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Abstract—In the recent years, Wireless Mesh Networks 

(WMNs) has become popular for video multicasting. Although 
peer-to-peer communication lets wireless nodes improves the 
functionality of the video streaming applications over WMNs, 
required level of Quality-of-Service (QoS) is one of the most 
important challenges in these systems. Therefore, it is necessary 
to introduce new or enhance existing techniques in order to 
increase QoS for providing better perceived video quality on 
receivers. In this paper, different loss recovery schemes in 
peer-to-peer live video streaming over wireless mesh networks 
are evaluated precisely. The obtained results show how the 
provided efficiency by each of these schemes can improve the 
level of the introduced QoS in peer-to-peer live video streaming 
over WMNs. 
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I. INTRODUCTION 
Nowadays, wireless networks, especially the IEEE 802.11 

standard [1], have been very popular among end-users, 
because of the provided mobility and flexibility features by 
them. However, scalability, high cost of implementation and 
existence of wired backbone are the most important 
challenges in this standard. Wireless mesh networks, which 
can be established based on the existing wireless standards, 
tries to cope with these issues as much as possible. Therefore, 
the IEEE group introduced the IEEE 802.11s [2] as an 
efficient and popular standard for WMNs to address 
mentioned challenges. Recent studies have shown that 
WMNs works well in many traditional data services as well 
as in content-rich multimedia applications. The current 
wireless infrastructure has many open issues in multimedia 
streaming systems such as IPTV [3], Video on Demand, 
video conferencing, and video surveillance. Some of these 
open issues are dynamic available bandwidth in peers, 
shadowing and channel loss rate. Recent advances in path 
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selection protocols and message re-routing increase the 
efficiencies of these networks while considerably reduce the 
burst loss effects. In this sense, multi-hop communication 
between two nodes may be performed over different paths 
and this is one of the main characteristics of this type of 
networks. However, because of wireless nature of WMNs 
and multi-hop communication among nodes, packet loss is an 
important remained issue in them. As can be seen in Figure 1, 
a node communicates with the server across multi-hop path 
consists of wireless nodes and Access Points (APs). 

 

Fig. 1. Wireless Mesh Network Structure 
 
Advances in computer networking and recent media 

streaming technologies are combined with recent advances in 
home computers and makes multimedia streaming as a new 
attractive technology in the Internet. High quality video 
streaming requires large enough bandwidth and low error 
prone links. Hence, communication and storage costs of this 
application are still significant. Unicast protocols send 
content directly from server to each recipient and are not 
scalable in large networks like the Internet. Multicast 
protocols send a separate copy of data content from the server 
to many recipients with high infrastructure cost, especially in 
video streaming applications. CDN (Content Delivery 
Networks) servers emerged as a recent prevalent technology, 
but this technology imposes high cost of infrastructure and 
maintenance to the system [4]. 
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Peer-to-Peer computer networking [5, 6] is the one of most 
important deployed networks so that each computer can act 
as a client or as a server for the other computers in the 
network without the need of central server [7]. In contrast to 
the traditional client–server model where only the server 
supplies and clients consume, in P2P networks, each peer 
participate in content sharing and send or receive the content 
efficiently. Scalability and low cost infrastructure as well as 
recent advances in content sharing protocols increase the 
willingness of participating in these networks. Thanks to the 
P2P networking, more efficient video streaming systems over 
the Internet can be proposed [8]. Moreover, many live 
streaming applications such as IPTV can be adopted with low 
infrastructure cost. However, because of peer churning and 
heterogeneous available resources in peers [9], the 
probability of packet loss event is noticeable in P2P 
streaming [5, 10]. This event has enormous side effects on 
efficient peer-to-peer video streaming. 

In the H.261 video compression standard [11], a picture is 
on the top of the coding hierarchy and other successive 
frames are similarly encoded. In order to assist random 
access to picture sequence the structure of determinate 
hierarchy group of pictures, called GOP, is implemented 
[12]. In a GOP structure, the hierarchy contains three 
different frames called I, B and P where I frame is on the top 
of hierarchy as a reference frame in that GOP. In other words, 
all other frames can be decoded and corrected based on this 
frame. I-frames is followed by an arrangement of P- and 
B-frames where P-frames contain difference information 
from the preceding I- or P-frames. The B-frame is dependent 
on the previous and the next I- or P-frames within a GOP. 
The GOP structure is often referred by two important 
numbers i.e. NP which indicate the number of P-frames in a 
GOP structure and NBP which indicate number of B-frames 
between two I- or P-frames.  

Because of the existing dependencies among video frames, 
any error in this sequence can be propagated to the whole 
GOP [13]. Error resilience video streaming can improve the 
perceived video quality on receivers. In this sense, Multiple 
Description Coding (MDC) and other error resilience 
methods have low effects on P2P video streaming. Error 
recovery methods like Forward Error Correction (FEC) and 
retransmission can improve the introduced amount of QoS in 
P2P video streaming in error prone networks such as WMNs. 
However, the main question is that is it necessary to apply 
these method on the whole video sequences in P2P video 
streaming over error prone networks such as WMNs? 

In this study, the effects of different parameters and packet 
loss recovery schemes in peer-to-peer video streaming over 
WMNs are evaluated using OMNeT++ [14] simulator. 

 

II. RELATED WORKS 
Retransmission and forward error correction are the two 

most used techniques in packet loss recovery. Several loss 
recovery schemes for peer-to-peer video streaming are 
proposed [7, 15, 16, 17]. We can divide these schemes into 
three main categories including Retransmission-based, 
forward error correction-based and hybrid-based approaches. 
Retransmission technique is the most well-known and 
applied approach in video streaming [16] over WMNs. 

However, it suffers from many issues, because of the error 
prone native channels in WMNs including channel fading, 
interferences and NAK implosions, especially where distance 
between two neighbor peers is long [18]. Although using 
many NAK messages increases the recover probability of 
packet, it considerably consumes the available bandwidth 
[17]. Moreover, the channel will be busy as much as possible. 

Forward error correction methods only protect packets by 
packet redundancy like Reed-Solomon correction codes and 
recover some packet losses that the enough redundancy of 
lost packets received to the end peer, but in the situation of 
burst packet losses where is very conventional in wireless 
links, forward error correction isn’t a suitable method. Many 
researches has devoted in hybrid methods where combined 
the forward error correction and the retransmission methods 
[7, 19].  In hybrid methods, a (N, K) block code was supposed 
where N is the size of FEC block and the N-K original packet 
will be generated additive to k FEC parity packets. If the end 
peer receives N-K packets out of N packets, it can recover the 
whole frame and the frame will be sent to the upper layer of 
that node. In case of loss event, where the end peer receive 
smaller number of packets than N-K packets, the peer will 
transmit a NAK to the sender with the information about the 
lost packets after a predefined time, named waiting time. The 
sender peer produces the parity packets again and sends it to 
the end peer. The authors of [7] analyzed different streaming 
parameters and loss recovery policies in an analytical point of 
view.  

III. DISCUSSION 
In peer-to-peer video streaming, each peer participates in 

the overlay multicast as a seed while receiving video from 
other peers. Contrary to central video streaming approach, 
video frame diversity can be increased using P2P systems, 
especially when the size of the overlay grows while the 
startup time of the video streaming increases in end peer in 
the overlay path. In P2P video streaming, each video chunk, 
which consists of video frames, is encapsulated and 
transmitted as one or more encapsulated packet(s). In 
pull-based video streaming, each peer signals frame 
availability messages to its neighbors and they will update the 
frame availability statuses of their neighbors. Then each peer 
requests the required frame from its neighbors according to 
some optimization parameters like the end-to-end delay or 
round-trip time of the neighbor peers. 

In each encapsulated video packet transmission different 
loss recovery approach can be adopted. Each encapsulated 
packet may contain some contents I, P or B frames of the 
video stream [12]. Figure 2 shows the dependency graph of 
Jurassic sample video GOP structure. According to this 
graph, protecting I frame is more important than other 
frames. 

 
Fig. 2. Dependency graph of a sample video using MPEG4 standard 

  
Peer-to-peer overlay over wireless mesh networks is one of 
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the most used video streaming approaches. Using scalable 
WMNs, P2P video streaming overlays can be used in large 
scale areas.  

 However, due to some existing challenges in WMNs such 
as shared channel, interferences and shadowing [18], 
efficient packet loss recovery is one of most important topic 
among researchers in this research area. In such networks, 
Packet Error Rate (PER) is high and must be considered in all 
multimedia applications. In these networks, each wireless 
mesh node has a retry limit of sending NAK in the physical 
layer. Hence, the retransmission approach is very 
conventional in these networks. In the application layer and 
in the loss situations, the system will try up to Nmax 
retransmissions so that receive the parity packets or original 
packet regarding to architecture of loss recovery method. In 
FEC method, based on the PER of channel, packet 
redundancy will increase. According to the equation 1, we 
need a redundancy at least as RFEC to maintain a residual 
loss probability not more than pmax. 
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Where D is the number of data packets, R is the number of 
redundant packets and p is PER. 

The peer-to-peer video streaming over WMNs is one of 
challengeable issues in new researches. In these networks, 
wireless nodes communicate with each other using path 
selection algorithms. MANET routing protocols can 
classified as [20]: 

1. Proactive protocols: keep routing table of 
network and hence take high bandwidth for 
updating the routing tables. 

2. Reactive protocols: establish on-demand route to 
the destination and hence take longer time. 

3. Hybrid protocols: Routes between neighbor 
nodes established by proactive routing and 
between peripheral nodes discovered by reactive 
routing protocols. 

  In this research, ad hoc on-demand distance vector 
(AODV) is used for path selection in WMN. 

The video distortion is high in peer-to-peer video 
streaming over wireless mesh networks because of many 
issues like mobility in these networks, high churning in 
mobile nodes and interference between wireless nodes. 
Video distortion can be evaluated as expression 2. 

� _ _ _ _ 100
_ _

total size of lost framesD
total frame size

� � � ��� �

 

IV. PERFORMANCE EVALUATION 
The OverSim and the INETMANET packages in 

OMNeT++ are used for simulating the considered P2P video 
streaming system in this study. OverSim is an overlay and 
peer-to-peer network framework in OMNeT++ simulation 
environment which contain several models for P2P systems 
and overlay protocols. The INETMANET is a continuously 

developing framework with the emphasis on modeling 
wireless networking. Figure 3 shows the considered 
simulation modules of peer-to-peer video streaming over 
WMN. As depicted in this figure, the Network Layer module 
connected to WLAN module which simulates a WMN node 
Network Interface Card. Also the Network Layer module 
connected to the UDP module which encapsulates video 
frames in UDP packets.  

 
Fig. 3. OMNeT++ modules for simulating peer-to-peer video streaming over 

wireless mesh networks 
 
In this research, after connecting the INETMANET 

framework to the OverSim package and designing the P2P 
video streaming system over the wireless mesh network, the 
distortion of video streaming evaluated. Figure 4 shows the 
architecture of the simulation package that simulates the 
peer-to-peer video streaming over WMN. Here, each peer 
communicate to others by the channel controller module 
which simulates a real channel among peers. 

 
Fig. 4. Wireless Mesh Network peer module 

 
 Figure 5 shows the obtained result of this simulation for a 

time period of 100 seconds. The simulator ran for 10 times 
for the Jurassic sample video from [21]. As depicted in this 
figure, the distortion of video streaming over wireless mesh 
networks is high and a packet loss recovery method must be 
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