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An Adaptive Packet Loss Recovery
Method for Peer-to-Peer Video Streaming
Over Wireless Mesh Network

Hamid Reza Ghaeini, Behzad Akbari and Behrang Barekatain

Abstract P2P video streaming over WMN includes different multimedia
applications such as IPTV, video surveillance and video conferencing. It also
introduces some challenges such as required level of QoS. Packet loss recovery
methods can improve the experienced amount of QoS which leads to better video
quality on peers. Although ARQ and FEC methods have been used in many video
streaming applications, they are unable to provide enough level of QoS in P2P
video streaming over WMN. Hybrid methods improve the performances of packet
loss recovery schemes. But they do not carefully consider the characteristics of the
source and the destination nodes, thus are not suitable for P2P video streaming
over WMN. Therefore, in this study, an adaptive packet loss recovery method is
proposed to select the loss recovery policy according to the source and the des-
tination characteristics and loss probability of communication.
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Acronyms
ARQ Automatic Repeat reQuest
BMS Buffer Map Status
FEC Forward Error Correction
MANET Mobile Ad-hoc NETwork
P2P Peer-to-Peer
QoS Quality-of-Service
QoE Quality-of-Experience
WMN Wireless Mesh Network

80.1 Introduction

WMN is an emerging communication network for seamlessly Internet access over
the Internet. In WMN, each sent packet can be delivered at the destination node in
a multi-hop manner according to the employed path selection routing protocol [8].
Self-healing, self-configuration and scalability are three important benefits of using
WMN. On the other hand, low transmission coverage in most of the wireless mesh
nodes such as laptops, tablets and mobile phones [5] and node mobility are two
well-known drawbacks of them. Each node can either use nearby node or wireless
mesh router for communicating to other nodes using multi-hop technique. This
technique lets the network be more scalable and robustness, especially in peer
churning. A WMN is a special type of MANET; however, some important dif-
ferences between MANET and WMN is that wireless mesh networks consist of
stable backbone, large coverage area and high power nodes i.e. wireless mesh
routers [8]. In order to route data among existing nodes in WMN, there are three
types of path selection algorithms including reactive, proactive and hybrid routing
protocols [3, 10].

Recently, P2P systems have been used in many video streaming applications.
A P2P system is a distributed system so that clients directly communicate with
each other and there is no specific infrastructure [4]. Each peer has both the rules
of a client and a server simultaneously. P2P networks can be setup over LAN,
WAN or the Internet. Each peer needs a specific or compatible software for
participating in P2P overlay [19]. One of the most interesting applications of P2P
networking is multimedia communication. Nowadays, P2P video and audio con-
ferencing can be adopted by P2P platforms using special applications such as
Skype in order to provide better performances in conferencing [11, 16]. There are
many P2P structures for P2P content sharing application [5]. P2P systems can be
divided into three categories including structured, unstructured and hybrid systems
[4]. Moreover, based on the employed topology, P2P systems can be implemented
as mesh or tree structures [11].

Mesh and root are the two most important architectures for P2P video streaming
[19]. The root architecture is suitable for live video streaming. However, the mesh-
based architecture performs better in disruptive networks like wireless mesh
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networks [11]. In mesh-based P2P architecture, a central server named Tracker
keeps the statuses of all peers and their neighbours. If one peer wants to join the
mesh, it first asks the tracker for neighbours’ list and, then, sends joining messages
to some of them randomly. Figure 80.1 describes a sample mesh topology in P2P
video streaming over WMN which contain 2 central server including video source
and tracker that have wired communication to mesh access point. Also there are 4
mesh access points which connect to each other with a physical wireless channel.
Each wireless mesh node may have many overlay neighbours which represented
by a dotted line.

In this paper different packet loss recovery methods for P2P video streaming
over large scale disruptive networks such as wireless mesh networks are evaluated.
In addition, an adaptive packet loss recovery method for P2P video streaming over
wireless mesh networks will be proposed. Results show that the loss recovery ratio
of this method is really considerable in comparison with other approaches. In other
words, this method reduces end-to-end delay in video streaming. Therefore, live
video streaming can be adopted in large scale networks.

80.2 Proposed Method

In disruptive networks like mobile networks, the loss probability is high [6].
In P2P video streaming, the effects of loss can be propagated in the whole overlay
which leads to low video quality on receivers [1]. In order to cope with this
problem, packet loss recovery is a conventional method in video streaming [13].

Access Point
Access Point

Tablet
Tracker Video Source Server

Tablet

Mobile Phone

Laptop PC

Tablet

Mobile Phone

Access Point Access Point

Fig. 80.1 Mesh topology in
P2P video streaming over
WMN
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There are three types of packet loss recovery methods in video streaming including
ARQ [15], FEC [17] and hybrid ARQ [2]. In adaptive packet loss recovery
method, the redundancy of FEC codes can be computed and generated according
to the packet loss ratio between source and destination nodes before packet
transmission. As depicted in Eq. 80.1, the redundancy of FEC parity codes for
maintaining a residual loss probability not more than pmax is [9]:

RFEC ¼ minfRje� pmaxg

e ¼
XDþR

k¼Rþ1

DþR
k

� �
pkð1� pÞRþD�k k

Dþ R

ð80:1Þ

where D is number of data packets, R is number of additional redundant packet, e
is the upper bound of residual loss probability and p is the probability of loss.
Then, a suitable loss recovery policy will be adopted for packet protection against
loss based on the performance of that policy in loss recovery between source and
destination nodes. Figure 80.2 show the loss recovery algorithm in each frame
sending process.

Chunk Selection

Compute loss rate between 
source and destination

Compute p’(ARQ) and  
p’(FEC)

p’(ARQ)>p’(FEC)
Protect the chunk by ARQ

and send the chunk

Computer and FEC parity 
codes redundancy

Generate FEC protection 
code blocks

Create FEC protected 

chunk and send the chunk

Fig. 80.2 Packet loss recovery selection algorithm
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80.3 Problem Statements

In computer network, simulation is the common part of network research and
design. In this technique, network behavior will be modeled by simulator software
and the performance of the network will be evaluated. OMNeT++ [14], a popular
tool, is a discrete event-based simulator for communication networks which
includes several simulation frameworks. In this research, the OverSim and the
INETMANET frameworks have been used for P2P video streaming over WMN
simulation. The INETMANET framework is an extension of the INET package
which is specifically designed for wireless networking. OverSim package is an
overlay and P2P simulator and contains several solutions for structured and
unstructured overlay networks. Moreover, different network performance metrics
have been evaluated including end-to-end delay, video distortion, dependency loss
and start playing time.

End-to-End delay is the required time for transferring a video packet from the
source to the destination node in a multi-hop manner. In this manner, a video
packet may forward through wireless overlay nodes or wireless mesh routers. End-
to-end delay is one of the most important parameters in live video streaming [12].
Each communication protocol in P2P video streaming should mitigate an upper
bound of this metric in order to provide high video quality on peers.

Distortion is the amount of video packet loss that a node experience due to
network errors or interdependency among video frames. Dependency loss refers to
the lost video frames due to existing dependency among video frames in a GoP
[7, 18]. In other words, dependency loss is the percentage of lost video frames due
to the loss of the base frames i.e. I or P frames. The amount of dependency loss is
between 0 and 1. In video frame protections, this parameter shows the efficiency of
the GoP based frame protection protocol against the loss due to inability of
decoding the received video frames. As soon as a peer finishes its initial buffer
stage, it can start the playback of video frames immediately. This time can be
called start playback time. The start playback time is the average of time that takes
for receiving and buffering enough video frames as well as decoding them for

Table 80.1 Conditions of P2P video streaming over wireless mesh network simulation

Variable Value

Simulation time 600 s
Video Trace File, Fps, Codec Silence of the Lambs, 25, MPEG4
Distribution model Random
Entrance time interval Uniform(1, 3)
Packet size, MTU 100 Kb, 7891 bytes
Propagation model, PMAX Path Loss Reception Model, 0.001
Peer Video Buffer, GoP (NP, NPB) 100 s, (3, 2)
Peer neighbors in overlay Random (3, 6)
MANET routing, Overlay topology Reactive, Mesh topology-Pull
Node mobility type, speed Pedestrian, 1.5 mps
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starting the video playback. This parameter indicates the efficiency of a packet loss
recovery method in P2P video streaming. The simulation conditions for perfor-
mance evaluation of adaptive packet loss recovery method in P2P video streaming
over wireless mesh networks are depicted in Table 80.1.

80.4 Performance Evaluation

Here, five different packet loss recovery policies have been adopted in order to
evaluate and compare different loss recovery methods in P2P video streaming over
WMN. These methods are as follows:

1. ARQ: protecting the video chunks using simple ARQ method.

Fig. 80.3 Packet loss in different packet loss recovery methods against simulation time

Fig. 80.4 Packet loss in
different packet loss
recovery methods against
network size

Fig. 80.5 End-to-end delay
in different packet loss
recovery methods
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2. Unequal Importance Hybrid ARQ II: protecting the video chunks that contain I
frames using Hybrid ARQ and other video chunks using the simple ARQ
method.

3. Unequal Importance Hybrid ARQ II: protecting the video chunks that contain I
and P frames using Hybrid ARQ and other video chunks using the simple ARQ
method.

4. Hybrid ARQ II: protecting the video chunks using Hybrid ARQ method.
5. Proposed method: protecting the video chunks using Adaptive loss recovery

method.

In proposed adaptive loss recovery method, each node selects different loss
recovery approaches for each video chunk based on the probability estimation of
loss (p0) between source and destination. If FEC protection is selected, FEC parity
codes will be generated according to Pmax and size of the chunk. Figure 80.3
shows the amounts of distortions of different loss recovery methods in P2P video
streaming over wireless mesh network across the simulation time.

Moreover, the proposed method is scalable by the size of network which works
fine in high density loss situations. Figure 80.4 shows the amounts of distortions in
different loss recovery methods across the overlay size.

As seen in Figs. 80.4 and 80.5, the proposed method performs very well in both
mitigating the distortion and the end-to-end delay which are the two most
important parameters in live video streaming. Moreover Fig. 80.6 compares the
efficiency of protection methods in protection of important frames against loss.
As seen in this picture the proposed method works very well in frame protection.

As can be seen in Fig. 80.7, the proposed method also works fine in P2P live
video streaming over wireless mesh networks.

Fig. 80.6 Dependency loss in different packet loss recovery methods

Fig. 80.7 Start playing time in different packet loss recovery methods
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80.5 Conclusion

Based on the obtained results, the performance of the proposed adaptive packet
loss recovery method is considerable. The main advantage of the method is its
ability of decreasing end-to-end delay while increasing the QoE in peer to peer live
video streaming over error prone networks like wireless mesh networks. This study
showed that adaptive packet loss recovery methods can be adopted in error prone
networks and overlays with high churning. Moreover, estimation of packet loss
between source and destination nodes can improve the overall loss recovery
performance and mitigate end-to-end delay and distortion.

References

1. Akbari, B., Rabiee, H.R., Ghanbari, M.: Packet loss recovery schemes for peer-to-peer video
streaming. International Conference on Network Services, Athens, Greece (2007)

2. Akbari, B., Rabiee, H.R., Ghanbari, M.: Packet loss in peer-to-peer video streaming over the
Internet. Multimedia Syst. 13, 345–361 (2008)

3. Alotaibi, E., Mukherjee, B.: A survey on routing algorithms for wireless Ad-Hoc and mesh
networks. Comput. Netw. 56, 940–965 (2011)

4. Androutsellis Theotokis, S., Spinellis, D.: A survey of peer-to-peer content distribution
technologies. J. ACM Comput. Surv. 36, 335–371 (2004)

5. Buford, J.F., Yu, H., Lua, E.K.: P2P Networking and Applications. Morgan Kaufmann,
Boston (2008)

6. Crow, B.P., Widjaja, I., Kim, J.G., Sakai, P.T.: IEEE 802.11 Wireless local area networks.
IEEE Commun. Mag. 35(9), 116–126 (1997)

7. Ghanbari, M.: Standard Codecs, Image compression to advanced video coding (3rd ed.) The
Institution of Engineering and Technology, UK (2011)

8. Hiertz, G., Denteneer, D., Max, S., Taori, R., Cardona, J., Berlemann, L., Walke, B.: IEEE
802.11s: the WLAN mesh standard. IEEE Wirel. Commun. 17, 104–111 (2010)

9. Khalil, I., Weippl, E.: Innovations in Mobile Multimedia Communications and Applications.
New Technologies in Information Science Reference (IGI Global), pp. 175–200 (2011)

10. Lindeberg, M., Plagemann, T., Kristiansen, S., Goebel, V.: Challenges and techniques for
video streaming over mobile ad hoc networks. Multimedia Syst. 17, 51–82 (2011)

11. Liu, Y., Guo, Y., Liang, C.: A survey on peer-to-peer video streaming systems. Peer-to-Peer
Netw. Appl. 1, 18–28 (2008)

12. Lou, X., Hwang, K.: Quality of data delivery in peer-to-peer video streaming. ACM Trans.
Multimedia Comput. Commun. Appl. 8, 1–23 (2012)

13. Moltchanov, D.: Service quality in P2P streaming systems. Comput. Sci. Rev. 5, 319–340
(2011)

14. OMNeT++. Available via DIALOG. http://www.OMNETPP.org/ (2012)
15. Peltotalo, J., Harju, J., Väätämöinen, L., Bouazizi, I., Curcio, I.D., Gassel, J.V.: Scalable

packet loss recovery for mobile P2P streaming. Lect. Notes Comput. Sci. 60, 107–120 (2010)
16. Rossi, D., Mellia, M., Meo, M.: Understanding skype signaling. Comput. Netw. 53(2),

130–140 (2009)
17. Wehbe, H., Babonneau, G., Cousin, B.: Fast packet recovery for PULL-based P2P live

streaming systems. The Second International Conference on Advances in P2P Systems,
pp. 20–25 (2010)

720 H. R. Ghaeini et al.

http://www.OMNETPP.org/


18. Wu. H., Claypool, M., Kinicki, R.: Guidelines for selecting practical MPEG group of
pictures. IASTED International Conference on Internet and Multimedia Systems and
Applications (EuroIMSA), pp. 61–66, Innsbruck, Austria (2006)

19. Zhang, X., Hassanein, H.: A survey of peer-to-peer live video streaming schemes—an
algorithmic perspective. Comput. Netw. 56(15), 18–28 (2012)

80 An Adaptive Packet Loss Recovery Method 721


	80 An Adaptive Packet Loss RecoveryPacket Loss Recovery Method for Peer-to-Peer Video StreamingVideo streaming Over Wireless Mesh Network
	Abstract
	80.1…Introduction
	80.2…Proposed Method
	80.3…Problem Statements
	80.4…Performance Evaluation
	80.5…Conclusion
	References


