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Optimized MVC Prediction Structures for
Interactive Multiview Video Streaming

Ana De Abreu, Pascal Frossard, and Fernando Pereira

Abstract—The Multiview Video Coding (MVC) standard ef-
ficiently compresses multiview video by considering spatial,
temporal and interview correlations. This letter studies the impact
of the MVC interview prediction structure on both the trans-
mission and the overall coding rates for an interactive multiview
video streaming system, considering both unicast and multicast
scenarios, with the user interactive behavior represented by some
view-popularity model. We propose a method to identify the
optimal prediction structure minimizing the visual distortion,
given some storage and link capacities constraints. Simulation
results confirm that the optimal prediction structure results from
a non-trivial tradeoff between the system constraints, the trans-
mission model and the views’ popularity.

Index Terms—Interactive multiview video streaming (IMVS),
multicast, multiview video coding (MVC), popularity model,
prediction structure, unicast.

I. INTRODUCTION

T HE MULTIVIEW video coding (MVC) standard is an
extension of the H.264/AVC (Advanced Video Coding)

standard, targeting the efficient compression of multiview video
[1]. It exploits the interview, spatial and temporal dependencies
to improve the rate-distortion (RD) performance in multiview
scenarios. The exhaustive exploitation of these interview de-
pendencies is well suited for applications where all the views
have to be transmitted or stored together under limited channel
and/or storage capacities. However, for interactive multiview
video streaming (IMVS) applications, where users typically re-
quest only one view at a time, the increased coding depen-
dencies may bring important penalties as the request of one
view typically implies the transmission of data from many other
views. Notwithstanding their importance, IMVS systems have
not been much studied in the literature. In [2], an experimental
analysis of the compression efficiency ofMVC prediction struc-
tures (PSs) is presented, while the work in [3] proposes a new PS
model for MVC to reduce the coding complexity while keeping
a high compression rate. None of these works have considered
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the transmission aspects of the multiview data in interactive sys-
tems. Other works, like [4], [5], have studied the PSs that facili-
tate a continuous view-switching [4] or that reduce the transmis-
sion rate [5]. However, the authors have considered a more com-
plex coding system with redundant P- and DSC-frames, which
is not compatible with theMVC standard. In [6], the views’ pop-
ularities of an IMVS system have been considered for solving
a rate allocation problem; however, a fixed PS has been used,
which is not appropriate for all the IMVS scenarios.
This letter studies the proper PS choice for MVC-based

IMVS systems. More specifically, we study the impact of
interview coding dependencies on both the coding rate and the
transmission rate per requested view, for distortion-minimized
multiview streaming in resource-constrained systems. To this
end, a probabilistic model is proposed for the coding and
transmission rate, considering a view-popularity model that
accounts for the different characteristics of each view. The
transmission rate is studied on the end-user and server sides,
both for unicast and multicast transmission models. We further
define a method able to identify the optimal PS that minimizes
the visual distortion while fulfilling the relevant system con-
straints in different transmission settings. We show that MVC
coding should be optimized as a tradeoff between compression
and access flexibility in IMVS systems.
This letter is organized as follows: Section II outlines the

assumptions and constraints adopted in this work while the
coding and transmission rate probabilistic models are proposed
in Section III. Section IV describes the prediction structure
optimization problem for which a greedy algorithm is proposed
and Section V presents the corresponding simulation results.
Finally, the conclusions are presented in Section VI.

II. IMVS SYSTEM ASSUMPTIONS AND CONSTRAINTS

A. MVC Standard Related

In this work, MVC compliant bitstreams are considered ful-
filling the following constraints:
• Fixed temporal PS—The interview prediction dependen-
cies are modified while the temporal dependencies are kept
fixed. In the temporal domain, a hierarchical B-frames so-
lution is assumed, since it has shown to improve the com-
pression efficiency [2].

• Cascading quantization parameters (CQP)—To control
the quantization steps, and thus the distortion, a CQP
strategy is used in the MVC encoder. The CQP model
used for each view is similar to the one proposed in [7]:
first, , the set of QPs for the anchor pictures (without
temporal dependencies) [1] is selected; then, the QPs for
the various temporal layers are assigned by increasing the
QP of the previous layer with a pre-defined .
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Fig. 1. PS examples. (a) PSs for a 3-view system: IBP(3,1) and IP(3,1); (b) PSs
for a 6-view system IBP(6,1), IBP(6,2), IP(6,1), IP(6,2), IP(6,3) and I(6,6).

• Limited set of PSs—To reduce the candidate set of inter-
view PSs, we focus on the most relevant PSs that are built
on the two most used PSs for the MVC standard, namely
IBP and IP. For compression reasons, these two PSs usu-
ally have only one independent view (key-view) out of the
total number of views, , which is usually selected to be
a lateral one (see Fig. 1(a)). Since, in IMVS systems, com-
pression efficiency is not the only requirement, we allow
here more than one key-view in these two basic PSs. More-
over, we also consider the simulcasting PS ( PS) with only
key-views. Overall, this leads to three different basic PSs
that are referred as and ,
where stands for the number of key-views out of the total
of views. Fig. 1(b) illustrates a few PSs under consider-
ation in our work.

B. Random Access

We consider an IMVS system with random access to different
views, where view-switches occur from/to any viewpoint in a
multiview set. The random access constraints are:
• Limited view-switches—View-switches only occur at in-
stantaneous decoding refresh (IDR) pictures [7] and an-
chor pictures1.

• Fixed GOP size—To facilitate random access, the GOP
size is fixed and identical for all the views.

• View-popularity model—A view-popularity factor, ,
is considered, defined as the probability that an end-user
decides at an anchor picture to switch to view , where

. Three view-popularity distributions are
considered in our multi-camera setting, namely exponen-
tial, Gaussian and U-quadratic probability distributions,
where the most popular views correspond to one of the
lateral, central and both lateral views, respectively. At
encoding, we adapt the PSs to the popularity distribution
such that at least one key-view is located at one of the most
popular viewpoints. Hence, the PSs are further labeled
according to the position of the key-view(s). Structures
labeled with A are those with key-views regularly spaced
along the viewpoints starting with one of the most lateral
viewpoints. Structures labeled with B and C have the
key-view(s) at the middle and at both lateral extremes of
the viewpoints, respectively. Table I shows the PS adapta-
tion to the view-popularity model for the IBP PS with six
views. IBP(6,1)-A corresponds to the IBP(6,1) PS adjusted
to the exponential and U-quadratic distributions, while
IBP(6,1)-B to the Gaussian distribution. In the IBP(6,2)
PS case, structures labeled with A, B and C, are the PS

1The term anchor picture is used here to refer to both IDR and anchor pictures
as, for the purposes of this letter, they are equivalent.

TABLE I
PS ADAPTATION TO THE VIEW-POPULARITY MODELS

adaptations to the exponential, Gaussian and U-quadratic
distributions, respectively. The same key-views layout
is adopted for the IP PS. The I(6,6) and IP(6,3) PS do
not need this labeling as the same key-views layout is
considered for all popularity models.

III. CODING AND TRANSMISSION RATES MODELING

In this section, we propose models for the coding and ex-
pected end-user/server transmission rates. The coding rate, CR,
is defined as the total number of bits per unit of time that is
necessary to code a multiview sequence. The expected end-user
and server transmission rate, and , are defined in the
context of IMVS where the server has to transmit the frames for
a requested view together with the frames from the associated
reference views, until the next view-switching point. The server
transmission rate depends on the transmission model, namely
unicast or multicast. In the unicast model, every client is served
with a separate stream. In the multicast model, batches of views
are sent as a single stream to multiple synchronous clients. In
this case, we consider that an end-point in the network even-
tually filters the streams and only sends to the client the views
that are necessary to fulfill its request. The end-user transmis-
sion rate is independent of the transmission model, since in both
cases the client receives the same streams. Before deriving the
models for and , some definitions are presented
for better understanding.
We first define the frame-dependency path size, ,

whose concept is similar to the transmission cost defined in
[5]. In particular, is the number of bits per GOP that
have to be processed in order to decode a particular frame, ,
from view at time instant , where can be an I-, a P- or
a B-frame. The size , is recursively defined as:

(1)

where stands for the number of bits used to code
from GOP , and and are the spatial and temporal ref-
erence frames for , respectively. Now, the number of bits
required to decode a GOP of view , named GOP-depen-
dency path size is defined as:

(2)

where each frame is considered only once.
The coding rate, CR, is computed based on the average of

the coded frame size in bits, , over the entire multiview
video sequence of views and frame instances per view:

(3)

where is the video frame rate. CR is directly proportional to
the number of bits used to code the multiview sequence, which,
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Fig. 2. (a) vs. CR; (b) vs. for various PSs. Ballroom
sequence [8] and exponential popularity distribution have been considered.

in this work, is limited by the storage capacity of the system.
Then, since CR depends on the number of bits used to encode the
sequence, its value increases with the number of views but de-
creases when the number of interview dependencies increases,
since the redundancy across views is better exploited. Alterna-
tively, for a given available bitrate, the encoder is able to pro-
duce a higher encoding quality when the number of interview
dependencies increases (see Fig. 2(a)).
We now compute the expected end-user transmission rate,
, when a dedicated video stream is transmitted between the

end-user and the network end-point. The reads:

(4)

where is the expectation of the size , defined as
. This means that, contrarily to

increases with the number of interview dependencies.
The expected server transmission rate, , depends on the

transmission model. If the unicast model is adopted, the server
needs to transmit, to each of the end-users, one copy of the
requested data, independently of the other requests. Hence, in
the unicast case, increases with the number of
interview dependencies and reads:

(5)

If a multicast model is adopted for transmission to synchronous
users, the dissemination of the requested views traverses
each network link only once and no duplicate views have to
be transmitted by the server. Before deriving the multicast
server rate expression, some parameters have to be
defined. First, the set of all captured views is denoted by

, from which the end-users request
a subset of views at the same time instant, called . Then,
the number of bits required to decode a particular subset
for GOP , denoted by , is written as .
The probability that a view is not requested by any of the
end-users in a GOP is defined as: ,

while the probability that at least one end-user requests a
particular view is .
Then, the probability that views are requested by an end-user,
and the remaining views are not requested, comes

. Hence, the expected number
of bits transmitted for each GOP in a multicast scenario, is
defined as . Finally,
reads:

(6)

In this case, in contrast to , interview dependencies reduce
the redundancy across the requested views and thus the trans-
mission rate, . This may be confirmed in Fig. 2(b) where
the relation between the server transmission rates for both trans-
mission models, and , is illustrated.
We can also compute the expected distortion in our IMVS

model, which corresponds to the coding noise associated to the
quantization process. The average distortion per view, , is
taken as the temporal average of the distortion per frame, ,
and is written as . Then, the expected
distortion for the multiview sequence is defined as:

(7)

where is the popularity for view .

IV. PREDICTION STRUCTURE OPTIMIZATION

Equipped with the previous definitions, we can now study the
rate and distortion for differentMVC PSs. In particular, we want
to find the interview prediction structure derived from a subset
of preferred PSs, and the associated set of QPs, , that mini-
mizes the expected distortion, while considering the following
constraints:
1. Storage capacity constraint—The total number of bits to
code the multiview video sequence per unit of time, CR, is
restricted by the available storage capacity, named .

2. Transmission constraint—The expected transmission
rates and cannot exceed the
link capacity at the end-users, , and at the server,

, respectively.
In summary, the optimization problem is written as follows:

(8)

such that

We propose a greedy approach to solve the optimization
problem defined in (8). This algorithm has the following steps:
1. Local solution—First, for each considered PS, the QPs
of anchor views, , and the distortion achieved for
the maximum storage capacity, , are determined by
an exhaustive search. The same process is performed for

and . The transmission/coding rates are es-
timated from (3), (4), (5) and (6) with help of encoding the
multiview sequences with different QPs. The QPs of the
anchor views are modified while the CQP strategy is used
in the temporal domain (Section II.A). After this step, for
each PS, there is a set of three local solutions, one
for each constraint.

2. Global feasibility—Second, for each PS, it is determined
which local solutions are globally feasible thus
identifying the solutions that simultaneously fulfill all the
constraints. This provides a set of feasible solu-
tions for each PS. From these sets, the solution associated
to the lowest distortion is selected. Then, for each PS, there
is now an optimal corresponding to the solution
fulfilling all the constraints with the minimum possible dis-
tortion .
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3. Optimal solution—Finally, from the set of optimal solu-
tions above, the PS with the minimum distortion is selected
thus defining the global optimal PS.

V. EXPERIMENTAL RESULTS

This section presents the test conditions and the experimental
results obtained for the studied scenarios when the PS is opti-
mized with the algorithm described in Section IV.

A. Test Conditions

TheMVC reference software JMVC v8.2 [9] has been used to
encode six views from three sequences: Ballroom [8] and Akko
& Kayo [10] at a resolution of 640 480 with 25 fps captured
with a parallel camera array with 20 and 5 cm of separation,
respectively; Ballet [11] (1024 768 pixels at 15 fps) captured
with a 1-D arc camera arrangement spanning about 30 . The
CQP strategy has been used in the temporal domain, with a fixed

equal to 0, 3 and 1 when the temporal layer is equal to 0,
1 or larger than 1; respectively. For instance, the QPs for tem-
poral layers 0, 1 and 3 are and ; respectively.
The basic PSs used were IP, IBP and simulcasting, adapted to
the adopted popularity distributions, i.e., exponential, Gaussian
and U-quadratic. The optimal PS has been found for various
scenarios defined in terms of available server/end-user trans-
mission rates and storage capacity, with the help of the greedy
algorithm proposed in Section IV.

B. Results and Analysis

Two multi-constrained scenarios have been studied, one as-
sociated to unicast and another to multicast, using the following
constraints:
• Unicast scenario: Mbps, Mbps
and Mbps.

• Multicast scenario: Mbps,
Mbps and Mbps.

The results are reported in Table II, where the limiting rate and
the optimal PS for each case are shown in bold. Based on these
results, we can make the following observations:
• Different minimum distortion solutions—Given the same
system constraints, the algorithm finds different quality
levels for the optimal solutions of the three sequences.
Ballroom solutions are around 5 and 4 dB lower than the
Akko & Kayo and Ballet solutions. This is due to dif-
ferent sequence characteristics and camera spacing and
arrangement.

• Coding efficiency versus random access trade-off—In
these scenarios, the optimal PSs have two or three
key-views. This solution results from the tradeoff between
compression efficiency (associated to the best PS under
coding rate constraint) and random access capabilities
(associated to the best PS under end-user and server uni-
cast transmission rate constraints). This shows that a pure
compression efficiency objective is not ideal in IMVS
systems.

• PS alignment with popularity models—For each popu-
larity distribution, the optimal PS is the one that best adapts
the key-views to the most popular views. For example, for
a Gaussian popularity model, the PSs labeled with B, with
central key-views, offer the best performance.

TABLE II
OPTIMAL PS FOR BALLROOM, AKKO & KAYO AND BALLET
SEQUENCES FOR VARIOUS POPULARITY DISTRIBUTIONS

AND BOTH UNICAST AND MULTICAST SCENARIOS

• IP PS more efficient than IBP PS—The IP PSs are
genera-lly preferred over the IBP PSs. As the number of
key-views increases, the expected transmission rates for
the point-to-point communications ( and ) for
an IP PS is lower than those for an IBP PS, under a similar
distortion.

• Differences between unicast and multicast sce-
narios—No significant differences are observed in Table II
between the unicast and multicast scenarios. Still, PSs
with a higher number of key-views tend to be preferred in
the unicast scenario.

VI. CONCLUSION

We have studied the optimization of MVC prediction struc-
tures that minimize the visual distortion given storage and trans-
mission rate constraints in IMVS systems. These rates have been
analyzed, when interactivity is captured by a view-popularity
distribution. Experimental results have shown that the optimal
PS results from a tradeoff between interactivity and coding effi-
ciency, and the optimal arrangement of the key-views depends
on the view-popularity distribution. Future work will focus on
the improvement of the current optimization algorithm to offer
a low complexity solution allowing the online optimization of
the PSs.
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