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CAR MONITORING INFORMATION SYSTEMS

Summary: The objective of this contribution is to chara@er alternatives of
information systems used for managing, processiigexaluation of information related
to company vehicles. Especially we focus on loggtransferring and processing of on-
road vehicle movement information in inland andeingational transportation. This
segment of company information system has to moiiite car movement — actively or
passively — according to demand of the company after the processing it has to
evaluate and give the complex monitoring of a situaof all the company vehicles to
the controller.

INFORMATYCZNY SYSTEM MONITOROWANIA RUCHU SAMOCHODOW

Steszczenie:Celem niniejszej pracy jest scharakteryzowanieradityw systemow
informatycznych @ywanych do zamgzania, przetwarzania i oceny informacji
zwiagzanych z pojazdami firmowymi. Zwracamy szczegoélnigag; na rejestrowanie,
przekazywanie i przetwarzanie informacji o ruchyapdu na drodze w transporcie
krajowym i midzynarodowym. Ten segment systemu informatyczndgoyf ma
monitorowa& ruch samochodéw — czynnie lub biernie — wedlugrzedt firmy i po
przetworzeniu ma ocehii zapewné kompleksowe monitorowanie sytuacji wszystkich
pojazdéw firmowych dla kontrolera.

1.INTRODUCTION

Recently, an information system has been more amigk miscussed expression in various life
spheres, whether in science or governmental oafisector. Also the question of their utilizatfon
administration and data-manipulation of the caetflef companies which more or less uses their
vehicles for passenger, goods transport or antgperof service comes to foreground. In all caies,
is necessary — even by law (tax bureau) or formalecompany requirement — to monitor the status
and utilization of all vehicles — their runningpeering, servicing, etc.

The objective of this contribution is to analyseieas data recording and transfer of vehicle
movement from the view of their economical and tedbgical effectiveness in the area of Slovak
republic. All of analyzed possibilities work on edjyrinciples: a mobile device which is capable of
recording data of vehicle position and status &edetoy able to communicate with the outside world,
and the fixed part which provides the capabilityadfministration, saving and analyzing the obtained
data and communication with the mobile devicestkxtan vehicles. This part may be broken down
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into two layers — system containing the applicatmgic and data archiving system (database server).
Simply it can be said that almost in all cases ithisonsidered as three-layer architecture, as shiow
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Fig. 1. System architecture
Rys. 1.Architektura systemu

For evaluation of suitability of separate altermesi it is necessary to respect specific needs of
companies — some of them need vehicle movementniafiion, obtained after its return to the car
park; some of them need to be informed about stidoation and motion of the vehicle in real-time;
in some cases it is necessary to communicate hétldévice in the car in duplex mode and actively
deliver data into computer in the vehicle, to imficthe driver or to assign him various requirements.

2. ANALYSIS OF LOCALIZATION POSSIBILITIES

The main part of the entire system is vehicle li@aedibn. At present, there are in principle two
most used technologies, which provide localizatibuehicle — terrestrial and satellite.

At this time, 3 existing satellite navigation teokogies are discussed. It is (now fully operatipnal
American system GPS, Russian GLONASS system atieeifuture — European GALILEO system.

The GPS system provides very exact time-referehmesh anywhere on the earth or earth-orbit.
The advantages are absence of operating costsebyiesv due to free receiving of GPS signal and
low prices of receiver-purchasing [1].

The GLONASS system at present consists of 18 gageo it is fully operational for the Russian
territory, whole earth has to be covered in 20 yozperational-costs by user-view make this system
also potentially suitable, but until this signallwiot be worldwide, this is not an actual soluti@ad
accessibility to receivers of this type of signahgrates another disadvantage.

GALILEO navigation system, constructed under strengport of public finance of European
Union, in contrast to both previous, is exclusivalysigned to civil and commercial usage. Full
configuration is scheduled for 2012. In contrasta©S it will provide higher exactness and better
coverage of areas far-away from equator (for exarfghndinavia). Besides public free and encrypted
exact signal it will provide priority service “Safeof Life” and emergency localization service. [2]

Presently it is possible to use only one altereatprovided by American navigation system GPS.
But in the future it will be possible to use andawe simultaneously signal of all three technasgi
whereas they will be reciprocally compatible. Hustreason it is advisable to think about purch@gsin
a receiver, which will be easily adaptable to reicgj all signal-types at the same time.

The problem of technologies based on terrestrlipation is considered by suppliers of mobile
technologies and providers of mobile networks aygar several years. At present, mobile network-
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operators offer localization on the principle of2HD (Enhanced Observed Time Difference method),
where cell phone evaluates delay of receiving $ggfiam the Base Transceiver Stations (BTS) in the
range, thereafter data are sent to the centre hwadumputes location of cell phone. Exactness &f thi
method is in the open area about 60 meters arkinrban areas about 200 meters.

Such type of position-information is not only rélaty inaccurate but also quite expensive,
whereas in case of vehicle-tracking the optimabli@ation-step can be about 1 minute. In addition,
this type of service is not provided by all of mebnetwork operators which provide voice and data
services. Then for all model examples listed bdluig/type of localization is unacceptable.

3. ANALYSIS OF DATA TRANSFER EQUIPMENT BETW EEN VEHICLES AND
ORGANISATION

Presently, for the wireless data-transfer it issgae to use the technologies which are described
in the following sections:

3.1. Data-transfer via infrared technology

The advantages of IrDA (infrared radiation) daemtfer system include low prices of sensors and
low absorption by passing a metallic glass, withiclvhmany modern vehicles are equipped.
Disadvantage of this solution could be the needliofct visibility between devices and limited
working radius (about 1 — 3 meters).

3.2. Data-transfer via bluetooth technology

The Bluetooth technology does not need direct Misibbetween devices. Signal strength provides
communication possibility to 10 meters, but if #nere barriers, accessibility decreases transfer of
data through terrestrial mobile networks

As the mobile networks area-coverage is at thig tanhhigh-level, it is also possible to use this
technology for remote wireless information transfeacket-switched technology GPRS based on
GSM-standards is progressively replaced by fasied generation technology UMTS. The price for
small data-volume is not enormous and also in #se of short sending data-interval the total amount
IS not so high. This solution is interesting fonguany vehicles, used inland, if it is needed tochaw
demand instant vehicle motion-information or tofpen direct interaction with a device in the car or
to give the driver necessary instructions. Disathges are incompatible settings of different mobile
networks, which causes a potential malfunctionraftessing country’s boundary and changing the
network (to roaming) — therewith the next disadagetis related — the price for transferred data in
case of roaming-using is incomparably — as mantgmagimes — higher against standard rates. But in
unavoidable cases the information value of veHmbation, nevertheless, exceeds the financial value
paid for data transfer.

3.3.  Transfer of data through satellite communication sgtems

Satellite communication systems like INMARSAT orlIRUM have almost unlimited signal
accessibility under the same communication corttiall over the world (they cover about 98% of
the population). When crossing the frontier neitther configuration, nor the price for the services
usage change. However, these are inaccessiblel@orirand underground areas (closed park-houses,
underground garages, tunnels, etc.). The next dhsdage is the price for transferred information.
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Besides obtaining information about vehicle logatia real time, this type of service makes the
interaction with computer or vehicle driver possibl

3.4. Data transferring via technology of wireless fidely

Technology of Wireless Fidelity is the standardkzme for wireless local networks LAN
(WLAN), at present based on specifications IEEE.B02It provides connection to the network in the
Access-Point neighboring devices with wireless satafPC, notebook, PDA ...). Frequencies Wi-Fi
are not licensed, however only devices with broadparformance until 100 mW are allowed, so they
have limited accessibility. Typical Wi-Fi routerudd be reachable within 45 meters in the buildings
and 90 meters outdoors. It appears from this tha&t technology does operate without usual
operational costs but it is only able to inform abite vehicle movement after arrival to parkingoe!
or garage of the company.

The new system called WiMax defined in the standBEE 802.16 will operate based on similar
principles as the supplement of this technologyhvagperational range of 40 — 70 km in outdoor
environment possibility-analysis in model examples

3.5.  Daily press distribution

A company which is concerned with this type of bess does not need to use navigation
system, because their drivers have driven thiseralieady several times. The question of vehicle
localization is not necessary to be discussedf@aground there is in a problem of localizationada
transferring. This type of company does not neetiadee the overview of actual location of each
vehicle but it is necessary to know which vehicdes on the way, which of them are in the parking
place etc. For such a company it is enough tleat#n-movement data are collected at the moment of
its arrival to the parking place, like in the pastin “Driving-book” manual was, and this fact can
spare relatively considerable amounts of moneyc@ifrse, the transfer as such has to be equally
secured that the information-distortion throughvers or third persons does not occur. The
combination GNSS (GPS) — localization and Wi-Fi/Véiv- data transferring appears to be the most
suitable system for this type of company

3.6. Taxi service

For taxis it is already suitable to think not omlgout recording, eventually localization of exact
route, but also about active navigation by softwaith loaded relevant map-details. The taxi-service
with a big car park employs also its own dispatshéfter a demand they have to choose a vehicle,
which is not busy and/or reserved and simultangdasilosest to the point of customer-pick-up point
All these conditions indicate that the online védilocalization is necessarily required. The paht
customer pick-up driver can be informed about iro tways — by making use of two way
communication with a vehicle or by a transmitter.the first case the possibility of satellite data
transfer is clearly eliminated due to high cost @oedsequently, it is obvious that advantages of
satellite communication will not be utilized in sh¢ase, as the taxi vehicles are not usually ergssi
country frontier. In this case, the optimal comitima of technologies is: GNSS (GPS) for localizatio
and GPRS/UMTS for data transferring.
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3.7.  Emergency systems

During operating service, the emergency vehiclewehabsolute priority on the road
communications. Also in this case, as with the-teghicles, it is suitable to use the navigatiortexys
In addition to localization of the vehicle, usedthg operator, it is in the interest of human kf@ag,
to connect the navigation software (with the magaith with the mobile device (or to implement it)
which performs the localization and data transfreby it is necessary to use the duplex transfer
mode (in this case in the direction to vehicle)t e driver and crew of these vehicles have their
shortest or fastest route already scheduled atirtiee of getting into the car. This solution clearly
speeds up the arrival of emergency to the destimaibint and thereby increases the probability of
people survival after serious accident or othentsséhat need the action of emergency system. Next,
after the arrival to the destination, in case ofoses event, it is easy to report how the situatmrks
like, to the operator and to evaluate if the nemermyency vehicle is necessary. The operator can see
on the display where the car is located and hentammage and send the next emergency vehicle very
easily and fast. Optimal combination seems to lee dbuple of technologies GNSS (GPS) and
GPRS/UMTS. But as human life is concerned in ttdse¢ any failure of such a system is not
allowable, and for that reason it is exceedinglgdiel that the backup system will be applied. Good
selection for data transferring backup-system cdadda satellite communication system, although
very financially costly, also the combination of G8l (GPS) and GPRS/UMTS/SAT will be used.

3.8.  Mass public transportation

In the age when every saved minute by travellingnts it is very important for the travelling
public to know where the public transport vehicldnich a passenger would like to get in, is situated
He needs to know the delay of the vehicle if ituwscand to have the possibility to use another
alternative or to use the time reserve for otheamimggful activity. Information system has to loeali
the vehicle, calculate the probable time of arrteaévery following bus stop and to send informatio
to the centre. In this section, it is possibleg¢graent the transferring method to urban and inbewur
Within the frame of operational costs minimisatithe wireless Access Points around the
transportation lines in the whole town will be aigad, which provides for the data receiving between
vehicles and the centre. The side effect of thiat®m can be the creation of many free hot-spots
around the city, in the case of adequate secuwstsfer. For this model example the following
combinations could be suitable:

— in the case of interurban or long-distance trartsppon the data transfer through GPRS/UMTS
is the optimal solution;

— in the case of urban mass public transportationdtta transfer can be solved via Wi-Fi hot-
spots;

Localization by GNSS systems (GPS) is in both cagsignal. It is necessary to say that in the
international mass public transportation this tgpenformation system does not make sense.

This article has been worked out within the projg@&GA 1/0398/08 — Negative-Externality
reduction in road transportation.
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