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Executive summary
Current Cooperative Intelligent Transport Systems (C-ITS) share information and data using either Vehicle to Infrastructure (V2I) and/or Vehicle to Vehicle (V2V) communication. The systems can provide advice, warnings or take actions with the objective of improving safety, sustainability, efficiency and comfort, thus contributing to a road authority’s objectives. However, to keep up with the fast development of C-ITS, road authorities are confronted with various challenges, such as determining the role that the road authority must play in the interaction between automotive manufacturers and information providers, investing in a cost-beneficial way in roadside infrastructure to support the information provision between vehicles and infrastructure, positioning of road authorities across CEDR countries towards C-ITS. 

The “Assessment of user needs for adapting COBRA including online database” (ANACONDA) project builds on the results of the previous COBRA project and aims to position COBRA+ as a major tool for decision-making support for deployment of C-ITS for National Road Authorities (NRAs). The COBRA+ tool builds on the strengths of the original COBRA tool. COBRA is a decision support tool in the form of a spreadsheet that enables NRAs to compare the costs and monetised benefits of C-ITS in various contexts to support investment decisions under different deployment scenarios. The new COBRA+ tool will be enhanced with new functionalities, greater geographic coverage and more flexibility and therefore will be updated to meet the requirements of users who, having made use of the COBRA tool, have a clear idea of what may be improved and enhanced. 

This deliverable sets out the specification of the COBRA+ tool. It starts by providing an overview of the COBRA tool developed in the previous project and the feasibility assessment of the user requirements for the updated tool. This is followed by a brief introduction to the way in which the COBRA+ tool works.  It then summarises the elements of the COBRA tool, the requirements for the COBRA+ tool and the specification to meet those requirements. The specification covers the definition of services and bundles, the communications platforms, the in-vehicle units, the impacts and technologies used to support the services. The COBRA+ tool enables seven services to be analysed, either individually or as part of three bundles:
Bundle One
· Hazard Warning - including warning signs for dynamic events and weather warning, slippery road, animal on road, etc.

· Road Works Warning (short distance) - Oncoming lane and speed restrictions

· Traffic Jam Ahead Warning - Queue protection for rear-end collisions

· Shockwave Damping - Prevention of shockwave propagation and faster dissipation of queues
Bundle Two

· In-Vehicle Signage (excluding speed limits, but including advisory speeds) - Static e.g. lane configuration, prohibitions and right of way, route warnings, static warnings and Dynamic e.g. lane configuration

· In-Vehicle Signage Speed Limits – Static and Dynamic

Bundle Three

· Traffic Information - Navigation, route planners, real time network conditions, travel times, road works information and re-routing.
This specification also outlines the way in which the tool deals with the following detailed elements:

· Costs of C-ITS components, communications, existing infrastructure and business models

· The countries and road networks which are available to be analysed 

· The deployment curves available

· The ‘business as usual’ scenario
· Deployment of and impacts of existing infrastructure to achieve the same objectives as C-ITS

· Treatment of cost savings 

· Definition of ‘hotspot’ curves for prioritising treatment of the sections of the network with the most severe issues
· Outputs

· User guide.
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1 Introduction
1.1 Background 

The trans-national research programme “Call 2014: Mobility and ITS” was launched by the Conference of European Directors of Roads (CEDR). CEDR is an organisation which brings together the road directors of European countries. The aim of CEDR is to contribute to the development of road engineering as part of an integrated transport system under the social, economic and environmental aspects of sustainability and to promote co-operation between the National Road Administrations (NRAs). The Mobility and ITS call has three sub-themes, one of which is “The business case for connected and co-operative vehicles”. The ANACONDA project falls into this theme. 
Cooperative systems communicate and share information dynamically between vehicles or between vehicles and the infrastructure.  In so doing, cooperative systems can give advice or take actions with the objective of improving safety, sustainability, efficiency and comfort to a greater extent than stand-alone systems, thus contributing to road operators’ objectives.
The ANACONDA project builds on the COBRA (COoperative Benefits for Road Authorities) project. That project developed the spreadsheet-based COBRA tool for NRAs to use to examine the business case for deployment of Cooperative Intelligent Transport Systems (C-ITS) on their roads, using evidence gained in an investigation of impacts and deployment issues. The ANACONDA consortium will continue this support to NRAs by:

· Extending the number of countries, functionality and C-ITS covered by the original COBRA tool

· Assisting CEDR countries in the preparation and use of the updated tool, COBRA+

· Developing the COBRA+ Monitor, an online tool for the monitoring of C-ITS implementations by CEDR members

· Developing a roadmap for transition to C-ITS-equipped motorways.

In the first work package of the ANACONDA project an assessment has been carried out of users’ requirements through an initial workshop and individual discussions with NRAs, and then further developed following a second workshop with NRAs. These requirements have been used as the starting point for developing the specification for the COBRA+ tool described in this report.
This document sets out the specification for the COBRA+ tool which forms part of work package WP3 within the ANACONDA project. The remainder of this section provides an overview of the first version of the COBRA tool from the original COBRA project (COBRA v1) and outlines the key points from WP1 on the requirements for the revised COBRA+ tool. This is followed in Section 2 by an overview of how the various worksheets are linked within the COBRA+ tool. A detailed specification of each of the elements within the tool is then given in Section 3.
Related deliverables include the following:

· D1.1 Results from the stakeholder requirement analysis (Mocanu et al. 2016)

· D2.1: Specification of the COBRA+ Monitor (Ball et al. 2016)

1.2 The COBRA v1 tool
The purpose of the original COBRA project was to help NRAs to position themselves to realise the potential offered by developments in cooperative systems (now usually known as Cooperative ITS or C-ITS). It did so by providing insights into the costs and benefits of investments, both from a societal perspective and a business case perspective. These insights were provided on the basis of the spreadsheet-based COBRA v1 decision support tool, which enabled the costs and monetised benefits of cooperative services to be compared in various contexts.
The business case for road authorities depends not only on these benefits and costs, but also on their business model for delivering services.  The COBRA v1 tool was therefore designed to enable road authorities to compare the case for investment under different business models, represented by variations in the responsibility for the costs of setting up and operating the services.

The COBRA v1 tool enables road authorities to consider investments in cooperative systems involving communication between vehicles and infrastructure to deliver services in three ‘bundles’ of functions as listed below:
1. Local Dynamic Event Warnings: hazardous location notification, road works warning, traffic jam ahead warning and post-crash warning.
2. In-Vehicle Speed and Signage: in-vehicle signage, dynamic speed limits and intelligent speed adaptation.
3. Travel Information and Dynamic Route Guidance: traffic information and recommended itinerary, multi-modal travel information and truck parking information and guidance.

For the first and second of these bundles, the options within the tool enable users to choose between two communications platforms for delivery: cellular network communications (e.g. mobile phone) or ITS G5 wireless beacons at the roadside.  The third bundle is unlikely to be deployed using ITS G5, so cellular is the only communications platform offered for this bundle. The deployment scenarios in the COBRA v1 tool consider the impacts of the three bundles whilst also taking into account the provision of similar existing services based on roadside infrastructure.
The parameters and assumptions in the tool were developed on the basis of the best available evidence on the impacts, costs, and potential deployment scenarios which were assembled in a collaborative research project carried out by TNO, AIT and TRL under the ERA-NET programme. The tool was accompanied by a user guide on how to use the COBRA v1 tool.
1.3 Requirements to be addressed when updating the tool
Work Package 1 of the ANACONDA project identified the requirements for updating the COBRA v1 tool based on consultations with NRAs, which included a CEDR workshop in November 2015. The requirements were considered according to their importance and difficulty and categorised as to whether they were ‘Must have’, ‘Nice to have’ or ‘Not feasible within this project’, as shown in Figure 1. There were 24 requirements that were categorised as ‘Must have’; these requirements defined the updates that were made to the tool. The requirements fall into seven categories:

· Bundles
· Country data
· Modifying input data
· Overlap with existing infrastructure
· Platforms
· Time horizon
· Outputs
D1.1, “Results from the stakeholder requirement analysis” (Mocanu et al. 2016), provides more detail on the requirements and their categorisation.  
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Figure 1 – Feasibility assessment of COBRA+ user requirements
1.4 Document Structure

The remainder of this document is structured as follows.
Section 2 provides an overview of how the COBRA+ tool works, with diagrams showing how the main parts of the tool operate together and the detailed structure of the tool.
Section 3 describes the detailed elements of the tool, summarising the way in which the COBRA tool works, the requirements for COBRA+ and the way in which these will be addressed.  

2 Overview of how the COBRA+ tool works
The COBRA+ tool will enable NRAs to compare the costs and monetised benefits of C-ITS in various contexts to support investment decisions under different deployment scenarios.  These deployment scenarios are for C-ITS, which are implemented in addition to any existing services. It will also enable the business case to be investigated for delivering services under different business models, in which the road authority has different degrees of responsibility for setting up and operating the services.  The tool will provide the structure and basic data to enable NRAs to make such comparisons, and will offer the option for NRAs to input additional data so that the analysis can be refined to meet specific requirements. The outputs of the model are country specific; the time horizon covered by the tool spans the period until 2030 and the user can specify the period of interest within this timeframe.
Figure 2 gives an overview of the main parts of the tool and how they will be linked. Key elements are described here.
Part of the tool will be devoted to estimating the benefits of reductions in societal problem costs. This involves first estimating the baseline societal problem costs. The calculation will be based on country-specific data which cover safety, travel time, fuel consumption and emissions for each network/corridor, which will already be entered in the tool for six countries. 
There will be, however, the possibility for the users to overwrite these input data with values that they may have; so it will be possible to simulate scenarios relative to other contexts/roads. A percentage change in each of the indicators is then applied in order to obtain a forecast which considers the expected changes due to the introduction of C-ITS. These values are scaled by the number of equipped vehicles, taking into account the extent of similar services that are already provided through existing infrastructure and in-vehicle systems.

The tool will also include an optional module to estimate the cost savings benefits of phasing out existing roadside infrastructure; any increases in societal problem costs as a result of this are counted as a cost.
The costs will be estimated at a component level and then combined depending on the services or bundles being considered. The in-vehicle costs will be scaled by the number of equipped vehicles and added to other costs.

[image: image5]
Figure 2 – Overview of the main parts of the tool
The COBRA+ tool will be implemented as a spreadsheet with linked worksheets and was created in Microsoft Excel 2010, but is compatible with earlier versions (i.e. as an ‘.xls’ file). The tool has been tested to work on Microsoft Excel 97 or later and will likely function correctly on other spreadsheet packages such as Excel for Mac, although this has not been formally tested. For normal use, the tool does not require macros to be enabled, although if the user wants to export data to the COBRA Monitor then macros need to be enabled. (See D2.1 for the specification of the COBRA Monitor.)
Figure 3 illustrates how the worksheets in the tool will be linked. Each worksheet within the tool itself contains comments (colour-coded in brown) that explain the content on that sheet and how it is connected to other worksheets.

The tool will include simple instructions within the spreadsheet and will be accompanied by a user guide, which will be made available as a separate document.
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Figure 3 – Links between worksheets within the tool
3 Elements of the tool

3.1 Services and bundles definition

The COBRA tool covered three bundles of services for analysis (local dynamic event warnings; in-vehicle signs and ISA; information services and dynamic route guidance). Stakeholder requirements for bundles and services were that within COBRA+, the bundles to be included should be updated to take account of recent developments including ITS Directive Priority Action C
 and road operator services, and that it should be possible for users to analyse either individual services or bundles
.  These requirements have been used to develop the specification for the COBRA+ tool.
Table 1 lists and defines the seven services that will be available in the COBRA+ tool. These can be analysed separately or in one of three bundles as defined in the table, for a specific NRA network or for a corridor within a country. Table 1 notes how these services differ from the services covered by the European ITS Platform initiative for C-ITS (C-ITS Platform 2016). The next section describes the communications platforms used to deliver those services.
Table 1 Services and bundles included in COBRA+
	Bundle
	Services
	Service description

	ONE 
	Hazard Warning: including warning signs for dynamic events; including weather warning, slippery road, animal on road, etc.
	The service aims to improve traffic safety by informing drivers of the location and nature of hazards ahead especially where the hazard is difficult to see or anticipate, such as ice or fog. In contrast to the service defined by the C-ITS Platform description, this service also includes the ‘Priority Action C’ services for dynamic road safety-related traffic information, such as animals/ people, obstacles/ debris on the road. 

	
	Road Works Warning (short distance): oncoming lane and speed restrictions
	The service provides information to drivers as they approach roadworks. The service can provide a limited amount of information transmitted from beacons on roadworks vehicles or trailers at the roadside, such as the position of the trailer or arrow position, recommended or maximum  speed, as well as a basic service (described by the C-ITS Platform as the "standard solution") in which a back-end system delivers additional information to drivers via the beacons on roadworks vehicles or trailers at the roadside (e.g. number of closed lanes, the type of work being done).  Alternatively, warnings to drivers approaching roadworks can be transmitted via cellular networks (for example through in-vehicle navigation services) using roadworks location and timing details from a roadworks database. 

	
	Traffic Jam Ahead Warning: queue protection for rear-end collisions
	This service detects congestion and communicates its location to road users, as pre-trip and on-trip information. Detection can take place via loops or roadside sensors, and can be supported by vehicle-generated data. Vehicle-generated data enables a traffic jam to be detected even in the gap between two detectors and the position of the end of the congestion queue can be located very precisely. (This service is different from C-ITS Platform description: A Self-Organising Traffic Information System (SOTIS) uses Vehicle 2 Vehicle communication to collect information on the local traffic situation and this information is exchanged between vehicles by wireless ad hoc communication.)

	
	Shockwave damping: prevention of shockwave propagation; faster dissipation of queues
	Shock wave damping aims to smooth the flow of traffic, by damping traffic/shock waves and speeding up the dissipation of queues afterwards. The service provides speed advice to achieve this. Real-time traffic data is used to feed advisory speed information to vehicles to smooth out speed variations. 

	TWO
	In-Vehicle Signage (excluding speed limits, but including advisory speeds): static e.g. lane configuration, prohibitions and right of way, route warnings, static warnings; dynamic e.g. lane configuration
	This service provides static information on lane configuration, prohibitions (such as restrictions on lane use by specific types of vehicle, height and weight limitations, trailers, etc.), right-of-way and up-coming junctions, as well as dynamic information on lane configuration and warnings such as peak-hour lanes. Information can be provided at key points and broadcast via ITS-G5 beacons at the roadside (e.g. mounted on traffic signs), or can be disseminated using cellular networks.

	
	In-Vehicle Signage Speed Limits: static; dynamic
	Information on static and dynamic speed limits is provided to drivers.  ITS-G5 roadside units at key points along roads can broadcast the information or the information can be disseminated via cellular networks.

	THREE
	Traffic Information and Road Works Warning (long distance): navigation, route planners, real time network conditions, travel times, road works information and re-routing
	This service aims to improve traffic flow management by offering re-routing suggestions based on real-time traffic information, travel times, and long distance information about the location of road works along the route.


3.2 Communication platforms

The COBRA tool enabled users to choose between two communications platforms for delivering C-ITS: cellular (3G) and ITS G5 wireless beacons and to choose one of three years for the start of deployment of wireless beacons and for the end of beacon deployment.  Advances in communications technologies since the end of the COBRA project have expanded the options and led to additional requirements. For COBRA+, the requirements were to revisit the communications options which are available for selection and to consider whether to include new communications platforms, specifically 4G, 5G and ‘hybrid’ and to take into account that the assumptions made within the model may change over time
.
The communication platforms that will be available for users to select within the COBRA+ tool are listed below (although the traffic information and routing service is not feasible using ITS G5 or hybrid communications, so only the cellular communications option is available to select for this service, as Table 3 on page 19 shows):

· Cellular – a wide area data communications network using commercial cellular networks. This is assumed to be 3G or 4G; 5G will not be included in the tool as this is aimed at increasing the number of mobile broadband users in a given area and improving capabilities for media streaming
· ITS G5 – a short-range wireless local area network specifically designed for vehicular communications 
· 'Hybrid' – A combination of cellular and ITS G5 communications.
The timing and rate of the deployment of ITS G5 beacons will be parameters that can be selected and modified by the user within the COBRA+ tool. There will also be a larger number of years available for users to select for the start and end of beacon deployment.

Each of these considerations is discussed in a little more detail in the following subsections (3.2.1 to 3.2.3).
In order to perform optimally, C-ITS services have specific requirements for data quality, which, in turn, determine the most appropriate communications platforms for delivering the services. The key factor is the extent to which a service performs a safety function; the more a service is safety related, the stricter the requirements are in terms of frequency, timeliness and locational accuracy of data and the probability of data errors, with timeliness being the most important criterion. The relative level of safety focus assumed for each of the services in the tool is as follows:
High

· Hazard Warning

· Road Works Warning

· Traffic Jam Ahead Warning 

· In-vehicle Signage (excluding speed limits)

· In-vehicle Signage (speed limits)

Medium

· Shockwave Damping

Low

· Traffic Information and Re-routing.

Error! Reference source not found. summarises the data quality requirements for the services in terms of the frequency of updates, the timeliness of the data, its accuracy and the probability of errors.  The data quality requirements are rated as either ‘High’, ‘Medium’ or ‘Low’ on the basis of the following studies: C-ITS Platform (2016), EIP+ (2016), Mocanu et al (2012), Van Ende et al (2016) and Calvert et al (2016).
Table 2 Data quality requirements for services
	Bundle
	Services
	Data quality required for correct performance

	
	
	Frequency
	Timeliness
	Accuracy
	Error probability

	
	
	L = every 15 minutes; M: every 2-3 minutes; H< 1 minute
	How quickly should the information be made available to the road user? (latency)
	How important is it to obtain the information at the right location and at the right time (e.g., due to legal consequences).
	How important is the correctness of the information for the recipient?

	ONE 
	Hazard Warning.
	M
	H
	H
	M/H

	
	Road Works Warning (short distance)
	M
	H
	H
	M/H

	
	Traffic Jam Ahead Warning
	M
	H
	H
	H

	
	Shockwave damping
	H (In the shockwave area the information needs to be refreshed frequently but only changes in advice need to be shown to the driver).
	H
	H
	H

	TWO
	In-Vehicle Signage (excluding speed limits, but including advisory speeds)
	L
	M
	M if no advice about lane choice is included; 

H if lane advice is given.
	L/M

	
	In-Vehicle Signage Speed Limits
	L
	M
	M
	H

	THREE
	Traffic Information and Re-Routing
	M
	L
	L
	M


3.2.1 Cellular data communications

Cellular data communications use the cellular telecommunications networks to provide a generic Internet Protocol (IP) based data service to the user. It is intrinsically a V2I connection where the mobile station makes an IP-based connection to the internet. C-ITS services can then be provided to the mobile station from cloud-based service providers using standard internet protocols. As cellular systems provide no native V2V connectivity, this can only be achieved by routing messages via the infrastructure, i.e. V2I2V.

Cellular communications provide a variable data rate, dependent on the level of coverage provided by cellular service providers and the traffic load.
No assumptions are made about the account management – the cellular contract could either be with the C-ITS service provider, or provided by the user. 

As cellular connectivity is provided by mobile network operators, quality of service cannot be guaranteed. Most markets have multiple mobile network operators who will have variable priorities for the provision of mobile coverage, so users on different networks are likely to experience different levels of coverage depending on their mobile operator. Cellular is suitable for all types of data, from short messages to streaming media.
The costs of installing and operating cellular networks are borne by the mobile network operators, funded by subscription and usage charges paid by users. As such, there are no capital costs involved for road operators if they wish to use cellular networks for C-ITS services, though there may be usage costs.

3.2.2 ETSI ITS G5

ITS G5
 was developed by the European Telecommunications Standards Institute (ETSI) as a result of a European Commission Mandate to support EC-wide implementation and deployment of C-ITS, thus enabling interoperability between systems across Europe. It is designed to make use of the spectrum reserved for ITS, and provides short range networks transmitting data at high speeds, known as a Wireless Local Area Network (WLAN). Because it is designed for use in transport, it will cope much better with the high speeds of terminal equipment than WLANs designed for general use. Channel set-up times are very short, which allows for meaningful communications in the very short intervals (possibly less than a second) during which the two terminals may be in range.  Latencies are low so they are suitable for time-critical services such as safety applications where messages need to be sent and responses received in short time frames (fractions of a second).

Compared with cellular networks, WLAN also have the advantage that no call routing is required, allowing local processing at the roadside, which also improves response times.  A further advantage of short range networks is that they use unlicensed spectrum and incur no charges for transmitting data as they are free to use for all users. However vehicles need to be equipped and there will be on-going costs for maintenance/ inspection and software updates.

Due to their short range, WLANs can only be expected to provide limited network coverage, but where coverage exists it is likely to be more predictable in quality and capacity than cellular networks. Limited and directional coverage means that messages can be directed to a particular piece of road, or a single lane. Local transmission means that it is possible to set up temporary beacons to transmit warning messages at specific sites, such as roadworks.
Ad-hoc networks are supported, which can be used for communications between vehicles and infrastructure (V2I, I2V) and from vehicle to vehicle (V2V).
ITS G5 is designed for the broadcast of short messages (see section 3.6), so it is not optimal for file transfer and streaming data transfer. There is no cell handover built into the protocols, so continuous data transfer (e.g. streaming media) will experience handover delays as the handovers will need to be achieved using high-level protocols. This will be exacerbated by the short range of ITS G5, leading to handovers every few seconds in a fast moving vehicle.
ITS G5 uses unlicensed spectrum, so networks can be rolled out by any interested parties. This gives network owners the possibility of owning the communications network they use. This means that there is more flexibility in how the communications system is financed – for example a road operator could choose to install their own ITS G5 network and charge users to make use of it.

3.2.3 Hybrid communications

Hybrid communications, sometimes referred to as ubiquitous communications, is making use of multiple communications technologies to ensure the best possible chance of achieving a successful connection. In the case of connected ITS, it generally refers to an On-Board Unit (OBU) using either an ITS G5 or a cellular connection to communicate. This maximises the chance of a successful connection being made.

The two different approaches are shown in Figure 4 below. In a situation where separate connectivity is used, as on the left of the diagram, either ITS G5 or cellular is chosen at the outset to deliver the service. Where hybrid connectivity is available, as on the right side of the diagram, the on-board unit selects which of the communications technologies is fit to use for a particular connection
. 

[image: image7]
Figure 4 - Hybrid vs separate connectivity
The hybrid approach has the distinct advantage that the probability of a successful connection is increased as in principle any service can use any available connectivity solution. 

There are however significant unresolved issues regarding the implementation of hybrid solutions. These primarily centre on the differing requirements for different services. For example, if a safety related message needs to be received within a minimum time, this can only be guaranteed by an ITS G5 type of network, so this type of safety service should not use a cellular connection. Further the short-range, non-cellular broadcast nature of ITS G5 networks means that messages are automatically geographically limited. So a message displayed on a VMS could be broadcast via ITS G5 from the VMS location, and this message will then only be received by vehicles within about 500m of the sign. To achieve the same geographic limiting on a cellular system requires complex geolocation rules at both the back-office and OBU to ensure drivers are only presented with relevant information.

Despite the disadvantages, there are strong reasons why a hybrid solution should be included as the issues are being addressed in various European connected vehicle projects and are expected to be resolved.
3.3 In-vehicle units

In the COBRA tool it was assumed that to deliver C-ITS using wireless beacons, aftermarket units would not be feasible so vehicles would need to be fitted with the relevant equipment at the time of manufacture (OEM).  For delivering C-ITS based on cellular communications it was assumed that both aftermarket units and smartphones could be used.  A requirement for the COBRA+ tool was that aftermarket units should be an option for services delivered using ITS G5 or hybrid communications
. 
The following types of in-vehicle units will be available for users to select within the COBRA+ tool:

· OEM – i.e. factory-fitted by the original vehicle manufacturer
· Aftermarket – i.e. bought and fitted to the vehicle after it was new

· Smartphone – i.e. where services are provided by the user’s smartphone.
Table 3 highlights the options that will be available in the tool for possible joint selections of communications platforms and types of in-vehicle units for each of the services, as well as how it is provided.  It is important to note that in the case of the hazard warning service, there are limitations in the extent to which warnings could be provided through a cellular connection.  The table also indicates which combinations of communications and in-vehicle equipment are assumed to be the ‘main’ method of delivery (where the larger share of equipment costs are allocated) and the alternative (and less common) method of delivery (where ‘some’ of the equipment costs are allocated).  The tool will include parameters to allocate the share of costs between the different types of in-vehicle device, which will be available for users to change if desired.
Table 3 Options in the tool for selecting bundles of services, communications platforms and types of in-vehicle equipment
	Bundle
	Services 
	ITS G5 and Hybrid
	Cellular (3G and 4G)

	
	
	OEM
	Aftermarket
	Smartphone
	OEM
	Aftermarket
	Smartphone

	ONE
	Hazard Warning
	Some
	Main**
	
	Some
	Main
	Main

	
	Road Works Warning
	Some
	Main
	
	Some
	Main
	Main

	
	Traffic Jam Ahead Warning
	Some
	Main
	
	Some
	Main
	Main

	
	Shockwave Damping
	Some
	Main
	
	Some
	Main
	Main

	TWO
	In-vehicle Signage (excluding speed limits)
	Some
	Main
	
	Some
	Main
	Main

	
	In-vehicle Signage Speed Limits
	Some
	Main
	
	Some
	Main
	Main

	THREE
	Traffic Information and Re-Routing
	
	
	
	Some
	Main
	Main


** Main - method of delivery where the larger share of equipment costs are allocated
*** Some - alternative (and less common) method of delivery where ‘some’ of the equipment costs are allocated
Note that it is currently assumed that ITS G5 will not be possible using smartphones, as there is no evidence that manufacturers are intending to include ITS G5 support in future handsets; thus the ‘ITS G5 – smartphone’ column is blank in Table 3. It is possible that a standalone ITS G5 receiver could connect to a smartphone via USB or Bluetooth, but this is at an early stage of development. 

3.4 Impacts and societal problem costs
The categories of impacts that will be included in the tool are as follows:
· Road Safety - Number of fatalities

· Road Safety - Number of serious injuries

· Road Safety - Number of slight injuries
 

· Road Safety - Number of accidents involving an injury

· Travel time - Total time spent travelling
· Fuel consumption - Money spent on petrol (excluding tax)

· Fuel consumption - Money spent on diesel (excluding tax)

· Greenhouse gas emissions - CO2.
Note that air quality (NOx and PM) was included in the previous COBRAv1 tool. In order to adequately take into account air quality impacts it would be necessary to accurately reflect the exposure of people to emissions (through living or working near the roads covered by the tool), which was not feasible given available data. This functionality will be retained but not used in the COBRA+ tool, so that it will be possible to use it in future versions if data becomes available.
3.5 How the impacts of the services and bundles vary for different communications platforms
In order to estimate the impacts of the services, the COBRA+ tool will include assumptions about the extent to which the potential impacts can be delivered using different communications platforms to reflect the fact that some communications platforms are more suitable than others for delivering specific types of service.  Table 4 summarises how the expected level of impact of the services included in COBRA+ tool is assumed to vary between different communications platforms.  The impacts are defined as high (H), medium (M) or low (L) according to the suitability of the communications platform.
Table 4 Variation in level of impacts between communications platforms 

	Bundle
	Services
	Communications Platform

	
	
	Cellular (3G, 4G)
	ITS-G5 (location accuracy not higher than cellular)
	Hybrid (Connected +)

	ONE

 

 

 
	Hazard Warning
	M
	H
	H

	
	Road Works Warning (short distance)
	M/H
	H
	H

	
	Traffic Jam Ahead Warning
	M
	H
	H

	
	Shockwave damping
	M
	H
	H

	TWO

 

 
	In-Vehicle Signage (excluding speed limits, but including advisory speeds)
	H
	H
	H

	
	In-Vehicle Signage Speed Limits
	H
	H
	H

	THREE

 
	Traffic Information and Re-routing
	H
	L
	L


3.6 Technologies used for the services and bundles

The services and bundles of services considered in COBRA+ make use of specific messages which are defined in various standards. These are briefly described below.

3.6.1 Cooperative Awareness Message (CAM)

CAMs are broadcast by vehicles on ITS G5 to make surrounding vehicles and infrastructure aware of the presence of the vehicle. Support for CAM is built into the ITS G5 standards and is one of several so-called “facilities” supported by all ITS G5 mobile stations.

CAMs are broadcast be vehicles at a rate of once a second when the vehicle is travelling at a constant rate. If the vehicle experiences rapidly changing driving conditions (for example, heavy braking, sudden turns etc.) the frequency of transmission can be increased up to ten broadcasts/ second.
The basic CAM as defined in ETSI TS 102 637-2 gives information relating to the vehicle’s position, heading, speed and certain vehicle characteristics. As such it can be used to build a map of vehicles using a road, though a complete map of vehicles can only be generated if all vehicles on the road are equipped to transmit CAMs. 
CAMs can be used to gather floating vehicle data if ITS G5 roadside units are deployed.
Proposals have been made for so-called Extended CAM which will include more data fields to support additional functionality like identification of hazardous locations, platooning and automated driving.

As CAMs are broadcast by vehicles, they cannot use cellular networks which do not support mobile unit broadcasts, though the data in CAMs could be transmitted from vehicles to a central server using cellular networks.
3.6.2 Decentralised Environmental Notification Message (DENM)
The DENM is a message which is generated by a mobile ITS station in response to a specific environmental event, as described in a range of use cases. It is specified in ETSI standard TS 102 637-3.
Unlike a CAM, the DENM is triggered by an event. It is intended to inform other road users of an event which may require their attention, referred to in the standard as a Road Hazard Warning (RHW). The general RHW use case is described in ETSI TS 102 637-3 as follows:

· Upon detection of an event that corresponds to a RHW use case, the ITS station immediately broadcasts a DENM to other ITS stations located inside a geographical area and which are concerned by the event.

· The transmission of a DENM is repeated with a certain frequency.

· This DENM broadcasting persists as long as the event is present.

· The termination of the DENM broadcasting is either automatically achieved once the event disappears after a predefined expiry time, or by an ITS station that generates a special DENM to inform that the event has disappeared.

· ITS stations, which receive the DENMs, process the information and decide to present appropriate warnings or information to users, as long as the information in the DENM is relevant for the ITS station.
Like the CAM, the DENM is a facility contained within an ITS G5 mobile unit.
3.6.3 In-Vehicle Information (IVI)

One of the services supported by the COBRA+ tool is that of in-vehicle signage. This requires a standardised method of transmitting the contents of road signs, both static and dynamic, from the roadside into the vehicle. The ISO/TS 17425 standard provides this standardisation. This is generally referred to as In-Vehicle Information (IVI).
Unlike CAM and DENM, IVI is not provided within the ITS G5 system, but is a higher level messaging protocol which allows the information to be provided by any communication system.
3.6.4 Summary

Table 5 summarises the assumptions that will be used in the tool about the technologies used to deliver the services; these define the cost elements that will be included in the cost calculations in the tool. The table shows the types of signs or information channels and the sensors or data sources assumed, both for legacy systems involving existing infrastructure and for delivering the services with C-ITS. The table also shows the assumptions about which in-vehicle systems are involved in delivering services.  The assumptions about the in-vehicle systems are informed by research on wireless connectivity by Van Ende et al (2016).
Note that the use of both DENM and IVI in a number of the services is complementary – the service could be provided, at least to some extent, by either technology. DENM is intended for the transmission of potentially hazardous events, either by V2V or V2I, and alerting either the driver and/or on-vehicle systems about the event. IVI is intended to transfer signage information to the vehicle from the infrastructure, so in principle could be used for any information which can be presented on a static or dynamic road sign.

Table 5 Technologies used to deliver the services

	Bundle
	Services
	Signage/actuators (legacy)
	Sensors/source (legacy)
	Signage/actuators 
(C-ITS)
	Sensors/source (C-ITS)
	CAM
	Extended CAM
	DENM
	IVI

	ONE
	Hazardous Location Warning
 - Including warning signs for dynamic events from IVS 
 - Including weather warning, slippery road, animal on road, etc.
	Matrix signs / VMS / radio
	CCTV / TMC / crowdsourcing / weather sensors / emergency services / road inspector
	- Dynamic warnings  in-vehicle e.g. animals in road, weather etc.
	Dynamic: weather sensors/ FCD/ legacy systems/ crowdsourcing / 
	
	(
	(
	

	
	Road Works Warning (short distance)
 - Oncoming lane and speed restrictions
	Road signs / matrix signs
	NRA database / TMC / contractors
	- Dynamic warnings in-vehicle: road workers in road
	ITS-Roadside unit on road works warning trailer or separate unit. 
	
	
	(
	(

	
	Traffic Jam Ahead Warning
 - Queue protection for rear-end collisions
	Matrix signs
	Loops
	- Dynamic warnings  in-vehicle: congestion ahead
	Possibly PVD/FCD in future / legacy: loops
	(
	
	(
	

	
	Shockwave damping
 - Prevention of shockwave propagation
	Matrix signs
	Loops
	- Dynamic advisory  in-vehicle: speed up at downstream end of shockwave
	Possibly PVD/FCD in future / legacy: loops
	(
	
	(
	(

	TWO
	In-Vehicle Signage (excluding speed limits, but including advisory speeds)
 - Static e.g. lane configuration, prohibitions and right of way
 - Dynamic e.g. lane configuration, matrix signs
	-Static: road signs
-Dynamic: matrix signs / VMS
	-Static: NRA database
-Dynamic: loops / CCTV / TMC / road inspector
	- Static advisory in-vehicle: e.g. lanes etc.
- Static warnings in-vehicle e.g. tight bend
- Route signs  in-vehicle e.g. take exit for Town A
- Dynamic advisory  in-vehicle: e.g. use hard shoulder
	Static: NRA database
Dynamic: weather station/ FCD/ legacy systems
	
	
	
	(

	
	In-Vehicle Signage Speed Limits
 - Static
 - Dynamic
	-Static: road signs

-Dynamic: matrix signs
	-Static: NRA database

-Dynamic: loops / TMC / air quality measurements
	- Static mandatory in-vehicle: speed limit (and whether vehicle is breaking speed limit)
- Dynamic mandatory  in-vehicle:  dynamic speed limits on particular sections
	-Static: NRA database
-Dynamic: processed information on the basis of information about event (weather, traffic volume, accident, …)
	
	
	
	(

	THREE
	Traffic Information
 - Navigation, route planners, real time network conditions, travel times, road works information and re-routing
	VMS / radio/ news channels
	Loops, CCTV, ANPR, Traffic Officers, crowdsourcing, NRA roadworks database 
	- route information  in-vehicle: suggested route (including to avoid roadworks), expected arrival time
	FCD /crowdsourcing / Single Point of Access for traffic information/ legacy systems 
	(
	(
	(
	(


3.7 Costs and business models
In the COBRA v1 tool the following types of cost were included: equipment, installation and operational costs for in-vehicle units (OEM, aftermarket and smartphone) and infrastructure (VMS, wireless beacons, sensors, back office and app development).  It was also possible for users to change and adjust these costs and their lifecycles.  According to the stakeholders, there is a requirement for modifying input data in this way to continue in COBRA+
.
In addition to meeting this requirement, the cost elements included in the COBRA tool will be expanded in COBRA+ to enable more refined analyses to take place.  The COBRA+ tool will include data on costs of the following elements of C-ITS, separated into equipment, installation and operational costs; users will be able to vary these costs and the time period over which they will be incurred by inserting user-defined values.

· Costs of different communications platforms (ITS G5, cellular and hybrid) and in the case of ITS-G5, to specify the proportion of beacons that are installed on existing poles or gantries (rather than on separate poles) and the proportion that are installed on the NRA’s motorways vs other NRA roads
· Costs of in-vehicle equipment (OEM, aftermarket, smartphone)
· Costs of supporting infrastructure (roadside beacons on new and existing poles and back office, including traffic management centre and app development)

· Development costs
· Other costs, such as the option to purchase Floating Vehicle Data (FVD).
The output from the COBRA tool included of a series of graphs showing total monetary value of costs and benefits of the scenarios analysed.  A requirement for the COBRA+ tool is that output should be provided in comparable common units – i.e. cost per km
.  The output page of the COBRA+ tool will therefore include an additional graph showing the monetary value per km of the costs and benefits of the scenarios analysed, as well as the total monetary value.
Nine business models were included in the original COBRA tool (Free road authority app - cellular; Commercial app costing $1 - cellular; Navigation extended – cellular; Public travel tine information – cellular; Private dynamic navigation – cellular; Public roadside – wireless beacons; Private roadside and public service app – wireless beacons; Public roadside and private app – wireless beacons; Private roadside – wireless beacons).  This list is modified in the new tool to reflect the State-of-Knowledge in 2016. The business models have been streamlined to be less dependent on specific services or applications, and to reflect the new insights in the roles that are necessary to fulfil the service delivery for the selected communication medium (cellular or hybrid). 

The following business models will be available to analyse:
· Business Model “Public” – The Road Operator performs many of the roles necessary for service delivery itself. Business Model “Mixed” - The Road Operator performs some of the roles necessary for service delivery itself, and the market also performs important roles.
· Business Model “Private”– The Road Operator performs a limited number of activities, and the market has the largest amount of responsibility of all the three business models.
The tool will enable variants of these business models to be analysed in which the NRA has different levels of involvement in providing the various elements of the services, carrying out all or a selection of the following roles: Data provider, content provider, ITS Service provider, Network hardware provider (ITS G5 in the hybrid scenario) and communication services provider (ITS G5 in the hybrid scenario). The business models give the option to the road authority to subsidise the service, subsidise the hybrid in-car device, and to buy Floating Vehicle Data (FVD). 
The business model variants are summarised in Table 6.

Table 6 Business model variants available in COBRA+
	Business Model
	Roles / Costs for Road Operator

	
	Cellular / Hybrid
	ITS-G5 Roadside infrastructure

	
	
	
	Options 
for Road Operator
	Equipment
	Installation
	Operation & Maintenance

	Public
	Content provider
	Service provider
	Sponsor hybrid device/ 
Buy FVD
	(
	(
	(

	Mixed
	Content provider
	-
	Pay for service/ Sponsor hybrid device/ 
Buy FVD
	(
	(
	

	Private
	-
	-
	Pay for service/ Sponsor hybrid device/ 
Buy FVD
	(
	
	


3.8 Countries and networks
The COBRA tool included data on two countries and covered only the motorway network, with an option for data on additional countries to be added by users. Requirements for COBRA+ included increasing the number of countries within the tool
 and providing the cost of a corridor project an output
. The COBRA+ tool will enable C-ITS deployment scenarios in the following six countries to be analysed:

· Austria

· England

· Finland

· Germany

· The Netherlands

· Sweden.
It will continue to be possible to include other countries and as before, users will need to populate the tool with the relevant data on the network, existing infrastructure, societal problem costs etc. In addition, the tool will enable country-specific information on impacts to be inserted by users if the default values are not suitable for a particular country.
The road network covered by the COBRA tool was the entire NRA network for the country concerned and no distinction was made between levels of cost or impact on the motorway and non-motorway sections of the network. A requirement for COBRA+ is that for each country, the network covered should be agreed with CEDR, and be predominantly motorway but possibly include some non-motorway roads but no urban roads, although the tool should allow for this as a future option
. In the COBRA+ tool, NRAs will select the network covered and provide the relevant data and the tool will be enhanced so that within each country, it will be possible to analyse C-ITS deployment on the full NRA network or a specific corridor by selecting the appropriate option as an input to the scenario selection.  In addition, the tool will be enhanced to make it possible to take account of different levels of impact or deployment cost and different rates of deployment on motorway and non-motorway roads on the NRA network.
An additional requirement is that users should have the opportunity to input very country-specific data such as road-specific congestion
. The COBRA tool is already structured to include much country-specific data but the areas of the tool where user input is possible, will be extended; for example it will be possible for the user to enter values for congestion parameters on motorways, other NRA roads and on a specific study corridor.  The current version of the tool uses one indicator for congestion: total travel time.  Three additional indicators are available but not activated, so they could be used in future versions of the tool if relevant data is available (core travel time or the minimum time if all vehicles travelled at the speed limit; lost hours, or the total travel time minus core travel time; time spent travelling in congested conditions).
3.9 Time horizons and deployment curves

The time horizon covered by the COBRA tool was from 2012 to 2030; calculations of costs and benefits were for this 19 year period. A requirement for COBRA+ is that users should have the option to choose shorter time horizons
. In COBRA+ the user can select a time horizon which ends in any year between 2025 and 2030.
The COBRA tool used forecasts for levels of deployment of in-vehicle equipment and communications infrastructure to create deployment curves which could then be modified by users if appropriate. A requirement for the COBRA+ tool is that users should continue to be able to modify input data such as deployment curves and other key assumptions
.  There will be deployment curves for the following elements:
· Aftermarket/ smartphone vehicle penetration curve (high, medium or low)

· OEM vehicle penetration curve (high, medium or low).
The values used to define these curves which were included in the COBRA v1 tool will be reviewed and updated if appropriate for the COBRA+ tool.  It will be possible to select start and end years for deployment of different elements of infrastructure within the period 2015 to 2030, and to select the proportion of infrastructure that is expected to be equipped by the end year selected.
3.10 Business as usual

In the COBRA v1 tool, data on the ‘reference case’ or ‘base case’ with which the costs and benefits of the C-ITS scenarios analysed were compared was input by the user in the form of the planned deployment of existing infrastructure. This data was used in the calculation of the costs and benefits of the scenarios analysed but the output graphs did not show the reference case separately. An additional requirement of the COBRA+ tool is to include a ‘do-nothing’ or ‘business as usual’ scenario on the output page
. COBRA+ will include a series of graphs showing comparisons of societal problem cost and problem size for the scenario and the ‘business as usual’ on an additional page of outputs (the ‘Detailed Output’ page).  These graphs in the COBRA+ tool will enable users to compare scenarios for C-ITS deployment with the ‘business as usual’ case for the country concerned, which represents an estimate of the situation if the NRA did not deploy C-ITS. The data for the ‘business as usual’ case will be specific to each NRA and will take account of changes which are expected to take place, such as forecast changes in travel, safety trends etc., to estimate future costs to society if NRAs do not implement C-ITS (discounting values for future years).

In terms of the technologies available to support C-ITS, the business as usual case will assume that the availability of cellular networks will be such that:
· C-ITS services for users will become available via third party service providers regardless of any interventions by NRAs

· C-ITS services based on hybrid communications will utilise these existing cellular communications.
3.11 Existing infrastructure

In order to estimate both the ‘business as usual’ case and the C-ITS deployment scenarios, the tool will enable users to take account of the extent of existing infrastructure by setting out the existing level and planned future deployment of such infrastructure in a ‘business as usual’ situation. This was a feature of the COBRA tool and will also be available in COBRA+.
As in COBRA, in order to avoid over-estimating the benefits of C-ITS, the tool will include assumptions about the extent to which existing infrastructure overlaps with, or is required for, each C-ITS service in order to adjust the estimated costs and benefits of C-ITS deployment.  To meet a requirement for COBRA+ concerning the ability to modify assumptions about overlap with existing infrastructure
, users will be able to input their own data on existing infrastructure and the extent to which it overlaps with C-ITS services. 
3.12 Cost savings

One of the benefits of C-ITS deployment is that NRAs may be able to reduce or cease deployment of some existing infrastructure.  For example, if driver information is provided in vehicles, the NRA may choose to phase out some roadside Variable Message Signs.  The tool will enable NRAs to select an option that will take account of such savings and also the potential disbenefits of reducing the number of VMS. If the NRA wishes to use the cost savings module of the tool, they will also need to enter data on the costs (installation, maintenance, replacement, removal) of such infrastructure.
3.13 Hotspots

In order to estimate the rate at which benefits are realised, the COBRA tool assumed that the sections of the network that would be equipped first would either be those with the highest concentration of casualties or those with the busiest traffic, depending on whether the bundle of services was focused mainly on safety or not.  In order to accommodate the ability to analyse either individual services or bundles in the COBRA+ tool, this assumption will be simplified. The COBRA+ tool will assume that the busiest sections of the network will be equipped first in order to maximise the timing of benefits realised. A ‘Lorenz curve’ (or ‘hotspot curve’) will be used in the tool to estimate the rate at which benefits are realised as C-ITS are deployed across the network. The services will be assumed to be deployed according to a curve based on the percentage of the road network with the highest percentage of km driven, with initial deployment assumed to be on the sections of the network with the highest percentage of km driven and later deployment on quieter sections of the network.  A requirement for COBRA+ is that users can modify the input data on hotspots
, therefore users will be provided with instructions on how to do this. 
3.14 Output from the tool
The output from the COBRA tool consisted of a series of graphs summarising the results of the cost benefit analysis and the business case for the NRA for the scenarios analysed, along with figures for the payback year and details of the parameters analysed.  Additional requirements were defined for the COBRA+ tool.  The way in which the COBRA+ tool will address some of these has been discussed in earlier sections (cost per km in Section 0; results for a corridor project in Section 3.8; comparison with business as usual in Section 3.10). The remaining requirements for the outputs from the COBRA+ tool are discussed below.
3.14.1 Presentation of graphs
A requirement for the COBRA+ tool was that the outputs should be reviewed and improved, for example by including pie charts
.  This review has taken account of the presentation of results in the C-ITS Platform WG1 report in order to identify specific improvements.  Some of the graphs will be modified to improve their presentation in line with the C-ITS Platform report.  
The COBRA+ tool will include 22 additional graphs including an ‘area chart’ showing the variation over time in the distribution of costs between different categories, line charts showing annual changes in the various elements of societal problem size and problem cost and graphs showing the timing of the various cost elements involved in delivering C-ITS in the scenarios analysed.
3.14.2 Cost-benefit ratios

The COBRA tool provided a graph showing how the benefit-cost ratio varied over time and identified the payback year for the scenarios analysed, but did not list values for cost benefit ratios in the outputs. A requirement for outputs from COBRA+ tool was a clearer presentation of the benefit to cost ratios, taking into account the presentation of results in the C-ITS Platform WG1 report and with an explicit figure for 2030
.  The main output page in the COBRA+ tool will include text boxes highlighting the benefit cost ratio in 2030 for the scenarios analysed.
3.14.3 Focus outputs on the NRAs

The COBRA tool included a series of graphs showing the overall costs and benefits to society and another series showing the business case for the NRA.  A requirement for COBRA+ is to focus the output page on the NRAs, with the possibility of considering other stakeholders if possible
.  
However it will not be feasible to gather data on relevant costs and benefits for different stakeholders so the COBRA+ tool will include outputs related to total costs and benefits to society and the business case for the NRA, identifying the value of the specific types of cost incurred by the NRA and summarising the NRA costs, NRA benefits and NRA benefits minus NRA costs for the scenarios analysed.
4 Next steps
This specification will be implemented in the COBRA+ tool during the ANACONDA project. After testing, an initial version of the tool will be demonstrated to NRAs at a workshop in November 2016.  The tool will be applied to a selection of use cases in order to demonstrate the potential for using the tool to explore deployment scenarios, their costs and benefits from the point of view of the NRA. 
A user guide will also be produced.  The COBRA v1 tool was accompanied by a user guide presented at two different levels: the policy level user and the detailed user, with an annex indicating how to populate the tool with data.  The requirements for COBRA+ are that this guidance should continue, with improved information on the contents of the tool, the modifications that are possible and assumptions on benefits
. This guide will be reviewed and expanded both to cover the additional features of COBRA+ and to improve the experience for users.
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� Priority Action C of the European Commission ITS Directive (2010) specifies data and procedures for the provision of road safety related minimum traffic information free of charge to users. The information provided covers a range of dynamic events such as slippery road, animal on road, un-managed blockages and unprotected incidents.�


� Requirements 1 – 4 in D1.1.


� Requirements 13 and 12 respectively in D1.1.


� ITS G5 is almost identical to Wireless Access in the Vehicle Environment (WAVE) used in North America. Both are based on the IEEE 802.11p standard. WAVE is also called DSRC in North America, though in Europe DSRC has a different meaning as it refers to a short range microwave communications system specifically for use in tolling environments, which could lead to confusion.


� The criteria used to select the communications medium have not yet been defined in the standards


� Requirement 14 in D1.1.


� Impacts on serious and slight injuries are listed separately where these are available, but in some countries these may be combined into one value.


� Requirement 8 in D1.1


�� Requirement 16 in D1.1


� Requirement 5 in D1.1


� Requirement 17 in D1.1


� Requirement 6 in D1.1


� Requirement 7 in D1.1


� Requirement 15 in D1.1


� Requirement 9 in D1.1


� Requirement 18 in D1.1


� Requirement 10 in D1.1


� Requirement 9 in D1.1


� Requirement 21 in D1.1


� Requirement 19 in D1.1


� Requirement 20 in D1.1


� Requirements 22 and 23 in D1.1
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