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The Remote User Interaction Mechanism
for Contents Sharing of Home Entertainment System

Hyunju Lee
Department of Computer Science
Kyungpook National University
Dacgu, Korea

Abstract - UPnP AV archilecture aulomatically integraies
and manoges various LPP AV devices that are commeched
fo the home metwork. A large mumber of existing howy
enteriginment systems target the support of the mdsioedio
service that 15 based on hame server as a media conten
provider, fn this paper, o build the ubiguitous medic fome
and e guarantee transparency of all UPaP AV devices, we
propose the remofe user inferaclion  mechaniset for
contents sharing of home emtertalmment system which is
hased on UPRP AV architeciure, It provides the remote AV
media sharing wnd the repote U7 sharing among all AV
devices  regareless of AV device #f location and media
daia & playbock types, The home entertaimment system
sufficiently can perform role of contrel center for Al
electromic  devices via the  remofe  user inferaction
mechanism.

Keywaords: home entertainment sysiem, remole contents
sharing, remote AY media, remote UL UPnP AV,

1 Introduction

The home network has multiple heterogeneous devices
with different capabilities, and they communicate with
other home network devices using the home network
middleware such as UPnP. The UPnP {Universal Plug and
Play)y [1-2] forum developed UPnP AV {(AudioVisual)
architecture as the standard of multimedia system in home
network 10 provide the medio distribution services., The
UPrP AV architecture provides the communication
mechanism for AV devices to share AY media contents and
interoperability among  different kinds of multimedia
appliances,

The home entertainment service ¥ main purpose is that
provides the dvnamic multimedia serviee 10 users
regardiess of media content ¥ location and playback types.
Most of the existing home entertainment systems provide
very stable technologies, and  have high  qualiy
performance. But, servers? role in these sysiems is ven
limited, which stores o large number of media contents and
provides the media entertainment service to other AV
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devices as a content provider. Alse, roles of each device in
these systems are limited according 1o their main “use
purpese and properiies, i.e, 8 deviee for contents storage, a
device for content rendering, a device for various controls,
cte, Moreover, most of the servers do not permit access or
control from the remote client device in system side. And,
components in ¢lient device provide limited performances
and their roles are not clearly defined.

In this paper, we propose o femote user intemction
mechanism for contents sharing of home enterfainment
system which is based on UPnP AY archilecture, The
retide user  intersction  mechanism  provides
interoperability of all UPnP AV deviees including the
server, which means that the home enteriainment system
guarantees transparency of all AV devices, Finally, it builds
the ubigquitous media home. The contents sharing means
that the home enteriainment system can play various AV
contents in local device, and awomatically discovers
remote AN devices (and browses and plays remote AV
conlents), and awomatically recognizes remole server
devices and shows its screen and cxecute applications in
remote AY device. To provide remote contents sharing
service, we composed two controllerss i the  home
enieriainment center as core lechnologhes.

This paper is organized as follows. Section 11, we
describe the several related works, In section I, we
deseribe the remole wser interaction mechanism as a core
technology. In section IV, we present implementation
results, Finally, conclusions are given in the last section.

2  Related Works

The home enlertainment service aims 1o the high-
quality multimedia service support 1o users. There are
several well-known home enteriainment technologies such
as Cidero|3), VideoLan Cliemt[4], Linpus Media Center{5],
MythTV[6], e,

Cidero is based on LUPnP Control Point which suppons
various (0% platforms, [t can browse and control the media
coments by the media controller. This system provides
mulithreads and interaction among AY devices to control
AV devices on the wirc/wircless network, and it allows
non=LIPnP devices via the UPnP Bridge. Bui, in case of
deviee discovery and media playback, the controller has



random long delay time than the Videolan Client and
Linpus because it uses the play queue for the renderer. And,
users have to confirm its media type when plays an AV
content because it supports  multi-renderer and  each

renderer supports different kinds of AV contents, Morcover,

it is very difficult to improve system T generalization and
extension because this system is just used o several
commercialized products.

VideoLan Client is a media player which is based on
an open source project. 1t supports varieus O0VS platforms
like the Cidero, and supports a large number of multimedia
formats, This system can be compatible with Geexbox
wShare, MediaTemb, Darwin server, Videol AN server, elc
Biut, this project does not support the MediaRenderer which
is a core component of UPnP AV architecture. Users hive
s dhirectly connect with a media player in local when plays
a media content. That means that the media service
performance of system is influenced by performance of @
connccied media plaver because content contral 35 nol
allowed by the MediaRenderer. Also, this sysiem does not
support the multimedia service for other devices excepd for
PC.

Linpus Media Center is a Linux-based media platform,
and it provides various embedded systems. 1t supports fast
and easy installation, and also supports various storages wnd
easgy-lp-use navigation. It contding a remote controller o
control the media contents. But, Linpus does nol support
ather medin formats except for MPEG format It does not
support the MediaRenderer, and it also does not support the
multimedia service 1o other devices except for PC like the
VideoLan Clienmt. In spite of its high performances, it has
need of oo many requirements within the framework of
hardware/software,

MythTV is a homebrew project that is based on Linux
desk-top. [t provides various and powerful services such us
TV recording, video/music/DVD playback, weather, game
emulation and news service. All functions are existed with
plug-in form except for TV service. It supports various
menu compositions and an easy-lo-use user interface.
MythTW(version 0.20) contzins a UPnP server among
LIPnP AV architecture. Bud, this system ¥ size is very heavy
and it requires too many resources as much as it provides
vartous functions and capabilities, For example, users have
to insiall MySOQL because it uses Database. To perform Lhe
fundamental function, a large number of packages have 10
be installed in advance. Also, users have o keep up the
latest libraries because it is based on the latest development
environment And users have to update all packiges before
setling up. [t does not support UPRP cliem modules except
for UPnP server conclusively.

These technologics are considerable stable, and these
are very useful 1o applications of refated works. In spite of
excellent performance of AV content playback and control,
server in these systems does not permit aceess and control
from the remole AV device 15 an AY coments provider,
Users only can receive the AV coatents playback service
from the server. Therefore, in order fo support

interoperability among AV devices including all servers in
homi netwaork, e remode contents sharing service can be a
core technology of home entertainment cender.

3  Remote User Interaction Mechanism

A large numbser of servers and AV devices can be
existed in home network as multimedia appliances. Each
AV device can become a server device or a contral device
or a media player deviee according to their performance
and property. Also, a device can become a server and client
at the same time if it has high performance and Mexibility.

Figure | shows the architecture of the UPnP AY-hased
home entertainment system.

To provide the remote user interaction for contents
shiaring service, the AY MediaServer and the remote server
rim as the comtents provider. The home entertainment
center containg two controllers (i.e., the controller and the
remote eontroller) as a client in figure 1. Two controllers
are systematically operated, and are independently managed.
The remode contenls sharing mechanism contains two
mechanisms. There are the remote AY media sharing and
the remote LI sharing mechanism. To share AV medis
contents which are included in server device, we applied
the UPnP AV architecture and composed the integrated
comtrobler in the home entertainment system, To share the
LI (User Iomerface) of a remote device and 1o control it in
remote, we applied the remote Ul sharing mechanism to the
system via the remote controller.
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Fig. I. The architecture of the UPaP AV-based bome eaterinimment
ayElem

3.1  The Remote AV Media Sharing

AV comtents nesd a MediaRenderer o play isell
hecause of its own characteristic, 10 Control Poimt and
MediaRenderer are embedded together in the same device
and  two components are  integrated, usability and
management abilities will improve in user'f point of view



because number of necessary devices can be reduced and
wi components can be simultaneously managed by using
the same device. UPnP AV architecture consists of
MediaServer, Control Point and MediaRenderer [7-0], In
this paper, we composed the integrated controller which is
an integrated module of Control Point and MediaRenderer,
It can be embedded in all AY devices which can play AV
media conents and can perform role of the MediaRenderer.

Figure 2 shows o processing flow between the AV
MediaServer and Controller,

The MediaServer 15 used to locate AV contents and il
includes a wide voriety of devices. Its main purpose is W
allow Control Points 1o enumerate (i, browse or search
fory content items that are available for users to render, The
MediaServer contains three services. There ang a content
direciony service, a connection manager service, and an
optional AY iransport service. It depends on supporting
ransfer  protocols, Basically, UPnP AV architecture
supports the AV medin sharing mechanism between the
server and client.
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Fig. I The pretessing flow between the AV MedisServer and
Centroller

The MediaRenderer in the controller is uscd 10 render
a media content received from the MediaServer on its local
device and it includes a wide variety of devices. Its main
featre is that it allows the Control Point to control how
content  is rendered (e, volume, brightness, el
Additionally, it also allows the user o control the fow of
the content. The MediaRenderer comains three services.,
There are a rendering control service, a connection manager
service, und an optional AW transport service, 1t depends on
transfer protocols 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
contend via the URD information of media coment which a

user chooses by the Control Point. At this time, the
MediaRenderer ransmits it w the media player, The image
vigwer plays image contents on the screen. I receives the
playhack information from the MediaRenderer like a media
player. A user can view image contents with slide-show
form. Media plaver and image viewer are joined with plug-
in fiorm as each independent component.

Control  Point in the controller coordinates the
opertion of the MediaServer and MedisRenderer, usually
in response 10 user interaction with the Control Point 4 UL
Contrel Point in UPnP network is a contreller capable of
discovering and comtrolling other devices using UPnP %
various mechanisms, After device discovery, a Control
Point retricves a new device ! description and gets a list of
asagcinted services and retrieves service descriptions for the
interesting service and invokes actions (o control the
service and subscribes (o the service’s event source,

The delivery manager performs the rele transmitting
various UPnP actions and events which are happened by
user. 11 exists between Control Point and MediaRenderer.

3.2  Graphic User Interface

Content processing from coment choice 1o rendering is
very complex and has various action scenarios in user
point of view, Therefore, an efficient Ul composition is
very imporant, In this paper, we composed the GUI
(Graphic  User Interface) module for  efficient Ul
composition as well as Control Point 8 essential Tunction.
One of its important roles is that it integrates Control Point
and MediaRenderer. The GUI module provides a wvisual
sercen and processes various interactions that happen on
screen by user, and delivers it o each device according (o
the interaction types. GUI module runs on top level of the
system as an interaction module with users, and it supporis
an easy-fo-use inlerface, Users can casily add related
modules with plug-in form, [t consists of five components.
There are the plug=-in interface, the display menu manager,
the event handler, the skin manager and GUI libruries.

Figure 3 shows the architecture of the GUI module.
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Fig. 3. The architecture of 1be GUT madube



[Msplay menu manager composes @ menu that is
reloted with lists of the remote device and AV contents. It
creates a directory after classification into each item {ic.
Yideo, Audio, Images and UPnP AV/remote deviee) via the
delivered information from each server. There are Menu,
MediaMenu and ltem as its sub modules. Menu composes
an initial main screen afler loading the defined menu,
MediaMenu connects the item with the menu which is
browsed on the screen. [t has the location information of
cach Plug-in module, Mediahienu cremes a directory and
sets properties of each item afier creating a menuw. Item
composes the sub item according to the property of ihe
selected menu by the user, It classify the sub item {ie,
Video, Audio, Image, Directory and Playlist) accerding (o
the kinds and properties of AV contents. Each item 13
coanected with different kinds of images.

Skin manager shows a visual screen o user vin Lthe
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 pag
and _jpg as image file format GUI librories consist of
graphic librarics for visual screen  composition. For
example, to provide various screen composition such as
window templates and popup boxes, we used SDL (Simple
DirectMedia  Layer) cross-platform  mulfimedia  library
which supporis various operation system platforms {uand
languages).

Event handler handles user various input events. It
can handle keyboard and remote controller keys. Plug-in
interface connects o local application or an UPRP device
with an item of the display memu manager. Il 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, o
combine varous modules relationally, the effective
imerface is needed. To minimize random delay time which
is huppened while running modules, we deleted necdless
messipes and action calls in UPnP source code.

Plug-in interface processes four plug-in modules, For
local audio/video/images content playback, two plug-in
modubes are connected with two local players (ie. o media
player and an image viewer), For remote contents sharing,
twir plug-in modules ane connected with two controllers,
Al plug-in modules run according 1o user event.

For the wisual and dynamic screen composition, the
controller provides various display types. Service contents
are displayed with menu form, AV devices and media
contents are displayed with image item form, Each image
item iz different secording to the AY media format such as
audio, video, images, and ete. 17 a user cheoses u media
content, system and playback control are converted 10 1he
rendering device until the media content® playhack is
terminated. To support user-friendly interface, we adopted
various graphic themes in GUT module.

33  The Remote Ul Sharing

Bemote UliUser Interfuce)[10-13] is an interfoce
mechanism which allows access from the local device 1o
applications of remote device. It is a useful mechanism in
home awlomation, security system, home emtertainment
svslem, eic. because it provides interoperability and
ransparency of all AV devices. In this paper, we applied
the pemote UT sharing mechanism to the remote device and
Tome entertainment cester in local device via the remote
comtroller. The remote controller automatically recognizes a
remote deviee and shows the scrcen of the remote deviee
and shares its L on the home network. AV client deviee
can secess e remote device through the network that is
connected by a unique home P address regardless of
network conncetion location. For example, a user can run
application of PC in library through TV of living room, and
cim display control menus on all AY devices and can
remotely contrel all media contents in remete device. Also,
a user can directly edit AV contents? propertics such as
display quality, playback order, content characteristic, e,

The remote U sharing mechanism consists of the
remote device(server) and client. The remote device
provides the remote accessible service, and client receives
this service from the server and ransmits event messages to
the server. The proposed remote controller is included in
the client. [t is an integrated module of remote client,
Control Paint and a remote viewer in client side.

Figure 4 shows the architecture of the remote
contreller its processing low with remole device,
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Fig. 4 The system architectsrs for pemote U1 sharing service and its
processing flaw

The remote devicelserver) is a virtual device which
supports an accessible UL in remote, and it has lists of
accessible (or executable) applications and stalus of
running application. The remote device can be embedded in
an AV device that LPaP AV MediaServer is running. Or, it



can be embedded in an independent AV device separately.
1t has & similar function with UPnP AV MediaServer. That
means that the server delivers the URI list of executable
application to the client, At this time, the UR] Jist is XML
schema format which consists of metadata. It classities
executable epplication and UL, and comtains technical
informatien of application and each UL in protocol side.
The server establishes connection with the remote clien via
the connection policy, If the remote client requests the
service, the server musl permit the remote accessible
service.

The main purpose of remote Control Point @5 that
discovers the remote device and shows the U list on the
client and se1s the connection between the server and client.
After setting the connection between two devices, the
session is preserved by the remote sharing protocol.
Various input and eveml messages for remote UL are
processed in client module. To browse server® UL a
remate viewer is needed. We used the VMO viewer
Remote client in the remote controller is an imporant
module which shows the wser interface und accessible
applications or executes it It sets and manages the Ul
session which is connected with the remote device by
Control Point. For this process, client module delivers
important information (i.e., disploy screen size, keyboard
type. ete.) 0 the Conirol Point. The remote client shares
full screen of remote device.

The remote controller’f processing step is as follows,
The remaote controller detects all UPRP remote devices thal
are munning on the network, and it maiches an Ll
deseription with remote client capabilities and establishes
sessions. The remote controller collects the information of
remote accessible servers, lista of accessible Uls, remote
accessible clients and protocol information. UL session is
begun with reference 1o the collected Uls and protocol
properties. The remote controller can execute applications
in the shared Ul after sending a key event as well as can
send a simple message to the remote device. Also, it can
receive an imporiant key input from other network devices.
This means that the remote controller can act as 2 proxy for
network device 1o run applications in remote, LUsing the
remote controller, the user is not dependent on a specilic
device and can frequently cross various devices. The
remate controller classifies executable applications via the
URI which can be related with other devices in home
network, 1T connection is completed, users can socess all
applications of server device from the remote devices
without additional application.

The remote UL sharing and control service aims 1o thin
cliemt. There are several well-known thin  cliem

technologics such as Remote Desktop Protocol (RDF) of

Microsoft, XNRT(Extended Device Remaote Transfer
Protocel) of Intel, and Virtual Network Computing (YMNC)
of RealWNC. VNC[14] is an open architecture which
supports a very simple structure than other Lechnologies.
and it is very wseful in network implementation for the
remote Ul sharing service because it hus an independent

characteristic 1o platform such as Windows, Linux, Mac OF,
and ete. It consists of two components. There are a server
gnd o viewer, A server runs on the remole accessiblc
computer, and a viewer runs on the local computer. In this
paper, [or thin client protocol, we used the VNC based on
REDRemaote Frame Buffer) protocol which is very simple
and easy to be implemented on consumer electronics
deviees. That means that it improves usability of AV
devices through loading the controller in AV device to
construct ubiguitous envirgament in home. In this paper,
we rum @ VMO server with the AV MediaServer, and run a
VMO viewer with the remote controller in the home
enlertainment center. We crested a special Ul that is
separated with Ul of the home enteriainment center. That
means that users can execule the independent remote Ul
sharing service as well as the essential home entertainment
serviee at the same time,

4 Implmentation Results

We organized two implementation results, One is a
stable operation resull between the AV media server and
the integrated controller. another is a stable operation result
between the remote device and the remote controbler in the
hoame entertainment cénler,

For implementation of the home entertxinment center,
wie used the UPAP library based on Fedor Core § of Linux
platform, UPnP AV architecture module and remote user
intersetion module are designed by CAC++ language,
communication  module  among  UPnP  deviees s
implemented by the UPnP  library, For  effective
imeroperability. among UPnP® modules, we made a share
library and it is used in the GUI module, The GUT module
is written in Python language including several packages
and it was implemented by various libraries. To support
user-friendly interface, we adopted various grophic themes
in GUI module, And, we used two UPRP AY MediaServers
which are based on MS-Windows XP. One is incleded in
Intel UPnP wel[15], another is the UPnP AV
MedisServer[16]. For AV contemt playback, we wsed
MPlayer 1.0preR which supports high quality playback
service,

Figure & shows a screenshot of the remote AV media
sharing service,

T'o share various remote AY media contents, a user
hias 1o execute an AY media server at first, and then, a user
can registes a large number of AV contents which are
differemt kinds of media tvpes. In figure 5, two AV media
servers ren on PC which is based on MS-Windows, and the
heame enlertainment center runs on set-top box which is
based on embedded Linux. IF & user chooses the Share
Remote AV menu of main screen, servers is shown with the
jeon form afler the controller brings lists of the LUPaP
seiver device, GUL module manages UDMs of UPnP
devices and lists for device name. The home entertainment
center shows visual and dynamic screen composilions
aceording to media ty pes and vser @ menu cheice.



Fig. 5 A sereeashol of the remote AY meilia sharing

Figure 6 shows a screenshot of the remaote 1] sharing
SETYICE,
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Fig. & A screemshof of (be remade U sharing service

To aceess the UL of a remode server device, the home
entertainment center has to recelve a list of the remote
device by choosing the Share Remaote UL menu in main
screen of system. If connection between a remote device
and the home entertwinment center s successfully
completed, remote server device ¥ UL is shared through the
home entertainment center’ main screen, and a user can
use applicaions in the server, The home enlertainment
center was designed by method which shares full sereen of
server in client,

In figure &, the remote server device runs on 1PC which
is hased on MS-Windows. First of all, a user has @ execute
the remote server, and then, the home enteriainment center
discovers a remote server and shows server device ! L1
Whenever o user chooses a remole server, connection
hetween two devices is set. 1T connection is successfully
completed, a user can confirm a Ul of the server and can
control its application in main screen of the home
entertainment. I figee 6, a local user executed an image
viewer of remote server device.

Tabte 1 shows support items of the  home
entertainment center as its performance, The remote user

interaction for contents sharing was applied to the home
cnleriainment cenler,

Tahle 1. Suppont items of the heme entertzinment centee

Requirement Support lems

Hase Platiorm Feudom Core 4 of Embedded Lanux

Contral Point, MedinHendeser,

fcpmpomenty Remote Contrd Point, Remote Clicnl
Fully Supporied
Remose User Imemetion | (Remoie AV Media Sharing. Remsate U1
Sharing)
Metwiark Supporied {Wee/wireles)
I : ) Restnictively Supposted
Mobile Dioviess [Molo-Book, PDA)
Wideo Formnat SAPEG-120, avi, wmv, Dhx, asf, & ele.
Adin Eormat MPEG-1[mpd), wma, ogg. m, o5
Independent maragement
@l ez module Fully Supported
Integeation Cgpemmiion Supparicd
of Each CompaonentJ{The C ller_and the Remole Costrolles
Internperabality and
Iransparengy Suppaoried (by the remote contrpler)
al AN Devices

5 Conclusions

In this paper, we proposed the remote user interaction
mechanism for conlents sharing of home enteriainment
sysiem which is based on UPaP AV architecture. The home
entertainment system stably runs on UPnP network, The
remote user interaction mechanism provides the remote
coments sharing service as well as the fundamental
multimedia entertainment service. To suppert the remaote
AV media sharing service, we composed the integrated
controlter that <an discover remote AV devices and can
browsz and play the AV contents. To support the remote Ul
sharing service, we composed the remote coniroller that can
recognize remote devices and can show the UT screen of a
specilic device. All components of two controllers are
systematically operated, and are independently managed.
Finally, users can play AV contents in local AV device or
remate AV device at any time, and can use the remote AV
deviee including the server, and can control applications of
the remote AV device, Also, an UPnP-based heme AV
network can be easily constructed  without additional
installation of other devices or companents via the home
enlertainment center,

In the future, in case multiple MediaRenderers run in
UPal petwork, we will apply the medin swilching
rechniqee among MediaRenderers and we will improve
user interaction processing technique of the remote media
content aceonding o playback environment of various
renderers, And, 1o extend the entertainment service, we will
add  several entertainment  module o the  home
entertainment center such as games, intemet TV, and ete.
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