Summary

The objective of the COMPANION project is to develop co-operative mobility technologies for supervised vehicle platooning, in order to improve fuel efficiency and safety for goods transport. The potential social and environmental benefits inducted by heavy-duty vehicle platoons (or road trains) have been largely proven. However, until now, the creation, coordination, and operation of such platoons have been mostly neglected. The COMPANION project aims to develop a new energy efficient and user-friendly integrated framework for coordinated driving of heavy-duty vehicles. Proposed is a new real-time coordination system, which will define an optimized flow of vehicles in order to dynamically create, maintain and dissolve platoons according to an online decision-making mechanism, also taking into account historical and real-time information about the state of the infrastructure. With such a technology, platoons will no longer be composed just of vehicles with common origins and destinations, but rather created dynamically on the road, by merging vehicles (or sub-platoons) that share only parts of their routes.

Objectives

The objectives of the project are
	Objective 1
	Development and Validation of a fault tolerant, scalable off-board decision-making system to determine the optimal coordination of platoons, under current infrastructure state, in order to improve the energy effectiveness and safety of road transportation systems.

	Objective 2
	Development and Validation of a fault tolerant, scalable on-board system for coordinated heavy-duty platooning. 

	Objective 3
	Development and Validation of multimodal, in-vehicle and coordination centre user interfaces to safely and effectively inform and interact with platooning drivers and transport planners.

	Objective 4
	Identification of standardisation and legislative gaps and the proposal of legal solutions and new technological standards to advance the large-scale adoption of platooning technologies.

	Objective 5
	The demonstration of platooning operations on European roads in multiple countries.


To achieve these objectives we have 8 different work packages. 

WP1 is entitled project management and coordination. It consists of activities such as financial, administrative and legal administration to fulfil the requirements from the commission and project monitoring and quality management to ensure that the activities are carried out in time and the results are of high value and quality.
WP2 is entitled Requirements, Legal Aspects and Scenario Definition. Here we will define the scenarios that the system will be able to perform and the requirements on the system to be able to fulfil these scenarios. We will also be defining the future legislation modifications and developments according to the detected necessities that will allow the implementation of this new technology.
WP3 is entitled Architecture and Technical Specifications. Here we will define the architecture of the system, including both the on-board and off-board components. We are also making sure that the communication protocols and interfaces are compliant to open, standardised interfaces optimising deployment and scalability. (e.g. ETSI ITS or GTFS standards).
WP4 is entitled Provisioning of Information for Global Route Optimisation. Here we develop an integrated software module suited to aggregate and provide the information needed by the optimisation engine (WP5). In particular, different data sources will be taken into account, like eXtended Floating Car Data (XFCD) gathered from heavy vehicles, 3rd party data providers, weather forecast services, satellite images etc.

WP5 is entitled Off-Board System for Platoon Coordination. In this work package we will develop the off-board system which will calculate the optimal arrangement of platoons. The system will take into account the vehicle dynamics, drive and resting times, road works, traffic and weather information. Here we will also develop an off-board HMI. 
WP6 is entitled On-Board System for Coordinated Vehicle Platooning. The on-board system is responsible for semi-automated formation of  platoons and maintaining a safe and fuel optimal distance while in the platoon. This also includes an intuitive HMI for the driver so that the driver is aware what is happening and knows what to do and why the system is acting the way it is.

WP7 is entitled System Integration, Validation, Deployment and Demonstration. To be able to show that the entire system works as a whole we have this work package integrating all the different parts developed in the project. We also plan on having 3 demonstrations showing the functionality of the on-board system, the off-board system and the system as a whole.
WP8 is entitled Dissemination and Exploitation. Dissemination forms an integral part of the project as

the outcomes of this joint effort need to be spread among various stakeholder groups to attain a wide European impact.
Work performed and main results
WP1

In the beginning of the project the consortium realized that we had no one responsible for the off-board platform so we had nowhere to run the separate components developed by the different partners. This issue was discussed and resolved rather quickly. The scope of the project was extended to include this platform and the efforts are contributed in-kind to the project by the consortium. Other than this there have been no major deviations from the plan and the consortium has behaved so there have been little need of project management. 
WP2

The first work in the project was focused on the creation of a common starting point, defined by the consortium members, for filling the gaps towards an actual exploitation of the platooning concepts. With this aim, a set of scenarios was defined which includes all the possibilities related with platooning that must be taken into account in this project. The main scenario for the COMPANION system has been divided into three different areas. Each area includes one or several use cases. The events in the first area all take place before the transports are executed and includes planning and configuration of the trucks by means of timing, routes, speed profiles, etc., in order to maximize the platooning possibilities for the trucks. The second area includes formation of platoons, the actual driving, special maneuvers during the driving such as emergency braking and handling of interfering vehicles, as well as de-formation of platoons. The third area considers re-planning triggered by changed conditions and unpredictable events as for example traffic jams and new incoming transport assignments. The events in this area may take place before, as well as after, events in the second area.

With the scenarios as a starting point we defined the user requirements. The users of the system is the dispatchers entering their assignments into the system and the drivers of the vehicles. At the same time we defined the technical and the business requirements.
In order to define future legislation modifications we need to know current state of the rules in the European Union in general and its countries in particular, in order to devise an adjustment proposal. This work resulted in a deliverable that is available on the project web site and it is called “Current state of EU legislation”.
WP3
One of the hardest parts of any IT project is the integration of the different components in the system, especially if there are done by different parties. That is why the consortium has agreed on having a first prototype of the system integrated by Q1 2015. In order to do this we have put efforts on defining an architecture of the system and the interfaces between the different components. This has resulted in a first version of the architecture and interfaces which will be used in the coming months to implement the prototype. The prototype will have very limited functionality but all HW in place and the components will be able to communicate with each other.

WP4
Work has been done on finding the best map and traffic information provider for the project. The investigation was done by selecting a random day and gathering all the information from each supplier for the entire Germany. This has resulted in a signed contract with one supplier that will provide this information to the whole consortium for the entire length of the project. COMPANION uses automotive grade maps complying to the Navigation Data Standard (see www.nds-association.org).
To get a more robust platoon coordination we will develop a module that retrieves relevant information from various sources, like weather reports/predictions, road maps, traffic reports, remote sensors and government databases, and that processes this aggregated information into useful risk and/or weighting factors that incorporate eco-efficiency and safety into the calculations of route options and their respective traversal times for single trucks. The core of this module will be a learning system that is calibrated with actual road conditions and traversal times. Together with the predicted road conditions, these factors  will serve as input to the route calculator enabling it to favour eco-efficient routes and to better predict the traversal time for road segments and calculated route options.
In this work package we have also developed a first version of the fuel consumption model which will be an input to the off-board coordination in order to find the fuel optimal solution.

WP5

A lot of efforts has been put on deciding how the optimal coordination of vehicles should be done and who should do what. This work together with the work in WP3 has resulted in an architecture of the off-board system and the functionality which will give us the solution. The off-board system comprises of the route calculation engine, the optimisation engine and the off-board HMI. 
The basic functionality can be summarized as follows:

1. The dispatchers enter their assignments via the off-board HMI. Such assignments have start time, arrival deadline, start point, and arrival point specified. 

2. The route calculation engine is invoked for each assignment. The output is the best (fastest/shortest/fuel optimal) individual route, including a speed range along the route, taking into account legal speed limits, historic and real-time traffic conditions, and weather. 

3. The optimization engine is then called to determine the fuel optimal velocities along the routes, taking into account the possibility of platooning. The output is a transport plan for each vehicle, in terms of velocity references and platooning decisions. These are passed on to the vehicles.
4. A new optimization is triggered if there are major deviations in the execution of the transport plan, if traffic and weather changes imply severe changes in optimal routes, or if new assignments are entered. 

5. The HMI gets back optimized transport plans from the optimisation engine and receives real-time vehicle information which is shown to the dispatcher.

WP6

The V2V communication module of the on-board system is now developed according to the requirements of the COMPANION system, utilizing the ETSI ITS-G5 standard as basis. However for optimal control and to increase safety proprietary messages, including for example distance and speed controller data as well as emergency braking data will be used for this project. 
For the on-board HMI interviews with drivers have been carried out. The interviews covered the drivers opinions on vehicle HMIs in general and on the platooning application in particular.  In general, drivers seem to be open for new assistive technology in the truck. The high acceptance of ACC, navigation devices and entertainment technology shows that if technology is useful, adaption is likely and quick. Information shown on a display in the dashboard or a little to the right side is preferred. Information presentation is mostly visual, however, few audio alerts are used. Interfaces were not customizable. In platooning, the close-following is problematic. Drivers stated that they need to build trust in the driver in front and the system. Another concern was the identification of the target truck to platoon with, where drivers would need assistance. A solely reliance on the system output is not sufficient, situation self-assessment should be supported. The result from the interviews will be used in developing the HMI.

WP7
According to the plan this work package should not have started yet. But since the consortium has agreed on implementing a prototype by the end of Q1 2015 there have been work done on defining an integration plan for this work.
WP8
The project has been disseminated in 15 different ways in conferences (e.g. Kwoczek, S., Di Martino, S., and Nejdl, W. Predicting Traffic Congestion in Presence of Planned Special Events. In Proceedings of the 20th International Conference on Distributed Multimedia Systems, DMS, 2014), workshops (e.g. Workshop Autonome Baustellenfahrzeuge, Landesinitiative Mobilität Niedersachsen, Hannover, Germany, 2014), and presentations in different occasions (e.g. United Nations Economic Commission for Europe (UNECE) World Forum for Harmonization of Vehicle Regulations, Working Party on Brakes and Running Gear (GRRF), in Geneva, 17–21 February 2014).   
Expected final results and their impact
The COMPANION project focuses on developing and demonstrating co-operative mobility technologies for supervised vehicle platooning. The project will have a multi-dimensional impact on end-users acceptance, improved fuel efficiency, safety for goods transport as well as social and environmental benefits. Moreover the wide focus of the COMPANION project will generate a first class concept to guide policy makers and standardisation bodies to update legislation and develop standardisation of coordinated driving of heavy-duty vehicles (platooning).

Impact on the environment

Simulations have demonstrated a fuel saving potential of more than 10% when utilising compact heavy-duty vehicle platooning. This will lead to a substantial increase in the energy-efficiency of heavy-duty trucks, and since carbon emissions are tightly coupled to fuel consumption, a decrease of the carbon emissions.

Impact on infrastructure efficiency
Platooning for Heavy Duty Vehicles can bring effective solutions to the congestion problems: since platooning technologies crucially exploit a much shorter distance between vehicles, existing infrastructure can be used more effectively, hereby potentially reducing congestions. The positive impact of platooning of cars has been assessed in previous projects such as the USA PATH project. Within the COMPANION project, we will perform similar empirical evaluations, to measure the expected reduction of congestion due to platooning, at different inter-vehicle distances and at different penetration rates of the proposed technology. With this in mind, there are two further benefits inducted by platooning on congestion and environment:

1. According to estimates, the percentage of traffic congestion stemming from accidents varies between 25 and 50%. By reducing the number of accidents, COMPANION will help reduce both the congestion and the fuel consumption. 

2. Since the efficiency in the use of the infrastructure will improve dramatically through platooning, traffic capacity will increase exponentially, without requiring building additional lanes or roadways. the indirect benefits could be the possibility of reducing the landscape consumption, of converting existing vehicle infrastructure to bicycle or pedestrian uses and diminishing the need of extra-wide highways of large urban areas.
Impact on end-user acceptance and social issues

The multimodal HMI will increase the user acceptance and in this way improve safety. Our approach will avoid a condition in which poorly designed automated systems in essence distance the users from operations, i.e. outside of the systems’ control loop and out of the concrete possibility to fully understand the current level of automation or the distribution of responsibilities between humans and machines. It is known that fleet drivers both public and private are conservative in adopting new solutions, even convenient ones, if the risk is to compromise the employers’ commitment. Thus trust of e.g. these users is essential for all platooning solutions.

Impact on legal issues and standardization

As there are legal and standardisation gaps that prevent platoons from operating on public roads, the COMPANION project will generate a thorough analysis of the current legislation as well as make suggestions for updated legislations and standardisation in order to implement a common European framework that ensures interoperability between countries and platoon users. Therefore, the project intends to contribute on several levels, starting with the Vienna Convention on Road Traffic (1968) and product liability law, where the latter recommends that, as remarked in the COMPANION project, automated interventions can be overruled by manual control. Besides the analysis of the current state of EU legislation, the activities of the United Nations Economic Commission for Europe (UNECE) in their World Forum for Harmonization of Vehicle Regulations (WP.29) will be analysed and monitored. WP29 allows the market introduction of innovative vehicle technologies, while continuously improving global vehicle safety. In this context, the Working Party on Braking and Running Gear (GRRF), prepares regulatory proposals on active safety, specifically on braking and running matters, including ACC systems. COMPANION architecture and technical specifications will be developed according to the published standards to the date regarding the different components to be developed. Communication protocols and interfaces will be compliant to open, standardised interfaces towards optimising deployment and scalability (e.g. ETSI ITS or GTFS standards) and go beyond where gaps in standardisation are found. COMPANION will then define the standardization proposals, based on the analysis of test results performed along the project. These proposals will be compiled and made available to the EC and the different standardisation bodies as recommendations for future regulatory and self-compliance initiatives from public and private parties (e.g. Car 2 Car Consortium).
Project public website
www.companion-project.eu 
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