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Abstract—Almost all modern cars can be controlled remotely not yet adapted for vehicle-driver communication [3].
using a personal communicator (keyfob). However, the degreefo This paper targets this class of vehicle-driver interactio
interaction between currently available personal communicators « Long range communication system: The driver is at a

and cars is very limited. The communication link is unidirectional dist f thatiem f th hicle. This t f
and the communication range is limited to a few dozen meters. IStance of more thalwm Irom the venicle. This type o

However, there are many interesting applications that could be system is generally supported through the existing GSM
supported if a keyfob would be able to support energy efficient network by using a mobile phone/PDA as keyfob.
bidirectional longer range communication. In this paper We pgagjge their communication range keyfobs can be categbrize

investigate off-the-shelf transceivers in terms of their usability dina to th icati ttern th il
for bidirectional longer range communication. Our evaluation according to the communication patiern they suppowdirec-

results show that existing transceivers can generally support tn  tional or bidirectional. Unidirectional (one-way) keyfobs are
required communication ranges but that links tend to be very only able to transmit information to the vehicle. These kg
unreliable. This high unreliability must be handled in an energy are not able to receive data. Bidirectional (two-way) kégfo
efficient way by the keyfob to car communication protocol i 5r6 more capable as they allow us to send data to the vehicle
order to make off-the-shelf transceivers a viable solution. . .
and to receive data. There are two modes of operation of a
bidirectional keyfob that have to be distinguisheghchronous
. INTRODUCTION and asynchronous. Synchronous communication allows the
n%{liver to send a request to the vehicle which responds im-

Modern cars can be controlled remotely using a perso diately. F le. the dri iaht d 60 th
communicator (keyfob). However, the degree of interactigh o 'atey- FOr €xample, the driver might Send a requesteo
ar to inform him of the current fuel levels. With asynchraso

between currently available personal communicators ansl ck ication th hicl d data to the dri i
is very limited. The communication link is unidirectionatch communication the vehicie may send data to the driver at any

control messages can only be sent from the keyfob to tH@e. For example, the driver may configure the car to trahsmi

car. In addition, the communication range is limited to a fefy Message when a theft is de.te.cted_.

dozen meters. Thus, application scenarios that are clyrent Nowadays close range, unidirectional keyfobs are_mostly

supported are very limited. For example, keyfobs are usgaed as they are simple to construct. Only a transmitter but
' RO receiver element is required and communication prosocol

are many more interesting keyfob applications that coufd” be _kept s_|mple. It is our goal to construct a ”.‘ed'.“m
range, bidirectional keyfob for asynchronous communicati

be supported if the aforementioned technical limitations T . - .
&‘gpls is a challenging task as an efficient transceiver must be

overcome. A longer range two-way communication chann 4 and bined with itabl icai tocol
would allow us to support a range of interesting applicaiionuse _anhd combined with a suitable communication protocol.
lpsthls paper we describe the performance of a an off-the-

For example, the keyfob could be used to receive stat _ : ) .
elf transceiver. The obtained results will allow us in a

messages such as burglar alarm natifications from the car. t step t fruct tchi icati tocol

keyfob could also be used to query the vehicle and requ glxths €p IO gons ruc Ita rﬂac mghcommunlc_a '?.n prod)?co.

information such as the current fuel level. s the evajuation resutts show, such communication protoco
o . L . must handle high message loss rates while achieving energy
Communication systems for vehicle-driver interaction Calke iancy for the keviob
be classified according to the communication distance attwhi y yiob.

they work. Available technology generally fits into one oé th [l. TRANSCEIVERSELECTION

following three classes: For a car manufacturer it is important to keep costs low.
o Close range communication system: These systems areThus, it is desirable to use off-the-shelf transceivers for
used when the driver is not more thdtim away from keyfobs that are already on the market and used in large
the vehicle. Almost all available keyfob systems can bguantities for other purposes. Furthermore, a keyfob must
classified as such close range communication systemse usable in all countries as car manufacturers do not want
« Medium range communication system: The driver is be- to adapt systems for different countries whenever possible
tween30m and1km away from the vehicle. This class ofThus, a transceiver should use frequencies and power levels
communication system is not widely used as appropriateat are acceptable in all countries. A bidirectional kéyfo
transceiver hardware and communication protocols ateat supports asynchronous communication needs to canserv



Fig. 1. Achieved packet reception raf@R R in Experiment 2. Fig. 2. Achieved packet reception rat€R R in Experiment 3.

energy to achieve an acceptable lifetime. Such keyfob maust@Stance). Interestingly, a large number of measuremeintspo
able to receive permanently as the car could send a messageerve very low PPR values (beld?%). Communication
at any time. Thus, the transceiver must be power efficient. 40€s not drop suddenly from high PPR values to zero. A large
To comply with the previous outlined requirements w&°ne exist in which communication is possible but packet los
decided to select the AVR AT86RF212 transceiver [1]. TH&LES are h'gh'_ , . . .
transceiver adheres to the IEEE 802.15.4 standard and i&XPeriment 3: In a third experiment a built-up area with
widely used for industrial process monitoring and conttol. Smaller two story buildings is used for evaluation. The nesre
supports the Chinese WPAN Band, the European SRD Bdﬁoolaced in the center of the area and measurement points are
and the North American ISM Band. The transceiver requir€§t in @ grid pattern (see Figure 2). The measurement is taken
9m A for listening operations ant8m.A during transmission, @S Close as possible to the center of the grid box. Again, it
Thus, the transceiver can be operated in listen mode f§robserved that a large number of measurement points have
4.6days if a typical AA battery with a charge 0f000mAn VeTy low PPR values.
is used. An acceptable lifetime of a month can be achieved IV. FINDINGS AND CONCLUSION

by operating a communication protocol that duty cycles the 1o transceiver can achieve easily the required communi-

transceiver chip (see [2]). cation range of up tdkm if there are no obstacles between
sender and receiver. In more realistic urban environments a
range of250m is feasible which falls short of the desired

For evaluation we used a sender and a receiver Witinge oflkm. However, this distance would still be sufficient
AVR AT86RF212 transceiver with standard half wavelengtty enable communication between a driver at home with his
antenna. A keyfob antenna will obviously have a slightlyiearby roadside parked car.
different design, however, our setup is still useful fortiali ~ The evaluation shows that communication situations with
evaluation. The transceivers use the European SRD Band fl’()@ﬁy low packet reception rates are common. However, these
863M H~z to 870M Hz with a power level ofl0dBm. The sjtuations are acceptable for the intended applicationasie
sender transmits for each measurement point a sequencei®iata throughput and data transport delay are not critical
100 packets of siz&0byte with an inter packet spacing of Enough bandwidth and time is available to retransmit lost
5ms. The transmission speed is set to the lowest tl’ansmiSS'm@ssages a number of times. For example, to transmit a car
speed of20kb/s using BPSK as reliability and not data ratelert indicating a theft only a few bytes need to be transmitt
is of interest (See Section IV). At each measurement poet thnd the message can be delayed for a few seconds. Thus,
packet reception rate (PRR) that the receiver is recorded. it is important that the communication protocol using the

Experiment 1. For a first experiment sender and receivaransceiver is able to handle necessary retransmissiolis we
are placed in line of sight; no buildings or other obstaclas particular, the protocol must integrate power savingcfun
obstruct the transmission path. In this case a packet ieceptionality with retransmission functionality. To achieveg goal
rate of PRR = 100% up to a distance oskm is successfully we plan to modify the existing power efficient FrameComm
measured. Obviously, reliability and achievable range agemmunication protocol described in [2] such that observed
acceptable. However, in a real application scenario lirggift high loss rates can be managed as well.
between keyfob and vehicle are unlikely.

Experiment 2: In a second experiment the receiver is placed _
on a car park alongSIde. a road On. Lancaster _Umvers[f‘) ﬁtttrES/lv'vA\v-\l;\?végr'rzuzeiiéﬁtlgyer:/;%?l?é?st/lgrloduct card.aspM86RF212.
Campus. A measurement is taken at different locations alopg j "genson, T. O’'Donovan, U. Roedig, and C. Sreenan. Qppis
the same road with an increasing number of multi story tic Aggregation over Duty Cycled Communications in WirelesnS
biings btween sender and recivr. The evaluatiomsten 51 NEWYS In Prcecdnes of e P, Tock en Setor ot
and results are shown in Figure 1. As expected, a much smaller ;psn2008/sPOTS2008), St. Louis, USA, April 2008.
distance can be bridged if a large number of buildings i8] G.-A. Chakam and M. Brzeska. Achieving long range commaitin in
between sender and receiv82{m maximum communication  cars. [ET Digest 2007.
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