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Abstract: This paper presents a platform used to acquire, analyse and transmit data from a 

vehicle to a Control Centre as part of a Pay-As-You-Drive system. The aim is to monitor 

vehicle usage (how much, when, where and how) and, based on this information, assess the 

associated risk and set an appropriate insurance premium. To determine vehicle usage, the 

system analyses the driver's respect for speed limits, driving style (aggressive or  

non-aggressive), mobile telephone use and the number of vehicle passengers. An electronic 

system on board the vehicle acquires these data, processes them and transmits them by 

mobile telephone (GPRS/UMTS) to a Control Centre, at which the insurance company 

assesses the risk associated with vehicles monitored by the system. The system provides 

insurance companies and their customers with an enhanced service and could potentially 

increase responsible driving habits and reduce the number of road accidents. 
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1. Introduction  

This paper presents an on-board vehicle platform used to acquire, analyse and transmit data to a 

Control Centre (CC) as part of a Pay-As-You-Drive (PAYD) system. Advances in communications 

technology and development of low-cost, high-performance hardware and location systems enable 
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implementation of a diverse range of driving applications. For example, Lin et al. presenteo d a system 

used to monitor vehicle exhaust emissions, in which data acquired by the vehicle’s European  

On-Board Diagnostics (EOBD) system are passed through an RS-232 converter, processed by a 

microcontroller and then transmitted to a server over a General Packet Radio Service (GPRS) cellular 

network [1]. Sa et al. described a system that uses a microcontroller connected to a laptop computer to 

acquire data about vehicle speed, acceleration and fuel consumption, among other parameters [2]. 

Project AIDER presented a portable system based on sensors and video cameras that, in the case of an 

accident, delivers data on the incident’s circumstances and severity (as well as on the occupants’ state 

of health) to the appropriate authorities via a cellular network (GPRS) [3]. The UTDrive project’s aim 

is to understand driving behaviour (driver identification, driver distraction detection and driver 

manoeuvre recognition) using multi-channel sensor data from CAN-bus, Global Positioning System 

(GPS), video, audio and additional accelerator- and brake-pedal-pressure signals [4]. Moreover, many 

contemporary vehicles include driver assistance systems, such as lane departure warning (LDW) 

mechanisms, pedestrian detection, traffic sign detection (TSD), etc. 

The aim of this paper is to implement a system comprising interfaces (EOBD, GPS, GPRS, 

Universal Mobile Telecommunications System– UMTS, etc.) and computing capacity required to 

acquire, process and transmit data to a CC as part of a PAYD system. The architecture proposed could 

also be adapted to work in conjunction with other services. PAYD services require access to vehicle 

usage data (how much, when, where and how). These are acquired in the vehicle and then transmitted 

via a communications system based on mobile telephone technology. This paper's principal 

contribution is that the system implemented also provides information about driving style (how a 

vehicle is driven) and analyses habits directly related to the level of risk assumed by the driver. 

2. Pay As You Drive 

This section describes PAYD vehicle insurance and its potential impact on vehicle usage and safety. 

Under the PAYD model, the cost of automobile insurance is determined by vehicle usage. The 

simplest form of PAYD bases the insurance cost on the number of kilometres driven during the policy 

term, thereby creating the option for customers to lower the premium by reducing the distance 

travelled. PAYD insurance can also provide savings for responsible customers, reflecting the idea that 

price should reflect costs [5-9]. It has been suggested that PAYD systems could reduce vehicle travel 

by over 10% [6] thereby also reducing the road accidents, traffic congestion, road and parking 

infrastructure costs, energy consumption, pollutant emissions and consumer costs associated with 

vehicle use.  

The PAYD insurance model may also take other data into account in addition to number of 

kilometres travelled, such as when, where and how the vehicle is driven. For example, it may be 

suggested that vehicle usage is likely to involve greater risk at night and at times of the day or year 

when traffic is heaviest. The geographic location of habitual vehicle usage may also affect the level of 

risk assumed. Another factor likely to influence the risk level is how the vehicle is driven, as driving 

style and habits, which have received little attention to date, have a significant influence on accident 

rates. Several studies show that human factors are responsible for 90% of road accidents and that 30% 
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of these are caused by distractions (using a mobile telephone, changing radio station, putting out a 

cigarette, etc.) [10,11]. 

Speeding is one of the principal human factors affecting driving risk and various studies show the 

advantages of using speed management systems to improve road safety. In the White Paper “European 

Transport Policy for 2010: Time to Decide”, the European Commission draws attention to the fact that 

road transport is the most dangerous and costly mode in terms of loss of human life (“one person in 

three will be injured in an accident at some point in their lives”) [12]. If vehicle users are aware that 

speeding will incur economic penalties enforced via their insurance premiums, they may be more 

likely to decrease their speed, thereby contributing to reducing the possible effects of an accident [13]. 

The disadvantage of this model is that it only assesses codified driving risk, not actual driving risk. 

For example, a driver who regularly breaks the speed limit would be more heavily penalized than one 

who regularly drives within it. However, this does not consider context and a driver who regularly 

breaks the speed limit but otherwise drives in a safe manner would be charged less than a customer 

who regularly drives within the speed limit but drives erratically or carelessly. It may also be suggested 

that if this type of system were widely installed in vehicles, drivers would feel more secure, as they 

would deduce that the penalties applied would be likely to make other road users drive  

more responsibly. 

The aim of this paper is to develop a system that identifies how much, when, where and how the 

user drives the vehicle. This information can be easily obtained from data acquired from the CAN Bus 

(EOBD), the GPS and a circuit designed to detect driver mobile-telephone use. Information indicating 

'how much' (time, number of kilometres) is obtained from a microcontroller, from the GPS and from 

the EOBD. The GPS also provides information on 'when' and 'where' the vehicle is used. Access to 

information captured by the EOBD enables the number of vehicle occupants to be estimated. This data 

is of interest because a higher number of vehicle occupants indicates a higher cost for the insurance 

company in the case of an accident. 

Determining 'how' the vehicle is used is an open research topic in which many factors have an 

influence (driver state and experience, vehicle type, driving style, etc.), although this research paper 

has addressed this issue by analysing the following parameters: 

• Respect for speed limits: GPS data and current speed are checked against the road database to 

ascertain the current speed limit and then check if the vehicle is within it. 

• Driving style: This paper suggests accelerating and braking hard demonstrates an aggressive 

driving style. The system analyses these two factors to judge if the vehicle is being driven 

aggressively. It also estimates the number of occupants per trip by detecting the number of doors 

opened and seatbelts fastened. 

• Driver mobile-telephone use: Many studies show that driver mobile-telephone use increases 

driving risk [14-17]. This risk also extends to pedestrians [18]. It is estimated that mobile telephone 

use for one hour per month increases the risk of having an accident by 400–900% [19]. A Dutch 

study estimates that zero mobile-telephone use whilst driving would prevent  

nearly 600 road deaths and hospital admissions per year in the Netherlands (2004 data), while a 

US study estimates that telephone use whilst driving in the US results in around 2,600 deaths  

and 330,000 serious injuries per year [20]. 
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3. System Architecture  

This section presents an overview of the implemented system (Figure 1), which comprises an  

On-board System (OS) installed in a vehicle and a CC. The system uses mobile telephony to transmit 

data between the OS and the CC. The OS acquires vehicle function data from the EOBD system, 

vehicle position-speed data from the GPS and driver mobile-telephone use data from a detector circuit 

(RF energy scavenging). The core of the OS is a high-performance microcontroller that processes and 

stores the data captured before transmitting it to the CC. 

Figure 1. Block diagram of the system.  
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Figure 2 shows an image of the platform implemented, which comprises the following components: 

1. Processor: AT91SAM9M10 (400-MHz ARM926 core, 128 MB of SDRAM and 4 GB of NAND 

Flash memory) with a series of integrated peripherals (USB, Ethernet, SD/MMC card reader, 

serial interfaces, etc.). The system also includes a 3.5’’ touch-screen (only used during 

development and debugging). The platform uses the Linux operating system to implement the 

required functions (GPS data processing, mobile telephone communications, signal processing, 

data file management, etc.). 

2. Power supply: Dual source (vehicle and device battery) to ensure device operation if the car 

battery is disconnected. 

3. GPS module: Commercially available model (EM408, based on the SiRF Star III chipset) 

connected to the microcontroller via a Universal Asynchronous Receiver/Transmitter (UART) 

interface and configured as a 4800-bps, 8-bit, non-parity serial line. The NMEA 0813 standard is 

used to obtain the data. This standard allows for code portability and replacement of the GPS 

module without having to modify the rest of the platform. 
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Figure 2. Development platform. 

 
 

4. MTX-H2 modem: The UMTS and High Speed Downlink Packet Access (HSDPA) protocols are 

used to transmit and receive data between the OS and the CC. This module is controlled by the 

microcontroller using AT commands (Attention command and standardized modem  

control commands). 

5. RF harvesting block (mobile-telephone detection circuit): Electronic system used to detect driver 

mobile-telephone use.  

6. EOBD connection: Achieved via a bespoke interface based on the ELM327 integrated circuit 

and capable of communicating via any protocol currently in use (i.e., ISO 9141-2, ISO 14230-4, 

SAE J1850 (PWM and VPM), ISO 15765-4 and SAE J1939). Data is converted into packets 

transmitted to the microcontroller via an RS-232 serial interface. This enables the platform to 

acquire the data needed from the EOBD system, which monitors the vehicle's various parameters 

via a series of sensors and generates and logs warnings in case of malfunction. Examples of the 

data available include engine revolutions per minute (RPM), fuel consumption, number of 

seatbelts fastened, etc. 

7. Control Centre. The CC consists of two servers, a web server (Apache Tomcat server), which 

hosts the application used to communicate between the vehicles and the graphic interface, and a 

database server (MySQL database server), which stores and processes the data used to assess 

each vehicle's level of risk [21,22]. The CC can be configured to inform users by e-mail or Short 

Message Service (SMS) about the estimated level of risk over a set time period. This feedback 

could increase user awareness about the risk associated with certain driving habits and  

encourage improvement. 

Figure 3 shows the information flow designed to exploit the hardware architecture's potential and 

the microcontroller's processing capacity. Under normal driving conditions, the microcontroller 

acquires data from the GPS (speed and geographic position) and checks whether the driver is 

respecting the speed limit (path 2). At the same time, it checks whether the driver is using a mobile 

telephone (path 3) and also acquires data from the vehicle's EOBD system (RPM, number of doors 

opened and number of seatbelts fastened), from which it estimates the number of passengers (path 4). 

This data is processed and stored in the microcontroller prior to transmission to the CC for analysis. 
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Figure 3. Information flow. 

 

 

Provided a mobile telephone signal is available, the CC can check the vehicle's real-time position 

(path 1) to provide additional services such as fleet monitoring, vehicle location in case of theft, etc. 

Furthermore, users at the CC can access the EOBD protocol (path 5) to obtain vehicle data for 

diagnostic and preventive maintenance purposes. This data could also be used to provide new services 

in the future, such as remote tachometry. 

4. Detection of Driver Mobile-Telephone Use 

Detecting mobile telephone use within a defined physical space requires an energy-capturing circuit 

tuned to an appropriate frequency. This process is known as RF harvesting or RF energy scavenging. 

In its simplest form, this circuit is known as a “rectenna”, i.e., a combined antenna and rectifier 

producing DC power from RF-electromagnetic energy [23]. The antenna tunes in to the selected 

frequency bands (Global System for Mobile Communications (GSM), UMTS) and the voltage is 

amplified by a voltage multiplier and then rectified [24,25]. Low-threshold RF Schottky diodes are 

used to maximize the rectifier’s voltage output. The rectified DC voltage is stored in a large capacitor 

and digitized by an analogue-to-digital converter for subsequent storage and processing by a 

microcontroller (Figure 4).  

Figure 4. Diagram of the RF harvesting blocks. 
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The voltage obtained with this system depends, among other factors, on the distance between the 

telephone and the antenna and the relative orientation between the two. Figure 5 shows a practical 

example of the energy captured from a mobile telephone over various open-air distances while a call is 

being made. When the telephone is not in use, the energy captured is minimal. When a call is made, 

this energy is inversely proportional to the distance between the telephone and the energy-capturing 

antenna. This voltage can be digitized by a microcontroller to enable subsequent application of a 

detection algorithm to estimate mobile telephone use. 

Figure 5. Energy captured over various open-air distances. 

 
 

The vehicle’s internal structure and metal chassis interfere with the theoretically ideal distribution 

of the mobile system’s energy (energy proportional to telephone proximity). Therefore, a 2-antenna 

system (right and left) is used and each antenna has its own energy-capturing circuit (Figure 6). When 

positioned suitably within the vehicle, this set-up, combined with appropriate analysis of the signals 

captured, reliably detects driver mobile-telephone use. 

Figure 6. Antennae location within the vehicle. 
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The system was tested in a car driven on the University of Alcalá campus. A Sony-Ericsson K800i 

mobile telephone subscribed to Spanish operator Movistar was used. Figure 7 shows system 

performance when a single mobile telephone was used inside the vehicle by (a) the driver, (b) the  

front-seat passenger, (c) the left-hand rear-seat passenger, (d) the central rear-seat passenger and 

finally (e) the right-hand rear-seat passenger. 

Figure 7. Energy captured by the rectenna circuit.  

 
(a) Driver’s seat        (b) Front seat           (c) Left-hand rear seat    (d) Central rear seat    (e) Right-hand rear seat. 

 

As can be seen, the strongest signal was captured when the telephone was used by the vehicle driver 

(>4 volts in the antenna closest to the mobile telephone). When the telephone was used by other 

vehicle occupants, the voltage levels captured were usually below 2 volts. This difference therefore 

enables the system to detect when the telephone is used by the vehicle driver. The mobile telephone 

usage detection algorithm is executed permanently in the microcontroller, allowing the system to 

monitor the number, time and duration of all calls made whilst the vehicle is in motion. Driver mobile-

telephone usage time (TMOBILE) is then used as a risk assessment criterion. 

5. Non-Aggressive Versus Aggressive Driving 

Other factors used to assess vehicle usage are respect for speed limits and driving style (aggressive 

and non-aggressive). Below are the results of real-world tests performed by drivers purposely adopting 

aggressive and non-aggressive driving styles. The route selected included various elements that 

required changes in driving speed and featured several potential distractions (roundabouts, pedestrian 

crossings, etc.). The tests took place on the University of Alcalá campus over a 2.6 km route. The 

speed limit for the entire route was 50 km/h and the test circuit was closed to all other traffic  

and pedestrians. 

The test assessed the vehicle speed parameter, which was obtained from the GPS. Figure 8 shows 

the speed graphs for the first three drivers. These reveal that these drivers exceeded the speed limit for 

brief periods (shown in red) and drove non-aggressively (shown by the square of the derivative of 

speed, also in Figure 8). 
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Figure 8. Results of non-aggressive driving.  

 

(a) Driver 1 

 

(b) Driver 2 

 

(c) Driver 3 

In contrast, Figure 9 shows the results of more pronounced speeding and an aggressive driving style 

characterized by erratic accelerating and braking (again shown by the square of the derivative of 

speed). To analyse these aspects mathematically, the SSPEED and SACCELERATION variables have been 

defined. SSPEED is the area comprising the difference between the horizontal line indicating the speed 

limit (50 km/h in this example) and the extent by which this threshold is exceeded (shown in blue in 

Figures 8 and 9). SACCELERATION is the integral of the square of the derivative of speed. 

In general terms, aggressive drivers drive erratically and at excessive speed, change gear at high 

RPM and have to brake sharply if they encounter unanticipated situations, such as an inattentive 
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pedestrian on a pedestrian crossing. In contrast, non-aggressive drivers drive moderately and at 

permitted speeds, enabling them to respond better to unanticipated hazards encountered on the road. 

Table 1 quantifies driving style numerically. Drivers 1, 2 and 3 exceed the speed limit at certain 

points on the route and their driving erraticism is measured as being 8.45 × 104, 5.21 × 104  

and 4.64 × 104 km/h2. For drivers 4, 5 and 6, the figures are clearly higher (3.11 × 105, 1.00 × 105, 1.74 × 105), 

suggesting they take greater risks when driving. 

Figure 9. Results of aggressive driving. 

 

(a) Driver 4 

 

(b) Driver 5 

 

(c) Driver 6 
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Table 1. Results.  

 Area of excessive speed 
(SSPEED) (km2/h) 

Area of square of derivative of 
speed (SACCELERATION) (km/h2) 

Driver 1 3.9000 8.4526e + 04  
Driver 2 3.0952 5.2159e + 04 
Driver 3 3.7700 4.6422e + 04 
Driver 4 20.2868 3.1167e + 05 
Driver 5 9.3758 1.0029e + 05 
Driver 6 7.4486 1.7478e + 05 

6. Data Processing 

The aim is to acquire statistical data on vehicle usage that can be used by insurance companies to 

set insurance premiums on the basis of the risk assumed by each individual customer. Although the 

type of data considered and analysis of the same are beyond the scope of this paper, Table 2 suggests 

some possible criteria. 

Table 2. Possible data analysis criteria. 

Criterion Variable Comments 
How much km 

NK  

Creation of a penalty system based on number of kilometres (NK) 

travelled by the vehicle within a set time period. 

Where Zones  

TZ1, TZ2 

 

Definition of various geographic zones, each of which is assigned a 

coefficient. Vehicle position data are acquired from the GPS. This 

example considers two zones: TZ1, TZ2. 

When Day/night 

TDAY, TNIGHT 

Creation of two time bands (day/night), each of which is assigned an 

appropriate penalty. Chronological data are acquired from the GPS. 

How Respect for speed 

limits 

SSPEED 

Estimated as the area between the horizontal line marking the legal 

speed limit and the extent by which this threshold is exceeded, thereby 

considering both the amount by which the speed limit is exceeded and 

the time for which this occurs. 

Aggressive driving 

SACCELERATION 

Analysis of variations in vehicle speed, considering as the variable the 

area of the vehicle's acceleration curve.  

Number of vehicle 

passengers 

NOCCUPANTS 

Average number of passengers per NK kilometres travelled. Estimated 

on the basis of the number of doors opened and the number of seatbelts 

fastened (data obtained from the EOBD system). 

Mobile telephone 

use TMOBILE 

Amount of time the driver uses a mobile telephone whilst the vehicle is 

in motion. 

 

Based on the data in Table 2, a possible risk assessment calculation is shown below: 
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where: 

CF:    

NK:    

%TZi: 

%TDAY, TNIGHT: 

NOCCUPANTS:  

k1,…k9: 

Fixed charge. 

Number of kilometres travelled by the vehicle. 

Percentage of time the vehicle is in zone i (based on a two-zone division). 

Percentage of time the vehicle is used during the day/night. 

Average number of vehicle occupants. 

Appropriate constants. 

To make the insurance cost proportionate to risk and usage, the premium's variable charges could be 

based on criteria such as number of kilometres travelled, zone, day/night usage, number of occupants, 

mobile telephone use, driving style and respect for speed limits. 

By way of example, Table 3 shows usage data for two vehicles (A and B) over a one-month period 

(30 days). Vehicle A is mainly used to travel between home and work in the same city during the day. 

Vehicle B is used by a sales representative who travels between several provinces (sometimes at night) 

and regularly exceeds the speed limit, drives aggressively and uses a mobile telephone whilst driving. 

Based on the suggested formula, vehicle A's insurance premium would be €47.20, while vehicle B's 

would be €130.67. This calculation may be modified according to commercial strategy or other 

conditioning factors. 

Table 3. Insurance premium calculation. 

 Vehicle A Vehicle B 
NK 632 3712 
%TDAY, TNIGHT 100.0 80.20 
%TZi: 100.0 80.20 
NOCCUPANTS: 2 1 
TMOBILE (MINUTES) 0 57 
ASPEED 377 2028 
SACCELERATION 4.64e + 06 31,100,000 
ki k1 = 1.00e-05               k2 = 40 

k3 = 60                         k4 = 40 
k5 = 60                         k6 = 1.2 
k7 = 0.1                        k8 = 0.001 
k9 = 0.000001 

Total premium €47.20 €130.67 

7. Conclusions 

This paper presents implementation of a system that provides data on vehicle usage to establish a 

more equitable basis for assessment of insurance premiums. A platform on board the vehicle acquires 

and processes data obtained from the GPS, the EOBD system and a mobile-telephone use detection 

circuit. A mobile telephone connection transmits these data to a CC, at which the risk the vehicle 

represents to the insurance company is estimated. This paper's principal contribution is that it estimates 

how a vehicle is used and proposes a variety of new solutions (hardware, signal analysis and risk 

assessment) that will require validation under real-world conditions. 
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The system proposed is expected to produce economic benefits for both customers and insurance 

companies, to reduce road traffic and pollution, and, more importantly, to reduce the number of road 

accidents and their related outcomes. By making minimal modifications to the firmware, other 

potential applications include image transmission and processing, vehicle location in case of theft 

(GPS combined with GSM), eCall automated incident detection and reporting (including number of 

passengers) to the emergency services in the case of an accident, etc. The system has particular 

potential in the fleet management field and could be extended to include other information in addition 

to vehicle position and speed, such as load data (via RFID) and place and time of loading/unloading, 

which could be used to prevent theft.  

Acknowledgements 

The authors would like to express their gratitude to the Spanish Ministry of Education for the 

support provided through the “Implementing a Pay-As-You-Drive service using a hardware/software 

platform” project, ref. TSI2007-61970-C01.  

References 

1. Lin, C.E.; Shiao, Y.S.; Li, C.C.; Yang, S.H.; Lin, S.H.; Lin, C.Y. Real-time remote onboard 

diagnostics using embedded GPRS surveillance technology. IEEE Trans. Veh. Tech. 2007, 56, 

1108–1118. 

2. Sa, J.S.; Chung, N.H.; Sunwokk, M.H. Experimental analysis of driving patterns and fuel 

economy for passenger cars in Seoul. Int. J. Automot. Technol. 2003, 4, 101–108. 

3. Conci, N.; De Natalea, F.G.B.; Bustamante, J.; Zangherati, S. A wireless multimedia framework 

for the management of emergency situations in automotive applications: The AIDER system. 

Signal Process. Image Commun. 2005, 20, 907–926. 

4. Angkititrakul, P.; Petracca, M.; Sathyanarayana, A.; Hansen, J.H.L. UTDrive: Driver behaviour 

and speech interactive systems for in-vehicle environments. In Proceedings of IEEE Intelligent 

Vehicles Symposium, Istanbul, Turkey, June 13–15, 2007. 

5. Edlin, A.S. Per-Mile Premiums for Auto Insurance. Economics for an Imperfect World: Essays in 

Honor of Joseph Stiglitz, MIT Press: Cambridge, MA, USA, 2003. Available online: 

http://works.bepress.com/aaron_edlin/28/ (accessed on 10 May 2010). 

6. Litman, T. Distance-Based Vehicle Insurance Feasibility, Benefits and Costs: Comprehensive 

Technical Report, VTPI 2008. Available online: www.vtpi.org/dbvi_com.pdf/ (accessed on 9 May 

2010). 

7. Parry, I.W.H. Comparing alternative policies to reduce traffic accidents. J. Urb. Econ. 2004, 54, 

346–368. 

8. Greenberg, A. Designing pay-per-mile auto insurance regulatory incentives. Transp. Res. D. 2009, 

14, 437–445.  

9. Winkelman, S. Travel Demand and Urban Form: Lessons and Visions. In Proceedings of 

Asilomar Conference on Transportation and Climate Policy, Pacific Grove, CA, USA, August 22, 

2007. 



Sensors 2010, 10                    

 

 

5408

10. Soria, J. Factor Humano. Seguridad Vial 2001, 150. Available online: www.dgt.es/revista/ 

num150/pdf/factorhumano.pdf/ (accessed on 9 May 2010). 

11. Petridou, E.; Moustaki, M. Human factors in the causation of road traffic crashes. Eur. J. 

Epidemiol. 2000, 16, 819–826. 

12. European Transport Policy for 2010: Time to Decide. Available online: http://ec.europa.eu/ 

transport/strategies/2001_white_paper_en.htm (accessed on 2 December 2010). 

13. Hirst, W.M.; Mountain, L.J.; Maher, M.J. Are speed enforcement cameras more effective than 

other speed management measures? An evaluation of the relationship between speed and accident 

reductions. Accid. Anal. Prevent 2005, 37, 731–741. 

14. Walsh, S.P.; White, K.M.; Hyde, M.K.; Watson B. Dialling and driving: Factors influencing 

intentions to use a mobile phone while driving. Accid. Anal. Prev. 2008, 40, 1893–1900.  

15. Charlton, S.G. Driving while conversing: Cell phones that distract and passengers who react. 

Accid. Anal. Prev. 2009, 41, 160–173. 

16. Strayer D.L.; Drews, F.A. Cell-Phone–Induced Driver Distraction. Current Dir. Psychol. Sci. 

2007, 16, 128–131. 

17. McEvoy, S.P.; Stevenson, M.R.; Woodward, M. Phone use and crashes while driving: a 

representative survey of drivers in two Australian states. Med. J. Aust. 2006, 185, 630–634. 

18. Nasar, J.; Hecht, P.; Wener, R. Mobile telephones, distracted attention, and pedestrian safety. 

Accid. Anal. Prev. 2008, 40, 69–75. 

19. Violanti, J.M. Cellular phones and fatal traffic collisions. Accid. Anal. Prev. 1997, 30, 519–524. 

20. Car telephone use and road safety. Final Report. An overview prepared for the European 

Commission. Jeanne Breen Consulting: North Yorkshire, UK, June 2009. 

21. Apache Tomcat. Available online: http://tomcat.apache.org/ (accessed on 29 April 2010). 

22. MySql. Available online: http://www.mysql.com/ (accessed on 29 April 2010). 

23. Akkermans, J.A.G.; van Beurden, M.C.; Doodeman, G.J.N.; Visser, H.J. Analytical models for 

low-power rectenna design. IEEE Ant. Wirel. Propag. Lett. 2005, 4, 187–190. 

24. Yan, H.; Macías-Montero, J.G.; Akhnoukh, A.; de Vreede, L.C.N.; Burghartz, J.N. An Integration 

Scheme for RF Power Harvesting. In Proceedings of the SAFE 2005 Conference, Utrecht, The 

Netherlands, June 13–15, 2005; pp. 64–66. 

25. Hudec, P.; Polivka, M.; Pechac, P. Microwave System for the Detection and Localization of 

Mobile Phones in Large Buildings. IEEE Trans. Microw. Theory Tech. 2005, 53, 2235–2239. 

© 2010 by the authors; licensee MDPI, Basel, Switzerland. This article is an Open Access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


