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Abstract 

 
In this paper, we present the u-MUSE system which 

is an integrated UPnP AV home entertainment system 
performing role of control center for various 
heterogeneous AV devices in home network via the 
integrated controller. The integrated controller is an 
integrated module of Control Point and 
MediaRenderer to support simultaneously control and 
rendering in same device. The u-MUSE system 
supports remote user interface service which is based 
on remote frame buffer (RFB) protocol and remote 
user interface technology. Users can directly access 
and control to remote devices. To support device 
mobility and various multimedia services such as 
control service or playback service ubiquitously in 
home, we embedded the integrated controller in mobile 
device of the system. 
 
1. Introduction 
 

The home network[1] has multiple heterogeneous 
devices with different capabilities, and they 
communicate with other home network devices using 
home network middleware such as UPnP. Home 
entertainment technology provides a multimedia home 
service in which multimedia contents in home network 
device can be shared with other AV devices which 
have playback capabilities. UPnP (Universal Plug and 
Play)[2-4] forum defines UPnP AV architecture to 
enable UPnP-based home multimedia service. The 
UPnP AV architecture provides the communication 
protocols for AV source device and AV rendering 
device to share multimedia contents and 
interoperability among different kinds of multimedia 
devices.  

Most of the existing home entertainment systems 
are based on home server system, which stores various 
multimedia contents and provides media entertainment 
service to AV devices as a content provider side. 

Usually, a role of each device in these systems is fixed 
according to their main purpose and properties, for 
example, a device for contents storage, a device for 
contents rendering, a device of various controls, etc.  

In this paper, we propose the u-MUSE system that 
is an integrated home entertainment system performing 
role of control center for AV devices in home network. 
It supports UPnP middleware and it shares AV 
contents using UPnP AV services and remote user 
interface service. We composed the media center for 
support of media content and applications in server 
side. And we composed the integrated controller to 
provide control and content rendering in same device 
simultaneously, and composed the RUI controller to 
support remote user interface service in client side. 
Specially, the u-MUSE system’s RUI (Remote User 
Interface) service means that it can control and execute 
about application and media content of remote device 
directly. RUI service aims to thin client. There are 
several well-known thin client technologies such as 
Microsoft Terminal Server and Remote Desktop 
Protocol (RDP), Citrix Metaframe, and virtual network 
computing (VNC) from RealVNC[5]. Thin client 
protocol for media client is based on VNC, which is 
platform independent. RFB (Remote Frame Buffer) 
protocol[6] is quite simple and easy to be implemented 
on consumer electronics devices as an open protocol. 
To support RUI service, we used remote user interface 
protocol, which is based on RFB protocol and remote 
user interface technology. It improves usability of 
mobile devices through loading the integrated 
controller in mobile device to construct ubiquitous 
environment in home. 

This paper is organized as follows. Section II, we 
describe the architecture of the u-MUSE system. In 
section III, presents the proposed u-MUSE system 
more detail. In section IV, we present implementation 
results and evaluation. Finally, section V presents 
conclusions. 
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2. The architecture of the u-MUSE system 
 

The u-MUSE system consists of a media center as 
media server, one or more AV device as media client.  

Figure 1 shows the architecture of the u-MUSE 
system and its processing flow. 
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Figure 1. The architecture of the u-MUSE system and 
its processing flow 
  

The media center contains two servers of different 
type. There are AV MediaServer and RUI server. The 
AV MediaServer in media center stores various media 
contents, and the RUI server stores a list of 
applications and status of running application as an 
accessible UI (User Interface) in remote. The main 
system can be applied to all AV devices as a client 
such as set-top box, PC, Notebook, PDA, etc. It 
contains an integrated controller and a RUI controller. 
The integrated controller is an integrated module of 
Control Point and MediaRenderer, and the RUI 
controller contains RUI Control Point as a RUI client 
module. It can play and control media content that is 
transmitted from the server, and it can also control 
server’s application in remote. These components can 
be applied to various AV devices of different type. 
Other UPnP devices can be added for contents sharing 
or applications. All devices in system are connected 
via wire/wireless network. The u-MUSE system 
supports various entertainment services regardless of 
network connection location through mobile devices 
that are linked by home IP.  

The GUI module supports efficient interactions 
between user and devices as a user interface supporting 
device control service in UPnP network. It is situated 
in top-level in system architecture and it offers visual 
screen to user variously. The best important point of 
GUI module is connection among all components in 
local application. 

3. The proposed u-MUSE system 
 

The u-MUSE (ubiquitous-MUltimedia System for 
Entertainment) system supports interoperability 
between various heterogeneous AV devices in UPnP 
home network. 

 
3.1 The integrated controller based on UPnP 
AV framework 
 

UPnP AV Framework is a multimedia system 
standard for interoperability between heterogeneous 
AV devices in home network, and it supports 
multimedia service between devices through IP 
network. UPnP AV framework consists of three core 
components. There are MediaServer, MediaRenderer 
and Control Point [7]. 

Figure 2 shows the architecture of UPnP AV 
framework in u-MUSE system. 
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The MediaServer is used to locate content that is 

available via the home network and it includes a wide 
variety of devices. Its primary purpose is to allow 
Control Points to enumerate (i.e. browse or search for) 
content items that are available for the user to render. 
The MediaServer contains a content directory service, 
a connection manager service, and an optional AV 
transport service. It depends on the supporting transfer 
protocols. UPnP AV framework supports AV contents 
share mechanism. But it does not define content 
streaming and playback-related part. To perform media 
streaming, we added a HTTP streaming server to the 
MediaServer.  

Control Points coordinate the operation of the 
MediaServer and the MediaRenderer, usually in 
response to user interaction with the Control Point’s UI. 
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Control Point in UPnP network is a controller capable 
of discovering and controlling other devices using 
UPnP’s various mechanisms. After discovery, a 
Control Point could retrieve the device description and 
get a list of associated services, and retrieve service 
descriptions for interesting services, and invoke 
actions to control the service, and subscribe to the 
service’s event source. Content process (from content 
choice to rendering) is very complex and has various 
action scenarios in user’s point of view. Therefore, an 
efficient UI composition as well as Control Point’s 
basic function in home entertainment system is very 
important.  

The MediaRenderer is used to render media content 
obtained from the home network and it includes a wide 
variety of devices. Its main feature is that it allows the 
Control Point to control how content is rendered (e.g. 
Brightness, Contrast, Volume, Mute, etc).  
Additionally, it also allows the user to control the flow 
of the content (e.g. Stop, Pause, Seek, etc). The 
MediaRenderer includes a rendering control service, a 
connection manager service, and an optional AV 
transport service. It depends on transfer protocols 
which are supported by system. The MediaRenderer is 
connected with media player (to play audio/video 
content) and image viewer (to play image content). 

In this paper, we included the MediaServer to the 
media center, and composed an integrated controller 
that is an integration model of Control Point and 
MediaRenderer. The integrated controller supports 
control and rendering to the system simultaneously. 
For example, if user uses PDA device which contains 
the integrated controller, user can play media content 
and can control other devices such as discovering and 
browsing it in same device. The GUI module supports 
efficient connection between Control Point and 
MediaRenderer as a user interface. It supports dynamic 
and visual display screen to user variously. 

Generally, UPnP AV framework only contains 
control command and communication between Control 
Point and AV devices. But, the integrated controller 
supports direct data exchange between AV devices. 
The controller just performs synchronization and 
management between two devices, an AV data is 
actually transmitted by HTTP protocol between the 
server and client because data transmission must be 
continued even if controller is removed. 
 
3.2. The RUI controller 
 

RUI[8-11] is an interface mechanism which allows 
access from local device to applications of remote 
device. We applied the RUI service mechanism to u-
MUSE system via RUI controller. The RUI controller 

in system shares UI of all devices in network that exist 
in home, and controls these devices. It is a useful 
framework in home automation, security system, home 
entertainment system, etc. For example, user can run 
application of PC in library through TV of living room, 
and can display control menus on all AV devices and 
can remotely control all media contents in home 
network through the controller.  

Figure 3 shows the architecture of the RUI 
framework and its processing flow in u-MUSE system.  
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Figure 3. The architecture of the RUI framework and its 
processing flow in u-MUSE system 

 
The RUI framework consists of the RUI server that 

provides remote user interface service and the RUI 
client that receives service from the server and 
transmits event messages.  

In this paper, we included the RUI server to the 
media center, and composed the RUI controller in 
client side that connects remote user interface service 
session after searching the server and client. The RUI 
controller can be loaded to all heterogeneous devices 
except RUI server device.  

The RUI server is an accessible UI in remote, and it 
has lists of accessible applications and status of 
running application. If it is utilized in home 
entertainment system, user can directly control the 
server in client device and can directly edit AV 
contents’ properties such as display quality, playback 
order, content characteristic, etc. The RUI server has a 
similar function with UPnP AV MediaServer. It is that 
the server delivers URI list of executable application to 
RUI client. At this time, the RUI list is XML schema 
format but the RUI server is a virtual device that offers 
list of executable applications. The URI list consists of 
metadata which user is easily understandable. It 
classifies executable application and UI in remote, and 
contains technical information of application and each 
UI in protocol side. The UPnP RUI server has the 
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connection policy, and then it establishes connection 
with RUI client. 

The RUI controller shows UI or application as a 
client device module, and executes it in remote. The 
system manages a connected UI session that is linked 
to the RUI server via RUI Control Point. For this 
process, Client must deliver protocol-required 
information to the RUI Control Point such as display 
screen size, keyboard type, etc. RUI client shares full 
screen of RUI server. The RUI controller collects 
information that exists in network such as RUI server, 
lists of accessible UIs, RUI clients and protocol 
information. UI’s session is begun according to the 
collected properties of UI and protocol. Also, users can 
directly control applications of remote device via RUI 
service. The RUI controller can execute applications 
after sending a key event to the shared UI as well as 
can send a simple text message to the remote device. It 
can receive an important key input from other network 
devices. This means that RUI client can act as a proxy 
for network device to run application in remote. 

Using the RUI controller, the user is not dependent 
on specification device, and can take advantage of 
multimedia data, and can frequently cross various 
devices. We can classify executable applications 
through the URI which can be related with other 
devices in home network. The RUI controller shows 
lists of UIs after searching the server that provides RUI 
service. And it sets connection between the server and 
client according to UI. If connection is completed, 
session is kept by protocol about remote share between 
the server and client. Users can access all applications 
of server from remotely located devices without 
additional application in device. 

In this paper, we used the VNC protocol in order to 
share between the RUI server and RUI controller. We 
create a special UI that is separated with UI of the u-
MUSE system. It supports interoperability between the 
server and client because a remote client can directly 
edit or modify media contents and applications of 
remote server via RUI controller. 
 
3.3. The integrated controller in mobile device 
 

The integrated UPnP AV system of wire-based 
home network supports interoperability of devices, but 
mobility for devices is not supported. 

To support device mobility and to receive various 
multimedia services ubiquitously in home, we add the 
integrated controller to mobile device in the u-MUSE 
system. A user who uses mobile device can access to 
the server after receiving the UDN of the server. In 
other words, it is a mobile controller in home network, 
and user can receive various AV content services and 

can control the server ubiquitously. We redesigned the 
controller to fully support all operations of UPnP 
framework. It consists of more compacted components. 
For example, we optimized graphic user interface 
module that need much resources. For user-friendly 
interface in PC version controller, we used much 
graphic module. The other side, we used the minimum 
graphic module for compact interface composition in 
mobile controller.  

We used notebook computer and PDA device as 
mobile device. PDA combo device as a mobile 
controller offers remote-controller function. It can 
show lists of the server and contents to user and it can 
display lists of display device that is selected by user. 
Rendering device is various. There are TV, PC, PDA, 
set-top box, etc. It can send a playback command via 
PDA screen without a special UI. User can control all 
devices in UPnP network and can share AV contents 
using the integrated controller. Finally, it improves 
accessibility and usability for multimedia contents in 
home entertainment environment. The integrated 
controller in PDA device can access to contents using 
the IEEE 802.11b WLAN and can control content’s 
streaming via device’s screen. 
 
4. Implementation results and evaluation 
 

We implemented the u-MUSE system that supports 
control of UPnP-based AV devices and AV content 
streaming. It supports remote user interface service and 
device mobility. To play various multimedia contents 
in AV devices via mobile device, we designed the 
integrated controller supporting mobility. 
 
4.1. Implementation results 
 

For implementation of the u-MUSE system, we 
used UPnP library based on Fedora Core 3 (or 5) of 
Linux O/S. AV MediaServer is based on MS-Windows 
XP. Basic UPnP AV framework module and RUI 
module are designed by C/C++ language, 
communication module between UPnP devices is 
implemented by UPnP library. For effective 
interoperability between UPnP modules, we make a 
share library and it is used in GUI module. The GUI 
module is written in Python language. To support user-
friendly interface, we composed various graphic 
themes in GUI module. The u-MUSE system is an 
UPnP AV home entertainment system which can 
content playback in local application as well as shared 
AV contents playback in UPnP AV server. For remote 
UPnP applications, UPnP MediaRenderer and Control 
Point are implemented in media clients, and media 
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center runs MediaServer. Media center and media 
clients can be controlled directly by their own local 
and remote applications or by integrated controller or 
by separate Control Point device, for example, Control 
Point installed on PC, Notebook or PDA. For AV 
content playback, we used MPlayer 1.0pre7 which is 
based on Linux as a media player. It supports playback 
service of high quality. 

Figure 4 shows a main execution screen of u-MUSE 
system via GUI module and a connection execution 
example for RUI server. 

Figure 4. A main execution screen of u-MUSE system 
via GUI module and a connection execution example 
for RUI server 

 
The system shows lists of device and service to user 

after execution of main screen. Share Remote AV 
menu shows each server of icon form, GUI module 
manages list for UDN of UPnP devices and device 
name. To access to RUI server’s UI, the system 
receives list of RUI server via Share Remote UI menu 
in main screen. If user connects to RUI server, server’s 
UI is shared through the u-MUSE system’s screen and 
user can directly execute applications and files of the 
server.  

Figure 5. A connection execution example for AV 
MediaServer and its playback flow 

 

Figure 5 shows a connection execution example for 
AV MediaServer and its playback flow. 

The integrated controller connects with media 
player that can play audio/video content and image 
viewer that can play image content. The client protocol 
for remote UI application is based on RFB protocol. 
To control AV devices and to receive various 
multimedia services via mobile device such as PDA or 
notebook computer, we loaded an integrated controller 
in PDA. Finally, content lists of MediaServer are 
displayed in PDA screen. If user selects media content, 
the controller receives URI information of content and 
plays content via media player. Therefore, PDA device 
also can become a control device as well as a rendering 
device. We used iPAQ H3950 device based on 
embedded Linux as a PDA combo device which 
contains the integrated controller of Control Point and 
MediaRenderer. 

Figure 6 shows a content execution example in 
PDA and its processing flow. 
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Figure 6. A content execution example in PDA 
 
4.2. Evaluation 
 

The u-MUSE system is based on UPnP AV 
framework and UPnP RUI framework as a home 
network middleware. This system’s main purpose is 
interoperability among UPnP AV devices. Finally, this 
system will provide ubiquitous entertainment 
environment in home to users.   

Table 1 shows evaluation results of the proposed u-
MUSE system.  

We compared our system with similar home 
entertainment systems that are based on UPnP AV 
service. There are Cidero UPnP Media Controller[12], 
Linpus[13] and VideoLan Client[14]. Generally, 
UPnP-based AV systems are based on Control Point 
and these systems not support various UPnP service 
except browsing function of content directory in server. 
In case of Cidero Media Controller, it supports 
rendering control service and synchronization in case 
multiple renderers exist in home network environment. 
In case of Linpus and VideoLan Client system, these 
systems not support MediaRenderer. AV media 
contents are connected with media player in local 
application. These systems are not useful in set-top 

2006 International Conference on Hybrid Information Technology (ICHIT'06)
0-7695-2674-8/06 $20.00  © 2006



box or mobile device because these systems are based 
on software of PC environment  

 
Table 1. Performance comparison of u-MUSE system 
and other systems 

System 
 

Support  
Item 

Cidero Media 
Controller Linpus VideoLan 

Client 
u-MUSE  
System 

Platform 
MS-Windows, 

Linux,  
MacOSX 

Linux 
MS-Windows, 

Linux,  
MacOSX 

Linux 

Components 
Control Point, 
MediaRenderer, 
Control Window 

Control Point, 
Media Player 

Control Point, 
Media Player 

UPnP AV Fram
ework, RUI Fra

mework,  
Mobile device

RUI  
service Not support Not support Not support Support 

GUI  
service support support support Support 

Network Wire/Wireless Wire/Wireless Wire/Wireless Wire/Wireless
Wireless  
Device Not support Not support Not support Support 

Video 
format 

Different 
according to 

Renderer 
MPEG-1/2/4 MPEG-1/2/4,  

avi, DivX, mov 

MPEG-1/2/4, 
avi, wma, Div
X, RealVideo,

Vivo, etc. 

Audio 
format 

Different  
according to  

Renderer 
mp3, wma mp3, ogg 

mp3, wma, og
g, RealAudio, 

vivo, etc. 

 
The u-MUSE system is based on UPnP AV and 

RUI architecture and it fully supports AV devices and 
services that are defined in UPnP AV standard. It also 
supports various AV content types than other systems. 
System management and accessibility are easy because 
it supports remote device control via RUI service. And 
user can control and display media content 
simultaneously in same device because this system 
contains the integrated controller. 
 
5. Conclusions 
 

In this paper, we implemented the u-MUSE system 
as an UPnP-based home entertainment system that 
supports remote user interface service and device 
mobility. 

To support control and rendering to the system 
simultaneously, we composed an integrated controller 
that is an integrated module of the Control Point and 
MediaRenderer. It can control remote devices via UI 
share of network device as well as AV contents and it 
also supports device mobility. Users can view AV 
contents after connection with server in home network 
anytime, and can control remote devices via RUI 
service, and can modify AV contents. Also, if AV 
devices in home act after receiving IP address through 
home gateway, an UPnP-based home AV network is 
easily constructed without additional installation of 
other devices by this system. 

In the future, in case multiple renderers act in UPnP 
network, we will apply switching technique of media 
content among MediaRenderers and will improve 
adaptive processing technique of media content 
according to playback environment of various 
renderers. 
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