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Abstract

The article presents and compares the results of exhaust emission tests in conditions of real vehicle 
traffic with the results obtained during bench tests on a chassis dynamometer in conditions of road 
traffic simulation. Laboratory tests were designed according to an algorithm approximating the actual 
driving sections, and when choosing their order during the test construction, a random factor was 
introduced. The presented approach reflects the random nature of road traffic while ensuring the 
representativeness of toxic emissions from the vehicle's exhaust system.
The results of measurements of carbon dioxide emission, carbon monoxide, nitrogen oxides and 
hydrocarbons registered in road and stationary tests were compared. Substantial agreement was 
found between the tests.
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1. Introduction

The conducted research consisted of experimental verification of the emission test meth-
od synthesis based on data recorded in real road traffic. Verification of the efficiency of 
the synthesis method was performed by measuring the emission of harmful exhaust sub-
stances using a mobile PEMS type analyzer while simultaneously recording vehicle opera-
tion parameters. Then, the tests of the intensity of harmful substances emission from the 
vehicle in the chassis dynamometer conditions were carried out during a direct simulation 
of the speed course in accordance with the course recorded in real road traffic. The results 
of direct simulation measurements were compared with the emission intensity measured 
in the conditions of the original synthetic tests.

The procedure including the method of mapping road conditions in the laboratory road test 
can be divided into two basic stages [1, 2, 5]. These are:

 • Analysis of the standard course of speed recorded on the road, treated as a model in 
terms of road information. In particular, it is about separating individual sections of the 

1  Motor Transport Institute, Environment Protection Centre, Jagiellońska 80, 03-301 Warsaw, Poland, e-mail: piotr.wisniowski@
its.waw.pl

2  Motor Transport Institute, Jagiellońska 80, 03-301 Warsaw, Poland, e-mail: marcin.slezak@its.waw.pl
3  Motor Transport Institute, Jagiellońska 80, 03-301 Warsaw, Poland, e-mail: andrzej.niewczas@its.waw.pl



172 The Archives of Automotive Engineering – Archiwum Motoryzacji Vol. 84, No. 2, 2019

speed course and their approximation with straight lines and using them in the refer-
ence test [3, 6, 10].

 • Synthesis of the driving test on the basis of isolated approximations of velocity wave-
forms. In particular, a procedure for drawing lots of subsequent approximations is en-
visaged, while maintaining the continuity of the synthesized test and probabilistic con-
straints [7].

In the procedure of drawing lots and building the test, it was necessary to comply with the 
boundary assumptions. The beginning of the first random test section had to start at point 
of zero speed, and the starting point of each successively drawn one had to take place at 
the end point of the previous section in order to maintain the speed continuity [14,16, 17]. 
To obtain a full continuity of the synthesis of the test, the quantization of the obtained sec-
tions was also performed before the synthesis process. Another restriction was that the 
set of speed fragments from a given pool was each time reduced by the number of drawn 
sections of a given type, which reduced the likelihood of re-drawing a given type of frag-
ment again. A simplified model showing the sequence of actions performed in the process 
of synthesizing the exemplary test is shown in Figure 1 [20, 21, 22].

Fig. 1. Model of the driving tests synthesis procedure

2. Measuring techniques

As part of the operational tests, the following measurements were made: vehicle speed 
with a frequency of 1 Hz recording using a diagnostic signal reader from vehicle control-
lers (compliant with OBDII / EOBD standards) as well as measurements and registration of 
harmful gaseous compounds to which the Semtech DS analyzer with the GPS module from 
Sensors Inc. was used. It was a PEMS type analyzer that allows measuring the mass flow 
of exhaust gases and the concentration of harmful compounds such as: carbon dioxide 
(CO

2
), carbon monoxide (CO), hydrocarbons (HC) and nitrogen oxides (NOx). The device 

makes it possible to determine the road emission and unit and mileage fuel consumption.

The tests were aimed at determining the profile of vehicle speed and emissions of toxic sub-
stances from the exhaust system during repetitive trips in road traffic. The measurements 
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were carried out in urban traffic conditions in Warsaw, in the afternoon hours, on the sec-
tions: "Radosław" roundabout - the Central station and the Central station - the "Radosław" 
roundabout. Each trip to the above the loop route was a separate registration of traffic and 
emission parameters. All tests were carried out on a Ford Focus passenger vehicle.

The bench part of the exhaust emission test was carried out on a 2-roller chassis dy-
namometer manufactured by the Jaroš company, type 2PT220EX with two rolls with a di-
ameter of 372 mm, with electric simulation of motion resistance and mechanical simula-
tion of inertia of the vehicle, placed in the low temperature chamber.

Emission measurements were made using a set of AMA i60 AVL analyzers.

3. Analysis of results

The following charts show the average values of the results obtained, grouped by the type 
of harmful substance. Each of the graphs contains the average result of the value meas-
ured in road traffic, in the direct test carried out on the chassis dynamometer according 
to the standard road speed, and the average result of measurements in synthetic tests, 
representing measured road conditions, also carried out on the chassis dynamometer [13, 
18, 19].

Figure 2 presents average values and confidence intervals (at the significance level of 
0.05) for road emissions of carbon dioxide, respectively on: road tests, laboratory "direct"  
tests on chassis dynamometer and synthetic tests.

Fig. 2. Statistical comparison of carbon dioxide emissions during road tests (red), "direct" (blue),  
synthetic (green)
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Relative differences between mean values from laboratory tests and road measurements 
are respectively: 5.4% for "direct” and 1.5% for synthetic tests. These are relatively small 
values, especially in the case of synthetic tests. This gives grounds to draw the conclusion 
about the overall compatibility between observations, especially road tests and synthetic 
tests.

The results of the statistical significance test of differences between averages confirm 
the above assumption. The Mann-Whitney test showed that at the significance level of 
0.05 there are no grounds to reject the hypothesis about the lack of significant differences 
between the results of road and synthetic tests. This is the key information that authorizes 
us to accept the hypothesis about the compatibility of road and synthetic tests for the 
most important exhaust component.

There is also no statistical basis for rejecting the hypothesis that there are no significant 
differences between road tests and "direct" tests.

Emission of carbon monoxide

Figure 3 presents average values and confidence intervals (at the significance level of 
0.05) for road emissions of carbon monoxide, respectively for: road tests, "direct" tests 
and synthetic tests.

Fig. 3. Statistical comparison of carbon monoxide emissions during road tests (red), "direct" (blue),  
synthetic (green)
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As can be seen in Figure 3 in the case of CO, observations collected during laboratory tests 
are markedly more diffuse than CO

2
 measurements. Confidence intervals in the main part, 

however, overlap. Comparing the mean values, there is a clear discrepancy between road 
and laboratory tests and compliance in the field of laboratory tests ("direct" and synthetic).

These conclusions are also supported by the statistical significance test, which indicates 
the grounds for rejecting the hypothesis about the lack of significant differences between 
the results of road and synthetic research as well as road and "direct" tests.

Emissions of nitrogen oxides

Figure 4 presents the results of statistical comparison (at the significance level of 0.05) for 
the emission of nitrogen oxides, for: road tests, "direct" tests and synthetic tests.

Fig. 4. Statistical comparison of emissions of nitrogen oxides during road tests (red), "direct" (blue),  
synthetic (green)

Confidence intervals are comparable for all three study groups. However, the comparison 
of average values is varied. The average emission of nitrogen oxides in the "direct" test 
was higher than in road tests, while in synthetic tests it was smaller than in the "direct" 
tests. This makes there is a difference between the mean values of the results of "direct" 
and synthetic tests.

This is reflected in the statistical significance test. When comparing road tests with "di-
rect" tests and road tests with synthetic tests, the statistics values were close to critical 
values.
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Hydrocarbon emission

Figure 5 presents the results of statistical comparison (at the significance level of 0.05) 
for hydrocarbon emissions, for: road tests, "direct" tests and synthetic tests, respectively.

Fig. 5. Statistical comparison of hydrocarbon road emissions during the implementation of individual road 
tests (red), "direct" (blue), synthetic (green)

Figure 5 shows differences between the results of road and laboratory tests and be-
tween "direct" and synthetic laboratory tests. These observations are also confirmed by 
the Mann-Whitney statistical significance tests. For all sets pairs, the test statistic values 
overlap with the critical area, so there are grounds for rejecting the hypothesis that there 
are no significant differences between the considered observation groups. The values of 
test stats corresponding to the comparison between road and laboratory tests are far from 
critical values, which means that the error of rejecting an erroneous hypothesis of no sig-
nificant differences is clearly lower.

For clarification, attention should be paid to the various properties of exhaust gas analyz-
ers used during road tests and laboratory tests. In the case of road tests, a PEMS mobile 
measuring device equipped with infrared radiation was used, which is relatively inaccu-
rate when measuring the emission of carbon particles. However, in the case of laboratory 
tests, an FID type analyzer was used, which is highly accurate in the measurement of car-
bon compounds. As a result, the recorded road values of hydrocarbon emission intensity 
are proportionally lower than the values recorded in laboratory tests [4, 8, 9].
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4. Conclusions

A series of researches were made on the designated route in real traffic, registering the 
operating parameters of the test vehicle and exhaust emissions using a mobile analyzer. 
The car was then placed in a laboratory bench and exhaust emissions measured using 
stationary analyzers. The driving tests were programmed according to the actual course 
of the car's operating speed (the so-called "direct" tests) and "synthetic tests". Significant 
agreement was found between road and synthetic studies. In the case of measuring the 
average emission of carbon dioxide, constituting the most important determinant of the 
operation parameters of the internal combustion engine in synthetic tests, results were 
obtained that differ by no more than 2.5% compared to road tests. Therefore, they confirm 
the high reproduction accuracy. The average road emissions of the measured harmful ex-
haust components on the chassis dynamometer in synthetic tests were in line with the 
results of the direct tests.

Based on the results of the statistical analysis, the consistency between synthetic tests 
and road tests was confirmed. Only in the case of carbon monoxide, small differences in 
road and stationary emission tests were found. Their cause was the use of other measur-
ing equipment on the road and in the laboratory.

The application of the developed method allowing simulation of road traffic conditions in 
laboratory, allows to verify the fundamental discrepancies in the value of emissions from 
vehicles that often exist between manufacturer's declarations and the results of tests on 
a chassis dynamometer. It also allows to determine the road emission in the conditions of 
traffic simulation of vehicle in the laboratory [11, 12, 15].

5. Nomenclature
CO carbon monoxide

CO
2
 carbon dioxide

FID flame ionization detector

HC hydro carbons

NOX nitrogen oxides

OBD on-board diagnostic

PEMS portable emissions measurement systems
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