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0 Executive summary 

ICT-Emissions aims to develop a comprehensive methodology to assess the impacts of 
road transport. This assessment will calculate the total efficiency of ITS measurements 
related to energy consumption and CO2 emissions in urban environments. 

Particular emphasis is given to new vehicle technologies, including start-stop systems, 
hybrids, plug-in hybrids and electric. 

The main focus will be on: 

1. ITS 1 - Driver behaviour change and eco driving 

2. ITS 2 - Navigation and travel information 

3. ITS 3 - Traffic management and control 

4. ITS 4 - Demand & access management 

5. ITS 5 - Advanced driver assistance system (ADAS) and other measures 

The innovative combination of traffic, driver behaviour, and emission models will produce 
a versatile set of tools that simulate the impact of infrastructure measures (i.e. traffic 
management systems, dynamic traffic signs, etc.), driver assistance systems, and eco-
solutions (i.e. speed/cruise control, start/stop systems, etc.) or a combination of measures 
(i.e. cooperative systems) on energy consumption and CO2 emissions. 

The results will be obtained by integrating traffic and environmental simulation tools i.e. 
commercial mathematical models on both micro (single vehicle level) and macro (traffic as a 
whole) scales. 

Provided that the models are properly integrated and enhanced, correct quantification is 
possible. In fact, most of the existing models need refinements in order to correctly simulate 
innovative ITS solutions, and their influence on energy consumption.  

The necessary enhancements to certain existing models (and related commercial tools) 
are also provided along with reliability tests. 

The following graph represents the relations between models and levels.  
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Figure A: Complete model architecture for CO2 assessment 

The assessment of CO2 impact defines the Macro models as the most suitable for 
providing estimates of the influences over a large area (such as city or county). These models 
are generally applicable at the city level and their use is accessible for most EU cities.  

In most cases, the ICT measures require accuracy considering the dynamic operation of 
the vehicle; therefore the correct method of using Micro models is presented together with 
their connection with the macro models in order to extrapolate the results at the extensive 
area of study. 

The main list of potential parameters affected by ITS systems is identified by: traffic 
volume, average speed, speed profile, vehicle dynamics ( vehicle and driver behavior which 
influence engine speed and load). 

This report outlines the correct process for assessing ITS impacts on CO2 emissions in 
different contexts detailing the potential scenarios to be evaluated. 



 

ICT-Emissions – Deliverable D2.1 Methodology - v2.0  

 

xiii 

 
Figure B Structure of the methodological process 

 

 
Figure C: Assessment scenarios matrix 

 

This document contains: 

� a description for the methodology, the architecture requirements and the 
assessment process 

� detailed examples of methodology applications:  
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o the eco-driving case,  

o the enhancement in the micro simulation algorithms, 

o the integration of traffic and emission models, 

o the integration of traffic and dynamic vehicle models (ADAS simulation), 

with descriptions of the preliminary tests on tool integration 

� detailed description of the ITS measures to be considered, the affected 
parameters and how to model them to obtain a quantitative CO2 assessment, 

� data collection and surveys (organised in an Annex). 

Research has been conducted in collaboration with other research activities in this field in 
particular with the ERTRAC and the EC-METI task forces - the list of the ITS measures to 
take into account has been defined according to these common activities - and other specific 
projects such as AMITRAN, ECOSTAND, MULTITUDE, CARBOTRAF. 

. 
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1 • GENERAL INTRODUCTION: ICT-EMISSIONS GENERAL AIM  

According to the Panorama of Transport (Eurostat, 2009), road transport is the mode 
consuming most energy in the EU-27 (Figure 1). From 1990 to 2006, the final energy 
consumption of road transport grew at an annual rate of 1.6 %, to reach 303.3 million toe in 
2006, which amounted to 25.8 % of total final energy consumption, and to 81.9 % of 
consumption in transport, compared to a share of 83.7 % in 1990. Over the shorter 1995-to-
2006 period, final energy consumption in road transport grew by 1.8 % yearly which, over that 
period, compares to an annual increase in the performance of road passenger transport 
(passenger cars, powered two-wheelers, buses and coaches) of 1.5 % and an increase in 
road freight transport of 3.5 %. 

 
Figure 1: Final energy consumption of Road, Rail, Inland Water Navigation (IWN) & Air, EU-27, 1990 to 
2006 (million TOE) (Eurostat, 2009) 

Thus, total GHG emissions of 992.3 million tonnes CO2 equivalent were attributable to 
transport in the EU-27 in 2006. Second largest after the energy industries (31 %), transport 
made up a share of 19 % of total GHG emissions.  

In comparison to an average yearly decrease in total GHG emissions of 0.5 % in the EU-
27 from 1990 to 2006, transport was the only sector not to display a reduction in emissions, 
rather recording growth at an average annual rate of 1.5 % over the period (Figure 2). A 
major part of the increase was attributable to road transport which represents approximately 
93% of total transport generated GHG emissions (~18% of total GHG emissions in Europe). 

At the same time, the EU has called for, and the international community agreed on, the 
need to drastically reduce world greenhouse gas (GHG) emissions, with the goal of limiting 
temperature change below 2°C. Overall, the EU needs to reduce emissions by 80–95 % 
below 1990 levels by 2050, in the context of the necessary reductions of the developed 
countries as a group, in order to reach this goal (EC 2011, White Paper on transport). The 
White Paper concludes that a transformation of the European transport system and, 
therefore, the necessary reductions of GHG emissions, will only be possible through a 
combination of manifold initiatives at all levels. 
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Figure 2: Total greenhouse gas emissions, average annual growth rate by source, 1990 to 2006 (%) 
(Eurostat, 2009) 

This combination involves bringing significant improvements to the European road 
transport system. The research and innovation proposed in the Strategic Research Agenda 
(SRA) of ERTRAC Technology Platform (ERTRAC, 2010) aims at enabling such 
improvements by addressing the broad range of challenges related to the road transport 
system, including: the supply of energy and resources; global climate change and the 
environment; health and safety; and increased global competitiveness of the road transport 
industry leading to economic growth and high quality employment in Europe.  The approach 
taken by the SRA recognizes, in particular, the societal demand for decarbonization, reliability  
and safety of the road transport system from a user’s perspective. For each of these societal 
needs, clear indicators have been selected, each with specific guiding objectives towards 
2030. Combined, these indicators provide a plausible reference to the headline objective of a 
50% more efficient road transport system. 

In this framework, Information and Communications Technologies (ICTs) have been 
identified as having the potential to reduce the energy consumption and emissions of road 
vehicles, but significant results and quantitative data are still missing (ERTRAC, 2011; EC-
METI Task Force, 2009). The EC believes that ICT can play a major role in initiating and 
enabling the EU to reach its energy and environmental targets with estimates varying from 
50% to 125% of the total 20% GHG reduction required by 2020 (AeA, 2008; GeSI, 2008). 
Commission recognized that ICT can be an enabler for economic growth and/or higher 
energy efficiency but that there are likely to be complex policy trade-offs for policy, business 
and individuals as stakeholders. To help address this, EC recognized that ICT has to be 
viewed, developed, deployed and supported within a known and understood framework. 
Investment decisions in new technology have to be carefully examined on a case by case 
basis and seek to balance the optimal speed of technological change and the speed of 
diffusion for the proposed technology. 

So far, only a few Intelligent Transport Systems (ITS) – which are based on ICTs – have 
specifically addressed environmental aspects. The environmental effects of ITS strategies 
have generally been viewed as secondary to the effects on accidents, congestion and journey 
times. Tangible results are needed to support the wider deployment of ‘Green ITS’ services. 
In parallel there is an urgent need for more research in the area of optimal technological 
change and technological diffusion involving multi-discipilinary cooperation between 
engineers, social scientists and end users in order to detect the true potential and benefits of 
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various forms of ICT driven innovations for a more energy efficient society. This will require 
extensive cross-disciplinary and cross-sectoral approach for an enhanced holistic view of 
ICTs 

EC funded a Coordination and Support Action (ECOSTAND, http://www.ecostand-
project.eu/ecostand/) to provide support for an agreement between the European Union, 
Japan and the United States on a common assessment methodology for determining the 
impacts of ITS on energy efficiency and CO2 emissions. Previously, the EC-METI Task Force 
identified six different themes (referred to as ‘sub-topics’) (Table 1) which form the basis for 
discussion in ECOSTAND. 

Table 1: Sub-topics for discussion in ECOSTAND (ECOSTAND, 2011) 

Sub-
topic  Description Main aim 

1 ITS applications 
To reach agreement on the main categories and types of ITS 
application which the methodology needs to be able to assess. 

2 Traffic simulation 
To identify traffic modelling approaches which enable CO2 
emissions to be estimated for baseline conditions and for various 
ITS implementation scenarios 

3 Emission 
modelling 

To identify the key requirements of CO2 emission models required to 
calculate the impacts of ITS 

4 Monitoring using 
probe vehicles 

To arrive at a common understanding of the contribution of probe 
data to ‘real-time’ CO2 monitoring 

5 Validation 
methodology 

To establish a common validation framework for both traffic 
simulation and CO2 emission models 

6 International 
traffic database 

To provide easy access to the data required for estimating the 
impacts of ITS applications on CO2 emissions, and for validating 
models, and to enhance current international traffic databases 

 

With reference to ITS applications ECOSTAND divided them into six categories: 
• Driver behavior change and eco-driving 
• Navigation and travel information 
• Traffic management and control 
• Demand and access management 
• Logistics and fleet management 
• Safety and emergency systems 

ICT-EMISSIONS aims at developing a novel methodology to evaluate the impact of ICT-
related measures on mobility, vehicle energy consumption and CO2 emissions of vehicle 
fleets at the local scale, in order to promote the wider application of the most appropriate ICT 
measures. From the above six categories of ITS applications defined by ECOSTAND, ICT 
EMISSIONS will focus on the first four (excluding Logistics and fleet management as well as 
Safety and emergency systems). Particular emphasis is given to: 

� the correct estimation of driver behavior, as a result of traffic-related ICT measures, 
� the coverage of a large number of current vehicle technologies, including ICT 

systems, and 
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� the near future technologies such as hybrid, plug-in hybrids, and electric vehicles. 

The innovative combination of traffic, driver and emission models produces a versatile 
toolbox that can simulate the impact on energy and CO2 of traffic management measures 
(urban traffic control, dynamic traffic signs, etc.), driver assistance systems and eco solutions 
(speed/cruise control, start/stop systems, etc.) or a combination of measures (cooperative 
systems). 

This report represents the ICT-EMISSIONS methodology after intense cooperation during 
the first project year. The work in the forthcoming period may highlight issues that might slight 
changes to the methodology necessary. In case this takes place, the report will be updated at 
a later stage of the project. 

The document is structured into three parts:  

• The first contains the methodology description, the process evaluation and the 
simulation methods with a synthetic introduction of the objectives of the project 
and the useful definitions and explanations of the issues to be dealt with.  

• The second part contains a detailed description of the ITS measures. 

• Whereas the third part focuses on affected parameters and the corresponding 
simulation methods for assessing ITS solutions. 
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2 METHODOLOGY 

2.1. THE CONTEXT 

Daily increasing levels of congestion underscore the importance of new technological 
development and intelligent transportation systems. The idea of such systems is to ensure 
the efficient utilization of the available road capacity by controlling traffic operations and 
influencing drivers´ behavior by providing information. 

Currently, the traffic problem is often based on a lack of information. Of course when 
making travel choices, road users constantly combine various sources of information and 
expectations of traffic conditions, but they can hardly obtain data about the global situation. 
Thus, they have only a partial and inaccurate knowledge about the traffic conditions in the 
network and it is not possible for them coordinate their behavior with the other users, e.g., 
changes their departure time to relax the situation.  

A valid answer to these problems could be provided by using ITS systems based on ICTs 
solutions in support of cleaner and more efficient mobility. One way of achieving this is 
through applying ITS systems to a combination of measures that address vehicle and fuel 
technologies, traffic management and vehicle and driver behavior to achieve the most cost-
efficient solutions in regards to energy saving. In order to take such measures, it is important 
to understand these systems potential and capabilities in helping to solve the issues related 
to cleaner and more efficient road transport. 

2.2. THE OBJECTIVES  AND THE BRICKS  OF ICT-EMISSIONS 

The main concept of ICT-Emissions is to develop an integrated methodology that can be 
used to quantify the impact of ITS solutions on road transport CO2 emissions. The 
methodology will provide answers to the previous list of questions by integrating results from 
traffic and emission models at the micro-scale (single vehicle, driving situation). Then the 
results will be extrapolated to the vehicle fleets (stock, total road transport) at a large urban 
agglomeration level using a macro traffic approach.  

This document provides an overall methodology and identification of the parameters 
needed to simulate scenarios and evaluate the impacts of ICT measures emissions and 
energy consumptions in order to fulfill these main project objectives: 

• The development of a comprehensive methodology to assess the impacts of road 
transport ITS measures on CO2 by taking into account the real-world driving and traffic 
behaviour in urban agglomerations. 

• The development of vehicle simulators to calculate the energy and CO2 emissions of 
vehicles when operating in ICT regimes, also taking into account advanced vehicle 
technologies (start-stop, hybrids, plug-in hybrids, electric, etc.). 

• The simulation of the impact of various ICT measures by implementing commercial 
traffic models and link them to vehicle simulators, following the methodology 
developed. 



 

ICT-Emissions – Deliverable D2.1 Methodology - v2.0  

 

6 

The main components which allow the project to fulfill the objectives are the mathematical 
models. They can be separated into two main categories: 

1. Traffic & vehicle simulation models. 

2. Emission models. 

2.3. INTELLIGENT  TRANSPORT SYSTEMS (ITS) MEASURES WITH CO2 
IMPACTS 

As mentioned in the general Introduction of this report, ECOSTAND has divided Intelligent 
Transport Systems (ITS1) applications into six categories: driver behaviour change and eco-
driving, navigation and travel information, traffic management and control, demand and 
access management, logistics and fleet management, safety and emergency systems. 

As mentioned in ECOSTAND, the list does not claim to be exhaustive, but cover the 
principal categories of ITS systems based on ICT solutions. As such, it gives an indication of 
the range of systems which will need to be taken into consideration in the definition of the 
common methodology. 

From the above six categories of ITS applications defined by ECOSTAND, ICT 
EMISSIONS will focus on the first four (excluding logistics and fleet management as well as 
Safety and emergency systems). Special emphasis will be given to those systems which 
enable the speed of vehicles to be regulated externally, referred as advanced driver 
assistance systems.  

The whole list of the ITS measures selected to be evaluated in the framework of ICT 
Emissions project is given and discussed in detail in the specific sections “ITS MEASURES: 
DESCRIPTION 

”. 

The following tables (Table 2) summarize the ITS measures proposed to investigate in the 
ICT-emissions project: 

� ITS 1 - Driver behaviour change and eco driving  

� ITS 2 - Navigation and travel information  

� ITS 3 - Traffic management and control  

� ITS 4 - Demand & access management  

� ITS 5 - Advanced driver assistance system (ADAS) an d other measures  

                                                 

1 The terminology ITS include the overall set the Intelligent system applicable in the transport context, so 
they include also the ICT systems and devices installed in vehicles. 
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Table 2: ITS 1 - Driver behaviour change and eco driving 2 
Classifica -
tion Name Brief Description Codices 

Driver 
behaviour 
change and 
eco driving 

Promotion of an 
energy-efficient 
style of driving 

Recommendations e.g. on Internet, PC or via on board 
displays to encourage energy saving driving behaviour 

Eco_drivin
g 

Gear Shift Indicator Gear change when the speed of the vehicle is not 
appropriate (higher or lower) with the gear used 

Gear_shift 

Start&Stop Turn off the engine when the vehicle is stopped Start&Stop 
Tyre pressure 
Monitoring  

Avoiding travelling with insufficient tyre pressure 
Tyre_pres
s 

 

Table 3: ITS 2 - Navigation and travel information  

Classifica -
tion Name Brief Description Codices 

Classifi
cation Name Brief Description Codice

s 

Navigation 
and Travel 
Informatio
n 

On-Board 
navigation 
Systems 

Routing recommendations usually based on calculation 
of fasted route to set destination 

Nav_His 

Dynamic on-trip 
routing 

Route recommendation that can be received during trip 
on PDA or mobile phone taking into account real-time 
traffic status and/or environmental conditions. 

Nav_RT 

Green enhanced 
navigation system 
based (history 
data) 

Routing recommendations taking into account historical 
traffic data and real time information 

Nav_Green
_His 

Intelligent Parking 
Provide information on available parking spaces either 
on parking lots or roadside. Hence drivers spent less 
time to locate a suitable parking spot. 

PK_int 

Web based pre-trip 
information system 

Route planning for given destination defined before trip 
start 

Nav_pre 
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Table 4: ITS 3 - Traffic management and control  

Classifica -
tion 

Name Brief Description  Codices  

 
 
 
 
Traffic 
Managem
ent and 
Control 

 

Isolated controlled 
intersections 

Generally used for safety. The specific control is 
different from place to place. 

UTC_loc 

Plan based control 
(including green 
wave strategy) 

Synchronization of lights to favor traffic flows  on  
specific routes. Optimisation criteria can be overall 
minimum delay or minimal number of stops. 

UTC_plan 

Traffic adaptive 
Urban Traffic 
Control 

UTC system which is able to measure and forecast 
queue length and adjust phases to optimize efficiency 
(not fixed plan). 

UTC 

Traffic adaptive 
Urban Traffic 
Control + V2I 

UTC+ V2I services e.g.: the driver is informed about the 
traffic light cycle so he can adjust the speed before 
arriving to the traffic light. 

UTC+V2I 

Ramp Metering Traffic lights to manage influx of vehicles to ring road or 
motorway system 

RM 

Dynamic lane Opening or closing the assistance lane on highways by 
means of signs over the lane, depending on traffic 
conditions. 

Lane_dyn 

Speed Control 
(point-to-point) 

Use consecutive speed cameras and sign recognition to 
calculate true average vehicle speed of individual 
vehicles, instead of momentary measurement of speed. 

Speed_ctr 

Dynamic Speed 
Limits 

Traffic regulation to impose a given speed (on 
motorways) according to real-time flow conditions 

SpeedDyn_
Ctr 

Road Geometry  Changes in the road geometry  for better managing  
traffic  

Road_geo
m 

 

Table 5: ITS 4 - Demand & access management  

Classifica -
tion Name Brief Description Codices 

Demand & 
Access 
Managem
ent 

Infrastructure-use 
pricing 

Form of  fee collection 
Road_prici
ng 

Carbon-credit 
scheme 

Management of a system based on carbon assessment 
of trips, which can be bought or sold 

Carbon_sc
heme 

Restricted traffic 
zones 

Entry restriction to given area. Criteria can be vehicle 
type, socioeconomic necessity, credits 

Access_res
tr 

Pay-as-you-drive 
strategy 

On board black box to charge according to infrastructure 
use. Can potentially be made very complex, to include 
dynamic congestion charge functionality, additional fees 
for environmental zones, time of day etc. 

Pay_As_Dri
ve 
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Table 6: ITS 5 - Advanced driver assistance system (ADAS) an d other measures  

Classifica -
tion Name Brief Description Codices 

ADAS 

Cruise control Vehicle speed is kept at the value desired by the driver CruiseCnt 
Navigation based 
cruise control 

Information about the road geometry is processed by the 
ACC mechanism to adapt the vehicle speed 

NavCruise
Cnt 

Adaptive Cruise 
Control (ACC) 

Vehicle speed is controlled automatically, based on the 
desired speed and the distance to the preceding vehicle 

ACC 

ACC+STOP&GO 
A variant of ACC with the capability to stop the vehicle if 
the vehicle in front stops. After driver confirmation the 
vehicle restarts again automatically 

ACC+STO
P&GO 

ACC+V2I 
Communication 

The ACC mechanism takes into account information 
about the infrastructure, such as traffic light positions 
and green phases, in order to adapt the speed of the car 

ACC+V2I 

Cooperative cruise 
control 

Vehicle-to-vehicle communication allows for controlling 
the speed of the following vehicle, knowing the speed 
profile of the leading vehicle. The speed profile will not 
be duplicated but optimised to save fuel, while 
maintaining an adequate safety level 

Cruise-
Adapt_coo
p 

 

The details of the meaning of each ITS/ICT measure are provided in “ITS MEASURES: 
DESCRIPTION 

”. 

 

2.4. MATHEMATICAL  MODELS & MODELLING  LEVELS 

2.4.1. TRAFFIC MODELS 

Traffic simulation models are mathematical tools which help to plan, manage and operate 
road networks. They are able indeed to simulate the traffic at different level of detail and 
different time scales, depending on the approach followed. Broadly speaking traffic simulation 
models may be categorized in static models and dynamic models. 

Static models  describe the steady-state behaviour of the transport system. Though such 
condition is not actually observable in road networks (it would be observable under specific 
cases if demand, path choices and supply system remained constant for a sufficiently long 
period of time), it is assumed as being representative of average system conditions in the 
simulation period adopted. As in the reality traffic conditions vary over time in a network, 
different “representative” periods are identified (e.g. morning peak period, free-flow period 
and evening peak period) for which independent simulations are performed. Such models 
describe the traffic in terms of macroscopic variables namely flow, speed and density, reason 
for which they are also referred as macroscopic (static) models . Example of these models, 
in commercial tools, are EMME3, MT.MODEL, VISUM, MATRIX-static part, among others. 

Given the level of detail of the output produced and their time invariance such models are 
generally applied in transportation planning and long term forecasting. Further, the relatively 



 

ICT-Emissions – Deliverable D2.1 Methodology - v2.0  

 

10 

small computational time concerned allows for the simulation of large scale networks (e.g. 
regional, national or super-national scale). In emission inventory studies, or analyses of 
environmental impacts of interventions on the transport system, they are generally coupled 
with average emission models, to which they are able to provide as input the average speed 
of the traffic flow, within the simulation period, over each link of the network.  

Mesoscopic models  represent road flow at the level of detail of the single vehicle (or 
group of vehicles generally called packet). In this case, although representation of the traffic 
is discrete, the movement of each individual vehicle depends on laws that describe relations 
between aggregate flow variables (for example, mean speed as a function of density), or on 
probabilistic functions (see models based on the analogy with gas kinetics, which describe 
speed distribution dynamics). 

Microscopic models  describe the movements of individual vehicles as the result of 
individual disaggregate choices and interactions with other vehicles and with the road 
environment. Path choice, decisions to accelerate or change lanes, behaviour at intersections 
etc., of each individual vehicle, are generally explicitly modelled. Moreover, each flow entity 
has its own characteristics that may include: vehicle characteristics, such as type or access to 
trip information, vehicle performance, such as maximum acceleration or maximum speed, and 
driver characteristics, such as reaction time or desired speed. Example of these models, in 
commercial tools, are AIMSUN, VISSIM, PARAMICS, SUMO. 

2.4.2. VEHICLE CONTROL & DRIVER MODELS 

Modern driver assistance systems relieve the human driver by taking over automatic 
control over the acceleration of the car. As with human driver models the case that the vehicle 
adapts its speed to a target value specified by the human driver in a scenario with a low 
vehicle density on the road is distinguished from the case where a vehicle has to adapt its 
speed to other vehicles driving immediately in front of it. To this end, radar technology is used 
to measure the range in front of the vehicle and to detect targets. Technical solutions for 
(Adaptive) Cruise Control have been developed by car manufacturers over the past years and 
are integrated in state-of-the-art middle-class and upper-class vehicles. In simulations these 
systems can be modelled in terms of control loops and coupled with vehicle dynamics 
models, which take into account a realistic acceleration and braking behaviour of a given 
vehicle.  

In ICT-Emissions an important issue is the analysis of the effect of advanced driver 
assistance systems on the fuel consumption of the vehicles. Hence, a comparison between 
the human driver models outlined in this section and the ADAS models will be performed with 
respect to vehicle emissions. 

Example of these models, in commercial tools, are DYMOLA, AMESim, GT-Suite, 
CRUISE, MESSINA. 

2.4.3. EMISSION MODELS 

Emission estimation is one of the most essential procedures for traffic impact analysis. 
Emission models are generally developed from emission measurements in reality. The 
models have gradually been improved, mainly in terms of the amount, type and quality if data 
available. Given the strong influence of vehicle technology specifications and status on the 
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emissions generation process, emission models are usually calibrated separately for every 
vehicle make and model, or for homogeneous vehicle categories. In principle, vehicle 
operating conditions are most relevant inputs to the models, while external environment 
conditions can be introduced as secondary inputs. Several vehicle emission models are used 
worldwide to estimate road traffic emissions mainly with those inputs. Analytical emissions 
modelling divides the whole emission process into different components that correspond to 
physical phenomena associated with vehicle operation and emission production. Each 
component of the process is then modelled as an analytical representation consisting of 
various parameters that can characterize the process. These parameters typically vary 
according to vehicle type, engine, and emissions technology.  

There are different ways of classifying vehicle emission models, although there is a 
considerable degree of overlap between them. Based on the modelling approach and 
aggregate levels of emission factors, the models can be classified into the following four types 
(Table 3.1): 

Aggregated emission factor models . Models of this type operate at the simplest level, 
with a single emission factor being used to represent a particular broad category of vehicle 
and a general driving condition (e.g. urban roads, rural roads, and motorways). These include 
NAEI and MOBILE at their normal high level of application, although at a more detailed level 
these two models also follow the average speed approach.  

Average speed models.  These are the most commonly used models, based on the 
assumption that average emissions over a trip vary according to the average speed of the 
trip. A well-known example of this type is COPERT.  

Traffic situation models . This approach incorporates both speed and driving dynamics 
into emission estimation. Traffic situations are defined qualitatively according to road types 
and traffic conditions (e.g. urban free flow, urban congested, stop-and-go). Examples of this 
type include HBEFA and ARTEMIS.  

Multiple linear regression models . Models of this type operate at the highest level of 
complexity. They consist of a set of statistical models for detailed vehicle categories that have 
been constructed using multiple linear regression analysis. The aim is to find empirical 
relationships between mean emission factors, including confidence intervals, and a limited 
number of speed–time profile and vehicle related variables. VERSIT+ is an example of such 
model. 

Modal or instantaneous models.  A Microscopic (or instantaneous) model describes 
individual vehicle movements through the traffic simulation model. It helps capturing the 
detailed behaviour of drivers and their interaction with traffic environment. In a Microscopic 
model, each vehicle moves through the traffic network with updated character which is 
determined by speed, acceleration, time, and individual driver behaviour. The driver 
behaviour is determined by a set of models such as car following, lane changing, acceleration 
noise and etc. Some model simulate exactly the vehicle and powertrain system level 
simulation tool. In this case the models support everyday tasks in vehicle system and 
driveline analysis throughout all development phases, from concept planning, through to 
launch and beyond. Its application envelope covers conventional vehicle powertrains through 
to highly-advanced hybrid systems and pure electric vehicles. Examples of this type include 
UROPOL, VeTESS, PHEM, MOVES, ADVISOR, VT-MicroModule, CRUISE. 
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2.4.4. MODELLING LEVELS 

Both the traffic and the emissions models work at different levels with two of them than 
can be easily identified in both cases: 

• Static-macro: MACRO level 

At macro level both the traffic and the emissions models work with group of 
vehicle described as a whole in a certain period of time and the description of the 
data are at more or less the same type of aggregation. 

• Dynamic-micro: MICRO level 

At micro level both the traffic and the emissions models works simulating each 
single vehicle. 

The Vehicle control model works for each single vehicle so it has only the MICRO level 
description. 

As a consequence of that traffic-emission models are generally integrated when used at 
the same level. 

In synthesis  

1. at macro level: 

- Traffic macro models: the so called Static-macro traffic models that are 
represented by the commercial suites EMME3, MT.model, VISUM, etc. 

- Emission models the so called Average speed models that are represented by 
the commercial suites COPERT. 

2. at micro level : 

- Traffic micro models: the so called Micro simulation models models that are 
represented by the commercial suites AIMSUN, VISSIM, etc. 

- Emission models the so called Instantaneous models that are represented by 
the commercial suites CRUISE, PERFECT, etc. 

- Vehicle Control model: that are represented by the commercial suites CRUISE 
(dynamic vehicle simulation part), MESSINA, etc.  

At the micro level, the single vehicle is simulated and its instant emissions are estimated, 
while at the macro level a global effect is assessed. 

The micro models are precise but need many detailed inputs, therefore they can only be 
used for small areas, while the macro models need more “easy to get” data inputs and they 
can be used also for bigger areas of study. 

Consequently the integration of micro and macro models is one of the cornerstones of the 
project. 
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2.5. METHODOLOGY OUTLINE 

In order to define the structure of methodologies it is necessary to go in practice and 
define what to simulate and the needed integration. This includes: 

� Define the level of models 

As described synthetically in the previous chapters lots of models and types are available: 
according to the objective of the assessment it is necessary to define which one better fulfill 
the requirements. 

� The integration between traffic vehicle and emissio n models  

The integration of traffic and emission models can be made at various levels of vehicle 
aggregation. The level of details required depends on the objective and on other constraints 
such as data availability and computational time requirements. The integration of traffic 
models and emissions models allows simulations to be undertaken at a great level of spatial 
and temporal detail.  

� The integration between micro and macro models 

The fact is that each approach plays a well-defined role in transportation analysis as far as 
each one has unique characteristics to answer appropriately certain questions that the other 
cannot answer that well. Consequently the discussion is not whether one approach is better 
or more appropriate than other, or if there is a unique approach that can replace satisfactorily 
all others, but which is the most appropriate use of each approach and how can then work 
together in a common framework.  

� Other interactions 

Other interactions, mainly with various submodels that bind the application together in a 
way that supports the conceptual models, will be embedded. By this way, all of the objects 
and actions that are part of the general application will be well defined in ways  that mirror 
and support user interactions ensuring that the latter always stay oriented and understand 
how to move from place to place to find information or perform tasks. 

2.6. ARCHITECTURE REQUIREMENTS 

2.6.1. WHY WE NEED THE NEW ARCHITECTURE? 

To assess an ICT/ITS measure it is necessary to evaluate the effect at the level of the 
complete area, i.e. to model a complete city or a region. 

The requirement of assessing the whole environment is obvious because a benefit in a 
restricted zone do not mean a correspondent benefit in the whole area, in fact in most cases 
specific improvement in a local zone can determine negative effects in the nearer ones: in the 
case of CO2, that is not a dangerous pollutant for the people who inhale it, the interest is in 
the “global” effect and this is the main aspect to which the assessment has to be addressed. 
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The measure “access restriction”, for instance, whose objective is the of reduction of the 
traffic in a specific area (the one with access limitations), redirects and generally increases 
the traffic in the rounding areas. The sum of the advantage and disadvantage has to be 
analysed in order to get to a final results for the whole area in an overall benefits of 
disadvantages.  

In other words the decision-making cannot base his resolution on the simple assessment 
of a local area. It is obvious that in some specific cases also an overall disbenefit can be 
acceptable in order to preserve higher values, but cleaver and honest authorities need to be 
aware also of the eventual disadvantages of their policies through an impartial and clear 
quantitative assessment of each case and need to be conscious of potential weaknesses of 
the measures they intend to implement. It is no more acceptable that the assessment of a 
restriction measure is evaluated or presented as results just taking into account the small 
zone the benefits are addressed, without assessing and presenting also what happens in the 
surrounding areas. 

Obviously for asking the policy-makers to be scrupulous in the selection of their policies 
according the assessment of the overall impacts, there is also the need to provide them with 
correct and validated assessment methods which allows this global assessment. 

This is the main goal of ICT-emissions project: to provide a quantitative assessment 
methodology practically applicable in order to evaluate at the urban scale the overall benefits 
or disbenefits in term of CO2 emissions of different ICT or ITS systems application and use. 

Other important tasks of the project are to understand: 

� if the existing simulation tools are suitable to assess the CO2 real impacts, 
� which are the constraints in their use,  
� the correct way of reading their results,  
� the needed essential improvements in their algorithms, and mainly which are the 

correct procedure and the point to focus to do a correct implementation. 

2.6.2. NEED FOR AN ENHANCED “GENERIC” EMISSION INSTANTANEOUS MODEL  

It is now a status of fact that the instantaneous emission models which simulate the 
vehicle dynamics and vehicle engine provide accurate results in terms of of fuel consumption 
and CO2 emissions for the specific standard vehicles. 

Unluckily they need accurate inputs in terms of each parameters for each single vehicle: 
parameters which change according not only to the general data of the vehicle (size, fuel 
types, weight…) but also varying the brand calibration parameters of the powertrain system.  

The collection of these data for all the vehicle driving in a city is not realistic, so there is 
the need of enhancing these tools to allow them to work with “more generic” data and validate 
their results in term of emission in order that the quantitative assessment of impacts is yet 
valid also in case of use of this more “aggregate” model. 
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2.6.3. NEED FOR AN ENHANCED MICRO-SIMULATION ALGORITHMS 

Micro-traffic simulation tool have been developed in these last years in order to better 
manage traffic. However their use in order to assess environmental impacts needs to be 
analysed. 

The requirements they had to fulfil was to get the right level of traffic. In other words the 
main objective of the traffic models is to understand the level of congestions on the network, 
the length of the queue and possibly to evaluate the effects, always in term of traffic, of 
applying traffic management solutions.  

Changes in the dynamics of the vehicles can vary considerably the fuel consumption and 
the relative CO2 emissions. To correctly simulate the dynamic of the vehicle, that is a new 
requirement due to this new impact assessment related with environment: till now this 
(vehicle dymamic) was a secondary aspect not in the main goal of the micro-traffic simulation 
tool.  

Solutions for taking correctly into account the vehicle dynamics have to be explored in 
traffic simulation tool in order to provide also a correct CO2 impacts assessment. The needed 
enhancements of the algorithms used in micro traffic simulation models for better assuring 
this aspect will be one of the goals of ICT-emissions project. 

2.7. THE ARCHITECTURE 

2.7.1. THE MAIN MACRO SCHEMATIC ARCHITECTURE 

According to what has been said in the previous chapter about the need of using a macro 
level simulation approach, the high level approach is the most reasonable, also if, in some 
cases, it needs integration with  micro models. 

The macro architecture has also a good secondary benefit: most cities have already 
implemented a macro traffic model and they have the input data necessary for using it. So 
this approach is easy feasible for cities and therefore needs to be deeply studied. 

 
Figure 3: Macro Architecture 
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According to this architecture the first step is simulating the traffic using the macro-
simulation tools and their main results. In this case the main outputs of the traffic macro-
simulation tool will become the inputs of the emission model. 

The emission model quantifies the CO2 impacts. An intrinsic approximation derived by this 
process is that only the main traffic, the one using the “main” road-network considered in the 
traffic model is taken into account. It is important that the modelers are aware of this fact: if 
too many vehicles and traffic are out of the modelled network, also CO2 emissions are 
underestimated. It is care of a correct modelling of an urban area to avoid that this happens: 
the not-estimated traffic must be a residual part of the overall one. Too much aggregated or 
“too-macro” models have to be avoided or the not-modelled traffic needs to be taken into 
account somehow. 

The main output of the standard traffic macro-simulation tools are for each main road of 
the network: the number of vehicles, the average speed and the congestion level 
(flow/capacity or density). 

The needed inputs of the emission model is the output of traffic simulation tool subdivided 
by fleet composition. 

So the fleet composition is a fundamental supplementary part that can be added or as an 
additional integration sub-module connected with traffic tool or as a  specific database usable 
as input of the emission model. 

 
Figure 4: The macro-simulation and the additional sub-model 

There is the an obvious need of categorizing the vehicle in the traffic models if the data 
need to be used at the level of the Emission model. Focusing at the level of a “urban” cases 
the use a specific fleet composition is important because it can determine big differences in 
terms of emissions. 

As a consequence it is necessary to differentiate at least the percentage of vehicle 
categories using the different roads for the specific urban area of study, in order to associate 
the different speed and congestion level to the correct type of vehicle and correctly provide 
the Emission tool with the different km driven for each type of vehicle for each different speed 
use. 
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This means: 

� an enhancement of the traffic-simulation tool in order to get at last some main 
categorizations of vehicles at the level of macro traffic results3 

� an enhancement of the emission model in order to be able to get contemporarily 
different speeds and kms driven for each vehicle type with adoption of algorithms 
suitable for working at hourly time periods and for road length of hundreds of 
meters 

� a new submodule (Fleet submodule) that using detailed fleet composition data 
interrelate the aggregated traffic data with the disaggregate fleet compositions as 
needed for the Emission models 

� a new submodule (Traffic vs Emission Integration tool) that prepares the output 
data of the traffic model plus the outputs of the new Fleet-submodule in suitable 
input data for the Enhanced Emission tool. 

 
Figure 5: Final Architecture of MACRO-simulation for CO2 assessment 

2.7.1.1. Applying the Architecture using the Commercial tools: MT.MODEL & COPERT 

Tests will be done with some existing tools in order to verify the correct use of the 
architecture and the proposed methodology. Regarding macro modeling the tests will be done 
using MT.Model for traffic simulation (a commercial tool belonging to IVECO CSST which is 
very similar to the most famous and spreadly used tools used in EU) and COPERT (one of 
the most used emission tool) for CO2 estimations. 

                                                 

3 Most of the macro traffic models refer their output to the private vehicles, for assessing the CO2 emissions of traffic it is 
important to consider also Public Transport vehicles. 
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The inputs of MT.MODEL – TROAD, as for most of the traffic simulators, are: the Mobility 
Demand (Origin Destination –OD- Movements matrices), the network characteristics (Graphs 
of the main roads and their characteristics in terms of performances for the traffic) and the 
travel costs (Cost functions). The standard outputs are: the number of vehicles, the average 
speed and the congestion level for each of the links of the selected road network in the area 
of study.  

The OD demand and consequently the correspondent outputs refer to the total number of 
vehicles or to the so called “homogenized” total of vehicles. In this last case (frequently used 
in many traffic models in EU) the vehicles moving in a road are “homogenized to a car” in 
term of “creating congestion / occupying the length of the road”. So, because a commercial 
vehicle or a heavy truck disturbs the traffic more than one car, vehicles are turned into 
“equivalent vehicles”, giving each type of vehicle a corresponding weight according to their 
road occupation. 
 

����� � ��	� 
 � ∗ ��� 
 � ∗ ����    

where:  
i   link of the graph 
Flow  total homogenized volume of traffic (number of homogenized) vehicle on the 

link i 
Car number of car on link i 
LDV number of light duty vehicles on link i 
HDV number of heavy duty vehicles on link i 
α,β “weights” for the different type of vehicles 

 

When using a  macro traffic model for getting the output-results that will be used as input 
for the Emission model, the requirement is to provide the “numbers” of vehicles “per 
category”, but this is not a standard output of traffic models, so the modelers have two 
possibilities:  

� using the Multi-class assignment: i.e. using a special algorithms already existing in 
MT.Model (and also in similar tools) that allow to simulate separately the different 
classes (i.e. types) of vehicles; 

� implementing a post-processing routine that, using the internal data of the traffic 
simulation model, allows to provide the number of vehicles by classes on the 
different road (or by road type) in order to provide the needed required detailed 
results necessary for the environmental assessment. In particular this module will 
extract also the number of the public transport vehicle from the whole traffic value.4 

The two methodologies and the deep analysis on this issue will be described in details in 
the specific document which will describe the enhancement of the traffic model tools. 

                                                 

4 If it is the case this module will extract the public transport vehicle traffic from the whole traffic value. In some cases in 
MT.Model (as in most of the traffic simulation tools) the PT vehicle are pre-loaded in the network (in the fixed routes) and are 
summed up to the other vehicle flows. The buses emissions are obviously different by the other type of vehicles and need to be 
correctly extracted. 
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In any case the class of vehicle that a traffic model can provide is a limited one: the 
number of categories can vary from a minimum of one (just the number of the total of 
vehicles) to a maximum than rarely overcome 10-12 classes. This mean that it is needed a 
subroutine is needed in order to distribute correctly the data among the hundreds type of 
vehicles subdivided by fuel type, age etc. needed to correctly estimate emissions. 

Providing the fact that the detailed fleet composition is known at the global city level (or at 
least at the national one), and that some information on flow measurements in sections of the 
network subdivided by main classes and type of roads are generally available in most of the 
city, a submodule for distributing the main classes in the detailed one using the information of 
the global fleet composition, the specificity of the subdivision in classes for type of road the 
specific urban area and the measurements info is obtainable. The details of the development 
of this submodule will be described in a specific document. This submodule should also care 
of specific network data which influence the emission such as the gradient. These network 
characteristic obviously have to be correctly correlated with the traffic output of the traffic 
model. 
 

 
Figure 6: Architecture with MT.Model & COPERT 

The emission model COPERT generally gets as input the number of kilometers driven on 
just three types of road (urban, rural, motorway) with relative average speed. So for each 
vehicle type and “urban” road the inputs are the total number of driven kilometers and the 
average speed. For each type of vehicles in urban context , the outputs of the traffic model 
state that some kms are driven in certain average speeds and other kms in other average 
speeds; furthermore in some cases, according to the type of road, the same average speed 
can refer to  different “congestion levels”: these levels that can be easily provided by the 
traffic tools. These detailed info can be used to improve the correctness of the quantitative 
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emission impacts of the traffic, so COPERT needs to be extended in a way for allowing to 
work with this more detailed data and using more accurate emission functions, i.e.  more 
accurate emission functions also based on congestion levels. The details of the development 
of this sub-module will be described in a specific document. 

In theory a sub-module that prepares the traffic output data in order they are more suitable 
to be used by the Emission models is expected. 

In the next steps of the project the developments of the enhanced models will be done 
and tested. 

2.7.2. THE MICRO MODELS AS PART OF THE COMPLETE ASSESSMENT ARCHITECTURE:  

The Macro Assessment architecture that has been described is suitable for most of the 
ITS systems which have an already known global effect on traffic (such as Access 
Restriction, rerouting systems, etc), in other words to the policies that mainly affect traffic 
distribution and traffic volumes.  

Some of the ITS systems and in particular the ICT devices installed on a vehicle, provide 
impacts at the level of speed profile or at the level of “vehicle” engine dynamics. In these 
cases the emission impacts cannot be obtained if the assessment is done just at the level of 
the classic macro models as described in the previous chapters. Actually, it is necessary to 
use micro-traffic models which provide the speed variation by second for each vehicle and 
micro emission models which provide the calculation of emissions by driveline simulation. 

The emission quantification in these cases can be precisely provided by the instantaneous 
emission models which are quite accurate in calculating fuel consumption for each specific 
vehicle when they are fed with the actually driven speed profile, road gradient and vehicle 
load. 

  
Figure 7: MICRO models architecture 

In the traffic simulation tools, each vehicle is simulated according to typical characteristics 
which influence the traffic behaviour (such as the length of the vehicle, the expected 
maximum speed, the acceleration value etc). Typically the vehicles are gather in two 
categories: light and heavy.  

The network is described in detail with physical and performance characteristics: lanes, 
turning manoeuvres, length, width and speed limit for each link and type of device (traffic light 
with their customisation etc.). 
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Using the constraints due to network, the desired and feasible speed of each vehicle 
moving in the network is obtained considering the algorithms for simulating the behaviour 
(such as “free” plus “following” plus “lane changing” conditions) and the congestion and the 
constraints due to traffic. The traffic model provides the traffic status on the network. 

The above statement means that the also micro case requires to enhance the traffic 
model, in order to provide results in line with the emission model demands, such as providing 
the “not standard” output of speed profiles per vehicles. Furthermore, an effort from the 
modellers is needed in order to improve the type of vehicles distribution.  

On the other hand, the instantaneous emission model needs to be enhanced also to 
provide “more aggregated” results for feasible and reasonably obtainable data at urban level  
(such as accept as input characteristics for “types” of vehicle and not only specific for “each” 
single vehicle). 

 
Figure 8 Micro models Integration Architecture 

Since the instantaneous emission tool looks at the real dynamics of the vehicle, the 
provided speed profile should be in line with the really existing vehicle present in those areas: 
as previously described, to be fully congruent with the vehicle dynamics was not the main 
“originally” objective of the traffic simulation tool. As we will deeply describe in the “example” 
chapters (see § 4), the algorithm inside the microsimulation tool can be improved to be more 
aligned with the “real” dynamics (nowadays, many data of measured speed profiles exist, so 
that  there is the possibility to modify in a proper way the existing algorithms to better simulate 
reality also for these parameters). 

Another interesting and precise solution is to integrate the traffic model with a Vehicle 
Control model: this integration will allow extracting part of the calculation done by the 
simulation tool and will ensure that this is done by a vehicle simulator tool that is most 
accurate in providing the vehicle dynamics.  
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Figure 9 MICRO models enhanced architecture  

This integration is useful for better simulating the classic vehicles and provides the optimal 
solution to the previous issue of the vehicle dynamic accuracy.  

This integration is mandatory for simulating the “future equipment” of specific vehicles 
such as Adaptive Driver Assistance Systems (ADAS), in which most of the driven features are 
automated and the vehicle response is quicker and more accurate than the one of the human 
driver. In this case, the response of the vehicles needs to be simulated in a detailed and 
specific way. 

Because, in some cases, the variation in vehicle dynamics can influence the variation in 
the speed and the position at each step of the traffic simulation tool, this enhancement has to 
be fully integrated in the traffic simulation tool as an enhancement of the traffic tool or as an 
external module running in real time with the simulation tool. 

This consideration leads to the final version of the Micro architecture, see following figure. 

 
Figure 10 Final MICRO Architecture 
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2.7.2.1. Applying the Micro Architecture using the commercial tools: AIMSUN & CRUISE & 
MESSINA 

In order to verify the correct use of the architecture and the proposed methodology, tests 
will be done with a number of existing tools AIMSUN for traffic simulation, AVL CRUISE for 
micro emission simulation, and MESSINA for the vehicle control model. 

The inputs of AIMSUN comprise the network characteristics (detailed graphs of the road 
network and their characteristics in terms of performance for the traffic), the Mobility Demand 
(Origin Destination Movement matrices, or the turning flow at the entry-exit links), the travel 
costs (Cost functions), the vehicle base characteristics (length, width) and those related to the 
performance  (max acceleration, max desired  speed) and the car-following parameters that 
establish the driver behavior according to the car-following model. The standard outputs  per 
link are: the statistical flow and speed of the sections of the road network and the paths 
followed by the vehicles moving from the origins to destinations (with typical characteristics 
such as tracking position and speed profiles).   

The inputs of the emission model CRUISE are connected to the physical description of the 
vehicle being simulated. That means mass and drag, engine,  gearbox, wheels and controls 
when needed. The input also includes the desired velocity versus time. 

In the course of the simulation as well as at the end of it, a complete set of outputs is 
available to the user in order to analyze the behavior of the vehicle, such as fuel consumption 
and emissions (cumulated and instantaneous), current velocity, covered distance and 
engaged gear. However, the speed profile of the vehicle needed in the emission model is not 
provided as standard output of the traffic microsimulator.  This, in combination with the high 
number of simulated vehicles inside AIMSUN (>1000),  asks for the development of a specific 
interface in order to reduce overall runtime. Although of significant advantage, parallel 
computing is not essential to get the desired results. 

The algorithm inside the microsimulation tool can be improved to be more aligned with the 
“real” dynamics; this integration is important for simulating ecodriving as it will be described in 
detail in following. 

Provided that the detailed fleet composition is known at the city level (or at least at the 
national one), and that some information on flow measurements in sections of the network 
subdivided by main classes and type of roads is also generally available in most of the city, a 
submodule for distributing the main classes in the detailed ones using the information of the 
global fleet composition, the separation of the subdivision in classes for road types in the 
specific urban area and the measurements info is also possible. 

The details of the development of this submodule will be described in a specific document. 
This submodule should also accommodate specific network data which influence the 
emissions such as road gradients. These network characteristics obviously have to be 
correctly correlated with the traffic output of the traffic model. 

One question to be answered is if it is necessary to simulate the entire fleet of vehicles in 
the micro emission simulation. The high number of vehicles is associated with long simulation 
times and a high value of required disk space. What will be checked is if it is sufficient to take 
a representative smaller number (e.g. 200 vehicles), run the simulations for this number only 
and then make assumptions for the fleet emissions based on this number. 
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Figure 11: Architecture with AIMSUN & CRUISE 

In order to simulate ADAS, as explained above, we will integrate MESSINA (a vehicle 
control model) in this architecture. 

The optimal way of the coupling using the tools available in the consortium would be to 
install AIMSUN as master which controls the basic vehicle flow. AIMSUN passes information 
on the instantaneous velocities, positions and headings of the vehicles in the simulation and 
on the vehicle types/classes to a general layer(which is yet to be developed), from where 
CRUISE and MESSINA can access the data. As described in more detail in Section 4.4.1, 
MESSINA feeds the vehicle data into an ADAS / Driver module which implements several 
controllers for the Gipps model or for ACC. 
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Figure 12: Architecture with AIMSUN & CRUISE & MESSINA 

For the coupling between AIMSUN and MESSINA a feedback channel from MESSINA to 
AIMSUN is necessary, which provides the instantaneous velocities of the vehicles for the next 
simulation step. This can be done through the same interface. For the coupling to CRUISE, 
only a unidirectional coupling is necessary, as a vehicle dynamics model is already included 
in MESSINA. The vehicle dynamics model in MESSINA is a coarser model than CRUISE, 
providing and handling generic vehicle types. However, it is able to handle hundreds of 
vehicle instances at once in a simulation step. Hence, in the described micro architecture, the 
vehicle dynamics model in MESSINA is used to adapt the speed profiles of the vehicles from 
the simulation taking into account their characteristics (mass, aerodynamic drag, torque 
curves etc.), while a detailed emission analysis is done afterwards by CRUISE. 

The requirements is to develop integration tools in each models and a common data 
exchange layer among AIMSUN, MESSINA and AVL CRUISE for  automating the evaluation 
process and to get it feasible in the use and in the computational time.  

2.7.3. THE COMPLETE ARCHITECTURE: MACRO & MICRO 

Given the amount of detailed input data needed to apply micro-simulation models, it is 
obvious that these models can be run only for “local” cases. However, since it is necessary to 
evaluate in detail the ICT/ITS measure at the level of the whole urban area (with some 
specific exception), the assessment provided at the micro level must be brought at the urban 
level as well. 

To bring at the urban level also the assessment provided at the micro level will be done by 
interacting the micro model with the macro model. 

Consequently o be complete the model architecture has to provide the relation from Micro 
to Macro. 

This can be done with two methods: 
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1. directly at emission level: in this case a methodology for extrapolating the local 
input to the global one will be provided 

2. exporting the micro traffic/dynamic effect from the enhance microtraffic+vehicle 
control dynamics to a macro traffic effect: in other words the project will research 
for proper functions and algorithms for enhancing the Cost function at Macro traffic 
level to simulate better the ICT/ITS effect as obtained at micro level. 

 
Figure 13: Final and Complete Models Architecture 

The complete architecture is quite complex to describe  in a more exhaustive way. A 
detailed description of the overall architecture applied in the ECO-DRIVING is given in 
chapter 4 “EXAMPLES OF ITS ASSESSMENT - ENHANCED ALGORITHMS AND 
INTEGRATION TESTS”. 

2.8. ASSESSMENT PROCESS 

The complete process for assessing the benefits is quite complex and the next 
paragraphs will describe it in details starting from defining the expected impacts to be 
assessed (the affected parameters) and the required properties and finishing with the whole 
assessment procedure. 

2.8.1. THE IMPACTS OF THE  ITS  MEASURES: THE AFFECTED PARAMETERS 

Performance measures are required to be operational with respect to the objectives listed. 
Accordingly, they are required to satisfy some of the properties that by definition constitute 
their selection criteria. The following properties or requisites characterize performance 
measures: 

� Measurability: performance measures should be measurable with available tools and 
resources, costs should be reasonable with respect to budget, accuracy levels should 
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be comparable with respect to requirements and data should be retrievable through 
field measurement. 

� Predictability: performance measures should allow to compare future alternative 
projects or strategies, and also to use existing forecasting tools for its definition.  

� Clarity: performance measures should be understandable to policy makers, 
professionals and also the general public.  

� Usefulness: performance measures should be a direct measure of the issue of 
concern, either to cause further study or action to occur, or to diagnose transport 
deficiencies and their causes.  

� Temporality: performance measures should be comparable across time, namely 
should be able to express the temporal extent of congestion or other conditions, and 
should fit the timeframe of analysis and action.  

� Geographical scale: performance measures should be applicable to the appropriate 
geographical level (national, regional or local) and should be useful at that same level.  

� Control: performance measures should allow the planning organisation to control and 
correct the measured characteristics.  

� Relevance: performance measures should be relevant to planning and project design 
processes, and their reporting should provide decision-makers with relevant 
information for their decision making processes.  

The benefits/disbenefits for the environment due to the implementation of an ITS measure 
can be estimated by evaluating the impacts of the measured traffic or evaluating vehicle 
parameters whose value influence the energy consumption or CO2 emissions. 

The main parameters (in the following called “the affected parameters”ones) which have 
this influence are: 

� Traffic volume: the number of vehicles running on the roads influences the energy 
consumption and pollutant emissions.  

 
� Traffic composition: the energy consumption and the pollutant emission vary 

according to the type of vehicle (i.e. low consumption vehicles versus normal ones) 
and its characteristics and installed optional devices (e.g. in the case of ITS measures 
involving eco-driving systems). Then according to the fleet composition in the network, 
different environment impacts can be obtained. 

 
� Driving dynamics: the energy consumption and the pollutant emission vary 

according to driving speed profile during the use: acceleration is one of the 
parameters which influence the fuels consumptions. 

� Average speed: the average speed of vehicles in the road is one of the parameters 
which can be obtainable at macro scale, the variation of the average speed imply a 
variation in energy consumption.  

 
� Road: the change in road supply and then in road performance: such as speed limits 

variation. 
 

Each ITS measure provides modifications at least in one of the previous listed 
parameters.  
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The analysis of each ITS measure will identify which parameters are “mainly” affected by 
the specific ITS measure providing a potentially relevant modification in total emissions (see 
the chapters 
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3 ITS MEASURES: DESCRIPTION 

3.1.1. THE EVALUATION METHODOLOGY 

The defined impact evaluation process defines that the estimation of the benefits of the 
ITS measures will be done through the runs of scenarios selected within the predefined 
simulation scenario matrices. 

In the following paragraphs the methodology for evaluating the potentially affected 
parameters is presented for each of the ITS measure of interest of the project.  

Some of these will be selected to be simulated in order to get the estimation of the 
impacts. 

The impacts 

To get a correct impact evaluation of the ITS measures it is necessary to define the 
transport and vehicle elements that allows to interpret correctly the results obtained by the 
model simulation, providing the right values/weight. 

To get the overall view of the impacts of a measure on the total traffic it is necessary to fill 
in the multi-dimensional matrix of the significant feasible cases.  

When the simulations are not referred to a specific case but intend to provide an indication 
of the benefits in different environments they should be run taking into account: 

� the variety of traffic supply (types of roads/networks) 
� the traffic level (depending of the mobility demand) 
� the traffic composition 
� the measure implementation cases (measure scenarios). 

3.1.1.1. Traffic Supply 

3.1.1.1.1. Road types 

The roads can be classified in different ways. A basic classification is: 

� Motorway 
� Extraurban roads 
� Urban roads 

The ICT emissions project is focused on local, i.e. urban cases, but some measures need 
to be evaluated in other contexts: such as motorways. 

3.1.1.1.2. Road structure 

The simulations vary accordingly to the structure of the roads in the area of study:  

� Corridors 
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� Networks: the network can be subdivided according to the size from the “Simple 
intersection” to a complex network representing a whole city (or region or nation). 

The selection of the road structure and the size of the network must be customized 
according to the possibility to correctly simulate the traffic and the specific measure.  

In some cases it is necessary to get an acceptable compromise among the inputs 
(available or obtainable), parameters for calibration parameters and the desired extension of 
the study area. 

3.1.1.2. Traffic Level 

The impacts of an ITS measure vary according to the congestion level which depends on 
the supply performance and the mobility demand. 

The level of traffic can vary in a continuous way and the scenarios for simulation are 
potentially infinite. With focus to the frequency of situation present in real traffic it is possible 
to clusterize the traffic level based on their frequency in real traffic. 

The standard levels of traffic used to exchange information on the traffic status between 
the control traffic centre and the user information center is the LOS level (Level Of Service 
[40]). 

A good compromise, normally used in planning evaluation – as in literature on the use of 
traffic models at urban level - is the selection of three cases: 

� Peak case (congested traffic) 
� Smooth case (medium level of traffic) 
� No congestion case 

3.1.1.3. Fleet Composition / Vehicle Type Characteristics 

According to the type of measure to be simulated also the fleet composition and the 
selected type of vehicles can potentially change the results. In these cases it is important to 
define the potential case of fleet composition. The base case, should represent the real 
“business as usual” status. The “business as usual” reference scenario generally varies 
according to the context (e.g: urban or motorway), while the “future” scenarios are 
modifications of this reference case. 

3.1.1.4. The Base and BAU Scenarios 

Figure 14  illustrates the base scenarios matrix. Each scenario is defined according to a 
Road Context (type of road) for instance urban network, one traffic level (according to the 
level of traffic congestion) and a certain traffic composition. The possible scenarios created 
according to these three levels of structure (road type, traffic level, fleet composition) 
determines a multi-dimensional matrix of potential scenarios. According to the study area 
(urban – extraurban- highway) and the period of time we can get different situation as they 
are now on the network (according to the day type and the hours there is a variation in 
mobility demand and consequently in traffic composition and in traffic congestion level). 
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The base scenarios matrix is the overall container from which the interesting scenarios 
needed to be simulated for assessing the ITS measures will be extracted and defined.  

Considering the two dimension matrix referred to the traffic level and road type generally a 
minimum of 9 scenarios are considered. These nine cases represent the combination of three 
traffic levels (Peak case, Smooth case, Not congested case) and the three main type of roads 
areas (urban, rural/extra urban, motorway). 

Starting from this “presents” scenarios case (the “Reference” scenarios), the ITS 
measures are applied. Obviously the application cannot be “immediate” but they are “future” 
hypothesis. So we can call them “future” scenarios. In some cases to be more precise in 
evaluating the effect of the measures according to what it is forecasted it will be the reference 
future status of traffic, forecasted “reference” scenarios starting from the “base” scenarios are 
implemented. These are called the Business As Usual (i.e. the status you’ll get without 
applying nothing but considering only the forecasted standard evolutions) scenarios. In the 
easier case the BAU scenarios correspond to the Base-reference scenarios. 

 
Figure 14: The base scenarios matrices 

3.1.1.5. The future ITS scenarios 

Starting from the BAU scenarios, for each of the ones selected as interesting for the ITS 
measure the modeller intend to assess, a “future” scenarios with the implemented measures 
is prepared. 

In some cases the measure can be implemented in different ways. In this case more 
“future” ITS scenarios for each of the BAU scenarios are implemented and tested. 

Considering the ITS implementations the number of testing scenarios (BAU ones and their 
correspondent ITS application ones) doubles at minimum. 
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3.1.2. METHODOLOGICAL PROCESS 

The simulation methodological process has a basic structure made of the following steps 
(Figure 15: Structure of the methodological process): 

1. The first step is the preparation of the set of the different cases that well represent the 
real use of the measure. As described in the previous chapter there is the need of the 
definitions of  

a. Study area with different road types and structures 

b. Traffic levels 

c. Fleet composition 

2. For each study area the simulation models have to be calibrated (with available real 
data). A realistic traffic level and fleet composition has to be selected as 
representative of the real case (base case / state of reference). These will be the 
Business As Usual scenarios, in case the measure will be applied in far away in the 
future, the BAU scenarios will be the calibrated present ones with the forecasted 
changes to properly simulate the future case in case. 

This is the first essential step that allow to get the “0 scenarios” or “reference 
scenarios” to be used as comparison with the scenarios in which the ITS measure are 
applied: the differences will provide accurate benefit/dis-benefit results. 

 
Figure 15: Structure of the methodological process 
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3. Depending on ITS measure to be simulated and the expected implementation and 
impact, a selection of the interesting cells of the overall BAU (Business as Usual) 
scenarios matrix is made. 

It is useless for each ITS measure to simulate its impacts for each cell of the 
scenarios matrices, because some ITS can be applied only in given context or it is 
already know that in certain case the benefits or disbenefis are minimal: for instance 
the “ramp metering” can be simulated only in an study area which include motorway 
corridors and ramps. 

4. The list of evaluation/future scenarios is now defined taking into account the 
application case of the specific ITS measure to be simulated. 

5. Once the matrices of base scenarios and the list of “future scenarios” have been 
defined, they have to be simulated with traffic models. 

6. If the  type of results of the scenarios are not yet ready for the emission models, the 
integration sub-models have to be run. 

7. Running the emission models. 

8. At last the value of the benefits/detriments of the measure implementation is 
quantified comparing the BAU (reference, base) scenario and the evaluation (future 
with ITS implementation) scenarios simulation results. 
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4 EXAMPLES OF ITS ASSESSMENT - ENHANCED ALGORITHMS 
AND INTEGRATION TESTS 

4.1. EXAMPLE  OF APPLICATION  OF THE METHODOLOGY:  THE ECODRIVING 
CASE 

4.1.1. INTRODUCTION TO ECODRIVING ITS MEASURE 

The promotion of an energy-efficient style of driving is a measure that can have an 
important impact on fuel consumption. This could be made after the trip with the off line 
analysis of the data collected during the trip, or during the trip suggesting the correct 
behaviour to the driver while he is driving.  

Eco-driving is a way of driving that uses less fuel. The characteristics of eco driving are 
generally well defined and easily characterized. It involves following a set of techniques such 
as upshifting to avoid engine speeds over 2500 rpm, maintaining steady vehicle speed, 
anticipating traffic, accelerating and decelerating smoothly, and avoiding long idles.  

Although most eco-driving techniques include to lower highway speed, it is most common 
for city or urban driving, where fuel savings can be achieved without lowering average speed 
or longering travel times. There are wide ranging estimates of the fuel that drivers can save 
by employing these and other, related techniques for saving fuel and, therefore, reducing 
CO2 emissions. “Table 7: Summary of potential fuel savings identified in the eco-driving 
literature” summarizes the fuel savings projected by some of these studies. Additional 
estimates are summarized by ITF (2007). In general, over the long term, a 5 to 10 percentage 
of reduction in fuel consumption seems feasible through eco driving. However, the 
percentage of fuel that can be saved reflects a combination of 1) people’s willingness to drive 
differently and 2) the sensitivity of the specific vehicle to changes in driving aggressiveness. 

On the other side, several studies indicate that eco driving increases environmental load 
when it is congested. In these studies, the negative impacts on traffic flow caused by 
congestion (both original congestion and subsequent congestion caused by eco driving) 
overweigh the total benefits obtained from each eco-driver. Such a trade-off between 
individual eco driving gain and traffic flow loss must be carefully identified, and is necessary 
and worthwhile investigating before implementation. 

Quantification of the impacts of eco driving on CO2 emissions and traffic flow is essential 
to design an effective program in terms of both costs and impacts for the European situation, 
reflecting positive as well as potential negative effects 

In this section we discuss an evaluation method to investigate impacts of eco driving on 
traffic flow, which is expected to provide useful information to improve existing eco driving 
strategies, to identify where and when to implement eco driving, and to cooperate with other 
traffic control strategies.  
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Table 7: Summary of potential fuel savings identified in the eco-driving literature 

Study Study Type and Size Short -
term Long-term 

Quality Alliance 
Eco-Drive (2004) 

  11.7% 
Driving instructors and experts in 
Switzerland 

 
12% (8 months) 
21% (17 months) 

Eco-Drive course  12% 
Simulator course 15% 17% 
Simulator driving  25% (max) 
Eco-training as part of the new driver 
training 

 0% 

Henning (2008) 
(Ford of Europe) 

German-wide (1998-2000); 300 
participants 

25% 
(average) 

15% (max) 10% 
(average) 

Leipzig Motor Show; (74 people 
trained) 

26.1%  

Frankfurt Motor Show; (765 people 
trained) 

20.65%  

FIAT eco-drive 
(2010) 

Study based on 150 days in 2009 
with 428.000 trips done by 5.700 
customers with their cars in Italy 
France Spain UK 

 
6% average 16% 
maximum 

Ford Motor 
Company (2008) Intense 4-day class 

24% 
(average) 

 

Onoda (2009) Summary of Eco Drive Program in 
Europe 

5 to 15% 
5% (no feedback) 10% 
(w/ feedback) 

Vermeulen (2006) Study by TNO: 24 drivers over 
predefined route 

 
7% (gasoline) 8 to 10% 
(diesel) 

Taniguchi (2007)  Study of eco driving training 20%  
Beusen and Denys 
(2008) 

VITO study of 8 drivers following 
training 

 -1.7% to 7.3% 

Beusen et al. (2009) VITO study of 10 drivers following 
training 

12 to -3% 5.8% (average) (4 months) 

Barth and 
Boriboonsomsin 
(2009) 

Simulations with limited real-world 
experiments 

10 to 20% 

Bragg (2009) 
(FuelClinic.com) 

620 FuelClinic.com users following 
driving tips 

5.23% 

Saynor (2008) (Ford 
Motor Company) 

Driving trials by Ford Motor 
Company and Energy Savings Trust: 
total of 494 drivers 

17 to 25%  

Mele (2008)  
35% 
(average)  

WBCSD (2008) 
Fuel economy training courses 
offered by Volkswagen and 
Naturschutzbund Deutschland 

13% 
(average ), 
25% (max) 

 

4.1.2. CO2 ASSESSMENT METHODOLOGY 

The CO2 assessment is provided quantifying the impacts using suitable and adapted 
mathematical models, as described in 2.4. 
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Because of the complexity of the measure, the whole process and the whole complete 
architecture need to be applied in this case.  

In fact the specific impact of this measure is influenced by the dynamics of the vehicle so 
it is necessary to model the measure also at MICRO level. The MACRO effect will be derived 
as a consequence using specific methods for extrapolating the effects from micro to macro. 
Obviously the two different models should have the same context so the complete 
architecture will be applied in this case – starting from the relationship MACRO to MICRO. 

4.1.3. MODELS 

The case is exemplified using the following commercial tools: MT.MODEL, COPERT, 
AIMSUN, CRUISE, MESSINA. The mathematical models implemented in these SW tools are 
very similar to most of the others existing on the market. In other word the conclusions 
obtained with this example can be easily extrapolated to other SW contexts.  

The analysis shows that most of the mathematical models cannot be used as they are in 
the existing SW tools but need to be enhanced in term of interactions (submodels to be 
implemented) and improving existing algorithms. 

4.1.4. AFFECTED PARAMETERS AND IMPACTS FOR ECODRIVING 

The impacts are mainly at level of the specific vehicle which is ecologically driven. To 
reduce fuel consumption, the eco driver must change his behaviour on the road. 

If only a few vehicles are ecologically driven, only a few vehicles near these can be 
influenced and there is a limited impact on the global network in terms of traffic level; but with 
a large penetration rate, the traffic on the network may have a global variation. 

4.1.4.1. traffic supply 

In terms of road context, the measure can produce impacts both at urban, extra-urban and 
highway level. 

4.1.4.2. traffic level 

This measure provides benefits only in case the driver can change his behaviour. 
Excluding the condition of blocked traffic, it is reasonable to simulate all others traffic levels in 
order to evaluate impacts of the eco driving measure. 

In a situation of low traffic, the driver has the maximum freedom to change his behaviour. 
He can improve his ecologically driving style by decreasing its average speed and keeping it 
as constant as possible, and changing the way to brake and accelerate when approaching or 
leaving intersections, traffic lights, roundabouts, etc.  

If the traffic level is high, the driving behaviour is influenced also by the interaction with the 
other vehicles on the road. The eco driver must change his behaviour in relationship with the 
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preceding vehicle in terms of acceleration, deceleration, reaction time and safe distance (car-
following laws). 

4.1.4.3. fleet composition 

In order to evaluate the benefits provided from this measure different penetration rates of 
eco driving vehicles will be analysed, for example 10%, 50% and 100%. 

4.1.4.4. scenarios 

The following table summarizes the scenarios useful to assess Ecodriving measure in 
terms of saving of CO2 for all interesting cases. 

It includes the combination of the cases: Free Flow, Medium Flow, Congested traffic each 
of them for the three roads context: urban, extraurban and Highway with at least two or three 
different fleet composition according to the percentage (10%, 50%, 100%) of eco-driving 
vehicles. 

 

 

Figure 16: Eco-driving Scenarios 

 

4.1.5. METHODOLOGY FOR QUANTITATIVE ASSESSMENT 

The evaluation of impact of ecodriving measure is computed at macro level, with the 
comparison between CO2 emissions of base case (BAU) and of the ecodriving scenario. 

The following paragraphs show the methodology designed for the assessment. 
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4.1.5.1. Base case (bau): reference scenarios 

In this paragraph there is the description of the process for implementing the base case 
(i.e. the reference ) scenario.  

In order to evaluate the ITS measure in a Wider geographic area in theory the modeller 
designs and calibrates the macro model in the standard situation (without measures). Starting 
from that, using macro emission models, the modeller should compute the total amount of 
CO2 emitted without the measure application. This scenario represents the base case of 
reference which will be compared with the one with the ITS implemented. The Variation in 
term of total CO2 in the two scenarios provide the benefits or disbenefit of the measure (in this 
case of the eco-driving implementation). 

Unluckily the Ecodriving effects need to be evaluated at MICRO level in order to quantify 
its impacts. Given the high request of detailed inputs the MICRO level can be implemented 
only in a “local” areas. Anyhow it is important to get the “detailed” results also if for only an 
“extracted” part of the whole area of study. The results so obtained will participate in refining 
the Macro level parameters and will allow to implement the Macro simulations. 

The final quantified impacts are expect to be evaluated at Macro level, so it is necessary 
to maintain a correspondence between MACRO and MICRO.  

In the hypothesis to have a Macro-Micro submodel tool (see § 4.1.6.1.1) it is possible to 
get the ‘micro-model base case scenario’ connected to the macro model scenario. The 
modeller needs to export from the Macro model the parameters needed to get a proper micro 
simulation. 

At micro level, providing the outputs of the microsimulation model as inputs for the micro 
emission model, we can compute the total amount of CO2 emitted in the micro area. 

The following scheme shows the process to obtain the base cases results in terms of total 
amount of CO2 in macro and in micro area. 

 

Figure 17: Interaction Macro versus Micro 
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4.1.5.2. Ecodriving case  (MICRO level) 

At MICRO level the output of the traffic simulation tool should be used as input of the 
emission model. The dynamic of the eco-driving vehicles is different from the “standard” ones.  
The differentiation in type of vehicle, i.e. in type of  users in important. 

For simulating ecodriving measure, we use the multi-user assignment implemented in the 
micro simulation model.  

Depending on the of type of scenario, we divide the matrix OD in two classes (for example 
10% ecodriving users and 90% standard users) : 

• standard user, regulated by standard car-following law and  standard parameters 

• ecodriving users regulated by “ecodriving” car-following law, and ecodriving 
parameters 

The results of ecodriving micro simulation are inputs of micro-emission model. 

The following scheme shows the process to obtain the ecodriving micro model case. 

 

 

Figure 18: Micro simulation 

 

The hypothesis is that the Traffic Micromodel simulates correctly the vehicle dynamics, in 
order to provide enough detailed input for the Emission model. This is possible: there is only 
the feasible requirement, described in chapter 4.4, that microsimulation algorithms are 
corrected considering a more “feasible” dynamics at the level of traffic micro-simulator (see 
Enhancement in algorithms § 4.1.6.2 and 4.2) and also that the traffic tool be well integrated 
with a suitable vehicle control model: this means developing and implementing submodels for 
appropriately Integrate Microsimulation tool and Vehicle Control model –(see Enhancement in 
integration between traffic Microsimulation and Vehicle Control model § 0. and §4.4).As also 
pointed out in § 4.1.6.4, the parameters in the Gipps model have to be chosen in a way that 
the ADAS / Driver model in Figure 52 produces a speed profile such that the emissions of the 
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vehicle are minimum. This is an optimization problem which will be further investigated in this 
project. 

4.1.5.3. Ecodriving case: Final Impact Assessment (Macro level) 

For finalizing the assessment it is necessary to bring the overall assessment at the Macro 
level. 

The driver behavior in the macro models is represented mainly by the cost-functions. In 
order to transfer the ecodrive simulation results from Micro level to Macro level, we define the 
cost-functions of the Micro scenario and we use them for updating the parameters of the 
Macro model cost-functions (see New Tool Micro-Macro §4.1.6.1.2). 

With this update, we can simulate the ecodriving measure at macro level. The outputs of 
the traffic tools appropriately used as inputs of Macro Emission tool provide the CO2 tonnes 
emitted. 

Comparing the results of macro traffic simulation of ecodriving scenario with the ones 
obtained in the reference (BAU) one, we can calculate the variation of total emission of CO2 
using the macro emission model. 

The following scheme shows the process to obtain the ecodriving macro model case. 

 

Figure 19: Interaction Micro versus Macro 

4.1.5.4. Quantitative assessment (Macro level) 

In order to evaluate the benefits of ecodriving measure in terms of saving of CO2, we can 
compare the total emission at Macro level of base case scenario versus ecodrive case 
scenario. 
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Figure 20: Impacts results: Comparison of Total CO2 in Reference (BAU) Scenario and Total CO2 
in Eco-drive Scenario 

4.1.6. NEW MODEL DEVELOPMENTS AND ENHANCEMENT OF EXISTING ALGORITHMS FOR 

ECO-DRIVING SIMULATION 

As described in the previous paragraphs to get a proper assessment the models need 
integration tools and improvements in existing mathematical algorithms. 

In the following paragraphs there is a short description of the main enhancements needed 
and developed. 

4.1.6.1. New Mathematical SuBmodels Macro vs Micro and Micro vs Macro 

According to the “complete” architecture there is the need of transferring nformation 
between the Macro and Micro models and viceversa. This is possible if the two levels of 
models are comparable and they refer to the same geographical area: being the micro area of 
study a subset (more detailed) of the macro one. 

The two main inputs of the traffic simulation tools are the Network description with its own 
characteristics and the Mobility demand.  

The micro simulation area can be considered a subarea of the macro simulation one.  Its 
characteristics should be the same in both models in terms of traffic flows and average 
speed. 

In the common area, the two models should have: 

• Similar network infrastructure (structure and performance characteristics such as 
speed limit, traffic lights, number of lanes, etc.) 

• Similar cost-functions 

• Similar Mobility demand (comparable Origin Destination Movements Matrix) 

The parameters involved in the definition of characteristics of network are the input 
parameters in both models. In the calibration phase of the base scenario it is necessary verify 
that the two input data of the two models are the same. 
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The structure of the network can be “constructed” in an analogy form in the micro and 
macro context directly during the implementation phase made by the model expert. 

Viceversa for the OD Matrix and the Cost-functions cases it is necessary to define some 
procedures or tools to ensure the connection between the two levels (Micro & Macro) of 
models. These  connection should work properly both in the base case and also in the 
simulation cases with ICT measure. 

Generally the demand of mobility is known at macro level. It is necessary to define a tool 
to transfer the Matrix OD from the macro level to the micro level for what concern the area of 
study of the micro-simulation tool. A tool OD Macro versus Micro need to be developed for 
maintaining the correct consistency between the two model levels. Some commercial tools 
already has this feature, so in some cases there is only the need to check that it works 
properly in other cases need a specific development. For avoiding any doubt on this subject it 
is described how to develop this potential “submodel”: Tool MACRO vs MICRO. 

The application of the Eco-driving measure doesn’t change the Mobility demand so it is 
not necessary define a tool to extrapolate the OD Matrix from the micro level to the macro 
level.  

The cost-functions, that represent the network performance and the driver behaviors in 
relation with the traffic, are calibrated at macro and micro level with a real data, therefore it is 
not necessary design a tool for defining an integration connection from macro level to micro 
level in terms of cost-functions.  

While for the opposite connection (from micro to macro) is necessary design a tool that 
translate the micro simulation results of Ecodriving scenario in terms of updated cost-
functions for macro level: the “Cost Function Tool MICRO versus MACRO” has to be 
developed. 

4.1.6.1.1. OD Demand Submodel Tool: MACRO vs MICRO 

The micro simulation area can be considered a subnetwork of macro simulation area. The 
demand of mobility that cross, is originated or destined in the an area must be the same at 
macro and micro level. 

It’s necessary elaborate the macro matrix OD (i.e. the mobility demand) with appropriate 
aggregation in order to transform it in an equivalent form for the micro level OD matrix.  

The tool Macro-Micro OD must do: 

• Aggregate demand of mobility starting or ending the nodes  inside the subnetwork 
(gates of micro area) 

• Maintain the same demand of mobility internal of subnetwork 

• Do not consider demand of mobility external of subnetwork 

The following images represent schematically the methodology of the tool. 
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Figure 21: MT.MODEL: Macro vs Micro tool 

The tool needs as input-data the paths of vehicles on the network for each OD couples in 
order to individuate the paths external of the area (and ignore corresponding OD demand) 
and the whole paths that cross the area starting and/or ending from the same “gate” (and 
aggregate this demand of mobility).  

 

4.1.6.1.2. Cost Function MICRO vs MACRO Submodel Tool 

The cost-function of a link of the network represents the relationship among capacity of 
link, traffic flow and level of congestion. With fixed capacity and traffic flow, we can find 
different cost-functions,  depending on driver’s behavior.  

Ecodriving behavior is simulated at micro level. To translate simulation results from micro 
level to macro level we use the new cost-functions updated from ecodriving simulation 
results. 

The methodology is: 

• Analyze the results of ecodriving micro simulation in terms of cost-functions for 
each link 

• Define a new cost-functions using fundamental diagram of traffic flow and the 
minimum square error method 

• Update cost-functions in macro model 

As an example, we show the procedure for the case of one link. 

First of all, the fundamental diagram of traffic flow for the micro simulation results is 
represented. 
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Figure 22: Data on fundamental diagram 

Secondly a new cost-function using the minimum square error method is defined. 

 

 

Figure 23: Fundamental Diagram 

 

Figure 24b: Fundamental Diagram with Italian motorway data 

 

Finally the parameters of cost-functions at macro level are updated. 

Details on the methods is part of future research. 
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4.1.6.2. Enhancement In Micro Traffic Model For Assessing Ecodriving: Enhancement in 
Aimsun 

To simulate Ecodriving measure is necessary to introduce some variations into the 
algorithm developed in Aimsun (TSS).  

First of all it is necessary adapting the car following laws in order to assure that the 
microscopic level matches the traffic macroscopic behavior (expressed by the fundamental 
diagram). This step is important for ensure the interaction between micro and macro level. 

After that it is necessary to adapt the micro model in order to simulate the ecodriving 
rules, that can be summarize in: 

• keeping speed as constant as possible below an «optimal» threshold 
• optimized gear shift and smoothed acceleration 
• efficient deceleration and brake (anticipation, cut-off use) 

 
This subject is very complex. You can find more details on this subject in chapter 4.2 
“ENHANCEMENT AT TRAFFIC MICROSIMULATION ALGORITHMS (GIPPS 
FUNCTIONS)” 
 

4.1.6.3. Enhancement In Micro Emission Model For Assessing Ecodriving: Enhancement in 
Cruise 

 

Ecodriving in CRUISE is considered by different boundary conditions to the model, while 
the vehicle model itself remains unchanged: 

• Changed speed vs. time profile for the simulation which reflects economical behavior 
of the driver. This is an input either coming from the micro traffic model or is reflected 
by different parameters of the internal driver model (e.g. max acceleration, max. 
deceleration). If a modification to the speed profile is done by the internal driver model 
a feedback of this information to the micro traffic model is required. 

• Modified shifting behavior (different shifting points, e.g. at lower engine speeds). 
 

4.1.6.4. Enhancement in Vehicle Control Model for assessing Ecodriving: enhancement in 
MESSINA 

Modeling eco driving can be considered as setting the parameters of the Gipps model in a 
way that the speed of the vehicle is controlled by the driver such as the emissions of the 
vehicle are as low as possible. In general it is challenging to find such an optimum set of 
parameters. 

The control vehicle model offers a series of testing methods, including evolutionary 
algorithms. In evolutionary tests, a set of parameters of a model is varied in a given range 
while the output of the model is observed and analyzed for an optimum. In following iterations 
the parameters are varied in a smaller range around the found optimum of the model output 
and are further refined. This procedure is repeated until the method converges.In relation to 
the traffic simulation model (such as Gipps one) this means that, for given profiles describing 
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a driver’s desired speed over time, its parameters are varied in multiple iterations until a set of 
parameters is found which results in minimum emissions.. 

The evaluation of ecodriving can be done using the system setup depicted in Figure 52. 
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4.2. ENHANCEMENT AT TRAFFIC MICROSIMULATION  ALGORITHMS  (GIPPS 
FUNCTIONS): GENERAL  METHOD AND ECO-DRIVING APPLICATION 

4.2.1. THE CAR FOLLOWING MODEL 

4.2.1.1. Introduction 

This chapter deals with the study of movement of a single vehicle in a traffic stream. Our 
main interest is the analysis of driver behavior and its attitude in setting speed and distance to 
the preceding vehicle, being these the factors which influence, from the macroscopic point of 
view, speed, flow and density of traffic and being these the factors that, for some extent affect 
the “eco-behavior”. 

Models that describe the process by which drivers follow each other in a traffic stream are 
generally referred to as “car following” models.  

In general a car following model is represented by an expression like: 

answer(t+T) = sensitivity * stimulus(t) 

where: 

• t is the instantaneous time 
• T is the reaction time of driver-vehicle system; 
• The answer is the control variable, in general the acceleration; 
• The stimulus is what pushes the driver to act by accelerating or decelerating; it can 

be the difference in speed to the preceding vehicle, the distance or spacing in time 
(headway) or other combinations of these factors; 

• The sensitivity is a proportionality factor, which in turn may depend on other factors. 

During the past 50 years, driver behavior within the traffic stream has been studied and 
models that attempt to describe this behavior have been proposed, starting with simple 
models and then make them more and more complex in an attempt to make them more 
consistent with the actual behavior of drivers. 

In the following a list of the main approaches undertaken is provided: 

• General Car following model (GHR) Gazis, Herman, Rothery (GM lab) 
• Safety distance or collision avoidance model (Gipps) 
• Psycho-physical model «action point» (Wiedemann) 

More in detail a possible classification of car following model could be as follow: 

• Stimulus response model (Chandler model (1958), generalized GM model (1961)) 
• Safe distance model (Gipps model (1981), Krauss model (1997)) 
• Psychophysical model (Leutzbach model (1986)) 
• Cell based model (cellular automata model (Nagel (1992)) 
• Optimum velocity model (Bando et al (1995)) 
• Trajectory based model (Newell model (2002)) 

In the following Table 1 extracted from [62] and [54] some details on models: 
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Table 8: Car following models 

S. N. Models Parameters to 
be optimized 

1 Chandler Model  ��	�� 
 �� 	 � 	�	��	��� 
�	���	� 

2 Generalized GM (GGM) Model  

	���	�� 
 �� 	 � �	 ���� 
 ���
������ 	�����			 �, �	!	���	� 

3 Gipps Model  
 

��	�� 
 �� � !"�	
#$%
$& ��	��� 
 2.5�� *� + �����/��-0.025 
 �����/�,	

/� 
 0/1�1 + / 223��4���� + ����� + 	 56 + ������+��47���1//∗ 897/1

:$;
$<							 

 

�, /, �	���	/∗ 

4 Krauss Model  

�=>?@ � ��47 
 A���� + ��47���������� 
 ��47���B/2/ 
 �			 
 Where, A���� � ��47��� + ����� + 5 
 �G@= � !"�H����� 
 �∆�, �=>?@ , �J 
 ���� 
 ∆�� � !��K0, �G@= + L�MN 
 
Where, simulation time step ∆� � 0.1 and the stochastic error term L�M is set to zero. 
 

�, /	���	�  

5 Leutzbach Model 

��	�� 
 �� � 	 ∆����1
2		PQ + ��	���	R 
 	 ��47���		 

 

T and S 

6 Cellular Automata  
 ���� 
 ∆�� � !"�KA����/	�, ��	��� 
 	�, �	N	 
 Where, A���� � ��47��� + ����� + 5, ���	5"!S���"��	�"!T	5�TU	∆� � 0.1 
 

T and V 

7 Optimum Velocity Model (a modified model)  
 ��	�� 
 �� � �	K�V + �����N 
 

WXT	T	�V=Y2/Z��47	��� + �����B 

 

T and � 

8 Newell Model ���� 
 [� � ��47��� + �� 
[	���	��  



 

ICT-Emissions – Deliverable D2.1 Methodology - v2.0  

 

49 

Tabella 1 

Source Corresponding Car-following Model 

Chandler et al. (1958) �\ 	�� 
 ∆�� 			 � 				�							3�]��� + �\���6 

Gazis et al. (1959, 1961) 
�\ 	�� 
 ∆�� 	 � 						�						 ^ �]��� + �\���_]��� + _\���`		 

Edie (1961) 
�\ 	�� 
 ∆�� 	 � 						�						 ^ �\���3_]��� + _\���	61`	3�]��� + �\���6 

 

Newell (1961)  �\ 	�� 
 ∆�� 				 � 					a�	3_]��� + _\���6 

Herman and Rothery, (1963) 
�\ 	�� 
 ∆�� 		 � 						�					 ^ 3�\ 	���6�

3_]��� + _\���6�`	3�]��� + �\���6 

 

Bierley (1963) �\ 	�� 
 ∆�� 					 � 			�						3�]��� + �\���6 
 	�			3_b��� + _\���6 

Fox and Lehaman (1967) 
�\ 	�� 
 ∆�� 	 � 							��\	���				^W�3�]��� + �\���63_]��� + _\���61 ` 
 ^W13�b��� + �\���63_]��� + _\���61 ` 

 

Bexelius (1968) �\ 	�� 
 ∆�� 				 � 				�						3�]��� + �\���6 		 
 	�		3�b��� + �\���6	

Rockwell et al. (1968) �\ 	�� 
 ∆�� 				 � 				�						3�]��� + �\���6 		 
 	�		�]	��� 

Where 

�\�� 
 Ӓ��  = Acceleration/deceleration rate of Following Vehicle driver at time � 
 Ӓ�  

�]���  = Acceleration/deceleration rate of Lead Vehicle driver at time t  

�\���  = Following Vehicle speed at time t 

�]���  = Lead Vehicle speed at time t 

�b���  = Target Z2de	Lead	Vehicle	B	speed	at	time	t	 _\���  = Following Vehicle distance at time t  

_]���  = Lead Vehicle distance at time t 

t = Simulation time (sec)  

Ӓ� = Perception-reaction time (sec) or simulation interval  

a�   = Empirical relationship between velocity and headway for acceleration/deceleration 

á, â, !, �, W7,W1 = Model parameters 
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In addition to the models in the previous tables, we have to mention the Psycho-physical 
car following model for longitudinal vehicle movement based on the work of Wiedemann 
(1974, 1991).  

Basic idea comes from the consideration that as a faster vehicle approaches a slower 
one, on a single lane it has to decelerate.  

The “action point” of conscious reaction depends on the speed difference, distance and 
driver depended behavior.  

Following Figure 25 indicates the oscillating process of this approach. The thresholds are 
explained in an abbreviated form below the picture. Driver specific perception abilities and 
individual risk behavior is modeled by adding random values to each of the parameters. 

 

Figure 25: Car-following model of Wiedemann – Threshold and one vehicle trajectory  
 

 
• AX=desired distance at standing queue 
• BX = Additional safety distance 
• SDV = Action point where driver noticed consciusly to 

approach slower vehicle 
• OPDV = Action point where driver noticed than he is slower 

than vehicle in front and accelerate 
• SDX = perception threshold  to model maximum following 

distance (2 times (AX+BX)) 
• ∆v: �s@t + ���	?uV�v	s@t 
• ∆x:�"5���wT	�x	��� + 	T�		�:		T�		U�5"�"����	?uV�v	s@t +x	���	U�5"�"��s@t 
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4.2.1.2. Selection of car following model for Micro-simulation in ICT-Emission 

The “keys” for selecting the right model for car-following for micro-simulation are mainly 
four: 

• Ability in matching actual data at microscopic level (speed-distance function). 
• Ability in matching traffic macroscopic behavior (expressed by the fundamental 

diagram). 
• Easiness to use (also with improvement/modification) to represent Eco-behavior. 
• Availability in commercial micro-simulation tool. 

Considering previous experience of people involved in the project and considering that 
two micro-simulation tool available in the project (AIMSUN and MESSINA) are based on that 
"car-following" law, the selection has chosen the Gipps Model (1981) [33]. 

Gipps model is one of the most widely studied and applied for the microscopic simulation 
of traffic. In revised forms it is the basis for the simulation of traffic dynamics in several micro-
simulation programs. 

The attractiveness of the model relies on the intuitive assumption behind the formulation 
and on the obvious physical meaning of parameters that suggests using common practice 
values “without to elaborate complicated calibration procedures”. 

Despite of these, Gipps model, as implemented in micro-simulator tool, has also some 
needs of improvement to satisfy the “topics” listed above.  

In the next paragraph we will describe how we improve Gipps model for better simulate 
real traffic and simulate as best as possible ecodrive capabilities.  

4.2.2. REVIEW OF GIPPS MODEL 

Let consider two vehicles traveling in the same direction: 

 

As said before a "car following" model very interesting and very used in the programs of 
micro simulation is those proposed by Gipps.  

This model is classified as “behavioral” because it defines the law of tracking the vehicle 
in front, starting from the consideration that a driver tries to adapt the distance from the 
vehicle that precede as a function of speed, in order to guarantee a safe situation or, in other 
words, to guarantee the ability to stop before reaching the collision. 
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4.2.2.1. Free speed model 

The Gipps model has two components: the first concerns the free speed, or how vehicle 
moves when it is not affected by any preceding vehicle.  

The model used was derived by Gipps analyzing experimental data and has the following 
formulation: 

 
Vlib (t+T) = V(t)+2.5 an(1-V(t)/Vd)(0.025+V(t)/Vd)

0.5 

where: 

V lib= free speed 

an= max acceleration 

Vd= desired speed (the speed the driver would get if there weren’t constraints) 

The following picture shows the acceleration as a function of the ratio between the vehicle 
speed and the desired one.  

 

 

Figure 26: Acceleration as a function of the ratio between the vehicle speed and the desired one  
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4.2.2.1.1.1. Discussion 

Even if authors said that the model proposed comes from experimental data the 
experience with actual data collected by FIAT with its ECO:Drive © application suggest a 
different shape for the function. 

Moreover also some other scientists see [4] made some criticism to this formulation.  

So we propose to use the function suggested in [42]:  
 

Vlib (t+T) = V(t)+α an(1-V(t)/Vd)(β+V(t)/Vd)
γ 

Where: 

α = coefficient 

β = coefficient 

which generalize those proposed by Gipps, but where coefficients will be calibrated with a 
huge amount of actual data coming from speed profile collected and stored on the ECO:Drive 
© server. 

 

4.2.2.1.1.2. Eco Drive rules 

In order to simulate Eco driver behavior we need the capability to implement the “golden 
rules” for eco driving a vehicle. 

Considering the “golden rules” (from www.Ecodrive.org) that can be considered in a 
simulation context they can be summarized as follow: 

1. Anticipate Traffic Flow: Read the road as far ahead as possible and anticipate the flow 
of traffic. Act instead of react – increase your scope of action with an appropriate 
distance between vehicles to use momentum (an increased safety distance equivalent 
of about 3 seconds to the car in front optimizes the options to balance speed 
fluctuations in traffic flow – enabling steady driving with constant speed). 

2. Maintain a steady speed at low RPM (engine Revolutions Per Minute); Drive 
smoothly, using the highest possible gear at low RPM. 

3. Shift up early; Shift to higher gear at approximately 2.000 RPM. Consider the traffic 
situation, safety needs and vehicle specifics. 

The free speed proposed model is well suitable to model ECO:Drive attitude in smoothing 
acceleration. In principle ECO Vehicles will follow a function with coefficient that will lower the 
acceleration profile compared with those used by the other vehicles. 

4.2.2.1.2. Safety distance model 

The second component concerns the “following” speed, which is derived from the 
assumption that the driver wants to keep a safe distance. The formulation is: 
 

Vfol (t+T) = bnT + [bn
2  T2 - bn ( 2 ( xn-1 - sn-1 - xn) – Vn(t)T + Vn-1

2  / bn-1))]
0,5  
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where:  
n is the following vehicle  

n-1 is the preceding vehicle 

xn , xn-1 : vehicle positions n e n-1 

bn : max deceleration vehicle n 

bn-1 : max deceleration vehicle n-1 

sn-1 : vehicle lenght n-1 

the final speed to be used at each instant will be the minimum between Free and following 
speed. 

As shown by Punzo [66] a distance-speed function can be easily obtained from the 
previous model.  

If we consider the safety distance ds as the distance that ensures a braking without 
collision, when vehicles are running with the same speed V and the one that precedes brakes 
for stopping. 

The safety distance is given by (with b negative): 
 

ds = s + V τ – ½ V2(1-b/b’)/b 

the components of the safety distance are: 
s = length of the vehicle 

V τ: space travelled at the speed V during the reaction time τ; 

½ V2/ b = stopping distance with deceleration of the follower vehicle b; 

½ V2/ b' = stopping distance with deceleration b' of the preceding vehicle. 

This law characterizes the space headway between vehicles at equilibrium, i.e. when 
vehicles proceed at the same stationary speed.  

Following Punzo [3] we can give a useful physical interpretation of the previous equation. 

Given a speed, at equilibrium, the follower observes a spacing from the rear of the leading 
vehicle equal to the distance he or she travels during his or her reaction time plus the 
difference in meters between his or her stopping distance and that he or she estimates for the 
leader. 

This second aliquot of space is the one that really characterizes the model’s behavior. 
Indeed, when the follower estimates that the leader has the same deceleration rate of his or 
her own, i.e. b/b’ = 1, the last term of expression disappears, the follower starts braking 
exactly when the front of his or her vehicle reaches the point where the leader vehicle’s rear 
was at the moment the latter started braking. 

Instead, when the follower supposes that the leader has lower braking capabilities than 
his/her own, b > b’ the last term is negative, telling us he or she will start braking in a point 
downstream of the one where the leader has started braking, revealing an aggressive and 
rash behavior. 
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The condition when the follower supposes that the leader has higher braking capabilities 
than his/her own, b < b’ the last term is positive telling us he or she will start braking in a point 
upstream of the one where the leader has started braking, revealing a prudent and 
“anticipatory” behavior; moreover, this is a necessary condition for the linear stability of the 
model. 

Since, as we have seen, for b > b’, results in terms of aggregate behavior of traffic flows 
are unrealistic, we can say in all certainty that the Gipps model should be used only with an 
assumption of conservative drivers (i.e. b < b’ ). As a matter of fact, this assumption forces 
the model behavior to be stable: this explains the widely-held belief that the Gipps model is 
unable to reproduce unstable phenomena like the breakdown of traffic flows. 

Therefore previous equation permits also a qualitative interpretation of the model stability 
behavior  (and of the boundary definition between stability and instability regions) based on 
the relative magnitude of braking ratio α= b/b'.  

Equation can be written as follow: 
 

ds = s + V τ – ½ V2(1-α)/b 

As it is clear at this point the factors that influence the ds; those that plays a crucial role, is 
the ratio α = b/b' between the decelerations of the vehicles. 

α, depending on the value assumed, qualify a particular type of behavior as shown in the 
following table: 

 
Table 9: Driver behavior as a function of braking ratio 

Behaviour  criteria   αααα =b/b’ safety  efficiency  

Brick-wall b’=∞ <0 high 
 
 

low 

low 
 
 

high 

conservative b’>b <1 

balanced b’=b 1 

rash b’<b >1 

The value of α can vary from 0 to values greater than 1 and allows to hypothesize 
different typical behavior of drivers: 
 

• α = 0 implies b'= ∞ or immediate stop of the vehicle ahead, behavior known as “brick 
wall”, which identifies a behavior very conservative; 

• α < 1 means that b' > b i.e. it is considered that the preceding vehicle has superior 
braking capabilities with respect to the vehicle that follows, identifying a prudent 
behavior; 

• α = 1, the two vehicles have the same braking capability: b = b' identifying a balanced 
behavior; 

• finally α > 1, it is considered that the vehicle that follows has braking capability higher 
than the one that precedes b> b', identifying aggressive behavior. 
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It is evident that in passing from α = 0 to α => 1 there is a progressive reduction of safety 
distance ds with decrease of the safety conditions but there is an increasing of the capacity 
and therefore of the efficiency of the traffic. 

The graph below shows the speed-distance relations, for different values of α considering 
an average reaction time of drivers τ of 1.5 sec, and different values of deceleration b (4 and 
2 m/s2) and for a distance in the stopping phase of 7m. (5 m for the vehicle length and 2 as 
additional distance between two stationary vehicles).  

In the graph the name of the series is composed with the value of the parameter α and the 
value of the deceleration b. 
  

 

Figure 27: speed- distance function for different value of  α=b/b’ 
 

4.2.2.1.3. Speed distance function from experimental data 

In this chapter we analyze the speed distance function as we can have from actual data 
collected on the road. Since it is very difficult and expensive design and implement survey for 
collecting actual data directly from vehicle (require equipment to be installed on cars and a 
representative sample of driver and vehicle), we use data collected with double loop sensors.  

For each passage for a vehicle, time of the passage, speed of the vehicle and its length 
are recorded, 
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With this data it is possible to compute time headway between each passage and the 
distance between vehicles. The following scheme clarify which are parameters that we can 
derive from elaboration of recorded data. 

 
 

Figure 28: Driver behaviour 
 

Data used are coming from a three lane motorway. In particular they are belonging to a 
data set coming from a stretch of motorway in the Nederland where in early ‘80 the first 
Motorway Control and Signalling System (MCSS) has been implemented. Data have been 
collected in 1994, using Double Loop sensors, one for each lane, recording time of vehicle 
passages, speed and length of the vehicle.  

For a correct analysis of speed-distance relationship not all data are useful.  

The individual passages (in total of 54.262) were selected by dividing the leader from the 
follower vehicles: 

• follower is a vehicle that follows another in less than 4 seconds and with differential 
speed Dv = Vprec-Vfol lower in module than 5 m/s (18Km/h); 

• leader is a vehicle that follows another in more than 4 sec 

the table below show amount of data selected: 
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Table 10: Selected data 
 

 
 

data have been further subdivided per lane and grouped by classes of speed (resolution 
of 10 Km/h); for each speed class have then been determined statistical parameter of the 
distribution, calculating: number of observations, mean value, variance, standard deviation, 
standard deviation of the average. 

The graph below shows the average values of distance and confidence interval 95%) of 
the average for the different speed classes distinct per lane (c1 slow lane, c2 central lane, c3 
passing lane); speed classes with less than 6 observation have been eliminated. 
 

 

Figure 29: Average values of distance for different classes of speed (per lane) 
 

The error on the average is almost always quite low because the sample size is pretty 
large. It is noted that the extreme values, where there are few samples, have confidence 
intervals wider and thus the margin of error in the estimate of the average is more relevant. 
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From the analysis of the behavior of the speed-distance law is immediately evident the 
great differentiation per lane. It passes in fact, for the same speed, at distances almost halved 
from the slow lane to the passing lane. This obviously implies acceptance of higher risks by 
drivers in the lanes gradually faster. 

If now we consider the basic model for “safety distance” used by Gipps: 
 

ds = s + V τ – ½ V2(1-α)/b 

we can see how this model fits the actual data collected on the road. The results are 
shown in the next picture, while the value of model parameters s, τ, α are reported in the 
following table.  

Table 11: Parameters per lanes (c1-c3) 

 
 

The table also reports the Root Mean Square Error percentage (RMSE%) of the model 
estimate vs. experimental data. As we can see, result is only acceptable for lane c1. 

The value of the parameters give some interesting indications on driver behavior: value of 
α, which is below 1, means a “Conservative” behavior, the same for all three lanes, while 
braking performance and vehicle dimension are differentiated among lanes, as expected. It is 
also interesting to note that “reaction time” τ is quite small in all the lanes, but on passing lane 
is half of the value in the others; this is for some extent expected considering that often driver 
in passing lane take more risk than the others. 

It is easy to see that there is an evident difference among lanes only for speed over 60, 80 
and 100 km/h depending on the lane; below 60 km/h there is no difference among lanes. This 
is mainly due to the fact that below those speed the traffic regime, or the LOS (Level of 
service), is near the capacity, than near the region of traffic instability, where lanes have more 
or less the same performance and speed difference between lane are almost null.  
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Figure 30: Distance vs Speed 
 

If we analyze more deeply the model adopted by Gipps for the safety distance, we find 
that it is too simple and reality is much more complicated. From a sensitivity analysis of the 
basic model we see that two parameters (s and α) affect strongly the behavior of the model. If 
we introduce two sub-models which express the relationship of these two parameters (s and 
α) with the speed of the vehicle, we greatly improve the accuracy of the safety distance model 
in fitting actual road data. The two sub-models that have been defined as “effective length” 
and “braking ratio”, have the following formulation: 
 

s = s0 + γVδ (effective length); 
α = α0 (1-V/Vmax)

λ  (breaking ratio); 
Where:  
γ, δ, α0, λ, are parameters to be calibrated. 

These two sub-models also provide us with an interesting interpretation of driver behavior.  

The variability of α as a function of speed, with values greater than 1 at low speeds and 
progressively decreasing until it reaches the value 0 for the maximum speed tells us that the 
"behavioral model" changes from imprudent at low speed to gradually more prudent as the 
speed increases, as well as the space to stop the vehicle increases as the speed increases, 
interpreting higher safety levels with increasing speed. The performance of the two sub-
models: s (effective length) and α (braking ratio) are shown in the following pictures: 
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Figure 31: Model performance 

 

s = s0 +  γγγγ Vδδδδ    αααα = αααα0(1-V/Vmax)
λλλλ 

s0 = 11 m α0 = 1,224 
γ = 2.561  Vmax=123 km/h 
δ = 0,3446 λ = 0,3862 

 

The following table shows the values of the estimated parameters for the “extended safety 
distance” models with the enhancement of the two sub-model previously described. 

 
Table 12: Parameters for “safety distance” extended Model per lanes (c1-c3) 

 

Within the table are also reported the Root Mean Square Error (RMSE%) percentage of 
the model with respect to experimental data. We can see that result are quite good, much 
better than those resulted for the “basic model”. 
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The speed-distance functions with the formulation having the two sub-model is as follow: 

 
ds = s0 + γVδ + V τ – ½ V2(1- α0 (1-V/Vmax)

λ)/b 

 

The picture below shows the function with the road data 

 

Figure 32: Speed-distance functions  
 

Analyzing the parameters we see that the parameter s0 (size of the vehicle) is different for 
the slow lane, while it is identical for the other two lanes and it is still not so far from those that 
are the actual dimensions of the vehicles passing in the different lanes. 

The reaction time is softly affected by the lane, while there are significantly changes for 
the values of the vehicle-driver performance: deceleration and coefficient α0 for "breaking 
ratio” model. 

From this point of view it is evident the most "aggressive" behavior with increased 
accepted risk by the driver traveling in the faster lane. 

4.2.2.1.4. Micro – Macro models Cost Function Comparison 

Another key issues for the car following laws, are stability, and the ability, once integrated, 
to adequately represent the macroscopic behavior of the traffic flow. 
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The link between micro model (Car Following CF) and macro model (DF Fundamental 
Diagram) is obvious, just thinking that the CF link follower vehicle speed with the distance 
from the vehicle ahead and that DF link traffic density to traffic speed, but the density, 
measured in vehicles/km is nothing more than the inverse of the distance between the 
vehicles (in km).  

In the following of this paragraph we analyze in details  the link between CF and DF. 

Let us now consider the Gipps car following law and his model of safety distance: the 
simplicity of this model, however, results in its inability to adequately reproduce the true 
Fundamental Diagram DF. 

For the DF we have used the formulation by Kremer: 
 

v = vff [1 - (k / kj)
α ] β 

the parameters used for the DF are typical for the traffic on two-lane highway ((vff = 123 
Km/h; kj = 91 Veic/km; α = 1,4;  β = 4) 

In the following pictures are reported together, a typical shape of the fundamental diagram 
(red line) and those built by using the original Gipps speed- distance model (blue line). 

 
ds = s + V τ – ½ V2(1-α)/b 

 

Figure 33: DF density – flow function  

If we use the “enhanced model” previously described a decisive improvement in the 
validity of the model is obtained. 

We remember the enhanced model which has the following formulation: 
 

ds = s0 + γVδ + V τ – ½ V2(1- α0 (1-V/Vmax)
λ)/b 
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The next picture shows the comparison between this new model and the Fundamental 
Diagram DF. It is well evident the improvement.  

As a measure of the goodness of the fit we use the value of correlation coefficient R2 of 
the regression between the values calculated with the speed-distance model and those 
calculated with the fundamental diagram law. The value of R2 is equal to 0.999 with the 
following regression equation: 
 

Flow_CF = 1.0021 flow_DF. 

 

Figure 34: DF density-flow functions 
 

 

Figure 35: DF density-flow functions 
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The parameters were determined using least squares technique: 
τ= 1 sec 
b= 4 m/s2 
Vmax = 123 km/h 
α0= 1,224 
λ = 0,3862 
s0= 11 m 
γ = 2,561 
δ = 0,3446 

4.2.3. ECO DRIVE ADAPTATION 

As already remembered in Chapter 4.2.2.1.1.2, in order to simulate Eco driver behavior 
we need the capability to implement the “golden rules” for eco driving a vehicle. 

In principle, in the case of car following task, these rules can be simulated just using 
appropriate value for parameter, in particular those of the two sub model s and α, within the 
enhanced speed-distance model.  

In addition we think useful to add to the previous models (free-speed and speed-distance 
model) also a model implementing suitable “cut off” strategy that generally eco-driver use. 

 

4.3. EXAMPLE  OF TESTS AND ANALYSIS  FOR THE INTEGRATION OF 
TRAFFIC MICRO SIMULATION  AND INSTANTANEOUS  EMISSION MODEL. 

 

A proper way to describe real world condition of the road traffic and predict pollutant 
emission delivered in the atmosphere by a fleet of vehicles might be carried out linking two 
software whose their particular field of analysis are: 

• Traffic simulation – Micro Traffic Model 
• Vehicle performances and fuel consumption - Micro Emission Model 

The commercial tool AIMSUN (traffic simulator) and AVL CRUISE (vehicle performances 
and fuel consumption) have been chosen as candidate for testing the above mentioned 
purpose.  

A preliminary detailed analysis of the tools characteristic and their capacity to produce 
reliability outcomes in several scenarios was a necessary condition to start the evaluating 
integration process.  

A lot of real test scenarios have been built and simulated in order to evaluate the 
goodness of these tools and their capacity to produce real results. Several typical situation 
combining the level of traffic (free flow, medium, congested) with road type (highway, rural, 
urban) have been simulated following the method  called ‘off line’ co-simulation. 
 
These consist on the following steps: 
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1. Use of Traffic Micro simulator (AIMSUN)  
o Analysis of the traffic offer by a proper road definition (i.e. highway, rural, 

urban, etc.) 
o Definition of the traffic demand by a proper Origin Destination matrix   
o Generation of velocity profiles according to the traffic simulation and the 

vehicle specific class 
 

2. Use of Emission model  (AVL CRUISE) 
o Importing the velocity profile in the vehicle simulation tool 
o Modelling of the vehicle according to AIMSUN specifications 
o Exploring several vehicle configurations (i.e. equal class, different powertrain 

driveline technologies) 
o Exporting Fuel Consumption and Emission results 

 
3. Use of Traffic Micro simulator (AIMSUN) 

o Post-processing of the emission profiles in order to evaluate the total 
outcomes for each scenario 

 

An example of this process is described in the next paragraphs in order to summarize the 
studies performed it is thought to build a typical case of highway scenario to merge more than 
one traffic condition. 

The purpose is to simulate a typical traffic situation with the traffic microsimulator in order 
to product a representative speed profile. This profile will be used in the micro emission 
model to evaluate the emissions CO2 and the pollutants by an accurate driveline vehicle 
simulation.   

4.3.1. EXAMPLE OF TEST CASE: ANALYSIS OF THE INTEGRATION OF TRAFFIC MICRO 

SIMULATION TOOL WITH MICRO EMISSION MODEL 

The aim is to test the potentiality of the integration of tools and to evaluate the need of 
specific enhancements, so a simple scenario has been selected. In this case the scenario is 
not an ITS one, it is the case of a closure lane for an accident that has been chosen as a 
typical highway scenario for testing the tools integration. 

The first step is the selection of a typical European road where to simulate the real traffic 
condition. As example of this test the motorway chosen is a piece of highway having four 
lanes for each direction. The network has been edited with AIMSUM; the Figure 36 shows the 
microsimulation scenario, a simple flow pipe.  

Figure 37 shows a zoom of this road, where the accident will be simulated. Each portion 
of motorway has been modelled by a section having its own properties according to the 
common road characteristic like a maximum speed, a lane width, a typical cost function and 
so on. 
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Figure 36 Traffic Microsimulation scenary 

 

 
Figure 37 Section of the network 
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Figure 38 Section characteristic 

A traffic demand, function of vehicle type and defined for each quarter of hour, is loaded 
into AIMSUN scenario as the following figures show.  

Figure 39: Traffic MicrosimulationMobility Demand 
 

This refined mobility demand was built in order to follow the traffic evolution on the 
network in a good detail. Two types of vehicles are set in this AIMSUN scenario: cars and 
trucks. Each of them has its own properties as the following figures show. 
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Figure 40: Light vehicle properties 

 
Figure 41: Heavy vehicle properties 

 

The properties are, of course, compatible with those that will be set in the emission model 
AVL CRUISE. 

As said at the beginning, an accident occurs on a motorway after almost two hours. In 
order to simulate the accident a traffic policy is defined in AIMSUN scenario. As the figure 
shows, the accident is planned at 8 a.m. 
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Figure 42: AIMSUN traffic policy 

 

The speed detected on the sections decrease for this reason in the direction of the 
accident; a typical light vehicle on this highway meet, then, a sudden queue on his trip and his 
speed decreases rapidly. 
  

 
Figure 43: AIMSUN dynamic lane overview 
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Then the vehicle has to spend a lot of time to overtake the section where the accident 
occurred. In this section it is supposed that the police is managing the traffic. A lane is closed 
and a slow outflow of the vehicles through the open lanes is happening. A typical light vehicle 
is followed and a profile of the speed is extracted from the AIMSUN’s database.  

Pratically AISUM do not provide directly as “standard” result the driving speed profile, so a 
specific enhancement for getting it has been developed. 

The following figure shows the speed vehicle profile and the main vehicle characteristic. 
 

 
Figure 44: AIMSUN speed profile in the test 

 

 
 

Figure 45: AIMSUN speed profile and main vehicle characteristics 
 

The generated profile must be now transferred into AVL CRUISE. The least amount of 
information needed for a vehicle simulation is the time-velocity dependency. In particular the 
given desired velocity was expressed as function of daily time. So the first adaption made 
was to convert the day time into seconds starting from zero. 

Further observation came up from the initial value of the vehicle velocity, which was set up 
higher than zero. AVL CRUISE can handle initial conditions different from standstill due to 
some pre-calculations at the beginning of the cycle. This is true for conventional vehicle but 
might bring to some problems in case of hybrid configuration. Hybrid control function, in fact, 
is influenced by the drive history, thus a start with high velocity might create some 

sintesi delle caratteristiche veicolo n.402

type light vehicle

length [m] 4.13

width [m] 2

max acceleration desired [m/s2] 2.64

max deceleration desired [m/s2] 5.8

mean speed desired [km/h] 117.8

reaction time [s] 1

reaction time at stop [s] 1.35
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instabilities. If this is the case then the profile has to be modified at the beginning with a 
proper start from standstill.    

Hereunder, an example of the profile elaborated in AVL CRUISE 

Figure 46: AVL CRUISE profile over time 

This profile simulates a highway along three phases: i) a normal driving conditions; ii) a 
congestion; iii) and again normal driving. The red line indicates the velocity over time, the blue 
line tells when the gear must be engaged or disengaged (neutral), the violet one (in this case, 
always value one) says that the combustion engine is always running (never key off). After 
the profile definition, it is necessary to model a vehicle which matches the AIMSUN criteria. 
As it can be observed in the following picture, the chosen vehicle for the traffic simulation 
belongs to the class ‘Light Vehicles’ where also some dimensions are given, i.e. length and 
width. 

 
Figure 47:AIMSUN vehicle definition 
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According to those general parameters, a CRUISE vehicle has been modelled as shown 
in next Figure. 

 
Figure 48: AVL CRUISE vehicle 

 

The sketch highlights basic blocks representing all the main parts of a vehicle. From the 
configuration it is clear that the chosen car is a Front Wheel Drive (FWD) model with Manual 
Transmission (MT) layout. This vehicle has been equipped also with a Start & Stop (S&S) 
system, which represents the so called micro hybrid configuration. 

The main components’ parameters which influence, for the most, fuel consumption and 
emissions are listed below: 

• Vehicle: it has been represented by a 1400 kg car at ‘empty’ condition with a 
coast-down formula for the definition of the physical resistance to the motion; 

• Engine: a 2.0 litre turbocharged diesel engine has been chosen. Fuel consumption 
and emission maps have been also input from real test-bench activities. In the 
simulation, it has been assumed engine working with its operating temperature 
(hot start); 



 

ICT-Emissions – Deliverable D2.1 Methodology - v2.0  

 

74 

• Wheels: assuming for this first investigation that there will not be slip between road 
and wheel, the important parameter remains the inertia; 

• Gearbox: gearbox losses have been defined gear and temperature dependent; 

• Start & Stop: this component might be activated or deactivated and can be 
beneficial in case of a velocity profile like the shown one where several standstill 
events are simulated. 

  

A Driver must also be defined. He is identified by a PI controller for the part which 
concerns following the desired velocity. Other important characteristics are the launching 
parameters that correspond on how the driver plays with accelerator and clutch pedal for 
moving the vehicle after standstill condition and the shifting points which have been defined 
according to threshold speeds of the engine, i.e. 2500 rpm for upshift and 1300 rpm for 
downshift. 

Simulations have been carried out considering the basic car configuration with and without 
the intervention of the S&S.  
 

 
Figure 49: Speed Profile  
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Figure 50: Simulation outputs. Top: vehicle velocity. Bottom: Engine operating points. 

 

In the Figures above a short overview about the highway cycle is given. The figure on top 
shows the comparison between the desired velocity and the current velocity and it is possible 
to appreciate how the CRUISE vehicle can follow the AIMSUN profile. The figure on the 
bottom highlights instead the engine operating points along the all simulation. They are 
expressed in percentage over the engine BSFC (Brake Specific Fuel Consumption) Map 
[g/kWh]. 

The last part to be mentioned in this preliminary study report concerns the export of the 
significant outputs. AVL CRUISE guarantees several possibilities and all of them have been 
realised in order to explore the most convenient ‘data export file format’. 

Results might be in a scalar format, i.e. global fuel consumption over the whole mission 
profile, or time/distance dependent (curves) like in the Figure 4 on top. 

Possible solutions for exporting scalar values are: i) xml; ii) txt; while for curves are: i) txt; 
ii) xls. Thus, output results have been written in those formats. 

For now the exported content have been the following: 

� Scalar values 

� Fuel Consumption [l/100km] 

� CO2 Emission [g/km] 

� Curves 

� Time [s] 

� Desired Velocity From Profile [km/h] 



 

ICT-Emissions – Deliverable D2.1 Methodology - v2.0  

 

76 

� Current Velocity [km/h] 

� Current Gear [-] 

� Engine Speed [rpm] 

� Engine Torque [Nm] 

� Fuel Consumption (Mass Flow) [g/s] 

� Fuel Consumption Cumulated (Mass) [g] 

� CO2 Emission [g] 
 

The AVL CRUISE can make the typical profiles emissions for each class of vehicle and 
the global emission as CO2 and pollutant can be calculated and compare with macro 
emission model outcome to investigate and define the micro versus macro relationship. 

 

4.3.2. CONCLUSION: HEADLINE ON THE INTEGRATION ON TRAFFIC AND EMISSION MODEL 

The tests done integrating the microsimulator AIMSUN with the instantaneous emission 
model AVL-CRUISE has shown that the connection between the models is possible and that 
the main results are feasible. 

Obviously the microsimulator has been improved with an additional “integration 
submodule” that provide as result the speed profile, that is “estimated” run time in the 
Microsimulators using similar algorithms than AIMSUN (Gipps model) but is not a stardard 
result exported for users.  Using the API provided by AIMSUN it is possible to add this feature 
in this tool. 

Taking into account that the speed profile is not the “objective result” of the 
microsimulator, one of the first aim of the test is to understand if this speed profile is 
reasonable and take into account the constraint at vehicle level. 

This evaluation has been done using the resulted speed profile within the AVL-CRUISE 
model which takes into account the feasible vehicle dynamics.  

The results have been encouraging. Speed profiles generated by AIMSUN are 
representing a realistic vehicle path. 

As seen in the last paragraph, some enhancements are still needed in order to be “more” 
accurate in terms of vehicle dynamics, taking into account the drivability constraints. In some 
cases, for example, the acceleration is too fast according with the type of vehicle. This means 
that the desired speed is not perfectly matching with the real speed. Therefore, the research 
on improving the “car following function” in the micro simulator is considered important (see 
§4.2).  

This is even more relevant in case of ADAS simulation, where each equipped vehicle 
must be accurately simulated. As further enhancement, the integration of the traffic 
microsimulator tool with a “vehicle control model” will be performed. 
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Hence the driveline of many vehicles must be simulated at the same time in order to 
generate an accurate and real velocity profile.  

A vehicle control model is needed to overcome this requirement; this is the reason why it 
has been necessary to explore the possibility to integrate the microsimulation and vehicle 
control model. That issue will be treated in chapter § 4.4. 

A result of the performed tests, is that there is a need to process  several profiles. The 
traffic micro simulator works with hundreds or thousands of vehicles at time, thus the problem 
arises how many  number of vehicles have  to be evaluated in terms of emissions in order to 
get  a global emission estimation. Hence it has been necessary to develop a specific 
procedure in order to extract those profile faster or better to extract “enough” representative 
ones. 

From the vehicle emission point of view, the performed off-line cosimulation showed that 
principally it is possible to do such a simulation. Nevertheless there have been some refining 
processes which have to be taken into account when the amount of vehicles and profile will 
increase and also in case of  a further development of on-line cosimulation. Those points can 
be listed below: 

• Time scaling 

• Initial velocity point 

• Class and vehicle dimension 

• Output saving formatting  

As expected, in every interface, there are border conditions to take care of and those 
points look like a common domain where to work among the partners in order to define the 
easiest path to follow. 

4.4. EXAMPLE  OF TESTS AND ANALYSIS  FOR THE INTEGRATION OF 
TRAFFIC MICRO SIMULATION  AND VEHICLE CONTROL MODEL 

The Architecture chapter and in particular Figure 51 illustrates an architecture of a 
simulation framework which integrates a macro traffic modeling approach and a micro traffic 
modeling approach to investigate the impact of multiple ITS measures for the reduction of 
CO2 emissions in urban areas. For the simulation of ITS measures which are based on 
modern vehicular technology (such as ADAS vehicle) a specific behaviour of the vehicle need 
to be simulated and a detailed model of the vehicles in the traffic scenarios is necessary. 

A vehicle simulator which is used in micro traffic scenarios has to fulfill serveral 
requirements. First of all, it is mandatory that the vehicle simulator is able to handle a large 
series of cars at once in a simulation step, if a scenario is considered where a large part of 
the vehicles are equipped with a given technology to be investigated. Furthermore, the 
simulation of mechanisms which control the velocity of the cars and influence the car-
following behavior rely on the real-time interaction between the micro traffic simulator and the 
vehicle simulator, since in each simulation step the context of a vehicle influences its 
acceleration behavior in the next simulation step. 
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This section focuses in particular on the run-time processing loop between the micro 
traffic model and the vehicle simulator and presents the architecture of a system which is 
designed for a neat interaction between these two modules. Furthermore, results from a 
series of simulations are presented. 

 
Figure 51: The architecture of the overall simulation framework developed in the ICT EMISSIONS 

project 

4.4.1. SYSTEM VIEW OF THE INTERACTION OF A MICRO TRAFFIC SIMULATOR AND A VEHICLE 

SIMULATOR 

In Figure 52 a system is shown for the interaction of a micro traffic simulator and a vehicle 
simulator which controls the longitudinal dynamics of the vehicles in a traffic scenario. 

  
Figure 52: The interaction of a micro traffic simulator and a vehicle simulator 

The micro traffic simulator and the vehicle simulator exchange information via the signal 
pool of MESSINA. MESSINA has been developed as a test framework for automotive 
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electronic control units (ECUs). The signal pool mimics the bus systems which nowadays are 
part of the electrical system of almost all vehicles and serve as a communication entity for the 
ECUs. 

The submodules shown in Figure 52 attached to the signal pool can in fact be considered 
as an abstraction of the ECUs in real-world vehicles which offer functionalities for range 
sensing and adaptive speed control. Furthermore, there is a submodule for modelling the 
powertrain system of a vehicle. 

The challenge for a vehicle simulator which is used in conjunction with micro traffic 
simulators is that is has to handle multiple vehicles at a time. Hence, the submodules of the 
system have to be designed in a way that they are able to process data not only from one 
vehicle but from a large series of vehicles. The signal pool of MESSINA offers the possibility 
to transmit byte arrays over a given wire, which allow for storing the data of multiple vehicles. 
It is possible to influence the dynamics of up to 240 vehicles, if one byte array is used for the 
transmission of a given signal type (distance, velocity etc.) in one simulation step. If a larger 
amount of vehicles has to be handled, additional wires can be allocated in the signal pool for 
the transmission of more byte arrays for one signal type. 

In the following, a description of each submodule is provided. 

4.4.2. SENSOR MODEL 

The task of the sensor model is to acquire the context of the vehicles, i.e. to measure 
distances to other vehicles and to provide information about the vehicle’s own velocity. To get 
this data, the sensor model makes use of an application programming interface (API) which 
allows for the extraction of relevant vehicle data from the traffic simulation. An API is offered 
by almost all common traffic simulators such as AIMSUN or SUMO. The relevant information 
consists of the positions of the vehicles in the traffic scenario, their headings, their velocities 
and their identification numbers (IDs). Each vehicle in the traffic simulation has an 
identification number. 

A configuration module (Config) is used to define various parameters in the traffic 
simulation, such as the routes followed by the vehicles and the distribution of all vehicles over 
these routes. A look-up table in this module associates the vehicle IDs with information about 
the vehicle characteristics (mass, length etc.) and if a vehicle is equipped with ACC or not. 
Changes to this look-up table lead to varying amounts of ACC vehicles in the traffic scenario. 
The information whether a vehicle is equipped with ACC or not is transmitted to the vehicle 
simulator using a bit selb . The vehicle simulator then selects either the Gipps model or the 

ACC model for the corresponding vehicle, as described in Section 4.4.3. The other vehicle 
characteristics (mass, length etc.) are currently still the same for each vehicle in the 
simulation and therefore not transmitted over the signal pool yet. In order to make the 
simulation more configurable in terms of vehicle types the signal pool will be extended in a 
future version to also transmit this information to the vehicle simulator. 

Using the data of all vehicles,  the main purpose of the sensor model is to detect whether 
a target vehicle exists for a given vehicle. In case a target vehicle is present, the sensor 
model has to calculate the relative velocity and the distance from the vehicle to the target 
vehicle. Those values are the most important inputs e.g. for the ACC-controller or the Gipps 
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model. The term “sensor” is used here both for a radar sensor of a vehicle and for the visual 
system of a virtual human driver. 

The area of the sensor is considered as a triangle. The three corners are calculated from 
the actual position of the vehicle, the heading of the vehicle, the range and the apex angle of 
the given sensor. The range as well as the apex angle of the sensor can be parameterised, 
subject to the characteristics of the sensor to be simulated. Once the area of the sensor is 
identified, it can easily be determined, whether a possible target vehicle is inside this given 
area. More challenging is to detect if a possible target vehicle is on the same lane. This 
detection is strongly affected by the geometry of the road and the road network. Therefore the 
implemented approach is explained more precisely in the following paragraph. First we look 
at the general approach for the target vehicle detection. 

 
Figure 53: Procedure for target vehicle detection 

 

Using the data of all vehicles, the sensor model determines first if a vehicle has a target to 
follow. This procedure is done in four steps. The four steps are illustrated in Figure 53 and are 
explained below. 

1. Is a possible target vehicle within the range of the sensor ? 
 
The distances of all possible target vehicles are compared with the range of the given 
sensor. After this step only vehicles within the range of the sensor are regarded 
furthermore. In order not to check all vehicles of the traffic simulation, the map is 
subdivided in minor areas. In the scenario illustrated in Figure 53 after this step the 
vehicles 2, 3, 4 and the actual target vehicle are regarded furthermore.     

step 1 

step 2 

step 3 

step 4 

dsensor 

vehego vehtarget 
veh1 

veh2 veh3 veh4 
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2. Is a possible target vehicle within the apex angle of the sensor ? 

 
For all possible target vehicles that are left after the first step is determined if they are 
within the apex angle of the sensor. After this step only vehicles within the sensor 
triangle are regarded furthermore. This are the vehicles 3, 4 and the actual target 
vehicle. 
 

3. Is the possible target vehicle on the same lane ? 
 
In this step it is checked whether there are possible target vehicles on the same lane. 
In Figure 53 after this step only vehicle 4 and the actual target vehicle are possible 
target vehicles.  
 
The illustrated scenario shows the most simple case of the lane detection. But there 
are couple more cases which have to be seperated by the lane detection. To detect 
the relevant lane some additional parameters are needed. Those parameters are the 
identifier of the lane from each vehicle, the width of the lanes, the shape of the lanes, 
the number of following lanes for each lane and the identifiers of the following lanes. 
Those parameters are extracted from the micro-traffic simulation and also have to be 
given from the API. For clarity, this is not explicitly shown in the architecture of Figure 
52. In a first step it is possible to exclude all vehicles which are moving in the opposite 
direction via the heading parameter of the vehicles. Afterwards, the following cases 
have to be regarded: 
 

a. Identifier of the lanes of vehicle and possible target vehicle are identical 

In this case of course both vehicles are on the same lane. This case can be 
checked via the identifier of the lane, which every instance of vehicle is 
adhered. 
 

b. Vehicle and possible target vehicle are on a straight road 
 
The moving direction can be determined via the heading of each vehicle. By 
the use of the moving direction it is easily possible to detect whether two 
vehicles are moving in the same direction on a straight road. In this case the 
criteria for a vehicle ahead to be a possible target vehicle is, that it is within a 
rectangle ahead of the vehicle. The rectangle is described by the width of the 
road and the range of the sensor. 
 

c. Vehicle and possible target vehicle are on a winding road 
 
The most challenging case is the detection of a possible target vehicle on a 
winding road. In this case two further possibilities can be separated. On the 
one hand a winding road without the possibility to turn off, on the other hand a 
winding road with the possibility to turn off. 
 

i. Without the possibility to turn off 
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In this case the detection, if a possible target vehicle is on the same 
lane can be determined by asking for the lane, that is adhered on the 
actual lane of the vehicle. The possibility to turn off can be checked by 
checking the numbers, that are adhered on a lane. Is only one lane 
adhered there is no possibility to turn off. Afterward it is checked 
whether the identifier of the adhered lane is the same as the identifier of 
the lane that the target vehicle is on. If this checks fail, the lane adhered 
on the former regarded lane is considered. This procedure is continued 
until the lane is not in the range of the sensor any more. 
 

ii. With the possibility to turn off 
 
This is the most challenging case, because the considered vehicle as 
well as the possible target vehicle has the possibility to turn off. The 
previous procedure is not practicable any more as soon as multiple 
lanes follow from a lane. In this case a decision has to be made which 
of the multiple lanes should be followed. The approach which is used is 
to choose the lane that is most likely a straight-line. 
 

4. Which of the remaining possible target vehicles is the nearest? 
 
The last step determines which of the remaining possible target vehicles has the 
smallest distance to the vehicle. This vehicle is the target vehicle. 
 

 The information whether the vehicle follows a target or not is indicated using the boolean 
variable tar  in Figure 52. If there is a target, the distance tard  between the two vehicles is 

computed from their positions. Furthermore, the relative velocity relv  between the two 

vehicles is computed. The driver’s desired velocity is supposed to be equal to the speed limit 

of the street and is denoted by desv . The vehicle’s own velocity is egov . 

All this data is published on the signal pool for the other submodules at each simulation 
step. 

4.4.3. ADAS / DRIVER MODEL 

This submodule is responsible for the control of the vehicles’ longitudinal dynamics, i.e. 
their acceleration and braking behavior. It provides two options.  

One option is that the vehicle dynamics is supposed to be controled by a human driver. In 
this case, the Gipps model, as an established model for human driving behavior, is applied. 
Another option is that the vehicle dynamics are determined from an automatic control 
mechanism such as Adaptive Cruise Control. 

In both options, the information if another vehicle has been identified as a target to follow 
is processed. If there is no target, the vehicle can go at the desired speed desv , which is 

commonly known as Cruise Control, if the vehicle regulates its speed automatically. If there is 
a target, the speed of the vehicle has to be controled in a way that a given safe distance to 
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the vehicle in front is guarded. For human drivers, desv  and the safe distance can vary subject 

to whether the driver can be classified as a calm, usual or aggressive driver. In case of 
Adaptive Cruise Control, the safe distance depends on the time gap the driver chooses. 

The output of the ADAS / Driver model is an acceleration value for speeding up or slowing 
down the car in a way that a given velocity or safe distance is reached. 

 
Figure 54: Structure of the implemented (A)CC-controller 

 

The automatic speed regulation comprises two + controllers, one for Cruise Control and 
another one for Adaptive Cruise Control, which are activated and deactivated subject to the 

variable tard . If no target vehicle is detected Cruise Control adjusts the vehicle velocity egov  

to the desired velocity desv . Hence, as illustrated in Figure 54, only those parameters are 

needed by the CC-controller. The adjustment of the speed works by calculating the difference 
of both values and regulate this difference to zero. 

If a target vehicle is present the ACC-controller adjusts the vehicle velocity. In fact the 
ACC-controller adjusts the timegap to the target vehicle. The actual timegap actτ  ist 

calculated by the parameters egov  and tard . The used formula is 
ego
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controller adjusts actτ  to the given value of ACCτ .  The parameter ACCτ  describes the size of 

the timegap with which the ACC-system follows a target vehicle. 

In fact the CC-controller as well as the ACC-controller calculates an accleration value 
which should be set to satisfy the respective adjustment setting. The downstream decision 

logic picks from both values setCCa ,  and setACCa ,  the minor value. The function is 

),min( ,, setACCsetCCset aaa = . Through this implementation it is secured that in every case the 

correct acceleration value is chosen. The following case-by-case analysis is applied:  

• No target vehicle detected 

In this case no target vehicle is detected and the calculated acceleration value of 
the ACC-Controller is set to a value greater than the value from the CC-controller. 

From setACCsetCC aa ,, < can be infered that setCCset aa ,= . 

• Target vehicle detected with lower velocity than the desired velocity 

If the velocity of the detected target vehicle is lower than the desired velocity the 
ACC-controller adjusts the given timegap ACCτ and then follows the target vehicle 

with its velocity. From this it follows that the difference of the both vehicles is 

getting smaller and smaller what leads to a decreasing value for setACCa , . The 

difference to the velocity desv is only decreasing to a certain value tardes vv − . So 

the determined value setCCa ,  is larger than setACCa ,  and from that it results

setACCset aa ,= . 

• Target vehicle detected with higher velocity than desired velocity 

If the velocity of the detected target vehicle ist higher than the desired vehicle, the 
CC-controller has to adjust the velocity. If the the velocity of the vehicle is lower 
than the desired one, the value for the acceleration setCCa ,  is getting smaller while 

the vehicle is accelerating. If the velocity is higher than the desired velocity, setCCa ,

is getting negative. In both cases setACCsetCC aa ,, < can be inferred because the 

ACC-controller tries to adjust the higher velocity from the target vehicle. So it 
follows setCCset aa ,= . 

The Gipps model calculates for every time-step the velocity for the next time-step. That 
implies directly an acceleration course. For the determination of the next velocity a couple of 

parameters are needed. Those are from the API the actual velocity egov and the desired 

velocity of the driver desv . Additional the Gipps-Model needs a couple of parameters that 

specifiy the behaviour of the driver. Those are parameters for the acceleration nA  and 

deceleration nB , the response time of the driver RT , a parameter for the time gap that the 

driver adjusts as safety distance and a parameter for the estimated deceleration of the target 
vehicle.  
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The Gipps model comprises two equations, one for the situation without a target vehicle and 
one for the situation when a target vehicle is present. Similar to the ACC/CC-controller the 
results from both equations are compared and the smaller one is chosen. Due to the 
parameters of the Gipps model it is possible to parameterise different types of drivers. 

Both the Gipps model and the (Adaptive) Cruise Controller are implemented in terms of 
MATLAB/Simulink models. The functionality of the ACC controller is based on the algorithms 
described in § 6.6. and in particular in § 6.6.3. Using automatic code generation a dynamic 
link library (DLL) is obtained from the MATLAB/Simulink model of the ADAS / Driver model, 
which is loaded as a module in MESSINA.  

4.4.4. VEHICLE DYNAMICS MODEL 

It can happen that the acceleration provided by the ADAS / Driver model cannot be 
performed by the vehicle due to certain limitations in its power train. Hence, a module which 
models the physics of the powertrain of the vehicle has to be included in the system for a 
more realistic description of the vehicle dynamics. 

In a first step, the vehicle dynamics model determines, subject to its speed, forces which 
counteract with respect to the current driving direction of the vehicle. These forces model 
effects like the rolling resistance and the aerodynamic drag.  

In a later step the torque of the engine which corresponds to the acceleration value 
specified by the ADAS / Driver model is determined. Torque curves, which describe the 
maximum possible engine torque subject to the current engine speed and which are 
characteristic for a given vehicle, are used to check if the engine torque required by the ADAS 
/ Driver model can be realized by the vehicle. If the desired engine torque cannot be reached, 
the resulting acceleration of the vehicle is of course lower than specified by the ADAS / Driver 
model. Using a fuel consumption map for a given vehicle type, the emissions of the vehicle 
can be computed from the engine torque and engine speed. 

In a final integration step the velocity of the vehicle for the next step of the traffic 
simulation is provided and published on the signal pool. The signal pool contains a feedback 
channel which enables the simulation framework to send information from the vehicle 
simulator back to the traffic simulator and to manipulate the velocity of single vehicles. 

All in all, the loop shown in FIGURE 52 offers a way to influence the car-following behavior 
of multiple vehicles in the traffic simulation on-line, taking into account an advanced model for 
the characteristics of the vehicles in the simulation. 

4.4.5. EXAMPLE OF TEST CASES: COMPARISON OF TRAFFIC SCENARIOS WITH VARYING 

AMOUNTS OF ADAS VEHICLES TO A TRAFFIC SCENARIO WITHOUT ADAS VEHICLES IN 

TERMS OF EMISSIONS 

This section describes the results of first experiments conducted to evaluate the benefit of 
ADAS in an urban area with respect to emissions. The first considered road network is part of 
a ring road with several smaller supplier roads. It is shown in Figure 55. The second 
considered road network is a city quarter with a couple of traffic light controlled junctions. This 
road network is shown in Figure 56. 



 

ICT-Emissions – Deliverable D2.1 Methodology - v2.0  

 

86 

The road networks are loaded in the traffic simulator SUMO and several routes are 
defined for the vehicles which enter the road network one after the other. On each route one 
vehicle can enter the simulation at the same time step, thus at one time step at most as many 
vehicles can join the simulation as routes are defined. Figure 55 and Figure 56 contains 
annotations which indicate the origins (e.g. S1) and destinations (e.g. E1) of the different 
routes. In Figure 56 a couple of connection points are additionally defined. An overview of all 
routes is given in Table 13 for the ring road and in Table 14 for the city quarter. 

 
Figure 55 The first road network consists of a part of a ring road with multiple supplier roads. 

The considered part of a ring road includes two primary routes with a couple of smaller 
supplier router where vehicles can join or leave the primary routes. The origin- and 
destination-points for the defined routes can be read out of Table 13. As you can see Table 
13 the majority of the vehicles are set on the two primary routes. The speed limit is for most 
parts of the considered road network 60 km/h. The traffic in this scenario is not influenced by 
traffic lights, so it results rather flowing traffic in the scenario, if there are no traffic 
obstructions set.  

The second road network that is considered is a city quarter with a couple of traffic light 
controlled junctions. The road network is illustrated in Figure 56. As can be seen, in the road 
network there are five traffic lights that strongly influence the traffic characteristic. In fact, 
these traffic light and traffic priorities result in stop & go traffic.  
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Table 13: Routes in the first traffic scenario 

Route  Origin  Destination  Length in m  Percentage 
of vehicles  

PR1 S1 E1 2418 34 

PR2 S2 E2 2408 33 

SR1 S3 E3 1654 2 

SR2 S4 E4 727 2 

SR3 S5 E5 1530 5 

SR4 S6 E6 1994 2 

SR5 S7 E7 1401 11 

SR6 S8 E8 1166 11 

 

Table 14: Routes in the second traffic scenario 

Route  Sequence  Length in m  Percentage 
of vehicles  

R1 S1-P1-P2-P3-P6-P9-P10-E1 1287 15 

R2 S2-P2-P3-P6-P9-E2 620 8 

R3 S3-P7-P8-P9-P10-E3 794 15 

R4 S4-P9-P6-E4 488 15 

R5 S5-P7-P4-P5-P6-E5 1176 15 

R6 S6-P1-P4-P5-P8-P9-P10-P11-E6 1148 9 

R7 S7-P7-P4-P1-P2-P5-P6-P9-E7 1168 8 

R8 S8-P3-P2-P1-P4-P7-E8 1211 15 

 

The defined routes in the city quarter scenario can be read out of Table 14. There are also 
eight routes defined, but the distribution on the routes is more balanced.  
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Figure 56: The second road network consists of a city quarter with multiple traffic light controlled 

junctions. 

The vehicles enter the roads of both scenarios with a given time interval. The traffic 
simulator is coupled to the vehicle simulator via the signal pool of MESSINA as shown in 
Figure 52. Hence, the velocities of all vehicles are determined either by the Gipps model or 
regulated by Adaptive Cruise Control, depending on the selection bits selb  for the single 

vehicles set by the configuration module. The configuration module (Config) is used in the 
experiments to vary the amount of ACC vehicles. Additionally it is implemented that the 
vehicles that are equipped with ACC are randomly distributed over all vehicles. This is 
necessary to take the influence of the distribution and the mutual interference into account. 
Three different types of drivers are assumed in the scenarios. Hence, for the vehicles without 
ACC one of the sets of Gipps parameters (cf. ANNEX) in Table 15 is chosen. In all 
experiments these three types of drivers are uniformly distributed over all vehicles without 
ACC. 
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Table 15: Gipps parameters for three types of drivers 

Parameter  Driver type 1  Driver type 2  Driver type 3  Unit  

na  3 5 8 2s

m
 

nb  2 3 5  

1−nb  3 5 8  

τ  2 1.5 1 s 

In the simulations the percentage of ACC vehicles is chosen as 0%, 20%, 40%, 60%, 
80% and 100% ACC vehicles. Thereby, the field of view of the radar sensor of the ACC 
vehicles is chosen 20° and its range 200 meters. During the simulations the fuel consumption 
and the CO2 emissions of the vehicles computed inside the powertrain model are measured 
over the whole routes and accumulated. The accumulated CO2 emissions are summed over 
all vehicles. Random constellations of vehicles with and without ACC in the scenario can lead 
to different results in terms of emissions. Hence, 25 simulation runs are performed for a given 
percentage of ACC vehicles, while the ACC vehicles are randomly distributed over all 
vehicles.  

Table 16, Table 17 and Table 18 show the results of the simulations for both scenarios. 
For the city quarter scenario the overall amount of vehicles is additionally varied (Table 17 
and Table 18), which leads to different traffic densities. The first column of Table 16, Table 17 
and Table 18 contains the percentage of ACC vehicles among all vehicles in the scenario. 
The second column shows the fuel consumption of the vehicles along their routes, summed 
over all vehicles. The third column shows the average fuel consumption. The fourth column 
contains the CO2 emissions of the vehicles along their routes, summed over all vehicles and 
the last column shows the average relative reduction of emissions for a given percentage of 
ACC vehicles with respect to a scenario without ACC vehicles. For the simulations the 
parameters in the vehicle dynamics model in 4.4.4 (aerodynamic drag, torque curves, fuel 
consumption maps etc.) are chosen as in a common middle-class vehicle for all vehicles in 
the scenarios. 

All values in the columns 2, 3 and 4 in the tables are the mean values over all 25 
scenarios for a given percentage of ACC vehicles. Only the case with 100% ACC vehicles is 
simulated once, since there is no statistical variation in the results.  

As the last column of the Table 16 shows, there is a gradual reduction of emissions, as 
the amount of ACC vehicles in the ring road scenario increases. Hence, these first results 
already indicate that ADAS technology can have benefits with respect to the reduction of 
emissions along streets with a high functional road class in an urban context.  
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Table 16: Simulation results for the ring road scenario with 200 vehicles 

Percentage of 
ACC vehicles 

[%]  

Overall fuel 
consumption 

[ml]  

Average fuel 
consumption 

[l/100km]  

CO2 
emissions [g]  

Reduction of 
emissions    

[%]  

0 22554 5,47 59769 - 

20 22211 5,38 58860 1,25 

40 21778 5,28 57713 3,44 

60 21350 5,17 53578 5,34 

80 21081 5,11 55866 6,53 

100 20557 4,98 54476 8,86 
 

 
Figure 57: Reduction of emissions by the increasing percentage of ACC vehicles in ring road scenario 

In Figure 57 the reduction of emissions is shown by the increasing percentage of ACC 
vehicles. One can recognize a nearly straight line rise with increasing ACC vehicles. 

For the first evaluation of the city quarter scenario 200 vehicles are considered. The 
results can be read out of Table 17 and show less reduction of emissions than in the ring road 
scenario. This is mainly caused by the traffic lights and priority road, through which no free-
flow traffic is possible. So the ACC-controller cannot show his benefits. 
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Table 17: Simulation results for the city quarter with 200 vehicles 

Percentage of 
ACC vehicles 

[%]  

Overall fuel 
consumption 

[ml]  

Average fuel 
consumption 

[l/100km]  

CO2 
emissions [g]  

Reduction of 
emissions    

[%]  

0 18083 9,14 47919 - 

20 17929 9,06 47511 0,85 

40 17946 9,07 47556 0,76 

60 17880 9,03 47382 1,12 

80 17818 9,00 47218 1,46 

100 17821 9,00 47226 1,45 
 

 
Figure 58: reduction of emissions by the increasing percentage of ACC vehicles in city quarter scenario 

with 200 vehicles 

In Figure 58 the reduction of emissions is shown for an increasing amount of ACC 
vehicles. Although there is a slight growth identifiable, one cannot recognize a clear trend. 
This is because of the strong mutual interference from the vehicles. 
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Table 18: Simulation results for the city quarter with 100 vehicles 

Percentage of 
ACC vehicles 

[%]  

Overall fuel 
consumption 

[ml]  

Average fuel 
consumption 

[l/100km]  

CO2 
emissions [g]  

Reduction of 
emissions    

[%]  

0 7487 7,57 19842 - 

20 7467 7,54 19789 0,27 

40 7424 7,50 19676 0,84 

60 7386 7,46 19573 1,35 

80 7365 7,44 19518 1,63 

100 7330 7,41 19423 2,11 

 
Figure 59: reduction of emissions by the increasing percentage of ACC vehicles in city quarter scenario 

with 100 vehicles 

To reduce the mutual interference of the vehicles a second evaluation of the city quarter 
scenario with 100 vehicles is considered. The result of this analysis is shown in Table 18. 
Even if the reduction of emissions is not as high as in the ring road scenario, due to the 
reduction of vehicles a trend is better recognisable than in the preceding analysis with 200 
vehicles. The course of reduction by the increasing percentage of ACC vehicles is illustrated 
in Figure 59.  
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4.4.6. FUTURE WORK 

More experiments will be conducted to further investigate the effect of ADAS technology 
on the emissions of vehicles.  

Furthermore, an extension of the simulation framework in Figure 52 will consist in the 
implementation of additional controllers for Cooperative Cruise Control and Adaptive Cruise 
Control (ACC) using information of traffic lights. To this end, the sensor model has to be 
extended to provide not only information about the vehicle which is immediately in front of the 
car but also about vehicles which are further ahead in the cue and about the positions and 
phases of traffic lights. Incorporating traffic light information is supposed to bring larger 
benefits in city quarter scenarios as shown in our experimental evaluations than mere ACC. 

MESSINA, as a test platform for ECUs, offers the possibilitiy to influence the parameters 
of the traffic scenario, such as traffic density, percentage of ADAS vehicles etc. in test cases 
which can be run in an automatic fashion. An open issue is how to choose the parameters of 
the contollers in the ADAS model such that the acceleration behavior of the vehicle is both 
satisfactory for a driver but is also optimum in terms of the emissions of the vehicle. 
MESSINA offers evolutionary testing methods which can assist in finding optimum values for 
these parameters. They will be investigated later in this project. 

To integrate the scheme described in this section into the overall micro architecture 
described in Section 2.7.2.1, the TraCi modules in the sensor model (which are SUMO-
specific) will be replaced by modules which communicate with AIMSUN. From a software 
engineering point of view this can be done by implementing a layer with adapter classes for 
AIMSUN. The core of the algorithms and the whole logic in the sensor model is completely 
reusable. Although the vehicle dynamics model can provide emission values, the speed 
profiles generated in the simulations will be processed by CRUISE for a more detailed 
emission analysis. 

The modeling and implementation of the submodules in Figure 52 is part of future next 
project research and will be presented in the corresponding deliverables in more detail. 
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5 ITS MEASURES: DESCRIPTION 

5.1. DRIVER BEHAVIOUR CHANGE AND ECO DRIVING 

Driver behaviour can have significant impact on fuel consumption. According to the eco-
driving literature (Table 7.1) considering the “average” driver, up to 10% or more of fuel can 
be saved having an “eco” behaviour. On the other side a “bad” behaviour could produce extra 
fuel consumption (50% or more, compared to the average one). So the promotion of an 
energy-efficient style of driving is a very important measure family to consider. This can be 
made after the trip is completed (off line analysis), with the data collected during the trip. More 
effective is a real time system that suggests the correct behaviour to the driver while he/she is 
driving. The simplest solution of this type is the Gear Shift Indicator, that suggests a gear 
change when the speed of the vehicle is not appropriate (higher or lower) to the current gear.  

Eco behaviour could be improved by some vehicle functions like Start &Stop system, 
that turn off the engine when the vehicle is stopped. Another one is Tyre pressure 
monitoring, avoiding travelling with insufficient tyre pressure, condition that produce higher 
fuel consumption. 

5.2. NAVIGATION AND TRAVEL INFORMATION 

An automotive navigation system is a satellite navigation system designed for use in 
automobiles. It typically uses a GPS navigation device to acquire position data to locate the 
user on a road in the unit's map database. Using the road database, the unit can give 
directions to other locations along roads also in its database. Dead reckoning using distance 
data from sensors attached to the drivetrain, a gyroscope and an accelerometer can be used 
for greater reliability, as GPS signal loss and/or multipath can occur due to urban canyons or 
tunnels. 

The navigation has an impact on fuel consumption since it allows avoiding extra mileage 
due to mistakes in the route followed to destination. Furthermore the route calculation 
includes some parameters (shortest distance, fastest road) that can produce fuel saving 
compared with the route followed without the system.  

This is the basic navigation system (On-Board navigation Systems). Further benefits in 
terms of time (and fuel) saving can be achieved if the on board unit has access to real-time 
information (Dynamic on-trip routing): congestions due to traffic, road works or accidents 
can be avoided.  

When historical traffic data are available, based on the collection of information made from 
the infrastructure or from the vehicle fleet, the routing towards the destination can consider 
also the expected traffic (and thus average speed) and calculate the best route to reach the 
destination with the lowest possible fuel consumption (green enhanced navigation system). 
Historical data can be complemented with real time information (traffic, accidents, road works, 
etc.) to have the most complete solution (green enhanced navigation system with real 
time data). 

Some information is useful to avoid unnecessary fuel consumption. Having the information 
of the parking slot available (Intelligent Parking) the navigation system could  guide the 
driver directly to the most convenient one, saving time and fuel.  
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A benefit can be obtained, in particular, when multiple destinations have to be reached, 
using (web based) planning tools before the trips start (Web based pre-trip information 
system). This can be useful in particular when the destination is not well defined (a cheaper 
shop, a good restaurant, etc.). In the near future such a system could also operate in real 
time on the vehicle, thanks to the mobile connection to a server (cloud navigation).  

5.3. TRAFFIC MANAGEMENT AND CONTROL 

Under this classification there are all infrastructure based systems that are able to 
measure (traffic monitoring) the level of traffic on a road network enabling then a 
management or control of traffic in order to optimize the use of the available road capacity.  

One solution is to control traffic lights at the intersections, using traffic sensor information 
(Isolated controlled intersections). This can avoid having traffic stopped on one way while 
there is no traffic in the other one. The benefits are clear, in terms of traffic flow and fuel 
consumption, in particular in the rural roads, where stopping a vehicle from a high speed to 
zero means a lot of energy dissipated.  

When traffic lights of several intersection are all controlled by a single system the traffic 
control could be “plan based” (Plan based control). Green wave strategy can be 
implemented, allowing vehicles that observe the speed limit to find always green at the 
intersections.  

When this plan takes into account the level of traffic (Traffic adaptive Urban Traffic 
Control) the available road capacity is optimized. If the information about the optimal speed 
to keep can be transmitted to vehicles (Traffic adaptive Urban Traffic Control + V2I), an 
extra saving can be obtained by avoiding excessive speeds compared to the actual traffic 
flow in that specific traffic condition.  

However all the above mentioned measures have an impact on fuel consumption which is 
generally positive. 

All the previous measures are mainly applicable to urban scenarios. On highways one of 
the most interesting measures is Ramp Metering. By measuring the traffic on the highway it 
is possible to monitor the level of congestion and calculate the residual capacity of the road 
stretch, and thus finally to rule the entrance traffic from ramps in order to avoid the trigger of 
congestions.  

Instead of reducing traffic demand, a solution to avoid congestion is to increase road 
capacity. This is possible with Dynamic lane systems, i.e. the possibility to open an extra 
lane when traffic level is higher than a certain threshold. Emergency lane can be used, under 
defined conditions, as standard lanes. In general, the infrastructure is adapted to dynamically 
set one or more lanes to a certain traffic direction.  

Speed Control (point-to-point), like the TUTOR system in Italy, are solutions to improve 
the road safety. License plates of vehicles travelling on closed (without ramp) portions of 
highway are detected at the beginning and the end of the road portion. Average speed on this 
road portion is calculated for each vehicle and those exceeding the road speed limit are fined. 
These systems have also impacts on GHG emissions, since the excessive speed is (almost 
completely) avoided. Furthermore these systems make more effective Dynamic Speed 
Limits, in particular when introduced not only for safety reason but also to reduce emission. 
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There are also other measures that have impact of GHG emissions. One very important is 
related to intervention on the road geometry. The infrastructure measures can also change 
the traffic impacts on CO2 emissions and energy consumption. The measures in some cases 
include ITS technologies.  A typical example is the transformation of an intersection controlled 
by traffic light into a passive roundabout. This is a very common measure to improve road 
safety that could have positive or negative impacts on GHG emissions. 

5.4. DEMAND AND ACCESS MANAGEMENT  

These measures have impacts of GHG emissions since they produce, in general, a traffic 
reduction, or a modal change (from private car to public transport). It is not guaranteed that 
the impact is positive (GHG emission reduction) since a traffic reduction in an area could 
produce an (higher) increase in another area. A typical example is to move the traffic crossing 
a city to a longer road around the city itself.  

The simplest measure is infrastructure-use pricing, like London congestion charging. If 
the vehicle is entering in a defined zone, a fee has to be paid. Since all vehicles (typically) 
pay the same fee this measure could be not very popular, since poor people are more 
damaged. Carbon-credit schemes where all people have a certain “credit” before to start to 
pay are more acceptable by the general public.  

Restricted traffic zones are normally introduced for social reason (create pedestrian 
areas or reduce pollution). The impact on GHG emission could be negative, as already 
discussed before, since the crossing traffic has to take a longer way to avoid the restricted 
area.  

Pay-as-you-drive strategy could be very effective, since reduces the travelled kms but 
also the “way” they are travelled. Excessive speed or acceleration can be reduced through an 
increase of the cost of doing such manoeuvres.  

5.5. ADVANCED DRIVER ASSISTANCE SYSTEMS (ADAS) 

All systems that support the driver in the longitudinal control of the vehicle (acceleration 
and braking) have an impact on fuel consumption. The simplest solution, Cruise Control, 
that keeps constant the vehicle speed, has some benefit on emissions since it avoids 
unnecessary speed change that produce extra fuel consumption.  

Cruise control could consider also the road geometry (Navigation based cruise control) 
and speed limits, using the information available on digital maps and satellite based 
localisation. When the traffic in front of the vehicle is detected by a radar the speed of the 
vehicle can be adapted to the traffic (Adaptive cruise Control, ACC). When the vehicle 
communicate directly with the infrastructure there is the ACC vehicle with V2I (vehicle to 
infrastructure communications). 

Normally ACC is able only to manage the vehicle speed above a certain threshold; the 
most sophisticated systems are able also to manage situations of very slow or stopped traffic 
(queue) (ACC+STOP&GO ).  
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If vehicles are able to exchange information between them (thanks to a Vehicle-to-Vehicle 
communication link) the cruise control could adopt the speed profile of a preceding vehicle 
(Cooperative cruise Control).  

All these systems have direct (on the control vehicle) and indirect (on the surrounding 
traffic) impact on GHG emissions.  
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6 DETAILS ON HOW TO ASSESS ITS MEASURES: THE 
AFFECTED PARAMETERS AND THE MODELS 

6.1. INTRODUCTION TO THE SIMULATION  OF SPECIFIC ITS SYSTEM 

In the following pages it is described how to correctly model each selected ITS measures.  

The main models level needed for the assessment is described, with details on affected 
parameters, methodology for selecting scenarios and model algorithms.  

It should be stressed that it is not always necessary to implement the complete 
architecture, as done in the Ecodriving case. The essential part and the needed enhanced 
models are here described. 

Evidently, this analysis will be enhanced during the development of the project activities. 

 

6.2. DRIVER BEHAVIOUR  AND ECO DRIVING 

The Ecodriving case is already described in detail in the previous part of this report (see 4 
“EXAMPLES OF ITS ASSESSMENT - ENHANCED ALGORITHMS AND INTEGRATION 
TESTS 

EXAMPLE OF APPLICATION OF THE METHODOLOGY: THE ECODRIVING CASE”). 
Only the other measures Gear shift, Start&Stop and Tyre pressure are discussed here. 

6.2.1. GEAR SHIFT INDICATOR 

Vehicles with manual transmission or equipped with tiptronic control system can be 
modelled with a gear shift indicator which constantly calculates which gear is currently the 
most economical and accordingly advises the driver when to shift. When calculating, the 
system takes both the driving situation and engine load into account.  

For example, if the vehicle is accelerating hard, it will wait until a higher rev count before 
recommending a gear change. Changing gear at the right moment can considerably reduce 
fuel consumption, especially in urban driving, but also on long journeys. 

6.2.1.1. Affected Parameters and Impacts 

A gear shift indicator influences the local vehicle’s working point in the engine map and 
tries to move the working point to the most economic possible, this reducing the overall 
consumption / emission. By the use of a gear shift indicator no other vehicle in the fleet will be 
influenced. 
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6.2.1.2. Model Level 

The effect of a gear shift indicator can be modelled in micro and macro emission 
simulation.  

6.2.1.3. Emission Models 

The objective of an emission model is to provide emission factor curves covering several 
passenger car types and classes reflecting the composition of the fleet. Vehicle types will 
include both conventional and advanced types. Conventional vehicle types will be further 
classified by market segments (Table 19), by fuel (gasoline, diesel), and efficiency category 
whereas advanced vehicles will include start-and-stop, start-stop with braking power 
regeneration, start-stop and boosting, full hybrid, plug-in hybrid, battery-electric, and range 
extender (Table 20). 

Table 19: Classification of vehicles according to market segments 

Segment Name Typical Models 

A Micro-size Ford Ka, Toyota iQ 

B Mini-size Nissan Micra. Renault Clio 

C Compact Ford Focus, Opel Astra 

D Medium Alfa 156, Saab 9-3 

E Large Audi A6, BMW 5-series 

D Luxury Audi A8, BMW 7-series 

G 2-Seater Sports Audi TT, Porsche 911 

H Box Citroen Berlingo, VW Candy 

VAN Vans Renault Espace, VW Sharan 

MPV Multi-purpose Citroen C4 Picasso, Fiat Multipla 
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Table 20: Typical “advanced” vehicles and their characteristics (Melios et al., 2011) 

Technology/Ty
pe Example Power (kW) Tailpipe 

CO2 (g/km) Range (km) 

Mild Hybrid" 
Honda Insight 

72 

(ICE:65, 
EM:10) 

101 800 (EV:0) 

Full Hybrid 
Toyota Prius 

98  

ICE:73, 
EM:60) 

89 
1000 

(EV:20) 

Plug-in Hybrid 
Toyota Prius 

98  

ICE:73, 
EM:60) 

59 
1500 

(EV:40) 

EV+Range 
extender       Opel 
Ampera 

111 EM 
(ICE:60) 0-40 800 (EV:60) 

Pure EV       
Tesla Roadster 212 0 EV:400 

 

6.2.1.4. Micro Emission Simulation 

In the micro emission simulation the gear shift indicator can be directly included. 

The AVL CRUISE vehicle and powertrain level simulation tool will be used to simulate 
each vehicle type and classes. In CRUISE, a vehicle is graphically setup, providing all kinds 
of powertrain details (wheel size, gearbox, differential, engine type, etc.). Then an engine 
map is given, where the engine characteristics are provided as a function of the engine speed 
and power. Then the vehicle is allowed to operate over different speed profiles (driving 
cycles) and the software simulates the vehicle and engine operation by which it can produce 
total fuel consumed and total emissions produced. The main variables which will be used as 
an input to the model are fuel consumption engine maps, rated engine power, frontal area 
and aerodynamic drag, vehicle mass, rolling resistance coefficient(s), gear and final drive 
ratios, wheel diameter and dimensions and weight of various components.  

Each vehicle type/class will be simulated over several real world driving cycles. Such 
driving cycles are synthesized from measured speed/gear-shift data following specific 
procedures and they aim to be representative of traffic conditions and typical driving 
behaviour Examples of such patterns are the World wide Light Duty Driving Cycle (WLTC) 
and Fiat’s ecoDrive - software application on recording telemetric data from the car’s network 
and algorithmic measurement of driving efficiency based on four parameters: steady 
acceleration, steady deceleration, early gear changes and moderate and consistent speed. 
Also, speed profiles obtained by traffic simulation (efficient driving style and standard style) 
will be used as input. 
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Driving cycles will reflect standard, aggressive and eco driving conditions (based on driver 
behaviour, gear shift indicator, start & go and tyre pressure data) and will be used taking into 
account different penetration rates of eco driving vehicles. CRUISE will produce emissions 
factors (g/km) for each vehicle type/class over the applied driving cycles. 

6.2.1.5. Macro Emission Simulation 

In the macro emission simulation the gear shift indicator can be considered by different 
cost functions. 

In order to assess the real-world performance of the vehicles, these emission factors 
produced by CRUISE will be introduced in COPERT to generate their CO2 emissions as a 
function of average speed of each vehicle type/class Figure 60). Based on such emission 
profiles for each vehicle type/class, EXTENDED COPERT will produce COPERT-type 
emission curves for different driving patterns (Figure 61). 

 
Figure 60: CO2 emission results of different vehicle types as function of average speed (Melios et al., 

2011) 
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Figure 61: Examples of COPERT-type emission curves for different driving patterns (Based on 

COPERT data for diesel Euro 3 (>1.4 & >2.0 litres)) 

6.2.1.6. Traffic Simulation 

There is no influence of a gear shift indicator on the traffic simulation hence the same 
models can be used for checking the effect with and without ITS measure. 

6.2.1.7. Emission Model 

The effect of the gear shift indicator is in a changed overall consumption / emission. This 
is a direct output of the emission model. 

6.2.2. START AND STOP 

A start-stop system automatically shuts down and restarts the internal combustion engine 
to reduce the amount of time the engine spends idling, thereby reducing fuel consumption 
and emissions. This is most advantageous for vehicles which spend significant amounts of 
time waiting at traffic lights or frequently come to a stop in traffic jams. This feature is present 
in hybrid electric vehicles, but has also appeared in vehicles which lack a hybrid electric 
powertrain. For non-electric vehicles (called micro-hybrids) fuel economy gains from this 
technology are typically in the range of 5 to 10 %. 

Since automobile accessories like air conditioners and water pumps have typically been 
designed to run off a serpentine belt on the engine, those systems must be redesigned to 
work properly when the engine is turned off. Typically, an electric motor is used to power 
these devices instead. 
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6.2.2.1. Affected Parameters and Impacts 

A start/stop system influences the local vehicle only by reducing the 
consumption/emission during idle phases to zero. 

6.2.2.2. Model Level 

The effect of a start/stop system can be modelled in micro and macro emission simulation. 
In the micro emission simulation the start/stop is considered by setting the consumption 
during idle phases to zero. In macro emission simulation start/stop can be considered in 2 
different ways:  

• New cost function for vehicles equipped with start/stop 
• Extending the input of the macro emission simulation by the additional still stand 

time beside the average velocity without standstill. Then the two terms can be 
added separately. 

6.2.2.3. Traffic Simulation 

There is no influence of a start/stop system on the traffic simulation hence the same 
models can be used for checking the effect with and without ITS measure. 

6.2.2.4. Emission Model 

The effect of the start/stop system is in a changed overall consumption / emission. This is 
a direct output of the emission model. 

6.2.3. TYRE PRESSURE 

Tyre pressure is effectively one of the most important factor which affects rolling 
resistance of the tyre in use.  

Maintaining proper tyre inflation is essential for both fuel efficiency and better tyre 
performance, without affecting negatively its lifespan.  

An example of what a deflated tyre may cause is shown in Figure 62, where the relative 
vehicle coast down characteristic has been simulated imposing first the correct pressure (blue 
line) and successively a reduced pressure by 20% (red line) in a 1.5 t conventional passenger 
car. 
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Figure 62: Coast down curves with a base and deflated tyre 

 

In a simulation environment there are two possibilities of modelling tyre inflation pressure 

1. Having a proper coast down measured experimentally, so the knowledge of the 
constant, linear and quadratic part of the characteristic already includes tyre rolling 
resistances in it 

2. Describing a proper tyre model, assuming to know the frontal area, the drag 
coefficient and naturally data about the tyre involved. 

6.2.3.1. Affected Parameters And Impacts 

Tyre pressure influences the local vehicle only by changing its resistance and therefore 
changing consumption/emission overall. 

6.2.3.2. Model Level 

The effect of tyre pressure can be modelled in micro and macro emission simulation. In 
the micro emission simulation the tyre pressure is considered by a different resistance curve 
while in macro emission simulation it is considered by a different cost function. 

6.2.3.3. Traffic Simulation 

There is no influence of a tyre pressure on the traffic simulation hence the same models 
can be used for checking the effect with and without ITS measure. 
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6.2.3.4. Emission Model 

The effect of tyre pressure is in a changed overall consumption / emission. This is a direct 
output of the emission model. 

6.3. NAVIGATION  AND TRAVEL  INFORMATION 

6.3.1. AFFECTED PARAMETERS AND IMPACTS 

The impacts are mainly at level of the guided specific vehicle which getting a better route 
changes mainly its own: 

� average speed 

� driving dynamics (speed profile) 

� traffic volume (depending on the penetration level of guided vehicles). 

The main desired overall affected impact is the traffic distribution, in fact the “informed” 
vehicles change their routes and they are guided in less congested routes or better green/eco 
routes. An optimized traffic redistribution not only provides benefit to the guided vehicles but 
also to the overall traffic: generally reducing the traffic in critical or high energy consuming 
roads improves the performance and generally reduces the consumption also of the vehicles 
remaining in the not suggested routes. 

6.3.1.1. Traffic Supply 

In terms of road supply, the measures can get impacts both at urban, extra-urban and 
highway contexts. 

In terms of Road Structure the benefits can be obtained only if it is possible to change 
path, so “corridors” simulations are of no use in this context.  

So, a “network” as area of study is needed in order to get the impacts of these measures. 

6.3.1.2. Traffic Level 

This measure provide benefits only in case the change of path reduce the costs for the 
user or in term of road supply, the measure can get impacts both at urban, extra-urban and 
highway contexts. 

If the generalized cost is provided by travel time plus money cost, the variation of travel 
time can exists only in case of congested traffic or in case of important change in the network 
performance (for instance closure of roads). The level of traffic which is reasonable to 
simulate in order to evaluate impacts is “congested traffic”. 

If the generalized cost is provided by energy consumption and CO2 emissions and it is 
supposed that the users cannot evaluate alone these costs the measure of being navigated to 
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greener paths can provide impacts both in case of congested traffic but also in not congested 
ones.  In this extended case the level of traffic which is reasonable to simulate in order to 
evaluate impacts is “congested and not-congested traffic” and all the intermediate levels that 
the evaluation plan defines. 

If it is hypothesized that people know in advance which area the greener routes and that 
only the day specific effect due to increasing/ decreasing of traffic and network performance 
variation modified the equilibrium selected routes, then also in this case only the “congested” 
level of traffic will provide differences in costs and it will provide impacts. The level of traffic 
which is reasonable to simulate in order to evaluate impacts is “congested traffic”. 

6.3.1.3. Vehicle Composition 

Considering the overall benefits for the area of study, in this case the variation in vehicle 
composition means to have a variation in level of penetration of equipped vehicles. In other 
words the changes in fleet composition correspond to have modification in the percentage of 
“navigated” vehicles. 

6.3.2. MODEL LEVEL 

The main desired affected impact is the traffic distribution moving some traffic in less 
congested routes or better green/eco routes.  

Because the “navigation” measure mainly affects the traffic distribution the more suitable 
level for simulation is macro-simulation models 

This test case can be simulated at MACRO level. 

In this case the more suitable models to evaluate the CO2 impacts of such ITS measure 
are: 

� macro traffic models  

integrated with: 

� macro emission models 
 

6.3.3. TRAFFIC SIMULATION 

The simulations have the purpose to estimate the benefits that possible users of a 
dynamic navigation system can obtain (Models on the Road - IN SAFETY – (CSST (2006)).  

To simulate correctly the ITS measure, there is the need to define which is the difference 
in behaviours that the models have to simulate among vehicles which move according the 
suggestion provided by the navigation system, i.e. “guided” users and the not equipped 
vehicles, i.e. the “unguided” users. 
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According to literature the users select their paths on the basis of their historical 
knowledge of the generalized cost (travel time and other additional costs) of the different 
paths that join the departure locality (origin) to the arrival one (destination).  

The generalized cost takes into account the travel time and the costs. The estimation of 
the travel cost depends on the present traffic, as well as to the probability of risk to get into 
events with further delay. Unluckily the users cannot know unexpected event (accidents, short 
road works etc.). 

Furthermore, in the reality, the path costs change day by day because of both the 
changes of mobility demand and specific or local perturbation on the road network and 
generic variability and specific events. Guided users have the chance of obtaining more 
precise information to the real state of the road network, to the travel time and to avoid 
localized events.  

The big advantage of being navigated is to get more accurate data on the day by day 
network performance and also on known events. Furthermore in case of “dynamic” navigation 
to get the information also if the events are unexpected. 

Obviously the guided users will draw benefits from the “navigation” in case perturbations 
take place on roads which would have been chosen and that therefore the redirection of such 
vehicles on alternative paths allow those users to get optimum paths according to the specific 
day and the specific time. 

Because the “guided” vehicles avoid the “critical” roads as a consequence they decrease 
the queues on the perturbed paths in comparison to the levels they would had if also those 
vehicles were there, so the path change of the “navigated” vehicles allows to obtain in some 
cases also some benefits to the not-guided vehicles and therefore to obtain benefits for the 
overall traffic. 

The benefits will be different depending on if the guided users get info in conditions of 
congested traffic, which is the typical situation that one obtains for then busy hours, or not 
congested traffic, in which the benefits are obtainable only in case of significant unpredictable 
events. 

6.3.3.1. The Algorithm: The Atypical Multi-Assignment 

IVECO ER&C CSST (CSST, 2006) has developed an assignment algorithm to simulate 
behaviour on road networks when a user must choice a path and to calculate the route costs, 
distinguishing between guided and unguided users. The applicable algorithm cannot be a 
standard “multi-class” assignment model. 

The algorithms have to take into account the comparison between travel times/costs of 
the users that use always the same path and travel times/costs of those which take 
advantage of a dynamic navigator determine the attainable benefits. 

This method corresponds to an “atypical multi-user” assignment: the algorithm has to 
provide that the unguided users choose their paths like all users were unguided and that their 
selection of path are not affected by the day by day network performance that they don’t 
known, while the guided users will select their path both on the basis of the “better”-known 
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status of network performance based on the real traffic present on the network and in case of 
dynamic routing also of unexpected events. 

This means that the algorithm needs to know the paths which will be chosen from the not-
guided users and so pre-assign the traffic which does not modify its behaviour before 
assigning the guided users. The further attention of the method is that the final generalized 
travel cost has to take into account of the total traffic on the network: the part provided by the 
unguided and the part provided by the guided ones. So it is therefore necessary the overall 
assignment is obtained with an iterative crossed assignation with several steps. 

In the classical multi-user that assigns the traffic distribution for the users’ category 
assuming for this category an amount of demand which excludes the other categories is not 
suitable. For this reason IVECO ER&C CSST has developed in MT.MODEL T.ROAD an 
“atypical multi-user” methodology who allows to make these crossed assignments with a first 
users class (the guided vehicles) that takes account of the presence of the other users class 
for all the aspects (of path choice and cost), while the second users class (the unguided 
vehicles) behaves independently i.e. it assumes that all the traffic behaves as unguided. 

The difference between the classical multi-user assignment and this atypical multi-class 
assignment method is the following: 

� in the first case (standard multi-class) all the users classes are assigned together, 
since everyone searches the equilibrium taking into account of the other classes 
distribution on the network, in other words  though having a different sensitivity to 
the network cost and in the different steps of the iterations every user-class takes 
the other ones into account;  

� in the second case (atypical multi-class) while the guided users look for the 
equilibrium taking the unguided users into account, these last moved as the 
previous day of the same type and so they behave as though all the traffic was 
“not-guided”. The generalized cost however takes into account the additional cost 
due to the traffic of the other users category for as it truly places itself and not for 
as it was assuming distributed.  

Criteria using “the added fixed” traffic on the network is used in this cases for the 
unguided users. Therefore an asymmetrical algorithm has been defined for the definition of 
the path distribution, which manages the different perception of the network by the side of 
users, integrated with a calculation form for the definition of the final generalized costs on the 
network. 

6.3.3.2. Simulation Cases – The Baseline Methodology For Simulating “Navigation “ Use 
Cases 

The simulation of the “base case” needs to have at least two reference cases (REF):  

� the standard historical situation (HIS_REF): it represents the “known” performance 
of the network 

� the day specific situation (DAY_REF):  it represents the specific day status of the 
network. 
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The impacts of the “navigation” measure is obtained evaluating different “ITS scenarios” 
considering different level of percentage of “navigated” users. 

The benefits are obtained comparing the travel costs of the users if they drive (selecting 
the path and consequently distributing their vehicles on the network) having in mind travel 
costs correctly known with the case in which they don’t know the correct travel cost. 

The different types of navigation systems are simulated with the same method: the 
differences is given by different level of “correctness” of the correct costs (better or exact 
knowledge of specific day travel cost) which depend on the ITS type (for instance in case of 
real time also unexpected accidents can be taken into account). 

6.3.3.3. Simulation Cases – The Baseline Methodology for Simulating “Green Navigation” 
Use Cases 

The “green” navigation is simulated with a similar methodology as the one above 
described with an innovative feature: the travel cost of the users interested in green 
navigation is not the standard generalized cost but it is the “energy consumption” costs. 

The innovative cost function is the most important innovative feature in the case of a 
minimum number of users because in this case it is possible to hypothesize that their path 
selections do not change the equilibrium distribution. While a higher innovative specific 
“green” cost function (ECOSTAND, 2011) depending also by the vehicle flow has to be 
defined. 

In case of a high percentage of penetration of Green Navigation system equipped 
vehicles. 

In case all the users use behave looking for the “greener paths” the higher innovative cost 
function can be used for distributing traffic with already a high innovation in traffic simulation 
models. In this case the use of multiclass can be imitated for defining the different 
environment-costs of different vehicle categories. 

6.3.3.4. How to Get the Reference Scenarios 

6.3.3.4.1. Case 1 

� “Reference” scenarios: base line simulation with a perturbation which simulates 
the day by day variation. 

 

� The perturbation is provided with a perturbation: 

o in the OD demand values 

or 

o in the network characteristics  
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� The simulation of this case is done with the hypothesis that nobody is informed of 
the perturbation so the users do not change their path according to these:  

o the distribution of the traffic is done using the non-perturbed case 

o the cost of the simulation is calculated considering the perturbation costs. 

6.3.3.4.2. Case 2 

� “Reference” scenarios: base line simulation with an unexpected accidents / 
roadwork on the network which simulate the day by day local “highly” dynamics.  

 

� The perturbation  is provided with a perturbation: 

o in the OD demand values 

� or 

o in network characteristics  

� The simulation of this case is done with the hypothesis that nobody is informed of 
the perturbation so the users do not change their path according to these:  

o the distribution of the traffic is done using the non-perturbed case 

o the cost of the simulation is calculated considering the perturbation costs. 

6.3.3.5. ITS Cases Scenarios: Specific Its Navigation Scenarios 

1. The final ITS-navigation scenario is the one that hypothesizes that 100% users are 
guided. In other words, all the users are supposed to select their routes knowing 
the real demand and the real network performance: in this case the base line 
simulation is used. 

The comparison between  

o the “reference scenarios” with all the unguided users i.e. the ones that 
select their route on the “perturbed” network as it was not perturbed but 
with a final travel costs of the real situation and this scenarios provide the 
maximum benefits; 

o the final ITS navigation distribution and cost with 100% of guided users 

provides the benefits of the ITS measures.  

Obviously the benefits depend on the difference between the “known also without 
navigation” network performance and the “unexpected real” real network performance. 

2. Other ITS specific future scenarios are obtained using: 
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o Different percentage of level of penetration of the vehicles equipped with 
navigation system need to be evaluated.  

The number of scenarios depends on the number of percentage of penetration level and 
how many perturbation level cases the project intends to evaluate. 

It is reasonable to define a reasonable number of cases from a minimum percentage of 
equipped vehicles to the maximum (100%). The number of cases will be defined in the 
evaluation plan. 

6.3.4. MACRO EMISSIONS SIMULATION 

As was noted earlier, the main parameters that are affected from ITS measures of this 
category are the average speed, the driving dynamics and the traffic volume (depending on 
the penetration level of guided vehicles). A typical average speed macro emissions model 
can already take into account the impact of average speed and traffic volume on estimated 
emissions.  

In general, the navigation ITS measures can be simulated with the standard – average 
speed based – macro emissions methodology applied on street level. Having as an input the 
traffic volumes, the vehicles mileage, the vehicles composition and their average speed (for a 

specified number of roads) from the traffic model, EXTENDED COPERT will be used to 
calculate the emissions that will be produced. This is illustrated in Figure 63

 
Figure 63: The macro emissions modelling flow chart for navigation ITS measures 

 

In each navigation ITS measure and in every ITS case scenario the EXTENDED 
COPERT input will be different leading to different CO2 emissions and fuel consumption.  
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The effect of driving dynamics due to the introduction of navigation ITS measures can be 
also taken into account since it will be reflected on the average speed of vehicles. This is also 
true for the congestion effect. If a specified area is modelled with and without congestion the 
average speed on the latter case will be slower, and, correspondingly, the calculated 
emissions will be higher. 

So, by using EXTENDED COPERT all the major parameters are being considered and 
the typical calculations performed by the software should be adequate to simulate the impact 
of all the navigation ITS measures both on fuel consumption and CO2 emissions. 

6.4. TRAFFIC MANAGEMENT  AND CONTROL 

6.4.1. URBAN TRAFFIC CONTROL 

The main aim of an Urban Traffic Control (UTC) system is to determine and implement 
optimal strategies for management of traffic lights. 

Among the different types of UTC systems as mentioned before: 

� Isolated controlled intersections: this is the simplest type of management and control 
of urban traffic systems. It implements policies for the management at the level of 
each intersection  without implement any concept of network; 

� Plan based control: this system manages traffic light phases according to 
predetermined plans; the traffic light system takes care of choose the plan most suited 
to the situation of the moment, or according to a schedule, or according to the 
situation of traffic detected by sensors. The flexibility of this system in congested 
conditions is minimal; 

� Traffic adaptive Urban Traffic Control: this is the most complex system, but also the 
most effective, for the management of urban traffic. It can be used in any condition of 
traffic, on very complex networks (with a high number of crossovers) and it is able to 
respond quickly to critical traffic situations. This type of system uses adaptive 
algorithms to define the best policy of traffic light management, based on the traffic 
data collected by sensors at intersection, from the data received by the intersections 
surrounding and policies set by the centre. Optimization algorithms are based on 
traffic patterns: in other words, the knowledge of the network is embedded in the 
system and it can be used also to change the objectives optimization (delay, number 
of stops, eco-friendly policies); 

Only the last one will be simulated. 

6.4.1.1. Affected Parameters and Impacts 

An adaptive UTC system is intended to improve the overall conditions of urban traffic by 
minimizing the total travel time of private traffic. It works regularizing the movement of 
vehicles to save energy, reduce emissions and increase safety. 
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The core strategy of an adaptive UTC system is oriented to minimize the time wasted at 
intersections, increasing average speed, decreasing travel time and CO2 emissions. 

Main impacts concern the reduction of travel times and average delay time at 
intersections (Average speed category). 

Secondary impact concerns traffic fluidification, by the reduction of stop-and-go (Driving 
dynamics category). 

6.4.1.1.1. Traffic Supply 

An adaptive UTC system is mainly applicable in congested urban scenarios where traffic 
is regulated by traffic lights at the nodes of the transport network; the intersections must be 
equipped with detectors/sensors and a high-speed digital infrastructure is necessary too. 

6.4.1.1.2. Traffic Level 

An UTC adaptive system is suitable to any traffic condition on complex networks (with a 
high number of crossovers) and it is able to respond quickly to critical traffic situations. The 
system provides top level of benefits in case of congested traffic (peak case). 

6.4.1.1.3. Vehicle Composition 

The fleet composition used in simulation will be shaped following a typical urban traffic 
scenario. 

6.4.1.2. Model Level 

Adaptive UTC has to be analysed on a microscopic traffic level. In the micro-simulation 
model, traffic flow data will be provided by virtual sensors and the adaptive control strategy is 
applied according to the same optimization algorithm of real system by the connection of a 
‘real’ system instance with the micro-simulator. 

6.4.1.3. Traffic Simulation 

6.4.1.3.1. Simulation Process 

The simulation runs will be based on a main road in a real urban scenario, where each 
intersection is controlled by adaptive traffic lights. The O/D matrix used in the simulation runs 
will be based on real traffic flows, detected by loops at the intersections or derived from 
surveys. Topology of each intersection will be surveyed in terms of splitting rates, allowed 
turns, etc. The micro-simulator will be connected with UTC system within a specific interface. 
Traffic sensors and traffic light controllers will be modelled; the traffic light plan will be 
imposed by UTC control units, based on real time traffic situation. 

6.4.1.3.2. Model calibration 

Model outputs will be compared with real data; a regression will be applied on traffic flows. 
A fine calibration, more complex and expensive too, can be performed by the comparison of 
maximum queues at intersections and/or of travel time paths. 
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6.4.1.3.3. Results 

A first simulation will be performed in the condition of system in operation; a second one 
will represent without UTC working (typically with a fixed plan scenario). Travel times and 
average delay time at intersections can be compared as result of both simulations. 

6.4.1.4. Emission Model 

The effect of adaptive UTC system on CO2 emissions will be tested on micro level by 
applying AVL CRUISE. Speed / acceleration – time profiles derived from traffic simulation will 
be used as input. 

6.4.2. TRAFFIC MANAGEMENT & CONTROL – UTC+V2I 

In the context of Urban Traffic Control Vehicle-to-Infrastructure (V2I) communication 
provides a convenient means to inform the drivers in a traffic scenario about the state of the 
traffic lights which lie ahead on their routes. On the one hand, the transmission of traffic light 
data can be effected over direct communication channels between the vehicles and nearby 
traffic lights. On the other hand, the vehicles can receive information from a central server 
which stores traffic light data for a whole microscopic traffic scenario. A driver information 
system inside a vehicle displays relevant information like the duration of a traffic light phase 
or the distance to the nearest traffic light and can suggest a velocity range to the driver which 
is optimal for passing the upcoming traffic lights at green. 

6.4.2.1. Affected Parameters and Impacts 

V2I communication assists the drivers in adapting the vehicle speed to the green wave 
strategy issued by an Urban Traffic Control Centre. Hence, it is expected that vehicles which 
are equipped with such a system exhibit a much smoother speed profile than other 
conventional vehicles which do not offer the possibility to inform the driver about relevant data 
about the infrastructure. 

6.4.2.1.1. Traffic Supply 

This proposed measure is primarily applicable in urban scenarios where traffic is 
regulated by traffic lights at the nodes of the transport network. 

6.4.2.1.2. Traffic Level 

V2I communication is supposed to be most effective at low to intermediate traffic levels 
where the drivers can follow the advice given by the information system without being forced 
to reduce the vehicle speed due to slow preceding vehicles. Hence, the gaps between the 
vehicles should be sufficiently large. 

6.4.2.1.3. Vehicle Composition 

The proportions of light-weight and heavy vehicles in typical urban traffic scenarios will be 
provided by real-world field data. Another important quantity is the proportion of the vehicles 
in a traffic scenario which are effectively equipped with V2I communication modules and 
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driver information systems. This parameter should be varied between 0% and 100% such that 
the effect of different penetration levels can be analysed. 

6.4.2.2. Model Level 

V2I communication is to be analysed on a microscopic traffic level. The velocity range 
suggested by the driver information system can be imposed as a constraint on the car-
following model. 

6.4.2.3. Traffic Simulation 

6.4.2.3.1. Simulation Process 

The simulation runs will be based on an urban scenario which exhibits a grid-like street 
network. Each of the nodes of the grid will be a crossroads controlled by traffic lights. The 
switching programs of the traffic lights will partly be fixed and will partly depend on the traffic 
flows at the crossroads. Varying proportions of fixed-cycle traffic lights will define multiple 
baseline scenarios. 

6.4.2.3.2. Model calibration 

As already mentioned before, typical data for the fleet composition will be taken from real-
world measurements. The traffic density in the simulation will be chosen sufficiently large, 
such that the vehicles can follow the speed advice of the driver information system. 

6.4.2.3.3. Results 

The baseline scenarios defined in the simulation process serve as a reference for multiple 
future scenarios where a varying proportion of all vehicles in the scenario are able to receive 
information about traffic lights. The speed profiles of the vehicles obtained from the future 
scenarios will be compared to the speed profiles from the respective baseline scenarios. 

6.4.2.4. Emission Models 

For a quantitative analysis of the scenarios in terms of emissions, the speed profiles of 
vehicles will be processed using AVL CRUISE model. Results will be in terms of fuel 
consumption, emissions and vehicle performance. 

6.4.3. RAMP METERING 

Ramp metering is the process to limit the entrance traffic flow to a motorway through the 
use of traffic signals on access-ramps, with the main aim to avoid reaching the saturation flow 
level on the main stream and thus traffic instability, congestion and queues5(Figure 64). 

                                                 

5 Due to the reduction of instability, a secondary benefit of ramp metering is the reduction of incidents. 



 

ICT-Emissions – Deliverable D2.1 Methodology - v2.0  

 

116 

Ramp meter signals are set according to the current traffic conditions on the road. 
Detectors (generally an induction loop) are installed in the road, both on the ramps and en-
route, which measure and calculate the traffic flow, speed and occupancy levels. These are 
then used to alter the number of vehicles that can leave the ramp. The more congested the 
main carriageway the fewer vehicles are allowed to leave the ramp; this is affected by giving 
longer red times to the traffic signals. 

Much research is currently being carried out into the most appropriate algorithms for 
controlling ramp meter signals. Some algorithms that are in use or have been evaluated are 
ALINEA, demand control and fuzzy algorithms. 

 
Figure 64: Ramp metering process 

 

 

6.4.3.1. Affected Parameters and Impacts 

The benefit of the Ramp Metering solution is to gain efficiency and fuel consumption by 
avoiding traffic flow collapse, and thus instability and congestion, on nearly-saturated tracts of 
a motorway, by limiting the access of vehicles from ramps. 

6.4.3.1.1. Traffic Supply 

Ramp Metering is a typical motorway application, therefore it will be assessed within this 
road context only. 

6.4.3.1.2. Traffic Level 

High levels of traffic will be considered for the assessment of this solution, given that 
heavy en-route traffic is the condition for triggering the ramp temporary closure.   

6.4.3.1.3. Vehicle Composition 

The fleet composition adopted for the assessment shall be consistent with that adopted 
for the available field data, which will be used for the calibration of the simulation model. The 
evaluation scenarios may then foresee a change in the distribution of each vehicle type. 
Different changes may be foreseen for the on-ramp and main stream traffic. 
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6.4.3.2. Model Level 

The assessment of the impact of this measure on both traffic and emission is carried out 
through traffic and emission microsimulation. 

6.4.3.3. Traffic Simulation 

6.4.3.3.1. Simulation Process 

A model reproducing the analysed road section is built, and the strategies for Ramp 
Metering activation and implementation are set up on the basis of the traffic level measured 
with virtual sensors placed along the motorway (traffic-responsive ramp metering). 

It is possible to evaluate different ramp metering algorithms. Some of them are available 
as built-in functionalities of the microsimulation software (e.g. ALINEA), others can be 
implemented in order to widen the assessment field. 

6.4.3.3.2. Model Calibration 

The model calibration shall be able to reproduce a real-life case of Ramp Metering 
application. Either the applied metering algorithm (+ coefficients), or the opening and closure 
exact sequence shall be known for the real situation. In all cases, the traffic flow (and average 
speed) must be known for the on-ramps and main stream, with a proper time discretization 
(e.g. every minute). 

In parallel, the case of non-activation of the strategy (although in presence of over-
saturated traffic) must be calibrated in order to ensure a proper comparison “with vs. without 
strategy”. 

Special care must be used for reproducing the merging behaviour of vehicles from the 
ramps. 

6.4.3.3.3. Results 

The traffic microsimulation reproduces the performance of vehicles in terms of their speed 
on the network, in the form of speed profile of the individual vehicles during the period of 
simulation, recorded with a certain sampling frequency. 

6.4.3.4. Emission Model 

6.4.3.4.1. Microsimulation 

To translate the above profile in terms of consumption and therefore CO2 emissions it is 
necessary that this profile is read and "interpreted" by the vehicle/emission simulator (AVL 
CRUISE) in terms of engine operation. A sufficiently representative  sample of vehicles, and 
their speed profiles, will be extracted from the microsimulation model results, and emissions 
will be produced under conditions of activation and deactivation of Ramp Metering (“on” and 
“off”). Finally, comparison values will be calculated in the two conditions. 
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6.4.3.4.2. Macrosimulation 

For CO2 emission estimates, traffic dynamics have less impact than they do for other 
pollutants, although the relationship is nevertheless significant (of the same order of 
magnitude as the sensitivity to vehicle speed). Macroscopic approaches using the average 
speed, for instance, would therefore be insufficient to reflect the impact of ITS on driver 
behaviour. In this case, the EXTENTED COPERT version will be applied using emission 
factors produced by CRUISE under conditions of activation and deactivation of Ramp 
Metering to generate their CO2 emissions as a function of average speed of each vehicle. 

6.4.4. TRAFFIC MANAGEMENT & CONTROL – DYNAMIC LANE 

The Dynamic Lane solution is usually applied to the motorway context and allows 
transforming, at certain times or under certain traffic conditions, an emergency corridor into a 
conventional lane (Figure 65). The change is communicated to drivers via variable message 
signs equipped with “arrow-cross” signal indicating respectively the activation-deactivation of 
the measure. This type of solution is adopted in order to increase the capacity of the stretch 
of road in response to temporary increases in demand, for instance during peak periods. The 
infrastructure equipped for this type of solution is usually endowed with extraordinary 
measures which compensate for the temporary unavailability of the emergency lane, such as 
a higher density of emergency bays. In addition, the management system of the dynamic lane 
is usually able to implement strategies that restore immediately the emergency lane on the 
route in case of accident. 

 
Figure 65: Dynamic lane 
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6.4.4.1. Affected Parameters and Impacts 

The advantage of the Dynamic Lane solution is the ability to temporarily increase the 
capacity of the road and avoid saturation and congestion, with consequent gain in efficiency 
and fuel consumption. 

6.4.4.1.1. Traffic Supply 

If this case the road environment is fixed (highway), while it is possible to play on the other 
two dimensions of the scenarios matrix. 

6.4.4.1.2. Traffic Level 

With regard to the level of traffic, it will be useless simulate levels below the dynamic lane 
trigger threshold, which is supposed to be below the level of flow instability; in fact there are 
no expected appreciable benefits in cases where there is no formation of queues. It is 
therefore expected to work mainly on LOS D, E and F (see also in 3.1.1.2). 

6.4.4.1.3. Vehicle Composition 

As for the fleet composition, it will be necessary to refer to the classification adopted for 
the available field data, which will be used for the calibration of the simulation model. The 
evaluation scenarios may include a change in the distribution of each vehicle type. If, for 
instance, data were available divided in two categories, light and heavy, we might consider 
two different penetrations of heavy vehicles, respectively higher and lower by a certain 
amount compared to the baseline scenario. 

6.4.4.2. Model Level 

The assessment of the impact of this measure on both traffic and emission is carried out 
through traffic and emission microsimulation. 

6.4.4.3. Traffic Simulation 

6.4.4.3.1. Simulation Process 

A model reproducing the road section to be analysed is built and the strategies for 
activation and deactivation of the Dynamic Lane are set up on the basis of a threshold 
density, velocity or flow. The model will reproduce the transients, i.e. the periods /sections 
where the sign push drivers to return to the normal lane condition (dynamic lane off). 

6.4.4.3.2. Model Calibration 

After building the network on the microsimulation software, the model shall be calibrated 
so that the O/D matrices will produce the flow levels and average speeds provided by 
measurements on sensor-equipped sections. The calibration must meet both periods of two 
and three lanes. In case useful, more than one baseline scenario will be calibrated (for 
example with different levels of traffic). 
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Once the model is calibrated, it will be possible to play and evaluate different scenarios on 
which to perform "with vs. without Dynamic Lane” assessments, to estimate the benefits of 
this ITS solution also under conditions different from those of the “measured” scenarios. 

6.4.4.3.3. Results 

The traffic microsimulation reproduces the performance of vehicles in terms of speed on 
the network, in the form of speed profile of the individual vehicles during the period of 
simulation, recorded with a certain sampling frequency. 

6.4.4.4. Emission Model 

To translate this profile in terms of consumption and therefore CO2, it is necessary that 
this is read and "interpreted" by the vehicle/emission simulator (AVL Cruise) in terms of 
engine operation. A sufficiently representative sample of vehicles, and their speed profiles, 
will be extracted from the microsimulation model results, and emissions will be produced 
under conditions of activation and deactivation of Dynamic Lane. Finally, comparison values 
will be calculated in the two conditions. 

6.4.5. TRAFFIC MANAGEMENT & CONTROL – SPEED CONTROL 

Point to point speed control, also called average speed control or section control, is an 
enforcement technique which measures the average speed of individual vehicles through a 
road section.  

To effectively deploy this ITS different measures should be combined:  

� Camera surveillance of the whole stretch 

� License plate recognition  

� Automatic fining in case of exceeding the speed limit 

6.4.5.1. Affected Parameters And Impacts 

The major impact of this measure is the reduction of speed variability, therefore the main 
parameters affected by this ITS are: 

� Driving Dynamics 

� Average Speed 

One of the main effects of this measure is the harmonization of the traffic flow. Unlike the 
stationary speed control, which results in the slowdown of the speed in certain points of the 
route, the point to point speed control seeks the drivers to adhere the speed limit over the 
whole distance. Maintaining a constant speed leads to reducing “Stop-and-Go” traffic and 
congestion; 

 



 

ICT-Emissions – Deliverable D2.1 Methodology - v2.0  

 

121 

6.4.5.1.1. Traffic Supply 

Regarding road supply the measure will have an impact in highways at both urban and 
extra-urban contexts.  

In terms of road structure, the simulation should be accomplished in the corridor level. 

6.4.5.1.2. Traffic Level 

Regarding CO2 emissions, this measure will have a major impact in the case of 
congestion traffic where the acceleration and deceleration cycles occur more often. Reduction 
of traffic dynamics will result in more free-flowing traffic, and therefore less CO2 emissions 
compared to stop and go traffic. 

Nevertheless, the speed limit could be adjusted to a more efficient level in terms of CO2 
emissions even during “non-congested” hours. 

6.4.5.1.3. Vehicle Composition 

The deployment of this ITS do not affect the traffic composition and the simulation 
sceneries should be the same as the base case. 

6.4.5.2. Model Level 

The main effect of this measure is the reduction of traffic dynamics in a road section so 
the suitable level of simulation will be micro traffic models (which will need inputs of other 
simulation levels, exchanging data protocols and methodologies) and micro emission models 
which should take into account the dynamics of driving cycles in order to accurately reflect the 
impacts of the section speed control. 

6.4.5.3. Traffic Simulation 

The simulation of this measure requires a precise modelling of the section under study, as 
well as the calibration of driver behaviour. Once defined the physical limits of the section 
under control, the desired speed distribution in this section must be changed according to the 
compliance rates defined. 

Therefore, the reference scenario will be the baseline without any change in the desired 
speed distribution, while the set of reference scenarios will be got by varying the desired 
speed distribution; 

6.4.5.4. Emission Model 

For the quantitative analysis of the scenarios in terms of emissions, the speed distribution 
will be processed using AVL/CRUISE model. 
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6.4.6. TRAFFIC MANAGEMENT & CONTROL – DYNAMIC SPEED LIMITS 

Dynamic speed limits (also called variable speed limits, VSL) use real traffic-flow and 
weather information to dynamically change the posted speed limit. This kind of ITS consists of 
dynamic message signs deployed along a roadway and connected via a communication 
system to a traffic management centre. The driver remains solely responsible for maintaining 
a safe and proper speed as the system gives only information and warnings but does not 
intervene with the behaviour of the driver. Variable speed limits can be voluntary or 
mandatory. 

6.4.6.1. Affected Parameters And Impacts 

The main parameters affected by this ITS are: 

� Average Speed 

� Traffic flow 

� Driving dynamics 

Any system that brings about changes to vehicle speed has potentially important effects 
on the level of emissions. Dynamic speed limits are believed to harmonize the traffic flow at 
high volumes by reducing speed differences in the traffic stream and reduce driver stress. 
Besides the reduction of exhaust emissions, variable speed limits can increase the capacity 
of the road during peak hours, reduce travel times and improved safety. 

6.4.6.1.1. Traffic Supply 

Regarding road supply the measure will have an impact in highways at both urban and 
extra-urban contexts.  

In terms of road structure, the simulation should be accomplished in the corridor level. 

6.4.6.1.2. Traffic Level 

Regarding CO2 emissions, this measure will have a major impact in the case of 
“congested traffic”. Nevertheless, smooth case and non-congestion case should be also 
taken into consideration if the control algorithm is designed to display the most fuel efficient 
speed limit. 

6.4.6.1.3. Vehicle Composition 

This ITS measure has no impact on the fleet composition therefore the base case and the 
case study scenarios should be the same regarding vehicle composition. 

6.4.6.2. Model Level 

This measure will change the vehicle speed in a specific road stretch therefore; 
instantaneous emissions models in combination with microscopic traffic models will be the 
most suitable level for simulation. 
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6.4.6.3. Traffic Simulation 

In order to correctly simulate this measure we should be able to replicate the real world 
situation in the model. Besides the common characteristics of the road (length, number of 
lanes, interchanges, speed limit posted) it will be necessary to include the traffic detectors 
placed as they were in the actual situation and the variable speed limit signs. 

Another important aspect that should be considered is the rate of vehicles which follow the 
variable speed limit. It will be different depending on the level of enforcement of the measure. 
Usually voluntary measures has lower compliance rate than mandatory ones. This can be 
modelled by adjusting the desired speed distribution according to the considered compliance 
rates. 

6.4.6.3.1. The Algorithm 

The dynamic speed limit control algorithm has to be designed to replicate the operation of 
the system in real situations so it should be able to determine a proper speed limit taking into 
account the traffic flow and the speed data of the studied sections. 

In reality, the speeds displayed on the Variable Message Sign (VMS) of a VSL system can 
be set either manually or automatically. Manual setting of speeds usually involves the 
observation of real time traffic and/or weather conditions by an operator. The operator, then, 
chooses the appropriate speed limit based on pen plots of freeway speed or other decisive 
factors. 

Control logics are used to set the speed automatically. Most of the VSL systems that use 
algorithms have the provision for manual overriding for the speed displayed by the algorithms, 
to account for unforeseen circumstances. 

Many control algorithms have been proposed in the literature. The VSL base their logic on 
various approaches, ranging from basic change in peak limiting to complex algorithms based 
on multi-objective optimization and genetic algorithms. 

At the model level, when a certain threshold of traffic flow or speed is reached at a specific 
point (detector), the model reacts changing the speed limits at one or some points (VMS) 
situated upstream in order to homogenize the flow. Using external programming, the model 
can simulate from a simple threshold based decision mechanism to more complex algorithms. 

Since CO2 emissions are the target of this project, we should take them into consideration 
to determine the new speed limits ensuing from different levels of congestion. 

6.4.6.3.2. How to get the References Scenarios 

The reference scenario should represent a real word situation where a static speed limit is 
established. 

The base network should be equivalent in physical features to the studied section. The 
calibration of the model should be performed using speed profiles from traffic sensors. 

In order to achieve the satisfaction criteria (which should be previously defined) we can 
modify the parameters directing the driver behaviour such as mean target headway, driver 
reaction time, and driver aggressiveness or driver awareness. 



 

ICT-Emissions – Deliverable D2.1 Methodology - v2.0  

 

124 

6.4.6.3.3. Specific Scenarios 

Once defined the reference scenario, different specific scenarios can be set by varying the 
thresholds within the control mechanism is activated. 

Similarly, changing compliance levels of the speed limits imposed by the control 
mechanism, another set of specific cases can be defined. 

6.4.6.4. Emission Model 

For the quantitative analysis of the scenarios in terms of emissions, the speed distribution 
will be processed using AVL/CRUISE model. 

6.4.7. TRAFFIC MANAGEMENT & CONTROL – OTHER MEASURES 

A further category of ITS measures encompasses measures which include permanent 
alterations of the road geometry. An example for such a measure is the transformation of a 
crossroads controlled by traffic lights into a roundabout without traffic lights 

6.4.7.1. Affected Parameters And Impacts 

Alterations in the road geometry mainly influence the following characteristics of a 
transport network: 

� Average speed 

� Road supply 

Since the vehicles are not forced to stop and wait at the stop line of a traffic light until the 
end of a red phase, but can enter the roundabout if the gap is sufficiently large, the average 
speed near the roundabout is increased. The traffic flow is increased at higher traffic 
densities, especially in cases when a larger part of the vehicles does not go straight ahead at 
the crossroads but turns right. 

6.4.7.1.1. Traffic supply 

The analysis of an alteration of the road geometry is relevant both for urban and for extra-
urban contexts. 

6.4.7.1.2. Traffic level 

The proposed measure should be investigated at varying traffic levels. At a low 
congestion level the waiting times for the vehicles at the entries of a roundabout virtually tend 
to zero. When the congestion level increases, the road supply and the average speed can 
also be increased over a scenario which includes crossroads controlled by traffic lights. 
Hence, the replacement of a crossroads by a roundabout is supposed to be beneficial for the 
reduction of emissions. 
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6.4.7.1.3. Vehicle composition 

The proportions of light-weight and heavy vehicles in urban and extra-urban traffic 
scenarios will be provided by real-world field data. 

6.4.7.2. Model Level 

ITS measures which focus on the alteration of the road geometry are to be analysed on a 
microscopic traffic level. 

6.4.7.3. Traffic Simulation 

6.4.7.3.1. Simulation process 

Simulations for the investigation of this proposed ITS measure are performed in the 
context of a grid-like street network. Baseline scenarios are defined on a network where the 
traffic flows at the nodes are exclusively controlled by traffic lights. The congestion level is 
altered in defined steps between the scenarios. 

6.4.7.3.2. Model calibration 

As already mentioned before, typical data for the fleet composition will be taken from real-
world measurements. 

6.4.7.3.3. Results 

The baseline scenarios are compared to ITS scenarios where a given proportion of the 
crossroads in the scenarios is replaced by roundabouts without traffic lights. The exact 
number of roundabouts in the ITS scenarios will be defined in the evaluation plan. The 
average vehicle speed in the region around a roundabout and the road supply will be 
compared to the respective values obtained around the region around the corresponding 
crossroads in the baseline scenario. 

6.4.7.4. Emission Model 

For the quantitative analysis of the scenarios in terms of emissions, the speed distribution 
will be processed using AVL/CRUISE model. The emissions obtained from the ITS scenarios 
will be compared to the emissions of the respective baseline scenarios. 

6.5. DEMAND MANAGEMENT 

6.5.1. ROAD PRICING & ACCESS RESTRICTIONS 

Transport authorities will inevitably need to employ a combination of access and road 
pricing measures to lock in the benefits from operational and infrastructure measures aimed 
at mitigating traffic congestion.  
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Pricing policies include cordon charges such as those implemented in Singapore, London 
and Stockholm, link-based pricing systems such as have been put in place on certain urban 
tollways, and mixed-use toll roads (e.g. HOT Lanes in the United States). All have proven to 
be effective measures to reduce congestion and manage traffic.  

On highly congested facilities, infrastructure has the potential to be self-financing with 
marginal cost pricing. However, it is essential to account for the costs associated with the 
collection of the charge – if these are elevated, they can reduce the potential benefits derived 
from charging for access to roads. 

In the case of link-based pricing, there is a risk that pricing policies will transfer traffic 
flows onto free roads and so create new congestion in other areas. It is therefore important to 
plan complementary measures such as the modification of road infrastructure and traffic 
operations management. 

Access policies seek to restrict vehicle access to certain zones (e.g. historical centres) or 
to certain road links (ramp metering). In the case of zone-based access restrictions, traffic 
may be blocked through the use of physical breaks and barriers in the urban road network 
(e.g. through the use of one-way streets and road networks that are structured in such a way 
as to prevent through traffic) or through traffic bans or permit-based systems. The latter 
require consistent implementation and clear and robust enforcement to bring good results. 
Traffic restriction zones should be linked to a set of complementary measures to ensure that 
one single measure does not bear the full brunt of the traffic reduction effort Access 
restrictions can be de-facto as in the case where road space is re-allocated for use by public 
transport and/or public space (e.g. Paris). The reduced capacity serves to deter access to 
those links or zones, employed to make pricing more acceptable and also fairer for people 
who cannot afford the charges or tolls and thus contribute to acceptability. 

6.5.1.1. Affected Parameters and Impacts 

The impacts are mainly at level of the guided specific vehicle which getting a better route 
changes mainly its own: 

� average speed 

� traffic volume 

The main desired overall affected impact is the traffic distribution, in fact the according to 
the restriction or the costs for the different users the vehicles change their routes. 

The traffic distribution equilibrium varies according to the generalized costs for the 
different users. The cost change or access restriction for some class of users produce a cost 
change also for the class of users with no restriction and no additional cost: generally the 
restricted areas in congested period get more fluid traffic and reduce the generalized costs 
(travel cost+ price); 

6.5.1.1.1. Traffic Supply 

In term of road supply, the measures can get impacts both at urban, extra-urban and 
highway contexts. 
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In term of Road Structure the environmental benefits can be obtained only if it is possible 
to change path, so “corridors” simulations are of no use in this context.  

So, a “network” as area of study is needed in order to get the impacts of these measures. 

6.5.1.1.2. Traffic Level 

This measure provide benefits only in case the change of path reduce the costs for the 
user or in term of road supply, the measure can get impacts both at urban, extra-urban and 
highway contexts. 

The generalized cost is provided by travel time plus money cost so the access restriction 
and the road pricing vary it both in case of non-congested and congested cases.  

The level of traffic which is reasonable to simulate in order to evaluate impacts is definitely 
“congested traffic”, but also different level of traffic can be of interest. 

6.5.1.1.3. Vehicle Composition 

Considering the overall benefits for the area of study, in this case the variation in vehicle 
composition means to have a variation in level of penetration of equipped vehicles. In other 
words the changes in fleet composition correspond to have modification in the percentage of 
“navigated” vehicles. 

6.5.1.2. Model Level 

Because this test-use mainly affects the traffic distribution the more suitable level for 
simulation is macro-simulation models 

This test case can be simulated at MACRO level. 

In this case the more suitable to evaluate the CO2 impacts of such ITS measure are: 

� macro traffic models 

� integrated with  

� macro emission models 
 

6.5.1.3. Traffic Simulation 

The simulation need to use the different cost or restrictions (that in simulation mean 
infinite costs) for the link of the network according to the different user class. 

This mean to have a matrix costs of the network and three-dimensional (i.e. 3D) OD 
matrices, i.e. an OD matrix for each user class. 

The simulation of the road pricing and of the access restriction will be done using a 
multiclass assignment. 
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6.5.1.3.1. Simulation Cases – Scenarios 

The simulation of the “reference case” is the BAU case calibrated with a multi-assignment 
model in which the class of users and the three-dimensional OD matrices are the same that 
will be used in the scenarios for evaluating the Road Pricing or Access Restriction cases.  

The evaluation ‘future‘ scenarios are the ones in which the network has been changed 
including the cost for each class user in addition to the travel time. 

The costs can be fixed and applied just at entry links or they can be per kilometres and 
applied for each link of the area. In case of forbidden entrance an infinite cost is applied for 
the specific user class category. 

6.5.1.4. Macro Emission Models 

Road pricing has been implemented in several European cities (London, Stockholm and 
Milan) with satisfactory results regarding emissions reduction. From the application of the 
measure were observed the following: reduction of vehicle kilometres in the charged area, 
congestion reduction that leaded to reduction of driving dynamics, and increase of the 
average speed. In other words, the throughput was improved without inducing extra traffic. 
However, an increase of vehicle kilometres travelled outside the charged area was observed 
(Stockholmsförsöket, 2006; AtKisson, 2006). 

COPERT will be used for the macro emissions modelling. Traffic volumes, vehicles 
mileage, vehicles composition and their average speed should be known in order to proceed 
to the calculations. The parameter of congestion could be also taken into account by using 
slower average speeds (from the traffic model).  

For a given area the calculations will be performed with and without road pricing. Since 
COPERT’s input comes directly from the traffic model, the simulation will follow the typical 
calculation steps of the software. 

6.5.2. DEMANDE MANAGEMENT – CARBON CREDIT SCHEME 

Carbon credit schemes (or tradable permits schemes) are economic measures designed 
to achieve environmental targets at the lowest possible social costs. The practical 
implementation of this measure can vary from an individual budget, where you can award 
extra credits for CO2 savings or buy extra when needed, or a global budget for a whole area 
(town, region…) 

Applied to transport models, the scheme that can be simulated consists on charging the 
user accordingly to the quantity of CO2 they emit. 

6.5.2.1. Affected Parameters and Impacts 

The measure provides an incentive to reduce vehicle use due to an increase of the costs 
and therefore, a reduction in the number of trips and trip lengths are expected. The main 
parameter affected will be the traffic flow. The traffic distribution equilibrium varies according 
to the generalized costs for the different users. 
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6.5.2.1.1. Traffic Supply 

Regarding road supply the measure will have an impact in motorways, extraurban and 
urban roads. 

In terms of road structure, it will be necessary to simulate the ITS in a complex network to 
obtain the effects in the global traffic. 

6.5.2.1.2. Traffic Level 

The measure provides benefits just in case of a reduction of traffic volume. The effect will 
be more important in case of “congested traffic” (less traffic volume means less congestion 
which will lead to a reduction in driving dynamics and an increase in average speed) but also 
provides benefits in non-congested level of traffic because any reduction in traffic volume 
implies/involves a reduction in CO2 emission. 

6.5.2.1.3. Vehicle composition 

Carbon credit schemes have an effect in travel composition providing an incentive to 
reduce vehicle use looking for a more affordable option, such as public transportation. 

6.5.2.2. Model Level 

The main desired impact of the carbon credit scheme is a traffic volume reduction and the 
most suitable method to evaluate this measure is a combination between macro traffic 
models integrated with macro emission models. 

It is very important to be able to model the effects on user behaviour regarding to modal-
choice and moment of the trip. This measure may affect travel behaviour as users of the 
system adjust their departure times, destination, and mode choices in response to a more 
costly use of their own vehicle. Adjustments in these variables determine the number of trips 
and traffic flow along links as well as trip distances across OD pairings. 

6.5.2.3. Traffic Simulation 

The generalized cost function for car users will include a new cost, which will be the “CO2 
tax” cost, which has to be linked to the CO2 emitted; 

6.5.2.3.1. The Algorithm 

Different user class should be considered, as the perception of cost varies with the reason 
of the trip or the household income. Then, car assignment will be performed using the 
multiclass algorithm. 

Modal split has to be included. 

6.5.2.3.2. Simulation Cases 

The reference scenario is the current situation, where no extra cost is included. The 
simulation cases will vary the generalized cost function. 



 

ICT-Emissions – Deliverable D2.1 Methodology - v2.0  

 

130 

6.5.2.4. Emission Model 

Similar to the road pricing case, the macro emissions modelling will be done with 
COPERT. However, apart from traffic volume, detailed vehicle composition and average 
speed of each trip is required in order to calculate the differences in CO2 emissions with and 
without the measure.  

The different scenarios will be simulated following the standard calculation procedure of 
COPERT. First the reference scenario will be calculated (no carbon scheme applied) and, 
afterwards, the other cases will follow. The difference in CO2 emissions and fuel consumption 
between the reference case and the other scenarios will denote the impact of measure. 

6.5.3. DEMAND MANAGEMENT – ACCESS RESTRICTION 

See the paragraphs (6.5.1) on Road Pricing description that include Access restriction. 

6.5.4. DEMAND MANAGEMENT – PAY AS YOU DRIVE 

 This measure consists on charging the vehicle users according to how much they drive. It 
can potentially be made very complex, to include dynamic congestion charge functionality or 
additional fees for environmental zones. 

6.5.4.1. Affected Parameters and Impacts 

These measures provide an incentive to reduce vehicle use due to an increase of the 
costs and therefore, a reduction in the number of trips and trip lengths are expected. The 
main parameter affected will be the traffic flow. The traffic distribution equilibrium varies 
according to the generalised costs for the different users. 

6.5.4.1.1. Traffic Supply 

Regarding road supply the measure will have an impact in motorways, extraurban and 
urban roads. 

In terms of road structure, it will be necessary to simulate the ITS in a complex network to 
obtain the effects in the global traffic. 

6.5.4.1.2. Traffic Level 

The measure provides benefits just in case of a reduction of traffic volume. The effect will 
be more important in case of “congested traffic” (less traffic volume means less congestion 
which will lead to a reduction in driving dynamics and an increase in average speed) but also 
provides benefits in non-congested level of traffic because any reduction in traffic volume 
implies/involves a reduction in CO2 emissions. 

6.5.4.1.3. Vehicle composition 

The measures may have an effect in travel composition providing an incentive to reduce 
vehicle use looking for a more affordable option, such as public transportation. 
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6.5.4.2. Model Level 

The main desired impact of these measures is a traffic volume reduction and the most 
suitable method to evaluate this measure is a combination between macro traffic models 
integrated with macro emission models. 

It is very important to be able to model the effects on user behaviour regarding to modal-
choice and moment of the trip. PAYD (Pay-As-You-Drive) may affect travel behaviour as 
users of the system adjust their departure times, destination, and mode choices in response 
to a more costly use of their own vehicle. Adjustments in these variables determine the 
number of trips and traffic flow along links as well as trip distances across OD pairings. 

6.5.4.3. Traffic Simulation 

The generalized cost function for car users will include a new cost, which will be the “Pay 
as you drive” cost, which can be just a fixed kilometric toll, or variable depending on 
congestion or on road type. 

6.5.4.3.1. The Algorithm 

Different user class should be considered, as the perception of cost varies with the reason 
of the trip or the household income. Then, car assignment will be performed using the 
multiclass algorithm. 

Modal split has to be included. 

6.5.4.3.2. Simulation Cases 

The reference scenario is the current situation, where no extra cost is included. The 
simulation cases will vary the generalized cost function. 

6.5.4.4. Emission Model 

Again, the macro emissions modelling will be performed with COPERT. The pay as you 
drive measure will primarily have an impact on CO2 emissions by reducing passenger car 
volumes and mileage, and, secondarily, by improving mean travelling speed. This is 
illustrated on the flow chart below. The emissions calculations with and without the measure 
will lead to different emission levels, since the volume and the mileage (and even the average 
speed) will be different. 

One possible side effect from the application of this measure could be the increase of 
public transport vehicles in order to satisfy the increased demand. Pay as you drive might 
also have another secondary effect; if the driving is declined in total, it will decrease the 
number of accidents. This will lead to reduced congestion costs due to decreased accident 
related congestion. 
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Figure 66: The macro emissions modelling flow chart for pay as you drive 

 

6.6. ADVANCED  DRIVER ASSISTANCE  SYSTEMS (ADAS) 

6.6.1. AFFECTED PARAMETERS AND IMPACTS 

The integration of Advanced Driver Assistance Systems in modern vehicles generally 
affects the following characteristics of transport networks: 

� Traffic composition 

� Driving dynamics 

� Average speed 

Adaptive Cruise Control (ACC) is typically a solution which aims at improving safety rather 
than fuel efficiency. However it produces a smoother speed with controlled accelerations and 
decelerations, and this may have significant impact also on fuel consumption, especially if 
implemented at a wide scale. 

Considering ACC as a specific Advanced Driver Assistance System, the technical control 
system, which adapts the vehicle speed based on the input from range and speed sensors, 
does not suffer from fatigue, aggressiveness, impatience or lack of attention, as human 
drivers might do. These factors are often the reason why human drivers perform abrupt 
accelerations or braking manoeuvres to avert risky situations or accidents. 

An increased proportion of vehicles equipped with the ACC technology can lead to higher 
average speed on a transport network. Since the reaction time of an Adaptive Cruise 
Controller is usually much lower than the reaction time of humans, the safe distances 
between to vehicles can be decreased. A higher average speed is beneficial for the reduction 
of emissions especially in urban road networks. 
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6.6.1.1. Traffic Supply 

Considering aspects of traffic supply, ADAS can have impacts in urban and extra-urban 
road networks as well as on motorways. While the basic ACC systems are supposed to bring 
benefits both for road corridor and complex networks, the combination of ACC with traffic light 
communication is predominantly applicable in an urban and suburban context where 
crossroads are controlled by traffic lights. 

Navigation-based Cruise Control which retrieves road properties like curvature and slope 
from map databases and incorporates them in the velocity adaptation process shows the 
greatest effect on the driving dynamics of a vehicle on roads through hilly terrains which are 
rich of curves. Hence, this measure is primarily applicable in extra-urban areas. 

6.6.1.2. Traffic Level 

In general, the ADAS measures should be investigated on multiple levels of congestion. 
The simplest form of ACC which maintains the speed of the vehicle at a given desired value 
(Cruise Control) relies on roads with a low level of congestion and large gaps between the 
vehicles. 

With increasing traffic density the ACC system has to switch from the simple Cruise 
Control to a mechanism which adapts the velocity of the vehicle subject to its distance to the 
preceding vehicle and subject to the velocity of the vehicle in front. ACC systems with the 
STOP&GO technology rely on very crowded road networks. 

Vehicles which are also able to communicate with other vehicles are expected to show the 
most benefit in terms of reducing emissions in traffic areas with medium to high congestion 
level or when approaching traffic events like accidents or construction sites where one or 
more lanes are closed. 

On the other hand, ACC systems which receive traffic light data are most effective if the 
congestion level is medium or low, such that the velocity control mechanism is not influenced 
by a small distance to the vehicle in front. The same holds for navigation-based cruise 
control. 

6.6.1.3. Fleet Composition 

In order to get insights into the effect of ADAS on the emissions of whole vehicle fleets it is 
necessary to investigate different penetration levels for ADAS vehicles.  

In addition it is important to analyse ADAS in combination with different driver models, i.e. 
with varying proportions of non-ADAS vehicles driven by conservative or aggressive drivers. 

6.6.2. MODEL LEVEL 

Since Advanced Driver Assistance Systems are implemented in electronic control units 
inside the vehicles and influence the acceleration and braking behaviour of the vehicles, a 
thorough model of the vehicle dynamics is necessary. Besides a detailed view on the ACC 
loop, it is also important to simulate how a vehicle gathers information about its environment. 
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This includes appropriate models for processing range data from radar sensors or cameras 
as well as models for the communication entities to receive messages from other cars or 
traffic lights. 

The functionality of ADAS heavily depends on the traffic context around the vehicle. 
Hence, ADAS have to be considered in microscopic traffic scenarios which define the road 
structure, the driving behaviour of other vehicles, traffic light cycles etc. 

A clearly defined interface for a continuous interaction and data exchange between the 
vehicle model and the microscopic traffic simulation is necessary (Figure 67). 

In more detail, the simulation of this ITS solution involves two types of interaction: 

1. micro traffic model - micro emission model 

2. vehicle model - micro traffic model 

 

 
Figure 67: Interface for a continuous interaction and data exchange between the vehicle model and the 

microscopic traffic simulation 

 

6.6.2.1. Simulation Process 

Vehicle model  - micro traffic model; the activation of ACC involves modifications in the 
conventional driver’s behaviour, hence in the vehicle dynamics and kinematics (different 
acceleration rates and timings). The micro simulation model will incorporate the vehicle model 
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in order to reproduce the changes introduced by the activation of the ICT system compared to 
the “human” normal behaviour. 

For cars whose dynamics are controlled by human drivers, a behavioural model like Gipps 
is used. It implements the desired acceleration or deceleration of the driver, compatibly with 
the performance of the vehicle category (max speed, min/ max acceleration/ deceleration) 
and with the limitations imposed by adjacent vehicles. For each simulation step (0.1 - 1 
second) the next-instant speed of the vehicle, and therefore its new position, is calculated. 

As has been point out, the parameters that are involved in the instant speed calculation 
are, in brief: 

� the vehicle speed at the previous simulation step 

� the vehicle desired speed on the specific section in which it is running 

� the maximum acceleration (and deceleration) allowed for the vehicle 

� the minimum headway with respect to the preceding vehicle 

� the reaction time 

� the position of the vehicle in front 

� the deceleration of the vehicle in front 

Some of these parameters, and the way in which they interact, can vary due to the 
introduction of the ADAS solution. In this case it will be necessary to adapt the model 
describing the longitudinal speed (car following model) in a way that, instant by instant, the 
speed and the instantaneous position of the simulated vehicle is updated according to the 
rules imposed by ADAS and not from the “standard” behaviour.  

To get more realistic speed profiles of the vehicles in the simulation a simple powertrain 
model is used inside the vehicle model, which takes into account crucial parameters like the 
vehicle mass, the torque curves of the engine etc. These parameters are harmonized with the 
corresponding parameters in the micro emission model in “micro traffic model”. 

Micro traffic model  - micro emission model; the aim at this level is to integrate the traffic 
micro-simulator with an emission model reading the vehicle path profile (speed …) produced 
by the interaction of the vehicle model and the micro traffic model in a) and translating it in 
terms of instant emissions. The information derived from AIMSUN, feeding the micro-
emission model are: 

� the instant speed profile (e.g. per second), from which the instant acceleration can 
be derived; 

� the road design (curves, altimetry); 

It shall be taken into account that traffic microsimulators do not provide information on 
gears. 
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6.6.2.2. Model Calibration 

As already pointed out it will be necessary to verify that the vehicle speed profile produced 
by the new car following model is compatible with the performances (e.g. engine power) and 
the other attributes of the vehicle itself as described by the vehicle model (e.g. mass, 
maximum deceleration, torque curves etc.). In other words it will be necessary to make sure 
that the kinematics produced by the new model is coherent with the dynamic features of the 
vehicle. Therefore a calibration at this level will be established. 

At a second level it will then be possible to verify, having at disposal real-life speed 
profiles measured on ACC-equipped vehicles, that the profile obtained from the integrated 
vehicle-traffic simulator is coherent with the real-life data. 

6.6.3. TRAFFIC SIMULATION 

This section gives an overview of technical aspects of ADAS used in micro traffic 
simulations as well as some baseline scenarios which provide reference cases for assessing 
the benefit of ADAS in terms of the reduction of emissions. 

6.6.3.1. Algorithms and Technical Aspects 

For the simulation of ADAS in micro traffic scenarios, vehicle models with ADAS 
capabilities have to be integrated in the simulation environment. This requires an adapter 
module between the vehicle simulator and the micro-traffic simulator. This adapter is 
responsible for the exchange of vehicle speeds, positions, traffic light data etc. as well as for 
equalizing the differences in the temporal resolutions of the vehicle simulator and the micro-
traffic simulator. 

6.6.3.1.1. Cruise Control 

Cruise Control is a comfortable feature in modern cars which relieves the driver from the 
continuous process of slightly accelerating and decelerating the engine when the vehicle 
should maintain a desired speed. A Cruise Control system constantly measures the vehicle 
speed and determines its instant acceleration according to 

     (11.3.1) 

where refv  denotes the desired speed and  is the proportional gain for the velocity error 

(Gietelink, 2007). In a micro traffic simulation environment this acceleration determines the 
vehicle speed at the next simulation time step, whereby the maximum acceleration of the 
vehicle has to be taken into account. Considering the evolution of the velocity of a vehicle 
over all time steps of the simulation a speed profile can be derived for specific vehicles. The 
automatic velocity adaptation mechanism of Cruise Control usually provides very flat velocity 
profiles which result in low emissions. However, Cruise Control requires roads with low traffic 
density and large gaps between the vehicles. 

 

 

( ))()( tKta ref νν −=
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6.6.3.1.2. Distance Control 

Adaptive Cruise Control (ACC) (Figure 68) uses headway sensors to continuously 
measure the distance to other vehicles, automatically adjusting the speed to ensure the 
vehicle does not get too close to the one in front. The driver activates the cruise control by 
setting the desired maximum speed and then selecting the time gap to the vehicles in front. 
ACC then adjusts the vehicle's speed to match that of preceding vehicle as necessary. In 
other words, the ACC algorithm has to control the vehicle speed in a way that the distance of 
the vehicle to the vehicle in front   does not go below a defined safe distance to avoid 
crashes. 

 
Figure 68: Illustration of Adaptive Cruise Control 

 

The acceleration of the vehicle is determined by the controller as 

( ) ( )dtxKttKta rnnn −+−−= − )()()()( 112 νν  

(11.3.2) 

As illustrated in Figure 69,   is the current speed of the vehicle in front. 

 
Figure 69: Distance control 

 

The feedback gains and are nonlinear functions of the vehicle gap and the vehicle speeds 
(Yi and Moon, 2004). 
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The safe distance can often vary with the vehicle speed. Human drivers can reduce the 
time gap when they go at low speeds and must increase it when they drive faster. The time 
gap ht  is related to the safe distance d  by 

nhtd ν=  (11.3.3) 

6.6.3.1.3. Vehicle-to-Vehicle Communication 

Apart from the case that each vehicle controls its speed independently from other vehicles 
a lot of benefit can be drawn from direct communication links between the vehicles in a traffic 
scenario to exchange speed profiles between them (Cooperative Cruise Control). The radar 
sensors of a vehicle can only provide information about the driving behaviour of the vehicle in 
front but not about the second or third vehicle in front. Cooperative Cruise Control can have 
positive effects when vehicles approach a traffic jam but also in congested inner-city traffic 
scenarios. 

6.6.3.1.4. Vehicle-to-Infrastructure Communication 

Apart from the range data provided by radar sensors, information about traffic lights can 
be useful input to next-generation ACC systems. Using the distance to the nearest traffic light 
on the way and the time instants of the beginning and the end of the current or the next green 
phase of the traffic light, an optimal velocity range can be computed for the vehicle to pass 
the traffic light on green. Hence, a velocity value inside this range can be chosen as the target 
speed for the ACC algorithm. This scenario is illustrated by Figure Figure 70Of course, the 
ACC algorithm must respect the speed limits of the road section and the target speed must 
never exceed the maximum allowed speed. This is especially important if time to reach the 
traffic light before it switches to red is not sufficient. In this case the ACC system has to slow 
down the vehicle until it comes to a standstill at the stop line of the traffic light. 

 
Figure 70: Adaptive Cruise Control with traffic light communication 

 

This can be seen as a special case of the distance control method in Section 6.6.3.1.2 
whereby both the target speed and the target distance to the stop line are to be zero when 
the vehicle arrives at the traffic light. 

6.6.3.1.5. Retrieval of Navigation Map Data 

Navigation map databases provide useful data about geometric characteristics of road 
sections. E.g. navigation maps contain information about the road curvature, slopes and 
speed limits. When a vehicle approaches a series of curves along a road, the driver 
continuously has to accelerate and slow the vehicle down if the radius of a curve is too small. 
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This velocity adaptation process can also be done by an Adaptive Cruise Controller if it 
receives input from the corresponding data from map data bases. 

6.6.3.2. Baseline Scenarios for an Urban Context 

As already mentioned before, urban environments provide areas of study for ADAS 
technologies. Hence, a number of baseline scenarios can be defined in this context. 

The starting point will be a road network with a series of intersections which are all 
controlled by traffic lights. The traffic density in the network will be calibrated in a way that the 
gaps between the vehicles are sufficiently large such that Cruise Control is possible. A typical 
fleet composition in terms of vehicle types (trucks, cars etc.) will be determined from real 
measured data. Besides, the amount of aggressive drivers equals the amount of conservative 
drivers. None of the vehicles is equipped with ADAS technologies. 

Further base scenarios are obtained by increasing the congestion level in discrete steps 
as well as changing the traffic light control programs. The exact test cases will be presented 
in the evaluation plan. 

The base scenarios with low to medium traffic density are test cases for traditional ACC 
systems and ACC systems with traffic light communication. As the traffic density increases, 
test cases are generated for ACC with the Stop & Go technology and Cooperative Cruise 
Control. 

6.6.3.3. Baseline Scenarios for an Extra – Urban Context 

Extra-urban areas yield baseline scenarios for Navigation-based Cruise Control. A road 
corridor will be considered in a hilly terrain and extensive curve sections. On straight road 
sections where small side roads cross, traffic lights are placed. The control program for the 
series of traffic lights depends on the amount of traffic. 

Initially, the traffic density will again be chosen such that the preceding vehicles are 
slightly out of the range of the radar sensors. The traffic flows from the side roads are close to 
zero. As a consequence, the traffic lights exhibit long green phases for the vehicles which 
pass on the main road. Other basic conditions in terms of vehicle types and driver models are 
chosen as in the urban context in Sec. 6.6.3.2 for the initial calibration of the traffic scenario. 
None of the vehicles is equipped with ADAS technologies. 

A number of baseline scenarios are defined by increasing the traffic density in discrete 
steps as before. 

Apart from Navigation-based Cruise Control these scenarios provide test cases for all the 
considered ADAS technologies. 

6.6.3.4. Baseline Scenarios for a Motorway Context 

The analysis of Cooperative Cruise Control systems is also particularly interesting on 
motorways where one or several lanes are closed and lanes merge. 
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Hence, a series of base scenarios will be defined based on this situation. The traffic 
density is initially chosen such that the gaps between the vehicles are larger than the range of 
the radar sensors for the case that all lanes are open. The general conditions on the fleet 
composition and the driver models are as in the scenarios before. None of the vehicles is 
equipped with ADAS technologies. Apart from Cooperative Cruise Control all other ADAS 
techniques can be analysed in these scenarios, except ACC systems which incorporate traffic 
light communication, as there are no traffic lights along the motorway. 

6.6.3.5. ITS future scenarios for ADAS (Advanced Driver Assistance Systems) 

In the final ITS scenarios for the ADAS measure 100% of all vehicles in the traffic 
scenarios described in the Sections 6.6.3.2 to 6.6.3.3 will be equipped with ADAS 
capabilities. 

A comparison is done between  

1. All baseline scenarios for the urban, extra-urban and motorway context where 
none of the vehicles is equipped with ACC systems nor communicates with other 
vehicles or traffic lights. 

2. The corresponding ITS scenarios for the urban, extra-urban and motorway 
context. 

In particular, the dynamics of the speed profiles which result from the baseline scenarios 
will be compared to the dynamics of the speed profiles from the corresponding ITS scenarios. 
Furthermore, the emissions computed from these speed profiles on a vehicle level and a 
microscopic traffic level using appropriate emission models will be compared between the 
baseline cases and the ITS cases. 

Apart from the case that all vehicles are equipped with ADAS different penetration levels 
can be defined in further ITS scenarios. In this context it is also interesting to vary the 
penetration levels of aggressive and conservative drivers. The specific ITS scenarios will be 
defined then in the evaluation plan. 

6.6.4. EMISSION MODEL 

As mentioned previously, the simulation involves the interaction of micro-traffic model and 
micro emissions model to calculate emission for various scenarios for advanced driver 
assistance systems. Here, the objective of emission model is to provide emission factor 
curves for these ADAS systems applied on various vehicle types/classes as specified in 
Section 6.2.1.4 Each solution will be simulated with the AVL CRUISE over several real world 
driving cycles. Driving cycles will reflect standard, aggressive and ADAS affected driving 
conditions and will be used taking into account different penetration rates of ADAS systems. 
CRUISE will produce emissions factors (g/km) for each vehicle type/class over the applied 
driving cycles. 

In order to assess the real-world performance of the above vehicles, these factors will be 
introduced in EXTENDED COPERT to generate their CO2 emissions as a function of average 
speed of each vehicle type/class and COPERT-type emission curves for different driving 
patterns. 
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CONCLUSIONS 

A new methodology to evaluate the impact of ICT/ITS-related measures on mobility, 
vehicle energy consumption and CO2 emissions of vehicle fleets on the urban scale has 
been developed. 

The scope was to define an applicable methodology to evaluate the overall 
advantages or disadvantages of such measures and promote the application of the most 
appropriate.  

The described methodology provides answers by integrating results from traffic and 
emission models at the micro-scale (single vehicle, driving situation). The results will then 
use a macro traffic approach to deduce vehicle fleet data (stock, total road transport) on a 
mass urban level.  

The proposed measures to examine include: 
• Driver behaviour change and eco-driving 
• Navigation and travel information 
• Traffic management and control 
• Demand and access management 

• Advanced driver assistance systems (ADAS) 

Each measure provides modifications in some affected parameters such as traffic 
volume, average speed, dynamic speed profile, etc. The analysis of each measure 
identifies which parameters are “mainly” affected by the specific measure providing a 
potentially relevant modification in total CO2 emissions. 

To get a correct impact evaluation of the ICT/ITS measures it is necessary to define 
the transport and vehicle elements that allow the correct interpretation of the results 
obtained by model simulation, providing accurate values/weight. 

To obtain an overall perspective of the impacts from total traffic measurements, it is 
necessary to fill in the multi-dimensional matrix with significant possible cases.  

When the simulations do not refer to a specific case but intend to provide an indication 
of the benefits in different environments, they should be conducted with the following in 
mind:  

� the variety of traffic supply (types of roads/networks) 
� the traffic level (depending of the mobility demand) 
� the traffic composition 

� the implemented cases (measure scenarios). 

In this framework, the existing simulation tools were evaluated according to: 
• their suitability to access actual CO2 impacts,  
• the constraints and limits to their use, 
• the correct interpretation of their results, 
• the need for essential improvements in their algorithms, and  

� the appropriate implementation 
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We further defined the level of the models and pointed out the needs of integration and 
enhancements of micro and macro models (traffic and emission). 

The integration between vehicle, traffic and emission models was made at various levels 
of aggregation. The level of details required depended on the objective and on constraints, 
such as data availability and computational time requirements. The integration of traffic and 
emission models allows simulations to be enacted with great spatial and temporal detail. 

The macro modelling approach will be adhered to in order to achieve overall energy 
assessment for city road transport. This procedure is beneficial as several cities have already 
implemented a macro traffic model and have the necessary input data to use it. Existing tools 
selected to verify the correct use of the macro architecture and the proposed methodology 
include the MT.Model for traffic simulation and COPERT for emissions. The Macro 
Assessment architecture is suitable for most ITS which already is in global effect in the traffic.  

In the micro modelling approach, the simulation of the traffic by each vehicle will be 
provided by the traffic microsimulation tool AIMSUN. This tool classifies each vehicle 
according to typical characteristics that influence traffic behaviour. The traffic model is 
integrated with an instantaneous emission model (CRUISE) to calculate emissions for several 
speed profiles and a vehicle control model to provide the optimal solution to the vehicle 
dynamics accuracy (MESSINA). 

However, micro-simulations can be run only for “local” cases due to the large amount of 
required detailed input data. For this reason and because it is necessary to closely evaluate 
the ICT/ITS measure for an entire whole urban area, macro and micro approaches were 
synthesised in a more integrated architecture which is able to provide the desired effect. 

The research together with the integrated architecture and the assessment process, 
provide details on the necessary enhancements for existing models to properly equip them to 
quantify CO2 emissions. 

All models require enhancements, the most important being: 

� integration tools for defining the appropriate level of accuracy for fleet composition 
when connecting traffic models to emission models, and 

� improvements in the traffic micro simulation mathematical model to best determine 
vehicle dynamics, which is essential for an accurate evaluation of fuel 
consumption. 
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ABBREVIATIONS 
 

Abbreviation  Explanation 

ACC  Adaptive Cruise Control  

ADAS  Advanced Driver Assistance Systems 

AIMSUN Advanced Interactive Microscopic Simulator for Urban and Non-
Urban Networks 

ADVISOR Advanced Vehicle Simulator 

ARTEMIS Assessment and Reliability of Transport Emission Models and 
Inventory Systems 

CMEM Comprehensive Modal Emissions Model  

COPERT Computer Program to Calculate Emissions from Road Traffic 

DGV Digitalisierte Grazer Verfahren 

DTA Dynamic Traffic Assignment 

EC  European Commission  

EIA Environmental Impact Assessment. 

EC4MACS European Consortium for Modelling of Air Pollution and Climate 
Strategies 

ERTRAC European Road Transport Research Advisory Council 

EU European Union 

FR Fuel Consumption Rate 

GSI Gear Shift Indicator 

GPS Global Positioning System 

GHGs  Green House Gases 

HBEFA Handbook of Emission Factors 

HEV Hybrid Electric Vehicle 

I2V Infrastructure-to-Vehicle 

ITS Intelligent Transport Systems 

ITC Information & Communication Technologies 

LOS Level Of Service 

METI Ministry of Economy, Trade and Industry 

MIRA Motor Industry Research Association 

MOBILE On-Road Emission Factor Model (EPA-US) 

MODEM Modal Emission Model -  
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NAEI National Atmospheric Emissions Inventory 

PC Passenger Car 

PHEM Passenger car and Heavy duty Emission Model 

RM Ramp Metering 

RPM Revolution per Minute (vehicle engine) 

SEA Strategic Environmental Assessment 

TEE Traffic Emissions and Energy 

TSTI Traffic Signal Timing Information 

TCU Transmission Control Unit) 

UROPOL Urban Road Pollution 

US United States 

UTC Urban Traffic Control 

UTM Urban Traffic Management 

VKT Vehicle Kilometres Travelled 

VeTESS Vehicle Transient Emissions Simulation Software 

 
 


