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An Interoperability Mechanism
for Transparency of UPnP AV Devices

Hyunju Lee
Dept of Computer Science
Kyungpook Natienal University
Dacgu, Korea

Abstract -UPnl AV architecture provides imteroperabilin:
among Al devices as a home network middloware
technology. It awtomatically integrates and manages
varions AV devices thar are cannected to the home network
A large number of home entertainment systems based on
UPnP AV architecture targer the support of the multimedia
service that Is based on home server as a media content
pravider, In this paper, we propose an inferoperability
mechanism for transparency of UPnP AV devices (o
provide ubiquitous home. It provides two main services
There are the media streaming service for remote AV
confends and the Ul sharing service for remote device
Users can receive the high-quality muliimedia for device
management service regardiess of media content for
device) 8 location and plavback types via the proposed
interoperabiliny mechanism,

Keywords: UPnP AV, media contenmts, remowe AV
contents, remote Ul home entertainment center,

1 Introduction

A large number of heterogencous devices with
different capabilities can be run on the home network, And
they communicate with other network devices using the
home network middleware such as UPnP, Jini, HAVI. ete,
Specially, the UPnP (Universal Plug and Play) [1-2] forum
developed UPnP AY (Audio/Visual) architecture provides
the media distribution services in home network as the
standard of multimedia system. It also provides the AV
device communication mechanism to share AV media
contents among different kinds of multimedia appliances.

Most of the existing home entertainment systems
provide very stable technologics 1o provide the multimedia
service to users regardless of AV device ¥ location end the
media content¥ playback types. And these sysiems have
high-quality performance such as easy application and
high-adaptation performance for related technologies. But,
most of the servers in these systems provide very resiricted
service, which stores many media contents of different
kinds and provides the media service 1o ather AV devices
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School of Electrical Engineering
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as a comtent provider. Moreover, most of the servers do nol
permit the control from other client devices in system side,
And, the roles of components in client device are nol
clearly defined.

In this paper, we proposc an  interoperability
mechanism for transparency of UPnP AV devices in order
1o provide the ubiquitous media home. The interoperability
mechanism for all UPnP AV devices means that the home
entertainment system guaranices transparency of all AV
devices and it improves the usability to users. It includes
the control service for a wide variety of applications and
AV contents. If the interoperability mechanism is applied 10
the home enteriainment system, the system can play various
AV contents which exist in local device, and discovers
remote AV deviees (and browses and plays their AV
coments) automaticully, and shows its Ul and execute their
spplications  in  remote  device. To  provide the
interoperability of all AV devices, we composed the home
entertainment center which contains two controllers as core
technologies.

This paper is organized as follows. Section 11, we
describe the several related works. In section I, we
describe the interoperability mechanism of AV devices
including two services as a core technology. In section IV,
we present implementation results. Finally, conclusions are
given in the last section,

2 Related Works

The home entertainment service should be provided
stably, There are several well-known home entertainment
technologies such as Meediol3], Showshifier[4], Linpus
Media Center] 5], MythTV[4]), eic.

Meedio is based on MS-Windows, which is similar 1o
Windows Media Center, This system is the open source
software for HTPC (Home Theater PC), and provides full-
sercen graphic. It has very small-size code and runs stably.
It provides consumers with a customizable interface 1o
browse, manage, and access nearly any type of digital
media or information using a remote control, touch-screen,
or PDA, lts integrated media players, digital video recorder
(DVR), photo slideshows, weather forecasts and many
other features can be casily extended with additional plug-
ins from the Meedio developers network. But, it is loaded




o specific commercialized products such as Hewlen
Packard PC or Sam Sung PC.

Showshitter is an All-In-UOne media center which can
play the media contents in PC. That means that it provides
access 1o all forms of home enterainment through a single
interface. 1t is connected with various applications such us
TV, radio, juke-box, CINDVD player and image viewer,
Also, it provides wire'wireless network and the control
service via the remote controller, But, this package is no
open source project and this system cannod be run in other
AV devices except for PC.

Linpus Media Center and MythTV are based on Linux
desk-top. Linpus Media Center provides various embedded
systems such as Intel X86, StrongARM and Xscale, 1t
supports fast and easy installation. various storages and
casy=10-use navigation. It containg a remote controller to
control the media contents, However, it does nol support
other medin formats except for MPEG format, and i1 also
does nol support the MediaRenderer, Moreover, this system
cannat be run in other AV devices except for PC. In spite
of its high-performances, it has need of oo many
requirements within the framework of hardware/software,

MythTV is o very famous homebrew project It
provides various and powerful services such as TV
recording,  video'music/DVD  playback, weather, pame
emulation and news service. All functions are existed with
plug-in fprm except for TV service. It supports various
menu compositions and an  easy-to-use  user interface
MythTV ({version 0,20} contains an UPnP server among
UPnP AV architecture. Bul, the system® size s
considerable and it requires (oo many resources as much s
il provides various functions and capabilities. For example,
users have 1o install MyS0L because it uses Database. To
perform the fundamental function, a large number of
packages have to be installed in advance. Moreover, users
have 10 keep up the latest libraries because it is based on
the latest development environment. And users have o
update all packages before setting up. It does nol suppen
UPnP client modules except for UPnP server conclusively,

These technologies are very stable, and thess ane very

useful to applications of related technologies. In spite of

their excellent performance for AV content playback and
contrel, server in these systems does not permit access and
contrel from the remote oller AV devices. Users only can
receive the AV contents playback service from the server.
Therefore, in order o support interoperability among AV
devices including all servers in home network, the remote
contents sharing service can be a core technology for
ubiquitows home entertainment,

3 An Interoperability Mechanism

A large number of servers and AV devices con be
existed in home network as multimedia appliances, Each
AV device can become a server device or a contral device
or a media player device according to their performances
and properties. Also, a device can become a server and

client at the same time if it has high performance and
fexibility.

Figure | shows the architecture of the UPnP AV-based
home enlertainment system.
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Fig, 1. The architecture of UPnP AV-based Some enterinimment
AYALEm

The media center containg two servers {i.e, the AY
MediaServer and the remote server) as a contents provider,
and the home entertainment center contasins two controllers
(Le., the controller and the remote comtroller) as a client in
figure 1. Twao comrollers are systematically opersted, and
ure independently managed, To provide the interoperability
ol AV devices, the mechanism contains two services.
There are the media streaming service for remole AV
corlents and the LI sharing service for remote device. To
share AN media contents which are included in server
device, we applied the UPnP AV architecture and
comprosed  the  integrated  controller in the  home
entertainment center. To share the UL (User Interface) of a
remote device and 1o control it in remote, we applied the
remote LI sharing mechanism to the system via the remaote
controller.

AL The Media Streaming Service for Hemote AV
Contents

Ter compose the network and 1o build communication
among AV devices, we used UPnP AV architecture. UPaP
AN architecture consists of MediaServer, Control Point and
MediaRenderer [7-9],

AN contents need a MediaRenderer 1o play itself
becuuse of its own playback characteristic. 17 Contral Paint
and MedisRenderer are embedded topether in the same
device and two components are integrated, usability and
management abilities will improve in user @ point of view
because number of necessary devices can be reduced and
Wi components can be simukanecusly managed by using
the sume device. In this paper, we composed the integrated



comroller which is an integrated module of Comrol Poinl
and MediaRenderer. It can be embedded in all AV devices
which can play AV media contents and can perform role of
the MediaRenderer,

Figure 2 shows the architecture of the controller and
its processing flow with AV MediaServer.
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Fig, I The architeciure of the controller and les processing Mow with
AN MedaServer

The MediaServer is used 10 focate AV contents and it
includes a wide variety of devices, Its main purpose is W
allow Contral Points to enumerate (i.e., browse or search
for) media content items that are available for users
render. The MediaServer containg three services. There are
a confent directory service, a conneciion manager service,
and on optional AV transport service, It depends on
supporting transfer protocols,

The MedisRenderer in the controller is wsed to render
a media content received from the MediaServer on its local
device and it includes a wide variety of devices. Its main
festure is that it allows the Control Point 1o control how
content i rendered (i, wvolume, brighiness. el
Additionally, it also allows the user to control the low of
the content. The MediaRenderer contains three services.
There are o rendering control service, a connection manager
service, and an oplional AV transport service. Tt depends on
transfer profocols which are supported by the server. The
MediaRenderer is connected with a media player and an
image viewer. The media player plays an audio/video
content  wia the LRI (Uniform Resource ldentifier)
information of media comtent which a user chooses by the
Control Point on sereen, Al this time, the MediaRenderer
transmits it to the media player, The image viewer pluyvs
image contents on the screen, It receives the plavback
information from the MediaRenderer like o media player. A
user can view image contents with slide-show form. Media
player and image viewer are joined with plug-in form as
each independent componeni.

Contral Point in the controller coordimaes  the
operation of the MediaServer and MediaRenderer, usually
in response 1o user interaction with the Control Point 8 LI,
Control Point in UPnP network is a controlier capahle of

discovering and controlling other devices using UPnP
varieus mechanisms. After device discovery, a Control
Peant retrieves o new device $ description and pets a list of
associated services and retrieves service descriptions for the
inicresting  service and invokes actions 10 contral the
service and subscribes 1o the service's event souwree.

The defivery manager performs the role transmitting
vanous UPnP actions and events which are happened by
user. It exists between Contral Poing and MediaRenderer,

Conlem processing from content choice 1o rendering is
very complex and has various action scenarios in usery
point of view, Therefore, an efficient Ul composition is
very important. In this paper, we composed the GUI
(Graphic  User  Interfoce) module  for  efficient Ul
composition as well as Control Point ] essential funetion
execution, Che of its important roles is that i integrates
Control  Point and  MedigHenderer, The GUI module
provides the dynamic and visual screen and processes
varieus intcractions that happen on screen by user, and
delivers il 1o cach deviee according 1o the interaction types.
GUI module runs on top-level of the system as an
intersction module with users, and it Suppors an easy-to-
use interface. Users can casily add the related modules with
plug-in form. [ consists of five components. There are the
plug-in interface, the display menu manager, the evem
handler, the skin manager and GUI libraries.

Figure 3 shows the architecture of the GUI module.
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Fig. X The architeciure of ike GUD module

[isplay mens manager co mposes a menu that s
related with lists of the remote server and AW contemts. [t
creates a direclory afler classification inte esch item (ie.,
Video, Audio, Images and UPnP AV/fremote server) via the
delivered information from each server. There are Menu,
MediaMenu and ler as its sub modules, Menu composes
an initial main-menu afier loading the defined menu.
MedinMenu connects the item with the menu which is
browsed on the screen. [t has the location information of
each Plug-in module. Mediabeno creates a directory and
sels the properties of cach item after creating a menu, ltem



composes the sub item sccording to the property of the
selected menu by the user. It clussifies the sub item {ic.,
Video, Audio, Image, Directory and Playlist) according to
the kinds and properties of AY contents. Each item is
connected with different kinds of images. Skin manager
shows a visual screen to user via the display device. It
handles a skin and image files. A skin consists of a sel of
XML files which is .fxd format, and image files are used in
skin composition. We used png ond jpg as image file
format, GUI libraries consist of graphic libraries for visual
and dynamic screen composition, For example, to provide
various screen compasition such as window templates and
popup boxes, we used SDL (Simple DirectMedia Layer)
cross-platform multimedia library which supports various
operation system platforms (and languages),

Event handler handles user$ various inpul events. It
can handle keyboard and remote controller kevs, Plug-in
interface connects a local application or an UPaP device
with an item of the display menu manager, It runs with
program codes that can perform activation, communication
and close, For performance improvement of the whole
system and stable running between the UPnP module and
the GUI module, real-time message switching and effective
data movement between modules are needed. Moreover, to
combine various modules relationally, the  effective
interface is needed. To minimize random delay time which
is happened while running modules, we deleted needless
messages and action calls in UPnP source code, Plug-in
interfice  processes  four  plug-in modules. For local
audin/viden/images content playback, two plug-in modules
are connected with two local players (e, & media phger
amd an image viewer) For remole contents sharing, o
plug-in modules are connected with two controlices, All
plug-in modules run according to user event.

For the viseal and dynamic screen composition, the
controller provides various displuy types. Service contenis
are displayed with menu form. AV devices and media
contents are displayed with image item form. Each image
item is different according to the media format such as
audio, video, images, and ete. 17 a user chooses o media
content, system and playback control are converted 1o the
rendering device until the media comtent® plavback is
fterminated.

32 The Ul Sharing Service for Remaote
Device

Remote Ul{User Interface) [10<13] 15 an interfuce
mechanism which allows access from another local device
to the remote device™® applications. [ is o useful
mechanism in home awiomation, securily system, home
enleriginment  system, ete.  because it provides
interoperability and transparency of all AV devices, In this
paper, we applied the remaote L1 sharing mechanism o the
remode device and home emenainment center in local
device via the remote controller. The remote contreller
automatically recognizes a remote device and shows the

sereen of the remote device and shares its Ul on the home
network, AV client device can access to remote deviee
through the network that is connected by @ unigue home 1P
address regardless of network connection location. For
example, & user cin run application of PC in libeary through
TV of liviag reom, and can display control menus on all
AV devices and can remately control all media contents in
remote device, Also, a user can directly edit AV contents?
properties such as display quality, playback order, content
characteristic, ete.
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This mechanism consists of the remote server and
client. The remate server provides the remote accessible
service, and client receives this service from the server and
transmits the event messages 1o the server. The proposed
remode contreller s incleded in the home entertainment
center a5 a cliemt module, It is an integrated module of
remote client, Contrel Point and a remote viewer in client
side.

Figure 4 shows the architecture of the remole
controller its processing flow with remote server,

The remote server is a virtual device which supports
an acgessible UL in remote, and it has 1is15 of accessible (or
execulable} applications and status of running application.
The remode server can be embedded in an AV device that
LPnP AY MediaServer is running. Or, it can be embedded
in an independent AV device separately. 1t has a similar
function with UPnP AY MediaServer. That means that the
server delivers the LRI list of exccutable application to the
client. AL this time, the URI list is XML schema format
which consists of metadata It classifies the executable
applications and L, and comains the technical information
of application and each U1 in protocol side. The server
catablishes connection with the remote cliem via the
connection policy. 1 the remote client requests the service,
the server must permil the remote aceessible service.

The main purpose of remole Control Point is that
discovers the remiote server and shows the Ul list on the



client and sets the connection between the server and client.
After sctting the connection between two devices, the
session is preserved by the remote sharing protocol.
Various input and evemd messages for remode Ul oare
processed in client module. To browse server® U, a
remole viewer 15 needed. We used the YNC wiewer
Remode client in the remote controller is an imporant
module which shows the user interface and sccessible
applications or executes i It sets and manages the Ul
session which is connected with the remote server by
Control Paint. For this process, client module delivers the
important information (.., display screen size, keyboard
iype, ete.) o the Control Point, The remote cliem shares
fuell screen of remote server,

The remode controller § processing step is as fallows
The remote controller detects all UPnP remote devices that
are running on the network, and it matches an Ul
description (XML form) with remote client capabilitics wnd
establishes sessions, The remote controller collects the
information of remote accessible servers, lists of accessible
Uls, remote accessible clients and protocol information. U1
session s begun with reference to the collected Uls and
protocol properties. The remote controller can execute
applications in the shared UL afler sending o key evem as
well as can send a simple message 1o the remote device,
Also, it can recelve an important key input from other
network devices, This means that the remote controller cin
act as a proxy for network device to run applications in
remote. Using the remote controller, the user is not
dependent on a specific device and can frequently cross
various devices. The remote controller classifies executable
applications via the URI which can be related with other
devices in home network, 11 connection is completed, wsers
can access all applications of server device from the remole
devices without additional application,

The LI sharing mechanism aims w thin client. There
are several well-known thin client technologies such as
Remote Desktop Protocol (RDP) [14] of Microsedt,

XRT{Extended Device Remote Transfer Protocol) [15] of

Intel, and Virtual Network Computing (VNC) of RealVHC,
VIO [16] s an open architecture which supporls & very
simple structure than other technologies, and it is very
useful in netwaork implementation for the U1 sharing service
because it has an independent characteristic o platform

such as Windows, Linux, Mac O, and cte. It consists of

two companents. There are a server and a viewer. A server
runs on the remote accessible computer, and a viewer runs
on the local computer, In this paper, for thin client protocol,
we ysed the VMO hased on RFB(Remote Frame Bulfer)
prodocol which is very simple and easy to be implemented
on consumer electronics  devices. That means that it
improves usability of AV devices through leading Lhe
comtroller  in AV dewice W construct  ublguitous
environment in home, In this paper, we num a YN server
with the AV MediaServer, and run a WYMNC viewer with Lhe
remote controller in the home enterlainment center. W
created a special UL that is separated with UL of the home

entertainment center, Thal means thit users can execute the
independent Ul sharing service as well as the essential
home entertainment service a1 the same tme, We usad
FIF()  mechanism  for  the fundamental message
communication between components, and we created the
messuge  gqueue  for  the message  delivery  between
COMPONEns,

4 Implmentation Results

We organized two implementation results, Che is a
stable operation result of the AV media server and the
inegrated controller, arother is a stable operation resuli of
the remote server and the remote controller in the home
enfertainment center.

To provide transparency of LIPnP AV devices, we
have implemented a home entertainment center. We used
the UPP library based on Fedora Core 5 of Linux platform,
LIEnE AV architeciure module and remaote LT module are
designed by C/C4+ language, communication module
among UPnP devices is implemented by the UPnP® library.
For eftective interoperability among UPnP modules, we
made a share library and it is used in GUT module. The GLUT
maodule is written in Python language including several
packages such as numeric, twisted, imaging, game,
mmpython, etc.. and it was implemented by various
libraries such us SDL., smpeg, libdvdcess, libdvdread, eic. To
suppert user-friendly interfisce, we sdopted various graphic
themes in GUI module, And, we used two UPnP AV
MediaServers which are based on MS-Windows XP. One is
included in Intel PP tool [17], another is the DPnP AW
Mediakerver |18]. For AV contenl playback, we used
MPlaver 1.0prel which supports high quality playback
wrvice.

Figure 5 shows a screenshet of the media streaming
service for remole AV contents,
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Fig. 5 A serecnsbol of (ke media sireaming service for resote AY
conients

A user has 1o execute an AV media server at first, and
then, a user can register a large number of AY contents



which are different kinds of media types. In this paper, an
AY media server runs on MS-Windows based PC and the
home entertainment center runs on embedded Linux-bosed
set=top bos. I a user chooses the Share Remote AY menu
of main screen, servers is shown with the jcon form after
the controller brings lists of the UPnP server device. GUI
module manages UDN of UPnP devices and lists for device
name, The home entertainment center shows visual and
dynamic screen compositions according 1o media types and
user Hchoice menu,

Figure & shows n screenshot of the LT sharing service
for remote device.

Homsr Kt ormades st s

Fig. 6. A screenshot of the Ul sharing service Tor remole device

To access a remote server® UL the  home
enfertainment center has 1o receive a list of the remote
server by choosing the Share Remote UL menu in miin
screen. If connection between a remote server and the home
entertainment center is successfully completed, server$ L1
is shared through the home enferainment center’y main
screen, and a user can use applications in the server, The
home entertainment center was designed by methed which
shares full screen of server in client.

The remote server runs on MS-Windows based PC in
figure 6. First of all, a user has to execute the remole server,
and then, the home entertainment center discovers & remale
server amd shows server ¥ UL IF a user chooses a remote
server, connection between two devices is set, IFconnection
15 successfully completed, a user can confirm a Ul of the
server and can control its application in main screen of the
home entertzinment center.

Table 1 shows each RSS (Resident Set Size: Real
memory size of the process in Kilobytes) when three
syslems are running on each system. [t is two experimental
resulls.

We have run the Home Entertainment Center {HEC )
on embedded Linux which is based on Intel-Pentivm 4
processor and supports 2.8GHz CPU and 512KB Cache
Memory. [n case of A, controller 2RSS i5 0 memory size of
when a media player plays a video content { MP4 format )

which can be run during an hour, and remote comroller
(including remate viewer} ¥ RSS is a memory size of when
an application {MS-Waord) of the remaste device is run by
the remote viewer. In case of B, controller§ RSS is a
memory size of when a media plaver plays an audio content
{.mp} format) which can be run during four minutes, and
remote contreller (including remote viewer) ' RSS is a
memory size of when an application (an image viewer) of
the remote deviee 3 run by the remote viewer. The home
enterainment center does ned need many resources than
related researches, and have high performance than them.

Talde I Each RES(Kil) when three systems are runnmg on each
systeim

Sysdem 5 B
Process intel | Resd Proposed| fnel | Real P
Name Tl | WNC | HEC | Tool | VNC | HEC
Ciraphic
Ulser Imerdfage RIS e
TCanmral [,
s Paint 11,244 11,156 | 21,09) FE ]
amraller Y +
IR L as a0 12080 {30304 8,538
Crntrol
Reimote | paint HaT2 FLTLR
Coaticller e | - . £ 1,008
Remnale Viewsr 15458 | 12006 3020 | 19510

5 Conclusions

In this paper, we proposed an  interoperability
mechanizm among UPRP AV devices for ubiquitous home.
It provedes the remote conlents sharing service as a main
service, To support the media streaming service for remote
AV contents, we composed the ntegrated contraller that
can discover remote AV devices and can browse and play
remote AY contents, To support the Ul sharing service for
remote device, we composed the remote controller that can
recognize remole device and can show the screen of the
remode device, All components are systematically operated,
and are independemtly managed. Users can play AV
contents in the bocal or remate AV device al any time, and
can comdrol the applications of the remote AV device, In
addition, an UPnP-based home AV network can be easily
constructed without additional installation of other devices
O COMPONents.

In the future, we will apply the media switching
technigue  and  the adaptation lechnique  ameng
MediaRenderers. And, we will add several entenainment
services o the home emtertainment center to extend the
range of the entertainment service,
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