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Dieses Dokument (prEN 17507:2020) wurde vom Technischen Komitee CEN/TC 301 �Straßenfahrzeuge� 

ausgearbeitet, dessen Sekretariat von AFNOR (Frankreich) gehalten wird. 

Das zuständige deutsche Normungsgremium ist der Arbeitsausschuss NA 052-00-34 AA �Antriebe, 

Antriebsstrang und -flüssigkeiten� des DIN-Normenausschusses Automobiltechnik. 

Das Präsidium des DIN hat mit seinem Beschluss 1/2004 festgelegt, dass von dem in den Regeln der 

europäischen Normungsarbeit von CEN/CENELEC verankerten Grundsatz, wonach Europäische Normen in 

den drei offiziellen Sprachen Deutsch, Englisch und Französisch veröffentlicht werden, in begründeten 

Ausnahmefällen abgewichen und auf die deutsche Sprachfassung verzichtet werden kann. 

Dieses Dokument enthält unter Berücksichtigung des DIN-Präsidialbeschlusses 1/2004 nur die Englische 

Fassung von prEN 17507:2020. 

Dieses Dokument definiert die Verfahren zur Bewertung der Leistung von PEMS, die für die Messung der 

Abgasemissionen von leichten Nutzfahrzeugen auf der Straße verwendet wird, auf der Grundlage eines 

gemeinsamen Prüfverfahrens, das die verschiedenen Bedingungen simuliert, die bei Prüfungen auf der 

Straße auftreten. 

Dieses Dokument legt Folgendes fest: 

a) die durchzuführenden Prüfungen, und 

b) ein Verfahren zur Bestimmung einer geeigneten Unsicherheitsmarge für ein bestimmtes PEMS, um 

dessen Leistung unter diesen Bedingungen widerzuspiegeln. 

Die wichtigsten Prüfvariablen sind die folgenden (aber nicht auf die genannten beschränkt): 

1) Temperatur, Feuchte und Druck sowie schrittweise oder graduelle Veränderungen, 

2) Beschleunigung und Verlangsamung (längs und quer), 

3) Schwingungs-, Neigungs- und Stoßprüfungen, 

4) Positionierung des Instruments an einem Fahrzeug, 

5) Kombinationen von (1) bis (4), 

6) Kreuzinterferenzen, 

7) Signalverarbeitung, Datenverarbeitung und Zeiteinstellung, und 

8) Berechnungsverfahren (mit Ausnahme der behördlich vorgeschriebenen Nachbearbeitung von 

Daten). 

 

Nationales Vorwort 

� Entwurf � 
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Nationaler Anhang NA 
(informativ) 

 
Begriffe 

Die Benummerung der folgenden Begriffe und Abkürzungen ist identisch mit der Benummerung in der 

englischen Fassung. 

Für die Anwendung dieses Dokuments gelten die folgenden Begriffe. 

ISO und IEC stellen terminologische Datenbanken für die Verwendung in der Normung unter den folgenden 

Adressen bereit: 

� ISO Online Browsing Platform: verfügbar unter http://www.iso.org/obp 

� IEC Electropedia: verfügbar unter http://www.electropedia.org/ 

3.1.1 

Inspektionsentscheid 

Ergebnis einer Prüfung 

3.1.2 

Inspektion 

Inspektionsprozess 

Konformitätsbewertung durch Beobachtung und Beurteilung, gegebenenfalls ergänzt durch Messung, 

Prüfung oder Eichung 

3.1.3 

Messabweichung 

Fehlergrenze 

Extremwert einer Messabweichung in Bezug auf einen bekannten Referenzwert; durch Spezifikationen oder 

Vorschriften zugelassen für eine Messung, ein Messgerät oder ein Messsystem 

3.1.4 

Normal 

Realisierung der Definition einer Größe, mit angegebenem Größenwert und beigeordneter 

Messunsicherheit, benutzt als Referenz 

3.1.5 

Mess- und Prüfeinrichtung 

Ausrüstung zur Durchführung von Messungen, allein oder in Verbindung mit einer oder mehreren 

Zusatzeinrichtungen 

3.1.6 

Messsystem 

Satz aus einer oder mehreren Messeinrichtungen und oftmals anderen Geräten einschließlich aller 

Reagenzien und Betriebsmittel, montiert und angepasst, um die Informationen zur Generierung 

quantitativer Messwerte in festgelegten Intervallen für vorgegebene Arten von Mengen zu liefern 

� Entwurf � 
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3.1.7 

Messunsicherheit 

nichtnegativer Parameter, der die Streuung der Werte kennzeichnet, die der Messgröße auf der Grundlage 

der verwendeten Information beigeordnet ist 

3.1.8 

Unsicherheitsbudget 

Angabe einer Messunsicherheit, der Komponenten dieser Messunsicherheit und ihrer Berechnung und 

Kombination 
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European foreword 

This document (prEN 17507:2020) has been prepared by Technical Committee CEN/TC 301 �Road 

vehicles�, the secretariat of which is held by AFNOR. 

This document is currently submitted to the CEN enquiry. 
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Introduction 

The intention of this document is to determine the measurement uncertainty of mobile vehicle exhaust 

emission testing equipment (e.g. Portable Emissions Measurement Systems, PEMS) under consideration 

of applicable legal requirements. 

The specific aims include the following. 

� To be able to validate PEMS systems (for gaseous and particle number emissions) under various 

operating environments with the intention of predicting PEMS performance over the whole range of 

conditions used. It focusses on light-duty-vehicle application and serves as a basis for assessing the 

uncertainty of heavy-duty emission measurement equipment. 

� To be able to evaluate the deviation of gaseous PEMS under various light-duty RDE test conditions 

and heavy-duty PEMS test conditions against known analyser systems under standard laboratory 

conditions for the specified gas, which is traceable to national or international primary standards. 

� To be able to evaluate the deviation of Particle Number (PN) - PEMS under various light-duty RDE 

test conditions and heavy-duty PEMS test conditions against a known analyser system under 

standard laboratory conditions for the same sample, which is traceable to national or international 

primary or secondary standards. 

� To define the means for demonstrating that the PEMS equipment is stable and the measurement 

quality is sufficient between PEMS equipment service intervals. 

� To provide input to the development of future specifications and quantified information about 

instrument and process accuracy to help improve the accuracy and robustness of PEMS systems and 

on-road measurements. 

� To set a framework for determining the PEMS measurement uncertainty and the uncertainty of RDE 

measurements by analysing available data and providing a method for data evaluation. 

In particular, the derivation of the uncertainty according to all parts of the document allows the following. 

� The instrument measurement uncertainty can be evaluated. 

� The RDE measurement uncertainty can be reported as a part of the measurement result following 

DIN 1319-1:1995. 

� The results of an investigation based on this standard provide information about the suitability of 

the equipment for the intended use and provide a basis for the definition of conformity and non-

conformity criteria. 

� Transparency with respect to the instrument measurement uncertainty of currently available 

equipment. 

� Transparency with respect to the measurement uncertainty of the testing processes, currently 

established by vehicle manufacturers, technical services and type approval authorities (e.g. effects of 

testing routine and route). 

� Explanation and assessment of deviant measurement results of repetitive measurements with the 

same vehicle / vehicle type. 

� Explanation and assessment of deviant measurement results of the same vehicle / vehicle type when 

tested by different parties. 
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1 Scope 

This document defines the procedures for assessing the performance of PEMS equipment, which is used 

for the on-road measurement of tailpipe emissions of light-duty vehicles, on the basis of a common test 

procedure that simulates the range of conditions experienced during on-road tests. 

This document prescribes: 

a)  the tests to be conducted, and, 

b)  a procedure to determine, for any particular piece of PEMS equipment, an appropriate uncertainty 

margin to reflect its performance over those conditions. 

The key test variables are as follows (but not limited to the ones mentioned): 

1) temperature, humidity and pressure and step-wise or gradual changes, 

2) acceleration and deceleration (longitudinal and lateral), 

3) vibration, inclination and shock tests, 

4) instrument positioning on a vehicle, 

5) combinations of (1) to (4),

6) cross-Interferences, 

7) signal-processing, data treatment and time alignment, and 

8) calculation methods (excluding the regulatory post-processing of data). 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 

constitutes requirements of this document. For dated references, only the edition cited applies. For 

undated references, the latest edition of the referenced document (including any amendments) applies. 

ISO 27891:2015, Aerosol particle number concentration � Calibration of condensation particle counters 

3 Terms, definitions and symbols 

3.1 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

ISO and IEC maintain terminological databases for use in standardization at the following addresses: 

� IEC Electropedia: available at http://www.electropedia.org/ 

� ISO Online browsing platform: available at http://www.iso.org/obp 

3.1.1 

inspection decision 

result of an inspection 
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3.1.2 

inspection 

inspection process 

conformity evaluation by observation and judgement accompanied as appropriate by measurement, 

testing or gauging 

3.1.3 

limit of error 

maximum permissible error 

extreme value of measurement error, with respect to a known reference quantity value, permitted by 

specifications or regulations for a given measurement, measuring instrument, or measuring system 

3.1.4 

measurement standard 

realization of the definition of a given quantity, with stated quantity value and associated measurement 

uncertainty, used as a reference 

3.1.5 

measuring and test equipment 

device used for making measurements, alone or in conjunction with one or more supplementary devices 

3.1.6 

measuring system 

set of one or more measuring instruments and often other devices, including any reagent and supply, 

assembled and adapted to give information used to generate measured quantity values within specified 

intervals for quantities of specified kinds 

3.1.7 

measurement uncertainty 

non-negative parameter characterizing the dispersion of the quantity values being attributed to a 

measurand, based on the information used 

3.1.8 

uncertainty budget 

statement of a measurement uncertainty, of the components of that measurement uncertainty, and of 

their calculation and combination 

3.2 Symbols and abbreviations 

CLA Chemiluminescence analyser 

CLD Chemiluminescence detector 

PN Particle Number 

EFM Exhaust flow meter 

GMD Geometric mean mobility diameter 

NDIR Non-dispersive infrared 

NDUV Non-dispersive ultraviolet 

PEMS Portable emission measuring systems

RDE Real-driving emissions 
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SOC State of charge 

PSD Power Spectral Density 

GRR Gauge repeatability reproducability 

GUM Guide to the Expression of Uncertainty in Measurement 

k k-factor 

MPE Maximum Permissible Error 

USL Upper limit of specification 

USLL limit of detection of legally defined non-compliance 

USLM limit of detection of legally defined compliance 

QMS/MP,Max Capability limit 

QMS/MP Capability limit 

R&R Repeatability and reproducibility 

RE Resolution (of measurement system) 

TOL Tolerance 

uAV Uncertainty contribution of operator 

uBi Uncertainty contribution of bias 

uCAL Uncertainty contribution of calibration 

uEVO Uncertainty contribution of repeatability at the object 

uEVR Uncertainty contribution of Repeatability on standards 

UIAI Uncertainty contribution of interdependence 

uMP Uncertainty contribution by measurement procedure 

UMP Extended measurement uncertainty contribution by measurement procedure 

uMS Uncertaintly contribution by measurement system 

UMS Extended measurement uncertainty contribution by measurement system 

uRE Uncertainty contribution by resolution 

LSL Lower limit of specification 

VDE   

VDI   

VIM Vocabulary of Metrology (VIM) 

4 Proposed document structure including requirements, responsibilities and 
results 

This document is structured according to Table 1. This table also includes recommendations, which party 

should be responsible to conduct the tests and evaluate the uncertainty following the procedures which 

are described in this standard. 
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Table 1 � Document structure 

Clause Requirement Responsibility Result 

5.1 General requirements [boundary 

conditions] on PEMS measurement 

systems [during RDE testing] 

�- Defined boundary 

conditions 

5.2 Gaseous analysers [Performance test 

procedures] 

PEMS 

manufacturers 

Proof, that PEMS system 

component works under 

defined boundary 

conditions; boundary 

conditions defined 

5.3 Particle number analysers [Performance 

test procedures] 

5.4 Exhaust flow meter [Performance test 

procedures] 

5.5 GPS [Performance test procedures] 

6 Uncertainty assessment of the individual 

components of PEMS 

PEMS 

manufacturers 

Uncertainty contributions 

for each component 

7 Theoretical PEMS measurement 

uncertainty based on PEMS components 

�-   

8 Evaluation of uncertainty of performance 

testing 

�- See below 

8.1 Overarching descriptions �-   

8.2 RDE measurement process �- Defined process 

8.3 Traceability of mobile exhaust emission 

measurement systems 

� Traceability to the national standard 

� Testing the PEMS against reference gas 

� Evaluation of the deviation from the 

defined error limit (MPE: Maximum 

Permissible Error) 

� Round robin test 

If the deviation is sufficiently small, then it 

can be traced back. 

PEMS 

manufacturers 

1st calibration 

Recalibration 

PEMS Acceptance and 

reverification 

8.4 Uncertainty of the measurement 

equipment (PEMS) in comparison to the 

measurement process (RDE measurement) 

�- Understanding the 

procedure 

8.5 Uncertainty contributions on the 

inspection process (Ishikawa-Diagram) 

�- Defined Uncertainty  

Contributions 

8.6 Uncertainty evaluations Individual  

PEMS User 

Combined measurement 

uncertainty of the PEMS 

validation 

8.7 Calculation of the expanded measurement 

uncertainty 

PEMS User 

Community 

Combined measurement 

uncertainty of the RDE 

inspection process; 
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Clause Requirement Responsibility Result 

8.7 Calculation of the expanded measurement 

uncertainty 

�-   

8.8 Consideration of the measurement 

uncertainty for the inspection decision 

Individual  

PEMS User 

Measurement uncertainty 

of inspection decision 

5 PEMS requirements and equipment 

5.1 General requirements 

5.1.1 Boundary conditions 

PEMS are used in a wide range of conditions. Table 2 below gives the main parameters that should be 

taken into account with their possible range according to the RDE procedure and their real range of 

variation during a real test. 

Table 2 � Parameters of the boundaries conditions 

Boundaries conditions RDE possible range 
real range variation 

during test 

temperature �7°C to 35°C 

+ or �10°C during one test 

up to �30°C if soaked in a 

garage 

altitude 0 to 1300m 
+1200m / 100km 

as positive altitude gain 

pressure variation 850 to 1050 hPa (sea level) 
up to ± 150 hPa 

variation during the test 

humidity   
5 % to 90 % non-condensing 

relative humidity (RH) 

vibrations See 5.1.5 See 5.1.5 

duration of the test 1,5 to 2 h 1,5 to 2 h 

5.1.2 Temperature 

During the test, according to the real life, the vehicle can be soaked in a garage at 23°C and go outside 

with a temperature at �7°C, the direct variation can be up to �30°C. 

According to extreme atmospheric conditions and fact that the vehicle can climb a mountain, the variation 

of temperature during the test can be negative (decrease of the temperature at the top of the mountain) 

and positive (increase of the temperature at the bottom of the mountain). 

A variation of �30°C and +12°C shall be considered during a test to check the impact of the measurement 

accuracy and drift. 

Examples of temperatures changes are given in the Figure 1. 
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a) 23°C to �7°C 

 

b) 23 °C to 35 °C 

Figure 1 � Examples of temperatures changes in a climate chamber 

NOTE The temperature changes from 23 °C to �7 °C is realized in around 20 min. 

5.1.3 Altitude / Pressure 

Table 3 shows the variation of pressure (in hPa or mBar) according to the atmospheric condition (vertical 

variation) and the altitude (horizontal variation). 

Table 3 � Variation of pressure in relation to the altitude 

  Altitude (m) 

  0 250 500 750 1 000 1 250 1 500 1 750 2 000 

A
tm

o
sp

h
e

ri
c

 p
re

ss
u

re
 

(h
P

a
 o

r 
m

B
a

r)
 

1 050 1022 995 967 935 911 884 851 828 

1 040 1012 985 957 926 901 874 842 818 

1 030 1002 975 947 917 891 864 834 808 

1 020 992 965 937 908 881 854 825 798 

1 010 982 955 927 899 871 844 816 788 

1 000 972 945 917 890 861 834 807 778 

990 962 935 907 881 851 824 798 768 

980 952 925 897 872 841 814 789 758 

970 942 915 887 863 831 804 780 748 

960 932 905 877 854 821 794 771 738 

950 922 895 867 846 811 784 762 728 

According to extreme atmospheric conditions and fact that the vehicle can climb a mountain, the variation 

of pressure during the test can be negative (decrease of the pressure at the top of the mountain up to 

1000m) and positive (increase of the pressure at sea level). 

A variation of ± 150 hPa shall be considered during a test to check the impact of the measurement 

accuracy and drift. 

5.1.4 Humidity

The range of humidity shall be checked for each pollutant according to the analyser technologies to check 

the impact (interference, drift, correction). The main variation in term of hygrometry is linked to the 
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exhaust gas humidity concentration for the analyser: during the engine start, condensation could occur 

in the exhaust pipe line and exhaust gases are also dry and becomes humid when the exhaust line 

temperature increases. The analysers may also measure in a wide range of humidity conditions. 

5.1.5 Vibration 

5.1.5.1 Vibration tests 

5.1.5.1.1 General 

Vibration testing of gaseous analysers will be performed in a laboratory using a vibration table that is 

appropriate for the mass of the complete PEMS system. The vibration excitation will be applied at the 

mounting point of the PEMS system, whether that is internal or external to the vehicle. A 30-min random 

vibration test will be performed according to the conditions of Table 4 at 0,5 Grms acceleration in the Z 

(vertical) direction while measuring zero gas. This profile is an adaptation of ISO 16750-3 Test IV, which 

was designed as an accelerated durability test for components on passenger vehicles operating on a 

variety of road conditions. For the purpose of determining PEMS vibration insensitivity, only the first 

three break points are used (from 10 Hz to 180 Hz), and the acceleration is lowered to 0,5 Grms. This test 

may be performed in conjunction with the vibration test of the particulate analyser. 

 

Figure 2 � Power spectral density (PSD) profile 

Table 4 � Values for PSD and frequency 

Frequency (Hz) PSD (G2/Hz) 

10 6.73E-03 

55 2.19E-03 

180 8.42E-05 

5.1.6 PEMS battery voltage test 

5.1.6.1 General 

Two methods are proposed to test the PEMS battery voltage. 

The aim is to determine the analyser response variation with respect to variation in power supply voltage 

alone, minimizing the potential analyser response variation due to variation in the concentration 

produced by the Particle Generator Unit or by uncontrollable variations in ambient conditions over the 

longer time period of the RDE test (120 min). Therefore, the maximum duration of these checks shall not 

exceed 30 min. 

5.1.6.2 Method A: Using a Power Supply Unit (PSU) with a Controllable Voltage

Zero drift: 

� Ensure stable environmental conditions. 
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� Connect the PSU to the PEMS and adjust the voltage to the maximum specified by the PEMS 

Manufacturer. 

� Perform a zero adjust with the PSU connected and let zero gas flow through the PEMS. 

� Start data logging. 

� Reduce the set voltage in at least four steps to the minimum specified by the PEMS Manufacturer. 

� Adjust the voltage to the maximum specified by the PEMS Manufacturer and continue logging for 

10 min. 

Span drift: 

� Ensure stable environmental conditions 

� Connect the PSU to the PEMS and adjust the voltage to the maximum specified by the PEMS 

Manufacturer. 

� Perform a span adjust with the PSU connected and let span gas flow through the PEMS 

� Start data logging 

� Reduce the set voltage in at least four steps to the minimum specified by the PEMS Manufacturer 

� Adjust the voltage to the maximum specified by the PEMS Manufacturer and continue logging for 

10 min 

5.1.6.3 Method B: Using A Battery (or Batteries if specified by the PEMS Manufacturer) 

Zero drift: 

� Ensure stable environmental conditions 

� Connect the charger to the PEMS and fully load the batteries 

� Perform a zero adjust while the charger is connected and let zero gas flow through the PEMS 

� Start data logging 

� Add an electrical load to the battery such that the voltage will reduce to the minimum specified by 

the PEMS Manufacturer in no less than 30 min 

� Disconnect the charger 

� Log data until the PEMS has reached its minimum specified voltage 

� Connect the charger again and continue logging for 10 min 

Span drift: 

� Ensure stable environmental conditions 

� Connect the charger to the PEMS and fully load the batteries 

� Perform a span adjust while the charger is connected and let span gas flow through the PEMS 
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� Start data logging 

� Add an electrical load to the battery such that the voltage will reduce to the minimum specified by 

the PEMS Manufacturer in no less than 30 min 

� Disconnect the charger 

� Log data until the PEMS has reached its minimum specified voltage 

� Connect the charger again and continue logging for 10 min 

To achieve a maximum test duration of 30 min additional electrical consumers/ load can be connected to 

the batteries.

For PEMS-PN devices, because of the instability / uncertainty of the Particle Generators, the �span� drift 

using the above procedure should be evaluated against a reference PN device, such as a CPC or reference 

PMP-PN device. 

5.2 Gaseous analysers 

5.2.1 General requirements and prerequisites on the performance testing of a gaseous PEMS 
system 

As CLA is specific to NO, CLA analyser performance verifications should be made using NO/N2 gases. 

For NOx measurement, the converter is required. 

NO2 testing should be required for all type analysers (converter function shall be approved under 

different ambient conditions as well), NO2 calibration gas shall be specified to maintain stability. 

The gaseous PEMS system configuration, adjustments and operation for this performance testing shall be 

identical to the ones defined and specified by the PEMS manufacturer for �real� tests on the road: 

� The performance testing shall be performed with all accessories and operating media, if there are 

any used; 

� The operation of the PEMS system shall be according to the PEMS manufacturer instructions; 

� For vibration testing the originally defined mounting / vibration damping solutions shall be used as 

during road tests; 

� The entire gaseous PEMS system shall be exposed to the ambient environmental conditions as 

defined in Table 5. Especially all components which are typically in contact with the ambient shall be 

at the same pressure, temperature, and ambient humidity. 

The gaseous PEMS system shall be maintained, calibrated and the linearities of the analysers checked. 

The actual maintenance and valid linearization protocols shall be included in the final test report. 

A PEMS manufacturer shall be given the possibility to check the setup in advance to the performance test, 

as well as the test execution. 

The span gases, the gas divider (if used) and the gas humidifier shall follow the accuracy and calibration 

requirements (or add Annex). 

The used reference gases and gas divider shall have valid calibration protocols, which shall be included 

in the final test report. 
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In case of analysers which directly and simultaneously measure the NO and NO2 (e.g. NDUV analysers or 

photoacoustic analysers), a dedicated / separate NO2 gas cylinder shall be used for the span adjust and 

as sample gas during the test. For CLD analysers a NOx (NO + NO2) gas might be used, where the NO2 

concentration of the gas mixture shall be less than 5 per cent of the NO concentration. 

A mix of NO/NO2 for the test may be used. 

The measurement uncertainty of the entire reference test setup shall be determined and reported. 

Zero and span adjustments and checks, if any, shall be done prior the test execution and shall be reported. 

During the performance tests continuous data shall be recorded and reported at least with 1 Hz. There 

shall be no zero- or span adjustment done within the test, unless required by the test procedure. 

Negative values or peaks shall be reported and shall not be removed in the result calculation. 

For analysers which measure NO and NO2 directly, the NOx concentration (NOx = NO + NO2) shall be 

used for the result and the report. 

5.2.2 Performance test execution, test matrix and test setup 

5.2.2.1 Performance test execution 

� Warm up the gaseous PEMS system according to the PEMS manufacturer�s specifications until it is 

fully stable. 

� Ensure that the gaseous PEMS system does not display any errors and warnings. 

� Allow the pressure / climate chamber, gas divider (if used) and the gas humidifier sufficient time to 

become stable. 

� Perform a leak check to ensure that there is no leakage in the test setup / gaseous PEMS. 

� Do the zero adjust and span adjust with dry calibration gases. 

� For humidification, a humidifier or a bubbler can be used. 

� A RH sensor for a humidifier is optional, a RH sensor in case of a bubbler is mandatory. 

� Start data recording. 

� Start sampling of the test gas through the sample gas inlet. 

� Do the result calculation. A relative measurement of concentrations is accepted. 

5.2.2.2 Performance test matrix overview 

Table 5 presents the tests to be performed for the gaseous analyser. 

Table 5 � Gaseous analyser test matrix 

Type of testa, b Requirements Z 
S 

(x2) 
Ts 

RH

s 
Ps Tamb RHamb Pamb 

Vibration and shock 

tests 

Representative 

RDE profile 
Yes No Tamb dry Pamb Tamb RHamb Pamb 

Inclination tests 
Tilting left, right, 

forward, backward 

direction at angle 

Yes No Tamb dry Pamb Tamb RHamb Pamb 
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