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Executive Summary 

 

The Bluetooth detection system is developed to detect Bluetooth devices in in-car systems or smart 
phones. The Bluetooth device sends out a unique id (MAC address), which can be used to detect the 
same car passing a second detection point. This way, the travel time can be calculated for a route 
between two points. Having accurate travel time is an important part of the REDUCTION project. 
Especially in areas where conventional loop detection systems or camera ALPR systems are not 
available. Together with CO2 emission and fuel consumption, the most eco-friendly route can be 
selected.  

Traffic congestions are linked to a higher rate of CO2 emission. In order to detect congestions the 
real time measurements of travel time can be used to compare to the average travel time on a given 
road. When the travel time increases and exceeds the threshold for that road, the TrafficLink 
system can take measures (e.g. rerouting) to reduce CO2 emission in that area.  

This test report describes the results of the Bluetooth detection system and calculated travel times, 
compared to the cam ALPR system as reference system. The Bluetooth detection systems performs 
reasonably well compared to the ALPR, especially when there is (heavy) congestion. The 
percentage error is in these traffic situations between 1,5-4%. In free flow conditions the 
percentage error is between 6-9%, which is a bit high but still useable because the congestion 
situation is most relevant for REDUCTION.  

Improvements on the Bluetooth detection system are proposed by using a finer measurement grid 
(more detectors on smaller distances) and using Bluetooth detectors with a smaller detection area 
to decrease the detection uncertainty.  
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1. Introduction 
 

The reduction of CO2 emissions is a great challenge for the transport sector nowadays. Despite 
recent progress in vehicle manufacturing and fuel technology, still a significant fraction of CO2 
emissions in EU cities is resulting from road transport. Therefore, additional innovative 
technologies are needed to address the challenge of reducing emissions. The REDUCTION project 
focuses on advanced ICT solutions for managing multi-modal fleets and reducing their 
environmental footprint. REDUCTION collects historic and real-time data about driving behaviour, 
routing information, and emissions measurements that are processed by advanced predictive 
analytics to enable fleets enhance their current services as follows:  

1) Optimising driving behaviour: supporting effective decision making for the enhancement of 
drivers education and the formation of effective policies about optimal traffic operations (speeding, 
braking, etc.), based on the analytical results of the data that associate driving-behaviour patterns 
with CO2 emissions;  

2) Eco-routing: suggesting environmental-friendly routes and allowing multi-modal fleets to reduce 
their overall mileage automatically; and  

3) Support for multi-modality: offering a transparent way to support multiple transport modes and 
enabling co-modality.  

 

REDUCTION follows an interdisciplinary approach and brings together expertise from several 
communities. Its innovative, decentralised architecture allows scalability to large fleets by 
combining both V2V and V2I approaches. Its planned commercial exploitation, based on its 
proposed cutting edge technology, aims at providing a major breakthrough in the fast growing 
market of services for "green" fleets in EU and worldwide, and present substantial impact to the 
challenging environmental goals of EU. 
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1.1 Work Package Objectives and Tasks 
Work package 1 (WP1) describes the on-board technology and wireless communication parts of the 
REDUCTION project. The work package consists of four tasks with five deliverables. 

T1.1: The design and architecture of on-board technology and wireless communication. 

D1.1: The report on this design. 

T1.2: The on-board technology of this work package. 

D1.2: The report on the advances in the development of on-board technology. 

T1.3: VANET Packet Scheduling/Routing and Information Dissemination 

D1.3: Report on Packet Scheduling/Routing algorithms.  

T1.4: Intelligent V2V and V2I communication. 

D1.4.1: Test report with communication between the Bluetooth detectors and the in-car system or 
smart phones.  

D1.4.2: Test report with communication between the Bluetooth detectors and the in-car system or 
smart phones.  

 

1.2 Objective of this deliverable 
For vehicle detection applications (apart from the traditional loop detectors) the in-car systems, 
currently available in most of the modern cars, can be used to determine the average travel time. 
Most in-car systems have on-board Bluetooth to connect to smart phones for hands free telephone 
calls. These Bluetooth devices (in-car systems and smart phones) can be detected by use of 
Bluetooth detectors. The Bluetooth devices can be available in all kinds of transport fleet or 
individual drivers. Two Bluetooth detectors are installed at the beginning and end of a route. The 
detectors can determine the unique address of the Bluetooth device and between the two points, 
the average travel time can be calculated. Figure 1 shows how the Bluetooth detection units 
connect to the REDUCTION architecture. 
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Figure 1: Architectural overview of system components of the REDUCTION project 

The obtained travel time can be used to reduce CO2 emission and fuel consumption, because they 
are added to the traffic management system TrafficLink that can take measures (e.g. rerouting) 
when congestion occurs.  

This deliverable describes the framework and setup of the test environment for testing with the 
communication between the Bluetooth detectors and the in-car system, the results of the tests and 
the conclusion. A summary of the objectives is given in Table 1. 

 

Objective Result 

To describe the architecture of Bluetooth detection that 
can be used for testing the devices. 

The architecture is described in 
chapter 3. 

To describe the test environment of where the Bluetooth 
detection devices are being tested. 

The test environment is described in 
chapter 4. 

To describe the test results gathered from the field tests. The test results are described in 
chapters 5, 6 and 7. 
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To form a conclusion, based on the findings and set out 
goals for a second field test. 

The conclusions are described in 
chapter 9. 

Table 1: Summary table of deliverable 1.4.1 
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2. Related work and REDUCTION 
In the past months Trinité Automation has done research on specialized hardware for Bluetooth 
detection. The current Bluetooth detectors have some drawbacks on the size, the weight and the 
power consumption of the device. This makes the Bluetooth detectors less suitable for large-scale 
deployment. The solution for these problems might be found in specialized hardware called smart 
nodes (see Figure 2)  

 

 

Figure 2: Electronics print Smart Node 

 

As shown in Figure 3, each smart node contains a Bluetooth detector and sends	   it’s	   information	  
through low frequency radio to the other smart node. This way, the nodes can exchange their 
information through a chain, where at the end of the chain, the data collection and computation can 
be done. 

 

Figure 3: Architectural overview of the Smart Nodes 

 

The	  advantages	  of	  the	  smart	  nodes	  are	  that	  they	  are	  small,	  light	  and	  easy	  to	  install.	  They	  don’t	  
consume much power (40 mA), which means that they can operate for about 65 hours before 
recharging on a normal 5V rechargeable battery. This technology makes it possible to setup a fine 
measurement grid of Bluetooth detectors for determining travel time on routes between given 
points. 
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3. Framework and Methodology 

 

Figure 4: Object diagram Bluetooth detection 

 

In Figure 4 the object diagram of Bluetooth detection is given. The communication components of 
the Bluetooth detectors are the Bluetooth bridges [1]. Each bridge communicates directly with a 
Bluetooth device (dongle), which is searching for Bluetooth identifiers (MAC addresses). The travel 
time determinant receives every minute the unique identifiers from each bridge and searches for 
matching pairs, so it can determine the average travel time between the two measurement points.  

The calculated travel time is then passed to the route sensor object that corresponds with the actual 
geographical road segment that is measured by the two detectors. This information is then used by 
the TrafficLink application to calculate route information and determine traffic management 
measures to be activated.  

A schematic overview of the Bluetooth detection is given in Figure 5. 

Route 
sensor 
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5 km

 

Figure 5: Schematic overview of travel time measurement 

 

The following steps of the Bluetooth detection system are being performed, as shown in Figure 6: 

1. During the INQUERY_LENGTH, the Bluetooth bridge	   scans	   it’s	   surrounding	   for	   all	   detectable	  
Bluetooth devices. 

2. Every detected ID is stored in a data sheet.  

3. Every minute the data sheet is send through the signal DETECTORUPDATE to the travel time 
determinant object.  

4. After sending the data, the data sheet is emptied.  
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4 .5 .1 Scannen van bluetooth apparaten en verzenden info 
De volgende stappen zijn te onderscheiden in dit scenario:

• Gedurende INQUIRY_LENGTH scant de BLUETOOTHBRIDGE alle bluetooth apparaten in de nabije 
omgeving

• De gescande ID's komen in de DATASHEET

• Elke minuut wordt de inhoud van de DATASHEET via het signal DETECTORUPDATE naar de 
TravelTimeDeterminant verstuurd

• Na het versturen van de data wordt de DATASHEET geleegd

Trinité Automation Rabobank : 109296087
Postbus 189  BTW Nr : NL809332723B01
1420 AD Uithoorn K.v.K. Amsterdam : 30143249
T: 0297-382460   Document : SARAD-R02-90.0002 Bluetracking Test Amsterdam

F: 0297-273049
E: info@trinite.nl Versie: 0.2
www.trinite.nl Pagina 21 van 28

SARAD

Figure 5:  SCENARI O:  Bluetooth Scan and Signal update
 

Figure 6: Sequence diagram of the Bluetooth detection 

 

The physical architecture of the system consists of two mini-PC (Advantech ARK 1388) that connect 
to Internet by means of an UMTS router. Through the UMTS routers, the data sheets with Bluetooth 
id’s	  can	  be	  send	  to	  the	  central	  server	  where	  the	  travel	  time	  determinant and route objects are 
calculating the information. In Figure 7, the physical architecture of the system is given. 
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4 .3 .2 Afw ijkende fysieke architectuur ( via  W AN/ I nternet )
In de praktijk kunnen verschillende situaties voorkomen. Een bijzonder gegeven wat hierbij komt kijken 
is dat de BlueTracking systemen flexibel inzetbaar moeten zijn. Zoals eerder gezegd moeten deze 
systemen op locaties geplaatst kunnen worden waar geen stroom en geen netwerk (LAN) aanwezig is. 
Het ontbreken van stroom wordt opgelost door gebruikt te maken van accu's. Het netwerk probleem 
wordt opgelost door UMTS routers. Deze UMST routers zorgen ervoor dat de BT-Systemen via internet te 
bereiken zijn. De fysieke implementatie zal er daarom iets anders uitzien dan bovenstaande figuur.
De figuur hieronder laat zien hoe de fysieke implementatie er dan uit ziet.

Deze fysieke architectuur wordt ook voor de pilot in Amsterdam gebruikt. Echter zal er in eerste instantie 
uitsluitend gemeten worden. Dit betekend dat er twee bluetooth systemen worden geplaatst die NIET de 
informatie doorsturen naar een TravelTimeDeterminant. De proef is erop gericht data te verzamelen, en 
deze data dan door Trinité te laten analyseren. Deze analyse heeft als doel bepaalde ruis (zoals 
voetgangers, fietsers en tramreizigers) niet mee te nemen in de berekening van de gemiddelde reistijd.
De fysieke architectuur voor Amsterdam bestaat dus uit twee losse systemen, BT-BRIDGE1 en BT-
BRIDGE2.

Trinité Automation Rabobank : 109296087
Postbus 189  BTW Nr : NL809332723B01
1420 AD Uithoorn K.v.K. Amsterdam : 30143249
T: 0297-382460   Document : SARAD-R02-90.0002 Bluetracking Test Amsterdam

F: 0297-273049
E: info@trinite.nl Versie: 0.2
www.trinite.nl Pagina 19 van 28

SARAD

Figure 4:  Afwijkende fysieke architectuur BlueTracking
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DSSNode
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DSSNode
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NMROUTES

DSSNode
TTD

Internet (WAN)

 
Figure 7: Physical architecture of the Bluetooth detection 

 
 

The DSS datapool middleware is being used to exchange information between the detectors and the 
traffic management objects. The DSS messages are compressed to reduce the amount of data being 
send through the UMTS routers.  
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4. Description of the test environment 
 

Travel time is an import source of information for dynamic traffic management applications. Most 
of the highways are equipped with loop detectors, which are expensive to install and maintain. The 
same	  goes	  for	  license	  plate	  recognition	  systems	  that	  use	  camera’s	  to	  measure travel time on local 
roads and in cities. An emerging alternative for measuring travel time is the Bluetooth technology.  

The tests with the Bluetooth detectors have been held on the E313, between Geel-Oost and 
Antwerpen-Oost, in collaboration with Verkeerscentrum Vlaanderen for a period of 5 weeks (see 
Figure 8). The results were compared against the license plate recognition system (ALPR) that is 
installed along the route. The ALPR were used as a reference to the Bluetooth detection system. 

 

Figure 8: Bluetooth test environment 
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The locations of the Bluetooth detectors are chosen as close as possible to the ALPR cameras so the 
measurements of the Bluetooth detectors can be compared to the measurements of the ALPR 
cameras. In this test we assume that the ALPR system is calibrated against actual measurements, 
since the ALPR system is for many years in use by the Verkeerscentrum Vlaanderen and primary 
used to get accurate travel time information for traffic management purposes.  

5. Description of the input 
 

Table 2 and Table 3 show the results of the analyses of the raw measurement data. The vehicle 
detection of ALPR-IN is compared with Bluetooth-IN and ALPR-OUT is compared with Bluetooth-
OUT. This is done for 4 routes (A12-A02, A17-A12, A52-A02 and A52-A17, see the above test 
environment description).  

The number of vehicles that are detected is shown for 3 traffic situation: 1 = free-flow (average 
route speed > 80 km/h), 2 = congestion (average route speed between 26 and 80 km/h), 3 = heavy 
congestion (average route speed >= 26 km/h).  

The deviation of the Bluetooth detector system, compared to the ALPR system is expressed in 6 
error measures: RMSE, BIAS, RRE, MAPE, PEV_10 and PEV_20. 

RMSE = Root Mean Square Error, measurement for the total average error a system makes. 

BIAS = measurement for possible structural errors. 

RRE = Root Residual Error, measurement for the random error a system makes. 

MAPE = Mean Absolute Percentage Error, relative measurement for the total average error, 
expressed in a percentage of the real average travel time. 

PEV_(P) = Percentage Extreme Values, measurement that expresses the percentage of results that 
deviate more than P% from the real average travel time. PEV_10 is the percentage of deviation 
more than 10%. 

This	   evaluation	   method	   is	   adopted	   from	   the	   study	   ‘Evaluation	   and	   Analysis	   of	   travel	   time	  
information’	  [2]. 

The percentage error (MAPE) shows to be greater at free-flow than with a (heavy) congestion, 
despite of the length of the route. The lower the average route speed, the more accurate the 
Bluetooth detection. At free-flow, the percentage error remains between 6 and 9%, with congestion 
between 2 and 5% and with heavy congestion between 1,5 and 4%. The spread in the percentage 
error is due to the differences in length of the routes. Smaller routes have better performance (less 
bias, less variation, less extreme errors and smaller percentage errors) then larger routes.  
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Table 2: Results based on three traffic situations 

Table 2 shows the results for the traffic situations: 1=free-flow, 2=congestion and 3=heavy 
congestion. 

 

Table 3 shows a finer division in 10 min travel time bins, instead of a division in 3 traffic situations. 
Bin 1 = travel time between 0 and 10 minutes, bin 2 = travel time between 10 and 20 minutes, etc. 
In total there are 11 bins per route (only if the travel time is applicable against the length of the 
route). The results from Table 3 confirm the results from Table 2, the percentage error (MAPE) lies 
between the same boundaries.  
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Table 3: Results based on a finer division in 10 min travel time bins 
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6. Description of the output 
Figure 9, Figure 10 and Figure 11 show the results for the total route of 40,3 km, comparing ALPR-
IN(OUT) versus Bluetooth-IN(OUT). 

 

Figure 9: Route E313 Geel-Oost Antwerpen-Oost (40,3 km) 

 

Figure 10: Route E313 Geel-Oost Antwerpen-Oost (free flow) 
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Figure 11: Route E313 Geel-Oost Antwerpen-Oost (congestion) 

Figure 12, Figure 13 and Figure 14 show the results for the smaller route of 8,3 km, comparing 
ALPR-IN(OUT) versus Bluetooth-IN(OUT). 

 

Figure 12: Route E313 Ranst Antwerpen-Oost (8,3 km) 
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Figure 13: Route E313 Ranst Antwerpen-Oost (free flow) 

 

Figure 14: Route E313 Ranst Antwerpen-Oost (congestion) 
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7. Level of penetration of Bluetooth 
In Figure 15 we see a distribution of Bluetooth detections during a given mid-day, from 
approximately 12:00 noon until 00:00h midnight. The x-axis represents the time in minutes (734 = 
12:14h and 1413 = 23:33h) and the y-axis represents the number of detections. As we can see from 
the time series, an average between 30 and 40 Bluetooth detections during rush hour are 
measured, between 10 and 30 Bluetooth detections at free flow and less than 10 Bluetooth 
detections at night.  

 

Figure 15: Number of Bluetooth detections during mid-day 

Because the field test did not deliver any values for the actual detections of the ALPR system, we 
compare the Bluetooth detections against the average values for capacity, derived from the report 
of the Ministry of Traffic and Transportation [4].  For a motorway with 2 to 3 lanes (equal to the 
E313), an average capacity of 5950 vehicles/hour is given. We assume that during rush hours, the 
capacity of a motorway is fully used. Our Bluetooth detectors have an average of 35 detections per 
minute, which equals a detection level of 2100 vehicles/hour. This represents approximately a 
detection level of 35% during rush hours 2100 vehicles using Bluetooth compared to the statistics 
of the Ministry, see Figure 15. Compared to most research results in Bluetooth detection, ranging 
from 20% to 40%, the detection rate of the Bluetooth detectors are more than sufficient for an 
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accurate travel time determination during mid-day. In situations especially during night other 
methods based on history and incident detection are used to deal with travel time determination. 
These other methods are not in the scope of this document. 
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8. Obtained results 
The tests of the Bluetooth detection system show the following results: 

 The error on the average travel time decreases when there is more congestion. At free-flow the 
percentage error lies between 6 and 9%, at congestion between 2 and 5% and at heavy 
congestion between 1,5 and 4%. 

 The finer the measurement grid, the better the average travel time will be. With very small 
routes, the travel time will get worse because the increasing relative influence on the accuracy of 
time and place determination.  

 With free flow the travel time seems to be overestimated, with heavy congestion the smaller 
routes under estimate the travel time slightly. 
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9. Risk Assessment 
The Bluetooth tests and results from these tests are as expected and planned. The travel times that 
this system can provide are well suited for the TrafficLink management system and integrate easily 
into the DSS middleware. Though the error is a bit high at free flow, there are improvements that 
can be done and will be explored in the second test case that will be described before M30 in 
deliverable 1.4.2. Therefore progress is still in accordance with the description of work.  

For the second test case and deliverable 1.4.2, we choose to invest in a new Bluetooth detection 
technology, as described in chapter 2 related work and REDUCTION. This test unit can provide in a 
fine measurement grid for Bluetooth detection, which should improve the test results as learned 
from the outcome of this deliverable. However, any obstacles in the development of this dedicated 
hardware could cause a delay on the second test case and the deliverable 1.4.2. We estimate this 
risk to be medium. A strategy to overcome this risk, alternative tests with WiFi detection or the 
usage of smartphones for travel time determination are selected as possible alternatives. 

10. Conclusion 
The system performs sufficiently well when there is congestion. Especially the situation of 
congestion is of interest and relevant to be accurate. The detection area of the Bluetooth detectors 
is about 100 meters, larger than the detection area of the cameras used in the ALPR system (about 
20 meters). This makes the uncertainty in accurate measurement of the Bluetooth device larger 
then with the ALPR system. On the other hand, the ALPR system itself is not error free compared to 
the real travel time. Studies have been done to compare GPS data (floating car data) with Bluetooth 
data [3] and the results have very little deviation.  

An improvement of the Bluetooth detection system and a next step would be with a finer 
measurement grid of Bluetooth detectors and to use Bluetooth detectors with a smaller detection 
radius. 

The real time travel time delivered by the Bluetooth detection system can be used as input for the 
traffic management system TrafficLink, in order to reduce CO2 emission and fuel consumption by 
taking the appropriate measures (e.g. rerouting when congestion occurs).  

The objectives of this deliverable have been met. The architecture is described and has been found 
supporting for the test. The test results are promising and have shown improvements that can be 
made, thus delivering input for the second test and its description in deliverable 1.4.2. 
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Glossary 
 

AAU Aalborg University 
ALPR Automatic Licence Plate Recognition 
ATM Area Traffic Manager 
AU Aarhus University 
BIAS Measurement for possible structural errors 
CO2 Carbon dioxide 
CTL Cyprus Transport Logistics 
DDE Delphi Delco Electronics GMBH 
DSS Dynamic Subscription Software 
FD FlexDanmark 
GPS Global Positioning System 
MAPE Mean Absolute Percentage Error 
PEV Percentage Extreme Values 
RMSE Root Mean Square Error 
RRE Root Residual Error 
TRI Trinité Automation 
UHI University of Hildesheim 
UMTS Universal Mobile Telecommunications System 
UTH University of Thessaly 
VANETS Vehicular Ad-hoc Networks 
V2I Vehicle to infrastructure 
V2V Vehicle to vehicle 
WP Work package 
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