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Error Compensation
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Abstract—In asymmetric resolution stereoscopic video coding
(ARSVC), to reduce the bitrate required for bandwidth-limited
channels, each downsampled right-view frame is a quarter the
size of the corresponding left-view frame and will be upsampled
to the original size by the decoder. In this paper, two upsampling
methods for ARSVC are proposed. The first proposed method
integrates the traditional Wiener filter-based method and the
interview prediction scheme by incorporating the information
from the similarity between the left-view and right-view frames.
By compensating for the prediction errors, the second proposed
method further improves the quality of the upsampled images
obtained by the first proposed method, especially in the sequences
with heavy irregular textures.

Index Terms—o6-tap filter, asymmetric resolution stereoscopic
video coding (ARSVC), bitrate reduction, error compensa-
tion, interview prediction, three-dimensional television (3-D-TV),
upsampling, Wiener filter.

1. INTRODUCTION

OWADAYS, three-dimensional televisions (3-D-TVs) [1]

are becoming increasingly popular in the multime-
dia and entertainment markets. By synthesizing stereoscopic
video sequences, 3-D-TV could provide users with a vivid
viewing experience via realistic 3-D scenes. A stereoscopic
video sequence consists of two video sequences, one left-
view sequence and one synchronized right-view sequence.
However, independently encoding the two video sequences
results in double storage space and transmission bandwidth
requirements. Constrained by limited storage and bandwidth,
encoding stereoscopic video sequences with a lower bitrate is
therefore crucial [2], [3].
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The suppression theory of our binocular vision system [4]
indicates that one view frame of a stereoscopic image pair, say
the right-view frame, can be encoded at a lower bitrate than the
other view frame, that is, the left-view frame, without visual
quality degradation. Subsequently, researchers have proposed
asymmetric stereoscopic video coding (ASVC) to realize the
above bitrate reduction suggestion for stereoscopic video se-
quences. According to resolution or quality considerations,
ASVC can be classified into two categories; asymmetric reso-
lution stereoscopic video coding (ARSVC) and asymmetric
quality stereoscopic video coding (AQSVC). For ARSVC,
several methods [5]-[11] have been presented to encode
the left-view and right-view video sequences with different
resolutions; while for AQSVC, several methods [12]-[17]
have been presented to encode stereoscopic video sequences
with different quality levels. Both categories provide good
opportunities to substantially reduce the bitrate requirement
when encoding stereoscopic video sequences [18], [19]. In
this paper, we focus on ARSVC and present new quality-
efficient upsampling methods for asymmetric stereoscopic
video coding by integrating the Wiener filter, interview motion
compensation, and error compensation.

In ARSVC, each right-view frame is downsampled to a
smaller one while fixing the size of the corresponding left-view
frame [5]-[8]. The right-view frame is usually downsampled
by a factor of two in both horizontal and vertical directions,
resulting in a bitrate reduction effect. After receiving the
encoded downsampled right-view frame on the decoder side,
the encoded frame is decoded first, and then an upsam-
pling process is necessary to reconstruct the full sized right-
view frame. In [5]-[8], each decoded downsampled right-
view frame is upsampled by using the 6-tap filter (6TF)-
based method proposed in H.264/AVC [20]. Besides the 6TF-
based method, the Wiener filter (WF)-based method [21] is
an alternative although the method in [21] was originally
used to upsample still images. Recently, two improved WF-
based upsampling methods, one by Zhang [22] and the other
by Zhang et al. [23], have been presented. Zhang proposed
the soft-decision adaptive interpolation (SAI) method which
estimates the missing pixels in a block and jointly trains
the relationship not only between the known pixels and the
missing pixels but also between the missing pixels themselves
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to improve the WF-based method significantly. By connecting
the downsampling and upsampling processes, Zhang et al.
proposed the interpolation-dependent image downsampling
with the edge-directed interpolation (IDID-EDI) method to
obtain a downsampled frame which contributes to minimize
the upsampled error. However, the four existing methods only
consider a single image frame without using the relationship
between the left-view frame and the corresponding right-
view frame. To fully utilize the fact that each right-view
frame and the corresponding left-view frame are very much
alike, we propose two upsampling methods which utilize the
interview prediction scheme, the Wiener filter, and the error
compensation scheme to improve the estimation of the missing
pixels in the right-view frame.

In this paper, the first proposed upsampling method inte-
grates the interview prediction (IP) scheme and the traditional
WF-based method. For simplicity, the proposed method is
called the WFIP; it has quality gain when compared with the
traditional WF-based method. To realize the proposed WFIP
method, two efficient implementations, WFIP_1, adopting the
extra-bit recording strategy, and WFIP_2, adopting the fixed-
weight strategy, are presented. Next, we incorporate the error
compensation scheme into the proposed WFIP method to
obtain the proposed WFIP-EC method which can further refine
the quality of the upsampled images. Finally, a training-based
group merging approach is presented to balance the trade-
off between the bitrate reduction and the quality increase for
the proposed WFIP-EC method. Experimental results confirm
the quality benefit of our proposed upsampling methods for
middle and high bitrate cases when compared with the 6TF-
based method, the WF-based method, the SAI method, and the
IDID-EDI method. The proposed upsampling methods are less
competitive, however, for low bitrate cases, but these seldom
occur in practice since a low bitrate often leads to visual
discomfort in 3-D synthesized scenes.

The rest of this paper is organized as follows. Section II
surveys the 6TF-based method and the WF-based method for
ARSVC. Section III presents the proposed WFIP method and
its two implementations. Section IV presents the proposed
improved version of the WFIP and WFIP-EC methods. In
Section V, some experimental results are reported to show
the quality superiority of the proposed upsampling methods.

II. TWO EXISTING UPSAMPLING METHODS FOR ARSVC:
THE 6-TAP FILTER-BASED METHOD AND THE
WF-BASED METHOD

In this section, two existing upsampling methods, the 6TF-
based one and the WF-based one, for ARSVC are briefly
presented. Before introducing these two methods, however, we
first sketch ARSVC. As shown in Fig. 1, the input stereoscopic
video sequence is composed of a left-view video sequence
and the synchronized right-view video sequence. In the two
sequences, the f-th left-view frame and right-view frame are
denoted by L/ and R/, respectively, each with size H x W.
For the f-th right-view frame, the encoder first applies the
downsampling process to construcg a downsampled right-view

H
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Fig. 1. Flowchart for ARSVC.

and 0 < j < % — 1, denotes the pixel at location (i, j) in the
downsampled right-view frame. Instead of encoding R/, the
encoder encodes RP/ to obtain the bitrate reduction effect.

In ARSVC, the encoding strategies for L/ and RP/ are
somewhat different. For L/, each current block is predicted
either by inter prediction or by intra prediction in the joint
multiview video coding (JMVC) standard [25]; in inter predic-
tion, the motion compensation is applied to the current block
by referring to the previous left-view frame. In order to remove
the redundancy between the two views in a stereoscopic frame
pair, the disparity compensation [24] or inter prediction is
used to predict RP/ by referring to either the downsampled
version of L/ or the previous downsampled right-view frame,
respectively. After encoding the prediction errors of L/ and
RP/ by the discrete cosine transformation-based (DCT-based)
technique, the encoded stereoscopic frame pair is transmitted
to the decoder side for displaying the 3-D scene.

A. 6-Tap Filter-Based Upsampling Method

Based on the 6TF-based upsampling method used in
H.264/AVC, the decoder first decodes the encoded left-vew
frame and downsampled right-view frame to obtain L/ and
RP/ | respectively, and then reconstructs the full-sized right-
view frame R/ from RP/. As shown in Fig. I, the circle-
marked pixels in R/ are duplicated from R?/ and we have
R{i,Zj = Rf_{, 0<i<%—1and0 < j< ¥ —1.Except for the
known circle-marked pixels, the cross-marked pixels, triangle-
marked pixels, and square-marked pixels, which are located at
positions (2i,2j+ 1), 2i +1,2j), and 2i +1,2j+ 1) in R/,
respectively, are the missing pixels to be estimated by the 6TF-
based method. It first interpolates all R;‘m“s and R}, , S
that is, the cross-marked pixels and the triangle-marked pixels,
respectively, by computing

Rgilj“ T 3p2i2j-4 T 3y Ryinj ot 32 Rzi,zj +
20 - 5. |
§R£,2j+2 - §R£,2j+4 + §R£,2j+6 ey
and
— 1 5 - 20 _
R{i+1,2]~= ﬁR{i_“] 32R£_221+§R{i’2]+
20 of 5 =f 1 =f
§R2i+2 2j §R2i+4,2j + §R2i+6.2j' @)
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Finally, making use of the known circle-marked, cross-marked,
and triangle-marked pixels, the square-marked pixels are in-
terpolated by

Hf Vf
Fivipji + Foii 20

R{l+l 2+ = : ) : 3
where
1 - 5 -
H
F21-{l 2j+1 = 35 R{i+l,2j—4 - ﬁRgiH,Zj—Z +
20 - 20 -
32 R21+1 2/ 32 R21+1 242 T
5. 1 .
§R£+1,2j+4 + §R§i+1,2j+6 )
and
, 1, 5
Vf f f
Fyliinje = 372R2i74,2j+1 - 372R2i72,2j+1 +
0. 20,
3 2i2j+1 T 3 2l+2,2j+1 -
5, Lo
§R2i+4,2j+1 3 Riv6 041+

®

B. Wiener Filter-Based Upsampling Method

In this subsection, the WF-based upsampling method [21] is
introduced. For each missing pixel, if the variance of its four
nearest neighboring pixels is larger than the threshold, say
eight empirically, the missing pixel is predicted to be an edge
pixel; otherwise, it is predicted to be a non-edge pixel. The
bilinear interpolation method is used to estimate each missing
non-edge pixel. The WF-based method is applied to estimate
each missing edge pixel. Among the three kinds of unknown
pixels in Fig. 1, the WF-based upsampling method first in-
terpolates the square-marked pixels Rgm,z +18 by referring to
the four existing decoded circle-marked pixels, R{ﬂ i Rg,.,zj s
Rins j» and Rl j+2» Using the least square technique. For
easy exposition, the index pair (2i + 1,2 + 1) is replaced by
(m,n). Thus R/ is estimated by

m,n
pf
Rm, —Ol()Rm l,n—

+or3 Rm+1 n+l (6)

1 +a1Rm 1,n+1 +a2Rm+l n—1

where the four unknown coefficients, o, @, o, and o3,
are determined by the following window-based least square
technique. As shown in Fig. 2,2 7x7 (= 3x2+1)x(3x2+1))
window is adopted and the number of reference circle-marked
pixels is sixteen; these reference pixels Rm +k.niSs Where k and
I are odd and —3 < k,I/ < 3, are rearranged as a 16 x 1
vector y. The vector y is put into (7), in which each entry
R,’; +knss € Y is equal to the inner product of the four pixels,

f f f
Rm+k 2,n+H—2° Rm+k 2,n++2° Rm+k+2,n+l 2, and Rm+k+2 n+i+2> and
the four unknown coefficients.
argmin ||y — Ca||? ©)
o
where
- [wf o o ’
y= Rm73,n73 Rm73,n71 e Rm+3,n+3 (8)
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Fig. 2. Reference circle-marked pixels for estimating square-marked pixels

R2i+1,2j+ls'
nf > nf f
I_?m75,n 5 ]_?m 5.n—1 I_er}lfl,n75 Rr}t I,n—1
C = .R;n—S,n—S Rm 5,n+1 'Rm—S,n+l Rm Ln+1 (9)
Bf of f !
Rm+1,n+1 Rm+l,n+5 Rn+5 n+1 Rm+5 n+5
and

-

o= [Ol() o] O 0[3}T (10)

Following the least square technique, the four unknown coef-
ficients are determined by

a=(CTc)y ' (CTy). (11)

By (6), the square-marked pixels are thus estimated. We now
proceed to estimate the cross-marked pixels. For convenience,
the index pair (2i,2j + 1) is replaced by (m, n). As shown in
Fig. 3, the missing cross-marked pixel Rf can be estimated
with the help of the two circle-marked plXClS
ern n—1°

It yields
Rf n= /301_3}:;,1’,, + 131 Rhc,nfl + leR;):zl,rHl + ﬁ3R£+1,n'

Similar to solving (7), we can solve the four unknown
coefficients in (12) by solving the related overdetermined
system which is constructed from the sixteen reference pixels
marked by circles and squares in the (S+1) x (S + 1) diamond
window, as shown in Fig. 3.

RS
m, n+l and

and the two square-marked pixels, R/ and R/

m—1,n m+l,n*

12)

III. FIRST PROPOSED WIENER FILTER- AND INTERVIEW
PREDICTION-BASED UPSAMPLING METHOD:
THE WFIP METHOD

This section presents the first upsampling method which
integrates the Wiener filter and interview prediction scheme.
It is called WFIP method, and involves a hybrid approach
combining the WF technique and the IP scheme. Especially,
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the left-view frame and the downsampled right-view frame
are used together as the training data during the upsampling
process. In order to take the interview correlation into account,
R/ is first partitioned into a set of non- overlappmg 16 x 16
blocks bes 0<acx ——1 and 0 <b < ——1 in which for
each block B,{ 5 the p1xe1 in the upper-left corner is denoted
by R16a 165+ FOr each Bf , in R/, the best matched block in a
2D+1)x(2D+1) search WlndOW of L' can be characterized
by the motion vector (xa be ya ») in (13), which minimizes the
sum of absolute differences between Ba’b and the reference
block in the search window

f(x,y) (13)

f f :
X = ar; min
( a,b’ ya.b) g —D<x,y<D

where

77
nf i/
flx,y) = Z Z | Rigasok, 166421 — Lisarssok,16pys2l- (14)
k=0 =0

Here, D is set to 20 empirically. Note that in Bi »» only the
decoded pixels Rg’zjs, 0<i<®ando0=<,;=<?¥, are
considered in the above block matching process.

For each partitioned 16 x 16 block in R/, after performing
the above block matching process, the best matched block
in L/ has been found. Because L/ is of full size, a smaller
window with size (S+1)x(S+1) is adopted to cover the training
data instead of adopting the window with size (25+1)x (2S+1)
mentioned in Fig. 2. Fig. 4 shows a 4 x 4 WlndOW and the
covered training data contains sixteen pixels Lm kS =1 =
k,1 < 2. The resultant overdetermined system is given by

argmin ||y, — Craz | (15)
ar
where
s 2 2
L= [mel,nfl mel,n e Lm+2,n+2 (16)
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Fig. 4. Interview correlation for estimating the missing pixel 1_?2.“_2].“.

L tny Lo B,
C, = .Lm 2,n— le 241 L1 Linnnt a7
I:nfl+l,n+l I:r{l+],n+3 I:r{1+3,n+l zr{l+3,n+3
0, = [ag oy Ol3]T (18)
ay can be obtained by
dr = (CLCL)™ (CLL). (19)

The determined four coefficients are thus used to estimate
the square-marked pixels. Further, we estimate the cross-
marked pixels in the same way, and finally estimate the
triangle-marked pixels.

When estimating each missing pixel, its estimated value
may be obtained by the WF-based method or by the proposed
IP-based method. In what follows, we present two implemen-
tations to resolve this controversy. In the first implementation,
called the WFIP_1 method, for each pixel, the encoder com-
pares its two estimation errors, one generated by the WF-based
method and the other generated by the proposed IP-based
method, and then uses an extra bit to record which method
is preferred for estimating the missing pixel. On the other
hand, according to the recorded extra bit, for each missing
pixel, the decoder easily knows which one, the WF-based
method or the proposed IP-based method, should be applied to
estimate the missing pixel. To achieve a compromise between
the bitrate and the quality, a block-based strategy is suggested
and each missing pixel in the 16 x 16 block shares one
common favorite extra bit. To record the extra-bit bitstream,
we first apply the WF-based method and the proposed IP-based
method to upsample R”/, respectively, to obtain two full sized
right-view frames. We then calculate the two estimation error
maps between the original right-view frame and the upsampled
right-view frames generated by the WF-based method and the
proposed IP-based method, respectively. Based on the two
estimation error maps, for each block, an extra bit 1 is recorded
if the WF-based method is better than the proposed IP-based
method; otherwise bit O is recorded. Fig. 5 depicts the two
implementations, the WFIP_1 and WFIP_2 methods, for the
proposed WFIP method. As shown in Fl% 5(a), the encoder
encodes L/ and R”/ as a b1tstream BSy, and then sends it
and the extra-bit bitstream BSX to the decoder. As shown
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Fig. 5. Two implementations, the WFIP_1 and WFIP_2 methods, for the
proposed WFIP method. (a) Encoder side of the WFIP_1 method. (b) Decoder
side of the WFIP_1 method. (c) Decoder side of the WFIP_2 method.

in Fig. 5(b), after receiving the two bitstreams, the decoder
reconstructs the left-view frame L/ and the downsampled
right-view frame R/ according to the bitstream BS g and then
upsamples R?/ to the full sized R/ according to BS]. Our
experiments show that the average PSNR improvement of the
proposed WFIP_1 method is 0.70dB when compared with
the WF-based method; the average bitrate overhead is 6.16%
when the values of quantization parameters (QPs) are set to
16, 20, 24, 28, 32, 36, and 40.

After examining BS){, the ratio of the number of Os over
the number of 1s is 3/2. Therefore, each missing pixel in the
right-view frame can be estimated by

RIWFIP = 0.6 x REP 10.4 x RfWF

m.,n

(20)

where RA"F and R/P denote, respectively, the upsampled
pixels obtamed by the WF based method and the proposed IP-
based method. Different from the first implementation which
performs the upsampling process on both the encoder and
decoder sides, the second implementation only performs the
upsampling process on the decoder side. Under seven testing
stereoscopic video sequences for QP=16, 20, 24, 28, 32, 36,

and 40, the average PSNR improvement of the proposed
WFIP_2 method over the WF-based method is 0.50dB; the
proposed WFIP_2 method has no bitrate overhead.

IV. SECOND PROPOSED WFIP- AND
ERROR-COMPENSATION-BASED UPSAMPLING
METHOD: THE WFIP-EC METHOD

In this section, the second proposed upsampling method, the
WFIP- and error compensation-based (WFIP-EC) method, is
presented. In the proposed WFIP-EC method, we improve the
proposed WFIP method by adopting the error compensation
scheme to further refine the quality.

After performing the proposed WFIP method, let the es-
timated value of each square-marked pixel be denoted by
RIWFIP (m,n) € (2i +1,2j + 1), and the corresponding
estimation error be E/\""F/F The refined square-marked pixel
can be obtained by

RfWFIP EC _

f WFIP
m,n R

+ ELNEIP 21)
Following the same correlation assumption discussed in the

WF-based method, the error compensation term E:\"FIP can

be estimated by the four estimation errors, E,fnwf;P 1s E,{lwlnnil,
and EfWFIP ’

m+1.ns1> Of the four circle-marked pixels in
the right-V1ew frame, and the four estimation errors can be
calculated by

E f WFIP R f WFIP

=R/, - (22)
where (k,]) e {(im—1,n—1),(m—1,n+1),(m+1,n—1), (m+
1, n+1)}; as shown in Fig. 6(a), R[’ }W’P is calculated using the
proposed WFIP method by referrmg to the four nelghbormg
circle-marked pixels Rk 20-2> Rk 2.1425 Rk+2, 5, and Rk+2 142

As shown in Fig. 6(b), after calculating the four error terms,

ENP for (kD) e {m—1,n—1),(m—1,n+1), (m+1,n—
l), (m + 1,n + 1)}, the unknown error term Ef" P of the
squared-marked pixel can be estimated by

WFIP LWFI LWFIP
Erj:ln VE ln l+y1Em ln+1+
WFIP
VzEm+1 n— 1 + )/3Er{1+1 n+l* (23)

The above error compensation scheme can be applied to
estimate the related error compensation terms of the cross-
marked pixels and triangular-marked pixels. Because the de-
coder does not have the original values of the square-marked
pixels, the corresponding estimation errors cannot actually be
computed. Therefore, we propose a training-based approach
on the encoder side to determine the four coefficients yy, i,
y»2, and y3. Instead of sending four new coefficients to the
decoder for estimating the error compensation term of each
square-marked pixel, the encoder only needs to send twelve
coefficients in total to the decoder for refining the quality of
the upsampled right-view frame. In what follows, the details
of the training process are described.

Let the four neighboring error terms of the current square-
marked pixel be called the error pattern. After collecting all
these error patterns as a training set, the encoder first classifies
them into seven groups, and then they are further merged
into three compact groups by the affine mapping technique.
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Fig. 6. Depiction of the proposed error compensation scheme. (a) Comput-
ing error terms of the four decoded circle-marked pixels. (b) Estimating the
error of the square-marked pixel using the four neighboring error terms.

It is known that the error pattern P/ consists of EFWEIP

m,n m—1,n—1°
EfWFIP 5 fWFIP 7 LWFIP . .
E, et Epyrprs and E, 7. According to the gradient

direction and magnitude of each training error pattern, the
following classification rule is used to determine the group
index that the error pattern P, belongs to

G it (IELY |+ | ELY -
(Ep |+ 1 Bt 1) > To
G if (IELY D |+ 1 ELe T -
(ES T |+ ELNIE D > Tg
Gs, it (IEEYTP )+ |EAVTIP -
N e
Pon €4 Gaif (1Ey oy |+ 1y iD=
1D >Tc

= WFIP = WFIP
(E}, Ef
. = WFIP [ WFIP
Gs, if (|E” +ELSE -

(24
71,n71| + m—1,n+
m—1,n—1

= fWFIP = fWEIP
(|Em—l,n+1| + |Em+l,n+1|) >Ts

.o | WEIP 7 WFIP
Ge, if (ELTIE |+ 1ELYIIE p—
7 fWFIP o fWFIP
(|Em—1,n—1| + |Em+1,n—1|) > TIg
G7, otherwise

where the threshold 7 is set to 17 empirically. In (24), the
error pattern P}, € {Gy, G2} indicates that P} belongs to
a diagonal group because P , has a diagonal texture; P} , €
{G3, G4} or Pf, € {Gs, G} implies that P}, belongs to a
horizontal group or vertical group, respectively, because P,{:’n
has a horizontal texture or vertical texture; otherwise, Pn{’n is
classified to G7.

In what follows, an affine transformation technique is
adopted to merge the above seven groups into three compact
groups. Since the error pattern in G; can be transferred to
that in G, by horizontal mirror mapping and vice versa, we
thus merge G; and G, into a new group, say G,. G3 and G4
can be merged into a new group, say G, by vertical mirror
mapping. Furthermore, since we can map the error pattern in
G; to be that in G5 or G¢ by rotating the error pattern in
G3 by 90 or -90 degrees, respectively, we thus merge Gs3,
G4, Gs, and Gg into a new group, say G,. For convenience,
G is renamed to G.. Based on the three compact groups, we
collect all error patterns belonging to the same group, then the
least square method is applied to these collected error patterns
in the same group G,, g € {a, b, c}, and the four unknown
coefficients, 5, y§, ¥5, and 5, can be determined. Based on
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(g)

Fig. 7. First right-view frames. (a) Alt Moabit sequence. (b) Rollerblade
sequence. (c) Car sequence. (d) Horse sequence. (e) Bullinger sequence.
(f) GT Fly sequence. (g) Undo Dancer sequence.

the above group merging technique, instead of sending four
new coefficients to the decoder for refining the estimation of
each missing pixel in the right-view frame, the encoder only
needs to send twelve coefficients in total to the decoder to
refine the estimation of all missing pixels. After receiving the
twelve coefficients, the decoder builds up a table to record
them. To refine the estimation of each missing square-marked
pixel, the decoder will select the proper four coefficients from
the table based on the group type that the error pattern of the
current missing pixel belongs to. Next, (23) is used to calculate
the error compensation term. Further, (21) is applied to refine
the estimation quality of each missing square-marked pixel.
By the same arguments, a similar error compensation process
can be applied to the quality refinement of upsampled cross-
marked pixels and triangular-marked pixels. The above pro-
posed training-based group merging approach not only leads
to a significant bitrate reduction effect, but the experimental
results also demonstrate a sufficient quality refinement.

V. EXPERIMENTAL RESULTS

In this section, seven test stereoscopic video sequences
are downloaded from the website [26] to compare the per-
formance among the 6TF-based method [20], the WF-based



436 IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS FOR VIDEO TECHNOLOGY, VOL. 24, NO. 3, MARCH 2014

Right-view %—»

Fig. 8.

GOP structure used in our experiments.

(e)

Fig. 9. Quality benefit of the proposed WFIP_1 and WFIP-EC_1 methods
over the WF-based method for the Alt Moabit video sequence. (a) and (b) are
the residuals between Fig. 7(a) and the upsampled frames generated by the
WE-based method and the proposed WFIP_1 method, respectively. (c) Better
upsampled pixels in white using the proposed WFIP_1 method. (d) Residual
between Fig. 7(a) and the upsampled frame generated by the proposed WFIP-
EC_1 method. (e) The better upsampled pixels in white using the proposed
WFIP-EC_1 method.

method [21], the SAI method [22], the IDID-EDI method
[23], the proposed WFIP methods, and the proposed WFIP-
EC methods for ARSVC. The performance comparison is
evaluated by the two terms, the bitrate and the quality in
terms of PSNR. In our experiments, the seven test video
sequences are the Alr Moabit sequence, each frame with
size 512 x 384, the Rollerblade sequence, each frame with
size 320 x 240, the Car, Horse, and Bullinger sequences,
each frame with size 432 x 240, and the GT Fly and Undo
Dancer sequences, each frame with size 1920 x 1088. Fig. 7
demonstrates the first right-view frames of the seven test
sequences. All experiments were implemented on an IBM
compatible computer with an Intel Core i7 3770 CPU 3.40
GHz and 16GB RAM. The operating system was Microsoft

(e)

Fig. 10. Quality benefit of the proposed WFIP_1 and WFIP-EC_1 methods
over the WF-based method for the Horse video sequence. (a) and (b) are
the residuals between Fig. 7(d) and the upsampled frames generated by the
WF-based method and the proposed WFIP_1 method, respectively. (c) Better
upsampled pixels in white using the proposed WFIP_1 method. (d) Residual
between Fig. 7(d) and the upsampled frame generated by the proposed WFIP-
EC_1 method. (e) The better upsampled pixels in white using the proposed
WFIP-EC_1 method.

Windows 7; the program development environment was Visual
C++ 2005; the implementation platform was JMVC 8.5.
The GOP size was set to 8 and its structure is shown in Fig. 8.
Seven different QPs, 16, 20, 24, 28, 32, 36, and 40 are selected
for encoding the seven test sequences. The parameter S related
to window size for constructing the overdetermined system is
set to 7 and the radius D related to the search window in
the block matching process is set to 20. In what follows, three
kinds of experiments are carried out to demonstrate the quality
superiority of our proposed upsampling methods.

The first experiment demonstrates the quality improvement
of the proposed WFIP and WFIP-EC methods over the WF-
based method. As shown in Fig. 9, we only show the quality
benefit of the proposed WFIP_1 and WFIP-EC_1 methods be-
cause that of the proposed WFIP_2 and WFIP-EC_2 methods
is the same. Given a right-view frame as shown in Fig. 7(a),
for QP =16, Fig. 9(a) illustrates the residual between Fig. 7(a)
and the upsampled frame by using the WF-based method.
Fig. 9(b) illustrates the residual between Fig. 7(a) and the
upsampled one by using the proposed WFIP_1 method. As
shown in Fig. 9(c), the better upsampled pixels produced
by the proposed WFIP_1 method are depicted by the white
pixels, revealing the sufficient quality improvement of the pro-
posed WFIP_1 method over the WF-based method. Fig. 9(d)
illustrates the corresponding residual by using the proposed
WFIP-EC_1 method. From the difference between Fig. 9(b)
and Fig. 9(d), that is, Fig. 9(e), a considerable number of
better upsampled pixels produced by the proposed WFIP-
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TABLE I
QUALITY AND BITRATE COMPARISON FOR THE ALT MOABIT VIDEO SEQUENCE FOR PSNR (DB) AND KILOBITS PER SECOND, RESPECTIVELY

Vet Q6 | 20 | 24 | 28 3 36 | 40 | Average

6TF-based PISNR 30.24 30.18 30.01 29.67 29.00 27.94 26.60 29.09
Bitraic | 2205 | 1463 | 978 | 643 | 412 | 264 | 166 | 876

WF-based PsNR 30.40 30.33 30.16 29.80 29.11 28.02 26.62 29.20
Bitraic | 2205 | 1463 | 978 | 643 | 412 | 264 | 166 | 876

SAI PSNR 30.68 30.62 30.38 29.90 29.16 28.00 26.62 29.34
Bitrate 2205 1463 978 643 412 264 166 876

DIbEnr | _PSNR | 304T [ 3039 [ 3030 | 3007 | 947 | 2832 | 2674 | 2939
Bitrate 2388 1603 1080 716 453 281 171 956

Wit |_PSNR_| 3183 [ 3157 | 3115 | 3050 | 2954 | 2827 | 2675 | 2995
Bitrate 2228 1486 1001 666 435 287 189 899

Witp |_PSNR | 3138 [ 3128 | 3090 | 3025 | 29.24 | 2802 | 2651 | 29,67
- Bitrate 2205 1463 978 643 412 264 166 876

WEIP-EC_1 PSNR 31.87 31.62 31.19 30.55 20,58 28.29 26.76 29.98
- Bitrate 2240 1497 1012 678 447 299 201 911
WEIP-EC_2 PSNR 31.56 31.35 30.96 30;30 20,28 28.0.3 26.51 29.71
T Bitrate 2217 1474 989 655 424 276 178 887

TABLE 11

QUALITY AND BITRATE COMPARISON FOR THE ROLLERBLADE VIDEO SEQUENCE FOR PSNR (DB) AND KILOBITS PER SECOND, RESPECTIVELY

QP

Method 16 20 24 28 32 36 40 Average
6TF-based PSNR 29.66 29.59 20.41 29.05 28.27 26.67 24.61 28.18
Bitrate 1111 662 395 235 140 88 58 384
WF-based PSNR 29.05 28.95 28.77 28.43 27.73 26.32 24.44 27.67
: Bitrate i | 662 | 395 | 235 | 140 | 88 | 58 384
SAI PSNR 29.69 29.52 29.24 28.89 28.11 26.56 24.59 28.08
Bitrate i1 | 662 | 395 | 235 | 140 | 88 | 58 384
IDID-EDI PSNR 29.13 29.04 28.87 28.58 27.97 26.66 24.71 27.85
Bitrate 1204 802 497 307 181 105 63 464
N— PSNR 3035 | 30.10 | 2900 | 2039 | 2844 | 2674 | 24.66 | 2853
- Bitrate 1134 685 418 258 163 111 81 407
WEIP.2 PSNR 30.01 29 86 29.60 29.14 28.26 26.63 24.59 28.30
Bitrate 1111 662 395 235 140 88 58 384
WEIP-EC._| PSNR 30.52 30.36 30.06 29.54 28.57 26.83 24.70 28.65
Bitrate 1146 | 696 | 420 | 269 | 175 | 123 | 93 419
PSNR 30.29 30.14 20 88 29.39 28.46 26.75 24.64 28.51
WFIP-EC.2 Bitrate 1123 | 673 | 406 | 246 | 152 | 100 | 70 396

EC_1 method are observed, implying the quality improvement
due to the employment of the proposed error compensation
scheme. As shown in Fig. 10, the Horse sequence confirms
a similar quality benefit of the proposed WFIP_1 and WFIP-
EC_1 methods.

The second experiment is used to demonstrate the quality
superiority and bitrate increase of the four variants of the
proposed upsampling methods, the WFIP_1, WFIP_2, WFIP-
EC_1, and WFIP-EC_2 methods, for different QPs when
compared with the 6TF-based method, the WF-based method,
the SAI method, and the IDID-EDI method. Tables I-VII show
the resultant PSNR (peak signal-to-noise ratio) and bitrate of
all concerned methods, and demonstrate the PSNR superiority
of the two proposed upsampling methods with four variants
with an acceptable bitrate increase. When compared with the
6TF-based method, the WF-based method, the SAI method,
and the IDID-EDI method, the four proposed variants have
average PSNR improvements ranging from 0.36 to 0.62dB,
0.49 to 0.75dB, 0.32 to 0.58dB, and 0.32 to 0.58dB, re-
spectively. When the QP values are set to 16, 20, 24, 28,
and 32, Tables I-VII indicate that the four proposed variants
have better PSNR performance when compared with the four

comparative methods; the average PSNR improvements range
from 0.50 to 0.82dB, 0.91 to 0.98 dB, 0.51 to 0.72dB, and
0.48 to 0.80 dB, respectively. With the same QP, the proposed
error compensation scheme is effective for the Rollerblade,
Car, and Horse video sequences, but is less competitive
for the other four sequences. The main reason is that the
prediction capability of the proposed WFIP_1 and WFIP_2
methods is degraded due to heavy irregular textures, such
as the lawn and leave regions, existing in the above three
sequences, while the proposed WFIP-EC_1 and WFIP-EC_2
methods can efficiently compensate for the resultant estimation
errors to achieve 0.13dB and 0.21dB PSNR improvements,
respectively. When the QP values are set to 36 and 40,
Tables I-VII illustrate the quality degradation of the four
proposed variants when compared with that with lower QPs,
and the PSNR improvement of the proposed methods is at
most 0.2dB. In fact, ARSVC is rarely applied to the cases
of high QPs because the serious quality degradation problem
may cause visual discomfort in 3-D synthesized scenes. Con-
sequently, the proposed upsampling methods do have sufficient
quality benefit in practice, especially for low and middle
QPs. Tables I-VII also illustrate that the IDID-EDI, WFIP_1,
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TABLE III
QUALITY AND BITRATE COMPARISON FOR THE CAR VIDEO SEQUENCE FOR PSNR (DB) AND KILOBITS PER SECOND, RESPECTIVELY

Method QP 16 20 24 28 32 36 40 Average

6TF-based P..SNR 37.36 | 36.68 | 35.64 | 3431 | 32.71 | 31.07 | 29.44 33.88
Bitrate 1583 945 564 337 197 114 65 544

WE-based PSNR 36.75 | 36.12 | 35.19 | 34.01 | 32.55 | 31.01 | 2943 33.58
Bitrate 1583 945 564 337 197 114 65 544

SAI PSNR 37.16 | 36.56 | 35.44 | 34.00 | 32.52 | 3091 | 29.38 33.71
Bitrate 1583 945 564 337 197 114 65 544

IDID-EDI P..SNR 36.78 | 36.25 | 3539 | 34.25 | 3297 | 31.14 | 2948 33.72
Bitrate 1599 956 574 343 200 115 65 550

WEIP_I P.SNR 38.02 | 37.06 | 3582 | 3439 | 3295 | 31.11 | 2948 34.09
Bitrate 1595 957 577 350 209 126 77 556

WFIP.2 P$NR 37.69 | 36.82 | 35.65 | 34.28 | 32.67 | 31.05 | 29.44 33.94
Bitrate 1583 945 564 337 197 114 65 544

WFIP-EC_1 PSNR 38.21 | 37.22 | 3594 | 3447 | 3279 | 31.12 | 2948 34.17
Bitrate 1607 969 388 361 220 137 89 567

WEFIP-EC 2 P_SNR 3798 | 37.06 | 3582 | 3439 | 3272 | 31.05 | 2943 34.06
Bitrate 1595 956 576 349 208 125 76 555

TABLE IV

QUALITY AND BITRATE COMPARISON FOR THE HORSE VIDEO SEQUENCE FOR PSNR (DB) AND KILOBITS PER SECOND, RESPECTIVELY

Method QP 16 20 24 28 32 36 40 Average

6TF-based PSNR 30.89 | 30.75 | 30.44 | 29.82 | 2853 | 26.78 | 25.34 28.94
Bitrate | 2135 1363 891 567 333 183 95 795

WE-based PSNR 30.22 | 30.05 | 29.76 | 29.22 | 28.13 | 26.58 | 25.23 28.46
Bitrate 2135 1363 891 567 333 183 95 795

SAI PSNR 3091 | 30.72 | 30.37 | 29.73 | 2846 | 26.72 | 25.27 28.88
Bitrate | 2135 1363 891 567 333 183 95 795

IDID-EDI PSNR 30.16 | 30.05 | 29.83 [ 29.41 | 2848 | 26.88 | 25.38 28.60
Bitrate | 2187 1400 916 583 342 186 96 816

WFIP_I PSNR | 31.49 | 31.25 | 30.79 | 29.99 | 2856 | 26.77 | 25.33 29.17
Bitrate | 2147 1375 903 579 346 195 107 807

WFIP.2 PjSNR 31.19 | 30.96 | 30.55 | 29.82 | 28.46 | 26.70 | 25.28 29.00
Bitrate | 2135 1363 891 567 333 183 95 795

WFIP-EC_| PSNR | 31.65 | 31.40 | 30.94 | 30.13 | 28.65 | 26.81 | 25.35 29.28
Bitrate | 2158 1387 915 591 357 207 119 819

PSNR | 31.43 | 31.20 | 30.78 [ 30.02 | 2859 | 26.76 | 25.30 29.15
WFIP-EC2 Bitrate 2146 1375 902 578 345 194 107 807

TABLE V

QUALITY AND BITRATE COMPARISON FOR THE BULLINGER VIDEO SEQUENCE FOR PSNR (DB) AND KILOBITS PER SECOND, RESPECTIVELY

Vot Q16 | 20 | 24 | 28 0 36 | 40 | Average
¢Tr-baeq | _PSNR | 3808 | 3767 | 3695 | 3596 | 3444 | 3269 | 3088 | 3524
Bitraic | 2588 | 1520 | 945 | 602 | 366 | 211 | 122 908
Wh-baed | _PSNR | 3798 | 3753 | 36.77 | 35.78 | 3427 | 3259 | 3086 | 3511
Bitrate | 2588 | 1520 | 945 | 602 | 366 | 211 | 122 908
Al PSNR | 3922 | 38.39 | 37.23 | 36.08 | 3441 | 32.66 | 3081 | 3554
Bitraie | 2588 | 1520 | 945 | 602 | 366 | 211 | 122 908
IDIb.ED | _PSNR | 37.86 | 37.48 | 3681 | 35.87 | 3441 | 3271 | 3088 | 35.15
Bitrate | 2641 | 1564 | 974 | 632 | 389 | 220 | 124 935
Witp1 |_PSNR | 4003 [ 39.17 [ 3796 | 3657 | 3471 | 3280 | 3096 | 3603
Bitrate | 2600 | 1533 | 957 | 615 | 378 | 223 | 134 920
Witps |_PSNR | 3943 [ 3869 | 3762 | 3634 | 3457 | 3273 | 3092 | 3576
- Bitraie | 2588 | 1520 | 945 | 602 | 366 | 211 | 122 908
WiIPEC.1 |_PSNR | 40.08 | 3921 | 3798 | 3659 | 3472 | 3280 | 3095 | 3605
-1 Bitrae | 2612 | 1544 | 969 | 626 | 389 | 234 | 145 931
PSNR | 3951 | 38,76 | 37.66 | 3638 | 3450 | 3273 | 3001 | 35.79
WFIP-EC2 —praie ] 2599 | 1532 | 956 | 614 | 377 | 222 | 133 919
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Fig. 11.
(e) Bullinger sequence. (f) GT Fly sequence. (g) Undo Dancer sequence.

WFIP-EC_1, and WFIP-EC_2 methods result in a higher
bitrate than the other four methods which do not cause any
bitrate increase. We further provide Tables VIII-X to illustrate
the bitrate increase in the proposed WFIP_1, WFIP-EC_1, and
WFIP-EC_2 methods for different QPs. Due to an extra-bit
bitstream requirement, the proposed WFIP_1 method presents
an average bitrate increase of 2.35%-10.69%. Because it
needs to save twelve coefficients for each right-view frame to
compensate for the estimation error, the proposed WFIP-EC_1
and WFIP-EC_2 methods require a slightly higher bitrate than
the proposed WFIP_1 and WFIP_2 methods, respectively,
resulting in average bitrate increases of 5.32%-16.28% and
0.30%—7.89%, respectively.

According to the results of the second experiment, as shown
in Fig. 11, the final experiment is used to demonstrate the
rate distortion (RD) performance of all concerned methods.

RD curves of all concerned upsampling methods. (a) Alt Moabit sequence. (b) Rollerblade sequence. (c) Car sequence. (d) Horse sequence.

From Fig. 11, it is demonstrated that for smaller sized video
sequences, that is, the Alt Moabit, Rollerblade, Car, Horse, and
Bullinger sequences, and for a bitrate greater than 500 kbps,
the four proposed variants have superior RD performance
when compared with the previous four upsampling methods.
On the contrary, due to the bitrate overhead caused by saving
the twelve coefficients and/or extra-bit bitstream for error
compensation, there is some decline in the RD performance
of the four proposed variants, resulting in similar RD
performance as the previous four upsampling methods, when
the bitrate is less than 500 kbps. Although the RD performance
of the four proposed variants is decayed for the low bitrate
case, it seldom occurs in practice since encoding stereoscopic
video sequences at a low bitrate, i.e. with high QP, leads to
visual discomfort in 3-D synthesized scenes. From Fig. 11, for
larger sized video sequences, such as the GT Fly and Undo
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TABLE VI
QUALITY AND BITRATE COMPARISON FOR THE GT FLY VIDEO SEQUENCE FOR PSNR (DB) AND KILOBITS PER SECOND, RESPECTIVELY

QP

Method 16 20 24 28 32 36 40 Average
6TF-based PSNR 34.43 3443 | 3437 | 34.17 | 33.66 | 3276 | 3145 3361
Bitrate | 20956 | 10661 5742 | 3307 1987 1195 719 6367
WE-based PSNR 3506 | 3496 | 3474 | 3437 | 3373 | 32.75 | 3143 33.86
' Bitrate | 20956 | 10661 5742 | 3307 1987 1195 719 6367
SAI PSNR 35.05 34.71 3412 | 3392 | 33.35 | 3250 | 31.33 33.57
Bitrate | 20956 | 10661 5742 | 3307 1987 1195 719 6367
IDID-EDI PSNR 3559 | 3541 3511 | 34.68 | 33.94 | 32.87 | 31.50 34.16
Bitrate | 20985 | 10686 | 5766 | 3329 | 2005 1208 726 6386
WEFIP_1 PSN R 3632 | 36.01 3556 | 3494 | 34.06 | 3292 | 31.51 34.47
Bitrate | 20966 | 10670 | 5751 3316 1996 1204 728 6376
WEIP.2 PSNR 36.05 35.80 | 3538 | 3478 | 3392 | 3281 | 31.44 34.31
- Bitrate | 20956 | 10661 5742 | 3307 1987 1195 719 6367
WEIP-EC._1 PSNR 36.33 36.02 | 3556 | 3494 | 34.06 | 3292 | 31.52 34.48
- Bitrate | 20977 | 10681 5762 | 3327 2007 1216 740 6387
WEIP-EC.2 PSNR 36.06 | 35.80 | 3538 | 3478 | 3393 | 32.82 | 3144 34.31
Bitrate | 20968 | 10672 | 5753 3318 1998 1207 731 6378

TABLE VII

QUALITY AND BITRATE COMPARISON FOR THE UNDO DANCER VIDEO SEQUENCE FOR PSNR (DB) AND KILOBITS PER SECOND, RESPECTIVELY

Method QP 16 20 24 28 32 36 40 Average
6TF-based PSNR 31.43 31.39 31.26 | 3090 | 30.23 | 29.34 | 28.24 30.40
Bitrate | 36108 | 20677 | 11671 | 6581 36353 2058 1146 11699

WE-based P._SNR 31.81 31.68 31.43 | 3095 | 30.21 | 29.32 | 28.2] 30.52
) Bitrate | 36108 | 20677 | 11671 6381 3633 2058 1146 11699

SAI P_SNR 31.99 31.86 | 31.56 | 31.02 | 30.14 | 2898 | 27.86 30.49
Bitrate | 36108 | 20677 | 11671 6581 3653 2058 1146 11699

IDID-EDI PSNR 32.15 32.00 | 3171 | 31.21 | 3047 | 2948 | 28.30 30.76
Bitrate | 36505 | 20916 | 11815 | 6697 3717 2079 1153 11840

WEIP_I P._SNR 32.81 32.57 32,17 | 31.50 | 30.58 | 29.54 | 28.33 31.07

B Bitrate | 36353 | 20922 | 11916 | 6825 3898 2302 1390 11944
WEIP.2 P_SNR 32.51 32.28 3191 | 31.29 | 3042 | 29.42 | 28.23 30.87
Bitrate | 36108 | 20677 | 11671 63581 3653 2058 1146 11699

WEIP-EC_I PSNR 32.80 | 32.57 3218 | 31.52 | 3059 | 29.55 | 28.33 31.08
Bitrate | 36365 | 20933 | 11927 | 6837 3910 | 2314 1402 11955

WEIP-EC.2 P§NR 32.51 3230 | 3194 | 31.32 | 3044 | 2943 | 28.23 30.88
~ Bitrate | 36120 | 20689 | 11682 | 6592 3665 2069 1157 11711

TABLE VIII

BITRATE INCREASE RATIO OF THE PROPOSED WFIP_ 1 METHOD IN TERMS OF PERCENTAGE (%)

QP 16 20 24 28 32 36 40 Average
Sequence

Alt_Moabit 1.04 | 1.58 | 236 | 358 | 559 8.72 13.86 5.25
Rollerblade 036 | 0.60 | 095 | 145 | 230 3.89 6.89 2.35
Car 068 | 1.17 | 1.99 | 340 | 594 1043 | 18.92 6.07
Horse 053 | 0.82 | 1.25 | 197 | 344 6.64 13.00 3.95
Bullinger 1.26 | 213 | 3.64 | 599 | 951 14.64 | 21.53 8.39
GT Fly 0.94 1.89 | 3.61 6.53 11.27 19.00 | 31.61 10.69
Undo Dancer 0.61 1.06 1.91 3.49 6.40 11.39 | 20.25 6.44
Average 077 | 1.32 | 2.24 | 377 | 6.35 10.67 18.0 6.16
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TABLE IX
BITRATE INCREASE RATIO OF THE PROPOSED WFIP-EC_ 1 METHOD IN TERMS OF PERCENTAGE (%)

I QP 1 16 | 20 | 24 | 28 | 32 | 36 | 40 | Average
equence
AlCMoabit 157 | 236 [ 353 | 537 | 838 | 1309 | 209 | 787
Rollerblade 082 | 137 | 216 | 328 | 521 | 880 | 1560 | 532
Car 132 | 227 | 385 | 659 | 1153 | 2024 | 3673 | 11.79
Horse 104 | 160 | 243 | 382 | 668 | 1288 | 2524 | 7.67
Bullinger 244 | 414 | 706 | 1163 | 1845 | 2843 | 4179 | 1628
GT Fly 099 | 198 | 378 | 6.84 | 11.80 | 19.90 | 33.09 | 11.20
Undo Dancer 064 | 111 | 200 | 365 | 670 | 1193 | 2120 | 675
Average 126 | 2.2 | 354 | 588 | 982 | 1647 | 2778 | 953
TABLE X

BITRATE INCREASE RATIO OF THE PROPOSED WFIP-EC_2 METHOD IN TERMS OF PERCENTAGE (%)

« . QP 16 20 24 28 32 36 40 Average
Sequence
Alt_Moabit 0.52 | 0.79 1.18 1.79 | 2.79 4.36 6.93 2.62
Rollerblade 046 | 076 | 1.21 1.83 | 2.91 491 8.71 2.97
Car 0.64 | 1.10 | 1.87 | 3.20 | 559 9.81 17.81 5.72
Horse 050 | 0.78 | 1.18 | 1.85 | 3.24 6.25 12.24 3.72
Bullinger 1.18 | 2.01 342 | 5.64 | 8.95 13.78 | 20.26 7.89
GT Fly 0.04 | 0.09 | 0.17 | 0.31 0.53 0.89 1.49 0.50
Undo Dancer 0.03 | 0.05 | 0.09 | 0.16 | 0.30 0.54 0.95 0.30
Average 048 | 0.79 | 1.30 | 2.11 | 3.47 5.79 9.7 3.39
Dancer sequences, the four proposed variants are superior to ACKNOWLEDGMENT

the previous four methods when the bitrate is greater than
5 Mbps.

The above three experiments have demonstrated that the
four variants of our proposed upsampling methods can im-
prove the quality of upsampled right-view frames for the
ARSVC when compared with the four comparative methods,
and the resultant bitrate overhead is negligibly small.

VI. CONCLUSION

This paper has presented the proposed WFIP and WFIP-
EC upsampling methods for ARSVC. The proposed WFIP
methods improve the traditional WF method by incorporating
the information from the similarity between the left-view
and right-view frames. By compensating for the prediction
errors, the proposed WFIP-EC methods further improve the
quality of the upsampled images obtained by the proposed
WFIP methods. The proposed WFIP methods outperform, in
terms of the RD curve, the existing methods in the cases
of middle and high bitrate. In the case of low bitrate, the
proposed WFIP methods suffer from the higher overhead
proportion in the bitrate. The proposed WFIP-EC methods
can further improve the performance of the proposed WFIP
methods by compensating for the prediction errors, especially
in the sequences with heavy irregular textures. The proposed
methods achieve higher PSNR than the existing methods in the
cases of middle and high bitrate. The proposed methods may
achieve lower PSNR than the existing methods in the case of
low bitrate, which seldom occurs in practice due to the visual
discomfort in 3-D synthesized scenes. We conclude that the
proposed upsampling methods are practical and improve the
quality of the reconstructed video sequences for ARSVC.

The authors appreciate the programming help of Mr. Y.-H.
Shen and the proofreading help of Ms. C. Harrington and Prof.
W.-N. Yang.
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