	[image: image5.png]\

i =
4 2)
-:‘ 22
7
/
¢ /7,
o] e P
g v/;

ELSEVI ER




	[image: image6.wmf]
	Procedia
Social and Behavioral Sciences 

	
	 Procedia - Social and Behavioral Sciences  00 (2014) 000–000
	

	www.elsevier.com/locate/procedia


2
Author.1 et al. / Procedia - Social and Behavioral Sciences 00 (2011) 000–000

Themann/ Procedia - Social and Behavioral Sciences 00 (2011) 000–000
3

International Symposium of Transport Simulation 2014
Situational Models in a Cooperative Environment 

Author.1 Xxxx a 
, Author.2 Yyyya, Author.3 Zzzzb
aDepartment, Valahia University Targoviste, 5 Moldovei Str., 130093 Targoviste, Romania
bFaculty of Electrical Engineering, Electronics and Information Technology, Valahia University Targoviste, 18-24 Unirii Blvd., 130082 Targoviste, Romania
Abstract

State of the art vehicle-to-vehicle and vehicle-to-infrastructure communication technologies enable future driver assistance and traffic management systems to cooperate in order to improve energy efficiency and to reduce emissions of traffic. Therefore predictions of the behaviour of single vehicles as well of the whole traffic network are necessary. For this purpose a microscopic model focusing on single vehicles as well as a macroscopic network model is developed within the research project eCoMove. This paper elaborates on the two models and describes their general functionality, as well as the cooperative approach aiming to optimise traffic.
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1. Introduction

The 3-year EC-funded research project eCoMove will develop, test and evaluate a number of “green” transport technologies and applications that aim to deliver a 20% fuel consumption and CO2 emission reduction. As they are closely related, only fuel consumption is considered in this document. The eCoMove vision is that of the “perfect eco-driver” travelling through the “perfectly eco-managed” road network. The driver is provided with recommendations from the eCoMove system of to how to improve efficiency by facilitating a predictive and fuel efficient driving style and choosing an efficient route. The applications providing these recommendations need to consider the current as well as the predicted traffic and driving situation to determine the optimal driving strategy for a vehicle. The project is using state of the art vehicle-to-vehicle and vehicle-to-infrastructure communication technologies. These cooperative systems, for the first time, integrate systems to support energy efficient driving behaviour of passenger cars and commercial vehicles with those for energy optimized traffic management.
The applications developed in eCoMove to optimize efficiency are enabled by several supporting components. These are for instance the communication platform and the commonly defined messages between vehicles and infrastructure, a digital map enhanced with relevant data, and two types of eco-models, on which this paper focuses: the ecoSituational Model (eSiM) and the ecoStrategic Model (eStraM). The two models serve as a basis for all applications developed in the project. 
A reliable prediction of the future traffic situation is essential to derive well suited recommendations that support the driver in reducing fuel consumption. This prediction of the behaviour of the driver in future traffic situations, as well as a description of the current situation, is provided by the eSiM. The purpose of the eSiM is hence to offer all the information to in-vehicle applications, which is necessary to improve the behaviour of the driver in order to facilitate a fuel saving driving style. Within eCoMove applications for passenger cars as well as for commercial vehicles are developed that use the results of the eSiM to recommend fuel efficient driving strategies to the driver. The current and predicted driving and traffic situation as well as the connected prediction of the velocity profile provided by the eSiM are thus extremely important to reach the goals of reduction of fuel consumption. 
As the eSiM needs to predict the behaviour of single traffic participants it is a microscopic model focusing on individual vehicles. In contrast, the eStraM is a macroscopic model and is designed in such a way that infrastructure applications receive the information they need, and can put in place traffic management strategies to optimize traffic, on the network level. Communication technologies allow consideration of the predictions of several vehicles equipped with the eSiM in the design of the eStraM. The eSiM in turn is able to use output from the eStraM, such as local traffic densities and average velocities on a road element.
This paper describes the two models and outlines their benefit for optimizing traffic in a cooperative way, with the main goal to reduce fuel consumption and CO2 emissions in traffic.

2. Design of the ecoSituational Model (eSiM) to predict microscopic behaviour of vehicles
The purpose of the eSiM is to determine a prospective velocity profile of a vehicle equipped with the eCoMove system for the near future. This is essential for in-vehicle applications to determine energy efficient driving strategies. The eSiM is thus a microscopic model focusing on individual vehicles.
2.1. Design and implementation requirements on the eSiM

The eSiM is developed to support applications in commercial vehicles as well as in passenger cars. It provides a short term prediction of the behaviour of a single vehicle represented by a velocity profile versus distance to the applications. This velocity profile is used by the applications to derive suitable driving strategies minimizing fuel consumption on the road ahead. Hardware limitations as well as available sensor technologies form constraints in the design of the eSiM. Within eCoMove, five passenger cars and 2 commercial vehicles are equipped with applications providing recommendations to the driver. These vehicles come up with different computing units and different sensor systems. For example not all vehicles are equipped with environmental sensors such as Radar or Lidar sensors to measure the distance to front vehicles. The eSiM needs to work on all vehicles and hence has to take into account the resulting constraints and requirements. 
To predict the velocity of a vehicle, the different entities traffic consists of need to be considered by the eSiM: environment, driver and vehicle. Each entity has an impact on the velocity profile the driver chooses in a specific traffic situation. The environment contains static and dynamic information about external influences on the driver and vehicle. Static information includes all information about the road such as slopes, curvatures or speed limits, while dynamic information represents traffic jams, construction sites or obstacles. In addition to the variation in environment, the driver of a vehicle can vary in driving behaviour or driving mood. A sporty driver e.g. results in totally different velocity profiles than a conservative driver. The third entity affecting the chosen velocity profile is the vehicle itself. Technical aspects such as total vehicle mass, drive train performance or aerodynamic resistances heavily affect the acceleration of the vehicle. A passenger car has different dynamics than a heavy commercial vehicle. 

2.2. Inputs and outputs of the ecoSituational Model
There are four major inputs for the eSiM that provide valuable information for the prediction of the velocity profile: vehicle sensors, environmental sensors, communication technologies and user inputs.

Sensors of the vehicle are used to measure vehicle states and parameters such as the velocity, acceleration, engine speed, pedal positions or the current fuel consumption. Relevant information can be gathered from CAN-bus signals available in the vehicle. In addition, the position of the vehicle is measured by receivers and is available to the system.
In the case that the vehicle is equipped with sensors to perceive the driving environment, the resulting information can be used as an input to the eSiM. Radar or Lidar sensors e.g. determine the distance as well as the relative velocity to front vehicles. Camera systems in the vehicle are capable of providing the lateral position of the vehicle in the lane.
The communication platform developed in eCoMove enables the exchange of information between different vehicles, the traffic management center as well as road site units such as traffic lights. Different messages such as FVD (Floating Vehicle Data) are used for this. Relevant information is stored in a map, which contains additional static information such as slopes, curvature or speed limits. The traffic management center provides average traffic densities and velocities for single road elements to the map. Road side units provide information on the status of traffic lights such as the time to green or the length of a queue in front of a traffic light. An eCoMove component named ecoCooperative Horizon uses the current position, velocity and heading of the vehicle to predict the most probable path of the vehicle. This path describes the most likely short term route of the vehicle and has a length of approximately 1500 m. Relevant information available in the map can be filtered by the horizon component and provided to the eSiM. Hence the eSiM is provided with information on upcoming dynamic events such as changes of the traffic light as well as on static properties of the road ahead such as slope or curvature. This information is used by the eSiM to improve the prediction of the velocity profile.
User inputs are another input to the eSiM and allow adjusting of the prediction results. Different driver types such as a sporty or a very conservative user can be considered by the eSiM, which is described in more detail in the following sections.
The output of the eSiM is the predicted velocity profile of the vehicle along the most probable path determined by the horizon component. Additionally, situations with high relevance for fuel consumption are identified by the eSiM, but this is not the focus of this paper.
2.3. General modelling approach of the situational model

All in all three different modelling approaches are pursued within eCoMove to design the eSiM according to the requirements and to implement it in the different vehicles.

The simplest approach is to store the driven velocity profile for each trip of the vehicle in a map. If this vehicle then again travels on the same route, the average of all stored velocity profiles can be used as an indicator of how the driver and the vehicle react to the traffic situation. The disadvantage of this approach is the very general and limited prediction capability, which does not consider the influence of other traffic participants or of different driver moods. Hence the prediction quality is dependent on traffic and is heavily affected by disturbances. The advantage of this approach is the very slim design and hence the limited calculation power. Especially for applications used in vehicles that drive mostly on roads without high traffic volumes this approach can be sufficient.

A second approach is the utilization of a situation catalogue containing predefined traffic situations and corresponding velocity profiles. A situation e.g. is described by a certain distance to a traffic sign and an average behaviour of the vehicle approaching the traffic sign, which can be used for predictions. This approach can be implemented in a very efficient database, which is a main advantage. The approach in general can only react to those situations that have been defined beforehand and are included in the catalogue. The consideration of situations with multiple varying objects, such as preceding vehicles, slopes or driver mood increases the number of entries in the database heavily. The amount of data can be handled, but the measurement drives necessary to derive representative velocity profiles increases dramatically with the number of influencing factors considered, which is a main disadvantage of this approach.

The third approach is to use a model of the vehicle, the driver and the traffic environment to simulate the behaviour of traffic in the vehicle. This approach is accompanied by general advantages compared to the situation catalogue or map based prediction approaches. A main advantage is the direct consideration of dynamic information on the traffic environment such as the state of traffic lights or the influence of preceding vehicles in the same lane. As traffic lights continuously change their state over time or preceding vehicles are present in various distances and relative speeds, the situation catalogue approach would have to distinguish a huge variety of different situations. The driver model approach can directly simulate these dynamic influences on the traffic environment. Furthermore, a driver model can directly be adjusted to different driver types such as sporty or conservative drivers. Similarly adaptations to a specific vehicle type are possible. The vehicle with its complete drive train can be modelled using e.g. ordinary differential equations containing different parameters representing the characteristics of the vehicle.
All three approaches explained above are developed in eCoMove. Especially the cooperative aspect of information exchange is highly underlined in the project and several technologies are used to realize communication between vehicles and infrastructure units. Vehicles equipped with these technologies are provided with information on other traffic participants and the state of road side units ahead. Only the driver model approach is capable of fully exploiting these advantages and hence considered comprehensively in the following sections.
2.4. Implementation of the ecoSituational Model 
A microscopic traffic simulation tool meeting the various requirements listed above is the PELOPS simulation environment developed at ika, which contains models of the driver, the vehicle and the traffic environment [Pelops, 2011]. The eSiM gathers all information provided by the different sources listed in section 2.2 and compiles it into a suitable data format. A PELOPS simulation is started whenever new data is available and provides a predicted behaviour of the vehicle in the specific traffic situation. Using the map and the communication platform, this prediction of the velocity profile is available to other vehicles as well as to the traffic management and the eStraM.
The PELOPS environment allows modelling of the driver and vehicle in detail. Both are described mainly by static parameters, e.g. determining the behaviour of the drive train or the mood of the driver. These parameters may vary over time as the driver e.g. may change his driving style. Also, the vehicle’s performance may differ over time as e.g. the total vehicle mass changes. However, driver and vehicle parameters only change slowly and can be adapted to changes. In contrast the traffic environment faces a continuous change and hence needs to be updated frequently. The PELOPS environment model allows considering static information such as slopes, curvatures or traffic signs, but also dynamic information such as vehicles or time to green of traffic lights. 
First tests have been carried out to estimate the necessary calculation power and the maximum range of the prediction. The tests have been done on an ordinary notebook with a double core 2.4 GHz processor; two gigabyte of RAM and a Windows XP system. The PELOPS simulation is implemented in a virtual Linux environment on that notebook. The transformation of a route of 20 km from the available map data into PELOPS format takes roughly 0.11 seconds on this system. Simulating the behavior of ten vehicles for 1 km takes 1.7 seconds. If just one vehicle is simulated only 0.65 seconds are needed. Hence an update ratio of the eSiM prediction of less than 2 seconds is feasible, which of course depends on the available environment information and the current traffic situation. As the recommendations provided to a driver are not time critical, this update rate of the eSiM is sufficient. Future research will aim to optimize the simulation to further reduce the calculation time.
2.5. Prediction results and adaptability of the driver model to different driver types

The general functionality of the eSiM is described in the following using the traffic situation “approaching a red traffic light” as an example. In studies at ika the deceleration of subjects approaching a traffic light in real traffic has been examined. Fig. 1 visualizes the measured velocity profiles of subjects as well as the derived average and standard deviation. 
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Fig. 1: 
Velocity profiles of subjects approaching a red traffic light and corresponding prediction using the PELOPS driver model
The average of all drivers decelerates from 60 km/h to standstill starting roughly 200 m in front of the traffic light. Besides the velocity profiles of the measured subjects, Fig. 1 also contains the output of a PELOPS simulation for a standard driver in exactly this situation, also approaching the traffic light with 60 km/h. The comparison reveals that the velocity profile of the simulation is quite close to the behaviour of the average of all subjects. Hence the eSiM using a standard PELOPS driver is capable of estimating the average behaviour in traffic situations. Applications in the vehicles can use the simulation result to apply efficient driving strategies.

Furthermore, Fig. 1 accentuates the velocity profile of a subject approaching the traffic light with more than 70 km/h. This driver is called a sporty driver as the approach is accompanied by high decelerations and strong deviations from the average behavior. To compare this with the PELOPS simulation, Fig. 1 also visualizes the results of a simulation for a vehicle approaching the traffic light with the same velocity as the sporty driver. Thereby an internal factor of the driver model (# 19) is changed from 1 (standard PELOPS driver) to 0.3, 0.5 and 0.8. Using the standard PELOPS driver in the simulation results in heavy deviations of the prediction compared to the real driven velocity profile. The figure reveals that a parameter value of 0.5 for the factor #19 of the driver model is suited best to describe the behavior of the sporty driver. These considerations reveal that the eSiM can be adapted to different driver types, which improves the quality of the predicted velocity profiles. This change of driver model parameters can either be done manually by user inputs or automatically by self learning algorithms within the eSiM.
3. Design of the ecoStrategic Model to estimate current and predict future traffic network states

3.1. Design of the ecoStrategic Model

The purpose of the eStraM is to determine hotspot events for fuel consumption or locations that have a major impact on fuel consumption in the network. These hotspots are triggers for the eCoMove applications, which aim to deliver a substantial reduction of the fuel consumption. Accurate traffic state estimations are essential to determine hotspots in a traffic network for the current traffic state, but it is even more important to be able to accurately predict the traffic state and hotspots for a short time period ahead, so that the eCoMove applications can deploy measures. Therefore, the eStraM offers multiple views of the traffic network: 
· current traffic state view (based on the most recent traffic data available);

· predicted traffic state view (for 15-30 minutes ahead);

· desired traffic state view (with traffic optimally distributed over the network);

· predicted traffic state view after applying measures (with effects of measures deployed by the applications).
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Fig. 2: ecoStrategic Model modules schematic overview
In order to be able to generate these views there is a need for traffic input data and modules to process this data. Figure 2 presents a schematic overview of the modules of the eStraM. More details on these modules can be found in section 3.4. 
3.2. Inputs used by the ecoStrategic Model
The eStraM needs a number of inputs in order to calculate current or predicted traffic states. The most important input is observation data which originates from road sensors (loop detectors), cameras and floating vehicle data (FVD). For the simulation module, there is a need for a network model. This model includes the geometric characteristics of the traffic network. Furthermore, there is a need for traffic demand data which indicates the number of trips in a certain time period. Also, junction control data, including signal plans, is needed for a realistic simulation. Table 1 presents a general overview of the data used by the eStraM.
All this data needs to be geo-referenced from real world locations to simulation environment locations. This can be challenging. In practice, there are different data sources available which are often collected and distributed by different organisations. Pitfalls to watch out for are e.g. that every operator has its own timestamp mechanism, data format, delay, and location referencing. By fusing the data sources together, data needs to be transformed into a useful, uniform structure. This is a highly demanding but very important task.
Table 1: Inputs to the ecoStrategic Model

	Type
	Input
	Information

	Observation data
	Induction loop detector
	Speed, intensity

	
	Camera
	Travel time

	
	Floating vehicle data
	Speed, time, location

	Network data
	Geographical zones
	Location, size

	
	Nodes
	Location

	
	Links
	Characteristics (number of lanes, capacity, lanewidth, length)

	Demand data
	O.D. matrices per time period (e.g. 15 minutes)
	Number of trips for certain period

	Control data
	Junction control
	Priority rules

	
	Signal plans
	Green times

	
	Variable message signs
	Messages


3.3. Outputs produced by the ecoStrategic Model

As presented earlier, the eStraM delivers four views: the current state, predicted state, desired state and the predicted state after applying measures. An impression of the first three views is presented in figure 3. The output of the eStraM will be communicated through the ecoMap and includes the following aspects for every link in the network: densities, speeds and intensities as well as hotspots for the overall network. Hot spots are indicated with red circles in which the radius denotes the severity of the emissions. Furthermore, there are possibilities to show emissions for every link in the network.
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Fig. 3: An example of the current, predicted and desired state view
3.4.  Modules of the ecoStrategic Model

The eStraM consists of the modules which are introduced in figure 2. This section describes each module in more detail.

Data collection and fusion module

Firstly, the data collection and fusion module prepares the input data based on traffic measurements via sensors in the real world (infrastructure and vehicle based). This module collects all available measurement and control data as input as described in section 3.2. The data is fused in the sense that all data is parsed in a usable format for the eStraM with a uniform time annotation. An advantage of data fusion in this context is that information on the dynamics in traffic (which can easily be derived from floating vehicle data) can be added to the more aggregated data from infrastructure based sensors.

Traffic Prediction module

This module is able to predict traffic for a short time period ahead. It produces predictions of the average link speed and flow, based on historical spot speed and flow measurements. This is combined with data originating from the data collection and fusion module to account for any deviations from the normal (historical) pattern. 

Origin-Destination (O.D.  estimation module)
The O.D. estimation module estimates the number of trips departing from every origin zone to every destination zone in the traffic network for a certain time period (in the order of 2-5 minutes). A set of these time sliced O.D. estimations represents the traffic evolvement for a certain, somewhat longer time period (in the order of 15-30 minutes). The number of trips is estimated based on average speeds and flows as observed in the traffic network. For the current state view, the current average speeds and flows are used, whereas for the predicted state view predicted speeds and flows are used. The predictions originate from the traffic prediction module as described above. 

Simulation module

The simulation module runs a simulation by using Dynasmart [Dynasmart, 2011]. Dynasmart is a flow based, discrete time mesoscopic simulation environment. Depending on whether the O.D. estimation module was run with current speeds and flows, or predicted speeds and flows via the prediction module, the simulation will calculate the current or predicted state view respectively. There is also a possibility to include real time control data. As explained earlier, the eStraM delivers 4 views: current traffic state, predicted traffic state, the desired state and the traffic state after applying measures. For the last view (the predicted state with measures), the eStraM needs to incorporate the impact of eCoMove applications, in order to simulate how traffic and hotspots evolve. This impact should come from the eCoMove applications and systems (e.g. changes in link capacity, traffic signal plans, etc). 

ecoEmission estimation module

This module calculates the emissions (fuel consumption) for every link in the traffic network. The emission values can be communicated, via the ecoMap, to the simulation module which can use it to apply multi criteria optimization for the traffic assignment to get the desired traffic state (optimized for fuel consumption, possibly with constraints regarding travel time). 

Hotspot identification module

Based on the emission calculations for every link, this module can identify hotspots. Hotspots are locations in the network (road segments or intersections) where the fuel consumption is higher than it could be. This implies, that there is some kind of desired, ‘ideal’ state which is, in practice, difficult to grasp. Therefore, the eStraM compares the emissions with a favourable or an average, thus not too bad, situation. Hotspots can be geometry induced (e.g. due to steep inclinations, sharp curves) and/or traffic induced (e.g. due to traffic jams, badly maintained or synchronized traffic lights). For both types, a baseline or ideal situation needs to be computed to compare the simulated situation against.

3.5. Examples of how eCoMove applications use the ecoStrategic Model

In the eCoMove project, there is a large number of ‘green’ applications which make use of the eStraM: ecoRoute advice, ecoPark advice, ecoGreen wave, ecoRamp metering, ecoTraffic strategies, ecoAdaptive balancing and control and ecoAdaptive traveler support. The list of applications is too long to treat them all here, but an example should give an impression of how the applications and core technologies collaborate to reduce fuel consumption in traffic. 
One of the views in the eStraM is the predicted state view. This view shows the hot spots in a little while, which could trigger applications to take action. For instance, the ecoRoute advice application detects that one of the hot spots is due to a large traffic jam on the western ring road in a certain traffic network. Travellers from south to north can be rerouted via the eastern part of the ring where there is no congestion, so that they will reduce their fuel consumption. Also, there are several traffic light applications that could adjust their signal plans to accommodate higher flows when necessary. 
4. Real world application of the ecoSituational Model and the ecoStrategic Model

4.1. Application on the eCoMove test sites in Munich and Helmond 

The eSiM and the eStraM are being developed at the time of writing of this paper. They are documented in the project-deliverables 2.9 and 2.10 [eCoMove, 2011][eCoMove, 2011b], which will be available on the project website at www.ecomove-project.eu.

In 2012, both models are scheduled to be tested on the Munich and Helmond test sites. They will interface, real-time, with the other core technologies and applications of the eCoMove system. Several test vehicles equipped with eCoMove applications will be used in these tests, and they will communicate with eCoMove equipped road side units and back offices. Results from the test drives, and from related driving simulator studies, will be used in the impact assessment. For the impact assessment, a combined set of eCoMove applications will be implemented in a simulation environment developed in the project, using the VISSIM and EnViVer models.

4.2. Beyond eCoMove: potential use of ecoModels eSiM and eStraM
The ecoModels discussed in this paper are an essential part of future intelligent transport systems, which will work proactively, cooperatively and for multiple policy objectives (e.g. balancing fuel efficiency, throughput and traffic safety objectives). With the kind of information that the ecoModels provide (more detailed, more up-to-date and also predictive, for a larger part of the network), measures can be triggered that prevent or resolve many of the inefficiencies of the current traffic and transport systems. While the eCoMove project focuses on fuel efficiency, it is relatively simple to extend the models to also take into account other indicators such as travel times or accident risks. In fact, in the design of the models and the eCoMove applications that work with information from the ecoModels, this has to a large extent already been incorporated (e.g. only safe acceleration or deceleration advices are given, and eco-friendly route advices take into account how much extra travel time would be acceptable). 

World-wide, the number of applications offering the driver real time traffic information steadily increases. As communication technologies are expected to gain high market shares in the future, advanced driver assistance systems will be able to exploit the resulting advantages. The cooperative design of the ecoSituational and the ecoStrategic Model is a first example of the benefits holistic approaches combining the vehicle as well as the network optimization can bring.
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