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Nationales Vorwort 

Dieses Dokument (CEN ISO/TS 37444:2023) wurde vom Technischen Komitee ISO/TC 204 �Intelligent 
transport systems�, in Zusammenarbeit mit dem Technischen Komitee CEN/TC 278 �Intelligente 
Verkehrssysteme� ausgearbeitet, dessen Sekretariat von NEN (Niederlande) gehalten wird. 

Das zuständige deutsche Normungsgremium ist der Gemeinschaftsarbeitsausschuss NA 052-02-71 GA 
�Gemeinschaftsarbeitsausschuss NAAutomobil/DKE: Intelligente Verkehrssysteme� des DIN-Normen-
ausschusses Automobiltechnik. 

Technische Spezifikationen sind nicht Bestandteil des Deutschen Normenwerks. 

Eine Technische Spezifikation ist das Ergebnis einer Normungsarbeit, das wegen bestimmter Vorbehalte zum 
Inhalt oder wegen des gegenüber einer Norm abweichenden Aufstellungsverfahrens von DIN noch nicht als 
Norm herausgegeben wird. 

Zur vorliegenden Technischen Spezifikation wurde kein Entwurf veröffentlicht. 

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 CEN ISO/TS 37444:2023. 

Für die in diesem Dokument zitierten Dokumente wird im Folgenden auf die entsprechenden deutschen 
Dokumente hingewiesen: 

ISO 12855:2022 siehe DIN EN ISO 12855:2022-07 
ISO 3534-1 siehe DIN ISO 3534-1 
ISO 3534-2 siehe DIN ISO 3534-2 
ISO 11453:1996/Cor 1:1999 siehe DIN ISO 11453:2005-08 
ISO 17573-1 siehe DIN EN ISO 17573-1 
ISO 17575-1 siehe DIN EN ISO 17575-1 
ISO 14906 siehe DIN EN ISO 14906 

 

Elektronische Mautsysteme sind komplexe verteilte Systeme, die unter anderem komplexe Funktionen, wie 
dedizierte Nahbereichskommunikation (DSRC), kamerabasiert (ANPR) und globale 
Satellitennavigationssysteme (GNSS), beeinflussen und somit Einfluss auf die Mautberechnung haben. Um 
unterschiedliche Interessen der einzelnen Akteure, wie Dienstnutzer oder Mauterheber, zu wahren, ist es 
notwendig, Metriken festzulegen, um die Systemperformance bezogen auf Abrechnungsberechnungen zu 
messen. Damit sollen eventuelle Berechnungsfehler in Größe und Wahrscheinlichkeit auf ein akzeptables Maß 
reduziert werden. Diese Metriken werden ein wesentliches Werkzeug zur Festlegung von 
Systemanforderungen sowie Systemtypprüfung sein. 

Aktuelle Informationen zu diesem Dokument können über die Internetseiten von DIN (www.din.de) durch 
eine Suche nach der Dokumentennummer aufgerufen werden. 

Full document details: DIN CEN ISO/TS 37444:2023-09

http://www.avadocuments.com/doc/din-cen-iso-ts-37444-2023-09
http://www.avadocuments.com/doc/din-cen-iso-ts-37444-2023-09


DIN CEN ISO/TS 37444:2023-09 

3 

Änderungen 

Gegenüber DIN CEN ISO/TS 17444-1 (DIN SPEC 70136-1):2018-02 und DIN CEN ISO/TS 17444-2 
(DIN SPEC 70136-2):2018-02 wurden folgende Änderungen vorgenommen: 

a) Umbenennung in ISO/TS 37444; 

b) redaktionelle und formale Korrekturen, sowie Verbesserung der Lesbarkeit; 

c) Anwendung von technisch neutralen Festlegungen von Metriken und Prüfungen, die speziell auch 
Mautsysteme basierend auf ANPR-Technologie berücksichtigen; 

d) Überarbeitung der Terminologie und Referenzen gegenüber anderen Normen. 

Frühere Ausgaben 

DIN CEN ISO/TS 17444-1 (DIN SPEC 70136-1): 2013-02, 2018-02
DIN CEN ISO/TS 17444-2 (DIN SPEC 70136-2): 2013-02, 2018-02
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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 https://www.iso.org/obp 

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

3.1 
absoluter Abrechnungsfehler 
en absolute charging error 
Differenz zwischen dem gemessenen Abrechnungswert (Maut) und dem gegenwärtigen Wert, der von einem 
Referenzsystem gemessen wurde, bei der ein positiver Fehler bedeutet, dass die Messung den tatsächlichen 
aktuellen Wert überschreitet 

[QUELLE: ISO/TS 17573-2:2020, 3.1] 

3.2 
akzeptiertes Abrechnungsfehler-Intervall 
en accepted charging error interval 
Intervall eines relativen Abrechnungsfehler (3.22), welches von einem Mauterheber (3.27) als akzeptabel 
eingestuft wird, d. h. als richtige Abrechnung 

[QUELLE: ISO/TS 17573-2:2020, 3.3] 

3.3 
durchschnittlicher relativer Abrechnungsfehler 
en average relative charging error 
Verhältnis zwischen der Summe berechneter Abrechnungen (Messung) bezogen auf eine Menge von 
Fahrzeugen während eines bestimmten Zeitfensters und dem gegenwärtigen Anteil der Abbuchung 
(Referenz) minus 1 

[QUELLE: ISO/TS 17573-2:2020, 3.21] 

3.4 
Abrechnungsdetails 
en billing detail 
notwendige Information zur Bestimmung oder Verifizierung der Gebührenhöhe aufgrund der Nutzung eines 
gegebenen Dienstes 

[QUELLE: ISO/TS 17573-2:2020, 3.25] 
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3.5 
Abrechnungsobjekt 
en charge object 
geographisches oder straßenbezogenes Objekt zur abrechnungsbezogenen Nutzung 

[QUELLE: ISO/TS 17573-2:2020, 3.31] 

3.6 
Abrechnungsobjekterkennung 
en charge object detection 
Ereignis, welches die Verwendung eines Abrechnungsobjektes (3.5) markiert 

[QUELLE: ISO/TS 17573-2:2020, 3.32] 

3.7 
Abrechnungsparameteränderung
en charge parameter change 
Ereignis, welches in einem Mautsystem auftritt und relevant für die Abrechnungsberechnung ist, wie die 
Änderung der Fahrzeugkategorie, aber nicht für die Erkennung eines Abrechnungsobjektes (3.5) an sich 

[QUELLE: ISO/TS 17573-2:2020, 3.34] 

3.8 
Abbuchungsbericht 
Abrechnungsbericht 
en charge report 
Informationen, die für das Front End (3.15) hervorgebrachte Straßennutzungs- und Zusatzinformationen 
beinhalten 

[QUELLE: ISO/TS 17573-2:2020, 3.35] 

3.9 
abrechnungsrelevante Leitungsmetriken 
en charging-performance metrics 
bestimmte Berechnungen, die zur Beschreibung der Abrechnungsleistung eines Systems verwendet werden 

[QUELLE: ISO/TS 17573-2:2020, 3.37] 

3.10 
beständiges Mautschema 
en continuous toll scheme 
Mautschema, bei dem die Abrechnung basierend auf der Ansammlung von beständig gemessenen Parametern 
berechnet wird 

[QUELLE: ISO/TS 17573-2:2020, 3.50, modifiziert � BEISPIEL wurde gelöscht] 

3.11 
Datenanalyse 
en data analysis 
Parameterabschätzung und Schlussfolgerung basierend auf Mustern (3.24) 
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3.12 
eigenständiges Mautschema 
en discrete toll scheme 
Mautschema, bei dem die Abrechnung basierend auf eindeutigen Ereignissen berechnet wird, die mit der 
Identifizierung von Abrechnungsobjekten (3.5) in Verbindung stehen, wie die Überquerung einer Sperre, das 
Passieren einer Brücke und die Anwesenheit in einem Gebiet 

Anmerkung 1 zum Begriff: Jedes Ereignis ist einer gewissen Abrechnung zugeordnet. 

[QUELLE: ISO/TS 17573-2:2020, 3.62, modifiziert � Anmerkung 1 zum Begriff ergänzt] 

3.13 
Bewertung 
en evaluation 
systematischer Prozess zur Bestimmung wie Personen, Prozesse, Systeme oder Programme formell 
festgelegte Ziele und Anforderungen eingehalten haben 

[QUELLE: ISO/TS 17573-2:2020, 3.75] 

3.14 
falsch positiv 
en false positive 
Ereignis, welches nicht stattfand, aber fälschlicherweise erkannt wurde 

3.15 
Front End 
Teil eines EFC-Systems, bestehend aus einer fahrzeuginternen Ausrüstung (OBE) und wahrscheinlich einem 
Vertreter (en: proxy), mit dem Mautinformationen und Nutzungsdaten zur Übermittlung an das Back End 
gesammelt werden 

[QUELLE: ISO/TS 17573-2:2020, 3.85] 

3.16 
Intervallabschätzung 
en interval estimation 
Berechnung der unteren und oberen Grenzen für unbekannte Parameter, um eine vordefinierte 
Abdeckungswahrscheinlichkeit des wahren Wertes sicherzustellen 

3.17 
verpasste Bestätigung 
en missed recognition 
Nutzung eines Abrechnungsobjektes (3.5), welches von einem System nicht aufgezeichnet wurde 

3.18 
Aufzeichnung 
en monitoring 
Sammlung und Bewertung von Statusdaten für einen Prozess oder ein System 

Anmerkung 1 zum Begriff: Das kann zur Beobachtung von Metriken während des Betriebs verwendet werden. 

[QUELLE: ISO/TS 17573-2:2020, 3.120, modifiziert � Anmerkung 1 zum Begriff ergänzt] 

3.19 
Überbuchung 
en over charging 
Situation, bei der die berechnete Abrechnung über dem akzeptierten Abrechnungsfehler-Intervall (3.2) liegt 

[QUELLE: ISO/TS 17573-2:2020, 3.130] 
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3.20 
Zahlungsanspruch 
en payment claim 
Aussage, die vom Bezahlten dem Bezahler zur Verfügung gestellt werden, welche die Höhe der Gebühr 
bewertet 

Anmerkung 1 zum Begriff: Die Aussage kann die abgeschlossenen Rechnungsdetails (3.4) beinhalten. 

[QUELLE: ISO/TS 17573-2:2020, 3.133] 

3.21 
Bestand 
en population 
Gesamtheit der in Betracht kommenden Objekte 

[QUELLE: ISO/TS 17573-2:2020, 3.142] 

3.22 
relativer Abrechnungsfehler 
en relative charging error 
Verhältnis zwischen dem absoluten Abrechnungsfehler (3.1) und dem Referenzwert 

[QUELLE: ISO/TS 17573-2:2020, 3.154] 

3.23 
maßgebliche Fahrt 
en representative trip 
Fahrt (3.31), die von ihrer Entfernung größer als ein festgelegter Grenzwert ist und so von relevanten 
Metriken berücksichtigt wird 

3.24 
Muster 
en sample 
Untermenge eines Bestandes (3.21), die sich auseinem oder mehreren ihrer einzelnen Teil(en) zusammensetzt 

[QUELLE: ISO/TS 17573-2:2020, 3.164] 

3.25 
spezifischer Prüfrahmen 
en specific examination framework 
bestimmter Vorgang für eine Menge von Prüfungen, der von einer Instanz festgelegt wurde, um die Leistung 
von spezifisch ausgewählten Abrechnungsmetriken, entweder während der Bewertung (3.13), und/oder 
Aufzeichnung (3.18) zu bestimmen 

3.26 
erfolgreiche Abrechnung 
en successful charging 
Situation, in der der Nutzer nach den Systemregeln korrekt abgerechnet wurde 

[QUELLE: ISO/TS 17573-2:2020, 3.177] 

3.27 
Mauterheber 
en toll charger 
Instanz, die Maut zur Nutzung von Fahrzeugen in einem Mautgebiet erhebt 

[QUELLE: ISO/TS 17573-2:2020, 3.194] 
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3.28 
Mauterklärung 
en toll declaration 
Aussage, um die Nutzung einer gegebenen Mautdienst an einen Mauterheber (3.27) zu vereinbaren 

[QUELLE: ISO/TS 17573-2:2020, 3.199] 

3.29 
Maut-Dienstanbieter 
en toll service provider 
Instanz, die Mautdienste in einem oder mehreren Mautgebieten anbietet 

[QUELLE: ISO/TS 17573-2:2020, 3.206] 

3.30 
Mautdienstnutzer 
en toll service user 
Kunde eines Maut-Dienstanbieters (3.29), d. h. ein Mautverantwortlicher, Fahrzeugbesitzer, Flottenbetreiber 
oder Fahrer, abhängig vom Kontext 

[QUELLE: ISO/TS 17573-2:2020, 3.207] 

3.31 
Fahrt 
en trip 
Teil einer Raum-Zeit-Trajektorie eines bestimmten Fahrzeuges innerhalb eines Mautgebietes 

[QUELLE: ISO/TS 17573-2:2020, 3.220] 

3.32 
Unterabrechnung 

en undercharging 
Situation, bei der die berechnete Abrechnung unter dem akzeptierten Abrechnungsfehler-Intervall (3.2) liegt 

[QUELLE: ISO/TS 17573-2:2020, 3.225] 

3.33 

Nutzerkonto 

en user account 
zentrale oder im Fahrzeug abgespeicherte, transportrelevante Dienstrechte des Nutzers in dessen Bezug auf 
einen Dienstanbieter 

[QUELLE: ISO/TS 17573-2:2020, 3.228] 

3.34 

Nutzerbeschwerde 

en user complaint 
Nutzerbeschwerden bezogen auf eine spezifische Diensterbringung 

[QUELLE: ISO/TS 17573-2:2020, 3.229] 
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Nationaler Anhang NB 
(informativ) 

 
Literaturhinweise 

DIN EN ISO 12855:2022-07, Elektronische Gebührenerhebung � Informationsaustausch zwischen 

Dienstleistern und Gebühreneinzugsunternehmen (ISO 12855:2022); Englische Fassung EN ISO 12855:2022 

DIN EN ISO 14906, Elektronische Gebührenerhebung - Anwendungsschnittstelle zur dezidierten Nahbereich-

Kommunikation 

DIN EN ISO 17573-1, Elektronische Gebührenerhebung � Systemarchitektur für fahrzeugbezogene Maut � 

Teil 1: Referenzmodell 

DIN EN ISO 17575-1, Elektronische Gebührenerhebung � Definition der Anwendungsschnittstelle für 

autonome Systeme � Teil 1: Abrechnung 

DIN ISO 3534-1, Statistik � Begriffe und Formelzeichen � Teil 1: Wahrscheinlichkeit und allgemeine 

statistische Begriffe 

DIN ISO 3534-2, Statistik � Begriffe und Formelzeichen � Teil 2: Angewandte Statistik 

DIN ISO 11453:2005-08, Statistische Auswertung von Daten � Tests und Vertrauensbereiche für Anteile 

(ISO 11453:1996 einschließlich Technisches Korrigendum 1:1999) 
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European foreword 

This document (CEN ISO/TS 37444:2023) has been prepared by Technical Committee ISO/TC 204 

"Intelligent transport systems" in collaboration with Technical Committee CEN/TC 278 �Intelligent 

transport systems� the secretariat of which is held by NEN. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 

patent rights. CEN shall not be held responsible for identifying any or all such patent rights. 

This document supersedes CEN ISO/TS 17444-1:2017 and CEN ISO/TS 17444-2:2017. 

Any feedback and questions on this document should be directed to the users� national standards 

body/national committee. A complete listing of these bodies can be found on the CEN website. 

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the 

following countries are bound to announce this Technical Specification: Austria, Belgium, Bulgaria, 

Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, 

Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of 

North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Türkiye and the 

United Kingdom. 

Endorsement notice 

The text of ISO/TS 37444:2023 has been approved by CEN as CEN ISO/TS 37444:2023 without any 

modification. 
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization. 

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identi�ied during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement. 

For an explanation of the voluntary nature of standards, the meaning of ISO speci�ic terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to 
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see 
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 204, Intelligent transport systems, in 
collaboration with the European Committee for Standardization (CEN) Technical Committee CEN/TC 
278, Intelligent transport systems, in accordance with the Agreement on technical cooperation between 
ISO and CEN (Vienna Agreement).

This �irst edition cancels and replaces the second editions ISO/TS 17444-1:2017 and ISO/TS 17444-2:2017, 
which have been technically revised.

The main changes are as follows:

� the resulting document has been renumbered as ISO/TS 37444; 

� various editorial changes have been made to improve the readability of the text; 

� a technology-neutral de�inition of metrics and examination tests has been applied, which also includes 
support for tolling systems based on automatic number plate recognition (ANPR) technology;

� terminology and references to other documents have been updated.

Any feedback or questions on this document should be directed to the user�s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

0.1 General

Electronic tolling systems are complex distributed systems involving critical technology such as 
dedicated short-range communication (DSRC), camera-based technology (e.g. automatic number plate 
recognition, ANPR) and global navigation satellite systems (GNSS). These technologies are all subject 
to a certain behaviour that can affect the computation of the charges. Thus, to protect the interests 
of the different stakeholders involved, particularly toll service users (SUs) and toll chargers (TCs), it 
is essential to de�ine metrics that measure the performance of the system in terms of computation 
of charges, and that ensure that the potential resulting errors are acceptable. These metrics will be 
a useful tool for establishing requirements for the systems and for examining the system capabilities 
during acceptance and throughout the operational life of the system.

In addition, to ensure the interoperability of different systems, it is necessary to agree on common 
metrics for use and on the actual values that de�ine the required acceptable performances. However, 
these points are not covered in this document.

Instead, this document is de�ined as a toolbox standard of examination tests, with a method for de�ining 
and documenting a speci�ic examination framework to meet speci�ic needs. The detailed choice of the set 
of examination tests within an examination framework depends on the application and the respective 
context. Conformance to this document means using the de�initions and prescriptions laid out in this 
document whenever the respective system aspects are subjected to performance measurements, rather 
than using other de�initions and examination methods. 

0.2 Charging performance metrics

This document also de�ines a set of charging performance metrics with de�initions, principles and 
formulae, which together make up a reference framework for the establishment of requirements for 
electronic fee collection (EFC) systems and their later examination of the charging performance.

These charging performance metrics are intended for use with any toll scheme, regardless of its 
technical underpinnings, system architecture, tariff structure, geographical coverage or organizational 
model. They are de�ined to treat technical details that can differ between technologies as a �black 
box�. They focus solely on the outcome of the charging process, i.e. the amount charged in relation 
to a pre-measured or theoretically correct amount, rather than intermediate variables from various 
components as sensors, such as positioning accuracy, signal range or optical resolution. This approach 
ensures comparable results for each metric in all relevant situations.

The metrics are designed to cover the information exchanged on the front-end (FE) interface and the 
interoperability interfaces between toll service providers (TSPs) and TCs, as well as information on the 
end-to-end level.

Metrics for the following information exchanges are de�ined:

� charge reports (including usage evidence);

� toll declarations;

� billing details and associated event data;

� payment claims on the level of user accounts;

� exception lists;

� end-to-end metrics which assess the overall performance of the charging process.

The proposed metrics are speci�ically addressed to protect the interests of the actors in a toll system, 
such as TSPs, TCs and SUs. They can be used to de�ine requirements (e.g. for requests for proposals) and 
for performance assessments.
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Toll schemes take on various forms as identi�ied in ISO 17573-1 and ISO 12855. In order to create a 
uniform performance metric speci�ication, toll schemes are grouped into two classes based on the 
character of their primary charging variable:

� charging based on discrete events (charges associated to the fact that a vehicle is crossing or 
standing within a certain zone);

� charging based on a continuous measurement (duration or distance).

The following are examples of discrete (event-based) toll schemes.

� Single object charging: a road section, bypass, bridge, tunnel, mountain pass or even a ferry, charged 
per passage.

EXAMPLE 1 Most tolled bridges belong to this category.

� Closed road charging: a �ixed amount is charged for a certain combination of entry and exit on a 
motorway or other closed road network.

EXAMPLE 2 Many of the motorways in Southern Europe belong to this category.

� Discrete road links charging: determined by use of speci�ied road links, whether or not they are 
used in their entirety.

EXAMPLE 3 Heavy goods vehicle (HGV) charge in Germany.

� Charging for cordon crossing: triggered by passing in or out through a cordon that encircles a city 
core, for example.

EXAMPLE 4 Congestion and infrastructure charging schemes in Stockholm and Gothenburg (Sweden).

The following are examples of continuous toll schemes.

� Charging based on direct distance measurement: de�ined as an amount per km driven.

EXAMPLE 5 HGV charge in Switzerland and US basic vehicle miles-travelled toll systems concepts.

� Charging based on direct distance measurement in different tariff zones or road types: de�ined 
as an amount per km driven, with different tariffs applying in different zones or on different road 
types. This is a widely discussed approach, also known as time-distance-place charging, and is 
under consideration in European countries.

EXAMPLE 6 OReGO, the pilot programme in Oregon, North America.

� Time in use charge: determined by the accumulated time a vehicle has been in operation, or 
alternatively, by the time the vehicle has been present inside a prede�ined zone.

In all of these toll schemes, tolls can additionally vary as a function of vehicle class characteristics (such 
as trailer presence, number of axles, taxation class and operating function) and depending on time of 
day or day of week, such that, for example, tariffs are higher in rush hour and lower on weekends.

With this degree of complexity, it is not surprising to �ind that the attempts to evaluate and compare 
technical solutions for SU charging have been made on an individual basis each time a procurement 
or study is initiated, and with only limited ability to reuse prior comparisons made by other testing 
entities.

The identi�ication of different types of schemes as proposed in the ISO 17575 series and their grouping 
in the mentioned two classes is described in Table 1.  Table 1 also identi�ies the examples mentioned 
above.
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Table 1 � Toll scheme designs grouped according to scheme categories

Examples Scheme type ISO 17575 series category

Single object charging Discrete Sectioned roads pricing

Closed road charging Discrete Sectioned roads pricing

Discrete road links charging Discrete Sectioned roads pricing

Charging for cordon crossing Discrete Cordon pricing

Time in use charge Continuous Area pricing � time

Cumulative distance charge Continuous Area pricing � distance

Charging for cumulative distance in different zones (or 
by road type)

Continuous Area pricing � distance

0.3 Examination framework

The examination framework that is de�ined in this document is designed for measuring the metrics 
de�ined in Clause 6. The general aim is to achieve a maximum comparability and reproducibility 
of the results without restricting the technological choices in system design. Speci�ic examination 
frameworks can be de�ined for the evaluation and monitoring phases of a project due to the differences 
in the availability of equipped vehicles.

a) Evaluation phase

The evaluation phase encompasses system evaluation and selection, as well as commissioning and 
ramp-up during implementation. Important aspects of this phase are:

� relatively small sample sizes; and

� well-controlled behaviour of test vehicles.

b) Monitoring phase

After the system has gone into operation, its behaviour needs to be monitored for several reasons, 
such as �ine-tuning of the system performance, monitoring of service level agreements (SLAs) between 
contractual partners (supplier, TC, TSP, etc.). In this phase, the following system aspects can be 
expected:

� very large sample sizes possible, but with unknown behaviour of the vehicles;

� in principle all measurements from implementation phase possible, too.

0.4 Reader's guide

To understand the content of this document, the reader should be aware of the methodology and 
assumptions used to develop the examination framework; therefore, a suggested reading order is given 
below.

a) Annex B provides details of the underlying considerations for developing the examination 
framework.

b) Annex C provides background statistical information which will enable the reader to determine 
sample sizes and con�idence limits based on the de�ined performance requirements.

c) Clause 5 provides the de�inition of the examination framework for the evaluation of charging 
performance.

d) Clause 6 provides de�initions of charging metrics and their applicability to the scheme types 
described above.

e) Clause 7 contains the toolbox of examination tests for the evaluation of charging performance for 
the identi�ied scheme types.
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f) Annex A contains an example template for the documentation of examination tests and their 
results.

g) Annex D contains methods which can be used to reduce the required sample sizes for metrics with 
high and low probabilities during the evaluation phase.

h) Annex E provides examples of speci�ic examination frameworks which have been developed in 
accordance with the methodology in 5.2.
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TECHNICAL SPECIFICATION ISO/TS 37444:2023(E)

Electronic fee collection � Charging performance 
framework

1 Scope

This document de�ines the charging performance metrics to be used during the evaluation or on-
going monitoring of an electronic fee collection (EFC) system and the examination framework for the 
measurement of these metrics.

It speci�ies a method for the speci�ication and documentation of a speci�ic examination framework 
which can be used by the responsible entity to evaluate charging performance for a particular 
information exchange interface or for overall charging performance within a toll scheme.

The following scheme types are within the scope of this document:

a) discrete schemes;

b) continuous schemes (autonomous type of systems).

This document de�ines measurements only on standardized interfaces.

This document de�ines metrics for the charging performance of EFC systems in terms of the level of 
errors associated with charging computation.

This document describes a set of metrics with de�initions, principles and formulations, which together 
make up a reference framework for the establishment of requirements for EFC systems and the 
subsequent examination of charging performance.

This document de�ines metrics for the following information exchanges:

� charge reports (including usage evidence);

� toll declarations;

� exception lists;

� billing details and associated event data;

� payment claims on the level of service user accounts;

� end-to-end metrics which assess the overall performance of the charging process.

These metrics focus solely on the outcome of the charging process, i.e. the amount charged in relation 
to a pre-measured or theoretically correct amount, rather than intermediate variables from various 
components as sensors, such as positioning accuracy, signal range or optical resolution. This approach 
ensures comparable results for each metric in all relevant situations.

The following aspects are outside the scope of this document.

� De�inition of speci�ic numeric performance bounds, or average or worst-case error bounds in 
percentage or monetary units.

� Speci�ication of a common reference system which would be required for comparison of performance 
between systems.

� Measurements on proprietary interfaces. 
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NOTE It is not possible to de�ine standardized metrics on such system properties. Neither is it possible 
to de�ine metrics for parts of the charging processing chain which are considered to be the internal matter 
of an interoperability partner, such as:

� equipment performance, e.g. for on-board equipment (OBE), roadside equipment (RSE) or data 
centres such as signal range, optical resolution or computing system availability;

� position performance metrics: the quality of data generated by position sensors is considered as 
an internal aspect of the GNSS front end. It is masked by correction algorithms, �iltering, inferring of data 
and the robustness of the charge object recognition algorithms.

� The evaluation of the expected performance of a system based on modelling and measured data 
from a trial at another place.

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 12855:2022, Electronic fee collection � Information exchange between service provision and toll 
charging

3� Terms�and�definitions

For the purposes of this document, the following terms and de�initions apply.

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

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

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

3.1
absolute charging error
difference between the measured charge (toll) value and the actual value as measured by a reference 
system where a positive error means that the measurement exceeds the actual value

[SOURCE: ISO/TS 17573-2:2020, 3.1]

3.2
accepted charging error interval
interval of the relative charging error (3.22) that the toll charger (3.27) considers as acceptable, i.e. as 
correct charging

[SOURCE: ISO/TS 17573-2:2020, 3.3]

3.3
average relative charging error
ratio between the sum of computed charges (measurement) associated to a set of vehicles during a 
certain period of time and the actual charge due (reference) minus 1

[SOURCE: ISO/TS 17573-2:2020, 3.21]

3.4
billing detail
information needed to determine or verify the amount due for the usage of a given service

[SOURCE: ISO/TS 17573-2:2020, 3.25]
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3.5
charge object
geographic or road-related object for the use of which a charge is applied

[SOURCE: ISO/TS 17573-2:2020, 3.31]

3.6
charge object detection
event marking the usage of a charge object (3.5)

[SOURCE: ISO/TS 17573-2:2020, 3.32]

3.7
charge parameter change
event occurring within a tolling system, that is relevant for charge calculation, such as change of vehicle 
category, but not for the detection of a charge object (3.5) itself

[SOURCE: ISO/TS 17573-2:2020, 3.34]

3.8
charge report
information containing road usage and related information originated at the front end (3.15)

[SOURCE: ISO/TS 17573-2:2020, 3.35]

3.9
charging performance metrics
speci�ic calculations used to describe the charging performance of a system

[SOURCE: ISO/TS 17573-2:2020, 3.37]

3.10
continuous toll scheme
toll scheme where the charge is calculated based on the accumulation of continuously measured 
parameter(s)

[SOURCE: ISO/TS 17573-2:2020, 3.50, modi�ied � EXAMPLE removed.]

3.11
data analysis
parameter estimation and inference based on samples (3.24)

3.12
discrete toll scheme
toll scheme where the charge is calculated based on distinct events associated with the identi�ication of 
charge objects (3.5) such as crossing a cordon, passing a bridge and being present in an area

Note 1 to entry: Each event is associated with a certain charge.

[SOURCE: ISO/TS 17573-2:2020, 3.62, modi�ied � Note 1 to entry added.]

3.13
evaluation
systematic process of determining how individuals, procedures, systems or programs have met 
formally agreed objectives and requirements

[SOURCE: ISO/TS 17573-2:2020, 3.75]

3.14
false positive
event that was erroneously detected, but did not take place
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3.15
front end
part of an EFC system which consists of on-board equipment (OBE) and possibly of a proxy where road 
tolling information and usage data are collected and processed for delivery to the back end

[SOURCE: ISO/TS 17573-2:2020, 3.85]

3.16
interval estimation
calculation of lower and upper bounds for unknown parameters, assuring a prede�ined coverage 
probability of the true value

3.17
missed recognition
usage of a charge object (3.5) that is not recorded by the system

3.18
monitoring
collection and assessment of status data for a process or a system

Note 1 to entry: This can be used to observe metrics during operation.

[SOURCE: ISO/TS 17573-2:2020, 3.120, modi�ied � Note 1 to entry added.]

3.19
overcharging
situation where the calculated charge is above the accepted charging error interval (3.2)

[SOURCE: ISO/TS 17573-2:2020, 3.130]

3.20
payment claim
statement made available to the payer by the payee to justify the amount due

Note 1 to entry: The statement can include the concluded billing detail (3.4).

[SOURCE: ISO/TS 17573-2:2020, 3.133]

3.21
population
totality of items under consideration

[SOURCE: ISO/TS 17573-2:2020, 3.142]

3.22
relative charging error
ratio between the absolute charging error (3.1) and the reference value

[SOURCE: ISO/TS 17573-2:2020, 3.154]

3.23
representative trip
trip (3.31) that is of a distance larger than a de�ined threshold and so is to be considered by the related 
metrics

3.24
sample
subset of a population (3.21) made up of one or more of its individual parts

[SOURCE: ISO/TS 17573-2:2020, 3.164]
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3.25
specific�examination��ramework
particular instance of a set of examination tests de�ined by an entity to determine the performance of 
speci�ic selected charging metrics during either evaluation (3.13) and/or monitoring (3.18)

3.26
successful charging
situation where the user has been correctly charged according to the rules of the system

[SOURCE: ISO/TS 17573-2:2020, 3.177]

3.27
toll charger
entity which levies toll for the use of vehicles in a toll domain

[SOURCE: ISO/TS 17573-2:2020, 3.194]

3.28
toll declaration
statement to declare the usage of a given toll service to a toll charger (3.27)

[SOURCE: ISO/TS 17573-2:2020, 1.199]

3.29
toll service provider
entity providing toll services in one or more toll domains

[SOURCE: ISO/TS 17573-2:2020, 3.206]

3.30
toll service user
customer of a toll service provider (3.29), i.e. one liable for toll, owner of the vehicle, �leet operator or 
driver depending on the context

[SOURCE: ISO/TS 17573-2:2020, 3.207]

3.31
trip
part of the space-time trajectory of a vehicle within a toll domain

[SOURCE: ISO/TS 17573-2:2020, 3.220]

3.32
undercharging
situation where the calculated charge is below the accepted charging error interval (3.2)

[SOURCE: ISO/TS 17573-2:2020, 3.225]

3.33
user account
centrally or on-board stored transport-related service rights of the user in relation to a service provider

[SOURCE: ISO/TS 17573-2:2020, 3.228]

3.34
user complaint
complaints from users related to a speci�ic service provision

[SOURCE: ISO/TS 17573-2:2020, 3.229]
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4 Symbols and abbreviated terms

ANPR automatic number plate recognition

ARCE average relative charging error

BD billing details

CCA compliance checking detections using ANPR systems

CCD compliance checking detections using DSRC systems

CCR continuous charge report

CCTV closed-circuit television

CELB charging error interval lower bound

CEUB charging error interval upper bound

CI charging input

CM charging metric

CR charge report

CTD continuous toll declaration

DCR discrete charge report

DO dedicated OBE testing

DSRC dedicated short-range communications

DTD discrete toll declaration

E2E end-to-end

EETS European electronic toll service

EFC electronic fee collection

FE front end

GBPT GNSS-based positioning terminals

GNSS global navigation satellite system

GPP GNSS path post processing

IS independent reference system

ITS intelligent transport systems

KPI key performance indicator

LPN licence plate number

MBDD maximum billing details delay

MPCD maximum payment claim delay
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MTDD maximum toll declaration delay

MUSD maximum user statement delay

OBE on-board equipment

PC payment claim

PV probe vehicle

RCE relative charging error

REE relative evidence error

RSE roadside equipment

SLA service level agreement

SO simulated OBE/FE

SU service user

TC toll charger

TC-BE toll charger back end

TD toll declaration

TSP toll service provider

TSP-BE toll service provider back end

TSP-FE toll service provider front end

UA user account

UVR service user vehicle

5 Examination framework

5.1 General

This clause:

� de�ines the process that should be followed to de�ine a speci�ic examination framework for a 
particular purpose (5.2);

� provides a de�inition of the sources of data that can be used by the examination tests to calculate the 
charging metrics (5.3);

� provides the de�initions of the methods of generating charging input referenced in the examination 
tests de�ined in Clause 7 (5.4).

5.2� Method��or�defining�a�specific�examination��ramework

5.2.1 General

Figure 1 provides an overview of the process that should be followed to de�ine a speci�ic instance of 
an examination framework for the evaluation of charging metrics for the roles of TSP and/or TC in a 
particular toll scheme. Further details are provided in 5.2.2 to 5.2.8.
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Figure�1���Method��or�defining�a�specific�examination��ramework

5.2.2 Selection of metrics to be evaluated

The entity responsible for the de�inition of the speci�ic examination framework shall determine the 
metrics to be measured in the phases of evaluation and monitoring for the roles of TSP and/or TC using 
the applicable tables in 6.11.
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5.2.3� Definition�o��environmental�conditions�and�per�ormance�requirements

The entity responsible for the de�inition of the speci�ic examination framework shall determine the 
environmental conditions (representative or challenging) and associated performance requirements to 
be met for each metric selected in 5.2.2.

NOTE 1 Assessment of charging metrics in a representative environment allows performance in the 
operational environment to be assessed. However, care is to be taken to ensure that the charging data input/
selection of representative trips is comparable to that expected for the operational environment.

The choice of representative environmental conditions will, in practice, result in a multidimensional 
parameter space (e.g. air moisture, topography, electromagnetic environment, etc.). It is important to 
choose these parameters and their values with care to ensure that tests are performed in fully realistic 
sets of conditions (or at least the most probable ones) while keeping the number of necessary tests to a 
minimum.

NOTE 2 Assessments of charging metrics in a challenging environment are typically used to determine 
behaviour for worst-case scenarios in the operational environment. Due to the nonlinear dependence of system 
performance on the environmental conditions, it is dif�icult to transpose measured performance levels to those 
in operational systems.

The environmental conditions and associated performance requirements to be met for each metric 
selected should be documented in each examination test within the speci�ic examination framework.

In cases where comparative testing is chosen (e.g. a new population of OBE is introduced into an 
existing tolling system), the in�luence of the environmental conditions on the comparison results could 
be reduced if the tests were performed in parallel. In this case, both populations are exposed to the 
same conditions. Nonetheless, it is still necessary to perform the step described in 5.2.3.

NOTE 3 This is important to ensure that the comparative test is performed under all relevant conditions; it also 
helps to pinpoint dependencies of performance differences on issues with robustness to certain environmental 
conditions, i.e. one population of equipment being more sensitive to certain environmental conditions than the 
other.

5.2.4� Determination�o��required�sample�sizes

Based on the performance requirements set for each metric selected in 5.2.3, the entity responsible 
for the de�inition of the speci�ic examination framework shall determine the sample sizes required 
to provide statistically signi�icant measurements based on the respective formulas for discrete and 
continuous systems in Annex C. The required sample sizes shall be documented for each examination 
test in the speci�ic examination framework.

5.2.5 Selection of methods for generating charging input and reference data

For each examination test in the speci�ic examination framework that requires speci�ic charging input 
to be generated, the responsible entity shall document which identi�ied option for the generation of 
the charging input shall be used (see 5.4). Where reference data are required for the calculation of 
the metric within a speci�ic examination test, the method of generating the reference data shall be 
documented in the examination test.

As a reference for the de�inition of the methods for generating input data, an analysis of different data 
sources that can be used for that generation are identi�ied in 5.3.

5.2.6 Determination of test routes and trips

For each selected examination test in the speci�ic examination framework that requires the generation 
of speci�ic charging input, the responsible entity shall determine and document the test route of the 
charged network which shall be used to generate the representative trips.

NOTE 1 As indicated in 5.2.3, particular care is to be taken to ensure that the selected test routes of the 
charged network are chosen to meet the required test environment conditions.
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NOTE 2 In cases where the test vehicles are not under control of the test, this step is still useful and necessary: 
it helps in the selection of suitable test vehicles, which are expected to drive as much as possible on the subset of 
the charged network. Additionally, it can be necessary to prepare the OBE for the test, e.g. generating geo-data 
de�ining the subset of the charged network and loading those data into the front end (FE).

NOTE 3 Such an approach can be mainly suitable for the evaluation phase due to the use of the dedicated 
probe vehicles following the prede�ined path.

5.2.7� Definition�o��measurement�time�period

For each selected examination test, or a set of tests in the speci�ic examination framework, a relevant 
measurement time period shall be determined by the responsible entity. The extent of this period shall 
re�lect all the relevant aspects of the tests for which the periods are to be de�ined, i.e.:

� different phases (evaluation/monitoring);

� environments;

� required measurement data size.

5.2.8� Documentation�o��the�specific�examination��ramework

By following the process de�ined in 5.2.2 to 5.2.7, the entity responsible for the de�inition of the speci�ic 
evaluation framework will have fully de�ined and documented the selected examination tests within its 
speci�ic examination framework. A template for the documentation of examination tests is provided in 
Annex A and examples can be found in Annex E.

5.3 Sources of data

The selection of the methods for generating input data is very much constrained by the availability of 
the different data sources that can be of very different natures, depending on:

� the different phases (evaluation/monitoring);

� the type of system (discrete/continuous);

� the available technologies (e.g. DSRC, GNSS, ANPR).

The de�inition of metrics generally involves the comparison of measured system values to expected 
values. Therefore, their computation requires both the outputs of the charging system under test and 
reference data that represent those expected values. The establishment of expected values is the most 
complex task as it requires either an independent system that has to provide expected values, or a 
concise statistical analysis applied to a suf�iciently large data set, or in most cases both (see Annex C).

Data from the system under test need to be acquired at the different interfaces for which metrics are 
established including:

� outputs from FE (charge reports);

� outputs from TSP back end (TSP-BE) (toll declarations and user account);

� outputs from TC back end (TC-BE) (billing details and payment claims).

The following sources of data are identi�ied.

a) The operational charging system, for the provision of the charges computed by the system being 
compared to the reference system. These references can be obtained by any of the means described 
in the following items.

b) The operational enforcement system.
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c) Independent detection systems (e.g. roadside cameras, a second toll charging system or other 
records) that allow the determination that a vehicle has or has not passed through a particular 
road segment.

d) Simulated OBEs and FEs (to feed the BE) that allow the analysis of the capabilities of the back-of�ice 
system, using the known (simulated) data generated by those OBEs as a reference.

e) Reference systems installed in vehicles (e.g. highly accurate positioning system based on GNSS + 
inertial measurement unit, odometer, etc.).

f) Dedicated probe vehicles. Depending on the type of metric to be computed (in particular if it 
refers to discrete or continuous systems), two types of approach can be used to �ind the detailed 
trajectory (and hence the charge due) of these probe vehicles:

1) known routes: the reference data is known through the speci�ication of these routes. This is 
only applicable to discrete systems since continuous systems require a detailed knowledge of 
the actual trajectory followed;

2) use of reference systems as described in item e).

g) Data from OBE testing based on the use of GNSS signal simulators or DSRC simulators, for example.

NOTE Data inputs directly linked to the use of OBE are applicable to the toll schemes based on technologies 
requiring the use of OBE.

The potential use of these data for the different cases considered is summarized in Table 2 (valid for 
both discrete and continuous systems).

Table�2���Identification�o��where�di��erent�sources�o��data�can�be�used

Identifier Source of data

Valid for

Phase Scheme type

Evaluation Monitoring Discrete Continuous

A
Operational 

charging system
As far as available Yes Yes Yes

B
Operational 
enforcement

As far as available Yes Yes Yes

C
Independent 

detection systems
Yes Yes Yes Yes

D
Simulated OBE 

and FE
Yes Yes Yes Yes

E
Reference 

systems installed 
in vehicles

Yes Yes Yes Yes

F
Dedicated probe 

vehicles
Yes Yes Yes Yes

G
Data from OBE 

testing
Yes Yes Yes Yes

Figure 2 and Figure 3 analyse the metrics de�ined in each level, taking into consideration the following 
points:

� what are the performance drivers, i.e. the key elements of the system that affects the performances?

� what key data (identi�ier from Table 2) are required for the metrics' computation?
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NOTE Key data refers to an identi�ier from Table 2.

Figure 2 � Applicability of different sources of data to different charging metrics for 
autonomous systems, both discrete and continuous
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NOTE Key data refers to an identi�ier from Table 2.

Figure 3 � Applicability of different sources of data to different charging metrics for DSRC-
based systems

As a result of this analysis, it can be derived that the two groups of metrics require very different data 
and methodologies. 

� Charge reports and/or toll declaration metrics require speci�ic data to determine a reference, which 
makes the process complex.

� Billing details, payment claims, user account and E2E metrics can be derived from the charge 
report/toll declaration metrics and can include additional data that can be easily simulated.

This implies that a major complexity is required for the de�inition of the examination framework at 
charge report/toll declaration level.

5.4 Methods of generating charging input

5.4.1 General

The decisions for either one method or a combination of methods for generating charging input shall 
take into account the advantages and disadvantages of the respective examination methods. Particular 
attention shall be paid to:

� the number of OBE under test (and what kind of variation of OBE is necessary);

� the number of toll objects versus the number of different toll objects examined;

� cost vs. bene�it;

� statistical signi�icance.

Table 3 gives an overview of the methods of generating charging input within the toll scheme. In 
Table 4, a subset of those methods are ordered according to whether the vehicle generating the input 
is an SU vehicle (UVR), the driver of which is not even necessarily aware that they are participating 
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in performance measurements, or a rather perhaps a dedicated probe vehicle (PV). The meaning of 
�prede�ined routes� and �reference system� are described in the following clauses.

Table 3 � Overview of methods for generating charging input

Name Description
Source of data 

(5.3)
Identifier��or 

later reference
Subclause

Probe 
vehicles (PV)

Controlled/dedicated vehicles on 
either prede�ined routes (PVP) or 
in relation to a reference system 
(PVR)

A, B, C, E, F

PVP 
(for prede�ined routes)

PVR 
(for reference system)

5.4.2 and 5.4.3

SU 
vehicles
(UVR)

SUs vehicles in relation to a refer-
ence system

A, B, C, E UVR 5.4.3

Compliance 
checking (CC)

Controlled/dedicated vehicles or 
SU vehicles at known spots where 
compliance checking takes places

A, B

CCD (for DSRC system 
information)

CCA (for ANPR system 
information)

5.4.3.2

Simulated 
OBE/FE

Simulators used to generate 
charge object detections

A, D SO 5.4.3

Dedicated 
OBE testing

White box OBE testing G DO 5.4.5

Table 4 � Overview of methods for generating charging input by vehicles using the toll scheme

 Type of vehicle used to generate data

Probe vehicle SU vehicle

Prede�ined routes PVP not applicable

Reference system 
(one or more of CCD, CCA, PR, IS, 
GPP); see 5.4.3

PVR UVR

5.4.2� Predefined�routes�(identifier:��PVP�)

Testing charging performance using prede�ined routes is widely used in many toll schemes. Test 
routes are set up to sample realistic and challenging road conditions, in order to evaluate the charging 
performances of the whole system, which includes the operation of OBE (if applicable), RSE, back of�ices, 
etc. Owing to the nature of this set-up, prede�ined routes are only applied for vehicles under the control 
of the organization responsible for the performance measurements (�probe vehicles�).

The routes shall be designed to be representative of the real toll domain. They will sample a driver�s 
overall driving behaviour in combination with occasional complex geographical features and conditions 
expected to challenge the technologies. The probe vehicles, which could consist of dedicated vehicles 
and volunteer vehicles, will undertake a variety of speci�ic manoeuvres/test routes designed to test 
different aspects of the system. The distance of the routes shall be of suf�icient length and the vehicle 
may drive repeatedly a number of times to ensure that the test results are statistically signi�icant. This 
can potentially require statistically signi�icant time (e.g. a period of weeks or months).

NOTE If performances of the OBE of autonomous systems are to be compared (the proposed method is not 
valid for continuous measurements), all of the OBE can be installed in one single test vehicle. Variations caused 
by external conditions and driving patterns are thereby reduced (the OBE could also be �itted in several different 
vehicles for testing). However, when comparing the performance of DSRC OBE in a "real" environment, ideally 
only one OBE will be installed per test vehicle.

Although the paths of the test vehicles are known by de�inition, they shall be supported by a GNSS 
reference to account for the fact that even for prede�ined routes, deviations can occur, and these need to 
be veri�ied later on.
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5.4.3� Re�erence�system�(used�in�combination�with�identifiers: �PVR��and��UVR�)

5.4.3.1 General

A reference system is de�ined as a setup where a reliable reference is generated with regard to the toll 
due of vehicles in question. The vehicles can either be under the control of the organization responsible 
for the performance measurements (PVR) or vehicles of SUs (UVR).

NOTE 1 �UVR� also refers to cases where the tolling service is not yet operational, but data can already be 
obtained from customers of a TSP.

NOTE 2 This reference can be obtained in a two-step process where �irst, a reference position or track is 
generated, and then, based on this position or track, the toll reference data necessary for the respective test is 
generated.

In the following subclauses, methods for establishing a reliable reference are described.

5.4.3.2� Re�erence�system:�Comparison�with�a�compliance�checking�system�(identifiers:��CCD��
and��CCA�)

In order to evaluate the charging accuracy of a toll scheme, DSRC transactions (CCD) or ANPR detections 
(CCA) from compliance checking infrastructure can be used as reference for comparison of the 
performance of the OBE. This assumes that such a comparison between an OBE passing a compliance 
checking gantry and the same OBE passing a �nearby� charge object can be made in a meaningful 
way. This procedure compares the detected charge object with the actual charge object. It enables a 
signi�icant number of spot checks for all passing vehicles at all times.

The measurement basis of this method is the comparison of events (from DSRC compliance checks or 
ANPR compliance checks, or both) detected from gantries with (one or more) closely positioned charge 
objects and ful�illing certain other criteria. A corresponding charging report is searched in a certain 
time window around every enforcement event contained in the sampled SU vehicle.

CCD and CCA will not have a detection accuracy of 100 %, so the reference of passing SUs will not be 
complete. However, this does not limit the use of this method. The subset of detected vehicles can be 
used as the population for which charging performance is determined.

NOTE Real-time comparison of DSRC transactions in the abovementioned way makes it possible to 
continuously monitor the toll scheme performance in real-time. It also provides a low-cost option in terms of 
personnel required.

5.4.3.3� Re�erence�system:�Positioning�re�erence�system�(identifier:��PR�)

Vehicles (either probe vehicles or SU vehicles) shall be equipped with a positioning reference system. 
This can either be a commercially-available positioning system or a high-accuracy positioning system. 
For UVR, SU vehicles shall be acquired and consent provided, taking into consideration data protection 
laws and special contracts signed. An incentive scheme can be necessary.

EXAMPLE The vehicles could be equipped with high-performance GNSS receiver terminals, such as 
differential or kinematic GNSS for positioning, supplemented by an inertial measurement unit (IMU). This would 
achieve high accurate measurement of distance. FEs under evaluation will be installed by a TSP (TSP).

The vehicles can either run repeatedly on prede�ined routes or at random, in such a way that is typical 
for tolled vehicles. The data generated by these vehicles will be reported to a central back of�ice 
(possibly through all of the computations and interfaces to the billing information, in order to mirror 
the end-to-end process), analysed and compared with data generated by the reference position and/or 
distance as measured by the equipment in the vehicle.

Charge events are designed for the toll schemes. Reliable detection of the occurrence of certain events 
can be assessed as one of the key performance indicators (KPIs) for the system. The accuracy of 
continuous charging (time, distance) can be assessed between discrete charging events.
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5.4.3.4� Re�erence�system:�Independent�re�erence�system�(identifier:��IS�)

It is possible to compare events from an independent system against the output from the system under 
test. Examples of such independent systems are the manual analysis of passing traf�ic, use of a second 
toll charging system (which can be already in place), or other records.

A second toll charging system is especially relevant for tests of new (discrete) interoperable toll systems 
or the introduction of new technology, which is then compared with an established system. The key 
issue with this method is the identi�ication of the charge-liable vehicles from passing traf�ic or the 
recording of charges liable with a second system. The reliability of the independent reference system 
has to be established, along with a procedure for reconciliation of charging/non-charging events when 
there is a difference between the IS and the system under test.

The method is similar to the comparison with a compliance-checking system, but it can potentially use 
alternative traf�ic monitoring infrastructure not installed speci�ically for the toll scheme.

5.4.3.5� Re�erence�system:�GNSS�path�post-processing�(identifier:��GPP�)

GNSS path post-processing is de�ined as a setup where a reference is generated from route analysis of 
the vehicle in question. The vehicles can either be under the control of the organization responsible for 
the performance measurements (PVR) or vehicles of SUs (UVR).

The method is based on the analysis of GNSS-based vehicle tracks, which allow positioning and tracking 
of a single or multiple vehicles, mapping their location onto charging objects along with the routes 
travelled and their detailed historical analysis. The mapping of GNSS tracks onto charge objects is 
performed by a system independent from the EFC OBE.

NOTE The GNSS tracks can be obtained from the EFC OBE itself.

5.4.4� Simulated�OBE/FE�(identifier:��SO�)

Simulators/emulators can be used to generate simulated charge object detections from the FE of the 
TSP (charge reports) or TC (ANPR / DSRC transaction reports). This method can be used in one of two 
ways:

a) evaluation of charge report generation for a given GNSS path;

b) generation of reference charging input for the evaluation of metrics for toll declaration, payment 
claims, user account and end-to-end.

NOTE 1 In order to also cover toll schemes using an ANPR technology, for the purpose of vehicle identi�ication, 
the licence plate number (LPN) serves as an identi�ication element similar to an OBE.

Depending on the sophistication of the simulators, it can be possible to simulate operational charging 
performance under certain de�ined conditions.

NOTE 2 An example of the possible application of such a method could be the suitability for use tests in 
European electronic toll service (EETS).

5.4.5� Dedicated�OBE�testing�(identifier:��DO�)

While �black box testing� (i.e. testing based only on the information available in the �public� interfaces) 
is intended as the main mechanism for the de�inition of the examination tests described in Clause 7, it 
is anticipated that some metrics, especially those involving very high or very low probabilities would 
require a huge sample size that can make �black box testing� unfeasible due to the high cost and long 
schedule required.

In those cases, alternative testing methods are required and dedicated OBE testing (�white box testing") 
is one of those alternative methods. In this method, either simulated inputs are injected to the OBE and/
or internal data are analysed. This sort of analysis is potentially technology-dependent and, therefore, 
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can require knowledge of the OBE design. As such, they cannot be de�ined a priori and therefore, they 
require a special procedure to be agreed between the TSP and the OBE supplier.

Dedicated OBE testing can involve the use of GNSS signal simulators (if no other position technology 
is integrated within the OBE) to simulate demanding environment conditions, as well as to provide 
positional data input for the OBE under test.

A more detailed description of alternative methods to the one described in Clause 7, including dedicated 
OBE testing, is proposed in Annex D.

While the departure from the black box testing approach makes it all but impossible to provide input 
for reliable comparison, methods like this are widely used and expected to gain even more importance 
in the future. If used with care, dedicated OBE testing could provide valuable insight which would be 
hard to obtain otherwise. In evaluating the results, the nonlinear system behaviour shall be taken into 
account (e.g. barely or not quite receiving the signal of the fourth GNSS satellite, resulting in good or no 
position data).

6 Charging performance metrics

6.1 General

Charging performance metrics can be applied at different levels of the processing chain, from the 
lowest level where the basic charging information is measured, to the �inal computation of charging 
information to be provided to TCs and SUs.

Metrics are also de�ined for information transmitted through standardized interfaces, including those 
de�ined at an overall toll scheme level. Such metrics are called end-to-end metrics.

Figure 4 � EFC architecture and interfaces
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In accordance with ISO 17573-1 and ISO 17573-3:�1), and with the associated interface documents 
ISO 12855 and ISO 14906, metrics shall be based on the following charging information exchanges in 
correspondence with the interfaces indicated in Figure 4:

� charge reports as transmitted from the FE to the TSP-BE and �inally included in charge reports 
provided to the TC (ISO 12855);

� charging identi�ication and transfer of charging information as exchanged between the OBE and the 
RSE for DSRC systems (ISO 14906);

� toll declarations as transmitted from the TSP to the TC for autonomous systems (ISO 12855:2022, 
5.2.7);

� billing details as transmitted from the TC to the TSP (ISO 12855:2022, 5.2.8);

� payment claims transmitted from the TC to the TSP (ISO 12855:2022, 5.2.9).

Payment claims form the basis for toll statements/invoices as transmitted in the interface between TSP 
and the SU (user account).

Charging metrics de�ined at the level of charge reports and toll declarations focus on the ability of the 
TSP front end (TSP-FE) and associated TSP back end (TSP-BE) functions to correctly detect and report 
charging events. Charging metrics de�ined at the level of billing details and payment claims focus 
on the TC's ability to correctly determine the charges incurred by SUs based on the toll declarations 
received. Charging metrics de�ined at the level of usage statements/invoices cover the overall 
charging performance for an individual SU, which include other capabilities of the complete system 
(communications reliability, infrastructure availability, etc.).

In addition to the metrics that can be de�ined at the level of interfaces, it is often common practice 
to de�ine metrics which measure the overall charging performance in a toll scheme, in particular for 
procurements of toll schemes where the roles of TC and TSP are provided by a single entity; these are 
de�ined as end-to-end metrics in this document. In toll schemes where the roles of TC and TSP are 
performed by different entities then the end-to-end metrics measure the combined performance of the 
TC and TSP.

For the purposes of this document, charging performance metrics are de�ined for the seven levels below 
and are independently presented in this clause.

� Charge report metrics (6.3).

� Toll declaration metrics (6.4).

� Billing details metrics (6.5).

� Payment claim metrics (6.6).

� Exception list metrics (6.7).

� User account metrics (6.8).

� End-to-end metrics (6.9).

The charging metrics de�ined in each subclause are not intended to be mutually exclusive and the 
decision as to which charging metrics to use is out of the scope of this document.

The remainder of this clause covers the following:

� the applicability of the de�ined charging metrics for the roles of TC and TSP for the three identi�ied 
scheme types (6.10);

1)  Under preparation. Stage at the time of publication: ISO/FDIS 17573-3:2023.

  
  

18

DIN CEN ISO/TS 37444:2023-09 

Full document details: DIN CEN ISO/TS 37444:2023-09

http://www.avadocuments.com/doc/din-cen-iso-ts-37444-2023-09
http://www.avadocuments.com/doc/din-cen-iso-ts-37444-2023-09


ISO/TS 37444:2023(E)

� the provision of tables for the selection of charging metrics and associated examination tests for the 
roles of TC and TSP for each identi�ied scheme type (6.11).

Figure 5 shows the hierarchy of charging metrics as listed above and illustrates how the discrete and 
continuous nature of toll schemes have an impact on the metrics that can be de�ined for a particular 
scheme under consideration.

Figure 5 � Charging metrics hierarchy

For the purposes of this document, it is assumed that metrics de�ined at a level of billing details or 
higher are independent of whether the toll scheme is continuous or discrete and it is only metrics that 
are de�ined at the toll declaration or charge report level that are dependent on the scheme type.

Figure 6 presents �ive different examples for de�ining options for measuring charging metrics in a 
particular toll scheme.

a) Measurement of charging performance at each information interface independently from each 
other (with reference to the outcome of the previous stage). This is applicable for both discrete and 
autonomous systems.

b) Measurement of charging performance at each information interface between TSP and TC. This is 
most applicable to autonomous systems.

c) Measurement of charging performance of the TC at the billing detail and payment claim levels, 
independently from the performance of the TSP for allocating charges to user accounts. This is only 
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recommended for scenarios where the TC is responsible for the usage evidence (e.g. tolling systems 
using DSRC or ANPR technology to obtain the usage evidence). Otherwise, the performance cannot 
be attributed to a single responsible entity.

d) Measurement of charging performance of the TC at the payment claim level, independently from 
the performance of the TSP for allocating charges to user accounts. This is only recommended for 
scenarios where the TC is responsible for the usage evidence (e.g. tolling systems using DSRC or 
ANPR technology to obtain the usage evidence) and where there is no aggregation of billing details 
within payment claims.

e) Measurement of end-to-end charging performance of the whole toll scheme. This measurement 
represents the SU�s perception. It can further be recommended if all charging functions are 
performed by the same monolithic entity.

Figure 6 � Charging metrics mapping to toll scheme implementations

The reference value for the measurement is an important issue. Each black �illed circle represents the 
reference value for performance evaluation for the next stage (to the right).

The actual presence of a vehicle cannot be taken as a reference for performance measurement because 
it is �unknown�. For every performance metric which involves comparison to the �real world�, a 
tangible reference (�usage evidence�) needs to be de�ined. This is the record generated to monitor the 
performance (CCTV, loop detection, manual auditor log �ile, enforcement record, etc.).

6.2� Metric�identification

The metric's unique identi�iers are de�ined in the following manner: CM-xxx-aa

where:

a) CM signi�ies �charging metrics�;

NOTE This is to allow distinctions in case of expansion to other performance metrics.
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b) xxx identi�ies the level of the metric:

1) �DTD�, signi�ies �Toll declaration/Charge report� for discrete systems,

2) �CTD�, signi�ies �Toll declaration/Charge report� for continuous systems,

3) �DCR�, signi�ies �Charge report� for discrete systems,

4) �CCR�, signi�ies �Charge report� for continuous systems;

c) aa identi�ies the unique number within the level.

6.3 Charge report metrics

6.3.1 General

Charging metrics, de�ined at the level of charge reports generated by the FE, assess charging 
performance at the level of the contents of individual charge reports for autonomous systems.

NOTE 1 These metrics are used to measure the ability of the TC to correctly detect charging events in 
autonomous systems.

Charge report metrics may be used to evaluate whole charging events as detected by the FE (e.g. 
prede�ined charge objects and road sections), or the raw usage data as de�ined in ISO 12855 (see usage 
evidence in Figure 6), e.g. GNSS positioning data.

NOTE 2 Although the scope of charge report metrics for usage evidence is at the level of the technology-
speci�ic sensors, the de�inition provided within this document re�lects an overall principle rather than speci�ic 
sensors' data measurements. As such, it is considered as technology-independent.

NOTE 3 Further usage evidence metrics for assessment of GNSS-based positioning data are de�ined in 
EN 16803-1.

NOTE 4 For examples of examination and assessment tests for raw usage data in autonomous systems, see EN 
16803-2.

6.3.2 Metrics relevant for all schemes

Table 5 provides details of the metrics that have been de�ined for charge reports that are common for 
both discrete and continuous charging schemes.

Table 5 � Common charge report metrics

Metric ID Metric name Description Definition

CM-CR-1 CR � Correct charge 
report generation

Metric that measures the 
correctness of the genera-
tion of charge reports.

This metric de�ines the 
probability that a charge 
report is correctly gener-
ated.

CM-CR-2 CR � Incorrect charge 
report generation rate

Metric that measures the 
incorrectness of the gener-
ation of charge reports.

This metric de�ines the 
probability that a charge 
report is incorrectly gen-
erated.

CM-CR-3 CR � Charge report 
latency

Metric that measures the 
average latency in genera-
tion of charge reports.

The average time it takes 
between a charge object 
detection and the time the 
charge report is created/
received by the TSP.
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Metric ID Metric name Description Definition

CM-CR-4 CR � TSP-FE charge 
parameter change rate

Metric that measures the 
ability of FEs to correctly 
detect charge parameter 
change.

This metric de�ines the 
probability that the FE 
properly detects any 
de�ined charge-relevant 
event that takes place.

CM-CR-5 CR � TSP-FE false positive 
rate

Metric that measures the 
ability of TSP-FEs to avoid 
false positives.

For vehicles not using the 
infrastructure subject to a 
charge, this metric de�ines 
the probability that for 
any prede�ined charge 
object detection the FE 
improperly detects it.

CM-CR-6 CR� Usage evidence 
availability

Metric that measures the 
relative amount of time 
for which an input sensor 
provides usage evidence.

This metric measures 
the relative amount of 
time that an input sensor 
delivers raw usage data 
for detection of individual 
charging events.

CM-CR-7 CR� Usage evidence 
integrity

Metric that measures the 
quality of the generated 
usage evidence.

This metric measures the 
quality of the raw usage 
data provided by the input 
sensors.

CM-CR-8 CR � Usage evidence 
time-to-�irst-�ix

Metric that measures the 
average time taken for an 
input sensor to be ready 
to start sending relevant 
usage evidence.

This metric de�ines the 
average time taken for an 
input sensor to be ready 
to start sending relevant 
usage evidence used for 
charging event detection.

6.3.3 Metrics only applicable to discrete schemes

Table 6 provides details of the metrics that have been de�ined as charge report metrics for discrete 
schemes.

Table 6 � Discrete scheme charge report metrics

Metric ID Metric name Description Definition

CM-DCR-1 DCR � Correct charging 
rate (Correct charge object 
detection recognition)

Metric that measures the 
correct recognition of 
charge object detections.

This metric de�ines the 
probability that for any 
prede�ined charge object 
detection that takes place, 
the corresponding entry 
in the respective charge 
report is correctly gener-
ated. �Prede�ined� may be 
de�ined by random meas-
urements of determined 
charge object detections.

Table 5 (continued)Table 5 (continued)
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