EXPLOITING SPATIAL REDUNDANCY IN PIXEL DOMAIN WYNER-ZIV VIDEO CODING *

M. Tagliasacchi, A. Trapanese, S. Tubaro J. Ascenso, C. Brites, F. Pereira
Dipartimento di Elettronica e Informazione Instituto Superior €cnico
Politecnico di Milano, Instituto de Telecomunicées,
Milan - Italy Lisbon - Portugal
ABSTRACT expense of a high-complexity decoder. While shifting the complex-

ity burden from the encoder to the decoder, it is important to achieve
Distributed video coding is a recent paradigm that enables a flexiblg coding efficiency comparable with the state-of-the-art hybrid video
distribution of the computational complexity between the encodegoding schemes (e.g. the recent H.264/AVC standard [1]). This is
and the decoder building on top of distributed source coding princicurrently rather far from being achieved and much research needs to
ples. In this paper we focus on the scenario where most of the confrappen in this area.
plexity is shifted to the decoder, thus achieving light encoding. We  The main contribution of this paper is an algorithm that allows
elaborate on a well known pixel based Wyner-Ziv architecture angy, exp|oit spatial redundancy in a Wyner-Ziv video coding architec-
we improve its coding efficiency by exploiting both spatial and tem-;re while working in the pixel domain, i.e. without recurring to
poral correlation at the decoder side, without the need of performing;nsform based coding tools.
any transform at the encoder. In order to generate the side informa-
tion, the decoder adaptively chooses spatial or temporal information,
based on the local estimate of the correlation noise. Simulations on 2. PDWZ VIDEO CODEC ARCHITECTURE
test sequences demonstrate that a coding gain of up to +1.8dB can be

obtained with respect to the case that generates the side informatiqhe Pixel Domain Wyner-ziv (PDWZ) video codec we use in this

by motion interpolation only. paper is based on the pixel domain Wyner-Ziv coding architecture
proposed in [2]. This coding architecture offers a pixel domain intra-
frame encoder and inter-frame decoder with very low computational
encoder complexity. When compared to traditional video coding,

o g . . . he proposed encoding scheme is less complex by several degrees of
Today's digital video coding pafad'gm' Temese”ted b_y the ITU Ttmagnitude. Figure 1 illustrates the global architecture of the PDWZ
VCEG and ISO/IEC MPEG standardization efforts, relies on inter- . .

T . . codec. Each even fram,; of the video sequence is called Wyner-
frame predictive coding and block-based DCT transform in orderZiv frame and the two adjacent odd frams;_; and X are
m&Ss; 2i+1

to exploit both the temporal and spatial redundancy present in threeferred as key frames; in the literature [2] it is assumed that they
V|deq sequence. In this framework, the en.coder has a hlgher CoMre perfectly reconstructed (lossless) at the decoder. In this paper
putational compl_exny t_han the decoder (ty_plcally_5 to .10 times MOre s well as in our previous work [3][4] we consider a more realistic
com_p_lex). This is mamly _due to the motion estimation and .mOdescenario by lossy encoding the key frames in such a way that the
decision tools used to efficiently explore the temporal correlation. Inquality of the output sequence is kept constant, Each pixel in the
fact, the encoder is responsible for all coding decisions to attain ORNyner-Ziv frame is uniformly quantized Bitplané extraction is per-

timal rate-distortion (RD) performance, while the decoder remains ’

Ure executer of the encoder “orders”. This tvoe of architecture i"flormed from the entire image and then each bit-plane is fed into a
P : yp Rurbo encoder to generate a sequence of parity bits. At the decoder,

well-suited fo_r appll_catlons where the video IS encoded once and d.et‘ﬁe motion-compensated frame interpolation module generates the
coded many times, i.e. one-to-many topologies, such as broadcastln%e information Ya; (see [5] for more details), which will be used

or video-on-demand, where the cost of the decoder is more criticeﬁ .
. . y the turbo decoder and reconstruction modules. The decoder oper-
than the cost of the encoder. In recent years, with emerging appli-

X . ; . . ates in a bit-plane by bit-plane basis and starts by decoding the most
cations such as wireless low-power surveillance, multimedia sensor ... ! ) .
. . significant bit-plane and it only proceeds to the next bit-plane after

networks, wireless PC cameras and mobile camera phones, the tfas ) . -
e ; : . . - each bit-plane is successfully turbo decoded (i.e. when most of the
ditional video coding architecture is being challenged. These appli-
. ) - o - _errors are corrected).
cations have different requirements than those of traditional video

delivery systems. For some applications, it is essential to have low
power consumption both at the encoder and at the decoder, e.g. in 3. PROPOSED ALGORITHM
mobile camera phones. In other cases, notably when there are sev-
eral encoders and only one decoder, e.g. in video surveillance appli-h

i | lexit der devi ded iblv at t e coding architecture described in Figure 1 does not take advan-
cations, fow complexity encoder devices are needed, possibly a rL‘?tge of spatial redundancy. In order to overcome this limitation, a

“THE WORK PRESENTED WAS DEVELOPED WITHIN VISNET transform domain Wyner-Ziv codec has been proposed in [6][7]. The
A NETWORK OF EXCELLENCE (HTTP:/WWW.\VISNET-NOE ORG)' Wyner-Ziv frame is DCT transformed, and transform coefficients
AND DISCOVER. A FUTURE EMERGING TECHNOLOGY ProJEcT O©f different blocks of the same order are grouped together to form

(HTTP://WWW.DISCOVERDVC.ORG/) BOTH FUNDED BY THE EU- frequency bands. Parity bits are generated separately for each fre-
ROPEAN COMMISSION. guency band and sent upon request to the decoder.

1. INTRODUCTION
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Fig. 1. PDWZ video codec architecture

In this paper we address spatial redundancy from a different an-
gle, without introducing any transform at the encoder side. The goal
here is to exploit spatial redundancy at the decoder side only, thus
keeping the complexity of the encoding as low as possible.

Figure 2 illustrates a block diagram of the proposed algorithm.
At the encoder, we split the Wyner-Ziv frame into two subs¥ts
and XZ (the extension to a larger number of subsets is straightfor-
ward) based on a checkerboard pattern. Each subset is encoded in-
dependently as described in Section 2. At the decoder, sibget
is decoded first, using the side information obtained by motion in-
terpolationY3L, thus exploiting only temporal correlation. Then,
subsetXZ is decoded. In this case, pixel-by-pixel, the side informa-
tion Y3; 7 can be selectively chosen between the motion-interpolated
frame Y, (to exploit temporal correlation) or by interpolating the
previously decoded subs&t! (to exploit spatial correlation).

The proposed algorithm can be detailed as follows:

1. Frame splitting Let (x, y) be the coordinate values of a pixel:

If [x mod2]xor[(y + 1) mod2],
then(z,y) € A,
else(z,y) € B. 1)

Denote withX3: the pixel values assumed Bgs; in the pixel
locations belonging to the seit

2. WZ encoding The encoder processes the two subsets inde-
pendently, generating parity bits for both of them.

3. Temporal side information generatioithe side information
Y5% is obtained by motion interpolation of2;—1 and Xz;11
according to the algorithm described in [5].

4. WZ decoding subsét;:, as described in Section 2 usifigf;
as side information.

5. Spatial side information generatiorThe spatial side infor-
mationYs; is obtained by interpolating pixel values X! in
the pixel locations inB. A simple non-linear, adaptive algo-
rithm is used to this purpose. With respect to Figure 3, the
interpolation algorithm is the following:

(@) Order the pixel values in the neighborhatz,y)
of the current pixel. N'(z,y) = {(z — 1,v),(z +
Ly), (z,y—1),(z,y+ 1)}

(b) p(z,y) is set equal to the arithmetic mean of the two
central values in the ordered list.

Experimental results have shown that this scheme allows an
improvement in the range 0.8-1.2 dB with respect to the case
where a simple averaging of the four neighbors is performed.

6. Spatio-temporal side information generatidrhe spatial side

informationYs; is combined with the temporal side informa-
tion YL on a pixel-by-pixel basis in order to find the best
side information. Ideally, the closest one to the original frame
should be taken as the final side information, i.e.

Yii" (2,y) = arg min | Xai(z,y) - (@)l @)

In practice, the decoder does not have access,to There-
fore we need to infej = S, T for each(:zc y) in the setB

from the available information, i.eX2;_1, X2:41 and X4
For each pixe(z, y) in B:

(a) Compute the difference betweks, andXs;: as an es-
timate of the temporal correlation noise.

e(:ﬂ,y) = Z ‘%{(mvn) _X?i(mvnﬂz

(m,n)EANN (z,y)

(3)
(b) Generate the side informatiaf;” (x
If €($7 y) < €, Y2§T(x,y) = Y;,;(l’,y),
elseYZﬁT(x7 y) = YZf(xa y) (4)

wheree is a properly defined constant (we set= 128 in

our simulations) The idea is that temporal correlation is not
spatially stationary, but its statistics slowly vary across space.
Therefore we can use the observed temporal correlation for
neighboring pixels as an estimate of the actual temporal cor-
relation for the current pixel. When the estimated correlation
is high, i.e.e(x, ) < ¢, the temporal side informatio¥i} is
used. Otherwise, the spatial side informatléﬁ is used.
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Fig. 2. Block diagram of the proposed coding algorithm.

7. WZ decoding subseX£, as described in Section 2 using
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Fig. 3. Pixel neighborhood used for interpolation.

4. EXPERIMENTAL RESULTS °

We carried out several experiments in order to showcase the promise
of the proposed algorithm. First, we tested the quality of the side
information that is used in the Wyner-Ziv decoding according to the
coding architecture described in Section 2. The performance of the
turbo decoding process heavily depends on the quality of the side
information. Intuitively, a higher number of parity bits will be re-
guested by the decoder when the correlation is weak, as more errot se
need to be corrected.

Table 1 indicates the quality of the side information measure4
in terms of PSNR (dB). In this experiment, both spatial and tem-
poral interpolation is performed using original (not quantized) pixel
values. A number of interesting conclusions can be drawn:

e The quality of the temporal side informatidry; is always
better than the spatial side informati®; .

X3
— - WZ decoder —
A T
Y2i
— Temporal side Spatial side
information information
generation generation
y L
Spatio-
temporal side | V5
information &
generation
YST
v 2i
X5
— | WZdecoder ———p»
Yo | Yo, | Ve | Y
Foreman 32.2| 30.7| 36.3 | 33.0
Coastguard 342 | 288 | 36.5 | 34.2
Mother&Daughter | 38.1 | 35.7 | 40.6 | 38.3
News 33.0| 28.0| 38.2 | 345
Hall Monitor 36.7| 30.1| 39.3 | 36.8

Table 1. Comparison between the different types of side information

The proposed algorithm used to compute the spatio-temporal
side informationYs;” tends to improve the quality of the
side informationY,. . Nevertheless, the gain is sequence de-
pendent. In sequences characterized by simple motion, i.e.
Coastguard Mother&Daughterand Hall Monitor, the gain

is small (up to 0.2dB on average). When the complexity of
the motion increases, temporal correlation usually decreases,
thus spatial redundancy can be exploited. This justifies the
gain of +0.8, +1.5 foForemanandNews

The estimaté’s;” provided by the proposed algorithm is still
far from the best side information that can be ideally com-
puted by equation (2), denoted b¥;7*. The gap is pretty
large for all sequences (up to 3.7dB fdews, thus suggest-
ing that more work can be done in this area by improving the
criteria employed to switch between spatial and temporal side
information.

Figure 4 shows the rate-distortion curves obtained integrating
proposed algorithm into the Wyner-Ziv video coding architec-
ure. We notice that the improvements in the side information quality
ead to a coding gain that depends on the sequence. The gainis up to
+0.9dB forNews +0.6dB forForeman +0.6dB forMother&Daughter

(all at QCIF resolution, 30fps) when the spatio-temporal side infor-
mation is used instead of only temporal side information. The gain
is proportional to the improvement in the quality of the side infor-
mation reported in Table 1. We recall that only half of the decoded
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Fig. 4. Rate-distortions curves for the proposed codec.
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