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MCAR: Software Framework Architecture for
In-vehicle Pervasive Multimedia Services

Kamal Kumar Sharma, Hemant Sharma and A. K. Ramani

_ ) o Further, the proliferation of multimedia capablebii® devices
Abstract— The pervasive computing systems inside modern day ¢,ch as novel multimedia enabled cellular phones ha

automobiles are made up of hundreds of interconneetl, often
replaceable software components. In-vehicle multinaka
components and applications are becoming complex tifacts due
to advancement in technology and increased compétih. There is
a growing need for software platform to enable -efiient
deployment of multimedia services in automotive enronment.

This paper presents a software frameworkmCAR, to support
component based development of pervasive multimedia
applications. The framework is scalable and configable. The
framework is aimed to run on an In-vehicle infotairment platform
to support efficient management of available multiredia
resources.

Index Terms— Context Aware, Pervasive Systems, In Vehicle
Multimedia.

I. INTRODUCTION

Many modern automobiles contain hundreds of emkabdd
microcontrollers [1] interconnected via vehicle wetk. The
automobile industry has seen a shift towards tleaismore
on-board technology and, is becoming
software-dependant. From sophisticated navigatysiems to
computer-controlled driver assistance safety systama in-car
multimedia and entertainment, the amount of sofwaritten
for cars is increasing rapidly.

Though embedding multiple software components igemo
cost-effective and facilitates more reuse thangihéisg a central
control software system, there is an associatedcaslditional
software complexity. Many components in these aofulas
are designed to be replaceable to ease future enaimte and
service extension of the vehicle. This means thabea
component will often have a different feature-set the
component it replaces. Separate components ndezldble to
work together despite not always being aware oheasber’s
capabilities. It is also likely that this modulgritill give rise to
a market for cheaper non-OEM components.
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increasingl

encouraged users inside a vehicle to consume nadtan
content and services while on move. However, selgand
enabling the presentation of the most appropriamgent for the
given device is rather complicated due to the aasbunt of
multimedia data available and the heterogeneitysystems
available. Appropriate software infrastructure égjuired and
being developed to enable automatic discovery dficiemt

presentation of multimedia content. Context infatioracan be
used to guide the applications and systems in tiadethe

proper content and format for a given user (passenigdriver)
at a certain time, place and under a specific stnte

Recent advances in computer and Internet technahdgg past
decade have greatly shaped the evolution of inelehi
ubiquitous multimedia environment. On-board infotaent
system is able to access multimedia content fr@Dahanger,
iPod or Bluetooth enabled Cellular Phone. Howethexte are
&till many challenges in this type of environme@he basic
problem of this multimedia service model is the alyic
heterogeneity caused by the physical attributediérsified
omputing devices and vehicle networks. Device asdr
mobility, another important problem of in-vehiclbiguitous
computing, posses a great challenge to the manaeofie
multimedia services

The key contribution of this paper is the descoiptiof
framework architecture for pervasive multimediaviars that
addresses the challenges mentioned above. It deslu
mechanisms to access multimedia content as padragéxtual
information. It is composed of core service compdseand
augmented by several enhanced components that isengpr
distributed service enabler space.

The rest of the paper is organized as follows:i8e& provides
an overview of related research. Section 3 outlthesdesign
concepts for the framework. In section 4, the safev
architecture of the framework has been describedti@ 5

introduces application model for the framework. tiec 6

concludes the paper.

Il. BACKGROUND

Driving is a complex process which requires addptab
interactions between three components: the dribercar and
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the environment. Driving is successful or safe witae Ill.  PERVASIVE IN-VEHICLE MULTIMEDIA
interactions between these three components ardantiy.
Relevant information required to perform the maiividg task
are adapted (to the situation) and exchanged dbrr@gthout
loss between the three components.

A. Overview

Innovative key factor for improving applicationsdaservices,
comfort and safety, and vehicle management aresepted by
pervasive networked technologies in the automosegetor.
This networking enables:

Developing context-aware applications continuesptesent
software engineering challenges. Well known sohgidhat
assist with acquiring and processing context inftiom from
sensors have been proposed by Dey et al. [2], Sitlehal. [3]
and Chen and Kotz [4]. In addition, a variety ofntaxt

management systems that maintain repositories ofegb » Innovation of in-vehicle multimedia system and
information and provide sophisticated query faeiit to software architectures.

context-aware applications have also recently appef, 6]. > Enhancement of the application and services offered
These solutions focus on removing complex functipnfrom end users.

the applications and placing it within shared isfracture, but

do not place much emphasis on providing contextetiod  rig 1 presents typical in-vehicle pervasive netwaidng with
techniques that are natural to use for the appicateveloper. o physical components and devices that could @iathe

Several novel developments are related to conteateness in network.
general. Regarding context-aware multimedia systemd

services, recent trends consider mostly the looatiad time as

part of the context. Contextual information canNeaved into

the process of Authoring, Annotation, Retrieval,afithtion, Engine | VeNicleDynamic
Personalization and Delivery of Multimedia ConteAs an _'_J ﬂ;&l o
example, location can be used as context informatialeliver

most appropriate multimedia information (such agdeo, a I T CD Changer

multimedia presentation or a commercial) relatethéocurrent = e
location of the user. Examples are location andecdraware _| _l

museums or tour guides such as [8], [9]. Locatiodh #@me can
also be used to annotate multimedia content os dliging their

TV Tuner Passenger

Modules

MULTIMEDIA BUS
(MOST/1394)

Radlo l

creation. Contextual information can then be usetay and ot | mamxmnl

store the data as well as being used during thievet process. and Sensors L
Several projects such as Meaning [10], Context Wat¢11], _I_'_I_l Link
or Lifeblog [12] automatically associate such cahial . g

metadata with media captured on camera phones. Wther : |:

comes to presentation of the multimedia contentyicge :
characteristics and bandwidth information can beduss
contextual information to adapt the multimedia emtto the :
device and network capabilities, as e.g. done wittlie
MPEG-21 framework and contextual extensions [13]. gjgyre 1: Pervasive Vehicle Network with Multimedia
Regarding more interactive multimedia services aEhPTV Devices.

or video on demand (VoD), contextual information && used

to perslc)nallzg the czntent and TUCh work needzetd%me -to The network contains a pure multimedia part, regpresd by
correctly estimate the context for proper persaaibn in Multimedia Bus, and a control and external communication

prder t9 enrich  the streamed conteqt by addlng mob%rt, represented Kyletworking for Automotive. Multimedia
information (such as personalized advertisementsjdapting Bus represents the wired multimedia resources. rixte

:?_e pilreslente(_j |nf_o rfmatlor_l tak_lngllnto aczount oserext [14_]' multimedia resources can form an ad hoc network thi&a
inally, location information is also used as cahtgource in communication interfaces of the vehicle network.

pervasive multimedia games. Here, context service

management models and components are used to mgmage In order to exploit the services, provided by aafali
related events and delivery of related multimedsad15]. multimedia resources, a software framework is reargs This
However, we are not aware of any integrated platftrat aims framework must follow the design concepts outlinethe next
to deliver pervasive multimedia services in autdweot Sub section.

environment.

Networking for Automotive

1
L TTTTY
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B. Design Concepts

In order to address challenges described in sectiothe

software architecture presented here incorporatesetflective

techniques into its design, in a sense that thiesysan reason
about and modify itself on a meta-object level. Bhehitecture
considers the following design concepts:

approach allows a declarative way for specifying thgic
components used by the system. The execution depeied
are embedded as a list of decision modules thabefiore the
current one is executed. This defines a directlacgcaph of
executing dependencies between all the decisiorulasdA
topologic sort over this graph provides the exesutirder for
each module. As previously stated, the moduleseaeeuted
when an event occurs, but it is also possible ttiatdecision

> Open: the term has two-fold meaning in the context 0yfnodule runs in parallel to the framework. The decisnodules

this system. First of all, the internal semanti€she

system objects are exposed to the applicationsmn t L . .
Oq,ppllcatlon. The architecture and components thigigrate a

Secondly, the system is open to the modification
replacement of its constructing components.

Component-based: the system is decoupled into

are loaded in runtime, allowing the system to replar modify
certain logic without stopping the execution of thaltimedia

multimedia service implemented time framework are presented
in Fig. 2.

different sets of components, each having individua

functionalities. As the building blocks of the whol
architecture, they can be loaded or
dynamically.

Active: the system environment
functionality.

User-centric: we believe that user, not the apgibo,

will be the ultimate client of pervasive multimedia

service delivery.

In the next section, we present the architecturethef
multimedia framework based on these design concéfgts
name the framework asCAR.

IV. ARCHITECTURAL OVERVIEW

This section presents a high level overviewna€AR, the
context aware multimedia framework architecturescdi®ing
briefly some of the design decisions taken for eaatt. The
framework is divided in three main modules; theAR Kernel,
the Communication Subsystem (CS) andthe Content Module

(CM). The user omCAR provides a set of decision modules an@¢ommunication for the framework.

multimedia protocol software to resolve the comroation
with the vehicle infrastructure.

The Kernel defines a set of software interfacesdha used by
the decision modules for accessing both the CStlaadCM.

This module also provides a set of mechanisms émdling

concurrent access to the data. The Kernel inigalithe server
and the decision modules. To maintain low couplbegwveen
the Framework and the decision modules, an extiensient
system has been developed. This low coupling appraows

dynamically adding and removing listeners withobamging

the predefined internal behavior of the Framework.

The decision modules and their dependencies arifigplein a
configuration file that contains the id, the cl#sst implements
the decision module and their execution dependendibis
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remove

updates ani
application behavior changes, and has certain s¢
administrative power to accomplish the systen

cmp mCAR 7

mMultimedia Application

mCAR:: [Application /L_
whraves T ICARApplication

5]

mCAR Framewark

miCAR: Kemel MCART

Comunication

micAR: Content
Module

Yehicle Intrastructure

Figure 2: Framework Architecture

The Communication System implements asynchronous
It abstracts tiegwork
protocol and the network link (wired or wirelessThus, the
user of the framework defines the communicatiotiqual used
at the application level. Applications open a dedanection
with the framework and for each new connectiontdistaed the
CS creates a content worker thread for handling the
communication with the specific multimedia resouré®r
sending data to a resource, each worker contadimsah queue
and the worker sends data messages stored inubigdo the
specific resource. The worker stores data recefvaah the
resource in a general queue that is part of the CS.

The information of this queue is processed by agertamber of
dispatcher threads, each dispatcher pass the @stage to the
Multimedia Protocol component. The Multimedia Poatb
component is loaded at the startup of Frameworkis Th
component processes the incoming messages of sharces
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and may propagate events to the decision modulestf@r dependencies that should be executed before itefifiing a
listeners) each time a new message arrives. Diffdypes of partial execution order for all the listendiGAREventProvider
events can be defined and propagated by the usmrgth this instances are active components that propagatscextAR or
component. The user application can provide differeuser defined eventsIGAREvent instances). Event source
implementations of thlultimedia Protocol (only one at a time instances can be linked in a chain of event proj@gausing
is used). The latter allows different applicatiendl protocols the appropriate method 6€AREventProvider. When an event
to operate with the Framework [2] [3]. The interoainposition is propagated, the following protocol steps shdddespected
of Communication System is presented in Fig. 3. by each event source:

1. Executes default action event for the current event
source.

cmp 08 Structure

2. Executes thdistenEvent method for all registered

«threads listeners of the current event source, respectieg t
Multimedia  pahessssssssssens MsgDispatcher predefined order.
Protocal wlows - msgQueus: ICARMessage |
3. Propagates the event to the parent of the curxemtte
7 A source (repeat the process from step 1).

"
]
- ]
[
- :

£

~maflow aflaw
- b 1
L]

ginterfaces «hreads class Evert System

CommunicationAP| Resourcelorker

sintarfaces
|CAREventListener

msgtuede; ICARMessage [

+ qetSubscribenList) ;void
+ qefldentifier]) : void

Figure 3: Communication System Structure + waitEvertIGAREvent) Tvaid

cinterfaces
|CAREventFrovider

The proposed queue system, which is based on

ﬁ_-_-_-_-_

producer-consumer model, makes possible to achiextain : ;i”pEa‘;sags;?(’l‘ggg’gzﬁ;?”\};‘;te”903"”‘”
level of asynchronous application - resource comoation. It T(;T:ERE&CET '
. . - VEn
is also possible to distribute the work of the dispers and the
workers under several resources, improving theabddy of + getEventTarget) void
the system + petBvertSourced  void
’ + getEventDatal) : void
V. INTERFACESPECIFICATION Figure 4: Event System Interfaces

This section will introduce the class and interfdesigns of the |CAREventinstances are the event objects that containvete
Event System, Decision Modules and the Multimediatdzol. source target and some data related to the evéwet.eVent
The interfaces are described using UML [7]. Therusfethe Source target is the logic element of the framewitvat

framework provides some of these interfaces to émeht generates the event, for example, if a vehicleddgg event is
different system behaviors. The framework is culyen Propagated then the event source target is theuneso
implemented in C++. identifier.

A. Event System B. Decision Modules

) ) o The framework instantiates decision modules usirfgctory
The event system used in the framework is defir@aguthree  configurable by an XML configuration file. A defaul
interfaces, thelCAREventProvider, ICAREventLisiener and  jmplementation for the factory is provided by tmarfiework;

ICAREvent, the UML class diagram for these interfaces igig factory loads the XML information, resolveseth
presented in Fig. 4. dependencies and allows the runtime instantiatibreach

ICAREventListener instances are registered to listen eventdecision module. The UML class diagram for the sied
from a specific event sourcéOAREventProvider instances). Mmodules is presented in Fig. 5.

Each ICAREventListener instance provides the list of g50h geclared decision module in the XML is ananee of
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ICARDecisionModule interface. All the decision modules are

initialized with the Kernel interface (API to theafework),
including the decision module name and depender@es
(information declared in the XML). ThH&€ARDecisonModule
instance may run in parallel of the Framework gample as a
proxy to other legacy system), or be activatedex@tuted only
under certain events propagated.

class Decision Module /

zinterfaces
ICARDecisionModuleF actary

+ initd ;o vaid
createObject{String) - ICARDecisionhModule
gethoduledString | ICARDecisiondModule

CobEEEEEEE

ICARDecisionModule

+ init{string, [CARSerdce *) void
+  stopd wvoid

Figure 5: Decision Module Interfaces

C. Multimedia Protocol

waxecutables
The Multimedia Protocol component processes th Application
communication messages received from the vehicle ‘mCAR::IAppHcaﬁon

propagating the corresponding events in each cabés
component is divided in three interfaceKARMessage,
| CARMessageFactory and| CARMultimediaProtocol .

class Multimedia Module

interfaces
ginterfaces ICARMeszage
|CARMessageF actory
getDataf) : String
+ createMesageq  ICARMessage getResourceState) : Sting

getTyped) : String
fetitributest) ; String
setittributes(String) ; void

+ + + + +

ginterfaces
[CARMultimediaPratocol

+ processhiessage(lCARMessane)  void
+ init (ICARKemel3enices) :void

Figure 6: Multimedia Protocol Interfaces
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The ICARMessage interface represents a message to exchange
with the resources. The implementation of this riate
provides the methods marshal/unmarshal which reckiput
and Output Streams respectively. These methodsvsaltbe
message to be serialized and deserialized usirfgretit
formats provided by the application, making tramept to
workers and dispatchers, the real stream formdtamged over
the network protocol. Thd CARMessageFactory instance,
provided as part of the Multimedia Protocol comprigy the
application, will be the creator of th€ ARMessage instances.
The ICARMultimediaProtocol instance is responsible for
processing the messages received from the resouretse
different events may be propagated. A UML clasgmdimn of
the Multimedia Protocol interfaces is presenteBim 6.

VI. APPLICATION MODEL

The Application Model of themCAR framework (Fig. 7)
provides support for building and running pervasiugdtimedia
applications on top of the framework kernel. Thelmation
model shall guide modeling of multimedia applicatio
components with the use of interfaces of compoménthe
framework in an efficient manner.

crip Application Model

Application Configuration
Profile

ICARApplication

ApplicationSkeleten [ > Framework Proxy
oo «librany,
Application Management

Figure 7: mCAR Application Model

The applications access the framework function#itpugh an
| Application interface. Each time an application is started, an
ApplicationSkeleton is created to allow interactions between the
framework and the application itself. In particylapplication
interfaces allow applications to request servicesmf the
underlying framework, and to access their own a@jafibn
configuration profile through a well-defined refliee
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meta-interface. The multimedia application is madi as
composition of components based on the componedehud
the framework. The description component model us af
scope of this paper.

[10] The Meaning Projedittp:/meaning.3xi.org/
[11] Context Watcher Applicatiohttp://portals.telin.nl/contextwatcher/
[12] Nokia Lifeblog 2.0 http://europe.nokia.com/nokia/

[13] Asadi, M.K. and Dufourd, J.-C , “Context-Aware Settia Adaptation of
Multimedia Presentations”, , in Proc. IEEE Multineedand Expo,
Amsterdam, 2005

[14] Amit Thawani, Srividya Gopalan and Sridhar V., “Gext Aware
VII. CONCLUSION Personalized Ad Insertion in an Interactive TV Eomiment ”, TV'04: the
4th Workshop on Personalization in Future TV - Mets, Technologies,
Applications for Personalized TV, 2004
In the paper, the software architecture of mMCAR Ib@sn [15] David Linner, Fabian Kirsch, lja Radusch, Steph&ieglich,
presented. The architecture is based on the desigoepts “Context-aware Multimedia Provisioning for PervasiGames”, Proc.
outlined in the paper to meet the multimedia serdieployment ;tgcfrffelnztggnsa“o”a' Symposium on Multimedia (18K}, pp. 60-68,
and management challenges. '
This contribution also introduces the applicatioad®l for
development of multimedia applications on the tbpn€AR.
Applications shall use the provided interfaces AR to use
the framework services. The framework behavior is

configurable via application specific configuratiofile.

Specification of application specific decision mmakes the

framework open and scalable to accommodate sufigpostide
range application and multimedia resources.

Component and interface optimization is the fitgeative of

our future work. We anticipate two main directions:

(1]
(2]

(3]

(4]

(5]

(6]

(8]

9]

ISBN:

» The use in framework dynamic context formation
based on context configuration information.

» Performance analysis of multimedia protocol for
different multimedia resources.
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