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EXECUTIVE SUMMARY 

Objectives of the report 

The ICT-EMISSIONS project aims at exploring the impact of Information and 
Communication Technologies (ICT) on fuel consumption and CO2 emissions of road transport 
vehicles. Its focus is on passenger traffic and relevant measures to improve the performance of 
passenger vehicles. In this context, Intelligent Transport Systems (ITS) and related measures 
are considered a subset of ICT. 

In order to estimate the impact of ICT measures on traffic and emissions, the project has 
developed a detailed methodology which has been already presented in Deliverable 2.1 (D2.1). 
That report presented the main building blocks of ICT-EMISSIONS, including a description of 
different ICT categories and the traffic and emission tools (simulation components) that have to 
be implemented to address each of them. Moreover D2.1 discussed which traffic and operation 
parameters are affected by each ICT measure category. 

The current report provides the specific steps that are required to link the individual 
simulation components for each of these ICT categories and the procedure that has to be 
followed to evaluate the impact of each of these. Moreover, this report presents the 
enhancements and additional components that need to be added to existing traffic and emission 
models to make them suitable to ICT-measures scenario evaluation simulations. 

The report aims to serve as a guidebook to modellers that need to simulate the impact of 
different ICT measures by proposing the steps that have to be followed and the tools that have 
to be used.  

Model Enhancements 

With regard to enhancement of the different models, the following items were considered 
necessary in order to be able to simulate the impact of ICT measures: 

• Retaining coherence between traffic models at the micro and macro scales: In principle 
this means that the impacts at the local zone, calculated with the micro model, are 
comparable to the ones obtained in the corresponding subset of the overall area, 
calculated with the macro model. Retaining this coherence requires consistency in the 
input data and primarily in the road network and the OD matrix, the fleet composition, 
and the cost functions utilized. Methods and steps how to achieve these are provided in 
this report. 

• Improving the micro traffic models. The improvements proposed fall into three 
categories: Improving the car-following low for conventional vehicles/drivers in micro 
models in order to make it compatible with the macro level, introducing a different 
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parameterization for eco-drivers and a new modelling framework to simulate Advanced 
Driver Assistance Systems (ADAS) behaviour. The necessary enhancements brought 
to the micro traffic models are based either on experimental information collected by the 
consortium or on the direct transfer of the logic of actual ADAS units, used on on-road 
vehicles. 

Linking traffic and emission models 

The next area where attention needs to be given in simulating the impact if ICT measures 
is the transfer of information between traffic and emission models at the micro and the macro 
scales. Table ES.1 provides a list of recommendations in linking traffic and emission models at 
the macro scale. 

Table ES.1: List of recommendations in linking traffic and emission models at the macro scale. 

Item Recommendation 

Aggregated vehicle types The emission model should at minimum contain the aggregated vehicle 
types used by the traffic model (e.g., cars, LCVs, HDTs, …). 

Distinction per road type Fleet composition should be varied for different road types (e.g., no 
large trucks to small roads). 

Detailed vehicle types Post processor needs to be developed to allocate fuel and vehicle 
technology classes to aggregate vehicle types. 

Average speed hot emission 
factor expression 

If the macro model uses average speed to express emission factors, 
then the traffic and emission models can readily be linked. 

Distinction of speeds per 
vehicle type 

Different vehicle types move at different speeds on the same links. 
Distinction of speeds per type may improve emission modelling.  

Other approaches for hot 
emission factors 

Post processors need to be developed to assign other emission factors 
(power-based, traffic situation based, etc.) to individual links 

Start and evaporation 
emissions 

Trip and parking distribution information required. This area is still 
under research and no established methods are available. 

With regard to the micro scale, the interface linking the micro traffic and emission models 
must be able to perform the following tasks: 

• Split the overall traffic simulation data into speed profiles for individual vehicles. 

• Use the fleet composition information to group speed profiles and assign them to single 
(aggregated) vehicles into the micro emission simulation. 

• If necessary to accelerate run time, cluster speed profiles for single vehicles according 
to statistical information to reduce the number of speed profiles to be run. 
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• Run simulations in batch mode with the micro emission model. This is to facilitate 
automatic running of hundreds to thousands of individual profiles required in typical 
applications of micro traffic simulations. 

• Communicate to the micro emission model the type of (aggregated) vehicle type, 
corresponding to each individual driving pattern. 

Based on the previous requirements, Table ES.2 outlines the key information that needs to 
be communicated between the traffic, the emission, and the fleet composition models at the 
micro scale. 

Table ES.2: List of recommendations in linking traffic, emission, and fleet models at the micro scale. 

Source Information Remarks 

Traffic model Time Time that the particular simulation refers to. 

Speed Second by second speed profile for individual vehicles. 

Gradient Second by second gradient or road altitude for individual 
vehicles. 

Vehicle ID Unique number of vehicle in the simulation. This is required 
to be able to trace, and visualise if necessary, the driving 

and emission pattern of the particular vehicle. 

Vehicle type Type of vehicle in the traffic simulation, e.g., car, LCV, Bus, 
etc. in ICT-EMISSIONS project, only cars are treated with a 
micro emission model. All other categories are treated in a 

simpler manner on a macro scale environment. 

Fleet 
composition 

module 

Vehicle split Those vehicles (in our case: cars) that have to be treated 
by the micro emission model need to be further split to 

particular ‘aggregated’ vehicle types that are included in the 
micro emission model. The shares of the different vehicle 

types originate from the fleet composition module. 

This report also provides guidance on what should be the approach to be followed, in a step 
by step manner, to assess the effectiveness of each ICT measure. 

Implementation of the methodology 

CO2 emissions depend on a number of traffic, vehicle and infrastructure variables. The main 
variables expected to affect CO2 emissions include traffic volume, traffic composition, driving 
dynamics, average speed, and road characteristics. Because of the influence of all these 
parameters, performing a simulation with a unique set (combination) of these parameters may 
provide an indicative result only and cannot reflect the full real-world potential of an actual ICT-
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Measure. The latter can only be obtained if the simulation is conducted at different levels of 
traffic, fleet compositions, and the other important parameters. Also, in this way, an indication 
of the sensitivity of results to the different input variables is obtained. This is necessary to 
understand through which mechanisms the ICT measure considered affects the results. 

Ideally, in order to obtain a grand average of the ICT measure impact, each of the individual 
simulations with the different set of parameters needs to be weighted with the probability of its 
occurrence in the real world at the specific study area. It is of limited value to only simulate the 
condition that is expected to provide the maximum benefit. For example, in case of measures 
that deliver maximum benefits only in congested situations, limiting the simulation to congested 
conditions only would overstate the true benefit of the measure, if congestion occurs rarely in 
the city. Therefore, simulating the impact under a variety of conditions allows to obtain a more 
thorough understanding of the actual impact of each measure. 

In ICT-Emissions, a three-dimensional matrix of parameters that need to be varied is 
proposed to assess the impact of each ICT measure. These are: 

• Road type 

• Traffic level 

• Fleet composition 

 

Assessment Procedure 

The final assessment procedure proposed consists of a number of steps that have to be 
followed in performing the simulations. A summary of these steps is shown in Table ES.3. 

 

Software Implementation 

The whole methodology was implemented in a software package that runs automatically, as 
long as initial conditions and parameterizations are provided by the user. The software 
developed is based on commercial traffic tools (AIMSUN, VISSIM/VISUM) and emission models 
(COPERT, CRUISE). Once any package of both traffic tools and emission models are available 
to a user, the software platform developed can be used by any interested user. 

This software platform contains the following fundamental procedures: 

1. A procedure that extracts the data from the traffic models and standardises them in the 
“standard” format”. This procedure is the one that needs to be customised for each traffic 
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model. In ICT-EMISSIONS, it is prepared for the AIMSUN and VISUM/VISSIM 
environments. 

2. A procedure that receives the traffic data and the fleet composition data, prepares the 
emission input, and runs the emission model. In ICT-EMISSIONS, specific AVL CRUISE 
vehicle models have been developed for the micro level and a specific hot emissions 
COPERT submodule has been utilised at the macro level. 

3. A procedure that exports the results into the public database. 

Table ES.3: Steps that have to be followed to assess the impact of an ICT measure. 

Step 1: Identify the ITS/ICT measure and the area where this needs to be assessed 

 Select the ICT / ITS measure to assess 
Identify the area of study (It cannot be a very localised one. The impacts on CO2 
are global.) 

Step 2: Identify the parameters of the three-dimensional scenario matrix 

 Traffic level 
Road types (i.e., representative road networks) 
Fleet composition 

Step 3: Prepare the basecase (ICT/ITS OFF) scenario 

 Define parameters at the macro and the micro scales 
Execute the calculation procedure 

Step 4: Prepare specification and run the ICT/ITS scenarios 

 Parameterization of the ICT/ITS measure 
Fraction of fleet affected 
Traffic level affected 
Execute the calculation procedure 

Step 5: Compare results between basecase and ICT/ITS scenarios 

 Total fuel consumption / CO2 emissions 
Relative differences 
Different indicators (per vehicle, per vkm, …) 
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1 Introduction and General Considerations 

1.1 CONTEXT 

The ICT-EMISSIONS project aims at exploring the impact of Information and 
Communication Technologies (ICT) on fuel consumption and CO2 emissions of road transport 
vehicles. Its focus is on passenger traffic and relevant measures to improve the performance of 
passenger vehicles. In this context, Intelligent Transport Systems (ITS) and related measures 
are considered as a subset of ICT. 

In order to estimate the impact of ICT measures on traffic and emissions, the project has 
developed a detailed methodology which has been already presented in Deliverable 2.1 (D2.1). 
That report presented the main building blocks of ICT-EMISSIONS, including a description of 
different ICT categories and the traffic and emission tools that have to be implemented to 
address each of them. Moreover D2.1 discussed which traffic and operation parameters are 
affected by each ICT measure category. 

Deliverable 2.1 identified two levels that are necessary for the simulation of the ICT 
measures effect, depending on the ICT measure considered. The first level is the so-called 
‘macro’ level, where the simulation takes place at road network level by estimating traffic and 
emissions on individual links. This takes into account traffic volumes and speeds on a link-by-
link basis. The second level is the ‘micro’ level where a second-by-second driving pattern of 
single vehicles is considered, by taking into account details of the surrounding traffic, road 
infrastructure, vehicle specifications, driver profile, and other details. Addressing the two levels 
requires specific traffic and emission tools, which are appropriately structured to operate at 
these two levels.  

One particular category of ICT measures considered in ICT-EMISSIONS concerns the 
Advanced Driver Assistance Systems (ADAS). This term refers to vehicle and infrastructure 
enabled systems that offer additional information to the driver or take partial or (in extreme 
cases) full control of the vehicle. ADAS have primarily designed with safety and comfort 
concerns in mind. However, they may also offer consumption and CO2 benefits, as they better 
adjust vehicle operation to traffic conditions than the average human driver can (or wishes to) 
do. ADAS simulators require specialised predictive algorithms that emulate the behaviour of 
actual ADAS on the road. Such algorithms need to be integrated with the existing traffic and 
emission models to successfully simulate the impact of ICT measures. 
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1.2 ICT MEASURES CONSIDERED 

As has been in detail presented in D2.1, the methodology developed within ICT-EMISSIONS 
tries to address the impact of a number of ICT categories on traffic and emissions. These can 
be classified into the five main categories that are generally recognised in this area:  

ITS 1 - Driver behaviour change and eco driving: includes all systems which provide the 
possibility to drive in a more environmental (and safe) way: cruise control, gear shift indicator, 
systems which make suggestions to drive in a more economical way (eco-driving), etc. 

ITS 2 - Navigation and travel information: refers to all navigation systems ranging from pre-
trip info providers (e.g., web services) to real time on-board navigation based on a variety of 
criteria, such as time, cost, or fuel savings, etc. 

ITS 3 - Traffic management and control: includes all options used for traffic management, 
ranging from a single controlled traffic lights to dynamic speed limits control and the 
sophisticated optimized systems which manage the whole network. 

ITS 4 - Demand & access management: takes into account all policies for managing the 
demand, such as access restriction or road pricing, varying according to the vehicle 
consumption, or environmental zones according to emission performance, or charging on the 
basis of the distance driven (pay as you drive). 

ITS 5 - Advanced driver assistance system (ADAS): as outlined in the previous section, this 
category includes all on board or cooperative vehicle systems which inform and assist the driver. 
These systems provide relevant information about vehicle and its surroundings or control the 
dynamics of the vehicle. They also include technologies which enable vehicles to cooperate 
with each other (vehicle-to-vehicle, V2V) or with the infrastructure (vehicle-to-infrastructure, 
V2I). These are often summarised with the term Cooperative-ITS (C-ITS). 

ICT-EMISSIONS only addresses passenger transport, with a primary focus on passenger 
cars. ICT measures referring to freight transport and logistics are therefore not included in our 
analysis. This report provides the steps that are required to link the individual simulation 
components for each of these ICT categories and the procedure that has to be followed to 
evaluate the impact of each of these. 

1.3 GENERAL METHOD FOR THE ASSESSMENT OF ICT IMPACTS 

Quantifying the impact of the ICT measures falling into the previous five categories can be 
attempted with a variety of methods. In selecting an appropriate method, the key question that 
has to be answered is: “which is the most appropriate method to use for obtaining a reasonable 
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quantitative assessment of the impact of the considered measures in the area they will be 
applied”? 

This question tries to provide a context for the best tool(s) to be used. For example, 
experimental ad hoc surveys can provide useful results in answering such a question. To give 
a representative example, the impact of most of the innovative technical solutions can be 
identified using experimental surveys on a few vehicles only. In testing the impact of a specific 
ADAS, equipping the vehicle with a Portable Emission Measurement System (PEMS) can 
provide a very precise measurement of the impact of the particular system on the particular 
vehicle(s). 

However, methods like that have limitations. In the case of the previous example, how can 
one make sure that driving conditions are similar in testing the ‘ADAS on’ and ‘ADAS off’ 
conditions? Most importantly, how is it possible to extrapolate results obtained from a few 
vehicles tested in a specific survey to the whole fleet or to different driving environments (e.g., 
another city or more/less congested conditions)? 

In general, it cannot be argued that the benefits for one vehicle, when this is the only one 
equipped with a particular technology, can be extrapolated to a fleet of vehicles with different 
penetration levels of the particular technology. In other words: a benefit for a single user does 
not always turn into a proportional benefit for the overall community: an example is the “real 
time navigation” which is effective if only few vehicles follow a detour to avoid congestion, but it 
does not provide proportional benefits if “all” vehicles do it. 

Therefore, the proper methodology should be the one that quantifies when and how the 
measure has a positive or negative impact on the overall energy consumption. Consequently, 
it provides the elements needed to decide how to implement the policy for optimizing the 
benefits. 

ICT-EMISSIONS proposal to these concerns is to use mathematical approaches to simulate 
impacts, through the use of validated computer simulation models. By integrating models at 
different scales, one may assess not only the effect on a single vehicle, on which the system is 
implemented, but for the “whole” area of study (city, region), taking into account different levels 
of system penetration to the fleet. This provides proper guidance to the authorities and the 
stakeholders on customizing the implementation of each measure to obtain the desired level of 
benefit. 

The innovation of the method proposed is the use of models developed for different sectorial 
applications (e.g., transport, automotive industry and environment) in an integrated way, so that 
they are able to communicate with each other. This is achieved by introducing proper extensions 
(enhancements) to the existing models and developing dedicated interfaces. 
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1.4 OBJECTIVES AND STRUCTURE OF THIS REPORT 

In simulating the impact of ICT measures on transport and emissions, traffic and emission 
simulation models, together with ADAS algorithms, need to be integrated. This has to be 
achieved both on the macro and the micro levels. Moreover, consistency between the 
calculations at the two levels is required. 

Achieving these targets has been a major effort of the consortium throughout the project 
duration. Based on the experience accumulated in this process, this report first presents the 
enhancements that have been introduced to existing models and then delivers guidance on the 
steps that have to be followed to achieve the integration. Also, it provides specific examples to 
demonstrate the implementation of the methodology at the micro and the macro levels. Finally, 
requirements and recommendations are provided for the integration, for those interested to 
simulate the impact of actual ICT measures. 

This report aims at being a useful guidebook, i.e. a manual on the steps and the procedures 
that one has to take for a successful computer simulation of ICT measures on traffic and 
emissions. These steps have been developed using specific traffic and emission models in our 
case but the report also offers general guidance so that different software tools can be 
implemented. 

Further to this introductory section, the report is structured as follows: 

• Section 2 presents the main elements and the outline of the methodology, which has 
been in detail presented in ICT-EMISSIONS Deliverable 2.1. 

• Section 3 describes the enhanced features of the software tools used and the steps 
taken to verify their coherence at the different modelling scales. 

• Section 4 shows how the integrated simulation runs together, including the individual 
steps the user has to take to operate the ICT-EMISSIONS software platform. 
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2 Methodology Outline 

2.1 KEY ELEMENTS OF THE METHODOLOGY 

One main element of the ICT-EMISSIONS methodology is the integration of different models 
to simulate the impact of ICT measures on fuel consumption and CO2 emissions. Impacts of 
ITS and ICT measures on traffic are simulated through traffic specific models. Vehicle impacts, 
such as the impacts of ADAS, are simulated by the implementation of appropriate vehicle 
control models. Then, the associated impacts on CO2 and energy consumption are calculated 
by the use of emission models. For the method to operate on a fleet level, then fleet composition 
models, that allocate vehicles to different categories and technologies, need also to be added. 
For the whole chain of models to operate efficiently, an integration between the four models is 
required, with transparent communication (Input / Output - I/O) protocols between the models. 
Figure 1 shows a schematic of these four models. 

 

Figure 1: Four model types required at minimum to simulate the impact of ICT measures. 

The approach proposed operates on both the macro scale, i.e. the complete link-level urban 
network, and on the micro scale, i.e. second-by-second driving profile impacts. The model 
integration is done both at micro and at macro level. 

The methodology developed is generic and can be used with any model that operates either 
on the macro or the micro scales. As an outline, when an ICT measure is adopted, this will have 
a local trip-level effect which, depending on the penetration of the measure, will also manifest 
itself on the macro level. For example, implementing traffic adaptive traffic lights over an urban 
corridor will affect the driving patterns of vehicles on that particular corridor but also the entire 
traffic pattern in the section of the urban network linked to this corridor. In order to simulate the 
impact of this intervention, traffic models need to predict the change in the driving pattern at the 
micro level and then the impact on the activity at the macro level. Therefore, traffic and emission 
models at the micro and macro level need to be linked and to provide consistent results. 
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A key component of the integration, where ICT-EMISSIONS focuses, is the ability to scale 
up the local effects obtained at the micro level. The obvious, but mathematically cumbersome, 
solution has been to connect and streamline the micro and macro models. Approaches for 
shifting from one scale to the other have been developed. One of the most important elements 
in enabling the scaling up or down of any impact is to calibrate the road cost functions with and 
without implementation of the ICT considered. Scaling up these functions in an appropriate way 
enables to reflect at macro level what has been meticulously simulated at the micro level. 

The second important element of the methodology is the design and execution of necessary 
enhancements to current models. In many cases (such as the eco-driving, the eco navigation, 
the ADAS, etc.) the existing models are not suitable to properly simulate the effect of the ICT 
measures considered, at least for the detailed types of results needed to adequately evaluate 
the CO2 effects. Consequently, in several cases, the models need to be enhanced with new 
features. 

Figure 2 schematically represents the enhancements and the integration tools needed, 
together with their connections to the models. We only present a summary here and more 
details are provided in the following chapters, for different ICT measure categories. 

On the macro scale, in terms of integration, the traffic models need to communicate with the 
fleet model and provide information to the macro emission model. A specific traffic to emission 
model integration tool needs to be developed. This should provide volume per link, speed, 
gradient, and if necessary, vehicle weight to the emission model. The traffic model should also 
be linked to the fleet composition model so that the proportion of different vehicle categories 
considered in the traffic model represents the traffic composition in the particular environment. 
Finally, the emission model should ideally be enhanced by explicitly taking congestion into 
account. The ability to execute two scenarios at the same time (e.g., baseline and ICT-
enhanced scenario) would facilitate a faster execution of the simulation. 

In terms of micro modelling, the main new component is the vehicle control system that 
should simulate the impact of ADAS. This should be integrated with the micro traffic model so 
that the ADAS equipped vehicles are affected and, in turn, affect their surrounding traffic. Once 
this is achieved, driving profiles need to be provided to the emission models through an 
appropriate integration tool. The emission models, in turn, should represent actual (averaged 
or aggregated) on-road vehicle types. Similar to the macro case, the traffic models and the 
integration tool need to communicate with the fleet composition tool. 

Finally, the micro and the macro scales need to produce consistent results. This is mainly 
achieved by calibrating the macro scale, using detailed results from the micro scale. The two 
elements that require specific calibration are the road cost functions of the traffic models and 
the consumption and CO2 functions of the emission models. 
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Figure 2: Summary of the ICT-EMISSIONS methodology, including integration procedures 
(arrows) and model enhancements (bullets). 

2.2 SOFTWARE TOOLS 

A range of mathematical models need to be utilized in simulating the impact of the ICT/ITS 
measures. Such models may be developed from scratch by the different modellers or come as 
ready to use commercial packages. The methodology provided in ICT-EMISSIONS has been 
built in a generic way, so that different software tools may be implemented. In principle, every 
city / region can use the tools they are familiar with by respecting a few rules that we present in 
this report. 

In demonstrating the applicability of the methodology, we have used specific commercial 
tools that were in our disposal and we have been familiar with. The traffic models utilized 
consider the theory of the mathematical models most commonly used (such as Franke&Wolfe, 
Gipps, Wiedemann). These models have been developed in the past mainly for evaluating traffic 
congestion. Table 1 shows the models used for the different categories and application scales. 
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Table 1: Software tools used to demonstrate the ICT-EMISSIONS methodology operation. 

Model Category Macro Level Micro Level 

Traffic 
AIMSUN macro & 

VISUM 
AIMSUN micro & 

VISSIM 

Emission COPERT CRUISE 

Vehicle control  MESSINA-based control 

AIMSUN (by TSS) and VISUM (by PTV) are among the most popular models (if not the most 
popular) used in Europe to simulate traffic at macro level. AIMSUN also operates at a micro 
level. Also, VISSIM (by PTV) has been used at a micro level. These models estimate second-
by-second driving patterns of single vehicles, operating on a part of the network (e.g., a few 
links). The speed and position of each vehicle in the two models at each instance of calculation 
is estimated using a car following law. AIMSUN uses the Gipps approach while VISSIM uses 
the Wiedemann approach. The two approaches are different in their concept and 
implementation (more discussion on the modelling approach differences can be found in the 
general traffic literature and in D2.1 of our project). It was therefore interesting to explore how 
our methodology performs with software models that use different mathematical approaches. 

In terms of Emission models, COPERT (by Emisia) has been used at the macro level. 
COPERT is the most widespread emission model in Europe and it is being used by most 
member states for official calculation and reporting of their traffic emissions at a national level. 
COPERT uses the average speed approach to estimate hot emission factors. This is a 
straightforward and simple to digest method. It may have limitations though when traffic 
becomes congested and when link length is too short. A discussion on the limitations and further 
improvements of the model is included in the following chapters. 

The CRUISE model (by AVL) has been selected as the emission model at the micro scale. 
CRUISE is a detailed longitudinal motion vehicle simulator. It has been developed as a platform 
to simulate energy flows, subsystems interoperability, and vehicle performance. A number of 
different ‘aggregated’ vehicle types have been setup on CRUISE (see ICT-EMISSIONS 
Deliverable 3.2) to be used as representative vehicles for micro emission modelling. 

Finally, a dedicated model was built by the consortium partner B&M to simulate the impact 
of ADAS systems on driving. This has been built on a proprietary model platform called 
MESSINA. There are currently no widespread computer codes on ADAS simulation, therefore 
a specific model had to be built in this case. 
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3 Model Enhancements and Integration 

3.1 MACRO TO MICRO TRAFFIC MODELS 

The specific integration procedure within the global methodological architecture is 
schematically shown in Figure 3. Scaling up the results from Micro to Macro imply that the 
impacts in the local zone, calculated with the micro model, are comparable with the ones 
obtained in the corresponding subset of the overall area, calculated with the macro model. 

 

Figure 3: Micro and macro traffic model integration in the global architecture. 

Obviously, the first requirement in order to achieve this consistency, is that the assumptions 
that have gone into setting up the models should be similar from the very beginning. This 
includes both the setting of the traffic models but also the fleet composition assumption. 
Thereafter, the micro model should be a (more detailed) subset of the macro one. In other 
words, the graph structure and their performance data and the OD demand of the Micro should 
be seen as a subset (obviously with more details) of the Macro ones. 

Making sure that such a consistency exists is the sole responsibility of the modeller who 
needs to give due attention when implementing the (most times different) traffic models at the 
micro and the macro scales. Some software tools can help in this direction but cannot 
completely replace the modeller and his/her capability in retaining the consistency. In retaining 
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this coherence, the individual characteristics of the micro and macro models shown in Figure 4 
should be considered.  

 

Figure 4: Individual characteristics of Micro and Macro traffic models that have to be considered 
in retaining coherence between the two modelling scales. 

With reference to Figure 4, the integration procedure between Macro and Micro at traffic 
level is obtained through the following main steps: 

1. Retaining coherence in input data structures and contents. 

2. Make sure that the function used in the micro assignment is compliant with the 
parameters of the macro functions, and in particular with the fundamental diagram 
(theoretical details on this are given in Deliverable 2.1 and a schematic representation 
of this in Figure 5). 

3. The fundamental diagram and the cost function need to be coherent to the micro scale 
modelling. This can be achieved either through micro simulations results or by dedicated 
on road vehicle measurements. 

The next sections outline the requirements for each of those three steps. 
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Figure 5: Schematic representation of coherence between the micro model car following law and 
the macro model fundamental diagram. 

3.1.1 INPUT DATA AND SETUP 

The first step is to make comparable the traffic models in their two main characteristics, i.e. 
the network design and the origin-destination (OD) demand. 

Some traffic models provide tools – a sort of extraction methods – for getting the relevant 
section of the network and of the mobility demand (OD matrices) from the macro to the micro 
levels. 

The network section is extracted from the overall network (see example of Figure 6). But, 
then, for building the detailed road geometry needed at the micro level, much more additional 
detailed information is required. In some cases also some additional (mostly secondary) roads 
have to be added, that were not considered in the links of the macro models. The modeller has 
to pay attention to not distort the detailed graph from the original one. 
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Figure 6: From macro links to micro road geometry (example shown utilizing the AIMSUN 
model). 

The starting point would be the delimitation of the road sections of the Macro model that are 
going to be included in the Micro model, and therefore the definition of the border links. An 
example of such an approach is shown in Figure 7 left, where a section of the Madrid ring road 
is delimited. Once these road sections have been delimited, they can be exported from the 
Macro to the Micro model. However, this exported road section normally can only be used as a 
starting point to build the Micro model network, as this second network requires a higher level 
of detail than the Macro traffic models, e.g., acceleration and deceleration lanes have to be 
defined at the Micro level while they are normally not considered at the Macro level, except if 
they are long enough to vary the characteristics of the section. Depending on level of 
geographical representation accuracy, the Macro road section may be used as a base for the 
Micro network construction. If this geographical representation is not accurate enough then the 
network has to be constructed using another cartographic base. An example of transforming 
the delimited section of the macro scale to the corresponding micro scale network is shown in 
Figure 7 right graph.  

In either case, the Micro network requires a higher level of detail for its characterization, 
such as lane width, junctions or lane change limitations. This detail is shown for the previous 
example in Figure 8. In this, the number of lanes and the lane junctions are represented 
graphically in detail. However, this higher level of detail has to be compatible with the Macro 
model characteristics, being the common road characteristics, such as lanes, length, speed or 
capacity, the same for both Micro and Macro. Therefore, for representing the same road 
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network, the Micro model may need much more links, but compatibility between networks has 
to be assured (see Table 2) if both models need to be used together. 

 

Figure 7: Left: delimitation of a section of network from the macro traffic model (thick red line). 
Right: reconstruction of the same road network section on the microscale. 

Table 2 shows the link composition of the same road network for the previous example for 
both macro and micro models. It can be seen that, though the micro model is composed by a 
higher number of links, in order to define all the previously mentioned characteristics, the macro 
model is represented by a much shorter number of links (5 versus 23). However, characteristics 
considered in both models, such as length or number of lanes, have to be the same (small 
sections with a different number of lanes, such as link number 9, which has a length of 78 
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metres, do not produce a real increase in macro model capacity and therefore can be 
neglected). 

 

Figure 8: Details of the micro network details for the example of Figure 7. 

Similarly, the OD demand at a micro scale is obtained by cutting the Macro OD matrix. This 
procedure is generally more complicated though: the OD matrix of vehicles operating on the 
selected micro section has to be extracted. For doing so, it is necessary to use the macro 
assignment tool. The extraction can be done directly by the macro assignment tool if an 
automatic tool is provided. 

Figure 6 also shows how the automatic tool works in AIMSUN for extracting the OD demand 
from macro to micro: the user has to designate the specific area in the macro model (the area 
contained within the red box) and the tool itself extracts the OD matrix. 

If the used tool does not provide an automatic procedure, then the micro OD matrix can be 
obtained ex-post using some detailed results of the macro assignment, by extracting the so-
called ‘alphaIJOD’ data: these data represent the percentage of the original-macro-OD matrix 
vehicles which use the link I and turn to link J. In case this info is not a result of the assignment 
tool, then there is the need to get at least the ‘alphaIJD’: this represents the flow passing in link 
I turning to link J and directed to destination D. 
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Table 2: Level of detail between micro and macro models for the subset of road network shown 
with the example of Figure 7. 

MACRO 
Link number 

MACRO 
length (m) 

MACRO nº 
lanes 

MICRO Link 
number 

MICRO 
length (m) 

MICRO nº 
lanes 

Section 1 

5198 394 5 10004 1.389   

1650 684 4 9 78.45 6 

   10007 1.084   

   10 192.114 5 

   10008 2.253   

   11 154.361 4 

   10010 1.865   

   12 94.227 5 

   10011 3.593   

   14 549.101 4 

Section 2 

4784 372 3 10013 1.438   

1718 404 3 15 123.234 3 

   10014 1.115   

   16 110.374 4 

   10016 1.564   

   18 259.211 3 

   10041 0.15   

   43 279.062 3 

Section 3 

3518 425 4 10020 2.014   

   21 94.093 4 

   10042 0.15   

   44 327.261 4 

     10018 1.557   
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By navigating though the alphaIJD, it is possible to reconstruct the complete OD matrix. The 
following sections describe how the post-processing extraction procedure is implemented. 

With reference to the macro-traffic simulation model, the first step in this procedure is to 
identify the links of the macro network that are included in the road geometry at the micro scale 
(Figure 9). For these links, the following data are needed from the macro scale model: 

• OD matrices, 

• Links and their characteristics, including connectors, 

• alphaIJD (percentage of flow per turning movement per destination). 

It is also possible that roads not included on a macro level will become part of the micro 
configuration. Such roads need to be manually added by the modeller. Also additional details 
for the links and the additional detailed demand of mobility need to be added by the modeller. 

 

Figure 9: Example of extraction of micro-area from the macro model (example shown with the 
MT.MODEL). 

The second step in this procedure is the identification of the border links. All links with their 
final node included in the network section extract and with their initial node outside of this area 
are considered ‘origin’ links. On the contrary, all links with the initial node included in the network 
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section extract and their final node outside of this are considered ‘destination’ links. The 
definition of those is schematically shown with the example of Figure 10. 

 

Figure 10: Example of identification of border origin and destination links (example shown with the 
MT.MODEL). 

In case some macro-zones are inside the micro area and the corresponding connectors are 
also within the micro area, then these connectors are treated as if they are border links. This 
special case is shown with the example of Figure 11. In this, zone Z is within the road network 
extract considered for the micro simulation. The connectors of this zone to specific nodes (S 
and T) are considered and treated similarly to the border links of the particular area. 

Once the border links have been determined, the next step is the initialisation of the matrix 
of the border links. A blank OD mobility demand matrix is prepared with the Origins 
correspondent to the links entering (origin links) in the network section of interest and the 
Destinations correspondent to the links exiting (destination links) from the network section of 
interest. A visualisation of such a blank origin-destination matrix for the example of Figure 10 is 
shown in Figure 12. All border links are included in the matrix, either as origin or as destination 
links. 
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The next step in the process now is to fill in the OD matrix, using the alphaIJD data. To do 
so, for each origin link, the following procedure has to be followed: 

• Starting with an ORIGIN-LINK, such as A, all the alfaIJD where I=A have to be 
considered. 

• For each D present in one alfaAJD, the tree of the links followed to go from A to D have 
to be identified: this is easily obtainable by navigating the alfaIJD from alfaAJD (Figure 
13). The tree of flows has to be determined by considering the percentage of turning in 
each diversion and the corresponding flows (Figure 14). 

 

Figure 11: Example of internal Zone Z – and representation of each connectors to nodes of the 
network as border links S and T. 
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Figure 12: Example of blank OD border matrix. 

 

Figure 13: Graphical example of OD border matrix – micro. Tree of the links followed. 
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Figure 14: Graphical representation of flows in an example of OD border matrix – micro. 

The next step is to add the flows exiting at each destination link to the matrix of the border 
links (Figure 15). 

 

Figure 15: Example of adding flows in the OD border links matrix. 
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Once the iterative procedure is finished the micro OD matrix is obtained. 

In the case of internal zones the same procedure as border links is considered but there is 
an additional step to take care of. If there are more connectors (considered as entering and 
existing links) referring to the same zones, their data are aggregated before the procedure is 
finished. 

3.1.2 FLEET STRUCTURE 

Another important element of the consistency in input data between macro and micro 
models, does not refer to traffic input data but to the fleet composition. In the micro models, the 
vehicles are detailed one by one but the characteristics of the vehicles are provided by classes 
of vehicles (fleet composition). It is the responsibility of the modeller to make sure that the 
numbers of vehicles by classes in the micro scale correspond to the aggregated ones defined 
at the macro level (unless the values used when running the macro scale tools one are directly 
applied to the micro simulation model). In turn the fleet composition should be representative of 
the fleet of vehicles operating on the particular network section. 

3.1.3 COST FUNCTION 

The cost function at the macro level should be similar to the micro level, at least for the case 
of not too much congested links. In other words, the parameters used for calibrating the macro 
cost functions should be obtained by increasing the demand of the micro models in the 
correspondent links and observing the mean speed produced. The parameters obtained this 
way can be used for each link of the macro belonging to the same generic type of road. In other 
words, the stationary part of cost function in the parameterisation of the macro assignment can 
be obtained by the micro simulation values. 

Figure 16 shows an example of a speed-density relationship, usually used for rural and 
highway roads, which can be well represented by the BPR (‘Bureau of Public Road’) travel time 
function. The points in the figure represent the measurements. The red line represents the trend 
line (function usable in models). 

On the basis of this example, Figure 17 shows the different forms of the Fundamental 
Diagram (FD) in terms of correspondence between Flow vs. Speed (left) and Flow vs. Density 
(right). The left graph would be the inverse of the Flow and Travel-Time diagram, which is the 
third equivalent expression of the fundamental diagram. The coherence between the micro and 
the macro levels can be obtained using any of the three different representations of the 
Fundamental Diagram. It is up to the developer to select the preferred one. 
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Figure 16: Example of speed-density function generally used in rural and motorways. 

 

Figure 17: Different representations of the fundamental diagram of traffic flow: Flow vs Speed 
(left) and Flow vs Density (right). 

The projection of these forms of the fundamental diagram in the travel time domain (Figure 
18), enable their use at the Macro level. In general, the cost function expresses travel time 
proportional costs and other terms, explicit of monetary costs (such as tolls). 
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Figure 18: Projected fundamental diagram: Flow vs travel time. 

With this correlation, it is possible to estimate the cost function parameters as they are used 
in the Macro simulation. Figure 19 shows how to determine the time-function, such as following 
the BPR approach. 

 

Figure 19: Travel time function (e.g., BPR) estimation. 

The micro traffic models should provide the travel cost for a different number of vehicles 
driving in the corridor. That is from a single vehicle to a number of vehicles close to the total 
capacity of the road. As a general rule, the minimum would be three cases (free flow, medium 
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flow, congested flow). It would be even better if the flow was varied in steps of more or less 
fixed number of vehicles (such as steps of 100 vehicles). 

In detail, the following process should be followed (schematically shown in Figure 21): 

1. Define correspondence between the link (or corridors with similar type of road sections) 
of the macro network with the sections and the nodes of the micro one (Figure 21). 

2. Increase the demand in the Micro Model: get the average travel-time and flow per 
section. 

3. Determine the individual points (pairs) Travel-Time vs Flow. 

4. Get the Travel Cost (such as BPR) function via correlation (Figure 22). 

 

Figure 20: Process for getting the BPR parameters 

3.1.4 VERIFICATION 

The consistency in the input data between the micro and the macro model is the minimum 
requirement in order to achieve comparable results. Some differences (few percentage points) 
can be acceptable in key travel parameters. These should be attributed to the different level in 
the detail of the data. However, aggregate vales such as corridor average speed and average 
flows on main links should be similar between the two scales. 

In order to guarantee consistency, a check of the final results from the two modelling scales 
is required, at least in terms of flow and travel time on each link. If the results differ substantially, 
then some additional calibration work is required, i.e. to verify and correct if necessary the OD 
demand, the characteristics of the links and of the vehicles, and also checking again the 
parameters of the cost functions. 
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Figure 21: Example of BPR estimation from micro simulation (MT.MODEL). 

 

Figure 22: Example of BPR estimation from micro simulation (MT.MODEL). 

As a summary guidance list, a number of items need to be checked in terms of their 
consistency between the micro and the macro levels. These are shown in Table 3. As an 
overarching requirement, the micro model should be set as (a more detailed) subset of the 
macro model. 
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Care should also be given that the macro model is implemented at not too much aggregated 
level. For instance, it should be avoided that the micro model is included only in just one zone. 
In other words, the resolution of macro zones internally and externally to the micro-simulation 
area should be sufficiently detailed to allow for the extraction of the micro-OD demand. 

Table 3: Items than need to be consistent between the traffic micro and macro levels. 

Requirement  Item 

1 Infrastructure (road network) 

2 Supply structure (network graph) 

3 Supply data (link performance) 

4 Mobility demand structure 

5 Mobility demand data 

6 Fleet composition structure 

7 Cost functions 

3.2 MICRO TRAFFIC MODEL ENHANCEMENTS 

3.2.1 GENERAL GUIDANCE 

In the case of traffic simulation, the micro models have been developed for estimating the 
average traffic status over the road network segment. The speed profile of “single” vehicles is 
a secondary output: its adherence with real driving performance is not always guaranteed. 
Nevertheless a correct speed profile is a fundamental input for the micro emission model in 
order that this provides reliable fuel consumption values. 

In simulating the ITS/ICT scenarios to get reliable quantitative results, there is therefore the 
need to implement the traffic model in such a way that it also makes sure that the output profile 
is accurate for each single vehicle.  

Two main categories of improvements in the micro traffic models are required to that aim: 

1. Modification to the “car-following” model, by improving the formulation with two main 
objectives: 

o Improving the coherence with the macro traffic behaviour such as the 
fundamental diagram (density versus flow). 
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o Improving the driver behaviour simulation allowing for modelling eco-drivers in a 
different way compared to modelling standard drivers. 

2. Integration with a vehicle control model for simulating ADAS vehicles. 

In this research work of enhancements were developed for one of the mathematical models, 
the Gipps model, used in many commercial tools (such as AIMSUN and SUMO that have been 
used in the project) to describe the car following behaviour of the vehicles.  

3.2.2 RETAINING COHERENCE WITH THE MACRO SCALE 

In order to scale up, as requested by the methodology, the results from Micro to Macro 
cases, it is important that the Micro behaviour (speed-distance law) must be coherent with traffic 
macro behaviour (Fundamental diagram). 

Many micro simulation tools use the Gipps model to represent the behaviour of the vehicle 
in traffic. It is one of the most widely studied and applied car following. Three of the micro-
simulation tools used by the project (AIMSUN, SUMO, MESSINA) are based on it. The Gipps 
model requires some improvements to satisfy a number of key rules, to make it coherent to the 
traffic macro-simulation. One of these key elements where coherence needs to be retained is 
the fundamental diagram. 

The fundamental diagram relates the traffic density with the speed or the traffic density with 
the flow. Figure 23 shows in blue the profile obtained with the standard Gipps function and its 
standard parameters, and in red it represents the expected profile according to the literature 
(such as Greenshild, Kremer, Papageorgiou). In order to make the micro and macro models 
coherent, the Gipps parameterization should be modified so that the profile of the two functions 
is similar. Deliverable 2.1 of ICT-EMISSIONS described the steps to be taken and the required 
changed in the Gipps parameterization to achieve this. In this section, we present how we have 
materialized this new parameterization. 

The Gipps “following speed” model was enhanced with two submodels. The standard Gipps 
formulation is the following: 

Vfol (t+T) = bnT + [bn2 ×T2 – bn (2×( xn-1 – sn – xn) – Vn(t)T + Vn-1(t)2 / bn-1)]0,5 

where: 

In order to improve this standard formulation, it is necessary to modify the “vehicle length + 
safety margin” (s) and the “braking ratio” (bn/bn-1). These two variables are substituted with two 
sub-models that are able to better describe the user behaviour. These are: 
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sn = sn0 + γVδ   (effective length) – first sub-model 

bn/bn-1= α0 (1-V/Vmax)λ (breaking ratio) – second sub-model 

where:  

sn0 is the vehicle length, and γ, δ, α0, and λ are parameters to be calibrated. 

 

Figure 23: Fundamental diagram (red) vs. standard Gipps formulation (blue). 

Using this correction makes possible to improve the coherence between the micro and the 
macro traffic scales. As an example, Figure 24 shows how this correction can improve the 
coherence between the micro and the macro levels. This graph has been obtained with the 
following values for the various enhanced Gipps model parameters: 

• τ= 1 s 

• b= 4 m/s2 

• Vmax = 123 km/h 

• α0= 1,224 

• λ = 0,3862 

• s0= 11 m 

• γ = 2,561 

• δ = 0,3446 
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Figure 24: Fundamental diagram (red) vs. enhanced Gipps formulation (blue). 

In the case of AIMSUN the changed formula (enhanced with the two submodels) can be 
modified with the SDK (Software Development Kit). In the following figure there is a print out of 
the improved code. 

 

Figure 25: Printout of the enhanced car-following model coded in AIMSUN SDK. 
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3.2.3 ENABLING THE MODELLING OF ECO-DRIVING 

Gipps Car-following Model 

In order to simulate both an eco-driver and a standard driver there is a further need to 
calibrate not only the “car- following” model of Gipps but also the also the Free-Flow-Speed 
model (the so-called “Vlib” function), instead of using fixed values. 

The analysis of the Fiat “Ecodrive” data (see Annex of ICT-EMISSIONS Deliverable 2.1) 
provided the necessary input to develop the appropriate formulation. The parameters of the 
extended Gipps model, that fits the experimental Ecodrive data are: an= 5,21, α=2,60, 
β=1,89, γ=-4,42, while in the normal case these are: an= 2,95, α=1,47, β=1,91, γ=-2,47. 

The recommended values for eco-driving, and in particular an, may need specific calibration 
for different implementations. The values proposed above were used in the framework of ICT-
EMISSIONS. 

In the case of AIMSUN, similar to the previous case, the eco-driving Gipps formulation can 
be modified with the SDK function. Figure 26 shows a printout of the new piece of code 
developed in that respect. 

 

Figure 26: Printout of the eco-driving model coded in AIMSUN SDK. 
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Wiedemann Car-following Model 

The Wiedemann car-following model which PTV-Vissim uses is based on the psycho-
physical perception model developed by Wiedemann (1974). The basic concept of this model 
is that the driver of a faster moving vehicle starts to decelerate as he reaches his individual 
perception threshold to a slower moving vehicle. Since the driver cannot exactly determine the 
speed of that vehicle, his speed will fall below that vehicle’s speed until he starts to slightly 
accelerate again after reaching another perception threshold. There is a slight and steady 
acceleration and deceleration. The different driver behaviour is taken into consideration with 
distribution functions of the speed and distance behaviour. 

The original car following model has been calibrated through multiple measurements in 
Germany. Recent measurements ensure that changes in driving behaviour and technical 
capabilities of the vehicles are accounted for. 

Because of the different concept and formulation of the Wiedemann model, the approach 
for simulating eco-driving behaviour has been slightly different to the one presented for Gipps 
model in the previous section. 

Specific trips were performed in the case study section (M30 Motorway in Madrid) under 
normal and eco-driving behaviour (see Annex of ICT-EMISSIONS Deliverable 2.1). The 
obtained speed profiles have been analysed in order to obtain a set of acceleration and speed 
related variables and their variation between normal and eco-driving trips (Garcia-Castro and 
Monzon, 2014a) 

Exactly the same itineraries with similar traffic conditions have been simulated in the VISSIM 
model. Equally, the same set of speed profile variables has been calculated. 

The reduction percentages observed in maximum positive and braking accelerations have 
been reproduced in the driver behaviour model in VISSIM by adjusting the desired acceleration 
and deceleration functions in VISSIM. Figure 27 shows the acceleration function for a normal 
and eco driving behaviours, determined in this way. 

Apart from smooth acceleration and deceleration processes, the eco driving behaviour is 
characterized by an increasing safety distance and a homogenous speed profile. In order to 
reflect this behaviour, another indicator which reflects the homogeneity of the speed profile and 
well correlates with fuel consumption has been calculated and compared between the normal 
and eco behaviour. This indicator is called positive kinetic energy or positive accumulated 
acceleration and its definition can be found in Garcia-Castro and Monzon (2014b). 

Finally, the reduction percentages observed in real trips have been translated into VISSIM 
model by calibrating the multiplicative part of safety distance (Figure 28). Once the eco driving 
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values have been set, this behaviour can be assigned to more vehicles in network to simulate 
the effects of different penetration rates of eco-drivers. 

 

Figure 27: Desired acceleration functions in VISSIM for (left) normal and (right) eco driving 
behaviours. 

 

Figure 28:  Wiedemann car following model calibration in VISSIM. 
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3.2.4 ADAS DRIVER SIMULATOR 

The second improvement/extension of the Gipps model concerns the ability to facilitate the 
impact of ADAS technologies. When introducing an ADAS technology, such as for example 
Adaptive Cruise Control (ACC), the vehicle equipped with the particular system is driven 
following specific laws and not the cognitive pattern of a human driver. Therefore, the car 
following module in this case will have to be modified. There may be several approaches to 
simulate such a different vehicle behaviour. The next sections describe the approach followed 
within the ICT-EMISSIONS project. 

Figure 29 shows the system used in ICT-EMISSIONS. On one hand, this system extracts 
parameters that are relevant for velocity and distance control, such as the instantaneous 
velocities of the vehicles and their positions in the road network, from the micro-traffic model 
results and passes them to a driver simulator. The driver simulator comprises, on the one hand, 
mechanisms for Adaptive Cruise Control (ACC) as well as human driver modelling and, on the 
other hand, a model which mimics the physical and mechanical properties of a vehicle’s 
powertrain. After processing the parameters of multiple vehicles from the traffic scenario 
simultaneously, the vehicle simulator returns the velocities of the vehicles for the next simulation 
step to the traffic simulator. 

Hence, real-time interaction of the micro traffic model and the ADAS driver simulator is 
required. The components of the simulation framework (sensor model, ACC/Driver model) 
communicate with each other via a bus system. This bus system simulates a common bus in a 
vehicle such as the CAN bus. 

 

Figure 29: Schematic of the interaction of a micro traffic model and the ADAS driver simulator 
developed in the ICT-EMISSIONS project. 
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A parameterization submodule is used to set input parameters in the simulations, such as 
the traffic density in the scenario or the penetration level for ACC vehicles and vehicle types. 

The acceleration behaviour of the vehicles without ACC in the simulations is modelled to be 
determined by human drivers. It is assumed that there are equal shares of aggressive, normal, 
and timid drivers. The parameters of the Gipps model, which is used as a human driver model, 
are set accordingly. The ACC vehicles are randomly distributed over all vehicles in the scenario. 
Hence, to balance out statistical effects, multiple simulation runs are performed at each 
penetration level. 

For the integration of the ADAS/Driver Simulator in the ICT-EMISSIONS integrated 
simulation platform an interface to the microscopic traffic simulator Aimsun is implemented. 

Figure 30 shows the realization of the general architecture in Figure 29 with the tools Aimsun 
and MESSINA. The latter serves as a test and execution environment for the driver simulator 
modules. The data exchange between Aimsun and the signal pool of MESSINA (simulated bus 
system) is done via a TCP/IP connection. 

 

 

Figure 30:  Realization of the architecture of the ADAS/Driver simulation framework with Aimsun 
and MESSINA. 

To read and feedback information from/to the traffic simulation in Aimsun the sensor model 
uses the Aimsun API and the microSDK. Figure 31 shows that these two APIs share data via a 
context class. The Aimsun API provides a series of callback functions which are executed at 
certain time instants of the simulation. The AAPIInit function is executed when the simulation is 
initialized. It establishes the connection to MESSINA and distributes the shares of driver types 
and vehicles types defined in the parameterization submodule over the vehicles in a traffic 
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scenario. The AAPIPostManage function is called at the end of a simulation step. In this function 
the data exchange with MESSINA takes place. 

 

Figure 31:  The classes and methods of the Aimsun API and the microSDK which are used by the 
sensor model. 

Besides the Aimsun API functions we implement a class BehavioralModelParticular which 
is derived from the class A2BehavioralModel. This class includes functions which operate on 
single vehicles and contain the core algorithms of the sensor model used to detect leader 
vehicles for car-following inside the field of view of a simulated radar sensor and to measure 
distances between vehicles. 

The sensor model is compiled into a DLL which is loaded by Aimsun as a plug-in. The 
ADAS/Driver model is loaded by MESSINA, also as a DLL (model.dll). The modelling and build 
process for the ADAS/Driver model using MATLAB/Simulink and automatic code generation is 
unchanged compared to the approach described in deliverable D4.2.2. 

The model.dll also includes the powertrain model in Figure 29, which is replaced by look-up 
tables in the latest version of the simulation framework. The look-up tables contain information 
about the maximum possible acceleration which can be performed by a vehicle at a given 
speed. Examples for these look-up tables, which are stored for a set of vehicle types in a matrix, 
are shown in Figure 32. 

A2BehavioralModel 

microSDK Aimsun API 

BehavioralModelParticular 

AAPI.cxx 

AAPILoad 
AAPIInit 
AAPIManage 
AAPIPostManage 
AAPIFinish 
AAPIUnload Context  

Class 



 

 

Filename: D 5_2_ManualProcedures_Final_V3.0.docx  46 

 

Figure 32:  Look-up tables for performance values which replace the powertrain model. 

The first row in the matrix Amax_Lookup (Figure 32) contains a vector with speed values (in 
m/s). The second and next rows contain values for the maximum acceleration of a car (in m/s2) 
for the speed value in the first row in the same column. Each row between the second and the 
last row contains maximum acceleration values for different vehicle types. The first column of 
the matrix contains the values for the maximum possible deceleration for the different vehicle 
types. The matrix Index_Lookup assigns the name of the vehicle types used in the ICT-
EMISSIONS project (A-B_Diesel, A-B_Gasoline etc.) to the corresponding row indices of the 
matrix Amax_Lookup (counting starts at 0). For instance, when a vehicle of type A-B_Gasoline 
travels at 5 m/s the model.dll knows from the Index_Lookup matrix that the maximum 
acceleration value can be found at the element in the third row (index 2) and in the fourth column 
of the matrix Amax_Lookup. Maximum acceleration values for speed values which lie between 
the values of the elements in the first row are interpolated using the values from the adjacent 
columns. 

The reason why the powertrain model is replaced by look-up tables which are computed off-line 
using the model CRUISE is that in this way there are no inconsistencies between the powertrain 
model used for generating the speed profiles during the simulation and the powertrain model 
inside CRUISE, which is used during the calculation of CO2 emissions based on the speed 
profiles after the simulation. Besides, multiple vehicle classes can be handled easily using the 
look-up tables, which overcomes a limitation of the approach described in deliverable D4.2.2. 
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3.2.5 REQUIREMENTS 

To establish a satisfactory communication between the micro-traffic model and the ADAS 
simulator, the following requirements have to be fulfilled: 

• The vehicle simulator has to be able to establish a TCP/IP connection to the micro-traffic 
simulator for inter-process communication and data exchange. 

• All components in the system must be able to process data from multiple vehicles in a 
single simulation step to enable the bidirectional communication between the traffic 
model and the ADAS driver simulator. 

• The programming interface (API) of the micro traffic model must provide methods to 
access data which is required by the sensor model. 

• For each vehicle in the simulation the sensor model must be able to detect a target 
vehicle, which the vehicle should follow. The sensor model has to compute the distance 
between a vehicle and its target vehicle and the difference in velocity. 

• The bus system must be able to transmit data from multiple vehicles over a wire. 

• The ADAS driver simulator model must implement a switch which allows the selection 
of either an ADAS model or a human driver model for the acceleration behaviour of a 
given vehicle in the simulation. 

• The ADAS driver simulator compute an acceleration value based on the distance and 
the difference in velocity between a vehicle and its target vehicle as well as a defined 
safe distance which the vehicle should guard with respect to its preceding vehicle. 

• The powertrain model embedded in the ADAS driver simulator must take into account 
the running resistance of a vehicle in motion and the constraints of a real-world engine 
on the acceleration behaviour of a vehicle. 

• The powertrain model must include different parameterizations for different vehicle 
classes (e.g., small passenger cars, limousines, vans etc.) 

• The parameterization submodule has to offer the possibility for a user to define relevant 
parameters in the micro-traffic simulation and in the driver simulator. Relevant 
parameters in the micro-traffic simulation are the traffic scenario (road network) and the 
traffic density. Relevant parameters in the driver simulator are the shares of different 
driver types (calm, aggressive etc.), the penetration level of ACC vehicles and the type 
of vehicle in the powertrain model. 

Since the parameterization submodule allows a user to vary several parameters for a 
scientific analysis, it is highly recommended that simulation runs are executed in an automated 
way to reduce manual effort. It should be possible that the whole simulation system (micro-
traffic simulator and driver simulator) is started automatically in a test case with given 
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parameterization. Several consecutive tests with different parameterizations should be 
executed in batch mode and the results of the tests should be stored automatically. 
Furthermore, the parameterization submodule should provide the possibility to repeat a test 
case with the same parameterization multiple times such that statistical variations can be 
evaluated. 

To get realistic results, the traffic scenario used in the simulations should be calibrated in 
terms of traffic flows and fleet composition. 

3.2.6 INPUT AND OUTPUT INFORMATION 

The ADAS simulator requires as input data information about the traffic scenario (road 
network and traffic density). In AIMSUN, e.g., this information is stored in an .ang file which is 
loaded when the micro-traffic simulator is started in a test case. Besides, the simulation 
framework requires information about the fleet composition (shares of vehicle classes) in the 
traffic scenario. Furthermore, the penetration level of ADAS vehicles has to be defined in a 
simulation run. The shares of the human driver types (aggressive, normal, calm) have to be 
defined for all non-ADAS vehicles. 

The ADAS simulator also requires sets of powertrain parameters for the different vehicle 
classes. However, this data is stored as static information inside the powertrain model and does 
not have to be provided in each simulation run. Likewise, the parameters in the Gipps model for 
the different driver types are set once in the ADAS/Driver model and used for all simulations. 

In terms of output information, the ADAS simulator must provide speed profiles for all 
vehicles in the simulation, which describe the temporal variation of their speeds along their 
routes. 

3.3 FROM TRAFFIC TO EMISSION MODELS AT THE MACRO SCALE  

3.3.1 GENERAL GUIDANCE 

The link between macto traffic and emission models is graphically shown in Figure 33. A 
macro simulation model generally provides average traffic data on the links of the macro graph 
network. These links are synthetic representations of the main roads in the road network of the 
focus area of the study. 

The data produced for each of these links most commonly are: 

• volume of traffic in terms of flow/hour (or day or year), 
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• average speed. 

In most cases, the volume of traffic is the average total number of vehicles entering or exiting 
the link in a defined period of time.  

In a few cases of more detailed modelling, the total of vehicles is subdivided into different 
types of vehicles. However, even such a distinction, refers to macro classes of vehicles, such 
as car, light commercial vehicle (LCV), heavy duty truck (HDT) and bus. A more refined 
distribution is rarely used. To our knowledge macro models do not further consider vehicle 
distinctions, such as to include age distributions or distinctions to different fuels and/or emission 
standard (Euro) classes. 

 

Figure 33: Graphical representation of the integration part between traffic and emission models at 
the macro scale. 

However, for the emission models to deliver better emission and consumption estimates, 
they require a much more refined distinction of vehicles to sizes, fuels used, and Euro standard 
classes. The recommended solution to this is the implementation of a dedicated post processor 
which will allocate the different macro categories produced by the macro traffic model to the 
more detailed classification required by the macro emission model.  
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The averaged fleet composition in the area considered can be obtained from national or city 
statistics. However, this composition can considerably vary according to the type of the road. 
For instance, large heavy duty vehicles cannot drive in narrow local roads. Similarly, buses have 
fixed routes and do not use all streets of the network. 

Allocating vehicle types to different road types can be approached in two steps: 

• Distribute the total flow in macro classes. At minimum, the distribution should be 
according to the two main categories ‘Car and LCV’, and ‘HDT and Bus’. If data allows, 
distinction to each of the individual vehicle types would be preferred. The split needs to 
be done separately for the different types of roads, depending on their characterisation 
in the area, such as Motorway, High Speed Urban Corridors, Local Roads. Estimates or 
assumptions need to be made on the relative contribution of different vehicle types to 
the various road types. E.g., generally more HDTs operate on highways on a different 
(lower) speed than general traffic. 

• Once the total flow for each link has been distributed to the vehicle macro classes, the 
next step is the allocation of vehicles to fuel and emission classes. The individual vehicle 
types required by emission models can be hundreds in total. Estimates of different share 
of vehicle technologies and fuels to different fuel types are rare or not at all existent. 
Therefore, the suggestion is that the city or country average technology distribution is 
applied to the macro vehicle classes per link, as well. 

If so required by the particular emission model utilized, consideration can also be given in 
estimating a differentiated speed for the macro vehicle types in each link. The traffic simulation 
tools generally provide just one average speed for the total flow, without differentiating it in 
vehicle classes. For instance, in case of not-congested traffic, cars drive faster than the HDV. 
This is not only because of powertrain specifications, but also because speed limits may vary 
for vehicles of different type. 

According to the methodology implemented in each specific case, the speed provided by 
the model can be considered as the average of the one of the different types of vehicles or can 
be the speed of the most frequent type of vehicles (generally cars). 

The link to be achieved between the macro traffic and emission models strongly depends 
on the specifications of the macro emission model to be implemented. The most widespread 
emission models used in Europe at a macro level include COPERT (www.emisia.com/copert) 
and HBEFA (www.hbefa.net). Although they are both based on emission data collected in the 
framework of the ERMES group (www.ermes-group.eu), there are significant differences in the 
way that these two models estimate emission factors. In COPERT, emission factors are 
expressed as a function of the average travelling speed. In HBEFA, emission factors are 
expressed as a function of road type and level of service. Other models are also used (or can 
be used) at a macro level, including NEMO, VERSIT+, TEE, etc. Our intention is to not to provide 
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detailed guidance how each emission model can be linked to each traffic model but just to 
provide some examples of implementation in order to demonstrate key elements in the 
integration. 

Therefore, by taking the examples of COPERT and HBEFA, they both have their own 
advantages and disadvantages. COPERT provides a straightforward expression for the hot 
emission factor, hence the average speed delivered as an output from the traffic model at each 
link can be readily used as an input to the emission model. On the other hand, in order to 
implement HBEFA, first one needs to map traffic situations utilized by the model with the links 
of the road network. Traffic situations need to be varied during the day to reflect the level of 
service in each link, as a function of the traffic conditions. Using HBEFA as a macro emission 
model requires significant investment in assigning emission factors on different links and link 
conditions. However, once such a development has been reliably materialized, then it has the 
potential to assign more accurate emission factors to each link condition. In contrast, the 
COPERT expression of speed may lead to higher uncertainties as similar average speeds can 
be reached with different speed patterns in each link. Similar conclusions can be drawn with 
consideration of the other macro emission models that can potentially be utilized. 

The question of what is the best emission model to use at a macro scale is a difficult one to 
answer. In general, there is a trade-off between precision of emission factors and quantity of 
input information required. Therefore, although a model may provide very detailed emission 
factors, the uncertainty in the total calculation may be large due to uncertainty in the input data. 
On the contrary, simpler expressions of emission factors may lead to higher uncertainty in the 
emission factor as such. Therefore, the decision on the emission model to be utilized has to be 
taken by the modeller by examining, on one hand, what kind of information the model requires 
and, on the other, what kind of information is available in the particular application. 

Moreover, to our knowledge, all of the approaches today focus on hot emission factors only. 
Start emissions and evaporation are seldom addressed when linking a traffic and an emission 
model. A first approach to link cold start emissions with a macro traffic model has been 
attempted by Samaras et al. (2014). In this, emissions are allocated to each link taking into 
account the hourly distribution of trips and trip distances in the city. No link-based model 
addresses evaporation losses so far. Those two are integration areas that need to be further 
developed, due to their potentially significant contributions in particular to hot spots and to city 
areas otherwise considered of low activity. For example, main evaporation losses take place 
when the vehicles are parked. Therefore, parking time models need to be developed and linked 
to evaporation algorithms for reliable estimates of fuel evaporation emissions.  

In our cases the methodology has been implemented linking COPERT to two macro 
emission models, i.e. VISUM and AIMSUN. The link has been materialized considering hot 
emissions only. 
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3.3.2 REQUIREMENTS AND RECOMMENDATIONS 

A number of recommendations may be provided to satisfactorily link a traffic and an emission 
model at the macro scale. These are summarised in Table 4. 

Table 4: Areas that attention needs to be given when linking macro traffic to emission models. 

Item Recommendation 

Aggregated vehicle types The emission model should at minimum contain the aggregated vehicle 
types used by the traffic model (e.g., cars, LCVs, HDTs, …). 

Distinction per road type Fleet composition should be varied for different road types (e.g., no 
large trucks to small roads). 

Detailed vehicle types Post processor needs to be developed to allocate fuel and vehicle 
technology classes to aggregate vehicle types. 

Average speed hot emission 
factor expression 

If the macro model uses average speed to express emission factors, 
then the traffic and emission models can readily be linked. 

Distinction of speeds per 
vehicle type 

Different vehicle types move at different speed on the same links. 
Distinction of speeds per type may improve emission modelling.  

Other approaches for hot 
emission factors 

Post processors need to be developed to assign other emission factors 
(power-based, traffic situation based, etc.) to individual links 

Start and evaporation 
emissions 

Trip and parking distribution information required. This area is still 
under research and no established methods are available. 

3.4 FROM TRAFFIC TO EMISSION MODELS AT THE MICRO SCALE  

3.4.1 GENERAL GUIDANCE 

This section refers to the integration part which is graphically shown in Figure 34. 

The micro-emissions models are “instantaneous” models. They can simulate the emissions 
and the fuel consumption of a vehicle on a second by second basis. The input to the model is 
the speed profile and other vehicle operation parameters, such as gear use, driver behaviour 
(e.g., aggressive, timid) and detailed vehicle specifications. Some of these parameters are 
general such as the fuel type, others are very specific such as the rolling resistance, weight, or 
fuel consumption performance. These models have been developed to precisely simulate the 
operation of single vehicles: with the appropriate and precise inputs the model outputs in term 
of fuel consumption can be very accurate. 
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The speed profile for each single vehicle is an input which can be easily obtained from the 
traffic-micro-simulator. If this is not already a standard micro traffic model output, then this takes 
only a few lines of software code to extract it. 

 

Figure 34: Graphical representation of the integration part between traffic, vehicle, and emission 
models at the micro scale. 

The gear shift profile is more difficult to obtain. Traffic models do not require this, hence they 
do not calculate this. However, the exact gear shift strategy is of significant importance to 
estimate emissions and consumption. For example, shifting up too late will lead to increased 
consumption and, most probably, emissions. On the other hand, shifting up too early will affect 
the performance and the vehicle may not be able to follow the predetermined driving pattern. 
Some of the micro emission models include default strategies for shifting gears. These 
strategies may be based on a number of criteria, such as shifting up and down at predetermined 
speeds when accelerating and decelerating, respectively. Other strategies may include speed 
and acceleration or speed and power criteria to decide on upshifts and downshifts. Other micro 
emission models do not include any gear shift strategies, and these need to be separately 
decided by the user. Selecting and applying a gear shift strategy will have a profound effect on 
the estimated consumption and emissions.  
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In ICT-EMISSIONS, the gear shift strategy was decided on the basis of the engine speed 
converted to corresponding vehicle velocity. The speed limits are decided as following: 

• For conventional gasoline vehicles the gears are downshifted at an engine speed of 
2000 rpm.  

• For conventional Diesel vehicles the gears are downshifted at an engine speed of 
1600 rpm.  

• For ecodrive gasoline vehicles the gears are downshifted at an engine speed of 
1500 rpm.  

• For ecodrive Diesel vehicles the gears are downshifted at an engine speed of 1250 rpm.  

In all case, upshifting occurs at a velocity which is 3 km/h higher than the downshifting 
velocity. This generates a hysteresis, which is typical in normal driving.  

After the operation pattern (driving and gear shifts) has been determined, the next step is to 
define the vehicle specifications. Ideally, specifications for every single vehicle operating on the 
particular area should be made available to perfectly estimate emissions. However, micro traffic 
models use only a few generic (aggregated) vehicle types, usually differentiating between sizes 
and acceleration characteristics. It is enough to define representative specifications for these 
aggregated vehicle types. In ICT-EMISSIONS, Deliverable 3.2.1 defines the criteria and the 
specifications of the aggregated vehicles types of passenger cars used in our modelling 
exercise. 

The flow of information between the micro traffic and micro emission models is usually one 
way only. This means dataflow happens only from micro traffic simulation to micro emission 
simulation but not vice versa. This is satisfactory as long as the acceleration rate can be met by 
the performance of the vehicles. If the acceleration (or braking) would be too harsh, then the 
vehicle and emission simulator should be allowed to report this back to the micro traffic emission 
model for correction of the speed profile. This is particularly important to consider for ADAS 
simulation. 

However, creating a bidirectional online link can be cumbersome and it is rather an 
overshoot. In ICT-EMISSIONS, generic vehicle models were first ran online and maximum 
acceleration and braking rates were determined at each speed. These data were then 
communicated to the micro traffic model. Therefore, the consistency between the driving pattern 
and the vehicle specifications was guaranteed before running the models. 

The one way coupling has the additional positive effect that no online data exchange during 
simulation is necessary, which could otherwise lead to an increase in the overall simulation 
times. Online data exchange is also specifically challenging and time consuming if a higher 
number of vehicles run in parallel. Therefore, an offline interface is recommended. This means 
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that first the micro traffic simulation is performed. From the traffic simulation the speed profiles 
of all simulated vehicles are exported and are one by one simulated in the micro emission 
simulation. This is graphically shown in Figure 35. 

In ICT-EMISSIONS, the AVL Cruise model is used as a micro emission model. This has 
been linked to both the AIMSUN and the VISSIM environments by a specially developed 
interface which allows batch running of all the single driving profiles from individual vehicles 
modelled in the micro traffic environment. The model operates using the aggregated vehicle 
types presented in Deliverable 3.2.1. 

 

Figure 35: Graphical representation of the one-way link between the micro traffic and emission 
models. 

3.4.2 MICRO EMISSION MODEL ENHANCEMENTS 

In order to efficiently use the entire interface for the variety of simulations conducted in ICT-
EMISSIONS it is required to automate the execution of simulations. This requires that simulation 
models for the emission calculation can be started in batch mode. In the course of the project 
CRUISE was extended by the possibility to directly use the 30 aggregated vehicle types, as 
these have been described in D3.2, and start them without using the Graphical User Interface 
of CRUISE. In this way the simulation run of CRUISE can be automatically started from a 
general script and run in a batch mode and also all results can be evaluated there. 

Moreover, to consider ITS measures such as start/stop or Ecodrive, the aggregate vehicle 
types described in D3.2 were enhanced by additional technical features and saved as separate 
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models. This means that the AVL CRUISE model includes 90 default vehicle types to be used 
in the simulations. 

3.4.3 REQUIREMENTS AND RECOMMENDATIONS 

The interface linking the micro traffic and emission models must be able to perform the 
following tasks: 

• Split the overall traffic simulation data into speed profiles for individual vehicles. 

• Use the fleet composition information to group speed profiles and assign them to single 
(aggregated) vehicles into the micro emission simulation. 

• If necessary to accelerate run time, cluster speed profiles for single vehicles according 
to statistical information to reduce the number of speed profiles to be run. 

• Run simulations in batch mode with the micro emission model. This is to facilitate 
automatic running of hundreds to thousands of individual profiles required in typical 
applications of micro traffic simulations. 

• Communicate to the micro emission model the type of (aggregated) vehicle type 
corresponding to each individual driving pattern. 

It would also be desirable that a number of additional characteristics enhance the interface 
of the two models, to simplify execution of the runs and the extraction of the relevant information. 

• Extract fuel consumption (FC) and CO2 results from micro emission simulator results 
and process them to get totals and average values for the entire simulation. 

• Provide a link to a database to automate storage of unprocessed or processed 
information for future reference. Also, storing input information would enable future 
execution of the same scenarios if software versions or other parameters change. 

• Support through graphical user interface (GUI) and in general provide tools so that a 
non-expert user is still possible to run the tool. 

While the interface should be in its major parts independent from the traffic and emission 
simulation software used, some software specific parts are necessary to improve usability. 
However the programming should allow an easy extension to several software tools. One way 
to achieve this is that the I/O of the different tools are ASCII character files (e.g., comma 
separated files). These are produced and recognised by any traffic and emission model. 
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3.4.4 INPUT AND OUTPUT INFORMATION 

The information that needs to be communicated between the several tools that are involved 
in this process, is shown in Table 5. These data must be provided for each vehicle in the traffic 
simulation to enable the flow of information between the various models. 

Table 5: Information required to perform the simulations between the micro traffic and emission 
models. 

Source Information Remarks 

Traffic model Time Time that the particular simulation refers to 

Speed Second by second speed profile for individual vehicles 

Gradient Second by second gradient or road altitude for individual 
vehicles 

Vehicle ID Unique number of vehicle in the simulation. This is required 
to be able to trace, and visualise if necessary, the driving 

and emission pattern of the particular vehicle. 

Vehicle type Type of vehicle in the traffic simulation, e.g., car, LCV, Bus, 
etc. in ICT-EMISSIONS project, only cars are treated with a 
micro emission model. All other categories are treated in a 

simpler manner on a macro scale environment 

Fleet 
composition 

module 

Vehicle split Those vehicles (in our case: cars) that have to be treated 
by the micro emission model need to be further split to 

particular ‘aggregated’ vehicle types that are included in the 
micro emission model. The shares of the different vehicle 

types originate from the fleet composition module. 

Once this input has been provided, then the model runs and produces a number of results 
for each individual driving pattern. Depending on the setup of the emission model used and the 
exact information on emission performance this has been fed with, the following results can be 
produced on a second by second basis: 

1. Mass of CO2 emission 

2. Mass of fuel consumed 

3. Consumed energy for electric or hybrid vehicles 

4. Travelled distance 

5. Possibly, mass of other pollutants 

Ideally, the interface to be developed, should process this information to produce aggregate 
total or average results, to be used for understanding the difference of the particular scenario 
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compared to the baseline. These can be aggregated for the complete fleet or for particular 
vehicle types to create specific conclusions for a subset of the total activity considered in the 
particular application. 
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4 Facilitating a complete simulation 

4.1 OVERVIEW OF THE SIMULATION ENVIRONMENT 

This chapter presents the overall simulation environment and the developed software 
implementation of the methodology within the ICT-EMISSIONS project, including the following 
items and components: 

• Traffic models 

• Emission models 

• Micro and macro simulation levels 

• Enhancements of new models (presented in the previous section) 

• Interfaces in the communications of the different models and submodules in the 
methodology 

• Databases for storing intermediate and final results 

A graphical overview of the complete simulation environment is shown in Figure 36. In 
creating a simulation, the whole procedure operates in a more or less automatic way. The micro 
and macro simulation need some specific input and initial calibration by the modeller but apart 
from that the whole mathematical modelling, the processing of the results, and the export of the 
relevant information to the public database are executed automatically. 

The newly developed interfaces within ICT-EMISSIONS have mostly been developed to 
automatize the chain of events from traffic to emission simulation, with reference to links of the 
commercial tools that have been used in the framework of this activity. These models are 
AIMSUN, VISUM, VISSIM, COPERT, and CRUISE. Hence, the methodology but also the 
software implementation have been materialized with different commercial tools. 

The procedure(s) developed should also work with other commercial tools. Obviously, when 
using other models, there is the need to convert the I/O formatting needs of the other 
commercial tools, to the format implemented in the interfaces of ICT-EMISSIONS. This may 
require changing units, location of specific information and data, time steps and resolution, etc.  

It should be repeated that the ICT-EMISSIONS software implementation allows for 
microscale modelling of passenger cars only. Other vehicle types are only addressed on the 
macro scale. In case that such vehicles need to be modelled on the micro scale, then the 
general methodological framework is applicable but new developments are required to the 
actual software tools. 
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Figure 36: Overview of the simulation environment in ICT-EMISSIONS, including models used, processes and I/O functions. 
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4.2 ASSESSMENT PROCEDURE 

This chapter describes the process that a modeller has to follow to assess the impact of an 
ICT measure on traffic and emissions, using the ICT-EMISSIONS simulation environment. In 
order to present the complete picture, we assume that the ICT measure considered requires 
both macro and micro model implementation. We also consider that all individual models and 
tools have been extended and revised, as outlined in the previous chapters. 

The following guidelines need to be kept in mind when performing a complete simulation:  

• Due to the “global” role of CO2, the impact of any measure needs to always contain 
macro-scale analysis. In other words, even if a measure is known to primarily affect 
traffic at the micro scale (e.g., measures on a single corridor), the secondary impacts of 
this intervention on the neighbouring network need to be also examined. 

• The assessment should be done comparing simulations of a “reference” scenario 
(Business and Usual – Do nothing scenario / “ITS OFF”) with simulations of an “ITS ON” 
scenario. In this way, relative differences are revealed. 

Moreover, CO2 emissions depend on a number of traffic, vehicle and infrastructure variables. 
The main variables expected to affect CO2 emissions include: 

• Traffic volume: energy consumption obviously increases with the number of vehicles 
operational on the road network. 

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

• Driving dynamics: the energy consumption and the emissions vary according to driving 
speed profile during the use: rate of acceleration is one of the parameters which strongly 
influence the fuel consumption. 

• Average speed: the average speed of vehicles in the road is one of the parameters 
designating traffic conditions. The variation of the average speed implies a variation in 
energy consumption.  

• Road characteristics: The change in road supply and then in road type, such as speed 
limits variation, gradient, etc. 

Because of the influence of all these parameters, performing a simulation with a unique set 
(combination) of these parameters may provide an indicative result only and cannot reflect the 
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full real-world potential of an actual ICT-Measure. The latter can only be obtained if the is 
conducted at different levels of traffic, fleet compositions, and other important parameters. Also, 
in this way, an indication of the sensitivity of results to the different input variables is obtained. 
This is necessary to understand through which mechanisms the ICT measure considered 
affects the results. 

Ideally, in order to obtain a grand average of the ICT measure impact, each of the individual 
simulations with the different set of parameters needs to be weighted with the probability of its 
occurrence in the real world at the specific study area. It is of limited value to only simulate the 
condition that is expected to provide the maximum benefit. For example, in case of measures 
that deliver maximum benefits only in congested situations, limiting the simulation to congested 
conditions only would overestimate the true benefit of the measure, if these happen rarely in 
the city. Therefore, simulating the impact under a variety of conditions allows to obtain a more 
thorough understanding of the actual impact of each measure. 

The matrix of scenarios that have to be executed in order to obtain a representative picture of 
the impact of an ICT measure is a three-dimensional one. The three dimensions comprise the 
following variables: 

• Traffic level: different cases from free flow to congested one have to be taken into 
account. The minimum is the three cases, i.e. Free flow, Normal (Medium) Flow, 
Congested Flow.  

• Road type: the different type of roads existing in the area of study need to be taken into 
account. Obviously their relative significance depends not only on their frequency in the 
area of study but also on the ITS measure considered. Some measures cannot be 
implemented in specific roads, such as traffic lights on highway roads. 

• Fleet composition: different composition of the operating stock including varying shares 
of vehicle categories (such as cars, LCVs, HDVs, etc.) but also vehicle types and 
technologies need to be simulated. Including latest and future technologies allows an 
outlook of how the impact of this measure may evolve in the future. 

The three-dimensional scenario matrix is graphically illustrated in Figure 37. 
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Figure 37: Three-dimensional scenario matrix that is required to thoroughly evaluate an ICT-
Measure. The three dimensions are traffic flow, road type and traffic composition. 

The overall assessment procedure for the impact of an ICT-Measure is graphically shown in 
Figure 38. The various steps of the procedure are analysed in Table 6. 

 

Figure 38: ICT-EMISSIONS assessment procedure 
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Table 6: Individual steps of the ICT-EMISSIONS assessment procedure 

Step 1: Identify the ITS/ICT measure and the area where it needs to be assessed 

 Select the ICT / ITS measure to assess 
Identify the area of study (It cannot be a very localised one. The impacts on CO2 
are global.) 

Step 2: Identify the parameters of the three-dimensional scenario matrix 

 Traffic level 
Road types (i.e. representative road networks) 
Fleet Composition 

Step 3: Prepare the basecase (ICT/ITS OFF) scenario 

 Define parameters at the macro and the micro scale 
Execute the calculation procedure 

Step 4: Prepare specification and run the ICT/ITS scenarios 

 Parameterization of the ICT/ITS measure 
Fraction of fleet affected 
Traffic level affected 
Execute the calculation procedure 

Step 5: Compare results between basecase and ICT/ITS scenarios 

 Total fuel consumption / CO2 emissions 
Relative differences 
Different indicators (per vehicle, per vkm, …) 

 

There is one more important dimension that one needs to consider in characterising the 
impact of ICT measures. The random character of the vehicles occurence in a test area. For 
example, when testing an ICT measure on a road section including a traffic light, the time pattern 
of vehicles approaching in the intersection will have an impact on the traffic condition 
encountered and on the consumption and emission achieved. As it is visible from Figure 39, the 
investigated ITS measure and also the type of road influence the uncertainty. As a general rule 
though, at least 10 replications of each scenario are required to reduce the uncertainty of results 
into an acceptable range of about 2%. 
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Figure 39: Uncertainty of results relative to number of replications in the case of three real world 
examples executed in ICT-Emissions. 

 

4.3 USE OF THE ICT-EMISSIONS SOFTWARE 

The following procedure needs to be followed to execute the ICT-EMISSIONS software. The 
automated procedures are included to run in a batch file that opens a graphical interface. 

For the macro case the steps are the following: 

1. Open the traffic model and run it. 

2. Export the main data from the traffic model. 

3. Fill in a database with traffic data converting the data in a standard format. 

4. Distribute the traffic data in the proper class_vehicle using the Fleet composition DB and 
its procedures, which prepare the data for the different use. 

5. Prepare the data for the use of the emission model. 

6. Run the emission model. 

7. Prepare the output for the public DB. 

The previous steps are grouped into 3 Python-language modules that can be selected by 
the user: 

1. Run Aimsun Macro (Run Visum Macro):  A procedure that extracts the data from the 
traffic models and standardises them in the “standard” format. This procedure is the one 
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that needs to be customised for each traffic model. In ICT-EMISSIONS, it is prepared 
for the AIMSUN and VISUM/VISSIM environments. 

2. Run Copert Macro:  A procedure that receives the traffic data and the fleet composition 
data, prepares the emission input, and runs the emission model. 

3. Output Public DB Macro:  A procedure that exports the results into the public database. 

The list of the databases for MACRO is: 

- Simulation.db : it contains the traffic data in a standard format (the same for any 
transport model): in case the user does not have the script to extract the 
data in this format (we have prepared it for AIMSUN and for VISUM1-) the 
user has simply to convert the format of the user’s traffic models data 
(common transport inputs and outputs) in the defined standard. 

- fleet_composition.db : it contains the fleet composition data and all the procedures 
which transform these data in the various formats that the different 
models need. The user has to provide the input data in terms of fleet 
composition for its specific area of study or country. A semi-automatic 
procedure for importing the fleet composition is implemented for the 
“Autoritratto” standard. 

- emission.db : it contains the emission inputs and outputs 

For the micro case the steps are the following: 

1. Open the traffic model and run it (only for AIMSUN). 

2. Export the main data from the traffic model. 

3. Fill in a database with traffic data converting the data in a standard format. 

4. Distribute the traffic data in the proper class_vehicle using the Fleet composition DB and 
its procedures, which prepare the data for the different use. 

5. Prepare the data for the use of the emission model. 

6. Run the emission model. 

7. Prepare the output for the public DB. 

                                                

1 Aimsun simulation.db contains some more fields than the ones in VISUM simulation.db. The 
additional fields are not essential but are very useful for statistical analysis. 
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The previous steps are grouped into 4 Python-language modules that can be selected by 
the user: 

1. Run AIMSUN Micro (Run VISSIM Input):  A procedure that extracts the data from the 
traffic models and standardises them in the “standard” format. This procedure is the one 
that needs to be customised for each traffic model. In ICT-EMISSIONS, it is prepared 
for the AIMSUN and VISSIM environments. In AIMSUN case, the script runs the 
simulations and imports simulation data whereas for VISSIM case, only the second step 
is executed. 

2. Run CRUISE:  A procedure that receives the traffic data and the fleet composition data, 
prepares the emission input, and runs the emission model considering only passenger 
cars with gasoline and diesel fuels. 

3. Run COPERT Micro:  A procedure that receives the traffic data and the fleet composition 
data, prepares the emission input, and runs the emission model on the vehicles excluded 
by the previous analysis. 

4. Output Public DB Macro:  A procedure that exports the results into the public database. 

The list of the databases for MICRO is: 

- Traffic Result DB 2: it contains the traffic data with their results needed for the emission 
models (including speed cycles): the project has prepared the script to 
extract the data in this format, starting from AIMSUN and VISUM-VISSIM. 
In this case the same DB is used also for writing the results of the 
emission model. The DB parameters (name, username and password) 
can be set in the graphical interface. 

- fleet_composition.db  : it contains the fleet composition data and all the procedures 
which transform these data in the various formats the different models 
need. The user has to provide the input data in term of fleet composition 
for its specific area of study or country. A semi-automatic procedure for 
importing the fleet composition is implemented for the “Autoritratto” 
standard. 

                                                

2 The name of the DB is selected by the user 
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Figure 40: Screenshot of the files list containing the common part of the macro-scale simulations 
procedure. 

The user can use a Graphical User Interface to easily launch the various procedures. Figure 
41 shows the front end of the interface used to launch the procedures required to run the 
scenarios. 

 

Figure 41: Graphical User Interface to run the tools. 

A help function (see bottom on the right) explains the user what to do.  

For the procedure to operate, the potential user, in addition to the traffic, the vehicle, and 
the emission models, needs to install also the following components:  

• Python and its libraries (actually version Python 2.7). 
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• A copy of the ICT-EMISSIONS procedures and dll files. 

In case the user would like to access the database, a proper tool can be used: many free 
tools are available. In our case we used the free DBs SQLite and Postgres. 

After installing the different files, the user has to prepare the following components: 

• The traffic models for each scenario with the proper formulation and input data (see 
details in previous chapter) 

• The fleet composition data 

• The descriptive information 

The fleet composition needs to be imported in the fleet composition database: 

The data the user has to collect and provide the fleet composition for the area of study 
according the COPERT vehicle classes structure, that can be considered one of the commonly 
used to store data in EU (and not only) for collecting registered data in the National Statistical 
register.  

In case these fleet composition data are not available, a database with these data for each 
European Country at national level are available on request in http://www.emisia.com/ 

In the following figures there are examples of the data to be imported by the user in the fleet 
composition DB. 
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Figure 42: Extract of the fleet composition that needs to be designated by the user. 

 

 

Figure 43: Example of the detail required regarding data on area and Type of Road: different 
percentage of Macro vehicle class and relative speed reduction with respect of the average value 

provided by the traffic model. 

 

PLEASE ADD YOUR VALUES IN RED cells

micro_vehicle_class_idmacro_vehicle_class_id sec_name ssc_name tec_name euro_no nvehicle

33 1 Passenger Cars Gasoline >2,0 l PRE ECE 0 3402

34 1 Passenger Cars Gasoline >2,0 l ECE 15/00-01 0 0

35 1 Passenger Cars Gasoline >2,0 l ECE 15/02 0 0

36 1 Passenger Cars Gasoline >2,0 l ECE 15/03 0 0

37 1 Passenger Cars Gasoline >2,0 l ECE 15/04 0 0

38 1 Passenger Cars Gasoline >2,0 l PC Euro 1 - 91/441/EEC 1 843

39 1 Passenger Cars Gasoline >2,0 l PC Euro 2 - 94/12/EEC 2 1710

40 1 Passenger Cars Gasoline >2,0 l PC Euro 3 - 98/69/EC Stage2000 3 1775

41 1 Passenger Cars Gasoline >2,0 l PC Euro 4 - 98/69/EC Stage2005 4 4130

42 1 Passenger Cars Gasoline >2,0 l PC Euro 5 - EC 715/2007 5 1146

43 1 Passenger Cars Gasoline >2,0 l PC Euro 6 - EC 715/2007 6 25

44 1 Passenger Cars Gasoline >2,0 l PC Euro 6 - EC 715/2007 6c 0

57 1 Passenger Cars Diesel >2,0 l Conventional 0 4744

58 1 Passenger Cars Diesel >2,0 l PC Euro 1 - 91/441/EEC 1 1673

59 1 Passenger Cars Diesel >2,0 l PC Euro 2 - 94/12/EEC 2 8149

60 1 Passenger Cars Diesel >2,0 l PC Euro 3 - 98/69/EC Stage2000 3 19346

61 1 Passenger Cars Diesel >2,0 l PC Euro 4 - 98/69/EC Stage2005 4 19841

62 1 Passenger Cars Diesel >2,0 l PC Euro 5 - EC 715/2007 5 11783

63 1 Passenger Cars Diesel >2,0 l PC Euro 6 - EC 715/2007 6 1125

64 1 Passenger Cars Diesel >2,0 l PC Euro 6 - EC 715/2007 6c 0

65 1 Passenger Cars LPG Conventional 0 4033

66 1 Passenger Cars LPG PC Euro 1 - 91/441/EEC 1 1241

67 1 Passenger Cars LPG PC Euro 2 - 94/12/EEC 2 6195

68 1 Passenger Cars LPG PC Euro 3 - 98/69/EC Stage2000 3 3804

69 1 Passenger Cars LPG PC Euro 4 - 98/69/EC Stage2005 4 49618

70 1 Passenger Cars LPG PC Euro 5 - EC 715/2007 5 24593

71 1 Passenger Cars LPG PC Euro 6 - EC 715/2007 6 793

75 1 Passenger Cars CNG PC Euro 4 - 98/69/EC Stage2005 4 12708

76 1 Passenger Cars CNG PC Euro 5 - EC 715/2007 5 6070

77 1 Passenger Cars CNG PC Euro 6 - EC 715/2007 6 61

81 1 Passenger Cars Hybrid Gasoline >2,0 l PC Euro 4 - 98/69/EC Stage2005 4 94

98 3 Heavy Duty Trucks Gasoline >3,5 t Conventional 0 0

99 3 Heavy Duty Trucks Rigid <=7,5 t Conventional 0 2707

100 3 Heavy Duty Trucks Rigid <=7,5 t HD Euro I - 91/542/EEC Stage I 1 395

101 3 Heavy Duty Trucks Rigid <=7,5 t HD Euro II - 91/542/EEC Stage II 2 864

102 3 Heavy Duty Trucks Rigid <=7,5 t HD Euro III - 2000 Standards 3 1136

103 3 Heavy Duty Trucks Rigid <=7,5 t HD Euro IV - 2005 Standards 4 943

104 3 Heavy Duty Trucks Rigid <=7,5 t HD Euro V - EGR 5 370

105 3 Heavy Duty Trucks Rigid <=7,5 t HD Euro V - SCR 5 0

106 3 Heavy Duty Trucks Rigid <=7,5 t HD Euro VI 6 0

PLEASE ADD YOUR VALUES IN RED cells Percentage of Macro_class_veh for RoadType (or Area)

road_macro_class_id vehicle_macro_class_id percent speed_reduction

Area 1 Passenger Cars 72,7 1

Area 1 Light Commercial Vehicles 6,9 1

Area 1 Heavy Duty Trucks 20 0,692

Area 1 Buses 0,4 0,692

Area 2 Passenger Cars 92,5 1

Area 2 Light Commercial Vehicles 6,9 1

Area 2 Heavy Duty Trucks 0,2 0,692

Area 2 Buses 0,4 0,692

Area 3 Passenger Cars 92,5 1

Area 3 Light Commercial Vehicles 6,9 1

Area 3 Heavy Duty Trucks 0,2 0,692

Area 3 Buses 0,4 0,692
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Figure 44: Example of table to be prepared for providing the conversion-table from COPERT 
classes to segment classes – only relevant for Passenger Cars. 

  

PLEASE ADD YOUR VALUES IN RED cells

From COPERT CAR To Segment

VEH_CAT fuel_id category_id segment_id percentage

Passenger Cars Gasoline < 1,4 l B 100

Passenger Cars Gasoline < 1,4 l C 0

Passenger Cars Gasoline < 1,4 l D 0

Passenger Cars Gasoline < 1,4 l E 0

Passenger Cars Gasoline 1.4 l -2 l B 5,1

Passenger Cars Gasoline 1.4 l -2 l C 64,6

Passenger Cars Gasoline 1.4 l -2 l D 29

Passenger Cars Gasoline 1.4 l -2 l E 1,3

Passenger Cars Gasoline > 2 l B 0

Passenger Cars Gasoline > 2 l C 0

Passenger Cars Gasoline > 2 l D 0

Passenger Cars Gasoline > 2 l E 100

Passenger Cars Diesel 1.4 l -2 l B 39,9

Passenger Cars Diesel 1.4 l -2 l C 40,9

Passenger Cars Diesel 1.4 l -2 l D 18,3

Passenger Cars Diesel 1.4 l -2 l E 0,9

Passenger Cars Diesel > 2 l B 0

Passenger Cars Diesel > 2 l C 0

Passenger Cars Diesel > 2 l D 0

Passenger Cars Diesel > 2 l E 100

Passenger Cars LPG < 1,4 l B 34,7

Passenger Cars LPG < 1,4 l C 35,6

Passenger Cars LPG < 1,4 l D 16

Passenger Cars LPG < 1,4 l E 13,7

Passenger Cars CNG < 1,4 l B 34,7

Passenger Cars CNG < 1,4 l C 35,6

Passenger Cars CNG < 1,4 l D 16

Passenger Cars CNG < 1,4 l E 13,7

Passenger Cars Hybrid < 1,4 l B 100

Passenger Cars Hybrid < 1,4 l C 0

Passenger Cars Hybrid < 1,4 l D 0

Passenger Cars Hybrid < 1,4 l E 0

Passenger Cars Hybrid 1.4 l -2 l B 5,1

Passenger Cars Hybrid 1.4 l -2 l C 64,6

Passenger Cars Hybrid 1.4 l -2 l D 29

Passenger Cars Hybrid 1.4 l -2 l E 1,3

Passenger Cars Hybrid > 2 l B 0

Passenger Cars Hybrid > 2 l C 0

Passenger Cars Hybrid > 2 l D 0

Passenger Cars Hybrid > 2 l E 100
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5 Conclusions 

The objectives of this report have been to synthesize individual components of the ICT-
Emissions methodology and to provide practical guidance on how to enhance existing traffic, 
vehicle, and emissions models and integrate them in a platform able to provide quantitative 
impacts of Information and Communication Technologies (ICT) and Intelligent Transport 
Systems (ITS) on fuel consumption and CO2 emissions of road transport vehicles. 

The detailed description of the methodology was already presented in Deliverable 2.1 
(D2.1). That report presented the main building blocks of ICT-EMISSIONS, including a 
description of different categories of ICT measures and the traffic and emission tools (simulation 
components) that have to be implemented to address each of them. Moreover D2.1 discussed 
which traffic and operation parameters are affected by each ICT measure category. 

It has been described that it is important to use the existing traffic and emission models with 
shrewdness when innovative ICT measures have to be assessed: it is easy to end up with an 
inappropriate use of the different tools and hence obtain incorrect results. Inappropriate use 
may actually lead to opposite results for the impact of ICT measures than what observed in 
reality. This leads to two main observations: 

• It is important to develop several enhancements to the mathematical algorithms used 
by the existing models before the impact of ICT measures can be reliably simulated. 
Hence, model experts need to look in detail into the algorithms included in the tools. 

• The use of existing software applications as ‘black boxes’ should be avoided. 

Steps that are provided in this deliverable demonstrated that the existing commercial tools 
can be used with the proper integrations and with dedicated ad-hoc improvements. With 
reference to several ICT measure categories, this report described step by step not only the 
key integration parts but also the main essential enhancements for the most widespread 
mathematical models that are present in many existing commercial tools. 

The specific guidance refers to: 

• Integration between macro to micro traffic models 
• Enhancements on micro traffic models 
• Emission models enhancements 
• Integration between traffic and emission models at the macro scale 
• Integration between traffic and emission models at the micro scale 
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It has been demonstrated that with the feasible ad hoc improvements the commercials tools 
which provide Software Development Kit (SDK) can be used appropriately for getting 
assessments of the ICT innovative measures. 

To be practical, the project also developed specific software routines in order to correctly 
apply the methodology. These routines have been properly described in this report. They have 
been developed for mathematical algorithms which are representative of the most popular ones 
found in the market. The commercial tools for which enhancements have been designed 
included: AIMSUN, MTMODEL, VISUM-VISIM, MESSINA, AVL-CRUISE, and COPERT. A user 
manual for the use of the specific routines is also provided in the present report. 
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