can be first applied for motion esti- To verify the effectiveness of our approach, we compare the
mation, without considering the effects of neighboring block®D performance of the proposed OBDC scheme with various
and then OBMC is performed only for motion compensatiof=SBM-based DE/DC schemes, such as simple FSBM, FSBM
However, motion fields obtained with these techniques cavith MRF model, and OBDC (direct extension of OBMC).
sometimes be far from the optimal achievable performanéecording to our experimental results, the proposed scheme
since the motion vectors are computed to minimize the energghieves about 1.5-2-dB gain compared to FSBM, about
of a residue based on nonoverlapped compensation, wHilel.5-dB gain compared to OBDC (based on conventional
overlapped compensation will be used to compute the act@BMC), and about 0.2—0.5 dB gain compared to OBDC with
residue. As an alternative, modified noniterative OBM®alf-pixel accuracy.

schemes, such as raster scan OBMC [18] or checkerboard his letter is organized as follows. In Section II, we describe
scan OBMC [19], have been proposed to achieve reasonathle proposed two-step hybrid scheme, the modified OBM with
coding performance, without requiring a complex iterativMRF model and half-pixel search. In Section I, we provide
estimation. The basic idea in these schemes is to performsamme experimental results to compare the effectiveness of the
overlapped estimation based on those blocks that are alrepdyposed scheme.

known (according to some predetermined scan). In this way, at

least some of the neighboring blocks (those already scanned) || M obiFIED OVERLAPPED BLOCK MATCHING

can be taken into account in the motion estimation. o )

In this work, we show how the performance of an OBDE Definitions and Notation
scheme can be improved by introducing smoothness constraintge denoteZ; and F», the reference and target images,
into the disparity estimation. These smoothness constraigspectively. Our goal is to predick, based on bothF;
allow us to reduce the cost of transmitting the disparity fieldnd the corresponding DV field. Then, we encode both the
(since it will be more correlated and we use differential codingV field and the prediction error, instead df,. Let the
techniques). Moreover, we will see how a smooth DV fielthrget imagel, be segmented into nonoverlapping square
results in reduced residue frame energy even when usinglacks, i.e.,.F, = {ffj, (i, ) € €}, Whereffj denotes the
simple noniterative search technique. Specifically, we will, j)th block and$ represents a discrete and rectangular
show how the performance of simple two-step approachlestice, i.e., Q@ = {(3, )]0 < i < N,,0 < j < N,}.

[17] can be improved by introducing MRF constraints in thev, and N, are the number of blocks in vertical and hori-
estimation process. We also show that it is beneficial to ugental directions, respectively. Each block has a BY, and
variable window shapes within the OBMC framework. Ahus the resulting blockwise DV field can be represented as
fixed shape of the window as used in OBMC ignores the fadt = {v;;, (¢, j) € Q}. Thus, the estimate corresponds to a
that OBMC usually works when the estimation is unreliabléslock in the reference image along;, i.e., Afj = }j@vij,
In addition, while spreading compensation errors tends jghere & denotes a blockwise estimation. Note t'ﬁ}@w-
reduce blocking artifacts, it might degrade compensation effiill no longer necessarily be on the grid since arbitrary
ciency, particularly for those blocks that can be compensatefleger-pixel (or half-pixel) displacements are possible.
effectively without OBMC. Based on these observations, \We define the(é, j)th enlarged block in the target image as
OBMC can be turned off in cases where a reliable estimatigf. so that the windowed sum over the image is identical to the
exists. As an example, assume a uniform (foreground) blogkginal image, i.e. > = {w. 312],7 (i, j) € Q}, whereW

is surrounded by background blocks. Then, since the motigBnotes a matrix corresponding to the enlarged window func-
vectors of foreground and background will be quite differenion. The usual width of the enlarged window is twice that of
it is doubtful that OBMC can improve performance over plaithe original block, e.g.fi; is a square block oB x B, while
motion compensation. In our approach, we rely on the MR has a size o2B x 2B, whereB denotes the width (height)
information to determine the reliability of the estimate and ussf the block. Note that conventional ESBM can be considered
this information to determine which, if any, of the neighborings an OBM with a rectangular function, e.@j, equalsffj, and
blocks should be used to perform an overlapped disparityus, each target block is estimated from only one block in the
compensation. reference image along the disparity vector.

In this letter, we show that OBM is also useful for stereo |n OBM-based schemes, each target block is estimated and
image coding, and we demonstrate that it clearly outperforsémpensated as a windowed-sum of a block and its neighboring
standard block-matching techniques. The estimation of the DYocks a|0ng the Corresponding DV’s. In our experimentsl we
field is done based on a noniterative approach. In our proposgfbpt the bilinear window, as shown in Fig. 1. In general, as
OBDC, the overall encoding gain is improved with respect hown in Fig. 1(a), the overlapped windd¥ is designed to
a direct implementation of OBM using two techniques. Firsgiecay toward the boundaries on the assumption that blockwise
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Fig. 1. Bilinear window function for the overlapped block matching and its combined weighting matrices. It shows how much the directional coofponents
overlapping windows affect the compensation of a block(8). (a) Bilinear OBM window (16x 16). (b) Main window ¢?,). (c) Horizontal direction window

for (f7,xy» £7,sy)- (d) Vertical direction window for £y, f%x,)- (€) Comer area window forf€; vy, £7xmys fswy Fiismy)- The subscripts (N,

W, S, E) denote locations of quadrants of a block, i.e., north, west, south, and east, respectively. In the proposed scheme, each portion of sreldéntiony i
removed according t9; ;. the reliability of a neighboring DV.

estimation error increases as a pixel moves away from the block oo
center, and the increase is symmetric with respect to the block R S
center [20]. Typical selections for the overlapped windows are gl :

1 o :'7 ; '
the sinusoidal and the bilinear windows. An optimal shape for £ S o ‘.
Fhe overlappeq wmdow can also be con3|dered, but thg resu!tlng curentiogs | Wi oo Hodts
improvement is not a significant one, given the proportional in- o T v e
crease in the computational complexity [14]. Fig. 1(b)—(e) show Faret finge A Reteence mage
how much the directional components of overlapping windows EO I A (;,;W

affect the compensation of a block. The selected separable bi-
linear windowW, = W,, x W,, whereW,,, andW,, denote
mn m " m " Fig. 2. Disparity estimation based on block matching with an enlarged

the separable vertical and horizontal windows, respectively, I-&imdow. In the target image, shaded and dashed areas correspond to a block,
- fi;, and an enlarged block;, ;, respectively.
m 4+ 0.5

Wh =W, = T7 Osm<B (1)
Wop-m-1, B <m < 2B. plexity because they require several (stochastic) iterations to es-
timate an optimal (pixelwise) dense DV field [21]. Thus, we
Let ¢Y; and¢;;, respectively, denote the initial and final clasgropose a simplified blockwise DE scheme, which estimates
of theijth block. Here$;; = {0, 1, 2} denote, respectively, a smooth DV field without complicated iterations by consid-
block disparity compensation, OBDC, and non-DC (i.e., intr&ring only blocks in a first-order causal neighborhood. The re-
coded). In the proposed scheme, each portion of the windowsisiting smooth DV tends to reduce the bit rate for the DV field
added or removed according to the reliability of a neighboringecause the same neighborhood is used for encoding the DV

DV, ¢;;. field, i.e., the difference between; and the median of its causal
. . — . , neighborhood is encoded using DPCM. As a result, estimating
B. Disparity Estimation Using Overlapped Windows a smooth DV field contributes to reducing side information,

Fig. 2 shows the DE using an overlapped window and vehich is especially essential at low rate coding.
smoothness constraint. In general, the DV field obtained byWe use the formulation in [5], [22] for the MRF-based DE.
the overlapped window is not likely to be smooth becaus®r the OBM, we set the weighting for the reliability measure,
the MSE/MAE-based prediction is sensitive to various noisg,, equal to zero and separately determiggeaccording to the
effects such as intensity variation. For example, the two imaga®diction error level. For example, a block with higher predic-
in a pair may have slightly different intensity levels due ttion error than a threshold is selected as an OBDC candidate,
the camera noise and lighting condition. In addition, the ladle., ¢; = 1, if [DCD| > T, whereTy denotes a threshold
of texture and/or repetitive texture may prevent consistevalue. The DCD is calculated by taking the difference between
estimation. the predicted block and the original block in the target image,
Therefore, we first estimate a smooth DV field without iti.e., DCD= fZ — f2. Then, for the block with{; = 1, we set
eration by introducing a causal MRF model. In general, cog; = 1, if the energy level of the DCD using OBDC is lower
ventional MRF-based schemes have high computational coas-compared to block-based (nonoverlapped) DC. However, for
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a block having the same DV as its neighbors, wegdggt= 0,

since there is no RD gain by OBDC when the disparity vector 4’"\/
of the neighboring blocks are the same. Meanwhile, if there Window
no gain from block DC or OBDC, we sgt= 2 and then encode function
the original intensity block. d
For DE based on overlapping block, the corresponding co [B_[¢]
function in [5] has to be changed as follows: Compensated Image Bw=2B Reference Image
U(V|Fy, Fp) =U(F|F, V)+UV) Fig. 3. Disparity compensation based on the overlapped block matching.

Connected and dashed areas correspond to a flgcknd an enlarged block

4, respectively.
x > {Il(l—a)Wx(s%—s%j%)ll(" 2 [ESPECTVEY
(i, 7)€

+a Y vy - UZIIQ} )
n

wheren denotes a neighborhood aadrepresents a blockwise
compensation. The weighting constéat< « < 1) controls =)
the degree of smoothness. Each term of the right side in (2)
represents the constraint of the similarity between stereo pair for o :
a given disparity and aa priori assumption on the smoothness (RN T peensmucte d\ ‘

of the DV field. Note that settings = 0, W = I, ands;; = f;; ) Target blocks )
in (2) correspond to conventional FSBM, which only assumes

that the image intensities in the stereo pair are similar along thig. 4. Adaptive windowing for selective overlapped block disparity
DV. compensation. Gives;; = 0 andg;_1,_1 = ¢;_1; = ¢;;_1 = 1, OBM
: . . windows are changed adaptively according tod¢fe OBM windows for: (a)
Also note that, in the proposed scheme, the choice of model,;_,, (b) s:_1;, (¢) s;;_1, and (d)s;;.

parameters is relatively robust. For example, a small fixed

weight (e.g.« = 0.1) is sufficient for the smoothness term for . . . . .
. . the corresponding disparity vectors. Thus, in the conventional
most images, though an optimal valuecotan be selected by

Lagrangian optimization, because the smoothness constrain?%’roa(:h’ the compensauon is performed by summing up the
window-operated nine blocKs.

exploited only to avoid various local minima in DE. However, . .

. . . Note, however, that in the proposed scheme, OBDC is selec-
cpnventlonql MRF schemes, mamly employ?d n C?mpUtﬁ\r/ely applied to those blocks yielding higher prediction errors,
vision, require a more careful selection of an “optimal” set 0I e ¢ — 1, while block DC is applied to all the others ex-
weighting parameters, in order to provide good results. Fepw)u - 2' f én- = 0. the neighboring blocks are regarded

To further reduce the prediction error, the DE/DC is per- WO KA .
formed in half-pixel accuracy, since the actual correspondeq ? having the same disparity vectors and thus the effects of

. : o i € neighboring blocks are ignored. In addition, the adaptively
between the two images may not be aligned with integer plx((:;‘\hanging window shape prevents the oversmoothing effects.

location. Therefore, estimating/compensating the target imagq:. : .
. ; . ; ig. 4 shows an example of resulting window shapes, when
on the interpolated reference image along the disparity vectors

helps to estimate a more accurate DV field and thus reduces frp]% :n (_)na[?_d (7)58 ﬁgg?ﬁ;ﬁfglﬁoﬁf nge" —Ar(])o;rf]fi::tesxr??pk IS
energy of the DCD frame. wn in F1g. . witny; = 9

boring blocks withyy = 1. The nonsymmetrical approach helps

: , . prevent oversmoothing, while reducing blocking artifacts. Note

C. Encoding with Selective OBDC also that the proposed scheme corresponds to the conventional
We selectively apply OBDC to reduce computational con®BDC, if all blocks are set t¢p = 1.

plexity and to increase compensation efficiency. This approachThe encoding procedure based on the proposed selective

works because OBDC is efficient only when the energy level BDC is as follows

boring blocks or when high frequency components exist in the using JPEG.

DCD block. Note that we assume that the block can be compensiep 1 The disparity is estimated using an enlarged bi-
sated effectively without OBDC, if we sef; = 0 for a given linear window withB,, = 2B. The window func-
block. Thus, forg;; = 0, we use a flat window to compensate tion W is operated on the disparity-predicted differ-
the block. Then, OBDC is only considered for the block with ence, without considering DE errors of neighboring
¢ = 1. If ¢;; = 1, we partially use each window to compen- blocks, i.e.||W x {s?, — 42 }|. The corresponding

sate the block, according to the reliability of the corresponding
vector. Otherwise, i.e., ip;; = 2, we encode the block in in-  linthe case where the window width and height are double those of the block,

tramode. instead of the DCD block. i.e., B, = 2 x B, one quarter of a block only depends on three neighboring
' . . . .. locks and itself. For example, each pixel in the upper left part (NW) of the target
As shown in Fig. 3, in OBDC, a target block is influence Iockffj(l\,w> is compensated by the weighted sum of only four neighboring

by the nine overlapped blocks in the reference image alobigcks.
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Reconstructed
(b) Target blocks {d)

Fig. 5. Adaptive windowing for selective overlapped block disparity
compensation. Givegy;; = 1 and¢; 1,1 = ¢;—1; = ¢;;_1 = 0, OBM
windows are changed adaptively according todfe OBM windows for: (a)
Si—1j—1; (0) s;—-1;; (C) s:;—1; and (d)s;;.

DE cost is defined by adding a smoothness cor
straint as shown in (2). The estimation is performe
in half-pixel accuracy.

Step 2 Given aDV, ablockis determined as an OBDC can () (d)
didate, i.e.,¢9j = 1, if the energy level of the dif-

ference is larger than the threshold, i|@CD| = Fig. 6. DV fields for various disparity estimation methods. (a) FSBM (0.061
bpp). (b) DE with MRF (in [5]) (0.058 bpp). (c) DE with OBM (0.058 bpp).

2 £2 i 0 _
|fij = Jijl > Ts. Otherwiseg;; = 0. _ (d) The proposed scheme: OBD with MRF and half-pixel search (0.065 bpp).
Step 3 After DE with windowed BM, for a block with The combined method provides the most smooth and consistent DV field. Note

(/)?j = 1, we compare the energy levels of blockhat the DV field is linearly mapped into intensity between 0-255, and thus the

DC and OBDC. We select the block as an OBDe"ghter' the larger disparity value is.

block, i.e.,¢;; = 1, if the resulting DCD by OBDC

has less energy than that of block DC. If there is nencoded using DPCM, i.e., the difference betwegrand the

gain from either block DC or OBDC, i.e;; =2, median of its causal neighborhood is encoded using DPCM.

the block is coded in intramode. Fig. 6 compares the DV fields for various disparity estima-
Step 4 OBDC is selectively performed for those blockgion methods. As expected, the MRF-based DE estimates a

with ¢;; = 1 by summing up all windowed com- smoother DV field by the tradeoff between the spatial correla-

pensation blocks. tion in a stereo pair and the smoothness in the DV field. The pro-
Step 5 The resulting DV field and DCD frame are encodeghosed hybrid method provides the smoothest DV field, which

using DPCM and JPEG, respectively. For DPCM odippears to be more consistent with the actual DV field.

the DV field, we use a median predictor based on a In our experiments, we use bilinear interpolation as a compro-

predefined causal neighborhood. mise to obtain the half-pixel precision intensity value, as used in

At the decoder, the reference image is decoded first and tHBast video coding standards. Clearly, the higher the subpixel ac-
the target image is reconstructed accordingo e.g., by per- curacy (i.e., the larger displacement space), the greater the prob-
forming OBDC, block DC and non-DC. The final target imag@bility of finding a good match. Obviously, we cannot choose
is reconstructed by adding information from the DCD for thos&n arbitrarily small value because, as the subpixel accuracy in-
blocks that have been predicted. creases, both the rate for the resulting DV field and the number
of candidate blocks being compared in the search areaincreases.

Fig. 7(a) and (b) compare the corresponding RD plots for the
two stereo pairflRoomandAqua,respectively. The proposed se-

In this experiment, the right image is selected as a refererieetive OBDC scheme is compared to FSBM, MRF-based BM,
image and then a constant quantization fact@r (= 75) is BM with half-pixel accuracy, OBDC (based on OBMC), and
assigned for that reference image. Then, we measure the @BDC with half-pixel accuracy in terms of PSNR and bit rate of
formance in terms of bit rates and peak signal-to-noise ratioe target image. Note that we provide a comparison only with
(PSNR) of the encoded target image. Exhaustive search is pisparity compensation schemes that are based on fixed block
formed within a search range of [8;15] pixels in half-pixel size, i.e., each of the proposed approaches would require trans-
accuracy. For the images that do not satisfy the parallax canission of a single disparity vector for each«83 block. Thus,
straint, we search2 pixels in vertical direction. In order to testcomparisons with approaches allowing variable block sizes or
the effectiveness of the proposed algorithm, we have simulategiion based compensation fall outside of the scope of this cor-
its performance for two pairs of stereo images; a synthesizesspondence. Note also that for the natural image pajud,
sceneRoom,and a natural scenégua.The image sizes of the the RD gain of FSBM is relatively small, compared to that for
pairs are 256x 256 and 288x 360, respectively. In the fol- Room.
lowing experiment, we choose a block size ok&8 as a com-
promise between the overhead and the energy of the estimatio—’@tereo pairs and comparisons of DE results [Online]. Available: http://es-
error, and an enlarged window size of £616. The DV field is calus.usc.edu/~wwoo/Stereo/

Ill. EXPERIMENTAL RESULTS
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Fig. 7. The resulting RD plots (&oomand (b)Aqua.We fix the quality of the reference images and then measure the performance in terms of bit rates and peak
signal to noise ratio (PSNR) of the encoded target image (block sizexo88quality factor for the reference imagg = 75): The proposed hybrid scheme is
compared with FSBM, FSBM with MRF, FSBM with half-pixel accuracy, OBM and OBM with half-pixel accuracy. In the plot, “-p-,” “-v-,” and “-s-” denote the
star, triangular, and square-mark lines, respectively.

As expected, the proposed selective OBDC results in an im-better compensation by reducing the energy level of the DCD
proved overall encoding performance, i.e., a lower bit rate flname as well as the blocking artifacts. Note that the main PSNR
the DV field and DCD frame while maintaining a PSNR gaingain of the proposed scheme comes from properly combining
In the proposed OBDC, the modified MRF model-based DE alarious schemes. For example, adaptively changing the window
lows estimating a smooth DV field, while maintaining the enhelps reduce the energy level of the disparity compensation error
ergy level of the DCD frame (or slightly increases accordingghen the disparity estimation is inaccurate. The smoothness
to «). Then, the selective OBDC in half-pixel accuracy resulterm also reduces the increase in rate of the DV field due to
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the half-pixel search. The adaptively changing OBDC window
reduces the oversmoothing problem, as well as blocking arti-
facts. As a result, the proposed selective OBDC scheme Prorg;
vides a higher PSNR, as well as better perceptual quality over
other FSBM schemes such as MRF or OBMC, encoded at the(,-I]9
same rate. According to our experimental results, the propose
modified OBDC scheme obtains a higher PSNR, about 1.5-2
dB as compared to block DC, about 1-1.5 dB over convenlt0l
tional OBMC schemes, and about 0.2-0.5 dB as compared to
an OBMC with half-pixel accuracy. [11]
The results of the proposed selective OBDC schemes can
also be applied to video coding without loss of generality. It is
worth noting that obtaining a smooth disparity is useful for mul-[12]
tiview video coding since the robustness against noise can help
reduce the temporal redundancy between two consecutive dig~
parity fields. Note also that the resulting smooth DV field also
helps generate intermediate-views with lower visual artifacts 4!
the decoder. However, there remain several problems to be re-
solved. The performance can be increased further by adoptings]
more elegant interpolation methods, such as an approximat?lde]
ideal filter or Wiener filter [23], [24]. The overall encoding per-
formance also could be improved by combining the proposed
DE scheme and the dependent bit-allocation scheme proposEd!
in [25], [26]. [18]

(9]
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