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Abstract—Side information generation is a critical step in temporal correlation between adjacent frames). The WZFs are
distributed video coding systems. This is performed by using transformed by a DCT and after turbo-encoded: the output of
motion compensated temporal interpolation between two or more he rho encoder consists in a systematic part (the true WZF)
key frames (KFs). However, when the temporal distance betwee nd in its parity bits. We send at the decoder onlv the parit
key frames increases (i.e. when the GOP size becomes large), th@ parity : . X .y parity
linear interpolation becomes less effective. In a previous work we bits. At the decoder, an estimation of the WZF is produced
showed that this problem can be mitigated by using high order by interpolating the adjacent KFs. This estimation may be
interpolation. Now, in the case of long duration GOP, state-of- considered as a noisy version of the true WZF. The turbo-
the-art algorithms propose a hierarchical algorithm for side in-  gacoder corrects this error by using the parity bits senchby t
formation generation. By using this procedure, the quality of the turbo encoder. It can happen. however. that parity bits sent
central interpolated image in a GOP is consistently worse than o ppen, o parity
images closer to the KFs. In this paper we propose a refinement are not sufficient to ensure a small bit error rate. Indeedl, th
of the central WZFs by higher order interpolation of the already ~ structure of this video coder is provided with a return chenn
decoded WZFs, that are closer to the WZF to be estimated. to request to the turbo encoder more parity bits. So, also if
So we reduce the fluctuation of side information quality, with the KFs and WZFs are dependent sources (because they are

a beneficial impact on final rate-distortion characteristics of the di tf de th telv. The d d
system. The experimental results show an improvement on the 2djiacent frames), we encode them separately. The dependenc

Sl up to 2.71 dB with respect the state-of-the-art and a global IS €xploited only at the decoder.
improvement of the PSNR on the decoded frames up to 0.71 dB It is very important to correctly estimate the Wyner-Ziv

and a bit rate reduction up to 15 %. frame because it allows us to send less parity bits to correct
it. The GOP size is usually equal to 2 in the state of the art
|. INTRODUCTION solutions. In this case the estimation procedure is verplsim

In recent years, several applications, such as sensor Bg 0dd frames are KFs, the even frames are WZFs and for

works, require a low-complexity encoder due to limited re2ch WZFs we interpolate the two (or more) closest KFs.
sources in terms of available memory and power at thelt can also be interesting to study cases where the GOP size
encoder. Standard video techniques, created for the basaddS More than 2: the number of WZFs is larger than the KFs,
transmission, provide a complex encoder, but a very simpﬁ@d then the gncodmg requires a bit raFel smaller than when
decoder. The complexity of the encoder for standard viddde GOP size is equal to 2. In [4], [3], [6] it is proposed to use
techniques is due to motion estimation and compensatien (2 hierarchical structure for estimating and decoding the ¥ZF
the joint encoding of temporally adjacent frames). The paep for GOP size equal to 4, where at first the central WZF of the
of distributed video coding (DVC) [1] is to move complexityGOP is estlm_ated and decoded: Then, since it is available at
from the encoder to the decoder. To simplify the encoder Wae decoder, it can be used for interpolating the other WZFs,
can not exploit the dependency between temporally adjacéﬁf'ed lateral WZFs. This causes, however, large fluctuation
frames at the encoder, but only at the decoder. Wyner aidPSNR of the SI for each WZF, because the lateral WZFs
Ziv [2] have shown that there is no loss of rate-distortio'® better estimated than the central one. As consequéece, t
performance between jointly coding and distributed coding rate required for decoding the central WZF is gr_eater than of
the sources are jointly gaussian. In distributed video rm@dithe lateral ones. So, we propose to refine the estimationeof th
the video sequence is split into key frames (KFs) and Wyn&gfntral WZF by.|nterpolat|ng the_ lateral decoded WZFs, but
Ziv frames (WZFs). The distance between two KFs is calleMithout demanding new parity bits to the turbo encoder and
GOP size. So, a GOP of size equal A consists in hav- only using those sent at the first step. The coder used in this
ing one KF andN — 1 WZFs. We consider the following PaPer is shown in the Fig. 13 where the image interpola?ion
frameworks proposed in [3]: the KFs are intra-codid. (ve block uses as input the previously decoded WZFs (the light

exploit only the spatial dependence in the frame and not tR&/€ dashed arrow). Our algorithm improves both PSNR on Sl
and the RD performance with respect to a simple hierarchical

coding. Our algorithm is also extended to the case where the
MMSP’10, October 4-6, 2010, Saint-Malo, France. GOP size is equal to 8.
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E distance (in number of frames) betwe&n and X, (i.e.

Buffer |+ Turbo Min Dist n g — f)

1 [ Decpder Reconst] becoded « By interpolating the four positionp + tw(p) +dw, p +
semerwoncuer  ——— | v w(p), p +u(p), p + tu(p) + du in the instantsz, b, f
and g, we found the positiop in k.
o The new motion vectors, centered i) are defined as
w=p+w(p)—pandu=p+u(p)—p
oecoded « The estimation of the WZF is the average X&f com-
Tjzo pensated byw and X, compensated by

Intra
KE oder
@ Q = Note thatX,, X, X; and X, are not necessarily KFs, but
they can be also WZFs available at the decoder.

Fig. 1. Codec used in this paper For GOP size equal to 2, the decoding procedure is very
simplé. If I, is the WZF that we want to estimate, it is
sufficient to interpolate the KFd,,,; and I_; (or also

the methods for generating the SI and the state-of-thesart {13 and I3 if we want to apply the HOMI method). The
hierarchical estimation and decoding. In section 3 we descrdecoding procedure becomes more difficult if GOP size is
our method for the refinement of the SI. In section 4 we shadfeater than 2. For simplicity only situations where the GOP

the experimental results. In section 5 we discuss conaissicsize is a power of twoife. 2, 4, 8) [4] are analyzed. For GOP
and future works. size different to a power of two, see [5]. Let GOP size be equal

to 4. The hierarchical structure of estimation and decodkng
I[I. REFERENCE METHOD shown in [4]. It consists in the following steps

1) The central WZF at instant is estimated by using
the KFsI;_, and I,.,. This estimation is calledy
(Fig. 2(a)) and it is corrected by using; parity bits.
The decoded WZF is callefy,

2) The lateral WZF at instarit — 1 is estimated by using
the KFI,_- and the decoded WZF, (Fig. 2(b)) and
the lateral one at instarit + 1 is estimated by using
the KFI;,- and the decoded WZF,; (Fig. 2(c)). The
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Intra
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The algorithm for the motion interpolation given by DIS-
COVER [7] is the most popular in the context of DVC. LE;,
be the WZF that we want to estimate. This method consists
by linear interpolating the two closest frames availableXio
at the decoder. LeX,, be the closest previous available frame
and X ; the closest following available frarhelt consists of
the following steps:

« The motion vector field (MVF) formX; to X, is estimation are corrected by a turbo-decoder by using,
estimated. - o . respectively,R;,_; and R, parity bits. The decoded
o This MVF is split into a forward MVF and into a WZFs are called,_, and I,

backward MVF.
« A median filter is performed over the two MVFs.
o The estimation of the WZF is the average &f com-

In this manner, the PSNR of the WZF estimation with
respect to the real one is better for the lateral WZF because
they are better estimated. In fact, for the central WZF we

Fheensb?g?wg)r/ dtr':/(lev?rward MVF anif;, compensated by interpolate frames that have a distance of two from the
reference, while for the lateral WZF we interpolate frames

We have proposed an improvement of this algorithm in [8}hat have a distance of one from the reference. Therefore, we
A higher order motion interpolation (HOMI) is performed byppserve that the PSNR is floating also on the decoded frames
using the closest four frames t&), for estimating it. Let (see Fig. 3). In fact, foook arrival sequence we observe
X, and X, be the two closest previous available frames angat the average PSNR of the central decoded WZFs is 36.70
Xy and X, be the two closest following available frames. I§B with a bit rate of 23.24 kbps (we consider only the parity

consists in the following steps: bits), while the average PSNR of the lateral decoded WZFs is
o The backward and the forward MVFa and w are 38.13 dB with a bit rate of 16.70 kbps.
estimated by using DISCOVER Then, our target in this work is to improve the central WZF

o The refinemenbu [or ow], that minimizes the following in the context of hierarchical coding.
function is found.
Ill. PROPOSED METHOD
ptu(p) pt-tu(p) 4 ou Given the large difference of PSNR between the central
J(u) = Z ‘Bf (a) — BY (@)| + Alldull  decoded WzF and lateral decoded WZF when the GOP size is
a 1) equal to 4, we propose to refine the estimation of the central

where B]‘? is the macroblock (MB) of the frameX, WZF by interpolating the lateral WZFs previously decoded

centered inp and is defined asl + d whered is the ?In the following the WZFs decoded are shown in italiesy(/}.). The KFs
are shown in boIde(.g.Ik_l).AThe side informationi(e. the WZF estimation)

1Let X; be the frames at instant is indicated with an hate(g. I)
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I Ltz than I;,_o and I;.». So, we expect that the estimation
by using the first is better than by using the latter. More
precisely, the WZHj, is refined by using the KFE;_»,
the decoded WZFdj,_1, I;;1 and the KFI; o (see
Fig. 4(d)). This new estimation is now turbo-decoded
by using the same parity bits of the step 1. Then, it is

\\/“\/ not required to resend the parity bits. The decoder only
uses parity bits previously sent (see also Tab. I).
time The turbo-decoding of the WZF, at step 3 is sub-optimal.
© In our algorithm of turbo-decoding the WZF are transformed

Fig. 2. WZ frame estimation for GOP size = 4 (the KFs are in red\Wds by a4 x4 I_:)CT_' The rate allocation for each banq is dependent
are in blue, the already decoded WZFs are in green): at firststimatel,,  Of the estimation of the parameterof the laplacian pdf that
(2(a)), after by it, we estimaté, 1 (2(b)) and /1 (2(c)) models the estimation errof — Y, whereX is the true WZF

andY is its estimation [9], [10]. From step 1 to step 3 the side
information Y is changed, and so is it for the parameter

and now available at the decoder. The proposed algoriths Ugg,reqver, one can not ask again the turbo coder to reallocate
interpolation of higher order (HOMI) [8] and consists in the iy pits for each band for the new side information, as thi

following steps:

1)

2)

3)

. would significantly increase the total bit rate. Nevertks|eat

The estimation of the central WZF,, is obtained by the same total bit rate we expect that the average PSNR of the
interpolating with HOMI the KFd ¢, -2, Ix+2 and  decoded WZFs increases after refinement.

I;+6 (see Fig. 4(a)). It is turbo encoded by usify However, the computational effort at the decoder is in-
parity bits. Let/;, be the decoded WZF. creased: in fact, in the proposed method, the we have to
The estimation of the lateral WZH,_,, is obtained generate twice the side information and we have to turbo
by interpolating with HOMI the decoded central WZFgecoded it twice, but only for the central WZFs.

of the previous GOl 4, the KF I o, the decoded  This method can be extended to the case of GOP size of 8.

WZF Iy and the KFIL,, (see Fig. 4(b)). Likewise, The extension is straightforward but heavy to describe, 60 w
the estimation of the lateral WZF, ,, is obtained by g,mmarize it in the Tab. II.

interpolating by HOMI the KFI;_», the decoded,
the KF 1,2, and the decoded central WZF of the next
GOP I;14 (see Fig. 4(c)). The two lateral WZFs are
turbo-decoded by using, respectively, 1 and Ry Several experiments have been carried out in order to tune
parity bits. Let/,_; and ., be the decoded WZFs. and validate the proposed method. At first we compared the
Now, also the decoded WZF,_, and/;; are available HOMI method (hierarchical coding before refinement) and
at the decoder. Then, we can refine the estimatioh, of the proposed method with respect to the DISCOVER method
by using them. The WZH,, is closer tol;_; and [, (hierarchical coding without refinement) in terms of qualit

IV. EXPERIMENTAL RESULTS
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FRAMES USED FOR THEWZF ESTIMATION FOR GOPSIZE EQUAL TO8:
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Fig. 4. WZ frame estimation for GOP size = 4 (the KFs are in red, the
WZFs are in green, the already decoded WZF are in green. the WBE to
refined is in dark green): at first we estimdie(4(a)), after by it, we estimate
I,—1 (4(b)) andly41 (4(c)). Finally we refine the centrdl, (4(d))

The improvement in terms of PSNR of the side information
with respect to DISCOVER are shown in Tab. IV for GOP

[step | ST construction] references l size equa_l to 4 and in Tap. V for GOP size equal to 8. We
GOP size = 4 show the improvement achieved by HOMI method and by the

1 I Ti_s | In—o | Tnpo | Tngg proposed method in this paper with a hierarchical structure
2 Th_q T—a | Ix_o Iy, Tpio of decoding and estimation. We observe that we gain on the
i1 Lo | In | Tpgo | Ings side information up to 1.99 dB for GOP size equal to 4 and

3 I Loo | Teo1 | Tryr | Tk up to 2.71 for GOP size equal to 8. The gains for GOP size
TABLE | equal to 8 are most significant because for the refinement of

FRAMES USED FOR THEWZF ESTIMATION FOR GOPSIZE EQUAL TO4:

the central WZF we use frames much closer than the first step
KFS ARE IN BOLD AND THE DECODEDWZFS ARE IN ITALIC.

(the distance of the frames to interpolate lowers from 8 to 2)
and furthermore we refine 3 WZFs of 8 frames in the GOP. In
Fig. 5, we shown an estimated central WZF Baok arrival
of side information. After we perform a complete end-to-engeduence when the GOP size is equal to 8. The estimated
coding analysis to evaluate the rate distortion perforreanc frame in step 1 is shown in Fig. 5(a) where we note that HOMI
The KFs are coded with H.264 in INTRA mode for differentvith @ simple hierarchical estimation can not reconstrhet t
QP. The test sequences deok arrival ballet jungle and ™Man on the right because the frames used for interpolatin ar

breakdancer too far apart. On the contrary with the proposed method (see
Fig. 5(b)) the procedure of refinement correctly reconssruc
A. Side information construction the man on the right.

Obviously the value of\, defined in Eq. 1, changes for
each step, depending of the distance of the frames that feRP Performance
interpolate. The optimal value ok in Eq. 1 is found by  The last experiment consisted in computing end-to-end
maximizing the average PSNR between the WZF estimatiperformances (i.e. rate reduction and PSNR improvement) of
and the true one. The optimal value ofaire already shown in the proposed techniques when inserted into a complete DVC
[8], with the exception of cases where the frame to intefjgolacoder like the one in Fig. 1, by using the the Bjontegaard
are not equally spaced (see Tab. IlI). metric [11]. This results are shown in Tab. VI for GOP size



QP [ book arrival | ballet | jungle | breakdancer
HOMI

31 0.40 0.33 0.23 0.08

34 0.38 0.30 | 0.22 0.07

37 0.33 0.22 0.21 0.08

40 0.28 0.19 | 0.19 0.06
proposed

31 1.99 1.59 1.66 0.76

34 1.80 1.64 1.45 0.76

37 1.77 1.57 1.36 0.51

40 1.71 1.42 1.27 0.81
TABLE IV

Apsnr[DB] ON THE SIDE INFORMATION FORGOPSIZE EQUAL TO4
WITH RESPECT TODISCOVERFORHOMI AND FOR PROPOSED METHOD

QP [ book arrival | ballet | jungle | breakdancer
HOMI

31 0.45 032 | 0.31 0.10

34 0.46 0.33 | 0.29 0.09

37 0.40 0.36 | 0.29 0.10

40 0.32 0.27 | 0.26 0.10
proposed

31 2.71 226 | 251 1.00

34 2.52 212 | 212 0.99

37 2.33 199 | 191 1.00

40 2.04 150 | 1.73 0.95
TABLE V

Apsnr[DB] ON THE SIDE INFORMATION FORGOPSIZE EQUAL TO8
WITH RESPECT TODISCOVERFORHOMI AND FOR PROPOSED METHOD

equal to 4, and in Tab. VII for GOP size equal to 8. As show
in [8], the improvement of Sl in HOMI also improves the RC
performance compared to DISCOVER. The method propos
here outperforms the performance of HOMI also in terms
rate distortion performance, except to DISCOVER. The g&in i (b)
slightly less than expected, because the bit allocatiordoh
band is suboptimal. In fact, in the refinement step we use tE@) 2nd
same parity bits of the step 1 that are allocated for a diffiere
estimation. In spite of this, we can still achieve good psafit

the decoded central WZFs as shown in Fig. 6 (with respectiigermolation is HOMI illustrated in [8]. We have also extieu

Fig. 3). In fact forbook arrival sequence we observe that thenis method for GOP size equal to 8. Our refinement method
average PSNR of the lateral WZF is changed from 36.70 diforms an improvement of the SI from 0.45 dB to 2.71 dB

to 37.80 dB. We remark that the total rate reduction is up {gi respect to DISCOVER in the best case when the GOP
13.04% w.r.t. the reference, with a PSNR improvement equgle is equal to 8. As future work we will propose to iterate

to 0.71 dB when GOP size is equal to 4. While the total rafgis nrocedure for refining also the lateral WZFs until we reac
reduction is up to 12.27% with a PSNR improvement of 0.5} iapje solution.

dB with respect to DISCOVER when the GOP size is equal
to 8. See also the RD curves in Fig. 7 and Fig. 8.

Example of side information for GOP size equal to 8 witON
with the proposed method 5(b)
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