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ARTICLE INFO ABSTRACT

Internet Protocol Television (IPTV) provides live TV channels to users over IP in the form of
streaming. Since each channel is transmitted on request, there is always the problem of delay between
channel changes. The channel switching delay is familiar problem in digital television and widely
researched in the context of IPTV systems. Several solutions have been proposed to reduce this delay.
A few popular solutions suggest transmitting more than one channel to users at the same time.
However, choosing these channels is not trivial as the next channel a user will switch to is not known.
In this paper, we analyze machine learning approaches to predict the next channel of the user. Such a
prediction can be useful in design of frameworks for reducing the channel switching delay. We have
performed our experiments on dataset collected from an operational system on which the Multilayer
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INTRODUCTION

In early days of Internet, delivery of high-quality entertainment
contents was not possible due to low bandwidth. With the
advancement in communication technologies and data
compression techniques, it has become possible to deliver high
quality contents over Internet. IPTV (Internet Protocol
Television) is emerging as an alternative of traditional cable
and broadcast systems. IPTV systems offers variety of
television services with the help of Internet protocol suite on
packet-switched network. From the IPTV user’s point of view,
IPTV is a system receiving TV programs as streams
(downloaded and played almost simultaneously) over Internet
connection, instead as broadcast signals from the antenna,
satellite dish, or fiber optic cable. IPTV is gaining popularity
by offering variety of programs to users. In IPTV systems all
channels cannot be transmitted simultaneously due to lack of
network bandwidth. Therefore, only a small portion of
requested program by end user is available at STB. When user
selects a new channel, delay arises and this delay is called
channel zapping time or channel switching delay. Channel
zapping time is defined as the time difference between the user
request for a channel change by pressing some buttons on the
remote control and the display of the first frame of the
requested channel on the TV screen.
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Channel switching delay which can be up to two seconds or
more is the main concern in providing services through IPTV.
This delay should be below 430 ms (Fernando M. V. Ramos,
2010) for an acceptable quality of experience (QoE). How to
reduce or minimize this delay is the biggest challenge for [IPTV
providers. Channel zapping time is the critical issue in IPTV
service system. Several techniques were proposed to reduce
this channel zap time. The aim of this article is to provide a
survey of different channel switching schemes and analysis of
different models for fast channel prediction for IPTV systems.

Background and Related Work: As users expect to switch
the channels quickly, startup delays in IPTV must be reduced
to just a few milliseconds or even microeconds. Major concern
in IPTV based networks is to transmit the channels from IPTV
service providers to end user with high speed and less zapping
time (switching delay). Total switching delay is a sum of
several delays (Toshiaki Ako, 2010). These are Network
Delay, Synchronization Delay, Buffering Delay and STB
processing Delay. Network delay is the delay which user
experiences to leave the current channel and join the new
channel and access link propagation delay. Total of this delay
is usually below 100-200ms. Network delay does not
contribute much to overall delay. STB processing delay does
not contribute much and it is relatively low usually below
50ms. Major contributors to channel change delay are then
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Figure 1. Block Diagram of Sequential Model
uid main_uid starttime stoptime pg_startpipg_starttime  pg_stoptime  md_durat mac ip type channel ch_id pg md_ty r_id

2905373 11/9/20117:30  11/9/20117:38 2011-11-00  11/9/20116:00  11/9/20119:15 PT3H15M( 752232a6f 46bbfacb: 0 bbcone 120 breakfast 0
3 905618  11/9/20118:10  11/9/20118:19 2011-11-0! 11/9/20116:00  11/9/2011 9:15 PTIH15M(752232a6f 46bbf3db¢ 0 bbcone 120 breakfast 0
4 906294 11/9/20119:45  11/9/20119:33 2011-11-0'  11/9/20119:15 11/9/201110:00 PTOH45M( 752232a6f 46bbf3dh¢ 0 bbcone 120 remembr: 0
5 907706 11/9/201112:12 11/9/201112:12 2011-11-0' 11/9/201111:45 11/9/2011 12:15 PTOH30M( 752232a6f 46bbf3dh¢ 0 bbcone 120 cashinthe 0
6 910207 11/9/201115:30 11/9/201115:41 2011-11-0¢ 11/9/201115:05 11/9/201115:35 PTOHI0M( 752232a6f 46bbfadht 0 bbcone 120 juniorbak 0
7 910207 11/9/201115:30 11/9/201115:41 2011-11-0¢ 11/9/201115:35 11/9/2011 16:00 PTOH25M( 752232a6f 46bbf3db: 0 bbcone 120 prank patt 0
8 910253 11/9/201115:43 11/9/201115:43 2011-11-00 11/9/201115:35 11/9/201116:00 PTOH25M( 752232a6f 46bbfadb! 0 bbcone 120 prank patt 0
9 910607 11/9/201116:10 11/9/201116:10 2011-11-0! 11/9/201116:00 11/9/201116:30 PTOH3IOM( 752232a6f 46bbfadb: 0 bbcone 120 roy 0
10 910843 11/9/201116:25 11/9/201116:25 2011-11-0¢  11/9/201116:00 11/9/2011 16:30 PTOH30M( 752232a6f 46bbfadb! 0 bbcone 120 roy ]
11 911230 11/9/201116:42 11/9/201116:48 2011-11-0¢ 11/9/201116:30 11/9/2011 17:00 PTOHI0M( 752232a6f 46bbfadbt 0 bbcone 120 seriousex 0
12 1335169 12/12/201113:27 12/12/201113:27 2011-12-1 12/10/2011 22:20 12/10/201123:53 PT1HI3M( b46f7bbaz27050743b 1 bbcone 120 matchoft 0 176688
131439941 12/13/201123:25 12/14/20110:15 2011-12-0¢ 12/9/201118:00 12/9/201118:38 PTOHIBM( bA6F7bbat 27050743 1 channeld 122 thesimps 0 176101
141448199 12/14/2011 15:16 12/14/201115:41 2011-12-1; 12/12/2011 18:00 12/12/201118:38 PTOHIBM( b4677bbaZ27050743b 1 channeld 122 thesimps 0 177590
15 1448383 12/14/201115:41 12/14/201115:55 2011-12-1: 12/11/201116:20 12/11/2011 16:58 PTOH38M( b4677bba:27050f43b 1 channeld 122 thithesim 0 177054

Figure 2. Snapshot of Dataset

synchronization of video stream and buffering of stream,
adding up to 1 or 2 second on average. Network delays occur
during exchange of signaling messages and processing time to
set up network state at each node.
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Figure 3. Accuracy graph

After defining the switching delay, now we focus on related
work on fast channel switching schemes proposed to minimize
the channel zapping time. An approach aims at minimizing the
switching delay through providing lower quality stream in the
startup (B. Dekeris, 2010). It proposes that if the user changes
the channel and viewing time is less than 1 minute, the low
quality video from IPTV systems is sent to user. After a lapse
of 1 minute, transmission of high quality video begins.

Employing equipment like proxy servers in IP networks may
also reduce the switching delay (Fonseca,2013). Several
approaches based on transmitting redundant channels have
been proposed which vary in the selection of the transmitted
channels. We discuss a few representatives of them. An
approach based on linear switching is proposed by Chen et al.
(Yu-Wei Chen, 2012)where linear switching means that a user
switches channels one after the other by pressing the button of
remote controller up or down.

It is assumed that if the user does not switch linearly, the
jumping distance is usually very small. It is most likely that
user switch to one of the neighboring channels. Based on this,
scheme is proposed to send the adjacent channels to the Set
Top Box (STB) with the requested channels simultaneously
during switching period. These channels are synchronized and
buffered with the requested channel. If the user switches to
these channels then switching delay experienced by the user is
almost zero. However, channel switches are not always linear.

By contrast, anon-linear switching approach is proposed by
Zandiabasabadi et al. (Zahra Zandiabasabadi, 2012). In this
approach random channels in addition to adjacent channels are
pre-joined with the requested one. Expected random channels
are provided by the rating server which maintains data and
information of all channel switching requests received from all
STBs. This approach requires a large bandwidth and again
random channels are chosen from the overall popularity.
Another approach attempts to get it closer to the end user by
selecting adjacent channels and those who were recently visited
by the user are transmitted redundantly (Abdol Agheli
Khosroshahi, 2016 and Eunji Lee, 2009). Another similar
approach is proposed to recommend channels to viewers (CAN
YANG, 2018). However, this type of system is used as
recommender system to minimize the searching time of the
viewer instead of minimizing the delay.
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RESEARCH METHODOLOGY

In our approach, we propose to use machine learning for the
prediction of the next channel. To do so, we investigate here
the efficiency of machine learning algorithms on prediction of
next channel. We first describe our model and then discuss
experiments and results.

Proposed Model: In this section, we will discuss the
sequential model proposed for prediction of next channel. Fig
1 represents the model in which data as input is fed as input to
the layer known as input layer. After pre-processing, input is
fed into dense layer to predict the output. Dense layers are
assigned with weights and biases, after processing of input data
into dense layers with some activation function, prediction of
next channel as output is shown in the diagram.

Dataset: For our model, we use dataset of user statistics
collected by Lancaster Living Lab (Yehia Elkhatib, 2014).
Lancaster Living Lab is a small IPTV service provider of both
live and on-demand high quality contents to users via set top
boxes, PCs and mobile devices. The dataset of thousands of
users is made available to researchers for developing better
understanding of video delivery mechanisms, user behavior,
and program popularity. From this infrastructure by Lab, a vast
amount of deep statistics reported by user devices was
collected. We present here a snapshot this dataset covering the
period of October 2011 — April 2012 in Fig-2.

After cleaning the data we select four relevant fields as
identified by (Ullah et al. 2012). These fields are Starttime,
md duration, mac_address and channel. Furthermore, 75%
data (approx twenty thousand rows of dataset) were used to
train the model. 25% data(approx 5 thousand rows of dataset)
were used to validate /test the model after training the model.

Experiments and Results: For prediction of next channel
most likely to be requested by the user, experiments were
performed to test the efficiency of proposed model. LSTM
(Long Short Term Memory) model was used which is a type of
RNN (Recurrent Neural Networks) to predict the next channel.
Accuracy was 0.2863, validation accuracy was found 0.257.
But result/output was not satisfactory. In second experiment,
Multilayer Perceptron (MLP) Model which is type of neural
network used for better prediction. The result / accuracy
achieved was still low. Accuracy was 0.30 and validation
accuracy was 0.29857 which was still not satisfactory. In third
experiment, as mentioned before, we use MLP model in which
dense layers are used. We increase dataset fields from two to
four and after normalizing the data ,we train the model and
accuracy was 0.5052 and validation accuracy was 0.5028. We
can further improve the accuracy of model by normalizing the
data because right data in the right format is one of the major
problem to solve in deep learning.

Conclusion & Future Work

Channel switching is a hot topic in video streaming systems.
Several effort have been made to reduce the impact of channel
switching on the performance. Predition of the next channel
can improve these systems where the next channel may be pre-
streamed. In our work, we tested several machine learning
algorithms on a real streaming dataset. Our results have shown
an accuracy up to 50%.

These predictions can be utilised in the systems in a such a way
to improve the performance. Such an example is that to stream
a few channels to a user before the request and those channels
be based on the predictions. In future, we are planning to test
these algorithms on other datasets to head towards
generalization. Furthermore, we will work to develop a
complete framework to utilise machine learning for overall
improvement of the performance.
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