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Foreword

ISO (the |

nternational 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

establlshed has the rlght to be represented on that comm|ttee Internat|onal organ|zat|ons governmental and

Internatlnal EIectrotechnlcaI Commlssmn (IEC) on all matters of electrotechnlcal standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2«

The mai
adopted
Internatio

In other
technical

— anl
an |

An ISO/R
further th

confirmed,

Internatio

Attention
rights. IS

ISO/TS 1
Technica

ISO/TS 1
performa

—  Part

—  Part

task of technical committees is to prepare International Standards. Draft International Standards
by the technical committees are circulated to the member bodies for voting.Publication as an
nal Standard requires approval by at least 75 % of the member bodies casting a Vote.

ircumstances, particularly when there is an urgent market requirement for such documents, |a
committee may decide to publish other types of document:

O Publicly Available Specification (ISO/PAS) represents an agreement between technical experts jn
O working group and is accepted for publication if it is approved.by more than 50 % of the members

bO Technical Specification (ISO/TS) represents an agreement between the members of a technigal
ittee and is accepted for publication if it is approved by 2/3 of the members of the committee casting
e.

AS or ISO/TS is reviewed after three years.in order to decide whether it will be confirmed for|a
fee years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS [is
it is reviewed again after a further three.years, at which time it must either be transformed into gn
nal Standard or be withdrawn.

is drawn to the possibility that some of the elements of this document may be the subject of patent
D shall not be held responsible for identifying any or all such patent rights.

7444-2 was prepared by _Technical Committee ISO/TC 204, Intelligent transport systems, and by
Committee CEN/TC 278, Road transport and traffic telematics in collaboration.

7444 consists of-the following parts, under the general title Electronic fee collection — Charging
nce:

1: Metrics

P Examination Framework

Vi
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Electronic Tolling systems are complex distributed systems involving critical technology such as dedicated

short range communication (DSRC) and global navigation satellite systems (GNSS) both subject to

a certain

random behaviour that may affect the computation of the charges. Thus, in order to protect the interests of the

different involved stakeholders, in pamcular Service Users and Toll Chargers it is essential to defin

e metrics

t al. 1mrcadourc lI 1< PUIIUIIIIGI 10T UI lI 1< DyOLUIII ao |a| do UUIII}JULGLIUII UI bIIGIUGO IO CUI IbUIIIUU GIIU Cl
the potential resulting errors in terms of size and probability are acceptable. These metrics will be ‘an
tdol when establishing requirements for the systems and also for examination of the system capabi
during acceptance and during the operational life of the system.

In addition, in order to ensure the interoperability of different systems it will be necessary'to agree on
metrics to be used and on the actual values that define the required acceptable performances althoy
not covered in this Technical Specification.

his Technical Specification is defined as a toolbox standard of examination tests plus a method fg
nd documenting Specific Examination Frameworks to meet specific negeds. The detailed choice of

T
a

e

Cpmpliance with this specification is understood as using the definitions and prescriptions laid g
Technical Specification whenever the respective system <aspects are subjected to pern
mleasurements, rather than using other definitions and examination methods than the ones specifi
Technical Specification.

ISO/TS 17444-1 defines a set of charging performance metrics with appropriate definitions, pring
fgrmulations, which together make up a reference framework for the establishment of requirement
systems and their later examination of the charging performance.

These charging performance metrics are intended for use with any toll scheme, regardless of its
underpinnings, system architecture, tariff structure, geographical coverage, or organizational model.
defined to treat technical details that may:be different among technologies as a “black box”. They fo
on the outcome of the charging process — i.e. the amount charged in relation to a pre-mead
theoretically correct amount — rather-than intermediate variables from various components as sens
a$ positioning accuracy, signal‘range, or optical resolution. This approach ensures comparable n
each metric in all relevant situations.

The metrics are designed to cover the information exchanged on the front-end interface
interoperability interfaees between Toll Service Providers and Toll Chargers as well as information o
tg-end level.

Metrics for the.following information exchanges are defined:

— charge'reports;

sure that
essential
ities both

common
gh this is

r defining
the set of

amination tests within an Examination Framework depends on the application and the respectiv¢ context.

ut in this
formance
ed in this

iples and
5 for EFC

technical
They are
Cus solely
sured or
ors, such
esults for

and the
the end-

—t “foll declarations;

— billing details and associated event data;
— payment claims on the level of user accounts;

— 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

Toll Service Providers, Toll Chargers and Service Users. The metrics can be used to define requirem
for requests for proposals) and for performance assessment.

© 1SO 2013 — All rights reserved
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Toll schemes take on various forms as identified in ISO/TS 17575 suite and ISO 14906. 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), and those based on a continuous measurement

(duration

or distance).

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

With this
solutions
and with

Examination Framework

degree of complexity, It IS not surprising to find that the attempis 1o evaluate and compare technig
for Service User charging have been made uniquely each time a procurement or study is initiate
bnly limited ability to reuse prior comparisons made by other testing entities.

oo

The Exa
metrics

reproducipility of the results without restricting the technological choices in gystém design. Specilic
Examinafion Frameworks maybe defined for the Evaluation and Monitoring Phases of a project due to the

differenc

Evaluation Phase

This pha
implemen

— relat
— well
Monitori
After the
fine-tunin
Charger,
— very
— inpr
Readers

To under

ination Framework that is defined in this part of ISO/TS 17444 is designed/fof measuring the
efined in ISO/TS 17444-1. The general aim is to achieve a maximum_of“comparability and

s in the availability of equipped vehicles.

Ee encompasses system evaluation and selection as well/asvCommissioning and ramp up durifg
tation. Important aspects of this phase are:

vely small sample sizes;

controlled behaviour of test vehicles.
ng Phase

system has gone into operation, its:Behaviour needs to be monitored for several reasons, such as
g of the system performance, monitoring of SLAs between contractual partners (supplier, Toll
Toll Service Provider, etc.). In this.phase the following system aspects can be expected:
large sample sizes possible;-but with unknown behaviour of the vehicles;

nciple all measuremeénts from implementation phase possible, too.

Guide

stand thescontent of this part of ISO/TS 17444, the reader should be aware of the methodology and

assumptipns usedvto develop the Examination Framework and associated examination tests; therefore|a
suggestef reading order is given below:
1) [»] el Aatail £+l A | 1l I £ A ] H k. = H ' n
TTTTCA | =] PIUVIUUO utciano Ul ane UIIUUII)’IIIH CUTIOIUCIAatliviio U1 UCVUIU'JIIIB uane Adrmnriatuvl
Framework.

2) Annex C provides background statistical information which will enable the reader to determine
sample sizes and confidence limits based on the defined performance requirements.

3) Clause 5 provides the definition of the Examination Framework for the evaluation of Charging
Performance.

4) Clause 6 contains the toolbox of Examination Tests for the evaluation of charging performance for the
identified scheme types.

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

6) Annex E provides an example(s) of Specific Examination Frameworks which have been developed in
accordance with the methodology in Clause 5.2.

© 1SO 2013 — All rights reserved iX
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TECHNICAL SPECIFICATION ISO/TS 17444-2

:2013(E)

Electronic fee collection — Charging performance — Part 2:

Examination Framework

1 anpn

This part of ISO/TS 17444 defines the Examination Framework for the measurements of
Performance Metrics defined in ISO/TS 17444-1 to be used during Evaluation and/or on-going IMonitg

It|specifies a method for the specification and documentation of a Specific Examination.Framework
be used by the responsible entity to evaluate charging performance for a particular information
interface or for overall charging performance within a Toll Scheme.

It| provides a toolbox of Examination Tests for the roles of Toll Charger and Toll Service Provid
fdllowing Scheme types:

a) DSRC Discrete;

b} Autonomous Discrete;

c] Autonomous Continuous.
The detailed choice of the set of examination tests to(be used depends on the application and the
context. Compliance with this specification is understood as using the definitions and prescriptions |
this Technical Specification whenever the -r€spective system aspects are subjected to pern
mleasurements, rather than using other definitions and examination methods than the ones specifi
Technical Specification.

Qut of scope of this specification are-the following aspects:

—+ This Technical Specification. does not propose specific numeric performance bounds, or a
to agreements between Toll Charger and Service Provider).This Technical Specification
consider the evaluation of the expected performance of a system based on modelling and meas

from trial at anotheb place.

— This Technical Specification does not consider the specification of a common reference syst
would berequired for comparison of performance between systems.

— This\Technical Specification defines measurements only on standardised interfaces. P
interfaces are excluded, because it is not possible to define standardised metrics on suc

Charging
ring.

vhich can

bxchange

er for the

espective
aid out in
formance
ed in this

erage or

worst-case error bounds(in percentage or monetary units. Those decisions are left to the Toll Charger (or

does not
ured data

em which

roprietary
n system

properties. These excluded interfaces are among others the link between Toll Charger RSE and central

systems in DSRC systems, and the additional sensor input of GNSS modules (inertial sensors,
for wheel ticks, etc.).

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document

CAN-bus

and are

indispensable for its application. For dated references, only the edition cited applies. For undated references,

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

ISO/TS 17444-1, Electronic fee collection — Charging performance — Part 1: Metrics

© 1SO 2013 — All rights reserved
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ISO 12855:2012, Electronic fee collection — Information exchange between service provision and toll

charging

ISO/TS 17575-1:2010, Electronic fee collection — Application interface definition for autonomous systems —
Part 1: Charging

ISO 1757

3:2010, Electronic fee collection — Systems architecture for vehicle-related tolling

3 Terms and definitions

For the p

3.1
absolute|

differencg between the measured charge (toll) value and the actual value (as measured byxa refereng

system)
Note 1 to ¢
[SOURC
3.2
accepted
interval o
that the T
[SOURC

3.3
average

iIrposes of this document, the following terms and definitions apply.

charging error

bNntry: A positive error means that the measurement exceeds the actual one.

E: ISO/TS 17444-1:2012, definition 3.1]

charging error interval
f the Relative Charging Error varying from a negative (underchiarge) to a positive (overcharge) valy
oll Charger considers as acceptable, i.e. correct charging

E: ISO/TS 17444-1:2012, definition 3.2]

relative charging error

e

e

d

e

7).

ce

ratio between the sum of computed charges associated o a set of vehicles during a certain period of time ar
the actua] due charge (for the same set of vehicles anhd the same period) minus 1

[SOURCE: ISO/TS 17444-1:2012, definition 3.3]

34

billing detail

for a givgn Transport Service, all necessary data required to determine and/or verify the amount due for tk
Service User

Note 1 to ¢ntry: If the data.is accepted by both the Toll Charger and the Toll Service Provider, then it is called
concluded|Billing Detail whichycan be used to issue a Payment Claim.

Note 2 to gntry: Fera-given Transport Service, the Billing Detail is referring to one or several valid Toll Declaration(
A valid Billing Detail*\has to fulfil formal requirements, including security requirements, agreed between the Toll Servi
Provider apd the:Toll Charger.

[SOURCIE: TS0 12855:2012, definition 3.1]

3.5

chargeable event
event in which a vehicle passes through a Charge Object that implies that vehicle has to be charged or a
different rate (e.g. price per kilometre) applied

Note 1 to entry: This event refers to the use of a certain object and not to the mechanisms by which detection

produced.

[SOURCE: ISO/TS 17444-1:2012, definition 3.5]

is

© 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=6ee1cdf9407b75b06ed53fb006a8dedf

ISO/TS 17444-2

3.6
charge object

:2013(E)

any object that is part of the toll context description that may be charged for its use under certain conditions

[SOURCE: ISO/TS 17575-1:2010, definition 3.6]

3.7
charging period

period of time which is used to define the frequency of the Toll Declarations, when Charge Reports are

aggregated to form Toll Declarations

Npte 1 to entry: If the Charging Period is set to 24 h then in the Toll Context Data a single Toll Declaration-i§
for each 24 h period for each Service User.

[SOURCE: ISO/TS 17444-1:2012, definition 3.7]
38

Charge Relevant Event

eyent occurring within a tolling system, which is relevant for charge calculation;but not for the dete
Charge Object itself

Npte 1 to entry: Examples of this type of event are changes in vehicle category or time zone.

[SOURCE: ISO/TS 17444-1:2012, definition 3.8]

3{9
charge report

data structure transmitted from the Front End to the Baeck End to report road usage data and supp
rglated information

Npte 1 to entry: In 2009/750/EC, Charge Report:isdeferred to as “Toll Declaration”.

[SOURCE: ISO 12855:2012, definition 3.2]

3110
d|screte toll scheme

Charge Objects such as crossihg a cordon, passing a bridge, being present in an area, etc.
Npte 1 to entry: Eachfevent is associated with a certain charge.
[SOURCE: ISO/TS17444-1:2012, definition 3.10]

311
continuous toll scheme

parameter(s), such as, distance, time, etc.

submitted

ction of a

ementary

tdll scheme where the charge_is. calculated based on distinct events associated with the identifjcation of

tdll scheme where the charge is calculated based on the accumulation of continuously mmeasured

[SOURCE: ISO/TS 17444-1:2012, definition 3.11]

3.12
event detection
element of the system responsible for detecting Chargeable Events associated with a Charge Object

Note 1 to entry: The output of this element provides the key information to compute a charge in a discrete scheme, or

act as input for a function in a continuous scheme (e.g. for zones where distance tariffs apply).

[SOURCE: ISO/TS 17444-1:2012, definition 3.12]
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3.13

evaluation
process applied for measuring a specific metric or set of metrics during an evaluation phase

[SOURCE: ISO/TS 17444-1:2012, definition 3.13]

3.14
Front En

d

part(s) of the toll system where road usage data for an individual Service User are collected, processed and

delivered

to the Back End

Note 1 to ¢
[SOURC

3.15

entry: The Front End comprises the on-board equipment and an optional proxy.

E: ISO/TS 17575-1, definition 3.13]

false positive event

Chargeat
[SOURC
3.16

missed 1
Chargeal
[SOURC
3.17

monitori
process \
Note 1 to ¢
[SOURC

3.18

le Event that did not take place but is recorded by the system
E: ISO/TS 17444-1:2012, definition 3.15]

ecognition event

le Event that takes place but is not recorded by the system

E: ISO/TS 17444-1:2012, definition 3.16]

g

vithin a distributed system for collecting and storing state data
entry: This can be used to observe metrics during operation.

E: ISO/TS 17444-1:2012, definition 3.17]

overchaiging

situation
[SOURC

3.19

when the calculated chargelis/above the Accepted Charging Error Interval

E: ISO/TS 17444-1:2012) definition 3.18]

payment|claim

recurring
Toll Char|

Note 1 to ¢
invoices 0|

statement._referring to concluded Billing Details made available to the Toll Service Provider by th
her whoindicated and justified the amount due

entry: The payment claim is used by the Toll Service Provider to issue financial objects to its customers (e

e

g.
to

h ‘behalf of the Toll Charger). A given toll payment claim is referring to concluded Billing Details and takes in

account any specific commercial conditions applicable to a vehicle, a fleet of vehicles, a customer of a Toll Service
Provider and/or a Toll Service Provider. A valid “payment claim” has to fulfil formal requirements, including security
requirements, agreed between the Toll Service Provider and the Toll Charger.

[SOURCE: ISO 12855:2012, definition 3.14]

3.20

performance metrics
specific calculations used to describe the charging performance of a system. These calculations are
technology- and schema-independent

[SOURCE: ISO/TS 17444-1:2012, definition 3.20]
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3.21
population
totality of items under consideration

[SOURCE: ISO 3534-1:2006]

3.22

relative charging error

ratio between the Absolute Charging Error and the actual value, i.e. Relative Charging Error = Absolute
Charging Error / Actual Value

Npte 1 to entry: The topic of Actual Values and how to handle them will be dealt with in the Examination Fra||nework.

[SOURCE: ISO/TS 17444-1:2012, definition 3.21]

3{23
r¢presentative trips
trips that are of a distance larger than a defined threshold and so have to be considered by the related metrics

Npte 1 to entry: Only trips which exceed the threshold and cover the specific types of-roads of the Toll Regime have to
b¢ considered.

P4

bte 2 to entry: The threshold may be defined as zero.
[SOURCE: ISO/TS 17444-1:2012, definition 3.22]

3j24
sample
slibset of a population made up of one of more of the individual parts in which the population is dividgd

[SOURCE: ISO 3534-1:2006, modified]

3{25

sxrvice user
clistomer of a Toll Service Provider, one fliable for toll, the owner of the vehicle, a fleet operator, a dfiver, etc.,
dépending on the context

[SOURCE: ISO 12855:2012, definition 3.29]

3{26

specific examination framework
particular instance of a’set of Examination Tests defined by an entity to determine the performance of specific
s¢lected Charging Metrics during either Evaluation and or Monitoring

3{27
successful charging
situation ' Where the user has been correctly charged according to the rules of the system

Npte~1 to entry: For discrete Toll Schemes this means that for a given chargeable journey the Chargeable Events
have been correctly 1dentified and for continuous schemes that the Charge determined is within the Accepted Charging
Error Interval.

[SOURCE: ISO/TS 17444-1:2012, definition 3.24]
3.28

Toll Charger
legal entity charging toll for vehicles in a toll domain

Note 1 to entry: In other documents the terms operator or toll operator can be used.

[SOURCE: ISO 17573:2010, definition 3.16]
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3.29
Toll Service Provider
legal entity providing customer toll services on one or more toll domains for one or more classes of vehicle

Note 1 to entry: In other documents the terms issuer or contract issuer can be used.

Note 2 to entry: The Toll Service Provider can provide the OBE or can provide only a magnetic card or a smart card to
be used with OBE provided by a third party (just as a mobile telephone and a SIM card can be obtained from different
parties).

Note 3t0 ahene Ik Taoll - Sande Deansidar o racnancoibla for th 0 tH (funetionina) ~Ff ORE \auth ooy 4 60
Trer T OOt viitC—T0vV1GCr— POSTIOTC—TOT e T CtoTmg T oot Te 13

tolling.
[SOURCE: ISO 17573: 2010, definition 3.23]

3.30
toll declagration
statement to a Toll Charger that confirms the presence of a vehicle in a toll domainninta format agreed
between the Toll Service Provider and the Toll Charger

Note 1 to ¢ntry: A valid Toll Declaration has to fulfil formal requirements, including (security requirements, agre¢d
between tihe Toll Service Provider and the Toll Charger.

[SOURCIE: ISO 12855 2012, declaration 3.19]

3.31

trip

part of space-time trajectory of a particular vehicle within a Toll Scheme

Note 1 to ¢ntry: The exact definition of the start and end of trip is dependent on the Toll Regime and technology
approach.

[SOURCIE: ISO/TS 17444-1:2012, definition 3.28]

3.32
undercharging
situation where the calculated charge is below the Accepted Charging Error Interval

[SOURCIEE: ISO/TS 17444-1:2012, definition 3.29]

3.33
user
generic tgrm used for thé customer of a Toll Service Provider, one liable for toll, the owner of the vehicle,|a
fleet openator, a driversetc. depending on the context

[SOURCIE: ISO 42855, definition 3.29]

3.34
user account
assets, liabilities, income, expenses, and equity of a Service User in his relationship to his Toll Service
Provider

[SOURCE: ISO/TS 17444-1:2012, definition 3.31]

3.35

user complaint

complaints related to service provision received by the Toll Service Provider from its Users via contact
channels

[SOURCE: ISO/TS 17444-1:2012, definition 3.32]
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ARCE Average Relative Charging Error

BD Billing Details

CCR  Continuous Charge Report

CCTV Closed Circuit Television (ISO/TS 17444-1)
CELB—GCharging-Errorinterval-owerBound

CEUB Charging Error Interval Upper Bound

C Charging Input

CM Charging Metric

CR Charge Report

CItD Continuous Toll Declaration

DCR Discrete Charge Report

DISRC Dedicated Short Range Communications (EN ISO 14906)
DIrD Discrete Toll Declaration

DO Dedicated OBE Testing

ERE End to End (ISO/TS 17444-1)

EFC Electronic Fee Collection (ISO 17573)

EETS European Electronic Toll Service (1ISO 17573)
EBA Enforcement System ANPR

ERD Enforcement System DSRC

FE Front End (ISO/T8 17575-1)

GNSS Global Navigation Satellite System (ISO/TS 17444-1)
GgPP GNSS path-post processing

IgT Inforation and Communications Technology
I Independent Reference System

ImS Intelligent Transport Systems (ISO/TS 17444-1)
KPI Key Performance Indicator

MBDD Maximum Billing Details Delay

MPCD Maximum Payment Claim Delay

MTDD Maximum Toll Declaration Delay

MUSD Maximum User Statement Delay

OBE On-Board Equipment (ISO 17573)
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PC Payment Claim

SLA Service Level Agreement (ISO/IEC 20000-1)

SO Simulated OBE / FE

TSP Toll Service Provider (ISO 17573)

TSP-BO Toll Service Provider back office

TC Toll Charger (ISO 17573)

TC-BO
TD
UA

5 Examination Framework

5.1 Gen
Clauses ¢
a) DSR
b) Auto
c) Auto
NOTE

Each of t
ISO/TS 1

Clause 5
particulan

Clause 5
the Charg

Clause 5

Tests defined in Clause 5.5.

Clause 5
Service H

[oll Charger back office
[oll Declaration

Jser Account

eral
.1 to 6.4 contain a toolbox of Examination Tests for the following'scheme types:
C Discrete (Clause 6.1 & optionally Clause 6.2);
homous Discrete (Clause 6.3);
homous Continuous (Clause 6.4).
These Scheme Types are defined in ISO/TS, 17444-1.

hese clauses contains the specific examination tests for the applicable Charging Metrics identified fin
7444-1.

2 defines the process that-should be followed to define a specific Examination Framework for|a
purpose.

3 provides a definition;of the sources of data that can be used by the Examination Tests to calculate
ing Metrics.

4 provides thedefinitions of the methods of generating Charging Input referenced in the Examination

5 defines the applicability of the defined Charging Metrics for the Roles of Toll Charger and Toll

rovider for the 3 identified scheme types.

Clause 5

.6 provides tables for the selection of Charging Metrics and associated Examination Tests for the

Roles of Toll Charger and Toll Service Provider for each identified Scheme Type.
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5.2 Method for defining a Specific Examination Framework

ISO/TS 17444-2:2013(E)

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 Toll Service Provider and/or
Toll Charger in a particular Toll Scheme. Further details are provided in the Clauses 5.2.1 to 5.2.6.

Select Metricsto be evaluated.
(d.521)

v

Select environment conditions
(Representative / Challenging). (cl 5.2.2)

v

Define Performance Requirements to be achieved.for
selected Metrics. (d 5.2.2)

v

Determine Sample Sze based on performance
requirementsfor selected Metrics. (d. 5.2.3)

¥

Selection of methods.for generating Charging Input
&Referefice Charges (cl 5.2.4)

v

Determinationof Test Routes/ Qub-set of Charged Network

for generating representative trips (d 5.2.5)

v

Documentation of the Specific Examination Framework

(d 5.2.6)

Figure 1 — Method for Defining a Specific Examination Framework

5)2.1  Selection of Metrics to be evaluated

The-entity responsible for the definition of the specific Examination Framework shall determine the Inetrics to

be measured in the phases of Evaluation and Monitoring for the roles of Toll Service Provider and / or Toll
Charger using the appropriate tables in Clause 5.6

a) DSRC Discrete

— Table 5 — DSRC Discrete - Metric Selection Table

— Table 6 — DSRC Discrete — Optional DSRC Toll Declaration Metric Selection Table
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b) Autonomous Discrete
— Table 7 — Autonomous Discrete - Metric Selection Table
c) Autonomous Continuous
— Table 8 — Autonomous Continuous - Metric Selection Table

5.2.2 Definition of environmental conditions and associated performance requirements

environmental conditions (Representative / Challenging) and associated performance requirements to be.met

The entiE/ responsible for the definition of the specific Examination Framework shall determinenthe
for each

etric selected in 5.2.1.

NOTE 1 Assessment of Charging Metrics in a Representative Environment allows performance in thé operational
environmgnt to be assessed. However care is to be taken to ensure that the Charging Data Input / selection |of
representgtive trips is comparable to that expected for the operational environment.
The choicg of representative environmental conditions will in practice result in a multidimensional ‘parameter space (elg.
air moistute, topography, electromagnetic environment, etc.). It is important to choose these pardameters and their valugs
with care fo ensure that tests are performed in all realistic sets of conditions (or at least the most probable ones) while
keeping the number of necessary tests to a minimum.

NOTE 2 | Assessments of Charging Metrics in a Challenging Environment are typically used to determine behaviour for
worst cas¢ scenarios in the operational environment. Due to the non-linear depéndence of system performance on the
environmgntal conditions it is difficult to transpose measured performance levelsto'those in operational systems.

The envifonmental conditions and associated performance requirements to be met for each metric selected
should bg documented in each Examination Test within the specific‘Examination Framework.

NOTE 3 In cases where comparative testing is chosen (e.g. a mew population of OBE is introduced into an existing
tolling sys{em), the influence of the environmental conditions on-the comparison results could be reduced if the tests werre
performed|in parallel. In this case both populations are exposed to the same conditions. Nonetheless it still necessary [to
perform the step described in Clause 5.2.2. This is important to ensure that the comparative test is performed under gll
relevant cpnditions; it also helps to pinpoint dependencies of performance differences to issues with robustness to certdin
environmgntal conditions, i.e. one population of equipfent being more sensitive to certain environmental conditions than
the other.

5.2.3 Determination of Required Sample Sizes

Based or] the performance requirements set for each metric selected in Clause 5.2.2 the entity responsible fpr
the definftion of the specific Examination Framework shall determine the sample sizes required to provide
statistically significant measuretnents based on the respective formulas for discrete and continuous systemsin
Annex C. The required_sample sizes shall be documented for each Examination Test in the specilic
Examinafion Framework.

5.2.4 Selection 6f methods for generating Charging Input and Reference Data

For each|Examination Test in the Specific Examination Framework that requires specific Charging Input to be
generatedl,“the responsible entity shall document which identified option for the generation of the Charging
Input shall be used (Clause 5.4). Where reference data are required for the calculafion of the mefric within a
specific Examination Test, the method of generating the reference data 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 Clause 5.3.

5.2.5 Determination of Test Routes / Sub-set of Charged Network for generating representative trips
For each selected Examination Test in the Specific Examination Framework that requires the generation of

specific Charging Input / Representative Trips, the responsible entity shall determine and document the Test
Route of the Charged Network which shall be used to generate the representative trips.

10 © 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=6ee1cdf9407b75b06ed53fb006a8dedf

ISO/TS 17444-2:2013(E)

NOTE 1 As indicated in Clause 5.2.2, particular care has to be taken to ensure that the selected test routes of charged
network are selected to meet the required test environment conditions.

NOTE 2 In cases where the test vehicles are not under control of the test, this step is still useful and necessary: It
helps in the selection of suitable test vehicles, which should be expected to drive as much as possible on the sub-set of
the charged network. Additionally it might be necessary to prepare the OBE for the test, e.g. generating geo-data defining
the sub-set of the charged network and loading those data into the Front End.

5.2.6 Documentation of the Specific Examination Framework

becific Evaluation Framework will have fully defined and documented the selected Examination (T
it} Specific Examination Framework. A template for the documentation of Examination Tests~is\p
Ahnex A and examples can be found in Annex E.

5

3 Sources of Data

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

—t the different phases (evaluation/monitoring);
— the type of system (discrete/continuous);
—+ the available technologies (e.g. DSRC, GNSS, ANPR).

Because the definition of metrics involves in general the comparison of measured system values to|expected
values, their computation requires both the outputs of the charging system under test and reference|data that
gpresent those expected values. The establishmentef expected values is, obviously, the most complex task
as it requires some independent system that has_to provide expected values (which are an estimatjon of the
truth with much higher accuracy and reliability.than the operational charging system to be analyged.) or a
concise statistical analysis applied to a sufficiently large data set, or in most cases both.

—

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

— outputs from Front-End (Charge Reports);

— outputs from Toll Serviee Provider back office (Toll Declarations and User Account);
—t+ outputs from TelhGharger back office (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 tihat needs

to be compared with the reference. These references can be obtained by any of the means described in
the following items.

b) The Operational Enforcement System.

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

d) Simulated OBEs and Front-Ends (to feed the back office) that allow analyzing the capabilities of that
back office having as reference the known (simulated) data generated by those OBEs.

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

)]

The pote

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

1) Known routes: the basis for the reference data is known by the a priori definition of those routes. This
is only applicable to discrete systems since continuous systems require a detailed knowledge of the
actually followed trajectory;

2) Use of reference systems as described in item E.

Data from OBE testing based for instance in the use of GNSS signal simulators or DSRC simulators.

Table

1 — Identification of where different sources of data can be used (valid for both DSRC and

ntial use of these data for the different cases considered is summarized in the following table:

autonomous systems)

Identifier Source of Data Valid for: N
Phase _CScheme Type
Evaluation Monitoring Discrete Continuous

A Operational As far as available Yes Yes Yes
charging system

B Operational As far as available Yes Yes Yes
Enforcement

d Independent Yes Yes Yes Yes
detection
systems

O Simulated OBEs Yes Yes Yes Yes
and FE

B Reference Yes Yes Yes Yes
systems installed
in vehicles

H Dedicated probe Yes Yes Yes Yes
vehicles

€] Data from OBE Yes Yes Yes Yes
Testing

Figure 2 and Figure 3 analyse for each of the levels for which metrics are defined:

12

What are the performanee-drivers, i.e. the key elements of the system that affects the performances.

Wha

is the key data-(identifier from Table 1) required for the metrics computation.
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Performance Metric Key Data Category
Driver Level

FE + TSP- End-to-end A+D+E+F Back Office Related:
BO ICT (Information and

+ TC-BO Communications

----------------------- _l/ \|_ Technology) Driven

FE ESSP' User A+D+E+F

+TC-BO Account

FE + TSP- Payment A+D+E+F
BO Claims

+ TC-BO

FE + TSP- Billing A+D+E+F
BO Details

+ TC-Bo

FE +TSP-BO Toll A+B+C+D+E+F
Declaration
|
FE Charge A+B+C+D+E+F+G Front-End (FE) Related:
Report GNSS Technology driven
Figure 2 — Applicability of Different Sources of Data to Different Charging Metrics for Autonomous
Systems, both discrete and continuous; Key Data refers to identifier from Table 1
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Performance Metric Key Data Category
Driver Level
OBE / RSE End-to-end A+D+E+F Back Office Related:
+ TSP-BO ICT (Information and
+ TC-BO Communications
_l/ \|_ Technology) Driven
OBE /RSE User A+D+E+F
[ ISP Account
+ TC-BO
O@BE / RSE Payment A+D+E+F
+ TSP-BO Claims
+ TC-BO
OBE / RSE Billing A+D +E+F
+ TSP-BO Details
+ TC-BO
|
OBE / RSE DSRC Event A+B+C+D+E+F Front-End (FE) Related:
Data -Toll OBE/RSE Technology
Declaration driven

Figure|3 — Applicability of Different Sources of Data to Different Charging Metrics for DSRC based
Systems, Key Data refers to identifier from Table 1

As a resylt of this analysis it can be easilyderived that two groups of metrics require data and methodology

that are df a very different nature:

— Charnge Reports and / or Toll Declaration metrics require specific data to determine a reference, whigh

makes the process complex.

— Billing Details, Paymept\Claims, User Account and E2E metrics can be derived from the Charge Report /
Toll Declaration metries-and including additional data that can be easily simulated.

This implies that a.major complexity is required for the definition of the Examination Framework at Charge
Report / Toll Declaration level.

5.4 Methods of generating charging input

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

— number of OBE tested (and what kind of variation of OBEs is necessary);

— number of toll objects verses number of different toll objects examined,;

— cost vs. benefit;

— statistics.

14
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Table 2 gives an overview over the methods of generating charging input within the Toll Scheme. In Table 3, a
subset of those methods are ordered according to whether the vehicle generating the input is a Service User
vehicle (“UVR”), the driver of which might not even be aware that they are participating in performance
measurements, or a possibly dedicated probe vehicle (“PV”). The meaning of “predefined routes” and
“reference system” are described in the following clauses.

Table 2 — Overview of Methods of Generating Charging Input

Name Description Source of Identifier for later Link to Section
Data (cl 5.3) reference 5.4.x
Probe. Cantralled / dedicated vehicles A’ B’ (“, E’ E P\/P ('Fnr prndnfinnd 5441 and 54.2
VEhicles on either predefined routes routes)
(RV) (PVP) or in relation to a PVR (for reference
reference system (PVR) system)
Skrvice Service Users vehicles in A, B,C E UVR 5.4.2
User relation to a reference system
vehicles
(UVR)
Cpmplian | Controlled / dedicated vehicles | A, B CCD (for DSRC,system | 5.4.2.1
c or Service User vehicles at information)
Checking | known spots where compliance CCA (for(ANPR system
(TC) checking takes places information)
S|mulated | Simulators used to generate A,D SO 543
OBE/FE Chargeable Events
Dedicated | White box OBE testing G DO 544
OBE
Testing

Table 3 — Overview of Methods of Generating‘Charging Input by vehicles using the Toll Sdheme

Type of vehicle used to generate data

Probe vehicle Service User vehigle
Predefined routes PVP not applicable
Reference system PVR UVR

(ane or more of CCD, CCA, PR,
8, GPP) see Clause 5.4.2

5/4.1 Predefined routes'(identifier: “PVP”)

Testing charging performance via predefined routes is widely used in many toll schemes. Test routgs are set
up to sample realistic-and challenging road conditions in order to evaluate the charging performanges of the
whole system, whieh includes the operation of OBEs, roadside equipment, back offices, etc. Owing to the
nature of this setup, predefined routes are only applied for vehicles under the control of the organisation
rgsponsible forthe performance measurements (“probe vehicles”),

The routes shall be designed to be representative of the real Toll Domain. It will sample a drivef’s overall
driving behaviour in combination with occasional complex geographical features and conditions expected to
challenge the technologies. The probe vehicles, which could consist of dedicated vehicles and |volunteer
vehicles, will undertake a variety of specific manoeuvres/test roules designed 1o test different aspects of the
system. The distance of the routes shall be long enough and the vehicle may drive repeatedly a number of
times to ensure that the test results are statistically significant. This may require a significant time (over a
period of weeks or months).

NOTE If performances of OBE of autonomous systems (the proposed method is not valid for continuous
measurements) are to be compared, all those OBEs can be installed in only one test vehicle, thus reducing variations
caused by external conditions and driving patterns (the OBEs also could be fitted in several vehicles to test).When
comparing the performance of DSRC OBEs in a 'real' environment, only one OBE should be installed per test vehicle.

Although the paths of the test vehicles are known by definition, it shall be supported by a GNSS reference to
account for the fact that even for predefined routes, deviations can occur, that need to be verified later on.
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5.4.2 Reference System (used in combination with identifiers: “PVR” and “UVR”)

A reference system is defined as a set-up where a reliable reference is generated in respect the toll due of the
vehicles in question. The vehicles can be either ones under the control of the organisation responsible for the
performance measurements (PVR) or vehicles of Service Users (UVR).

NOTE 1 “UVR” also refers to cases where the tolling service is not operational yet, but data can already be obtained from
customers of a Toll Service Provider.

NOTE 2 This reference may be obtained in a two-step process, where first a reference position or track is generated and
then — baded on this position or track — the toll reference data necessary for the respective test.

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

54.21 Reference System: Comparison with a compliance checking system (identifiers:;.""CCD" and
IICCAII)

In order fo evaluate the charging accuracy of a toll scheme, DSRC transactions (CCD) or ANPR detections
(CCA) frgm compliance checking infrastructure can be used as reference for compatison of the performange
of the OBE. It assumes that such a comparison between an OBE passing a compliance checking gantry and
the same¢ OBE passing a “nearby” Charge Object can be made in a meaningful way. This procedufe
compares the detected Charge Object with the actual Charge Object. It enablesa significant number of sppt
checks fgr all passing vehicles at all times.

The meagsurement basis of this method is the comparison of events (ffom’ DSRC compliance checks or ANPR
compliange checks, or both) detected from gantries with (one or mere) closely positioned Charge Objects and
fulfilling gertain other criteria. A corresponding Charging Report is.searched in a certain time window around
every enfprcement event contained in the sampled Service UsePyvehicle.

CCD and| CCA will not have a detection accuracy of 100%;'so the reference of passing Service Users will npt
be complete. However this does not limit the use of thissmethod. The sub-set of detected vehicles can be usgd
as the population for which charging performance is.determined.

NOTE Real time comparison of DSRC transactiofs'in the above mentioned way makes it possible to continuously and
real-time rponitor the toll scheme performance at all'times. It is also low cost in terms of personnel required.

5.4.2.2 | Reference System: Positioning reference system (identifier: "PR")

Vehicles |(either probe vehicles.or-Service User vehicles) shall be equipped with a positioning referenge
system. This can be either a sommercial positioning system or a high accuracy positioning system. For UVR,
Service User vehicles need. 10 be acquired and consented, depending on data protection laws special
contracts|have to be signed;7an incentive scheme might be necessary.

NOTE \s an examplg; the vehicles could be equipped with high performance GNSS, such as differential or kinematic
GPS, for positioning, \supplemented by an inertial measurement unit (IMU). This would be to meet the highest possiljle
accurate measurement of distance. Front-ends under evaluation will be installed by a Toll Service Provider (TSP).

The vehi ) ] WAy
that is typical for the toIIed vehlcles The data generated by these veh|cles will be reported to central back
office (possibly through the whole computations and interfaces to the billing information — 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 for the system. The accuracy of continuous charging
(time, distance) can be assessed between discrete charging events.
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5.4.2.3 Reference System: Independent reference system (identifier: "IS")

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

The case of a second toll charging system is especially relevant for tests of new (discrete) interoperable toll
systems or 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 the passing traffic or the recording of
charges liable with a second system. The reliability of the independent reference system has to be established
a§ wellas a procedure for reconcimation of charging/non-charging events when there is a diirerence getween
the IS and the system under test.

The method is similar to the comparison with a compliance checking system, but may use alternative|traffic
monitoring infrastructure not installed specifically for the Toll Scheme.

5/4.2.4 Reference System: GNSS path post processing (identifier: "GPP")

GINSS path post processing is defined as a set-up where a reference is generated by route analypis of the
vehicle in question. The vehicles can be either ones under the control of the organisation responsihle for the
performance measurements (PVR) or vehicles of Service Users (UVR).

The method is based on the analysis of GNSS-based vehicle tracks}-which allows positioning and tracking of
a|single or multiple vehicles, mapping their location onto charging‘objects along with the routes travelled and
it$ detailed historical analysis. This mapping of GNSS tracks onto Charge Objects will be perforied by a
system independent from the EFC OBE.

NPTE  The GNSS tracks may be obtained from the EFC_OBE itself.
5/4.3 Simulated OBE / FE (identifier: “SO”)
mulators / Emulators that can be used to generate simulated Chargeable Events from the Front-Bnd of the

DIl Service Provider (Charge Reports). or*“Toll Charger (DSRC Transaction Reports). This methdd can be
sed on one of two ways:

c Hw

(V)

Evaluation of Charge Report Generation for given GNSS path

b} Generation of reference ‘€harging Input for the evaluation of metrics for Toll Declaration, Payment Claims,
User Account and End=2-End

@)

ppending on the~sophistication of the simulators it may be possible to simulate operational|charging
performance undéncertain defined conditions.

NPDTE  An-example of the possible application of such method could be the suitability for use tests in EETS.

5/4.4 , ‘Dedicated OBE Testing (identifier: “DO”)

While—black—box—testing”{(i-e—testing—based—onlyintheinformation—available—in-the“public” intelfaces) is
intended as the main mechanism for the definition of the examination tests described in Clause 6, 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 analysed. This sort of analysis is potentially technology dependent and, therefore, may require
knowledge of the OBE design. As such they cannot be defined a priori and therefore they require special
procedure to be agreed between the Toll Service Provider and the OBE supplier.
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Dedicated OBE testing may involve the use of GNSS signal simulators (if no other position technology is
hybridised within the OBE) to simulate demanding environment conditions as well as the access to
intermediate data of the OBE from which metrics can be derived.

A more detailed description of alternative methods to the one described in Clause 6 including dedicated OBE
testing are proposed in Annex D.

While the departure from the black box testing approach makes it all but impossible to provide input for
reliable comparison, methods like that are widely used and expected to gain even more importance in the

future. If

used with care, dedicated OBE testing could provide valuable insight hard to obtain otherwise. In

evaluatin; the result, the nonlinear system behaviour shall be taken Into account (€.g. barely or just not quife

receiving

5.5 Applicability of metrics scheme types

Table4 d
a) DSR
b) Auto
c) Auto
The entri
definition
this is an

In additio

a) Key

b) Eval
entri

the signal of the fourth GNSS satellite, resulting in good or no position data).

efines the applicability of the defined Charging Metrics for the following types of Toll{Sehemes:
C Toll Scheme (DD) — Toll Charger with one or more Toll Service Providers;

homous Discrete Toll Scheme (AD) — Toll Charger with one or more Toll Service Providers;
homous Continuous Toll Scheme (AC) — Toll Charger with one or mare*Toll Service Providers.
s in Table 4 Scheme Type have the following meaning when gonsidering their inclusion in the
of a specific Examination Framework: "Y" indicates that the fmetfic is applicable, "O" indicates that
optional metric, " " indicates that the metric is not applicable.

h for each metric the following information is provided

Data Requirements- Data required to calculate the'metric:

RD — Reference Data;

A — User Account;

PC - Payment Claims;

BD — Billing Details;

D — Toll Declarations,

CR — Charge Reports;

CCR — Compliance Check Records.

hation\="Charging Input Method Options— the applicable methods that could be used (Clause 5.4
ps~of ‘PVR and UVR imply the use of one or more of the Reference Identifiers: CCD, CCA, PR, IS,

PR

GPPL

c) Moni

toring — Charging Input Method Options — the applicable methods that could be used (Clause 5.4),

entries of PVR and UVR imply the use of one or more of the Reference Identifiers: CCD, CCA, PR, IS,

GPP

18

© 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=6ee1cdf9407b75b06ed53fb006a8dedf

6l

paniasal spybu |1V — €L02 OSI ©

OS'SI'YANYAd dAd

S'SI'9ANEAd dAd

q as ‘ad A A A ajey sjielag Buiig pauisul — Aag 6-dd-INO

OS‘SI'dAN"YAdD‘dAd OS'SIYAN YA ‘dNd adg ‘ad A A A ajey s|ielaq Bulyg peoplel 1981100u] — Ag 8-ag-no
0S'SI'dAN‘YAd 'dAd OS‘SI'YANYALLdND asg ‘ad A A A ajey s|iejaq Bulg peosley — ag /-ag9-WD |
0S'SI'dANYNd‘dAd OS‘SI'YANYUND dAd asg A A A s|ieyeg Bulyg 9181 - ag 9-ag-no W
0OS'SI'dANYNd 'dAd OS‘SI'YANYUND AL ad A A A 21 — Aousle - ag G-ag-non .M
0OS'SI'dANYUAd 'dAd OS'SI'YANYUND dAd as ‘ad A A A a1y Buibleyn 1081100U] - Qg $-ag-no m...
0OS'SI'dAN“YUAd 'dAd OS'SI'YANYUND 'dAd as ‘ayd A A A ajey Auibieyosepun - Ag €-ag-no 0

0OS'SI'dANYUAd 'dAd OS'SI'YANYUND 'dAd as.‘ad A A A ajey buibieyolanO — g Z-ag-no

0OS'SI'dAN"YUAd dAd OS'SI'YANYUND 'dAd asg ‘ay A A A aiey Buibiey 1081100 - Qg L-ag-No
OS“YANYAd ' dAd 0S™UANYUAdD dAd od ‘ayd A A A a1ey wielD wuawfed pealey — 0d 9-0d-WO | ¥
OSUANYAd ' dAd 0S‘dANYAd dAd ad A A A swie|) JuswAed 8je - Od G-0d-INO M
OS“"UANYAd ' dAd 0S‘dANYAd dAd Od N A A 01 —AousjeT - Od ¥-0d-INO m.
OS™UANYAd ' dAd 0S‘dAN"YAdD 'dAd od ‘ad A A A 8jey Quibteyosepun - Od €-0d-NO | ©
0S“™YANYAdD ' dNd OS"HANYUAD dAd od ‘ad A N A 8jey buibieyossnQ — Od ¢-0d-INO W.
0S“YANYAdD ' dNd 0S'HANYUND dAd od ‘ad A A A ajey buibiey) 109110 - Od 1-Od-ND | »
0S‘dAN‘YUNd'dAd 0S‘dANYAd ' dAd d00 A A A SNFO JO uoljesijeuosiad 9jeinddy — VN G-VN-NO eﬂ.
0OS“YANYAdD ' dAd 0OS"™YANYAdD ' dNd YN A A A spunjay pue sjuswAed jo uoljeoljdde 8jeIndoy - N -vN-WO | 8
0S“™YANYAD'dNd OS"™HANYAD dAd vN ‘ad A A A ajey fuibieyosspun - vN €-VN-NO W
‘ ‘ € ] ] ] ‘ O
OS dAN {UAd dAd OS JAN YAd dAd vN dd A A A 8jey [BuibieyossnQ - vN ¢-'VN-NO m
0OSHUANYAd dAd 0OSUANYAdD'dAd vN ‘ay A A A ajey Buibiey) 1081109 - VN L-VN-NO | =
0S“™YANYAdD ' dNd OS"™HANYUAD AN vN ‘ay A A A ajey puibiey) sje 323 #-3¢3-IND m
OS™UANYAd ' dAd 0S‘dAN"YAdD 'dAd vN ‘ay A A A ajey Auibieyosspun 323 €-3¢3-IND w.
0S“™YANYAdD'dNd OS"™HANYAD dAd vN ‘ay A A A ajey|buibieyosono 323 ¢-3¢3-NO | m
0S“dANYAd dAd OS™UANYAd dAd vN ‘ay A A A ajey buipsey) 1081100 3z3 1-923-INO w.

suondo suondo ov | av | aa
poyo|N Induj Buibieys | poylsay  Indu;  Buibieys | sjuswalinbay
BuliojiuUop uonenjeAs ejeq Aoy adA] swayog sweN SN al oI

()croz:z-v¥vLL SLIOSI

s9]|0Yy pue sadA] sawayosg Jo} soa buibieys jo Ayjiqesiddy — ¢ ajqe L



https://standardsiso.com/api/?name=6ee1cdf9407b75b06ed53fb006a8dedf

paniasal spybu IV — €102 OSI ©

114

0Q'0S'SI'dANYAd dAd 0d'OS'SI'YANYAd dAd ¥ ‘ad A Juswainses| swi| / doue)siq o Aoeindoy - YOO [ €-4DD-WD
0d‘os‘sI'dANYAD dAd Oq‘osfslyAN YD dAd ¥o ‘ayd A ajey blibieyossnQ - YOO | 2-40D-WD
0Q'0S'SI'dANYAd dAd Od'OS'SI'¥AN YA dAd ¥ ‘ad A 8jey bulbipy 1081100 - YOO | 1-¥DD-NO
. ) ) e : . ) (uoniubgoay juang abieyn
O OS S dAN dAd dAd Od OS Sl dANAEAd dAd d0 ad A anmisod esfe; 1oewuooul) ejel Buibieyossng - ¥od | v-40a-WO n.u.u
0d‘os‘sI'dAN™YAD dAd Oq‘oSs‘sI'dANYAdANnd ¥o ‘ayd A uoniubooay JusAg abieyD pessiiN - 4Od | £-40a-IND M
0Q'0S'SI'dANYUAd dAd Od'OS'SI'dANYAd dAd ¥ ‘ad A uonubooal Jusng abJel D Joaui0ou| - YOd | 2-¥Oa-WO | @
0d‘oSs‘SI'dANYAD dAd Oq‘OS‘SI'dANYND ‘dAd ¥o ‘ayd A (syuanz ajqeabiey)) eyey buibipyd 1081100 - ¥OA | L-¥OA-ND .W
OS'SI'YANYAd‘dNd OS'SI'YANYAL ‘dNd ¥o ‘ad A A OAIJISOd 9s|e{ py3 JUol{ 4S1 — HD G-d0-IND m.
OS‘SI'YANYUNd 'dAd OS'SI'YANYUND dAd ¥o ‘ay A A uonoale(g Jusryg Ueu Juol4 4S1 —dO 7-40-NO
OS'SI'YANYAd ‘dNd OS'SIYANYAL ‘dNd Hoyad A A Aousje HYoday 8bieyd - YO €-d0-IND
OS‘SI'YANYUNd 'dAd OS'SI'YANYUND 'dAd ¥0 ‘@d A A uonessuss) poday abiey) 108.4100U| - YO ¢-d40-ND
OS'SI'YANYAd‘dNd OS'SIYANYAL ‘dNd ¥o ‘ad A A uolelsuan) Yoday abiey) 1081109 - YO 1-4O-INO
0a‘os‘sI'dAN‘YUAd 'dAd 0Od'OS'SI'dANYUAd dAd al‘ad A Juswainses| swi| / doue)siq] Jo Aoeindoy 1D | £-Ald-WO
0a‘os‘sI'dAN‘YUAd 'dAd Od‘'OS‘SI'dANYUAd dAd al‘ad X ajey puibreyoson0 1D | 2-ALO-WD
0a‘os‘sI'dAN‘dAd dAd Od'OS'SI'dANYUAd ‘dAd al‘ad A ajey bBuifieyn 1001100 Q1D L-aLlD-ND
0Q‘0S’'SI'YAN YA dAd 0Q‘'0S'SI"'YAN YA ‘dAd alL‘ay A sjey puibieyoieno aLd | #-ald-wo | g
0a‘os‘sI'dANYAd 'dAd Oq‘OS‘SI'dANYND‘dAd alL‘ayd A uonlubooay jusag ebjeyp passiN - ALd | €-aLd-IND M
0Q‘0S‘SI'dANYAd 'dAd OqQ‘OS‘SI'dAN"YNdD‘dAd alL‘ad A uoniubooal ueAg abiel D 1vemooul - 1d | Z-ala-no m
0a‘os‘sI'dANYUAd 'dAd 0d'0OS'SI'YANYAdD dAd al‘ay A (syuan3 ajqesbley)) sjey buibiley) 1081109 - 410 1-ALd-INO m
OS‘SI'YANYAd dAd OS'SI'YANYAL AN alL‘ad A A (0] SAINISPd 8sje4{ dS1 - dl S-d1-INO w...
OS‘SI'YANYAd‘dAd OS'SI'YANYAL AN alL‘ad A A (0] uonoslpg JusAy 4S1 - dl 7-A1-IND >
OS'SI'YANYAd ‘dAd OS'SI'YANYAL AN al‘ad A A o] suoneJefpa( |loL 81871 - al e-aL-no
OS‘SI'YANYUND ‘dAd OS'SI'YANYUND 'dAd al‘ad A A O uollelauay uolele|doa ||0] 198.1400U| - d L ¢-al-IND
OS‘SI'dANYUNd ‘dAd OS'SI'YANYUND ' dAd al‘ad A A o] udelauss) uoneleos(] |01 1994100 - dL L-aL-ND
suond suond
poyia\ Indu m:_mh.msw poyjan Induj m:_m._.mcw sjuswalinbay D Ll e
BuLiojiuop uonenjeAy ejeq Koy adA)] awayog awieN o al SN

(panupuoo) ¢ ajqe L

()crozZ:2z-v¥vLL SLIOSI



https://standardsiso.com/api/?name=6ee1cdf9407b75b06ed53fb006a8dedf

5.6 Charging Metric Selection Tables

5.

6.1 General

ISO/TS 17444-2:2013(E)

The entity responsible for the definition of the specific Examination Framework shall use the appropriate
table(s) from the following Clause5.6.2 to Clause5.6.4 to define, for each selected Metric to be measured
during an Evaluation and/or Monitoring, the:

Charging Input (Cl) Method to be used;

- Target Value to be achieved.

6.2 DSRC Discrete

a DSRC Discrete Scheme.

he completed table(s) shall form part of the documentation of the specific Examination Framework.

Table 5 — DSRC Discrete - Metric Selection Table

pble 5 should be used to define the examination tests to be performed for a specific Examination Ffamework

hble 6 contains additional tests which might be helpful for DSRC systems, but which cannot be pregcribed in
normative way, because the respective interfaces are proprietary.

Evaluation Monitoring

Metric ID Examination Test Cl Target | Cl Target
Method | Value | Method | Value

CM-E2E-1 E2E Correct Charging Rate cl.6.1.2

CM-E2E-2 E2E Overcharging Rate cl.6.1.3

CM-E2E-3 E2E Undercharging Rate cl.6.14

CM-E2E-4 E2E Late Charging Rate cl.0

CM-UA-1 UA - Correct Charging Rate cl.6.1.6

CM-UA-2 UA - Overcharging Rate cl.6.1.7

CM-UA-3 UA - Undercharging Rate cl.6.1.8

CM-UA-4 UA - Accurate application/of | cl.6.1.9

Phyments and Refunds

CM-UA-5 UA - Accurate | ¢l.6.1.10

Personalisation of OBUs

CM-PC-1 PC - Correct Charging Rate cl.6.1.11

CM-PC-2 PC — Overcharging Rate cl.6.1.12

CM-PC-3 PC - Undercharging Rate cl.6.1.13

CM-PC-4 PC - katency — TC cl.6.1.14

CM-PC-5 PCs=Late Payment Claims cl.6.1.15

CM-PC-6.PC - Rejected Payment | cl.6.1.16

Claim Rate

CM-BD-1 BD - Correct Charging Rate cl.6.1.17

CM=BD-2 BD — Overcharging Rate cl.6.1.18

CM-BD-3 BD - Undercharging Rate cl.6.1.19

CM-BD-4 BD - Incorrect Charging Rate | ¢l.6.1.20

CM-BD-5BD - Latency — TC cl.6.1.21

CM-BD-6 BD — Late Billing Details cl.6.1.22

CM-BD-7 BD - Rejected Billing Details | cl.6.1.23

Rate

CM-BD-8 BD - Incorrect rejected Billing | cl.6.1.24

Details Rate

CM-BD-9 BD - Inferred Billing Details | cl.6.1.25

Rate
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Table 6 — DSRC Discrete — Optional DSRC Toll Declaration Metric Selection Table (informative)

Evaluation Monitoring
Metric ID Examination Test (o] Target | CI Target
Method | Value | Method | Value

CM-TD-1 TD - Correct Toll Declaration | cl. 6.2.2
Generation

CM-TD-2 TD - Incorrect Toll Declaration | cl. 6.2.3

Generatign

CM-TD-3| TD — Late Toll Declarations cl.6.2.4

CM-TD-4|{TD - TSP Event Detection cl.6.2.5

CM-TD-5|TD - TSP False Positive cl.6.2.6

5.6.3 Autonomous Discrete

Table 7 should be used to define the examination tests to be performed for a specificcExamination Framework

an Autonpmous Discrete Scheme.

Table 7 — Autonomous Discrete - Metric Selection Table

Evaluation Monitoring

Metric ID Examination N Target | CI Tardet

Test \<2 ethod | Value | Method | Value
CM-E2E-{1 E2E Correct Charging Rate cl.6.1.2
CM-E2E-R E2E Overcharging Rate cl.6.1.3
CM-E2E-B E2E Undercharging Rate cl.6.14
CM-E2E-# E2E Late Charging Rate cl.0
CM-UA-1| UA - Correct Charging Rate ¢l6.1.6
CM-UA-2l UA - Overcharging Rate cl.6.1.7
CM-UA-3] UA - Undercharging Rate cl.6.1.8
CM-UA-4 UA - Accurate application of Payments;and | c¢l.6.1.9
Refunds
CM-UA-5 UA — Accurate Personalisation of OBUs cl.6.1.10
CM-PC-1| PC - Correct Charging Rate cl.6.1.11
CM-PC-2 PC — Overcharging Rate cl.6.1.12
CM-PC-3 PC - Undercharging Rate cl.6.1.13
CM-PC-4PC - Latency - TC cl.6.1.14
CM-PC-§ PC - Late Payment\Claims cl.6.1.15
CM-PC-6| PC — Rejected/Payment Claim Rate cl.6.1.16
CM-BD-1| BD - Correct.Charging Rate cl.6.1.17
CM-BD-2BD — Overcharging Rate cl.6.1.18
CM-BD-3| BD - Undercharging Rate cl.6.1.19
CM-BD-4 BD,- Incorrect Charging Rate cl.6.1.20
CM-BD-§BD,-"Latency — TC cl.6.1.21
CM-BD-6'BB—tate Bilting Petaits 6422
CM-BD-7 BD — Rejected Billing Details Rate cl.6.1.23
CM-BD-8 BD — Incorrect rejected Billing Details Rate | cl.6.1.24
CM-BD-9 BD — Inferred Billing Details Rate cl.6.1.25
CM-TD-1 TD - Correct Toll Declaration Generation cl.6.3.2
CM-TD-2 TD - Incorrect Toll Declaration Generation | c¢l.6.3.3
CM-TD-3 TD — Late Toll Declarations cl.6.3.4
CM-TD-4 TD - TSP Event Detection cl.6.3.5
CM-TD-5 TD - TSP False Positive cl.6.3.6
CM-DTD-1 DTD - Correct Charging Rate | cl.6.3.7
(Chargeable Events)
CM-DTD-2 DTD - Incorrect Charge Event recognition | cl.6.3.8

22
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CM-DTD-3 DTD - Missed Charge Event Recognition | cl.6.3.9

CM-DTD-4 DTD Overcharging Rate cl.6.3.10

CM-CR-1 CR - Correct Charge Report Generation cl.6.3.11

CM-CR-2 CR - Incorrect Charge Report Generation cl.6.3.12

CM-CR-3 CR - Charge Report Latency cl.6.3.13
CM-CR-4 CR — TSP Front End Event Detection cl.6.3.14
CM-CR-5 CR — TSP Front End False Positive cl.6.3.15
CM-DCR-1 DCR - Correct Charging Rate | cl.6.3.16
(Chargeable Events)

CM-DCR-2 DCR - Incorrect Charge Event | cl.6.3.17
rgcognition

CM-DCR-3 DCR - Missed Charge Event Recognition | ¢l.6.3.18

CM-DCR-4 DCR - Overcharging rate (Incorrect false | cl.6.3.19
pesitive Charge Event Recognition)

5/6.4 Autonomous Continuous

Thble 8 should be used to define the examination tests to be performed for a specific Examination Framework
an Autonomous Continuous Scheme.

5

Table 8 — Autonomous Continuous - Metric.Selection Table

Evaluation Monitorjing
Metric ID rination | CI Target | CI Target
Jest (cl.) Method | Value | Method| | Value
CM-E2E-1 E2E Correct Charging Rate cl. 6.1.2
CM-E2E-2 E2E Overcharging Rate cl.6.1.3
CM-E2E-3 E2E Undercharging Rate cl.6.1.4
CM-E2E-4 E2E Late Charging Rate cl.0
CM-UA-1 UA - Correct Charging Rate cl.6.1.6
CM-UA-2 UA - Overcharging Rate cl.6.1.7
CM-UA-3 UA - Undercharging Rate cl.6.1.8
CM-UA-4 UA - Accurate application, of Payments and | cl.6.1.9
Refunds
CM-UA-5 UA — Accurate Personalisation of OBUs cl.6.1.10
CM-PC-1 PC - Correct Charging Rate cl.6.1.11
CM-PC-2 PC — Overcharging Rate cl.6.1.12
CM-PC-3 PC - Undereharging Rate cl.6.1.13
CM-PC-4 PC - Latency — TC cl.6.1.14
CM-PC-5 PC_-‘lkate Payment Claims cl.6.1.15
CM-PC-6 PG < Rejected Payment Claim Rate cl.6.1.16
CM-BD-1.BD - Correct Charging Rate cl.6.1.17
CM-BD+:2-BD — Overcharging Rate cl.6.1.18
CM=BD-3 BD - Undercharging Rate cl.6.1.19
C V1'BD‘4 BD = II TCUI lb‘bt Chalyil Y Ratc b=G1 20
CM-BD-5BD - Latency — TC cl.6.1.21
CM-BD-6 BD — Late Billing Details cl.6.1.22
CM-BD-7 BD — Rejected Billing Details Rate cl.6.1.23
CM-BD-8 BD — Incorrect rejected Billing Details Rate | cl.6.1.24
CM-BD-9 BD - Inferred Billing Details Rate cl.6.1.25

CM-TD-1 TD - Correct Toll Declaration Generation cl.6.4.2

CM-TD-2 TD - Incorrect Toll Declaration Generation cl.6.4.3

CM-TD-3 TD — Late Toll Declarations cl.6.4.4
CM-TD-4 TD - TSP Event Detection cl.6.4.5
CM-TD-5 TD - TSP False Positive cl.6.4.6
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CM-CTD-1 CTD Correct Charging Rate cl.6.4.7
CM-CTD-2 CTD Overcharging Rate cl.6.4.8
CM-CTD-3 CTD Accuracy of Distance/Time | cl.6.4.9
Measurement

CM-CR-1 CR - Correct Charge Report Generation cl.6.4.10
CM-CR-2 CR - Incorrect Charge Report Generation cl.6.4.11
CM-CR-3 CR - Charge Report Latency cl.6.4.12
CM-CR-4 CR — TSP Front End Event Detection cl.6.4.13
CM-CR-5 CR — TSP Front End False Positive cl.6.4.14
CM-CCR-1 CCR - Correct Charging Rate cl.6.4.15
CM-CCR}2 CCR - Overcharging Rate cl.6.4.16
CM-CCR}3 CCR - Accuracy of Distance/Time | cl.6.4.17

Measurefnent
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6

6.

6.

ISO/TS 17444-2:

Examination Tests

1 Common (and DSRC Discrete) Examination Tests

1.1 General

2013(E)

The Examination Tests defined in Clause 6.1.2 to 6.1.25 are applicable to aII Scheme Types, they may be

Evaoligtion Taocta dafinad Claca -2 ta 6 4 doanapndina tha-Sohaoma T

ug

T

6

din anrabhin ot A FH 128
CUTTITT OUTTTVITTALUIVTT VVILII L VUTUULIVIT T Uolo UL TIirmtoyu III VIAUOL V.o (U VLT \JUHUI Iullls \JII LLBAYAR=AVI B A B B A any | y
ne Reference Data are collected using the methods and prescriptions of Clause 5.4.
1.2 ET-CM-E2E-1 E2E Correct Charging Rate

1.21 Metric Definition

1.2.2 Intended Use

harger and Toll Service Provider were performed by the same organisation.

1.2.3 Metric Calculation Method
! . A
2E Correct Charging Rate = B

here

A = Number of representative trips where the Relative Charging Error (RCE) is within the
Charging Error Interval

B = the total number of representative trips within the time span
hd
RCE =(€/D) - 1

Where

pe.

ne probability that for set of representative trips travelled by a set of Users dufing a time span At the Average
Relative Charging Error is within the Accepted Charging Error Interval.

ypically this is the view of the Road Operator who receives thetrevenue from the Toll Collection $ystem, it
mleasures the overall correct charging performance across all users.

raditionally metrics like this were used to specify overall' charging performance where the rolgs of Toll

Accepted

C = Actual Charge for representative trip

D = Expected Charge for representative trip

And

©

Accepted Charging Error Interval Lower bound (CELB) = -x%

Accepted Charging Error Interval Upper Bound (CEUB) = + y%

1ISO 2013 — All rights reserved
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6.1.3 ET-CM-E2E-2 E2E Overcharging Rate
6.1.3.1  Metric Definition

The probability that for any set of representative trips travelled by a set of Users during a time span At the
Average Relative Charging Error is above the Accepted Charging Error Interval.

6.1.3.2 Intended Use

Typically this is the view of the Road Operator who receives the revenue from the Toll Collection System, it
measure$ the overall overcharging across all users.

TraditionIIIy metrics like this were used to specify overall charging performance where the roles of Toll

Charger and Toll Service Provider were performed by the same organisation.

6.1.3.3 | Metric Calculation Method
. A
E2FE OVerCharging Rate = B

Where

A = Number of representative trips where the Relative Charging Error (RCE) is greater than the Upp
Bound of the Accepted Charging Error Interval

[
=

B = the total number of representative trips within the time span

And
RCE|= (C/D) - 1
Vhere
C = Actual Charge for representative, trip
D = Expected Charge for representative trip
And

Accgpted Charging Error Iaterval Lower bound (CELB) = -x%

Accgpted Charging’Error Interval Upper Bound (CEUB) = + y%

6.1.4 ET-CM-E2E-3 E2E Undercharging Rate

6.1.4.1 L MetricDefinition

The probability that for set of representative trips travelled by a set of Users during a time span At the Average
Relative Charging Error is below the Accepted Charging Error Interval.

6.1.4.2 Intended Use

Typically this is the view of the Road Operator who receives the revenue from the Toll Collection System, it
measures the overall undercharging across all users.

Traditionally metrics like this were used to specify overall charging performance where the roles of Toll
Charger and Toll Service Provider were performed by the same organisation.
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6.1.4.3 Metric Calculation Method
. A
E2E UnderCharging Rate = 3

Where

A = Number of representative trips where the Relative Charging Error (RCE) is less than the Lower bound

of the Accepted Charging Error Interval

B = the total number of representative trips within the time span

And
RCE = (C/D) - 1
Where
C = Actual Charge for representative trip
D = Expected Charge for representative trip
And

Accepted Charging Error Interval Lower bound (CELB) = _£x%
Accepted Charging Error Interval Upper Bound (CEUB)= + y%

6{1.5 ET-CM-E2E-4 E2E Late Charging Rate
6/1.5.1 Metric Definition

The probability that for any set of representative trips travelled by a set of Users during a time span /
Charge Events appear on the User Statement later than defined period for the Charging Scheme

61.5.2 Intended Use

Typically this is the view of the Road Operator who receives the revenue from the Toll Collection §
measures the overall late charging across all users.

Traditionally metrics)like this were used to specify overall charging performance where the role
Charger and Toll'Service Provider were performed by the same organisation.

6)1.5.3 Metric Calculation Method

E2E Late Charging Rate = A

At that the

Bystem, it

s of Toll

D

3

Where

A = Number of representative trips where the Charge Events appear on the User Statement late
defined Maximum User Statement Delay (MUSD)

B = the total number of representative trips within the time span
Where

MUSD = x units of time

© 1SO 2013 — All rights reserved
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6.1.6 ET-CM-UA-1 UA - Correct Charging Rate
6.1.6.1 Metric Definition

The probability that for any set of representative trips travelled by a given User during the invoicing period the
Average Relative Charging Error is within the Accepted Charging Error Interval.

6.1.6.2 Intended Use

Metrics defined at the User Account level, define the charging performance at the level of the individugal
Service Users.

This metric should be used when there is a defined requirement for average Correct Charging for individual
Service Users, it can be measured by the Toll Service Provider.

6.1.6.3 | Metric Calculation Method
. A
UA Correct Charging Rate = 2

Where

A =|Number of Users where the Average Relative Charging “Error (ARCE) is within the Accepted

Charging Error Interval during the invoicing period
B = the total number of Users

And
ARCE = (C/D) - 1

Vhere

C = Sum of Actual Charges for.xepresentative trips for a User

D = Sum of Expected Charge for representative trips for a User

And
Accgpted Charging2Error Interval Lower bound (CELB) = -x%

Accdpted Charging Error Interval Upper Bound (CEUB) = + y%

6.1.7 ET-CM-UA-2 UA-Overcharging Rate

6.1.7.1 Metric Definition

The probability that for any set of representative trips travelled by a given User during the invoicing period the
Average Relative Charging Error is above the Accepted Charging Error Interval.

6.1.7.2 Intended Use

Metrics defined at the User Account level, define the charging performance at the level of the individual
Service Users.
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This metric should be used when there is a defined requirement for average Over Charging for
Service Users, it can be measured by the Toll Service Provider.

6.1.7.3  Metric Calculation Method
. A
UA Over Correct Charging Rate = B

Where

individual

A = Number of Users where the Average Relative Charging Error (ARCE) is above the
Charging Error Interval Upper Bound during the invoicing period

B = the total number of Users

And
ARCE = (C/D) -1
Where
C = Sum of Actual Charges for representative trips for a User
D = Sum of Expected Charge for representative trips for.a User
And

Accepted Charging Error Interval Upper Bound (CEUB) = + y%

6{1.8 ET-CM-UA-3 UA - Undercharging Rate

6J1.8.1 Metric Definition

> -

verage Relative Charging Erroris below the Accepted Charging Error Interval.
6{1.8.2 Intended Use

etrics defined atcthe”User Account level, define the charging performance at the level of the
ervice Users.

n =

his metric-should be used when there is a defined requirement for average Under Charging for
ervice Users, it can be measured by the Toll Service Provider.

w -

6)1:8.3 Metric Calculation Method

Accepted

ne probability that for any set of representative trips travelled by a given User during the invoicing period the

ndividual

individual

UA Under Charging Rate :%

Where

A = Number of Users where the Average Relative Charging Error (ARCE) is below the
Charging Error Lower bound during the invoicing period

B = the total number of Users

© 1SO 2013 — All rights reserved
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And
ARCE = (C/D)-1
Where
C = Sum of Actual Charges for representative trips for a User
D = Sum of Expected Charge for representative trips for a User
And
Accgpted Charging Error Interval Lower bound (CELB) = -x%
6.1.9 ET-CM-UA-4 UA - Accurate application of Payments and Refunds
6.1.9.1 | Metric Definition
The probability that payment transactions associated to a User Account are correct.
6.1.9.2 | Intended Use
This metfic focuses on the ability of the TSP to correctly apply received payments and credits to Usgr
Accounts
6.1.9.3 | Metric Calculation Method
UA Accurate application of Payments and Refunds = %
Where
A = Total Number Correctly Applied Payments & Refunds on User Accounts in Measurement Period
B = Total Number of Applied Payments & Refunds on User Accounts in Measurement Period
6.1.10 ET-CM-UA-5 UA — Accurate Personalisation of OBUs
6.1.10.1 | Metric Definition
The probability that the personalisation for any set of Users during a time span At is correct
6.1.10.2 | Intended Use
This metric can be measured by Toll Chargers using their existing compliance checking infrastructare, it is in

the Toll Charger's interest to ensure that this is maximised as incorrectly personalised OBEs will potential lead
to detected non-compliance.

6.1.10.3

Metric Calculation Method

UA— Accurate Personalisation of OBUs :g

Where

30
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A = Number of OBEs where the agreed sub-set of OBE Parameters have been verified as correct by the
Toll Charger Compliance Equipment in the selected time period

B = Total number of OBEs checked by the Toll Charger Compliance Equipment in the selected time
period
6.1.11 ET-CM-PC-1 PC - Correct Charging Rate

6.1.11.1 _ Metric Definition

The probability, that for any given Payment Claim, the Average Relative Charging Error is withjn'the JAccepted
Charging Error Interval.
T

nis measures the probability that the relative error in the Payment Claim used for invoiging is within defined
limits to protect the interest of both the Toll Charger and the Service User.

6/1.11.2 Intended Use

This metric can be used to measure the average level of correct charging at'the level of Payment Claims on
the User Account Statement.

6]1.11.3 Metric Calculation Method
. A
RC Correct Charging Rate = 2

Where

A = Number of Payment Claims where\the Average Relative Charging Error (ARCE) is within the
Accepted Charging Error Interval

B = the total number of Payment Claims

And

ARCE = (C/D) -1
Where
C = Sumiof‘Actual Charges for the Payment Claim
D,=8um of Expected Charge for the Payment Claim

Ahd

—Accepied-Charging-Errorlnterval Lower bound LCELBY} = x%
} XYe
Accepted Charging Error Interval Upper Bound (CEUB) = + y%

6.1.12 ET-CM-PC-2 PC - Overcharging Rate
6.1.12.1 Metric Definition

The probability, that for any given Payment Claim, the Average Relative Charging Error is above the Accepted
Charging Error Interval Upper Bound (CEUB).
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This measures the probability that the relative error in the Payment Claim used for invoicing is above a
defined limit. Protecting the interest of the Service User (i.e. avoiding excessive overcharging) requires that
this probability is below a very small value.

6.1.12.2

Intended Use

This metric can be used to measure the average level of overcharging at the level of Payment Claims on the
User Account Statement.

6.1.12.3

Metric Calculation Method

PC Ove

Where

A =
Accd

B=t
And

ARC

And

Accd

6.1.13 E
6.1.13.1

The prob
Charging

6.1.13.2

A
rcharging Rate = 2

Number of Payment Claims where the Average Relative Charging Error (ARCE) is above tH
pted Charging Error Interval

he total number of Payment Claims

F = (C/D)-1
Vhere
C = Sum of Actual Charges for the Payment Claim

D = Sum of Expected Charge for the Payment-Claim

pted Charging Error Interval UpperBound (CEUB) = + y%

[-CM-PC-3 PC - Undercharging Rate
Metric Definition

bbility, that for any-given Payment Claim, the Average Relative Charging Error is below the Acceptq
Error Interval

Intended’Use

This met

e

ed

e

iccan be used to measure the average level of undercharging at the level of Payment Claims on tf

User AccbuntStatement-

6.1.13.3

Metric Calculation Method

PC Undercharging Rate = %

Where

A = Number of Payment Claims where the Average Relative Charging Error (ARCE) is below the
Accepted Charging Error Lower Bound (CELB)

32
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B = the total number of Payment Claims

And
ARCE = (C/D) -1
Where
C = Sum of Actual Charges for the Payment Claim
D = Sum of Expected Charge for the Payment Claim
And

Accepted Charging Error Interval Lower bound (CELB) = -x%

6{1.14 ET-CM-PC-4 PC - Latency — TC
6/1.14.1 Metric Definition

Ayverage Time it takes between the approval for a Billing Detail being.received by the Toll Chargef and the
time the associated Payment Claim is created / sent by the Toll Charger.

[=2)

1.14.2 Intended Use

This metric provides an indication of the average processing time for Toll Chargers to create Payment Claims
fdllowing the receipt of approved Billing Details from theToll Service Provider

6/1.14.3 Maetric Calculation Method
A
RC Latency TC = 2

Where

A = Sum of the total Payment Claim Delay in the measurement period
B = Number of Payment Claims sent in the measurement period

Apd

Payment'Claim Delay = C-D

\Where

D = Time of receipt of 1** associated approved Billing Detail

6.1.15 ET-CM-PC-5 PC - Late Payment Claims
6.1.15.1 Metric Definition

The proportion of Payment Claims received by the TSP in a defined period where the time between the
Chargeable Event and the receipt of the associated Payment Claim is greater than the defined period for the
charging scheme.
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6.1.15.2

6.1.15.3

Intended Use

Metric Calculation Method

PC Late Payment Claims :%

Where

A = Numberof-tate-P Stairrrs-irt ot

B =1\

And

Late
Dela

6.1.16 E

6.1.16.1

Ratio of ¢

measurefqent period.

6.1.16.2

This met
detected

6.1.16.3

Rejected Payment Claims Rate = %

Where

A =
perig

B="

6.1.17 E

Number of Payment Claims received in the measurement period

Payment Claim is where the Payment Claim Delay is greater than the Maximum/Payment Clai
y (MPCD)

[-CM-PC-6 PC — Rejected Payment Claim Rate
Metric Definition

orrectly rejected Payment Claims in relation to the total number/of Payment Claims received in th

Intended Use

ric measures the rate at which the Toll Charger generates in-correct Payment Claims that a
by the Toll Service Provider

Metric Calculation Method

Number of Payment Claims Correctly Rejected by the Toll Service Provider in the measureme
d

[otal Number of\Payment Claims sent by the Toll Charger in the measurement period

[-CM:BD-1 BD - Correct Charging Rate

m

e

e

6.1.17.1

Metric Definition

The probability, that for any given Billing Detail, the Average Relative Charging Error is within the Accepted

Charging

Error Interval.

This measures the probability that the relative error in the billing details used for invoicing is within a defined
limit to protect the interest of both the Toll Charger and the Service User.

6.1.17.2

Intended Use

This metric can be used to measure the average level of correct charging at the level of trips or line items on
the User Account Statement.

34
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6.1.17.3 Metric Calculation Method
. A
BD Correct Charging Rate = 2

Where

:2013(E)

A = Number of Billing Details where the Average Relative Charging Error (ARCE) is within the Accepted

Charging Error Interval

B = the total number of Billing Details

And
ARCE = (C/D) -1
Where
C = Sum of Actual Charges for the Billing Detail
D = Sum of Expected Charge for the Billing Detail
And

Accepted Charging Error Interval Lower bound (CELB).=_“-x%

Accepted Charging Error Interval Upper Bound (CEWB) = + y%

6{1.18 ET-CM-BD-2 BD — Overcharging Rate
6{1.18.1 Metric Definition

The probability, that for any given: Billing Detail, the Average Relative Charging Error is above the
Charging Error Interval
T
d

nis measures the probability that the relative error in the billing details ultimately used for invoicing i
efined limit. Protecting.the interest of the Service User (i.e. avoiding excessive overcharging) req
this probability is below-a very small value

6/1.18.2 Intended Use

User Aceount Statement.

601.18.3 Metric Calculation Method

Accepted

5 above a
uires that

This metric’can be used to measure the average level of overcharging at the level of trips or line itens on the

BD Overcharging Rate :%

Where

A = Number of Billing Details where the Average Relative Charging Error (ARCE) is above the
Charging Error Interval

B = the total number of Billing Details

© 1SO 2013 — All rights reserved
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And

ARCE = (C/D)- 1

And

Accepted Charging Error Interval Upper Bound (CEUB) = + y%

6.1.19 E
6.1.19.1

The prob
Charging

6.1.19.2

This metiic can be used to measure the average level of undercharging at the level of trips or line items on the

User Acci

6.1.19.3

BD Undercharging Rate :%

Where

A =
Char

B=t

And

ARC

Where
C = Sum of Actual Charges for the Billing Detail

D = Sum of Expected Charge for the Billing Detail

-CM-BD-3 BD - Undercharging Rate
Metric Definition

ability, that for any given Billing Detail, the Average Relative Charging-Efror is below the Accepted
Error Interval.

Intended Use

bunt Statement.

Metric Calculation Method

Number of Billing Details where'the Average Relative Charging Error (ARCE) is below the Acceptgd

ging Error Lower Bound (CELB)

he total number of Billing Details

F = (C/D).-1

Where

C =Sum of Actual Charges for the Billing Detail

D = Sum of Expected Charge for the Billing Detail

And

Accepted Charging Error Interval Lower bound (CELB) = -x%
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6.1.20 ET-CM-BD-4 BD - Incorrect Charging Rate

6.1.20.1 Metric Definition

:2013(E)

The probability that for any predefined Chargeable Event that is recorded a respective Billing Detail is

in

correctly generated (the incorrect data is not detected).

“Predefined” may be defined by random measurements of determined Charge Events.

6.1.20.2 Intended Use

T

6

W

6

6

A

6
T
th
cl

6

1.20.3 Metric Calculation Method

A
BD— Incorrect Charging Rate = 2

here
A = Number of Chargeable Events associated to Billing Details incorrectly, i.e. total n
Chargeable Events assigned to Billing Details in the measurement period which are not
representing Reference Data.
B = Total number of Chargeable Events, i.e. Total number of Chargeable Events resulting
Reference Data in the measurement period.

1.21 ET-CM-BD-5 BD - Latency - TC

1.21.1 Metric Definition

verage Time it takes between a Chargeable Event occurring and the time the associated Billing

cfeated / sent by the Toll Charger.

1.21.2 Intended Use

his metric can be used_where there is a requirement for the timeliness of providing Charging infor
e Service User, it.may be used in conduction with similar metrics defined for Toll Declarations and
pims, to identify-thie’average processing times for each step of the charging process.

1.21.3 Metric Calculation Method

BDLatency TC =%

his metric can be used to measure the proportion of Billing Details which contain one or more errorsg.

imber of
correctly

from the

Detail is

mation to
Payment

Where

A = Sum of the total Billing Detail Delay in the measurement period

B = Number of Billing Details sent in the measurement period

And

©

Billing Detail Delay = C-D

Where

1ISO 2013 — All rights reserved
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C = Time the Billing Detail was sent

D = Time of 1* associated Chargeable Event

6.1.22 ET-CM-BD-6 BD - Late Billing Details

6.1.22.1

Metric Definition

ortion of Billing Details received by the TSP in a defined period where the time between the

The pro
Chargeal
charging

6.1.22.2

This metfic can be used where there is a requirement for the timeliness of providing Charging information fo

the Servi
claims.

6.1.22.3

BD Lat

Where
A=)
B =)
And
Late
(MBI
6.1.23 E
6.1.23.1

Ratio of

measurefnent period,

6.1.23.2

This met

le Event and the receipt of the associated Billing Detail is greater than the defined period for)the

scheme.
Intended Use

Ce User, it may be used in conduction with similar metrics defined for Toll Declarations and Payment

Metric Calculation Method

? Billing Details = %

Number of Late Billing Details in the measurement period

Number of Billing Details received in the measurement period

Billing Detail is where the Billing Détail Delay is greater than the Maximum Billing Detail Delay
DD)

[-CM-BD-7 BD — Rejected Billing Details Rate
Metric Definition

correctly rejected Billing Details in relation to the total number of Billing details received in the

Intended Use

ic.ean be used to measure the performance of the Toll Charger in its ability to correctly generafe

Billing D

6.1.23.3

taits; theexpectationisthat thisshoutd-beasmattvatue:

Metric Calculation Method

Rejected Billing Details Rate = %

Where

A = Number of Billing Details Correctly Rejected by the Toll Service Provider in the measurement period

38

© 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=6ee1cdf9407b75b06ed53fb006a8dedf

ISO/TS 17444-2

B = Total Number of Billing Details sent by the Toll Charger in the measurement period

6.1.24 ET-CM-BD-8 BD - Incorrectly rejected Billing Details Rate

6.1.24.1 Metric Definition

:2013(E)

The ratio of the incorrectly rejected Billing Details in relation to the total number of rejected Billing Details in
the measurement period.

6

T
B
S

~

(=]

~

1.24.2 Intended Use

rvice Provider Toll Declarations.

1.24.3 Metric Calculation Method
. - . A
ncorrect Rejected Billing Details Rate = 2

here
A= Number of Billing Details Incorrectly Rejected by the Toll*\Service Provider in the measureme

B = Total Number of Billing Details sent by the Toll Charger in the measurement period

1.25 ET-CM-BD-9 BD - Inferred Billing Details*Rate

1.25.1 Metric Definition

ne ratio of inferred Billing Details in_rélation to the total number of Billing Details in the measuremen
1.25.2 Intended Use

nis metric is most applicable to discrete schemes where based on the information in recq
a IZI)SRC discrete_system this can be used as a measure of DSRC detection performance for diffe
bpulations.

1.25.3 Metric Calculation Method

eclarations, the Toll Charger is able to identify missing charges and generate inferred Billing Detaild.

nis metric can be used to measure the Toll Service Provider's performance in terms of in-carrectly rejecting
lling Details, i.e. those which contain no errors and in case of Autonomous Schemes’ are based on Toll

ht period

[ period.

ived Toll

rent OBE

pferred Billing Details Rate = %

Where

©

A = Number of Billing Details Generated by the Toll Charger without an associated Toll Declaration in the

measurement period

B = Total Number of Billing Details sent by the Toll Charger in the measurement period
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6.2 DSRC Discrete — Optional DSRC Toll Declaration Metrics

6.2.1 General

For DSRC Discrete Schemes Evaluation Tests maybe selected from Clause 6.1, in addition the metrics in

Clause 6.

2.2 t0 6.2.6 may be selected to measure the internal performance of the DSRC Toll Charger.

NOTE
Reports a
the DSR(
Declaratio
12855.

6.2.2 E
6.2.2.1
The prob

6.2.2.2

Formally these metrics can only be specified for autonomous systems, where the interfaces for Char
nd Toll Declarations are standardised. On the other hand it could also be used in DSRC systems. In this.ca
transactions on the air interface OBE — RSE replace the ISO/TS 17575-1 Charge Reports.~The T
s of proprietary format on the interface RSE — TC back office replace the Toll Declarations defined in IS

[-CM-TD-1 TD - Correct Toll Declaration Generation
Metric Definition
bbility that a DSRC Toll Declaration is correctly generated.

Intended Use

This metiic measures the performance of a TC system in generating cerrect DSRC Toll Declarations.

6.2.2.3

TD Cori

Where
A=
the 1
Char
mea

B =7
the n

6.23 E

6.2.3.1

Metric Calculation Method

rect Toll Declaration Generation =%

Number of correctly generated Toll'"Declarations, i.e. number of Toll Declarations generated durin
neasurement period by the TC Frent End which are consistent with the respective total number
geable Events resulting fromtthe Reference Data correctly assigned to Toll Declarations in th
surement period. Consistency,requires correct representation of all Chargeable Events.

[otal number of Toll Declarations, i.e. number of Toll Declarations generated by the TC Front End
neasurement period!

[-CM-TD<2\TD - Incorrect Toll Declaration Generation

Metric Definition

he
be
o
(0]

g

in

The prob

6.2.3.2

pility that a DSRU Toll Declaration Is Incorrectly generated.

Intended Use

This metric measures the performance of a TC system in generating incorrect Toll Declarations.

6.2.3.3

Metric Calculation Method

TD Incorrect Toll Declaration Generation = %

40
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Where

A = Number of incorrectly generated Toll Declarations, i.e. the number of Toll Declarations generated
during the measurement period by the TC Front End which are inconsistent with the respective total
number of Chargeable Events resulting from the Reference Data correctly assigned to Toll Declarations
in the measurement period. Consistency requires correct representation of all Chargeable Events.

B = Total number of Toll Declarations, i.e. the number of Toll Declarations generated by the TC Front End

in the measurement period.

[=2)

th
fq

~

6

2.4 ET-CM-TD-3 TD - Late Toll Declarations

2.4.1 Metric Definition

he proportion of Toll Declarations generated by the Toll Charger in a defined periéd ‘where the timg
e Chargeable Event and the generation of the associated Toll Declaration is greater than the defin
r the charging scheme.

2.4.2 Intended Use

nis metric measures the performance of the TC system in terms af the delays occurring in the p|
bnerating Toll Declarations. Late Toll Declarations are most likely to occur when there is a comn

between
ed period

rocess of
unication

itage between the RSI and the TC Back end.
2.4.3 Metric Calculation Method
. A

D Late Toll Declarations = 2

here
A = Number of late Toll Declarations, i.e. the number of toll declarations generated during 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 de¢termined
from the Reference Datd.
B = Total Number (of) Toll Declarations, i.e. the number of Toll Declarations generated by the [TC Front
End in the measurement period.
MTDD = Maximum Toll Declaration Delay, i.e. maximum acceptable delay. This value shall be chosen
before performing the test and agreed upon by the parties involved, e.g. with an SLA.

2:5) ET-CM-TD-4 TD - TSP Event Detection

6.

2.51 Metric Definition

The probability that for any predefined Charge-Relevant Event that takes place the TC properly detects it.

6.

2.5.2 Intended Use

This metric measures the reliability of the detection and representation in Toll Declarations of DSRC Charge-

R

elevant Events in the TC system.

NOTE Be aware of the distinction between Charge-Relevant Events and Charging Events.

©
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6.2.5.3

Metric Calculation Method

TD Event Detection = %

Where

6.26 E
6.2.6.1

For the v
improper

6.2.6.2
The rate
customer

measurey

6.2.6.3

TDFals

Where

42

A = Number of correct Toll Declarations, i.e. the number of Toll Declarations containing the DSRC
Charge-Relevant Events expected based on the Reference Data during the measurement period.

B

A

B

=

=

=

le Positive = é
B

[otal number of Toll Declarations generated by the TC in the measurement period
[-CM-TD-5 TD - TSP False Positive
Metric Definition

bhicles not using the infrastructure, it is the probability that for any defined Chargeable Event the T|C
y detects it during the creation of Toll Declarations.

Intended Use
of false positives is a critical parameter of system performance/because it is directly related fo
satisfaction, the number of user complaints and the public_perception of a system. This metiic

5 the rate of occurrence of DSRC Toll Declarations containing-false positives in the TC system.

Metric Calculation Method

Number of Toll Declarations containing False Positives which occur during the measurement period

[otal number of Toll Declarations generated by the TC in the measurement period
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6.3 Autonomous Discrete Specific Examination Tests

6.3.1 General

:2013(E)

For autonomous discrete systems all tests of Clause 6.1 are applicable. On top of that the measurements of

this Clause 6.3 can be used.

The Toll declarations are sent by the TSP Back End on the respective interface to the TC. This

interface

canforms ta ISQ 128585 (cnp ISO 12855:2012 Clause 6 11 p 9R)

The Charge Reports are sent by the TSP Front End to the TSP Back End. This interface ‘is
ag¢cording to ISO/TS 17575-1:2010.

The Reference Data are collected using the methods and prescriptions of Clause 5.4.

[=2)

3.2 ET-CM-TD-1 TD - Correct Toll Declaration Generation

6{3.2.1 Metric Definition

The probability that a DSRC Toll Declaration is correctly generated.

6{3.2.2 Intended Use

This metric measures the performance of a TSP system in genérating correct Toll Declarations.

6)3.2.3 Metric Calculation Method
. ] A
1D Correct Toll Declaration Generation = E

Where

A = Number of correctly generatéd Toll Declarations, i.e. number of Toll Declarations generat
the measurement period by.the TSP Back End which are consistent with the respective total n
Chargeable Events resulting from the Reference Data correctly assigned to Toll Declaratio
measurement period. Consistency requires correct representation of all Chargeable Events.

B = Total number’of-Toll Declarations, i.e. number of Toll Declarations generated by the TSP B3
the measurement-period.

6)3.3 ET-CM-TD-2 TD - Incorrect Toll Declaration Generation

6J3:3.1 Metric Definition

designed

ed during
umber of
ns in the

ck End in

The probability that a Toll Declaration is incorrectly generated.
6.3.3.2 Intended Use
This metric measures the performance of a TSP system in generating incorrect Toll Declarations.

6.3.3.3 Metric Calculation Method

TD Incorrect Toll Declaration Generation = %
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Where

A =

17444-2:2013(E)

Number of incorrectly generated Toll Declarations, i.e. the number of Toll Declarations generated

during the measurement period by the TSP Back End which are inconsistent with the respective total
number of Chargeable Events resulting from the Reference Data correctly assigned to Toll Declarations
in the measurement period. Consistency requires correct representation of all Chargeable Events.

B =
End

6.3.4 ET-CM-TD-3 TD — Late Toll Declarations

6.3.4.1

The propprtion of Toll Declarations received by the Toll Charger in a defined period wheré\the time betwegn
the Chargeable Event and the receipt of the associated Toll Declaration is greater than.the defined period fpr
the charging scheme.

6.3.4.2

This metfic measures the performance of the TSP system in terms of the delays occurring in the process pf
generating Toll Declarations.

6.3.4.3

TD Latd Toll Declarations = %

Where

A =

meagurement period by the TSP Bacgk .End which are delayed by a time longer than Maximum Toll
Declaration Delay (MTDD) after the actlal occurrence of the last of the respective charging events as

dete

End

MTDD = Maximum Joll’Declaration Delay, i.e. maximum acceptable delay. This value must be chosg¢n

befo

6.3.5 E
6.3.5.1
The prob

6.3.5.2

Total number of Toll Declarations, i.e. the number of Toll Declarations generated by the TSP Back
in the measurement period.

Metric Definition

Intended Use

Metric Calculation Method

Number of late Toll Declarations, ci;€. the number of toll declarations generated during the
mined from the Reference Data:
[otal Number of Toll Declarations, i.e. the number of Toll Declarations generated by the TSP Bag¢k

n the measurement period.

e performing/thetest and agreed upon by the parties involved, e.g. with an SLA.

-CM-TD-4 TD - TSP Event Detection

Metric Definition

ability that for any predefined Charge-Relevant Event that takes place the TSP properly detects it.

Intended Use

This metric measures the reliability of the detection and representation in Toll Declarations of Charge-

Relevant

NOTE

44

Events in the TSP system.

Be aware of the distinction between Charge-Relevant Events and Charging Events.
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6.3.5.3 Metric Calculation Method
. A
TD Event Detection = E

Where

A = Number of correct Toll Declarations, i.e. the number of Toll Declarations containing the Charge-
Relevant Events expected based on the Reference Data during the measurement period.

B = Total number of Toll Declarations sent by the Toll Service Provider in the measurement perigd

6/3.6 ET-CM-TD-5TD - TSP False Positive
6)3.6.1 Metric Definition

Fpr the vehicles not using the infrastructure, it is the probability that for any defined Chargeable Event the TSP
improperly detects it during the creation of Toll Declarations.

6{3.6.2 Intended Use
The rate of false positives is a critical parameter of system~performance, because it is directly felated to
clistomer satisfaction, the number of user complaints and. the public perception of a system. This metric

mleasures the rate of occurrence of Toll Declarations containing false positives in the TSP system

6)3.6.3 Metric Calculation Method
. A
TD False Positive = E

Where
A = Number of Toll Declarations containing False Positives which occur during the measurement period

B = Total number of Toll)Declarations sent by the Toll Service Provider in the measurement perigd

[=2)

3.7 ET-CM-DTD-1 DTD - Correct Charging Rate (Chargeable Events)
6)3.7.1 Metric Definition

The probability that for any predefined Chargeable Event that is recorded the corresponding Toll Dgclaration
s| carrectly generated. "Predefined" may be defined by random measurements of determined Charge Events.

6.3.7.2 Intended Use

Test if each single Chargeable Event in the Reference Data is represented accordingly in the respective Toll
Declaration, measuring the performance of the TSP system for single Chargeable Events.
6.3.7.3  Metric Calculation Method

DTD Correct Charging Rate =%
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Where

A =

Number of Chargeable Events associated to Toll Declarations, i.e. total number of Chargeable

Events resulting from the Reference Data correctly assigned to Toll Declarations in the measurement
period.

B =
Refe

Total number of Chargeable Events, i.e. Total number of Chargeable Events resulting from the
rence Data in the measurement period.

6.3.8 E
6.3.8.1

The prob
incorrectl

“Predefin

6.3.8.2

Measurement of the rate of Chargeable Events incorrectly detected by thé TSP system, i.e. which contajn

incorrect

6.3.8.3

DTD Incorrect Charge Event recognition = %

Where
A =
Char
repre

B =
Refe

6.3.9 E
6.3.9.1

The prob

[-CM-DTD-2 DTD - Incorrect Charge Event recognition
Metric Definition

ability that for any predefined Chargeable Event that is recorded a respective Tell’Declaration [is
y generated (the incorrect data is not detected).

£d” may be defined by random measurements of determined Charge Events{

Intended Use

nformation (e.g. vehicle category, time, road category etc.).

Metric Calculation Method

Number of Chargeable Events associated to Toll Declarations incorrectly, i.e. total number pf
geable Events assigned to Toll Deglarations in the measurement period which are not correcily
senting Reference Data.

Total number of Chargeable Events, i.e. Total number of Chargeable Events resulting from the
rence Data in the measurement period.

[-CM-DTD-3DTD - Missed Charge Event Recognition
Metric-Definition

pbility that for any predefined Chargeable Event that an entry in the respective Toll Declaration is npt

generate

.

6.3.9.2

This test

Intended Use

measures the rate of missed recognition of Charge Events, i.e. the rate of Charge Events missing in

the Toll Declarations.

6.3.9.3

Metric Calculation Method

DTD Missed Charge Event Recognition = %

46
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Where

:2013(E)

A = Number of Chargeable Events not associated to Toll Declarations, i.e. total number of Chargeable
Events resulting from the Reference Data in the measurement period not assigned to Toll Declarations.

B = Total number of Chargeable Events, i.e. the total number of Chargeable Events resulting
Reference Data in the measurement period.

from the

[=2)

[=2] M

mus<

W

T

6

DTD Overcharging rate= %

3.10 ET-CM-DTD-4 DTD Overcharging Rate
3.10.1 Metric Definition

br the vehicles not using the infrastructure, it is the probability that for any predefined Chargeable H
n additional entry in the respective Toll Declaration is generated (False Positive)

3.10.2 Intended Use
hile the test ET-CM-TD-5 TD - TSP False Positive counts the rate of/Toll Declarations contain
psitives, this test measures the rate of single False Positives compated-to the overall number (

vents.

3.10.3 Metric Calculation Method

here
A = Number of Charge Events associated to Toll Declarations which do not result from the R
Data, i.e. number of Charge Events in“Toll Declarations which do not represent actual usage o
infrastructure.
B = Total number of Chargeable Events, i.e. the total number of Chargeable Events resulting
Reference Data in the measurement period

3.11 ET-CM-CR-1'CR - Correct Charge Report Generation

3.11.1 Metric_Definition
he probability that a Charge Report is correctly generated

3.11.2 Intended Use

Fvent that

ng False
f Charge

Reference
f charged

from the

This test measures the rate of Charge Reports not containing errors.

6.

3.11.3 Metric Calculation Method

CR Correct Charge Report Generation =%

Where

©

A = Number of correctly generated Charge Reports, i.e. the number of Charge Reports whic
only Charge Events and Charge-Relevant Events consistent with the Reference Data.

1ISO 2013 — All rights reserved
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B = Total number of Charge Reports, i.e. the total number of Charge Reports generated by the Toll
Service Provider Front-End in the measurement period

6.3.12 ET-CM-CR-2 CR - Incorrect Charge Report Generation
6.3.12.1 Metric Definition
The probability that a Charge Report is incorrectly generated

6.3.12.2 Intended Use

This test measures the rate of Charge Reports containing errors.

6.3.12.3 | Metric Calculation Method
. A
CR Incqrrect Charge Report Generation = 2

Where

A = Number of incorrectly generated Charge Reports, i.e. the number of €harge Reports which contajin
Charjge Events that are not consistent with the Reference Data.

B = [Total number of Charge Reports, i.e. the total number of Charge Reports generated by the Toll

Serv|ce Provider Front-End in the measurement period

6.3.13 ET-CM-CR-3 CR - Charge Report Latency
6.3.13.1 | Metric Definition

The averpge time it takes between a Charge. Event and the time the Charge Report is created / received bpy
the Servige Provider

6.3.13.2 | Intended Use

This test |gives the average latency-of Charge Events until they are received from the Front End. Therefore| it

gives infgrmation about the average Front End performance.

6.3.13.3 | Metric Calculation Method

Charge Report Latency = 1 ZAi
n

i=1

where

A, = Time span between the occurrence of Chargeable Event with index i as determined from the
Reference Data and the reception of the respective Charge Report from the Front End

n = Number of Chargeable Events in the measurement period

NOTE 1 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.

NOTE 2 Be aware that the reporting period influences this metric. If e.g. 24h is chosen, the average resulting latency
must be greater 12h for evenly spaced chargeable events.
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6.3.14 ET-CM-CR-4 CR - TSP Front End Event Detection

6.3.14.1 Metric Definition

The probability that the front-end properly detects any defined Charge-Relevant Event that takes place
6.3.14.2 Intended Use

This test measures the percentage of Charge-Relevant Events which are correctly reflected in Charge
Reports generated by the TSP Front End.

NPTE Be aware of the distinction between Charge-Relevant Events and Charging Events.

6/3.14.3 Metric Calculation Method
u . A
(R Event Detection = E

Where

A = Number of Charge-Relevant Events which are correctly represented in Charge Reports recgived from
the TSP Front End.

B = Total number of Charge-Relevant Events as determined from the Reference Dafa in the
measurement period.

6)3.15 ET-CM-CR-5 CR - TSP Front End False PRasitive
6/3.15.1 Metric Definition

For the vehicles not using the infrastructure, it is the probability that for any predefined Chargeable Event the
frpnt-end improperly detects it.

6J3.15.2 Intended Use
The rate of False Positivesis a critical parameter of system performance, because it is directly felated to
clistomer satisfaction,.the number of user complaints and the public perception of a system. This metric

mleasures the rate of\occurrence of Charge Reports in the TSP system containing false positives.

6/3.15.3 Metric'Calculation Method

(AR Front End False Positive = %

Where

A = 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.

B = Total number of Charge Reports, i.e. the total number of Charge Reports generated by the Toll
Service Provider Front-End for the measurement period
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6.3.16 ET-CM-DCR-1 DCR - Correct Charging Rate (Chargeable Events)

6.3.16.1

Metric Definition

The probability that for any predefined Chargeable Event that takes place the corresponding entry in the
respective Charge Report is correctly generated. “Predefined” may be defined by random measurements of
determined chargeable events.

6.3.16.2

Intended Use

This test
correctly

6.3.16.3

CR Event Detection = %

Where

A=
perig

B =1
the R

6.3.17 E
6.3.17.1
The prob
Report is
chargeab

6.3.17.2

This test

correspond to actual Chargeable Events.

6.3.17.3

A
DCR Incorrect.Charge Event recognition = 2

measures the recognition rate of the TSP Front End, 1.e. the percentage of road usage that
Hetected by the Front End.

Metric Calculation Method

Number of correctly detected Chargeable Events in all Charge Reports\relevant for the measureme
d.

[ otal number of Chargeable Events, i.e. the total number of€hargeable Events as determined fro
eference Data in the measurement period.

-CM-DCR-2 DCR - Incorrect Charge Event recognition
Metric Definition

Bbility that for any predefined Chargeable Event that takes place an entry in the respective Charg
incorrectly generated. “Predefined®™ may be defined by random measurements of determing

le events.

Intended Use

measures the percentage of Charge Events in the Charge Reports containing errors, but whig

Metric Calculation Method

is

m

h

Where

A = Number of Charge Events in all Charge Reports containing wrong information (not detected correctly)
relevant for the measurement period.

B = Total number of Charge Events, i.e. the total number of Charge Events as determined from the
Charge Reports relevant for the measurement period.

50
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3.18 ET-CM-DCR-3 DCR - Missed Charge Event Recognition

3.18.1 Metric Definition

:2013(E)

The probability that for any predefined Chargeable Event that an entry in the respective Charge Report is not
generated.

6.

3.18.2 Intended Use

This test determines the percentage of Chargeable Events which are missed by the TSP Front End, resulting

n

6

W

n

a

6

T

n

6

W

undercharging.

3.18.3 Metric Calculation Method

DCR Missed Charge Event Recognition = %

3.19.1 Metric Definition

br the vehicles not using the infrastructureyit is the probability that for any predefined Chargeable H
n additional entry in the respective Charge Report is generated (“False Positive”).

3.19.2 Intended Use
ne rate of False Positives 'is)a critical parameter of system performance, because it is directly
easures the rate of occurrence of Charge Events representing False Positives in the TSP system.

3.19.3 Metric-Calculation Method

DCR Ovércharging rate= %

here

surement

ned from

here
A = Number of Chargeable Events not represented in any Charge Report relevant for the mea
period.
B = Total number of Chargeable Events, i.e. the total numbér of Chargeable Events as determ
the Reference Data in the measurement period.
3.19 ET-CM-DCR-4 DCR - Overcharging rate (Incorrect false positive Charge Event Recognition)

Fvent that

related to

clistomer satisfaction, the\number of user complaints and the public perception of a system. This metric

©

A = Number of Charge Events in the Charge Reports which do not correspond to actual infrastructure

usage as determined from the Reference Data.

B = Total number of Chargeable Events, i.e. the total number of Chargeable Events as determ
the Reference Data in the measurement period.

1ISO 2013 — All rights reserved
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6.4 Autonomous Continuous Specific Examination Tests

6.4.1 General

For autonomous continuous systems all tests of Clause 6.1 are applicable. On top of that the measurements
of this Clause 6.4 can be used.

The Toll declarations are sent by the TSP Back End on the respective interface to the TC. This interface

conforms|

The Cha
according

The Refe
642 E
6.4.2.1
The prob
6.4.2.2

With this
generatin

6.4.2.3

TD Cori

Where

A =
End.

B ="
the n

6.43 E

6.4.3.1

to ISO 12855 (see ISO 12855:2012, Clause 6.11, p.26).

rge Reports are sent by the TSP Front End to the TSP Back End. This interface is designg
to ISO/TS 17575-1:2010.

rence Data are collected using the methods and prescriptions of Clause 5.4.
[-CM-TD-1 TD - Correct Toll Declaration Generation

Metric Definition

pbility that a Toll Declaration (based on a GNSS OBE) is correctly generated
Intended Use

metric a TSP can measure the overall performance of the system including its own TSP Back End
g Toll Declarations) and its own TSP Front End (in genétating Charge Reports)

Metric Calculation Method

rect Toll Declaration Generation =%

Number of correctly generated\Toll Declarations during the measurement period by the TSP Bag¢

[otal number of Toll Beclarations, i.e. number of Toll Declarations generated by the TSP Back End
heasurement periods

[-CM-TD-2'TD - Incorrect Toll Declaration Generation

Metric Definition

d

in

in

The probability that a Toll Declaration (based on a GNSS OBE) is incorrectly generated

6.4.3.2

Intended Use

With this metric a TSP can measure the overall performance of the system including its own TSP Back End (in

generatin

52

g Toll Declarations) and its own TSP Front End (in generating Charge Reports)
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6.4.3.3 Metric Calculation Method
. ] A
TD Incorrect Toll Declaration Generation = E

Where

:2013(E)

A = Number of incorrectly generated Toll Declarations, i.e. the number of Toll Declarations generated

during the measurement period by the TSP Back End.

B = Total number of Toll Declarations, i.e. the number of Toll Declarations generated by thel
End in the measurement period.

[=2)

4.4 ET-CM-TD-3 TD - Late Toll Declarations

6{4.4.1 Metric Definition

The proportion of Toll Declarations received by the Toll Charger in a defined,period where the time
the Chargeable Event and the receipt of the associated Toll Declaration is_greater than the defined
the charging scheme.

6/4.4.2 Intended Use

This metric measures the performance of the TSP system interms of the delays occurring in the p
génerating Toll Declarations.

6)4.4.3 Metric Calculation Method
. A
1D Late Toll Declarations = E

Where

A = Number of late Toll Deelarations, i.e. the number of toll declarations generated d
measurement period by the, TSP Back End which are delayed by a time longer than Maxi
Declaration Delay (MTDD),after the actual occurrence of the last of the respective charging even

B = Total Number ofyToll Declarations, i.e. the number of Toll Declarations generated by the T
End in the measurement period.

[=2)

4.5 ET<CM-TD-4 TD - TSP Event Detection

6/4.54 Metric Definition

[SP Back

between
beriod for

rocess of

uring the
mum Toll
ts.

[SP Back

6.4.5.2 Intended Use
This metric measures the reliability of the detection of Charge-Relevant Events in the TSP system.

NOTE Be aware of the distinction between Charge-relevant Events and Charging Events.
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6.4.5.3 Metric Calculation Method
] A
TSP Event Detection = E

Where

A = Number of correctly detected Charge-Relevant Events in the Toll Declarations, during the
measurement period.

B = [Total number of detected Charge-Relevant Events in the Toll Declarations sent by the Toll Sgrvi¢e
Prov|der in the measurement period

6.4.6 ET-CM-TD-5TD - TSP False Positive
6.4.6.1 Metric Definition

For the vghicles not using the infrastructure, it is the probability that for any defined Chargeable Event the T§P
improperly detects it during the creation of Toll Declarations.

6.4.6.2 Intended Use

The rate|of false positives is a critical parameter of system performaree, because it is directly related fo
customer] satisfaction, the number of user complaints and the public\perception of a system. This mettic
measure$ the rate of occurrence of false positives in the TSP system.

NOTE In continuous systems the false positives may imply thecapplication of a wrong tariff to the distance drivgén
within a given infrastructure, e.g. being charged for distance driven‘within a congestion charging zone while actually only
having pagsed close by.

6.4.6.3 | Metric Calculation Method
. A
TD False Positive = E

Where

A =|Number of False Positives identified in all Toll Declarations which are generated during the
meagurement period

B =|Total Number<of passes of vehicles in the proximity (but outside) the charging objects in the
measurement periad

6.4.7 ET-CM-CTD-1 CTD Correct Charging Rate

6.4.7.1 Metric Definition

The probability that for any set of representative trips travelled by a vehicle and during a certain period of time,
the Average Relative Charging Error is within the Accepted Charging Error Interval.

6.4.7.2 Intended Use
This metric provides overall information for the TSP and the Toll Charger on the capabilities of the system, in

particular the OBE, to compute Toll Declarations whose charges are 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
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system) and limiting the charges in excess (overcharging) to avoid claims and for providing credibil
users and the authority.

6.4.7.3 Metric Calculation Method

CR Correct Charge Report Generation Rate:%

Where

:2013(E)

ity for the

A = Number of sets of representative trips travelled by a vehicle during a certain period of tin
Average Relative Charging Error is within the Accepted Charging Error Interval.

B = Overall number of sets of representative trips analysed

NPTE To be investigated whether sets of representative trips have to be independent foriéach sample or
cdn be used for more than one set. Second option seems to provide a more reliable metric.

[=2)

4.8 ET-CM-CTD-2 CTD Overcharging Rate
6/4.8.1 Metric Definition

The probability that for any single predefined representative<trip, the Relative Charging Error is 3
upper bound of the Accepted Charging Error Interval.

64.8.2 Intended Use

e not larger than the Accepted Charging ‘faterval. i.e. ensuring that the probability of probability of g

T
Ukers on the capabilities of the system, in particular the OBE, to compute Toll Declarations whosg
a
excess (overcharging) is properly bounded- providing credibility for the users and the authority.

6/4.8.3 Metric Calculation Method

o\

'R Overcharging Rate= %

Where

A = Number of representative trips travelled by a vehicle during a certain period of time whose
Charging‘Error is above the Accepted Charging Error Interval.

B =Overall number of representative trips analysed during the mentioned period of time.

he whose

same trips

bove the

nis metric provides overall information for the Eront-End provider; the TSP, the Toll Charger, Authority and

b charges
harges in

Relative

6.4.9 ET-CM-CTD-3 CTD Accuracy of Distance/Time Measurement

6.4.9.1 Metric Definition

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.

© 1SO 2013 — All rights reserved
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6.4.9.2 Intended Use

While 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 (that can be
observed by the average and standard deviation values) provides a substantial value for the TSP.

6.4.9.3 Metric Calculation Method

(N e
EAVeT=aady

Averagd

Standard|Deviation =

Where

(measured distance — true distance)
Errpr, =

1

true distance
n is the number of representative trips considered
measured distance is the one supplied by the system (could;be also time)

true flistance is the one measured by the reference system (could be also time)

6.4.10 ET-CM-CR-1 CR - Correct Charge Report Generation

6.4.10.1 | Metric Definition

The probability that a Charge Report\(based on a GNSS OBE) is correctly generated
6.4.10.2 | Intended Use

With this|metric a Front-End provider and a TSP can measure the performance of the Front-End as far as
computatjon of Charge_Reports is concerned.

6.4.10.3 | Metric*Calculation Method

] A
CR Correct Charge Report Generation = E

Where:

A = Number of correctly generated Charge Reports during the measurement period and for a given
number of vehicles by the Front- End.

B = Total number of Charge Reports, i.e. number of Charge Reports generated by a given number of
vehicles the Front-End in the measurement period.
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6.4.11 ET-CM-CR-2 CR - Incorrect Charge Report Generation

6.4.11.1 Metric Definition

The probability that a Charge Report (based on a GNSS OBE) is incorrectly generated
6.4.11.2 Intended Use

With this metric a Front-End provider and a TSP can measure the performance of the Front-End as far as
computation of Charge Reports.

6/4.11.3 Metric Calculation Method
u . A
AR Incorrect Charge Report Generation = 2

Where

A = Number of incorrectly generated Charge Reports during the measurement and for a given number of
vehicles period by the Front- End.

B = Total number of Charge Reports, i.e. number of Charge Reports generated by a given rflumber of
vehicles the Front-End in the measurement period.

6/4.12 ET-CM-CR-3 CR - Charge Report Latency
6/4.12.1 Metric Definition

The average time it takes between a Charge Event and the time the Charge Report is created / repeived by
the Service Provider

6/4.12.2 Intended Use

This test gives the average latency of Charge Events until they are received from the Front End. Therefore it
gives information about the average Front End performance.

[=2)

4.12.3 Metric Calculation Method

o

1 n
tharge Report Latency = — ZAi
hig

where

A, = Time span between the occurrence of Chargeable Event with index i as determined|from the
Reference Data and the reception of the respective Charge Report from the Front End

n = Number of Chargeable Events in the measurement period
NOTE 1 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.

NOTE 2 Be aware that the reporting period influences this metric. If e.g. 24h is chosen, the average resulting latency
must be greater 12h for evenly spaced chargeable events.
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6.4.13 ET-CM-CR-4 CR - TSP Front End Event Detection

6.4.13.1 Metric Definition

The probability that the front-end properly detects any defined Charge-Relevant Event that takes place
6.4.13.2 Intended Use

This test measures the percentage of Charge-Relevant Events which are correctly reflected in Charge
Reports generated by the TSP Front End.

NOTE Be aware of the distinction between Charge-Relevant Events and Charging Events.

6.4.13.3 | Metric Calculation Method
] A
CR Event Detection = E

Where

A = Number of Charge-Relevant Events which are correctly represented in"\Charge Reports received from
the TSP Front End.

B Total number of Charge-Relevant Events as determined/from the Reference Data in the
meagurement period.

6.4.14 ET-CM-CR-5 CR - TSP Front End False Positive

6.4.14.1 | Metric Definition

For the vghicles not using the infrastructure, it is;the probability that for any predefined Chargeable Event the
front-end|improperly detects it.

6.4.14.2 | Intended Use
The rate |of False Positives is a crifical parameter of system performance, because it is directly related fo
customer| satisfaction, the number of user complaints and the public perception of a system. This mettic

measure$ the rate of occurrence of Charge Reports in the TSP system containing false positives.

6.4.14.3 | Metric Calculation Method

CR Front End-False Positive = %

Where

A = Number of False Positives identified in all Charge Reports which are generated during the
measurement period

B = Total Number of passes of vehicles in the proximity (but outside) the charging objects in the
measurement period
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6.4.15 ET-CM-CCR-1 CCR - Correct Charging Rate

6.4.15.1 Metric Definition

:2013(E)

The probability that for any set of representative trips travelled by a vehicle and during a certain period of time,

the Average Relative Charging Error is within the Accepted Charging Error Interval.

6.4.15.2 Intended Use

This metric provides overall information for the Front-End provider, the TSP and the Toll Charger on the

capabilities of the system, in particular the OBE, to compute the charges within the Accepted

Interval, i.e. ensuring that charges cover a very high percentage of the due incomes (to ensure the

the system) and limiting the charges in excess (overcharging) to avoid claims and for providing) cre
the users and the authority.

6]4.15.3 Metric Calculation Method
u . A
(dR Correct Charge Report Generation Rate= 2

Where

A = Number of sets of representative trips travelled by a vehicle during a certain period of tin
Average Relative Charging Error is within the Accepted Charging Error Interval.

B = Overall number of sets of representative trips analysed

NDTE In order to have more observability of the process (i.e. the resulting metric to be closer to the real
presentative trips do not need to be fully independenty |.e. different sets can share the same trips. For inst
cdnsidered period is one month, one can consider pefiods of 30 days starting each day instead of considering
mpnth.

-
(0]

6/4.16 ET-CM-CCR-2 CCR - Overcharging Rate
6/4.16.1 Metric Definition

The probability that forcany single predefined representative trip, the Relative Charging Error is 3
upper bound of the Aceepted Charging Error Interval.

[=2)

4.16.2 Intended Use

Ukers oncthe capabilities of the system, in particular the OBE, to compute the charges that are not I
the Accepted Charging Interval, i.e. ensuring that the probability of charges in excess (overch
properly bounded providing credibility for the users and the authority.

Charging
iability of
dibility for

he whose

ty) sets of
Ance if the
A set each

bove the

This metrie_ provides overall information for the Front-End provider; the TSP, the Toll Charger, Authority and

rger than
prging) is

6.4.16.3 Metric Calculation Method
. A
CR Overcharging Rate= B

Where

A = Number of representative trips travelled by a vehicle during a certain period of time whose Relative

Charging Error is above the Accepted Charging Error Interval.
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B = Overall number of representative trips analysed

6.4.17 ET-CM-CCR-3 CCR - Accuracy of Distance/Time Measurement

6.4.17.1

Metric Definition

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.

6.4.17.2
While ab
distance
accuratel
substanti

6.4.17.3

Averagé

Standan

Where

Err

nis f
mea

true

Intended Use

ove metrics related to charges measure the overall system performance (integrating efrors
measurement and errors in event recognition) having direct observability of system\capability
y measure distance and time also separating between systematic and random errors provides
b| value for the TSP.

Metric Calculation Method

(z::oErrori )

n

(Z::OError,. ? )

d Deviation =
n

_ (measured distance — true distance)

DI,

1

true distance
he number of representative trips considered
bured distance is the one supplied by the system (could be also time)

Histance is the one measured by the reference system (could be also time)

in
to
a

60

© 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=6ee1cdf9407b75b06ed53fb006a8dedf

ISO/TS 17444-2:2013(E)

Annex A
(informative)

Examination Test Documentation Template

A.1 Examination Test Template

Ahnex A provides a template for the documentation of examination tests.

Measured Metric:

Metric Definition e
N
V
Metric Measurement Data requirements %V
Reference Charge Toll Declaration | Billing Detailsc'>\ Payment User Accqunt
Data Report Ve Claim Chargeg

Environmental Conditions

Performance
Requirement

Sample Size

Details of Method for
Generating Charging
Input

Method for Genera&)ﬁ)
Reference Data

Vad
Test Route / S%{Qt of charge Network
D\

Met@@élculation Details
PA
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Annex B
(informative)

Examination Framework Considerations

B.1 General

For defining the Examination Framework, completeness is as important as efficiency and reliability. TH

measuremnents should be repeatable and comparable, considering the diverging requirements from.scheme

type, phape and technology.
A systemptic three-step process was applied.

a) Idenlfification of sources of relevant data: e.g. an operational enforcement system.

b) Meagurement methods for collecting data from the sources identified in a): e.g, comparison with DSRC

evenis collected by an enforcement system.

c) Definition of the Examination Framework for each metric: e.g. CM-DCR=* DCR - Correct Charging Raje

(Chargeable Events) in an operational tolling system.

This systgematic approach allows for reliable and comparable results, but also maximises the opportunities f

synergy. |[One measurement can be used for measuring severalsmetrics at once. In many cases this givgs

more than one option of measurement for each metric. This,is even necessary because of the varyir
circumstgnces due to phase, type and technology.

B.2 Criteria for definition of tests

To ensufe that the results of the examinations™(measurements of metrics) are reliable, accurate ar
reproducible, it is important to apply a comprehensive strategy in designing the examination methods. Th
strategy ghould take into account the possiblejsources of influences on metrics.

These influences might be controlled y-the examination process (e.g. mounting position of OBE) or might n
be accessible to manipulation (e.gweather conditions).

Therefore, the following strategy-ef defining examination methods is used in this specification:

— identify possible sources of influences on metrics, considering differences due to phase, scheme type and

techmology;

— devige testsawhich “provoke” errors, exploit possible vulnerabilities.

The second:point is especially useful in the case of rare events to be tested (e.g. CM-DCR-4, false positives)

g

d
is

B.3 Statistical Considerations

The quality of toll-collecting systems can be characterized by performance indices derived for specific
aspects, called metrics. Using well defined sampling procedures, estimation of performance is possible, and
can be characterized by confidence intervals for the parameters of interest. Statistical methods applied, have
to be chosen appropriately, reflecting the type of distribution under investigation and the sampling design. For

further information on the choice of statistical methods to be used please refer to the information in Annex B.
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B.4 Dependency on Scheme Type

The design of a valid Examination Framework differs widely depending on the type of scheme:

a) 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 introduction to part 1 of

this standard. Percentages only come into play after collecting a sample of several measurements.

— It is also easier to define a valid reference the system under test is to be compared to. E.g. the
passage of a road section is much easier to define than a specific trajectory for a continuous system.

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 bé)expressed as a
continuous error value.

— Additional problems occur because it is more difficult to reproduce a certain,vehicle behayiour: e.g.
the mileage for a given trip will vary simply because a vehicles can and,will not drive exadtly on the
same trajectory repeatedly.

The type of scheme also has an impact on the information flows and on theymetrics that can be defined. This
is| described at the end of Clause 5.1 of part 1 of this standard. While the"metrics are independent df scheme
oh the higher levels (billing details to end-to-end), there are major différences for the low level metrigs (charge
rgport and toll declaration).

The roles in the collection of charge data differ: In autonomotis systems the Toll Service Provider ig operator
of the front end, therefore charge reports and toll declarations are within his realm of responsibility.|In DSRC
based systems, the roadside equipment and the corresponding parts of the central system are {inder the
control of the Toll Charger. In DSRC systems, the interface for exchanging the equivalent to Charge Reports
nl autonomous systems was not standardised until the' preparation of the current document and therefore it is
difficult to put metrics on them.

B.5 Dependency on Phase

The two main phases in the lifetimevof a tolling system result in very different conditions for|charging
performance metrics measurement. Fhese differences are detailed in the following clauses.

a) Evaluation Phase:
There are no Service (Users yet. All tests should be performed with selected vehicles, either griven by
personnel of the entity)performing the tests, or volunteers which allow their vehicles to be equipped. This

sifuation results in

—+ Relatively,.small sample sizes, potentially with controlled behaviour of test vehicles and cgntrollable
influences on metrics (e.g. mounting position of OBU).

b} Monitoring Phase:

Usually a large number of toll system users are active in the system. Therefore

— Very large sample sizes possible, but with unknown behaviour of the vehicles and potentially
uncontrollable influences on metrics. In principle all measurements from implementation phase possible,
too.

There might exist a period of transition between the two phases during the roll out of the system. More and
more vehicles are equipped with OBEs, so the sample sizes are also rising.
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B.6 Dependency on Technology
Sources of influences on metrics depend on technology.
Examples:

— In GNSS systems, performance is influenced by accuracy, availability of GNSS position data / events.
Key issues are:

— environment of the road (referred to obstacles, buildings, etc):

— solar activity (affecting ionosphere), weather conditions...);

— quality of Toll Context data from the Toll Charger (ISO 12855).
— In D$RC systems, performance is influenced by

— fraffic density;

— Yehicle speed;

— DBU mounting position;

— weather conditions;

— PBervice User behaviour;

— pattery life.

(2]

— In bgth technologies interference (spoofing, jamming) in the respectively used frequency bands degrade
perfgrmance.

Knowledge about these sources helps in designing useful tests, especially for measuring rare events. As
already gointed out in Clause A.2, artificially stressing the system by creating challenging scenarios might
provoke errors which can be used for:estimation of metric values given that the actual probability of su¢h
conditiong is known.

B.7 Simultaneous measurement of metrics

The metiics in the Examination Framework have been defined based on the sequential information flows
within a pharging system, as described in ISO/TS 17444-1:2012 Clause 5.1 which means that there is|a
hierarchy| of metrics'which means that an examination test designed to measure metrics at the E2E Level, can
with addifional ebservation points be used to simultaneously measure metrics at the Charge Report, Billing
Details, HaymentClaim and User Account metric levels.
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Autonomous Systems Only

1 & )
Usage / Charge Toll / Billing Payment User
Evi de?\ce A Report /A Declaration /- Details Claim Account » End
/18017575 / / 1IS012855  / 1S012855 15012855 Charge(s)
o > 1)
Service Provider Service Provider Toll Charger Toll Charger Service Provider
Charge Report Interface Toll Declaration Billing Detail Payment Claim Charges to User Accounts
Interface Interface Interface
[ > o—»—o—»—o—»—l 2)
Service Provider Toll Charger Toll Charger Service Providér
Toll Declaration Interface Billing Detail Payment Claim Charges to User(Accounts
Interface Interface
° > o » o '» @ 3
Toll Charger Toll Charger Service Provider
Billing Details Interface Payment Claim Charges to User Accounts
Interface
o > o —— > @ 4)
Toll Charger Service Provider
Payment Claim Interface Charges to User Accounts
[ > ® 5

E2E
Charges to User Accounts

Figure B.1 — Hierarchy of Metric Measurement Observation Points

© ISO 2013 — Al rights reserved 65


https://standardsiso.com/api/?name=6ee1cdf9407b75b06ed53fb006a8dedf

ISO/TS 17444-2:2013(E)

Annex C
(informative)

Statistical Considerations

C.1 Basics

All statist

03.120.30: Application of statistical methods. The catalogue can be found onling( undger
http://www.

cal considerations should reflect existing ISO standards, as described in the standards catalogye

iso.org/iso/home/store/catalogue ics/catalogue ics browse.htm?ICS1=3&ICS2=120&ICS3=30

The four
and are
ISO 1145

More spe

These |
statistical
describe
descriptid

identification of sources of bias and of extra variability, etc. have to be provided.

Developn
sound, af

Vocabula
should us

most relevant standards for basic statistical analysis of EETS data can be found in the bibliography
repeated here for completeness: ISO 3534-1:2006, [SO 3534-2:2006, I1S® '2602:1980 and
3:1996/Cor.1:1999.

cific aspects and alternative approaches can be found in the catalogue as.well.

characterizations of performance measures. Standard Operating: Procedures should not only
data analysis, but have to define unambiguously all steps of<sampling, data ascertainment, data
n, and statistical evaluation. When necessary, approaches for validation of measurement systemss,

O standards should be the base reference for all Standard Operating Procedures definirr[g
|

nent of more sophisticated statistical methods should be encouraged, when appropriate, scientifically
d in accordance with established ISO standards.

ry and terms used should be standardized ahd as precise as possible. Therefore, all documents
e ISO 3534 as common reference. In addition; there are internationally widely accepted glossaries pf

statisticall terms. OECD offers an online statistics portal, with a glossary under http://stats.oecd.org/glossaryf .
From thid website a downloadable version is ayaitable as well. Translations into 31 languages are offered by
the International Statistical Institute, and can-be found at http://www.isi-web.org/glossary .
The folloying sections of this Appendix\give a short overview of basic terminology, elementary formulae fpr
computing estimates of performance parameters and confidence limits, including example calculations. They
should nqgt be understood as a replacement of the standards mentioned above.
C.2 Terminology
Table C.1 — Used Terminology
Term Definition Examples
Populatiogn The statistical population is the total Vehicles on a certain segment of a toll road
membership or population or
“universe” of a defined class of On board devices of a certain type
people, objects or events.
Sample Selection of elements of an entity Detection of a toll road segment, by randomly
and ascertainment of data for selected vehicles passing
different metrics.
Measurement using the GNSS device of an on
board unit for randomly selected vehicles within a
given time interval on a certain toll road.
66 © IS0 2013 — Al rights reserved



http://www.iso.org/iso/home/store/catalogue_ics/catalogue_ics_browse.htm?ICS1=3&ICS2=120&ICS3=30
http://stats.oecd.org/glossary/
http://www.isi-web.org/glossary
https://standardsiso.com/api/?name=6ee1cdf9407b75b06ed53fb006a8dedf

ISO/TS 17444-2:2013(E)

Data Analysis Parameter estimation and inference Point and interval estimation, e.g. means,
based on samples standard deviations, and proportions

Comparisons of measurements to a reference
system

Characterization of distributions

Selection of certain parametric types of
probability distributions and fif’ring such models to
data, e.g. using the normal distribution’fc
characterization of measurements

=

Interval Calculation of lower and upper Confidence intervals: bounds that guaranptee that
Eptimation bounds for unknown parameters, the true parameter 0 is covered by the irjterval
assuring a predefined coverage (lower bound, upper bhound) with
probability of the true value. probability 1—¢r .

Tolerance intervals: bounds that guaranfee that a
proportion y 0f the population is covered| by the
interval (lewer bound, upper bound) with

probability 1 — o .

Spmple Size statistical approaches for assessing Methods related to statistical hypotheses rely on

Determination the size of a sample, such that a demand for the power of an & — level
demands on precision of infefence significance test being able to detect a cprtain
are met. deviation from the null-hypothesis.

Methods related to estimation rely on thI
precision (interval length) of 1 —« configlence

intervals.
Pfobability Actual probability distributions of the | For some measurements of continuous
Djstributions results; parameters (e.g. distance driven), the regults will

follow a probability distribution. For ease of
analysis, normal distribution is often asspimed.
Often this is wrong. Some of the influenges (e.g.
GNSS fixes) of the errors show a behaviour
distinctly different from normal distributigns. In
this case the calculations must be modifled or
only considered approximations

C.3 Point and interval estimation for binary and continuous data

C.3.1 Binary Data

These data arise if the measurement of interest is of type yes/no, failed/passed, usually coded as 0/1.
Parameter of interest is the probability for observing a 1. A point estimation for samples of independent,

identically distributed binary data is straight forward. Such data make up a so called Bernoulli process. A
interval estimation can be based on normal approximation or other methods, as appropriate.
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Formulae for the normal approximation approach (x = number of successes, n= sample size):

Point estimate: p =x/n , Confidence limits: pt+z__, \/p (1-p)/n denoting the normal percentile by

Zi_g-

Alternative methods are described in the literature. Especially for probabilities near 0 and 1, more appropriate
methods would be likelihood based, transformation based or the so called exact Clopper-Pearson intervals.

NOTE 1

As binary data _are discrete by nature, the demanded coverage probability cannot be exhausted in

all

situations.
sizes thes

NOTE 2
of the rate
success p

NOTE 3
confidencs

NOTE 4

NOTE 5
opportunit

C.3.1.1

C.3.1.11
Estimatio
P =num
Margin of

A simple
interval.

Exact confidence intervals guarantying coverage of a least 1 — & are wider than alternatives. For large samg
b differences are getting smaller and smaller.

Dependent observations or non-homogeneous data result in over-dispersion, which means, that the ‘variabil
estimate is larger than under the Bernoulli sampling scheme. In this case, confidence intervalsyfor the over
obability have to be constructed taking over-dispersion into account.

For very small underlying probabilities, samples with zero response occur quite often. In*this case, one-sid
intervals can easily be constructed giving an upper bound.

A testing based approach for inference on binary data can be found in ISO 2859-

More sophisticated analysis of binary data is provided, when logistic regregssion models are used, giving t
to model e.g. detection probabilities for different times, segments, devices etc.

Binary Data Examples
Probability
h of probability / proportion
ber of successful events / overall events
error

approach for calculating the canfidence interval of a binomial proportion is the normal approximatiq

the proportion of successes in a Bernoulli trial process estimated from the statistical sample,

5Cis the 1—- o/ 2 percentile of a standard normal distribution,

le

ty
Bl

ne

n

o. is the error percentile, and

n is the sample size.

For example, for a 95% confidence level the error () is 5%, so 1-a/2=0,975 and z4_,,», =196.

(from http://en.wikipedia.org/wiki/Binomial_proportion_confidence _interval)

EXAMPLE Simple example with proportions near 50%.To analyse the proportion of defective units we draw

sample of

68

1000 units. 529 of the 1000 units are defective.

a
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p= 529 _ 509
1000

The confidence interval is:

0.529(1-0.529)

CI =0.529i1.96\/ =0.529+0.031
1000

C.3.1.1.2 Estimation of probabilities near 0 or 100%

EXKAMPLE Significant estimation of the overall detection rate (most important Key Performance Indieatdr (KPI)) of
sg¢gment based toll systems. To analyze the overall detection rate of a toll system 1000 detection events_are ¢onsidered
a$ a sample. 995 of the events were successful.

p= 995 _ 0.995
1000

The confidence interval is:

0.995(1—0.995)

CI =0.995i1.96\/ =0.995+0.004
1000

A$ one can see the margin of error of the second example is smaller;
3.1.1.3 One-sided confidence intervals

ften it is of more interest if a certain requested quality level is complied with or not than the calculafion of an
ror margin. In this case one sided confidence intérvals should be used.

20 O

Fpr the special case of 0 events among » units under test, an upper 1- « confidence limit for the ynderlying
sponse probability is given by

ﬁlow :1_%

Fpr sample sizes of 100, 1 000)10 000 we get as upper 95% limits: 0.0295, 0.0030, 0.0003.

-
[0

Cl.3.2 Continuous Data
C

pntinuous data_ ean’ be of various shapes. For toll data, information on the expected value might be most
portant, as the tetal of charges equals the number of rides times the expected toll. Inference is supported by
the central limit theorem of mathematical statistics. For large samples, approximations based gn normal
theory can\be regarded as reliable. Point and interval estimates assume independent, identically distributed
data.

Fprmulae for the normal approximation approach: ( x4,x,,...,x, denoting the sample data;

data is assumed to be drawn from a distribution with expected value u and variance o? )
Point estimate: /=X (mean)

Confidence limits: , denoting the standard deviation by s. The standard deviation is the point estimate of o .

Confidence limits for the median, non-parametric approach:
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The interval ( min(xy,xp,...,x, ),max(xy,xp,...,x,) ) is a 1—(y2)"_1 confidence interval for the median of the

underlying distribution. This holds true for arbitrary distributions. In general, the lower and upper limit can be
calculated more appropriately according to a given confidence level 1—« by suitably chosen order statistics.

NOTE 1

For normal data, the distribution would be perfectly characterized by the parameters ¢ and o . For general

distributions, interpretation of parameter estimates depends on the form of the distribution. A continuous variable is not
fully characterized by the expected value and variance. At least, questions of symmetry should be addressed.

NOTE2 The coverage of the above defined interval is exactly equal to 1—« if the data is normally distributed,
otherwise xact coverage is virtually achieved for large samples (# > 100 ), not too skewed.
NOTE 3 | A testing based approach for inference on continuous data can be found in ISO 3951.
NOTE 4 Instead of the mean, the median or other percentiles of a distribution could be chosen as,parameter |of
interest. There are non-parametric methods for interval estimates available, either based on empirical ,quantiles or on ne-
sampling methods including the bootstrap approach (see e.g. ISO 16269-7:2001Statistical interpretation of data -- Part|7:
Median -- Estimation and confidence intervals).
NOTE 5 Tolerance interval estimation is also possible; however, this is a greater challenge\for non-normal data.
NOTE 6 When samples are drawn under different conditions, covariates, useful for'describing the distribution, shodld
be recordgd as well. Such data offer the chance for more sophisticated regression modelling, including so called randdm
effects models, which could characterise sources of variability.
NOTE 7 | Tolerance interval estimation is also possible; however, this is a greater challenge for non-normal data.
C.3.2.1 |Continuous Data Example
The folloying example uses artificial data, five measurements of a distance: 3.351 km, 3.353 km, 3.349 km,
3.348 km), and 3.352 km. The true distance determined by a high precision reference is 3.35 km.
C.3.2.1.1] Normal approximation approach
The meap is ¥ = 3.3506  the standard deviation.equals s = 0.002073644
The 95%|confidence interval is calculated.as
0.002073644 .
3.3506+2.776 - T = 33506 +0.002575 = (3.348025, 3.353175 ) using the t-value 74  g75 =2.776 .
5 T
This confldence interval €oyers the “true” value, there seems to be no systematic error in measurements.
C.3.2.1.2] Non-parametric approach
The interyal given by minimum and maximum of the values is (3.348,3.352) virtually identical to the normal
approximetisa—Fhe-confidenee auale (1 \5_1 Q2 749/
) UUTT. TTTC UUTTITIUCTIVOU T TOUVOT unalc T \ 2} —JJ. T /0

In this case, the non-parametric approach gives almost identical information, however, with a slightly reduced
level of confidence.

C.3.3 Dealing with non-normal data

GNSS based position information is not normally distributed. While the pseudo range measurement itself is
(beside the systematic effects) nearly normally distributed, the resulting position solution no longer is.

70
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Modelling of the real distribution based on pseudo range measurements is possible only theoretical. In
practice the complexity of data processing and the missing information about the real methods don’t allow the
calculations of error distributions.

So the real distribution of GNSS position data depends on the satellite segment, the receiver (and firmware
version) and also atmospheric situations.

NOTE To overcome this situation a practical solution is to use a quantile based approach. All measurements are
collected and need to fulfil a maximum deviation condition with given percentage (e.g. 99% below 40 m). Confidence
levels must be defined using the number of samples.

C.3.4 Quality of reference systems

Alreference system needed to determine deviations of the devices under test needs an accuraey somme orders
higher than the accuracy of the testing device. Typically values are factors above 3 to 5.

Ab the costs for reference systems are nearly exponentially linked with the requifed accuracy|a typical
approach would be to choose the quality of the reference based on practical considerations.

Bhsed on available measurement systems with specified accuracy (and acceptable price range) it ngeds to be
determined if the reachable accuracy fulfils the minimum requirements.

Afterwards the reachable confidence levels can be specified based on the\specified accuracy of device under
tgst and reference system.
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Annex D
(informative)

Methods for reducing sample sizes for very high/low probability metrics
during the Evaluation Phase

D.1 Rafionale

Some metrics are used in requirements establishing values of very low (e.g. 10'6) or very high (e.g99:99%)
probability. While this might be possible to measure for the operation phase of a system assuming that|a
detailed Knowledge of a reference may be established, the effort and cost for tests in the evaluation phase can
be high, if those tests are feasible at all.

Typical examples of metrics of those characteristics are those related to false positives and“overcharging rats

N

If on the [other hand, in order to avoid the mentioned high cost of exhaustive tests, small sample sizes are
used for|measuring such values close to 0 or 1, the effect is detrimental im-two ways: Either unwanted
behaviouf of the system is missed because of the resulting inaccuracy, or events occurring by chance in the
test give|a strongly distorted picture. In both cases the results will be misleading and without practigal
relevancg. In those sub-sampling scenarios one can only derive that, given the measured metric, the system
is behaving normally or abnormally with a given confidence level bub actual value of the metrics cannot he
measured.

The first yay out of this dilemma is to put the system under artificial stress. By that a higher probability for the
events tq be detected is created and can be measured with reasonable sample sizes and therefore with
reasonablle testing efforts. Extreme care must be taken, though, when deriving the “normal” behaviour of the
system - jnormal meaning the behaviour under average.eonditions for the intended application of the system.
The extrapolation to that “normal” behaviour requires the identification of some models on which that
extrapolation are based. Alternatively, the customer may require a different (less demanding) value for the
metric (elg. different probability) when the system‘is under those stress situation,

It is impoftant to emphasize that stress can be put on:

— the dgfinition of the road network-topology;
— the efrors affecting the positioning/detection system.

It is also|key to understapdithat those stress conditions can be technology dependent and, therefore, o
general rules can be established for their definition but they have to be defined on a case by case basis as|a
negotiatign process between the customer and system provider.

The first group (road’network topology) can be “simply” established as a new input for the system. The second
may require the-use of simulation. Alternatively review of design can be also a valid mechanism if the
mentioned design implements particular features to respond to those stress conditions.

The second way out of the dilemma (in isolation or in combination with the previous solution) is to increase the
amount of testing data without largely increasing the testing effort and hence costs. This may be implemented,
in particular in the cased of measuring false positives, by artificially adding new infrastructure elements to be
charged. In any case the number of trips have to be big enough to be statistically significant of the different
errors affecting the system?.

1l.e. if we need n trips to have the required statistical significance and we introduce m segments to be detected, the
resulting number of trips could be around n/m. But this number has to be still large enough, i.e. m=n, resulting in a single
trip would be not a valid solution.
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This derivation is founded on extrapolation of the system behaviour to less demanding circumstances. For
ensuring that this process remains fair and reliable, the underlying model for the system behaviour is of critical
importance. It is also recommended to subject the reference system to the same test scenario. This strategy
can help to identify errors in the model or inherent limitations of the technology used.

While target is to define black-box & technology independents tests, it is anticipated that relaxation of these
two objectives may facilitate the definition of those tests.

Table D.1 — Applicability of the use of real, emulated and artificial Charge Objects in metric

measurements
Trips
Real (n>> 1/p) | Real (n<1/p) Simulated (worst |case
nuisance variables)

Real Possible. Very | Not useful Possible but’only valid if
expensive “GNSStonly”. Nodel

needed to extrapolatg
Charge Objects Emulated Not useful Possible. Possible but only valid if
Direct Metric *GNSS-only”. Model

needed to extrapolatg
Artificial Not useful Possible. Possible but only valid if
(worst cases) Model needed | “GNSS-only”. Model

to extrapolate | needed to extrapolat¢

D.2 Identification of potential methods
D.2.1 Method 1: based on PC and PU and having as reference the real Chargeable Event

Trips for PC1 and PC2 selected to be in theshearest feasible proximity to zone/segment for which the
clhargeable event is defined. For PU1 selection only of the subset of users who travel in the proxinity of the
nmentioned infrastructure.

Number of trips to be considered havé.te be in the order of 10 divided by the target probability defined in the
quirement related to that metric (what makes these method 1 quite inefficient). Alternatively if metric does
bt need to be measured but only to define if the system fulfils a requirement with a certain level of cpnfidence
e number of allowed false~positives may be established as a function of the number of tripg and the
mlentioned level of confidence:

—_
T3 a3

Number of trips that provoke a false positive
Total Number of Trips

ISP False Positives:probability =

This method\is the “brute force” approach, which will lead to large sample sizes or to misleading results, as
describedinthe last subclause.

D.2.2 Method 2: based on PC and PU and having as reference artificially defined Chargeable

ent

Emulated chargeable infrastructure defined in the nearest proximity to the travelled trips. This can be based
on the existing network (and then defined charging infrastructure has to be a real road) or to be theoretical
(not based on a real road). This allows defining multiple chargeable events for a single trip. The ease of
variation and duplication of the emulated charge objects decreases testing efforts, and also increases
flexibility and room for variation.

Trips for PC1 and PC2 selected to be the ones where a potential infrastructure to be charged can be

established in the proximity (if the realistic approach is used) or any one otherwise. For PU1 selection only of
the subset of users who fulfils the above criteria.
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