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Abstract

We propose a rate-distortion optimized framework that incorporates view synthesis for improved
prediction in multiview video coding. In the proposed scheme, block-based depth and correction
vectors are encoded and used at the decoder to generate the view synthesis prediction data.
The proposed method employs variable block-size depth/motion search,optimal mode decision
including view synthesis prediction, and CABAC encoding of depth and correction vectors. A
sub-pixel reference matching technique is also introduced to improve prediction accuracy of the
view synthesis prediction. Novel variants of the skip and direct modes are presented, which infer
the depth and correction vector information from neighboring blocks in a synthesized reference
picture to reduce the bits needed for the view synthesis prediction mode. Experimental results
demonstrate improved coding efficiency with the proposed techniques.
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ABSTRACT a novel extension of the skip and direct coding modes with respect
Wi te-distorti timized f Kthat i t to synthetic reference pictures. With these methods, we are able to
€ propose a rate-distortion optimized framework that INCOrporates, o yhe sige information, thereby saving bits to generate the view

view synthesis for improved prediction in multiview video coding. synthesis reference data for a block, while maintaining prediction
In the proposed scheme, block-based depth and correction vectg iciency. '

are encoded and used at the decoder to generate the view synthesis The rest of this paper is organized as follows. A review of view
gfrsetjtl;](:/trlr(])gtigﬁtiéz;zﬁ %rot?rﬁ?n?féh doe?cii Eﬁl?g;J’;ﬁatzl?evt\)llzcﬁﬁégynthesis prediction is given in section 2. In section 3, we describe
sisp rediction. and dAgAC encoding of denth and cgrrectior): Vec_the RD optimization framework including view synthesis prediction.

P iy ling ~pth € . In section 4, we discuss various issues related to searching and en-
tors. A sub-pixel reference matching technique is also introduced t

improve prediction accuracy of the view synthesis prediction. NovefgOdIng depth information. In section 5, we introduce the synthetic

variants of the skip and direct modes are presented, which infer th%(lllzvegg Sﬁ?{é}ﬁﬂﬁ% rveyrigrrlfss ?r? tsgéﬁgrzlr?ental results in section 6

depth and correction vector information from neighboring blocks in
a synthesized reference picture to reduce the bits needed for the view

synthesis prediction mode. Experimental results demonstrate im- 2. VIEW SYNTHESIS PREDICTION
proved coding efficiency with the proposed techniques.

I ndex Terms— multiview video coding, view synthesis, predic- Qispa(ity compensated prediction typically u.tilizes a block-ba§§d
tion, depth, mode decision, H.264/AVC disparity vector that provides the best matching reference position
between a block in the current view and reference view. In con-
trast, view synthesis prediction attempts to utilize knowledge of the
scene characteristics, including scene depth and camera parameters,
to generate block-based reference data used for prediction. The dif-

Emerging applications in multiview video such as free-viewpointterence in side information between these two methods of prediction
video [1], 3D displays [2], and high-performance imaging [3] requir g ijustrated in Figure 1.

dramatic increase in bandwidth for their dissemination and make
compression ever more important. Consequently, there are growing
interests in coding techniques that take advantage of the correlation
among neighboring camera views. In response to such needs and in-
terests, the Joint Video Team (JVT) is now working on an extension
of the H.264/AVC standard for multiview video coding [4].

Disparity compensated prediction (DCP) is a well known tech-
nigue for exploiting the redundancy between different views. This
prediction mode provides gains when the temporal correlation is
lower than the spatial correlation, e.g., due to occlusions, objects beest beest
entering or leaving the scene, or fast motion. Martinian, et al. [6] . . o . . i
ditional method of prediction in which a synthesized picture is genlion.
erated from neighboring views using depth information and used as
a reference for prediction. This prediction mode is expected to be To obtain a synthesized reference picture, one needs to find the
complementary to disparity compensation due to the existence g¢fixel intensity predictiorf’ [e, t, z,y] for camerac at timet for each
non-translational motion between camera views and provide gainsixel (z,y) of the current block to be predicted. We first apply
when the camera parameters and estimated depth of the scene #@re well-known pinhole camera model to project the pixel location
accurate enough to provide high-quality synthetic views. (z,y) into world coordinate$u, v, w] via

In this paper, we elaborate on specific techniques within the view
synthesis framework that were not addressed in [6]. Specifically, [u,v,w] = R(c)- A~ (¢) - [x,y,1] - D]e, t,z,y] + T(c), (1)
we incorporate view synthesis into the block-based rate-distortion
(RD) optimization framework and describe joint search algorithmwhere D is the depth and4,R andT are camera parameters [6].
for depth and correction vectors that are needed for high-quality viewlext, the world coordinates are mapped into the target coordinates
synthesis. In contrast to our earlier study, we encode this side injz’,y’, 2’| of the frame in cameré which we wish to predict:
formation using CABAC and the rate overhead for this prediction
mode is included in the final experimental results. We also introduce [y, 2] = A(d) - R - [u, v, w] — T(c). 2

1. INTRODUCTION
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P(xy) {1 . view synthesis prediction is given by:

nthesis arpini —r O
s tywarng g0 Taepen(d 1iic, Lol mbotype) = S |X — X, (d, mite, La)|
Synthesis Xeo
+X- (R4 + R, + R1y) (5)
I(x,y) . L
g0 where(d, m.) denotes the depth/correction-vector pair with respect

to a synthetic reference picture indkx andR4, R, andR;, de-

note the bits for coding the depth, correction vector and reference
picture index, respectively. The minimum between these two pre-
diction techniques is then determined by

Target (camera c) J = min(c]motiom Jdepth) (6)

/

Sub-pel Matching

Reference (camera c¢’) . .. .
In the context of the above formulation, a mode decision is made

by choosing the mibype that minimizes the Lagrangian cost func-
tion defined as

Jmode (mb—tyqumode) - Z (X - Xp)2
Then the intensity for pixel locatiofr, y) in the synthesized frame Xeo
is given asl’[c,t,z,y] = I[c,t,2'/2',y'/2']. Finding the best +Amode - (Rside + Rres), 7
depth D that maps(z, y) into (z’,%’) corresponds to the process . i )
of sub-pixel matching illustrated in Figure 2. On the other hand, Where R, refers to the bits for encoding the residual alidq.
the process of using the beBtto synthesizd’[c, ¢, z, y] is labeled ~ 'efers to the bits for encoding all side information including the ref-
assynthesis by warping in Figure 2. To improve the performance of €rence index and either the depth/correction-vector pair or the mo-
view synthesis prediction, a synthesis correction vegftr, C,,) [7] ~ tion vector depending on the type of the reference picture.
is determined as illustrated in Figure 2. Specifically, we replace (1)

Fig. 2. lllustration of sub-pixel reference matching.

with the following: 4. VSP SIDE INFO GENERATION & CODING
[u,v,w] = R(c)- A~ (¢) - [& — Coyy — Cy, 1] - 4.1. Search Algorithms
Die,t,x — Cp,y — Cy] + T(c). (3)  We use a block-based depth search algorithm to find the optimal

depth for each variable-size MB. Specifically, we define the mini-
The required accuracy of depth values and correction vectors af@um, maximum, and incremental depth valdgs.., dmaz, dstep.
studied further in section 4. Then, for each variable-size MB in the frame we want to predict, we

chooseD(c, t, z, y) to be the deptld which minimizes the error for

the synthesized block:
3. RD-OPTIMIZED FRAMEWORK WITH VSP

D(c,t,x,y) = argmin ||I[c,t,z,y] — I[c',t,2",¢]|| (8)

In our previous work [7], we proposed a reference picture manage dea
ment scheme that allows the use of prediction in other views in th&ith A = {dmin, dmin + dstep, dmin + 2dstep, ---, dmaz . Here
context of H.264/AVC without changing the lower layer syntax. This||[c, t, z,y] — I[c’,t, 2, y']|| denotes the SAD (sum of absolute dif-
is achieved by placing reference pictures from neighboring viewderence) between the MB centered:aty) in camera at timet and
into a reference picture list with a given index. Then, disparity vecthe corresponding prediction synthesized from canaérdn order
tors are easily computed from inter-view reference pictures in théo obtain more reliable depth values, we introduce the depth coding
same way that motion vectors are computed from temporal referate as the penalty term using the same Lagrange multiplier used in
ence pictures. This concept is easily extended to also accommoddfe) and (4):
prediction from view synthesis reference pictures. In the following,
we present an RD-optimization framework that incorporates view
synthesis prediction and method for performing mode decision.

To describe the RD framework, we use MB to refer to differ-

D(e,t,w,y) = argmin [|I[e,t, 2, y] — [, t, 2", y'][|[+X Ra (9)
€

Recall from Section 2 that the correction-vector is used to improve

ent macroblock and sub-macroblocks partitions from 16 to 8x 8. the view synthesis q“?""y- In fact, we fmq the best combln_atlon
) . . ) . of a depth and correction vector by searching over a small window
We define the cost of performing a motion compensated or disparit

compensated prediction for a given rmype as: (typically no larger than size»22) for the best correction vector that
P P 9 ' minimizes the SAD in (8) or (9) for each depth-value candidate
Since the disparity of two corresponding pixels in different cam-

Imotion (17, lm|Mb_type) = Z | X — Xy (1, 1) eras is, in general, not given by an exact multiple of integers, the
Xee coordinategz’, ', 2’| of the reference frame (as given by (2)) in
+X- (Rm + Ru,,)- (4) camera:’ which we wish to predict from does not always fall on the

integer grid. Therefore, we propose to interpolate the sub-pixel po-
wherem denotes a motion vector with respect to the reference picsitions in the reference frame. The matching algorithm then chooses
ture indexl.,, R., and R;,, denote the bits for coding the motion the nearest sub-pixel reference point, thereby approximating the true
vector and reference picture index, respectively, aigla Lagrange disparity between the pixels more accurately. Figure 2 illustrates this
multiplier. X and X,, refer to the pixel values in the target MB process. The same interpolation filters adopted for sub-pixel motion
and its prediction, respectively. Similarly, the cost of performing aestimation in H.264/AVC were used in our implementation [8].



4.2. Encoding of Side Info tional skip. The same signaling method is used for the direct-modes

) . . o in B-slices, where residual information is present (unless cbp=0).
With view synthesis prediction, we encode a depth-value and a cor-  \pith these proposed synthetic skip and direct modes, it is pos-

rection vector for each MB that selects the view synthesis predictioQ;,e 1o invoke the view synthesis prediction modes with very little

mode according to the RD mode-decision as given by (7). The efye gyerhead for cases in which side information could be effec-
coding of this information is done similar to the CABAC encoding of tively inferred from neighboring blocks.

motion vectors in H.264/AVC [8]. For instance, depth values are pre-
dicted and binarized in the same way as motion vectors, and similar
context models are used. When an MB is chosen to use view synthe-

sis prediction, but has no surrounding MBs with the same referenc?l,1 this section we analyze the performance of view synthesis pre-
its depth is independently coded without any prediction. Similarly,

each component of a correction vector is binarized using the fixeaq'Ct'On' Experiments are conducted using 100 frames of the break-

length representation followed by CABAC encoding of the resuItingdaenﬁ/le\r/scsciq#;rgcnecitnﬁist:;ﬁ's -[I;Sqe;;gﬁesn?ci'; fﬁ:gde:rtﬁ:cjg:dﬁ?g to
bins. Note that correction vectors are not predictively encoded ag,h . : g 'SP P .
: A erarchical coding structure with GOP size of 15. Our view synthesis
they are usually not well-correlated with their neighbors. . .
o . ; - techniques are built into the JIMVM 1.0 software.
In addition to the sub-pixel reference matching discussed above, ™ _. -
Figure 5(a) compares the RD performance of the multiview codec

we found it helps improve the quality of synthesized prediction toWith and without view synthesis prediction averaged over all 100

use correct_lon_vectors with sub-pixel accuracy as well. However_, thf"rames of the B-views, which are the views that utilize two spatially
best combination of a depth and correction vectors to synthesize g

S . . .~ ~neighboring views from different directions in addition to temporal
prediction for a target MB should be determined in the RD o.pt'marlprediction. While the gains are not substantial at the higher bit-rates,
sense. In other words, the accuracy should not only consider the

quality of the synthesized prediction, but also the cost of coding thévri db%tt\),\tl)eseer:vg;gtnadbloegzlgs in the middle to low bit rate range that

side information. In general, correction vectors are harder to com- In Figure 5(b) we examine the results averaged over all anchor
press as they tend to be less-correlated with each other than depths, : ; -
Also, search for the best correction vectors with a small search griglctures, which are pictures that do not employ temporal prediction
significantly increases the computational load as this vector is a twQs
dimensional quantity while depth is one-dimensional. We found the?f>
using a finer grid for depth search with a coarser correction vect

resulted in similar RD-performance.

6. RESULTS

nd are used to facilitate random access points. These results include
-views, which are views that utilize one spatially neighboring view.
ot is shown that the use of view synthesis prediction provides some
{mall gains, but the average gains over all views are less than the
gains observed in B-views. The main reason for this is because the
use of view synthesis in addition to disparity compensation did not
5. SYNTHETIC SKIP/DIRECT MODES result in the same amount of relative bit savings for an anchor pic-
ture, which typically requires much higher bitrates to encode than
In conventional skip and direct coding modes in H.264/AVC, motion-non-anchor frames due to the lack of temporal prediction. This sit-
vector information and reference indices are derived from neighuation is aggravated for anchor pictures in P-views as they employ
boring macroblocks. Considering inter-view prediction based orpnly one inter-view prediction.
view synthesis, an analogous mode that derives depth and correction- Next, we analyze the performance of the RD mode decision.
vector information from its neighboring macroblocks could be con-Figures 3 and 4 show the resulting mode decision map for a non-
sidered as well. We refer to this new coding mode as synthetic skipnchor and anchor pictures with different QPs, respectively. In Ta-
or direct mode. ble 1, we provide the percentages of 8 MBs using VSP or syn-

In the conventional skip mode (P or B slice), no residual datghetic skip/direct modes (S-Skip) in both cases. One can see that
is coded and the first entry (for P-skip) or the earliest entry among/SP is chosen more frequently in the anchor picture as no temporal
neighboring blocks (for B-skip) in the reference list is chosen as thé€eferences are being employed. Also, there is a tendency that more
reference to predict and derive information from. Since the metho&-Skip modes are chosen as QP becomes larger. The fact that many
for reference picture list construction would simply append the viewS-Skip modes are chosen in the anchor picture case suggests that
synthesis reference to list, the reference picture for skip mode couldBs through S-Skip (using depth information) are often more use-
never be a view synthesis picture with existing syntax. Howeverful as prediction than MBs through conventional skip/direct modes
since the view synthesized picture may offer better quality comparefHsing disparity vectors).
to the disparity or motion-compensated view, we consider a change
to the slice data syntax and decoding process to allow for skip and 7. CONCLUDING REMARKS
direct mode based on the view synthesis reference.

To consider the skip mode with respect to a view synthesis refetVe proposed a rate-distortion optimized framework that incorpo-
ence, we introduce a synthetic skip mode that is signaled with mod-ates view synthesis for improved prediction in multiview video cod-
ifications to the existing miskip_flag. Currently, when the existing ing. We described the means by which side information used for
mb_skip_flag is equal to 1, the macroblock is skipped, and when it isview synthesis prediction is generated and encoded. We also in-
equal to 0, the macroblock is not skipped. With the proposed changé&pduced a new synthetic skip/direct mode, which infers side infor-
an additional bit is added in the case when_shiip_flag is equal to  mation for view synthesis prediction from neighboring blocks. The
1 to distinguish the conventional skip mode with the new synthetigproposed coding technique have shown to be effective at low to mod-
skip mode. If the additional bit equals 1, this signals the syntheti@rate bit-rates, and especially for B-views that employ two spatially
skip, otherwise the conventional skip is used. When a synthetic skipeighboring reference pictures. There are many open issues that
mode is signaled, the first/earliest view synthesis reference pictumgarrant future research. For one, we feel that an improved depth
in the reference picture list is chosen as the reference instead of tlsearch algorithm would improve prediction efficiency. Also, the bit-
first/earliest entry in the reference picture list in the case of convenallocation strategy considering inter-view dependency might allow



(a) view 1, frame 22 (b) QP=40 (c) QP=32 (d) QP=22

Fig. 3. RD-mode decision map for non-anchor picture of breakdancémskBnon-VSP, Gray: VSP (skip), White: VSP (non-skip).

(a) view 1, frame 30 (b) QP=40 (c) QP=32
Fig. 4. RD-mode decision map for anchor picture of breakdancers. Blamk:VSP, Gray: VSP (skip), White: VSP (non-skip).
for increased coding gains. Finally, prediction structures that utilize

more bi-directional coding of views would seem to provide better Breakdancers, B-views
overall results.

Table 1. Statistics of RD-mode decision for view 1 of breakdancers.
non-anchor (frame 22) anchor (frame 30)
QP | % of VSP | % of S-Skip | % of VSP | % of S-Skip
40 11.2 10.1 42.1 39.5 )
32 13.8 11.3 36.0 29.6 z
22 76 3.4 15.6 4.9 £
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Fig. 5. RD comparison between DCP and DCP+VSP
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