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Abstract— This document describes the architecture and technology of an IPTV network and, present
the direct causes that generate considerable in the delay time of channel switching to user perception.
Also some techniques that have been developed to mitigate the delay in the zapping are listed. This work
propose developing an ARIMA time series model to model and predict the behaviour of therating in the
channels with more audience on an IPTV platform. The validation of the proposed model is performed
from real data of the rating provided by UNE Telecommunications. The results show a low per centage of
error in the prediction of the rating for one week and mitigation of Channel Zapping Delay in 68%
approximately.
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. INTRODUCTION

Providers of telecommunications services in countries such as Colombia have developed technological
strategies that guarantee the end user a better quality of service in video applications such as IPTV, substantially
making use of network resources. Nonetheless, due to various factors such as the complexity of the video, the
heterogeneity of different access technologies, among others, it is not possible to ensure total quality in terms of
user experience, as occursin the delay change channel (Channel Zapping Delay) inan IPTV platform. [1].

In traditional anal ogue broadcast television and cable technology, channel change is amost instantaneous, as
it only involves tuning the television receiver to a specific carrier frequency, demodulate the content and display
it on the TV screen. The zapping delay in these systemsiis typically less than 200 ms. Hence viewers sometimes
consider that zapping is virtualy instantaneous, and become accustomed to this experience. With the
digitization and compression of content zapping times have increased significantly. Users no longer experience
thistoday in digital TV networks by cable, but is an even more serious in IPTV, and sometimes zapping is also
affected by the delay of the network problem. The zapping IPTV users often experience a few seconds of delay
or more. [1]-[4].

Currently there are different methods for evaluating television audience [5]-[ 7], in which a permanent sample
of households participates in the survey. The main device used for this measurement is the people meter, which
is connected to every TV panel shows, recording at certain intervals television consumption, taking into account
turn on, channel changes and members of the household, throughout the day [8].

One of the IPTV services providersin Colombiais the telco UNE. Asfor the measurement of audience levels,
UNE has implemented an application through the analysis of their devices access network determines the
number of users associated with each channel at a given instant of time.

This paper identifies the main causes for the delay channel change, and analysis related to the indirect rating
mitigate this parameter [7], [9]. To achieve the goa of mitigating the delay in changing the channel, this paper
proposes the development of an ARIMA time series model to estimate and predict the behaviour of rating [7], [9]
for the channels with the largest audience, through actual rating data provided by the UNE telecommunications
company.

The time series models have been applied in several areas such as econometrics and traffic network [10]-[12],
among others. Time series aim at developing statistical models to explain the behaviour of a random variable
that varies over time allowing future forecasts estimate that random variable, assuming stable conditions and
variations recorded to date, this allows planning and decision making in the short or long term [10].
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Il. CHANNEL ZAPPING DELAY

In [2], [3], [13] introduce a recent study that concludes that to achieve an acceptable quality of service,
channel switching time has to be below 0.43 s when it occurs. Although the study is limited in terms of
population size as a test subject, it is clear that the high zapping delay in IPTV degrades the quality of
experience perceived by customers of IPTV services.

Within the IPTV transmission there are different systems that provide a degree of delay when performing the
channel change. In Fig. 1 proposed in [2], you can watch every stage influencing Channel Zapping Delay: (1)
request to change the channel, (2) IGMP router, (3) synchronization delay, (4) video buffer delay, and (5)
processing delay in the Set-Top-Box (STB).

Remote control

Set-top box

>
1. Channel change 2. IGMP leave/join ’I
request -

3. Synchronization delay

Y
4. Video buffer delay

Y
5. STB processing delay

\ 4

Fig. 1. Main componentsin the channel change delay. Taken from [2]

The user initiates the process by issuing arequest to change channels with the remote control. The application
reaches the STB after an estimated delay time of 10.5 ms. In IPTV video ddivery, as opposed to typical cable
networks, only the channel that the user is viewing is delivered to the STB at any time. Thisis due to bandwidth
limitations in the access network.

When a user switches to a new channel, the STB has to issue a new reguest to the network channel (step 2).
To minimize this delay all television channels are distributed close to the user, particularly to access digita
subscriber line multiplexer (DSLAM in DSL networks) or the local router. In addition to the signalling delay,
one has to add propagation delay experienced in the access link. The sum of these types of delay, referred to
collectively as network delay is usually between 100 and 200 ms[14].

After the STB receives the first packets of the multicast group recently joined, there is still a time delay
before one can start using audio-visual data, because the STB must wait until the next | frame before it can start
decoding content. This is referred to as the synchronization delay generated (step 3). The maximum
synchronization delay is equal to the length of GOP, which occurs when the STB is outside the start of an |
frame, so it must wait for the next. Therefore, the synchronization delay by the delay video storage (step 4),
required to compensate for lost packets and jitter up a significant portion of delay channel change, which is
approximately in arangeof 1to 3s.[2], [3].

The latest source of delay is the processing delay in the STB and the display device (step 5). This can occur in
a number of layers of the system, and is generaly a trade-off between terminal resources (memory and
processor speed) and cost. The processing time depends largely on the STB, the approximate time in this
process is 150 ms. Fig. 2 graphically summarizes the contribution of each component in the total delay IPTV
channel change. The main contributors are timing delay and delay stream video storage delay. (Steps 3 and 4).

(2], [3].

5-10 ms 100-200 ms 500-1000 ms 1000-2000 ms =150 ms

— > > « > e —
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Fig. 2. Contribution of each component (unscaled). Taken from [2]
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I11. IPTV ARCHITECTURE

For the development of this research it was selected the IPTV’s platform of UNE was selected. UNE has
chosen IPTV to maximize its copper network and offer TV services in areas where the company has no hybrid
networks of fibre and coaxial (HFC).

Listed below are the required parameters of configuration required to determine the scope of investigation
and to establish the number of channels that can be preloaded from the head of a single Transport Stream using
MPTS encapsulation, based on implemented access technology and bandwidth limitations.

The IPTV header implemented by UNE Company is supplied by Tandberg technology. The developed
system has a 13 + 1 configuration, with 13 active and one spare encoders. Each chassis generates an
approximately 20 Mbps traffic; likewise, the system is managed by a Cisco C4507 master switch. Each Gigabit
port handles 8 stream multicast, from port 2 to port 14 and port 15 is inactive for the spare. Multicast routing is
enabled on the switch through IGMP. The switch delivers the stream multicast to the edge router through afibre
link. The First Edge Router (FHR) is implemented in M320, which is a high density edge router, routing and
service creation platform based on the Juniper Networks service; the router supports multiple services on a
single platform. The router handles a throughput of 320 Gbps, and between the main router and the backup
router a 10Gbps link is handled. This device is a layer 3 router which uses the OFSP and PIM dense mode
protocol.

The Backbone that manages the IPTV network is supported on IP/ MPLS. MPLS is based on the labelling of
packages based on priority and / or quality (QoS) criteria. The key element in an MPLS network is the Label
Switching Router (LSR), which are classified into core LSR, responsible for mastering a network and MPLS
Label Edge Router (LER), which are responsible for interconnecting MPLS network with external networks
both to the head, as well as towards the end user. [15].

Most telecom operators use DSL technology (Digital Subscriber Line) to deliver broadband services to
households and IPTV in its access network. They can choose from various DSL technologies such as: ADSL,
ADSL2, ADSL2 + and VDSL (DSL high speed). Access multiplexers to digital subscriber lines (DSLAM'S)
transfer the signals from optical to copper wires to deliver DSL to customers homes. The DSLAM's are often
installed within neighborhoods, it is for this reason that these IPTV systems are known with the name of edge
fibre deployments or FTTC. [16]-[18].

UNE Telecommunications Company has made use of heterogeneous technologies and has implemented
various topologies in the access network, making use of the DSL platform and existing cable networks. Thus
UNE has worked on its access network with XDSL variants. Currently ADSL 2 + technology is one of the most
frequently implemented in the network, which manages download up to 24 Mbps theoretical, without
disregarding that this may be attenuated by distance. Thus, and considering the bit rate for a standard TV
channel (SD) is about 2.5 to 4 Mbps and an HD channel 7 to 8 Mbps, and leaving sufficient bandwidth
resources for voice and data, without saturating the channel it has the option of managing 7-8 SD channels or 2
channelsin HD.

Based on this, to develop the research the option to handle 4 SD channels will be taken, (assuming two
televisions per household), which may be preloaded in the header implementing MPTS encapsul ation.

IV. MEASURING RATING

For measuring the rating, a previous study of the different techniques developed was made. One of the most
known is people meter which is implemented by the company TIME IBOPE worldwide, whose function is to
offer this service tailored to the different needs of each audio-visual media provider. Because different TV
companies around the world pay high costs for access to a study in the measurement of rating, it was difficult to
access this information through this application. Because of this, UNE has designed an application to measure
levels of rating in the EDATEL network in the north of the country.

The different measurement parameters for the development of research, based on the procedures and
guidelines in place in this application will be mentioned. Similarly the number of channels and sample
population to the respective measurement is established.

A. Application Developed by UNE to Measure Rating

The application developed by UNE involves the creation of a command, which will be loaded into the access

devices (DSLAM).

The function of this command is to ask the DSLAM how many and which |P multicast are connected at that
time and through which ports they emerge, emphasizing that each IP multicast represents a channel or service.
Fig. 3 depicts the topological application design.
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Fig. 3. Topological design for measuring UNE rating. Provided by UNE

B. Initial Measurement Parameters

The monitoring can be performed at intervals of 10 minutes (5 minutes if necessary). The information
provided by the interface embraces the location, date, hour / minute, channel name and number of television sets
watching each channel. Likewise, the application offers the possibility of making filters to display personalized
information. As the aim of the research is to analyse the behaviour of rating over time for a given channel, the
filtering tool will be used to take samples by date.

For rating measurement it has been taken a period of 16 weeks, every day. The measurement has been made
in the fourth quarter of 2014, from September 1 through December 21, for atotal of 112 samples (once daily).
Subsequently, a weighted average is performed to determine the most watched channel during the 16 weeks. As
aresult of abasic statistical analysis, Table | shows the average audience of the most watched channels.
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TABLE. Audience of the Most Watched Channels

No. TV
Date | Channel Connected
C1l 1357
C2 1263
C3 467
C4 409
C5 280
C6 267
C7 96
C8 90
s C9 81
% C10 75
'ﬁ Cl1 72
C12 63
C13 49
Cl4 42
C15 36
C16 29
C17 24
C18 16
C19 11
C20 9
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For our case it is of interest to consider the four most-watched channels in order to analyse their behaviour
over time. Table I shows a comparison between the four most-watched channels.

From Table Il it can be seen that C1 and C2 channels handle more than 50% of the audience of the taken
sample. Therefore, C1 and C2 would be the two initial channels that can be prel oaded into the MPTS group. The
application of the time series model on channels C1 and C2 would present no relevance, because regardless of
how high the mean error was, it would never be below the average rating of the C5 and C6 channels. Therefore
the application of the ARIMA time series model will be made on the C3 and C4 channels whose rating values
are not far from the values of the C5 and C6 channels.

TABLE . Comparison of the Four Channels with Wider Audience

Channel Usgrs Relative %
Online frequency
C1 1357 0.2714 27.14
c2 1263 0.2526 25.26
C3 467 0.0934 9.34
Cc4 409 0.0818 8.18
MPTS 3496 0.6992 69.92
Group

V. RATING MODELLING

The primary objective of rating time series modelling is to forecast its future values for the next 7 days, and
validate them with real values, obtained from an UNE application. Initialy it is extracted the time series
independently for channel 3 and channd 4, of the 112 samples of each series, and the last 7 are withdrawn to
perform the validation process, and the model is developed with the remaining 105 samples. The development
of themodel in detail will be made for C3 channel, and this procedure is similar for channel C4.

A. Model Sdlection

After making a statistical analysis of time series of the rating, through the autocorrelation function (FAC) and
partia autocorrelation (FACP), it was determined that there is a high degree of correlation between the taken
samples; the incidence of correlation implies that the variability extends to various time scales, with this ruling
out the validity of traditional uncorrelated models. In addition to being correlated, time series happen to be the
most appropriate to model the behaviour of seasona time series random variables, which have a cyclical
behaviour, asin the case of rating and s make a short-range forecasting (and some sometimes long range).

Thereafter, it was determined through the covariance analysis, that the mean and variance of the time series
of rating of channels C3 and C4 are not constant, that is, that these series are not stationary. As the time series
are not stationary it is required to transform the series and apply an integrated process, therefore, the time series
model that was selected is ARIMA (p, d, g). To develop this model the Box-Jenkins methodology was
implemented.

B. Model Identification

The time series of the rating for the defined sample space, was obtained from the relative frequencies of each
sample. As mentioned above this series is composed of the first 105 samples, not the total 112 because the last
seven were reserved for the validation process. Fig. 4 shows the original data of the channel C3 obtained for a
sample space of 15 weeks (105 samples).

The next step is to determine the initial values of the ARIMA model order, the order of the autoregressive
process (AR) p, the order of the process of moving averages (MA) q, and the order of the transformation of the
seriesd.

The first step is to transform the series into a stationary series. A time series is stationary when the mean is
zero and variance is constant, in Fig. 4 can easily determine that the original seriesis not stationary. To convert
a stationary time series is required to transform the series through a process of differentiation as often as
necessary until the series meets the requirements of stationary or through the logarithm function, or a
combination thereof. The number of times necessary to transform the series, determines the value of the
parameter d. After applying the logarithm function to the original time series and differentiate once the series
shown in Fig. 5 is obtained, which is stationary, obtained an ARIMA (p, 1, ). Stationarity is analytically
determined through a unit root test. [10].

To determine the order of p (AR), it analysed the FACP, the remnants of stationary time series that exceed
the threshold are candidates to join the model. To determine the order of g (MA), a similar but with FAC
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analysis is performed. [10]. According to the analysis of the FAC and FACP, the initial identification of the
model isARIMA (13,1,19).
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Fig. 5. Differentiation of logarithmic time series C3 channel

C. Estimation and Model Validation

Once the model is identified the next step is to estimate its terms and validate the model estimation. For
estimating the terms of the ARIMA model (13,1,19) it was used the STATA v12.0 software. The validation of
model estimation is performed through the analysis of FAC and FACP functions of residuals of the moddl, i.e.
the difference values between the transformed time series and those obtained with the estimated model. If alag
of residuals has correlation (exceeds the threshold value), that lag must be included in the model and make a
new iteration (estimate). This dynamic re-specification cycle ends when residuals no longer present correlations,
that is, they are white noise. [10]. Fig. 6 describes the correlation analysis of residuals on the time series for
channel C3.
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Fig. 6. Residual analysis of channel C3 model
In Fig. 6 it can be established that there is still correation at lag number 7 and therefore it is necessary to
iterate and estimate the coefficients of the model again, including that lag.
After performing 14 iterations, the final estimation of ARIMA (0, 1, and 14) model described by equation (1)

is obtained.
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Fig. 7. Prediction of channel C3 rating

D. Prediction Model

The prediction of the time series was performed for the last 7 reserved samples (1 week rating). Fig. 7 shows
the predicted data compared to the original time series within a confidence interval of 48%.
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E. ARIMA Model for the Channel C4

ARIMA model development (p,d,q) to the channel C4 follows the same procedure described for channel C3.
Fig. 8 shows the time series of origina channel rating of C4.

0.14 T T T T T
Sample Rating Channel 4
013 e
012} -
011} -
01} i
0.09 .
0.08 =
0.07 -
0.06 i
0.05F _
0 04 1 1 1 1 1
0 20 40 60 80 100 120
Fig. 8. Time seriesfor channel C4 rating
Standardized Residuals Sample Data vs Standardized Normal
4 0.02
a0
g H+ +
2 w 0.01 @
=
a
£
0 o 0
=
‘G
-2 2001
=
@
a-ﬂ 02
_4 i 1 i i i ; I L I 1 I )
0 20 40 60 80 100 120 -3 -2 -1 0 1 2 3
Standardized Normal Quantile
Autocorrelation Function Partial Autocorrelation Function
1 1 T
©
2
5 : : : & : : :
| s e R i a— e s
o v : & :
- R RN . . | !
< I _Sal & L S ) T T
: 2 ‘ : =
05 H H H ‘0.5 H H H
0 5 10 15 20 0 5 10 15 20
Lags Lags

Fig. 9. Residual analysis of C4 channel model

As with the time series of the channel C3, the time series of channel C4 is processed through the logarithmic
differentiation once to make it stationary. After the analysis of the FAC and FACP, the model is identified, the
result is also an ARIMA (0,1,1). The process model estimation and validation of the estimate by analysing the
correlation of the residuals. Fig. 9 describes the correlation analysis waste time series for the channel C4.
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In Fig. 9 it can be established that there is still correlation at lag number 4, therefore it is necessary to iterate
and estimate again the model coefficientsincluding that lag.

After performing 13 iterations, the final estimation of ARIMA (0,1,14) model described by equation (2) is

obtained.
z.=¢.-0,9881e _-0,9356¢ 2

t-14

Fig. 10 shows the predicted data compared to the original time series within a confidence interval of 48% for
channel C4. The prediction model was performed in the same way as for channel C3.
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Fig. 10. Forecast of the rating of channel C4

V1. RESULTSANALYSIS

To compare and validate forecast of developed ARIMA models. Table 111 shows the value of samples rating
for the past 7 days, measured by the UNE application and predicted with ARIMA model for C3 channel as well
as the number of measured and predicted users, for the same channel, along with its corresponding percentage of
error. Fig. 11 describes the behaviour of the datain Tablelll.

TABLE IIl. Comparison of Sample Measured vs Predicted for Rating and Number of Users C3 Channel

Measured value Predicted value
Channdl C3 Channel C3 Error (%)

Rating No. of Rating No. of

Users Users
0.0632 316 0.0622 311 0.10%
0.0744 372 0.0722 361 0.22%
0.0866 433 0.0844 422 0.22%
0.0630 315 0.0661 331 0.31%
0.0758 379 0.0723 362 0.35%
0.1420 710 0.1357 679 0.63%
0.1786 893 0.1691 846 0.95%
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Fig. 11. Samples measures vs predicted samples for channel C3

Table 1V shows the same information in Table Il but for channel C4. Similarly Fig. 12 describes the
behaviour of datain Table IV.
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Fig. 12. Measured samples vs predicted samples for channel C4
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TABLE IV. Comparison of Measured vs Predicted Sample of Rating and Number of Users of Channel C4.

Measured value Predicted value
Channel C4 Channel C4 Error (%)

Rating Ecs)éroé Rating ﬁgéro;

0.0632 316 0.0566 283 0.66%
0.0748 374 0.0688 344 0.60%
0.0818 409 0.0755 378 0.63%
0.1062 531 0.0996 498 0.66%
0.1280 640 0.1236 618 0.44%
0.0624 312 0.0595 298 0.29%
0.0540 270 0.0508 254 0.32%

VII. CONCLUSION

A mechanism is proposed to mitigate the delay in changing the channel, consisting of the creation of a group
of selected channels from the IPTV head, so that when the user selects one of the channels defined by the group,
the delay is minimized at the required decoding time around 100 milliseconds.

The ARIMA time series model, has a satisfactory performance at the time of modelling the behaviour of
rating for channels C3 and C4, which was vaidated through actual rating data corresponding to a week, with an
average error less than 1%, in the two selected channels.

The MPTS group consists of the four most popular channels, where it can be attained a mitigation of Channel
Zapping Delay of approximately 68%, based on the rating levels of channels C1, C2, C3 and C4 during the
period sampled.

The first recommendation proposes to design a mechanism for an IPTV platform that allows sending a
request of MPTS group from the head to the end user with the highest-rated channels, from the time when the
decoder is turned on.

The second recommendation is to develop amultivariate time series model (VAR or Varma) to anayse rating.
The advantage of these models lies in the fact that the dependent variable is not explained solely by a time
variable, but through several explanatory variables, such as: sots, the specific time of measurement, and the
geographical area of the sample, among others.
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