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0 EXECUTIVE SUMMARY 

0.1. INTRODUCTION 

The formal nature of this deliverable is the CRUISE and COPERT software and their 
vehicle models. In order to have a paper written proof of this deliverable this short text report 
was prepared describing the software capabilities in general and giving an overview of the 
vehicle models generated in the project.  

Within ICT Emissions different vehicle simulators (also called Emission Simulators) are 
used. They serve for the purpose to generate consumption and CO2 emission data based on 
vehicle information and driving condition. While a lot of vehicle simulators exist on the market 
with different designs and different purpose 2 of them (COPERT, AVL CRUISE) were 
selected to be used within the project. 

This deliverable gives an introduction into the 2 simulators used and an overview about 
the models generated in the course of ICT Emissions. Detailed information about the models 
is given in D3.2. 

0.2. SUMMARY 

COPERT is an example of a macro-scale average speed model. Fuel consumption and 
emissions are calculated for a group of vehicles based on the average speed within a velocity 
profile. 

COPERT 4 is a software tool used worldwide to calculate air pollutant and greenhouse 
gas emissions from road transport. The use of the software tool to calculate road transport 
emissions allows for a transparent and standardized, hence consistent and comparable data 
collecting and emissions reporting procedure, in accordance with the requirements of 
international conventions and protocols and EU legislation. 

CRUISE is an example of a micro-scale instantaneous emission model. Fuel consumption 
and emissions are calculated for each vehicle individually based on power requirements at 
each time step of a given velocity profile of the vehicle. 

CRUISE is AVL's vehicle and powertrain system level simulation tool. It supports everyday 
tasks in vehicle system and driveline analysis throughout all development phases, from 
concept planning, through to launch and beyond. Its application envelope covers conventional 
vehicle powertrains through to highly-advanced hybrid systems and pure electric vehicles. 
CRUISE offers a streamlined workflow for all kinds of parameter optimization, component 
matching - guiding the user through to practical and attainable solutions.  

Within CRUISE a set of 30 conventional vehicles covering different market segments, fuel 
types, and efficiency categories is generated. Additionally 15 advanced vehicles are 
generated covering new technologies like start-stop, hybrids, or fully electric vehicles. 
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1 EMISSION MODELS 

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

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

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

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

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

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

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

Within ICT Emission the following software was selected for emission simulation: 

 COPERT as an example of an average speed model. Within the project this is also 
called macro emission model as the emission is calculated for a group of 
vehicles. 

 AVL CRUISE as an example of an instantaneous model. Within the project this is 
also called micro emission model as the emission is calculated for vehicle 
individually. 

The selection of the software used is based on the availability within the consortium (LAT 
and its subsidiary EMISIA being the owner and developer of COPERT, AVL being the owner 
and developer of CRUISE). Being owner and developer provides the possibility of changing 
code or code parts without the need of 3rd parties. 

Other software as described earlier (more detailed description see also D2.1) may be in 
the position to at least partly replace the software selected, with the need of updating / 
reprogramming interfaces. 

2.1. MACRO EMISSION SIMULATOR (COPERT) 

2.1.1. GENERAL DESCRIPTION 

COPERT includes a methodology to estimate vehicle fleet emissions and fuel 
consumption on a macro level.  The methodology tries to balance the need for detailed 
emission calculations on one hand and use of few input data on the other.  

Different calculation processes are included for exhaust pollutants and fuel consumption 
and non-exhaust pollutants. Exhaust pollutants (EEXH) are gases and particulate matter (PM) 
emitted by the vehicle engine.  These and fuel consumption are calculated based on the 
equation: 

EEXH = EHOT + ECOLD (1) 

That is exhaust emissions and fuel consumption consist of two parts; one part where the 
engine and the emission control system are thermally stabilized (EHOT).  In the technical 
jargon, these emissions are called “Hot”, because the engine and the aftertreatment devices 
have reached their normal operation temperature (i.e. they are hot).  The other part refers to 
cold-start emissions (ECOLD). 

For a given activity level (NM), expressed in total veh-km driven by stock vehicles for the 
period concerned, hot emissions are calculated by means of equation (2).  The emission 
factor (eHOT) is the mean emission level of the stock vehicles, and it is expressed in g km-1. 

EHOT = NMr × eHOT (2) 
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The other part in eq. (1) refers to cold-start emissions, which occur before the vehicle 
subsystems have reached their normal operation temperature.  During this phase emissions 
are higher and strongly depend on ambient conditions.  Gradually, as the vehicle heats up, 
cold-start overemission zeroes and only hot emissions are produced.  Cold-start emissions 
importance increases with decreasing temperature and for intermittent vehicle operation 
which allows the engine to cool down when it is switched off.  Equation (3) is used to 

calculate cold-start overemissions.  In this,  is the fraction of the total activity ran before the 
engine reaches its normal operation temperature, and it is a function of the vehicle 
technology, the ambient temperature and the mean duration of the trips performed by the 
particular vehicle types. The term in parentheses (eCOLD/eHOT-1) expresses the 
overemission level compared to hot emissions. 

ECOLD =  × NM × eHOT × (eCOLD / eHOT - 1) (3) 

One source of non-exhaust emissions is fuel which evaporates via the fuel system 
(evaporation losses).  Evaporation losses so far have been important only for gasoline-fuelled 
vehicles, due to the relatively high vapour pressure of the fuel.  Lately, diesel vehicles have 
been receiving attention as evaporation becomes relatively more important in the light of the 
continuous reduction of the exhaust emission levels.  Evaporation losses can occur through 
the fuel canister, which is used to vent the fuel reservoir, through the non-metallic fuel lines or 
plastic fuel reservoir walls, or through losses in fuel line connectors and fittings.  Evaporation 
occurs both when then vehicle operates but also when the vehicle is stationary in its parking 
position.  In COPERT, evaporation is considered to originate from three operation phases, as 
described in equation (4).  Fuel losses may occur diurnally as temperature varies during the 
day (EDIURNAL), after operation (hot soak) when hot fuel is contained in the reservoir 
(ESOAK), and during vehicle operation (running losses) when warm fuel is returned back to 
the reservoir (ERUNNING). 

EEVAP = EDIURNAL + ESOAK + ERUNNING (4) 

Particulate matter (PM) from the wear of tyres and brakes is a second source of non-
exhaust emissions. A large fraction, but not all, of the tyre and brake pads worn become 
airborne and contribute to ambient PM concentrations. COPERT does not calculate the 
amount of dust deposited on the road surface which becomes airborne by resuspension of 
passing-by vehicles, but primary PM emissions occurring by the vehicle.  For the calculation, 
a similar to equation (2) is used, with appropriate emission factors. 

2.1.2. EMISSION AND CONSUMPTION FACTORS 

The calculation of emission and consumption factors is the core of the COPERT 
methodology.  Emission factors describe the emission performance of a vehicle and depend 
on the vehicle operation (e.g. momentary speed), particular processes (e.g. acceleration, 
deceleration), ambient conditions (most importantly temperature) and environment (e.g. 
altitude).  Fig. 1 shows the instantaneous emission rate of a vehicle (in mg/s), over a specified 
driving sequence, which corresponds to an urban driving cycle. 

The calculation of instantaneous emission level for all vehicles of a country and then 
integration to calculate an annual inventory is neither feasible nor of any practical application.  
Hence, COPERT is built around the average-speed approach. That is, emission factors are 
expressed as functions of the mean travelling speed over a complete driving cycle. 



 

 
ICT-Emissions – Deliverable D3.1 Vehicle Energy/Emission Simulator – v1.1 5 

 

For the calculation of emission factors, a sample of vehicles is driven over several well-
defined speed profiles (driving cycles) on a chassis-dynamometer.  The mean emission level 
of each vehicle (in g/km) is then linked to the mean driving speed over each cycle.  This 
produces a matrix of emission level values (g/km) over various mean speeds (km/h).  By 
testing a large number of cars, representative emissions for the fleet can then be produced as 
a function of mean speed.  An example of this approach is shown in Fig. 2, where each data 
point corresponds to the average emission level of the sample of vehicles measured over the 
particular driving cycle.  The relatively large confidence intervals are due to the variable 
emission level of different cars, even when they share the same characteristics (size, fuel and 
emission standard).  In addition, the mean emission level over some driving cycles differs 
from the level predicted by the trendline.  This is a limitation of using the average speed as 
the only determinant of driving kinematics.  However, the trendline has been derived as an 
unbiased predictor of the mean emission performance.  This means that real-world deviations 
from the predicted values should, in principle, be cancelled out.  

 

Figure 1: Instantaneous speed and NOx emission rate of a Euro 4 passenger car over an urban driving 
cycle. The instantaneous emission rate varies by order of magnitudes, depending on the driving 

condition. 

2.1.3. SOURCES OF INFORMATION 

COPERT offers emission factor functions for practically all widespread vehicle 
technologies in the European stock today.  These functions have been derived in the 
framework of several research projects conducted by the Laboratory of Applied 
Thermodynamics and other research institutes in Europe.  Major sources of information, 
between others, have been the FP4 MEET [2], the FP5 ARTEMIS [3] and PARTICULATES 
[4] projects, as well as individual work on evaporation emissions [5], biofuels [6] and hybrid 
vehicles [7].  The COPERT methodology has been included as the road transport calculation 
algorithm in the EMEP/CORINAIR Emission Inventory Guidebook [8], where more information 
and details on the emission factors can be found. 
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Figure 2: Example of an emission factor function derivation. Each data point corresponds to the 
average emission level of a sample of Euro 3 gasoline passenger cars, driven over different driving 

cycles, each with a mean speed shown on the horizontal axis. Error bars correspond to the 95% CI of 
all vehicles tested (variable number of vehicles per cycle). 

2.1.4. SOFTWARE APPLICATION 

2.1.4.1. Software Development 

The COPERT methodology has been integrated into a software application, the latest 
version of which is COPERT 4 version 10.0 (November 2012).  COPERT 4 is being 
developed under the Microsoft Visual Studio .NET 2003 environment and the programming 
language used is Microsoft Visual Basic .NET.  

Microsoft Windows is required for the application to function and additional software 
requirements would be Microsoft .NET Framework v1.1 and an HTML browser (e.g. Microsoft 
Internet Explorer), that are freely distributed by Microsoft Corporation.  The reports that are 
automatically created by the application use the Crystal Reports for Visual Studio .NET 
programming library, that is integrated into the software application. 

The source code is divided into two main sections.  The first section includes the user 
interface forms while the second section includes the programming code, which implements 
all the calculations the COPERT methodology requires.  Using this programming code 
structure, the updates of the COPERT methodology can be easily integrated into the software 
and the changes in the user interface do not interfere with the calculation code.  

All necessary data, such as input data, calculation parameters, intermediate calculation 
factors, and final results are stored in a Microsoft Access database file, although Microsoft 
Access is not required to be installed on the host computer.  Since all the data are saved in a 
single file, the user can work on the file on different machines and send or receive files from 
other users for further process. 
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2.1.4.2. System Architecture 

COPERT 4 is a stand-alone software application that uses Microsoft Access database 
files mainly as input.  When the user opens a database file or creates a new one with 
COPERT 4, automatically a temporary file is created, where all the changes that are made 
during the process are saved.  After the user completes the necessary calculation steps and 
saves the changes, the input file becomes the output one that can be used again as an input 
file by the same or another user (Fig. 3). 

 

 

Figure 3: COPERT 4 version 10.0 system architecture 

The user can provide input data to the application either by using the application’s window 
forms, or by importing data from files that are created with earlier versions of the software, or 
from Microsoft Excel files.  The results can then be exported in various formats, including 
Portable Document Format (pdf), Microsoft Excel, Microsoft Word, and Rich Text Format (rtf), 
for use in other applications. Furthermore all results can be exported into ready-to-import 
format for CLRTAP CollectER (DBF format) and the UNFCCC CRF Reporter (XML format). 

2.1.4.3. User Interface 

The user interface of COPERT 4 follows the standard Windows applications approach, 
since most of the users are familiar with such programs.  The main screen (Fig. 4) of the 
software is divided in three areas. At the top there is the main menu bar from where the user 
can navigate through all the available forms. On the right there is the “run details” table 
showing to the user the stage of the inventory process, for example which factors and 
emissions are calculated or need to be calculated. At the bottom there is a bar showing the 
progress of any time-consuming procedure. 
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Figure 4: COPERT 4 user interface 

Special forms exist to introduce all input, such as number of vehicles, annual mileage, 
travelling speeds, fuel properties, etc. The same interface is then used to process the 
information and to present the results either in list, or in more aggregated reports. The 
software contains viewers to see the reports and graphs to demonstrate main trends and 
conclusions.  

2.1.4.4. Web-site 

COPERT is supported by a website (http://www.emisia.com/copert), where the users can 
download COPERT 4, the user manual, find quick start instructions, and all the necessary 
additional software.  The users can also be informed about new and older software versions 
and the main aspects of the updated versions.  A “Bugs and Frequently Asked Questions” 
section is also available, where the user can be informed for any problems that are located in 
the software and how these can be solved.  Finally, a “Data” section has been recently 
added, where the users can download data which are required to run COPERT in different 
countries.  These data have been collected in the framework of the project “European 
Database of Vehicle Stock for the Calculation and Forecast of Pollutant and Greenhouse 
Gases Emissions with TREMOVE and COPERT” funded by the European Commission and 
executed by LAT [9]. 

2.1.4.5. Results and Applications 

COPERT can be used in a number of applications. Its main function is to assist national 
experts to compile national inventories for each country.  Since the COPERT methodology is 
based on detailed reports and experimental data it can be also used for scientific purposes, 
i.e. studies on emission calculations for specific fleets (e.g. captive fleets) and areas smaller 
than countries (e.g. a city or a region) as input to air quality modeling.  In addition, the user 
can run scenarios based on already compiled databases, to investigate e.g. the effect of 
policy measures and the introduction of new technologies on emissions. In the framework of 
ICT-Emissions it will be used to be linked to macro-traffic models. 
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2.1.5. VEHICLE TYPES COVERAGE 

COPERT includes a number of vehicle categories and respective vehicle technologies. 
The vehicle categories covered include  

 Passenger cars 

 Light Duty Vehicles 

 Heavy Duty Vehicles 

 Buses 

 Power Two Wheelers 

These categories are further split into classes specific to each vehicle category. 
Passenger cars are distinguished into gasoline ones, further split into three capacity classes, 
diesel cars are split into two capacity classes, and then some additional subcategories such 
as LPG driven cars, 2-stroke engines and hybrids are also included.  Light duty vehicles 
contain vans and small trucks and are distinguished into diesel and gasoline vehicles. Heavy 
duty vehicles consist of 15 sub-categories in total, with distinction according to type of vehicle 
(rigid or articulated), gross vehicle weight (>3,5 t to 60 t) and the fuel (gasoline, diesel).  
Busses include urban busses and coaches, in different weight classes.  Finally two-wheelers 
include mopeds (<50cc) and three subcategories of motorcycles.  

COPERT deals with a number of fuel types widespread in road transport and updates the 
list whenever the use of the fuel is becoming important to the overall calculations.  Currently 
the fuel grades included in the software are Gasoline Leaded, Gasoline Unleaded, Diesel, 
LPG, CNG, Biodiesel, Bioethanol.  The emission level of different vehicles depends on their 
technological level, i.e. their emission standard.  COPERT covers all relevant EU vehicle 
technologies for each vehicle category.  The technology steps considered range from 1970s 
technologies (PRE-ECE) up to forthcoming technologies (Euro 6 – 2014).  Allocation of the 
vehicle stock to different technologies is key in developing an accurate emission inventory.  
The technology availability for passenger cars and light-duty vehicles is shown in Table 1, 
while Table 2 shows the technologies for heavy duty vehicles and motorcycles.  COPERT 
contains emission factors for all these technologies. 
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Table 1: Vehicle technologies for Passenger Cars and Light Duty Vehicles 

Passenger Cars Light Duty Vehicles 

PRE ECE Conventional 
ECE 15/00-01 LD Euro 1 - 93/59/EEC 
ECE 15/02 LD Euro 2 - 96/69/EEC 

ECE 15/03 
LD Euro 3 - 98/69/EC 
Stage2000 

ECE 15/04 
LD Euro 4 - 98/69/EC 
Stage2005 

Improved Conventional LD Euro 5 - EC 715/2007 
Open Loop LD Euro 6 - EC 715/2007 
PC Euro 1 - 91/441/EEC  
PC Euro 2 - 94/12/EEC  
PC Euro 3 - 98/69/EC 
Stage2000  
PC Euro 4 - 98/69/EC 
Stage2005  
PC Euro 5 - EC 715/2007  
PC Euro 6 - EC 715/2007  

 

Table 2: Vehicle technologies for Heavy Duty Trucks/Buses and Mopeds/Motorcycles 

Heavy Duty Trucks/Buses Mopeds/Motorcycles 

Conventional Conventional 
HD Euro I - 91/542/EEC Stage I Euro 1 - 97/24/EC 
HD Euro II - 91/542/EEC Stage II Euro 2 - 97/24/EC 
HD Euro III - 2000 Standards Euro 3 – 2002/51/EC 
HD Euro IV - 2005/55/EC  
HD Euro V - 2005/55/EC  
HD Euro VI - COM(2007)851  

2.2. MICRO EMISSION SIMULATOR (CRUISE) 

CRUISE is a simulation package that supports everyday tasks in vehicle system and 
driveline analysis throughout all development phases, from concept planning, through to 
launch and beyond. Its application envelope covers all conventional vehicle powertrains 
through to highly-advanced HEV systems. 

An object-orientated physical model approach makes CRUISE powertrain topologies 
reflect their real life counterparts. The program offers the flexibility to build up a single system 
model, which can then be used to meet the requirements of diverse applications in the 
powertrain and driveline development. Starting with only a few inputs in the early phases, the 
model matures during the development process according to the continuously increasing 
simulation needs. 
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CRUISE offers a streamlined workflow for all kinds of parameter optimization, component 
matching - guiding the user through to practical and attainable solutions. Due to its structured 
interfaces and advanced data management, CRUISE has established itself as a data 
communication and integration tool for different teams. 

2.2.1. CRUISE APPLICATION AREAS 

CRUISE is typically used in powertrain and engine development to optimize the vehicle 
system including cars, busses, trucks and hybrid vehicles, its components and control 
strategies with regard to fuel consumption and emissions for any driving cycle or profile 
and/or driving performance for acceleration, hill climbing, traction forces, braking. 

CRUISE is also used for tasks like evaluation of new vehicle concepts such as hybrid 
powertrain systems, analysis of standard and new gear box layouts like DCT and AMT, 
analysis of torsional vibrations of elastic drivelines (under dynamic load), drive quality 
assessment of transient events such as gear shifting and launching, vehicle thermal 
management, and energy flow analysis, analysis of power splits and losses within 
components. 

 

Figure 5: CRUISE models for different vehicle configurations 

The workflows in CRUISE are developed for all kinds of parameter optimization, 
component matching, in order to efficiently find the best balance between fuel economy, 
performance and drivability. 
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The workflows include multi-parameter sensitivity analysis of any scalar, characteristic or 
value within a characteristic or map, overall component variation analysis for finding the right 
combination of various powertrain components quickly, importing and exporting of DOE 
plans, and advanced results representation (variation cubes, trade-off diagrams). 

This leads to a significant reduction in manual work for doing driveline studies and the risk 
of making mistakes and the achievement of the best compromise between performance, fuel 
economy, emissions and drivability in one integrated simulation loop. 

2.2.2. DATA MANAGEMENT 

Data management can be done on a file basis or using a database. With file-based data 
management projects and their versions, vehicle models, components, maps, etc., are stored 
anywhere on a local disk or in the network. The database is using Oracle which includes data 
version control, access rights administration, search and filter options for any CRUISE related 
data and is designed to complement existing company databases. 

 

Figure 6: Comparison of data between different models 

2.2.3. VEHICLE MODEL 

In CRUISE, a vehicle model is comprised of different components as it is in reality. This 
enables the user to model different vehicles, such as motorcycles, passenger cars, trucks, 
and buses. Additionally, all kinds of drive train configurations can be modeled, such as 
hybrids, twin-engine concepts and sophisticated transmission systems, like DCT and AMT. 
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The available components in CRUISE cover the whole range of vehicle parts, such as: 

 Vehicle and trailers 

 Combustion engine, exhaust gas aftertreatment system 

 Clutches (friction clutch, hydraulic torque converter, viscous coupling, automatic 
clutch) 

 Transmission elements (multiple step gear box, single ratio transmission, 
differential gear, planetary gear, double pinion gear, CVT, double clutch 
transmission) 

 Control elements (transmission control, gearbox program, clutch control, clutch 
program, engine shut-off, cylinder deactivation, start stop automatic, brake control, 
AMT control – automated manual transmission control, DCT control – double 
clutch transmission control, CVT control, ASC – anti slip control, PID control) 

 Shafts (rigid or torsion-elastic) 

 Wheel/tire (including slip and advanced rolling resistance models) 

 Electrical components (electric motor, generator, battery, electrical supply) 

 Hybrid components (electric machine, super capacitor, DC/DC converter) 

 Brakes, Retarder 

 Auxiliaries (for applications like: oil pump, air conditioning, power steering) 

 Driver 

 Environment (wind, road surface, …) 
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Figure 7: Vehicle model of a hybrid system 

Depending on the calculation task and the desired accuracy of the results, the complexity 
(modeling depth) of the vehicle models can be increased from simple to complex continuously 
in a very efficient way. 

The data to be defined is in general the data needed for a dynamic calculation as masses 
or mass moments of inertia. In addition, data such as dimensions of the parts, transmission 
ratios, and losses in the different parts can be defined. For the engine different characteristics 
are needed such as full load characteristic, motoring curve, consumption maps, emission 
maps, etc.  

It is possible to use different model depths for the single components. These model 
depths mean that different amounts of input data are needed for the calculation. As an 
example, this means for the Engine: For pure performance calculations, there is no need to 
input fuel consumption or emission maps. For the calculation of fuel consumption, fuel 
consumption maps are needed. In this case, steady state measured or calculated fuel 
consumption map are used. Additional effects such as acceleration enrichment, warm-up 
enrichment, and turbo charger response can also be activated. Another example is the 
definition of the gearbox losses via efficiencies or transmission losses maps, speed, load or 
even temperature dependent. 

Components are connected by mechanical connections, electrical connections or via the 
so-called databus which defines data flow between components. 
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Figure 8: Data flow between components 

2.2.4. CALCULATION TASKS AND APPLICATIONS 

Standard tasks are provided for the different applications, which are designed especially 
for use in vehicle analyses. These tasks are: 

 Cycle Run: The main goal of this task is the calculation of fuel consumption and 
emissions on time-based driving cycles. All common driving cycles, time and 
distance dependent, are predefined (e.g. ECE R15, EUDC, NEDC, US-city 
(FTP75), US-highway, Japan 10-15 mode, Artemis). Additional cycles needed for 
special applications may be defined. E.g., this can be done directly in a table, 
imported from other sources, or by using the graphical profile editor. 

 Climbing Performance: This task is designed for the calculation of the maximum 
ascending gradients the vehicle can surmount. 

 Constant Drive: This task mainly serves for the determination of fuel consumption 
and emissions at constant velocities. An additional task is the calculation of the 
current and the theoretical top speed. 

 Full and Partial Load Acceleration: This task contains the determination of 
maximum accelerations of the vehicle for the whole engine speed range in all 
gears, the acceleration from rest to top speed with shifting gears and the 
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acceleration starting at a definable velocity and a definable gear with or without 
gear shifting 

 Maximum Traction Force: This task can be used for the full automatic generation 
of the Traction Force or Performance Diagrams. 

 Cruising: The main goal of this task is the calculation of fuel consumption and 
emissions on distance based tracks. E.g. the track between two cities can be 
defined (with speed limit, altitude, etc.) and the overall fuel consumption can be 
calculated. 

 Brake / Coast / Thrust: This task serves for the determination of the braking 
performance of the vehicle. 

With these tasks all necessary applications are covered which are needed during the 
vehicle development process for the optimization of vehicle powertrains with respect of fuel 
economy, emissions and driving performance. 

 

Figure 9: Definition of calculation tasks 

2.2.5. VEHICLE SYSTEM ANALYSIS 

Workflows are provided for the analysis and optimization of the vehicle powertrain. Typical 
workflows include matrix calculation and component variation. 
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The matrix calculation is used in order to efficiently evaluate the effect of varying the 
values of input parameters on vehicle performance, consumption and emissions. All possible 
combinations of the varied parameters can be used for the calculation. 

At the component variation not only single parameters are varied but entire components. 
The calculation consists of sub-calculations in which components are replaced by 
components of the same type. 

In order to reduce variation cases, it is possible to activate only certain cases by using the 
‘DOE Plan’. A list of all possible variation cases of the activated variables is shown. The 
cases of interest can be explicitly select there. The DOE plan can be imported from any 
external source, like Excel, ASCII editor. 

 

Figure 10: Variation cubes 

 

Figure 11: DOE plan setup 
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2.2.6. RESULTS ANALYSIS 

The CRUISE Post-Processor provides different results outputs, which are template-based, 
which means that the user can standardize the contents and the representation of the results. 
Different result types exist. 

Text reports provide an overview on the fuel economy, emissions and performance of the 
vehicle, like cycle fuel consumption, maximum gradeability, and acceleration times. 

Component time histories (recordings of the simulation run) are results specifically for the 
single components. All result outputs for the single components are collected in these 
diagrams. Curves can be edited in different ways and copied between components and also 
between different projects to enable easier comparison. 

Post Processing Diagrams can contain text as well as diagrams. Post processing 
diagrams are predefined using templates, which offers the possibility to create diagrams for 
presentations and reports according to the user’s needs. 

 

Figure 12: Post processing diagrams 

Variation Cubes are used for the representation of matrix calculation and component 
variation results (Variation Cubes). They give a quick overview on the results of all parameter 
or components combinations. 
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Figure 13: Result variation cubes 

Together with the Matrix Calculation or Component Variation, an option called ‘Charts’ can 
be used. For two different, often contradictory results (on the axis of the diagram) of one or 
different calculation tasks, the parameter combinations can be represented. For example, the 
tradeoff between the fuel consumption from the task ‘Cycle Run’ and the acceleration time 
from the task ‘Full load Acceleration’ is shown for all calculated combinations of engine 
displacements and final drive ratios (‘Axle Hook Chart’). 
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Figure 14: Result charts for variation results 

Result data can be exported to Microsoft Excel, where they can be further processed. 

Additionally some data can be shown in form of energy flow graphics. This is a form of 
animation that shows the simulation results of each component, such as: 

 Power <kW> 

 Energy Stored (e.g. inertia, battery charge)<kJ> 

 Cumulated Energy <kJ> 

 Speed – Velocity <rpm – km/h> 

 Torque – Force <Nm – N> 

 Current <A> 

 Voltage <V> 
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Figure 15: Energy flow graphics 

2.2.7. SYSTEM INTEGRATION 

CRUISE offers through interfaces the ability of external user-defined controls as well as 
couplings to other tools used for various applications: 

 Black Box (Component for user defined control algorithms written in C or Fortran) 

 Interfaces to MATLAB®/Simulink™ 

 Interface to AVL BOOST (engine cycle simulation) 

 Interfaces to Flowmaster and KULI (for vehicle thermal management system 
simulation) 

 Interface to MS Excel 

 Interface to AVL DRIVE (evaluation of the drivability of CRUISE results) 

 CRUISE Interface: A dynamic link library of CRUISE (DLL), which enables the 
integration of CRUISE in any arbitrary software. An example is the link of CRUISE 
to MATLAB®/Simulink™ via s-function. 
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 Interface to AVL InMotion (HiL system, test bed integration, vehicle dynamics, 
handling) 

 Interface to IPG CarMaker (HiL system, vehicle dynamics, handling) 

 

Figure 16: MATLAB® Interface 

 

2.2.8. CRUISE RT (REALTIME) 

The CRUISE fixed step solvers and an optimized CRUISE kernel enable the calculation of 
CRUISE models in real time mode. 

The CRUISE Kernel (Interface DLL), in addition to the PC platform, is also available for 
Linux RT and can be integrated into HIL systems, like AVL InMotion™. 

It is possible to realize ‘virtual test driving’ at the test bed, including lateral dynamics and 
drivability analysis. The real engine and/or powertrain can be embedded in the real-time 
virtual vehicle environment. In this case CRUISE is the detailed driveline model within the test 
system, which is simulating all parts of the powertrain, which are not real. 
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3 MODELS USED WITHIN EMISSION SIMULATORS IN ICT 
EMISSIONS 

3.1. MACRO EMISSION MODELS IN COPERT 

Within the project no specific models were created for COPERT but only the models 
already existing were used. Some extensions are done in COPERT which are described in D 
3.2. 

3.2. MICRO EMISSION MODELS IN CRUISE 

The micro emission models are separated into 2 main categories: 

 Conventional vehicles: This group covers typical vehicles with no specific 
elements designed to increase efficiency and reduce fuel consumption and CO2 
emission. 

 Advanced vehicles: This group covers vehicles which include any kind of 
advanced elements serving to improve fuel consumption and CO2 emission. The 
elements range from simple start-stop systems over hybrid systems until full 
electric driven vehicles 

3.2.1. CONVENTIONAL VEHICLES 

For conventional vehicles a high number of different vehicles exist on the market. The aim 
of the vehicle models generated in ICT Emissions is to generate models for average 
properties covering different market segments, fuel types and efficiency categories. 

 

Figure 17: Schematic of the structure of the conventional vehicles micro-models. 
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Within the project 5 different market segments, 2 fuel types, and 3 efficiency categories 
were chosen (see Figure 17). The selection covers a high percentage of vehicles on the road. 
Based on this 30 models in total are generated. A detailed explanation of the models 
including the selection procedure is documented in D3.2. 

3.2.2. ADVANCED VEHICLES 

The number of advanced vehicles on the market is still quite small. Therefore and due to 
the number of different designs existing an averaging like for the conventional vehicles is not 
possible yet. Only specific vehicles already existing on the market were chosen therefore. 

3.2.2.1. Vehicle categorization 

For advanced vehicles the categorization is beside the market segment the technology 
which the vehicle is equipped with. The technologies are typically separated by the level how 
much they support and/or replace the internal combustion engine (ICE). They range from 
simple start-stop devices (typically a combined starter-alternator), via boosting operation 
(electric motor (EM) supports ICE during acceleration, but no drive with EM alone is possible) 
and full hybrids (pure electric drive possible, but typically combination of ICE and EM) to fully 
electric driven cars. Table 3 lists the main categories of advanced vehicles. 

Table 3: Advanced vehicle categorisation 

Technology/Type Example(s) Characteristics 

Baseline Nissan Pathfinder, 
Kia Ceed  

Start-stop 

Micro Hybrid  BMW X1 Efficient 
Dynamics 

Start stop with brake power regeneration, 
some auxiliaries electrically driven 

Mild Hybrid Honda Insight, 
Mercedes S-class 

Start-stop, brake power regeneration, 
boosting function 

Full Hybrid  Toyota Prius Charging of battery only via ICE engine or 
brake power regeneration 

Plug-in Hybrid  Toyota Prius Plugin Charging of battery additionally via cable 

EV+Range extender Opel Ampera Electric driven car with additional ICE engine 
to extend driving range 

Pure EV Tesla Roadster, 
Mitsubishi i-MiEV 

Electric Vehicle 

3.2.2.2. Models 

For ICT Emissions it was tried to generate at least one vehicle model for each of the main 
categories of advanced vehicles existing on the market. Table 4 lists the vehicles which will 
be covered as models in ICT Emissions. 
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Table 4: Advanced vehicle models in ICT Emissions 

Vehicle Market 
Segment 

Engines Category 

Audi A1 etron B Rotary EV+Range extender 

Audi A3 1.4 TFSi C Gasoline Baseline 

Audi A6 3.0 TFSI quattro E Gasoline Baseline 

BMW 116i C Gasoline Baseline 

BMW X1 2.0d efficient 
Dynamics 

J Gasoline Micro Hybrid 

Fisker Karma E Gasoline EV+Range extender 

Honda Civic Hybrid C Gasoline Full Hybrid 

Mitsubishi i MiEV A - Pure EV 

Mercedes Benz S 400 HYBRID F Gasoline Mild Hybrid 

Nissan Pathfinder 3.0L CVT J Gasoline Baseline 

SMART Fortwo coupe mhd A Gasoline Baseline 

Toyota Prius III C Gasoline Full Hybrid 

Toyota Prius Plugin C Gasoline Plug-in Hybrid 

Volvo C30 T5 C Gasoline Baseline 

Volvo S60 D5 D Diesel Baseline 

A detailed explanation of the models including basic input data are documented in D3.2. 
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4 CONCLUSIONS 

The selected software tools, COPERT as macro emission tool, CRUISE as micro 
emission tool, are well capable to deliver emission results for the project. Both software tools 
are designed in a way that future extensions for new technologies are possible. 

The vehicle models developed in the project cover a wide range of vehicles currently on 
the market. Future technologies in vehicles can be covered by both software tools by creating 
new vehicle and technology classes in COPERT respectively new vehicle models in CRUISE. 
Due to the openness of CRUISE this can also be done without further development of the 
software itself, but by including new technologies by the link to external software tools. 
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ABBREVIATIONS 

 

Abbreviation  Explanation 

AMT    Automated Manual Transmission 

ASC    Anti Slip Control 

ASCII    American Standard Code for Information Interchange 

CI    Confidence Interval  

CNG    Compressed Natural Gas 

CVT    Continuously Variable Transmission 

DC    Direct Current 

DCT    Double Clutch Transmission 

DLL    Dynamic Link Library 

DOE    Design of Experiments 

ECE R15, EUDC, NEDC Driving cycles 

EM    Electric Machine (motor and generator operation possible 

EV    Electric Vehicle 

HEV    Hybrid Electric Vehicle 

HiL    Hardware in the Loop 

HTML    Hypertext Markup Language 

ICE    Internal Combustion Engine 

ICT    Information and Communication Technology 

LPG    Liquefied Petroleum Gas 

NOx, CO2   Emission types 

PID control   Proportional/Integral/Differential controller 

PM    Particulate Matter 

RT    Real Time 

SUV    Sport Utility Vehicle 


