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ARTICLE INFO  In terms of simulation research, it is important to simulate real conditions as precisely as possible. This type 

of approach makes it possible to minimize the error in the obtained results. The dynamics of acceleration is one 

of the most important factors having a direct impact on fuel consumption and exhaust emissions from vehicles. 
The work was carried out with the use of PTV Vissim microscopic vehicle motion simulation software. The 

considerations were carried out on theoretical acceleration profiles with different dynamics values and the 

actual character of acceleration, recorded during road tests. The simulations were carried out for a car powered 
by spark-ignition and compression-ignition engines. The research showed that the calibration of the accelera-

tion character of the vehicle in simulation tests may result in significant differences in obtained results of 

exhaust emissions. 
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1. Introduction 
Operating conditions have a direct impact on fuel con-

sumption and the emission of harmful exhaust compounds. 

Different operating conditions of propulsion systems in 

vehicles during type-approval measurements and during 

actual operation lead to over 90% difference in the average 

fuel consumption [8, 11]. Also, the results of measurements 

taken under real-life conditions differ significantly depend-

ing on the driving style [1, 4, 7]. In other works, apart from 

the driving style of the driver, the differences in fuel con-

sumption or energy consumption refer to the intensity of 

vehicle traffic and the road congestion [3, 5]. The road 

congestion and in particular traffic jams, are the domain of 

cities with a large number of inhabitants [2, 13]. In such a 

situation, vehicles emit pollutants in the immediate vicinity 

of large numbers of people. Some publications consider the 

influence of the acceleration dynamics on the emission of 

harmful exhaust compounds, but these works are conducted 

in real driving conditions [12]. The traffic simulation soft-

ware could be used also to solve some infrastructure prob-

lems. An example is a research, which describes the influ-

ence of rai-road level crossing on the road traffic flow [a9]. 

Such approach to transport engineering could result in ob-

taining some low cost quantitative data, which could be 

helpful in future infrastructure development or could give a 

positive feedback, which will result in further, more expen-

sive research work. 

In simulation works the traffic model should be cali-

brated properly, e.g. in terms of the acceleration character-

istics of a single vehicle (could be also adopted to different 

vehicle categories), number of vehicles driving on selected 

roads, etc. Lack of proper calibration in terms of simulation 

model may contribute to significant discrepancies of ob-

tained results in relation to the real values [10]. This study 

focuses on the assessment of the impact of the acceleration 

dynamics of a passenger vehicle up to a speed of approx. 50 

km/h on the results of exhaust emissions. For this purpose, 

the vehicle acceleration curve was adapted to the model of 

the actual vehicle acceleration recorded during the road test. 

2. Research methodology 
The simulation tests were performed with the use of Vis-

sim software, version 5.40, which was developed by the 

German company PTV. This software is commonly used by 

companies working in the field of traffic engineering and 

road managers. The tool is used to simulate vehicle traffic on 

a microscopic scale, which means that the best results can be 

obtained by analyzing small areas, including, for example, a 

certain road section, intersection or a small traffic area. An-

other type of software (eg PTV Visum) is used to analyze 

larger areas, eg a whole city. The advantage of the software 

used is the implemented vehicle traffic models, including 

cars, trucks, buses and trams. The analyzes can also take into 

account the pedestrians or cyclists. With use of an additional 

modules, it is possible to perform different analyzes related 

to, for example, exhaust emissions from vehicles moving in 

the modeled part of the road infrastructure. 

As a part of the performed simulations, the emissivity of 

passenger cars representing the Euro 3 emission standard 

for various acceleration scenarios was assessed. Modeling 

included tests of accelerating a vehicle to approx. 50 km/h. 

For this purpose, a road section was modeled, mapping a 

fragment of Kornicka Street in Poznan (Fig. 1). In order to 

simplify the model, the traffic of vehicles was mapped only 

on Kornicka Street in the analyzed direction. Only vehicles 

taking off from a standstill were taken into account (initial 

speed V0 = 0 km/h). As the vehicles entering the model 

have an initial speed greater than 0 km/h, they were forced 

to stop with use of traffic lights. Some of the vehicles enter-

ing the model stopped at the aforementioned traffic lights 

located along the analyzed street, which made it possible to 

obtain data for further analysis. 

In the first order, the acceleration of passenger cars was 

simulated, using the acceleration values implemented in the 

simulation software, using the levels 1.0 m/s
2
, 1.2 m/s

2
 and 
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2.5 m/s
2
. The obtained acceleration curves in function of 

simulation time were characterized by nearly rectangular 

shapes (Fig. 2). Because the obtained characteristics to a 

small extent reflect the nature of the actual acceleration of 

the vehicle, driven by a human, during which it is almost 

impossible to obtain such simple shapes of acceleration 

character. This is all the more justified as in most accelera-

tion situations to around 50 km/h, when also the gear shift-

ing must be taken into account. For comparison, the charac-

ter of selected acceleration of a light passenger-goods vehi-

cle recorded during a road test is presented (Fig. 3). The 

next step was to adapt the acceleration curve of the vehicle 

so that its course during the simulation was similar to the 

characteristics recorded during the actual tests. 

 

Fig. 1. Section of Kornicka Street in Poznan, used in this work for vehicles  
 acceleration modeling [6] 

 

Fig. 2. Vehicle acceleration characteristics, obtained in the PTV Vissim 

software, obtained on the basis of the implemented data (1.0 m/s2, 2.0  

 m/s2, 2.5 m/s2) 

 

Fig. 3. The acceleration characteristics of the vehicle recorded during the  

 actual acceleration test 

The adaptation of the simulation in order to make the 

acceleration curve similar to the curve recorded during the 

real drive was carried out in many stages. During early 

attempts, the vehicle acceleration values were not suffi-

ciently high immediately after starting (the acceleration 

curve was more inclined than during the actual measure-

ment). In the next stage, the acceleration of some vehicles 

was disturbed by the slower accelerating vehicles in front. 

Some examples of the mentioned situations are shown in 

Fig. 4. The situation related to the influence of the preced-

ing vehicles on the acceleration of the analyzed vehicle is 

related to the use of traffic lights in order to force the vehi-

cle to accelerate from standstill. In the described situation, 

it happens that several vehicles accumulates at the red light 

because the vehicles are directed to the model at the intensi-

ty specified by the author. The above-mentioned model 

imperfections do not occur in the analyzed acceleration 

cases. The obtained acceleration waveforms are also not the 

same, which reflects the stochastic nature of the actual 

vehicle acceleration process and the lack of full repeatabil-

ity during acceleration by the real driver in real traffic con-

ditions. 

 

Fig. 4. The process of adaptation characteristics of acceleration of the  
 vehicle in PTV Vissim 

3. Research results 
During the simulation, two types of data were collected: 

the speed and acceleration profiles of the vehicle during 

acceleration and the changes in the intensity of emissions of 

individual exhaust components depending on the time of 

simulated acceleration. 

Examples of the characteristics of speed and accelera-

tion in time for the given vehicle acceleration conditions are 

shown in Fig. 5–8. The acceleration generated by the Vis-

sim software is characterized by a waveform with a shape 

similar to a rectangle, which especially applies to the accel-

eration values of 1.0 m/s
2
 and 1.2 m/s

2
 (Fig. 5–6). The na-

ture of acceleration also translates into a change in speed 

over time, which for the two cases discussed above has the 

shape of a straight line. The acceleration with a maximum 

value of 2.5 m/s
2
 (Fig. 7) is of a nature that to a greater 

extent reflects the acceleration modeled on the real test 

(Fig. 8), obtaining only higher values. During the analyzed 

case of real acceleration, it is characteristic that the maxi-

mum value of the vehicle acceleration is approx. 1.2 m/s
2
. 

Moreover, the course of the acceleration value as a function 
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of the vehicle speed is much more complicated than in the 

previous cases. This is due to circumstances such as gear 

changes or the characteristics of the engine used. 

 

Fig. 5. Characteristics of speed and acceleration of the vehicle as a func- 

 tion of simulation time; a = 1.0 m/s2 

 

Fig. 6. Characteristics of speed and acceleration of the vehicle as a funct- 

 ion of simulation time; a = 1.2 m/s2 

 

Fig. 7. Characteristics of speed and acceleration of the vehicle as a func- 

 tion of simulation time; a = 2.5 m/s2 

 

Fig. 8. Characteristics of speed and acceleration of the vehicle as a func- 

 tion of simulation time; mapped on the basis of a real acceleration test 

The exhaust emission intensity as a function of time 

during the acceleration of the vehicle is shown in Fig. 9–12. 

The presented data was obtained during a simulated accel-

eration of a passenger car, compliant with the Euro 3 emis-

sion standard, while the variable parameter was the acceler-

ation, the course of which for considered cases was pre-

sented in Fig. 5–8. The trends that can be observed in the 

presented graphs of the emission intensity of individual 

exhaust gas components are predictable and are consistent 

with the general relationships concerning the formation of 

toxic compounds in combustion engines. The greater the 

acceleration value, the greater the exhaust emission rate, 

expressed in grams per second. The greatest differences 

between analyzed acceleration scenarios can be observed 

for the NOx and CO2 emission rates. The greater the accel-

eration value, the greater the load on the drive unit, which 

results in higher pressure and temperature values in the 

combustion chamber. Increasing these two parameters pro-

motes the formation of NOx. The highest intensity of NOx 

emission occurs during acceleration with the highest accel-

eration value (2.5 m/s
2
) and it reaches the maximum value 

at the level of approx. 40 mg/s, which is almost 100% more 

than during acceleration with the acceleration value of 1.0 

m/s
2
. The lowest maximum value of the instantaneous NOx 

emission intensity was recorded for the acceleration mod-

eled on the real test. It is certainly related to the course of 

the acceleration curve as a function of time. The maximum 

value of acceleration for the case shown in Fig. 12 is kept in 

the vehicle speed range at the level of approx. 5–18 km/h, 

while at higher values of the vehicle speed, the acceleration 

value decreases. The rate of CO2 emissions relates directly 

to the instantaneous fuel consumption. Therefore, for this 

benchmark, similar trends can be observed as for NOx. For 

example, the maximum rate of CO2 emission for an accel-

eration of 1.0 m/s
2
 is approx. 5.3 g/s, while for 2.5 m/s

2
, 

this parameter reaches the value of approx. 7 g/s, which 

increases the value of this parameter by over 30%. Similar 

trends can be observed in the case of CO and HC emis-

sions, but the differences in this case are not so significant. 

This is probably related to the improvement of the combus-

tion quality at higher engine load, which results in a lower 

concentration of incomplete combustion products, however, 

it is compensated by the higher exhaust gas flow caused by 

the higher engine load and/or higher rotational speed. 

 

Fig. 9. Emission rates of individual exhaust gas components as a function  
 of simulation time for: a = 1.0 m/s2 
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Fig. 10. Emission rates of individual exhaust gas components as a function  

 of simulation time for: a = 1.2 m/s2 

 

Fig. 11. Emission rates of individual exhaust gas components as a function 

 of simulation time for: a = 2.5 m/s2 

 

Fig. 12. Emission intensities of individual exhaust gas components as  

a function of simulation time for the acceleration mapped on the basis of  
 the actual acceleration test 

 

The influence of the value and course of the vehicle ac-

celeration on the emission of the analyzed exhaust gas 

components is shown in Fig. 13–20. In this case, the cumu-

lative mass of individual exhaust gas compounds was pre-

sented for the entire acceleration phase from a standing start 

to approx. 50 km/h. The figures have been grouped by two, 

consecutively for CO, HC, NOx and CO2, with the first data 

for vehicles powered by SI engines, followed by the data 

for cars with CI engines. The above-mentioned drawings 

were prepared based on the simulation results for cars with 

engines meeting the Euro 3 emission standard, which is still 

popular among vehicles traveling on the roads in Poland. 

Higher acceleration means a higher temperature in the 

combustion chamber, which contributes to the improvement 

of combustion conditions, and therefore the concentration 

of incomplete combustion products (e.g. CO) is reduced. In 

the graphs, it is difficult to notice a significant reduction in 

the CO emission between an acceleration of 1.0 m/s
2
 and 

2.5 m/s
2
. This is related to a greater exhaust gas flow during 

a more dynamic acceleration of the vehicle. For the ana-

lyzed case (Euro 3 emission standard), a vehicle powered 

by a compression ignition engine emitted more than 10 

times less CO than a vehicle powered by a spark ignition 

engine. 

 

Fig. 13. CO emissions for different acceleration characteristics of a vehicle 
propelled with SI Euro 3 engine obtained during simulation using PTV  

 Vissim software 

 

Fig. 14. CO emissions for different acceleration characteristics of a vehicle 

propelled with SI Euro 3 engine obtained during simulation using PTV  
 Vissim software 

 

As in the case of CO, the concentration of HC in the ex-

haust gas should be lower under the conditions of more 

dynamic acceleration of the vehicle. HC emission during 

the analyzed cases of acceleration of vehicles with SI en-

gines, ranges from approx. 20–70 mg, while values exceed-

ing 40 mg were obtained in individual cases and could be 

caused by a temporary change in the acceleration value of 

the vehicle. The lowest values of HC emissions were ob-

tained for the acceleration selected on the basis of the actual 

test, which is certainly related to the different characteris-

tics of the vehicle acceleration – in this case, the accelera-

tion value of the vehicle decreases with the increase in its 

speed, which is a natural situation. The dependencies relat-

ed to the influence of the vehicle acceleration dynamics on 

the HC emission from cars powered by CI engines are 

slightly different than those observed in the case of vehicles 

powered by SI engines. In this case, there is a slight reduc-

tion in HC emission as a function of the acceleration value 

of the vehicle, and the obtained values are several times 

lower than during the acceleration of the vehicle with the SI 

engine. 

0

1

2

3

4

5

6

0

20

40

60

80

100

120

140

160

0 5 10 15 20 25

C
O

2
[g

/s
]

C
O

, 
H

C
, 

N
O

x
[m

g
/s

]

t [s]

CO [mg/s]

HC [mg/s]

NOₓ [mg/s]

CO₂ [g/s]

0

1

2

3

4

5

6

7

8

0

20

40

60

80

100

120

140

160

180

0 5 10 15 20 25

C
O

2
[g

/s
]

C
O

, 
H

C
, 

N
O

x
[m

g
/s

]

t [s]

CO [mg/s]

HC [mg/s]

NOₓ [mg/s]

CO₂ [g/s]

0

1

2

3

4

5

0

10

20

30

40

50

60

70

0 5 10 15 20 25

C
O

2
[g

/s
]

C
O

, 
H

C
, 

N
O

x
[m

g
/s

]

t [s]

CO [mg/s]

HC [mg/s]

NOₓ [mg/s]

CO₂ [g/s]



 

Calibration of micro-simulation model in assessment of passenger car exhaust emission during acceleration 

58 COMBUSTION ENGINES, 2022, 189(2) 

 

Fig. 15. HC emission for different acceleration characteristics of a vehicle 
propelled with SI Euro 3 engine obtained during simulation using PTV  

 Vissim software 

 

Fig. 16. HC emission for different acceleration characteristics of a vehicle 
propelled with CI Euro 3 engine obtained during simulation using PTV  

 Vissim software 

 

As the load on the drive unit increases, so does the NOx 

emission during the acceleration of the car with the SI en-

gine. However, the observed differences amount to approx. 

20–30%. Much larger differences can be observed between 

the simulation of the highest acceleration dynamics and the 

acceleration recorded for the real test, when the NOx emis-

sion is lower by up to 60%. 

 

Fig. 17. NOx emission for different acceleration characteristics of a vehicle 
propelled with SI Euro 3 engine obtained during simulation using PTV  

 Vissim software 

 

During the simulation of vehicles acceleration propelled 

with diesel engines, a reduction in NOx emissions was ob-

served as a function of the acceleration dynamics. The 

implementation of the actual vehicle acceleration curve 

contributed to a further reduction of the obtained results by 

approx. 10–15% compared to the acceleration value of 2.5 

m/s
2
. Comparing the NOx emission registered for vehicles 

powered by CI engines with the emission obtained by vehi-

cles with SI engines, it can be stated that the mass of this 

compound is 2–3 times higher during the acceleration of 

cars powered by CI engines. For example, in the case of 

acceleration modeled on the real test, cars powered by CI 

engines emitted approx. 42–50 mg of NOx, while the mass 

of NOx from cars powered by diesel engines was approx. 

110–145 mg. This is caused by using the three-way cata-

lyst, which reduces the amount of NOx in exhaust gases. 

 

Fig. 18. NOx emission for different acceleration characteristics of a vehicle 

propelled with CI Euro 3 engine obtained during simulation using PTV  

 Vissim software 

 

The change in the acceleration dynamics did not signifi-

cantly change the CO2 emissions from vehicles powered by 

SI engines. The differences between the values obtained 

with the acceleration value of 1.0 m/s
2
 and the values with 

the real acceleration dynamics reach values of 5–10% in 

favor of the actual acceleration course. The same trends can 

be observed in the case of acceleration of cars with diesel 

engines, with the indication that the differences are slightly 

greater, and the minimum values were obtained during the 

most dynamic acceleration of the vehicle. Comparing the 

emission of CO2 according to the type of the used drive 

system, it can be stated that during the analyzed accelera-

tion, cars powered by CI engines emit approx. 20–30% less 

CO2 than cars powered by SI engines. 

 

Fig. 19. CO2 emission for different acceleration characteristics of a vehicle 

propelled with SI Euro 3 engine obtained during simulation using PTV  

 Vissim software 

 

Fig. 20. CO2 emission for different acceleration characteristics of a vehicle 

propelled with CI Euro 3 engine obtained during simulation using PTV  
 Vissim software 



 

Calibration of micro-simulation model in assessment of passenger car exhaust emission during acceleration 

COMBUSTION ENGINES, 2022, 189(2) 59 

4. Conclusions 
Based on the simulation results, it can be concluded that 

the acceleration dynamics has a noticeable effect on the 

exhaust emissions from passenger cars during acceleration 

to 50 km/h. In the case of CO, increasing the acceleration 

dynamics from 1.0 to 2.5 m/s
2
 resulted in the reduction of 

the emission of this compound by even 20%. The applica-

tion of the acceleration dynamics based on real acceleration 

values, the results were ambiguous, because in the case of 

cars with SI engines, a reduction in CO emissions was 

recorded, reaching almost 30%, while the use of a modified 

acceleration curve in cars with diesel engines resulted in an 

increase in CO emissions by approx. 20% compared to an 

acceleration of 1.0 m/s
2
. Almost identical trends were ob-

served during the analysis of the influence of the accelera-

tion dynamics on HC emission. In the case of NOx emis-

sions, increasing the acceleration dynamics also leads to 

inconclusive results, because for cars powered by SI en-

gines there is even a 50% increase in the emission of this 

compound, while for cars with diesel engines, increasing 

the acceleration dynamics allows to reduce the emissions of 

this compound by even 15–20%. The lowest emission val-

ues were obtained for both types of drive systems for the 

actual acceleration process. The smallest differences in the 

vehicle acceleration dynamics function during the simula-

tions were recorded for CO2 emissions (approx. 5–10%).  

The applied methodology is useful, for example, to as-

sess the impact of vehicle acceleration dynamics or to com-

pare the differences between different types of propulsion 

systems. Subsequent work should include the comparison 

of the vehicle acceleration emission values obtained during 

the simulation with the values obtained during the actual 

measurements. The measurements during road tests could 

give the possibility of verifying the concentrations of dif-

ferent exhaust compounds in exhaust gases. 
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Nomenclature 

CI compression ignition 

CO carbon monoxide 

CO2 carbon dioxide 

HC hydrocarbons 

NOx nitrogen oxides (NO + NO2) 

SI spark ignition 
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