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Abstract. Scalable video coding (SVC) has emerged as an important video
standard to provide more functionality to video transmission and storage appli-
cations. This paper evaluates a strategy based on scalable video coding for peer-
to-peer (P2P) video streaming services. This strategy uses SVC to reach a ho-
mogeneous video quality between different videos from different sources. Qur
scheme is implemented under the H.264/MPEG-4 SVC compression standard.
Our evaluations were realized over a local area network (LAN). We evaluate
our implementation in terms of overall throughput, delivery time (delay) and
video quality. The obtained results show that our proposed solution strategies
achieve good performance and introduce benefits in the peer-to-peer video
streaming systems.

Keywords: scalable video coding, peer-to-peer systems, video streaming archi-
tectures. .

1  Introduction

Video streaming over the Internet has gained significant popularity during the last
years. This fact has generated a dramatic technological and social revolution in video
distribution and consumption. People download videos from several online video por-
tals or form community networks to share their common interest. Thus, video playback
from on-line video or news site has become part of the daily life of most Internet users.
Streaming video applications have a strong impact in different scenarios such as vide-
oconferencing, Peer-to-peer (P2P) content distribution, or event broadcast (e.g. Inter-
net Protocol Television (IPTV)). Different video streaming applications for live
streaming or video on demand services have emerged as valuable tools to improve
communication. Subsequently, many P2P media streaming systems such as ZigZag
[1], CoolStreaming [2] or Mutualcast [3], have been developed. P2P paradigm has
become a promising solution for video streaming, because it offers characteristics
which cannot be provided by the client-server model. In contrast to client-server
model, P2P networks do not have a single point of failure, the upload capacity is shared
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among all peers, the bottlenecks are avoided, the contents can be shared by all partic-
- ipating peers, and they provide scalability. On the other hand, scalable Video Coding
(SVC) can provide encoding of a high quality video bit stream, which contains some
subset bit streams that can themselves be decoded with a complexity and reconstruc-
tion quality similar to that achieved using the existing H.264/AVC (Advanced Video
Coding) design with the same quantity of data as in the subset bitstream [4], [5]. Using
scalable video coding (SVC), parts of a video stream can be removed and the resulting
sub-stream constitutes another valid video stream for some target decoder. In this way,
we distribute video with different quality to requesting peers with different bandwidth
characteristics or when the network characteristics are time-varying.

In this paper we use scalable video coding to adapt the flow rate from multiple
sources in order to effectively use the available upload capacity from each source to
deliver a homogeneous video quality for all streams. Our SVC scheme uses a peer-to-
peer (P2P) structure described in previous work [9]. P2P structure used in this work is
inspired from a scheme called Mutualcast [3], which is a scheme that reaches the
maximum possible throughput. Our proposal scheme considers as participating peers
to the source peers, the requesting peers and the helper peers. We assume that all
requesting peers need to receive all videos. The helper peers are not interested in
receiving the videos and just contribute their resources during distribution. We
evaluate a particular case for a multi-source system using SVC for a reduced number
of peers. Scalability of our scheme is limited, but it can be used in systems with a
reduced number of participating nodes, such as video conferencing services or on-line
games. The main contribution of this paper is to show how scalable video techniques
can help to obtain a homogeneous video quality in LAN (local area network)
- applications with multi-sources and videos encoded with different bit-rates.

The rest of this paper is organized as follows. We first present the scalable video
coding modes used to encode a video into layers in Section 2. Video streaming
strategies based on scalable video coding (SVC) are discussed in Section 3. The first
method aims to provide differentiated video quality according to the capacity of each
node, while the second method aims to provide homogeneous quality to different
resources of the network. Finally, Section 4 describes the manner in which these

- strategies are implemented and evaluated. Conclusions are given in Section 5 where
we also suggest further work.

| 2 Scalable Video Coding Background

Scalable video coding (SVC) is a technique that encodes the video into layers. SVC
is well established concept in the video area, and incorporates the following scalability
modes [5], [6] and [7]:

~®  Temporal scalability: subset bitstream represents lower temporal resolution. With
subset bitstream a part of frames in one group of pictures (GOP) can be decoded.
® Spatial scalability: lower subset bitstream can only playback a video with lower
frames size.
®  SNR (Signal-to-noise ratio)/fidelity scalability: the base layer bit stream can only
playback a video of very low quality. And the more enhancement layers the client
receives, the better quality the video has.



Homogeneous Quality Video in Multi-Sources Systems 199

e  Combined scalability: is a combination of all three or two modalities above. Scal-
able video coding (SVC) starts with the base layer, which contains the lowest level
of spatial, temporal and quality perspective detail. Additional layers called en-
hancement layers can increase the quality of the video stream.

An enhancement layer is called a spatial enhancement layer when the spatial reso-
lution changes with respect to its references layer, and it is called a fidelity enhance-
ment layer when the spatial resolution is identical to that of its reference layer [6]. SVC
introduces new video coding techniques which provide the following features: reduced
bit-rate, reduced spatial temporal resolution and coding efficiency comparable to non-
scalable video systems. SVC extends the H.264/AVC (Advanced Video Coding)
standard to enable video transmission to heterogeneous clients. To achieve it, SVC
uses available system resources [6], in the case of the lack of a prior knowledge of the
downstream client capabilities, resources, and variable network conditions. SVC pro-
vides a higher degree of error resiliency and video quality with no significant need for
higher bandwidth. Also, scalable video coding can support a broad a range of devices
and networks. Thus, scalable video coding is a suitable solution for adaptive content
delivery to end-users having various preferences, terminal capabilities, and network
conditions [10]. Scalable video coding has been used for different scenarios and appli-
cations and several works can be found in the literature [11], [12], [13]. In this paper
we propose to apply scalable video coding in P2P video streaming networks. We aim
to provide homogeneous quality video to different resources of the network. The idea
is to encode the videos with different rates, and source peers collaborate to ensure that
the requesting peers will receive the videos with the same quality. The JSVM (Joint
Scalable Video Model) software [7] is used as the codec to provide SNR (Signal-to-
noise ratio) scalable bit streams. We do not compare our proposed model with other
methods, because we implement our SVC strategy in a specific P2P multi-source in-
frastructure. Our proposed strategies also can be useful in scenario where networks
with varying bandwidths and loss rates.

3 P2P Video Streaming Model

The proposed strategy uses scalable video coding to effectively exploit the available
upload capacity from each source to deliver a homogeneous video quality for all
streams in a multi-source structure [9]. We use the peak signal-to-noise ratio (PSNR)
as a measure of video quality. This P2P scheme uses TCP, which has several limita-
. tions for video on wide area network (WAN), such as retransmission delay, packet

loss, etc. However, for video applications in LAN (local area network), retransmission
delay introduced by TCP (Transport Control Protocol) could be not significant [11].
In fact, retransmission has been used very successfully for non real-time data trans-
mission. The framework used by this strategy is illustrated in Figure 1 for two source
peers, two requesting peers and one helper peer. In this example, the peers S1 and S2
are the sources, which contain the video sequences X and Y to be distributed. Peers
‘R1, R2 are the requesting peers, and peer H1 is a helper peer. The peer H1 does not
request the videos, but contributes its upload capacity to help distributing the videos
to the other peers. Here, we can see that all the peers are in fact receivers and senders



200 Francisco de Asis Lopez-Fuentes

at the same time, as it is for instance the case in a multipoint video conferencing sce-
nario.
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Fig, 1. Multi-source scheme based on a mesh topology. a) initial distribution, b)
redistribution from all peers, c) one block is directly sent to each receiving peers
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Each source splits the original content into small blocks and one unique peer is se-
lected to distribute a block to the rest of the peers. The requesting peers and helper
peers forward the received video block to the other requesting peers and the other
source peers. For our example, the source S1 divides the video X into the blocks X1
to X4, while the source S2 divides the video Y into the blocks Y1 to Y4 (Figure 1a).
Because our approach is based on collaboration among sources, each source distributes
its own video while additionally forwarding the block of video received from the other
source to the rest of the requesting peers. At the same time, each requesting peer for-
wards the blocks directly received from a source to the rest of the participating peers.
Thus, the blocks (X1, Y1), and (X2, Y2) are assigned to the requesting peers R1 and
R2, respectively, while the block (X3, Y3) is assigned to the helper peer H1, the block
X4 is assigned to the source peer S2 and block Y4 is assigned to the source peer S1
for distribution. This scenario is shown in Figure 1a. Peers with different upload ca-
pacity distribute a different amount of content. The block size assigned to each re-
questing peer is proportional to its upload capacity. Thus, source S1 sends one block
to each participating peer for redistribution, one block in parallel to all requesting
peers, and forwards one block of the video Y received from the source S2 to each
requesting peer Ri. The source S2 behaves similar as source S1, but in a complemen-
tary way. It sends the video Y and forwards the video block X4. F igure 1b shows a

redistribution scenario. In this case, each requesting peer forwards the blocks received
from the sources S1 and S2 to the other requesting peers and the other sources. Peer
R1 receives the blocks X1 from source S1 and the block Y1 from the source S?2. After
this, peer R1 forwards the block X1 and Y1 to the rest of the participating peers except
to the source where the block was originally generated and the helper peer H1. The
blocks X3 and Y3 are sent by the sources S1 and S2, respectively to the helper peer
H1, which forwards the blocks to all participating peers except to the source where the
block was originally generated. When the source peers have abundant upload re-
sources, each source additionally sends one block directly to the video receiving peers.
Figure 1c shows this case. Here, source S1 directly sends block X5 to each video re-
questing peer and source S2 directly sends block Y5. In this strategy, the sources
jointly decide the rate allocation for all participating peers, but additionally enforce the
same video quality for all video streams by using scalable video coding techniques.
We assume that all participating peers are fully connected and all of them need to
receive all videos. Our scenario is described for two sources (S1 and S2) distributing
two different video sequences with same PSNR (Peak Signal-to-Noise Ratio) to all
participating peers.

The same quality for all videos is obtained if both videos have the same RD-
function. However, when the same rate for all video sequences is not enough to obtain
a similar video quality among them, a same PSNR need to be enforced. The PSNR
enforcement is possible, when the sources have abundant upload capacity. To this end,
the broadcast links in each source are manipulated, and the rate of the sequence with
the largest rate is reduced. We effectively use the available upload capacity from each
source to deliver a homogeneous video quality for all streams. To this end, each source
schedules the distribution according to the ratio of the video bit rates based on scalable
video coding techniques. We assume that the quality requirements are known. Then, a
number of layers to reach this quality level are determined for each video in each
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source using scalable video coding. Determining the number of layers and the coding
rate for two different video sequences is illustrated in Figure 2.
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Fig. 2. Enforcement of the same video quality for two different videos using scala-
ble video coding. a). Redistribution of layers, b). PSNR comparison

In Figure 2a), the sources send the base layer of their videos in Case 1. In Case 2,
both sources send three enhancement layers of their videos, and the rate R4 for both
sequences is the same. The example assumes that video 1 and video 2 are different and
they have been encoded with different bit rates. Thus, using the rate R4 for both videos,
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a PSNR (Peak Signal-to-Noise Ratio) of 45 dB and 38 dB for video 1 and video 2, are
obtained respectively. In order to enforce the same PSNR for both sequences scalable
video coding is used in Case 3. Then, the source 1 sends two enhancement layer of
video 1, while the source 2 sends four enhancement layers of video 2. Figure 2b) shows
how both videos sequences can reach the same PSNR using different number of en-
hancement layers and different rate. In this paper, the PSNR's measurements are ob-
* tained experimentally through the JSVM (Joint Scalable Video Model) software [8].
Once the number of required layers and the coding rate are known in each source
and before starting the distribution, the sources exchange the coding rate of their vid-
eos. Each source computes a local distribution ratio by using these coding rates. This
ratio is used in each source to determine the number of required packets for each video.
In an ideal situation it is desirable that the throughput is the same as the playback bit
rate of the videos in order to obtain a short initia] waiting time and a minimal size of
buffers. In contrast, if the upload capacity of the sources is not enough to satisfy the
requested throughput, the initial time and the buffer usage is increased. Additionally,
when different videos are distributed from different sources, the sources need to syn-
chronize the playback of the videos and adapt their upload allocation for the distribu-
tion, so that all videos can be received with adaptive throughput and have similar initial
waiting time or video quality. The sources use the distribution ratio to adapt the distri-
bution throughput of streams and each source can schedule the number of packets to
distribute from itself and the number of packet to distribute from the other sources.
The number of distributed packets for each video is proportional to its coding rate.

4 Evaluation

In order to evaluate the performance of our proposed solution, we implemented a
prototype of this in Linux (Fedora distribution). Qur implementation consists of dif-
ferent programs written in the C/C++ language. This implementation includes a server
- module run by the source peers and a receiver module run by each requesting peer.

Both modules have been enabled with a sender/receiver mode. All links among the
participating peers are established using TCP (Transport Control Protocol) connec-
tions. Reliable data delivery, flow-control and handling of node leave events are auto-
matically supported by the TCP protocol. Each requesting peer runs a receiver module
which receives the video blocks from the sources for its playback and forwards these
‘blocks to the rest of the requesting peers that need to receive this content. We have
used a LAN (Local Area Network) infrastructure to evaluate the performance of our
scheme implementation. Our proposed scheme is evaluated in terms of throughput,
PSNR, and delay for all video streams. We use the peak-signal-to-noise-ratio (PSNR)
~ as the quality metric. Our experiments are based on a joint rate allocation decision and
we concurrently control the bit rate for both sources.

The videos sequences used to evaluate this strategy are: Mother and Daughter
(M&D), and Foreman. Foreman sequences shows a man talking in a construction site,
while M&D shows two persons in the foreground. A person is talking, while the other
persona is fixed. The short Foreman sequence is concatenated to a long test sequence
with 3000 frames. The same is done with the M&D sequence. Both video streams are
encoded with the JSVM software [8] with the same video quality PSNR around 42 dB,
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but using different encoding rate and different number of layers for each sequence. To
achieve this video quality the Foreman sequence needs a bit rate of 1600 kbps, while
Mother and Daughter sequence is encoded at 230 kbps. Our Foreman sequence uses
one base layer and two enhancement layers, while M&D sequence uses the base layer
and one enhancement layer. Both videos have the same duration (60 seconds), but
different size. Foreman file is 10 MB, while M& D file is 1.5 MB.

In these experiments, we considered that all the participating nodes are fully inter-
connected, including the sources nodes. We compare the time required by both videos
to be received in a requesting peer. To this end, two test videos with the same PSNR
are allocated as video 1 and video 2 at the sources S1 and S2, respectively. The initial
rates are fixed to 230 kbps and 1600 kbps for sources S1 and S2, respectively. M&D
video is located at source S1, while Foreman video is located at source S2. Each source
delivers its video files to all participating peers, including the sources. Figure 3 shows
the distribution throughput on source peers, while Figure 4 displays the receiving
throughput of M&D and Foreman videos on a requesting peer.
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Fig.3. Distribution throughput on a source peer for two different video streams

We can see in Figure 3 that without our strategy of distribution control at the source
peers, the distribution throughput of Foreman video on source peer S2 is larger than
the distribution throughput of M&D video on source peer S1. The M&D video is dis-
tributed very quickly. Contrary, we can see that, with scheduling the distribution, each
source peer can regulate the distribution throughput of its own video and the other
video in proportion. Thus, the source ends to provide both videos at same time, but
Foreman video requires greater source’s throughput than M&D video. In Figure 4 we
can easily see that without regulating the distribution throughput at the source peers,



Homogeneous Quality Video in Multi-Sources Systems 205

M&D video is received very quickly on the requesting peer. Most probably, the initial
delay of playback for this stream is shorter. In contrast, for Foreman video, because it
is slowly received, its initial delay may be longer than D&M video. In order to be able
. to synchronously play out these two streams the buffer demands on the nodes is very
high. However, if both source peers schedule distribution, the delay of receiving both

video streams on a requesting peer takes almost same time. Therefore, the playback
during receiving can be synchronously with low buffering demands.
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Fig.4. Receiving throughput on a requesting peer for two different video streams

Based on these results, we can see that an adaptive rate control and more collabora-
tion between the sources allow that all video sequences achieve a similar PSNR (Peak
- Signal-to-Noise Ratio) quality. Thus, the average throughput can be used to recalculate

the PSNR using JSVM (Joint Scalable Video Model) software, and we can obtain

PSNR values of 43.4 dB and 43.9 dB for Foreman and Mother and Daughter, respec-
tively.

5 Conclusions

Video applications are characterized by different resolutions designed for devices
with different computational capabilities. In this paper, we have presented and evalu-
ated a multi-source scheme to video streaming based on scalable video coding (SVC).
Our proposed solution helps to reach similar video quality for all streams from multi-
ples sources. Our proposed strategy was evaluated in a LAN infrastructure using sim-

ple experiments with four nodes. Our experiments show that we can reach a similar
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- video quality from multiple peers by using a strategy based on scalable video coding.
Therefore, different videos can be received in similar times by a requesting peer inde-
pendently of their size. Thus, our proposed scheme with SVC shows more effectively
our scheme where SVC is not used. We believe that our proposed solution with SVC
could be ideally used for peer-to-peer (P2P) video streaming scenarios with few par-
ticipants such as video-conference or surveillance systems. As future work, some im-
portant properties of P2P networks, such as scalability and churn can be incorporated

in our proposed model.
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