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2023(E)

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.

Thle procedures used to develop this document and those intended for its further majnte|
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scribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeed
ferent types of ISO documents should be noted. This document was drafted in accordanc
torial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ention is drawn to the possibility that some of the elements of this document may be the
fent rights. 1SO shall not be held responsible for identifying any or all such patent rights.
) patent rights identified during the development of the document wilkbe in the Introducti
the ISO list of patent declarations received (see www.iso.org/patents))

y trade name used in this document is information given for the convenience of users an

an explanation of the voluntary nature of standards, the meaning of ISO specific
bressions related to conformity assessment, as wellsas information about ISO's ad
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Thlis document was prepared by Technical Conimittee ISO/TC 204, Intelligent transport s
collaboration with the European Committee\for Standardization (CEN) Technical Committg
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Thiis firstedition cancels and replacesthe second editions ISO/TS 17444-1:2017 and ISO/TS 174

wh

Th

World Trade Organization (WTO) principles in“the Technical Barriers to Trade (
w.iso.org/iso/foreword.html.

B, Intelligent transport systems, in accordance with the Agreement on technical cooperatio}
and CEN (Vienna Agreement).

ich have been technically revised.
e main changes are as follows:
the resulting docurnent has been renumbered as ISO/TS 37444;
various editoriabchanges have been made to improve the readability of the text;

atechnolegy-neutral definition of metricsand examinationtestshasbeenapplied, whichals
supporf for tolling systems based on automatic number plate recognition (ANPR) techno

terminology and references to other documents have been updated.
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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 essentialto define metrics that measure the pprfnrmanp of the system in terms of computat

on

of charge
a useful t
during ac

In addition, to ensure the interoperability of different systems, it is necessary to agrée’on comny

metrics fd
these poiy

Instead, this document is defined as a toolbox standard of examination tests, with a method for defin

and docun
of examin|
context. (
document]
than usin

0.2 Charg

This docu
formulae,
electronid

These chd
technical
model. Th
box”. The
to a pre-n
componer|
ensures c

The metri
interoper
end-to-en

5, and that ensure that the potential resulting errors are acceptable. These metrics will
ol for establishing requirements for the systems and for examining the system capabilit]
eptance and throughout the operational life of the system.

r use and on the actual values that define the required acceptable performances. Howey
ts are not covered in this document.

henting a specific examination framework to meet specific needs. The detailed choice of the
ation tests within an examination framework depends on the application and the respect|
onformance to this document means using the definitions and-prescriptions laid out in t
whenever the respective system aspects are subjected to performance measurements, ratl
b other definitions and examination methods.

ing performance metrics

ment also defines a set of charging performahce metrics with definitions, principles 3
which together make up a reference framework for the establishment of requirements
fee collection (EFC) systems and their later-examination of the charging performance.

irging performance metrics are intended for use with any toll scheme, regardless of
inderpinnings, system architecture; tariff structure, geographical coverage or organizatio
ey are defined to treat technicaldetails that can differ between technologies as a “blg
p focus solely on the outcome’ of the charging process, i.e. the amount charged in relat
heasured or theoretically carrect amount, rather than intermediate variables from varic
ts as sensors, such as positioning accuracy, signal range or optical resolution. This appro4
pmparable results for-each metric in all relevant situations.

cs are designed to cover the information exchanged on the front-end (FE) interface and
hbility interfae€s between toll service providers (TSPs) and TCs, as well as information on
d level.

Metrics f

— char

the following information exchanges are defined:

réports (including usage evidence);

be
ies
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— toll declarations;

— billing details and associated event data;

— payment claims on the level of user accounts;

— excep

tion lists;

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

The proposed metrics are specifically addressed to protect the interests of the actors in a toll system,
such as TSPs, TCs and SUs. They can be used to define requirements (e.g. for requests for proposals) and
for performance assessments.

Vi
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Toll schemes take on various forms as identified in ISO 17573-1 and ISO 12855. In order to create a
uniform performance metric specification, 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: aroad section, bypass, bridge, tunnel, mountain pass or even a ferr]y, charged
per passage.

EXAMPLE1  Most tolled bridges belong to this category.

—| Closed road charging: a fixed amount is charged for a certain combination 0f 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 specified rdad Tinks, whether or nat they are
used in their entirety.

EXAMPLE3  Heavy goods vehicle (HGV) charge in Germanys

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

EXAMPLE4  Congestion and infrastructure charging schemes in Stockholm and Gothenburg ($weden).

The following are examples of continuous toll sechemes.

—| Charging based on direct distance measurement: defined as an amount per km driven.

EXAMPLES5  HGV charge in Switzerland and US basic vehicle miles-travelled toll systems concé¢pts.

—| Charging based on direct distahce measurement in different tariff zones or road typejs: defined
as an amount per km driven; with different tariffs applying in different zones or on diff¢rent 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 opgration, or
alternatively, by the time the vehicle has been present inside a predefined zone.

In pll of these toll schemes, tolls can additionally vary as a function of vehicle class characterigtics (such

as [trailer presence, number of axles, taxation class and operating function) and depending pn time of

day oryday of week, such that, for example, tariffs are higher in rush hour and lower on weekegnds.

With this degree of complexity, it is not surprising to find 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 identification 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 identifies the examples mentioned
above.

© 1S0 2023 - All rights reserved vii
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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
Cumulativ_e distance charge Continuous Area pricing — distance
Chargingyt)r cumulative distance in different zones (or Continuous Area pricing — distance
by road tyjpe)

0.3 Examjination framework

The examjination framework that is defined in this document is designed for measuring the metr
defined ip Clause 6. The general aim is to achieve a maximum comparability and reproducibil
of the reqults without restricting the technological choices in system design/Specific examinat
frameworks can be defined for the evaluation and monitoring phases of a projéect'due to the differen
in the avajlability of equipped vehicles.

a) Evalyation phase

The evalyation phase encompasses system evaluation and selection, as well as commissioning 3
ramp-up during implementation. Important aspects of this phasée.are:

— relatiyely small sample sizes; and
— well-dontrolled behaviour of test vehicles.

b) Monitoring phase

ics
ity
on
Ces

nd

After the [system has gone into operation, itsbehaviour needs to be monitored for several reasons,

such as fipe-tuning of the system performange; monitoring of service level agreements (SLAs) betwg
contractupl partners (supplier, TC, TSP, ‘etc.). In this phase, the following system aspects can
expected:

— very large sample sizes possible;but with unknown behaviour of the vehicles;
— in pripciple all measurements from implementation phase possible, too.
0.4 Readér's guide

To undergtand the_¢ountent of this document, the reader should be aware of the methodology 3
assumptigns usedto’develop the examination framework; therefore, a suggested reading order is giy
below.

en
be

nd
ren

on

a) Annex“B) provides details of the underlying considerations for developing the examinat

framework.

b) Annex C provides background statistical information which will enable the reader to determine

sample sizes and confidence limits based on the defined performance requirements.

c) Clause 5 provides the definition of the examination framework for the evaluation of charging

performance.

d) Clause 6 provides definitions 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
the identified scheme types.

for

viil © IS0 2023 - All rights reserved
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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 specific examination frameworks which have been developed in
accordance with the methodology in 5.2.

© 1S0 2023 - All rights reserved ix
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TECHNICAL SPECIFICATION ISO/TS 37444:2023(E)
Electronic fee collection — Charging performance
framework
v e et sy ‘-;‘: P€ oFahRece—1e O—bt—4HSea—6atd ‘: Re—evardation or on-

ng monitoring of an electronic fee collection (EFC) system and the examination framewgrk for the
mgasurement of these metrics.
It $pecifies a method for the specification and documentation of a specific examination ffamework
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).
Thijis document defines measurements only on standardizedjnterfaces.
Thiis document defines metrics for the charging performance of EFC systems in terms of the level of
erffors associated with charging computation.
Thijis document describes a set of metrics with definitions, principles and formulations, which together
mgke up a reference framework for the establishment of requirements for EFC systemp and the
subsequent examination of charging performance.
Thijis document defines metrics for the folowing information exchanges:
—| charge reports (including usage évidence);
—| toll declarations;
—| exception lists;
—| billing details and“@ssociated event data;
—| payment claims on the level of service user accounts;
— | end-to<end metrics which assess the overall performance of the charging process.
Thesemeétrics focus solely on the outcome of the charging process, i.e. the amount charged in relation
to jacpre-measured or theoretically correct amount, rather than intermediate variables from various

co

ensures comparable results for each metric in all relevant situations.

Th

©lI

e following aspects are outside the scope of this document.

" 1 L. . . 1 P 1 1 P La nh P h
ITPOTIIETICS a5 STITSOTS, SUTIT dS POUSIUIOIIIITE dCCUT dCy, SIgITdl TdITgE O OpUICTdl TESUIUTION. TS approac

Definition of specific numeric performance bounds, or average or worst-case error bounds in

percentage or monetary units.

Specification ofa common reference system which would be required for comparison of performance

between systems.

Measurements on proprietary interfaces.

SO 2023 - All rights reserved
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2

NOTE It is not possible to define standardized metrics on such system properties. Neither is it possible
to define 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, filtering, inferring of data
and the robustness of the charge object recognition algorithms.

Th 1 3 £ 1] FEpga | £ £ 4+ 1 | dolls | P | t
e VdAIUudliulIl U tITCT TAPTLITU PTTTUTHIAILT Ul d Sy STUIIT DASTU UL IHNTUUTTIITS dIIU TTITASUTTU U a

from h trial at another place.

Normative references

The folloywing documents are referred to in the text in such a way that some or atl.of their content
constitutgs 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) appli

ISO

charging

3

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

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

3.1

absolute fharging error

D

S.

12855:2022, Electronic fee collection — Information exchange between Service provision and {oll

Terms and definitions

ISO Opline browsing platform: available at https://fwww.iso.org/obp

IEC Electropedia: available at https://www.&lectropedia.org/

differencq between the measured chafge’(toll) value and the actual value as measured by a reference

system where a positive error meamns'that the measurement exceeds the actual value

[SOURCE:|ISO/TS 17573-2:2020,3:1]

3.2

accepted|charging errérjinterval

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

correct chiarging

[SOURCE:|ISO/T§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]

© IS0 2023 - All rights reserved
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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
eveént occurring within a tolling system, that is relevant for charge calculation, such 4s changg of vehicle
cafegory, 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
spe¢cific calculations used to describe the charging pesformance of a system

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

3.10

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

[SQURCE: ISO/TS 17573-2:2020,.3.50, modified — EXAMPLE removed.]

311
daga analysis
pafameter estimationand inference based on samples (3.24)

3.12

digcrete toll scheme

tol"l scheme where the charge is calculated based on distinct events associated with the identification of
chqrge objects (3.5) such as crossing a cordon, passing a bridge and being present in an area

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

[SOURCE: ISO/TS 17573-2:2020, 3.62, modified — 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

©1S0 2023 - All rights reserved 3
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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 predefined coverage
probabili 3 of the true value

3.17
missed r¢cognition
usage of a|charge object (3.5) that is not recorded by the system

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

Note 1 to eptry: This can be used to observe metrics during operation.
[SOURCE:|ISO/TS 17573-2:2020, 3.120, modified — 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
paymenticlaim
statemeny made available to the payer by the payee'to justify the amount due

Note 1 to eptry: The statement can include the coneluded billing detail (3.4).
[SOURCE:|ISO/TS 17573-2:2020, 3.133]

3.21
populatigon
totality oflitems under consideration

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

3.22
relative dhargingerror
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 defined 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 framework
particular instance of a set of examination tests defined by an entity to determine the performance of
specific 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]

3.37

toll charger

en
[SC
3.1

ity which levies toll for the use of vehicles in a toll domain
URCE: ISO/TS 17573-2:2020, 3.194]
8

toll declaration

stg
[S(
3.7

tement to declare the usage of a given toll service to a toll charger (3:27)
URCE: ISO/TS 17573-2:2020, 1.199]
9

toll service provider

en
[S(
3.1

ity providing toll services in one or more toll domains
URCE: ISO/TS 17573-2:2020, 3.206]
0

toll service user

cu
dr

[S(
3.1

trip

pa
[SC
3.3
sit

[S(

stomer of a toll service provider (3.29), i.exone liable for toll, owner of the vehicle, fleet o
ver depending on the context

URCE: ISO/TS 17573-2:2020, 3.207}
1

-t of the space-time trajectory of a vehicle within a toll domain
URCE: ISO/TS 17573-2:2020, 3.220]
2

unidercharging

hation wherethe calculated charge is below the accepted charging error interval (3.2)

URCE;ISO/TS 17573-2:2020, 3.225]

3.3

3

perator or

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 specific service provision

[SOURCE: ISO/TS 17573-2:2020, 3.229]

©lI

SO 2023 - All rights reserved


https://standardsiso.com/api/?name=bf39ec27a2c6bd94080b6b309a525ad6

ISO/TS 37444:2023(E)

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 comphiancecheekingdeteetionstsing PSREsystems
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 communicatiens
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 glebal 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

REI; 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 vehigle

5 [ Examination framework

5.1 General

Thiis clause:

5.2 Method for defining a specific examination framework

defimes>the process that should be followed to define a specific examination framework for a
particular purpose (5.2);

charging metrics (5.3);

A | daofiaiis £l £ Adoto tlo ot 1. d ]l H 43 £ ot 1 h
PTUVIUCTS AUCTIITUUITUTTHIT S OUT LTS UTUAtda TTTIAt TAIT DT USTU U y TITIT T AAIIITIITIATIUITI TES TS TU LA cu ate t e

provides the definitions of the methods of generating charging input referenced in the examination
tests defined in Clause 7 (5.4).

5.2.1 General

Figure 1 provides an overview of the process that should be followed to define a specific 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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Select metrics to be evaluated

\

Select environment conditions
(representative/challenging)

v

Define performance requirements to be achieved for selected
metrics

\

Determine sample size based on performance requirements
for selected metrics

\

Selection of methods for generating charging input and
reference charges

\

Determination of test routes / sub-set of charged network for
generating representative trips

\

Definition of measurement time period

\

Documentation of the specific examination framework

Figure 1 — Method for defining a specific examination framework

5.2.2 Selection of metrics to be evaluated

The entity responsible for the definition of the specific 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 of environmental conditions and performance requirements

The entity responsible for the definition of the specific 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.

NOTE1 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 im
chose these parameters and their values with care to ensure that tests are performed id full
sefs of conditions (or at least the most probable ones) while keeping the number of necessary
mipimum.

N

behaviour for worst-case scenarios in the operational environment. Due to the nonlinéar dependenc

pet
in

Th
sel

In
ex
be
sa

NOTE 3
hellps to pinpoint dependencies of performance differences on issues with robustness to certain env
ditions, i.e. one population of equipment being'more sensitive to certain environmental conditiops than the

co
otH

5.2

Ba
forn
to

continuous systems in Annex C. The required sample sizes shall be documented for each ex

teq

5.2

Fo
to
thg
th

E2 Assessments of charging metrics in a challenging environment are typicdlly used to

formance on the environmental conditions, it is difficult to transpose measuredperformance lev¢
perational systems.

e environmental conditions and associated performance requirements to be met for ed
ected should be documented in each examination test within the'specific examination frar

cases where comparative testing is chosen (e.g. a new.population of OBE is introducsg

sting tolling system), the influence of the environmental‘conditions on the comparison reg

reduced if the tests were performed in parallel. In this case, both populations are expo
e conditions. Nonetheless, it is still necessary to perform the step described in 5.2.3.

This isimportant to ensure that the comparative test is performed under all relevant condit

er.

4 Determination of required sample sizes

ed on the performance requirements set for each metric selected in 5.2.3, the entity r¢
the definition of the speCific examination framework shall determine the sample sizes
provide statistically significant measurements based on the respective formulas for dis

t in the specific examination framework.

.5 Selection'of methods for generating charging input and reference data

" each examination test in the specific examination framework that requires specific char
be generated, the responsible entity shall document which identified option for the gen
charging input shall be used (see 5.4). Where reference data are required for the calg

bortant to
y realistic
teststoa

determine
e of system
b]s to those

ch metric
nework.

d into an
ults could
sed to the

ons; italso
ronmental

b sponsible

required
crete and
hmination

ping input
eration of
ulation of

metric within a specific examination test, the method of generating the reference dat

shall be

documented in the examination test.

As a reference for the definition of the methods for generating input data, an analysis of different data
sources that can be used for that generation are identified in 5.3.

5.2.6 Determination of test routes and trips

For each selected examination test in the specific examination framework that requires the generation
of specific 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.

NO

TE1

charged network are chosen to meet the required test environment conditions.
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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

e subset of the charged network and loading those data into the front end (FE).

Such an approach can be mainly suitable for the evaluation phase due to the use of the dedicated
probe vehicles following the predefined path.

5.2.7 Definition of measurement time period

For each
measuren
reflect all

— differ
— envir

— requi

528 D

lent time p hall be determined by the responsible entity. The extent of this periodsh
the relevant aspects of the tests for which the periods are to be defined, i.e.:

ent phases (evaluation/monitoring);
bnments;

Fed measurement data size.

pcumentation of the specific examination framework

By following the process defined in 5.2.2 to 5.2.7, the entity responsible for the definition of the spec
evaluation framework will have fully defined and documented the sele¢ted examination tests within
specific eyamination framework. A template for the documentatiofy of examination tests is provided
Annex A and examples can be found in Annex E.

5.3 Sou

The select
the differs

— the different phases (evaluation/monitoring);

— thety]
— the ay|

The defin
values. Th
reference
complex f]
concise st

Data fronj
establishd

— outpu

rces of data

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

pe of system (discrete/continuous);
ailable technologies (e.g. DSRC, GNSS, ANPR).

tion of metrics generally involves the comparison of measured system values to expec!
erefore, their compuitation requires both the outputs of the charging system under test g
data that represenf-those expected values. The establishment of expected values is the m

htistical analysis applied to a sufficiently large data set, or in most cases both (see Annex G

the system under test need to be acquired at the different interfaces for which metrics
d including:

tsfrom FE (charge reports);

fic
its

of

ed
nd
st

sk as it requires’ either an independent system that has to provide expected values, or a

).

ire

— 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 identified.

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.

10
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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.

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

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

Dedicated probe vehicles. Depending on the type of metric to be computed (in particular if it

the actual trajectory followed;

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

refers to discrete or continuous systems), two types of approach can be used to findthie detailed
trajectory (and hence the charge due) of these probe vehicles:

1) known routes: the reference data is known through the specification of thesé routgs. This is
only applicable to discrete systems since continuous systems require a detailed knqwledge of

Data from OBE testing based on the use of GNSS signal simulators:0’DSRC simulators, for example.

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

Th
bo

Table 2 — Identification of where different sources of data can be used

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

Valid for
Identifier Source of data Phase Scheme type
Evaluation Monitoring Discrete Continuous
A Opgratlonal As far as available Yes Yes Ves
charging system
B Operatiqupl As far as available Yes Yes Ves
enforcement
C Indt.ependent Yes Yes Yes Nes
detection systems
D pimulated OBE Yes Yes Yes Nes
and FE
Reference
E systems installed Yes Yes Yes Yes
in vehicles
F Dedlcat_ed probe Yes Yes Yes Ves
vehicles
G Data fro.m OBE Yes Yes Yes Yes
testing

Figure 2 and Figure 3 analyse the metrics defined in each level, taking into consideration the following

po

ints:

— whatare the performance drivers, i.e. the key elements of the system that affects the performances?

— what key data (identifier from Table 2) are required for the metrics' computation?

©lI
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NOTE

12

Performance Metric
. Key data Categor
driver level y gory
FE+TSP-BE
+ TC-BE End-to-end A+D+E+F
FE+TSP-BE
+ TC-BE User account A+D+E+F
Back-end-related:
FE+TSP-BE . ICT-driven
+ TC-BE Payment claims A+D+E+F
FE+TSP-BE - .
+ TC-BE Billing details A+D+E+F
FE+TSP-BE Toll declarations A+B+C+D+E+F
Front-end-related:
FE Charge reports A+B+C+D+E+F+G GNSS-technology-driven

Key data refers to an identifier from Table 2.

Figure 2 — Applicability of different sources of data to different charging metrics for
autonomous systems, both discrete and continuous

© IS0 2023 - All rights reserved
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Performance Metric
. Key data Categor
driver level y gory
OBE/RSE
+ TSP-BE End-to-end A+D+E+F
+ TC-BE
OBE/RSE
+ TSP-BE User account A+D+E+F
+TC-BE Back end related:
ICT (Information and
| | Communicatrions Technology)
OBE/RSE Driven
+ TSP-BE Payment claims A+D+E+F
+ TC-BE
OBE/RSE
+ TSP-BE Billing details A+D+E+F
+ TC-BE
[ |
DSRC/ANPR ]
OBE/RSE event data/Toll A+B+C+D+E+F Front end (FE) related:
! OBE/RSE technology driven
declaration

NOTE Key data refers to an identifier from Table 2.

As|a result of this analysis, it can be derived-that the two groups of metrics require very diff

anfl methodologies.

—| Charge reports and/or toll declaration metrics require specific data to determine a refere
makes the process complex.

—| Billing details, payment glaims, user account and E2E metrics can be derived from t
report/toll declaration-metrics and can include additional data that can be easily simula]

Thiis implies that a major complexity is required for the definition of the examination frar

charge report/toll déclaration level.

5.4 Methodsiof generating charging input

5.4.1 General

Figure 3 — Applicability of different sources of data to different charging metrics fos
based.systems

' DSRC-

brent data
hce, which
he charge

ed.

nework at

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. benefit;

— statistical significance.

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

© IS0 2023 - All rights reserved
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in performance measurements, or a rather perhaps a dedicated probe vehicle (PV). The meaning of
“predefined routes” and “reference system” are described in the following clauses.

Table 3 — Overview of methods for generating charging input

R Source of data Identifier for
Name Description Subclause
(5.3) later reference
Controlled/dedicated vehicles on (f q 1:;VP q )
i i or predefined routes
Probe falther p_redefmed routes (PVP) or A B,CE,F p 54.2 and 5.4.3
vehicles (PV) |in relation to a reference system PVR = T
(PVR) (for reference system)

SU . . .
vehiclds SUs vehicles in relation to a refer- A B CE UVR !
ence system

(UVR]
CCD (for DSRC system
C . Controlled/dedicated vehicles or information)
ompliafice |y yohicles at k h AB 5.4.3.2
checking [CC) vehicles at known spots where , ‘ 4.3.
i compliance checking takes places CCA (for ANPR system
information)
Simulatpd |Simulators used to generate
OBE/FE charge object detections AD N 5.4.3
Dedicatpd . .
OBE testfng 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¥ehicle used to generate data

Probe vehicle SU vehicle

Predefinedl routes PVR not applicable

Referencelsystem
(one or mqre of CCD, CCA, PR, IS, PVR UVR
GPP); see $.4.3

5.4.2 Predefined routes (identifier: “PVP”)

Testing charging performance_usihg predefined routes is widely used in many toll schemes. Test
routes arg set up to sample realistic and challenging road conditions, in order to evaluate the chargjng
performances of the whole system, which includes the operation of OBE (if applicable), RSE, back offides,
etc. Owing to the naturesof this set-up, predefined routes are only applied for vehicles under the contjrol
of the organization respensible for the performance measurements (“probe vehicles”).

The routess shall be designed to be representative of the real toll domain. They will sample a drivégr’s
overall drjvingdbehaviour in combination with occasional complex geographical features and conditigns
expected fo challenge the technologles The probe Vehlcles which could consist of dedlcated vehidles
and volu i lerta ]
different aspects of the system The dlstance of the routes shall be of sufficient length and the vehicle
may drive repeatedly a number of times to ensure that the test results are statistically significant. This
can potentially require statistically significant 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 fitted 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 definition, they shall be supported by a GNSS
reference to account for the fact that even for predefined routes, deviations can occur, and these need to
be verified later on.
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5.4.3 Reference system (used in combination with identifiers: “PVR” and “UVR”)

5.4.3.1 General

A reference system is defined 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).

NOTE1 “UVR” also refers to cases where the tolling service is not yet operational, but data can already be
obtained from customers of a TSP.

or track is
tive test is

NOTE 2  This reference can be obtained in a two-step process where first, a reference positionh
gerjerated, and then, based on this position or track, the toll reference data necessary for the respeqd
generated.

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

5.4
an

In

(C

pe
ch
wd
sig
Th
AN

d

.3.2 Reference system: Comparison with a compliance checking syStem (identifiers
“CCA")

brder to evaluate the charging accuracy of a toll scheme, DSRC transactions (CCD) or ANPR
[A) from compliance checking infrastructure can be used as.reference for comparis
rformance of the OBE. This assumes that such a comparisond bétween an OBE passing a c
ecking gantry and the same OBE passing a “nearby” charge object can be made in a n
y. This procedure compares the detected charge object‘with the actual charge object. It
nificant number of spot checks for all passing vehiclesat all times.

e measurement basis of this method is the comparison of events (from DSRC compliance
PR compliance checks, or both) detected fromgantries with (one or more) closely position
ects and fulfilling certain other criteria. A@orresponding charging report is searched in

ob
ti

e window around every enforcement event contained in the sampled SU vehicle.

CCP and CCA will not have a detection\accuracy of 100 %, so the reference of passing SUs {

co
us

NO|

plete. However, this does not limit-the use of this method. The subset of detected vehic
bd as the population for which charging performance is determined.

TE

conjtinuously monitor the toll seheme performance in real-time. It also provides a low-cost option

pel

5.4
Ve

Thiis can either be a commercially-available positioning system or a high-accuracy positioni

Fo
lav

sonnel required.

.3.3 Referencesystem: Positioning reference system (identifier: “PR”)

: “CCD”

letections
on of the
bmpliance
eaningful
enables a

checks or
ed charge
a certain

vill not be
les can be

Real-time comparisen.'of DSRC transactions in the abovementioned way makes it possible to

n terms of

hicles (either<probe vehicles or SU vehicles) shall be equipped with a positioning referen

- UVR,'SU vehicles shall be acquired and consent provided, taking into consideration data
Vs afid’special contracts signed. An incentive scheme can be necessary.

EX

differential or kinema

tic GNSS for positioning, supplemente by an inertial measurement unit (IMU

fe system.
g system.
brotection

s, such as

)- 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 predefined 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 office
(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 Reference system: Independent reference 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 traffic, 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 identification of the charge-liable vehicles from passing traffic or the
recording of charges liable with a second system. The reliability of the independent reference system

has to be pstablishedalongwith a procedure for reconcilintionofchargina/mon-charging eventsaahen

................. T STt

there is a flifference between the IS and the system under test.

The methgd is similar to the comparison with a compliance-checking system, but it can poteftially yise
alternative traffic monitoring infrastructure not installed specifically for the toll scheme.

5.4.3.5 Reference system: GNSS path post-processing (identifier: “GPP")

GNSS path post-processing is defined as a setup where a reference is generated\from route analysig of
the vehiclg in question. The vehicles can either be under the control of the organization responsible for
the perforimance measurements (PVR) or vehicles of SUs (UVR).

The meth¢d is based on the analysis of GNSS-based vehicle tracks, which allow positioning and tracking
of a singlg¢ or multiple vehicles, mapping their location onto charging objects along with the roufes
travelled pnd their detailed historical analysis. The mapping of ‘GNSS tracks onto charge objectq is
performedl by a system independent from the EFC OBE.

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

5.4.4 Simulated OBE/FE (identifier: “S0”)

Simulatorf/emulators can be used to generate $imulated 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) evaluption of charge report generadtion for a given GNSS path;

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

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

Depending on the sophistication of the simulators, it can be possible to simulate operational chargjng
performance undercertain defined conditions.

NOTE 2 |An"example of the possible application of such a method could be the suitability for use testq in
European ¢léctronic toll service (EETS).

5.4.5 Dedicated OBE testing (identifier: “D0”)

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 definition 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 defined 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
in
ha
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po

6

6.

Ch
loyj
inf
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1 General

reliable comparison, methods like this are widely used and expected to gain even moreir]
the future. If used with care, dedicated OBE testing could provide valuable insight which
d to obtain otherwise. In evaluating the results, the nonlinear system behaviour shalt'be
ount (e.g. barely or not quite receiving the signal of the fourth GNSS satellite, resulting in §
Sition data).

Charging performance metrics

hrging performance metrics can be applied at different l€yvels of the processing chain,
vest level where the basic charging information is measured, to the final computation o
prmation to be provided to TCs and SUs.

trics are also defined for information transmitted.through standardized interfaces, inclu
ined at an overall toll scheme level. Such metrics@re called end-to-end metrics.
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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 finally included in charge reports
provided to the TC (ISO 12855);

— charging identification 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 12855:20

22,

5.2.7)}

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

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

Payment ¢

laims form the basis for toll statements/invoices as transmitted in the intefface between 1

and the SU (user account).

Charging
TSP front
charging
on the TC
received.
charging
(commun

metrics defined at the level of charge reports and toll declarations-focus on the ability of
end (TSP-FE) and associated TSP back end (TSP-BE) functions to‘Cerrectly detect and rep
pvents. Charging metrics defined at the level of billing details:and payment claims fo
s ability to correctly determine the charges incurred by SUs based on the toll declaratic
Charging metrics defined at the level of usage statements/invoices cover the ovetl
berformance for an individual SU, which include other tapabilities of the complete syst
cations reliability, infrastructure availability, etc.).

In additi
to define
procure

to the metrics that can be defined at the levél of interfaces, it is often common pract
etrics which measure the overall charging performance in a toll scheme, in particular
nts of toll schemes where the roles of TC:ald TSP are provided by a single entity; these

defined a$ end-to-end metrics in this document, Iin*toll schemes where the roles of TC and TSP
performedl by different entities then the end-to-énd metrics measure the combined performance of

TCand T

For the puy
and are in

— Charg
— Tolld
— Billin
— Paym

— Excep

P.

rposes of this document, charging’ performance metrics are defined for the seven levels bel
dependently presented in this.clause.

e report metrics (6.3).
bclaration metrics (6:4).
b details metrics)(6.5).
ent claim-meétrics (6.6).

tion list metrics (6.7).

— User 4

jccount metrics (6.8).

SP
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— End-to-end metrics (6.9).

The charging metrics defined in each subclause are not intended to be mutually exclusive and the

decision a

s 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 defined charging metrics for the roles of TC and TSP for the three identified
scheme types (6.10);

1) Under

18
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— the provision of tables for the selection of charging metrics and associated examination tests for the
roles of TC and TSP for each identified 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 defined for a particular
scheme under consideration.

End to end charging metrics

A

User account charging metrics

A

Payment claim charging metrics

A

Billing details metrics

A

technology-independent metrics

technology-dependent/metrics

Toll declaration metrics Toll declaration metrics
A A
Charge report metrics Charge report metrics
Continuous

Discrete'schemes
schemes

technology-independent metrics

Charge report metrics

Figure 5 — Charging metrics hierarchy

Fol the purposes of this document, it is assumed that metrics defined 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
ar¢ defined at the toll declaration or charge report level that are dependent on the scheme type.

Figure 6 presents five different examples for defining 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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d)

The

reference|value forperformance evaluation for the next stage (to the right).

The
it is

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.

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.

Measurement of end-to-end r‘harging pnrfnrmanr‘p of the whole toll scheme. This measurement

repregents the SU’s perception. It can further be recommended if all charging functions~are
performed by the same monolithic entity.

Autonomous systems only

I Charge | ] b

ge ol ayment

Usqge / report ISO /—P declaration Blllslg]glg;;asﬂ claim ISO Usc&}zlra?czou)nt
| 17575 I/ 1SO 12855 / 12855 gels
L

® >® >® @ >® @ 1)
Service provider charge Service provider toll Toll charger billing Toll charger payment Service provider

report interface declaration interface detail interface claim interface charges to user
accounts

»
¢ »® »® »® e 2
Service provider

charges to user
accounts

Service provider toll Toll charger billing Toll charger payment
declaration interface detail interface clatmtinterface

® @ »® @ 3
Toll charger billing detail Toll charger payment Service provider

interface claim interface charges to user
accounts

Toll charger paymeént

L7 Service provider
claim interface

charges to user
accounts

E2E charges to user accounts

Figure 6 — Charging metrics mapping to toll scheme implementations

refer¢nce value forthe measurement is an important issue. Each black filled circle represents the

actual presence of a vehicle cannot be taken as a reference for performance measurement becayse
“unkinewn”. For every performance metric which involves comparison to the “real world’ a

tangible reference (“ncngp Pvidpnrp") needs to be defined. This is the record gpnprnfpd to monitor

he

performance (CCTV, loop detection, manual auditor log file, enforcement record, etc.).

6.2 Metric identification

The metric's unique identifiers are defined in the following manner: CM-xxx-aa
where:

a) CM signifies “charging metrics”;

NOTE This is to allow distinctions in case of expansion to other performance metrics.
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b) xxxidentifies the level of the metric:
1) “DTD” signifies “Toll declaration/Charge report” for discrete systems,
2) “CTD” signifies “Toll declaration/Charge report” for continuous systems,
3) “DCR”, signifies “Charge report” for discrete systems,
4) “CCR”, signifies “Charge report” for continuous systems;

c) aaidentifies the unique number within the level.

:2023(E)

Charge report metrics

6.3.1 General

Chprging metrics, defined at the level of charge reports generated by the FE, assess

pefformance at the level of the contents of individual charge reports for autonomous systems.

NOTE1 These metrics are used to measure the ability of the TC to catrhectly detect charging
aufonomous systems.

Chprge report metrics may be used to evaluate whole charging)events as detected by th
predefined charge objects and road sections), or the raw usage'data as defined in ISO 12855
evldence in Figure 6), e.g. GNSS positioning data.

NOTE 2  Although the scope of charge report metrics forutsage evidence is at the level of the 4
spécific sensors, the definition provided within this document reflects an overall principle rather th
senjsors' data measurements. As such, it is considered as‘technology-independent.

charging

events in

e FE (e.g.
[see usage

echnology-
an specific

NOTE 3  Further usage evidence metrics for-assessment of GNSS-based positioning data are |defined in
EN[16803-1.
NOTE 4  For examples of examination and-assessment tests for raw usage data in autonomous systgms, see EN
16803-2
6.3.2 Metrics relevant for allschemes
Table 5 provides details of the metrics that have been defined for charge reports that are cgmmon for
both discrete and continuious charging schemes.
Table 5 — Common charge report metrics
MetricID Metric name Description Definitipn
CM-CR-1 CR — Correct charge Metric that measures the |This metric defipes the
report generation correctness of the genera- |probability that § charge
tion of charge reports. report is correctly gener-
ated.
CM-CR-2 CR — Incorrect charge Metric that measures the |This metric defines the
report generation rate incorrectness of the gener- | probability that a charge
ation of charge reports. reportis incorrectly gen-
erated.
CM-CR-3 CR — Charge report Metric that measures the |The average time it takes
latency average latency in genera- |between a charge object
tion of charge reports. detection and the time the
charge reportis created/
received by the TSP.

© IS0 2023 - All rights reserved
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Table 5 (continued)
Metric ID Metric name Description Definition
CM-CR-4 CR — TSP-FE charge Metric that measures the |This metric defines the
parameter change rate ability of FEs to correctly |probability that the FE
detect charge parameter |properly detects any
change. defined charge-relevant
event that takes place.
CM-CR-5 CR — TSP-FE false positive| Metric that measures the |For vehicles not using the
rate ability of TSP-FEs to avoid |infrastructure subjectto a
false-pesitives: charge-this-metriedefines
the probability that for
any predefined charge
object detection the FE
improperly detects it.
CM-CR-6 CR— Usage evidence Metric that measures the |This metricimeasures
availability relative amount of time the relative amount of
for which an input sensor |time that an input sensor
provides usage evidence. |delivers raw usage data
fon detection of individugl
charging events.
CM-CR-7 CR— Usage evidence Metric that measures the: |This metric measures the
integrity quality of the generated quality of the raw usage
usage evidence, data provided by the inpjut
Sensors.
CM-CR-8 CR — Usage evidence Metric thatmeasures the |This metric defines the
time-to-first-fix average time taken for an |average time taken for aph
input sénsor to be ready  |input sensor to be ready
to start sending relevant |to start sending relevant
usage evidence. usage evidence used for
charging event detectior].

6.3.3 Metrics only applicable to discrete schemes

Table 6 provides details of the metrics that have been defined as charge report metrics for discr

schemes.

Table-6 = Discrete scheme charge report metrics

pte

Metric ID

Metric name

Description

Definition

CM-DCR-1

DCR — Correct charging

detection recognition)

rate (Correct charge object

Metric that measures the
correct recognition of
charge object detections.

This metric defines the
probability that for any
predefined charge object
detection that takes plag
the corresponding entry
in the respective charge
reportis correctly genert

o

ated. “Predefined” may be
defined by random meas-
urements of determined
charge object detections.

22
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(Incorrect false positive
charge object detection)

Table 6 (continued)
Metric ID Metric name Description Definition
CM-DCR-2 DCR — Incorrect charge |Metric that measures the |This metric defines the
object detection incorrect (charging data) |probability that for any
recognition of charge ob- |predefined charge object
ject detections. Charging |detection that takes place,
event is correctly gener-  |an entry in the respective
ated, but entry contains charge report is incor-
incorrect data. rectly generated. “Prede-
fined” may be defined by
random measurg¢ments of
determined chatge object
detections.
CNI-DCR-3 DCR — Missed charge Metric that measures the |This metric defines the
object detection missed recognition of probability that for any
charge object detections. |predefined charge object
detection, an entlry in the
respective charge report is
not generated.
CM-DCR-4 DCR — Overcharging rate |Metric that measureés the |For vehicles not yising the

incorrect (false positives)
recognition.of charge
object detections.

infrastructure, this metric
defines the probability
that for any predefined
charge object detection,
an additional enfry in the
respective charge report
is generated (“Fdlse posi-
tive”).

6.3.4 Metrics applicable to continuous schemes

Table 7 provides details of the metrics.that have been defined as charge report metrics for continuous

schiemes.
Table 7% Continuous scheme charge report metrics
Metric ID Metric name Description Definitipn
CM-CCR-1 CCR — Correct charging |Metric that measures the |This metric defines the

rate

level of "Acceptable charg-
ing" from the perspec-
tive of TCs in continuous
systems.

probability that for any
set of representdtive trips
travelled by a vehicle and
during a certain jperiod of
time, the averagg relative
charging error (ARCE) is
within the accepfed charg-
ing error interval.

It measures the probabil-
ity that the relative error
in the charge computation
is within acceptable limits
to protect the interest of
both the TC and the SU.

© IS0 2023 - All rights reserved

23


https://standardsiso.com/api/?name=bf39ec27a2c6bd94080b6b309a525ad6

ISO/TS 37444:2023(E)

Table 7 (continued)
Metric ID Metric name Description Definition

CM-CCR-2 CCR — Overcharging rate |Metric that measures the |This metric defines the

level of unacceptable over- |probability that for any

charging at the SU level in |single predefined repre-

continuous systems. sentative trip, the relative
charging error (RCE) is
above the upper bound
of the accepted charging
error interval.
It measures the probabilli-
ty that the relativeerror{in
the charge computation |s
larger than an a¢ceptable
limit. Protecting the intgr-
est of the.SU (i.e. avoiding
excessiveovercharging)
requires this probability
to"be below a very small
value.

CM-CCR-3 CCR — Accuracy of Metric that measures the, |The average and standard
distance/time accuracy of distance/time |deviation of the relative
measurement measurement by FEs: distance or time error of

a set of representative
trips travelled by a vehicle
during a certain period of
time.
6.4 Toll] declaration metrics
6.4.1 General
Charging |metrics defined at the level of toll' declarations generated by the TSP assess the charging
performance at the level of the contents of individual toll declarations and are only applicable [for
autonomojus systems.
Due to thg substantial difference between discrete and continuous systems as far as the natures of the
potential charging errors are concerned, different metrics are defined for different types of systems.
Thus, the following groups.of metrics are identified:
— metrifs that are applicable to all schemes including both continuous and discrete ones;
— metrifs that ateonly applicable to discrete systems;
— metrifs thatare applicable to continuous systems that, as mentioned in the introduction, can also
include’some discrete behaviour (e.g. price per km, depending on the type of road).

The following subclauses identify metrics for each of these three defined groups.

6.4.2 Metrics relevant for all schemes

Table 8 provides details of the metrics that have been defined for toll declaration that are common for
both discrete and continuous charging schemes.

24
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rate

Metric ID Metric name Description Definition
CM-TD-1 TD — Correct toll Metric that measures the |This metric defines the
declaration generation correctness of the genera- |probability that a toll
rate tion of toll declarations. declaration is correctly
generated.
CM-TD-2 TD — Incorrect toll Metric that measures the |This metric defines the
declaration generation incorrectness of the gener- | probability that a toll
rate ation of toll declarations. |declaration is incorrectly
I SCIITI atcd. I
CNI-TD-3 TD — Late toll Metric that measures This metric defi;hes the
declaration rate the overall level of late proportienoftoll declara-
toll declarations withina |tions received by the TC in
charging scheme, i.e. the |a defin€d period|where the
proportion of toll decla- time’between the charge
rations that are received |Object detection pnd the
later than the defined pe<{~jreceipt of the asqociated
riod for the delay between |toll declaration if greater
charge object detections |than the defined|period for
and toll declaratiemnsto the charging schpme.
be received in acharging
scheme.
CNI-TD-4 TD — TSP Charge Metric that measures This metric defifes the
parameter change rate the ability of a TSP to probability that for any
correctly detect charge predefined charge-rel-
parameter change to avoid |evant event thattakes
undercharging. place, the TSP prioperly
detects it.
CM-TD-5 TD — TSP False positive |Metric that measures the |For vehicles not fising the

ability of a TSP to avoid
false positives in toll dec-
larations.

infrastructure, this metric
defines the probability
that for any defined charge
object detection,|the TSP
improperly dete¢ts it
during the creation of toll
declarations.

6.4.3 Metrics only applicable to discrete schemes
Table 9 provides détails of the metrics that have been defined for toll declaration metrics fdr discrete
schhemes.
NOTE The following metrics can be applied to both the systems of TCs and TSPs.
Table 9 — Discrete scheme toll declaration metrics
Metric ID Metric name Description Definition
CM-DTD-1 DTD — Correct charging |Metric that measures the |This metric defines the

rate (correct charge object
detection recognition)

correct recognition of
charge object detections.

probability that for any
predefined charge object
detection that is recorded,
the corresponding toll
declaration is correctly
generated.

“Predefined” may be
defined by random meas-
urements of determined
charge object detections.

© IS0 2023 - All rights reserved
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Table 9 (continued)
Metric ID Metric name Description Definition
CM-DTD-2 DTD — Incorrect charge |Metric that measures the |This metric defines the
object detection incorrect (charging data) |probability that for any

recognition of charge ob- |predefined charge object
ject detections (charging |detection thatis recorded,
data). arespective toll declara-
tion is incorrectly gener-
ated (the incorrect data is
not detected).

This happens when a
charging event is correctly
dCLCLLCL‘l, ‘ULIL LllC LU]‘l L‘IC\,'
laration contains incorrect | “Predefined” may be
data. defined by randont meas
urements of detertnined
charge object.detections|

CM-DTD-3 DTD — Missed charge Metric that measures the |This metric\defines the
object detection missed recognition of probability that for any
charge object detections. |predéfined charge object
defection, an entry in the
kespective toll declaratign
is not generated.

This happens when either
a charge object detection
is not detected, or a chatge
report is generated but

is not included in the'toll

declaration.

CM-DTD-4 DTD — Overcharging rate |Metric that measures the |For vehicles not using the
(incorrect false positive incorrect (false positives) |infrastructure, this mettic
charge object detection) |recognition of charge defines the probability

objectdetections. that for any predefined

charge object detection, pn
additional entry in the r¢-
spective toll declarationlis
generated (false positive).

6.4.4 I‘Ttrics applicable to continuous schemes

Table 10 provides details of the metrics-that have been defined for toll declaration metrics for continugus
schemes.
Table 18/=— Continuous scheme toll declaration metrics
Metric ID Metric name Description Definition
CM-CTD-] CTD — Correct charging |Metric that measures This metric defines the
rate the level of "acceptable probability that for any
charging" in continuous set of representative trips
systems. travelled by a vehicle angl
during a certain period qf

fimao tho ADCE ic vzithin
...... e e S W

the accepted charging
error interval.

It measures the probabil-
ity that the relative error
in the charge computation
is within acceptable limits
to protect the interest of
both the TC and the SU.
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Metric ID

Metric name

Description

Definition

CM-CTD-2

CTD — Overcharging rate

Metric that measures the
level of unacceptable over-
charging in continuous
systems.

This metric defines the
probability that for any
single predefined repre-
sentative trip, the RCE is
above the upper bound
of the accepted charging
error interval.

ttrreasuresthe [I)I‘Obabili-
ty that the relatiye error in
the charge(compptation is
larger thanyan adceptable
limityProtecting|the inter-
est of'the SU (i.e.Javoiding
excessive overchiarging)
requires that thip prob-
ability be below a very
small value.

CM-CTD-3

CTD — Accuracy of
distance/time
measurement

Metric that measures the
accuracy of distance/time
measurement at'the toll
declaratignvinterface.

The average and|standard
deviation of the relative
distance or timeferror of
a set of represengative
trips travelled by a vehicle
during a certain period of
time.

6.5 Billing details metrics

Billing details metrics measure the charging\performance at the level of the billing details ¢xchanged
between the TC and TSP. Depending on'the level of aggregation within a charging scheme, these
cap directly relate to line items within-usage statements and can relate to individual chapge object

detections, individual trips or chargés incurred for a defined toll declaration period.

NOTE 1

conrectly detect charge events,

NO[TE 2

chgcking, these metricsccan’be applicable to the TSP.

Table 11 providegdetails of the metrics that have been defined as billing details metrics.

Table 11 — Billing details metrics

In discrete schemes, the billing details metrics can be used to measure the performance ¢f the TC to

In charging schemes where billing details are originated by the TSP and forwarded to[the TC for

Metric ID

Metric name

Description

Definitipn

CI\II-BD-l

BD — Correct charging

Metric that measures the

This metric defines the

Idic

£1 -1 A
COTTTCLIIESS UT DTG Uc=

tails produced by the TC.

probabitity thattor any
given billing detail, the
ARCE is within the accept-
ed charging error interval.

It measures the probabil-
ity that the relative error
in the billing details used
for invoicing is within a
defined limit to protect
the interest of both the TC
and the SU.
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Table 11 (continued)

Metric ID

Metric name

Description

Definition

CM-BD-2

BD — Overcharging rate

Metric that measures the
level of overcharging in

billing details produced by

the TC.

This metric defines the
probability that for any
given billing detail, the
ARCE is above the accept-
ed charging error interval.

It measures the probabil-
ity that the relative error

ill L}lC ‘Ulllllls dCLdilD Llll.i'
mately used for invoicing
is above a defined limit.
Protecting the interest
of the SU (i.eqavoiding
excessive oyefcharging)
requiregjthat this prob-
ability be’below a very
small value.

CM-BD-3

BD — Undercharging rate

Metric that measures the
level of undercharging in

billing details producedby

the TC.

This metric defines the
probability that for any
given billing detail, the
ARCE is below the acceptf
ed charging error interval.

—_—

CM-BD-4

BD — Incorrect charging
rate

Metric that measures the
processing ofincorrect
billing details.

This happens when a
charge object is correctly
detéected, but the charge
report, toll declaration or
usage data contains incor-
rect data.

This metric defines the

probability that for any

predefined charge objec
detection that is recorde
arespective billing deta
isincorrectly generated
(the incorrect data are npt
detected).

—&

“Predefined” may be
defined by random meag
urements of determined
charge object detections|

CM-BD-5

BD — Laten¢cy — TC

Metric that measures the
performance (time delay)
of the TC in generating
billing details.

The average time it takes
between a toll declaratign
being received by the TC
and the time the associa
ed billing detail is created/
sent by the TC.

Most relevant for au-
tonomous systems (toll
declarations are solely
generated by a TSP).

CM-BD-6

BD — [ ate billing details

Metricthat measuresthe

This metric defines the

rate

overall level of late billing
details within a charging
scheme, i.e. the propor-
tion of billing details that
are received later than
the defined period for the
delay between charge ob-
ject detections and billing
details to be received in a
charging scheme.

proportion of billing de-
tails received by the TSP in
a defined period where the
time between the charge
object detection and the
receipt of the associated
billing detail is greater
than the defined period for
the charging scheme.

Most relevant for infra-
structure-based systems.
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details rate

Table 11 (continued)
Metric ID Metric name Description Definition
CM-BD-7 BD — Rejected billing Metric that measures This metric defines the
details rate the level of billing details |ratio of correctly rejected
rejected by the TSP in rela- |billing details in relation
tion to the total number of |to the total number of bill-
sent billing details. ing details received in the
— measurement period.

A rejection may result
from any failed check of
duLllCllLiLdLUl S, LUllfUl 1=
ance to tariff objects and
the plausibility of the re-
ceived billing details, etc.
by the TSP.

CM-BD-8 BD — Incorrectrejected |Metric that measures This’metric defifjes the

billing details rate the level of billing details |ratio of the incorfrectly
incorrectly rejected by the-jrejected billing details
TSP in relation to the total |in relation to theltotal
number of rejected billing |[number of rejected billing
details. details in the mepsure-
ment period.
CNI-BD-9 BD — Inferred billing Metric thatfteasures the |This metric defies the

level of inferred billing de-
tails in relation to the total
number of billing details.

Anyinferred billing detail is
derived by either calculat-
ing a charge object detec-
tion based on neighbour-
ing events or by analysing
video pictures.

ratio of inferred pilling de-
tails in relation to the total
number of billing details in
the measurement period.

6.6 Payment claim metrics

Payment claim metrics measuire the charging performance at the level of the payment claimp between
TCland TSP, at the level ofline items within usage statements. Depending on the level of aggregation
within a charging scheme, they can relate to individual billing details.

NOTE

chgcking, these metries can be applicable to the TSP.

Table 12 provides details of the metrics that have been defined for payment claim metrics.

Table 12 — Payment claim metrics

In charging'schemes where payment claims are originated by the TSP and forwarded to| the TC for

Metric ID

Metric name

Description

Definitipn

CM-PC-1

PC — Correct charging
rate

Metric that measures the
correctness of payment
claims produced by the TC.

This metric defines the
probability that for any
given payment claim, the
ARCE is within the accept-
ed charging error interval.

It measures the probabil-
ity that the relative error
in the payment claim used
for invoicing is within
defined limits to protect
the interest of both the TC
and the SU.
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Table 12 (continued)

Metric ID Metric name Description Definition

CM-PC-2 PC — Overcharging rate  |Metric that measures the |This metric defines the
level of overcharging in probability that for any
payment claims produced |given payment claim, the
by the TC. ARCE is above the accept-

ed charging error interval.
It measures the probabil-
ity that the relative error
ill L‘llC pdy ITICTIT leilll usSq d
for invoicing is above a
defined limit. Protécting
the interest of the/SU (i.g.
avoiding excessive over-
charging) réquires that
this probability be below a
very small value.

CM-PC-3 PC — Undercharging rate |Metric that measures the |This'metric defines the
level of undercharging in _|probability that for any
payment claims produced,{given payment claim, th{
by the TC. ARCE is below the accept-

ed charging error intervhl.

CM-PC-4 PC — Latency — TC Metric that meastices the |The average time it takes
performance (time delay) |between the approval
of the TC in generating for a billing detail being
payment claims. received by the TC and

the time the associated
payment claim is created/
sent by the TC.

CM-PC-5 PC — Late payment claims [Metric that measures This metric defines the
the overall level of late proportion of payment
payment claims withina |claims received by the
charging scheme, i.e. the |TSP in a defined period
proportion of charges where the time between
that appear later than the |the charge object detec-
defined period for charge |[tion and the receipt of thle
object detections to ap- associated payment claim
pear on user statements. |is greater than the defingd

period for the charging
scheme.

CM-PC-6 PC — Rejected payment Metric that measures the |This metric defines the

claim rate level of payment claims ratio of correctly rejected
rejected by the TSP in payment claims in relatipn
relation to the transmitted |to the total number of pdy-
payment claims. ment claims received in
the measurement period.

6.7 Exception list metrics

Exception list metrics do not measure the charging performance. They measure the correctness of
generation of the exception list. However, errors in the process of generating the exception list have a
negative effect on the performance of the overall toll charging.

EXAMPLE

SUs erroneously added to the exemption list are not expected to be charged for journeys made

after the exemption list has been distributed and approved. This can result in a toll income for the TC which is

below the expected level.

Table 13 provides details of the metrics that have been defined for exception list performance.

30
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Metric ID Metric name Description Definition
CM-EL-1 EL — Correct exception Metric that measures the |This metric defines
list generation rate correctness of the genera- |the probability that an
tion of the exception list. |exception listis correctly
generated.
CM-EL-2 EL— Incorrect exception |Metric that measures the |This metric defines the

list generation rate

incorrectness of the gener-
ation of the exception list.

probability that an ex-
ception listis incorrectly

PR |
scltlhattu.

IS 12855 defines various types of exception list. Depending on their applicability in the\indi

domain, the metrics CM-EL-1 and CM-EL-2 may be defined per type of exception list.

ISQ 12855 uses the following predefined types of exception lists: black list, whitélist, discou

wvidual toll

nt list, icc.

However, it also leaves room for toll domain specific extensions to other typesofiexception ligts.

6.8 User account metrics

Usgr account metrics measure the charging performance at the levehof the individual users gnd can be
related to the number of SU complaints related to charging received by the TSP.

Table 14 provides details of the metrics that have been definédfor user account metrics.

Table 14 — User account metrics

Metric ID Metric name Description Definitipn

CM-UA-1 UA — Correct charging Metric that measures the |This metric defipes the

rate level of successful charg- |probability thatJor any
ing at the individual user |set of representdtive trips
account level. travelled by a giyen SU
during the invoiding peri-
od the ARCE is within the
accepted charging error
interval.

CM-UA-2 UA = Overcharging rate |Metric that measures the |This metric defines the
level of overcharging at probability thatjor any
the individual user ac- set of representdtive trips
count level. travelled by a giyen SU

during the invoiding peri-
od the ARCE is above the
accepted charging error
interval.

CNI-UA-3 UA — Undercharging rate |Metric that measures the |This metric defipes the
level of undercharging probability thatJor any
at the individual user set of representdtive trips
account level. travelled by a given SU

during the invoicing peri-
od the ARCE is below the
accepted charging error
interval.

CM-UA-4 UA — Accurate application [ Metric that measures the |This metric defines the

of payments and refunds

accuracy of payments and
refunds to individual user
accounts.

probability that payment
transactions associated to
a user account are correct.

© IS0 2023 - All rights reserved
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personalization of OBE

Table 14 (continued)
Metric ID Metric name Description Definition
CM-UA-5 UA — Accurate Metric that measures the |This metric defines the

accuracy of the personali-
zation of charging relevant
parameters into OBE.

probability that the per-
sonalization for any set of
SUs during a time span, Ag,
is correct.

6.9 End-to-end metrics

End-to-end charging performance metrics are defined at a level which determines the overall charging
performance of a toll scheme across all interfaces on the overall system level for a group of SUst
Table 15 grovides details of the metrics that have been defined for end-to-end charging metrics.
Table 15 — End-to-end charging metrics
Metric ID Metric name Description Definition
CM-E2E-1 E2E — Correct charging  |Metric that measures the (}THis metric defines the
rate overall probability that probability that for any
SUs are correctly charged |set of representative trips
by a toll scheme. travelled by a set of SUs
during a time span, Ag, the
ARCE is within the accept-
ed charging error interval.
CM-E2E-2 E2E — Overcharging rate |Metric that measures the |This metric defines the
overall probability that probability that for any
SUsare overcharged by a |set of representative trips
toll’scheme. travelled by a set of SUs
during a time span, Aq, the
ARCE is above the accept-
ed charging error intervpl.
CM-E2E-3 E2E — Underchafgihg rate | Metric that measures the |This metric defines the
overall probability that probability that for any
SUs are undercharged by a |set of representative trigs
toll scheme. travelled by a set of SUs
during a time span, Ag, the
ARCE is below the accepft-
ed charging error intervpl.
CM-E2E-4 EZ2E — Late charging Metric that measures the |This metric defines the
overall level of late charg- |probability that for any
ing within a toll scheme, |[set of representative trigs
i.e. the proportion of travelled by a set of SUs
charges that appear later |during a time span, Aa,
than the defined period for|the charge object detec-
charge object detections |tions appear on the user
to appear on user state- statement [ater than the
ments. defined period for the
charging scheme.

6.10 Applicability of metrics scheme types

Table 16 defines the applicability of the defined charging metrics for the following types of toll schemes:

a) discrete toll scheme (DD) — TC with one or more toll TSPs;

b) autonomous discrete toll scheme (AD) — TC with one or more toll TSPs;

<)
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autonomous continuous toll scheme (AC) — TC with one or more toll TSPs.
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The entries in the "scheme type" column Table 16 have the following meaning when considering their
inclusion in the definition of a specific examination framework:

“Y” indicates that the metric is applicable;
— “0” indicates that this is an optional metric;

indicates that the metric is not applicable.

In addition, for each metric, the following pieces of information are provided.

d) rKey datarequirenrentts—data required to tatcutate tire mretrics
1) RD — Reference data;

2) UA — User account;

3) EL — Exception list;

4) PC — Payment claims;

5) BD — Billing details;

6) TD — Toll declarations;

7) CR — Charge reports;

8) CCR — Compliance check records.

e) | Evaluation — Charging input method options —=‘the applicable methods that can be used (see 5.4),
entries of PVR and UVR imply the use of one ,ormore of the reference identifiers: CCD, CLCA, PR, IS,
GPP.

f) | Monitoring — Charging input methodoptions — the applicable methods that can be used (see 5.4),
entries of PVR and UVR imply the use“of one or more of the reference identifiers: CCD, CLCA, PR, IS,
GPP.
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6.11 Charging metric selection tables

6.11.1 General

ISO/TS 37444:2023(E)

The entity responsible for the definition of the specific examination framework shall use the appropriate
table(s) from 6.11.2 to 6.11.4 to define, for each selected metric to be measured during an evaluation

and/or monitoring, the:

— charging input (CI) method to be used;

h— DC}C\,t;Ull Uflll;ll;lllulll’ lllaA;lllLllll aud tal sct \4 a}uc ‘I-.U bC Cl\.thVCd (DC}CL:;UII ;D baocd UIl thc ‘eSpeCthe
charge metric)
Thee completed table(s) shall form part of the documentation of the specific examinationframework.
6.11.2 Discrete
Table 17 should be used to define the examination tests to be performed-for a specific examination
frgmework in a discrete scheme.
Table 17 — Discrete — Metric selection table
Metric Evaluation Monitoring
Examina- CI . CI .
Metric ID tion test | meth- Min. {Target| Max. meth- Min. | Target | Max.
value'\rvalue |value value | valye |value
(subclause)| od od
CI\L-EZ.E-I E2E — Correct 799
chprging rate E—
Q\t-EZE-Z E2E — Overcharg- 723
ing rate —
g:n\t-EZEs E2E — Undercharg- 4
ing rate Y
_cn\t-EZE-zL E2E — Late charg- )
ing rate S
PI\t-UA-l UA — Correct charg- 796
ing rate B
CI\t-UA-Z UA — Overchargihg 797
rafe B
CI\t-UA-S UA— Undéfeharging | -, o
rafe —
CM-UA-4 UA~¥Accurate
applicationof’payments and 7.29
refunds
C t-UA-S UA — Accurate per- 7210
so ==
CM-EL-1 EL — Correct excep-
. . . 7.2.11
tion list generation rate
CM-EL-2 EL — Incorrect excep-
. . : 7.2.12
tion list generation rate
QM-PC-l PC — Correct charg- 7913
ing rate D
CM-PC-2 PC — Overcharging 7214
rate
CM-PC-3 PC — Undercharging 7215
rate D
CM-PC-4 PC — Latency — TC 7.2.16
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Table 17 (continued)
Metric Evaluation Monitoring
Examina- CI . CI .
Metric ID tion test | meth- Min. | Target| Max. meth- Min. | Target | Max.
value | value |value value | value |value
(subclause)| od od
CM_-PC-S PC — Late payment 7217
claims —
CM-PC-6_PC — Rejected pay- 7218
ment claim rate —
CM-BD-l BD — Correct charg- 7219
ing rate E—
CM-BD-2 BD — Overcharging 7220
rate —
CM-BD-3 BD — Undercharging 7221
rate —
CM-B]_)-4 ‘TD — Incorrect 7922
charging rjate —
CM-BD-5 D — Latency — TC |  7.2.23
CM-BD-6 BD — Late billing
X 7.2.24
details rate
CM-BD-7 BD — Rejected billing 7925
details rate —
CM-BD-8 BD — Incorrectre- 7226
jected billlng details rate —
CM-BD-9 BD — Inferred billing 7997
details rate —
CM-TD-1 1D — Correct toll
. . 7.3.2.2
declaratiopn generation rate
CM-TD-2 TD — Incorrect toll
! : 7.3.2.3
declaratiopn generation rate
CM_—TD-S TD — Late toll decla- 73.2.4
rations rafe
Table 18 rontains additional tests’which can be helpful for discrete systems, but which cannot|be
prescribefl in a normative way,because the respective interfaces are proprietary.
Table 18 < Discrete — Optional toll declaration metric selection table
Metric Evaluation Monitoring
Examination CI . Tar- CI . Tar-
MetricID test meth- Min. get Max. meth- Min. get Max.
value value value valpe
(subclause) od value od value
CM-TD-1 TD — Correct toll dec-
. : 7.3.2.2
laration generation rate
CM-TD-2 TD — Incorrect toll
. . 7.3.2.3
declaration generation rate
C-M-TD-3 TD — Late toll declara- 7324
tions rate
CM-TD-4 TD — TSP charge pa-
7.3.2.5
rameter change rate
C-M-TD-S TD — TSP false posi- 7326
tive rate
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6.11.3 Autonomous discrete

Table 19 should be used to define the examination tests to be performed for a specific examination
framework for an autonomous discrete scheme.

Table 19 — Autonomous discrete — Metric selection table

Metric Evaluation Monitoring
Examination | CI . Tar- CI . Tar-
Metric ID test meth- Min. get Max. meth- Min. get Max.
value value value value
[ (Subctause) od value od valje
-E2E- — J
CMI-E2E-1 E2E — Correct 799 (Sl/
chprging rate ’ n
: R
CI\t—EZE-Z E2E — Overcharging 723 b‘b‘
rafe Al
-E2E- — . \
Cl\t E2E-3 E2E — Undercharg 794 o)
ing rate %
N\

-E2E-4 E2E — Late charging

aﬁ
(]
~N
N
X
\(®)

-UA-1 UA — Correct charg-
rate

-UA-2 UA — Overcharging

5 0
o=

N
o
o
N
>
O
o

(@)
[¢]
‘\1
N
N
S
<

—
QO

a0
=
~
DN
:
/‘
Z

-UA-3 UA — Undercharging

0|
CM-UA-4 UA — Accurate appli- 729 Q-\\
cafion of payments and refunds — .$
CNI-UA-5 UA — Accurate per- 7210 &\‘0
sohalization of OBEs L0
CNI-EL-1 EL — Correct excep- 7 -
tign list generation rate N
CNI-EL-2 EL — Incorrect excep- R U
ti‘jln list generation rate k\ Z212
CNI-PC-1 PC — Correct charg- C) 7213
ing rate A%) I
CM-PC-2 PC — Overch g 7214
rafe N\ D
4
CM-PC-3 PC — Undercharging
ke 7215
)
cNI-PC-4 PGS Latency — TC 7.2.16
CNI-PC- — Late payment 7917
cl(,igxﬁ ——
CM_\S)_A PC Dnjnrh&r‘ pay- VAN
ment claim rate —
CM-BD-1 BD — Correct charg- 7919
ing rate T
CM-BD-2 BD — Overcharging 7220
rate T
CM-BD-3 BD — Undercharging 72.21
CM-BD-4 BD — Incorrect 79.92
charging rate s
CM-BD-5 BD — Latency — TC 7.2.23
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Table 19 (continued)
Metric Evaluation Monitoring
Examination | CI . Tar- CI . Tar-
Metric ID test meth- x:ze get ‘l::?:é meth- Vl\g;zé get ‘l:g;i‘lfé

(subclause) od value od value
CM-BD-6 BD — Late billing 7224
details rate —
CM-BD-7 BD — Rejected billing 79225
details rate —
CM-BD-8 BD — Incorrect re-
jected billing details rate 7.2.26 (.({,b
CM-BD-9 D — Inferred billing | ., W
retails ratp D ‘\b‘ :
CM-TD-1 D — Correct toll 4
declaratiop generation rate 723.1.2 B "g\
CM-TD-2 TD — Incorrect toll 7313 ,&(0
declaratiop generation rate = o)
CM-TD-3 D — Late toll decla- 7314 \05"
rations rafe E N

AV

CM-TD-4 TD — TSP charge
parametey change rate LiL% ,\OQ
CM-TD-5 D — TSP false posi- 316 \\“(
tive rate = 20
CM-DTD-1|DTD — Correct & )
charging rjate (charge object 7.3.1.7 Qs
detectiong) A@
CM-DTD-ZDTD — Incorrect 7318 INg
charge evé¢nt recognition — x
CM-DTD-3 DTD — Missed 7319 N~
charge object detection rate = ,.\‘\\Q
CM-DTD-4 DTD — Overcharg- 73140
ing rate -~
CM-CR-1 dR — Correct charge \11
report gerjeration . -
CM-CR-2 R — Incorrect CDU 73112
charge report generation rag;\\' =
CM-CR-3 R — Charge @E’ 73113
latency o3
CM-CR-4 R — TSPSFE charge 73114
parametef changerate =
CM-CR-5 CRé&l“SP-FE false 73115
positive rgt —
CM-CR-6 CR — Usage evidence 7928
availability —
CM-CR-7 CR — Usage evidence 7929
integrity I
CM-CR-8 CR — Usage evidence 7230
time-to-first-fix —
CM-DCR-1 DCR — Correct
charging rate (charge object 7.3.1.16
detections)
CM-DCR-2 DCR — Incorrect 73117
charge event recognition =
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Table 19 (continued)
Metric Evaluation Monitoring
Examination | CI . Tar- CI . Tar-
Metric ID test meth- Min. get Max. meth- Min. get Max.
value value value value
(subclause) od value od value
CM-DCR-3 DCR — Missed 23118

charge object detection rate

CM-DCR-4 DCR — Overcharg-
ing rate (Incorrect false posi- 7.3.1.19

tiye charge event recognition)
6.11.4 Autonomous continuous
Table 20 should be used to define the examination tests to be performed for asspecific examination
framework in an autonomous continuous scheme.
Table 20 — Autonomous continuous — Metric selection table
Metric Evaluation Monitoring
Examination | CI . Tar- CI . Tax-
Metric ID test meth- Min. geét Max. meth- Min. get Max.
value value value value
(subclause) od value od valye
CM-E2E-1 E2E — Correct
. 7.2.2
chprging rate
CI\t-EZE-Z E2E — Overcharging 723
rafe —
_CI\t-EZE-B E2E — Undercharg- 794
Ing rate
CI\t-EZE-4 E2E — Late charging 79
rafe —
_CI\t-UA-l UA — Correct charg- 726
ing rate
CI\t-UA-Z UA — Overcharging 797
rafe B
CM-UA-3 UA — Undercharging 728
rafe —
CM-UA-4 UA — Accurate appli-
. 729
cafion of payments.and refunds
CM-UA-5 UA —’Accurate per- 7210
sohalizatioinof OBEs —
CM-EL-IEL — Correct excep-
N : 7.2.11
tignlistgeneration rate
Cr I'EL'Z EL - IIILUI I ULt UALC}J'
tion list generation rate 7212
CM-PC-l PC — Correct charg- 7213
ing rate BE—
CM-PC-2 PC — Overcharging 7214
rate —
CM-PC-3 PC — Undercharging 7915
rate D
CM-PC-4 PC — Latency — TC 7.2.16
CM'-PC-S PC — Late payment 7917
claims —
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Table 20 (continued)
Metric Evaluation Monitoring
Examination | CI . Tar- CI . Tar-
Metric ID test meth- Min. get Max. meth- Min. get Max.
value value value value

(subclause) od value od value
CM-PC-6 PC — Rejected pay- 7218
ment claim rate —
CM-BD-1 BD — Correct charg- 7219
ing rate 0
CM-BD-2 BD — Overcharging
e 7.2.20 | Q‘/b
CM-BD-3 BD — Undercharging 7921 .(DJ
rate Ea— ‘\b‘ :
CM-BD-4 BD — Incorrect C
charging ﬁate 7.2.22 B "g\
CM-BD-5 BD — Latency — TC 7.2.23 40
CM-BD-6 BD — Late billing — ol
details rate — \O_)
CM-BD-7 BD — Rejected billing B
details ratie Z2.25 & ¢
CM-BD-8 BD — Incorrect re- 2226 Q\)‘
jected billlng details rate — N
CM-BD-9 BD — Inferred billing | ., QO
details rate — %)
CM-TD-1 D — Correct toll 2337 )
declaratiop generation rate — . 0’$
CM-TD-2 D — Incorrect toll 7333 A
declaratiopn generation rate — \O
CM-TD-3 D — Late toll decla- IR\
rations rafe 7.3.34 C \\()
CM-TD-4 TD — TSP Charge R
parameter change rate N
CM-TD-5 TD — TSP False posi- \J
tive rate (-\CM
CM-CTD-1|CTD — Correct \C)\J 7337
charging rfate %) —
CM-CTD-2CTD — 0ver<2}v§- 7338
ing rate e —
CM-CTD-3CTD — Vﬁracy of 23.3.9
distance/fime urement —
CM-CR-1 Cg\d)rrect charge 73310
report generatien —
CM-CR-2 CR — Incorrect
charge report generation rate 23311
CM-CR-3 CR — Charge report 73312
latency —
CM-CR-4 CR — TSP-FE charge
parameter change rate 2.3.3.13
CM-CR-5 CR — TSP-FE false 73.3.14
positive rate .
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7 Examination tests

7.1 General

A toolbox of examination tests for the EFC discrete and continuous scheme types are listed in this
clause, including:

— technology-independent tests (7.2), applicable to any type of toll scheme;

— technology-dependent tests (7.3), further grouped by the scheme types:

— discrete
— autonomous (both discrete and continuous).

Eafh of the subclauses listed above contains the specific examination tests for thevapplicabl¢ charging
mdtrics identified in Clause 6.

7.2 Technology-independent tests

7.2.1 General

ThE examination tests defined in 7.2.2 to 7.2.29 are applicable-t¢ all scheme types. They may pe used in
combination with evaluation tests defined in 7.3, depending ow'the scheme type.

The reference data are collected using the methods andprescriptions in 5.4.

An|example template for a structured documentation of examination tests and their results i provided
in Annex A.

Additional supporting considerations for seleeting useful examination tests depending on the [ndividual
opgrational phase of a toll system or preject, the applied charging technology and other cfriteria for
defining examination tests are provided:in Annex B.

Fufrther background and support on/statistical elements are outlined in Annex C, while guidelines for

re]:ucing sample sizes are giverhin‘Annex D.
Annex E contains examples jof performance metrics and measurement methods from opergtional toll
sy§tems.

Initial informationson how to define performance requirements and performance parametfers in toll
systems are provided in Annex F.

7.2.2 ET<CM-E2E-1 E2E — Correct charging rate

7.2.22.." Metric definition

This metric defines the probability that for a set of representative trips travelled by a set of SUs during
a time span, Ag, the ARCE is within the accepted charging error interval.

The calculation method for the metric is specified in 7.2.2.3, Formulae (1) and (2).

7.2.2.2 Intended use

Typically, this is the view of the road operator who receives the revenue from the toll collection system.
This metric measures the overall correct charging performance across the set of SUs.

NOTE Traditionally, metrics like these were used to specify overall charging performance where the roles of
TC and TSP were performed by the same organization.

©1S0 2023 - All rights reserved 43


https://standardsiso.com/api/?name=bf39ec27a2c6bd94080b6b309a525ad6

ISO/TS 37444:2023(E)

7.2.2.3 Metric calculation method
Reeneze = Twacel/ Trrs (1)
where

Recupze  1s the E2E correct charging rate;

Twacer  isthe pumber of representative trips where the RCE, Eyy, is within the accepted charging
error interval;

Trrs is the total number of representative trips within the time span;
and

Ercn 9 (Cart/Crrr) =1 (2)
where

Epcy | is the RCE;
Cpgrr| istheactual charge for representative trips;
Cgrr| isthe expected charge for representative trips;

and the adcepted charging error interval is defined as the valuertange between its lower bound (CELB)
its upper bound (CEUB).

CELB and|CEUB are determined by the accepted percentage deviation from the correct charge.
7.2.3 ET-CM-E2E-2 E2E — Overcharging rate

7.2.3.1 Metric definition

This metilic defines the probability that for any set of representative trips travelled by a set of Us
during a tjme span, Aa, the ARCE is@bove the accepted charging error interval.

The calculation method for the metric is specified in 7.2.3.3, Formulae (3) and (4).

7.2.3.2 [ntended use

Typically, this is the Wiew of the road operator who receives the revenue from the toll collection systém.
This metrjc measures the overall overcharging across the set of SUs.

NOTE Traditionally, metrics like these were used to specify overall charging performance where the roleg of
TC and TSH were performed by the same organization.

7.2.3.3 Metric calculation method
Rocn 2k = T ace/ Ttrs (3)
where

Rocueze 1S the E2E overcharging rate;

T acEl is the number of representative trips where the RCE, Ep.y, is greater than the upper bound
of the accepted charging error interval in the measurement period;
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Trrs is the total number of representative trips in the measurement period;
and

Ercy = (Cort/Cerr) -1 (4)
where

Epcy  is the RCE;

Cprr s the actual charge for representative trips;
Cgrr isthe expected charge for representative trips;
an(l the accepted charging error interval is defined with its upper bound (CEUB).

CE[UB is determined by the accepted positive percentage deviation from the cotrrect charge.
7.2.4 ET-CM-E2E-3 E2E — Undercharging rate

7.2.4.1 Metric definition

Thiis metric defines the probability that for a set of representative trips travelled by a set of JUs during
a tjme span, Ag, the ARCE is below the accepted charging error interval.

Thi calculation method for the metric is specified in 7.2:4.3, Formulae (5) and (6).

7.2.4.2 Intended use

Typically, this is the view of the road operatorwho receives the revenue from the toll collecti¢n system.
Thijis metric measures the overall undercharging across the set of SUs.

NOTE Traditionally, metrics like these-were used to specify overall charging performance where fhe roles of
TCland TSP were performed by the same organization.

7.2.4.3 Metric calculation method
RUCH,EZE = TL,ACE]/TT,TS (5)
wlere

Rycnesg )" 1s the E2E undercharging rate;

Ty A¢El is the number of representative trips where the RCE, Epcy, is less than the loyer bound
of the accepted charging error interval in the measurement period;

Trrs is the total number of representative trips in the measurement period;
and

Ercy = (Car1/Crrr) =1 (6)
where

Epcy  isthe RCE;

Caprr  isthe actual charge for representative trip;
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CE,RT

is the expected charge for representative trip;

and the accepted charging error interval is defined with its lower bound (CELB).

CELB is determined by the accepted negative percentage deviation from the correct charge.

7.2.5 ET-CM-E2E-4 E2E — Late charging rate

7.2.5.1

Metric definition

This metijic defines the probability that for any set of representative trips travelled by a set of] §

duringat
the charg

The calcu

7.2.5.2

Typically,
This metr

NOTE

me span, Ag, the charge events appear on the user statement later than the defined perfiod
ng scheme.

ation method for the metric is specified in 7.2.5.3, Formula (7).

Intended use

this is the view of the road operator who receives the revenue from the'toll collection syste
ic measures the overall late charging across the set of SUs.

Traditionally, metrics like these were used to specify overall chargingperformance where the role

TC and TSK were performed by the same organization.

7.2.5.3

RLCH,E

where

Metric calculation method

DE = TL,MUSD/TT,TS

Ricygoe  1s the EZE late charging rate;

TL,MU

TT,TS

tp  isthe number of representafive trips where the charge events appear on the user statem
later than the defined maximum user statement delay (MUSD) in the measurement peri

is the total number bf representative trips in the measurement period;

and wher¢ MUSD = x units of time.

7.2.6 ET-CM-UA-1 UA—Correct charging rate

7.2.6.1

This metr]
the invoic

Metric definition

jc defines the probability that for any set of representative trips travelled by a given SU dur
ngperiod, the ARCE is within the accepted charging error interval.

Us
for

m.

5 of

(7)

ent
hd;

ng

The calculation method for the metric is specified in 7.2.6.3, Formulae (8) and (9).

7.2.6.2 Intended use

This metric is defined at the user account level which defines the charging performance at the level of
the individual SUs.

This metric should be used when there is a defined requirement on the average correct charging for
individual SUs.
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7.2.6.3 Metric calculation method
Recn,ua = Sw,acel/St (8)
where

Rccyua s the correct charging rate on user account level

Swacgr  is the number of SUs where the ARCE, Epcy, is within the accepted charging error interval
during the invoicing period;

St is the total number of SUs in the invoicing period;
anfl

Epren,ua = (Ca rrsu/Crrrsu) — 1 9
where

Eprcnua  1s the ARCE on the user account level;
Carrsy  is the sum of actual charges for representative trips for an SU;
Cgrrsy  is the sum of expected charge for representative trips for an SU;

an(l the accepted charging error interval is defined as the value range between its lower boujnd (CELB)
itslupper bound (CEUB).

CELB and CEUB are determined by the accepted-percentage deviation from the correct charg

@

7.2.7 ET-CM-UA-2 UA — Overcharging rate

7.2.7.1 Metric definition

Thijis metric defines the probahility that for any set of representative trips travelled by a given|SU during
the¢ invoicing period, the ARCE)is above the accepted charging error interval.

Thi calculation method for the metric is specified in 7.2.7.3, Formulae (10) and (11).

7.2.7.2 Intended-wuse

Thiis metric isidefined at the user account level which defines the charging performance at the level of
the individual SUs.

Thijis_rmetric should be used when there is a defined requirement on the average overcharging for
inJlividual SUs.

7.2.7.3 Metric calculation method
Rocu,ua = Sa,acel/St (10)
where

Rocyua is the overcharging rate on the user account level;

Saacer  is the number of SUs where the ARCE, E gy, is above the accepted charging error interval
upper bound (CEUB) during the invoicing period;
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Eprc,
where
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is the total number of SUs in the invoicing period;

va = (Cp rrsu/Cerrsy) — 1 (11)

ua s the ARCE on user account level;

CA, RT{

CE,RTS

and the ad

CEUBisd

7.2.8 E]

7.2.8.1 Metric definition

U is the sum of actual charges for representative trips for an SU;
U is the sum of expected charges for representative trips for an SU;
cepted charging error interval is defined with its upper bound (CEUB).

btermined by the accepted positive percentage deviation from the correct charge.

[-CM-UA-3 UA — Undercharging rate

This metrjc defines the probability that for any set of representativedrijps travelled by a given SU durjng
the invoicfng period, the ARCE is below the accepted charging erroxinterval.
The calculation method for the metric is specified in 7.2.8.3, Formulae (12) and (13).
7.2.8.2 |[ntended use
This metriic is defined at the user account level which defines the charging performance at the leve] of
the indivigual SUs.
This metific should be used when there is:awdefined requirement on the average under charging ffor
individual SUs.
7.2.8.3 Metric calculation method

Rycu,fa = SB,acer/St (12)
where

Rycyya is th€ yndercharging rate on the user account level;

Sgacfi Aiscthe number of SUs where the ARCE, Egcy, is below the accepted charging error loyer

bound (CELB) during the invoicing period;

St is the total number of SUs in the invoicing period;
and

Eprenua = (Carrsu/Cerrsu) — 1 (13)
where

Eprcuua  1s the ARCE on the user account level;

Carrsy  is the sum of actual charges for representative trips for an SU;
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Cgrrsy  is the sum of expected charge for representative trips for an SU;
and the accepted charging error interval is defined with its lower bound (CELB).

CELB is determined by the accepted negative percentage deviation from the correct charge.
7.2.9 ET-CM-UA-4 UA — Accurate application of payments and refunds

7.2.9.1 Metric definition

Tth metric defines the probability that payment transactions associated to a user accountaife correct.

Th

calculation method for the metric is specified in 7.2.9.3, Formula (14).

7.2.9.2 Intended use

Thiis metric focuses on the ability of the TSP to correctly apply received payments and credjts to user
ac¢ounts.

7.2.9.3 Metric calculation method

Rapr,ua = Brc/Br (14)

where

Rppruya  1s therate of the correctly applied payanents and refunds on user accounts;

By is the total number of correctly-applied payments and refunds on user accpunts in a
measurement period;

Br is the total number of applied payments and refunds on user accounts in a megsurement
period.

7.2.10 ET-CM-UA-5 UA — Accurate personalization of OBEs

7.2.10.1 Metric definition

Thijis metric defines thie’probability that the OBE personalization for any set of SUs during a time span,
Aaj is correct. The.OBE personalization is a given set of parameters with defined values stored in the
OBE. The persafialization is correct when all parameters are readable and the read values arje equal to
the defined ones.

ThE calculation method for the metric is specified in 7.2.10.3, Formula (15).

7.2.10.2 Intended use

This metric can be measured by TCs using their existing compliance-checking infrastructure. It is in
the TC's interest to ensure that this is maximized, as incorrectly personalized OBE will potentially lead
to detected non-compliance.

7.2.10.3 Metric calculation method

Rpgrua = Zs cc/Z1c
(15)
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where

Rpgrua is the correct OBE personalization rate;

Zs cc is the number of OBE where the agreed subset of OBE parameters has been verified
as correct by the TC compliance equipment in the selected time period;

Zrc is the total number of OBE checked by the TC compliance equipment in the selected time
period.

7.2.11 ELCM-EL-l EL — Correct exception list generation rate

7.2.11.1 Metric definition

This metrjic defines the probability that the exception list (of a defined type x) at a defined time, m, is
correct. The exception list shall be considered as correct in case all list entries are present with the full
set of mandatory and correct parameters per list entry and no list entries are presentthat shall not{be
in the excgption list.

The calculation method for the metric is specified in 7.2.11.3, Formula (16).

7.2.11.2 [ntended use

This metijic can be measured by TCs using data from the charging chain and data from compliange-
checking Infrastructure. TCs may also make use of reference data (SU account data) provided by the
TSPs. It i in the TC's interest to ensure that this rate is maximized, as incorrect exception lists Will
potentially lead to impact on toll revenues and also increase-the processing efforts in compliance check
processes

7.2.11.3 Metric calculation method

Reor, gL () = escc/ere (16)
where

Reor () is the rate of cdrpectly generated and transmitted exception list of type x;

es cc is the nuniber of entries in the exception list of type n at a defined time, m, where the

agreed subset of parameters per list entry has been verified as correct by the TC;
erg is the total number of expected entries in the exception list of type n at a defined time m;

X iS the type of the exception list according to ISO 12855.

7.2.12 ET-EM-EL-2 EL — Incorrect exception list generation rate

7.2.12.1 Metric definition

This metric defines the probability that the exception list (of a defined type x) at a defined time, m, is
incorrect. The exception list shall be considered as incorrect if not all list entries are present or not the
full set of mandatory parameters per list entry is present. The exception list shall also be considered as
incorrect if one or more parameters of a list entry is not correct, or the list contains entries which shall
not be in the exception list.

The calculation method for the metric is specified in 7.2.12.3, Formula (17).
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7.2.12.2 Intended use

This metric can be measured by TCs using data from the charging chain and data from compliance-
checking infrastructure. TCs may also make use of reference data (SU account data) provided by the
TSPs. It is in the TC's interest to ensure that this rate is at a minimum level, as incorrect exception lists
will potentially lead to impact on toll revenues, but can also add processing efforts in compliance check
processes.

7.2.12.3 Metric calculation method

RING,ELCY) = BS,c1/8TE (17)
where

RinceL(®) is the rate of incorrectly generated and transmitted exception list of type X;

es i is the number of entries in the exception list of type n ata defined time)m, where

the list entry or the agreed subset of parameters per list entry has been yerified as
incorrect by the TC;

erg is the total number of expected entries in the exception list of type n at a defined time, m;

X is the type of the exception list according to ISO 12855.
7.2.13 ET-CM-PC-1 PC — Correct charging rate

7.2.13.1 Metric definition

Thijis metric defines the probability that for ahy’given payment claim, the ARCE is within th¢ accepted
charging error interval.

Thiis metric measures the probability that the relative error in the payment claim used for invoicing is
within defined limits to protect the€ interest of both the TC and the SU.

The calculation method for the.metric is specified in 7.2.13.3, Formulae (18) and (19).

7.2.13.2 Intended use

Thiis metric can be used to measure the average level of correct charging at the level of paympnt claims
on(the user accountstatement.

7.2.13.3 Metric calculation method

Reenpe = Aw,acer/Ar (18)

where

Recypc s the correct charging rate on payment claim level

Awacer  1sthe number of payment claims where the ARCE, E ey, is within the accepted charging
error interval in the measurement period;

A is the total number of payment claims in the measurement period;

and

Eprcu,pc = (Capc/Cepc) -1 (19)
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Eprcu,pc is the ARCE on the payment claim level;

CA,PC

CE,PC

is the sum of the actual charges for the payment claim;

is the sum of the expected charge for the payment claim;

and the accepted charging error interval is defined as the value range between its lower bound (CELB)
its upper bound (CEUB).

CELB and

7.2.14 E

CEUB are determined by the accepted percentage deviation from the correct charge.

[-CM-PC-2 PC — Overcharging Rate

7.2.14.1 Metric definition

This metn
CEUB.

This metn
above a d
this probd

The calcu

7.2.14.2

This metr
the user a

ic defines the probability that for any given payment claim, the ARCE.dsZabove the accep

ic measures the probability that the relative error in the payment.claim used for invoicing
bfined limit. Protecting the interest of the SU (i.e. avoiding excessive overcharging) requi
bility to remain below a very small value.

ation method for the metric is specified in 7.2.14.3, Form#lae (20) and (21).

Intended use

ic can be used to measure the average level ofievercharging at the level of payment claims
Ccount statement.

7.2.14.3 Metric calculation method

ROCH,PC = AA,ACEI/AT (

where

ROCH,

¢ s the overcharging rate on payment claim level;

Apacr s the number/of payment claims where the ARCE, Eypcy, is above the accepted charg

error interval in the measurement period;

ed

b is
res

on

0)

ng

Ar is the fotal number of payment claims in the measurement period;
and

Enrch,pc = (Capc/CEpc) — 1 (21)
where

Epgrcupc is the ARCE on payment claim level;

CA,PC

CE,PC

is the sum of the actual charges for the payment claim;

is the sum of the expected charge for the payment claim;

and the accepted charging error interval is defined with its upper bound (CEUB).

CEUB is determined by the accepted positive percentage deviation from the correct charge.
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7.2.15 ET-CM-PC-3 PC — Undercharging rate

7.2.15.1 Metric definition

This metric defines the probability that for any given payment claim, the ARCE is below the accepted
charging error interval.

The calculation method for the metric is specified in 7.2.15.3, Formulae (22) and (23).

7.2.15.2 Intended use

Thlis metric can be used to measure the average level of undercharging at the level of paymen{ claims on
the user account statement.

7.2.15.3 Metric calculation method
Rycu,pc = 4p,ceLp/Ar (22)
wlhHere

Rycypc  isthe undercharging rate on payment claim level;

Ag cELB is the number of payment claims where the ARCE, E,py, is below the CELB in|the meas-
urement period;

Ay is the total number of payment claims;in the measurement period;
anfl

Enrenpc = (Capc/Cepc) -1 (23)
where

Eprcupc  1s the ARCE on the payment claim level;

Capc is the sum of the actual charges for the payment claim;

Ce pc is the sum of the expected charge for the payment claim;

anfl the accepted«charging error interval is defined with its lower bound (CELB).

CELB is deterimined by the accepted negative percentage deviation from the correct charge.

7.2.16 'ET-CM-PC-4 PC — Latency — TC

7.2.T6. T Metric definition

This metric defines the average time it takes between the approval for a billing detail being received by
the TC and the time the associated payment claim is created/sent by the TC.

The calculation method for the metric is specified in 7.2.16.3, Formulae (24) and (25).

7.2.16.2 Intended use

This metric provides an indication of the average processing time for TCs to create payment claims
following the receipt of approved billing details from the TSP.
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7.2.16.3 Metric calculation method

tpeL,pc = Lecrs/Ars s (24)
where

tpEL PC is the average delay for creating payment claims by the TC;

Lpc s is the sum of the payment claim delays, Ztp( g, in the measurement period;

Ars s is the number of payment claims sent in the measurement period;
and

tpc,pel = Mpc,s = Mpp,ra (25)
where

tpcpel  1s the delay for the individual payment claim

Mpc s is the time the payment claim was sent;

Mgpgly s the time of receipt of the first associated approved billing detail.
7.2.17 ET-CM-PC-5 PC — Late payment claims rate
7.2.17.1 Metric definition

This metrjic defines the proportion of payment claim$’received by the TSP in a defined period wh

the time b

than the defined period for the charging scheme.

The calcu

7.2.17.2

ation method for the metric is specified in 7.2.17.3, Formula (26).

Intended use

This metrjic can be used where-there is a requirement for the timeliness of providing payment clai
to the TSK. It may be used in‘conjunction with similar metrics defined for toll declarations and bill

details.

7.2.17.3

RyatE,
where

RLATE

Metric caleulation method

pc = A Ts/ATR TS ¢

Pre

etween the charge object detection and the receipt of the associated payment claim is greafer

ms
ng

26)

pc 1s the rate of late payment claims;

Arprs s the number of late payment claims in the measurement period;

Arprs  is the number of payment claims received in the measurement period;

and a late payment claim is where the payment claim delay is greater than the maximum payment claim
delay (MPCD).
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7.2.18 ET-CM-PC-6 PC — Rejected payment claim rate

7.2.18.1 Metric definition

This metric defines the ratio of correctly rejected payment claims in relation to the total number of
payment claims received in the measurement period.

Th

e calculation method for the metric is specified in 7.2.18.3, Formula (27).

7.2.18.2 Intended use

Thlis metric measures the rate at which the TC generates incorrect payment claims that are d

the

7.4

wh

7.2

7.2

Th
ch

Th|
wi

Th

7.2.19.2 Intendeduse

ite

7.2.19.3" Metric calculation method

Thiis metric can{be used to measure the average level of correct charging at the level of tr

.19.1 Metric definition

is metric defines the probability that-for any given billing detail, the ARCE is within the
irging error interval.

is metric measures the probability that the relative error in the billing details used for if
Fhin a defined limit to protect'the interest of both the TC and the SU.

ke calculation method forthe metric is specified in 7.2.19.3, Formulae (28) and (29).

Ins on thé user account statement.

ere
Rpgppc  Is the rate of rejected payment claims;
Atpcrs  1s the number of payment claims correctly rejested by the TSP in the measuremg
Argrs  is the total number of payment claims sentby the TC in the measurement period.
.19 ET-CM-BD-1 BD — Correct charging rate

btected by
TSP.
.18.3 Metric calculation method
Rrgypc = Arrers/Ats s (27)

nt period;

accepted

1voicing is

ps or line

Keen,Bp = 1a,acE1 / It

where

Recypp s the correct charging rate on billing details level;

(28)

Iy acgr is the number of billing details where the ARCE, Ejgcy, is within the accepted charging

error interval in the measurement period;

It is the total number of billing details in the measurement period;
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and
Eprcngp = (Capp/Cepp) - 1 (29)
where

Eprcupp 1S the ARCE on billing details level;

Ca gD is the sum of the actual charges for the billing detail;

Cg D is the sum of the expected charge for the billing detail;

and, the afcepted charging error interval is defined as the value range between its lower bound (CELB)
its upper bound (CEUB).

CELB and|CEUB are determined by the accepted percentage deviation from the correcticharge.
7.2.20 ET-CM-BD-2 BD — Overcharging rate

7.2.20.1 Metric definition

This metific defines the probability that for any given billing detail,.the”ARCE is above the accepfed
charging ¢rror interval

This metrjic measures the probability that the relative error inthe billing details ultimately used ffor
invoicing Is above a defined limit. Protecting the interest of the'SY (i.e. avoiding excessive overcharging)
requires this probability to remain below a very small value,

The calculation method for the metric is specified in 7.2:20.3, Formulae (30) and (31).

7.2.20.2 [Intended use

This metrjic can be used to measure the average level of overcharging at the level of trips or line items
on the usqr account statement.

7.2.20.3 Metric calculation method
Rocu,gp = Ia,acei/It (30)
where

Rocypp  isthe'overcharging rate on billing details level;

Ip AcE 1Sthe number of billing details where the ARCE error, Epcp, is above the accepted chargjng
error interval in the measurement period;
It is the total number of billing details in the measurement period;
and
Enrc,Bp = (Ca,Bp/Cegp) — 1 (31)
where

Eprcupp 1S the ARCE on the billing details level;

CaBD is the sum of the actual charges for the billing detail;
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Ce D is the sum of the expected charge for the billing detail;

and the accepted charging error interval is defined with its upper bound (CEUB).

CE

UB is determined by the accepted positive percentage deviation from the correct charge.

7.2.21 ET-CM-BD-3 BD — Undercharging rate

7.2.21.1 Metric definition

Thiis metric defines the probability that for any given billing detail, the ARCE is below th

ch

The calculation method for the metric is specified in 7.2.21.3, Formulae (32) and (33},

7.2.21.2 Intended use

Thijis metric can be used to measure the average level of undercharging at'the’level of trips or

on

7.2.21.3 Metric calculation method

wlHere

an

where

an

CE

:2023(E)

\rging error interval.

the user account statement.

Rycn,sp = Ip,ceLs/It

Rycypp  1sthe undercharging rate on billing'details level;

I ceLB is the number of billing details-Where the ARCE, E,pcy, is below the accepted
error lower bound (CELB).ifnthe measurement period;

Iy is the total number of billing details in the measurement period;

il

Eprcnsp = (Ca pp/CE pp)-<1

Exrcupp  As'the ARCE on billing details level;
CaBD is the sum of the actual charges for the billing detail;

C£gb is the sum of the expected charge for the billing detail;

accepted

line items

(32)

| charging

(33)

41 rad ol H tiad lie—dafs | LR LI | i) d (T DY
U LT dLLTPLCU LA gy CTITUTNTITTT Val 15 UTTIHITUW WILITILS TOWTT DUUITU (VL LD J.

LB is determined by the accepted negative percentage deviation from the correct charge.

7.2.22 ET-CM-BD-4 BD — Incorrect charging rate

7.2.22.1 Metric definition

This metric defines the probability that for any predefined charge object detection that is recorded, a
respective billing detail is incorrectly generated (the incorrect data is not detected).

“Predefined” may be defined by random measurements of determined charge events.

©lI
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The calculation method for the metric is specified in 7.2.22.3, Formula (34).

7.2.22.2

Intended use

This metric can be used to measure the proportion of billing details which contain one or more errors.

7.2.22.3

RINC,BD = GTlBD,TS/GT

where

Metric calculation method

(34)

RineBp is the incorrect charging rate on the billing details level;

GTIBD,

Gy

number of charge object detections assigned to billing details in the méasurement per
which are not correctly representing reference data;

is the total number of charge object detections, i.e. total number/of charge object det]
tions resulting from the reference data in the measurement petiod.

7.2.23 ET-CM-BD-5 BD — Latency — TC

7.2.23.1

Metric definition

This metyic defines the average time taken between a.elfdrge object detection occurring and
associated billing detail being created/sent by the TC.

The calcu

7.2.23.2

This met
informati

ation method for the metric is specified in\A2.23.3, Formulae (35) and (36).

Intended use

ic can be used where there is’a requirement for the timeliness of providing charg
bn to the SU. It may be used in conjunction with similar metrics defined for toll declaratig

rs  isthe number of charge object detections incorrectly associated to billing détails, i.e. tg

tal
od

he

ng
ns

35)

and payment claims, to identify the@verage processing times for each step of the charging process.
7.2.23.3 Metric calculationmethod

tpeL,By = teprs/ITs TS (3
where

tpEL,BP isthe average delay for creating billing details by the TC;

tBpTS fsthe sumnmof bittmg detattsdetays; Ztgp pgp, 1T the measurenment period;

ItsTs is the number of billing details sent in the measurement period;

and

tep,pEL = Mpp,s = My r

where

tgp,DE

58

. isthe delay for the individual billing detail;

(36)
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Mpgp s is time the billing detail was sent;

Mcyr s time of the first associated charge object detection.
7.2.24 ET-CM-BD-6 BD — Late billing details rate

7.2.24.1 Metric definition

This metric defmes the proportlon of bllllng detalls recelved by the TSP in a deflned perlod where the
time A : 2 ptC assC : sgreater than
thg defmed perlod for the charglng scheme

Thie calculation method for the metric is specified in 7.2.24.3, Formula (37).

7.2.24.2 Intended use

Thlis metric can be used where there is a requirement for the timeliness of providing charging
information to the SU. It may be used in conjunction with similar metrics‘defined for toll declarations
anfl payment claims.

7.2.24.3 Metric calculation method

Ryatesp = I rs/IR TS (37)
wlHere

Rparggp IS the rate of late billing details;
Iy rs is the number of late billing details in the measurement period;
Iy s is the number of billing defails received in the measurement period;

an(l late billing detail is where the'billing detail delay is greater than the maximum billing detail delay
(MBDD).

7.2.25 ET-CM-BD-7 BD < Rejected billing details rate

7.2.25.1 Metric definition

Thijis metric defines the ratio of correctly rejected billing details in relation to the total numbef of billing
details received-in the measurement period.

Thi caleulation method for the metric is specified in 7.2.25.3, Formula (38).

7.2.252 Intendeduse

This metric can be used to measure the performance of the TC in its ability to correctly generate billing
details.

7.2.25.3 Metric calculation method
Rrgyp = Icrrs/ITsts (38)
where

Rpgppp  Is the rate of rejected billing details;
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IcrTs is the number of billing details correctly rejected by the TSP in the measurement period;

ItsTs is the total number of billing details sent by the TC in the measurement period.
7.2.26 ET-CM-BD-8 BD — Incorrectly rejected billing details rate

7.2.26.1 Metric definition

This metric defines the ratio of the incorrectly rejected billing details in relation to the total number of

rejected i]]ing detailsin the measurement pnrind

The calculation method for the metric is specified in 7.2.26.3, Formula (39).

7.2.26.2 [ntended use

This metific can be used to measure the TSP's performance in terms of incorrectly, rejected billjng
details, i.¢. those which contain no errors and, in case of autonomous schemeS;are based on toll
declaratigns.

7.2.26.3 Metric calculation method

Rincrdy,sp = lirs/Is s (39)
where

Rincrfysp s the rate of incorrectly rejected billing details;
LigTs is the number of billing details incorrectly rejected by the TSP in the measurement peripd;

Ig s is the total number of billing details sent by the TC in the measurement period.
7.2.27 ET-CM-BD-9 BD — Inferred billing details rate

7.2.27.1 Metric definition

This metrjic defines the ratio of.inferred billing details in relation to the total number of billing detjils
in the measurement period.

The calculation method fetr-the metric is specified in 7.2.27.3, Formula (40).

7.2.27.2 Intended-use

This metific is tnost applicable to discrete schemes where, based on the information in received foll
declaratigns; the TC is able to identify missing charges and generate inferred billing details.

In a DSRC discrete system, this can be used as a measure of DSRC detection performance for different
OBE populations.

7.2.27.3 Metric calculation method
Ringgp = ImTp18/Is 18 (40)
where

Ringpp  is the rate of inferred billing details;
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Iytprs  is the number of billing details generated by the TC without an associated toll declaration
in the measurement period;

Ig1s is the total number of billing details sent by the TC in the measurement period.
7.2.28 ET-CM-CR-1 CR— Usage evidence availability

7.2.28.1 Metric definition

m lcm he ti qt1 a 0 A ] a i . S SO i S A Sa2 alad 10 tectlon Of

ividual charging events.

NOTE An input sensor in the sense of this metric is understood as a single sensor or a cluster of sensors and
car) optionally be supported by additional FE functions and algorithms.

ThE calculation method for the metric is specified in 7.2.28.3, Formula (41).

7.2.28.2 Intended use

Thlis metric can be used to measure the ratio of time during whielya sensor provides valid usage
evldence for detection of individual charging events, e.g. measuring the ratio of time frames yhere raw
usage data like GNSS positions are gathered and delivered for,subsequent charging event dgtection in
relption to the total measured time.

7.2.28.3 Metric calculation method

Mgyip,cr = Mryue/Mr (41)

wlHere

Mgyipcr  is the relative time for providing usage evidence for the detection of charging|events;

Mryug is the cumulated time in which the input sensors provide valid usage evidence for detec-
tion of chargingievents;

M- is the totallamount of time.
7.2.29 ET-CM-CR-2.€ER— Usage evidence integrity

7.2.29.1 Metric-definition
Thijis metricimeasures the quality of the raw usage data.

The cdlculation method for the metric is specified in 7.2.29.3, Formulae (42) and (43).

7.2.29.2 Intended use
This metric can be used to evaluate the quality of raw usage data as generated by the input sensors.

For example, it is intended to evaluate the quality of positioning outputs generated by GNSS receivers
in autonomous systems and measure the relative amount of data points for a parameter of positioning
outputs whose accuracy is within a specified error bound. An individual integrity value can be
measured separately for all possible different input parameters. In autonomous systems, parameters of
the positioning outputs may include:

— position of the vehicle in a reference coordinate system;
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— velocity as the vector describing the magnitude of rate of change for a vehicle in a given direction
and speed as the scalar quantity of the velocity vector; and

— heading as the angle between a vehicle’s longitudinal axis forward direction and the North
direction measured clockwise along the horizontal plane (e.g. for vehicles looking northwards,
eastwards, southwards and westwards, the corresponding headings would be 0°, 90° 180° and
270° respectively), as described in EN 16803-1.

7.2.29.3

RUEIN"I,CR = WwAERI/ VW' T

where

RygiNtcr 1S the rate of usage evidence integrity;

Metric calculation method

~—

Wiy aAgr1  is the number of raw data points where the relative evidence erro, Epg, is within the

where
Egg

Qa
Ck

and the adcepted evidence error interval shall be specified as a target quality parameter.

7.2.30 ET-CM-CR-3 CR- Usage eyidence time-to-first-fix

7.2.30.1

This metr]

relevant usage evidence:

The calcu

7.2.30.2

=[Qa/Qe) - 1 (4

accepted evidence error intervals in the measurement period;

is the number of raw usage data points in the measurementp€riod;

is the relative evidence error;
is the actual evidence accuracy;

is the expected evidence accuracy;

Metric definition

jc is defined as(the average time for an input sensor to be ready to start collecting and send

ation method for the metric is specified in 7.2.30.3, Formula (44).

Intended use

13)

ng

This metric measures the average time an input sensor needs for start-up in order to start collecting
and sending relevant usage evidence for detection of individual charge events.

In the context of autonomous systems, this metric measures how long it takes to obtain a positioning
fix in a GNSS-based positioning terminal (GBPT). Following the description in EN 16803-1, different
starting conditions of the OBE may be distinguished:

— cold start, where neither information on satellites (i.e. the almanac), their current trajectories (i.e.
the ephemeris), nor time and last position of the vehicle is available;

— warm start, where almanac, time and last position but no ephemeris is available;
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— hot start, where almanac and ephemeris of satellites and time and last position of the vehicle is

available.

7.2.30.3 Metric calculation method

Mgg cr = trrrs/Nsurts

where

7.

(44)

V4 raitla. 3 o £ e £ (3 i 4 4 3 daita)
IVI FF,CR IS T AdvViETdgt LHIIT LU TIT SOUTIA LT LU Stdl U gtlitl dllllg T dvv usdagt Udtdj,
tRETS is the sum of the total delay until a first fix over all input sensors in the measaxem

Ngyr1s is the number of start-ups of all input sensors in the measurement report.

3 Technology-dependent tests

7.3.1 Autonomous discrete specific examination tests

7.3.1.1 General

Fo
de

Th

F autonomous discrete systems, all tests defined in 7.2 areapplicable. In addition, the meas
ined in 7.3.1 can be used.

toll declarations are sent by the TSP back end on the respective interface to the TC. Thij

conforms to ISO 12855.

Th charge reports are sent by the TSP front endto the TSP back end.

Thi reference data is collected using the methods and prescriptions of 5.4.

7.3.1.2 ET-CM-TD-1 TD — Correct:toll declaration generation rate

7.3.1.2.1 Metric definition

Th
Th

lis metric defines the probability that a toll declaration is correctly generated.

e calculation methéd)for the metric is specified in 7.3.1.2.3, Formula (45).

7.3.1.2.2 Intended use

Th

is metricmeasures the performance of a TSP system in generating correct toll declaration

7.3.1.2:3 Metric calculation method

bnt period;

urements

interface

b.

RCOR,TD = OTC,TS/ OT,TS

where

©lI

Reorrp  1s the rate of the correct toll declarations;

O1c1s is the number of correctly generated toll declarations, i.e. the number of toll de

(45)

clarations

generated during the measurement period by the TSP-BE which are consistent with the
respective total number of charge object detections resulting from the reference data
correctly assigned to toll declarations in the measurement period; consistency requires

correct representation of all charge object detections;
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O1rs is the total number of toll declarations, i.e. the number of toll declarations generated by
the TSP-BE in the measurement period.

7.3.1.3 ET-CM-TD-2 TD — Incorrect toll declaration generation rate

7.3.1.3.1 Metric definition

This metric defines the probability that a toll declaration is incorrectly generated.

The calculation method for the metricis specified in 7Z3.1.3 3, Formula (46)

7.3.1.3.2 | Intended use

This metrjc measures the performance of a TSP system in generating incorrect toll declarations.

7.3.1.3.3 | Metric calculation method

Rinerip = Orirs / Oprs (46)

where

Rinerp  is the rate of incorrect toll declarations

Orirs|  isthe number of incorrectly generated toll declarations, i.e. the number of toll declajra-
tions generated during the measurement period,by the TSP-BE which are inconsistent wfith
the respective total number of charge objectdetections resulting from the reference data
correctly assigned to toll declarations in the measurement period. Consistency requifes
correct representation of all charge objéct detections;

O171s is the total number of toll declaratiens, i.e. the number of toll declarations generated by the
TSP-BE in the measurement periad.

7.3.1.4 [ET-CM-TD-3 TD — Late toll declarations rate

7.3.1.4.1 | Metric definition

This metrjc defines the proportion of toll declarations received by the TC in a defined period where the
time between the charge gbject detection and the receipt of the associated toll declaration is greafer
than the defined periodforthe charging scheme.

The calculation method for the metric is specified in 7.3.1.4.3, Formula (47).

7.3.1.4.2 | Intended use

This metritemeasurestheperformanceof the T5Psystemrinrtermsof the delaysoccurringintheprocess
of generating toll declarations.

7.3.1.4.3 Metric calculation method

RypateTD = O11,18/ 0118 (47)

where

Ryargrp 1S the rate of the late toll declarations;
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Or,rs  isthe number of late toll declarations, i.e. the number of toll declarations generated during
the measurement period by the TSP-BE which are delayed by a time longer than maximum
toll declaration delay (MTDD) after the actual occurrence of the last of the respective
charging events as determined from the reference data;

O11s is the total number of toll declarations, i.e. the number of toll declarations generated by the
TSP-BE in the measurement period.

The maximum toll declaration delay (MTDD), i.e. maximum acceptable delay, shall be chosen before
performing the test and agreed upon by the parties involved, e.g. with an SLA.

7.3.1.5 ET-CM-TD-4 TD — TSP charge parameter change rate

7.3.1.5.1 Metric definition

Thiis metric defines the probability that for any predefined charge parameter.change that takes place
the TSP properly detects it.

The calculation method for the metric is specified in 7.3.1.5.3, Formula(28).

7.3.1.5.2 Intended use

Thijis metric measures the reliability of the detection and representation in toll declarations| of charge
parameter changes in the TSP system.

NO[TE Itis important to be aware of the distinction between charge parameter changes and charging events.
7.3.1.5.3 Metric calculation method
Rpararp = Orcrs/Otrs (48)
where

Rpprarp  1s the rate of correct detection of charge parameter changes;

O1c s is the number-of correct toll declarations, i.e. the number of toll declarations ¢ontaining
the charge parameter changes expected based on the reference data during|the meas-
uremeént period;

Orrs is.the total number of toll declarations sent by the TSP in the measurement pgriod.

7.3.1.6 ET-CM-TD-5 TD — TSP False positive rate

7.3.1.6:1 Metric definition

For vehicles not using the infrastructure, this metric defines the probability that for any defined charge
object detection, the TSP improperly detects it during the creation of toll declarations.

The calculation method for the metric is specified in 7.3.1.6.3, Formula (49).

7.3.1.6.2 Intended use
The rate of false positives is a critical parameter of system performance because it is directly related to

customer satisfaction, the number of SU complaints and the public perception of a system. This metric
measures the rate of occurrence of toll declarations containing false positives in the TSP system.
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7.3.1.6.3 Metric calculation method

Rgpostp = Orrprs/Otrs

where

Rppos;

OTFP,T

TD

S

is the value of the false positive rate in toll declarations;

(49)

is the number of toll declarations containing false positives which occur during the

measurement period;

OT,TS
7.3.1.7

7.3.1.7.1

This metr
correspor]

“Predefin

The calcu

7.3.1.7.2

This metr

7.3.1.7.3

Recur
where

RCCH,’I

GTCTD

GT,TS

TS

ET-CM-DTD-1 DTD — Correct charging rate (charge object detections)

Metric definition

ic defines the probability that for any predefined charge object detectionthat is recorded,
ding toll declaration is correctly generated.

bd” may be defined by random measurements of determined charge events.

ation method for the metric is specified in 7.3.1.7.3, Formula)(50).

Intended use

ic tests if each single charge object detection in the reference data is represented accordin
in the respective toll declaration, measuring the performance of the TSP system for single charge obj
detection$.

Metric calculation method

D = GTCTD,TS/ GT,TS (

is the total number of toll declarations sent by the TSP in the measurement period.

is the correct charging rate on the toll declaration level;

is the number of charge object detections associated to toll declarations, i.e. total numi
of charpge\ebject detections resulting from the reference data correctly assigned to {
declatations in the measurement period;

isithe total number of charge object detections, i.e. total number of charge object det]
tions resulting from the reference data in the measurement period.

he

oly
Pct

ber
oll

7.3.1.8 ET-CM-DTD-2 DTD — Incorrect charge event recognition rate

7.3.1.8.1 Metric definition

This metric defines the probability that for any predefined charge object detection that is recorded, a
respective toll declaration is incorrectly generated (the incorrect data is not detected).

“Predefined” may be defined by random measurements of determined charge events.

The calculation method for the metric is specified in 7.3.1.8.3, Formula (51).
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7.3.1.8.2 Intended use

This metric measures the rate of charge object detections incorrectly detected by the TSP system, i.e.
which contain incorrect information (e.g. vehicle category, time, road category, etc.).

7.3.1.8.3 Metric calculation method

Rinerp = Grirprs/Grrs (51)

where

Rinerp i the rate of incorrectly detected charge objects in toll declarations;

Grirprs  is the number of charge object detections incorrectly associated to toll declaratigns, i.e. the
total number of charge object detections assigned to toll declarations'in the megsurement
period which are not correctly representing reference data;

Grrs is the total number of charge object detections, i.e. total number-of charge object fletections
resulting from the reference data in the measurement perjod.

7.3.1.9 ET-CM-DTD-3 DTD — Missed charge object detectionmate

7.3.1.9.1 Metric definition

Thiis metric defines the probability that for any predefined charge object detection, an entry in the
regpective toll declaration is not generated.

Thi calculation method for the metric is specifiedin 7.3.1.9.3, Formula (52).

7.3.1.9.2 Intended use

Thiis test measures the rate of missed.fecognition of charge events, i.e. the rate of charge evenfs missing
in the toll declarations.

7.3.1.9.3 Metric calculation\method
Ryiistp = Grnrprs/Gins (52)
wlere

Ryistpeyis the rate of the missed charge objects in toll declarations;

Gpnpbrs 1S the number of charge object detections notassociated to toll declarations, i.e. tofal number
of charge object detections resulting from the reference data in the measurement period

naotaccionad ta +all Anclavratinnc.
HOtaSSigHeat0toraecatrations;

Grrs is the total number of charge object detections, i.e. the total number of charge object de-
tections resulting from the reference data in the measurement period.

7.3.1.10 ET-CM-DTD-4 DTD — Overcharging rate

7.3.1.10.1 Metric definition
For vehicles not using the infrastructure, this metric defines the probability that for any predefined

charge object detection, an additional entry in the respective toll declaration is generated (false
positive).
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The calculation method for the metric is specified in 7.3.1.10.3, Formula (53).

7.3.1.10.2 Intended use

While the test ET-CM-TD-5 TD — TSP false positive rate counts the rate of toll declarations containing
false positives, this test measures the rate of single false positives compared to the overall number of
charge events.

7.3.1.10.3 Metric calculation method

Rocuap = Vrirn/Grrs ($3)

where

Rocyfp is the overcharging rate on toll declaration level;

Vo is the number of charge events associated to toll declarations which«dgnot result from the
reference data, i.e. number of charge events in toll declarations-which do not represent
actual usage of charged infrastructure;

Grrs is the total number of charge object detections, i.e. the totaljnumber of charge object e-
tections resulting from the reference data in the measufement period.

7.3.1.11 ET-CM-CR-1 CR — Correct charge report generation-rate

7.3.1.11.1 Metric definition
This metrijc defines the probability that a charge reportis correctly generated.

The calculation method for the metric is specifieddn 7.3.1.11.3, Formula (54).

7.3.1.11.3 Intended use

This test easures the rate of charge reports not containing errors.
7.3.1.11.3 Metric calculation method

Reor,ck = Prece/Prrs ($4)
where

Rcordr  JSithe rate of correct charge report generation;

Preck is the numbe?r of correctly generated charge reports, i.e. the number of Fharge repo
Hich-comtamomv—charee—ever N ———— A

reference data in the measurement period;

Pr1s is the total number of charge reports, i.e. the total number of charge reports generated
by the TSP-FE in the measurement period.

7.3.1.12 ET-CM-CR-2 CR — Incorrect charge report generation rate

7.3.1.12.1 Metric definition
This metric defines the probability that a charge report is incorrectly generated.

The calculation method for the metric is specified in 7.3.1.12.3, Formula (55).
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7.3.1.12.2 Intended use

This test measures the rate of charge reports containing errors.

7.3.1.12.3 Metric calculation method

RINC,CR = PTICE/PT,TS (55)

where

Rinccr s the rate of incorrect charge report generation;

Price is the number of incorrectly generated charge reports, i.e. the number 6f charge reports
which contain charge events that are not consistent with the reference<data in|the meas-
urement period;

Pro1s is the total number of charge reports, i.e. the total number of ¢harge reports generated by
the TSP-FE in the measurement period.

7.3.1.13 ET-CM-CR-3 CR — Charge report latency

7.3.1.13.1 Metric definition

Thijis metric defines the average time it takes between a ¢harge event and the time the charge report is
crgated/received by the TSP.

Thi calculation method for the metric is specified in.7.3.1.13.3, Formula (56).

7.3.1.13.2 Intended use

Thiis test gives the average latency of charge events until they are received from the FE. Therefore, it
giyes information about the average EE performance.

7.3.1.13.3 Metric calculation method

Ix—n
tpEL,CR = ;Zizlai (56)
where

tpgLcr - Is-the average delay in charge report generation;

a; is the time span between the occurrence of charge object detection with index|i as deter-
mined from the reference data and the reception of the respective charge reporjt from the
FE in the measurement period;

n is the number of charge object detections in the measurement period.

If the measurement period was chosen accordingly, this test could be used to determine the average
delay for the data in a single charge report. If a longer period was chosen, it could also give the average
delay over multiple charge reports.

Be aware that the measurement period influences this metric. If 24 h is chosen, for example, the average
resulting latency shall be greater than 12 h for evenly spaced charge object detections.
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7.3.1.14

ET-CM-CR-4 CR — TSP-FE charge parameter change rate

7.3.1.14.1 Metric definition

This metric defines the probability that the FE properly detects any defined charge parameter change
that takes place.

The calculation method for the metric is specified in 7.3.1.14.3, Formula (57).

7.3.1.14.2 Intended use

This test 1
reports ge

NOTE

7.3.1.14.3

Rpara
where

RpaRra

Fecer

FITS

7.3.1.15

7.3.1.15.1

heasures the percentage of charge parameter changes which are correctly reflected incha
nerated by the TSP-FE.

Metric calculation method

cr = Fecer/Frrs (¢

cr is the rate of correct detection of charge parameter ghanges in charge reports;

is the number of charge parameter changes which are correctly represented in cha
reports received from the TSP-FE;

is the total number of charge parameter ¢hanges as determined from the reference d
in the measurement period.

ET-CM-CR-5 CR — TSP-FE false positive rate

Metric definition

For vehicles not using the infrastrueture, this metric defines the probability that for any predefiy

charge ob

The calcu

7.3.1.15.2

The rate d
customer
measures

ect detection, the FE improperly detects it.

ation method for the'metric is specified in 7.3.1.15.3, Formula (58).

Intended use

f false pesitives is a critical parameter of system performance because it is directly related
satisfaction, the number of SU complaints and the public perception of a system. This met
thedrate of occurrence of charge reports in the TSP system containing false positives.

ge

Itis important to be aware of the distinction between charge parameter changes and charging events.

67)

ge

ata

ed

to
ric

7.3.1.15.3 Metric calculation method

Rgpos,cr = Preprs/Prrs

where

Rppos,cr s the false positive rate in charge reports;

PTFRT

70

(58)

s is the number of charge reports containing false positives, i.e. containing charge events
relevant for the measurement period which do not correspond to actual usage of charged

infrastructure;
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Prors is the total number of charge reports, i.e. the total number of charge reports generated by
the TSP front end for the measurement period.

7.3.1.16 ET-CM-DCR-1 DCR — Correct charging rate (charge object detections)

7.3.1.16.1 Metric definition

This metric defines the probability that for any predefined charge object detection that takes place, the
corresponding entry in the respective charge report is correctly generated.

“Predefined” may be defined by random measurements of determined charge object detectieps.

Thi calculation method for the metric is specified in 7.3.1.16.3, Formula (59).

7.3.1.16.2 Intended use

Thiis test measures the recognition rate of the TSP-FE, i.e. the percentage ofiroad usage that i correctly
detected by the FE.

7.3.1.16.3 Metric calculation method

Rpgrcr = Greerrs/Grrs (59)

whHere

Rpgrcr is the rate of correctly detected charge objects in charge reports;

Greerrs s the number of correctly detegted charge object detections in all charge reports relevant
for the measurement period;

Grrs is the total number of c€harge object detections, i.e. the total number of chafge object
detections as determined from the reference data in the measurement period.

7.3.1.17 ET-CM-DCR-2 DCR —\Incorrect charge event recognition rate

7.3.1.17.1 Metric definition

Thijis metric defines-the’probability that for any predefined charge object detection that take} place, an
enfry in the respective charge report is incorrectly generated.

“Predefined” may be defined by random measurements of determined charge object detectiops.

The calculation method for the metric is specified in 7.3.1.17.3, Formula (60).

7.3.1417.2 Intended use

This test measures the percentage of charge events in the charge reports containing errors, but which
correspond to actual charge object detections.

7.3.1.17.3 Metric calculation method

Rineer = Vier s/ Vs (60)

where

Rinccr s the rate of the incorrectly detected charge objects in charge reports;
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Viicrts  1s the number of charge events in all charge reports containing wrong information (not
detected correctly) relevant for the measurement period;

Virs is the total number of charge events, i.e. the total number of charge events as determined
from the charge reports relevant for the measurement period.

7.3.1.18 ET-CM-DCR-3 DCR — Missed charge object detection rate

7.3.1.18.1 Metric definition

This mettic defines the probability that for any predefined charge object detection, an entry in+the
respective charge report is not generated.

The calculation method for the metric is specified in 7.3.1.18.3, Formula (61).

7.3.1.18.3 Intended use

This test|determines the percentage of charge object detections which are missed by the TSP-FE,
resulting |n undercharging.

7.3.1.18.3 Metric calculation method

Ryis,cg = Gnresrs/Grrs (b1)
where

Ryis dr is the rate of missed charge objects in‘toll declarations;

Gnreslrs is the number of charge object detections not represented in any charge report relevant

for the measurement period;

Grrs is the total number of chatge object detections, i.e. the total number of charge objgect
detections as determined from the reference data in the measurement period.

7.3.1.19 ET-CM-DCR-4 DCR — Overcharging rate (Incorrect false positive charge event
recognitipn)
7.3.1.19.1 Metric definition

For vehicles not using.the infrastructure, this metric defines the probability that for any predefirjed
charge oljject detection, an additional entry in the respective charge report is generated (“fallse
positive”)

The calculation method for the metric is specified in 7.3.1.19.3, Formula (62).

7.3.1.19.2 Intended use

The rate of false positives is a critical parameter of system performance because it is directly related to
customer satisfaction, the number of SU complaints and the public perception of a system. This metric
measures the rate of occurrence of charge events representing false positives in the TSP system.

7.3.1.19.3 Metric calculation method

Rocucr = Vriv/Grrs (62)

72 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=bf39ec27a2c6bd94080b6b309a525ad6

ISO/TS 37444

where

Rocucr  is the overcharging rate on the charge report level;

:2023(E)

Vrrg is the number of charge events in the charge reports which do not correspond to actual
infrastructure usage as determined from the reference data in the measurement period;

Grrs is the total number of charge object detections, i.e. the total number of charge
tections as determined from the reference data in the measurement period.

object de-
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7.3.2.2.2 Intended use

Th

7.3.2.2.3 Metric calculation method

wlHere

anql correct recognition of the vehicle licence plate in case of ANPR-based system) replace the ISO 12

.2 Discrete — Optional toll declaration metrics
.2.1 General
" discrete scheme types, discrete schemes evaluation tests may be selected fromy’7.2. In ad

trics in 7.3.2.2 to 7.3.2.6 may be selected to measure the internal performance of the TC.

TE Formally, these metrics can only be specified for autonomous systems, where the int
rge reports and toll declarations are standardized. On the other hand, it camalso be used in discre
his case, the transactions (whether on the air interface OBE-RSE in caseZof DSRC-based systems o

orts. The toll declarations of proprietary format on the interface RSE - TC-BE replace the toll d
ined in ISO 12855.

.2.2 ET-CM-TD-1 TD — Correct toll declaration generation rate

.2.2.1 Metric definition
is metric defines the probability that a toll.declaration is correctly generated.

e calculation method for the metric is specified in 7.3.2.2.3, Formula (63).

is metric measures the performance of a TC system in generating correct toll declarations,

RCORDIS,TD = OTCCH,TS/OT,TS

Reorbistp IS the correct toll declaration generation rate in discrete schemes;

Oycens is the number of correctly generated toll declarations, i.e. number of toll de

dition, the

erfaces for
Le systems.
I detection
B55 charge
bclarations

(63)

clarations

gelerated auring the measurement period by the TC€ fromtend wiichrare cons
the respective total number of charge object detections resulting from the

stent with
reference

data correctly assigned to toll declarations in the measurement period. Consistency

requires correct representation of all charge object detections;

O1r1s is the total number of toll declarations, i.e. number of toll declarations generated by the

TC front end in the measurement period.

7.3.2.3 ET-CM-TD-2 TD — Incorrect toll declaration generation rate

7.3.2.3.1 Metric definition

Th

©lI

is metric defines the probability that a DSRC toll declaration is incorrectly generated.
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The calculation method for the metric is specified in 7.3.2.3.3, Formula (64).

7.3.2.3.2

This metr

7.3.2.3.3

Intended use

ic measures the performance of a TC system in generating incorrect toll declarations.

Metric calculation method

Rinepistp = Oticnrs/Orrs (64)

where

RlNCD

OTICH

OT,TS

7.3.2.4

7.3.2.4.1

This metn

stp Istherate of incorrect toll declarations in discrete schemes;

rs  isthenumber of incorrectly generated toll declarations, i.e. the number oftol declarat‘ij)ns
generated during the measurement period by the TC front end which aré’inconsistent wjith
the respective total number of charge object detections resulting fromthe reference data
correctly assigned to toll declarations in the measurement perjed; consistency requifes
correct representation of all charge object detections;

is the total number of toll declarations, i.e. the number of(toll declarations generated|by
the TC front end in the measurement period.

ET-CM-TD-3 TD — Late toll declarations rate

Metric definition

ic defines the proportion of toll declarations,generated by the TC in a defined period where

the time etween the charge object detection and-the generation of the associated toll declaration is

greater th

The calcu

7.3.2.4.2

This met;
process o
communi

7.3.2.4.3

RLATEI

where

an the defined period for the charging:scheme.

ation method for the metric is specified in 7.3.2.4.3, Formula (65).

Intended use

ic measures the performance of the TC system in terms of the delays occurring in the
[ generating toll declarations. Late toll declarations are most likely to occur when there iis a
ation outage between the RSE and the TC-BE.

Metric calculation method

150 = Gp'rp s/ Orrs (65)

Ryarepistp IS the rate of late toll declarations in discrete schemes;

OrprpTS is the number of late toll declarations, i.e. the number of toll declarations generated during

O11s

the measurement period by the TC front end which are delayed by a time longer than
maximum toll declaration delay (MTDD) after the actual occurrence of the respective
charging events as determined from the reference data;

is the total number of toll declarations, i.e. the number of toll declarations generated by
the TC front end in the measurement period.

The maximum toll declaration delay (MTDD), i.e. maximum acceptable delay, shall be chosen before
performing the test and agreed upon by the parties involved, e.g. with an SLA.
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7.3.2.5 ET-CM-TD-4 TD — TSP Charge parameter change rate

7.3.2.5.1 Metric definition

This metric defines the probability that for any predefined charge parameter change that takes place,
the TC properly detects it.

The calculation method for the metric is specified in 7.3.2.5.3, Formula (66).

7.3.2.5.2 Intended use

Thlis metric measures the reliability of the detection and representation in toll declarations of DSRC
charge parameter changes in the TC system.

NOTE Itis important to be aware of the distinction between charge parameter changesdnd charging events.

7.3.2.5.3 Metric calculation method

Rparapisd = Orceprs/Otrs (66)
wlHere

Rparapistp IS the rate of correct detection of charge parameter changes in toll declaratipns in dis-
crete schemes;

Otceprs is the number of correct toll declaratigns, i.e. the number of toll declarations ¢ontaining
the DSRC charge parameter changes expected based on the reference data ¢luring the
measurement period;

O1rs is the total number of toll déclarations generated by the TC in the measuremg¢nt period.
7.3.2.6 ET-CM-TD-5 TD — TSP False positive rate

7.3.2.6.1 Metric definition

For vehicles not using the ififrastructure, this metric defines the probability that for any defirjed charge
obJect detection, the TGimproperly detects it during the creation of toll declarations.

The calculation method for the metric is specified in 7.3.2.6.3, Formula (67).

7.3.2.6.2 Intended use

Thi rate effdlse positives is a critical parameter of system performance because it is directly|related to
customer satisfaction, the number of SU complaints and the public perception of a system. This metric
mgasures the rate of occurrence of DSRC toll declarations containing false positives in the T(|system.

7.3.2.6.3 Metric calculation method
Repospistp = Otrprs/O1Ts (67)
where

Rppospistp IS the rate of the false positives in toll declarations in discrete schemes;

Orgprs is the number of toll declarations containing false positives which occur during the
measurement period;
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is the total number of toll declarations generated by the TC in the measurement period.

7.3.3 Autonomous continuous specific examination tests

7.3.3.1 General

For autonomous continuous systems, all tests defined in 7.2 are applicable. In addition, the
measurements defined in 7.3.3 can be used.

The toll d

eclarations are sent hy the TSP-BE on the respective interface to the TC._This interf

ce

conformsfto ISO 12855.

The charg
[SO 17575

The referg
7.3.3.2

7.3.3.2.1
This metr]

The calcu

7.3.3.2.2

With this
(in genera

7.3.3.2.3
Reore

where
Reore

OTC,TS

O1r1s

e reports are sent by the TSP-FE end to the TSP-BE. This interface is designed according
-1.

nce data are collected using the methods and prescriptions defined in 5.4.
ET-CM-TD-1 TD — Correct toll declaration generation rate

Metric definition
ic defines the probability that a toll declaration (based on a GNSS OBE) is correctly generat

ation method for the metric is specified in 7.3.3.2.3, Formula (68).

Intended use

metric, a TSP can measure the overall performance of the system, including its own TSP
ting toll declarations) and its own TSP-FE (in)generating charge reports).

Metric calculation method

NTTD = Orcrs/OtTs (4

bntTp 1S the rate of correct toll declarations in continuous schemes;

is the number of correctly generated toll declarations during the measurement per
by the'T'SP-BE;

is)the total number of toll declarations, i.e. number of toll declarations generated
the TSP-BE in the measurement period.

7.3.3.3

to

BE

58)

od

by

T-CM-TD-2 TD — Incorrect toll declaration generation rate

7.3.3.3.1

Metric definition

This metric defines the probability that a toll declaration (based on a GNSS OBE) is incorrectly
generated.

The calculation method for the metric is specified in 7.3.3.3.3, Formula (69).

7.3.3.3.2

Intended use

With this metric, a TSP can measure the overall performance of the system, including its own TSP-BE
(in generating toll declarations) and its own TSP-FE (in generating charge reports).
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7.3.3.3.3 Metric calculation method

RINCCONT,TD = OTI,TS/OT,TS

where

7.3

7.3

ti
thd

Th

7.3
¢
3

Thijis metric measures the performance of the TSP system in terms of the delays occurring in t}

of

7.3

wh

T}r;ts metric defines the proportion of toll declarations received by the-TC'in a defined period

RinccontTp IS the rate of incorrect toll declarations in continuous schemes;

O71s is the number of incorrectly generated toll declarations, i.e. the number of inc

the TSP-BE in the measurement period.
.3.4 ET-CM-TD-3 TD — Late toll declarations rate

.3.4.1 Metric definition

e between the charge object detection and the receipt of the associated toll declaration
in the defined period for the charging scheme.

e calculation method for the metric is specified in 7.3.3.4.3; Formula (70).

.3.4.2 Intended use

benerating toll declarations.

.3.4.3 Metric calculation method

RLATECONT,TD = OTDTD,TS/OT,TS

ere

RpatecontTp 1S therate of late toll declarations in continuous schemes;

O1prp TS is‘the number of late toll declarations, i.e. the number of toll declarations

the maximum toll declaration delay (MTDD) after the actual occurrence of]
the respective charging events;

Op15 is the total number of toll declarations, i.e. the number of toll declarations
by the TSP-BE in the measurement period.

(69)

orrecttoll

declarations generated during the measurement period by the TSP-BE;
Orrs is the total number of toll declarations, i.e. the number of toll declaration$s generated by

where the
is greater

1€ process

(70)

cenerated

during the measurement period by the TSP-BE which are delayed by a time l¢nger than

the last of

cenerated

7.3.3.5 ET-CM-TD-4 TD — TSP charge parameter change rate

7.3.3.5.1 Metric definition

This metric defines the probability that for any predefined charge parameter change that takes place,
the TSP properly detects it.

Th

©lI

e calculation method for the metric is specified in 7.3.3.5.3, Formula (71).
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7.3.3.5.2

Intended use

This metric measures the reliability of the detection of charge parameter changes in the TSP system.

NOTE

7.3.3.5.3

RPARACONT,TD = FCTD,TS/FTTD,TS

Itis important to be aware of the distinction between charge-relevant events and charging events.

Metric calculation method

where

RparacontTp 1S the rate of correct detection of charge parameter changes in toll declarationy i

FCTD,'I

FTTD,']

7.3.3.6 [ET-CM-TD-5 TD — TSP false positive rate

7.3.3.6.1

For vehicl
object det

The calcu

7.3.3.6.2

The rate d
customer
measures

NOTE
driven wit
while actu

7.3.3.6.3

RFPOS

where

continuous schemes;

by the TSP in the measurement period.

Metric definition

bs not using the infrastructure, this metric defines¢he probability that for any defined cha
ection, the TSP improperly detects it during the*Creation of toll declarations.

ation method for the metric is specified in:23.3.6.3, Formula (72).

Intended use

f false positives is a critical parameter of system performance because it is directly related
satisfaction, the number of SU‘complaints and the public perception of a system. This met
the rate of occurrence of false*positives in the TSP system.

In continuous systems, the false positives can imply the application of a wrong tariff to the dista
hin a given infrastructure, e.g. being charged for distance driven within a congestion charging z
hlly only having passed close by.

Metric calculation method

ONT,TD= UTTD,TS/ YOT,TS (

(71)

5 is the number of correctly detected charge parameter changes in the'toll declarations,
during the measurement period;
S is the total number of detected charge parameter changes in‘the toll declarations sent

ge

to
ric

nce
ne

12)

ReposcontTp 1S the rate of the false positives in toll declarations in continuous schemes;

Urrprs is the number of false positives identified in all toll declarations which are generated
during the measurement period;
Yorts is the total number of passes of vehicles in the proximity (but outside) the charging

78

objects in the measurement period.
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7.3.3.7 ET-CM-CTD-1 CTD — Correct charging rate

7.3.3.7.1 Metric definition

This metric defines the probability that for any set of representative trips travelled by a vehicle and
during a certain period of time, the ARCE is within the accepted charging error interval.

The calculation method for the metric is specified in 7.3.3.7.3, Formula (73).

7.3.3.7.2 Intended use

Thlls metric provides overall information for the TSP and the TC on the capabilities of tHe system,
in pparticular the OBE, to compute toll declarations whose charges are within the aecepted charging
interval, i.e. ensuring that charges cover a very high percentage of the due incomes”(to ensure the
vigbility of the system) and limiting the charges in excess (overcharging) to.avoid claims and for
providing credibility for the SUs and the authority.

7.3.3.7.3 Metric calculation method

Rcorconto = Tsw,acerrs /Tts (73)
where

ReorcontTp 1S the rate of the correct toll declarations in continuous schemes;

Tswaceits  is the number of sets of representative trips travelled by a vehicle during a certain
period of time whose ARCE is*within the accepted charging error interjval in the
measurement period;

Trs is the overall number of sets of representative trips analysed in the measurement period.

It dhall be determined whether severalsets of representative trips shall be independent for edch sample
or the same trips can be used for morethan one set. The second option seems to provide a mofe reliable
madtric.

7.3.3.8 ET-CM-CTD-2 CTD—- Overcharging rate

7.3.3.8.1 Metric definition

Thiis metric defines the probability that for any single predefined representative trip, the RCE is above
the upper bound of the accepted charging error interval.

Thi calculation method for the metric is specified in 7.3.3.8.3, Formula (74).

7.3.3:8.2 Intended use

This metric provides overall information for the TSP, the TC, authority and users on the capabilities
of the system, in particular the OBE, to compute toll declarations whose charges are not larger than
the accepted charging interval, i.e. ensuring that the probability of charges in excess (overcharging) is
properly bounded providing credibility for the users and the authority.

7.3.3.8.3 Metric calculation method

Rrpocu,cont = Twaceirs/ Tt (74)

©1S0 2023 - All rights reserved 79


https://standardsiso.com/api/?name=bf39ec27a2c6bd94080b6b309a525ad6

ISO/TS 37444:2023(E)

where

RocucontTp IS the overcharging rate on toll declaration level in continuous schemes;

Tw acELTS is the number of representative trips travelled by a vehicle during a certain period
of time whose RCE is above the upper bound of the accepted charging error interval
in the measurement period;

Ty is the overall number of representative trips analysed in the measurement period.

7.3.3.9 T-CM-CTD-3 CTD — Accuracy of distance /time measurement
7.3.3.9.1 | Metric definition
This metrjic defines the average and standard deviation of the relative distance or time error of a set of
representptive trips travelled by a vehicle during a certain period of time.
The calculation method for the metric is specified in 7.3.3.9.3, Formulae (75), (76}.and (77).
7.3.3.9.2 | Intended use
While thg above metrics (related to charges) measure the overall system performance (integratjng
errors in dlistance measurement and errors in event recognition), having direct observability of systpm
capability| to accurately measure distance and time also separating between systematic and randpm
errors (thpt can be observed by the average and standard deviation values) provides a substantial vaJue
for the TSP.
7.3.3.9.3 | Metric calculation method
n
(z i—oERELTD,i )
- ¥5)
qacc,1p (
n
n -2
(Z i—oERELTD, i )
- - (6)
dpEv,Acc,TD - (
where
(m-r) !
Ereap, =— (17)
and wher¢
dAccaD is the average value of the accuracy of the time/distance measurement;

80

dpevacctp 1S the standard deviation of the average value of the accuracy of the time/dis-

tance measurement;

ERgLTDp is the relative error of the time/distance measurement;

n is the number of representative trips considered;

m is the one supplied by the system (could also be time);

r is the one measured by the reference system (could also be time).
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7.3.3.10 ET-CM-CR-1 CR — Correct charge report generation rate

7.3.3.10.1 Metric definition

This metric defines the probability that a charge report (based on a GNSS OBE) is correctly generated.

The calculation method for the metric is specified in 7.3.3.10.3, Formula (78).

7.3.3.10.2 Intended use

Wil this Metric, a rk prov1der and a ISP can measure the perlormance of the FE as far as co

of

7.3

wh

7.3

7.3

Thijis metric defines the probability thata charge report (based on a GNSS OBE) is incorrectly §

Th

7.3

Wi
co

.3.3.11.3 Metric calculation method

Charge reports is concerned.

.3.10.3 Metric calculation method
Reorcont,cr = Prevrs/Prvrs

ere

Rcorcont,cr 18 the rate of correct charge reports in continuous'schemes;

Prcyrs is the number of correctly generated chargelxeports during the measurem
and for a given number of vehicles by the FE;

PryTs is total number of charge reports, iee. the number of charge reports gene
given number of vehicles by the FE;in the measurement period.

.3.11 ET-CM-CR-2 CR — Incorrect charge report generation rate

.3.11.1 Metric definition

e calculation method for the metric is specified in 7.3.3.11.3, Formula (79).

.3.11.2 Intended use

h this metric, a FE-provider and a TSP can measure the performance of the FE in resp
putation of chdrge reports.

RiyceonTcr = Privrs/Prvrs

mputation

(78)

ent period

rated by a

renerated.

ect to the

(79)

©lI

CcIc

Rinccontcr 1S the rate of incorrect charge reports in continuous schemes;

Pryrs is the number of incorrectly generated charge reports during the measurem
for a given number of vehicles by the FE;

Pryrs is total number of charge reports, i.e. number of charge reports generated
number of vehicles by the FE in the measurement period.
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7.3.3.12 ET-CM-CR-3 CR — Charge report latency

7.3.3.12.1 Metric definition

This metric defines the average time it takes between a charge event and the time the charge report is
created/received by the TSP.

The calculation method for the metric is specified in 7.3.3.12.3, Formula (80).

7.3.3.12.2 Intended use

This test gives the average latency of charge events until they are received from the FE. Thereforg, it
gives information about the average FE performance.

7.3.3.12.3 Metric calculation method

1¢n
EDELCONT,CR = ;Zizlai ($0)

where

tpeLcdnT,cr 1S the average delay in charge report generation in cobtinuous schemes;

a; is the time span between the occurrence of the charge object detection with index 1 as
determined from the reference data and the reception of the respective charge repprt
by the FE in the measurement period;

n is the number of charge object detections'in the measurement period.

If the medsurement period was chosen accordingly\this test could be used to determine the avergge
delay for the data in a single charge report. If a loager period was chosen, it could also give the averjge
delay oveff multiple charge reports.

It is impolrtant to be aware that the reparting period influences this metric. If, for example, 24 4 is
chosen, tlhe average resulting latency: shall be greater than 12 h for evenly spaced charge objgect
detections.

7.3.3.13 ET-CM-CR-4 CR — TSP-FE charge parameter change rate

7.3.3.13.1 Metric definition

This metrjic defines.the probability that the FE properly detects any defined charge parameter change
that takegplace.

The calculation ' method for the metric is specified in 7.3.3.13.3, Formula (81).

7.3.3.13.2 Intended use

This test measures the percentage of charge parameter changes which are correctly reflected in charge
reports generated by the TSP-FE.

NOTE Itis important to be aware of the distinction between charge parameter changes and charging events.

7.3.3.13.3 Metric calculation method

Rparacont,cr = Freer/Frrs (81)
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Rparacontcr 18 the value of the rate of correct detection of charge parameter changes in charge
reports in continuous schemes;

Freer is the number of charge parameter changes which are correctly represented in charge
reports received from the TSP-FE in the measurement period;

Frrs is the total number of charge parameter changes as determined from the reference

data in the measurement period.

7.3

7.3

Fo
ch

Th

7.3

Th
cu
me

7.3

wh

7.3

4
7.3
g

.3.14 ET-CM-CR-5 CR — TSP-FE end false positive rate

.3.14.1 Metric definition

" vehicles not using the infrastructure, this metric defines the probabilitysthat for any p
irge object detection, the FE improperly detects it.

e calculation method for the metric is specified in 7.3.3.14.3, Formula(82).

.3.14.2 Intended use

e rate of false positives is a critical parameter of system performance because it is directly
btomer satisfaction, the number of SU complaints and the/public perception of a system. T
asures the rate of occurrence of charge reports in the FSP system containing false positivg

.3.14.3 Metric calculation method

RFPOSCONT,CR = UTCR,TS/YOT,TS

ere
Rpposcontcr 1S the value of thefalse positive rate in charge reports in continuous schen
Urcrts is the number of false positives identified in all charge reports which are
during the measurement period;
Yorts is thetotal number of passes of vehicles in the proximity (but outside) the
Objects in the measurement period.
.3.15 ET-CM-CCR-1 CCR — Correct charging rate

.3.15;1" Metric definition

Thi

redefined

related to
his metric
S.

(82)

1ES;

generated

e charging

during a certain period of time, the ARCE is within the accepted charging error interval.

Th

e calculation method for the metric is specified in 7.3.3.15.3, Formula (83).

7.3.3.15.2 Intended use

phicle and

This metric provides overall information for the FE provider, the TSP and the TC on the capabilities of
the system, in particular the OBE, to compute the charges within the accepted charging interval, i.e.
ensuring that charges cover a very high percentage of the due incomes (to ensure the viability of the
system) and limiting the charges in excess (overcharging) to avoid claims and to provide credibility for
the users and the authority.

©lI
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7.3.3.15.3 Metric calculation method

RCORCONT,CR = TS,W,ACEI,TS/TT,S

where

Rcorcontcr 1S the rate of the correct charging rates in charge reports in continuous schemes;

(83)

Tswaceirs IS the number of sets of representative trips travelled by a vehicle during a certain
period of time whose ARCE is within the accepted charging error interval in the
measurement period;

Tt is the overall number of sets of representative trips analysed in the measurement-peripd.

In order tp have more observability of the process (i.e. the resulting metric to be closerto'the reality),

sets of representative trips do not need to be fully independent, i.e. different sets can'share the same

trips. For

each day i

7.3.3.16

7.3.3.16.1

This metr

the upper

The calcu

7.3.3.16.7

This metn

the capab

the accepf
properly |

7.3.3.16.3

Roche
where

ROCH

TA,AC 1

instance, if the considered period is one month, one can consider periods. of-30 days start
Instead of considering a set each month.

ET-CM-CCR-2 CCR — Overcharging rate

Metric definition

ic defines the probability that for any single predefined representative trip, the RCE is ab
bound of the accepted charging error interval.

ation method for the metric is specified in 7.3.3.46.3, Formula (84).

Intended use

ic provides overall information for thé.FE provider, the TSP, the TC, authority and users
lities of the system, in particular. the OBE, to compute the charges that are not larger th
ed charging interval, i.e. ensuringthat the probability of charges in excess (overcharging
ounded providing credibility for the users and the authority.

Metric calculation method

ONT crRIs’the overcharging rate on charge report level in continuous schemes;

1S is the number of representative trips travelled by a vehicle during a certain per

Ty

period;

is the overall number of representative trips analysed in the measurement period.

7.3.3.17 ET-CM-CCR-3 CCR — Accuracy of distance/time measurement

7.3.3.17.1 Metric definition

ng

ve

on
an
is

NT.CR = IaacErrs/ TE (84)

od
of time whose RCE is above the accepted charging error interval in the measurement

This metric defines the average and standard deviation of the relative distance or time error of a set of
representative trips travelled by a vehicle during a certain period of time.

The calculation method for the metric is specified in 7.3.3.17.3, Formulae (85), (86) and (87).

84
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7.3.3.17.2 Intended use

:2023(E)

While the above metrics related to charges measure the overall system performance (integrating
errors in distance measurement and errors in event recognition), having direct observability of system
capability to accurately measure distance and time also separating between systematic and random
errors provides a substantial value for the TSP.

7.3.3.17.3 Metric calculation method

n
(2 UEREL CR )
— CRA
dAccCR = . (85)
no2
(2 oL RELCR,i )
dDEV,ACCCR = - (86)
wHere
(m-r)
ERELCRi = (87)
anfl where
dacccr s the average value of the accuracy of thextime/distance measurement;
dpEv,acc,cr is the standard deviation of the average value of the accuracy of the time/distance meas-
urement;
ErgLcr s the relative error of the tinte/distance measurement;
m is the relative error supplied by the system (could also be time);
r is the relative errormeasured by the reference system (could also be time).
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Annex A
(informative)

Examination test documentation template

A.1 Exgmimation testtempiate

Table A.1 provides a template for the documentation of examination tests.

Table A.1 — Examination test template

Measured|metric

Metric deffinition

Metric mepsurement data requirements

Referdnce Charge Toll Billing Payment User account
dath report declaration details claim charges

Environmpgntal conditions

Performance requirement

Sample size

Details of method for
generating charging input

Method fof generating
reference fata

Test routel/Subset of charge network

Metric calfulation details
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Annex B
(informative)

Examination framework considerations

:2023(E)

B.f—Generat

For defining the examination framework, completeness is as important as efficiency and reliat)ility. The

mgasurements should be repeatable and comparable, considering the diverging requiremlents from

sclLeme type, phase and technology.

The following systematic three-step process is applied:

a) | identification of sources of relevant data, e.g. an operational enforcement system;

b) | measurement methods for collected data from the sources identified in list item a), e.g. cgmparison
with data collected by an enforcement system;

c) | definition of the examination framework for each metric;e.g. CM-DCR-1 DCR — Correct charging
rate (charge object detections) in an operational tollingsystem.

Thlis systematic approach allows for reliable and *cemparable results, but also maximizes the

opportunities for synergy. One measurement can be’used for measuring several metrics 4t once. In

mdgny cases, this gives more than one option of measurement for each metric. This is even hecessary

befause of the varying circumstances due to phase, type and technology.

B.2 Criteria for definition of tests

Tolensure that the results of the éxaminations (measurements of metrics) are reliable, acqurate and

reproducible, it is important to apply a comprehensive strategy in designing the examination methods.

Thiis strategy should take intotaccount the possible sources of influences on metrics.

These influences might be-c¢ontrolled by the examination process (e.g. mounting position af OBE) or

might not be accessible'to'manipulation (e.g. weather conditions).

Therefore, the follewing strategy of defining examination methods is used in this specificatidn:

— | identify peSsible sources of influences on metrics, considering differences due to phage, scheme
type and)technology;

—| design tests which “provoke” errors, exploit possible vulnerabilities.

Th DCLUlld lJUillt iD CDPCLIQ}})’ UDCfL{} ill thc Cdol Uf Idalrvc CVClltD tU bC tCDth (C.s. C}\"/{ DCR'4, false

positives).

B.

3 Dependency on scheme type

The design of a valid examination framework differs widely depending on the type of scheme.

a)

©lI

Discrete systems: The results in a discrete system can only assume two values (detected or not).

Therefore, the result of a test can assume only four values, as elaborated in the Introduct

ion to this

document. Percentages only come into play after collecting a sample of several measurements.

It is also easier to define a valid reference to which the system under test is to be compared. The
passage of a road section is much easier to define than a specific trajectory for a continuous system.
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b) Continuous systems: While the results in a discrete system can only assume two values (detected or
not), the result in continuous systems is a value. Therefore, the result of a test should be expressed
as a continuous error value.

Additional problems occur because it is more difficult to reproduce a certain vehicle behaviour, e.g.
the mileage for a given trip will vary simply because a vehicle can and will not drive in exactly the
same way on the same trajectory repeatedly.

The type of scheme also has an impact on the information flows and on the metrics that can be defined.
While the metrics are independent of schemes on the higher levels (billing details to end-to-end), there

are major differences for the low-level metrics (r‘hqrgn report and toll dnr‘]arnfinn)

The roles |n the collection of charge data differ.

— In aufonomous systems, the TSP is the operator of the FE; therefore, charge repotrts‘and toll
declarations are within its realm of responsibility.

— In tolling systems, the RSE and the corresponding parts of the central system are under the contjrol
of the] TC.

— In DSRC-based systems, the interface for exchanging the equivalent to charge’reports in autonomgus
systens was not standardized until the preparation of the current document and therefore, if is
difficplt to put metrics on them.

B.4 Dependency on phase

The two main phases in the lifetime of a tolling system result in very different conditions for chargjng
performance metrics measurement. These differences are'detailed in the following subclauses.

a) Evaluption phase

Therd are not yet any SUs. All tests should be performed with selected vehicles, either driven|by
personnel of the entity performing the tests, or volunteers who allow their vehicles to be equippgd.
This {i'tuation results in relatively smallisample sizes, potentially with controlled behaviour of test
vehicles and controllable influences on-metrics (e.g. mounting position of OBE).

b) Moniforing phase

Usually, a large number of toll'System users are active in the system. Therefore, very large sample
sizes [are possible, but with unknown behaviour of the vehicles and potentially uncontrollaple
influgnces on metrics¢lnprinciple, all measurements from the implementation phase are possiple
here.

There can exist a period of transition between the two phases during the roll out of the system. M¢re
and more [vehicles:are equipped with OBE, so the sample sizes are also rising.

B.5 Dependency on technnlngy

Sources of influences on metrics depend on technology.

EXAMPLE 1 In GNSS systems, performance is influenced by accuracy and availability of GNSS position data/
events. Key issues are:

— environment of the road (refers to obstacles, buildings, etc.);

— solar activity (affecting the ionosphere, weather conditions, etc.);
— vehicle speed;

— quality of toll context data from the TC (ISO 12855).

EXAMPLE 2 In DSRC systems, performance is influenced by:
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traffic density;

vehicle speed;

OBE mounting position;
weather conditions;

SU behaviour;

battery life.

oth technologies, interference (spoofing, jamming) in the respective frequency bands used degrades
performance.

Knlowledge about these sources helps in designing useful tests, especially for measuringrare
already highlighted in Clause B.2, stressing the system by creating challenging scenarios might provoke
erfors which can be used for the estimation of metric values, given that the aetual probabil

co

B

Th

wi
de

S1in

ditions is known.

.p Simultaneous measurement of metrics

bigned to measure metrics at the end-to-end level can, with.additional observation points,

madtric levels.

events. As

ty of such

e metrics in the examination framework have been defined basedon the sequential information flows
thin a charging system, which means that there is a hierarchy of metrics; hence, an examination test

be used to

hultaneously measure metrics at the charge report, billing details, payment claim and us¢r account
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Annex C
(informative)

Statistical considerations

C.1 Bagics

All statistjcal considerations should reflect existing ISO International Standards.[17]

Four particularly relevant International Standards for basic statistical analysis of EETS data are
ISO 2602,]ISO 3534-1, ISO 3534-2 and ISO 11453:1996/Cor 1:1999.

NOTE More specific aspects and alternative approaches can also be found Reference, [1Z].

These doquments should be used as the base reference for all standard operating procedures definjng
statisticall characterizations of performance measures. Standard operating procedures should not
only describe data analysis, but should also have to define unambiguously all steps of sampling, data
ascertainient, data description and statistical evaluation. When necéssary, approaches for validatjon
of measufement systems, identification of sources of bias and of extra variability, etc. have to|be
provided.

Developmlent of more sophisticated statistical methods should be encouraged when approprigte,
scientificqlly sound, and in accordance with established IS@-Jriternational Standards.

Vocabulaily and terms used should be standardized and-as precise as possible. Therefore, all documents
should usg the ISO 3534 series as a common reference. In addition, there are glossaries of statistilcal
terms widely accepted internationally. OECD offébs an online statistics portal.l18] From this website,
a downlopdable version is available as well._Translations into 31 languages are offered by the
Internatidnal Statistical Institute (ISI).[22]

The following subclauses give a short overview of the basic terminologies, elementary formulae ffor
computing estimates of performance parameters and confidence limits, including example calculatiopns.
They are pot intended to replace the-International Standards mentioned at the beginning of this clause.

C.2 Point and intervalestimation for binary and continuous data

C.2.1 Binary data

C.2.1.1 General

These data“arise if the measurement of interest is of type yes/no or failed/passed, usually coded|as
0/1. The parameter of interest is the probability for observing a 1. A point estimation for samples of
independent, identically distributed binary data is straightforward. Such data make up a "Bernoulli
process”. An interval estimation can be based on normal approximation or other methods, as
appropriate.

Formulae (C.1) and (C.2) are used for the normal approximation approach, expressing point estimate
and confidence limits respectively.

p=x/n (C.1)

ﬁizl_a/z,/ﬁ(1—ﬁ) /n (C.2)
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where

Z1_g/2 denotes the normal percentile;
X is the number of successes;

n [s the sample size.

:2023(E)

Alternative methods are described in this document. Especially for probabilities near 0 and 1, more
appropriate methods would be likelihood-based, transformation-based or the at exact "Clopper-

Pedrc‘r\n" interuvals

NOTE1 Asbinary data are discrete by nature, the demanded coverage probability cannot be-exha
sitpiations. Exact confidence intervals guarantying coverage of a least 1 - a are wider than altérnative|
sathple sizes, these differences become increasingly small.

Dependent observations or non-homogeneous data result in over-dispersion,” which m
the variability of the rate estimate is larger than under the Bernoulli sampling scheme. In

isted in all
s. For large

eans that
this case,

confidence intervals for the overall success probability should be constrtcted taking over-dlispersion

int

NO|
ong

NO|

NO
givi

Fofmula C.3 shows an estimation of priobability/proportion.

wh

.4.1.2 Binary data examples

.4.1.2.1 Probability

0 account.

TE2  For very small underlying probabilities, samples with zero response occur quite often. I
-sided confidence intervals can easily be constructed giving an upperbound.

TE3  Atesting-based approach for inference on binary data-can be found in the ISO 2859 series.

TE4  More sophisticated analysis of binary data is provided when logistic regression model
ing the opportunity to model detection probabilities for different times, segments, devices, etc.

v,
p= -5 = number of succesSful events/overall events

Yo

ere

p isthe propaftion of successes in a Bernoulli trial process estimated from the statistic
vg is thenumber of successful events;

Vo sithe number of overall events.

h this case,

b are used,

(C.3)

al sample;

C.2.1.2.2 Margin of error

A simple approach for calculating the confidence interval of a binomial proportion is the normal
approximation interval shown in Formula C.4:

5 p(1-p)
ptz _— (C.4)
1-o/2 n
where
p is the proportion of successes in a Bernoulli trial process estimated from the statistical sample;
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Z1_¢2 isthe 1 - a/2 percentile of a standard normal distribution;

a

n

is the error percentile;

is the sample size.

For example, for a 95 % confidence level, the error (a) is 5 %, so 1 - /2 = 0,975 and Z1_qj2 = 1,96.

EXAMPLE

The following provides a simple example with proportions near 50 %. To analyse the proportion
of defective units, a sample is drawn of 1 000 units; 529 of the 1 000 units are defective.

. 529
p=—+——=0,529
1{000
The confidpnce interval, ¢, is:
0,529(1-0,529)
c=0,p29+1,96 ==0,529+0,031
1 000
C.2.1.2.3 | Estimation of probabilities near 0 or 100 %
EXAMPLE The following provides an example of a significant estimation of-the overall detection rate [m
important key performance indicator (KPI)] of segment-based toll systems:={e analyse the overall detection 1
of a toll sygtem, 1 000 detection events are considered as a sample; 995 gPthe events were successful.
. 995
p=—F+—=0,995
11000
The confidpnce interval, ¢, is:

C:O,“)95i1,96\/

Note that t

C2.1.24

Often, it
calculatio

For the sj
underlyin

Piow 1

0,995(1-0,995)

=0,995+ 05004
1 000

he margin of error in this example is-smaller.

One-sided confidence intervals

s of more interest_if a’ certain requested quality level is complied with or not than
h of an error margin’In this case, one-sided confidence intervals should be used.

pecial case of;'0/events among n units under test, an upper 1 - a confidence limit for
b responsesprobability is given by Formula C.5:

LUy (o}

ost
ate

he

he

5)

For samp

e sizes of 100, T 000and 10000, thiscatculation produces the upper 9596 HmmitsT 0,029

0,003 0 and 0,000 3.

C.2.2 Continuous data

C.2.2.1 General

Continuous data can be of various forms. For toll data, information on the expected value can be the most
important, as the total of charges equals the number of rides multiplied by the expected toll. Inference
is supported by the central limit theorem of mathematical statistics. For large samples, approximations
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based on normal theory can be regarded as reliable. Point and interval estimates assume independent,

identically distributed data. The following information applies:

Formulae for the normal approximation approach: x4, x5, ..., X, denoting the sample da
assumed to be drawn from a distribution with expected value x and variance 0?;

Point estimate: i = X (mean);

of o.

ta; data is

Confidence limits: denoting the standard deviation by s. The standard deviation is the point estimate

Confidence l[imits for the median, non-parametric approach:

Th interval [min(xy, Xy, ..., X,,), max (xy, X, ..., x,)] isa 1 - (1/2)" -1 confidence intervalfof t
of the underlying distribution. This holds true for arbitrary distributions. In general, the
upper limit can be calculated more appropriately according to a given confidence level

suitably chosen order statistics.

NO
ge

TE1 For normal data, the distribution would be perfectly characterized by the parameters y
eral distributions, interpretation of parameter estimates depends on the form of the distribution. A

he median
lower and
1 - a, by

and o. For
continuous

vatfiable is not fully characterized by the expected value and variance. As 'a_minimum, it is recommended to

addlress questions of symmetry.

NOTE 2  The coverage of the above defined interval is exactly equal,to1 - « if the data is normally d
otHerwise, exact coverage is virtually achieved for large samples (1 3100), not too skewed.

NOTE 3

NOTE 4  Instead of the mean, the median or other percefitiles of a distribution could be chosen as a
of finterest. There are non-parametric methods for interval estimates available, either based or]
quéntiles or on re-sampling methods, including the bootstrap approach (see ISO 16269-7).

NOTES5 Tolerance interval estimation is also~possible; however, this is a greater challenge for 1
data.
NOTE 6  When samples are drawn underdifferent conditions, covariates, useful for describing the d

can be recorded as well. Such data offer the chance for more sophisticated regression modelling

rarfjdom effects models, which could characterize sources of variability.

NOTE 7  Tolerance intervalestimation is also possible. However, this is a greater challenge for 1
dafa.

C.3.2.2 Continuouis:data example

C.3.2.2.1 Geéneral

The following example uses artificial data and five measurements of a distance: 3,351 km,
3,{;9 km, 3,348 km and 3,352 km. The true distance determined by a high precision re
3,35km.

A testing-based approach for inference on continudus data can be found in the ISO 3951 sef

istributed;

e

es.
parameter
empirical

on-normal

stribution,
, including

on-normal

3,353 km,
ference is

C.2.2.2.2 Normal approximation approach

The mean is defined as: x=3,350 6

The standard deviation is defined as: s = 0,002 073 644.
The 95 % confidence interval is calculated as:

0,002 073 644
J5

using the t-value t, 975 =2,776.

3,350 6£2,776x =3,350 610,002 575=(3,348 025, 3,353 175)
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This confidence interval covers the “true” value. There does not appear to be any systematic error in
the measurements.

C.2.2.2.3

Non-parametric approach

The interval given by the minimum and maximum values is (3,348, 3,352), virtually identical to the
normal approximation. The confidence level is 1 - (1/2)5-1=93,74 %.

In this case, the non-parametric approach gives almost identical information, but with a slightly reduced
level of confidence.

C23 D

GNSS-bas
itself is (1
longer is.

Modelling]
In practic
not allow

Thus, the
firmware

To overco
are collecf

paling with non-normal data

bd position information is not normally distributed. While the pseudo range measurem
eside the systematic effects) nearly normally distributed, the resulting position:Solution

b, the complexity of data processing and the missing information about‘the real methods
the calculation of error distributions.

version) and also atmospheric situations.

e this situation, a practical solution is to use a quantileébased approach. All measureme
ed and need to fulfil a maximum deviation condition with a given percentage (e.g. 99 % bel

40 m). Confidence levels should be defined using the number.of'samples.

C24 Q

A referen
than the a

As the cos
approach

Based on
to be dete

hality of reference systems

ccuracy of the testing device. Typicallysvalues are factors above 3 to 5.

would be to choose the quality of-the reference based on practical considerations.

rmined if the reachable@cctracy fulfils the minimum requirements.

Afterwards, the reachable confidence levels can be specified based on the specified accuracy of

device un

ler test and the refefence system.

ent
no

of the real distribution based on pseudo range measurements is possibleyonly theoretically.

do

real distribution of GNSS position data depends on the satellite. segment, the receiver (dnd

nts

e system needed to determine deviations-of the devices under test needs a higher accuracy

ts for reference systems are neagly:exponentially linked with the required accuracy, a typifal

hvailable measurement systems with specified accuracy (and acceptable price range), it ne¢ds

he
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