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ABSTRACT layers, that are sent to the user only if requested. There are

Video content constitutes today a large part of the datéigraf thrée main types of scalability: temporal, spatial and qual
on the Internet. This is allowed by the capillary spreadifg olty: The temporal scalability enables the user to decode the
video codec technologies: nowadays, every computer, ttabl¥id€o atlowest frame rate and then progressively enharce th
and smart phone is equipped with video encoding and deco&'—ame rate. This is pos§|ble usmg.h|erarch|cal B-framehsu
ing technologies. As a matter of fact, the video contentrofte @S in H.264/AVC. Spatial scalability enables the user to de-
exists in different formats, that, even though they can be inc0de the video at different spatial resolutions. Qualitgisc
compatible to each other, still have a significant mutuaired  2Pility means that for each enhancement layer that is sent,
dancy. The incompatibility prevents an efficient exploiat e PSNR of the decoded image w.r.t. the base layer one in-
of the scalability, which on the other hand is a very impartanCréases. However, besides these “classical” forms of scala
characteristic when it comes to efficient network use. bility, today new ones appear, associated to the emergmg fo
An interesting alternative to classical scalable videmis t Mats such as multi-view video (MVV) [2], [3] and multi-view
use distributed video coding (DVC) for the enhancement layYid€o-plus-depth (MVD) [4]: we may have view scalability
ers. In the envisaged scenario, clients have differentaisso when a subset of the total views is decodable W_I'FhOUt having
for the base layer, adapted to the characteristics of theeir gto decode all the views, and component scalability when the
vice. However they can share the same enhancement lay&t€ access to one component (texture or depth) does not rely
since DVC allows encoding frames independently from the® the decoding of the other.
reference that will be employed at the decoder. One of drawbacks of classical scalable approaches is that
This approach has been considered in the past in orde@ach enhancement layer is strictly dependent from the previ
to improve temporal and spatial scalability. In this work weous ones. Moreover, an enhanced layer cannot be decoded, if
review the existing approaches, improve them using more rghe previous one is not correctly received and decoded.-In or
cent DVC techniques and perform a new analysis for the emetigr to make each layer independent of the others, [5], [§], [7

ing multi-view applications. and [8] propose to apply Distributed Video Coding (DVC) for
encoding the video. DVC is based on distributed source cod-
1. INTRODUCTION ing [9, 10]. In this paradigm, dependent sources are indepen

dently encoded but jointly decoded. Under some constraints
The Internet is an heterogeneous collection of networksyash ON the statistical characteristics of the sources, the iloss
users can have different resources in terms of memory arf@'ms of rate-distortion performance is negligible w.ctas-
computational complexity. Today the largest part of theiint  Sical joint source coding. Concerning scalability, thisame
net traffic is related to video applications such as video conthat with DVC we can encode the different layers indepen-
ference, video streaming, downloading and sharing. Aativi dently. Then, the decoding is independent from which in-
way to take into account the different requests of the users formation is available at the decoder side. In this way, we ca
to encode the different versions of a video at different gualhave diffe_rentbase Ia_Lyers sharing the same enhancementlay
ities and store all the versions on a video server. Then, onlgncoded in DVC. This can allow remarkable bandwidth sav-
one of these versions is sent to each user. Obviously, amoff@s. above all when many different codecs are considered.
the different versions of the same video there will be a hug@ue to the different video coding techniques present nowa-
redundancy. Scalable video coding (SVC) [1] has been delays on a network, (for example H.264/AVC with its different
veloped as an extension of H.264/AVC for encoding the difProfiles, HEVC, MPEG-2, MPEG-4), it would be necessary
ferent versions of the video by eliminating redundancies at® encode the enhancement layer of the video in all these for-
much as possible. SVC enables to encode the video onc@ats, if its base layer is in the same format. On the contrary,
but the users can choose the parameters of the video by d6DVC is used, one only version of the enhancement layer is
lecting only a subset of the bit stream used for encoding th&ufficient for all the users independently of the technigsescu
video. Then, the bit stream is divided in a base layer (that co for the base layer.
sists in the layer at lowest quality) and several enhanceémen In this paper, we also analyse the RD performance when



scalable DVC is applied on view domain in the context ofindependent from how the KFs have been encoded and de-
multiview distributed video coding. Moreover, several so-coded. The European project DISCOVER [12] implemented
lutions are possible that allow view scalability: of course the Stanford architecture and defined effective tools fal-co
a trivial solution is using the same single view encoder oring the KFs and the WZFs. It has become the reference tech-
each view (Simulcast); a more effective approach is basedique for distributed monoview and multiview video coding.
on the use of the multiview extension of H.264/AVC, calledIn DISCOVER the Sl is generated by a linear motion interpo-
H.264/MVC. In this work, we compare the performance oflation algorithm of the closest frames available at the deco
multiview scalable DVC w.r.t. these classical approacles f side. In a previous work [13], we have proposed a high order
view scalability. motion interpolation (HOMI) based on 4 images. This algo-
The paper is structured as follows. In Section 2, we profithm improves the RD performance of classical interpolati
vide a state-of-the-art about scalable video coding,ibisted  techniques.
video coding and scalable DVC. In Section 3, we describe in

detail our analysis and comparison, and we conclude the pa-
per in Section 4. 2.3. ScalableDVC

One of the drawbacks of SVC is that each layer depends gtrictl

2. BACKGROUND IN SCALABILITY AND DVC from the previous ones. With DVC, the differentlayers can be
encoded and decoded independently. This means that the base
2.1. Temporal Scalability in H.264/AVC (SVC) layer can be encoded with any technique without affecting

the decoding of the WZFs. In particular, the temporal scala-
The scalable extension of H.264/AVC [1] has been proposegility is intrinsic in DVC. Indeed, the procedure of encoglin
in order to take into account the different resources in $ermand decoding for GOP sizes larger than two is very similar
of memory and complexity of the user, for temporal, spatiako the structure of hierarchical B-frames of H.264/AVC. Let
and quality scalability. Let us consider a video streamddidi ;s consider a GOP size equal to 4. Then/let, and ;42
into a base layer (BL) and in enhancement layers. The basepe two consecutive KFs. These frames are used for the es-
layer consists of only | frames or P-frames, whose referencgmation of the WZF at instant. Once this frame has been
frame is in the BL. Then enhancement layers can be ob-decoded, the frama, is available at the decoder side. It can
tained by introducing hierarchical B-frames. The B-framesye used along with the KFs for obtaining the estimation of
of thei-th enhancement layer can be obtained by using as refhe WZFs at the instants — 1 andk + 1. Tagliasacchi et
erence the frames of the previous enhancement layers (fromgl. [8] proposed a temporal scalable DVC for the PRISM
to/ —1). With a simple dyadic structure, if the original video codec. In this scheme the base layer has been obtained by
is at f frames per second (fps), the BL layer isfatN fps,  H.263+/INTRA. The enhancement layer had been obtained
whereN = 2" and thel-th enhancement layer will be 2tL. by using algorithms for linear motion interpolation. In Ed
fps. The H.264/SVC standard also allows a flexible (i.e. nonfg] a comparison of temporal scalable DVC w.r.t H.264/AVC
dyadic) definition of temporal dependencies between framesas been performed. Moreover, for DVC coding they used an

overlapped block motion compensation based side informa-
2.2. DVC and DISCOVER interpolation algorithm tion generation module ano_l an adaptive virtual channeknois

model module. They obtained that the RD performance of
In this section we describe one of the most popular framescalable DVC improves the performance of H.264/INTRA
works for DVC, the Stanford codec [11]. In this codec, thebut does not surpass the RD of SVC. Then, they suggest to
video stream is split into Key Frames (KFs) and Wyner-Zivuse DVC only if there are some constraints in terms of com-
Frames (WZFs). Borrowing the terminology from the predic-plexity and memory at the encoder side. The independence of
tive video coding context, a KF and all the following WZFs the enhancement layer w.r.t. the base layer for DVC has been
before the next KF are said to form a group of pictures (GOP)emphasized by [5] and [7]. Indeed, also if we change the
Hence the distance between two successive KFs is called G@iAchor frames, the enhancement layers does not change for
size. The KFs are INTRA coded (i.e. without motion estima-DVC. On the contrary, another enhancement layer is needed
tion and compensation). The Wyner-Ziv Frames are fed int@ach time that the INTRA Frames of H.264/AVC are coded
a systematic channel coder. The systematic part is disgarden a different manner. The quality scalability is also auto-
and the parity bits are sent to the decoder. At the decodenatically obtained with DVC: the parity bits generated bg th
side, an estimation of the Wyner-Ziv Frame is needed. It caencoder are used for improving the quality of the side infor-
be obtained by interpolation of the already decoded framesnation. Then, the more parity bits are sent to the decoder,
This estimation is called Side Information (SI) and it can bethe better the quality of the decoded frames is. Each set of
considered as a noisy version of the true WZF. The charparity bits progressively improves the PSNR of the decoded
nel decoder must correct these estimation errors by useng ttWWZFs. Solutions for spatial scalability have been proposed
parity bits. Then, the encoding of the WZFs is completelyby [5] and [14].



In [15] and [16] the temporal scalability is extended for keyview Womer-ziv views ey view
multiview video coding. Ozbek et al. [15] suppose to have J_L J_L J_L B
two cameras : the right view is temporally predicted and the
left view is predicted from the right one. They extend this ]
structure for multiview by supposing that only one view cam-
era depends from itself and the other ones are predicted by _
this reference view. Drose et al. [16] suppose that only a -l =
central camera is coded independently of the other ones. The
temporal stream is coded with a certain GOP structure. In the
position of the | frames, the frames of the other cameras-are P
frames depending on the frames of the central camera, as the Baselayer layer2  layerl  layerz Baselayer
view progressive architecture of H.264/MVC [2]. The other
frames are coded only by exploiting temporal correlation.

|

|

Fig. 1. Example of multiview SVC with/ = 4

3. SYSTEM PERFORMANCE ANALYSIS
) ers will not be, since they are predicted w.r.t. possiblfedif

Letus consider now the works of [S] and [6]: we perform herégnt images. In this context we are then obliged to send all the
a performance analysis of DISCOVER w.r.t. some relevanpase |ayers and all the enhancement layers. Another soenari
video coding standards: H.264/AVC, H.264/AVC with a low s that only the base layer is INTRA coded with H.264/AVC
complexity profile, the emerging HEVC. The low-complexity 5 HEVC, and the enhancement layers are encoded with the
profile of H.264/AVC is obtained by switching off the rate piScOVER DVC scheme. These means that the enhance-
distortion optimization. _ _ ment layers are independent from the base layer available fo

In our use-case, we have to send the different bit streams,ch user. For the scalable monoview we have considered the
of the different standards. If a user having the BL of H.264IA \pEG sequencezarty scene andBQSquare, respectively at
cannot decode the B-frames encoded with HEVC and ViceVSpatiaI resolutions d§32 x 480 and416 x 240. Their frame
ersa. For these reasons, it is necessary to send the EL biktes are of 60 fps and 50 fps respectively. We have consid-
streams of H.264/AVC and HEVC. But if we suppose thatgred a GOP size of 4, and then we can suppose that we have a
all the users have a DVC decoder, the enhancement layeggse layer and two enhancement layers. The frame rate for the
can be coded with a Wyner-Ziv codec, and thus one bitstreapase layer is respectively 12.5 fps and 15 fps. We have then
is sufficient for all the users. We have extended the tempQsgnsidered DISCOVER with the base layer (that means the
ral scalable video coding along the view axis in multiview KFs) encoded with H.264/AVC, with HEVC and H.264/AVC
video. We suppose that we hakecameras. One camera out (jow complexity). We have performed a rate-distortion anal
of V' is a Key camera. The other ones are Wyner-Ziv camys;s of DVC w.r.t. the scenario where we are obliged to send
eras. The base layer consists of sending only the Key viewgy 264/a/C, HEVC and H.264/AVC low complexity (see Tab. 1)
The other views are hierarchical encoded, as in the temporghd we have obtained up to 23.58% of bit reduction and up
domain, as depicted in Fig. 1. Let us suppose that one oy} 3,54 dB of PSNR improvement. Indeed, when standard
of four cameras is a Key camera and let 0 and 4 be two ofjgeo techniques are used for the enhancement layers, we are
these cameras. Then, in the first enhancement layer, the vigyliged to encoded these layers with all the considered stan
number 2 is sent and for the second layer the cameras 1 agdyd. with DVC, since the enhancement layers are indepen-

3 are sent. This structure is used both for.the DvC co.degent of the BL, we can use the same set of parity bits inde-

order to take into account that some users can not have the In the context of multiview video coding, we have consid-

H.264/MVC decoder, we are forced to encode and store alsgre the Xmas sequence4s0 x 640 spatial resolution and

a simulcast version of this video, where each camera is indgje have compared the RD performance of DVC w.r.t. Simul-
pendently coded. For this reasons, the performance of scaly sty H 264/MVC (see Fig. 2 and 3). Indeed, if some users
able multiview distributed video coding are compared W.r.tpave not the H.264/MVC codec. we are forced to send on the

H.264/MVC and H.264/Simulcast. _ _ net also the Simulcast version, where all the views are inde-
In order to perform a complete analysis of the d'ﬁere”tpendently encoded.

methods for scalable video coding, we suppose that we have

two scenarios. In the first scenario, the users have differen

decoders: we suppose that each video stored on the video 4. CONCLUSIONSAND FUTURE WORKS

server is coded in H.264/AVC, H.264/AVC low-complexity

(with no RD optimization) and HEVC. Even if the base layersin this paper we have performed an analysis in terms of RD
1 and 2 are compatible, the corresponding enhancement lagerformance for temporal scalable DVC w.r.t. classical-sca



—&—DVC - DISCOVER
*r —6—H.264/MVC + H.264/simulcast

a7 1 DVC (KF coded with H.264/AVC I.c.)

PSNR [dB]

T 1 DVC (KF coded with HEVC)
wl 1 DVC (KF coded with H.264/AVC I.c. )

EY W 50
rate [bits/view/picture]

Fig. 2. RD curves for sequence Xmas - Layer 1

method | AR [%] | ApSNR [dB]
BQSquare - layer 1
DVC (KF coded with H.264/AVC)) -4.70 0.86
DVC (KF coded with HEVC) -23.58 0.40
-4.73 0.20
BQSquare - layer 2
DVC (KF coded with H.264/AVC)) 19.17 3.54
4.24 0.83
20.20 0.84
Party Scene - layer 1
DVC (KF coded with H.264/AVC)) -12.79 0.80
DVC (KF coded with HEVC) -16.36 1.07
DVC (KF coded with H.264/AVC l.c.) | -11.56 0.78
Party Scene - layer 2
DVC (KF coded with H.264/AVC)) -13.71 1.06
DVC (KF coded with HEVC) -18.22 1.08
DVC (KF coded with H.264/AVC l.c. )| -12.89 1.02

—&—DVC - DISCOVER
38 —6— H.264/MVC + H.264/simulcast
=2
:
: [5)

(6]

30 2 0
rate [bits/view/picture]

Fig. 3. RD curves for sequence Xmas - Layer 2 7

: _ . 8
able techniques. In contrast with the classical case, eghan 8

ment layers in DVC are independent from the BL. Then, if
different users have different decoders, using DVC, theesam [g]
parity bits will be sufficient to decode the enhancement lay-
ers independently of the codec used for the base layer, thus
achieving a noticeable bandwidth saving. We have extenddéo]
our analysis also to multiview video coding, in order to take
into account that some users can have the H.264/MVC codec
and others may not have it. Then, we should send also &M
Simulcast version of this video. If DVC is used, we can avoid
to send these two versions.

[12]
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