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ABSTRACT

The growing heterogeneity and dynamic nature of the networks, terminals, and usage
environments has boosted the need for powerful scalable video coding engines able to
efficiently adapt to changing consumption conditions. Some emerging applications such as
video surveillance, visual sensor networks, and remote space transmission require scalable
coding solutions, which are not only compression efficient but also provide low encoding
complexity and high error resilience. Following the call for scalable extensions of the
emerging High Efficiency Video Coding (HEVC) standard, targeting the so-called Scalable
HEVC (SHVC) standard, this paper proposes a novel scalable video coding solution offering
quality scalability by combining the predictive and distributed video coding approaches by
means of an HEVC compliant base layer and distributed coding enhancement layers. The
proposed Distributed Scalable Video Coding (DSVC) solution follows an Intra-encoding with
Inter-decoding approach to provide low encoding complexity and error robustness while
achieving high compression. Towards this objective, this paper adopts a novel coding
architecture and proposes several novel enhancement layers coding tools, notably for side
information creation, correlation modeling, and coding mode selection. The experimental
results reveal that the DSVC RD performance outperforms the relevant alternative coding
solutions, notably by up to 33.22% and 11.28% BD-Rate gains regarding the relevant HEVC-
Simulcast and SHVC-Intra-benchmarks, while achieving a lower encoding complexity.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

which targets all resolutions, now up to ultra-high definition
(UHD) video content. As usual, this standard provides about

Multimedia applications have been playing a major role in
the current society with video coding technologies largely
driving the development of new services and applications to
provide increasing quality of experience. These applications
typically deploy a powerful video compression engine, follow-
ing the so-called predictive coding paradigm, largely adopted
by the available video coding standards. The state-of-the-art
on predictive video coding is nowadays represented by the
recent High Efficiency Video Coding (HEVC) standard [1],
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50% bitrate reduction for the same perceptual quality compar-
ing to the previously available standards [2], notably the
largely market deployed H.264/AVC (Advanced Video Coding)
standard [3]. While the H.264/AVC and HEVC standards are
highly efficient, they are not able to provide the adaptation
capabilities necessary for the large heterogeneity of networks,
devices, consumption environments and user preferences,
which have only increased over the years. Moreover, the
connections may have different capabilities and characteristics
along time making necessary a dynamic adaptation of the
transmitted video streams to provide the best user experi-
ence. To address these adaptation requirements, several
scalable video coding solutions have been developed in the
past, e.g. in the MPEG-2 Video and MPEG-4 Visual standards.
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In these scalable video coding solutions, the video content is
coded in such a way that partial, still compliant, bitstreams
can be easily extractable from the full bitstream to provide
video services with lower temporal or spatial resolutions, or
reduced fidelity while retaining a reconstruction quality
commensurate to the rate of the partial bitstreams [4]. This
contrasts to the more commonly used non-scalable video
coding approach where the full bitstream has to be received
as otherwise a significant quality degradation may happen, e.
g. associated to packet losses and dynamic bandwidth reduc-
tions. Scalable coding adopts a ‘code once for all’ approach as
the same single bitstream can be easily ‘manipulated’ to
provide a variety of sub-bitstreams appropriate for different
consumption conditions; ideally, these partial bitstreams
should provide a rate-distortion (RD) performance similar to
the RD performance of a non-scalable stream coded for the
same specific conditions, notably for the same rate. The rate
difference between these scalable and non-scalable streams
(for the same final quality) expresses the rate penalty of the
scalability functionalities and its reduction has been a major
research target in the last 25 years.

The most recent scalable video coding standard addressing
these adaptation requirements is the H.264/AVC scalable
video coding extension, named Scalable Video Coding (SVC)
standard [4], developed around 2007. The SVC standard
adopts a hierarchical layered design where subsets of the
video bitstream can be decoded with different qualities or/
and spatial and temporal resolutions. Contrary to past scalable
video coding standards, the SVC standard builds on the highly
efficient H.264/AVC standard providing a backward compati-
ble base layer (BL) and additional enhancement layers (ELs).
Moreover, it asks for a small rate penalty regarding equivalent
non-scalable coding, notably only around 10% of the total
bitrate regarding the H.264/AVC single layer (non-scalable)
benchmark with equivalent quality/resolution, while support-
ing several scalability features [5]. Due to the usage of multi-
ple prediction coding modes within (intra-layer) and between
(inter-layer) the scalable layers, the compression efficiency has
been brought to a level that is considered competitive for
many applications and services.

The posterior development of the HEVC standard, with
its 50% compression gains compared to H.264/AVC, and
the increasing market relevance of heterogeneous and
dynamic transmission environments, have boosted the
development of a new scalable video coding standard,
with a compression performance beyond the SVC stan-
dard. The emerging requirements include increased spa-
tial, temporal, and bit-depth resolutions, random access
and error resilience, low encoding complexity and, natu-
rally, increased compression efficiency [6]. These require-
ments emerge from a large variety of applications and
services [7], many giving special emphasis to low encoding
complexity, which is the specific scenario addressed in this
paper. In this context, the ISO/IEC MPEG and ITU-T VCEG
groups have decided to launch a joint Call for Proposals
targeting a scalable extension of the HEVC standard [8],
well known as Scalable HEVC (SHVC), providing BL HEVC
backward compatibility.

While the current predictive video coding paradigm
mainly targets one-to-many applications where few, rather
complex encoders feed numerous, much simpler decoders,

many emerging applications such as wireless video surveil-
lance, visual sensor networks and remote space transmission
have different complexity requirements and match better an
alternative coding paradigm where simpler encoders should
feed still simple or also more complex decoders. These
emerging applications can also greatly benefit from scalable
video coding, which should offer different levels of spatial,
temporal and quality scalabilities to optimize the system
resources, such as computational power and network band-
width, and meet the dynamic adaptation needs in terms of
network, storage and terminals. In addition, these applica-
tions typically operate in error-prone and congested chan-
nels (mostly wireless), thus asking for robustness to channel
(bit) errors and packet losses. This request is typically
addressed by mitigating the effects of error propagation
and drift, rather common in predictive video coding.

Distributed video coding (DVC) has attracted much atten-
tion in the last decade due to its specific coding features,
notably a flexible distribution of the codec complexity,
inherent error robustness, and codec independent scalability
[9] as no prediction loop is used as in predictive coding. DVC
is based on the well-known Slepian-Wolf and Wyner-Ziv
theorems [10,11], which allow exploiting the temporal
correlation at the decoder rather than at the encoder without
RD performance penalty, under certain specific conditions;
this allows moving complexity to the decoder, thus achieving
simpler encoders. The literature shows that there are two
main practical approaches to DVC design: the DVC Stanford
solution [12] and the DVC Berkeley solution, known as PRISM
from Power-efficient, Robust, high compression Syndrome
based Multimedia coding [13].

Inspired by the strengths of both the predictive and
distributed video coding paradigms, this paper proposes a
novel scalable video coding framework for applications
asking for HEVC backward compatibility, high compression
efficiency, low encoding complexity and error resilience,
combining the strengths of the HEVC standard at the BL
with the strengths of DVC in the ELs. Following its features,
this scalable coding framework is called Distributed Scalable
Video Coding (DSVC). While most current scalable video
coding research follows a predictive approach also for the
ELs, e.g. SHVC, this paper intends to demonstrate that there
are alternative, and still competitive, less conventional cod-
ing architectures, which is very healthy from a research point
of view. The importance of the low complexity application
scenarios is also largely recognized by the JCT-VC standardi-
zation group not only in the SHVC requirements but also in
the context of the SHVC development [7] by defining a
specific low-complexity Intra-scenario for performance ass-
essment where no temporal predictions are allowed in the
coding process. By creating a mix between spatial (inter-
layer) encoder predictions and temporal decoder estima-
tions, the compression efficiency can be greatly improved in
this paper without compromising the error resilience when
compared to traditional Intra-coding solutions. In addition,
backward compatibility is assured since the BL can be
compliant with any non-scalable video coding standard such
as HEVC and H.264/AVC in any codec/profile configuration.

In summary, the major goal of this paper is to propose a
novel HEVC backward compatible scalable extension solu-
tion based on a more challenging combination of coding
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