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Abstract 

A floating car data (FCD) system is a relative new collection method for traffic data, which has many 

advantages in comparison with the traditional collection methods, such as overall network coverage and 

high precision. This paper intends to provide insight into the reliability of FCD, using the city of Maastricht 

as a case study. Three main factors were taken into consideration when measuring the reliability of FCD: 

first, travel time as an indicator for the quality of traffic information and the way traffic flows in an urban 

area; second, speed profiles as a means to recognise congestion; third, the floating cars’ share 

transmitting traffic information which makes it possible to estimate the total amount of traffic. This paper 

concludes that travel times measured by FCD are significantly different from reality over particular day 

episodes. The FCD speed seems to be a good predictor of the average point speeds. The methods used 

for estimating the FCD vehicles’ share of the total traffic in an urban are helpful to present the real 

situation.  

 

1. Introduction 

As the number of private and commercial vehicles on the road grows, it becomes more and more 

necessary for traffic managers and road authorities to apply accurate and reliable traffic information. A 

relatively new method for collecting accurate traffic information is represented by floating car systems. In 

this case, the vehicles themselves are used as a data source, producing traffic data and functioning as 

moving traffic detectors that are not bounded to a specific and fixed location along the road 

infrastructure (Westerman, 1995). Data gathered through floating car systems – Floating Car Data (FCD) – 

are based on the information exchange between a sufficiently large fleet of floating vehicles driving on a 

GIS verified road network, a central processing data system and traffic data clients. First, through GPS, 

vehicles collect data about their location, time and, optionally, velocity. These data are sent periodically 

to a data centre. Second, in this central data system the tracked vehicles are positioned on a digital road 

network. After processing information sent by vehicles, it is possible to obtain FCD along the travelled 

routes on the road network. 

In comparison with traditional data collection systems, this method makes it possible to estimate the 

travel time across an extensive and dense road network, due to the mobility of the data source. In 

contrast with other traffic data collection methods, floating cars act as moving sensors travelling in a fleet 

and do not demand any sensor loops embedded in the roadway. Because of these reasons, floating car 

systems are a cost-efficient way to gather accurate traffic data for travel predictions and simulations. 

The reliability of FCD depends mostly on the frequency of sending out the reports, the accuracy of the 

GPS-system and the percentage of floating vehicles, transmitting traffic information. Furthermore, the 

more frequent a report by floating GPS-units is sent out, the more reliable the end product will be 

(Coëmet et al., 1999). 

The emergence of floating car systems was made possible by using wireless communication methods, 

especially the globally covering GPS and GIS applications. The first FCD based application dates from 

1991, when Advanced Driver and Vehicle Advisory Navigation Concept (ADVANCE) was launched as a test 

for collecting traffic data by using in-car navigation systems. ADVANCE was first practically implemented 



 

in 1997 in the Gary-Chicago-Milwaukee Corridor transport system, which is considered the first intelligent 

transport system (Sen et al., 1996). 

Besides useful information about the average travel time and speeds along travelled links in a road 

network, FCD also provide information about travel directions and congestion. In addition to travel times, 

FCD can provide information on complete driven routes and therefore FCD are in nature trip based data. 

Hence, FCD contributed to the further development of existing route choice analyses methods, as origin-

destination data add intelligence to simple digitized road maps. This resulted in an extensive use of origin-

destination information (Koller et al., 2011). 

Because of the potential of FCD and of new developments in the communication and sensor technology, 

it is possible to transmit more information about vehicle status, such as ABS signals, lights status, number 

of passengers, the distance to surrounding vehicles, temperature, windscreen wiper status, crash reports, 

etc. This FCD information is called Extended Floating Car Data (xFCD) (Böhm and Scheider, 2010), also 

known as the second generation FCD. xFCD is considered as a potential development for dynamic traffic 

management. The efficiency of xFCD is higher compared to FCD, mainly because of the reduced number 

of FCD needed for reliable traffic information(Huber et al., 1999). 

This paper examines the reliability of FCD on the basis of a case study. The research was executed in 

Maastricht, the capital of the province of Limburg in the Netherlands. FCD collected in the city throughout 

one week are examined and discussed to determine the extent to which FCD can be considered as 

reliable. In doing so, three factors were taken into consideration, namely the average travelled time, the 

average speed and the percentage of floating cars transmitting traffic information. The travel time 

derived from FCD gives an indication of the way the traffic flows in an urban area. On the basis of speed 

profiles, congestion can be recognised. With the percentage of floating cars transmitting traffic 

information, it is possible to estimate the total amount of traffic on the Maastricht road network during 

the survey period by means of a scaling factor. 

Section two of this paper provides a brief outline of the FCD and the reference data. Section three focuses 

on outlining the case study area. The fourth section describes the methods of testing and improving the 

reliability of FCD. Section five presents the main outcomes of the study and identifies the aspects which 

can be ameliorated through a proposed correction model. Section six concludes this paper and advises on 

directions for further research.  

 

2. Literature 

A review of existing literature in the field of FCD reveals two ways of looking at traffic information quality: 

on one hand, from a technical point, regarding the accuracy of the measured data. On the other hand, 

quality of FCD can be looked at from the driver’s perspective, emphasizing aspects such as the relevance 

and usefulness of the received FCD. 

 

Technical considerations  

The accuracy and as a result the extent of FCD reliability depends, among others, on a correct positioning 

of vehicles, which is determined by the used technique of positioning. An incorrect localisation leads to 

an incorrect velocity determination (Leduc , 2008). Several studies have compared velocity data by means 

of induction loops or predicted by speed through FCD (Rose, 2005). In general, the results show that 

there is a strong correlation between the two measurement methods, depending on factors such as the 

type of road on which the velocity data were collected. For instance, measurements taken on motorways 

show higher correlations than the ones taken on secondary roads.  

Root mean squared error is a measure of accuracy used by Hoogendoorn and Lint (2006), while the 

reliability is considered as the average of the variability of the mean. Several studies (e.g., Zang et al., 

2007; Bar-Gera, 2007) have investigated the accuracy of FCD with regard to the number of vehicles.  

The number of vehicles to represent an accurate image is dependent on the technological limitations 

(accuracy of GPS) and the traffic density. A representative image of the traffic situation is achieved when 



 

sufficient vehicles are measured and the intervals between the measurements are refreshed within a 

certain interval of time. To perform an acceptable measurement, Rose (2005) states that 3000-5000 

vehicles are needed for a medium sized city. Measurements taken in the night are less accurate, due to 

the low traffic density. This results in diverged velocity averages. A possibility to improve the quality of 

FCD is according to a study by Brockfeld et al. (2011) a self-evaluating system based on historical data. In 

this case, a comparison is made between the historical travel time of realised taxi trips and the travel time 

prediction based on real time FCD. The actual travel time will be corrected by first using the predicted 

data and second, corrected by the historical travel time. In addition to this method, Lederman and 

Wynter (2011) estimate the missing real-time traffic on a road network. This could be used in tunnels 

where no GPS-signal can be received, and as a result no location can be presented.  

Brockfeld and colleagues (2010) have described the “Orinoko project” and have concluded that raw FCD 

includes much “noise”, which affects the preciseness of the measured values, resulting in inaccurate 

averages. The detected noise is an unrealistic value, arising, for example, from wrongly positioned FCD-

devices on a map. This means that the output from one FCD-device is not reliable and does not represent 

a true image of the traffic situation on a road segment. Therefore, raw FCD should be aggregated over a 

time and/or space interval to receive more reliable traffic information. The authors conclude that delays 

on a route affect the derived speed average, which can be influenced by the coverage of the number of 

FCD-devices on the road, the intervals of sending the FCD and the size of the measured area.  

 

Driver’s point of view 

The studies mentioned above consider the traffic information quality from a technical point of view. On 

the other hand, a study by Schmitz (2005) was carried out to investigate the driver’s perspective. Its 

results give insight in the drivers’ satisfaction of traffic information: proper traffic information, according 

to drivers, should firstly be useful by bringing added value for route choice making. Secondly, it has to be 

available timely. This indicates how up-to-date the given traffic information should be, thus the 

information has to reach the driver before one runs into a traffic jam. Thirdly, receiving actual and timely 

information depends strongly on the driver’s distance to the distribution medium. A medium closer to the 

driver (e.g. a mobile phone or in car navigation system) is faster and therefore better.  

Until now, most Dutch road authorities rely on traditional measurement systems. Although they are 

aware of FCD’s surplus value, in most cases its application is still a step too far. An unexplored area is the 

use of the data by road authorities in an efficient way for traffic 

analysis purposes. However, before the FCD can be used, its 

reliability should be tested. In this paper the quality of one FCD 

source is examined, by means of a case study, by measuring to 

what extent the three factors are reliable, namely travel time, 

speed profiles and the share of FCD vehicles of the total traffic on 

the Maastricht road network during the survey period.   

 

3. Case study description 

The research area is the medium-sized city of Maastricht, situated 

in the south of the Netherlands. It is the capital of the province 

Limburg, counting approximately 120.000 inhabitants. The city is 

divided by the river Maas in an eastern and western part, with 

only two bridges allowing motorized traffic to cross the river. 

Furthermore, the A2 motorway crosses the east bank from the 

north to the south, dividing this part of the city in two.  To the 

north of Maastricht the A2 motorway merges with the A76 

motorway. Coming from the north, the A2 changes into a 
Figure 1. Study area with border numbers. 



 

roadway with traffic regulated level crossings. Next, three traffic lights are placed along the road path for 

pedestrian crossings. 

Figure 1 shows a more precise description of the research area: the main road network of the east bank 

of Maastricht, accessible from three locations on the motorways (border numbers 1,2 and 7), on four 

main roads (border numbers 3 up to 6) and on seven lower classified roads (border numbers 8 up to 14). 

The data that are used in this study were collected during the full days of Tuesday, March 2nd 2010, up to 

and including Tuesday, March 9th 2010. Seven locations have an Automated Number Plate Recognition 

(ANPR), installed, see numbers 1 up to 7 in figure 1 and the other seven are equipped with inductive 

loops. In addition, ten inductive loops (blue dots in figure 1) were used in order to estimate the 

penetration rate of floating vehicles in the study area.   

 

4. Methods 

Data source 

FCD can originate either from GPS devices or mobile phones. However, due to poor accuracy of mobile 

phones compared to GPS, these mobile phone data are only suitable for real time use of FCD, in contrast 

with filling historical FCD databases. Therefore, the used FCD source in this study originates from GPS 

devices.  

Raw FCD consisting of individual points indicated by x and y coordinates and by time notation were 

positioned on a digital road network. The used data are derived from portable navigation systems, in-car 

navigation systems, GPS based mobile applications and logistic companies with a large fleet using 

navigation systems. FCD coming from portable devices were obtained when connecting the devices to a 

computer for a software or map update. 

 

Travel-time analysis  

The first factor analysed by this study consists of a comparison between FCD and ANPR measurement of 

the average travel time by vehicles over 21 routes in the study area. Travel time collection methods in 

dense areas are ANPR, Bluetooth scanners, manual counting and floating vehicles. The first three 

mentioned are methods which are based on a two-point measurement, with no information available in 

between. Unfortunately, the driver’s route choice between the two measurement points is unknown. 

has a high accuracy unlike Bluetooth detectors. Bluetooth only can detect vehicles on several lanes 

together, while utilises one camera on each lane. Manual counting is in practice rather difficult, expensive 

and time consuming. As a consequence, data was chosen for the purpose of this study. When analysing 

data, three variables were taken into consideration: travel times during several day episodes, different 

route lengths and types of road. Several regression analyses were carried out in order to determine the 

influence of each mentioned variable on FCD speed, in order to see the difference between the two 

traffic data collection methods.  

First, a regression analysis (1) was carried out for the average speed on the routes, where the FCD speed 

is compared with the actual speed over the routes. 

bXaY +=
^

  (1) 

Where: 
^

Y  =  predicted real average speed according to the ANPRs; 

a  = intercept; 

b =   regression coefficient; 

X  =  average speed according to the FCD source 

 



 

Next, a regression analysis (2) was performed using variables that may influence the average speed over 

the route. A stepwise method was used, along with 105 records (21 routes divided over 5 day episodes),  

including dummy variables for type of road and day episode.  

XZbZbZbbZbZbZbbaY )( 3726154332211

^

++++++++=   (2) 

Where: 
^

Y  =  predicted real average speed according to the ANPRs; 

a  =  intercept; 

b   =  regression coefficients; 

1Z  =  length of a route; 

2Z  =  day episode in which the measurement took place; 

3Z  =  type of road which the route passes; 

X  =  average speed according to the FCD source. 

2Z and 3Z are entered in the regression model as dummy codes. 

 

Velocity analysis 

A common traffic data collection method for static and dynamic traffic analysis uses induction loops, 

which are embedded in the roadway. The induction loops count passing vehicles, distinguish vehicles 

types by length and measure the speed of passing vehicles, while FCD provide the average speed of one 

vehicle on a road segment. In total 16 induction loops, spread over the study area, were used.  

In order to determine to what extent the FCD average speed on a road segment is accurate, a comparison 

was made between the average point speeds measured by an induction loop, located in the FCD road 

segment, in the same traffic direction and over the same period, and the FCD average speed of the road 

segment. The average point speed, for the induction loops and the average FCD speed over a road 

segment, were calculated by using the harmonic mean method, where the harmonic mean H consists of 

positive real numbers 0,...,, 21 >nxxx , defined as: 

∑
=

=
n

i ix

n
H

1

1
  (3) 

Where: 

H = harmonic mean; 

ix  = speed of vehicle i; 

n  = number of vehicles included.  

 

When analysing the average speed, three variables were taken into consideration: the day episode, the 

speed limit at the measuring point and the length of the used FCD road segment. On the basis of a 

regression analysis, the average speed can be predicted, given time and location, using the mentioned 

variables. Hence, to see the direct influence of the average FCD speed on the predicted average speed 

according to the induction loops, regression model (1) is used where X  = the average speed of a road 

segment according to the FCD source. The effect of several variables on the average speed of a road 

segment is examined by a regression analysis, using regression model (2) with: 

    

1Z  = length of a road segment; 

2Z  = speed limit at the measuring point;  



 

3Z = day episode of the measurement. 

2Z and 3Z are entered in the regression model as dummy codes.  

 

Percentage of FCD 

Another important factor in measuring the reliability of FCD consists of the number of the FCD vehicles 

and their share in total traffic. This factor is measured in two ways: a point analysis of the share of FCD 

vehicles in total traffic and an estimation of their share over the main roads in the case study area.  

For the point analysis, ANPR inductive loop and FCD data were compared. To draw an image of FCD’s 

share over a bigger area, several methods were used. The used methods estimate and correct the 

amount of vehicle trips over the passing routes through the case study area. Besides a Doubly 

Constrained Model (Ortúzar and Willumsen, 2001, p.163-170), used for an iterative proportional fitting  

(with a beta of -2.0) of trip distribution in which the number of vehicles passing the origin and destination 

point is known, a fitting is used for calculating the intensity of several road segments with induction 

loops. On the basis of an origin-destination matrix, shown in Table 1, the number of trips between pairs 

of origins and destinations can be calculated. The numbers in the grey area in Table 1 are not included in 

the totals. These numbers are known as a result of the ANPR survey and therefore not taken into account 

in the Doubly Constrained Model.  The totals of passing vehicles at the locations 8 up to 14 are monthly 

means calculated by the concerning municipality. It is assumed that the amount of incoming vehicles 

equals the amount of outgoing vehicles per day, so that the horizontal totals equal the vertical totals. 

Next, the totals of passing vehicles at the location 1 to 7 are assessed depending on the type of road at 

the location. The highest type of road has a number of 500 vehicles, main road 250 and lower classified 

roads 50. For a better result these numbers should be calculated manually or by using ANPR’s.  

At the same time, the cost factor, in the Doubly Constrained Model, is the distance of the shortest path 

between the locations, according to the Google route planner (maps.google.com).  

Intensities per day 
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Total 

 

    1 2 3 4 5 6 7 8 9 10 11 12 13 14  

A2 noord 1               500 

A79 2               500 

Noorderbrug 3               250 

Kennedybrug 4               250 

Molenweg 5               50 

Akersteenweg 6               50 

A2 zuid 7               500 

Pasweg 8               3500 

Humcoven 9               4200 

Raar 10               1200 

Bemelerweg 11               1000 

Eckelraderweg 12               3500 

Rijksweg 13               4000 

Oosterweg 14               6000 

 Total 500 500 250 250 50 50 500 3500 4200 1200 1000 3500 4000 6000 25500 

Table 1. Empty origin-destination matrix for the 14 edges of the network. 



 

 

Because intersections occur in a network, the intensity on different route parts, from intersection to 

intersection, will differ. Therefore, road segments were defined from intersection to intersection. The 

trips are distributed probabilistically over the different routes, determined by Google route planner, with 

the formula:  

∑ +

+
=

i

ii

ii

i
a

a
p

)exp(

)exp(

γϕ

γϕ
 (4) 

Where: 

ip = probability a trip goes by route i ; 

iϕ = travel time in minutes determined by the route planner for route i ; 

γ = general weighting factor for the travel time; 

iα = weighting factor for the road type of route i . 

 

iα is manually determined as a result of the proportion of traffic passing the several types of road on the 

route. It is assumed that there is a higher probability for a higher classified road type. Therefore, for 

routes containing a motorway, iα is assumed to be 0.8, 0.5 for routes containing main roads and 0.2 for 

routes containing lower classified roads.  

The trips made on the diagonal are vehicles entering and leaving the area at the same location in a period 

of one day. Because of the unknown route through the area, each diagonal trip is distributed over more 

routes to a central point in the study area and back over more routes to the same exit point.   

Besides, ten road segments are monitored, by means of induction loops, which represent the reality. 

Hence, the γ is fit until the estimated intensity corresponds with the measured intensities measured by 

the induction loops. γ is calibrated on the basis of a goodness-of-fit of road segments on real intensities, 

determined by induction loops. Due to the difference between the estimated and measured numbers, 

γ can be fitted, and as a result the difference between the estimated and the real number will be as small 

as possible. In statistics, this method is called the “sum of squares due to lack-of-fit” (Brook and Arnold, 

1985). Here, the smallest error for the sum of squares is sought, using the following formula: 

 

∑ −=
x xx WVSS 2)(

  (5) 

Where:  

SS =sum of squares; 

xV = estimated value for x; 

xW = observed value for x. 

 

Finally, the estimated intensities are compared with the FCD intensities, resulting in the share of FCD 

vehicles of the total traffic over the study area.  

 

5. Results 

Travel time 

The results of the travel times over all day episodes are shown in figure 2. A substantial difference in 

travel time between ANPR and FCD can be considered to be a period of free flow with normally no 

congestions.  



 

The result of the regression model (1) is an R square of 0.001, which is very low and therefore not a good 

predictor for an average speed prediction over a route. On the other hand, regression model (2) uses 

more variables with interaction with the FCD speed. The Stepwise method shows three added variables 

which explain almost 85% of the variance in the predicted average speed calculated by ANPR (see Table 

2): FCD speed times the length of a route, the length of a route and presence of a motorway on the route. 

The last two variables do not interact with the FCD speed, but influence the prediction of the average 

speed directly. The included variables which do not interact with the average FCD speed, the length and 

motorways, can be considered as significant reliable for the average FCD speed over routes. The period of 

day and routes with a lower classified road are excluded of the regression model, which means that the 

average FCD speed is unreliable over routes by day episode and route over lower classed roads.   

 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

 

t 

 

 

Sig. B Std. Error Beta 

1 (Constant) 55.190 2.238  24.658 .000 

FCD Speed x Length .155 .007 1.353 23.555 .000 

Length -8.626 .601 -1.151 -14.349 .000 

Motorway 6.454 3.237 .122 1.994 .049 

Table 2. Estimation of results for the regression model 

 

Speed profiles 

According to the regression model (1), the direct divergence of the average FCD speed at a measuring 

point is reviewed. The model shows an R square of 0.892 and the ANOVA test states the model 

significance (p<0.000, N=76). The estimation results show ana for the intercept of 15.462 and a b for the 

FCD speed of 0.881. The influence of more variables on the point speed and the FCD speed on a road 

segment is calculated using regression model (2) with a Stepwise method. The adjusted R square=0.918 

and the model significance is shown by an F-test from the ANOVA (p<0.000, N=76). Three variables add 

significantly to the prediction of the speed, see Table 3: the FCD-speed, the interaction of the FCD-speed 

with the road segments with a speed limit of 120 km/h and the roads with a speed limit of 90 km/h, 

which does not interact with the FCD speed.  

Looking at regression models, the FCD speed is a relative good predictor for the average point speeds. 

Both models have a high R square. Next, the only variable which is a relative good significant predictor is 

the speed limit of the road segment. The length of a road segment is not a good predictor of real point 

speed. The longer a road segment, the higher the probability that the speed differs. Also the day episode 

is not a significant reliable variable, as it is excluded  from the regression model. This can be explained by 

Figure 2. Travel times by time of day for every route. 



 

the requirement of a minimum share FCD of the total traffic for receiving reliable traffic information. 

Allowing to conclude that the share FCD of the total traffic is not consistent over the whole day.  

Intensity  

Finally, an analysis of the share of floating vehicles in the area was carried out. Firstly, the amount of 

floating cars at three points, which have both an ANPR and an induction loop, is the lowest in the morning 

rush hour. The result of the share of FCD vehicles of the total traffic at three points is 1.13%. The absolute 

numbers for a full week are shown in table 4. 

 

 

  

 

 

 

 

 

 

 

Secondly, the share of FCD vehicles of the total traffic over the whole case study area is analysed by using 

several methods. Three kinds of traffic cross the study area. External-External traffic is purely counted by 

the ANPR’s and loops. External-Internal trips which start or end within the area are estimated with the 

assumption that the number of incoming and outgoing traffic is equal. Only Internal-Internal traffic 

cannot be counted because no detector is passed by the vehicles concerned. Using the proposed 

methods, an origin-destination matrix is drafted. The fifth iteration from the Doubly Constrained Model 

(after convergence) is used.   

Table 5 shows the real (highlighted in grey) and the estimated (in white) number of completed trips made 

by vehicles passing though the area of the origin-destination matrix, registered by ANPR’s.  The gray part 

clearly contains the most trips, because the locations are the most important exit roads of the area and 

therefore most passed.  

 

 

 

 

 

 

 

 

 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

B Std. Error Beta 

1 (Constant) 23.048 3.086  7.468 .000 

FCD speed .668 .052 .716 12.771 .000 

FCD speed x Max speed limit 120 km/h .159 .032 .295 5.033 .000 

Max speed limit 90 km/h 13.415 4.111 .121 3.263 .002 

Table 3. Estimation of results for the regression model 

Time of day Loops ANPR FCD Share 

Night  0:00-7:00 23549 25762 389 1.51% 

Morning rush hour7:00-9:00 37673 45541 137 0.30% 

Afternoon 9:00-16:00 119614 129550 1341 1.04% 

Evening rush hour 16:00-18:00 50056 57115 900 1.58% 

Evening 18:00-24:00 77925 89628 1001 1.12% 

Total  308817 347596 3768 1.13% 

Table 4. Intensities and shares according to the ANPR’s during several day 

episodes  



 

 

Subsequently, the estimation of β (Eq. 4) is performed, using the measurements of ten induction loops 

as a reference, resulting in an β of -0.29, leading to a difference of only eight vehicles between the 

estimated and real number of vehicles. For 116 different road segments, the amount of FCD vehicles is 

estimated on the basis of measurements at the edges of the network. Together with the estimatedβ , a 

comparison is made with the amount of FCD vehicles over the same road segments. Because of the 

complexity of the network, due to the great number of possible alternative routes between locations, 45 

of the 116 road segments are compared. The result of the 45 corresponding road segments has a FCD 

vehicle share of 0.93% of the total traffic. The absolute numbers are shown in Table 6.  

 

 

 

 

 

 

It should be noted that this method has three weak points. First, the assumption of using -2.0 for the 

gamma is somewhat arbitrary. This value could be estimated from the grey quadrant of table 10.  Second, 

the totals of incoming and outgoing vehicles at the locations 8 up to 14 are manually determined. An 

extra traffic count could settle this. Third, the internal traffic isn’t taken into account. This could be solved 

by doing a second licence plate recognition research within the existing research area. Consequently, the 

undetected vehicles at the border could be counted in order to make the total traffic more 

representative.  

The two methods of identifying the share of FCD of the total traffic differ depending on the place of 

identification. The first method concentrates on a point in the road network and the second determines 

the intensity in a large area. The first method showed a percentage of 1.15% of FCD share of the total 

traffic. This is calculated on three points on the motorway, which is one of the busiest roads within the 
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Total 

     1 2 3 4 5 6 7 8 9 10 11 12 13 14 

A2 noord 1 10515 2218 5579 2439 602 813 3020 275 168 9 10 8 9 29 25695 

A79 2 2188 7170 4714 1915 353 373 917 155 213 12 27 18 20 63 18138 

Noorderbrug 3 5365 4784 9398 2530 685 490 695 54 50 3 38 19 21 66 24197 

Kennedybrug 4 2404 1870 2411 8777 727 1902 1855 18 17 1 32 20 24 134 20195 

Molenweg 5 756 589 860 808 1814 225 191 9 7 0 21 2 3 8 5293 

Akersteenweg 6 831 397 439 1885 209 2455 141 4 4 0 22 4 4 13 6406 

A2 zuid 7 3105 932 582 2084 172 152 3469 11 10 1 9 94 98 271 10989 

Pasweg 8 276 162 59 21 10 4 12 467 1822 78 151 86 106 312 3565 

Humcoven 9 152 200 49 18 6 4 11 1826 313 1072 148 77 93 273 4241 

Raar 10 9 11 3 1 0 0 1 76 1110 1 7 4 5 13 1241 

Bemelerweg 11 9 26 38 33 21 22 9 138 149 7 68 113 141 225 999 

Eckelraderweg 12 7 16 17 20 2 4 95 81 58 3 106 104 1491 1450 3453 

Rijksweg 13 8 19 20 24 2 4 100 94 69 3 131 1518 145 1811 3948 

Oosterweg 14 26 59 63 136 8 13 281 293 210 11 230 1432 1841 1332 5934 

 Total 25650 18453 24232 20690 4611 6460 10797 3500 4200 1200 1000 3500 4000 6000 134293 

Table 5.  The resulting origin-destination matrix. 

Network intensity 

FCD share Total traffic 

7024 709230 

Table 6. Absolute numbers of 

the network intensity  



 

study area. The second method calculates a FCD share of 0.93% over the whole area, which includes the 

lower classed roads. Therefore this method, despite the assumptions, calculates the intensity over the 

whole area rather well. 

 

6. Discussion and conclusion 

This study aimed to provide an insight into the reliability of FCD, using the city of Maastricht’s road 

network as a case study. Three main factors were taken into consideration when measuring the reliability 

of FCD: first, travel time as an indicator for the quality of traffic information and the way traffic flows in 

an urban area; second, speed profiles as a means to recognise congestions; and third, the percentage of 

floating cars transmitting traffic information making it possible to estimate the total amount of traffic. It 

was expected that FCD may be a reliable method to measure travel time, predict congestions and 

estimate the total traffic amount. 

A full week of examined FCD related to the area of Maastricht, supported by traffic data from ANPR and 

inductive loops, has given insight into the reliability of traffic information from FCD, to gain a better 

notion of the use and potentials of FCD for traffic analysis in an urban area. Below, the three factors that 

were used to get insight into reliability of FCD are described. 

First, it appears that travel times, according to the regression model can not be significantly predicted 

only by the FCD speed. Therefore, a second regression model is used, with more included variables, which 

aims to correct the average speed over a route. The route length and the road type motorway have 

influence on the travel time. The day episode can be considered as a unreliable predictor for travel times, 

which could be explained by the lack of FCD share of the total traffic in some day episodes. 

Second, the FCD speed is a good predictor for the average point speed. Besides the FCD speed, the only 

variable which significantly influences the average point speed is the speed limit of the road segment. Day 

episode and length of the road segment are unreliable predictors for the average point speed. As far as 

day episodes are concerned, this can be explained by the low share of FCD vehicles in total traffic. 

Furthermore, the difference between the FCD speed and the average detected speed by a measuring 

point is obvious. The FCD speed applies to a whole road segment, where the detected average speed by a 

measuring point only applies to its exact location. 

 

Third, the methods used for the estimation of the share of FCD vehicles in total traffic over the whole 

area show a lower percentage compared to the analysis of the FCD vehicle share over three points, noting 

that the three measuring points are at the highest classed roads. The methods could be optimized by 

eliminating the assumptions, adding more fitting points spread out over the study area, the amount of 

FCD possessed road segments should be higher and taking into account the internal-internal traffic.     

 

One limitation of this study is the limited sample size. Whereas the results show promising data, for 

optimal measurements, further studies should be performed with more records and more recent data 

over a longer period of time. Next, due to the use of dummy variables in the regression models, the 

number of records per variable is rather low and is in fact at a minimum level. Therefore, for optimal 

measurements, further studies should be performed with more records and more recent data over a 

longer period of time. In addition, to gather more FCD, different FCD sources should be combined, in 

order to make the sample size larger.  

 

To conclude, it seems that most of the disadvantages of FCD systems will be solved due to the daily 

growing amount of FCD-units on the road. Until then, further research is needed to determine to what 

extend FCD systems represent the reality, including a sufficient sample size, with more recent data from 

different sources. Although more research should be performed on FCD as a potential supplement or 

even a replacement for the traditional traffic data collection methods, this paper has shown the potential 

suitability of FCD for traffic analysis. 
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