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Abstract— In-vehicle multimedia components and applications
are becoming complex artifacts due to advancement technology
and increased competition. There is a growing neefr software
platform to enable efficient deployment of ad hoc mitimedia
services in automotive environment. A primary chaknge in ad hoc
multimedia scenario is the dynamic differentiation of provided
levels of performance attributes depending on apptation
characteristics and current resource availability.

This paper presents a bluetooth based multimedia h&ork in a
car and the roles of the nodes in the network. Itufrther models and
evaluates the performance of the network which isupporting
point-to-multipoint audio and data communication in a piconet.
The performance has been evaluated using simulatisnwhen
multiple ACL data connections are present in the pgionet.

Index Terms— Bluetooth, Ad Hoc Network, In Vehicle
Multimedia.

I. INTRODUCTION

During the last years, the evolutionary developnanin-car
electronic systems has led to a significant in@ea$ the
number of connecting cables within a car. To redbeeamount
of cabling and to simplify the networking of dedied devices,
currently appropriate wired bus systems are beamgidered.
These systems are related with high costs andtefgarding
the installation of cables and accessory componeltiss,
wireless systems are a flexible and very advanttecative to
wired connections. However, the realization of by fwireless
car bus system is still far away. Though, costetiife wireless
subsystems which could extend or partly replaceedvibus

particular incarnation of Personal Area Network8Np called
piconet, which consists of one master and up ttaves. The
master device has direct visibility of all slavasts piconet and
can handle three types of communication servicésghwin
Bluetooth terminology are called logical transporisicast
packet-orientedAsynchronous Connection-oriented Logical
transports (ACL), broadcast packet-orientefictive Save
Broadcast (ASB), and circuit-oriented Synchronous
Connection Oriented (SCO). Bluetooth logical transports have
very different quality characteristics, e.g., imts of reliability
and maximum throughput. It is also vital to predadtual
performance of Bluetooth systems so that it camfygied to
the design of a system.

The use of Bluetooth has been restricted to (sgafetgritical
applications in and around the car, e.g. commuioicaand
infotainment applications or applications regardinbe
exchange of pure car-specific information (e.g.tadnand
status data of the body electronics). Inside a Béwgtooth
allows the wireless connection of a variety of eabedded
electronic devices such as control panels, smalblalys or
headsets with other electronic in-car systems. Beyond
replacing wires between in-car devices, the scopehe
application of Bluetooth in automotive environmetigs to
ensure wireless interoperability between mobileiaksy (e.g.
PDA, notebook, mobile phone) and car-embedded ds\ie.g.
navigation system, car radio, car-embedded pharte.main
principle behind is to allow devices to co-operatel share
resources, and to control mobile devices by ushmy dar
embedded user interface, or the other way roundictess
car-embedded systems by mobile devices. In this, way

systems are already nowadays conceivable. A pm@uisi ntionality of an in-car electronics environmeah be greatly

technology in this context is specified by the $atBluetooth
standard [1].

In the wireless networks, Bluetooth is one of thmmunication
technologies emerging as the de facto standardafstrmeter”
connectivity to the traditional fixed network inftaucture [2].
Bluetooth-enabled portable devices can interconttefiirm a
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extended, and beyond that, the personalizationeotar and its
services can be realized.

The provisioning of multimedia streaming applicasousing
wireless network, inside the vehicle, requires g
differentiated performance levels depending
application/user/device requirements in order t@pprly
allocate network bandwidth, especially the limite: available
in the wirelesslast-meter [3]. In particular, the Bluetooth
specification offers limited support to performance
differentiation, by allowing to choose which of ttheee kind of
logical transports to exploit and to statically figare
performance requirements for ACL ones.
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Figure 1: Ad Hoc In -car Multimedia Network.

In addition, current implementations of the Blugtosoftware
stack do not allow applications to exploit the fieai
performance functions included in the specification a
portable way. The result is that the developmerBlagtooth
operations in multimedia ad hoc applications cutyetepends
on specific implementation details of the targeuddboth
hardware/software platform. This relevantly comgias
service design and implementation, limits the pulity of
developed applications, and calls for the adequmteeling of
performance parameters corresponding to potentahec
applications and services.

This paper discusses the model and analysis fommmmnad hoc
network performance attributes for pervasive in icleh
multimedia services for packet based data commtiaicaThe
rest of the paper is organized as follows: Seigmovides the
description of system and potential applicationnsc®s. In
section 3, the performance models have been desci#ection
4 evaluates the performance of the system. Sebtiprovides
an overview of related research and section 6 odesl the
paper.

Il. SYSTEM DESCRIPTION

An ad hoc multimedia network in a car and partitigpdevices
are shown in figure 1. The diagram presents arnoambtwork
containing a smart phone, an infotainment systewh,raar seat
entertainment system. The devices are equippedBhitttooth
module and are capable of establishing a Bluetootimection.
A piconet can be established between Infotainmgstem and
iPhone when the driver or any other occupant ofvibleicle
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pairs the phone. Similarly a piconet could be disthbd
between Infotainment system and rear seat entewain
system. The piconet shall enable sharing of iPluamtents or
access to contents from internet, if appropriatplieation
framework is available at infotainment system.

A. The Multimedia PAN

Bluetooth technology is based on a master-slaveagpirwhere
the master device controls data transmissions gftraupolling
procedure. The master is defined as the devicadrtiiates the
connection. A collection of slave devices assodiatgth a
single master device is referred to as a piconet.

Figure 2: The Multimedia PAN.
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The master dictates packet transmissions withinicangt

according to a time-slot process. The channel v&@ed into

time slots that are numbered according to an iateciock

running on the master. A time division duplex (TD&gheme is
used where the master and slaves alternativelgriripackets,
where even numbered time slots are reserved fotemslave

transmissions, while odd numbered time slots aserved for
slave-master transmissions.

Figure 2 provides an overview of the multimedia Piaslde the
car with the role of different nodes. The piconetehconsists of
a master, the infotainment device, and two slathes,smart
phone (iPhone) and rear-seat entertainment dewisesoon as
the infotainment system is up and running, its Blotgh module
is ready to pair with other available device. Rajnvith iPhone
or with rear-seat entertainment unit or with bagkablishes the
network.

B. Application Scenarios

The ad hoc multimedia network consisting of Infotaent
system and the slave devices shall provide follgvgiervices:

» Access to audio contents from iPhone to Infotainmen
system that could be played and hearable on the

vehicle’s sound system.

entertainment unit via the piconet master.

Access to internet from rear-seat unit using iPhoae
the piconet master.

the network which affects the actual performancthefsystem.

A. Packet Delay Model

In order to model the delay, we consider one te fad hoc
multimedia applications with ACL connections in thieonet.
In this scenario, packet types are adaptively sete@mong DM
1, DM3 and DM5 according to the amount of data iwgifor
transmission in buffers. We consider only DM pasket
assuming that data packets are vulnerable to tedue to
error-prone wireless channel characteristics. Tsuenreliable
data transmission, FEC (Forward Error Correctiamj ARQ
(Automatic Repeat Request) [1] are employed. Waulsited
simple wireless channel model, where BER (Bit ERate) is
constant in a Simulation.

The evaluation of the probability of the queuinglage
exceeding a thresholdyD the delay threshold, starts from the
expression of the delay

My 'ﬁ'luu-'_::rl:'::l_l'
D=3 \ Li g,
=i} =

Access to video contents from iPhone to rear- seat

where g denotes the number of packets in the queue of the
desired application, N (i) is the number of active
applications during the transmission of packetni § is the
length of the packet transmitted by applicatiorujidg the '

Applications based on Information contents receiveghynd.

by the iPhone to help safe driving, such as weather

information or traffic information.

Ill. PERFORMANCEMODELING

The main parameters that can influence the perfocmaf the
network described in previous section are, basicall

>

>
>

The number of application channels,
The offered traffic per application, and

The application profile, defined by the objectiv
parameters (thresholds) and weights.

The performance indicators that should be consitiére this
network are: the packet delay, the packet errey; the latency,
and the throughput.

Packet transmission and reception are synchronmedhe
system clock (625 per sec slot interval). This pdpeuses on
throughput and delay performance in this point-idtimoint
communication environment. We try to simplify andsttact
the system as much as possible while preservinggbence of
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[S)

The limiting effect to the delay, for very high uak, is
determined by the control imposed to the incomiaffit when
the buffer occupancy gets close to its limits.

B. Throughput Model

Taking into account that the main purpose of this hec
network is to provide access to multimedia contemi®
throughput model has to reflect the characteristfsthe
network traffic. Throughput performance is evatgaivhen
there are one or more slave device applicatiarswhich an
ACL or SCO connection is established. It is assurtiext
packets are always transmitted and received in
corresponding slots. In other words, the mastgicdepolls a
slave device with an ACL connection in a round-rofaishion
and it transmits a packet to the polled slave. Wihen slave
device is polled by the master, the slave senuksciet to the
master in the consecutive Blot of the reception of the packet
from the application at master. Various packet $ygemn be used
for ACL connections when there are no SCO connestin a
piconet. Only DHI or DM1 packets are assumed to be

the
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transmitted if at least one ACL connection is pnts@ a dissatisfaction valu&) on the basis of the weights assigned to
the profile parameters.

asymmetric % is considered, where different packet types are

piconet. In order to see the maximum possible perdoce,

used for down (master to slave) and up (slave tetenastream
traffic.

A buffer analysis can be conducted for the netwbr&ughput
resorting to the classical queuing theory [2] sitioe arrival
process is modelled by dnterrupted Poisson Process (IPP).
The number of packets in the queue is well appratech by a
geometric random variable with parameter g}, wherep is the
activity coefficient [3] given by the ratio between the arrival
rate, given by the sum of the arrival rates of ltheive active
applications in the piconet and the service pate

an"'Tm: £ i A
g

To take into account the effects of a finite bufferfeedback is
considered, blocking the incoming traffic wheneviee buffer
occupancy exceeds 90 percent of its capacity. énstmulations,
the buffer capacity is considered at 256 Kbyte.

Fe

IV. PERFORMANCEEVALUATION

The performance of network has been evaluated when
applications on piconet nodes and transferring audi data
packets. We present here the analysis based opalckats.

A. Smulation Setup

The number of applications in the modelled netwdsk
relatively small and they are assumed to transéta draffic
between the nodes in the piconet. For the datdictrahis
combination is expected to result in burst traffieams in the
network. The voice traffic was simulated using amged trace
of PCM audio stream, but not considered here.

Transmitted packets may be lost due to bit ermadsismodeled
with a constant loss probability. All lost ACL paatk are resent
according to the Bluetooth ARQ scheme. In all tineutations
presented herein, the packet loss probability veasos10°.

B. Delay Analysis

Average packet delay, time between arrival of a pasket

(data) into a buffer for transmission and receptibthe packet
at a receiver, is measured for each of traffic laadhe number
of ACL connections changes.

Figure 3 presents the packet latency as a funofithe offered
traffic per application for the network, where thember of
applications is limited to 50, the objective threkls are packet
error ERR, = 10-3 and delay thresholdy3= 10 ms, and the
average duration of the vertical handover proceduassumed
to be 100 ms. The weights reflect the relative ingue of
each objective, according to tiyge of service. The objective
values are used as threshold determine a performance
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Figure 3: Packet Delay as function of buffered packt

traffic.

For low traffic and a profile where packet errorfERas higher
priority, the delay can even exceed that of thérabsBluetooth
system; otherwise, the delay lies between the paefoce of the
ad hoc network and abstract Bluetooth network.

C. Throughput Analysis

The throughput performance of the system is consile
without SCO connections as the number of ACL cotioes
increases. In terms of throughput, in figure 4, gwilable
bandwidth is shown as a function of the offeredfitrgper
application, comparing the three scenarios, wittkp EER, =
10° and Oy, =10 ms. Again, the number of applications in the
network is considered to be around 5 and othempeters have
the same values as that for packet delay measutemen
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Figure 4: Throughput as function of buffered packet

traffic.
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Figure 4 above indicates an improvement in theutinput can
be obtained by choosing a high weight for the paekeor

EER, thus forcing a control on the reliability ohet
transmission. On the other hand, if the focus itherdelay, the
performance in terms of available throughput drépdow

values in correspondence to a high offered traftiad.

Moreover, note that, in this case, a control onpgheket error
rate and delay is performed.

V. RELATED RESEARCH

Bluetooth is a low-cost technology initially desgghfor cable
replacement [4] but more generally intended forkailds of

Personal Area Network (PAN) applications [5]. Itpiobable

that, in the very near future, Bluetooth will be edded in
almost every mobile device. These features coupigi the

interoperability characteristic provided by Bluetwo
specifications [1], make this wireless technologywappealing
for applications in automotive environments [10]s A&n

example, Bluetooth headsets are very popular adess audio
link to a mobile phone, also for vehicular use. Seheeasons
make Bluetooth the most suited technology for tesigh of the
low power Wireless Communication Network (WCN).

The issue of performance management for multimedié

distribution network has been faced at differentele of
abstraction. At lower layers of the OSI protocalcst, several
important research activities have introduced Qo&ra
protocols for resource reservation, service difigedion,
traffic engineering, and constraint-based routifig 7]. At a
higher layer of abstraction, a wide spectrum ofeagsh
activities, from both industry and academia, hasestigated
middleware  solutions  for  multimedia
management. For instance, content distribution owdsv
exploit statically installed or self-organizing eetralized
infrastructures to cache traversing flows and tmdparently
balance the request load by considering clienttioosa [8, 9].

Bluetooth network performance can be evaluated fram (o]

number of viewpoints using variomseasures of performance
(MOPSs). The relevance of each MOP is dependent tipen
specific network requirements. The data-rate oisaievitably
variable, due to mobility and interference in théudtooth
wireless environment. Moreover, losses due to msetréssion,
interference in signalling with data flow, and tepabilities of
the device at the far end of the Bluetooth link ldoalso affect
the data-rate [11]-[14].

VI. CONCLUSION

In the paper, we have modelled and evaluated tI[11e4]

performance of the multimedia piconet in Bluetostipporting
point-to-multipoint communications. Our performarmoedels
provide a performance metric when ACL slave apflices are
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performancegz)

supported. An approximation for the packet ermmbpbilities
has been used and the influence of the main paeasnet the
network performance has been studied. In orderusrantee
low delay requirements, the number of applicationning
simultaneously may need to be limited.

These results can serve as valuable inputs to ptienal
design of Bluetooth based multimedia network wlittotighput
and delay requirements.

We anticipate two main directions for the futurerkio

» Develop analytical models for relevant measures of
performance for the described ad hoc network.

» Performance analysis of multimedia protocol for
different multimedia resources and performance
attributes.
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