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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

The European Commission Implementing Regulation (EU) 2020/204[13] on detailed obligations of European

electronic toll service providers includes among the allowed tolling techniques: “electro-optical

imaging

systems at the toll charger’s fixed or mobile equipment at the roadside, providing means for automatic
number plate recognition (ANPR), in EFC systems where the installation and use of an OBE is not required.”

ISO/TR 6026, produced by ISO/TC 204 in collaboration with CEN/TC278, identifies necessary

areas of

standardization for image-based tolling. Activities to revise existing EFC standards to support ANPR

technologies have already been started.

It is wellHerewn—+tha H tHEed—when £ .
(for exarhple, limited traffic zones and speed limit enforcement), and that certification activity req
suites. This area has so far not been addressed in the field of EFC.

Also, while some phases in the process of electronic fee collection can be devised as technology inde
at least the phases of recognition and the identification of vehicles are strictly dependént'on the te
used for ftolling, so, in the specific case of ANPR, they depend on the ANPR technology.

Some regional standards (for example, UNI 10772) specify procedures for testing the optical an
charactef recognition (OCR) capabilities of ANPR systems, but the process chain 6f EFC is much wider {

A study is needed to identify characteristics of image-based systems for tolling to be tested for conf|
to speciffcations and to measure key performance indicators (KPIs).

It is recpgnized that image-based systems that are suitable fof)telling can be used for other p
Although such systems are out of the scope of the present document, informative Annex A is provi
some examples and case studies.
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Electronic fee collection — Image-based tolling systems —
Measurable characteristics

1 Scope

This docpen

to identi
to answe

a) Whi
b) How

2 Nor
The folloj

'y their specific characteristics, and where these characteristics can be observed. The stud)
r the following questions:
Ch are the relevant characteristics of an image-based system used for electronic fee eollectid

can these characteristics be specified?

mative references

wing documents are referred to in the text in such a way that someor all of their content co

requirenmients of this document. For dated references, only the edition cited applies. For undated re

the lates

ISO/TS 1

3 Ter

For the |
terms an

ISO and
— ISO
— IEC]

3.1
automalt
ANPR
technolo|

Note 1 to
vehicle re

Note 2 t

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

7573-2, Electronic fee collection — System architecture for vehicle related tolling — Part 2: Vg

ms and definitions

d definitions apply.
EC maintain terminology databases-for use in standardization at the following addresses:

Dnline browsing platform: available at https://www.iso.org/obp

Klectropedia: available at htEps://www.electropedia.org/

ed number plate recognition

oy to automatically read vehicle registration plates

entry: A vehiCle registration plate typically contains the indicator or the code of the country that i
gistration\plate.

entry: Optical character recognition techniques are typically part of the technology associ:

automate

#h the aim

y intends

n (EFC)?

nstitutes
ferences,

cabulary

purposes of this document, the terms and.definitions given in ISO/TS 17573-2 and the following

ssued the

ted with

d'riumber plate recognition.

[SOURCE: ISO 17573-2:2020, 3.18]

3.2

enforcement
means to identify and pursue violators of laws, regulations or rules

3.3

false negative
incorrect reporting of a failure when in reality it is a pass

[SOURCE: ISO/IEC TR 29119-11:2020, 3.1.34]
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false positive
incorrect reporting of a pass when in reality it is a failure

[SOURCE: ISO/IEC TR 29119-11:2020, 3.1.35]

3.5

formally valid licence plate
licence plate that has been correctly identified as for the nationality of the vehicle, the characters and the
numbers, and the associated format

3.6

free-flo
collectio

3.7

constraj
collectio
tolls are

Note 1 to

3.8
true neg
correct 1f

[SOURCH

39
true pos
correct 1

[SOURCH

rialling cuckana
v Lullllls JJ JLCC I

h of tolls on toll roads without the use of physical toll barriers

ned tolling system
h of tolls on toll roads that impose restrictions (in road lanes or speeds, or beth)on vehicl
collected

entry: This covers, among others, all toll booths and toll plazas based tolling§ystems.

ative
eporting of a failure when it is a failure

: ISO/IEC TR 29119-11:2020, 3.1.82]
itive
eporting of a pass when itis a pass

:ISO/IEC TR 29119-11:2020, 3.1.83]

4 Symbols and abbreviated terms

bs where

A, association rate

Ay number of correct ANPR results (true positives)

C, classification raté

Cn number of carTectly classified vehicles (true or semi-true positives)

Dy, numberef detected false positives

D¢, nufmber of detected false negatives

.- detection of false negatives rate

Dy, detection of false positives rate

D. detection efficiency

Imgecongary ratio between the number of vehicles correctly identified by the secondary
system and the total number of correctly identified vehicles by the primary
and secondary systems

IPsecondary 1s the number of vehicles correctly identified only by the secondary system

ID identification rate

r
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P¢ number of formally identified licence plates

P, number of identified licence plates corresponding to existing real identified
vehicles, that combines the results of both the primary and the secondary
systems

Vy is the number of detected vehicles

/A number of passed vehicles

Al artificial intelligence

ANPR automatic number plate recognition

DSRC dedicated short range communication

EFC electronic fee collection

KPI key performance indicator

LP licence plate

LPN licence plate number

OCR optical character recognition

RSE roadside equipment

5 Framework and classifications of discrete tolling systems

5.1 General — Dimensions of the problem

This doqument considers the characteristics \gftolling systems where tolling is based on a ny

ically fixed identification points where vehicle passages and characteristics of the veh
. This is in contrast to tolling systéms where tolling is based on the continuous recognitio
long (in §ime or space) a vehicle has traveled in an area or how many times has it crossed borders
defined greas. The considered tolling'systems are known as discrete tolling systems.

An initigl classification of discrétetolling systems can be made based on the geometrical chara
of the t¢lling points, by roughly dividing the systems into free-flow tolling systems and con
tolling systems. Another dimension, that can have an impact on the system’s performance is the
of multiple tolling techudelogies (e.g. DSRC manual payments, etc.), and their relevance to the p
incorporjated in the telling system (e.g. process of toll calculation). These and other dimensions a
physical|characteristies (e.g. communication, optical or OCR capabilities) of the tolling devices to
body of yariablesto be considered, measured, and ultimately tested, to evaluate the tolling system.

imber of
icles are
n of how
between

teristics
strained
presence
rocesses
d to the
form the

The chafacteristics of discrete tolling systems that are described in Clause 5 are independet|1t of the

technolog¥~that is used for tolling.

5.2 General to processes and functional variables

In the US Department of Transportation's classification of congestion pricing technologies,[3] the generic
tolling process, independent of the used technologies, can be divided into 7 sub-processes, each one

characterized by the set of variables.

The identified sub-processes are as follows (the order is not significant):

— Information and registration — This process is related to all communication aspects of both the tolling
system towards its users (signs, barriers, etc.), and the users towards the system (plate registration,

installation and personalization of OBE, etc.).

© IS0 2025 - All rights reserved
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— Passage detection — This process recognizes a vehicle’s passage. The process is highly influenced by the

geometry of the identification points (free-flow, constrained, etc.).

— Vehicle identification — This process uniquely identifies a vehicle, e.g. by recognizing its licence plate,
or by reading its OBE identifier. The process is dependent on the used technology. It can use the same

technology as for the passage detection, or a different one.

— Classification — This process classifies an identified vehicle according to the toll regime vehicle classes.
This process can be performed with the same technologies used for passage detection or vehicle

identification.

— Verifications and reliability — Information collected by the above sub-processes can be ve
further : T

EXAMPL
verified

The passage of a vehicle, that is recognized and classified by means of a DSRC transactig
reading its licence plate or by the recognition of its axles and dimensions by laser sensors.

— Paympent — The payment process is generally independent of the technologies thatyare used tc
and [classify vehicles. However, it can be the case that further evidence is necessary for payr
toll. |For example, it can be necessary that a picture of the licence plate, asseciated with the
geographical coordinates of the passage, is associated with a DSRC transaction.

— Enfdrcement— Enforcement is often associated with a technology alternative to that used for
typital example is ANPR used to enforce a DSRC-based tolling system.

Not all the above listed sub-processes are necessarily always presentdn a tolling system. Also, the ¢
and exedution of one sub-process can in some cases influence the/behaviour of other sub-processes

The aboye sub-processes are listed without any temporal ordering. Figure 1 depicts the sub-proc
outlining, in a grey rectangle, those that characterize a specific EFC system by the tolling technolog

rified by

n, can be

identify
nent of a
fime and

rolling. A

xistence

esses by
y used.
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Vehicle is
registered

~ -~
Passage of a
vehicle is Detection
detected

Once
detected; vehicle
is classified for
tolling

Classification

Vehicle is
identified by

ANPR, or DSRC
transaction

Identification
<L

Identification can
be verified by

independent means to
enhance reliability

Payment
is initiated
when vehicle and

Payment transit data are
consolidated
Independent
enforcement
technology énsures e — —— — — — — - -
compliance of all I/ N
i |
vehiele data | Enforcement |
~ g

Figure 1 — EFC sub-processes

In Figurd¢ L two kinds of sub-processes are identified.

a) Core sub-processes, i.e. those sub-processes that are always present in any type of tolling system.

b) Auxiliary sub-processes, i.e. those sub-processes that can be present, e.g. to improve reliability (like
“verification and reliability”), or must be present, e.g. due to local regulations (like “registration”).

Some EFC systems organize their processes in a sequential manner, as it is presented in Figure 2. Others
feature some parallelism, as presented in Figure 3.

© IS0 2025 - All rights reserved
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Vehicle is
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vehicle is
detected

Detection

I
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)

detectedywvehicle
is classified for
tolling

Identification
can be verified
by independent
means to

4

enhance T
reliability Vehicle is
oL identified by

-\ Identification ANPR, or DSRC

» - 2 transaction

——————————— - 1\//
N
| ﬂ

|~
___________ A =\
= Payment

Independent
enforcement

ayment is
initiated when
vehicle and transit
data are

technology ensurés. -_—— T == -

. N
compliance of all I
vehicle data Enforcement |

N -

Figure 2 — Sequential ordering of EFC sub-processes
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Vehicle is
registered

of a vehicle is Detection
Vehid
detected, vehicl€ identifie]
is classified fi . .
is classified for Classification Identification ANPR, or [

transadtion

Identjfication ca
be perified by
independent
rheans to
nhance
reliability

P
-
-
l\/
_____ -

~ -7 T== - Paymient

N\
\
/

is initiated when

vehicle and
transit data are
onsolidated

ndependent
enforcement
technology ensures
compliance of all
vehicle data

Figure 3 — Parallelism in EFC sub-processes

In all casles presented in Figupe 3, it is assumed that, apart from a possible previous registration, thg passage
detection is the first sub‘process that happens when an EFC system is triggered by the passage of & vehicle.
Howevey, it can happen/that a single indivisible sub-process manages both detection, classification and
identification of vehigles, as shown in Figure 4.

© IS0 2025 - All rights reserved
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Vehicle is
registered

Detection, classification
and identification as a
single indivisible process

Detection ‘"

Classification J g [dentification

2

Identification can
be verified by
independent

means \
to enhance 5\
reliability -\ O
- o
r- -
P
‘< D.
P e i -
- N
| | Payment i
| Verification and reliability e - initiated when
- vehicle and trgnsit
N P -~ -
-~d_ _________ - -, Payment datd are
consolidfted
Independent
enforcemerit
technology~énsures PR At ~ o
compliatice of all I |
vehicle data | Enforcement |
N -

Figure 4 — Defection, classification and identification as a single sub-process

Ordering of sub-processes has implications on the definition of the functional variables that characterize
any single sub-process, as shown in Clause 6.

Due to the different possible architectures of the processes implemented in any EFC system, specifying
charactefristics that can be tested for a system as a whole is very dlfflcult Thls document intends tq identify
the testd he other sub-
processes.

All identified sub-processes can be described in terms of one or more characterizing variables. The set of all
characterizing variables defines the tolling system dimensions and allows for identifying its performance
indicators and critical aspects. Some variables are qualitative, others are not orthogonal with each other,
so that the resulting analysis cannot be performed with pure numerical methods. More information on
variables for image-based tolling systems is given in Clause 6.

Table 1 lists the characteristic variables associated to each sub-process. Note that the order of the rows in
the table (i.e. the ordering of processes) is of no significance.

© IS0 2025 - All rights reserved
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Table 1 — Tolling processes and associated variables

Sub-process or Variables Type Range of values Comments

main function-

ality

Information and Required registra- | Qualitative YES/NO Registration improves vehicle

registration tion identification.

Passage detection |System geometry |Qualitative Example: Free-flow, System geometry affects identifi-
slow and go, stop and cation, classification and detec-
g0, etc. tion.

Detection technol- |Qualitative Examples: None, laser If detection is separate from iden-

ogy trigger, DSRC, camera, |tification, its efficiency, including

etc. false positives, must be’cdnsid-
ered.

Detection rate Quantitative |Percentage Percentage of detected over
passed vehicles.

False positives Quantitative |Percentage Percentage’ofifalse positiyes over
passed véhicles. Includes flupli-
cates,dike trailers counted as
separate vehicles.

Classificqtion Separation from |Qualitative YES/NO If\separate, classification rate is a

identification useful measurement.

Classification rate |Quantitative |Percentage Percentage of correctly classified
vehicles over detected vehicles.

Tolling classes Qualitative Defined tollinglasses | The more tolling classes, the more
difficult it is to assign a cdrrect
classification.

Identificition of Technology Qualitative Examples: DSRC, ANPR, |Used to evaluate separate|systems

vehicles etc, with different technologigs.

Identification rate |Quantitative [Percentage Percentage of automatically
identified vehicles over cdrrectly
detected vehicles.

Associationrate  |Quantitative |Percentage Percentage of actually registered
vehicles over formally ideptified
vehicles.

Verificatljons and |Verification sys- -§Quantitative |0-Max Additionally identified vehicles

reliability tem added value when a secondary system|is used.

Itis a measure of the addqd value
provided by a secondary gystem.

Verification error |Quantitative |Percentage Rate of incorrect vs. total verifica-
tions.

Payment] Payment type Qualitative — Immediate direct

debit

— Postponed  direct
debit

— Postponed indirect
debit

— Etc.

Enforcement Presence of an en- |Qualitative YES/NO

forcement system

Technology of en- |Qualitative

forcement system

© IS0 2025 - All rights reserved
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6 Variables in image-based tolling systems

6.1 General

ISO/TR 6026 intends to clarify some basic concepts for image-based EFC systems and to identify a number
of possible standardization activities for those systems. The document contains a description of the tolling
process but does not identify the variables that characterize image-based systems and that can be used to
determine their critical aspects.

Of the variables used to characterize general EFC systems listed in Table 1, the following ones, both
qualitative and quantitative, are relevant for classifying and measuring the efficiency of image-based

systems;

— reqy
— syst
— dete
— dete
— clas{
— tolli
— iden
— iden
— asso
— veril
— veril

The qua
different
variable;s
precisely

Subclaug
each oth
using an
highlighf
truth) w

An imag
conditio1
(e.g. wes
integratq

ired registration (qualitative);

em geometry (qualitative);

ction technology (qualitative);
Cction rate (quantitative);

ification rate (quantitative);

g classes (qualitative);

fification technology (qualitative);
fification rate (quantitative);
ciation rate (quantitative);

ication system added value (quantitative);
ication error (quantitative).

itative variables of the list given in\6.1 can only be used to correctly classify and group
image-based tolling systems into.uniform categories. However, although some of these qu
can influence the values of quantitative variables, their effects are rarely measurable, nor
predictable.

er. In the case wherethey are dependent, that dependency is clearly indicated. The implid
y of the following vatiables as KPIs, or as characteristics of a given system subject to test
ed. Commonly, &xeference system is used to determine the baseline data (also known a
hen measuring KPIs.

b-based tolling system is made by different components and its performance depends or
1s, both-intrinsic (e.g. geometry and redundancy, presence of an external trigger, etc.) and
ther ‘conditions, general conditions of the circulating vehicles, lighting and latitude, ef
d”and composite nature makes it impossible to identify a generalized type of archite

together
alitative
are they

es 6.2 to 6.4 analyse only the quantitative variables. Most of these variables are independent from

ations of
are also
5 ground

specific
external
c.). Such
rture for

image-b
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6.2 Detection rate

6.2.1 Definition

The detection efficiency D, of the detection sub-process is defined as the ratio between the number of
detected vehicles and the number of vehicles that have passed through the detection point:

v
D, =%

V4 [is the number of detected vehicles;
V. lis the number of passed vehicles.

Detectioh of vehicles can be performed by different technologies, which can be integrdted in the image
recognitjon system, or be separated from it. Some of detection technologies that ar¢’used by image-based
tolling systems are (the list is not exhaustive):

— Lasdr based triggers — A laser scanner detects an object moving towards the detection poinf, and by
thatfit starts the image recognition system.

— Radar based triggers — Same as for laser-based triggers, the difference being that incoming objjects are
recognized by a radar.

— Imagerecognition — The detection and recognition of incoming vehicles is performed by the samg system.

Detectioh rate depends on several components and, at the sanie time, can be affected by specific copditions,
both intfjinsic and external.

This var]able can be used as a KPI in a real system. In this case, implementation specificities are drucial to
correctly assess the KPI, and a reasonable observation time, with respect to traffic conditions and|with the
desired precision is due. Also, a sufficiently accurate and reliable external system to count passing vehicles
is neededl to serve as a reference.

[t can belthe case that detections correspond to actual vehicles, or to objects that are not vehicles. Copversely,
passed vehicles will possibly not be.detected, or they can incorrectly be considered not subject to payment.
Table 2 summarizes the various cdses that can occur.

Table 2 — Result of image-based detections

Result oLimage-based ‘scription
detectio 0§>

True posjtive Avehicle, being subject to toll payment, that has been correctly detected by the image-based
detection functionality of the roadside equipment (RSE).

False poqitive An object, not being a vehicle subject to toll payment, detected by the image-based fletection
functionality of the RSE as a vehicle, e.g. a big animal crossing the road, a trailer|detected

acacanarata uohicla colhinct +o0 01l oot o 2 oot g chadony fran o vohicla 1y the lane
aS5-a-Sepatate-ventere-Stunjectto-torpayie e e Saaaow-trema-ventere-1t

next to the actual lane.

True negative An object, not being a vehicle subject to toll payment, detected by the image-based detection
functionality of the RSE as an object not being a vehicle subject to toll payment.

False negative A vehicle, being a vehicle subject to toll payment, that has not been detected by the im-
age-based detection functionality of the RSE.

6.2.2 Detection of false positives rate

Detection of false positives rate D is defined as the ratio between the number of detections of false positives
(Dg,) and the number of passed vehicles (V). The variable describes the rate between the detected objects

© IS0 2025 - All rights reserved
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that were not a vehicle but detected as a vehicle, and the total number of vehicles that passed through the
charging point.

This variable can be used as a KPI in a real system. In this case, implementation specificities are crucial to
correctly assess the KPI, and a reasonable observation time, with respect to traffic conditions and with the
desired precision is due. Also, a sufficiently accurate and reliable external system to count passing vehicles
is needed to serve as a reference.

P
pr
Vi
where:
Dfp is the number of detected false positives;

V. [is the number of passed vehicles.

If this v3riable is used as a KPI indicator in a real system, an alternative detection‘syStem should be put
in place fo calculate or measure Vt, e.g. manual counting or continuous video and video analysis.|In a test
environtpent, Vtis a known quantity.

6.2.3 Detection of false negatives rate

Detectiop of false negatives rate, D, is defined as the ratio between“the number of detectiong of false
negativep (D) and the number of passed vehicles (V). The variable'describes the rate between the objects
that werg vehicles subject to toll, but not detected as vehicles subject to toll and the total number of vehicles
that have passed through the charging point.

This var]able can be used as a KPI in a real system. In this‘ase, implementation specificities are drucial to
correctly assess the KPI, and a reasonable observation time, with respect to traffic conditions and|with the
desired precision is due. Also, a sufficiently accurate-and reliable external system to count passing vehicles
is neededl to serve as a reference.

L D,
Dnr T V_
t
where:
Dy, |is the number of false negatives;

V. [is the number of passed vehicles.

If this variable is usedias a KPI in a real system, an external detection system should be put in|place to
calculatg or measurg¥, e.g. manual counting or continuous video and video analysis. In a test environment,
V. is a known quantity.

6.3 Identification rate

6.3.1 Definition

The identification rate, indicated by ID,, relates to the efficiency of the automatic plate identification process,
as for extracting a correct ANPR result from the image(s) taken by cameras. A correct ANPR result ensures
that an image of the front or rear of a vehicle includes a licence plate that fulfils the licence plate format
requirements of the jurisdictional area where the vehicle is registered. This includes:

— correctly identifying the nationality of the vehicle;

— correctly identify all characters and numbers in the licence plate;
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— matching the patterns of letters and numbers with the template of vehicle licence plate for the related

jurisdictional area;

— complying with the jurisdictional area requirements for the positioning of the licence plate on the vehicle

front or rear.

NOTE A lack of compliance with the positioning requirements does not necessarily exclude the result from being
correctly identified but raises the awareness of the toll operator, enabling the toll operator to decide whether this will
be handled as a correct or incorrect identification.

[t is important to note that a formally valid licence plate number does not necessarily correspond to an
“actual” registered vehicle. It only ensures that the format of the symbols, signs, characters, and digits as

well as the format of the p]n’rp and its position on the front or rear of the vehicle r‘nmp]v with the

relevant

jurisdictjonal area regulations.

As in thefcase of detection, identification can possibly be subject to various error situations. Result
based identification is summarized in Table 3.

Table 3 — Result of image-based identification

fimage-

Result ofimage-based iden-
tificatiop

Description

Ke) )

True posjtive

A licence plate that has correctly been found to comply with the relevant juris
area regulations concerning the format of the symbols, signs and characters, a
as well as the format of the plate and its positien on the front or rear of the vel

The toll operator can choose whether the format of the plate and its position on th
rear of the vehicle will be part of the requiréments for the ANPR result being true

dictional
hd digits,
icle.

e front or
positive.

False poqitive

Alicence plate that has incorrectly been-found to comply with the relevantjuris
area regulations concerning the format of the symbols, signs, characters, and
well as the format of the plate atid'its position on the front or rear of the vehicl

The toll operator can choose whether the format of the plate and its position on thj
rear of the vehicle will be part'of the requirements for the ANPR result being false

dictional
digits as
e.

e front or
positive.

True negptive

Alicence plate that has correctly been found not to comply with the relevant juris
area regulations concerning the format of the symbols, signs, characters, and
well as the format(of the plate and its position on the front or rear of the vehicl

The toll operatorcan choose whether the format of the plate and its position on thj
rear of the yehicle will be part of the requirements for the ANPR result being true

dictional
digits as
e.

e front or
negative.

False negative

A licenge\plate that has incorrectly been found not to comply with the relev
dictignal’area regulations concerning the format of the symbols, signs, charag
digitsas well as the format of the plate and its position on the front or rear of th
Thetoll operator can choose whether the format of the plate and its position on
or rear of the vehicle will be part of the requirements for the ANPR result be
negative.

hnt juris-
ters, and
e vehicle.
the front
ing false

The order of the~processes is not always the same (for example identification can precede ¢
classification), toxproperly identify the identification rate the different cases must be examined.

When the vehicle detection process temporarily precedes the vehicle identification process, the ca

of the id

case, the correct ID,.

r follow

results (true positives) and detected vehicles:

A

tp
ID, =—
Va
where:
Ay is the number of correct ANPR results (true positives);
V4 is the number of detected vehicles.
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The number of correct ANPR results (ANPR,,) can possibly include the result of the format and position of
the licence plate. Hence, whenever the ID, of a system is given, it must be described as an ID . with or without
the format and position of the licence plate used as characteristics.

When the vehicle classification process also temporarily precedes the vehicle identification process, the
calculation of the identification rate depends on the classification results, not on the number of detected
vehicles. In this case, the correct result rate of the ANPR extracting process is defined as the ratio between
correct ANPR results (true positives) and classified vehicles:

A

t
ID, = V—Cp

where:
Ay is the number of correct ANPR results (true positives);
% is the number of classified vehicles.

C

When thle vehicle identification process is combined with other processes like vehicle detection gr vehicle
classificqtion, then the ID, variable cannot be determined.

It is impgrtant to note that most vehicles (including vehicle combinations) earry more than one licence plate,
usually two, positioned in the front and in the rear of the vehicle. The following cases can occur:

a) Thepystem is able to identify two or more licence plates. Then, thé following can happen:

i) Allidentified licence plates are identical. The “identified licence plate” is known.

ii) ['he identified licence plates differ. In this case, identification depends on local regulations.
NOTE A secondary system can assist in determining'the primary identification plate (see 6.6).

b) The[system only reads one licence plate. That\plate, if identified, will be subject to associatidn with a
registered vehicle (see 6.5).

6.3.2 NPR result verification

A correcf ANPR result identifies an image of the front or rear of a vehicle that includes a licence glate that
fulfils the licence plate format regpirements of the jurisdictional area where the vehicle is registered.
However, it does not identify that;the ANPR result is linked to a real vehicle and registered in afnational
vehicle database.

If the triie positive ANPR sesult is used for collecting toll from the vehicle owner, it must be verified as a
registergd licence platélinked to a vehicle and its owner. This can be done online at the charging pojnt (fixed
point), elg. by access. lists managed by the RSE or by highspeed connection to a national vehicle database. It
can also |pe done ©ff-line by the RSE or a toll operator central system sending the image data to the[relevant
national[vehiclecdatabase requesting the vehicle physical data and vehicle owner data.

Access tp dhe relevant national database for verification of a licence plate for a foreign vehicle [can be a
cumbersormre PTOTESS dud, T somEe TaSes, ot pUbbib}C.

An image of a fake or stolen licence plate can be extracted as a true positive outcome of the ANPR result but
the vehicle with the fake or stolen licence plate does not have to be registered by a national authority. A fake
licence plate that is a twin of a licence plate that will be extracted as a correct ANPR result used on a vehicle
of the same make, model and colour as the original vehicle, will be difficult to identify as a false positive.

6.4 Classification rate

The classification of vehicles is essential in an EFC system to derive the toll amount and can be determined
in various ways and with different technologies. In image-based tolling systems, classification can be
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associated with identification, for example, by recovering vehicle data by using the identified licence plate,
or it can be done by a separate process and technology. Classification can be performed:

— at detection of a vehicle: some detection technologies are also able to classify the detected vehicles. For
example, volumetric detectors can be sufficient in some tolling systems to classify vehicles. In this case,
all correctly detected vehicles are also classified (not necessarily in a correct way);

— at identification of a vehicle: some identification systems can include an online retrieval of vehicle
characteristics by its licence plate. In this case, all correctly identified vehicles are also classified (not

nece

ssarily in a correct way, for example, if the licence plate is fake or stolen);

— by an independent system.

Similarly to detection and identification, classification can incur in error situations, that are sumimprized in
Table 4.
Table 4 — Result of classification
Result of classification Description q\/ov
True posjtive A classification of a vehicle to a vehicle class used in thedactual image-basgd tolling
system based on the vehicle’s correct identification (formally valid licence plate) and
the vehicle characteristics documented in the vehiglelicence.
An operator of an image-based tolling system can-accept a classification (§emi-true
positive) where the vehicles characteristics used for the classification are measured
with a quality and deviation limits acceptable for the vehicle owners and operator, e.g.
volumetric detectors.
False poqitive A classification of a vehicle to a vehicle class used in the actual image-bas¢d tolling
system based on the vehicle’s incorrect identification, e.g. a fake licence plate|
True negptive n/a
False negative n/a
The claspification rate C, is used to evaluate the-glassification system. When classification is pgrformed
independlently of detection and identification, tle) classification rate C, is used to evaluate the clasgification
system, and it is defined as:
C
C, =~
Vi
where:
C,, |is the number of eorrectly classified vehicles (true or semi-true positives);
V. |is the number of passed vehicles.
This var]able can{be used as a KPI in a real system. In this case, implementation specificities are drucial to
correctly assesS.the KPI, and a reasonable observation time, with respect to traffic conditions and|with the
desired precision is due. Also, a sufficiently accurate and reliable external system to count passing vehicles

is requirpd®o serve as a reference.

In a test

environment, V, is a known quantity.

When classification is performed on identified vehicles (i.e. it uses the results of a previous identification
process), then the classification rate C. is defined as:
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C

' is the number of correctly classified vehicles (true or semi-true positives);

V4 is the number of detected vehicles.

6.5 Association of identified licence plates with registered vehicles

Not all plates that have been correctly read by the combined process of primary and secondary systems
(see 6.6) necessarily correspond to actual vehicles. This happens for example if plates are faked or if a
character has been incorrectly identified. This means that the process of associating an identified licence
plate with a real vehicle and user is separated from the identification process as intended in 6.3. Verification
of the correspondence of identified licence

plates with actual registered vehicles is a process that involves

interactipn

Performaince and efficiency of an external entity cannot be considered when evaluatingla [system’s
performance and efficiency. Consequently, although the way this feature is implemented in real products
can havd a great impact on the performance and efficacy of the overall EFC system, a wariable agsociated
with thepe characteristics cannot be used to evaluate the performance or the compliarice'of an image-based
tolling system.

The assogiationrate, A, is defined as the ratio between the number of identified licence plates that cofrespond
to existing vehicles and the number of formally identified licence plates:

P
A =+
Pt
where:
P. |is the number of identified licence plates corresponding to existing real identified vehi¢les, that

combines the results of both the primary and the secondary systems (see 6.6);
P; |is the number of formally identified licenceplates.

The profess of association with actual vehieles can use different parameters to match the ¢bserved
charactefristics to registered vehicle properties; such as:

— LPNJand nationality;
— makp and model of the vehicle;
— colopir of the vehicle.

The assdciation rate is dependent on the way the verification is performed. If only the LPN and ndtionality
is used fpr verificationsthere will be a higher number of false positives than if more parameters are used,
as falsifipd plates will'not be detected. If the make and model of the vehicle is included in the verjification,
fewer false positives’can be expected. Possibly, the fewest false positives will be seen if also the coldur of the
vehicle i§ used, asthe only false positives then will be where fake plates are fitted to the same modg¢l vehicle
of the same cdlour as the one registered to that LPN. The association rate will also depend on how [common
the use ¢ffalse plates is. For these reasons, the direct comparison of the association rate between|systems
will not aw#ways-bevalid-

6.6 Verification system added value and verification error

A number of existing and planned image-based EFC systems include an additional component to improve the
overall efficiency, which in literature is often called “secondary system”, as opposed to the primary (pure
plate recognition) one. For example, plates that the image-based system is unable to identify with reasonable
certainty can be delivered to a group of human operators, or to a more complex, perhaps Al-driven, and
more expensive, OCR. Apart from the inevitable error rate of this secondary system, it is important to
consider its “impact” in the global efficiency of the combined EFC system (primary and secondary), in terms

of the percentage of added value to the primary system. This added value, Img,cqngary is defined as the
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