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Abstract: The paper describes a mobile application for
traffic telematics, based on the Jdni middeware. The
application is realized as a set of user-leve services,
characterized by following propertiess The services
shoud be proactive, i.e. they act on kehalf of the user
based on the user's preferences. Secondy, context
information derived from floating car data is used to
improve the quality of the proactive service and thirdly,
mechansms are introduced to cope with the inherent
unreliability of the wirelesscommunication channel. The
paper also briefly presents some basic measurements on
packet transfer rates over a wireless IEEE 802.11
communication link.

Keywords. proactive services, traffic telematics, mohile
computing, wirelessnetworks

1. INTRODUCTION

Wireless tedhnology providing mobile acces to
information and communicdion services is playing an
increasingly important role. Accompanying this trend, a
transition of end user devices from a small number of
PCs and laptop computers to numerous small, yet
powerful devices sich as mohile phones, PDAs and
embedded devices is taking dace In the aitomotive
sedor, traffic telematics g/stems built into vehicles will
supply pasengers not only with up to date traffic
information, but also offer a variety of convenience and
safety services. In this paper, we describe a ®mponent
based software achitedure suppating proadive
applicaions and huilding a link between lower-level
sources of information and the end user in a mobile
environment.

Up to now, information and services are provided by
centralized medhanisms through mobile telephone links.
In the future, however, information will be generated,
distributed and shared between vehicles using short-

range wireless communicaion and ad hoc links in multi-
hop networks. Services will be offered in a cwmpletely
decentralized way in a network of service mnsumers and
service providers which dynamicdly may change their
roles. Moreover, higher level user-centric services will
reaursively use dl kind of lower level services eventually
exploiting useful information derived from deeply
embedded sensors [1]. Already available in wvehicles
today, a large number of different sensors generate a
steady stream of data giving information on rain, tracion,
braking, speed, position, accderation etc. These sensors
can serve & distributed sources of context information
[2], [3] to be shared with other vehicles. Exploiting this
floating ca data as context information for proadive
servicesis one of the key issues in our work.

Current communication and information eguipment is
often demanding significant attention from the user [4].
In order not to overwhelm the driver of a car who wants
to benefit from these services, the user interfacebecmes
amajor concern. There ae two main aspeds of the user
interface One simply refers to the input and output
devices used by the driver to interact with the system.
The other asped which is more in the focus of this paper
is that a personalized proadive system asssts the driver
in using these services. The system uses adriver’s profile
to autonomoudly filter information, evaluating gotions
and making dedsions, thus reducing the ntinuous
strean of information to a perceivable amount and
presenting it to the driver in an adequate way adapted to
his preferences. Assisting the driver, withou saaificing
traffic safety by drawing his attention to the gadgets
instead to the road, is the goa of the system. Proadivity
of the user-level services exploiting context information
is one of the keys to achieve this.

The paper is organized as follows: In the next sedion we
briefly sketch the requirements of services in a ca and
motivate the proadivity of these services. Chapter 3
introduces our experimental applicaion which is based
on the Jini platform. The impad of mobility and the



wireless communicdion is discussed in chapter 4 and a
summary and outlook on future work concludes the

paper.

2. PROACTIVE SERVICES

The main contributions to proadivity in this paper is the
definition of a user agent which closely interads with a
service discovery and lookup fadlity. Becaise Jini [5]
was the middleware seleaed for the project, we were
able to benefit from the respedive Jini services. A Jini
Lookup serviceis available in ead vehicle offering a set
of both, user-level services and lower level services
colleding, enhancing and distributing information
extraded from all kinds of embedded sensors. The low
level services form the basis for context credion. To
exploit these services in a proadive way, a user agent is
designed to perform the following tasks:

1.  User Agents keep tradk of available services on
other vehicles. They are parameterized by user
profiles and seledively choose acording to the
user's sttings.

2. User Agents evaluate the lower level floating car
data to creae the ontext acording to which
dedsions about services can be based.

3. User Agents provide auser-defined appeaance of
user-level services. Thus a singe look-and-fed
interface masks the various interfaces of different
services as much as possble.

Point 1 is crucia to guarantee a ceain privacy of the
user. Normally the users have to expose their preferences
to the service providers to alow the services to be
adapted to their spedfic needs. The user agent can
choose services sledively withou disclosing these
details of the user settings. Instead, the agent locdly
filters information adapts it to whatever is edfied by
the user.

The wlledion, filtering and wse of floating car datais an
emerging field of reseach [6,7]. Information,
originating from the embedded sensors of a ca are
diseminated via wireless links. Apart from problems
concerning the propagation and constraints for this data
[7], the user agent filters and evaluates this information
acording to the spedfic requirements of the respedive
application. In chapter 3 we will present some examples
for this agent functionality.

Although Jini services are accesble through a
standardized interface the user-level appeaance of the
service can vary widely. Therefore, as pointed out in 3,
the aent should provide the services acwmrding to the
user’s preferences and the spedfic multi-modal interface

of the locd system such as speed, vision, tactile devices
or various display options.

Of course, the user agent can beneficially combine these
functions, e.g. exploiting context information like the
ca’s light sensor to dedde on the way of presenting data
e.g. visualy or by voice output.

3. THE EXPERIMENTAL APPLICATION

To evauate the feasibility of our architedure in a first
experimental application, we implemented a mobile
traffic Road-Look-Ahead (RLA) service & $own in fig.
1. It enables the driver of a car to olserve the traffic
conditions on the road ahead, e.g. when locked behind a
truck in a blind corner. The driver's own limited view is
complemented by a remote camera service provided by
the truck showing the road ahead.
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Figure 1: Road-Look-Ahead Service as an
example of a Proactive Service
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This RLA Service should comprise dl relevant el ements
of a proadive servicelisted in the 3 statements above. It
dynamicdly connedsaca, e.g. atruckas siown infig. 1
that advertises an image from the locd telematics g/stem.
To seled an image which may be offered by many carsin
read), the user agent has to perform a seledion based on
the mntext information like the speed of the ca and the
diredion, thus filtering ou cars which are far away or
come from the oppasite diredion (althoughthis may aso
be afunction which a user may seled). Fig 2 and 3 show
the achitecture of our system exploited for the RLA
service where fig 2 sketches the server (producer) site
and fig 3 the client (consumer)site respedively.

We implemented the system architecture on the basis of
Java and Jini technology. The notion of a service is
central to the Jini system. This gave us a number of
advantages. Firstly, we were &le to abstrad and
encgpsulate low level context information like paosition,



diredion and speed in a Jini locaion service which
abstrads from all spedfic details of the navigation
devices. Semndly, Jini provides a number of
medhanisms which are related to mobility. Becaise
wireless LANs conneding moving vehicles are
inherently subjed to varying bandwidth, transmisgon
errors and loss of conredion, services nead to be fault
tolerant with resped to delayed, missng or erroneous
data padets. Jini mechanisms such as leasing, remote
events, discovery and lookup support these requirements.
An additional advantage of Jini is based onthe property
of Java, that the mde of a service can be downloaded
from a remote service provider and exeauted locadly.
This allows dynamic installation of services without
involving the user.
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Figure 2: Components of the Look Ahead
Service (producer side)

The system providing the service to the end user can be
divided into hardware cmponents (predominantly 1/0O
devices), fixed software cmponents and mobil e software
components (cf. fig 2). Hardware mponrents are
encgpsulated in Jini services and can be accessed through
awell defined and standardized interface Exploiting the
concept of Jini attributes, the services can describe their
semantics and provide parameters for their exeaution.

The fixed part of a serviceis bound to the host where it
has been started. Upon startup, the serviceregisters a Jini
proxy in the locd Lookup. Now, the service can be
discovered and used by a remote dient. To enable
service usage by the remote dient, the mobile wde
contained in the proxy can an be transmitted to the
respedive host.

On the telematics system of the truck, the RLA Service
provides a video stream aauired through a digital
camera. Bitmap images from the canera driver are
sampled at aresolution of 176x144 pixels and at a frame
rate of approximately 10 frames/s. As an appropriate
middleware to suppat the necessary conversion of
individual framesto avideo stream, the
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Figure 3: Components of the Look Ahead
Service (client side)

encoding and deaoding of the stream, the transmisson
over a wirelesslink and the alaptation to various input
and output devices, we aoped the Java Media
Framework (JMF) [8]. In our example, the H263
encoding scheme [10] was used to convert the sequence
of frames to a compressed video data stream suitable for
transmisdon over a wireless network. Further, we used
the Red-time Transfer Protocol (RTP) which supports
the transmisson of continuous media data streams [9].
The RTP provides timestamps and sequence numbers to
order frames but does not gives any tempora end-to-end
guarantees. To provide these guarantees, mechanisms



have to be deployed on the MAC layer [11,12] aswell as

incorporating predictability measures in the operating

system [13] which is beyond the scope of thiswork.

The Java Media Framework (JMF) as amiddleware layer

supports both, H263 and RTP encoding/decoding,.

Besides cgpturing, encoding and deding video frames

the IMF was also used for presenting the image on the

user's display. Using the mechanisms provided by RTP,

the recaver can discard lost, erroneous or not timely

recaeved image data.

To be accedble by User Agents, the RLA Service
registers its Jini proxy with the Lookup Service locd to

the truck. Data from each vehicles navigation system is

abstraded through a Location Service likewise locdly

registering itself with the Lookup Service To be

automaticadly updated with locdion dbta, user-level

applications sgn w for recapt of Locdion Event

Messages which are distributed through Jini’s remote

event medhanism. The leasing concept of Jini, requiring

the remote application to periodicaly confirm the srvice

registration, is employed to remove unreechable or

erroneous clients from the list of redpients on the

provider side.

Encgpsulating the ca’s display fadlity, a Display Service
publishes its proxy through the locd Lookup Service.
User-level services can use this proxy to display their
spedfic information independent of device spedfic
feaures like resolution or colour representation

A User Agent runs on every user’s local telematic system.
It performs the tasks of 1. discover remote Lookup
Services e.g. on another car and 2 to ched for a RLA
Serviceprovided by the respedive remote ar’s telematics
system (fig. 3). Once discovered, downloaded and
invoked by the User Agent, the RLA Service Proxy
connedsto the locd and remote Lookup Servicecheding
for Locdion Services to acquire ad evaluate cntext
information from the navigation systems. The gplicaion-
spedfic context is composed of the relative position and
proximity of the car (in front of vs. behind/on the side), its
diredion (same diredion vs. oppasite direcion / coming
from the side) and speed (coming closer vs. gaining
distance). After confirming appropriate positioning
between truck and car and establishing connedion to the
truck’s counterpart of the RLA Service, the locd Display
Service is adivated to display the canera image. The
RLA Service processautomaticadly exits after passng the
truck or getting out of its read. Note that al applicaion
spedfic code neaded by the user's telematics gstem is
provided by the truck, no software neads to be installed or
maintained by the user. All context information necessary
for the gplicaion is evaluated proadively. The user is
not required to interact with the system and can focus on
the traffic.

4. COMMUNICATION OVER THE WIRELESSLINK

As the experimental system, two SMART cas were
avalable euipped with laptop computers runrning
Windows2000 and WLAN 80211 (System Aironet
WLAN PC4800) with a maximum data rate of
11Mbits/sec. To provide the neccessary context
information, accessto a navigation system was possible to
extrad position, diredion and speel. Additional sensors
were acceassble viathe SMART' sinternal communication
bus (CAN-Bus) but have not been used in the example
applicaion. The SMART gives us the posshility to test
the wireless communicaion link in under redistic
concerning eg. bandwidth and dsturbance by the
movement of the cars. We measured a single sender and
recaver, i.e. we had no effeds becaise of network
arbitration or contention. Certainly not specificdly
designed for this class of applications the wireless
network performed fairly well at moderate speeds. Figure
4 and 5 show bandwidth measurements for both the UDP
and the TCP protocol respedively. The measurements
were taken from a vehicle passng a stationary recever at

data rate [Mbps]

Figure 4: UDP transmission and reception dat a
rate at 50 km/h

50 km/h. The distance to the recéver was aways in the
range provided by the Aironet WLAN PC 4800
equipment. Detailed measurements for two moving
vehicles have not been made, but should confirm the
results of this setup. Each measurement summarizes the
bandwidth for the transmisson of fifty 1kB padets. In the
case of UDP, an unidiredional link was measured
wheress roundtrips were considered for TCP.
Transmisson errors on the physicd layer apparently lead
to rejeded padkets and a significantly reduced reception



data rate [Mbps]

measurement number

Figure 5: TCP data rate at 50 km/h

data rata. Approximately only half of the padkets can be
recaeved corredly using UDP. For TCP, the same dfects
lead to retransmissions and an overal reduction of the
transmisgon rate. The usable bandwidth is comparable for
both protocols. It should be noted that the figures 4 and 5
present a series of subsequent measurements. Therefore,
the mllapse of bandwidth in fig. 5 is due to a locd
disturbance As a result of the measurements, we can
exped an average bandwidth which is well over 1
Mbit/secwhich is above the necessary datarate to transfer
the image of the look-aheal service However, we
observed a quality of the transferred images which have
been below the expedations gained from the transfer
rates. Partly this was attributed to the faad that because of
lost padkets and retransmissons subsequent padkets are
gueued and therefore transferred with a large latency.
Seoondly, the operating system (Windows2000 does not
give awy tempora predictability when a padket is
delivered to the gplicaion. This results in further
latencies depending on the load o the system.
Additionally, due to delays in receving locaion events
(which are used to confirm the service) and the expiration
of leases, which could not be confirmed in time, the video
transfer was interrupted. In summary a discontinuous
presentation of the transmitted image was observed
despite an average data rate well above the image data
rate of lessthan 1 Mb/s.

Considering a safety-criticd applicaion like the RLA
Service, the services provided by a wirelessTCP/UDP/IP
network are insufficient. However, we exped that at this
end techndogicd advances driven by ca manufadturers
and service providers will substantially improve the
quality and reliability of the physicd layer.

5. CONCLUSION AND FUTURE RESEARCH

The paper presents a traffic telematics application for a
wirelessnetwork. It describes the service architedure and

an example of a proadive system designed for mobile
applicaions. Proadivity is a aucia property of a service
to be usable in a car. Instead of the driver, the system has
to dedde on which serviceit should present to the driver
in what form. To do this, it uses two sources of
information: the preferences of the driver and the actual
context information. We presents an architecture for such
proadive services and introduce a user agent which
colleds, filters and presents services using the available
preferences and context information. The context
information is derived from the embedded sensors
available in the ca of today, which is disseminated to
other mobile attities via wireless links. To cope with
mobility and urreliable communication links, clients have
to confirm their interest in a service periodicdly.
However, at the moment, the system has just a best effort
strategy. As is sketched in the paper, mechanisms have to
be devised which better exploit the available bandwidth.
Well known Quality of Service QoS medhanisms ca be
used in a first step. These include mechanisms to drop
outdated padkets and reserving and synchronizing
operating system resources.

Future reseach will be @nducted in the aea of
improving the predictability of the communication andco-
operation between mobile entities. To provide
predictability in systems like the one described in this
paper, concepts have to go well beyond the reseach in
conventional QoS. Presictability has to incorporate not
only resource reservation but also to a large extent
resilienceagainst failures and adaptation to a continuowsly
changing environment. The reseach will partly be caried
out in the European projed CORTEX (Co-Operating
Red-Time sEntient objeds: architedure and experimental
evaluation, |ST-2000-26031).
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