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Abstract

Recently, there are available to build a smart home with advanced telecommunication
technologies. We can use several network protocols for interoperability between devices
in smart home. Through the ability of devices in smart homes, each device can be
intelligent which involves computing, decision making or strategy making functionalities.
The functionalities are also able to deploy in servers which may in a cloud. This paper
presents a seamless multimedia service mechanism based on content profile using
identifiers of users and devices in the smart home. We propose the personal mobility
mechanism of multimedia contents in order to support multi-spaces and multi-devices and
multi-users for seamless multimedia service. We consider the users, devices, locations
and the profile of contents to support a mobility mechanism. The profile of contents are
used to synchronize the state of contents on multi-devices for the mobility of users in the
smart home. Additionally, we design and implement a seamless multimedia service
mechanism with the identifiers of the users and devices, the profile of contents.

Keywords: Multimedia; Smart home; Personal Mobility; Multi-Device; Multi-Location

1. Introduction

Today, the life style is becoming smarter with technological advancements. The
technologies render the life to be fun and the works to be easier and efficient. With the
development of Internet of Things (loT) technologies such as networks, sensors and
computing power, heterogeneous electronic devices are deployed around us which
involves as small as sensors or as large as automobiles. The technologies of artificial
intelligence makes devices to be automatic and context aware. Smart things obviously
have the ability to make life easier and more convenient. Smart environments have
enabled the devices to be aware for the context such as human actions within the
environment. Humans convey information through sounds and behaviors, and otherwise
that we receive information through those to understand the situations in implicitly [1].
Therefore, the ability of conveying information does not transfer well for interaction
between humans and computers. The familiar approach is that directly input explicit
information to computers using keyboards or mice [2]. The novel machine learning and
fuzzy solutions enable the implicit context to be improved [3] [4] [5]. The behavior of
humans are described by finite number of states which from different sensors in the
environment. In order to make smart and intelligent decisions, the system needs to collect
and process more variety data which from the sensor networks.

In the smart home, users can enjoy the multimedia contents to spend leisure time. For
accessing the contents in any time and any spaces in the home domain, the home should
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be a system to support the intelligence service. In order to actively play some information
to remind its users, these kinds of context information may include home situations,
preferred settings of its residents, etc. Therefore, for smarter home service, Multimedia
Service needs to involve recommendation and context awareness.

In this paper, the seamless multimedia service mechanism is proposed for the user
mobility in smart homes. In order to support the seamless multimedia services to the
user continuously in different locations, the information of user, device, location
and the profile of contents are needed to be considered. Therefore, we present the
analysis of seamless multimedia services for user mobility through sequence
diagrams. Those sequence diagrams illustrate activities of interacting with the
multimedia device in the smart home. According to the analysis from interactions of
user, device, and server, we also present a data model using the ER-diagram which
is used for implementing the DB in the server. Based on the analysis and
consideration, the design and implementation of proposed mechanism's prototype
are also presented to demonstrate the multimedia service mechanism for the user
mobility in the smart home.

The rest of the paper is organized as follows. Section 2 introduces the multimedia
services in smart homes. Section 3 introduces the analysis of multimedia contents in smart
home. Section 4 describes the design of seamless multimedia 10T services for the personal
mobility in smart home and Section 5 describes the implementation results. Finally,
Section 6 concludes the paper.

2. Related Work

The smart home is one of the emerging application domains of 10T which collaborates
heterogeneous technologies which enables to provide more comfortable user experience,
safer and energy efficient functionalities. Several research groups are working on the
application domain of smart homes [6]. Nearly 20 home labs are working on more than 30
appliances, over 5 network protocols, and more than 3 Al techniques from MIT, Siemens,
Cisco, IBM, Xerox, Microsoft and etc. Therefore, the smart home is important in loT
paradigm. With the loT is growing, smart things are around us. In home, electronic
devices are deployed and replaced a lot of works for humans in the last decade [7].
However, sustained growing electronic device cannot provide more services [8]. Seamless
and efficient collaboration between technologies can improve the abilities and also can
generate new power of creativity. Smart homes obviously have the ability to make life
easier and more efficient.
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Figure 1. Multimedia Services in the Smart Home
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The smart home can automatically detect the changes of home environment attributes,
dynamically make decisions for the corresponding reactions and autonomously support its
users to be more comfortable [9]. The technologies of smart home are comprised by
applications, home networks, and services. Those are supported by Information and
Communication Technology (ICT) as well as a part of 10T. Through the interoperability
of the elements, the home residents can easily enjoy home services such as multimedia
services. However, which approaches can achieve living interactions between residents
and smart home [10] [11]. These key issues can be accomplished by applying the context
aware computing [12].

A smart home involves heterogeneous electronic devices which are connected in
a local area network (LAN). The user activities are sensed by sensor and contents
are recommended based on user’s history, behavior, common data and etc. Scale of
data storage and computing ability are needed for data analysis and data saving
although the novel electronic devices are powerful. Cloud computing has recently
emerged with the paradigm of 10T which becomes significant for data storage and
data computing area [13]. The idea of cloud computing is that the computing is in
the internet. In a cloud computing service, it can quickly adapt to change its
capabilities and massive storage capacity for the service consumer’s needs [14]. In
the smart home, for the functionalities, context aware capabilities are needed. Voice
detection sensor, distance detection sensor, camera and etc. are sensors which can
detect activities of residents. In the sensor network, sensors are connected with
central controller that has computing capability and storage capacity.

Figure 1 illustrates the multimedia services in the smart home. The figure shows
the sensors collect information from users and send the information to the electronic
devices such as TV, tablet and audio system through LAN. The electronic devices
are connected with the internet through wide area network (WAN). Electronic
devices can download multimedia contents from serves through WAN and otherwise
also upload user data to the servers.
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Figure 2. Sequence Diagram for Selecting Content to Play
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3. Seamless Multimedia Service Mechanism for Personal Mobility

Following sequence diagrams are designed for a multimedia services in the smart
home which illustrate interaction between the user, device and server.

The user is a resident of the smart home and also the consumer of the multimedia
service. The device is emulated as a pc application which includes console and
information displays. Server is an application which provides web services for
supporting conceptual services to the device emulator.
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Figure 3. Sequence Diagram for Pausing and Resuming

Figure 2 shows when a user turns on a device, the user can request a content list
from the server. Then a content is selected to play by the user. For starting the
content, the device request the server for getting history data. The process is used
for recommendation of continuing a previously paused or stopped content. After
checking the recommendation, a content is played on the device. When a content is
started to play, a history is saved, and a history is saved when a content is stopped.
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Figure 4. Sequence Diagram for Pausing and Stopping

Figure 3, 4 and 5 illustrate pausing, stopping and resuming situations when a user
plays a contents through the multimedia services in the smart home. The multimedia
contents are continuous data. Therefore, for some case it is needed to be paused,
stopped and resumed. Those user activities are should be recorded as history data of
a user. For deal with the situations, the figures show interactions of the elements of
the Multimedia Service.
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Figure 3 shows a sequence that illustrates when a content is playing, then the
content is paused and resumed by a user. When a content is paused by a use, then
the device send a message for recording the action. The action is an explicit of the
user in the smart home environment. In the situation, the status of user’s action and
content both are sent as parameters to the server. Later the information is used for
recommendations. Moreover, resuming also considered in the sequence. The step
deletes the paused information from the server and plays the content on the device.

Figure 4 considers a content is paused and stopped. The activity of pause and stop
are needed to stop the content which plays on the device. Therefore, the step of stop
activity is not needed to send message to server, but the process on the device is
needed.
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Figure 5. Sequence Diagram for Stopping

Figure 5 shows a situation that illustrates a content is stopped by a user. Then it
also is needed to send message to the server for recording the information to be use
for the recommendations.

4. A Design of Seamless Multimedia Services Based on Content Profile
Using User and Device ID

Using the history data of users, the system can recommend some behaviors, e.g., if a
user turn on with a paused content, then using the history data, the system should
recommend to the user. But, may the user rejects the recommendation. Therefore, for
smarter recommendation, more context of the user needs to be considered.

A home environment can be separated by several place. The user of multimedia
services in the home environment, who may want the seamless multimedia service in the
entire home. The smart home equips with 10T devices for multimedia which can support
interoperability of devices in the Multimedia Service. The identifiers of users and devices
are used for addressing the multimedia contents to the specific device of the specific user.
The content profiles are data which are used for synchronizing the states of devices.

Figure 6 shows the scenario of multimedia services in the smart home. The initial state
is the user plays multimedia contents on the device A in location A. The activity of the
user with device A is up loaded to the service in the internet for synchronizing the
information. The user can do some action on the Device A like play, pause and stop. In
this process, the user’s activity information and progress of the contents exist in the server
which can be accessed by anywhere through internet. After some time, the user accesses a
device in a location (same or other), the device in the location synchronizes the
information from server. Then the user can continue the contents. In the figure, the user
moves to location B where includes device B. The user can continue the contents in the
environment.
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Figure 6. Scenario of Seamless Multimedia Services in Smart Home
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Figure 7. Sequence Diagram for the Device is turned on by the User

Figure 7 shows the process when a device is turned on by a user. The user turns on the
device, then the device sends message to server for the situation. We assume various user
data and common data are available for the situation of the user in the server. Then it
needs higher computing capability and storage capacity in the server. Otherwise, as
shown as the figure, the recommendation result can be processed in the device.

Figure 8 shows the flowchart for getting history of starting content. The process is run
on the server for processing request from the device to return history data when a content
is started to play by the user. In the diagram, history means the history information that
includes user’s action and progress of content. The parameter user_no is the identifier of
the user and content_no is the identifier of the content. The server firstly get the paused
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history using user_no and content_no for the user. If the paused history is not exist in the
DB, then the stopped history is got. And when sopped history is null and the progress of
the history is 0, then set the history as null.
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Figure 8. Flowchart for Getting History of Starting Content

Figure 9 shows the flowchart for starting content in the device. The process is run on
the device for recommending a previously paused or stopped content to the user.
When the device receives the history information is not null then it checks the action from
history. The action value is 2 and 3, then the device suggest to the user for continuing the
content. If the user agree with the suggestion then the content is played on the previously
saved progress.

Figure 10 is an ER diagram of the Multimedia Service. The table “t_user” is used for
saving the information of users which includes ID, password and other personal
information. The table “t_history” is used for saving the history data of users. The
activities of a user is importance data for data analysis. Those data also are used for
recommendation functions. Table “t content” and “t _device” are used for saving
information of contents and devices. In the server, there are a lot of contents available.
For a user may there more than one devices are registered.
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Figure 10. ER diagram of the Multimedia Service
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5. Implementation of Seamless Multimedia Services

Table 1 shows the environment of development for the Multimedia Service. The
system have designed as server/client architecture. The client application is a windows
application built in C# with .NET framework. And the server application is also a
windows application which supports WCF web services for communicating with the
client application [15]. The database have been built by MySQL DBMS.

Table 1. Development Environment

Operating system Windows 7 Ultimate 64 bit

Visual Studio Community 2015,

Tool MySQL Workbench 6.2 CE

.NET Framework 4.5.2,

Framework & Library |\ 1onsoft Json

DBMS MySQL Community Server 5.7

Figure 11 shows the server application’s user interface. The application shows a
list in the interface. When a client application connect to the server application then
the information of user and device are shown in the list.

o= Smart Entertainment - e

User Device

|

Figure 11. Server Application for Logging User Activity

Figure 12 shows the result of the client application with contents
recommendation. The client application emulates a multimedia device. After the
application is emulated to turn on, a display, content list and buttons are shown. The
content list is used for showing recommended contents.

Figure 13 shows when the client application is turned on then the activity of user
is recommended. The recommendation is depended on the user’s data which
involves user’s activity history data and service consumption history data.
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Figure 13. Client Application with Activity Recommendation

6. Conclusions

In this study, we presented the seamless multimedia service mechanism in the smart
home. In order to support seamless multimedia services in smart homes, the users,
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devices, locations and contents are needed to be considered. The proposed mechanism
considers multi-spaces, multi-devices and multi-users for mobility of users in the smart
home. For the mechanism, the user and device ID are used to recognize the user and
device in the smart home system. With the identifiers of the user and device, the user and
device can be tracked and verified in the system. The content profile is used to
synchronize the content by the interoperability with the server. Based on the analysis and
consideration, the solution is proposed and the prototype application is developed to
demonstrate the mechanism of the multimedia services for the user mobility in the smart
home.
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