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 In new generation networks, the IPTV service (TV through IP) is one of the most vulnerable to noise if not the most vulnerabl
services involved in a triple play system, where the end user has more awareness of the quality of service of the provider
in transmission are fully visible to the user. Given this premise, this article shows a simple way in which the quality of se
of experience measurements are being made by a triple play services provider in Colombia and 
measurements obtained by two different methods applied to some users within their supplier structure. 
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INTRODUCTION 
 

Typically, the environments of network 
telecommunications used for accessing high speed 
Internet, support voice services (VoIP), television 
(IPTV) and data, making up a triple play service. 
Which can be transmitted through ADSL +, VDSL or 
cable modem architectures in xPON DOCSIS 
systems architectures.  

Since IPTV is still one of the components of the 
triple play service which is being used more by 
Wireless service providers as a way to leverage their 
XDSL services customer base, and as a strategy to 
quickly and efficiently enter the TV services and 
video content distribution market. Therefore cable 
companies have paid attention to the value of IPTV 
technology as they migrate their analog networks to 
broadband networks [1]. 

 
2. Factors Affecting the Quality Of Service

This section will explain the transmission 
variables to be measured with the traditional method 
for determining the behavior of an IPTV network, 
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ABSTRACT 

In new generation networks, the IPTV service (TV through IP) is one of the most vulnerable to noise if not the most vulnerabl
services involved in a triple play system, where the end user has more awareness of the quality of service of the provider
in transmission are fully visible to the user. Given this premise, this article shows a simple way in which the quality of se
of experience measurements are being made by a triple play services provider in Colombia and clearly explains the interpretation of the 
measurements obtained by two different methods applied to some users within their supplier structure.  

 

Typically, the environments of network 
telecommunications used for accessing high speed 
Internet, support voice services (VoIP), television 
(IPTV) and data, making up a triple play service. 
Which can be transmitted through ADSL +, VDSL or 

tectures in xPON DOCSIS 

Since IPTV is still one of the components of the 
triple play service which is being used more by 
Wireless service providers as a way to leverage their 
XDSL services customer base, and as a strategy to 

and efficiently enter the TV services and 
video content distribution market. Therefore cable 
companies have paid attention to the value of IPTV 
technology as they migrate their analog networks to 

Of Service (QoS): 
This section will explain the transmission 

variables to be measured with the traditional method 
for determining the behavior of an IPTV network, 

and use them to give an estimate of the quality of 
service that is being provided by the IPTV

 
2.1 Packet Loss: 

Packet loss is the variable that has the greatest 
impact on the quality of service (QoS) from a service 
provider of IP television (IPTV), whose effect is 
shown in figure 1 and its results provides enough 
information to start talking about the concept of 
Quality of Experience which will be explained in this 
article.   

The packet loss shown in f
many reasons, forcing the system to high 
computational costs in the use of correction 
algorithms and loss of confide
subscribers. This phenomenon can occur for many 
external variables within the physical plant, such as 
(electrical impulse noise, disturbing elements in the 
DSL line, crosstalk congestion) which leads to the 
degradation of image quality in the IPTV service. 
This phenomenon may be reflected as pixilation, 
freeze frames, macro and micro blocks. The study of 
these behaviors becomes the concept
experience (QoE) [2]. 
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The compression process of IPTV generates 
three types of video frames: type I, P and B Frames 

(Intra Frane, Predited Frame, Bipredictive Frame) as 
shown in figure 2. 

 

 
Fig. 1:Packet Loss. 

 

 
 

Fig. 2: MPEG GOP: I frames, P frames and B frames. 
 
Type I frames serve as the reference for all 

frames in a (GOP) picture group, therefore the packet 
loss in this frame spreads to the entire group of 
(GOP) images which normally takes 0.5s, similarly 
we can refer to the other frames, P and B, 
experiencing similar conditions. But equally a shorter 
prediction may worsen the effect on H264 (MPEG4) 

Packet loss also affects the channel change time 
(IGMP protocol) because when the IP jumping 
requisition is made to the encoder, it has to wait for a 
type I frame successfully increasing the time for 
changing to another IP address  

During its development, packet loss is defined 
by two parameters. The period of packet loss and the 
distance of packet loss, being the period, the length 
of an error event and the distance measures the time 
between packet losses. The TR 126 recommendation 
from the DSL Forum defines the distance 
recommended for SD as one hour and four hours for 
HD and a period no longer than 16ms [2]. 

At the physical layer, the elements that 
contribute most to packet loss are impulse noise and 
stationary noise, which can be reduced but not 
eliminated by network conditioning operations [3]. 

 
2.2 Network Bandwidth: 

The next variable to qualify for determining the 
quality of service in an IPTV system is bandwidth 
since the amount of data in a video sequence is 
limited by the capacity provided by the access 
channel. An increase in bandwidth demand above the 

capacity of the channel will result in the loss of video 
packets. 

 
2.3 Impulsive Noise: 

In a guided media such as the copper plant 
which is very susceptible to impulsive noise from 
external sources such as ring from phones, 
transformers, fluorescent lamps as their seniority 
values of longitudinal balance are almost never in 
reference which generates the large bursts of errors 
which have a very significant impact on the image 
quality 

 
2.4 Jitter: 

The next variable to consider in the traditional 
method is jitter: the transmission of video streams 
encoded in MPEG2 or MPEG4 are affected by a 
phenomenon called jitter, the effect is shown in 
figure 3. The transport stream carrying a program 
clock reference (PCR) which may be affected by 
these fluctuations affecting the decoding process 
which is performed on the client by the Set-Top Box. 

 
2.4 Packet Delay: 

Another significant variable in the quality of 
IPTV service is the packet delay. All RTP packets 
(Real Time Protocol) are synchronized and marked 
locally at the time of transmission in packet-based 
networks, the route taken by these is not always the 
same and the packets may arrive in disorder which is 
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permitted by the RTP protocol, since each RTP 
packet has a sequence tag as long as the delay does 
not exceed the size of the decoder buffer, if the 
packet delay exceeds the buffer the packet is 
discarded losing important image information  

 
 

2.5 Packet Interarrival Jitter: 
Continuing with the variables involved in quality 

is service in an IPTV system is the Packet interarrival 
jitter which is defined as the estimate of the statistical 
variance of the arrival times of packets on the RTP 
protocol and its effect is shown in figure.4. 

 

 
 
Fig. 3: Jitter. 

 

 
 
Fig. 4: Packet Interarrival Jitter 4. 

 
2.6 PCR Jitter: 

The last variable which takes into account the 
traditional method for determining the quality of 
service is called PCR Jitter since video encoders of 
the MPEG type included in the Transport Stream 
(TS), a synchronization clock of the parameters that 
are sent at regular intervals these clock 
synchronization field is called program clock 
reference (PCR) which ensures that the speed of the 
output signal is equal to the signal speed of the input 
signal from  a signal encoded in MPEG  

3. Traditional Method Of Measuring The Quality Of 
Service In An Iptv System: 

Figure 5 shows the topology of basic triple play 
network which is the scenario that we will use as a 
reference to display the metric in the traditional 
method,  where the correlation of metrics must be 
performed by the technician in charge of the 
measurements of network Parameters to and then 
draw the results from the quality of service. And 
which can be performed in two ways. 

 
Fig. 5: Triple Play Network Scenarios. 
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The first using the testing equipment as a network element as shown in figure 6. 
 

 
 
Fig. 6: First Test Scenario. 

 
Which emulates the CPE. In this scenario, the 

computer acts as a gate way between the MAN 
network and the domestic LAN to determine the 
transmission parameters and parameters of quality of 
service which the we can see in the following steps 
that are a real exercise in an environment network 
and will be described below. 

 

Line Parameters: 
In a real environment the first test is to check the 

line state parameters where the maximum rate that 
can reach the pair to be analyzed and the actual bit 
rate that is holding the torque capacity and 
percentages are measured by latency type which are 
shown in figure 7. 

 
 
Fig. 7: Checking the Status of the Line. 
 
XDSL parameters: 

They define within their metrics the range of 
SNR, the attenuation of the pair, signal strength, 

depth delay, trellis, which allow to view the 
parameters of success or failure of setting up and 
down the Dislan shown in figure 8.

 

 
 
Fig. 8: Verifying xDSL Settings. 

 
Statistics: 

Error corrections are determined within the 
transmission by measuring cyclic redundancy errors, 
the FEC error corrections, second correction, the type 
of transport, the PTMCRC and PTMCV values. 
Which is shown in figure 9. 
 
Download Speed: 

 It allows to see bit rates in different network 
layers, the results that it delivers are the line speed 
and average speed of bit shown in figure 10. 

 
Error Indicators:  

This allows to display the errors found in the 
various layers related to IPTV such as CRC DSL, 
FEC counters, IP packet loss and graph l of this 
information according to the time which are shown 
in figure 11. 

 
IGMP traffic monitoring: 

It allows for the monitoring of the IGMP traffic 
that handles transfers between the network and to 
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measure the time gap between IP addresses channel 
is a parameter of quality of service which can be seen 
in figure 12 

 
PCR fluctuations: 

As discussed in the beginning of  the article, it 
allows to see the peak-to-peak fluctuations of the 
PCR program recovery clock which is a pure service 
quality parameter shown in figure 13 in a real-time 
graph 

These measurements contributed with much 
information about the status of the network but there 

were not sufficient to determine the user's perception, 
that why the equipment was equipped with a screen 
of additional calculations that placed the user with 
mining tools perception service which are defined as 
Flow parameters entered into the traditional system 
parameters which are calculated with the values 
measured as expressed in the preceding paragraphs 
and that are the basis of experience and location are 
shown in figure 14. 

 
 
 

 

 
 
Fig. 9: Line Statistics. 

 

 
 
Fig. 10: Download Speed. 

 

 
 
Fig. 11: Error Indicators. 
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Fig. 12: IGMP Traffic Monitoring. 

 

 
Fig. 13: PCR Fluctuation. 

 

 
 
Fig. 14: Flow Parameters. 

 
Quality of Experience: 

The quality of experience can be defined in 
various ways one of which is the evaluation of 
customer satisfaction of the service that is being 
provided. Where the measurement presents objective 
and subjective positions and their metrics are 
individual to each customer that is the customer 
plant. Therefore the effects of the quality of 
experience are caused by the quality of service. So 
the challenges are to remotely determine the increase 
or degradation of customer satisfaction 

To achieve it, the industry has divided the 
perception of this rating in two methods defined for 
its objectivity and subjectivity in the subjective 
methods is the MOS (Mean Opinion Score) which 
takes a random sample of participants to assess the 
quality of video. the methods defined in correlating 
metrics PSNR (Peak Signal to Noise Ratio): defined 

as the difference between the initial frame and the 
frame received MQPM (Motion picture quality in 
meters): in which replicates the experience of a 
group of people highly trained in watching television 
picture characteristics, MDI (Media Delivery Index) 
which is a scoring mechanism that measures the 
video quality dependent metric relations packet loss 
and jitter in the network components which describes 
two variables defined delay factor (DF) and the rate 
of loss of media (MLR). These metrics are obtained 
with hand equipment which does not ensure 
customer satisfaction because error rates are random 
in time due to the variability of network status. 
Because of this, the industry migrated to the concept 
of service assurance architecture which correlates the 
two concepts presented so far and will be shown at a 
later apart [3]. 
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5. Metrics For Quality Of Experience: 
It is determined over an IP address belonging to 

a specific video channel and the parameters to 
observe are the bit rate calculated from the PCR [4], 
the packet proportion considering the null packets, 
and the rate of media sent MDI shown in figure 14. 

 
6. Concept of Service Assurance Architectures: 

When it comes to watching TV the level of 
consumer tolerance is zero. IPTV is television, not 
data and the service should be treated as such [5]. 

Based on the above premise, four concepts are 
defined: visualize, analyze, update and measure. 
Which it is the latest trend of the market for the 
correlation of the concept of quality of service and 
quality of experience based in a structure of key 
performance indicators (KPI) and key quality 
indicators (KQI) [6]. 

Where the basic concept is shown in figure 15 
where it can be seen that: the system consist on 
inserting into the network structure a series of 
elements called verifiers, some of which are on the 
end user, these verifiers send information to a central 
server which is responsible for displaying the 
correlation of these variables [7].  

Being the following principles: The loss of a 
single packet affects the image, comparative 
measurements are the key to success, log of packet 
loss and jitter should be kept. IP networks are 
functional and designed for continuous monitoring 
and it is very difficult to measure with IT tools such 
as a sniffer. Therefore specialized tools for the 
implementation of a service assurance systemare 
required. 

 

 
 
Fig. 15: Service Assurance Architecture Topology [8]. 

 
Since a network the majority of IPTV, DVB-C 

and DVB-T is realistic TV flows through information 
packets encapsulated in IP packets and then into 
Ethernet frames follows 7 transport stream packets 
by an Ethernet frame which requires a point to point 
E2E Monitoring.  

The E2E monitoring shown in figure 16 should 
provide practical information, enough to give the 
possibility to maximize the use of its monitoring 
equipment in an operating environment which will 
help increase customer satisfaction, reduce service 
calls by reducing the OPEX 

 

 
 
Fig. 16: Common End-to-End Structure [8]. 

 
Advantages of detailed monitoring: 

The ability to control and validate the delivery of 
a Point to Point Protocol can be critical to the success 
of an IPTV deployment, at this stage the ability to 
access and analyze MultiCAS flows is a necessity, 
which requires having the knowledge of all 
operational resources and relationships in the chain 
from end to end [9]. 

There are many variables that can occur in the 
end to end string, such as unwanted interference, 

older equipment or improvised solutions such as the 
one shown in figure 17. 

 
7. Monitoring The Quality of Experience And Quality 
Of Service In Real Time: 

This monitoring is essentially the service 
assurance architecture, the concept is defined as 
within the tool brix which is to be analyzed for this 
article as Media Window and is essentially the view 
of packet drops, jitter and bit rate over time as shown 
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in figure 18 and the monitoring variables involved in 
the monitoring described below. 

 
Inter-Arrival Time (IAT): 

defines the maximum time interval between two 
neighboring IP frames observed for a period of time 
measured in milliseconds. 
RTP drops (RTP): 

The number of UDP frames removed.
 

 
Fig. 17: Improvised Solutions [6]. 

 

 
Fig. 18: QoS and QoE Monitoring. 

 
7.1 General Considerations in Monitoring Media 
Window: 

If small MLR readings and IAT non readings are 
obtained, problems can be assumed to have been 
caused by data loss in the original TS, the DVB
receivers verifiers and IP Streamers should be 
checked. 

If we get high records MLR IAT and possibly 
also the problem is caused by data loss by TS which 
also should be checked and DVS-S receivers

If we acquire high readings and MLR and the 
IAT is higher than usual, the problem can be taken as 
a loss of UDP packets. In this case we must check 
our network equipment [10]. 

 
7.2 Calculated Parameters of the Media Window: 

within the app each parameter is calculated by 
using the second peak measurements and is reported 
in a specific time interval example if MLR = 3, IAT 
= 10.5, RTP = 1, BW = 3.3 analyze these data. Most
of the TS packet loss in a time interval and 3, the 
maximum fluctuation of the maximum jitter is 10.5 1 

López S, 2015 /Journal Of Applied Sciences Research 11(22), November, Pages:

in figure 18 and the monitoring variables involved in 

defines the maximum time interval between two 
for a period of time 

The number of UDP frames removed. 

Bitrate (BW): 
Total bitrate (including NULL packets) in Mbit / 

sec. 
 

Media Loss Rate (MLR): 
is the number of Transport Stream packets lost 

during the measurement interval.
 

 

 

 

 

7.1 General Considerations in Monitoring Media 

If small MLR readings and IAT non readings are 
obtained, problems can be assumed to have been 
caused by data loss in the original TS, the DVB-S 
receivers verifiers and IP Streamers should be 

If we get high records MLR IAT and possibly 
blem is caused by data loss by TS which 

S receivers 
If we acquire high readings and MLR and the 

IAT is higher than usual, the problem can be taken as 
a loss of UDP packets. In this case we must check 

.2 Calculated Parameters of the Media Window:  
within the app each parameter is calculated by 

using the second peak measurements and is reported 
in a specific time interval example if MLR = 3, IAT 
= 10.5, RTP = 1, BW = 3.3 analyze these data. Most 
of the TS packet loss in a time interval and 3, the 
maximum fluctuation of the maximum jitter is 10.5 1 

UDP packet loss, the maximum bi
3.3Mbit / s [8].  

In the monitoring we see as follows, where the 
red indicates the loss signal indic
jitter is exceeding threshold levels and yellow packet 
loss the pink lines show alert levels exceeded the 
monitoring system can be observed in f

The tool can measure the error rates and their 
times of occurrence individually 
the relationship IAT 20 and MLR (figure 20).

One can also observe the relationship between 
the bandwidth and the MLP as shown in figure 21.

The relationship between the RPT and UDP 
traffic can be seen in figure 22.

In practice with media window one can monitor 
the number of stream channels as shown in figure 23.

For more analysis capability, one can observe 
the individual alarm information by streams as 
shown in figure 24. 

Delivers deep constellation parameters analysis, 
as can be seen in figure 25. 

mber, Pages: 179-188 

Total bitrate (including NULL packets) in Mbit / 

is the number of Transport Stream packets lost 
ment interval. 

UDP packet loss, the maximum bitrate per second is 

In the monitoring we see as follows, where the 
red indicates the loss signal indicates that orange that 
jitter is exceeding threshold levels and yellow packet 
loss the pink lines show alert levels exceeded the 

ring system can be observed in figure 19. 
The tool can measure the error rates and their 

times of occurrence individually and we can observe 
the relationship IAT 20 and MLR (figure 20). 

One can also observe the relationship between 
the bandwidth and the MLP as shown in figure 21. 

The relationship between the RPT and UDP 
traffic can be seen in figure 22. 

window one can monitor 
the number of stream channels as shown in figure 23. 

For more analysis capability, one can observe 
the individual alarm information by streams as 

Delivers deep constellation parameters analysis, 
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Fig. 19: Monitoring Media Window. 

 
 
Fig. 20: Error Rates and Time of Occurrence. 

 

 
 
Fig. 21: Error Rates and Time of Occurrence. 

 

 
 
Fig. 22: Error Rates and Time of Occurrence. 

 

 
 
Fig. 23:Monitoring 10 Channels in Real Time. 

 

 
 
Fig. 24:Viewing Individual Alarms in a Stream. 
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Fig. 25: Constellation Analysis. 

 
8. Monitoring Guidelines: 

The tests are defined continuous monitoring of 
the integrity of the MPEG 2 TS streams. Where the 
objective is to test the most important elements of the 
TS exhaustively. Where these tests are considered 
the test in accordance to ISO / IEC 13818-4 standard 

and the elements to be monitored are PAT_error 
(Program Association Table), Continuity errors, 
PID_error PMT_error and the Catalans can monitor 
both the ETR mucro 290 with the macro ETR 290 as 
shown in figures 26 and 27 [11]. 

 

 
 

Fig. 26: Micro ETR 290. 
 

 
 
Fig. 27: Macro ETR 290. 

 
Conclusions: 

The measurement of the delay is not sufficient to 
characterize the performance of an IPTV network 
and many performance factors that must be analyzed 
within a framework of service assurance.  

The intervention of the error correction codes is 
vital in ensuring service in such a critical service 
such as IPTV 

The measurement of error parameters is entirely 
possible to verify it within a structured system such 
as the service assurance system.  

The most critical parameters in a transmission 
system for an IPTV service through XDSL are the 
parameters of the physical layer, since the pair 
quality must be excellent 
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