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Abstract

According to analysis at SNL Kagan, the market share of IPTV is rapidly growing whereas
the market share of cable TV is slowly shrinking. This paper introduces an ‘Open IPTV
System’ which allows a subscriber to easily open his or her own IPTV broadcasting station.
In the ‘Open IPTV System’, operators must be present at the office to access the content
management system (CMS). We implement a web CMS so that the operators can access the
CMS anytime and anywhere as long as they are connected to Internet.
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1. Introduction

The IPTV market share is rapidly growing whereas the cable TV market is shrinking.
According to an analysis done by SNL Kagan, the number of IPTV subscribers was 40
million, which is 6.1% of all pay broadcast subscribers in the world, at the end of 2010; the
IPTV revenue in 2010 was $12.9 billion US, 142% of the IPTV revenue from 2009. In the
light of the prosperity of the IPTV business, we have created the ‘Open IPTV System’. It is
said to be open because it allows subscribers to upload their own content and easily open their
own IPTV broadcasting stations.

One of the disadvantages of the system is that operators must be sitting in a chair in front
of the desktop computer in the computer room in order to run the contents management
system (CMS). The main purpose of this paper is to implement a web CMS so that an
operator can run the CMS anytime and anywhere as long as he is connected to the Internet.
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Figure 1. The ‘Open IPTV System’
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The ‘Open IPTV System’ is described in Figure 1. The main components of the system are
the Ingest system, CMS, SV-Solution, and the ‘DB and NAS’ system. The Ingest system is
used to encode and transcode the source contents into the IPTV format. For example, an
analog video tape needs to be encoded into a digital code before being transmitted through the
Internet. The main roles of the CMS are creating digital multimedia contents and saving and
retrieving the contents. The SV-Solution is our broadcasting system. If a subscriber requests a
video service from a TV, a smart phone, or a PC, then the SV-Solution streams out the video
to the subscriber. The SV-Solution consists of many server computers, such as streaming
servers, IPTV middleware servers, mobile distributors, and so on. The ‘DB and NAS’
represents the storage system of the system. Multimedia files are saved in the NAS and the
metadata for the files are saved in the DB. For this system, this paper implements a web
system that allows operators to manage the contents from remote locations.

2. Related Works

This paper develops a web CMS for the ‘Open IPTV System’. Therefore, the IPTV system,
contents management, and the web system are included in the related topics. The services
provided by IPTV systems can be classified into live television, time-shifted programming,
and video on demand (VOD). Among them VOD is most popular [1-3]. An IPTV system
stores a lot of videos in its archive system and efficiently retrieves the video the user wants to
watch. CMS is the system that manages the video files.

It would be nice if the VOD service knows in what video the user is interested and actively
plays it for the user. If a smart phone user takes a picture of a building on a campus then we
can conclude that the user is interested in the building. The author of [1] introduced a very
efficient building recognition process. The process makes use of sensors equipped on the
smart phone and an electronic campus map. It collects the GPS and the orientation values in
order to find out the current location of the user and the line of sight of the camera. Then, it
finds the elements of the electronic map intersecting with the line of sight. With the
intersected elements, it finds the building taken by the camera.

By the definition of IPTV, the quality of IPTV service is very important. The quality of
service required by the customers is specified in the Service Level Agreements. The authors
of [2] introduced a protocol that supports Service Level Agreements of an IPTV service
provider via access control.

One of the most distinguished and beneficial features of IPTV services is the diversity of
channels. Even though IPTV provides a lot of channels, the subscribers demand more
channels. Therefore, we have to expand the channel capacity. In order to address this problem,
the authors of [3] introduced an efficient channel allocation method using the concept of
virtual channels.

In [4], the authors illustrated how IPTV would be adopted to wireless and mobile
networks. Technical obstacles, such as capability limitations, bandwidth limitations,
vulnerable wireless links, coverage implications, and so on were discussed. Business issues
regarding mobile IPTV and the mobile IPTV standard status are also discussed.

The existing IPTV architecture dedicates a centralized regional station to serve the
subscribers in their respective region. This causes a significant imbalance in resource
utilization. In [5], the authors proposed a novel request dispatching protocol that allows IPTV
stations of different regions to collaboratively serve user requests.

Quality of Service is one of the key factors to the success of the IPTV businesses. In [6],
the authors depicted an end-to-end IPTV network management architecture and developed a
unified network management system that monitors and controls the multi-vendor multi-
technology broadband network elements. The in-house network management system supports
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a loosely-coupled systems integration and automatic collection of IPTV-related data from set-
top boxes.

IPTV service is widely believed to be the next killer application on the Internet. It is
obvious that the success of an IPTV business will depend on the ability of the service
providers to provide the right IPTV content and services to the right subscribers at the right
time. The authors of [7] propose a business model in which service providers collect content
and services and package them along with advertisements to generate the correct IPTV
content and services to the right subscribers.

If User Created Content (UCC) is allowed to be a part of IPTV, then the IPTV format is
said to be open. One of the challenges in realizing open IPTV is rights protection. To address
this challenge, the authors of [8] designed a packaging content authoring and consumption
system for IPTV application services based on open IPTV.

A service delivery platform (SDP) is middleware that provides necessary service enablers,
such as a web enabler, broadcast enabler, and communication enabler for service creation and
deployment. A web enabler interprets instructions written in the standard application program
interface (API) format and translates them into legacy APIs. The authors of [9] define the
functional requirements of a web enabler.

One of the major features of web 2.0 is in its support of more interactive capabilities than
web 1.0. The authors in [10] address the relationship between web 2.0 and IPTV service; an
IPTV electronic program Guide (EPG) should use Really Simple Syndication (RSS) to
support personalized service. Web 2.0 tagging should be utilized to efficiently categorize
IPTV content, an IPTV system should use Web 2.0 technology to easily monitor user-
generated content (UGC) to avoid offensive content and copyright infringement and only post
UGC that is relevant to the IPTV service. The IPTV EPG should use AJAX to make it more
responsive; mash-up and open APIs should be used in IPTV systems.

There are many different types of IPTV set-top boxes. Consequently, while setting up a
digital channel for a certain set-top box, the design engineer has had to implement a program.
The authors of [11] introduced an apparatus that easily sets up a digital channel without
programming.

The IP Multimedia Subsystem (IMS) is the first implementation towards reaching
converged communications which allows users to communicate with video, audio, and
multimedia content. The authors of [12] analyzed the mechanisms of resource allocation and
admission control by employing logical interfaces that carry Session Initiation Protocol (SIP)
messages.

Wireless mesh networks can receive a TV program and forward it over multiple hops to
the user devices that are equipped with 820.11 cards. The authors of [13] described the set up
of TV streaming over the Magnets mesh network in Berlin.

3. The Functional User Requirements for the CMS

The CMS functions are categorized into SYSTEM, SOURCE, CONTENT,
MONITORING, WATCHLOG, and STATISTICS, as shown in Figure 2. Each of these
categories is described further in this section.

‘Management of users’, ‘management of authority’, and ‘management of code’ are
submenus of SYSTEM. The ‘Management of users’ provides the functions of displaying user
(subscribers) information, searching information with the user ID, creating and registering a
new user, updating user information, and deleting a user. User information includes the user
ID, name, description, e-mail address, office phone number, mobile phone number, and
Detail. Detail is a pop-up button and a web page containing detailed information about the
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user is linked to it. Changing password and authority level can be done on this page. There
are many sorts of authorities: basic authority, administrator’s authority, authority to register
and delete assets, authority to edit metadata, and delivery authority. The ‘Management of
authority’ lists many different authorities so that an administrator can make check marks on
the list to grant the authority to the designated user group (not to an individual user). The last
subcategory of SYSTEM is the ‘management of code’. This subcategory provides the
function of specifying whether or not each of the content items is available.
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Figure 2. The CMS main menu

SOURCE has ‘management of suppliers’ and ‘management of tapes’ as its submenus.
‘Management of suppliers/tapes’ provides functions used to manipulate the information of the
subscribed organizations/tapes. A subscribed organization usually opens its own IPTV
broadcasting station using the Open IPTV System and uploads its own content to be made
available to the end users. The functions provided by ‘management of suppliers’ and
‘management of tapes’ are both similar to those provided by ‘management of users’. They are
used to display, search, retrieve, update, and delete information.

CONTENT has only one submenu, ‘management of contents’. The functions provided by
this submenu are also used for displaying, searching, retrieving, updating, and deleting
content information. Content information includes title, length (running time), status
(available or not), details, preview, and delivery. The details item is similar to the details item
used in the user information menu, however this one regards the content format and
thumbnail items. Preview plays a low capacity version of the content when it is clicked.
Delivery transcodes the content into the H.264 format (for IPTV delivery) and saves it in the
BMS (Broadcast Management System) content storage.

‘Monitoring transcoding’ and ‘monitoring delivery’ are submenus of MONITORING.
They manipulate the information in the transcoding and delivery functions, respectively.
Delivery information includes the registration status (done or not), error type, and status of
delivery. We can request redelivery here. As the others do, these submenus also display,
search, retrieve, update, and delete information.

WATCHLOG has ‘Tape rent’ and history of delivery jobs’ submenus. The information of
delivery jobs include the title of the content, the name of the file stored in the BMS storage,
the name of the operator, and the date.
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STATISTICS includes the numbers of subscribers, subscribed organizations and content
items, graphs representing the number of content items for each of the categories, information
of content items open to end users, and information of content items closed to end users. The
DATA option is available on this menu. It shows the statistical information regarding the
designated day, week and month.

4. The Design

As was mentioned in Section 1, the ‘Open IPTV System’ described in Figure 1 shows that
the CMS is already installed and running. The purpose of this paper is to design and
implement a web CMS so that operators can access it through the Internet. That means that
we should use the database system and library functions in the CMS in our implementation.
Therefore, we designed the structure of our system to have four layers, as shown in Figure 3:
the Data Access Layer, Business Layer, Service Layer, and Presentation Layer, so that we can
use the CMS database as it is.

( . Web (UI) ] Technology Selection :
Presentation Web Ul uses ASPNET / ExtJs
g1 Pregcss (UIPC) Service Interface uses WCF
Data Access uses ADO.NET
Database uses SQL Server

Service Service (5I)  Request Message
(MT)

Legend

Ul = User Interface

UIPC = User Interface Process Component

SI = Service Interface

MT = Message Type

BWC = Business Workflow component

BC = Business Component

DAC = Data Access Component

Business Sequential (BWC)

Entities
Log

Component (BC)

Data Data (DAC) Log (DAC)

‘. T ‘ DataBase

Figure 3. Our system design strategy
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Microsoft .NET Framework 4.0 / ASP.NET / C#
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‘Windows 2008 k2 / SQL Server 2008 R2

Figure 4. The system components

We used Visual Studio 2010 as the integrated development environment (IDE) for the
implementation. Windows 2008 was installed on the server and Internet Information Server
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(1S) 7.5 was run on it. A SQL Server 2008 was used as the database management system
(DBMS), Microsoft .NET Framework 4.0 was used for the windows programming, ASP
.NET was used for the web programming, and C# was used for the general programming.

In the CMS shown in Figure 1, Syntek .NET, which is a library of database access
functions, is already included, and so we used it in our implementation, as shown in Figure 4.
For the other database accesses that are not supported by Syntek .NET, we used ADO .NET.

Microsoft provides the Windows Communication Foundation (WCF) as a service oriented
application software development framework. We use WCF for the communication between
the server and the client.

Recalling the user requirements, we notice that displaying a list of items is done in many
places. Listing subscribers, listing contents, listing sorts of authority, listing providers are just
a portion of the jobs requiring item lists. Therefore, we made a template user interface for
listing items.

These are the components of our system; they are listed in Figure 4. Again recalling the
user requirements, we conclude that the functions provided by the menus and submenus can
be summarized as a CRUD (create, read, update, and delete) system.

5. The Implementation

We summarized the user requirements into eleven items in Section 3. We also noticed that
the functions provided by all eleven items can be summarized as CRUD. This implies that
one implementation method can be used to implement each of the eleven items. Therefore, we
only discuss our way of implementing ‘reading subscribed organizations’ in this section; the
other functions are implemented in a similar manner. As shown in Figure 5, ‘reading
subscribed organizations’ displays a list of the subscribed organizations information and
buttons and textboxes representing CRUD operations. We implemented a four tier program,
as shown in Figure 3.

0 Searching Conditions

s D ® Status Al v 8 Search | =] Registraion

n Status  Date  Detais
MBC KM kmb@ 010-1252-XXXX Normal

KEN  LEE gpe@ 010-5252-X000K Normal
NEVER HONG hsb@ 010-3674-3000¢ Normal

page

Figure 5. The ‘management of subscribed organizations’ user interface

1) Using GridPanel, this program specifies the user interface shown in Figure 5, reads the
information about the subscribed organizations from the database, and writes it to the user
interface. We can find a button labeled ‘search’ on the user interface. This button is
associated with a button click event handler as shown in Figure 6 so that the BehindCode
function is invoked when the button is clicked.
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Figure 6. The button click event handler

2) The BehindCode function is defined as shown in Figure 7. It invokes BindData which is
a C# function. BindData invokes a web service as shown in Figure 8. The web service is
running at the server, accesses the database, and returns the search results.

Gridcontrol Refresh OJHE HF2
summary

- [5] Registaion | param name="sender “></para
ra

param name="e para
protected void storel_Rrefresh(object sender, storerefreshpatacventargs e)

gindpata(e.start, e.Limit, e.sort, e.pir.Tostring());

Invoke BehindCode
when it is clicked

Figure 7. The BehindCode definition

Invokesa web
service

int limit, string sortField, st/

1]
param name="sol 2% =4
private void Bindpata(int currentIndex,
{

string provider = txtProvider.Text;
string status = cbstatuscd. selectedindex == 07 string.Empty : Cp atuscd. Se'lECtEUIEEM;TEKE:

pataset providers = _product.GetserviceproviderList(provider, status);

if (providers.Tables.cCount == 0)
return;

Ext.Net.PagingToolbar pagingToolbar = (Ext.Net.PagingToolbar)GridPanell.Bottomsar [0];
currentIndex = currentIndex < 0 ? 0 : currentIndex;
Timit = limit < 0 ? ((Ext.Net.rPagingToolbar)aridranell.sottomar [0]).Pagesize : limit;

|

Storel.DataSource = providers.Tables[0];
Storel.TotalCount = providers.Tables[0].Rows.Count;
storel.Datagind();

1

Figure 8. The BindData definition that invokes a web service

The steps to invoke a web service i . h
I Invoke Business Logic

WCF Core Layer

public pataset GetserviceproviderList(string name, string staeus)

return _product.GetServiceProviderList(name, status);

Invoke Data Access ‘

Busi Logic L:
usiness Logic Layer Layer

public Dataser GetserviceproviderList(string name, string status)

return _product.GetserviceproviderList(name, status); =

Data Access Layer
public oat

Set GetserviceproviderList(string name, string status)
DbCol d command = _agent.GetStoredProcCommand("USP_STIS ServiceproviderListQ");

_agent. addInParameter (conmand, "Providername”, obType.string, name);
agent. addInpar ameter (command, "Status”, DbType.String, STatus);

return _agent.Executedataset (command);

( Invoke Stored ‘
Procedure

Figure 9. The steps for invoking the layered methods

3) The web service invokes the method of requesting search. The method is defined at the
business layer.
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4) The method at the business layer invokes the method defined at the data access layer.
These steps of invoking methods are depicted in Figure 9.

Retrieve data from the DB and
return to DataAccessLayer

Figure 10. The database accessing procedure

5) The Data Access Layer invokes the procedure defined as shown in Figure 10 and stored
in the database.

6) The procedure accesses the database and returns the search results. The search results
are delivered to the user interface in the reverse order of invoking the methods, as shown in
Figure 11.

Return data from a web service

WCF Core

public pataset GetserviceproviderList(string name, string status)

return _product. GetServiceProviderList(name, status);

Return Dataset || piness Logic Laver

public pataser GetServiceProviderList(string name, string status)

— return _product. GetServiceproviderList(name, status);
H

Return DataSet

Data Access Layer

pubTic Dataset GetserviceProviderList(string name, string status)
{

and command = _agent. GetStoredProcCommand("USP_STIS_ServiceProviderList Q");

_agent. AddInpar ameter (command, “ProviderName”, DbType.string, name);
-agent. AddInParameter (Command, “Status”, ype.string, status);

return _agent.ExecuteDataset (command);

Return DataSet

Figure 11. The return data steps

We have discussed our implementation of retrieving (read) data from the database. The
remaining parts of CRUD, namely create, update and delete, are implemented in a similar
manner. For example, we implemented the following functions for ‘management of
authority’:  getPermissionSetList for reading, addPermissionSet for  creating,
updatePermissionSet for updating, and deletePermissionSet for deleting. For another
example, we implemented the following functions for ‘management of subscribed
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organizations’: GetServiceProviderList for reading, GetServiceProviderinfo for reading
detailed information, AddServiceProvider for creating, UpdataServiceProvider for updating,

and DeleteServiceProvider for deleting.

Input ID/Password |

Error message

no

‘ Login Button click ‘

Invoke login

Invoke Admin page >

f—

Figure 12. The flowchart for the login process

Produce cookie

Our login process described in Figure 12 invokes _user.login with username, password,
and IP address as follows:

int result = _user.login(txtUsername.Text, txtPassworg.Text, GetlpAddress());

If the result of login is success then it produces a cookie and identifies the permissions the
user has:

user loginUser = _user.getUser(result);
if (result > 0)
{

SetCookie(loginUser);
foreach(permission pm in loginUser.permissions)

{..

6. The Experiments

A screenshot of the ‘management of subscribed organizations” menu is shown in Figure 5.
It prints out all the subscribed organizations. It currently prints out five organizations per
page. We can easily change the number of organizations per page by assigning a new number
to the variable in the program. The button on the top at the right most position is labeled
‘Registration’. When we click the button a window similar to Figure 13 pops up. After filling
up the form, we then click the ‘save’ button in order to register a new organization.
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£ Registration of Supplier X
Information
Name :
Person in Charge :
E-mail :
Phone :

Status : Normal N

lZJ Save €3 Close
Figure 13. The registration pop-up window

The registration result is shown in Figure 14. By investigating the figure, we notice that a
new line is inserted into the table shown in Figure 5.

@ Searching Canditions

«m o Status a - 8 5earch | [ Registaon

Supplier List

Mame  Person E-Mas Phone Status Date Detasls
T e Gio s el :

MBC KIm kmb@E Q2544 -X000( Normal

o spe

MEVER HONG hsb@

Inserted Organigation

Page

Figure 14. A new organization is inserted

As another example of testing the CMS, a screenshot of the content management is shown
in Figure 15. We can specify search conditions such as category, title, file name, tag, owner
of the contents, registration date. The button located at the top-right is labeled Registration. In
the figure, only registration date is specified as search condition, though. All contents that
meet the search conditions are listed in the figure. If we want to register a new content, then
we click the registration button. If the details button associated with a content is clicked, then
a new window as shown in Figure 16 is popped up.

Search Field
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= FH e fab | v . HS - e
= B s BHE RN - BET 20110808 [3 ~ 201201-20 33 - =SS
EHEQLAE
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g IWEYEE
test 00.0020.020 FEELHE
st 000020020 IwEZ BE W
oa AWEL LR ¥
1t image IWEYEE ®
test sudo FIEEIHE .
et 000020020 w2 ¥
LRE M §
TEST 11 CEELL] 2 )
TEST # oM
4 nom 13 b M THa S0

List of Contents

Figure 15. A screenshot of content management
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Figure 16 A screenshot of “content detail”

In the “content detail” window, we can specify detailed information of the content, save the
information, or delete the content. The items we can specify include the title, category, media
type, quality, tag, permission, owner, and description. A content can belong to up to three
different categories. For example, a content can belong to “general education”, “Health” and
“Information about daily life”. Our experiments showed that our web CMS meets all the
functional user requirements.

7. Conclusion

This paper describes the implementation of a web content management system (CMS) for
the ‘Open IPTV System’. Using this system, operators can access the CMS anytime and
anywhere as long as they are connected to the Internet.

The design of this system is unique in that it is structured in four layers. One of the
advantages of four tier structure is that the implementation of the user interface is independent
from the implementation of the database. That is, even when the structure of the database is
changed, the presentation layer of the system can remain intact.

It is well known that create, read, update and delete (CRUD) are the four basic functions of
a database. Our system consistently provides CRUD to all data items, such as subscribers,
content, administrators, subscribed organizations, assets, etc. Therefore, we could apply one
design pattern repeatedly on all of the program modules.

The similar design reuse principle was also applied to the implementation of the user
interfaces. That is, we repeatedly used one user interface design (refer to Fig. 5 for example)
in the implementation of all the program modules. Therefore, we built one user interface
frame and it was used in all program modules
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