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1 Introduction 

The Implementation phase follows directly the design specification phase and it relies on the V-

model approach as show here below in Figure 1. 

 

Figure 1: The V-model approach applied in the INTEGREEN project 

The Implementation and Integration action aims primarily at producing the physical prototypes for 

the INTEGREEN Systems and mount them in their final production environment. It is executed 

after the Design phase which is the main input to this Action as it can be seen in Figure 1. 

1.1 Purpose of the document 

This document deliverable P.4.3.1 is the last AIT deliverables of Action 4: Implementation and 

Integration. AIT is the responsible beneficiary for the activities in Action 4 and directly responsible 

for the execution of Task 4.2 Mobile systems implementation as well as for the execution of Task 

4.3 System integration. The execution of Task 4.1 Supervisory Centre component implementation 

is under the responsibility of beneficiary TIS.  

In this document deliverable the activities of Task 4.3 are described, which cover mainly the 

integration of the mobile system prototype in selected test vehicles.  
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2 Mobile system demonstrator integration in AIT demo vehicle 

This chapter briefly presents the first integration phase of the mobile system, in which the 

prototype of this system has been installed inside the AIT demo vehicle. The complete system 

prototype (including connection with Supervisor Centre through the vehicle data source) was finally 

tested on the field in February 2014 in Bolzano. 

2.1 On-board units integration 

For the first on-board system integration, it was decided to place all units (including telematic one) 

in the rear luggage compartment (Figure 2) of the AIT test vehicle. It is important to underline that 

the red component is a unit which is not part of the INTEGREEN Mobile System. The units are 

connected as specified in the deliverables of Action n.3, Task 3.2 [1]. 

 

Figure 2: Integration of the on-board units in the AIT demo vehicle  

The three main units can be distinguished: 

¶ The white box on the left side is the traffic monitoring unit 

¶ The white box on the right side is the environmental monitoring unit 
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¶ The black/silver box behind is the telematic unit 

Electrical connections to the vehicle are: 

¶ Power supply (battery and ignition) 

¶ CAN-bus connection. 

2.2 Air tube and antennas integration 

The air tube which is needed in order to collect the air samples for the measurements by the on-

board environmental unit is placed in correspondence of the rear glass of the luggage 

compartment (Figure 3). This is considered the most efficient position since it allows a minimum 

impact on the vehicle and the air can be inhaled in the opposite driving direction of the vehicle. The 

GPS receiver and 3G/4G antennas are placed in the rear part of the roof. 

 

Figure 3: Integration of the air tube in the AIT demo vehicle  

2.3 HMI and Operator interface 

Finally, the connection with the operator HMI is covered through a serial connection with the 
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telematics unit. The cable has been laid on the floor corner in order to minimize the inconvenience 

of the passengers. Keyboard and mouse are connected to this unit through a wireless short range 

communication, i.e. Bluetooth. Through the HMI the operator can check on a real-time basis the 

functioning of all the deployed units and take the proper countermeasure in case an issue takes 

place. 

 

Figure 4: Integration of the operator HMI in the demo vehicle.  
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2.4 Empirical results from first integration activities  

The first field session that was organized with the purpose to verify the integration level  between 

the mobile system and the Supervisor Centre was organized during the 5th Plenary Meeting, 

organized during the days February 12th -13th. 

The objective of this preliminary field test session has been twofold:  

¶ verification of the entire communication chain between mobile system and Supervisor 

Centre, with the intention to identify aspects to be optimized; 

¶ verification of the behavior and performance of the first mobile system OBUs, in 

particular of the on-board environmental unit and the low-cost sensors installed on it, as 

illustrated in Chapter 2 of P.4.3.1 [2]. 

The test session has been organized with the aim to cover different use cases, including static 

measurements sessions near fixed air quality stations (Figure 5) and mobile measurements on 

selected routes, including the INTEGREEN monitored road, tunnels and the A22 highway.  

 

Figure 5: Static measurement sessions of the mobile system during the first mobile system integration 

phase. 
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These measurements have allowed to properly calibrate the air pollution sensors, in order to 

generate post-processed values that can be directly comparable with the ones obtained through 

the fixed reference stations. Part of these computations have been included in the on-board 

telematic unit and in part in the XFCD data analyzer [3]. 

The results of this first empirical test session are graphically presented in the map of Figure 6. The 

measurements have demonstrated the spatial variability of air pollution (NO2) concentrations, as 

well as directly link to roads in which the impact of heavy vehicles and stop&go situations is more 

remarkable. 

 

Figure 6: Results of first driving sessions with the mobile system integrated within the AIT test vehicle. 
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3 Mobile system integration in a car sharing demo vehicle 

On the base of the important milestone reached during the first empirical integration session, the 

following efforts were concentrated on integrate all components of the mobile system in one single 

ñboxò that could be easily installed on third-parties vehicles. Based on the availability and interest 

of local stakeholders, the decision was to test the installation of the mobile system on board of a 

car sharing vehicle (solution for specific test measurements sessions) and on board of a public 

transportation vehicle (longer term solution providing the capability to test the reference use cases 

addressed by the project). 

 

Figure 7: Preliminary integration evaluation meeting with car sharing operator.  

To integrate the mobile system in a vehicle less equipped than the AIT car a compact box with the 

two monitoring units and the telematic unit with all necessary connections was finally developed 

(see Figure 8). On the lower left side the connections for the traffic monitoring unit, on the lower 

right side the connections for the environmental monitoring unit and on the upper side the 

connections of the telematic unit can be seen. All cable connections are protected through the 

handle on the left and right side of the compact box. 

The car sharing company provided the power supply connectors in the vehicle in the rear luggage 

compartment. The details of the installation of the ñcompactò mobile system with all connections 

(power supply and air tube) are show in the following figures. 
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Figure 8: Compact Mobile System for use in different vehicles. 
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Figure 9: Mobile System in the car sharing vehicle 

                 

 

Figure 10: Position of GPS antenna and air tube 
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For the first test a display was used to control if the system worked correctly. For the proper test 

drives the display was not necessary because the primary elaboration and the real time data 

transfer were working automatically. 

3.1 Empirical results from second integration activities  

The integration of the mobile system in the car sharing vehicle has also been the occasion to 

further test the communication chain and the XFCD analyser. Results of driving sessions are 

presented in . 

 

 Figure 11: Results of second driving sessions with the mobile system integrated within a car sharing vehicle. 

Tests were mainly concentrated in tunnels, since the objective of these investigations has mainly 

been to understand how quick the system when passing from areas with very high pollution 

concentrations to areas with ñnormalò levels (and viceversa), and how stable could the 

measurements if taken at a short temporal distance one from each other.  The plot of Figure 12, 

which indicates the measurements taken in a series two tunnels at a distance of less than one 

hour, confirm the capability of the system to be in particular a very useful instrument to detect 

areas with high pollution levels in a very fast way. Since the temporal resolution of the 


























