
 
 

 
Abstract — This paper summarizes the work we have done to 
obtain results that clearly show the importance of QoS to 
ensure optimal transmission of traffic and media streams on 
IP/MPLS network. In short, we were able to install and 
configure the IP / MPLS network through the GNS3 simulator 
and install the multimedia services we tested and emulated in 
a virtual lab (GNS3, VirtualBox, Wireshark, ...). And we have 
particularly demonstrated the influence of the Best Effort load 
on the quality of multimedia streams: IPTV, RoIP, VoIP. The 
peculiarity of multimedia streams on the MPLS network is not 
to manage micro-flows but to group flows into service classes. 
This makes it possible to rely on a dimensioning phase and to 
scale up. We used the DiffServ architecture to deploy QoS. In 
this work, we underlined the influence of the diffserv 
approach in terms of the delay and the jitter applied to the 
services and tested in the absence and presence of QoS.. 

Keywords – QoS, Flows, IP/MPLS, DiffServ, IPTV, RoIP, 
VoIP, GNS3, VirtualBox, Wireshark. 
 

I. INTRODUCTION 

With the concomitant evolution of computers and the 
introduction of smartphones and new low-cost devices, such as 
microphones and digital cameras, applications are changing. 

However, the Internet protocol (IP) as designed is not perfectly 
adapted to satisfy these constraints related to multimedia 
services. There is now a network technology called MPLS that 
offers new possibilities for this situation. The notion of Quality 
of Service (QoS) is used for this purpose, since in order to satisfy 
the needs of these applications, it is necessary to guarantee the 
appropriate quality of service for each type of application. For 
the present paper, it is a question of managing the quality of 
services of the various multimedia streams circulating in an IP / 
MPLS network. 

This paper describes the research methodology, introduces 
concepts on MPLS, IPTV, VoIP, RoIP technologies. It highlights 
the modeling of the test environment and analysis of results. The 
dimensioning of the parameters to manage the quality of service, 
the implementation of the quality of services.  
 

A. Context and Reasearch Approach  
 

1) MPLS Network and Constraints  
 

Currently, operators and network service providers are deploying 
more and more technologies in order to increase the capacity and 
functionality of networks. The management of the resources of a  

 
network guaranteeing an adequate quality of service (QoS) has 
thus become a major stake during the planning and the 
implementation of the network. 
Indeed, the evolution of multimedia content means that 
requirements in terms of bandwidth and delay have become a 
priority. Indeed multimedia services such as IPTV, video on 
demand, webradio, ..., are very voluminous and some impose a 
strong temporal constraint. Therefore IP technology as originally 
conceived has very quickly shown its limits. The current trend is 
a convergence towards MPLS. 
 

2) MPLS and Multimedia Flows  
 
The objective of this study is to implement an IP / MPLS 

network on GNS3. On the latter we will deploy multimedia 
services such as IPTV, VoD, webradio, and VoIP. These 
multimedia services platforms will be connected to the IP / 
MPLS network, routing the multimedia connections to a client. 
Thanks to this network, the client can connect to the servers in 
order to recover the flows. The main aim is to simulate and 
analyze the technical parameters associated with the quality of 
service. These are the many criteria that define the quality of 
service offered by the network; it identifies:  

− bandwidth 
− Latency or delay 
− The gigue 
− The rate of loss 

 
The IPTV concept represents the convergence between 

broadcasting, telecommunications and information technology. 
IPTV refers to the digital television service and other audio and 
video services transmitted through broadband networks using the 
same protocol that supports the Internet. 
 
Finally, we propose a method to offer quality of service over the 
IP / MPLS network. 
We adopt a theoretical and technical study of the quality of 
multimedia flows by doing the following simulations: 
 

− Set up an IP / MPLS network through the GNS3 
network simulator. 

− Deploy multimedia services: IPTV (muticast and VoD), 
Webradio, VoIP 

− Perform QoS parameter measurements on a network 
loaded with best effort (IP) traffic 

QoS Impact on Multimedia Traffic Load (IPTV, 
RoIP, VoIP) in Best Effort Mode 
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Figure 1 : The IP/MPLS target network. 
 
 

II. MULTIMEDIA PROTOCOLS 

A. Multimedia Services 

1) IPTV 
The IPTV concept includes both live television and 

television on demand, called VoD (Video on Demand). IPTV 
reception involves the existence of a multimedia server to 
receive the TV signal and transform that signal into a digital 
signal which can be sent through a data network using the IP 
protocol. A decoder can be used to receive data that will be 
transmitted to the TV. A computer can also be used to receive 
and display video data. In this type of video broadcasting 
bandwidth is problematic. IPTV uses MPEG-TS compression to 
lighten bandwidth. IP multicast is used to broadcast real-time 
television to multiple customers at the same time. This type of 
broadcast significantly reduces bandwidth consumption. 

 
Figure 2 : IPTV Structure (Muticast et VoD) 

 
The data is sent using the MPEG TS protocol. IPTV 

typically uses two separate communication sessions: one for 
video signaling and one for video data. The first is used to 
describe the content and to transmit user commands, for example 
the Real-Time Streaming Protocol (RTSP) is used for the VoD 
service allowing the user to start, pause / play the stream. The 
second is transported by the real-time transport protocol (RTP). 
In conjunction with RTP, the real-time transport control protocol 
(RTCP) can be used. It is mainly used to monitor the RTP flow 
and to collect QoS information. Compared to RTP video data, 
the RTSP video signaling data represents only a small fraction of 
the total amount of data. However, it is essential that the RTSP 
video signaling data be received intact. On the other hand, RTP 
video data are much more prone to delay. Therefore, on the 
transport layer, the TCP is used to transport the RTSP and UDP 
video signaling data for the RTP video data. VoD services 

typically use unicast communications, while live IPTV services 
use multicast communications. The Internet Group Management 
Protocol (IGMP) and UDP are used for real-time data 
transmission. 

 
2) VoIP 

Voice over IP protocols are divided into two parts, protocols 
exist for signaling and establishing connections between VoIP 
entities and protocols for the transport of multimedia streams. 
The VoIP protocol stack includes two types of signaling 
protocols; H.323 developed by the ITU-T, Session Initiation 
Protocol (SIP) which is an IETF and IAX standard developed by 
the Asterisk community. After the communication is established, 
transport and control of media flows are provided by Real-time 
Transport Protocol (RTP) and Real-time Transport Control 
Protocol (RTCP). 

 
Figure 3 : VoIP Structure 

 
3) La RadioIP 

Radio over IP or web radio is broadcast over the Internet 
using compression technology and protocols to route audio 
streams over the IP network such as the public Internet, RoIP 
uses the same protocols that VoIP uses. 

The RoIP brings many advantages but also some 
disadvantages. Its broadcast is not limited geographically, unlike 
its older radio using FM technology. Let us take the example of a 
listener in the United States who can listen to a program of a 
Senegalese radio station with a webradio. Thus an IP-based radio 
can communicate with mobile devices, telephones and other 
terminals all over the world. 

But with current flows, only a very limited number of 
people can be served, while maintaining a satisfactory listening 
quality. 
 

B. Modeling the IP / MPLS network and services 

 
As part of our deployment; we will rely on a network 

simulator, here GNS3. We will start by defining a simulation 
model. Next, we will implement MPLS on this mockup. And 
finally, we install the various services we presented in the 
previous section. 

Implementation of an MPLS network requires the choice of 
network equipment (network nodes or active devices) that 
includes and implements MPLS technology. In this part we 
choose to simulate communication between a client and a 
multimedia server. Here the client represents an Ubuntu virtual 
machine and the servers are installed our physical machine. The 
latter are connected on either side of a PE router, the two PEs are 
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connected by two routers P. The router P is a Cisco 7200 router 
with IOS c7200-js-mz.124-13; the two PE: Edge routers, also 
playing the role of CE: Customer Edge routers, are Cisco 3600 
routers. 

 
Figure 4 : IP/MPLS Simulation network 

 

Table 1 : Adressage du réseau 
 

III.  ANALYSIS OF QOS PARAMETERS 

A. Evaluation of the VoD stream in best effort mode 
 

The objective of this section is to see the behavior of the 
video stream in an objective and sometimes subjective way 
broadcast alone on the network. To do this, we launch the video 
streaming application (VLC) which will broadcast a small film, 
from the server to the client.  

VoD requires good bandwidth in data exchanges, it supports 
delay fluctuations while tolerating a small number of losses, but 
sensitive to the variation of the jitter.  

 

Figure 5 : variation of jitter 
 

 
Capture 1 : VoD stream without any change 

 
The load flow is introduced through the iperf application. It 

will compete with the media stream on the network. Thus, from 
the server PC, a load flow of 10Mb / s is sent for 30 seconds to 
the client. 

On the client PC, you activate the iperf traffic generator 
client that will receive the UDP load stream on port 5000. 

 
On the server machine, UDP (-u) background traffic with a 

bandwidth of 10 Mbps (-b 10m) for 10 seconds (-t 10) is started 
on port 5000 (-p 5000 ) of the client PC with its address. 
 

#iperf –c 10.0.10.1 –u –b 10m –t 10 –p 5000 

 
Figure 6 : variation of jitter after network load 

 
Capture 2 : VoD stream with the network load 

B. Evaluation of IPTV stream in best effort mode 
The objective of this section is to see the behavior of the 

video stream in an objective and sometimes subjective way 
broadcast alone on the network. To do this, we launch the video 
streaming application (VLC) which will broadcast a small film, 
from the server to the client. 

 Interfaces addressing plan 

 

PE1 

f0/0 10.0.0.254/24 

f1/0 10.0.1.1/24 

f2/0 10.0.2.1/24 

Loopback 11.11.11.11/24 

 

PE2 

f0/0 10.0.10.254/24 

f1/0 10.0.4.2/24 

f2/0 10.0.5.2/24 

Loopback 22.22.22.22 

 

P1 

g0/0 10.0.1.2/24 

g1/0 10.0.3.1/24 

g2/0 10.0.4.1/24 

Loopback 33.33.33.33 

 

P2 

g0/0 10.0.2.2/24 

g1/0 10.0.3.2/24 

g2/0 10.0.5.1/24 

Loopback 44.44.44.44 

#iperf –s –u –p 5000 

696

 
 
International Conference on Advanced Communications Technology(ICACT)

ISBN  979-11-88428-00-7 ICACT2018  February 11 ~ 14, 2018



 
 

VoD requires good bandwidth in data exchanges, it supports 
delay fluctuations while tolerating a small number of losses, but 
sensitive to the variation of the jitter.  
 

 
Figure 7 : Variation of jitter for IPTV stream 

 

 
Figure 8 : variation of latency for IPTV stream 

 
The same multicast film is redisplayed in parallel with the 

load flow, from the server to the client. The following figures 
show that jitter and latency vary above the threshold value. 
 
 

 
Figure 9: Variation of network load (IPTV) 

 
 

 
Figure 10 : variation of IPTV stream with network load 

 

C. Evaluation of VoIP stream in best effort mode  
Nous analyserons le flux reçu  d’un appel VoIP entre deux 

abonnés. Les figures suivantes illustrent les variations de latence  
et de gigue. 

 
Figure 11 : Variation of VoIP stream without load 

 

 
Figure 12 : Variation of latency of VoIP stream 

 
In this step, we will generate a load flow in parallel with that 

of VoIP in order to congestion the network and see the influence 
of this congestion on the transmission of VoIP. The following 
figures illustrate the variations of delay and jitter. 

 
Figure 13 : variation of jitter for VoIP with load 

 
 

 
Figure 14 : variation of latency  for VoIP with load 
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D. Evaluation RoIP stream in best effort mode 

 
Figure 15 : variation of jitter for RoIP (without load) 

 

 
Figure 16 : Variation of jitter for RoIP (with load) 

 
We notice that the increase in charge caused the increase of 

the jitter. 
The overall results obtained for the quality of service 

parameters are summarized in the following tables:  
 

 Table 2 : average parameters values without load 
 

 Latency 

(ms) 

Jitter 

(ms) 

Lost rate Bandwith 

(Kbps) 

VoD 812 105 5% 484 

IPTV 991 120 6% 884 

VoIP 708 71 5,5% 80 

RoIP 803 89 5%   12

Table 3 : average parameters values with load.  
 

We observe that a single multimedia stream reaches the 
destination with good quality (the quality of service 
requirements are respected), thanks to the perfect conditions 
available on the network (only one stream flows through the 
network). 

On the other hand, when the two streams (multimedia and 
load) are transferred in parallel, we note that the quality of 
service metrics increase considerably and the multimedia stream 
reaches the destination with poor quality. This is explained by 
the congestion due to the flow of charge. 

IV. IMPLEMENTATION OF THE QOS 

The principle of diffserv is that an application or a router will 
choose a class of service from those defined by the 
administrator to send its traffic. This can be the Best Effort 
class. The application's packages will bear a mark. This mark 
allows each router to know the processing to be applied to the 
packets. This allows the differentiation of the services offered to 
the packets. 

In this section, we will set up the filters that will mark the 
packets according to their class of service. 

To identify the traffic, we will use the IP address, the port on 
the client and the protocol used to transmit the traffic: 

− VoD traffic is sent as a UDP from the server to the 
client port (32768 to 65535); 

− IPTV traffic is sent in multicast UDP by address 
225.0.0.0 to the client; 

− VoIP traffic is sent as a UDP from the server to the 
client's port (16384 to 32767); 

− RoIP traffic is sent in TCP from the server to the client 
port (39000 to 40000). 

 
 

 
Capture 3 : Packet marking by class of service  

 
The tests are repeated by sending a multimedia stream and 

the load stream in parallel. The variations of delay and jitter 
obtained during transfer are illustrated by the following graphs: 

 Latency 

(ms) 

Jitter 

(ms) 

Lost 

rate 

Bandwith 

(Kbps) 

VoD 31 4,2 0% 484 

IPTV 27 4,4 0% 2000 

VoIP 19,84 0,89 0% 80 

RoIP 27 1,28 0% 128 
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Figure 17 : variation of jitter for VoD with QoS 

 
The results obtained for the quality of service parameters are 
presented in the following table: 

Table 3 : average parameters values with QoS 

 
Figure 18 : Variation of jitter for IPTV with QoS 

 

 
Figure 19 : variation of latency for IPTV with QoS 

 

 
Figure 20 : variation of jitter for VoIP with QoS 

 

 
Figure 24 : variation of latency for VoIP with QoS 

 
We note that the quality of the multimedia streams is good 

considering the values of the metrics of QoS. This improvement 
results from the use of the queue by diffserv which makes the 
processing of voice packets faster since they have priority. 

The application of the Diffserv model has improved the 
quality of multimedia traffic. This improvement is the result of a 
general policy applied to the network. The implementation of 
quality of service in IP / MPLS networks has the role of 
guaranteeing the requirements of users' applications and 
services.  

V. CONCLUSION 

 
Today, the technological practices of multimedia are 

evolving and operators and service providers estimate the 
emergence of new multimedia services that must be provided 
with quality of service through network equipment. 
Convergence requires a new network technology that is MPLS 
to satisfy the needs of applications in QoS. 

  
 We were able to install and configure the IP / MPLS network 

through the GNS3 simulator and install the multimedia services 
we tested and emulated in a virtual lab (GNS3, VirtualBox, 
Wireshark, ...). 

 
We have seen that the peculiarity of multimedia streams on 

the MPLS network is not to manage micro-flows, but to group 
flows into service classes. This makes it possible to rely on a 
dimensioning phase and to scale up. We used the DiffServ 
architecture to deploy QoS. In this work, we underlined the 
influence of the diffserv approach in terms of the delay and the 
jitter applied to the services and tested in the absence and 
presence of QoS. 

 Latency 
(ms) 

Jitter (ms) Lost rate Bandwith 
(Kbps) 

VoD 61 4,8 0% 484 

IPTV 41 5,1 0% 2000 

VoIP 60 1,2 0% 80 

RoIP 65 3,8 0% 64 
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The results clearly show the importance of a QoS guarantee 

and its response to the receipt of information 
However, there is no large public offer to benefit from QoS. 

This may be due to the lack of an economic model associated 
with DiffServ. The fact that DiffServ offers a large number of 
parameters to be adjusted in each device and that the policy 
must be global makes its deployment complex in a network. In 
addition, an Internet-wide deployment would require operator 
cooperation. Standardizing the DiffServ brand is not enough; it 
is also necessary to guarantee the overall consistency of the 
individual equipment configurations of each operator. 

 
Currently networks tend to evolve towards automation of 

processing and configuration through a new architecture that is 
SDN (Software-Defined Networks) and existing protocols. SDN 
has succeeded in provoking the adherence of equipment 
manufacturers, network administrators and will undoubtedly 
profoundly change the profession of the network administrator 
in the years to come.  
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