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Abstract

Today home entertainment appliancesare usu-
ally basedon closed, proprietary hardware and
software design supporting only a limited set
of media types, stream formats, and entertain-
ment options. With the availability of cheap,
small, quiet, and powerful multimedia PCs, it is
now possibleto create an open and extensible
PC-basedplatform for multimedia home enter-
tainment. Basedon a new multimedia middle-
ware for Linux, we describe the designof a sim-
ple, and extensible application and user inter-
face framework. We have used this framework
to createa homeentertainment application that
currently supports playing CDs, MP3s, DVDs,
grabbing CDs, as well as watching digital and
analog TV with time-shifting.

1 Intro duction

Almost every household has one or more sys-
tems that provide multimedia home entertain-
ment. While traditional systemslike radio, TV,
CD, MC, and LP are still widely used, there is
a clear trend towards media cornvergence where
most of the home entertainment options will be
based on digital media existing in various for-
mats.

The market for home entertainment systems
is fairly large and is currently dominated by in-
exible, proprietary, and closedhard and soft-
ware systems. On the other hand more and
more householdsalready own a PC that is fully
capable of providing all the necessarymultime-
dia servicesif equipped with suitable I/O de-
vices, such as analog or digital TV tuner, DVD
player, etc.

However, there is hardly any PC basedsoft-
ware that provides the necessaryservices. Mi-
crosoft's MediaPlayer and Apple's Quicktime

system [8, 2] provide some basic functionality
but do not o er an extensible application. On
the other side is the Linux operating system,
that is gaining a stronghold in the PC and em-
beddedarea, but is missing a suitable multime-
dia middleware and coherent applications on top
of it.

In this paper we describe a exible applica-
tion and user interface framework for creating
multimedia home erntertainment systems: the
Multimedia-Box [10]. The framework builds on
top of the NMM multimedia middleware for
Linux [9], which providesservicesroughly equiv-
alent to DirectShow from Microsoft but adds
network transparent data accessand devicecon-
trol [6].

On top of this middleware we createda ex-
ible framework for a multimedia applications.
The coreapplication is extensiblethrough plug-
ins that support di erent entertainment options
and mediatypes. We currently provide plug-ins
for playing CDs, MP3s, DVDs, and analog and
digital TV streams. The system also provides
advanced features such as MP3-encading with
CDDB ID3-tags [3] and time-shifting for TV.

A generalbut very thin userinterface layer
describes the appearance and the event han-
dling. The application and the user interface
are con gured through simple XML con gura-
tion les. The applications functionality and its
appearanceat the userinterface level may easily
be modi ed simply through switching between
di erent XML con guration les.

1.1 Related Work

Recent dewvelopmerts have shown, how an ITV
system can mediate interpersonal communica-
tion with usertracking and communication ser-
vices [1]. The Multimedia Home Platform
(MHP) [12] speci es an interface between in-
teractive digital applications and the terminals



they run on. As MHP only de nes this interface,
applications are neededas well as a middleware
layer, like the OpenTV SDK [11].

In [5] the concept of a broadcasting con-
sumer terminal is preseried, which is based
on an implemertation of the Multimedia Home
Platform (MHP) speci cation. This approad
comesclosestto our system, however we focus
on providing a unied accessto dierent me-
dia types, stream formats, and format conver-
sions. Our system provides an advanced set of
functionalities, like time-shifting and transcod-
ing, and o ers and open and extensibleplatform
for further developmerts.

2 Hardw are Setup

The design goal for the Multimedia-Box was
to create an open and extensible home en-
tertainment platform that runs on commadity
PC hardware. For this reason we have cho-
sena Linux-based PC with multimedia exten-
sion boards over special purposehardware, e.g.
for settop boxes. For user preseration and
interaction the PC is connectedto a TV and
loud speakers as in most living room scenar-
ios. The Multimedia-Box is cortrollable with
only a standard remote cortrol even when the
TV is switched o. To this end we integrated
an infra-red receiver and a small LCD display.
Since our solution should also provide the con-
venienceof today's consumerdevices,we chose
a special chassisand low-noise componerts.

For receiving TV programs two options
are supported: A DVB-board directly receives
MPEG-2 encaded digital TV, while for analog
TV we usea combination of a TV-tuner board
and a cheap KFIR MPEG-encoder board.

3 Multimedia Middlew are

The Multimedia-Box is basedon the Network-
integrated Multimedia Architecture (NMM) as
its underlying middleware [9]. It isimplemented
in C++ and currently runs under Linux. It pro-
vides multimedia servicessimilar to DirectShow
but extends these servicesalsoto non-local de-
vices located somewhereon the network.

Within  NMM, all hardware devices (e.qg.
a DVD-ROM drive) and software componerts
(e.g. decaders) are represeried by so called
nodes Nodes have properties that include its
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Figure 1. User graph and ow graph for DVD
playback.

inputs and outputs ports, called jacks, together
with their supported multimedia formats.

These nodes can be connectedto create a
ow graph, where every two connected nodes
have to support the sameformat. The NMM
framework also supports a quality-driven for-
mat negotiation. Starting from an incomplete
o w graph (the user graph) that is independen
of multimedia formats and needed corverters
(e.g. MPEG decdder), this procedure automat-
ically createsa complete and fully con gured
o w graph by inserting necessarycorverters and
setting formats [7]. Figure 1 shows an example
of an incomplete user graph for DVD playback
and a complete and fully con gured ow graph.

The framework o ers facilities for e cien t
memory managemem, scheduling, and a sophis-
ticated state machine for all processingnodes.
An unied ewvert system and medanisms for
syndironizing di erent media streamswith QoS
cortrol are also provided. Generic baseclasses
exist that simplify the integration of new pro-
cessingunits and codecs by inheriting from a
suitable class and only implemerting the spe-
ci ¢ processingcode.

Although the Multimedia-Bo x application is
operating on a single machine, the NMM frame-
work provides the infrastructure that allows to
considerthe network as an integral part by en-
abling support for devicesdistributed acrossa
network [6].



Figure 2: The Multimedia-Box and the main
menu renderedin di erent styles or skins.

4 User Interface

The user interface of the Multimedia-Box
preseris a set of hierarchical merus. At the
leaves of this hierarchy are special \actions",
such as \D VD playback". The user can navi-
gate these menus with a remote control. Visual
feedbad is givenvia the connectedTV and the
integrated LCD display. Intuitiv e and descrip-
tive icons with textual help, support the user
in navigating the menu structure. The userin-
terface elemens also display feedbak on the
state of the application, such as during \play"
or \pause".

The main menu of the Multimedia-Box cur-
rently consistsof four menu ertries: Audio-CD,
MP3, DVD, and TV. The \Audio-CD" menu of-
ferstwo choices,\Play" and \Grab", wherethe
latter transcodes the audio data to MP3 and
storesit on the internal hard disk. A requestto
a CDDB database[3], which can be locally in-
stalled or available on the internet, is performed
to obtain the namesof albums and tracks. The
\MP3" menu o ers accessto the locally stored
MP3 les. The \D VD" menu ertry starts play-
ing a DVD disc and o ers accesdo the di erent
merus, chapters, and titles. Finally, the \TV"
menu entry directly switchesto watching televi-
sion, either digital or analog. This option is de-
scribed in more detail in the next section. Fig-
ure 2 shows the Multimedia-Box and di erent
graphical user interfaces.

5 Time-shifting

Besides switching of channels and starting
recording of the currently viewed stream, our
implementation also o ers time-shifting of TV
streams. This mode can be entered by pressing
the \pause" button, which freezesthe current
channel. Instead it starts recording the stream
to acircular bu er, rst in memory and then |

if a prede ned memory limit is exceeded| on
the local hard disc.

By pressingthe \play" button, the program
is continued from the previous position in the
data stream, now playing from the bu ered
data. In this mode the user may fast forward
to catch up with the original TV stream or seek
badkwards again. The systemcanalsobecon g-
ured to always store the most recertly received
data in a xed sizebuer. This allows to ar-
bitrarily visit recert everts in the stream, e.g.
for a slow-motion review. Programming of de-
sired recordingsis currently not yet supported
but will be added soon.

6 Arc hitecture

A major idea in the design of the Multimedia-
Box was easycon guration and modi cation of
the userinterface. In addition to easily chang-
ing of the look of the application with so called
skins, this requires the ability to adapt and
extend the structure of the application itself.
Therefore the whole application is built as a
plug-in-architecture that is assenbled using a
XML-based con guration language.

The XML con guration speci es a hierarchi-
cal menu structure: Each menu (e.g. \Audio-
CD") cortains seweral ertries that correspond
to either sub-merus or to \actions". Actions
entries (e.g. \Play CD") correspondsto meth-
ods exported by the Multimedia-Box applica-
tion. Menu entries alsorequire referencego im-
age les and their screenposition for creating
di erent screenlayouts. Theseimagesrepresert
an \activ e" and an \inactiv e" appearance. The
structure of the menu itself can be controlled
in terms of the number of rows and columns.
Each menu entry canthen be placedwithin this
grid. Additionally , a background image can be
speci ed for eadh menu.

From this XML-description the application
is automatically set up: for each menu and ac-
tion, a MenuState or an ActionState object is



MenuState

ActionState

Application
y

— OSD Manager

Video

! »| Application > g 0D Output

User Audio

input @ Output
. — Events

Data

Figure 3: Architecture of the Multimedia-Box
application.

created, respectively. Every MenuState object
cortains the graphical objects of its menu and
is able to display the correct activated and de-
activated items according to user navigation by
updating and evaluating an internal state. As
every MenuState object providesthe samefunc-
tionality it is implemerted by a single class.

In contrast, the ActionState object o ers ap-
plication specic functionality that is provided
by the application but might actually be loaded
asa plug-in asrequestedby the XML con gura-
tion. Our current implementation provides four
di erent ActionState objects: audio CD play-
badk, MP3 encaling of an audio CD, MP3 play-
back including navigation in the local directory
structure, DVD playback, and TV accesswith
time-shifting. Internally, these ActionState ob-
jects useNMM nodesconnectedto o w graphs.

The overall system architecture consists of
sewral interacting parts (see Figure 3). An
evert producer (user input), the main Applica-
tion object, a number of automatically instanti-
ated state objects (either for merus or actions),
and an OSDManager object.

The event producer generatescommandsac-
cording to user input with a remote control.
These commands are sert to the application
object and are forwarded to the currently ac-
tive state object. The state objects implement
the State design pattern [4]. Depending on the
received everts the active state object performs
an internal state transitions (e.g. from \play"
to \pause") or an external state transition by
activating another state object.

The sink nodes for audio and video output
are usedby all statesand are included in the ap-
plication object. Additionally a node for blend-
ing on-screenelemeris onto the current back-
ground is inserted before the video sink node.

This node is controlled by the OSDManager,
which provides a more high-level accessand of-
fers operations like \show symbol pause for 2
seconds".

To obtain accesgo the audio and video out-
put devicesand the OSDManager,the currently
activated state is connected to these nodes.
When connected, the state object can render
video and audio and change the elemens of
the on-screendisplay. Figure 3 showsthe ow
graph for DVD playback being connected. A
MenuState object can use this facility to dis-
play an animated badkground and play sound
e ects as feedbak for user navigation and se-
lection everts.

With this architecture, integrating a new ac-
tion, for instance a video conferencingapplica-
tion, is straightforward. Implementing a new
ActionState object identied by a unique string
and adding a new menu ertry in the XML con-
guration is all that needsto be done.

7 Conclusions

We have described an open and extensible
home entertainment platform. It is basedon
the NMM multimedia middleware that provides
reusable componerts that simplify the creation
of advanced applications. Most of the e ort in
this project was spend in implemerting the un-
derlying NMM nodes (e.g. DVB card access,
DVD library, etc.), which are now also available
for usein other applications.

A exible but fairly thin userinterface layer
supports arbitrary con gurations of the appli-
cations through application plug-ins and XML-
based con guration les. The XML les can
easilybe modi ed evenby an end userto adjust
the appearanceof the Multimedia-Bo x applica-
tion.

The Multimedia-Box application provided
the perfect test bed driving the designand the
implemertation of the emerging NMM middle-
ware. The Multimedia-Box project was orig-
inally initiated due to our personal desire to
build our own PC-based home entertainment
platform for our living rooms. We are now at the
point, where we will be building seweral copies
of our prototype systemfor real world testing at
our homes.

Our system currently already supports the
basic entertainment options. In addition we
would like to seemore options such as an elec-



tronic program guide (EPG), video conferenc-
ing, Internet telephony, chat, email, web access,
and many others.

The NMM framework is already available as
Open Source [9] and the Multimedia-Box ap-
plication will be releasedsoon. Hopefully this
will encouragemore peopleto improve and ex-
tend the current system and add many more
media types, media formats, and entertainment
options.

Additionally, we are extending the
Multimedia-Box to access distributed de-
vices cortrolled by the NMM framework. This
will allow to make use of these devicesas new
data sourcesor to distribute time-consuming
tasks like video transcoding to other devices.
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