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EMERALD system aims at providing a significant improvement in the field of energy efficiency of fully-

electric vehicles using innovative ICT-based solutions. As a result, EMERLAD will provide an innovative 

system introducing clear advancements over the state-of-the-art, focusing on the sound integration of 

FEVs into the transport system and energy infrastructure, so as to boost the market penetration of 

electromobility. To achieve this, EMERALD will focus on energy-use optimization for both urban and 

long-range routes, vehicle energy management and effective integration with the grid. Special emphasis 

will be put on introducing tools for cooperative FEV fleet management and planning systems. 

The following document presents a thorough background and results of EMERALD system prototype 

R1.0 field trials, conducted in the scope of work package WP5 “Trials and Evaluation”. The trials aim to 

validate and verify the EMERALD system development made throughout the project course, following 

the system design completed in the scope of WP3 “System Specification and Technical Design” and the 

actual development made in WP4 “System Implementation and Integration”. The deliverable also 

addresses the system requirements identified in D2.2 “System Requirements” by reporting the level of 

their fulfillment.  

The present document represents the reference point for subsequent development activities that will 

be carried out in the scope of R2.0 system prototype which will constitute the outcome of the final 

EMERALD system optimization and development and its trial results will be reported in deliverable D5.2 

“Final Trials Results – Overall Evaluation of the EMERALD System”. 

This document is divided in five chapters that provide the reader with a detailed description of the 

course and results of the activities made in the context of the R1.0 system prototype field trials. It also 

provides a comprehensive understanding of the system specifications, as well as initial results regarding 

the degree of satisfaction achieved for the system requirements. More specifically: 

The first chapter provides a brief overview of the EMERALD project, its concept architecture and the 

activities and objectives of WP5. 

The second chapter directly refers to both real and virtual test sites that were chosen for the field trials. 

Each of the real test sites (Lucca (Italy), Basque Country (Spain), Murowana Goslina (Poland) and 

Warsaw (Poland)) are thoroughly described regarding the physical morphology of the location terrain, 

the chosen routes’ characteristics and the testing conditions. The virtual trial sites description 

summarizes the simulation data processing methods. The simulation environment used for the trials is 

also thoroughly defined, with regard to the corresponding software and the systems services and 

databases introduced in deliverable D3.3. 

The third chapter concentrates on the comprehensive description of testbeds used during the field 

trials. It contains the detailed system configuration that was used for testing EMERALD functionalities 

with regard to both software and hardware layers. Special emphasis is put on the detailed specifications 

of the FEVs used for the trials. 
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The fourth chapter is divided into two separate parts. The first part thoroughly encompasses the course 

of field trials and introduces the evaluation of test cases specified in deliverable D2.2. It highlights the 

administrative activities undertaken for the test execution, presents their scheduling and provides the 

preliminary results of the trials. The second part of the chapter provides a consistent evaluation report 

for each test case. All test cases that were considered as appropriate for R1.0 system prototype 

validation are verified in a systematic way, and the result are reported covering the overall verification 

as well as the methodology used for it. 

The fifth chapter reveals the compliance level of R1.0 system prototype with the requirements defined 

in deliverable D2.2 “System requirements”. By declaring the degree of satisfaction and providing 

additional comments, the overall level of EMERALD R1.0 system prototype readiness can be evaluated. 

This evaluation also serves as a starting point for the further system development that will take place 

towards the production of the R2.0 prototype. 
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The EMERALD project aims at energy use optimization and the seamless integration of FEVs into the 

transport and energy infrastructure, by delivering clear advances over the state-of-the-art solutions that 

have been delivered in a number of earlier FEV-related projects (including the direct predecessor of 

EMERALD, FP7-GC EcoGem project). A number of designed functionalities will fill the needs of energy 

providers, fleet managers and FEV drivers, and will be provided through Information and 

Communication Technology (ICT) means. With a clear view to commercial exploitation, the project aims 

at helping in transforming the current market position of FEVs into a more satisfactory one. For this 

purpose, a number of novel functionalities have been developed: 

• Energy-driven management of FEV auxiliaries. 

• Energy-efficient long-range route planning and optimization. 

• Performance-centric machine-learning-based consumption prediction. 

• Driver profiling data collection. 

• Data synchronization using power-line communications (V2IoG). 

• User-centric charge/discharge management. 

EMERALD project also incorporates supplementary pillars, namely Enhanced power demand prediction 

and Power flow management support, Cooperative FEV fleet management and FEV-oriented driver 

training which do not directly target energy-efficient FEV driving, but as a supplementary tools also play 

a significant role and complement the overall process of energy-efficient FEV driving.  

EMERALD partners’ experience and knowledge play a key role in delivering the aforementioned 

functionalities. The Consortium assembles expertise from a broad range of business and scientific fields, 

including automotive industry, research and development in transportation, software development, 

simulation systems, mobile networks and grid network management and uses it for the purposes of the 

EMERALD project development. Also, practical experience of some of the partners in daily production 

and management of FEVs of different purpose significantly helps in preparing, providing and developing 

the field tests of EMERALD systems as well as in the efficient integration of the EMERALD functionalities 

with commercial systems. 
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The EMERALD project makes a step beyond nowadays’ R&D work performed in the context of earlier 

FEV-oriented projects, mostly regarding Green-Cars Initiative projects developing tools and 

functionalities to achieve significant advancements that will facilitate the smooth integration of FEVs in 

everyday life. EMERALD comes as a direct descendant of FP7 GC EcoGem project and continues the 

novel work performed in its scope. EcoGem goals concentrated on improving of the energy efficiency of 

FEVs through the use of machine-learning techniques and cooperative ICT means, as well as on 

developing and providing access to on-line recharging services, such as recharging point booking.  
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The following diagram provides an overview of EMERALD concept architecture. The architecture is 

presented in a way to visualize the integrity of EMERALD system through the direct relations among all 

system novel functionalities and components, also taking into account the role of relevant stakeholders. 

 

Figure 1. EMERALD Concept Architecture 

From this figure, the reader may note that the main EMERALD pillar (Integrated In-vehicle Energy 

Management) is visualized as a large set of functionalities placed inside the bottom circle, whereas the 

supplementary pillars are denoted as functions placed above the arrows connecting other circles. 

The primary stakeholders of the system will be individual and commercial drivers, namely the IIEM-

ADAS users. Data acquired from FEVs and other related equipment are submitted via V2X/X2V 

communication technologies to the EMERALD Services Control Platform, which coordinates all the data 
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in the system – receiving, gathering and providing information among the various elements of the 

system. Data communication between IIEM-ADAS and SCP shall be thoroughly tested so as to ensure 

seamless connection and data transfer. 

Other possible stakeholders are FEV fleet owners (commercial companies, logistics and public 

transport). By means of an advanced Cooperative FEV fleet management, EMERALD provides a tool to 

integrate legacy fleet management and planning systems with FEV-oriented energy-efficient routing 

algorithms, to achieve an optimal energy consumption for the fleet. Furthermore, for those cases where 

there is no flexibility for planning routes (e.g. inside track public transport), EMERALD can still provide 

remarkable benefits, such as optimized, energy-driven management of FEV auxiliaries (e.g. air 

conditioning and heating) as well as reliable machine-learning based consumption prediction. This 

functionality will be thoroughly tested during the field tests by the EMERALD partner that manages FEV-

based last-mile logistics services on a daily basis. 

EMERALD also targets the actors involved in the power supply chain (producers, aggregators, DSOs). 

More precisely, the Enhanced power demand prediction will help DSOs (and power producers) to better 

dimension the production and distribution of energy and determine tariffs, while the Power flow 

management support will improve grid stability in case of overload or production surplus. This approach 

will facilitate the massive deployment of FEVs and its integration with existing energy distribution 

infrastructure, implementing a sort of “flexible load” without any need for pervasive changes to the 

current layout. Both functionalities are about to go through a vast experiment phase throughout the 

field test stage. 

Since driving an electric vehicle significantly differs from driving a combustion engine car, a proper 

training is essential. Thus, an important part of the EMERALD project is FEV-oriented driver training. In 

this context, driving training centers could significantly benefit from it by using the methodology into 

their own praxis. Additionally, the use of real-size driving simulators would result in better preparation 

for driving a FEV before being involved in real traffic conditions. Both technical and methodological 

concepts of providing driver training using FEV-customized high-class driving simulator will be verified 

during the EMERALD testing phase. 

Figure 1 also illustrates the different components that constitute the EMERALD system. More precisely: 

• The IIEM-ADAS is an on-board device specifically targeted for energy efficiency by monitoring and 

managing specific elements of the vehicle. 

• The EMERALD Services Control Platform is the central element of cooperation between the FEVs and 

infrastructure, using V2X/X2V communication technologies. 

• The FEV Traffic and Power Flow Simulation Platform is responsible for supporting EMERALD 

development and validation through simulation trials. 

• The Real-size Driving Simulator is a specifically-targeted adaptation of an existing driving simulator, 

in order to support FEV-specific training and verify the corresponding quantified impact on the 

energy efficiency. 



D5.1 Initial Trials Results and Analysis 

  

FP7-314151 EMERALD Project  Page 21 of 174 

 

• The cross-component V2X Communication Platform provides all connectivity services between 

vehicles and the Services Control Platform. 
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The structure of Work Package 5 is broken down into seven tasks, which are depicted in the following 

figure. 

 

Figure 2. Work package 5 pathway to milestone MS8 
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This deliverable aims at presenting the course and results of field tests executed in the scope of 

EMERALD System Prototype R1.0 testing phase, so as to analyze them and upgrade the system towards 

the final prototype stage (R2.0). This document reports the planning/administration activities for each 

field trial (T5.1), the activities related to the collection of field measurements needed for developing 

initial versions of business services (T5.2) as well as the conducted field trials for each EMERALD 

functionality (T5.3, T5.4, T5.5, T5.6, T5.7). The goal of this deliverable is to provide a reliable evaluation 

of R1.0 prototype as well as solutions to be adopted for the final prototype R2.0. 

This document represents the “certificate of delivery” of field trials prepared for different software 

modules for each system component forming EMERALD System Prototype R1.0. It thoroughly describes 

the sites, testbeds and methodologies used to conduct the field tests as well as their results. The field 

trials analysis was performed with view to the fulfillment of the requirements defined in D2.2 EMERALD 

System Requirements, so as to reveal certain system upgrades and recommendations that need to be 

introduced in R2.0. 

More specifically, structure of the presented deliverable is as follows:  
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The first chapter provides a brief overview of the EMERALD project, its concept architecture and the 

activities and objectives of WP5. 

The second chapter describes in detail the real test sites that were chosen for the sake of field trials in 

Lucca (Italy), Basque Country (Spain), Murowana Goślina (Poland) and Warsaw (Poland). It also provides 

the virtual trial sites description summarizing the simulation data processing methods, and thoroughly 

defining the simulation environment used for the trials. 

The third chapter concentrates on the comprehensive description of testbeds used during the field 

trials, including the software/hardware system configuration and the specification of the FEVs used for 

the trials. 

The fourth chapter encompasses the course of field trials highlighting the administrative activities 

undertaken for the test execution, presenting their scheduling and providing the preliminary trial 

results. It also provides a consistent evaluation report for each test case.  

The fifth chapter reveals the compliance level of R1.0 system prototype with the requirements defined 

in deliverable D2.2 “System requirements”, by declaring the degree of satisfaction and providing 

additional comments the overall level of EMERALD R1.0 system prototype towards its evolution to R2.0.  

Finally, in chapter six conclusions from the overall work made in scope of WP5 are drawn into a 

consistent entity that integrates all major document results.  



D5.1 Initial Trials Results and Analysis 

  

FP7-314151 EMERALD Project  Page 23 of 174 

 

&! #�����$
����������
���
����
The following chapter presents a thorough description of all test sites on which the R1.0 EMERALD 

system prototype trials have been and will be conducted; that is, not only of the initially declared test 

sites, but also of the sites that were added to the trial schedule as critical regarding the data acquisition 

campaign for certain system functionalities. All locations are presented along with their physical and 

topographical characteristics. Furthermore, regarding the FEVs used in each test site specification details 

are provided and their usage in the context of EMERALD is described. 
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Figure 3 Aerial view of the city of Lucca 

Lucca is a mid-sized city with an important historic center. It is located in central Italy, in northwestern 

part of the Tuscany Region. The “old town” lies within 16th century walls, which were transformed into a 

tree-lined avenue in 19th century. Since then, the city maintained its typical medieval structure and has 

about 87.200 inhabitants over a total surface area of 185.54 square kilometers, thus having a population 

density of about 470 inhabitants per square kilometer. 

Lucca’s economy is based on agricultural production from the fertile surrounding countryside (olives, 

fruit, cereals, grapes) and the town acts as a commercial and transformation center (oil mills). Industry is 

traditionally present in pulp and paper as well as textiles branches. Chemical, engineering and building 

companies are also present in the region. The Renaissance Walls, the most significant monument of the 

city, is an intact circle of about 4 kilometers in length, with a series of ramparts. These walls have 

allowed the historic center to maintain its homogeneous and balanced appearance. However, the 
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historic center introduces significant mobility issues, influencing both transportation of people and 

goods. This requires special attention and search for innovative solutions to guarantee efficient 

processes while ensuring environmental respect, preservation of the high value historical assets and of 

the high level of life quality.  

A brief description of the road system and mobility in Lucca is depicted in the following figure, in 

particular focusing on the historic center and surrounding area, which are also the areas of interest with 

regard to most of the EMERALD field trial activities. 

 

Figure 4 Lucca LTZ (yellow) and pedestrianized zone (green) 

Access to the historic center of Lucca is available through six gates located along the historic walls, 

connecting the internal and external road network and characterized by its medieval footprint. Traffic 

and parking in the historic center are strongly influenced by road system structure as well as access 

restrictions that were introduced in the historic city center.  

The first pedestrian zone was introduced in 1967. Since then, the law has evolved up to the present 

configuration, which states that the zone included within the perimeter of the city walls (old town) is 

divided into three areas:  

a) Unrestricted access Area, into which entry is forbidden only to vehicles with a total mass exceeding 

3.5 tons and with overall dimensions exceeding 6.50 meters long and 2.20 meters wide. Authorized 

vehicles are permitted to park in the yellow stalls reserved for them and where not in conflict with the 
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rules of the Highway Code. All other vehicles must be parked in the blue spaces and pay a fee based on 

local ordinance. 

b) Limited Traffic Zone (LTZ), into which access is permitted only to authorized vehicles with the 

dedicated badge, while parking is permitted in yellow reserved spaces when not in conflict with the 

rules of the Highway Code.  

c) Pedestrian Area, into which access is forbidden, except for authorized vehicles with the dedicated 

badge, while parking is permitted in accordance with these provisions. Transit, both for authorized 

motor vehicles and cycles, is subject to the following provisions and regulations: 

• The driver of the vehicle must proceed at the lowest possible speed. 

• The driver of the vehicle must proceed with the particular caution so as to avoid both objects that 

may be present on the roadway and pedestrians, keeping in mind that vehicles must give way to 

pedestrians.  

As a main instrument to implement access, transit and parking restrictions, as well as to enable control 

and enforcement operations, a centralized system of Administrative Permits has been set up. It 

aggregates the needs of a number of different user categories such as residents, business operators (e.g. 

shop owners, artisans running their business in the city center), and transport operators.  

In the historic center, size and weight limitations (max. weight (full load) 3,500 Kg, max. size 5.40 x 2.00 x 

2.20 m) as well as speed limitations (max. speed 30 Km/h) are set for all vehicles. Commercial vehicles 

are allowed to circulate in LTZ only if they are provided with a permit that allows them to enter in 

certain hours of the day and to park and stop in identified specific areas of the city center. 

The road network outside the Walls, for historical reasons, converge in its main lines towards the city 

center, and thus the traffic in east-west and north-south directions flows on the ring road, causing 

frequent congestion in the local circulation. In particular, the major traffic routes converging to Lucca 

are the following: the axis road Florence-Pisa North, the motorway Lucca-Viareggio, the S.S. 12 

"Abetone", the S.S. 439 “Sarzanese Valdera” and the S.S. 435, in direction to Pescia-Montecatini Terme. 

The mobility in the historic center, in fact comes into the broader context of the so-called Green Zone, 

which includes the urban area south of the river Serchio and north of the motorway network, as shown 

in the map below. This area, from the beginning of 2010 mainly includes restrictions on transit to 

vehicles with Euro 0 emission standards. However, the environmental benefits arising from the 

introduction of the Green Zone are strongly reduced by the need to ensure the vehicle traffic to flow 

along the north-south and east-west routes, by the establishment of specific crossing corridors, 

indicated in red on the following map. 
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Figure 5 Lucca Green Zone 
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To optimize the urban logistics system, Lucca Municipality developed an urban consolidation center, 

called Luccaport. Luccaport serves as a transfer and consolidation point for inbound and outbound 

goods from the urban area and as a management unit of additional logistics services for the city of 

Lucca.  

In the traffic framework the main activity of Luccaport is organizing and operating freight deliveries to 

final destinations (shops, services, businesses and residential locations) in the urban and in some 

suburban areas of the city and collecting freight for further deliveries (e.g. outgoing freight flows, 

reverse logistics). All the logistics operations are carried out by FEVs within the date/time limits required 

by the customers. 

The logistics base is located in optimal location in relation to the urban center, the commercial area and 

the road and motorway network: Luccaport is located in a service area outside Lucca historical Walls, in 

via delle Città Gemelle n. 162, approximately 1000 meters far from both the toll Highway A11 Firenze-

mare and the city walls. 
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Figure 6 Luccaport, the Lucca urban consolidation center, location 

The Luccaport location is useful for the FEV fleet operations and provides goods accessibility of the 

distribution terminal by long-range freight transport operators using the motorway network for their 

service within the region and nationwide.  

Looking at the situation in Italy, 80% of deliveries normally take place in urban areas and although the 

related freight flows correspond to about 10% of total vehicles, they are responsible for 20% of traffic 

and 50% of environmental effects.  

 

Figure 7 EMERALD trial operative area in Lucca 
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Luccaport vehicles work in the areas most affected by the negative impacts of traditional freight 

deliveries. Luccaport implements freight distribution activities using FEVs in the areas most affected by 

the negative impact of traditional freight distribution system. Beside the urban city center of the walled 

town, Luccaport services address sub-urban areas and districts lying in close proximity to the city Walls, 

in particular in Sant’Anna, S. Marco, Borgo Giannotti and San Concordio districts. 
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For the Spanish trials, an area between the cities of Vitoria and Bilbao has been defined. The area lies in 

the Basque Country. This site has been chosen for various reasons: 

• Tecnalia, Schneider Electric and Mondragon University (Comarth collaborator) have their 

premises in this area, which significantly facilitates the execution of the field trials. 

• This area has nearly parallel highways and A-class roads, therefore different speeds, traffic 

conditions, road surfaces and elevation profiles can be tested to evaluate energy consumption 

and other variables in different scenarios. In addition, the highways are full of tunnels and 

bridges, which can obstruct the OBU system mobile communication, so this area is ideal for 

testing the effect of poor connectivity between FEVs and CP during EMERALD system operation.  

• The area has 22 IBIL charging points. IBIL Company operates as the administrator of the 

electrical system and charging points in the area. EMERALD project made an agreement with 

IBIL that the points can be used to plan routes and book them via the developed EMERALD 

system. 

 

Figure 8. Test area for Spanish trials, including main subareas for calibration and demonstration. 
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The first calibration trials took place in the area between Arrasate-Mondragon and Elgoibar (Debagoiena 

and Debabarrena regions). This area is close to the Mondragon University (where the FEVs are kept and 

maintained on a daily basis) and provides enough distance to study different behaviors of FEVs. 

Gipuzkoa’s Debagoiena and Debabarrena regions cover a total of 540 square kilometers and are crossed 

by river Deba. The river springs from the mountain, flows through the valleys where industrial areas 

have grown, and empties into the sea, where the most important coastal enclaves are located. Cliffs 

created by erosion, extensive beaches and fishing ports of renowned tradition surround this area. On 

contrary, Gipuzkoa region has a mountainous landscape. This uneven orography results in villages and 

towns being grouped together in narrow valleys, always on the banks of a flowing Deba river.  

   

Figure 9. Typical Deba river valley landscape (Eibar, left); Close view of the subarea for calibration (right) 

This area includes a main road in the region as well as other A-roads, with tunnels for testing 

connectivity between FEVs and CP during EMERALD system operation and its effects. Urban areas, as 

well as different road types with different slopes are also there for testing different use cases. The test 

route is about 25 km long depending on the chosen road. The tests have been conducted on a week 

basis starting from September 2015. 
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For demonstration purposes, the same route used for calibration will be used in the long-range routing 

testing. 
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In this long-range routing, traffic data from external sources will be gathered and controlled in a server 

located in Bilbao (at Telvent’s premises). For the selected roads, real-time traffic data acquisition is not 

possible; for this reason, a traffic simulator (calibrated and tested using historical data from 2013) will 

be used. 

In order to demonstrate the prototype R2.0, during this long-range routing, an IBIL charging station will 

be booked through the user-centric charge/discharge management service and the clearinghouse of the 

ICT4EVEU project [9] to the demonstration of the interaction with the power supply operator. 

For the recharging and power-related demonstration (R2.0), the lab facilities in Tecnalia will be used. 

 

Figure 10. Close view of the subarea for power-related testing demonstration and the traffic control center location 

The TEC micro-grid lab is formed by different power sources that include non-renewable and renewable 

on-site generation, such as a diesel generator (2x55 kW), a micro turbine (50 kW), a photovoltaic system 

(3.6 kW three phase), a wind turbine (6 kW) and a fuel cell (1 kVA) with a manageable power of 200 kVA. 

Telvent Arce Sistemas / 

Schneider Electric 

TECNALIA 
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Figure 11. View of Tecnalia micro-grid laboratory 

In order to demonstrate the optimization and execution of recharging/discharging plan, the TEC micro-

grid lab will be used. More precisely, an emulated power surplus profile will be generated for recharging 

FEVs; furthermore, an electricity price profile will be emulated, and a FEV power demand profile will be 

generated considering synthetic scheduling data; a TEC recharging point will recharge a real FEV 

(COMRT vehicle) to send the optimal period to recharge the vehicle. 

On the other hand, an event will be emulated to cancel the recharging/discharging plan and other to 

recover the plan. 

 

Figure 12. Demonstration scheme of the optimization and execution of recharging/discharging plan 
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Figure 13. The recharging point used for the optimization and execution of recharging/discharging plan of one COMRT 

vehicle 
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Solaris Bus & Coach S.A. assembly plant is located about 3km from the town of Murowana Goślina. The 

town is located in Greater Poland, 25km north from Poznań. It was founded in XIV century and its 

population nowadays is estimated at around 10,000 inhabitants. 
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Figure 14. Location of Murowana Goślina 

 

 

Figure 15. Location of Murowana Goślina with relation to Poznań 
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The route for the test trial was designated so as to include urban, suburban and interurban traffic 

conditions. In overall, the route is 17.9km long and is depicted in the picture below. 

 

Figure 16. The test route along Murowana Goślina 

 

The route starts at the location of Solaris headquarters in Bolechowo-Osiedle and leads to Murowana 

Goślina bypass, as seen on the following map. When driving through the bypass the bus is able to reach 

the speed of up to 70km/h. This creates appropriate conditions for simulating the interurban traffic.  
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Figure 17. Start of the route in the direction of Murowana Goślina bypass 
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Figure 18. Murowana Goślina bypass 

The section of Murowana Goślina bypass used for EMERALD field trials has a total length of 6.8km. 

When leaving this section, the bus turns right towards the city center. 

When turning right at the roundabout one must take into account that the traffic is likely to increase 

due to approaching the village Przebędowo and the town Murowana Goślina. The first town (on the 

right side) can be usually passed without major difficulties. Nevertheless, when approaching the center 

of Murowana Goślina traffic congestion increases. Due to entering a built-up area, the speed of the 

vehicle on this section of trial route cannot exceed 50km/h. This section of the trail route is depicted 

below. The red points indicate a double left turn that entails a significant speed reduction of the vehicle, 

as well as forces the driver to maneuver energy-efficiently. 
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Figure 19. Murowana Goślina surroundings 

 

Figure 20. Murowana Goślina – city center 
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Figure 21. Murowana Goślina - city center 

The last part (figure 9) of the trial route is along the straight line towards the Bolechowo-Osiedle 

roundabout, where the trail route turns right in the direction of Solaris (intercity traffic). 

 

Figure 22. The last section of Murowana Goślina trial route 
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The second part of the Polish electric bus field trials was conducted on the former airfield in Bednary, a 

small village located about 40km from Solaris headquarters. The site has been recently transformed to a 

driver training center. After the II World War, it used to be a military area utilized as an auxiliary airfield. 

In 1990, the area was demilitarized and used as a sport airfield for paragliders, etc. Since 2009, it is 

regularly used for driver training purposes. The main part of the infrastructure is a 2,6km long runway 

with a parallel auxiliary lane. Both are built of concrete asphalt surface. In addition, there are also 

special areas with up- and downhills as well as a sliding mat. 

 

Figure 23. The Bednary airfield with its runway (marked red) 

The field tests have been performed on both lanes of the airfield and contained testing of the following 

features: 

• Brake/drive torque; 

• Acceleration and braking; 

• Different driver’s performance. 

The course of the Polish trials is thoroughly presented in chapter 4.3. 
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Field trials using Nissan Leaf electric car have been performed in Warsaw, Poland. Two types/sets of 

routes were distinguished during the tests. The first one included everyday rides covering various road, 

terrain conditions, time of day, etc. which were taken by three ITS experts. The second set comprised of 

routes that were specifically designated in order to acquire driving data of the highest possible level of 
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consistency. For this purpose, two specific routes were specified – both taken along Praga Północ and 

Targówek districts in eastern Warsaw.  

The first route covered urban conditions and was designated mostly along local streets with a speed 

limit of 50km/h or less. In addition, a few sections of collector roads were included into the route. A 

significant number of pedestrian crossings and intersections without traffic lights enabled the driver to 

reveal the individual driving behavior, which was to be later compared with the energy efficiency-

related data. 

 

Figure 24. A view of urban route specified for PFL-oriented field trials 

The second route was specified in mixed road conditions and covered roads with speed limits higher 

than 50km/h as well as a part of S8 expressway, which is part of Warsaw Ring bypass. Its characteristics 

helped in identifying driving behavior in suburban context as well as the influence of driver 

aggressiveness on energy efficiency while driving with higher speeds. 
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Figure 25. A view of mixed route specified for PFL-oriented field trials 
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As already described in previous deliverables, the FEV Traffic and Power Flow Simulation Platform does 

not constitute a pillar of the EMERALD system, but it plays a supportive role for the correct 

implementation of EMERALD functionalities. The primary goal is to support the development and testing 

of EMERALD solutions through simulation trials, which will enable an early validation of the EMERALD 

concept in a laboratory environment, in order to address all possible issues before proceeding with field 

trials. 

The Simulation Platform supports two types of simulation trials: 

• Traffic Simulation Trials, which include simulations of energy consumption and traffic data, as 

well as of routing behavior for standard and for learning-based FEVs. 

• Power Flow Simulation Trials, which include simulations of power demand-offer for different 

boundary conditions. 
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All Traffic Simulation Trials follow the same basic structure/phases: selection and configuration of a 

simulation scenario and simulation execution.  

• Selection and configuration of a simulation scenario entail the definition of configuration options 

which may include a specific test site several predefined parameters (changeable at the 

beginning of the simulation session), as well as multiple random events and environmental 

conditions that can be generated at runtime.  

• Simulation execution includes the execution of the simulation scenario by means of a third-party 

simulation tool, which in turn will produce the resulting dataset that will be post-processed 

according to the nature and purpose of the simulation. 

Furthermore, the Traffic Simulation Trials can be configured according to the following set of input and 

output data. 

Table 1. Input data for the Traffic Simulation Trials 

INPUT DATA 

Name Description Observations 

Network Maps 
Maps of specific trial sites used by 

the Traffic Simulation Platform  

Selected when a test trial is 

chosen 

Use Case 

Set of configuration parameters 

that are associated to a Use Case. 

Specifications include road 

segments, stops, etc... 

Automatically loaded into the 

simulation 

Vehicle Vehicle type identifier 
Selected when a vehicle is 

inserted in the simulation 

Start Point 

Coordinates for the start segment 

of the route associated to each 

vehicle 

Inserted manually in the GUI. 

End Point 

Coordinates for the end segment 

of the route associated to each 

vehicle 

Inserted manually in the GUI. 

Battery Level 

Percentage of charge of the 

vehicle battery at the beginning 

of the simulation 

Inserted manually in the GUI. 

Behavior 

Type of behavior of the driver 

that has to be associated to the 

vehicle 

Selected among three options in 

the GUI. 

Overload 
The load on the vehicle to be 

considered 
Inserted manually in the GUI. 

Weather 

Description of the weather that 

can be constant for the whole 

map or specified per segment 

If the weather is constant, the 

user will specify it in the GUI. 

Auxiliary Service 
Description of the usage of 

auxiliary services in the vehicles 

Specified manually from a list in 

the GUI. 
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Traffic Demand 
Description of the traffic demand 

model to be applied 

Specified manually from a list in 

the GUI. 

Routes 

File containing the routes for the 

specified vehicle and origin 

destination pair 

Produced by the simulator and 

completed with the answers 

from the route generation 

service when a new scenario is 

created 

Routing Service 

URL 
URL for the routing Service 

Default value, but it can be 

changed. 

 

Table 2. Output data from the Traffic Simulation Trials 

OUTPUT DATA 

Name Description Observations 

Energy 

Consumption 

XML file containing the energy 

consumption per segment level 

 

Vehicle 

information 

File containing the information 

on the specific coordinate of 

the vehicle during time along 

the simulation 

 

Contextual 

Information 

Files produced when 

demonstration simulation is 

performed and different output 

aggregated data is necessary (in 

function of the time, distance, 

% of FEV) 

Output files containing the 

computed calculations to 

build the graphics that are 

then read by the 

Demonstration web page to 

produce the graphics. 

 

Below, the different types of Traffic Simulation Trials that have been performed to test and validate the 

prototype R1.0, as well as the different simulation trial sites are presented.  
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The Traffic Simulation Platform allows for different types of Traffic Simulation Trials, which have been 

conceived in order to support the different EMERALD System development stages. Such Traffic 

Simulation Trials are: 

• Synthetic Traffic Data Generation, to provide synthetic data related to energy consumption of 

the vehicles under different conditions.  

• Performance Validation and Demonstration, to assess the performance of the EMERALD system 

in simulated scenarios. 

In the following paragraphs, such types of Traffic Simulation Trials are described in detail. 
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As from deliverable D3.3 ([3]), the Synthetic Traffic Data Generation service allows to produce a large 

mass of artificial Local Tracking Database (LTDB) records, generated for the routes defined/travelled by 

simulated vehicles and the relevant consumption models. Such records are then uploaded to Services 

Control Platform emulating a massive synchronization session, and can be subsequently used for feeding 

and testing the different machine learning engines for consumption prediction, based on a broad 

spectrum of scenarios conditions and parameters. 

Main inputs and outputs are shown in the following table: 

Table 3. Input and Output data for Synthetic Traffic Data Generation 

INPUT DATA OUTPUT DATA�

Network Maps 

 
EMERALD Synthetic tracking Data 

 

Vehicle 

Start Point 

End Point 

Battery Level 

Behavior 

Overload 

Weather 

Auxiliary Service 

Traffic Demand 

Routes 

Routing Service URL 

 


�������
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As from deliverable D3.3 ([3]), the Performance Validation service enables the creation and execution of 

simulation scenarios aiming at assessing the overall performance of the EMERALD system. In particular, 

it calculates the EMERALD-optimized route and the “regular” one for given origin, destination and 

boundary conditions, drives simulated vehicles along them and compares the resulting consumptions. 

Once all parameters for the correct scenario configuration have been set, the underlying adapted traffic 

simulator carries out two separate simulation sessions (the EMERALD-optimized route and the “regular” 

one), which in turn produce the Performance validation results. 

Main inputs and outputs are shown in the following table. 

Table 4. Input and Output data for Performance Validation 

INPUT DATA OUTPUT DATA�

Use Case  
Energy Consumption for the Weather 
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Auxiliary Service scenario (for EMERALD and non-

EMERALD routes) 

 
Routing Service URL 
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As from deliverable D3.3 ([3]), the Demonstration service enriches the Performance validation service 

with a convenient GUI, suitable for public presentations of the EMERALD solution to potential 

customers, project evaluators and other possible actors interested to project results. For each 

origin/destination pair, the system calculates the EMERALD-optimized route and the “regular” 

(distance-based) route, drives all input vehicles along the route pairs and calculates the relevant overall 

consumptions (according to vehicle consumption model). The main inputs and outputs of this service 

are shown in the following table. 

Table 5. Input and Output data for Demonstration 

INPUT DATA OUTPUT DATA�

Network Maps Contextual Information: 

• Average consumption for 

EMERALD and non-EMERALD 

vehicles in the considered time 

period 

• Total consumption for 

EMERALD and non-EMERALD 

vehicles in function of the 

distance 

• Total electrical consumption in 

scenario vs time (EMERALD or 

not EMERALD enabled); 

• Comparison between the total 

consumption for EMERALD and 

non-EMERALD vehicles in the 

considered scenario 

Vehicle 

Start Point 

End Point 

Battery Level 

Behavior 

Overload 

Weather 

Auxiliary Service 

Traffic Demand 

Routes 

Routing Service URL 
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The simulation trials have been performed at the same test sites (Italy, Spain and Poland) as the real 

conditions field trials in order to pursue consistency and facilitation of the calibration process.  

The Adapted Traffic Simulator application component takes care of creating maps for the test sites 

provided in SUMO format, built from Navteq source maps. The following figures present the different 

test sites as seen in SUMO GUI Simulator. 
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Figure 26 Italian Test Site 

 

Figure 27 Polish Test Site 
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Figure 28 Spanish Test Site 
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The power flow simulator (part of the FEV Traffic and Power Flow Simulation Platform) is not an 

essential part of the initial system prototype (R1.0) but it is an intermediate step in validating the initial 

versions of the user-centric charge/discharge management, enhanced power demand prediction and 

power flow management support functionalities of the R2.0 prototype. The power flow simulator 

provides the estimation of power demand/offer curve for different recharging conditions, an optimized 

power demand for the recharging/discharging considering the power surplus for FEVs and electricity 

price, as well as synthetic data generation for power demand/offer prediction.  

The power flow simulator is composed of a standalone, Windows-based application that requires 

Internet connection in order to get the electricity price profile from a real energy trader, and a web 

service to generate synthetic scheduling data. 

More specifically, the application estimates the power demand and the power offer during periods of 

time (24h-48h) for different boundary conditions, including the number of recharging points, different 

arrival probability curves of the FEVs for the recharging points, the characteristics of the level of 

recharging/discharging power and the required energy for the recharging (considering the battery 

vehicle characteristics). Figure 29 depicts the estimation of the power demand for one FEV from an 

initial and final SoC. The power demand will be aggregated by considering the maximum recharging 

power level of 3.7 kW, the battery model defined by bibliographical data with regard to recharging as 

well as the varying number of FEVs.  
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Figure 29. Estimation of the power demand for one FEV according to some boundary conditions 

The initial prediction model, not including historical data of real behavior of users’ FEVs, includes the 

following consecutive steps: a) FEVs arrive with a given charge level, b) users introduce the desired 

charge level, and c) the power level required for the recharging (with regard to their battery capacity) of 

the FEVs is estimated.  

The recharging power required by a FEV depends on the State of Charge (SoC) of the battery, the State 

of Health (SoH) of the battery and the battery model. The proposed model was tested with 

bibliographical models in order to establish the recharging behavior (see [6] and [7]) of batteries. The 

following figures show the power recharging percentage versus SoC and the relation between SoC and 

the recharging time for Lithium –ion battery. 

 

Figure 30. Relation between State of Charge and Charging Power of a Li-Ion-Battery 
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Figure 31. Relation between State of Charge and Charging Time of a Li-Ion-Battery 

On the other hand, the power demand of FEVs was optimized through smart scheduling in order to get 

the minimum cost for the recharging and to avoid the maximum power demand time-windows of the 

electricity grid. In order to optimize the process, the estimation of the power demand (thus the required 

power surplus) for FEVs’ recharging and an electricity price profile were calculated. In this case, a 

departure probability curve was considered in order to establish the available/appropriate time for the 

smart recharging. 

In the case of Renewable Energy Sources (RES), the power generation is determined by Numerical 

Weather Prediction (NWP), combining it with a conversion model from the primary source to the 

generated electricity. Several methods can be applied for power generation forecasting of a RES system 

depending on the technology (photovoltaic panels, wind turbines, etc.), time horizon, etc. More 

specifically, the power prediction of the wind turbines is determined based on weather forecasting 

(wind speed) in relation to the wind speed profile (related to the altitude) and to the RES systems’ 

manufacturer curves or empirical curves of wind speed versus power generation. The power prediction 

of the photovoltaic panels is determined based on weather forecasting taking into account the relation 

between the direct or total radiation and the generated power; more complex models include the 

temperature effect on conversion efficiency. On the other hand, the non-RES power generation profile is 

independently scheduled by the power generator/supplier for each hour during the day (24 hours).  

Finally, the estimation of electricity profile considers intra-daily electricity market from a real energy 

trader [8]; alternatively, an electricity price profile could be defined manually by the user of the 

simulator. 
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Figure 32. Optimized scheduling for the minimum cost and avoiding the maximum power 

The generation of synthetic data of power demand-offer prediction, provides simulated data to the SCP 

(IScheduleUpload interface is able to create the synthetic recharging schedules generated by the 

Simulation Platform and their subsequent storage into GRSDB), in order to feed, test and tune the 

EMERALD optimization engines for recharging and discharging scheduling. The energy price and energy 

restrictions of the grid operator are considered in these synthetic data. This synthetic data will be 

considered in the power demand prediction as non-EMERALD FEVs’ data, when there will be real 

EMERALD users. 

&!/ #�������������
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Although FEV-oriented Driver Training is not the main pillar of EMERALD, it plays a significant role in 

supporting the energy-efficient and EMERALD feedback-based style of driving that is a desired result of 

using other system functionalities. It aims at optimizing the energy consumption through efficient 

driving techniques and appropriate use of IIEM-ADAS for FEV drivers. The functionality is based on ICT-

related means as well as driving simulator instructor’s work holding and supervising dedicated training 

sessions using a high-class driving simulator. The instructor is responsible for the evaluation of trainee’s 

driving behavior, performance and physical comfort. Trainee’s performance is tested within the scope of 

driving in energy-efficient style and using on-board systems in a way that could affect energy use 

optimization. As the performance indicators depend on individual psychophysical characteristics, the 

number and type of training scenarios needs to be personally customized. 

Real-Size Driving Simulator is used in Driving Simulator Trials to provide two types of evaluation in the 

context of EMERALD System Prototype R1.0: 
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• Testing the methodological assumptions of the training in terms of accuracy in targeting 

energy-efficient driving, 

• Testing the accuracy of the designed FEV simulation model and application of Virtually-

driven ADAS into the simulation environment. 

AS 1200-6 passenger car simulator is based on ITS’s Transport Telematics Center in Warsaw, Poland. It is 

situated in a customized room that fits the needs of the driver and simulator operator who supervises 

the current state of training activities on a console stand. The size of the room also enables to hold 

a number of additional observers. 

 

Figure 33. AS 1200-6 high-class driving simulator and operator’s console in operation 

The simulator was developed by AutoSim, a Norwegian Company that is also the developer of virtual 

maps implemented for training purposes. Dedicated computer software allows to drive on designated 

routes from a total of more than 200 km virtual roads of different terrain conditions such as highways, 

roads in non-built-up areas as well as urban streets, under different atmospheric (including snow, rain 

and fog) and road conditions (highways, cities, towns, villages and mountains). Routes can be covered 

with up to 100 traffic objects at one time and the simulation model enables to simulate different traffic 

conditions, different types of vehicles and reactions for drivers’ actions according to the needs of 

training.  

Thanks to an advanced dynamic model and customizable simulation parameters, the simulator recreates 

a feeling of driving in real conditions. The activity of the engine and controls, along with environmental 

conditions such as state of surface and weather conditions can be experienced by a trainee. In addition, 

most of the driving parameters can be viewed online by the operator and recorded for the purpose of 

post-training assessment.  

The Real-size Driving Simulator operator possesses tools for modifying not only driving or traffic 

parameters, but also the predefined environment objects such as location of the buildings, obstacles, 



D5.1 Initial Trials Results and Analysis 

  

FP7-314151 EMERALD Project  Page 52 of 174 

 

road traffic level and surface or weather conditions. The modifications can be made using the dedicated 

modeling software through both GUI and programming console, using Lisp high-level programming 

language. This software also allows designating specific routes that serve for training scenario purposes, 

by introducing text and vocal navigation guidelines.  

In the following figure, indicative screenshots from the AutoSim simulation environment are presented, 

showing different terrain, road and traffic conditions that are possible to implement within the scope of 

driving simulation scenarios. 

  

  

Figure 34. The AutoSim simulation environment (different terrain, road and traffic conditions) 

Driving Simulator Trials are performed on a selected group of novice FEV drivers, with a representative 

age and sex distribution. As mentioned above, they cover two fields of FEV-oriented Driver Training. For 

this reason, the overall training is fragmented into two main parts: 

• The Energy-efficiency-targeted driver training, and 

• The IIEM-ADAS usage training. 

The first part of the training covers a number of activities regarding both pre-training initiation and 

training itself, conducted in the following order: 

• Theoretical introduction into training  

• Adaptation to the simulation environment 

• Initial driving performance 

• Energy efficiency-targeted exercises 

• Final driving performance 
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At the very beginning, trainees go through a theoretical introduction of the training purposes that aims 

at helping them with recognizing the principles of driving a FEV. The introductory material is given well 

before the start of the training to give the drivers enough time to acquire specific knowledge. 

The adaptation session is performed right before the beginning of the actual training sessions. 

Specifically designed simulation scenarios target simulator sickness phenomena in order to accustom 

the trainee with the specifics of the simulation environment. Adaptation is made once throughout the 

entire training. In order to take the actual training session a trainee must be in a good mental and 

physical state after the adaptation. Normally, this is tested using a dedicated Simulator Sickness 

Questionnaire – this approach is compliant with commonly used driving simulator training and research 

methodologies. Trainee’s state is assessed by simulator operator according to the answers given in the 

questionnaire as well as by evaluating his/her overall behavior and appearance after taking the 

adaptation session. 

  

Figure 35. Trainer’s control panel: user pedal use intensity, speed and RPM (left) and driving conditions control SW (right). 

 

Figure 36. Trainee taking a driving scenario using IIEM-ADAS  
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In Figure 35 the trainer’s control panel is presented with display information such as real-time pedal use 

intensity, speed and RPM along with the controlling software enabling to change driving conditions. 

Figure 36 shows a trainee taking a driving scenario using IIEM-ADAS.  

Initial driving performance is a series of short scenarios that indicates the hitherto energy efficiency-

related driving skills of a trainee. Scenarios designed in different (both urban and non-urban) contexts 

help to provide measurements that later serve as a reference for the final evaluation of the driver’s 

progress. The next part of the training is addressed according to the assessed level of energy-efficient 

driving. Specific exercises aimed at teaching maneuvering behaviors with regard to FEV context are 

given to the trainee to visualize him/her the characteristics of eco-driving a FEV as well as to enhance 

his/her abilities in this way. 

Final driving session provides the same training scenarios as the initial session. The main purpose of this 

part of the training is to assess the progress made in scope of the training process in fixed external 

conditions and road stimuli. 

The second part of Driving Simulator Trials covers IIEM-ADAS usage training. It was designed as a 

separate part of the training, so as to focus predominantly on the usability context. Throughout all 

driving sessions, IIEM-ADAS displays energy-related parameters in order to provide the information to 

the driver and visualize the actual influence of his/her driving behavior on the energy consumption. This 

helps to acquaint the driver with the way IIEM-ADAS works and to introduce him/her to the proper 

training. During the usability assessment sessions, the driver is equipped with an eye-tracker and given 

consecutive tasks that require him to perform operations such as finding a specific button or choosing 

an option on IIEM-ADAS display. The eye-tracking device, as well as the pace of realization of the 

commands provides psychomotor indicators, such as the number of fixation in one spot, fixation 

durations, variability of saccades positioning etc. to assess the level of usability. The overall session is 

designed according to state-of-the-art safety/usability methodology. 

 

Figure 37. Screenshot from SMI Glasses eye tracker-dedicated recording software 
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In overall, activities introduced within the scope of Driving Simulator Trials are divided into three 

sessions, according to the following schedule: 

• 1st series of sessions: theoretical introduction + adaptation to the simulation environment + 

initial driving performance. 

• 2nd series of sessions: theoretical introduction + energy efficiency-targeted exercises. 

• 3rd series of sessions: final driving performance + IIEM-ADAS usage training. 
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The hardware and software configuration of the test environments for EMERALD trials have been 

thoroughly described in project deliverable D3.4, “EMERALD System Prototype and System Trials High-

Level Specifications” [4]. However, for the sake of completeness, the following chapters summarize the 

basic layout and specify the actual hardware configuration used for trials, as well as the vehicles used for 

testing the system. 

'!  ���"0�#�����������
The IIEM-ADAS is constituted by a “blind” on-board unit (OBU) providing all low-level services (including 

CAN interface, data acquisition and storage, etc.) and a portable device implementing the user interface 

and all advanced features of the system (including energy-driven routing and navigation, real-time 

traffic info management, destination reachability assessment, recharging point booking, etc.). The two 

components communicate through an in-vehicle Wi-Fi network, where the OBU operates as the access 

point for the portable device. 

 

Figure 38. IIEM-ADAS Split Architecture 

The selected hardware for OBU prototype is Commsignia LGN-20, an automotive device with C-ITS 

capabilities having the following major characteristics. 

Table 6. Hardware configuration of IIEM-ADAS (OBU) 

Manufacturer/model Commsignia LGN-20 (plus expansion unit ePSU-03) 

CPU Arm 11 300 MHz 

RAM 256 MB 

Storage 8 GB flash 

Display None 
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Operating System OpenWrt (Linux-based) 

Connectivity 

V2X 802.11p (ETSI G5) 

Wi-Fi 802.11b/g/n 

UMTS/HSPA 

Bluetooth (through USB dongle) 

1 x Ethernet, 1 x RS232 + 1 x USB 

CAN ISO 11898 (through OBD2 socket) 

Built-in sensors GPS, accelerometer 

Power supply 12-24 VDC 

Environmental compatibility Operating temperature -40°C to +85°C 

Dimensions (WxDxH) 112 x 116 x 44 mm 

The mobile app developed for the portable device is based on Navit, an open-source platform featuring 

an advanced navigation engine with a rich and customizable user interface, available for a number of 

target distributions (including Linux, Windows, MacOS, Android and iOS). This choice would enable 

a widespread diffusion of EMERALD app on different stores; however, in order to concentrate 

development efforts, it was agreed to target primarily Android smartphones/tablets and to select 

a reference device complying with required features (in terms of computational power, graphics 

capabilities and connectivity). The selected device is Samsung Galaxy S5, whose major characteristics 

are summarized below. 

Table 7. Hardware configuration of IIEM-ADAS (mobile app) 

Manufacturer/model Samsung Galaxy S5 (SM-G900F) 

CPU Qualcomm Snapdragon 801, quad-core 2.5 GHz 

RAM 2 GB 

Storage 32 GB flash 

Display 5.1” full HD AMOLED 

Operating System Android 5.0 

Connectivity 

GSM quad band (850/900/1800/1900 MHz) 

UMTS/HSPA/LTE 

Wi-Fi 802.11a/b/g/n 

Bluetooth 

1 x USB3 

Built-in sensors GPS, accelerometer, digital compass, gyroscope, thermometer, barometer 

Power supply Li-ion battery 2800 mAh, 390 h. standby, 1260 min. conversation 

Environmental compatibility Waterproof IP67 

Dimensions (WxDxH) 142 x 72 x 8 mm 

Weight 145 g 

The following figure recalls the ArchiMate® technology layer for the IIEM-ADAS, as from project 

deliverable D3.3 (“Final Specifications of the EMERALD System”, [3]). 
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Figure 39. IIEM-ADAS physical architecture, release R1.0 
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The Services Control Platform of the EMERALD system provides all back-office services and implements 

the interfaces towards external systems. 

As from project deliverables D3.3 ([3]) and D3.4 ([4]), the software modules constituting the SCP have 

been grouped in deployment units, which represent self-consistent installation packages (including 

application software, libraries, databases and other repositories) targeted to a specific 

hardware/software platform. This choice was mainly oriented to maximize the effectiveness of the 

prototyping phase, also easing the integration, testing and maintenance of application software. 

The following figure recalls the ArchiMate® technology layer for EMERALD Services Control Platform, 

specifying the relevant deployment units. As for Figure 39, solid components are for prototype R1.0, 

while dotted components are for prototype R2.0. 

 

Figure 40. Services Control Platform physical architecture, release R1.0 

The deployment architecture for system prototype R1.0 is the following: 

• Data Storage/ML Server: hosted by Softeco Sismat in Italy (Windows-based platform). 

• Traffic Console: hosted by Telvent in Spain (Windows-based platform). 

• UCD Server: hosted by Hi-Iberia in Spain (Linux-based platform). 
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Each partner is responsible for the physical maintenance of the respective host computers (redundancy, 

fault tolerance, backup etc.) as well as for ensuring the connectivity to other partners. 

The Data Storage and ML Server is hosted by a virtual machine running at Softeco Sismat server farm. 

The following table summarizes the hardware configuration of the host computer. 

Table 8. Hardware configuration of Services Control Platform -Data Storage and ML Server 

Manufacturer/model HP ProLiant DL380p 

CPU 2 x Intel Xeon E5-2665 8-core (2.40 GHz 20 MB L3 Cache) 

RAM 32 GB DDR3 1600 MHz RDIMM 

Storage 
2 x 146 GB SAS 15000 rpm 

4 x 1200 GB SAS 10000 rpm 

Display None 

Operating System Windows Server 2012 Standard ROK 

 

The Traffic Console of SCP is composed of: 

• Postgres 9.1 

• Port: 5432 

• Start/stop script: /etc/init.d/postgres 

• Directory: /var/lib/pgsql/9.1/data 

• Logs: /var/lib/pgsql/9.1/data/pg_log 

• ActiveMQ 5.9 

•  Port: 61616 

•  Start/stop: /etc/init.d/activemq 

•  Directory: /home/appusr/activemq 

•  Logs: /home/appusr/activemq/data 

• JBoss AS7: 

•  Ports: 8080, 4447 

•  Start/stop: /etc/init.d/jboss 

•  Directory: /home/appusr/jboss/standalone/deployments 

•  Logs: /home/appusr/jboss/standalone/logs 

• Mule ESB 3.3: 

•  Port: 8080 

•  Start/stop: /etc/init.d/mule 

•  Directory: /home/appusr/mule 

•  Logs: /home/appusr/mule/logs 
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Table 9. Hardware configuration of Services Control Platform - Traffic Console 

Manufacturer/model DELL 

CPU 
2x Intel® Xeon® E5-2650, 2.00GHz, 20M Cache, 8.0GT/s QPI, Turbo, 8C, 95W, 

DDR3-1600MHz 

RAM 4 x 8GB RDIMM, 1600 MHz, Low Volt, Dual Rank, x4 Data Width 

Storage 4 x 1TB, Near-Line SAS 6Gbps, 3.5-in, 7.2K RPM Hard Drive (Hot-Plug)  

Display - 

Operating System VMware ESXi 

The Traffic Console server will be upgraded for the R2.0 prototype trials. The current server belongs to 

other projects. 

The UCD Server is hosted by a virtual machine running at Hi-Iberia server farm. The following table 

summarizes the hardware configuration of the host computer. 

Table 10. Hardware configuration of Services Control Platform - UCD Server 

Manufacturer/model HP ProLiant DL380p Gen8 (Citrix virtualization) 

CPU Intel® Xeon® E5-2630 @ 2.30 GHz x 6 

RAM 8 GB DDR3 

Storage 146 GB SAS 15000 rpm 

Display None 

Operating System Linux (Ubuntu 12.04.4 LTS) 

'!' ������
����,��
�����
Similarly, to Services Control Platform, the Simulation Platform is constituted by two main deployment 

units targeted to different hardware/software platforms: 

• The Traffic Simulator is targeted to Linux platform and is connected to other SCP modules 

through an Internet connection. 

• The Power Flow Simulator is targeted to Windows platform and is connected to other SCP 

modules through an Internet connection.  

The following figure recalls the ArchiMate® technology layer for the Simulation Platform, specifying the 

relevant deployment units. 
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�����	���	;��"4���	���'�1!������	�'	 Simulation Platform (Traffic Simulator) 

Manufacturer/model HP 630 

CPU  Intel® Core™ i3-2310M @ 2.10 GHz × 4 

RAM 8 GB DDR3 

Storage 200 GB 

Display 15.6" 1366x768 

Operating System Linux (Ubuntu 14.04 LTS) 

The software modules constituting the Power Flow Simulator are exposed through a standalone 

application based in Windows and a web-service described in next table. 
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Table 12. Scheduling synthetic data web service description 

Web service 

Request TYPE POST 

Request Sample http://150.241.239.46:5020/syntheticdata 

 

 

Response Sample <syntethic-data><Register AccesibilyRP="Private" BatteryCapacity="20.0" 

BatteryCycles="1" BatteryModel="Li-ion" ChargeDischarge="0" ConnectorId="1" 

ContractID="1" CurrentDischarging="0" DischargingRPC="0" EnergytermPrice="20" 

EnergytermPriceSell="10" InitialEnergyBattery="50.0" MaximumPower="4.11" 

NameRS="RS" OperatorID="2" OperatorName="ON" PowertermPrice="40" ProviderID="2" 

ProviderName="PN" RechargePreference="0" RechargeStartDateTime="17.0 UTC 2015-03-

10" RechargeStopDateTime="8.0 UTC 2015-03-11" RechargingStationID="1" 

TotalEstimetedEnergyFlow="80.0" TypeCharging="1" UserId="1" VehicleId="1" 

VehicleModel="FEV" VoltageDischarging="0" zipcode="01510"/></syntethic-data> 

 

Table 13. Interoperable Global Recharging Schedule Database record 

Class/data structure 

Interoperable Global Recharging Schedule Database�record 

Description This object contains an interoperable representation of data records stored in 

Global Recharging Schedule Database (GRSDB). 

Property name Data type Description 

UserId Integer EMERALD user ID 

VehicleId Integer EMERALD vehicle ID 

VehicleModel String Model of vehicle 

BatteryModel String Type of battery 

BatteryCapacity Float Capacity of the battery 

BatteryCycles Integer Number of recharging battery cycles (charging and discharging) 

RechargingStationID Integer Recharging station ID 

NameRS String Recharging station ID –Name of recharging station 
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AccesibilityRP String Recharging station ID – accessibility, public, private, fleet 

ProviderID Integer Recharging station ID – Energy provider ID 

ProviderName String Recharging station ID – energy provider name 

OperatorID Integer Recharging station ID – Infrastructure owner ID 

OperatorName String Recharging station ID – Infrastructure owner name 

ContractID String Recharging station ID – Contract ID 

ContractName String Recharging station ID – Contract Name 

EnergytermPrice String Recharging station ID – Energy term price 

PowertermPrice String Recharging station ID – Power term price 

MaximumPower Float Recharging station ID – Maximum required power 

ConnectorID Integer Recharging station ID – Connector ID 

TypeCharging Integer Recharging station ID – connectorID – Type of charging 

DischargingRSC Boolean Recharging station ID – connectorID – Discharging Y/N 

VoltageDischarging Integer Recharging station ID – connectorID – Discharging voltage 

CurrentDischarging Integer Recharging station ID – connectorID – Discharging current 

EnergytermPriceSell String Recharging station ID – Energy term price to sell 

RechargePreference String Recharging station ID – The recharge preference. Price importance: 

High (price preference), low (time preference).  

RechargeStartDateTime Datetime Initial Date Time Booked for recharging 

RechargeStopDateTime Datetime End Date Time Booked for recharging 

TotalEstimatedEnergyFlo

w 

Float Estimated Energy Flow for recharging. State of charge final in 

percent (range 0-100) 

InitialEnergyBattery Integer Initial state of charge of the battery. State of charge initial in percent 

(range 0-100) 

Zipcode String Zipcode 

ChargeDischarge Boolean Charge / Discharge users’ selection 

In the context of the first phase of EMERALD system validation, the functionalities related to the 

estimation of the power demand/offer curve, the optimized power demand/offer for the recharging of 

FEVs and the generation of synthetic data with the recharging scheduling have been tested. 

'!* ���
�.�1��
The field trials were taken in three different locations: Lucca (Italy), Basque Country (Spain) and 

Murowana Goślina (Poland). An additional field trial aimed at development and optimization of Driver 

profiling data collection functionality. For this reason a total of 5 FEVs of different technical and driving 

characteristics were used during the first cycle of trials; a further FEV type (namely a Comarth Cross 

Rider light FEV) will be used during second cycle of trials, and will be then described in deliverable D5.2.  

The following chapters provide a consistent review of first cycle FEVs, encompassing them with aspects 

of the test routes. 
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For the sake of Lucca trials, CDL provided two vehicles from its fleet. Both FEVs were electrified Fiat 

Ducato providing logistics services in the historical city center, precisely speaking the area inside the city 
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walls. The first vehicle was electrified by Enerblu, while the second was electrified by Micro-Vett and 

partly re-engineered by Mecaprom. As the technical specifications of both vehicles are very similar, so 

they were jointed in a single table that is presented below: 

Table 14. Technical specification of Fiat Ducato FEVs used in Lucca trials 

FIAT DUCATO FEVs TECHNICAL SPECIFICATION 

Category N 1 

Traction Electrical 

Engine 30/60 kW three-phase asynchronous 

Engine Speed Transmission 5 + reverse gear 

Charging socket 400 VAC - 16 A - 9 kW with safety system to start inhibit (Enerblu only) 

Maximum lean 20,00% 

Braking Energy Recovery 

Battery Lithium polymer with energy density exceeding 120 Wh / kg (Enerblu) / EIG 

Lithium polymer (Micro-Vett) 

Additional features Heating/cooling, ABS, Central locking with remote control, reversing warning 

signal, box body made entirely of aluminum 

  

Figure 42. Fiat Ducato FEV during its daily operation in Lucca 

'!*!& ������
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Renault Zoe was provided as an additional FEV during the Lucca trials. Involving a passenger car into the 

data acquisition campaign aimed especially at enlarging the data sets for long-range route provided in 

a steep terrain, specifically an uphill route from Lucca to San Giuliano Terme, near Pisa Municipality. 

Therefore, using a passenger FEV was recommended given also the fact that the electrified Fiat Ducato 

vans do not normally operate on this route as well as they are not designed for taking subsequent drives 

along a route of such steepness. 

Table 15. Technical specification of Renault Zoe 

RENAULT ZOE TECHNICAL SPECIFICATION�

Category M 
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Traction Electrical 

Engine 65 kW Synchronous with wound rotor 

Transmission Engine Speed Automatic 

Charging socket Caméléon (adaptive mono-three phase 3 to 43 kW) 

Braking ABS, Assistance Emergency Brake, Electronic brake, ESP with CSV 

Battery Lithium Ion, Total voltage (V) 400. 12 modules, 192 cells 

Additional features Heating/cooling, central locking with remote control, built-in GPS navigation 

module, rear camera, parking sensors 

 

Figure 43. Renault Zoe in test field in Lucca 
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Ford Transit Connect Electric was chosen for the Spanish trials. It is based on the standard IC engine 

powered derivative. It is a light duty commercial vehicle with an electric only drivetrain capable of 

covering a 50 to 80 mile range depending on auxiliary loading and duty cycle with a top speed of 75 

mph. The vehicle was designed and developed in cooperation with Azure Dynamics utilizing their Force 

Drive high voltage battery and electric drive train. A breakdown of the key vehicle components can be 

seen in the following figure.  



D5.1 Initial Trials Results and Analysis 

  

FP7-314151 EMERALD Project  Page 67 of 174 

 

 

Figure 44. Components location 

Table 16. Ford Transit Connect Electric components 

1 Level 2 Charge Port 

The vehicle is connected to the electrical 

grid through this port when charging. 

Capable of 120V or 240V AC charging. 

8 Electric Vacuum Pump 

Provides vacuum for the power brake booster. 

2 High -Voltage Battery 

Liquid-cooled 28kWh lithium-ion battery 

pack with internal sensors and controller, 

supplied by Johnson Controls-Saft 

9 DC/DC Converter 

Converts high-voltage DC power to keep the 12V 

battery charged and to supply power for 12V 

accessories. 

3 High -Voltage Junction Box 

Distributes DC power from battery to 

components and contains high-voltage 

fuses. 

10 Gearbox 

Borg-Warner 31-03, single-speed with integrated park 

pawl 

Gear ratio 8.28:1 

Fixed-ratio gear reduction increases torque and has 

integrated park pawl. 

4 Level 2 Charger Uses 120V or 240V AC 

input from charge port  

Converts AC power to DC power to charge 

battery in 6 to 8 hours at 240V 

11 Electric Power Steering 

12V powered smart system takes information from 

vehicle speed and steering sensors to provide the 

correct amount of assist, which reduces energy 

consumption. 

5 Motor Controller and Inverter 

Converts DC from the battery to 3 phase 

AC for the traction motor. Controls the 

speed and torque of the traction motor. 

12 Vehicle Control Unit (VCU ) 

Processes all driver and component inputs in order to 

control vehicle operation. 

6 Traction Motor 

Motor Siemens model 135, 3-phase AC 

induction motor, 300V nominal, liquid-

cooled 

13 PTC Electric Heater 

Converts high-voltage DC power to heat. Used for 

interior heating and windshield defrosting 
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Converts electrical energy to wheel torque. 

Speed and torque outputs are based on 

accelerator input. 

7 A/C Compressor 

Integrated motor, compressor and 

controller powered by high-voltage DC 

power 

14 Electric Coolant Pumps 

12V powered pumps circulate coolant through battery 

pack, traction system, DC/DC converter and heat 

exchanger 

Table 17.Technical specifications of Ford Transit Connect Electric 

FORD TRANSIT CONNECT ELECTRIC TECHNICAL SPECIFICATIONS 

Driving Range   50–80 miles depending on auxiliary usage and drive cycle 

Maximum Speed 120 km/h (75 mph) @ 0 percent grade 

Acceleration @ Kerb 0-100 km/h (0-60 mph) in 12 seconds 

Acceleration @ GVW 0-100 km/h (0-60 mph) in 15 seconds  

Maximum Gradeability 27 percent grade @ GVW for 387m (peak) 

Gradient – Constant running  3 percent grade @ 60mph and GVW 

Charging Time  6-8 hours at 240V/30A 

Motor Power/Torque 105 kW peak, 52 kW continuous; 215 lb ft (292 Nm) peak, 86 lb ft (117 Nm) 

continuous 

 

Figure 45. Ford Transit Connect during test – with Emerald logo attached 

The initial trials were devoted mainly for testing data collection and calibration functionalities. Massive 

data collection tests were conducted in the area described in the chapter 2.2.1. 

The EMERALD OBU system has been located under front passenger’s seat. It is supplied with 12V power 

supply from the lighter connector. System antenna is located at the vehicle roof, to enable the best 

possible properties for signal coverage. Finally, the CAN connection is provided via OBD2 connector in 

order to acquire the vehicle data as can be seen in the following pictures. 
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Figure 46. OBU system CAN connection and antenna location in the Ford Transit Connect Electric 
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Providing real test FEV in order to perform trials of the Emerald system has been main project 

responsibility for Solaris Bus & Coach S.A. The vehicle chosen to fulfill this task is Solaris Urbino electric, 

which is a quiet, emission-free, fully electric bus with low operational costs. The trials have been 

conducted in real-life conditions. They were coordinated by SOL and ITS. 

The first phase of trials was devoted mainly to testing data collection functionalities. The bus chosen for 

this phase was E12 Inowrocław, which was currently available at Solaris plant in Bolechowo and met all 

test requirements. Tests were conducted without difficulties or interferences, and no mistakes/alerts 

appeared on the dashboard during the test.  

The test route is 17.9 km long running around and through Murowana Goślina. This particular test route 

has been chosen because of the fact it is close to the Solaris factory and at the same time has some 

significant characteristics. Some parts of the route are suburban (primarily the town’s bypass) while 

others are urban roads on which traffic jam is likely to occur.  
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Figure 47. Solaris Urbino Electric during test – the end of the test route 

 

Figure 48. Solaris Urbino Electric during test – bus designated with Emerald logo 
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Figure 49. Solaris Urbino Electric during tests on the airport 

The bus chosen for the field trials was originally produced for the Polish customer, City of Inowrocław. It 

is a non-articulated bus with the following parameters: 

Table 18. Technical specification of Solaris Urbino 12 Electric 

SOLARIS URBINO 12 ELECTRIC TECHNICAL SPECIFICATION 

Producer Solaris Bus & Coach S.A. 

Type  Urbino 12 electric 

Category of vehicle M3 (bus) 

Class (acc. to ECE UN R107) Class I (city bus) 

Vehicle identification number SUU 24116E FB 014989 

Length 12 m 

Width 2,55 m 

Height 3,25 m 

Mass in running order 12 500 kg 

Gross vehicle weight 18 000 kg 

Technically permissible 1st 

axle load 

7100 kg 

Technically permissible 2nd 

axle load 

11500 kg 

Motor Single electric motor TSA, type TMF 35-28-4  

Inductor Medcom FT160-600+PSM42 

Driven axle ZF, type AV 132 

Traction batteries Impact, 200 kWh 

Tires, front axle: Dunlop SP 372 M+S, 275/70 (OS 160) 22,5'' 

Tires, driven axle: Dunlop SP 372 M+S, 275/70 (OS 160) 22,5'' 

Air conditioning UL 500EM 

Heating unit SPHEROS THERMO S 300 

Battery Varta Silver ProMotive (225Ah 12V) 
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As ITS was responsible for developing PFL functionality, additional data acquisition campaign was 

decided to take place in Warsaw, Poland. Its main aim was to provide a vast data set for 

ensuring credibility and optimization of driver profiling algorithms regarding different use cases in urban 

and suburban conditions. Nissan Leaf 2015 was used for this purpose. The vehicle was obtained for 

three weeks of trials from Nissan Sales Central and Eastern Europe. The following table provides the 

technical characteristics of the car used in field trials. 

Table 19. Technical specification of Nissan Leaf 2015 

NISSAN LEAF 2015 TECHNICAL SPECIFICATION 

Category Compact car 

Traction Electrical 

Engine 80 kW synchronous, 254 Nm max torque 

Transmission Engine Speed Single speed constant ratio 

Charging socket 3.6 kW (3.3 kW output) or 6.6 kW (6.0 kW output) monophase 

44 kW three-phase CHAdeMO socket 

Braking ABS, Assistance Emergency Brake, Electronic Brakeforce Distribution, ESP 

with CSV 

Battery Lithium Ion, 24 kWh, Total voltage (V) 400. 48 modules, 192 cells 

Additional features A/C (heating/cooling), central locking with remote control, built-in GPS 

navigation module, rear camera, parking sensors 

 

Figure 50. Nissan Leaf used by ITS during Warsaw-based trials 
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Real-size Driving Simulator� consists in overall of three deployment units that are executed for the 

purposes of Driving Simulator Trials, but address different platforms and training activities: 
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• The IIEM-ADAS (mobile app) customized for the needs of Virtually-driven ADAS is targeted 

for Android platform and is connected to the Simulation environment. 

• The Simulation environment is a native software on Real-size Driving Simulator that is 

targeted to work on Windows-based workstations. 

• The Training execution process is a logical representation of conducting consecutive 

activities in the scope of driving instruction. 

The following figure recalls the ArchiMate® technology layer for Real-size Driving Simulator, specifying 

the relevant deployment units. 

Real-Size Driving Simulator data exchange network
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��1!��	���	 Real-size Driving Simulator physical architecture 

As Driving Simulator trials are conducted during prototype R2.0 phase, the deployment architecture of 

phase R1.0 is not an object of description. Still, actual work focused on optimizing the FEV model in the 

simulation environment as well as establishing sound data connection between IIEM-ADAS (properly 

Virtually-driven ADAS) and the simulation environment. 
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Figure 52. Key elements of AS1200-6 simulator: visualization system made of four calibrated projectors (Top left); MOOG 6-

DOF motion platform (Top right); cabin interior (Middle left); view of cabin and cylindrical screen (Middle right); Workstation 

comprising of five connected PC computers (Bottom left); fully operational operator’s stand (Bottom right). 

Real-size Driving Simulator is physically represented by AS 1200-6 passenger car simulator possessed by 

ITS in Transport Telematics Center in Warsaw, Poland. The simulator combines four elements: motion 

platform, Opel Astra IV passenger car cabin, visualization system and operator post. The motion 
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platform is based on six actuators (so-called “6 Degrees of Freedom”) and allows to truly imitating 

movements of the driver’s cabin, in respect of simulated speeds, linear acceleration and angular 

acceleration. The passenger car cabin provides projection of both rear and side mirrors using LCD 

screens as well as generation of mechanical stimuli (cabin and driver seat’s vibration) and driving sound 

effects. Additionally, camera and microphone mounted inside the cabin enable the trainer to 

communicate with the driver and monitor his behavior. The visualization system consists of four 

projectors, which are calibrated in a way to provide a 200 degrees view of a simulated environment, 

displayed on a cylindrical screen situated in front of a passenger car cabin. The simulation image is 

generated by a total of five separate PC workstations, each responsible for a single projector and mirror, 

and moving according to the car speed. The following table shows the simulator’s detailed hardware 

specifications: 

Table 20. Hardware configuration of the Real-size Driving Simulator 

Manufacturer/model AutoSim AS 1200-6 

Cabin Opel Astra IV body and cabin 

Motion system MOOG 170-131-A-01-D-1 Motion Platform based on six C12143-003 actuators  

Visualization system Four NEC NP3250W LCD projectors 

Display 200° wide, 2.5 m high cylindrical screen  

Sound system 2.1 Modecom sound speakers mounted inside cabin 

Feedback tools In-cabin surveillance camera 

Built-in microphone 

Workstation Five connected PC computers – four responsible for creating simulation image and the 

fifth one managing the simulation and operator’s post 

The native simulation environment of Real-size Driving Simulator is called SimWorld and allows to 

modify parameters related to the location design (buildings, obstacles, road traffic level, surface, 

weather etc.) as well as to model a specific type of a vehicle. For the sake of Driving Simulator Trials, the 

simulator was programmed to imitate Nissan Leaf 2011/2012 edition. This FEV was chosen due to its 

popularity, easy access to technical specifications as well as availability of using it physically as a tool for 

verifying the designed model. In the following table, one can find detailed physical and technical 

specifications of the chosen FEV: 

Table 21. Technical specifications of Nissan Leaf 2011/2012 used for virtual FEV model 

NISSAN LEAF TECHNICAL SPECIFICATIONS 

Category  Compact 

Traction Electrical 

Engine: 80 kW Synchronous with wound rotor 

Maximum Torque 280 Nm 

Transmission Engine Speed: Automatic 

Charging socket: CHAdeMo 3x400V 32A + 230 V 
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Braking:  ABS, Assistance Emergency Brake, Electronic brake, ESP with CSV 

Battery:  Lithium Ion, Total voltage (V) 345. 48 modules, 192 cells 

Maximum Range 117 km (EPA), 175 (NEDC) 

For the sake of IIEM-ADAS�deployment into the Driving Simulator Trials, the mobile app will be executed 

on a tablet fixed to the cabin’s side control board. Selected hardware for this purpose is Acer Iconia 

W510P. The fact that this device operates on the same operation system as Real-size Driving Simulator 

will significantly help in establishing a connection between those entities for the purpose of continuous 

data exchange during training activities. Detailed specifications of the device can be found in the table 

below: 

Table 22. Specification of Acer W510P tablet 

Processor Intel Atom Z2760 

RAM Memory size 2 GB 

Display 10.1” LED (1366 x 768 px) 

Graphics Intel Graphics Media Accelerator  

Data storage 32 GB SSD disk 

Wireless connection Wi-Fi 802.11 b/g/n, Bluetooth, NFC 

Battery capacity 27 Wh (tablet alone) + 27 Wh (with keyboard/docking station attached) 

Physical dimensions 259 mm x 186 mm x 20 mm; 1.27 kg – 566 g (tablet) + 704 g (keyboard/docking 

station) 

 

 

Figure 53. Acer Iconia W510P tablet detached from its keyboard/docking station 

As described in previous chapters of this deliverable, the process of usability evaluation will be 

performed using professional eye tracking device. SMI Eyetracking Glasses device is a top-class eye 

tracking device possessed by ITS and used specifically for research on drivers’ behavior. Thanks to its 
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mobile size and construction, it is possible to seamlessly integrate it into efficient ergonomics-related 

research. The following table provides technical specifications of SMI Eyetracking Glasses. 

Table 23. Technical specification of SMI Eyetracking Glasses 

Sampling rate 30Hz 

Method of sight 

identification 

Dark pupil, pupil-cr 

Binocular Tracking Yes (through auto parallax correct) 

Accuracy 0.5 degrees over all distances 

Gaze tracking range 80° horizontal, 60° vertical 

Context camera HD (1280 x 960) 

 

 

Figure 54. SMI Eyetracking Glasses with dedicated laptop  

 



D5.1 Initial Trials Results and Analysis 

  

FP7-314151 EMERALD Project  Page 78 of 174 

 

*! �����
����������
��
This chapter provides all the specification for test cases that were found relevant for evaluation of 

EMERALD system functionalities and processes in scope of R1.0 system prototype validation. The 

following test cases were included into the validation process due to the fact that they cover 

functionalities and processes that enable and facilitate EMERALD system services. Therefore, they can 

be considered as high-level module integration tests, which primarily involve the communication 

framework that is indispensable for proper EMERALD system operation as well as security and safety. 

All test cases that were considered in this phase have been described in deliverable D3.4 “EMERALD 

System Prototype and System Trials High-Level Specifications” and their verification falls within the 

scope of prototype R1.0 validation. The individual test results have been provided in the test cases 

tabular format of D3.4, in the records containing the description of the verification results (field 

”Results”) as well as the methods used to obtain them (field “Methods of evaluation”). 

*!  �
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CDL has provided three vehicles from the Luccaport (urban consolidation center) fleet for the purposes 

of EMERALD trials. Both vehicles are currently used for freight distribution in the historic Old Town. The 

advantage of using Luccaport vehicles is that they circulate in the city center and suburban areas on a 

daily basis, avoiding the need to plan dedicated trips only for trial purposes. In fact, once the vehicles 

are set up, the data acquisition campaign can be kept running until the end of the project.  

The first vehicle is Fiat Ducato electrified by Enerblu, a company actually acquired by Electric Vehicle Srl. 

The company provided the technical support for EMERALD trials, including electrical/electronic 

adaptation, equipment installation and full specification of CAN protocol (at least for required 

metrics/measurements). The Enerblu vehicle uses a Vehicle Management Unit (VMU or Supervisor) 

equipped with several analog/digital I/Os and four CAN interfaces that collect all the signals from BMS, 

drivetrain and vehicle body, thus providing the management of the vehicle operation as a whole through 

a special control firmware. During the setup of the vehicle, the VMU was refactored to improve stability 

and maintenance and the relevant firmware was customized, in order to extend the existing CAN 

messages and to provide the required datasets to the EMERALD OBU. 

 

Figure 55 Fiat Ducato Enerblu 
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The second vehicle is a Fiat Ducato electrified by Micro-Vett Spa. The technical assistance subcontractor 

for Micro-Vett provided technical support for the OBU installation. In order to ensure the telemetry of 

the vehicle and to interface the EMERALD OBU, a CAN gateway system was installed. The presence of 

this component ensures that the data acquisition system does not interfere with the normal vehicle 

operation, thus improving overall safety and reliability. Furthermore, to ensure the operation of the 

OBU during both the charge and discharge of the vehicle, a dedicated supply circuit was designed and 

implemented. 

  

Figure 56. Fiat Ducato CAN communication (left), Fiat Ducato CAN database (right) 

CDL provided an additional FEV, namely Renault Zoe, which was used for a dedicated data acquisition 

campaign on testing site and related trial tests.  

In fact, while the Fiat Ducato vans daily circulate in the Lucca historic center and suburban areas, 

performing mainly flat routes, the Zoe car was used on a specific uphill route from Lucca to San Giuliano 

Terme, near Pisa Municipality. The OBU installation was successfully performed, due to easy access to 

the external socket. Such additional trial results allow enlarging the data acquisition campaign, acquiring 

data on a longer uphill route. 

*!& �$���������
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As presented in chapter 2.2.1 the aim of the initial tests is to calibrate the OBU and collect as much data 

possible to feed the EMERALD system.  

The OBU software has been customized to enable reading and decoding the vehicle CAN variables of 

interest to the Emerald system. The calibration phase consisted in short runs in predefined driving 

conditions (e.g. speed profiles, battery charge) to ensure measurements validation matching them to 

cockpit instrumentation displayed values and to direct CAN bus acquisition through a CAN bus signal 

description (DBC file) and a standard vehicle communication network analysis software (open source 

BUSMASTER developed by ETAS).. 

The data collection trials have been performed by a single driver driving the Ford Transit Connect 

Electric, to recreate the typical daily situation of a car driven by a single person in 80% of the rides 

(according to Steve Ayres, 2009 SAE World Congress [9]). 

The planned route, from Mondragon to Elgoibar, has a number of roads leading in parallel to each other: 

B road, A road and a highway. 
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Figure 57. Alternative routes between Garaia (Mondragon) and Elgoibar: (a) Highway (b) A Road (c) B Road + A Road 

The highway gives a possibility of choosing two ways to reach Elgoibar form Mondragon. Nevertheless, 

taking either the Elgoibar exit or the Eibar exit, it takes the same time to reach the target. 

          

Figure 58. Highway paths between Garaia (Mondragon) and Elgoibar: (a) Taking Elgoibar exit (b) Taking Eibar exit 

The data collection was planned to acquire data from the presented routes, also for different energy 

recovery positions in the Ford Transit’s gear: ‘D’ for low recovery, ‘2’ for medium and ‘1’ for high. The 

campaign was planned as follows: 
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Table 24. Spanish data collection campaign 

Test Week Mondragon-Elgoibar route Elgoibar-Mondragon route Gear energy recovery position 

1 Highway Highway Low 

2 Highway Highway Medium 

3 Highway Highway High 

4 A road A road Low 

5 A road A road Medium 

6 A road A road High 

7 A road A road + B road Low 

8 A road + B road A road Low 

9 TBD TBD TBD 

10 TBD TBD TBD 

11 TBD TBD TBD 

12 TBD TBD TBD 

The final test weeks (9-12) are to be defined based on the amount of valid data acquired the weeks 

before. During these drives, the following set of variables has been acquired from GPS signal and 

vehicle’s CAN: 

Data acquired from GPS signal Data acquired from CAN 

Latitude Energy 

Longitude Inverter Bus Voltage 

Speed Inverter Bus Current 

Course Ambient temperature 

Time State of Charge 

Status Vehicle Speed 

 Braking message 
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The objective of the first phase of the initial field trials is to collect field measurements – energy 

consumption and traffic related data from the field. The main functionalities that were tested during the 

trials included the operation of battery and energy consumption in different conditions including the 

following combinations:  

• Air conditioning/AHU - on/off. 

• Empty bus and the bus loaded to gross vehicle mass (GVM) of 18 tons. 

The preliminary stage of the trials consisted of installing the equipment and checking the functionality 

and vehicle integration. To do so the Vector CANalyzer VN1610 module was installed in the vehicle. The 

device itself as well as the installation process and data acquisition can be seen in the following pictures: 
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Figure 59. Vector VN 1610 installed and operating onboard Solaris Urbino 12 Electric 

This equipment allows to store and collect the data available from the CAN bus in order to do the 

analysis. The bus with the installed equipment was started several times. First, the vehicle was kept on 

standstill to avoid any unpredicted situation. It was checked both on a dashboard and on the CANalyzer 

for any possible error messages. With no error recorded the vehicle was put on driving mode and moved 

forwards and backwards several times in order to ensure the lack of occurrence of systematic errors. 

The driving test results were stored in a specific tabular format. The following factors influencing the 

energy consumption were taken into consideration: 

• Working day (influence of the weekly changing traffic); 

• Time of the day (influence of daily changing traffic); 

• State of Charge (influence of the available energy); 

• Air conditioning working (influence of the auxiliaries energy consumption); 

• Driver (influence of the driving techniques); 

• Load (influence of the load coming from the passengers). 

The following physical constrains were taken under consideration: 

• Loading and un-loading the bus takes about 3 hours; 

• Full loading the batteries takes about 5-6 hours; 

• Working hours of the drivers; 

• The vehicle was available for testing for 5 working days, one of them for airfield tests with ITS. 

Table 25. Murowana Goślina field trials’ results 

TEST # DAY TIME SOC A/C or 

AHU 

DRIVER LOAD 

1 Tuesday 07:00 100% ON Driver 1 empty 

2 Tuesday 11:00 90% ON Driver 1 empty 

3 Tuesday 14:00 79% OFF Driver 2 empty 

4 Tuesday 16:00 70% OFF Driver 2 empty 

5 Wednesday 07:00 63% ON Driver 2 18 t 
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6 Wednesday 11:00 50% ON Driver 2 18 t 

7 Wednesday 14:00 36% OFF Driver 1 18 t 

8 Wednesday 16:00 37% OFF Driver 1 18 t 

9 Friday 07:00 100% ON Driver 2 18 t 

10 Friday 11:00 88% ON Driver 2 18 t 

11 Friday 14:00 78% OFF Driver 1 18 t 

12 Friday 16:00 67% OFF Driver 1 18 t 

13 Monday 07:00 57% ON Driver 1 empty 

14 Monday 11:00 48% ON Driver 1 empty 

15 Monday 14:00 39% OFF Driver 2 empty 

16 Monday 16:00 30% OFF Driver 2 empty 

 

The following table was created in order to receive as much data as possible. 

In order to get results both from city traffic and from sub-urban traffic the route around and through 

Murowana Goślina has been chosen. 

������� ��������������#������������������
On 9 July 2015 Solaris Urbino 12 electric was taken to the former airfield Bednary. Bednary airfield’s 

runway was used as a test site for the purpose of verification and optimization of driver profiling 

functionality implemented on IIEM-ADAS (mobile app). The data was also acquired through CAN bus. 

Field trials were coordinated by both ITS and SOL and were divided into two parts: 

• Verification of accuracy of driving event detection for FEV buses 

• Identification of driving characteristics for both aggressive and energy-efficient bus rides. 

The first part of Bednary trial was comprised of subsequent rides with constant speeds. The driver was 

driving the vehicle straight along the runway and was asked to accelerate or brake in a designated way. 

Thanks to this procedure, it became possible to emulate appropriate testing conditions for the 

identification of FEV bus driving events’ dynamic parameters. During all rides, the vehicle was loaded up 

to the Gross Vehicle Weight Rating. The following table gives an insight on the parameters of each ride 

and the intensity of performed driving events. 

Table 26. List of standardized events tested during Bednary Airport field trial 

Indicated speed (km/h) Event type Event intensity 

20 Acceleration Hard 

Braking Medium 

Acceleration Hard 

Braking Soft 

Acceleration Hard 

Braking Hard 
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40 Acceleration Hard 

Braking Soft 

Acceleration Hard 

Braking Medium 

Acceleration Hard 

Braking Hard 

60 Acceleration Hard 

Braking Soft 

Acceleration Hard 

Braking Medium 

Acceleration Hard 

Braking Hard 

 

The aim of the second part of Bednary trial was to acquire data from IIEM-ADAS for the sake of 

identification of aggressive and eco-driving manners in driving a FEV bus. For this purpose, a total of 

six stopping points was designated, so as to imitate driving between bus stops in urban conditions. 

Mean distance between the stops was around 400 meters. The driver was instructed to complete the 

route in three different driving manners: eco-driving, dynamic driving and regular urban conditions 

driving. The results of the rides served as a clarification of the customization of the driver event 

identification algorithm designed within the scope of PFL functionality. 

*!'!& ,����������������
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In order to provide a credible mechanism of driving events detection and driver profile calculation into 

PFL functionality, ITS decided that additional field trials using a passenger FEV need to be performed. 

Thanks to establishing contact with Nissan Sales Central and Eastern Europe it became possible to 

provide the tests with an electric car – smooth cooperation and common understanding of the need for 

designing energy-efficiency-related functionalities led to sharing Nissan Leaf 2015 for a three-week 

period.  



D5.1 Initial Trials Results and Analysis 

  

FP7-314151 EMERALD Project  Page 85 of 174 

 

 

   

Figure 60. Nissan Leaf in test field in Warsaw (top), R1.0 version of PFL functionality running on IIEM-ADAS (mobile app) 

(bottom left and right). 

During the three-week trials a total of three ITS drivers, characterized by different levels of driving 

aggressiveness, drove more than 1,000 km with the rented FEV. The main aim of this campaign was to 

verify and upgrade the previously applied model of driving events’ identification and driver profile 

calculation. During the drives that were taken both in urban and suburban conditions a wide set of data 

was collected in order to identify which driving parameters affect the identification of driving events as 

well the level of driver’s aggressiveness in relation to energy efficiency. The following set of parameters 

was acquired: 

• GPS coordinates 

• Start and end route locations 

• Distance covered 

• Travel time 
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• Total energy consumption (with relation to start and energy level) 

• Use of auxiliaries 

• Outside temperature 

• Number and type of identified events (together with the identification threshold values) 

• Self-evaluation of the aggressiveness level 

• Driving mode (Normal or Eco) 

• Additional information regarding traffic conditions, driving performance and other background 

information 

Fields trials resulted in obtaining enough data to optimize the method for driving event detection, taking 

into account also the algorithms for identification of faulty readings resulting from road roughness, 

speed bumps and some specific non-profile related driving behaviors. In addition, the statistical analysis 

of driving samples revealed the elements that most significantly affect the driving aggressiveness level. 

These results naturally led to designing the driver profile calculation method. 
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Traffic Simulation Trials have been executed for the three test sites (Italy, Poland and Spain) of the field 

trials. Therefore, maps of the three sites (in SUMO format) have been loaded in the Adapted Traffic 

Simulator (considering third dimension), as well as the mechanical characteristics of the vehicles. 

Furthermore, the FEVs considered have also been the ones used in each field trial, that is:  

• Fiat Ducato and Renault Zoe, for Italian Test Site. 

• Urbino 12, for Polish Test Site. 

• Ford Transit Connect Electric, for Spanish Test Site. 

Moreover, as described in Section 2.4.1.1, several types of Traffic Simulation Trials have been 

performed, which are explained below. 

������� ������������������ ����	����������
Traffic Simulation Trials related to Synthetic training data generation have been performed by executing 

long simulations (during a week) with dynamic changing conditions in the three test sites, that is, 

random routes, changing weather conditions and changing traffic demand. 

For all test sites, a matrix as follows is used to simulate a changing traffic demand according to the time 

of the day.  

Table 27. Changing traffic demand for Synthetic training data generation 

HOUR MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY 

00:00-01:00 � � � � � � � � � � � � � �

01:00-02:00 $� $� $� $� $� $� $�

02:00-03:00 $� $� $� $� $� $� $�
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03:00-04:00 0 0 0 0 0 0 0 

04:00-05:00 0 0 0 0 0 0 0 

05:00-06:00 1 1 1 1 1 1 1 

06:00-07:00 2 2 2 2 2 2 2 

07:00-08:00 4 3 3 3 3 3 3 

08:00-09:00 8 7 7 7 6 4 4 

09:00-10:00 4 3 3 3 3 3 3 

10:00-11:00 2 2 2 2 2 3 3 

11:00-12:00 2 2 2 2 2 2 2 

12:00-13:00 2 2 2 2 2 2 2 

13:00-14:00 3 3 3 3 3 3 3 

14:00-15:00 4 4 4 4 4 3 3 

15:00-16:00 3 3 3 3 3 3 3 

16:00-17:00 3 3 3 3 3 3 3 

17:00-18:00 2 2 2 2 3 3 3 

18:00-19:00 3 3 3 3 4 3 4 

19:00-20:00 4 4 4 4 5 4 5 

20:00-21:00 5 5 5 5 5 4 5 

21:00-22:00 4 4 4 4 4 4 4 

22:00-23:00 3 3 3 3 3 3 3 

23:00-00:00 2 2 2 2 2 2 2 

As observed, values of the matrix correspond to multipliers that increase/decrease the amount of traffic 

in normal conditions.  

������
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On the one hand, Traffic Simulation Trials related to Performance Validation have been performed by 

comparing EMERALD and non-EMERALD routes and analyzing their performances for a specific route in 

the three test sites. On the other hand, Traffic Simulation Trials related to Demonstration have been 

performed by providing results (graphical visualization) on energy consumptions for the same routes in 

each of three test sites. 

������
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Considering a random route in the EMERALD trial area in Lucca the results for the Traffic Simulation 

Trials related to Performance Validation are as follows: 
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Table 28. Performance validation for Italian test site 

ROUTE DISTANCE (KM) TIME (MINUTES) ENERGY CONSUMPTION 

(KWh) 

EMERALD  �/�C � ��/,; � $�;C�

NON-EMERALD (Fastest 

Route) 

*/E9� */�, � ��$E�

With regard to Traffic Simulation Trials related to Demonstration, the following graphs were obtained: 

 

Figure 61. Energy consumption vs. distance for Italian test site  

 

Figure 62. Energy consumption vs. time for Italian test site 

As observed from the table and the graphs, the obtained results show that the non-EMERALD route 

used to correspond to the fastest one, but also to the highly consuming route. Moreover, the results 
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show that the EMERALD route is usually a more energy efficient alternative route through secondary 

roads, but longer than the non-EMERALD route. 

������
�
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Considering a random route in the EMERALD trial area in Poznan, the results for the Traffic Simulation 

Trials related to Performance Validation are as follows: 

Table 29. Performance validation for Polish test site 

ROUTE DISTANCE (KM) TIME (MINUTES) ENERGY CONSUMPTION 

(KWh) 

EMERALD  C/;E� 9;/*� � �/$� �

NON-EMERALD (Fastest 

Route) 

�-/*- � �9/*� � 9/$, �

With regard to Traffic Simulation Trials related to Demonstration, the following graphs were obtained: 

 

Figure 63. Energy consumption vs. distance for Polish test site  

 

Figure 64. Energy consumption vs. time for Polish test site  
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As observed also in this case, in the table and the graphs, the obtained results show that the non-

EMERALD route used to correspond to the fastest one, but also to the highly consuming route. 

Moreover, the results show that the EMERALD route is usually a more efficient alternative route through 

secondary roads, but longer than the non-EMERALD route. 

������
�� $������������������������������
Considering a random route in the EMERALD trial operative area in Basque Country, the results for the 

Traffic Simulation Trials related to Performance Validation are as follows: 

Table 30. Performance validation for Spanish test site 

ROUTE DISTANCE (KM) TIME (MINUTES) ENERGY CONSUMPTION 

(KWh) 

EMERALD  9�/* � ,C/, � -/E�

NON-EMERALD (Fastest 

Route) 

9*/E� 9;/9 � ;/$� �

With regard to Traffic Simulation Trials related to Demonstration, the following graphs are shown: 

 

Figure 65. Energy consumption vs. distance for Spanish test site  
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Figure 66. Energy consumption vs. time for Spanish test site  

As observed also from the Spanish test site table and the graphs, the obtained results show that the 

non-EMERALD route used to correspond to the fastest one, but also to the highly consuming route. 

Moreover, the results show that the EMERALD route is usually a more energy efficient alternative route 

through secondary roads, but longer than the non-EMERALD route. 
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Regarding the power demand prediction tests, they were performed using simulated recharging data 

that were generated through the power flow simulation platform GUI. The following parameters were 

considered: 

• Number of recharging points 

• Percentage of recharging point for residential, industrial and commercial scenarios 

• Maximum power for a recharging point to recharge a FEV (kW) 

• Prediction timeframe, in number of days for evaluating the power demand prediction 

• Battery capacity of one FEV (kWh) 

• Number of charging-discharging cycles of a battery 

• Percentage of the initial and final SoC of a battery  

• Period (winter-labor, winter-holiday, summer-labor, summer-holiday).  

The battery model was based on well-known data sets available in literature (see [6] and [7]) and has 

been defined by the power demand depending on its SoC. The degradation model of the battery is 

defined by the depth of discharge in relation to the number of recharging/discharging cycles. These 

curves are defined at the GUI. 
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Figure 67. The GUI to define the SoC and depth of discharge curves 

In order to evaluate the arrival probability curves of a FEV to a recharging point, several scenarios were 

considered according to the recharging behavior. In particular, we consider three scenarios: 

• Industrial scenario, where employees arrive at their parking plaza every morning 

• Residential Scenario, where FEV users arrive at their recharging point every evening 

• Commercial scenario, where customers arrive at the commercial parking plaza during the 

working/commercial hours. The duration for the recharging is short. 

The recharging behavior is different depending on the weekday and season. The rate parameter can be 

defined by statistical, uniform distributions or empirical methods. 

Next figure shows the number of FEVs to be charged per quarter of an hour during a day in two points of 

the town, on the outskirts (point 1 –residential and industrial scenarios) and in the downtown (point 2- 

residential and commercial scenarios). 
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Figure 68. Traffic flows (Vitoria-Gasteiz town council) 

The charging period probability could be inversely analogous to the traffic probability curve of different 

lanes of the site. 

 

Figure 69. Charging period probability from real time traffic data (Vitoria-Gasteiz town council) 

In order to know the total time to recharge a FEV, different departure probability curves were 

considered according to the recharging behavior (residential, industrial and commercial scenarios). 

The arrival and departure curves for each scenario are introduced in the power flow simulator platform 

GUI in the form of arrival and departure probabilities by each quarter of an hour during a day. 
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Finally, the aggregated power demand is calculated by the number of vehicles being charged at a 

particular time multiplied by the recharging mode until the SoC desired by the customer. 

The power flow simulation platform optimizes through smart scheduling in order to get the minimum 

cost for the recharging and to avoid the maximum power demand time-windows of the electricity grid.  

In order to optimize the process, the estimation of the power demand (thus the required power surplus) 

for FEVs’ recharging and an electricity price profile were calculated. In the case of RES, the power 

generation is determined by a weather prediction combining it with a conversion model from 

photovoltaic panels and wind turbines and the non-RES power generation profile is independently 

scheduled by the power generator/supplier for each hour during the day (24 hours).  

Finally, the estimation of electricity profile considers intra-daily electricity market from a real energy 

trader or an electricity price profile could be defined manually by the user of the simulator. It is possible 

to define the incentives from grid operator by shaving the peak power. 

 

Figure 70. Power surplus for recharging FEV profile (24/11/2015 weather prediction) and electricity price from Spanish 

energy trader according (Omel web site, 24/11/2015) 

 

����
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The proposed battery model was tested with bibliographical models in order to establish the recharging 

behavior and it is available to a specific scenario (Italian, Polish and Spanish test sites).  
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Figure 71. Relation between State of Charge and Charging Power of a Li-Ion-Battery 

A specific site is defined by the arrival and departure probability curves, so that a generic scenario is 

available for other scenarios.  

 

 

Figure 72. Arrival probability curves for industrial, commercial and residential scenarios according to season-day period 



D5.1 Initial Trials Results and Analysis 

  

FP7-314151 EMERALD Project  Page 96 of 174 

 

 

Figure 73. Departure probability curves for industrial, commercial and residential scenarios according to season-day period 

 

Next table shows different boundary conditions of the power flow simulation platform in order to 

estimate the peak of power demand considering 1000 recharging points, Lithium-ion battery, 20 kWh of 

the battery capacity and 3,7 kW as the maximum power of a recharging point. The arrival and departure 

probability curves are defined for residential, industrial and commercial generic scenarios. 

 

Table 31. Power flow simulation platform results for 1000 recharging points, recharging point power 3.7 kW, a new  Li-ion 

(<1000 charging/discharging cycles) and battery capacity 20 kWh 

SoC 

initial 

SoC 

final 
Period of time 

% scenario Peak power 

(kW) 

Peak power 

hour (h)  Residential Industrial Commercial 

50 80 Winter-labor 100 0 0 1132 18.25 

50 80 Winter-labor 0 0 100 721 13.75 

50 80 Winter-labor 0 100 0 2517 08.50 

50 80 Winter-labor 75 20 5 900 18.25 

50 80 Summer-holiday 70 0 30 801 17.25 

0 100 Summer-holiday 100 0 0 2005 18.50 

0 100 Winter-labor 100 0 0 2380 20.25 

50 100 Winter-labor 40 30 30 920 18.25 
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0 100 Winter-labor 0 100 0 2750 10.75 

 

In the case of a specific site, i.e. the Spanish test site, one FEV (Lithium–ion battery of 20 kWh) could 

arrive at 10:00 h (the arrival probability is 1 at 10:00 h) and could departure at 15:00 h (the departure 

probability is 1 at 15:00 h). The required SoC was from 60% to 80% (about 21 km to recharge) and the 

level of power recharging was 2.6 kW. The result of this simulation was that peak power was 2.6 kW at 

10 h and the recharging time was 1 hour and 45 minutes. 

 

Figure 74. Power flow simulation platform results for one recharging point, recharging point power 2.6 kW, a new Lithium-

ion battery and battery capacity 20 kWh. 

On the other hand, the power flow simulation platform optimizes the FEV power demand through a 

smart scheduling in order to get the minimum cost for the recharging and to avoid the maximum power 

demand time-windows of the electricity grid. This optimization algorithm will be used in the enhanced 

power demand prediction and power flow management support functionalities of the R2.0 prototype. 

Considering a constant power surplus profile (2000 kW) and a electricity price profile in three periods of 

time, next table shows different boundary conditions of the power flow simulation platform, in order to 

estimate the peak of the optimized power demand (considering 1000 recharging points, Lithium-ion 

battery, 20 kWh of the battery capacity and 3.7 kW as the maximum power of a recharging point).  
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 Figure 75. Power surplus for recharging FEV and electricity price profile considered to estimate the optimal 

recharging/discharging plan 

 

Table 32. Power flow simulation platform results for 1000 recharging points, recharging point power 3.7 kW, a new  Li-ion 

(<1000 charging/discharging cycles) and battery capacity 20 kWh 

SoC 

initial 

SoC 

final 
Period of time 

% scenario Peak power 

(kW) 

Peak power 

hour (h)  Residential Industrial Commercial 

50 80 Winter-labor 100 0 0 1998 23.00 

50 80 Winter-labor 0 0 100 665 10.75 

50 80 Winter-labor 0 100 0 1998 08.25 

50 80 Winter-labor 75 20 5 1998 22.25 

50 80 Summer-holiday 70 0 30 1998 22.25 

0 100 Summer-holiday 100 0 0 1998 23.00 

0 100 Winter-labor 100 0 0 1998 18.00 

50 100 Winter-labor 40 30 30 1998 21.25 

0 100 Winter-labor 0 100 0 1998 08.25 

 

In the case of a specific site, i.e. the Spanish test site, one FEV (Lithium–ion battery of 20 kWh) could 

arrive at 10:00 h (the arrival probability is 1 at 10:00 h) and could departure at 15:00 h (the departure 

probability is 1 at 15:00 h). The required SoC was from 60% to 80% (about 21 km to recharge) and the 
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level of power recharging was 2.6 kW. The result of this simulation shows the FEV power demand with 

and without optimization, according to a specific power surplus profile and an electricity price profile. 

 

 

Figure 76. Power flow simulation platform results with and without optimization for one recharging point, recharging point 

power 2.6 kW, a new Lithium-ion battery and battery capacity 20 kWh. 

 

Finally, an optimization algorithm including the electricity discharge to the grid was tested in order to 

get the minimum cost for the recharging and to avoid the maximum power demand time-windows of 

the electricity grid. In this case, a new infrastructure, an inverter, and an agreement with the energy 

provider are required. 

The efficiency of the inverter is defined in the power flow simulation platform and the FEVs can recharge 

and discharge energy according to the electricity price to sell and the electricity price to buy, which are 

defined in the platform. 
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Figure 77. Power flow simulation platform to define the boundary conditions of FEV power demand and the electricity price 

to sell energy to the grid. 

In the case of a specific site, i.e. the Spanish test site, one FEV (Lithium–ion battery of 20 kWh) could 

arrive at 10:00 h (the arrival probability is 1 at 10:00 h) and could departure at 22:00 h (the departure 

probability is 1 at 22:00 h). The required SoC was from 60% to 80% (about 21 km to recharge) and the 

level of power recharging was 2.6 kW. The result of this simulation shows the FEV power demand/offer 

with and without optimization, according to a specific power surplus profile, an electricity price profile 

to buy and electricity price profile to sell.  
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Figure 78. Power flow simulation platform results with and without optimization for one recharging point, recharging point 

power 2.6 kW, a new Lithium-ion battery and battery capacity 20 kWh without discharging. 

 

 

Figure 79. Power flow simulation platform results with and without optimization for one recharging point, recharging point 

power 2.6 kW, a new Lithium-ion battery and battery capacity 20 kWh with discharging. 
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In the case of synthetic data generation, a web service was created in which similar parameters can be 

inserted as input through the GUI of the power flow simulation platform. 

 

 Figure 80. Synthetic data generator interface 

The result of this web-service is a XML file with several attributes to be included on a database. 

The generation of synthetic data of power demand-offer prediction, provides simulated data to the SCP 

in order to feed, test and tune the EMERALD optimization engines for recharging and discharging 

scheduling. This synthetic data will be considered in the power demand prediction as non-EMERALD 

FEVs’ data, when there will be real EMERALD users. 

*!/ #�������������
����������
The actual Driving Simulator trials are planned to be conducted during EMERALD system prototype R2.0 

phase. Due to this fact, during the R1.0 phase ITS concentrated on developing a tailored testbed for the 

needs of the trials. A total of three deployment units were thoroughly developed and customized, both 

taking into account programming activities and designing a simulator-based driver training 

methodology. The process is still ongoing, so as to provide the final version of the Real-Size Driving 

Simulator�for the R2.0 trials.  

In scope of IIEM-ADAS (mobile app) unit, the work especially focuses on providing an efficient data 

exchange model between the Virtually-driven ADAS and native simulation environment of the ITS-

owned driving simulator. Main steps towards the preparation of the unit cover GPS-simulation 

navigation in the simulation environment as well as customization of the mobile app for the needs of 

the Android-based device that will be used during the trials. 

The trials will be conducted on native simulation environment of ITS-owned driving simulator. Still, 

a number of customizations need to be done in order to answer the needs and challenges that the FEV-

oriented driver training creates. Main activities are taking place in the scope of optimizing the FEV 
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simulation model. As a result, the virtual vehicle will recreate the dynamics and energy consumption 

model from Nissan Leaf 2011/2012. 

Certain activities are also taking place in the scope of Training execution process unit, focusing on 

providing the training methodology for novice FEV drivers. The final version of the training program will 

be designed in cooperation with Renault Driving Center. This Warsaw-based driver schooling unit has 

experience in teaching the principles of driving a FEV, both regarding the dynamics of the vehicle and 

energy-efficient driving. 

*!6 ���
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����
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Table 33. Global system TC-01 

Code  Responsible Partner(s)  

GLB-TC-01 SOFT, COSM  

Purpose/title 

Verification of long-range V2I/I2V communication: qualitative evaluation of 

communication between IIEM-ADAS and SCP over various long-range 

technologies (namely 4G/3G/2G public cellular networks). 

Business service(s) • V2X communication service�
Ref. business-case 

scenario (s) 
Private car, FEV fleet, Electric bus 

Ref. requirements 

• GLB-FUNC-RQT02: Long-range V2I/I2V communications �
• GLB-PERF-RQT05: Reliable V2I/I2V/V2V communications�
• GLB-PERF-RQT06: High-speed V2I/I2V interactions�
• GLB-PERF-RQT07: Connectivity provision for moving vehicles�
• GLB-PERF-RQT08: Quality of service�
• GLB-PERF-RQT14: V2I/I2V interoperability with various access 

network technologies�
• LRP-PERF-RQT04: Optimized communication protocol�
• MLP-FUNC-RQT05: Communication capability between the IIEM-

ADAS and the SCP�

Evaluation  

Initially, check the availability of 4G/3G/2G public cellular networks in the 

trial area and establish a session between the IIEM-ADAS (both OBU and 

mobile app) and the SCP in order to verify the two-way communication 

between them. Then, using the available 2G/3G/4G networks, validate a 

number of EMERALD functions, such as: 

• Uploading of training data and downloading of MLEs from SCP to 

IIEM-ADAS.�
• Retrieval of recharging point availability information from SCP and 

booking of the recharging point selected by the user.�
• Proper access to User-centric charge/discharge management�

application from IIEM-ADAS. �
• Delivery of real-time traffic information from SCP to IIEM-ADAS. �

Repeat the procedure while the vehicle is static and on move for a number of 
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sessions of the above functions.  

Verify that the V2I/I2V communication can be supported over more than one 

cellular network technology, and optimally (if possible) capture a switch 

between two cellular network technologies (e.g. inter-radio access handover 

between 3G-2G or 4G-3G). 

Collect throughput measurements for the sessions that involve bulk data 

transfer (e.g. synchronization, see MLP-TC-03) and delay measurements for 

the sessions that involve rapid interaction between the IIEM-ADAS and the 

SCP (low volume data transfer). 

Methods of 

evaluation 

The test case has been performed on all the three trial sites (Italy, Poland and 

Spain), after being preliminarily validated through laboratory tests. The SIMs 

used on trial sites were provided by relevant site managers (CDL, SOL and 

COMRT) through dedicated agreements with local MNOs (TIM, Plus and 

Vodafone, respectively). The tests mainly focused on OBU and mobile app 

synchronization, as these are the most resource-consuming procedures; for 

this purpose, a standard set of 5000 raw tracking records (for upload from 

the OBU) and 1000 trained MLEs (for download on the app) was prepared. 

For each site, the test has been repeated 10 times per set, 5 times in 

stationary conditions and 5 times in dynamic conditions. 

Results 

Tests reported data rates in the range of 13-48 Kb/s (381-1400 records/s) in 

upload and 32-118 Kb/s in download across different mobile network 

operators and access technologies; which are average 2G/3G network data 

rates. These data rates were proved adequate for EMERALD platform 

services data exchange. 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU)�
• IIEM-ADAS (mobile app)�
• Services Control Platform�

Additional external components:  

• 4G/3G/2G public cellular 

networks �

Test scenarios 

� �Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders No specific stakeholder (global functional test). 

Notes  

The purpose of this test case is not the exhaustive collection of network 

measurements – which is related more to the network capabilities rather 

than to the EMERALD application efficiency – but the verification of the 

smooth operation of EMERALD services over various legacy and modern 

network technologies, and the extraction of valuable results e.g. in the form 

of recommendations regarding the suitability of each technology for different 

EMERALD functions/ processes.  

 

Table 34. Global system TC-02 

Code  Responsible Partner(s)  

GLB-TC-02  SOFT, COSM  

Purpose/title 
Verification of short-range V2I/I2V communication: qualitative evaluation of 

communication between IIEM-ADAS and SCP over 802.11x technologies. 
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Business service(s) • V2X communication service�
Ref. business-case 

scenario (s) 
Private car, FEV fleet, Electric bus 

Ref. requirements 

• GLB-FUNC-RQT01: Short-range V2I/I2V communications�
• GLB-PERF-RQT05: Reliable V2I/I2V/V2V communications�
• GLB-PERF-RQT06: High-speed V2I/I2V interactions�
• GLB-PERF-RQT08: Quality of service�
• LRP-PERF-RQT04: Optimized communication protocol�
• MLP-FUNC-RQT05: Communication capability between the IIEM-

ADAS and the SCP�

Evaluation  

Initially, check the availability of Wi-Fi network (802.11x) in the trial area and 

establish a session between the IIEM-ADAS (both OBU and mobile app) and 

the SCP in order to verify the two-way communication between them. Then 

validate a number of EMERALD functions, such as: 

• Uploading of training data and downloading of MLEs from SCP to 

IIEM-ADAS.�
• Retrieval of recharging point availability information from SCP and 

booking of the user selected recharging points. �
• Proper access to User-centric charge/discharge management�

application from IIEM-ADAS. �
• Delivery of real-time traffic information from SCP to IIEM-ADAS.�

Collect throughput measurements for the sessions that involve bulk data 

transfer (e.g. synchronization, see MLP-TC-03) and delay measurements for 

the sessions that involve rapid interaction between the IIEM-ADAS and the 

SCP (low volume data transfer). 

Methods of 

evaluation 

The test case has been performed on Italian trial site (the only one where a 

private Wi-Fi network of type 802.11g was available) and through laboratory 

tests. The tests mainly focused on OBU and mobile app synchronization, as 

these are the most resource-consuming procedures; for this purpose, a 

standard set of 5000 raw tracking records (for upload from the OBU) and 

1000 trained MLEs (for download on the app) was prepared. The test has 

been repeated 10 times per set, 5 times in stationary conditions and 5 times 

in dynamic conditions. 

Results 

Tests transfer rates above 50 Kb/s (1550 records/s) in upload and above 74 

Kb/s in download were achieved. These data rates were proved adequate for 

EMERALD platform services data exchange. 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU)�
• IIEM-ADAS (mobile app)�
• Services Control Platform�

Additional external components:  

• 802.11x network�

Test scenarios 

� �Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders No specific stakeholder (global functional test). 

Notes  
The purpose of this test case is not the exhaustive collection of network 

measurements but the verification of the smooth operation of EMERALD 
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services over the most common short-range network technologies, and the 

extraction of valuable results e.g. in the form of recommendations regarding 

their suitability for different EMERALD functions/ processes.  

 

Table 35. Global system TC-04 

Code  Responsible Partner(s)  

GLB-TC-04 SOFT, COSM  

Purpose/title 
Verification of confidentiality: preservation of users’ identity and service 

capabilities. 

Business service(s) 

• Local data collection and storage�
• Data synchronization�
• Driver profiling data collection�
• User-centric charge/discharge management�
• V2X communication service�

Ref. business-case 

scenario (s) 
Private car, FEV fleet, Electric bus 

Ref. requirements 

• GLB-SP-RQT10: : Confidentiality of system users' credentials�
• MLP-SP-RQT14: Secure communication between the IIEM-ADAS and 

the SCP�

Evaluation  

Verify that confidentiality is preserved throughout a number of EMERALD 

processes and functions. More specifically:  

• Local data collection and storage: verify that no user identity related 

data is stored at Track local data application function.�
• Data synchronization: verify that (a) no user identity related data is 

stored in the LTDB and exchanged at Upload tracking data 

application function; (b) no user identity related data is stored in the 

LMLTDB and exchanged at the Upload training data application 

function; (c) no user identity related data is stored in the LMLEDB, 

the LMLCDB, the LMLTDB and the GMLTDB, and the trained MLEs do 

not include any user identity related information.�
• Driver profiling data collection: verify that no user identity related 

data is collected, and the LDPDB and GDPDB data is securely stored 

and remains confidential to third parties.�
• User-centric charge/discharge management: verify that (a) the access 

to personal profile is restricted only to a specific user/s (e.g. the 

driver and members of his/her family) using secure credentials; (b) 

the GRPDB, GRHDB and GRSDB do not include any information 

linking the user identity with the vehicle identity and do not expose 

any vehicle or user identity related data to third parties or other 

users. �
Methods of 

evaluation 

All the above-mentioned conditions have been validated through a joint 

review by the members of the development team (SOFT, ICCS, ITS, HIB). 

Results 
Preservation of users’ identity and confidentiality of information is ensured 

by design, as all data flowing between IIEM-ADAS and SCP are anonymized, 
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and no personal information is stored in any of the above-mentioned 

repositories. 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU)�
• IIEM-ADAS (mobile app)�
• Services Control Platform�

Additional external components:  

• 4G/3G/2G public cellular 

networks 

Test scenarios 

� �Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders No specific stakeholder (global functional test). 

Notes  

The public 2G/3G/4G cellular network techniques aiming to preserve users’ 

identity confidentiality will not be tested as they are out of scope of 

EMERALD. 
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Table 36. Energy-driven management of FEV auxiliaries TC-01 

Code  Responsible Partner(s)  

AUX-TC-01  COMRT, LUC, SOL, SOFT 

Purpose/title 
EMERALD in-vehicle safety: the installation of EMERALD IIEM-ADAS must not 

harm the safety of the vehicle and its proper operation. 

Business service(s) • CAN interface 

Ref. business-case 

scenario (s) 
Private car, FEV fleet, Electric bus 

Ref. requirements 
• AUX-NFUNC-RQT07: Non-intrusive installation 

• AUX-SU-RQT05: CAN bus integrity 

Evaluation  

Perform the objective evaluation of the installation of the OBU and relevant 

antennas (if any): the device must be securely mounted in a protected yet 

accessible location (e.g. car trunk, back side of the dashboard, etc.); all 

wirings must be hidden and firmly secured to vehicle body; all connectors 

must comply with automotive standards; if the device has any indication 

lamps (e.g. power, GPS fix, GSM coverage) they must be accessible for visual 

inspection. 

Perform the objective evaluation of the installation of the smartphone/tablet 

hosting the mobile app (where available): the device must be firmly secured 

to the vehicle (e.g. dashboard, windshield, etc.) through a dedicated cradle 

with a satisfying degree of isolation from vehicle vibrations; the device must 

be placed in an accessible location, but it must not interfere with driver’s 

normal operation; the device screen must be properly viewable from normal 

driving position, but it must not obstruct driver’s vision over the road and on-

board instruments; no cable should be normally connected to the device, 

except for a removable power supply cord (e.g. cigarette lighter); in such 

case, however, the cable must not interfere with driver’s normal operation. 

Perform the CAN bus integrity test: turn the ignition key (or any similar 
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device) and verify that the OBU switches on by checking the proper 

indication lamp (if any); make sure that the vehicle dashboard displays 

expected layout for indication lamps (i.e. all expected pre-start-up lamps are 

lit, no additional warning lamp is lit); try to activate some sample vehicle 

controls (e.g. head lights, turn signals, brake pedal) and verify that the 

relevant external lights behave accordingly. 

Methods of 

evaluation 

Objective evaluation has been performed through on-site inspection of SOFT 

(Italy, Poland), SOL (Poland), ITS (Poland) and COMRT (Spain). CAN bus 

integrity has also been assessed. 

Results 

On the Fiat Ducato vans, the OBUs were installed in a compartment under 

the driver seat; such location offers good protection from inadvertent shocks, 

yet being easily accessible for visual inspection of diagnostic LEDs and for SIM 

installation. The power was taken from a dedicated line, while the CAN was 

taken from the OBD-II socket in the dashboard. The combo antenna was 

installed on the rooftop, and all cables were hidden beneath the floor 

coverage. On the Ford Transit van, the OBU was installed inside the 

dashboard compartment in front of the passenger seat. The power was taken 

from the cigarette lighter in the central console, while the CAN was taken 

from the OBD-II socket in the dashboard; all cables were hidden inside the 

dashboard. The smartphone was mounted on a windshield cradle, without 

any kind of wiring (the battery duration with a full charge was enough to 

accomplish all test sessions).On the Solaris bus, the OBU was installed in the 

roof corner on the right side of the bus between front and 2nd doors under 

the standard cover. All wirings were hidden and firmly secured to the vehicle 

body. 

On the Renault Zoe and the Nissan Leaf, the installations were temporary, as 

the two vehicles were not permanently allocated to the project. 

All vehicles have been checked for proper installation and CAN bus integrity 

prior to trials start. Vehicles have been driven in private areas first and then 

on public roads. During the test drives, no errors appeared on the dashboard. 

On the Solaris bus, there was an additional diagnostic tool connected to the 

vehicle to show the hidden errors, but no hidden errors appeared during the 

tests. The vehicles’ performances were the same as those without OBU. 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU) 

• IIEM-ADAS (mobile app) 

Additional external components: 

Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders No specific stakeholder (global safety test). 

Notes  

The installation of any on-board device must be properly engineered and 

harmonized with the overall layout of the dashboard or any other vehicle 

part. Both hardware (isolation, protection from interferences) and software 

integrity (proper protocol implementation) of the CAN bus must be 

preserved. 
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Table 37. Energy-driven management of FEV auxiliaries TC-02 

Code  Responsible Partner(s)  

AUX-TC-02  COMRT, LUC, SOL, SOFT  

Purpose/title 
Proper operation of CAN interface: EMERALD IIEM-ADAS is able to provide on-

board applications with data acquired from CAN bus. 

Business service(s) • CAN interface 

Ref. business-case 

scenario (s) 
Private car, FEV fleet, Electric bus 

Ref. requirements 

• AUX-FUNC-RQT01: CAN bus access 

• AUX-FUNC-RQT03: Vehicle-specific interface 

• MLP-FUNC-RQT01: in-vehicle data bus interface 

Evaluation  

Start this test from AUX-TC-01 final conditions. 

Activate the mobile app on the driver portable device (smartphone/tablet); for 

those trial sites where the mobile app is not foreseen a dedicated device for 

testing/diagnostic purposes must be provided. Open the self-diagnostic panel 

and verify that the in-vehicle wireless connection to the OBU is active; verify 

that the connection to the CAN bus is active and that all the available acquired 

measures are meaningful and correspond to the relevant dashboard 

indications (wherever possible). Move the vehicle over a short track and 

validate that all acquired measures (namely current absorption, speed and 

mileage, brake and throttle pedal position) behave accordingly and 

correspond to the relevant dashboard indications (wherever possible). 

Methods of 

evaluation 

The results were evaluated through comparison between dashboard displayed 

measurements and Emerald software acquired values 

Results 

The test ranas expected. The connection of the OBU to the CAN bus was active 

and all the acquired measures were meaningful and corresponded to the 

relevant dashboard indications. On the Italian site, the test was conducted on 

the smartphone normally used by SOFT for development purposes (since no 

smartphone was foreseen for city logistics operation). 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU) 

• IIEM-ADAS (mobile app) 

Additional external components: 

Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders No specific stakeholder (global functional test). 

Notes  

The access to the CAN bus is a primary task of Energy-driven management of 

FEV auxiliaries, and mandatory for other EMERALD functionalities. A specific 

implementation will be provided for each type of vehicle used.  
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Table 38. Energy-efficient long-range route planning and optimization TC-01 

Code  Responsible Partner(s)  

LRP-TC-01  SOFT, ICCS 

Purpose/title 

Route efficiency validation: EMERALD IIEM-ADAS is able to calculate an 

energy-optimized route that enables measurable energy savings (with 

reference to standard distance-optimized routes to the same destination), 

thanks to its machine-learning-based consumption prediction functionalities. 

Business service(s) 
• Energy-driven routing�
• On-trip driver assistance (navigation)�

Ref. business-case 

scenario (s) 
Private car  

Ref. requirements • LRP-FUNC-RQT02: Routing calculation�

Evaluation  

This test requires a preparation phase (to be repeated for each trial site) 

aiming at experimentally identifying one or more couples of 

origin/destination points that cause different routes when using regular 

(distance-based) and EMERALD (energy-aware) optimization algorithms; one 

empirical criterion to identify such conditions is to look for pairs of points 

connectable by alternative routes with highly-different vertical profiles and 

length (the smoothest route should be the longest as well). Once such points 

are identified, the following test should be repeated for each pair. 

Drive the vehicle to the first identified origin point; activate the mobile app 

on the driver portable device and reset the trip energy counter on the main 

page; open the routing page, select the EMERALD routing mode and ask the 

route to the first identified destination point by selecting its street address 

(“Select destination address”); open the energy monitor panel and reset the 

trip energy counter; drive the vehicle along the suggested route, following 

on-screen indications; once the destination is reached, take note of the trip 

energy counter and drive back to the origin point; reset the trip energy 

counter, select the standard (distance-based) routing mode and ask the route 

to the same destination point (the new route should be different from the 

previous one); drive the vehicle along the suggested route, following on-

screen indications; once the destination is reached, take note of the trip 

energy counter and compare it with previous value: the total energy 

consumption of the EMERALD trip should be less than the standard (distance-

based) one. 

Repeat the test for each identified origin/destination pair. 

Methods of 

evaluation 

In order to fulfill the requirements for the selection of a suitable 

origin/destination pair for this test case, several routes were considered. At 

the end, for the Italian trial site, Lucca, Viale Carducci 1 was selected as an 

origin and San Giuliano Terme, Via Roma 1 was selected as a destination, as 

the geography of the area between those two points indeed matches that 

described in the test case. Likewise, for the Spanish trial site, Mondragon, 

Loramendi 4 was selected as an origin and Basauri, Gipuzkoa 1 was selected 

as a destination, for the same reasons. Then, the rest of the test case 
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description was followed in order to evaluate the energy efficiency of the 

route calculated by the EMERALD mobile app. The test was executed twice in 

order to ensure that the results are accurate. 

Results 

The results were considered successful since for both trial sites, the 

suggested route gave energy efficient suggestions, increasing the energy 

saving of the vehicle. 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU)�
• IIEM-ADAS (mobile app)�

Additional external components: 

Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders Individual drivers. 

Notes  

This test strongly depends on the quality and quantity of real data collected 

for the training of MLEs; hence, the best results are expected for the site 

where the most extensive data collection campaign will take place. 

In order not to adulterate test results, the driver should try to keep as much 

as possible the same driving style during the two test runs (optimized, non-

optimized); if this is not possible (e.g. in case of incomparable traffic 

conditions due to unexpected events), the whole test should be repeated. 

 

Table 39. Energy-efficient long-range route planning and optimization TC-02 

Code  Responsible Partner(s)  

LRP-TC-02  SOFT, HIB  

Purpose/title 
Effective routing and navigation features: EMERALD IIEM-ADAS is able to 

provide reliable, effective and user-friendly routing and navigation features. 

Business service(s) 

• Interface to user agenda 

• Energy-driven routing 

• On-trip driver assistance (navigation) 

Ref. business-case 

scenario (s) 
Private car  

Ref. requirements 

• LRP-FUNC-RQT02: Routing calculation 

• LRP-FUNC-RQT03: Pre-trip and on-trip re-calculation 

• LRP-SU-RQT06: Safe and user-friendly route guidance 

Evaluation  

This test requires a preparation phase in order to set up the user agenda. This 

phase should result in a pattern of appointments distributed over about one 

week (also including some days in the past). 

Drive the vehicle to the starting point of the test and activate the mobile app 

on the driver’s portable device; open the routing page, select the EMERALD 

routing mode and ask the list of next appointments in agenda (“Select 

destination appointment”); select one appointment and calculate the route; 

drive the vehicle along the suggested route, following on-screen indications; 

make sure that the user interface is intuitive and easy to follow: graphical 

indications must be visible in any condition, the color scheme must ease the 
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identification of most important information and the map view must 

automatically auto-adjust (zoom, pan and rotate) in order to resemble the 

actual cockpit perspective without any intervention of the driver; also make 

sure that the calculated route does not infringe traffic rules (e.g. forbidden 

turns, wrong ways, etc.). 

Stop the vehicle in a safe place before reaching the final destination; open 

the routing page, select the EMERALD routing mode and ask the route to a 

freely-chosen street address (“Select destination address”); enter an existing 

address and make sure that the system discards the old route and displays 

the new one; drive the vehicle along the suggested route, following on-

screen indications; drive-off the suggested route and remarkably deviate 

from it: after some time the system must advice the driver and suggest 

recovery actions (e.g. “at the next opportunity turn …”); ignore system 

advices and keep on driving the deviated path: after some time the system 

must recalculate a new route to destination starting from current position; 

drive the vehicle along the suggested route until reaching the final 

destination. 

Methods of 

evaluation 

Preliminary functional and integration tests made by development and 

testing skilled software engineers. 

On road experimental trials and validation in operating conditions performed 

by different end user profiles, ranging from car drivers in urban and 

interurban context to on duty professional drivers such as delivery truck and 

bus drivers. 

Results 

The user interface was reported to be functional and easy to understand and 

to use for the intended audience; the driving instructions proved to be timely 

and effective. 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU) 

• IIEM-ADAS (mobile app) 

Additional external components: 

Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders Individual drivers. 

Notes  

This test strongly depends on the quality and quantity of real data collected 

for training of MLEs; hence, the best results are expected on the site where 

the most extensive data collection campaign will take place. 

 

Table 40. Energy-efficient long-range route planning and optimization TC-03 

Code  Responsible Partner(s)  

LRP-TC-03  SOFT, ICCS 

Purpose/title 

Reliable indication about the reachability of desired destination: during 

navigation, EMERALD IIEM-ADAS provides the driver with reliable 

information about predicted energy consumption and makes sure that 

desired destination is reachable; in case any energy shortage is detected, it 

properly alerts the driver with early advices and proposes suitable recovery 
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actions. 

Business service(s) 

• Energy-driven routing�
• On-trip driver assistance (navigation)�
• Destination reachability assessment�

Ref. business-case 

scenario (s) 
Private car  

Ref. requirements 

• LRP-FUNC-RQT02: Routing calculation�
• LRP-FUNC-RQT03: Pre-trip and on-trip re-calculation�
• MLP-FUNC-RQT02: ML-based consumption prediction�
• MLP-FUNC-RQT07: Impact of calculated driver profiles on energy 

consumption prediction�
• MLP-FUNC-RQT08: Context-aware consumption prediction�

Evaluation  

Drive the vehicle to the starting point of the test and activate the mobile app 

on the driver portable device; activate A/C and/or heater, depending on the 

layout of HVAC (see notes below); open the routing page, select the 

EMERALD routing mode and ask the route to a destination point by selecting 

its street address (“Select destination address”); selected destination should 

be chosen in a range reasonably reachable by the vehicle, considering its 

current battery level; open the energy monitor panel and drive the vehicle 

along the suggested route, following on-screen indications; periodically check 

indications in energy monitor panel and make sure that the predicted 

consumption to destination is compatible with current battery level. 

Stop the vehicle at a safe place before reaching the final destination; open 

the self-diagnostic panel and press the “Battery drain test” button: this test 

function applies a negative offset to acquired battery level measure, so that it 

falls right below the predicted need to destination; start again driving along 

the original route; after a few seconds, the app must issue a reachability alert 

and propose suitable recovery actions, depending on the configuration of the 

vehicle (HVAC support). 

If at least one between A/C and heater is available and powered by vehicle 

battery, proceed with LRP-TC-04; otherwise, directly jump to LRP-TC-05. 

Methods of 

evaluation 

In order to evaluate the reliability of the IIEM-ADAS on indicating the 

reachability of the desired destination, several routes were considered. At 

the end, for the Italian trial site, Lucca, Viale Carducci 1 was selected as an 

origin and San Giuliano Terme, Via Roma 1 was selected as a destination, as 

the geography of the area between those two points indeed matches that 

described in the test case. Likewise, for the Spanish trial site, Mondragon, 

Loramendi 4 was selected as an origin and Basauri, Gipuzkoa 1 was selected 

as a destination, for the same reasons. Then, the rest of the test case 

description was followed in order to evaluate whether the destination was 

reachable, according to the battery levels indicated in the IIEM-ADAS. The 

test was executed twice in order to ensure that the results are accurate. 

Results 

The results were considered successful since for both trial sites, the 

suggested route was indicated correctly reachable when the battery level 

was high enough and an alert was presented to the driver after the battery 

level has been lowered. 

Components EMERALD components:   
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involved • IIEM-ADAS (OBU)�
• IIEM-ADAS (mobile app)�

Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders Individual drivers. 

Notes  

This test strongly depends on the quality and quantity of real data collected 

for training of MLEs; hence, the best results are expected on the site where 

the most extensive data collection campaign will take place. 

The software-driven simulation of a real energy shortage (“Battery drain 

test”) is recommended in order to establish a repeatable, safe and yet 

realistic testing environment, also mitigating the risk of actually running out 

of battery during the test. 

The activation of HVAC auxiliaries (A/C and/or heater) is preparatory to 

following test case LRP-TC-04, and thus is only required for those auxiliaries 

that are actually fed by vehicle battery. 

 

Table 41. Energy-efficient long-range route planning and optimization TC-09 

Code  Responsible Partner(s)  

LRP-TC-09  TELV  

Purpose/title 

EMERALD real-time traffic management (III): EMERALD Services Control 

Platform� is able to integrate heterogeneous traffic data from EMERALD-

enabled vehicles and from external Traffic Information Providers and to 

properly display them on traffic management console. 

Business service(s) 

• Energy-driven routing�
• On-trip driver assistance (navigation)�
• Real time traffic monitoring�

Ref. business-case 

scenario (s) 
Private car  

Ref. requirements 
• LRP-FUNC-RQT02: Routing calculation�
• LRP-FUNC-RQT03: Pre-trip and on-trip re-calculation�

Evaluation  

Simulated or real information will be acquired by SCP from diverse sources: 

• Open data�traffic information from local Authorities.�
• Field sensors deployed in the roads.�
• Recharge points’ status from recharge point operators.�
• Manually introduced events (by system operators).�

All the relevant information will be timely displayed (after being 

appropriately filtered) in the SCP and will be available to local Authorities (for 

monitoring purposes) and to EMERALD-enabled vehicles (for energy-driven 

routing). 

Methods of 

evaluation 

Diverse traffic data will be received from different sources: 

• On-line traffic flow from a simulator (since getting real data form 

traffic authorities has been impossible for the test site). 

• Open data portal (for planned events that will disturb normal traffic 
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flow). 

• Individual EMERALD on-board equipment (EMERALD users). 

Operators will be capable of manually entering events directly in the Traffic 

Management system. 

All this information will be processed and stored, and: 

• Real-time events/status will be displayed on the monitoring screen: 

o Geo-positioned on the map in the graphic interface 

o Listed (in the case of events and alerts). 

The details of each event will be displayed by clicking on it or accessing 

events/alert lists. 

Results 

A complex traffic management system has been prepared to receive and 

integrate data from different sources. These data are merged, processed and 

stored in databases, so that detailed profiling of each stretch of road can be 

characterized based on past data, including parameters such as day of the 

week or weather, which will also be taken into account. 

The traffic management system is also a useful tool for traffic authorities to 

monitor the real-time status of traffic, and also to activate action plans to 

mitigate traffic jams and ease the flow of vehicles. 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU)�
• IIEM-ADAS (mobile app)�
• Services Control Platform�

Additional external components:  

• ETIP IT platform 

Test scenarios 

� �Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders Local authorities and policy makers, traffic management system operators. 

Notes  

This test assesses the capability of the SCP to provide useful and detailed 

information, coming from diverse sources with different characteristics 

(formats, accuracy, reliability, refreshing times, etc.) and convert it into 

useful information for routing purposes. 
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Table 42. Performance-centric machine-learning-based consumption prediction TC-01 

Code  Responsible Partner(s)  

MLP-TC-01 ICCS 

Purpose/title Validation of basic route calculation.  

Business service(s) • Energy consumption estimation�
Ref. business-case 

scenario (s) 
Private car, Electric bus 

Ref. requirements 
• MLP-FUNC-RQT02: ML-based consumption prediction�
• MLP-FUNC-RQT06: Consumption estimation for every road segment�

Evaluation  
On the IIEM-ADAS, specify a destination in an area for which no data have 

been collected by the system beforehand. Allow the system to compute the 
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route to be followed and confirm that the route is indeed drivable (i.e. does 

not violate traffic signs) and leads to the destination in a sensible manner (i.e. 

acyclic route). Repeat the test if necessary for crosschecking. 

Methods of 

evaluation 

The mobile application was installed on a Samsung Galaxy S5 smartphone. 

For the Spanish trial site, the test case was executed 4 times for destinations 

of main roads, from which no EMERALD-enabled vehicle had ever passed 

before. Travel distance to each destination was about 6 km on average. For 

the Lucca trial site, the test case was executed 5 times, for shorter distances 

though, since the road network was denser than in Spain. Each of the routes 

presented by the mobile app was followed strictly, in order to be evaluated.  

Results 

The trials were considered successful, as for all 9 tests, the mobile app 

calculated straightforward, sensible, acyclic and legally drivable routes, 

although no data had been collected for these areas before. 

 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU)�
• IIEM-ADAS (mobile app)�

Additional external components: 

Test scenarios 

�  Lucca trial site 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders Individual and commercial drivers. 

Notes  
This test case could also be run for areas where data collected for the road 

network are sparse and incomplete. 

 

Table 43. Performance-centric machine-learning-based consumption prediction TC-03 

Code  Responsible Partner(s)  

MLP-TC-03 ICCS 

Purpose/title Verification of synchronization between the IIEM-ADAS and the SCP. 

Business service(s) • Data synchronization�
Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements 

• MLP-FUNC-RQT04: Cooperative MLE training�
• MLP-FUNC-RQT05: Communication capability between the IIEM-

ADAS and the SCP�

Evaluation  

Validate synchronization mechanisms through the low-level analysis of 

machine-learning databases on the OBU, on the mobile app and on SCP. In 

order to ease such analysis, a set of dedicated helper tools will be developed. 

 

OBU synchronization. 

After collecting a reasonable amount of tracking data on the OBU, take note 

of start/end time on LTDB (Local Tracking Database, OBU) and make sure 

that GMLTDB (Global Machine-Learning Training Database, SCP) contains no 

record for such interval. The contents of LTDB may be inspected through 

dedicated OBU registry files that are remotely accessible through the 
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Ethernet connection; the contents of GMLTDB may be inspected through a 

dedicated tool on SCP. 

Force OBU to satisfy its own synchronization policy (e.g. by making it fall 

beneath the local Wi-Fi coverage area or by forcing the expiration timer for 

periodic synchronization) and verify that a synchronization session starts. 

Active synchronization sessions may be monitored on SCP through a 

dedicated tool. 

Check the new status of LTDB (OBU) and GMLTDB (SCP): LTDB should be 

empty, while GMLTDB should now contain some records for the annotated 

time interval. 

 

Mobile app synchronization. 

After performing one training/clustering session on SCP, take note of 

oldest/newest time stamp on GMLEDB (Global Machine-Learning Engines 

Database, SCP) and make sure that LMLEDB (Local Machine-Learning Engines 

Database, mobile app) contains no record for such interval. The contents of 

GMLEDB may be inspected through a dedicated tool on SCP; the contents of 

LMLEDB may be inspected through a dedicated (normally hidden) diagnostic 

page on the mobile app. 

Force the mobile app to satisfy its own synchronization policy (e.g. by making 

it fall beneath the local Wi-Fi coverage area or by forcing the expiration timer 

for periodic synchronization) and verify that a synchronization session starts. 

Active synchronization sessions may be monitored on SCP through a 

dedicated tool. 

Check the new status of LMLEDB (mobile app): oldest/newest time stamp on 

LMLEDB should now be exactly the same as GMLEDB. 

Methods of 

evaluation 

For the OBU synchronization, constant checks were performed on each trial 

site in order to confirm the proper operation of the synchronization process. 

Specifically, each time the test case was to be evaluated, the contents of the 

LTDB were inspected through dedicated OBU registry files that were 

remotely accessible through the Ethernet connection, and the GMLTDB 

contents were inspected through SQL Management Studio on the SCP, in 

order to make sure that there are new tracking records to be uploaded to the 

SCP.  

The synchronization sessions were tested to verify that they work properly by 

forcing the expiration timer for periodic synchronization. The mobile 

application was tested using a Samsung Galaxy S5. The first time that the 

mobile application was used, the LMLEDB did not contain any records. 

Specifically, a parallel application service was implemented in order to check 

whether the corresponding database file was created and contained any data.  

The synchronization session was initiated, while the active sessions were 

monitored on the SCP through log files. After the synchronization process 

was initiated, the same files were checked using the above-mentioned 

implemented application giving as output the oldest/newest time stamp on 

the LMLEDB. 

Results 
For the OBU synchronization, the trials were considered successful, since 

after the synchronization process was completed, the LTDB on the OBU was 
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left empty, while the GMLTDB on the SCP contained fresh records for the 

annotated time period. 

For the Mobile app synchronization, the trials were also considered 

successful, since after each synchronization session, the oldest/newest time 

stamps on the LMLEDB that were extracted from the implemented 

application, were exactly the same as the ones from the GMLEDB.  

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU)�
• IIEM-ADAS (mobile app)�
• Services Control Platform�

Additional external components:  

• Helper tools for low-level 

analysis of machine-learning 

databases�

Test scenarios 

� �Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders Individual and commercial drivers, fleet management system operators. 

Notes  

Repeat the test for all available communication channels (e.g. short-range 

V2I/I2V through private Wi-Fi network, long-range V2I/I2V through public 

cellular networks, etc.). 

 

Table 44. Performance-centric machine-learning-based consumption prediction TC-04 

Code  Responsible Partner(s)  

MLP-TC-04 ICCS 

Purpose/title Verification of context-aware consumption prediction. 

Business service(s) • Energy consumption estimation�
Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements • MLP-FUNC-RQT08: Context-aware consumption prediction�

Evaluation  

On the IIEM-ADAS, enter a destination for which there are multiple routes 

having similar, yet non-common parts. Take note of the proposed route to be 

followed. Repeat for different context (e.g. rush hour or holiday): the 

proposed route should be different. 

Methods of 

evaluation 

The mobile application was installed on a Samsung Galaxy S5 smartphone. 

For the Italian field trials, one origin-destination pair was evaluated, namely 

Lucca (Carducci parking lot) to San Giuliano. The route from the origin to the 

destination was calculated 4 times (at about 9am, 12 noon, 3pm and 6pm) 

within each day of the week for each origin-destination pair. 

For the Spanish site, one origin-destination pair was evaluated, namely 

Garaia (Mondragon) and Elgoibar. The route was again evaluated 4 times for 

each day of the week. 

  

Results 

The results were considered successful since for both trial sites, the 

suggested route was different during rush hours than during non-rush hours. 

Furthermore, per-day-of-week variation was also noticed, as the routes 

suggested on weekends were different from those calculated on workdays.  

Components EMERALD components:  Additional external components: 
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involved • IIEM-ADAS (mobile app) 

Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

� �Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders Individual and commercial drivers, fleet management system operators. 

Notes  

This test is particularly meaningful on Italian trial site, as it is supposed to be 

the one with the greatest amount of field-collected training data. On other 

sites, field-collected data may be supplemented by synthetic training data 

generated by the Traffic Simulator. 

 

Table 45. Performance-centric machine-learning-based consumption prediction TC-08 

Code  Responsible Partner(s)  

MLP-TC-08 ICCS 

Purpose/title Evaluation of consumption prediction time performance. 

Business service(s) • Energy consumption estimation�
Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements • MLP-PERF-RQT10: Time performance of consumption prediction�

Evaluation  

On the IIEM-ADAS, enter a destination and allow the system to compute the 

optimal route. The time needed to complete the computation should be less 

than 1 minute. Repeat the process on the SCP for the same source and 

destination or for a comparable length route. The time needed to complete 

the computation on the SCP should be less than 30 seconds. Repeat the test 

multiple times to calculate the average computation time and the standard 

deviation.  

Methods of 

evaluation 

Onboard the vehicle, the time needed by the mobile app to compute the 

requested route was measured using a stopwatch. As expected, the larger 

the distance between the origin and destination points, and the denser the 

road network to be evaluated, the longer it took the mobile app to compute 

the route requested. 

On the SCP, a stopwatch was also used, but due to the much more powerful 

hardware, the time needed to compute the route was significantly shorter. 

 

Results 

The results of the test runs showed that the computation time was well 

within the limits set, therefore the trials are considered successful. In more 

detail, the average computation times measured and the standard deviation 

were 48.6 seconds and 1.78 for the mobile app, 25.3 seconds and 1.22 for 

the SCP. 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (mobile app)�
• Services Control Platform�

Additional external components: 

Test scenarios 

� �Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 
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Stakeholders Individual and commercial drivers, fleet management system operators. 

Notes   

 

Table 46. Performance-centric machine-learning-based consumption prediction TC-09 

Code  Responsible Partner(s)  

MLP-TC-09 ICCS 

Purpose/title Evaluation of computational robustness. 

Business service(s) 

• Energy consumption estimation�
• Machine-learning engines clustering�
• Cooperative machine-learning engines training�

Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements • MLP-PERF-RQT12: Computational robustness�

Evaluation  

On the SCP, measure the time needed to perform a series of MLE trainings. 

Compute the number of trainings that can be completed per day. Also, 

measure the time needed to perform MLE clustering. Evaluate whether the 

number of trainings per day is sufficient (target: 10000) as well as whether 

the MLE clustering process can be completed at least once per week.  

Methods of 

evaluation 

On the SCP, the MLE training process was initiated on a set of data gathered 

from vehicles travelling on the Lucca trial site. The training set consisted of 

records for about 1000 road segments, collected during the data collection 

campaign. The time needed to complete the training of these 1000 MLEs was 

noted down. The test was repeated several times and the average execution 

time was computed. The computer used for this test was a Dell laptop with 

an Intel Core i7-3740QM CPU, 3GB of RAM running Debian Linux. 

 

Results 

The time needed to train the relevant MLEs was measured at about 27 

seconds on average, which means about 2880 training sessions of 1000 

segments each can be performed per day. This means that about 2.8 million 

MLEs can be created per day, which is clearly considered successful. 

Components 

involved 

EMERALD components:  

• Services Control Platform�
Additional external components: 

Test scenarios 

� �Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders EMERALD operators, individual and commercial drivers. 

Notes  

This test is particularly meaningful on Italian trial site, as it is supposed to be 

the one with the greatest amount of field-collected training data. On other 

sites, field-collected data may be supplemented by synthetic training data 

generated by the Traffic Simulator. 
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Table 47. Performance-centric machine-learning-based consumption prediction TC-10 

Code  Responsible Partner(s)  

MLP-TC-10 ICCS  

Purpose/title Evaluation of energy consumption and travel time cost prediction. 

Business service(s) 

• Energy consumption estimation�
• Machine-learning engines clustering�
• Cooperative machine-learning engines training�

Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements • MLP-FUNC-RQT02: ML-based consumption prediction 

Evaluation  

On the IIEM-ADAS, specify a destination, note the total energy consumption, 

and travel time prediction. Then, complete the trip using the proposed route 

and note the actual energy consumption and travel time. The relative error of 

the predicted values should be less than 10%. 

Methods of 

evaluation 

The mobile application was implemented to keep records on every trip that 

was conducted during the trials. Specifically, for each trip, the mobile 

application was storing the energy consumption and the travel time that 

were predicted at the beginning of the journey and the corresponding actual 

values that were acquired when the driver arrived to his destination.  

Results 

The results were considered successful since the relative error of the 

predicted values was less than 10% on each trip for both travel time and 

energy consumption prediction.  

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU)�
• IIEM-ADAS (mobile app)�
• Services Control Platform�

Additional external components: 

Test scenarios 

� �Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders Individual and commercial drivers, fleet management system operators. 

Notes  

This test strongly depends on the quality and quantity of real data collected 

for training of MLEs; hence, the best results are expected on the site where 

the most extensive data collection campaign will take place. 

 

Table 48. Performance-centric machine-learning-based consumption prediction TC-11 

Code  Responsible Partner(s)  

MLP-TC-11 ICCS  

Purpose/title Evaluation of energy savings. 

Business service(s) 
• Energy consumption estimation 

• Machine-learning engines clustering 

Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements • MLP-FUNC-RQT02: ML-based consumption prediction 
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• MLP-FUNC-RQT08: Context-aware consumption prediction 

Evaluation  

Specify a destination on the IIEM-ADAS and complete the proposed trip. 

When the destination is reached, note the actual energy consumption and 

travel time. Then, using another non ML-based navigator, specify the same 

origin and destination and note the suggested route. Using the FEV, follow 

the suggested route, note the actual energy consumption and travel time. 

Repeat the test to obtain results that are more indicative or in case the 

proposed routes are identical. The energy and time savings when selecting 

the IIEM-ADAS proposed route should be significant (target: 15%). 

Methods of 

evaluation 

During the trials, the drivers were equipped with devices that had installed a 

non ML-based navigator. Specifically, the devices were using HERE navigator. 

For the same destinations that were used for the MLP-TC-10 the drivers 

followed the route that was proposed from the HERE navigator. A 

background service was running, which was storing the corresponding energy 

consumption and the travel time for each trip.  

Results 

The results were considered successful since after comparing the results of 

MLP-TC-11 with the ones acquired from the non ML-based navigator, the 

energy and time saving were significantly lower achieving the target of 15%.  

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU) 

• IIEM-ADAS (mobile app) 

• Services Control Platform 

Additional external components: 

• Other non ML-based navigator 

(e.g. Google Maps) 

Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders Individual and commercial drivers, fleet management system operators. 

Notes  

This test strongly depends on the quality and quantity of real data collected 

for training of MLEs; hence, the best results are expected on the site where 

the most extensive data collection campaign will take place. 
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Table 49. Driver profiling data collection TC-01 

Code  Responsible Partner(s)  

PFL-TC-01 ITS 

Purpose/title Validation of data acquired from CAN and built-in sensors. 

Business service(s) • Driver behavior data collection and filtering 

Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements 
• PFL-PERF-RQT03: Sampling frequency 

• PFL-NFUNC-RQT06: Event and contextual data filtering 
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Evaluation  

Validate the data obtained from CAN and external sensors: built-in 

accelerometers, gyroscope, magnetometer, GPS. Make sure that all relevant 

parameters for driver profiling data collection can be acquired and decoded. 

Evaluate data reliability by combining data from reference sources. Ensure 

that minimum specified sampling rate is achieved (1 Hz). 

Methods of 

evaluation 

The driver behavior data was collected in two ways – through CAN bus and 

using a customized mobile application installed on Samsung Galaxy S5 

smartphone. Moreover, human experts supported the evaluation with 

dedicated questionnaire to assess the driving style. The data was generated 

through test rides that covered representative distance in different test 

conditions (e.g. urban and rural driving). Different types of passenger cars 

and electric bus as well several drivers were used for generating driving data, 

in order to maximize the validity of the results.  

CAN-based data was obtained through OBD-II port using a dedicated 

diagnostics device for reference crosscheck of acceleration/braking results. 

The data was stored on the SD-card and processed in real time with 

dedicated filtering algorithms for noise reduction. 

Data acquisition with the use of a smartphone was primarily based on its 

built-in accelerometers with the support of GPS sensor. A dedicated mobile 

application was designed to be fed with and filter the on-line driving data. 

The assumptions for filtering the data (mostly for the purpose of cutting out 

the background noise and identifying certain driving events), as well as the 

algorithms, were optimized according to the increasing volume of driving 

data the service was fed with. 

Results 

Relevant EMERALD service provides an ability to acquire driving data from 

external sources relying mostly on built-in smartphone sensors 

(predominantly accelerometers and GPS) with sampling rates in the range of 

1 Hz (GPS) to 10 Hz (accelerometers). The service fed filtering algorithms with 

the valid driving data (confirmed by reference CAN measurements and expert 

based evaluation of driving events). The filtering process is done in real time. 

The service enables to feasibly identify the following driving events: 

• Idle 

• Acceleration 

• Hard acceleration 

• Braking 

• Hard braking 

As FEVs may strongly vary with their physical and mechanical characteristics, 

Driver behavior data collection and filtering service also provides mechanisms 

enabling to change the thresholds for different severity of events – this 

feature is required to successfully provide driver profiling functionality for 

every type of FEV used in scope of EMERALD system. 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU) 

• IIEM-ADAS (mobile app) 

Additional external components: 

Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 
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Stakeholders No specific stakeholder (functional test). 

Notes   

 

Table 50. Driver profiling data collection TC-02 

Code  Responsible Partner(s)  

PFL-TC-02 ITS  

Purpose/title Assess the operational priority of profiling data collection. 

Business service(s) 
• Driver behavior data collection and filtering 

• Contextual data collection 

Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements 

• PFL-PERF-RQT03: Sampling frequency 

• PFL-INT-RQT05: Interference with other IIEM-ADAS functionalities 

• PFL-NFUNC-RQT06: Event and contextual data filtering 

Evaluation  

Measure the operational priority of profiling data collection. Run the profiling 

data collection simultaneously with other services and register the 

operational priority of services. Ensure that profiling data collection does not 

influence the operations of other higher-level services. Run at least two tests 

for each IIEM-ADAS-based functionality.  

Methods of 

evaluation 

The operational priority was tested in order to assess possible interferences 

between subsequent EMERALD functions as well as other non-EMERALD 

mobile applications. The PFL function was initialized and run, respectively, (a) 

standalone (serving as a reference), (b) in the background with LRP 

functionality running in the foreground, (c) in the foreground while LRP was 

running in background. The same scenario was also repeated for non-

EMERALD mobile applications. The test was performed on Samsung Galaxy 

S5 – the device chosen for the purpose of IIEM_ADAS mobile app 

implementation. 

Results 

Profiling data collection does not interfere with other IIEM-ADAS-based as 

well as non-EMERALD functionalities. The function is able to run smoothly in 

the background and initialization and running of other applications and 

processes does not disturb data acquisition from the external sensors. 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU) 

• IIEM-ADAS (mobile app) 

Additional external components: 

Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders No specific stakeholder (functional test). 

Notes   
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Table 51. Driver profiling data collection TC-03 

Code  Responsible Partner(s)  

PFL-TC-03 ITS  

Purpose/title Assessment of the driving event detection. 

Business service(s) 
• Driver behavior profile calculation 

• Driver profile visualization  

Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements 
• PFL-FUNC-RQT01: Generation of personalized driver behavior 

information for energy consumption improvement 

Evaluation  

On IIEM-ADAS, validate event detection by feeding the system with data 

registered from sensors (accelerometers, gyroscope, magnetometer, GPS) 

and CAN bus. Record all detected events and check their correctness. Run 

event detection with the same data set on reference system and check if 

there are any undetected events on IIEM-ADAS. Report all deviations. 

Additionally measure the time needed to detect events to evaluate detection 

performance.  

Methods of 

evaluation 

Driving event detection algorithms were designed in strict accordance with 

the state-of-the-art scientific developments and were constantly optimized 

through subsequent rides on different types of vehicles (taking into the 

account both their physical parameters and drivability). The final driving 

events detection method is a result of a vast field IIEM-ADAS-based data 

acquisition campaign, during which readings from external sensors were 

collected. During the campaign, also surveys from people sitting inside the 

vehicle and subjectively assessing the intensity of the events performed were 

also collected. 

Results 

Driving events are successfully detected on-line and classified as follows 

(depending on the readings from accelerometers): 

• Engine off, 

• Idle, 

• Acceleration, 

• Fast acceleration, 

• Braking, 

• Hard braking, 

Deviation signals generated from uneven road surface are filtered out as well 

as other signals that reach the event detection threshold but do not meet 

their characteristics. Detected events are recorded together with the 

timestamps and GPS coordinates so as to provide the source of data for 

calculating the road segment reference profile. 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU) 

• IIEM-ADAS (mobile app) 

Additional external components: 

Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 
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Stakeholders No specific stakeholder (functional test). 

Notes   

 

Table 52. Driver profiling data collection TC-04 

Code  Responsible Partner(s)  

PFL-TC-04 ITS  

Purpose/title Evaluation of the graphical interface usability/safety. 

Business service(s) 
• Driver behavior profile calculation 

• Driver profile visualization  

Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements 
• PFL-FUNC-RQT01: Generation of personalized driver behavior 

information for energy consumption improvement 

Evaluation  

Evaluate the user interface of driver profile visualization to ensure that user-

centered design has been implemented. Let a group of users interact with 

the IIEM-ADAS using standardized procedure (e.g. system tasks). Involve two 

groups of stakeholders 1) simple users and 2) experts. Get their feedback and 

reviews on the user interface. Apply usability questionnaires and interviews. 

Methods of 

evaluation 

During the GUI development, a number of expert-based methods that 

concentrate on the GUI-based task completion duration and the accuracy of 

performed tasks were considered as a priority in the evaluation process. 

User-friendliness and usability were put as priority when assessing them. 

Results 

Graphical interface is designed in compliance with Google Material Design – 

the guidelines which were introduced by the experts from Google team who 

are very well known for designing user-friendly mobile applications. The 

guidelines are based on scientific principles deriving from different branches 

of science, such as e.g. colorimetry and ergonomics. 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU) 

• IIEM-ADAS (mobile app) 

Additional external components: 

Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders No specific stakeholder (functional test). 

Notes   
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Table 53. User centric charge/discharge management TC-01 

Code  Responsible Partner(s)  

UCD-TC-01 HIB  

Purpose/title UCD user registration and profile generation. 
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Business service(s) • Recharge profiling 

Ref. business-case 

scenario (s) 
Private car 

Ref. requirements 

• UCD-FUNC-RQT03: Communication between UCD application and 

Services Control Platform 

• UCD-FUNC-RQT09: Recharging profile generation 

Evaluation  

On IIEM-ADAS, open the built-in browser, navigate to EMERALD UCD site and 

look for the registration function. Open the registration form and compile all 

required fields. Return to UCD main page and look for the login function. 

Provide the credentials entered during the registration phase and validate 

that the access succeeds. On the user personal page, look for the profiling 

function. Open the profiling form and provide all relevant parameters 

(recharging station selection criteria, etc.). Later, these parameters can be 

easily retrieved by the user, and changed if needed.  

Methods of 

evaluation 

This test was performed both from an internet-connected desktop PC and 

from a mobile device (Samsung Galaxy S4) with the UCD mobile application 

installed previously. 

Four external users evaluated the user registration and a basic version of the 

user profile generation from the perspective of the following roles: 

• Normal user from the EMERALD UCD website  

• Normal user from the EMERALD UCD mobile application. 

• Fleet user from the EMERALD UCD website  

• Fleet user from the EMERALD UCD mobile application. 

Each of the external users had to register on the EMERALD UCD web 

site/mobile application, to log in several times, and to edit their parameters. 

Thereafter, the Global Recharge Profiling Database (GRPDB) was accessed in 

order to verify the correct storage of the user's profile information. 

For Release 2.0, the full version of the user profile generation will be tested. 

Results 

The results were considered successful since all users were able to register in 

the UCD website/mobile application, to log in successfully after the user 

registration, and to edit the user parameters.  

Moreover, the user's profile information was also stored in the GRPDB 

correctly. 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (mobile app) 

• Services Control Platform 

Additional external components: 

Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders Individual and commercial drivers, energy management entities. 

Notes  
This test can be performed also from any internet-connected computer/ 

mobile device. 
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Table 54. User centric charge/discharge management TC-04 

Code  Responsible Partner(s)  

UCD-TC-04 HIB 

Purpose/title UCD recharging station booking. 

Business service(s) 

• Interface to user agenda�
• Recharging point booking�
• Interface to recharging infrastructure�

Ref. business-case 

scenario (s) 
Private car 

Ref. requirements 

• UCD-FUNC-RQT03: Communication between UCD application and 

Services Control Platform�
• UCD-FUNC-RQT04: Access to information on recharging point 

availability�
• UCD-FUNC-RQT06: Pre-trip recharging points selection�
• UCD-FUNC-RQT07: Visualization of EMERALD community’s user 

ratings and recommendations�
• UCD-FUNC-RQT10: Recharging station booking management�

Evaluation  

On IIEM-ADAS, open the UCD application and book all recharging sessions 

needed for the recharging schedule, with regard to trips defined at previous 

time (and tested in UCD-TC-02). 

Select a recharging schedule relevant to a specific trip: SCP should 

automatically initiate the booking request to the recharging point 

management infrastructure. 

If the requested booking time windows are available, the recharging points 

are confirmed and booked; the UCD application shows all booked recharging 

operations sorted by booking time. Once the booking is confirmed, relevant 

information is saved in the cloud-based agenda.  

Methods of 

evaluation 

This test was performed both from an internet-connected desktop PC and 

from a mobile device (Samsung Galaxy S4) with the UCD mobile application 

installed previously. 

The interface to the recharging infrastructure was available through a 

clearinghouse�for connection with IBIL infrastructure provided by TECNALIA. 

However, for testing purposes, the response provided by the IBIL 

infrastructure was simulated for the Release 1.0. 

Based on the impression acquired from several trips performed, two external 

users evaluated the recharging points booking, both from the EMERALD UCD 

website and from the EMERALD UCD mobile application. Each of the two 

users scheduled the recharging process several times from the EMERALD 

UCD web site/mobile application. 

Thereafter, the server log of the clearinghouse was checked in order to verify 

the communication between the EMERALD UCD and the recharging 

infrastructure, the Global Recharge Schedule Database (GRSDB) was accessed 

in order to verify the correct storage of the scheduling recharging sessions 

information and the user agenda was also accessed in order to verify the 

correct storage of recharging appointments. 

Results The results were considered successful since all users were able to book the 
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recharging points successfully for their predefined trips.  

Moreover, the EMERALD UCD website/mobile showed the recharging points 

already booked, and the scheduled recharging sessions. In addition, the 

recharging appointments were stored correctly. 

Components 

involved 

EMERALD components:  

• IIEM-ADAS (mobile app)�
• Services Control Platform�

Additional external components:  

• Recharging infrastructure IT 

platform (interface through 

either concrete implementation 

or emulation environment) 

Test scenarios 

� �Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders Individual and commercial drivers, energy management entities. 

Notes  

This test can be performed also from any internet-connected computer/ 

mobile device. 

If the concrete interface to recharging Infrastructure is available, drive to the 

booked recharging station and validate that the booking actually took place. 

If no concrete interface to recharging infrastructure is available, use the 

emulation environment (see project deliverable D2.3, “EMERALD System 

Functional Architecture”, chapter 4.2.6.8). 
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Table 55. Enhanced power demand prediction and power flow management support TC-01 

Code  Responsible Partner(s)  

PDF-TC-01 TEC  

Purpose/title Power demand prediction based on real recharging data. 

Business service(s) • Power demand curve prediction 

Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements 

• PDF-FUNC-RQT01. Prediction of demand curve 

• PDF-FUNC-RQT02. Power demand prediction accuracy 

• PDF-FUNC-RQT03. Interface to aggregator/DSO 

• PDF-FUNC-RQT04. Centralized recharge management in terms of 

time 

• PDF-FUNC-RQT05. Centralized recharge management in terms of 

geographic area 

Evaluation  

This test case requires the availability of a number of FEV recharging 

schedules for a number of recharging points over a specific area, along with 

information regarding specific conditions/requirements that shall be met by 

the recharging infrastructure. 

In this context, the following shall be fulfilled: 

• A number of confirmed recharging schedules (from UCD application) 

shall be inserted in the SCP. The schedules shall be then aggregated 
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based on a number of criteria and aggregation conditions (time, site, 

area, etc.). These criteria/conditions will be established by the grid 

operator’s console depending on its specific preferences and the 

topology of the electricity grid (Power demand curve prediction 

service).  

• A global recharge snapshot table shall be created based on which 

curve calculation will be triggered when new connections to the grid 

are detected.  

This test will require also the determination of battery recharging 

parameters/requirements (e.g. frequency, electricity demand per charge per 

FEV type etc.) according to empirical data, battery manufacturer references 

or through estimation models, considering the type of battery, state of 

charge, state of health, etc.  

Verify that the information is received correctly and the profile of power 

consumption for the confirmed recharging schedules is correctly evaluated. 

Moreover, verify that the power consumption profile is communicated to the 

grid operator’s console and is taken into account for the interface to DSO. 

Repeat the test for each identified connection of a new vehicle to the grid 

and for the specific time defined by the grid operator (usually 24/48 hours). 

Methods of 

evaluation 

This test was performed considering synthetic booking data that were 

generated by the power demand flow simulator. In this prototype version, 

this solution was considered as an alternative to using real data acquired 

from the UCD application. Therefore, the global recharge snapshot table was 

not used in this prototype. 

Instead, a database was created in Microsoft SQL Server Express, which 

included the selected number of confirmed recharging schedules during a 

period of time (24/48h) for a number of recharging points over a specific 

area, the type of battery, the state of charge, the state of health, etc. 

Battery recharging was defined through estimation models. 

Results 

Several queries were made in order to get a profile of power consumption for 

the confirmed recharging schedules. 

The aggregated FEV power demand was obtained as a XML file in order to 

send this information over the interface to DSO. 

Components 

involved 

EMERALD components:  

• Services Control Platform�
Additional external components:  

• DSO IT platform (interface through 

either concrete implementation or 

emulation environment) 

Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders 

Energy management entities (electricity energy suppliers, grid operators, 

recharging infrastructure operators, etc.), fleet planning system owners (car 

rental services, commercial fleets, etc.). 

Notes   
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Table 56. Enhanced power demand prediction and power flow management support TC-02 

Code  Responsible Partner(s)  

PDF-TC-02 TEC  

Purpose/title 
Power demand prediction based on the historical booking of EMERALD users 

and (optionally) the estimation of non-EMERALD customers. 

Business service(s) • Power demand curve prediction�
Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements 

• PDF-FUNC-RQT01: Prediction of demand curve�
• PDF-FUNC-RQT02: Power demand prediction accuracy�
• PDF-FUNC-RQT03: Interface to aggregator/DSO�
• PDF-FUNC-RQT04: Centralized recharge management in terms of 

time�
• PDF-FUNC-RQT05: Centralized recharge management in terms of 

geographic area�

Evaluation  

This test case requires the availability of a number of FEV recharging 

schedules for a number of recharging points over a specific area, along with 

information regarding specific conditions/requirements that shall be met by 

the recharging infrastructure. 

In this context, the following shall be fulfilled: 

• A number of confirmed recharging schedules (from UCD application) 

shall be inserted in the SCP. The schedules shall be then aggregated 

based on a number of criteria and aggregation conditions (time, site, 

etc.). These criteria/conditions will be established by the grid 

operator’s console depending on its specific preferences and the 

topology of the electricity grid (Power demand curve prediction 

service).  

• Estimated power demand curve prediction for non-EMERALD 

vehicles has been obtained from Power Flow Simulator. 

• A Global recharge snapshot table shall be created based on which in 

curve calculation will be triggered when new connections to the grid 

are detected. 

This test will require also the determination of battery recharging 

parameters/requirements (e.g. frequency, electricity demand per charge per 

FEV type etc.), according to empirical data, battery manufacturer references 

or through estimation models, considering the type of battery, state of 

charge, state of health, etc. and the behavior models according to historical 

recharging data. 

Verify that the information is received correctly, the profile of power 

consumption based on historical bookings, and (optionally) the estimation of 

power demand for non-EMERALD vehicles is correctly evaluated.  

Moreover, verify that the power consumption profile is communicated to the 

grid operator’s console and is taken into account for the interface to DSO. 

Repeat the test for each identified connection or disconnection of a new 

vehicle to the grid and for the time defined by the grid operator (usually 

24/48 hours). 
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Methods of 

evaluation 

This test was performed considering synthetic booking data that were 

generated by the power demand flow simulator in order to get the power 

demand prediction based on the historical booking of EMERALD users. In this 

prototype, this solution was considered as an alternative to using real data 

acquired from the UCD application. 

The estimation of the FEV power demand for non-EMERALD customers was 

also acquired from the same synthetic booking data set. Different scenarios 

with several recharging points were considered, for the generation of the 

synthetic booking data, namely: 

1. Industrial scenario 

In the industrial scenario, employees arrive at their parking plaza daily in the 

morning and depart in the evening. The time available for FEV’s recharging is 

long. 

2. Residential scenario 

In the residential scenario, FEV users arrive at their recharging point daily in 

the evening and depart in the morning. The time available for FEV’s 

recharging is long. 

3. Commercial scenario 

In the commercial scenario, customers arrive at the commercial parking plaza 

during the commercial/shops’ open hours. The time available for the 

recharging is short. 

 A number of hours is available for the recharging of each FEV (from user 

arrival to departure from the commercial area).  

The arrival and departure curves for each scenario were defined by statistical 

distributions. 

A database was created in Microsoft SQL Server Express including the 

number of confirmed recharging schedules during a period of time (24/48h) 

for a number of recharging points over a specific area, the type of battery, 

the state of charge, the state of health, etc. 

Battery recharging was defined through estimation models. 

In order to establish the power demand prediction based on the historical 

booking of EMERALD users, the Backpropagation algorithm was used as the 

method of training artificial neural networks. 

Results 

Several queries were made in order to get a profile of power consumption for 

the confirmed recharging schedules. 

The aggregated FEV power demand was obtained as a XML file in order to 

send this information over the interface to DSO. 

Components 

involved 

EMERALD components:  

• Services Control Platform�
• Power Flow Simulator�

Additional external components:  

• DSO IT platform (interface 

through either concrete 

implementation or emulation 

environment) 

Test scenarios 

� �Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders 
Energy management entities (electricity energy suppliers, grid operators, 

recharging infrastructure operators, etc.), fleet planning system owners (car 
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rental services, commercial fleets, etc.). 

Notes  

The estimation of the non-EMERALD power demand will be optionally tested. 

The aggregated curve of power demand based on confirmed recharging 

schedules at previous time and the estimation of non-EMERALD power 

demand will be defined by the pre-fixed aggregation conditions. 

 

Table 57. Enhanced power demand prediction and power flow management support TC-03 

Code  Responsible Partner(s)  

PDF-TC-03 TEC  

Purpose/title 

Generation of optimized recharging/discharging plan: evaluation of the processing 

time to create an aggregated optimization plan and an individual optimization plan 

for a FEV. 

Business 

service(s) 
• Recharging/discharging plan optimization�

Ref. 

business-case 

scenario (s) 

Private car, Electric bus, FEV fleet 

Ref. 

requirements 

• PDF-FUNC-RQT06: Intelligent recharging schedule adjustment�
• PDF-PERF-RQT07: Adaptation to grid emergency situations�
• CMF-FUNC-RQT03: Fleet recharging schedule generation�

Evaluation  

This test case requires the availability of a number of FEV recharging schedules for a 

number of recharging points over a specific area, along with information regarding 

specific conditions/requirements that shall be met by the recharging infrastructure. 

In this context, the following shall be fulfilled: 

• Predicted power demand curves (both taking into account pricing 

information and not) for a number of FEVs shall be validated. 

• The power demand of EMERALD vehicles shall then be aggregated based on 

a number of criteria and aggregation conditions (time, site, etc.). 

• A number of confirmed recharging schedules (from UCD application) shall 

be inserted in the SCP. 

• Users’ recharging profiles (preferences) shall be created. 

• Global recharge snapshot table� shall be created based on which curve 

calculation will be triggered when new connections to the grid are 

detected. 

Verify that optimized recharging/discharging plans for connected vehicles are 

generated, and evaluate the processing time needed to create an 

individual/aggregated optimized recharging/discharging plan. 

Evaluate the economic savings (in terms of energy consumption savings) and 

maximum expected power demand, taking into consideration the same boundary 

conditions (power supply and electricity price profiles) as those used for the 

generation of the recharging schedules, aggregated power demand curves and 

recharging profiles. 

Processing time should be lower than the recharging time and short enough to 

permit savings on energy recharging. 

Methods of The preliminary test was performed considering the power flow simulator in order 
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evaluation to test the optimization algorithms and to check the correctness of the results. The 

power flow simulator makes an estimation of the power demand/offer curve during 

periods of time (24h-48h) according to different recharging conditions, an 

estimation of the required power surplus for the recharging of the FEVs and an 

estimation of the electricity price profile.  

The objective function and the boundary conditions are not linear. Non-linear 

programming methods were used for the optimization. 

Results 

The power demand of FEVs was optimized through smart scheduling in order to get 

the minimum cost for the recharging, avoiding the maximum power demand time-

windows. 

 
The optimization succeeded in avoiding the required maximum power level for a 

period of time, achieving some economic saving. 

Components 

involved 

EMERALD components:  

• Services Control Platform�
Additional external components:  

• DSO IT platform (interface 

through either concrete 

implementation or emulation 

environment) 

Test 

scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders 

Individual drivers, fleet planning system owners (car rental services, commercial 

fleets, etc.), energy management entities (DSOs, for load balancing and power curve 

estimation). 

Notes   
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Table 58. Enhanced power demand prediction and power flow management support TC-05 

Code  Responsible Partner(s)  

PDF-TC-05 TEC, PPC  

Purpose/title Submission of predicted power demand curve to a DSO. 

Business service(s) • Power demand curve prediction 

Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements 

• PDF-FUNC-RQT01: Prediction of demand curve 

• PDF-FUNC-RQT02: Power demand prediction accuracy 

• PDF-FUNC-RQT03: Interface to aggregator/DSO 

• PDF-FUNC-RQT04: Centralized recharge management in terms of 

time 

• PDF-FUNC-RQT05: Centralized recharge management in terms of 

geographic area 

Evaluation  

This test case will evaluate the communications with the DSO.  

• Create a predicted power demand curve for a number of FEVs and 

validate the correct upload of it to the reference DSO IT platform 

• The power production and electricity price will be sent from DSO (the 

power production plan of the micro-grid will act as DSO and the 

electricity price could be received from Power Flow Simulator) 

Methods of 

evaluation 

The communication between the DSO and SCP is based on IEC 61850 

standard over the TCP/IP protocol. The abstract data models defined in IEC 

61850 can be mapped to a number of protocols. 

The IEC 61850 data model constitutes a hierarchical tree structure; in order 

to be able to navigate through this model, every element has a path, which 

uniquely identifies its position within the structure. All paths are absolute, 

meaning that they list every element from the root of the structure to the 

element in question - exactly as seen in a file system and as illustrated in next 

figure. 

 
The required information by the SCP could be sent through a web-service 

considering the IEC 61850 protocol. 

Results 

A RESTful Web (http://hostname/Device/Class/Attribute) was created to 

send the FEV power demand profile to the DSO according to the required 

aggregation conditions. 

The aggregation of the FEV power demand was obtained as a XML file in 

order to send this information over the interface to DSO. 

Components 

involved 

EMERALD components:  

• Services Control Platform�
• Power Flow Simulator�

Additional external components:  

• DSO IT platform (interface 

through either concrete 

implementation or emulation 

environment) 
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Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders 
Energy management entities (DSOs, for load balancing and power curve 

estimation). 

Notes   
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Table 59. FEV-oriented driver training TC-01 

Code Responsible Partner(s)  

FDT-TC-01  ITS, SOL  

Purpose/title Verification of the driving simulator performance. 

Business service(s) 
• Trainer guidance and feedback 

• Training curriculum�
Ref. business-case 

scenario (s) 
Private car 

Ref. requirements 

• FDT-FUNC-RQT02: Trainer and system on-line guidance capabilities 

• FDT-FUNC-RQT04: Assessment report for the driver 

• FDT-NFUNC-RQT13: Driver training simulator technical requirements  

Evaluation  

Validate performance of driving simulator basic functions. Run a test scenario 

and assess the educational/training usability of visual system, motion 

platform, sound system, cabin controls and operators panel. Include IIEM-

ADAS in the assessment. Verify correctness of displayed road segments and 

vehicle position on IIEM-ADAS and in the simulation. Report all deviations. 

Apply predefined checklist to make sure that all simulator operations are 

running smoothly and efficiently. 

Methods of 

evaluation 

A series of activities based on a prepared checklist was planned to be done 

by the simulator operator and/or driver. All of them focus on activating each 

system of the driving simulator separately and in connection with other 

systems. The activities considered the verification of driving simulator 

subsystems’ performance by switching them separately and jointly as well as 

providing different levels of resource load in the simulation environment, 

taking into account weather, light and traffic conditions.  

Results 

All basic functions of the Real-size Driving Simulator work correctly and 

provide a sufficient testbed for the trials. According to the field tests 

schedule, the assessment of IIEM-ADAS integration within the scope of the 

training is ongoing and would be ready for the prototype R2.0 testing phase. 

Components 

involved 

EMERALD components:  

• Real-size Driving 

Simulator 

• IIEM-ADAS (mobile app) 

Additional external components:  

• Driving simulation management 

SW 

Test scenarios �  Italian field trials �  Simulation trials 
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�  Polish field trials 

�  Spanish field trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders Driving training centers. 

Notes   

 

 

Table 60. FEV-oriented driver training TC-02 

Code Responsible Partner(s)  

FDT-TC-02  ITS, SOL  

Purpose/title Verification of the driving simulation environment. 

Business service(s) 

• Trainer guidance and feedback�
• Training curriculum�
• Training scenarios�
• Virtually-driven ADAS�

Ref. business-case 

scenario (s) 
Private car 

Ref. requirements 

• FDT-FUNC-RQT02: Trainer and system on-line guidance capabilities�
• FDT-FUNC-RQT04: Assessment report for the driver�
• FDT-FUNC-RQT05: Generation of simulation environment �
• FDT-FUNC-RQT06: Simulation data acquisition system requirements �
• FDT-FUNC-RQT07: Non energy-related driving situations�

Evaluation  

Verify the capabilities of the driving simulation environment by generating 

various roads (one lane, multilane, intersections), terrain (mountainous, 

urban and rural) and weather conditions (fog, rain) on-line or off-line. Apply 

predefined checklist to make sure that the simulation environment fulfils the 

training requirements. 

Methods of 

evaluation 

A number of driving scenarios covering different driving environment, traffic 

level and weather conditions was implemented to check the training 

requirements. Some of the parameters possible to be changed on-line were 

also verified in terms of smoothness of the simulation in relation to their 

intensity. All activities were performed according to the predefined checklist. 

Results 

Driving simulation environment provides sufficient conditions for training 

sessions within the scope of FEV-oriented driver training field trials. Changing 

of the parameters does not provide any disturbances in simulation fluency 

and provides an added value to the didactical process of learning how to 

drive a FEV in changing conditions. 

Components 

involved 

EMERALD components:  

• Real-size Driving 

Simulator�
• IIEM-ADAS (mobile app)�

Additional external components:  

• Driving simulation management 

SW�

Test scenarios 

� �Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 
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Stakeholders Driving training centers. 

Notes   
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Table 61. FEV Traffic and Power Flow Simulation TC-01 

Code  Responsible Partner(s)  

SIM-TC-01 TEC  

Purpose/title Power demand prediction based on simulated recharging data. 

Business 

service(s) 

• Power demand-offer prediction�
• Power demand curve prediction�

Ref. business-

case scenario 

(s) 

Private car, Electric bus, FEV fleet 

Ref. 

requirements 
• PDF-FUNC-RQT01: Prediction of demand curve�

Evaluation  

This test aims to evaluate the right creation of the prediction of the power 

demand/offer of non-EMERALD vehicles for a given period of time (24h/48h) for 

various boundary conditions (e.g. number and location of recharging points, 

number of simulated FEVs, etc.) based on theoretical models. 

• The prediction of the power demand/offer of non-EMERALD vehicles will 

be aggregated with the power demand of EMERALD vehicles in order to 

send the prediction to DSO IT platform. 

• The prediction of the power demand/offer of non-EMERALD vehicles will 

be shown in an external application to show in congress, possible 

EMEARLD customers, etc. 

Methods of 

evaluation 

In order to estimate the aggregated power demand and the power offer during 

periods of time (24h-48h) for different boundary conditions, the estimation of the 

power demand for one FEV from an initial and final State of Charge (SoC) was 

considered according to the percentage of power recharging versus SoC and the 

relation between SoC and the recharging time for Lithium–ion battery. The 

aggregated power demand and offer was evaluated as the aggregation of the 

individual power demands/offer. 

The different aggregated power demand/offer curves were evaluated considering, 

the number of charging points, different arrival probabilities, power charging level 

and battery capacities for different battery models, defined by a SoC vs. power 

recharging percentage and Depth of Discharging (DoD) vs. number of 

charging/discharging cycles. 

Results Battery model for one electric vehicle. 
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Power demand for one FEV. 

 
Power demand for 100 FEVs. 

 
 

Components 

involved 

EMERALD components:  

• Power Flow Simulator�
Additional external components: 

Test scenarios 

� �Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders No specific stakeholder (simulation test for functional validation). 

Notes   
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Table 62. FEV Traffic and Power Flow Simulation TC-02 

Code  Responsible Partner(s)  

SIM-TC-02 TEC, HIB  

Purpose/title Generation of synthetic recharging schedules. 

Business service(s) • Synthetic power demand-offer generation�
Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements • PDF-FUNC-RQT01: Prediction of demand curve�

Evaluation  

By means of simulation tools, this test case aims at producing a large mass of 

recharging schedules to be uploaded to the Services Control Platform. The 

generated recharging schedules will take into consideration a broad 

spectrum of scenarios conditions and parameters such as the energy price 

and energy restrictions of the grid operator. The right creation of synthetic 

data will be checked according to the required format as well as the right 

reception of synthetic data to the Services Control Platform. 

Proposed relevant conditions: 

• Day of the week: work/weekend day: the location of parked vehicles 

varies considerably depending on the day of the week. 

• Season: winter/spring/summer/fall: the amount and prices of 

available energy may vary depending on types of energy sources. 

• Emissions regulation assessment: grid simulators can be tuned to 

simulate administrative thresholds of fossil energies and their impact 

in economic sustainability. 

• Partial grid blackout events. 

Methods of 

evaluation 

The synthetic data generated were checked considering the boundary 

conditions established in the graphical user interface of the power flow 

simulation platform. 

Results 

A XML file with several attributes to be included on a database was 

produced, and the contents of it complied with the initial boundary 

conditions that have been set. 

Components 

involved 

EMERALD components:  

• Power Flow Simulator�
• Services Control Platform�

Additional external components: 

Test scenarios 

� �Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders No specific stakeholder (simulation test for functional validation). 

Notes   
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Table 63. FEV Traffic and Power Flow Simulation TC-03 

Code  Responsible Partner(s)  

SIM-TC-03 HIB, SOFT 

Purpose/title Electric car models calibration. 

Business service(s) • Synthetic training data generation1�
Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements 

• SIM-FUNC-RQT02: Simulation of different conditions 

• SIM-FUNC-RQT03: Simulation of different urban road network 

topologies 

• SIM-FUNC-RQT04: Scenario-based simulation 

• SIM-FUNC-RQT06: 2D map visualization 

• SIM-PERF-RQT08: Adequate storage capacity 

• SIM-PERF-RQT09: Time responsiveness for basic user interactions 

• SIM-NFUNC-RQT12: Reliable microscopic traffic models 

Evaluation  

In order to generate reliable synthetic data, the Traffic Simulator� needs a 

calibration phase for FEV consumption models. This test aims to execute a 

circular evaluation of electricity consumptions for a number of specific FEV 

models (mainly those used on Field trials), which will be used at next stages 

for EMERALD functionalities simulation at the Traffic Simulator. 

For each FEV model, the following steps will be followed: 

1. Calibration data collection: the partner responsible for the vehicle 

drives it along round trips on a small fixed route, making multiple 

passes at different (constant) speeds, and provides environment and 

consumption results. 

2. Vehicle information compilation: the partner responsible for the 

vehicle provides technical parameters (such as dimensions, weight, 

nominal power, etc.); these parameters are set in the traffic 

simulator and are used consequently by equations and mathematical 

formula following an agreed academic consumption model. 

3. Mimic simulation of a real trip: the partner responsible for the Traffic 

Simulator performs multiple simulated round trips along the same 

routes driven by the real vehicle, simulating the same environment 

conditions. 

4. Calibration details of the Adapted Traffic Simulator: the partner 

responsible for Traffic Simulator might consider minor adjustments 

                                                           
1 On previous project deliverables (more specifically D2.3 and D3.2) this service was indicated as Synthetic tracking 

data generation, as it was supposed to generate raw tracking data to be post-processed by SCP during the upload 

process (similarly to OBU synchronization). However, after a thorough internal review of system architecture, the 

service has been partly re-designed in order to generate ready-made per-segment training data, thus skipping the 

massive SCP post-processing and then improving overall performances and scalability of the system. 
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to the models. From here, the test goes back to step 3. or forward to 

step 5. 

5. Adapted Traffic Simulator validation against real vehicle: the partner 

responsible for Traffic Simulator drives the simulated vehicle through 

an arbitrary route, capturing results. The partner responsible for the 

vehicle drives it along the same (real) route, capturing results too. 

Results from the simulation trip drive are validated against results 

coming from the real trip drive. From here, the test goes back to step 

3./4. or forward to the end of the test case.�

Methods of 

evaluation 

The FEVs considered in the field trials were:  

• Fiat Ducato and Renault Zoe, for the Italian Test Site. 

• Urbino 12, for the Polish Test Site. 

•  Ford Transit Connect Electric, for the Spanish Test Site. 

Maps of the three test sites (in SUMO format) were loaded in the Adapted 

Traffic Simulator (considering third dimension), along with the mechanical 

characteristics of the FEVs. 

Moreover, the route of each vehicle (by ID segments) and the speed of each 

route segment were defined by the respective speed test. As a result, the 

electric consumption of each FEV was evaluated for different constant 

speeds (10, 20, 30, 40, 50, 60, 70 and 80 km/h) on a small fixed route for each 

Test Site. 

Thereby, the electric consumption versus the distance was compared in the 

case of the real vehicle and the virtual vehicle driving for the same route and 

at the same speed. This process allowed the identification of the correct 

parameters for the specific FEVs considered. 

Results 

The obtained results were used to calibrate the specific FEVs models , and as 

shown in the following example the calibration was successful:  

• The following graph shows the electrical consumption versus 

distance at a speed of 70 km/h for the Fiat Ducato in the Italian Test 

Site.  

Note that the real consumption is the light blue line and the 

simulated one is the red line. 

 
• The following graph shows the same after performing 

adjustments/calibration to the FEVs models. 
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Components 

involved 

EMERALD components:  

• IIEM-ADAS (OBU) 

• IIEM-ADAS (mobile app) 

• Services Control Platform 

• Traffic Simulator 

Additional external components: 

Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders No specific stakeholder (calibration test). 

Notes   

 

Table 64. FEV Traffic and Power Flow Simulation TC-04 

Code  Responsible Partner(s)  

SIM-TC-04 HIB, ICCS, SOFT  

Purpose/title Traffic Simulator output data evaluation. 

Business service(s) 

• Synthetic training data generation�
• Augmented reality�
• Performance validation�
• Demonstration set�

Ref. business-case 

scenario (s) 
Private car, Electric bus, FEV fleet 

Ref. requirements 

• SIM-FUNC-RQT01: Provision of synthetic data�
• SIM-FUNC-RQT02: Simulation of different conditions�
• SIM-FUNC-RQT03: Simulation of different urban road network 

topologies�
• SIM-FUNC-RQT04: Scenario-based simulation�
• SIM-FUNC-RQT06: 2D map visualization�
• SIM-PERF-RQT08: Adequate storage capacity�
• SIM-PERF-RQT09: Time responsiveness for basic user interactions�
• SIM-NFUNC-RQT12: Reliable microscopic traffic models�

Evaluation  

This test aims to demonstrate the following EMERALD Traffic Simulator 

functionalities for validation purposes: 

• For Release 1.0: 

o Synthetic training data (synthetic per-segment training records) 



D5.1 Initial Trials Results and Analysis 

  

FP7-314151 EMERALD Project  Page ���  of ���  

 

are generated and uploaded to Services Control Platform (to be 

stored into GMLTDB during synchronization): the objective is the 

validation of Synthetic training data generation service.  

o Given a set of standard (distance-based) routes and a congruent 

set of “EMERALD-optimized” routes (see CFM-TC-02 “Large-scale 

trip pattern planning, optimization and validation”), the Traffic 

Simulator executes input trip patterns and makes an assessment 

of EMERALD performances, enriching evaluation results with a 

graphical visualization. Please note that both input sets of routes 

are congruent (both accomplishing all city logistics deliveries).  

• For Release 2.0: 

• Synthetic real-time traffic data (synthetic per-segment travelling 

times) are generated and uploaded to Services Control Platform (to 

be stored into GRTDB): the objective is the validation of Augmented 

Reality service. 

Methods of 

evaluation 

The fully-electric vehicles considered were:  

• Fiat Ducato and Renault Zoe, for Italian Test Site. 

• Urbino 12, for Polish Test Site. 

• Ford Transit Connect Electric, for Spanish Test Site. 

Maps of three sites (in SUMO format) were loaded in the Adapted Traffic 

Simulator (considering third dimension), as along with the mechanical 

characteristics of the vehicles. 

The Synthetic training data generation service was validated by performing 

long simulations (during a week) with dynamic changing condition in the 

three test sites considering random routes, simulated periods of 6 hours of 

traffic, weather conditions and traffic demand. 

The Performance Validation service was validated by comparing EMERALD 

and non-EMERALD routes and analyzing their performances for specific 

origin-destination pairs in the three test sites. 

The Demonstration set service was validated by providing results (graphical 

visualization) on energy consumption for a large number of origin and 

destination pairs in the three test sites. Consequently, a massive number of 

routes retrieved from the EMERALD and non-EMERALD routing service with 

multiple origin-destination combinations have been simulated. 

Results 

The obtained results showed that the non-EMERALD route used to 

correspond to the shortest or the fastest one, but if this route was congested 

at rush hour, it corresponded to a highly consuming one. Moreover, the 

results showed that EMERALD provides a more efficient alternative route 

through secondary roads, however longer than the non-EMERALD one. 

The following graph justifies the above conclusions, and shows indicative 

results of energy consumption (y-axis) vs. distance (x-axis) for the EMERALD 

(blue color) and non-EMERALD (red color) routes. In particular, red and blue 

points that belong to the same x coordinate correspond to the same origin-

destination pair. Moreover, the graph depicts also the least squares for the 

two point distributions: the magenta curve corresponds to the least squares 

for the red points (non-EMERALD), whereas the cyan curve corresponds to 

the least squares for the blue points (EMERALD routes). 
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Components 

involved 

EMERALD components:  

• IIEM-ADAS (mobile app) 

• Services Control Platform 

• Traffic Simulator 

Additional external components: 

Test scenarios 

�  Italian field trials 

�  Polish field trials 

�  Spanish field trials 

�  Simulation trials 

�  Driving simulator trials 

�  Micro-grid lab trials 

Stakeholders No specific stakeholder (calibration test). 

Notes   
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R1.0 EMERALD system prototype satisfies the requirements that were specified per each functionality in 

deliverable D2.2, at earlier stages of the project. This chapter provides the exact current level of 

fulfillment of each requirement as well as explanatory comments and/or comments regarding their 

possible improvement in further stages of project development. 
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Table 65. Energy-driven management of FEV auxiliaries FUNC-RQT01 

Code Component Priority Ref Use Case Degree of satisfaction 

AUX-FUNC-RQT01 IIEM-ADAS Essential UC_AUX_01/02 Fully satisfied 

Description 

CAN bus access. The IIEM-ADAS must be able to collect from vehicle diagnostics/management network 

(CAN bus) an extensive set of electrical, mechanical and environmental measures, including: current 

absorption at the battery, voltage at the battery, state of charge, recharge status (on/off), ignition key 

status (on/off), air conditioner status, outside temperature, speed, odometer value, brake pedal 

position, throttle pedal position.  

Comments on the degree of satisfaction 

CAN bus access was provided in all tested vehicles (Solaris Urbino 12 Electric, Fiat Ducato, Ford Transit 

Connect) and worked flawlessly during trials. All parameters were successfully recorded. 

 

Table 66. Energy-driven management of FEV auxiliaries FUNC-RQT03 

Code Component Priority Ref Use Case Degree of satisfaction 

AUX-FUNC-RQT03 IIEM- ADAS Essential UC_AUX_01/02 Fully satisfied 

Description 

Vehicle-specific interface. The software interface to vehicle CAN bus must be able to adapt to different 

car manufacturers and models. 

Comments on the degree of satisfaction 

It is possible to adapt the software interface to different Solaris Urbino electric models e.g. Urbino 12 

electric, Urbino 8.9 electric, Urbino 18 electric. 

 

Table 67. Energy-driven management of FEV auxiliaries SU-RQT05 

Code Component Priority Ref Use Case Degree of satisfaction 

AUX-SU-RQT05� IIEM- ADAS� Essential� UC_AUX_01/02� Fully satisfied 

Description 

CAN bus integrity. The connection to vehicle CAN bus must not harm its intrinsic safety. Both hardware 

(isolation, protection from interferences) and software integrity (proper protocol implementation) 

must be preserved. 
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Comments on the degree of satisfaction 

After plugging the device to the CAN bus no error appeared neither on dashboard nor at CAN bus. 

The vehicle was driven several times and no errors occurred when the device was connected. 

The device was isolated and protected from interferences. 

 

Table 68. Energy-driven management of FEV auxiliaries NFUNC-RQT07 

Code Component Priority Ref Use Case Degree of satisfaction 

AUX-NFUNC-RQT07 IIEM- ADAS Desirable UC_AUX_01/02 Fully satisfied 

Description 

Non-intrusive installation. The installation of any on-board device must be properly engineered and 

harmonized with the overall layout of the dashboard or any other vehicle part. All cables must be 

hidden and firmly secured to vehicle body. Permanent wirings through automotive connectors should 

be preferred to removable connections (e.g. cigarette lighter socket). 

Comments on the degree of satisfaction 

Permanent installations have been performed at state of the art level by skilled automotive 

professionals; in case of removable connections, they have been properly engineered according to 

vehicle interior design and connector locations. 
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Table 69. Energy-efficient long-range route planning and optimization FUNC-RQT02 

Code Component Priority Ref Use Case Degree of satisfaction 

LRP-FUNC-RQT02 IIEM-ADAS, 

SCP 

Essential UC_LRP_01/02 Partially satisfied 

Description 

Routing calculation. The long-range routing processing must define the most energy-efficient route 

between two points (origin-destination) for a specific vehicle taking into account: 

• The vehicle model/battery type. 

• The charging status of the battery (SoC). 

• The estimation of range (taking into account the specific car and battery status). 

• The recharging points along the way. 

• The current time frame. 

• Other traffic events (works affecting traffic, etc.).�
Typically, the most energy-efficient route will include: 

• The energy cost of the segments (see requirement LRP-FUNC-RQT01). 

• Possible detours to recharge the battery. 

• Expected traffic conditions. 

• Current/expected weather. 

Comments on the degree of satisfaction 
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The requirement has been met for features available in system prototype R1.0. No particularization of 

the specific vehicle will be performed, since detailed information for these calculations is not available. 

Refer to D5.2 for the evaluation of the requirement satisfaction from the final system. 

 

Table 70. Energy-efficient long-range route planning and optimization FUNC-RQT03 

Code Component Priority Ref Use Case Degree of satisfaction 

LRP-FUNC-RQT03 IIEM-ADAS  Essential UC_UCD_01 Partially satisfied. 

Description 

Pre-trip and on-trip recalculation. The user must be able to start a recalculation process either pre-trip 

or on-trip, e.g. when his/her schedule changes. In addition, in cases of route deviations or in 

exceptional cases, such as when the battery level is low or a traffic event occurs and is received, the 

recalculation process will be triggered. 

Comments on the degree of satisfaction 

The requirement has been met for features available in system prototype R1.0.  

Please Refer to D5.2 for the final evaluation of the requirement satisfaction from the final system. 

 

Table 71. Energy-efficient long-range route planning and optimization SU-RQT06 

Code Component Priority Ref Use Case Degree of satisfaction 

LRP-SU-RQT06 IEEM-ADAS Desirable All Fully satisfied  

Description 

Safe and user-friendly route guidance. The on-route indications shall be displayed to the user (driver) in 

an intuitive and easy-to-follow way. The interface will not distract driver attention from the road and 

other driving tasks. 

Comments on the degree of satisfaction 

No further comments. 
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Table 72. Energy-efficient long-range route planning and optimization PERF-RQT04 

Code Component Priority Ref Use Case Degree of satisfaction 

LRP-PERF-RQT04 SYS Essential UC_LRP_01/02 Fully satisfied 

Description 

Optimized communication protocol. The protocol used in the communication between the EMERALD 

system entities and the FEVs must: 

• Have a lightweight, robust protocol: message interchanging shall be reduced to the minimum, 

and the protocol shall include a lightweight mechanism capable of recovering after an 

accidental disconnection. 

• Allow messages to be sent to/from the vehicles through V2I communications. 

Comments on the degree of satisfaction 

No further comments. 
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Table 73. Performance-centric machine learning for consumption prediction FUNC-RQT01 

Code Component Priority Ref Use Case Degree of satisfaction 

MLP-FUNC-RQT01 IIEM-ADAS Essential UC_MLP_ALL Fully satisfied  

Description 

In-vehicle data bus interface. The IIEM-ADAS must have an interface to the vehicle CAN bus in order to 

collect data required for route recording and training set generation. 

Comments on the degree of satisfaction 

By architectural design, the IIEM-ADAS (OBU) has a direct interface to the CAN bus of the vehicle. From 

this interface, tracking data are collected and then are processed in order to generate training records 

for MLE creation. During the field trials, the CAN bus interfaces of the OBUs installed on the vehicles 

were tested and verified to perform as expected. 

 

Table 74. Performance-centric machine learning for consumption prediction FUNC-RQT02 

Code Component Priority Ref Use Case Degree of satisfaction 

MLP-FUNC-RQT02 IIEM-ADAS, 

SCP 

Essential UC_MLP_ALL Fully satisfied  

Description 

ML-based consumption prediction. Vehicular consumption prediction shall utilize prior relevant 

travelling experience and advanced machine-learning techniques. Significantly high prediction accuracy 

should be achieved (particularly in comparison to non-ML based techniques). 

Comments on the degree of satisfaction 

The ML-based consumption prediction component was implemented as part of both the SCP and the 

IIEM-ADAS (mobile app). It utilizes training data that were collected during the data collection campaign 
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and the field trials. Artificial Neural Networks (ANNs) were used as the prediction method that achieved 

high accuracy on predicting the vehicular consumption, as the relevant test cases have shown. 

 

Table 75. Performance-centric machine learning for consumption prediction FUNC-RQT03 

Code Component Priority Ref Use Case Degree of satisfaction 

MLP-FUNC-RQT03 IIEM-ADAS, 

SCP 

Essential UC_MLP_01 Partially satisfied  

Description 

Performance-oriented MLE clustering. The overall performance of the MLEs shall be improved by 

means of MLE clustering. 

Comments on the degree of satisfaction 

The performance-oriented MLE clustering is one of the main novelties of the EMERALD project. For the 

first trials various clustering mechanisms were studied; however. The MLE clustering method will be 

finalized and thoroughly evaluated in the R2.0 system release.  

 

Table 76. Performance-centric machine learning for consumption prediction FUNC-RQT04 

Code Component Priority Ref Use Case Degree of satisfaction 

MLP-FUNC-RQT04 IIEM-ADAS, 

SCP 

Essential UC_MLP_03 Fully satisfied  

Description 

Cooperative MLE training. The IIEM-ADAS shall cooperate with the SCP so as to address the 

computational load of MLE training. 

Comments on the degree of satisfaction 

After this particular requirement was defined, the decision was made to perform training solely on the 

SCP, so as to reduce system-wide computational resource requirements. With this approach, training 

on the SCP is performed only once and the relevant MLEs are downloaded to the IIEM-ADASs (mobile 

app) to be scored for route calculation. This means that MLE training is completely offloaded to the 

SCP, which actually zeroes the computational load for MLE training on the IIEM-ADAS (mobile app); 

therefore, the essence of the requirement is fully satisfied. 
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Table 77. Performance-centric machine learning for consumption prediction FUNC-RQT05 

Code Component Priority Ref Use Case Degree of satisfaction 

MLP-FUNC-RQT05 SYS Essential UC_MLP_ALL Fully satisfied  

Description 

Communication capability between the IIEM-ADAS and the SCP. A communication channel of sufficient 

reliability and capacity is necessary for sporadic communication between the on-board system and the 

SCP. 

Comments on the degree of satisfaction 

For the communication between the IIEM-ADAS and the SCP, the EMERALD project used modern IP 

based technologies i.e. 3G, 4G and Wi-Fi networks. In fact, both the OBU and the mobile app have 

communication channels to upload tracking data to the SCP and download trained MLEs from it, 

respectively. This shows that the requirement is fully satisfied. 

 

Table 78. Performance-centric machine learning for consumption prediction FUNC-RQT06 

Code Component Priority Ref Use Case Degree of satisfaction 

MLP-FUNC-RQT06 IIEM-ADAS, 

SCP 

Essential UC_MLP_01 Fully satisfied  

Description 

Consumption estimation for every road segment. A consumption prediction should be available for all 

road segments, regardless if they have been visited or not. 

Comments on the degree of satisfaction 

The MLE scoring component (SCP and mobile app) was designed with a fallback mechanism in order to 

provide a reasonably accurate prediction even for road segments that the driver has not visited before. 

This mechanism was tested during the field trials giving satisfactory results. 
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Table 79. Performance-centric machine learning for consumption prediction FUNC-RQT07 

Code Component Priority Ref Use Case Degree of satisfaction 

MLP-FUNC-RQT07� IIEM-ADAS� Essential� UC_MLP_01, 

UC_PFL_01�
Fully satisfied  

Description 

Impact of calculated driver profiles on energy consumption prediction. Driver profiles calculated in 

IIEM-ADAS should directly affect and improve the energy consumption prediction. Therefore, the 

predicted energy consumption should be closer to the actual one in cases for which the driver profile is 

considered, than that for non-driver-profile-based prediction (without driver profile impact). 

Predictions including the calculated driver profile should: 

• Predict energy consumption more efficiently than normal prediction in 85% of cases that 

include the profile remaining constant for the whole travel.�
Predict energy consumption more efficiently than normal prediction in 75% of cases including 

significant differences between the driving profiles updated throughout the travel. 

Comments on the degree of satisfaction 

The driver profile was considered as one of the input variables for the ANN that were used to train the 

collected data from the field trials. The use of the driver profile as a parameter (as opposed to simply 

setting the driver profile score to a constant value) yielded an accuracy improvement of around 10% in 

most of the cases. Thus, this requirement is considered fully satisfied. 

 

Table 80. Performance-centric machine learning for consumption prediction FUNC-RQT08 

Code Component Priority Ref Use Case Degree of satisfaction 

MLP-FUNC-RQT08 IIEM-ADAS, 

SCP 

Essential UC_MLP_02 Fully satisfied  

Description 

Context-aware consumption prediction. Consumption predictions should also take into consideration 

varying conditions such as time, date, traffic congestion, weather conditions, etc.  

Comments on the degree of satisfaction 

In order to provide consumption predictions, the variables that were used as inputs to the ANN were 

the driver’s profile, the day of the week, the hour of the day, temperature and the vehicle weight. 

Therefore, the requirement is fully satisfied, as this is a clearly context-aware input set. 
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Table 81. Performance-centric machine learning for consumption prediction PERF-RQT10 

Code Component Priority Ref Use Case Degree of satisfaction 

MLP-PERF-RQT10 IIEM-ADAS Essential UC_MLP_02 Fully satisfied  

Description 

Time performance of consumption prediction. Consumption prediction for road segments with a view 

to optimal route discovery must be completed in a short time. 

Comments on the degree of satisfaction 

On the IIEM-ADAS, consumption-based optimal route calculation involves estimating consumption for 

all road segments within a wide area containing the origin and destination points. The assignment of 

predicted consumption to each segment in the area has been measured to take less than one minute 

on average. This time is expected to be reduced in the second release of the system (R2.0). 

 

Table 82. Performance-centric machine learning for consumption prediction PERF-RQT12 

Code Component Priority Ref Use Case Degree of satisfaction 

MLP-PERF-RQT12 SCP, IIEM-

ADAS 

Essential UC_MLP_ALL Fully satisfied  

Description 

Computational robustness. Entities (SCP, IIEM-ADAS) performing computationally intensive tasks must 

be able to successfully adapt to varying demand. 

Comments on the degree of satisfaction 

During the EMERALD field trials, the SCP and IIEM-ADAS were stressed deliberately in order to assess 

computational robustness. Performance of the overall system was at no time degraded, therefore the 

system is considered adaptable to varying computational demand. 

 

Table 83. Performance-centric machine learning for consumption prediction SP-RQT14 

Code Component Priority Ref Use Case Degree of satisfaction 

MLP-SP-RQT14 IIEM-ADAS, 

SCP 

Desirable UC_MLP_ALL Fully satisfied  

Description 

Secure communication between the IIEM-ADAS and the SCP. All data exchanged between the on-board 

devices and the SCP should be encrypted. 

Comments on the degree of satisfaction 

Apart from the inherent security schemes provided by all wireless communication channels (3G, 4G, 

Wi-Fi), the use of VPN-based encryption supplied by the Android Operating System was selected. This 

means that the communication channel between the SCP and the IIEM-ADAS is secure. 
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Table 84. Driver profiling data collection FUNC-RQT01 

Code Component Priority Ref Use Case Degree of satisfaction 

PFL-FUNC-RQT01� IIEM-ADAS� Optional� UC_PFL_03/04� Partially satisfied  

Description 

Generation of personalized driver behavior information for energy consumption improvement. IIEM- 

ADAS should have a post-trip functionality addressing the driver with personalized information about 

his/her profile and committed mistakes. Based on this, instructions aiming at further improvement of 

energy consumption should be generated. 

Comments on the degree of satisfaction 

IIEM-ADAS provides a post-trip feedback that indicates basic information about the ride, primarily 

concerning the number of registered driving events. Within the scope of further development the 

driver will be informed in more user-friendly way – calculated driving score will serve as a source for a 

feedback classifying the aggressiveness of the driver and displaying this information. 

 

Table 85. Driver profiling data collection PERF-RQT03 

Code Component Priority Ref Use Case Degree of satisfaction 

PFL-PERF-RQT03 IIEM-ADAS Essential UC_PFL_01/02 Fully satisfied  

Description 

Sampling frequency. All external signals and measures received by the IIEM-ADAS should have a known 

sampling rate that matches the rate of the chosen external device technology. For every external 

device, the effective sampling frequency should be measured by using an adequate technology. 

Comments on the degree of satisfaction 

PFL functionality implemented onboard IIEM-ADAS uses two main external devices for data acquisition 

and measurement purposes – accelerometers and GPS. During the design of the driver profiling 

functionality, GPS was found to be irrelevant for identifying driving events because of its low sampling 

frequency (1 Hz). Still, its sampling characteristics provide a sound source of data for tracking purposes.  

As a result, accelerometers were chosen as a primary source of data used for driver profiling. These 

sensors provide a high sampling frequency of 20 Hz. In addition, it turned out that matching the rate of 

the signals with external devices was not needed for providing a reliable driving score. 
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Table 86. Driver profiling data collection INT-RQT05 

Code Component Priority Ref Use Case Degree of satisfaction 

PFL-INT-RQT05 IIEM-ADAS Essential UC_PFL_ALL Fully satisfied  

Description 

Interference with other IIEM-ADAS functionalities. The activity of profiling functions should not 

interfere with other functions of the device. 

Comments on the degree of satisfaction 

The profiling function provides the ability to run smoothly in the background while using other IIEM-

ADAS functionalities, e.g. long-range routing. While running the PFL functionality data is saved onto 

memory of the device – this activity interferes neither with EMERALD-designed functions nor with non-

EMERALD mobile applications. 

 

Table 87. Driver profiling data collection NFUNC-RQT06 

Code Component Priority Ref Use Case Degree of satisfaction 

PFL-NFUNC-RQT06 IIEM-ADAS Desirable UC_PFL_02/05 Partially satisfied  

Description 

Event and contextual data filtering. The IIEM-ADAS functions should be able to recognize at least:�
• Missing data (sensor errors), 

• Significant deviations of data within a certain measurement period (instant events or 

interference). 

Comments on the degree of satisfaction 

The driver profiling function detects a missing connection with the sensors at real-time and provides 

the end-user with textual information. The work on detecting possible irregularities of the signal 

coming from e.g. going through speed humps is in progress. 
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Table 88. User-centric charge/discharge management FUNC-RQT03 

Code  Component Priority Ref Use Case Degree of satisfaction 

UCD-FUNC-RQT03 SYS Essential UC_UCD_ALL Fully satisfied  

Description 

Communication between UCD application and Services Control Platform. The User-centric 

charge/discharge management procedures require that the relevant application can have access to the 

Services Control Platform, in order to exchange information. 

Comments on the degree of satisfaction 

The UCD application is able to access to the SCP, specifically to the UCD server, successfully. 
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Table 89. User-centric charge/discharge management FUNC-RQT04 

Code Component Priority Ref Use Case Degree of satisfaction 

UCD-FUNC-RQT04 SYS Essential UC_UCD_ALL Partially satisfied 

Description 

Access to information on recharging point availability. When details for the planning are sent to the SCP 

so as to calculate the optimized recharging schedule, the SCP must retrieve information on available 

charging spots, location and prices. Such information is retrieved through an interface of the SCP to the 

recharging infrastructure. 

Comments on the degree of satisfaction 

The SCP is fully able to retrieve such information from the recharging infrastructure (a clearinghouse for 

connection with IBIL infrastructure). 

However, for the Release 1.0, the response provided by the IBIL infrastructure was simulated for testing 

purposes. 

 

Table 90. User-centric charge/discharge management FUNC-RQT06 

Code Component Priority Ref Use Case Degree of satisfaction 

UCD-FUNC-RQT06 UCDapp, 

SCP 

Essential UC_UCD_01 Fully satisfied  

Description 

Pre-trip recharging points selection. The user must be able to select one or more recharging points and 

schedule options presented by the EMERALD UCD application. 

Comments on the degree of satisfaction 

All external users who used the EMERALD UCD application were able to select the most adequate 

recharging points/schedule option. 

 

Table 91. User-centric charge/discharge management FUNC-RQT07 

Code Component Priority Ref Use Case Degree of satisfaction 

UCD-FUNC-RQT07 UCDapp, 

SCP 

Desirable UC_UCD_01 Fully satisfied  

Description 

Visualization of EMERALD community’s user ratings and recommendations. When the user is offered 

different options for recharging, then for each of the recharging spots the rankings and 

recommendations provided by the EMERALD community of users are shown. 

Comments on the degree of satisfaction 

All external users who used the EMERALD UCD application were able to visualize the recharging points 

including the user ratings and the recommendations. 
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Table 92. User-centric charge/discharge management FUNC-RQT09 

Code Component Priority Ref Use Case Degree of satisfaction 

UCD-FUNC-RQT09 UCDapp, 

SCP 

Essential UC_UCD_02 Fully satisfied  

Description 

Recharging profile generation. The user must be able to create his/her own recharging profile, to be 

used for future bookings. Recharging profile contains user preferences/rankings regarding the 

recharging stations (e.g. low cost first, nearest first, etc.). This profile is sent to the Services Control 

Platform to be used in future bookings. 

Comments on the degree of satisfaction 

All external users of the EMERALD UCD application were able to create their user profile and these 

profiles were stored in the corresponding database. 

 

Table 93. User-centric charge/discharge management FUNC-RQT10 

Code Component Priority Ref Use Case Degree of satisfaction 

UCD-FUNC-RQT10 UCDapp, 

SCP 

Essential UC_UCD_03 Partially satisfied  

Description 

Recharging station booking management. The user must be able to: 

• Request a booking of a recharging station. 

• Cancel a booking of a recharging station. 

Manage a booking of a recharging station modifying it for his/her convenience. They can change the 

time of arrival and duration of charge. 

Comments on the degree of satisfaction 

For Release 1.0, all users were able to book the recharging points for their predefined trips successfully.  

However, the response provided by the IBIL infrastructure was simulated due for testing purposes. 
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Table 94. FEV-oriented driver training FUNC-RQT02 

Code Component Priority Ref Use Case Degree of satisfaction 

)�� -FUNC-RQT02 DS Essential UC_FDT_ALL Fully satisfied. 

Description 

Trainer and system on-line guidance capabilities. The trainer must have the ability to provide constant 

guidance and feedback to the driver during training sessions, using the sound system in the cabin. The 

simulation system should also be able to inform the driver of his/her task performance with sound and 

textual information. The trainer should be able to constantly monitor the driver behavior through the 

in-car video camera system. 

Comments on the degree of satisfaction 
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The sound system in the simulator cabin is fully functional, both before/after and during training 

sessions. It enables to change the sound volume, so as to customize it to the needs of both the driver 

and operator. The simulation environment also enables to include textual and sound feedback within 

the scope of driving scenario routes – the feedback is activated automatically while driving along 

certain road segment. The driving instructor is also equipped with a monitor showing live image from 

in-car video camera. 

 

Table 95. FEV-oriented driver training FUNC-RQT03 

Code Component Priority Ref Use Case Degree of satisfaction 

FDT-FUNC-RQT03 DS Essential UC_FDT_ALL Fully satisfied 

Description 

Pre- and post-training feedback. In order to encourage the trainee to perform better during the 

training, it is necessary to provide him/her with necessary feedback. This feedback must include both 

driven scenario’s overview and theoretical issues regarding each part of the session. 

Comments on the degree of satisfaction 

The didactical program of the FEV-oriented driver training was designed based on foundations coming 

from educational psychology and provides feedback elements during the training time. The feedback 

will be forwarded by the instructor himself to the trainee to achieve better results in terms of FEV 

driving skills enhancement. 

 

Table 96. FEV-oriented driver training FUNC-RQT04 

Code Component Priority Ref Use Case Degree of satisfaction 

FDT-FUNC-RQT04 DS Desirable UC_FDT_ALL Not satisfied 

Description 

Assessment report for the driver. After the training, the driver must be provided with an efficient 

assessment report, based on the data acquired from his/her ride and presented in an easy to 

understand form. A personal copy of the report can be handed out to the driver. 

Comments on the degree of satisfaction 

An ongoing work is taking place regarding the generation of an automated report comprising the 

overall performance of the driver. The report would include the number of driving events generated, 

the driving parameters as well as the overall assessment of the performance, considering the energy 

efficiency as a priority. 
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Table 97. FEV-oriented driver training FUNC-RQT05 

Code Component Priority Ref Use Case Degree of satisfaction 

FDT-FUNC-RQT05 DS Essential UC_FDT_02/03/04 Fully satisfied 

Description 

Generation of simulation environment. Driving simulator system must generate various lighting, 

weather and road traffic conditions using the implemented software. Driving simulator software should 

enable to generate at least:�
• Lighting conditions:�

o Daylight driving�
o Night driving (no light except from vehicles)�
o Night driving (with normal roadside lighting)�

• Weather conditions:�
o Good weather (sunny)�
o Rain�
o Snow�
o Fog�

• Road traffic:�
o Generation of at least 10 other road users�
o Possibility to generate pedestrians�

• Terrains:�
o City (urban and suburban)�
o Mountainous area�
o Highway 

Comments on the degree of satisfaction 

AutoSim – native software of ITS’s RS Driving Simulator enables to generate listed lighting and weather 

conditions both online and offline. Different road traffic conditions (taking into account unexpected 

behavior of other vehicles, pedestrians and wild animals) and terrains can be programmed while 

designing a driving scenarios. 

 



D5.1 Initial Trials Results and Analysis 

  

FP7-314151 EMERALD Project  Page 160 of 174 

 

Table 98. FEV-oriented driver training FUNC-RQT06 

Code  Component Priority Ref Use Case Degree of satisfaction 

FDT-FUNC-RQT06 DS Essential UC_FDT_02/03/04 Partially satisfied 

Description 

Simulation data acquisition system requirements. The system in charge of the acquisition of simulation 

data must have the ability to gather information of at least the following parameters:�
• Position of the pedals 

• Steering wheel angle 

• Number of current gear 

• Current position of turn signal pull 

• Current position, velocity and acceleration of the vehicle body in the simulated frame of 

reference 

• Switching on/turning off the lights 

• Switching on/turning off the additional steering systems, such as ABS, ASR, ESP, etc. 

• Energy consumption 

o The acquisition of the abovementioned parameters must be performed with the 

frequency of at least 10Hz. Some of these parameters must be propagated to the IIEM-

ADAS, in order to replicate the simulation environment. 

Comments on the degree of satisfaction 

AutoSim – native software of ITS’s RS Driving Simulator provides ability of both live visualization of the 

listed parameters as well as acquiring them into a dedicated data archive. The work on integrating the 

simulator with IIEM-ADAS is still ongoing; therefore, the simulations data is not possible to be 

propagated to the IIEM-ADAS for the time being. 

 

Table 99. FEV-oriented driver training FUNC-RQT07 

Code Component Priority Ref Use Case Degree of satisfaction 

FDT-FUNC-RQT07 DS Essential UC_FDT_02/03/04 Fully satisfied 

Description 

• Non energy-related driving situations. Each possible dangerous road situation, violation of traffic 

law and road sections driven at an unnecessary high-energy consumption rate should be 

included in the driving report. Road situation anticipation must be assessed, based on the 

occurrence of such situations in relation to the overall traffic, road signs and subjective 

evaluation given by the instructor. 

Comments on the degree of satisfaction 

The driving instructor will be equipped with a dedicated questionnaire covering elements of each driving 

session. The questionnaire will also enable to point out any unexpected/dangerous situations generated 

by the driver. AutoSim software also enables to record each driving session in order to give the 

instructor a possibility for a thorough analysis of certain driving situations. 

 



D5.1 Initial Trials Results and Analysis 

  

FP7-314151 EMERALD Project  Page 161 of 174 

 

Table 100. FEV-oriented driver training NFUNC-RQT13 

Code Component Priority Ref Use Case Degree of satisfaction 

FDT-NFUNC-RQT13 DS Essential UC_FDT_02/03/04 Fully satisfied 

Description 

Driver training simulator technical requirements. Driving simulator must consist of the following 

technical elements: 

1. Fully functional real vehicle cabin of passenger car. 

2. Visual system that guarantees the sight of at least 180 degrees horizontally and 30 degrees 

vertically and imitation of rear and side mirrors. Computer-generated imagery should be 

displayed in front of the simulated vehicle. 

3. Movement platform covering at least 3 degrees of freedom model. 

o Software enabling to provide a consistent post-trip performance report. 

Comments on the degree of satisfaction 

The real-size Driving Simulator owned by ITS consists of: 

1. Fully functional real vehicle cabin of Opel Astra IV passenger car. 

2. Visual system that guarantees the sight of 200 degrees horizontally and 60 degrees vertically 

and imitation of rear and side mirrors. Computer-generated image is projected onto a cylindrical 

screen situated in front of the simulated vehicle. 

3. Movement platform covers 6 degrees of freedom. 

Additionally, AutoSim software enables to provide both on-line and post-trip performance report. 
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Table 101. Enhanced power demand prediction and power flow management support FUNC-RQT01 

Code Component Priority Ref Use Case Degree of satisfaction 

PDF-FUNC-RQT01 SCP Essential UC_PDF_ALL Partially satisfied  

Description 

Prediction of demand curve. The PDF functionality must collect from SCP (UCD application, CFM 

application) and/or FEV Traffic and Power Flow Simulation Platform� the data regarding confirmed 

recharging; this information will be used to predict the power demand (processed by geographical 

area) and will take into account past recharging schedules and history (both real or simulated). 

Comments on the degree of satisfaction 

The real data from UCD and CFM applications were not used. 
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Table 102. Enhanced power demand prediction and power flow management support NFUNC-RQT07 

Code Component Priority Ref Use Case Degree of satisfaction 

PDF-PERF-RQT07 IIEM-ADAS, 

SCP 

Essential UC_PDF_03 N.A. 

Description 

Adaptation to grid emergency situations. The centralized recharging management process should be 

able to take immediate action to respond to unexpected intra-day grid events. 

Comments on the degree of satisfaction 

No further comments. 
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Table 103. Cooperative Fleet management FUNC-RQT03 

Code Component Priority Ref Use Case Degree of satisfaction 

CFM-FUNC-RQT03 SCP Essential UC_CFM_01 N.A. for system prototype 

R1.0 

Description 

Fleet recharging schedule generation, optimization and actuation. Basing on the optimized trip pattern 

created by the third-party fleet planning system, EMERALD must be able to generate “fleet” recharging 

schedules compatible with the PDF application. 

Comments on the degree of satisfaction 

No further comments. 
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Table 104. Simulation Platform requirements FUNC-RQT01 

Code Component Priority Ref Use Case Degree of satisfaction 

SIM-FUNC-RQT01 SIM Essential NA Fully satisfied  

Description 

Provision of synthetic data. The Simulation Platform�must include a module to generate (and upload to 

the SCP) blocks of historical and real-time data, simulating the behavior of different vehicles travelling 

on different routes under different boundary conditions and doing multiple recharge operations. 

Comments on the degree of satisfaction 

The Simulation Platform is fully able to provide blocks of synthetic data to the SCP for each test site, 

simulating the behavior of different vehicles travelling on different routes under different boundary 

conditions. 
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Table 105. Simulation Platform requirements FUNC-RQT02 

Code Component Priority Ref Use Case Degree of satisfaction 

SIM-FUNC-RQT02 SIM Essential NA Partially satisfied  

Description 

Simulation of different conditions. The Simulation Platform must support the definition and the 

simulation of various:  

• Traffic conditions, including light, heavy and very heavy traffic in parts of the road network.�
• Road conditions, such as closed streets, restricted access (depending on vehicle’s type/class), 

congestion, etc.�
• Weather conditions (this factor often affects energy consumption, time to reach a destination, 

as well as the traffic conditions due to the weather change).�
• Number and location of recharging points.�

Number of simulated FEVs. 

Comments on the degree of satisfaction 

For the Release 1.0, the Simulation Platform� is able to support the simulation of the following 

conditions:  

• Traffic conditions, 

• Weather conditions, and 

• Number of simulated FEVs. 

For the Release 2.0, the Simulation Platform will be able to simulate also the rest of the above-

mentioned conditions. 

 

Table 106. Simulation Platform requirements FUNC-RQT03 

Code Component Priority Ref Use Case Degree of satisfaction 

SIM-FUNC-RQT03 SIM Essential NA Fully satisfied  

Description 

Simulation of different urban road network topologies. The Simulation Platform must support the 

selection of various road network topologies and the definition of new ones. 

Comments on the degree of satisfaction 

The Simulation Platform is able to support the road network defined for each of the three test sites (in 

SUMO format). 
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Table 107. Simulation Platform requirements FUNC-RQT04 

Code Component Priority Ref Use Case Degree of satisfaction 

SIM-FUNC-RQT04 SIM Essential NA Fully satisfied  

Description 

Scenario-based simulation. The Simulation Platform must support the creation of multiple scenarios, in 

order to setup and run different sets of repeatable boundary conditions for the underlying simulation 

tools and to store and manage the relevant data. 

Comments on the degree of satisfaction 

The Simulation Platform is able to support scenario-based simulations thanks to the Scenario Manager 

application component. 

 

Table 108. Simulation Platform requirements PERF-RQT08 

Code Component Priority Ref Use Case Degree of satisfaction 

SIM-PERF-RQT08 SIM Essential NA Fully satisfied  

Description 

Adequate storage capacity. The Simulation Platform must guarantee an adequate storage capacity, in 

order to keep a meaningful amount of data generated by the simulation instances (depending on the 

simulation scenarios and functionalities). 

Comments on the degree of satisfaction 

The Simulation Platform provides sufficient storage capacity for the three field trials. 

 

Table 109. Simulation Platform requirements PERF-RQT09 

Code Component Priority Ref Use Case Degree of satisfaction 

SIM-PERF-RQT09 SIM Essential NA Fully satisfied. 

Description 

Time responsiveness for basic user interactions. The Simulation Platform must react to basic console 

operator actions (e.g. simulation scenario selection, user interface refresh, simulation session 

start/stop, etc.) within a reasonable time (e.g. 2 seconds). 

Comments on the degree of satisfaction 

The Simulation Platform is able to support basic console operator actions within two seconds. 
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Table 110. Simulation Platform requirements PERF-RQT12 

Code Component Priority Ref Use Case Degree of satisfaction 

SIM-PERF-RQT12 SYS-TRS Essential NA Fully satisfied  

Description 

Reliable microscopic traffic models. The Simulation Platform must ensure a high level of reliability and 

accuracy of microscopic traffic models. 

Comments on the degree of satisfaction 

The Simulation Platform provides results in line with those ones obtained from the field trials. 
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Table 111. Global requirements FUNC-RQT01 

Code Component Priority Ref Use Case Degree of satisfaction 

GLB-FUNC-RQT01 SYS Essential All N.A. for system prototype 

R1.0 

Description 

Short-range V2I/I2V communications. The EMERALD system must support short-range communications 

(such as Wi-Fi) between vehicles and the road infrastructure (RSUs). 

Comments on the degree of satisfaction 

The 802.11p standard will be used for this communication interface. 

 

Table 112. Global requirements FUNC-RQT02 

Code Component Priority Ref Use Case Degree of satisfaction 

GLB-FUNC-RQT02 SYS Essential All Fully satisfied  

Description 

Long-range V2I/I2V communications. The EMERALD system must support long-range communications 

(such as 3G/4G) between moving vehicles and the SCP through the mobile network infrastructure. 

Comments on the degree of satisfaction 

No further comments. 
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Table 113. Global requirements FUNC-RQT04 

Code Component Priority Ref Use Case Degree of satisfaction 

GLB-FUNC-RQT04 SYS Optional All Partially satisfied 

Description 

Application priority for V2I/I2V/V2V communications. All ITS applications using the V2I/I2V/V2V 

interfaces must be tagged with an application priority, according to their functional and operational 

requirements. 

Comments on the degree of satisfaction 

The requirement is satisfied for long-range V2I/I2V communication technologies in system prototype 

R1.0, as application level prioritization can be implemented at network level for 4G networks. 

Application priority over short-range communication technologies is a requirement for system 

prototype R2.0 (to be satisfied by the 802.11p standard which supports priority levels for messages). 

 

Table 114. Global requirements PERF-RQT05 

Code Component Priority Ref Use Case Degree of satisfaction 

GLB-PERF-RQT05 SYS Essential All Fully satisfied 

Description 

Reliable V2I/I2V/V2V communications. It shall be ensured that all messages exchanged among vehicles 

and the SCP reach their destination. 

Comments on the degree of satisfaction 

Given the fact that V2I/I2V/V2V communications are implemented over standardized 

telecommunication technologies and protocols (3GPP mobile/IP/TCP etc.), reliability is inherently 

ensured by design. 

 

Table 115. Global requirements PERF-RQT06 

Code Component Priority Ref Use Case Degree of satisfaction 

GLB-PERF-RQT06 SYS Essential All Fully satisfied 

Description 

High-speed V2I/I2V interactions. Communication among moving vehicles and the SCP shall be high-

speed (3G or beyond), due to potential large amount of data to be transferred. 

Comments on the degree of satisfaction 

The requirement has been satisfied with proper choice of communication devices and depends on the 

mobile operators’ network capabilities and respective data plans. 
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Table 116. Global requirements PERF-RQT07 

Code Component Priority Ref Use Case Degree of satisfaction 

GLB-PERF-RQT07 SYS Essential All Partially satisfied 

Description 

Connectivity provision for moving vehicles. V2I/I2V communication platform must ensure that the 

connection is stable up to 50-60 km/h (urban areas) as well as up to 120-130 km/h (high-speed moving 

vehicles). 

Comments on the degree of satisfaction 

The requirement has been fully satisfied by using standardized (by 3GPP) long-range communication 

technologies (providing connectivity to mobile terminals moving at even higher speeds). 

 

Table 117. Global requirements PERF-RQT08 

Code Component Priority Ref Use Case Degree of satisfaction 

GLB-PERF-RQT08 SYS Essential All Partially satisfied 

Description 

Quality of service. The EMERALD system must comply with standardized quality of service parameters, 

such as data transfer rate, delay, access failure rate, drop session rate, etc., for each type of service. 

Comments on the degree of satisfaction 

Requirement has been met for system prototype R1.0 with the proper choice of the communication 

devices and depends on mobile operators’/network capabilities and performance. 

 

Table 118. Global requirements SP-RQT10 

Code Component Priority Ref Use Case Degree of satisfaction 

GLB-SP-RQT10 SYS Essential All Fully satisfied  

Description 

Confidentiality of system users’ credentials. Details relating to the identity and service capabilities of an 

EMERALD user should not be revealed to any unauthorized party. 

Comments on the degree of satisfaction 

Given the fact that V2I/I2V/V2V communications are implemented over standardized 

telecommunication technologies and protocols (3GPP mobile/IP/TCP etc.), confidentiality at low 

network layers is inherently ensured by design. At application layer confidentiality is efficiently 

preserved through system access restriction mechanism. Additional safety precautions should consider 

not storing real user information until the release of final EMERALD system version.  
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Table 119. Global requirements INT-RQT14 

Code Component Priority Ref Use Case Degree of satisfaction 

GLB-INT-RQT14 SYS Desirable All Partially satisfied. 

Description 

V2I/I2V interoperability with various access network technologies. The V2I/I2V connectivity must be 

provided over a variety of different access network technologies. 

Comments on the degree of satisfaction 

In system prototype R1.0 the requirement has been fulfilled for Wi-Fi and 3G/4G network access 

technologies. 

Short-range 802.11p communication is part of system prototype R2.0. 
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This deliverable provides the description, progress and results of the first EMERALD testing 

environment, equipment and trials performed in the field and by simulation, in the context of EMERALD 

System Prototype R1.0, and its evaluation with regard to the requirements defined in D2.2 EMERALD 

System Requirements, as a preparation step towards the Final Prototype R2.0.  

The document integrates the planning activities for each field trial (T5.1), the collection of field 

measurements needed for developing the initial versions of business services (T5.2) and the field trials 

conducted for each EMERALD functionality (T5.3 - T5.7), the validation of the EMERALD testing 

equipment, the EMERALD functionality and capabilities tested and demonstrated, as well as the 

intermediate results that have been received. 

Initially, the deliverable provides a detailed description of the test sites - located in Italy, Poland and 

Spain - , the testing equipment (test vehicles, IIEM-ADAS, mobile app, SCP, other h/w, etc.) and the 

methodologies selected / used (field measurements collection, simulation, testing conditions, routes, 

etc.). More specifically: 

The Italian test site is located in Lucca and is used for data acquisition. The city consists of three city 

parts with different vehicles’ access rights, subject to special speed and driving behavior regulations. 

Lucca’s urban consolidation center Luccaport, situated approx. 1km far from both the toll Highway and 

the city Walls, handles the inner and outer city logistics operations (to nearby districts) which are carried 

out by FEVs within the date/time limits required by the customers. This area constitutes the Italian site 

test area.  

For the purposes of the trial, CDL provides three vehicles of its fleet for the EMERALD trials. These 

vehicles daily circulate in the city center and suburban areas, and once they were set up (in terms of 

connection with their CAN), the data acquisition campaign started and will be kept running until the end 

of the project. The first vehicle is a Fiat Ducato electrified by Enerblu, and the second a Fiat Ducato 

electrified by Micro-Vett Spa supported by Mecaprom. A third electrical vehicle, a Renault Zoe has also 

been provided by CDL for a dedicated data acquisition campaign held on a specific uphill route from 

Lucca to San Giuliano Terme, near Pisa Municipality.  

For the Spanish trials, an area between Vitoria and Bilbao (Basque Country) has been selected for 

calibration trials towards the evaluation of energy consumption in different scenarios, route planning 

and booking for recharging as well as for demonstration purposes. This area has been considered 

appropriate due to the fact that it is close to TEC and COMRT premises, and because it has nearly 

parallel highways and roads, so different speeds, traffic situations and road surfaces / elevations can be 

tested to evaluate energy consumption and other variables in different scenarios. In addition, in this 

area IBIL has 22 charging points that can be used, as part of an agreement with EMERALD project, to 

plan routes and book them via the developed system. For the first calibration trials, the area between 

Arrasate-Mondragon and Elgoibar has been used. For demonstration purposes, the metropolitan area or 

Bilbao will be used because it has heavier traffic, and includes also highways, tunnels, and slopes. Since 
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real-time data of traffic is not available for the project in most of the selected road, traffic simulator, 

calibrated and tested past data (from 2013) will be used. 

In Spanish trials, the light duty commercial vehicle Ford Transit Connect Electric has been utilized, which 

is based on the standard IC engine powered derivative. The vehicle was designed and developed in 

conjunction with Azure Dynamics utilizing their Force Drive high voltage battery and electric drivetrain.  

The Polish test site is located in the area around Poznań and has been used for data acquisition as well 

as for the validation of the driver profiling (PFL) functionality. For the first part of the trials field 

measurements were collected under different time/traffic/driver/etc. conditions on the route linking 

Solaris HQs in Bolechowo Osiedle and Murowana Goślina (a city near Poznań) which was chosen due to 

its urban, suburban and interurban traffic conditions/ characteristics. The second part of the trials, 

aiming at verification and optimization of driver profiling (PFL) functionality implemented on IIEM-ADAS 

(mobile app) thus involving acceleration/braking/driving behavior tests,  were performed in the former 

airfield Bednary (about 40 km from Solaris HQs), now operating as a driver training center (2,6 km long 

two-directional lane).  

For the purposes of the trial, SOL provided the SOLARIS Urbino 12 electric bus a real test FEV originally 

produced for the Polish customer, City of Inowrocław. Trials in Poland were coordinated by SOL and ITS. 

The Vector CANalyzer VN1610 was installed in the vehicle to enable collection and storage of the CAN 

bus available data. CAN bus access was provided for the test FEV and worked flawlessly during trials, and 

all parameters were successfully recorded. 

Considering the actual EMERALD system used in trials: 

- The IIEM-ADAS implementation has been based on Commsignia LGN-20 hardware for OBU prototype, 

an automotive device with C-ITS capabilities, with additional software developed for EMERALD 

purposes.  

- The mobile app is based on Navit, targeting primarily Android smartphones/tablets and especially 

developed for Samsung Galaxy S5 as a reference device. 

- Communication between IIEM-ADASs deployed on trial sites and the Services Control Platform has 

been realized over public 3G/4G networks available at each site.  

- The Services Control Platform (SCP) for system prototype R1.0 consists of (a) the Data Storage / ML 

Server: a virtual machine running at Softeco Sismat server farm (Windows-based platform), (b) the 

Traffic Console: hosted by Telvent in Spain (Windows-based platform) and (c) the UCD Server: a virtual 

machine running at Hi-Iberia server farm (Linux-based platform). 

Prior to or during the conduction of the field tests critical Global system requirements were validated 

(e.g. safety, communications, synchronization). More specifically: 

- EMERALD in-vehicle safety has been objectively evaluated on-site by SOFT (Italy, Poland), SOL (Poland), 

ITS (Poland) and COMRT (Spain), through EMERALD vehicles operation in private areas. Proper 

operation and integrity of CAN interface were also verified. 
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- Long-range V2I/I2V communication has been verified on all the three trial sites (Italy, Poland and 

Spain). The SIMs used on trial sites were provided by relevant site managers (CDL, SOL and COMRT) 

through dedicated agreements with local MNOs (TIM, Plus and Vodafone, respectively). Typical 3G 

network data rates were achieved in all test sites.  

- Short-range V2I/I2V communication has been verified on the Italian trial site (the only one was a 

private Wi-Fi network type 802.11g) and through laboratory tests. Typical 802.11g data rates were 

achieved. The 802.11p standard will be used for system prototype R2.0. 

- The synchronization between the IIEM-ADAS and the SCP was verified many times throughout the 

testing phase since it constitutes a critical functionality, without which EMERALD cannot provide valid 

results, within the required time limits. 

As a next step, the EMERALD modules and their functionalities were assessed: 

- The route efficiency of the EMERALD IIEM-ADAS machine-learning engine as well as its capability to 

provide a reliable indication about the reachability of desired destination were validated by the 

consumption results/data collected at the Italian site. The calculation of a basic, straightforward, 

sensible, acyclic and legally drivable route in areas with no historical data has also been verified for the 

Italian and Spanish sites. At the same time, EMERALD IIEM-ADAS succeeded in providing context-aware 

consumption prediction results for different time-periods of the day and different weekdays for the 

Italian and Spanish test sites. Initial results using the EMERALD IIEM-ADAS machine-learning engine 

provide significant energy savings with high robustness and processing efficiency.  

- Following a number of trials performed by end users with different driving profiles, ranging from car 

drivers in urban and interurban context to on duty professional drivers such as delivery truck and bus 

drivers, the user interface was reported to be functional and easy to understand and to use for the 

intended target group, and the driving instruction proved to be timely and effective. 

- In addition, the traffic management console has been prepared to receive and integrate data from 

different sources (On-line traffic flow from a simulator, Open data portal, EMERALD vehicles), and 

merge, process and store them in databases, so that detailed profiling of each stretch of road can be 

characterized based on past data, including parameters such as the day of the week or the weather 

conditions, which will also be taken into account.  

Moreover, a simulation platform is being developed and tuned for testing and validation of the 

EMERALD concept in a laboratory environment, consisted of an Adapted Traffic Simulator (Linux-based, 

hosted by HIB), and a Power Flow Simulator (a stand-alone Windows-based application hosted by TEC). 

So far, the Adapted Traffic Simulation Platform has succeeded in generating Synthetic Traffic Data 

related to energy consumption of FEVs under different conditions/areas, in order to feed SCP with 

artificial records for all three EMERALD test sites, ultimately aiming to emulate a massive 

synchronization process.  

In addition, the platform has been used for Performance Validation and Demonstration of EMERALD 

system in simulated scenarios, in terms of calculating the EMERALD-optimized versus the “regular” 

route and driving simulated vehicles along them. In particular, for R1.0, the Traffic Simulation Platform 
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has been used to simulate different scenarios of various traffic and weather conditions, for the real test 

area sites and for the real FEVs used in the field trials: the Fiat Ducato and Renault Zoe for the Italian, 

the Urbino 12 electric for the Polish, and the Ford Transit Connect Electric for the Spanish test site. In all 

scenarios, models were calibrated with real FEVs consumptions as reference, and the obtained results 

were in line with those obtained from the field trials. The EMERALD performance was validated by 

comparing EMERALD against non-EMERALD routes in the three test sites. The obtained results showed 

that EMERALD routes are optimized in terms of energy consumption, irrespectively of the distance. 

The Power Flow Simulator estimates power demand / offer curve for different recharging conditions. It 

also generates synthetic data of power demand / offer prediction and provides it to the SCP over a Web 

service, in order to feed, test and tune the EMERALD optimization engines for recharging / discharging 

scheduling. In addition, the simulator estimates an optimized power demand for the recharging / 

discharging through smart scheduling considering the power surplus for FEVs (from historical data of 

real FEVs), electricity prices received from a real energy trader, as well as power generation forecasting 

of a RES system.  

So far, users are able to register and log in the User Charge-Discharge website / mobile application, edit 

the user parameters and proceed successfully with the booking of the recharging points for their 

predefined trips. Already booked recharging points as well as the scheduled recharging sessions are 

depicted upon request. The interface to the recharging infrastructure is available through a 

clearinghouse for connection with IBIL infrastructure (provided by TEC); however, for R1.0 tests the 

response provided by the IBIL infrastructure was simulated. Power demand prediction based both on 

real recharging data and historical booking data was therefore done using synthetic data (synthetic 

recharging schedules) that were generated by the power demand flow simulator for a number of 

scenarios (industrial, residential, commercial) using estimation models for the determination of battery 

recharging. The power demand information format is appropriate to be exchanged over an interface to 

a DSO as it uses the abstract data models defined in IEC 61850 on TCP/IP protocol. The required 

information by the SCP could be sent through a Web-Service (RESTful Web was tested).  

Moreover, the FEVs’ recharging / discharging plan, thus their power demand optimization has been 

achieved through a smart scheduling algorithm and resulted in avoiding the required maximum power 

level for a period of time and some economic saving, considering a low processing time. 

Last but not least, a Driving Simulator is available (by ITS) for EMERALD FEV-oriented driver training; the 

AS 1200-6 passenger car simulator - produced and distributed by Norwegian AutoSim company. The 

simulator combines four elements: (1) a motion platform (with “6 degrees of freedom”) imitating 

movements of the driver’s cabin, (2) an Opel Astra IV passenger car cabin, (3)  a visualization system 

providing a 200 degrees view of a simulated environment and (4) the operator post. It allows to 

configure versatile route configurations / terrains / atmospheric and road conditions filled with up to 

100 traffic objects at one time, as well as to model a specific type of a vehicle. For the sake of Driving 

Simulator Trials, the simulator was programmed to imitate the Nissan Leaf 2011/2012 edition. The 

EMERALD mobile app was executed on a tablet (Acer Iconia W510P) fixed to the cabin’s side control 

board. Using the Driving Simulator, a series of trainings are planned aiming at energy-efficiency-targeted 

driving training, and IIEM-ADAS usage training.  
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The actual Driving Simulator trials are planned to be conducted during EMERALD system prototype R2.0 

phase. Due to this fact, during the R1.0 phase ITS concentrated on developing a tailored testbed for the 

needs of the trials; this entails modelling the dynamics of Nissan Leaf FEV, as well establishing a 

connection between the native AutoSim simulation environment and IIEM-ADAS (more specifically 

Virtually-driven ADAS component). For this sake, AutoSim-based maps were transformed to Open Street 

Map format as well as a mechanism simulating GPS signal in simulation environment was developed. 

These actions will assure a sound execution of the trials during the R2.0 phase using the IIEM-ADAS 

mobile app. The training activities will target the operation of FEV-specific driving characteristics in the 

aspect of energy efficiency as well as the assessment of IIEM-ADAS (mobile app) usability using an 

advanced eye tracking system. All trainees will be provided with a thorough post-trip feedback in the 

form of an assessment report. 

Work in the context of Tasks 5.2, 5.3, 5.4, 5.5 and 5.6 is on going and the final trial results along with the 

overall evaluation of the EMERALD system will be provided in Deliverable D5.2.   
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