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Abstract. Multipath video streaming over Video Distribution Network
comes as a promising solution to overcome the limitations of the classical
single path and IP-level video streaming approaches. For this purpose, we
have proposed a dynamic multipath video streaming mechanism, based on
quality of experience evaluations and available bandwidth estimations. In
this paper, we present the results of performance evaluation when applying
our video streaming method. Results show the ability of our mechanism
to adapt automatically and in real-time to the load variation on different
paths in order to maximize the overall quality perceived by end-users.

Keywords: Video streaming, Multipath, VDN, QoE, PSQA.

1 Introduction

With the aim at keeping a high perceived video quality, video streaming over
Internet still faces important challenges. Recently, several researches as [3] [4]
attend to cope with these challenges by deploying a new promising idea, which is
to stream the video over logical or physical multiple paths instead of the classical
single path streaming [I] [2]. Multipath Implementation over IP layer is a possi-
ble mechanism, but it faces a deployment issue as it needs to modify the existing
Internet infrastructure. However, an application layer multipath streaming mech-
anism is far easier to implement and to deploy. For this reason, a recent trend
was to exploit the path diversity provided by the Video Distribution Network
(VDN) in streaming the video. We have proposed a multipath video stream-
ing dynamic mechanism, in order to improve the video quality as perceived by
end-users. In our mechanism, video is streamed over multiple VDN paths. Path
selection is dynamically done based on available bandwidth (AbW) estimations,
as presented in [I] with the advantage of using multiple paths to stream the
video. Furthermore, the evaluation of path selection is done in real time by ob-
serving the Quality of Experience (QoE) at the recipient side. To measure QoE
we used a new measurement tool that copes with the limitations of the existing
subjective and objective evaluation tools. This tool is called Pseudo-Subjective
Quality Assessment (PSQA). In this paper, we present the experiment results of
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applying our mechanism over different video streaming schemes (which paths to
use for multipath video streaming) and strategies (how the video sub-flows are
distributed among the selected paths). Results show the ability of our mechanism
to adapt automatically and in real-time to the load variation over the different
paths, in a way that it maximizes the overall quality perceived by end-users.
The rest of this paper is organized as follows. In Section 2] we briefly explain our
multipath video streaming mechanism. Section [ highlights the results of the
performance evaluation when applying our method. Conclusion and future work
are summarized in Section @l

2 Our Proposition for Multipath Video Streaming in
VDN Based on AbW and QoE Estimations

The objective of our proposed mechanism is to keep the quality of the perceived
video by end-users as high as possible, during the entire video streaming process.
This is not an easy mission, especially with the changeable load over the different
paths from the server to the clients. Our method dynamically adapts to the load
variation over the multiple overlay paths. Consequently, it needs to consider
several important issues ,like how to split the video flow in an efficient way
before streaming it over multipath, how to select these paths, and how to adapt
this selection, in order to maintain the requested QoE.

Our method is designed to stream stored MPEG video flows. It depends
on frame-type in order to split the video into several sub-flows. In our experi-
ments, we use two different strategies: (i) (I|| P||B strategy) that splits the video
into three separated sub-flows, the first contains I-frames, the second contains
P-frames, and the last contains B-frames , and then it sends I,P,B frames re-
spectively over the three best paths; And (ii) (IP|| B strategy) that puts I and P
frames in the same sub-flow and B-frames in second one. Here, IP-frames sub-
flow is the one that will be sent over the best path, and B-frames will be sent
over the second best path. Deciding the best set of paths among the existing
paths from the server to the client is done based on the variation range of AbW
estimations as it presented in [I]. On the other hand, evaluating the QoE at the
client side is done using Pseudo-Subjective Quality Assessment (PSQA) tool.
PSQA [6] comes as a hybrid mechanism between subjective and objective ones.
It allows quantifying the quality of a video stream at the receiving end, in a
manner that is very close to the human observations. To achieve this evaluation,

Table 1. Mean Opinion Score - MOS

MOS Quality Impairment
5  Excellent Imperceptible
4 Good Perceptible but not annoying
3 Fair Slightky annoying
2 Poor annoying
1 Bad Very annoying
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Fig. 1. Video streaming process over VDN

PSQA bases on training a random neural network (RNN) to learn the mapping
between QoE score and technical parameters so that the trained-RNN will be
used as a function to give QoE Mean Opinion Score (MOS) in real time as it is
indicated in Table[Il Fig. [l presents the general idea of our mechanism. When
a client requests a video, the server selects an initial strategy (video splitting
method) and an initial scheme (paths used to stream the sub-flows) to start
streaming the video to the client. This is done according to the loads over the
available paths from the server to the client. At the client side, PSQA evaluates
the QoE of the streamed video, and then it sends back the MOS values of this
evaluation to the server. According to the quality observed by end-user, video
server will decide to keep or to change its strategy and/or its scheme. This leads
to a better quality than the quality achieved when streaming the video using the
same strategy and scheme during the entire video streaming period.

3 Performance Evaluation

In this section we present the results of the different simulations that we
have done using NS-2 simulator. We present first the environment conditions
that we chose for our experiments. We show then how our algorithm can adapt
with the different load variations over overlay paths. This adaptation can be
implemented by changing the streaming strategy and/or the streaming scheme.

3.1 Experiment Setup

We use an MPEG-2 video flow of 60 seconds duration in CIF format (352x288
pixels/frames 30 frames/sec). This flow have been encoded in H-264, with an
encoding bit rate of 384 kbps. The first step was to train and validate PSQA
tool with this video and to apply it over the clients. Our experiments have been
done via the network simulator NS-2 version 2.29, with adding a video packet
transmission module to simulate the video streaming application. We implement
three separated paths from the server to the client: P1, P2, P3, and then we
overload these paths with different CBR (Constant Bit Rate) traffics. These
traffics have been chosen in a way that shows the adaptation of our algorithm
with load variation as it can happen in real context. For simplifying the results
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explanation, we will not present the whole range of load values that we used in
our experiments. We select two levels of loads that are sufficient to explain the
different behaviors of our algorithm, and that lead to the following AbW values
over the three paths respectively: Levell (5%, 10%, 30%) and Level2 (1%, 2%,
3%). Our results are represented in term of MOS values of the streamed video.
In our experiments, we supposed that the video quality requested by the client
can be achieved by a MOS threshold of 4 that corresponds to a good quality.

3.2 Results

Scenario 1. As we have mentioned in Section 2] choosing the initial strategy
is done according to path loads. The objective of our first scenario is to com-
pare I|| P|| B and IP|| B strategies, by applying different load-levels and different
schemes. Our experiments on large scale of loads led to the results in Fig. 2| If
the loads over all the paths from the client to the server are considerably high,
I||P|| B strategy gives an overall quality that is slightly better than the quality
given by IP||B strategy (see Fig. 2l(a)). In contrast, Fig. BI(b) shows that IP||B
strategy is the best strategy to stream the video as long as at least one path to
the client has an AbW more than 10%.
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Fig. 2. Comparing different strategies in different load-levels

Scenario 2. The objective of these set of experiments is to demonstrate the
adaptability of our algorithm with the variant changeable loads over the differ-
ent paths, and to show the advantage of using this dynamic method rather than
the classical multipath streaming methods.

Scheme Adaptation. Our aim in this experiment is to show how the adaptation
of our algorithm to scheme changing gives better video quality. We use the
levell of loads. Thus, the algorithm selects IP||B as an initial strategy. At =30
we change the loads over the paths in a way that the best path changes. In
Fig.BlScheme adaptation), we can see that our proposed solution maintains good
subjective quality despite the change of the best path at t=30. Few seconds after
perceived quality decreasing, our mechanism recalculates the new AbW of the
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Fig. 3. Strategy or scheme adaptationg using our mechanism

existing paths, chooses the best path again, and then redirects the IP-frames to
be streamed over this new best path, and B-frames over the second best path. In
contrast, streaming the video without scheme adaptation keeps a good perceived
quality only for the first 30 seconds.

Strategy Adaptation. The objective here is to show the benefit of adapting
with the load variation by changing the streaming strategy. We start our simula-
tion by the level2 of loads. Consequently, our method selects I]| P|| B as an initial
strategy. At t=5 we change the traffics over the three paths to the levell of loads.
Even with the new traffics, the best path remains the best. We notice that the
server keeps the same streaming strategy as long as the MOS value observed
by end-user equals or exceeds the MOS threshold. As shown in Fig. [B(Strategy
adaptation), the quality decreases to less than 4 starting from ¢=19. Without
applying our algorithm the server keeps the same initial strategy until the end
of the streaming. Using our method the decreasing of the observed MOS value
will lead the server to recalculate the AbW over the paths. As the best path is
the same, the server changes the strategy according to the current load-level,
to IP||B strategy. Thus, starting from ¢=21 till the end of the streaming, our
algorithm enhances the obtained subjective quality.

Hybrid Adaptation.This experiment evaluates the adaptability of our mecha-
nism when both the scheme and the strategy need to be changed. We first apply
the level2 of loads till ¢=5. Then we change path loads to levell keeping the best
path as a best path. At =40 we change the loads over the three paths, in a way that
changes the best path. as Figure.dlshows that without our mechanism, server keeps
the I|| P|| B strategy till the end of the video streaming. However, using our mecha-
nism, at t=21 the MOS decreasing is taken into account and the streaming strategy
is changed to IP|| B strategy while the best path is the same. Moreover, at t=42 and
since the best path has changed leading to new quality decreasing, our method redi-
rects the IP-frames to the new best path, and B-frames to the second best path. We
notice that after the best path changing, the quality will decrease to less than 4 (but
still > 3.5) for a very short period (the time needed for our algorithm to apply its
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Fig. 4. Hybrid adaptation of our algorithm

adaptation). Even with this decreasing, the overall quality is much better when
using our proposed method.

4 Conclusion and Future Work

In this paper, we presented the results of different experiments that show the
benefit of our QoE and AbW based mechanism. Results show that our algorithm
adapts automatically to the load variation over different paths. It dynamically
changes the streaming strategy and/or the streaming scheme, in a way that it
guarantees a best perceived quality by end-users. An interesting future work is
to apply our approach on a longer video in real platform. another important
work is to extend our mechanism to stream the video to several end-users.
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