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All the described procedures have been compared with already 
operational mobility services based on fixed sensors (induction 
loops and aerial sensors), in order to benchmark (in term of 
cost, timeliness and information content) and discuss possible 
improvement of the delivered services and/or the service 
delivery to areas with a lack of fixed mobility sensors. 
 

 
Figure 1. The municipality of Torino (in blue) and its 

metropolitan area 
 

 
 

Figure 2. Number of records and unique vehicles in each one 
hour interval for the available sample of FCD 

 
2. FCD DATA DESCRIPTION 

FCD Data are acquired by On-Board Unit (OBU) mounted on 
board of vehicles, typically private cars linked to insurance 
policies, and trucks/vans managed in a fleet environment. One 
of the main information acquired by OBU is the position, 
acquired by means of a GPS receiver, using both a temporal and 
speed sampling interval: if longer distances are driven, shorter 
is the temporal sampling time, and vice versa. 
Every acquired record is composed by different fields: time 
stamps, latitude, longitude, speed, heading, Horizontal Dilution 
Of Precision (HDOP, Langley, 1999), engine status, vehicle 
type (private car/fleet). Every single record is then assigned to a 
unique ID representing a unique vehicle.  The field ID-DEVICE 

represents the identifier of the OBU from which the record is 
generated and can be used as a proxy for unique vehicle. 
Acquired data are then transmitted in almost real-time to a data 
centre via mobile network or radio connection. 
 

3. FCD DATA PROCESSING 

Open Transport Map1 (OTM) is an open dataset based on 
OpenStreetMap2 data and accessible in a scheme compatible to 
INSPIRE Transport Network (Figure 3). In the framework of 
the present research activity, OTM has been used to generate a 
reference road network dataset. Associate the FCD positions 
with digital maps of urban roads enables travel behaviour 
analysis, such as the estimation of speed and travel time of 
vehicles on different roads (He et al., 2014). FCD positions has 
been uniquely assigned to a single OTM network element by 
means of the identification of the nearest road element to the 
FCD position: the distance between the two elements has been 
calculated and stored (Figure 4). 
 
3.1 Positional accuracy 

Analysing the statistical distribution of the distance between 
each FCD position and the nearest road element (Table 1), 
standard deviation value (approx. 13 m) is considered accurate 
enough to consider the attribution to road element accurate 
enough for the specific purposes of the analysis, i.e. to generate 
analysis to support mobility services at municipality level by 
mainly transforming single points to travel paths (see chapter 
4), minimising in this way the impact of outliers (e.g. an FCD 
points wrongly assigned to the incorrect travel direction is 
overcome by the possibility of generating correct path direction, 
exploiting FCD timestamps). Therefore, all FCD positions, 
including those with high positional errors, have been 
considered (Ravanelli et al, 2018; Pirotti et al., 2018). 
 

 
 

Figure 3. OTM road network within the Torino municipality 
area, symbolised on functional classes (green = motorways, 

orange = first class, yellow = second/third classes, grey = other 
classes) 

 
The information about the GPS signal quality, included in the 
FCD data structure and expressed in HDOP, is clearly 

                                                                 
1 http://opentransportmap.info/ 
2 https://www.openstreetmap.org 
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correlated with urban landscape, i.e. higher values are 
concentrated in the more densely populated areas, where urban 
canyons are more frequent (Figure 5). 
 

 
 

Figure 4. Mean distance between each single FCD and the 
nearest OTM network element (green = 0-7 m, yellow = 7-13 m, 

red > 13 m) 
 

Parameter m 
Minimum 0.00 
Maximum 471.70 
Mean 6.80 
St. Dev. 13.21 

 
Table 1. Statistical parameters characterising the distribution of 
the distance between each single FCD position and the nearest 

road network element 
 

 
 
Figure 5. Mean HDOP value registered for each available FCD 
position and assigned to OTM road network elements (green = 

lower values and higher GPS signal quality, yellow = mean 
values and mean GPS signal quality, red = higher values and 

lower GPS signal quality) 
 

3.2 Comparison with data coming from traffic sensors 

FCD data have been compared with on-site measurements 
acquired by different sensors (aerial and induction loops) 
operated by the company 5T, a public company having as main 
stakeholders City, Province and Regional authorities and 
responsible of developing and providing mobility services in 
Torino. In the framework of the Traffic Operations Centre 
(TOC), 5T manages the traffic infrastructures installed on the 
territory of the Torino municipality. Among the different data 
acquired continuously and 24/7, fixed sensors measurements 
allow to derive traffic hourly flows, based on which hourly 
traffic profile can be derived. 5T traffic light control system is 
supported by approximately. 3400 different sensors in the 
whole Turin metropolitan area, the urban agglomeration centred 
on the city of Turin (Figure 1). Within the Turin municipality 
area, 5T freely provides access to vehicle flow data measured by 
124 sensors3. 
The total number of OTM road network elements where at least 
one FCD position has been acquired is 22259, out of a total of 
30278, i.e. the 73% of the road network elements has at least 
one FCD position, a significant amount considering that the 
available sample covers only 17 hours. The number of OTM 
road network elements covered drops to 9867 (32%) if we 
consider only those with at least 10 FCD positions; and to 1632 
(5%) if we consider only those with at least 50 FCD positions. 
Even in this worst case, the number of road network elements 
with a significant amount of data for generating traffic profiles 
is significantly higher than the coverage provided bt 5T.  
Evaluating the representativeness of the available FCD sample, 
in terms of total numbers it correspond to the 1.1% of the total 
vehicle transit measured by fixed sensors (Table 2): the number 
of vehicles estimated by the loops in the considered time frame 
is 431879, while the number of unique vehicles coming from 
FCD data is 4736. This is in line with the percentage of cars 
with an FCD sensor mounted in respect to the total car 
population, provided by the FCD data provider. The percentage 
of the FCD sample is higher on peak hours, suggesting an 
higher penetration of FCD sensors mounted on vehicles used 
for commuting: this may be explained by the higher impact of 
insurance facilitations, normally linked with FCD installation, 
on people using a vehicle on a daily basis. 
 
 

Time 
interval 

N. of vehicles 

Loop sensor FCD % 

17:00-18:00 93841 1033 1.1 

18-00-19:00 96121 1353 1.4 

19:00-20:00 85507 1067 1.2 

20:00-21:00 59688 506 0.8 

21:00-22:00 36584 319 0.9 

22:00-23:00 32866 242 0.7 

23:00-24:00 27272 216 0.8 

17:00-24:00 431879 4736 1.1 

 

                                                                 
3 http://www.5t.torino.it/wp-content/uploads/2018/03/scheda_fdt.pdf 
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