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Foreword

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

An electronic fee collection (EFC) system, introduced in many countries around the world, is used for
collecting road construction funds or repaying loans for construction of toll roads. Toll roads have
enabled large-capacity and high-speed movement of people and goods, and contributed greatly to
social and economic development in the introduced countries. As an internalization of external costs
for road pavement damage by heavy goods vehicles (HGV), HGV charging has been introduced in
member countries widely under the support of the European Commission. EFC is also effectively used
for mitigating congestion in urban area as a traffic management measure.
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technology that realizes these charging policies is classified as dedicated short-faj
fation (DSRC)-based system and autonomous system, and EFC systems developed bas
major standards have been introduced in countries all over the world. In addition to f{
rging policies and technologies, several important new charging policies realized by n
ies are planned and trial operations are being carried out.

metropolitan area, road users can use smart route selection from among ‘several optio
ording to their judgment of whether a priority given to reduction ofitravel time or prion
amount. As another new policy, several pilot operations of road usage charging have bg
d in the United States to raise funds for road maintenance as an.alternative for the curr

e with evolution of technologies. As an another exampledof new charging policy, there is 1
ane such as high occupancy tolling/high occupancy vehicle (HOT/HOV) lane which is alred
n the United States, where it can be used for free.with a certain number of crew membe
b the fee with existing charging technology enalile road users to use it even under a cert
f crew members.

fument, the relationship between charging policies and EFC technologies are investigated
ropose future standardization themes:

ows the major charging systems réealized from charge policy and EFC technology.

le 1 — Major charging systems realized from charging policy and EFC technology
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c,') Conventional charging policy New charging policy

— Toll road charging (ETC)

Existing t¢chnology — HGV charging — Managed lane (HOT/HOV)
— Congestion charging
. : — Smartroute selection
Emerging kecfaSlogy (Aptpllcable to the above charging
systems) — Road usage charging (RUC)
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Electronic fee collection — Investigation of charging
policies and technologies for future standardization

Thiis document reports the findings of the investigation of charging policies and technolagies i

future standardization theme candidates.

hrging technologies in order to propose

Classify the conventional charging policies and the new charging policiessand their
requirements.

Classify the existing technologies and the emerging technologies to{be used for EFC s
other intelligent transport system (ITS) services.

Conduct a gap analysis between the needs of the new charging policies and the existing sta
technologies for EFC.

Recommend development of emerging standards or~amendments for existing EFC
according to the results of the gap analysis.
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Figure 1 shows the process for preparing this document'and the scope.
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2 Normative references

Th

3

ere are no normative references in this document.

Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISOO

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

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

31

level of service

LOS

rating of the quality of transportation facilities and services from the user’s perspective, which refers

to the spe

ed, convenience and comfort to evaluate problems and potential solutions

3.2
open pay
system th

3.3
passive R
RFID syst

3.4

passive ulltra high frequency RFID

passive U
passive R

Note 1 to
specificall

3.5

transpor
needed le
time, free

3.6
radio fre
RFID
wireless 1
OBU attad

Note 1to e

4 Abbi

For the pu

A-GNSS

ment
at uses open interfaces for validating payment

FID
em, where the OBU is a passive-backscattering device

HF RFID
FID, operating in the 860 MHz to 960 MHz frequency range

entry: Note 1 to entry: Passive UHF RFID as definedin“~ISO/IEC 18000-63 unless otherw
7 stated.

[ performance requirement
bel of service related to a set of operational goals and performance measures, e.g. speed, tra
Hom to manoeuvre, traffic interruptions, cemfort or convenience

quency identification

on-contact system that uses‘radio-frequency electromagnetic fields to transfer data from
hed to an object, for the ptifposes of automatic identification and tracking

ntry: Adapted from ISQ/TS 16791:2014, 3.1.24.

reviated terms

rposes ofthis document, the following abbreviated terms apply.

Authenticated GNSS

AES

ise

vel

an

AET
ANPR
ASTM
CCC
C-ITS
CN

Advanced-EncryptionStandard

All Electronic Tolling

Automatic Number Plate Recognition

American Society for Testing and Materials

Compliance check communication for autonomous systems (ISO 12813)
Cooperative - ITS

Cellular Network
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CN-3G Cellular Network 3rd Generation

CN-4G Cellular Network 4th Generation

CN-5G Cellular Network 5th Generation

COST European Cooperation in Science and Technology
DOT Department of Transportation

DSRC Dedicated Short-Range Communication (IS0 14906)
EPC Electronic Product Code

FE[TC Far Eastern Electronic toll Collection

GNSS Global Navigation Satellite System

HQV Heavy Goods Vehicle

HMI Human Machine Interface

HQT High Occupancy Tolling

HQV High Occupancy Vehicle

[AG Inter-Agency Group

IM[T International Mobile Telecommunication

ITY International Telecommunication Union

KHC Korean Expressway Coporation

L Localisation augmentation‘communication (ISO 13141)
LE Low Emission Zone

LOS Level Of Services

MILIT Ministryofzand Infrastructure and Transport
ORD On-Board Diagnostics

PC Passenger Car Unit equivalent

RHID Radio Frequency Identification

RUC Road Usage Charging

TANFB Taiwan Area National Freeway Bureau

UHF Ultra High Frequency

WAVE Wireless Access in Vehicular Environments

WIM Weigh-In-Motion
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5 Charging policies

5.1 General description

Road networks are the most important infrastructure of land transportation to support social economic
activities such as, among others, freight transportation, human mobility and emergency transportation
activities in disaster relief. While road charging has been applied as a means of raising funds for the
construction, the maintenance and the operation for those road networks, it has been also applied to
reduce congestion in urban areas as a means of traffic management.

On the otfher hand, vehicles using the road networks generate external costs such as air pollutjon
caused by running exhaust gas and deterioration of the living environment due to noise. For this
reason, pqlicies are being studied to make these external costs associated with road transportbe’boine
by those who cause these factors. For charging to HGV especially in Europe, the policy was enacted|by
European|Directive (2011/76/EU) to allow the charge amount to include external costs.in’ addition| to
road network construction and maintenance fees.

The legal pystems concerning road charging have already been enacted in each céuntry where they are
introducef to realize charging policies, and examples of legislation in major regions and countries gre
shown in Annex D.

It has to pe noted that, although in general a policy is technology agnostic, in some cases a polfcy
addresseq one specific technology for reasons that are not of an engineering nature, as for example
when technology is mandated due to economic reasons. This is reflected in some cases later on.

5.2 Conventional charging policies

5.2.1 Financial sources for road construction

Constructfion of road networks requires a great deal“of funds, therefore road operators construct them
by borrowing funds from financial institutions that should be repaid by collecting tolls from the rqad
users durjng a predetermined fixed period. of time. Even if the loan repayment is completed, the toll
charging yill be continued in order to pay for-road maintenance and facility management in some cages.

The so cdlled “shadow tolling”, i.e. uSing general tax revenues to repay for road construction gnd
maintenahce with no explicit road toll collected road users, is outside the scope of this document.

5.2.2 Financial sources for'road maintenance

HGVs registered in other-ceuntries drive on the highways or the general roads of the home country,
so that the road damdge“caused by these HGVs has caused serious problems in European countries.
These sityations madeit possible to charge even for the vehicle of other nationalities that carry out the
internatignal road.transport by European Directive (1999/62/EC).

Based on| this, European Directive, HGV charging aiming for environmental protection started|in
Switzerlapd<in 2001. Since then, HGV charging operations started in Austria in 2004, in Germany] in
2005, and in the Czech Republic in 2007. Fee revenues in these countries using mainly the financial
resources for road maintenance, have been also been used for some rail network maintenance and
waterway maintenance.

5.2.3 Reduction for congestion in urban area

Economic losses caused by traffic congestion in urban areas is a serious problem, therefore it has been
shown theoretically that the traffic volume can be reduced by introducing charging in the selected
areas. The theory has been demonstrated in an actual operation in Singapore since 1998, followed by
London in 2003, and Stockholm in 2006, where environmental improvements were reported along with
reduction in traffic volume. The fee revenues are used for both road construction and improvement of
public transportation.

4 © ISO 2018 - All rights reserved
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In Singapore, traffic volume has been controlled by varying the charging rates to keep traveling speed
within the pre-defined range based on the measurement of the traffic situation every three months.

5.2.4 Internalizing external costs

Internalisation of external costs is based on the principle that the users of the road network pay the
costs that each road user imposes on the society and the other road users. These costs are related to
accidents, congestion, noise, environment and road wear. In a theoretically correct road use charging
system, any road user should pay the costs imposed on the society. This is difficult to implement
completely and some simplified variants have been implemented for many years.

Thle above mentioned congestion charging and some part of HGV charging may be include in this
iten theoretically, but this clause describes from the viewpoint of environmental protedtion. Low
enlission zones (LEZ) focus on the environment and the main objective of LEZ is to reduce the pollution
calised by vehicles using fossil energy by means of EFC where the tariffs reflect the vehiclg pollution
characteristics.

LEF has been introduced in many cities in Europe and its effects have been confirmed. Taking into
ac¢ount the impact on citizens’ health from the traffic noise, comprehensive countermedsures are
considered by European Directive (2002/49/EC) such as Q-Zone in the'city centres where onlly electric
vehicles will be allowed to circulate.

Thie environmental impact caused in Switzerland by truck traffic between Germany and (Italy was
defermined as a serious problem, therefore a toll schema forfiGV weighing 3,5 t or more was introduced
in P001. The charge revenue was used to the constructienfunds for a new tunnel that enaljles goods
trgnsportation to be diverted from trucks to railways.

5.2.5 Summary of conventional charging policies

Thie charging policies discussed above are categorized based on their objectives as shown in Table 2.

Table 2 —Conventional charging policies

Charging policy C)\\ Method

1. Financial source fortroad To charge for all vehicles with tolls depending on the
construction impact of vehicles on the road.

2. Financial sourcefor road To raise funds for road maintenance or reconstruc-
maintenance tion by charging for HGV in use.

3. Reductionfor congestion in To charge for all vehicles circulating in the area.
urbamareas

4. Internalizing external costs To charge for all vehicles with tolls depending on the

impact of vehicles on the environment.

5.3 ANeéw charging policies

5.3.1 Financial source for road construction with low cost devices

In developing countries, the need for repayment of road construction costs by EFC is hindered by the
cost of EFC equipment, especially the OBE. A new charging policy is to charge all vehicles using low-cost,
high-performance devices such as passive (UHF) RFID, which have been developing in recent years.

5.3.2 Financial source for road maintenance alternative to fuel tax

While many countries have been reliant on the fuel tax to finance road maintenance, fuel tax revenues
are in a downward trend due to the recent spread of high fuel efficiency cars and electric vehicles. In the
USA road usage charging to substitute the fuel tax has been studied for the past 10 years, and the field

© IS0 2018 - All rights reserved 5
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operation test of road usage charging to use odometer and other methods has been carried out since
July 2016. A new policy is to replace the fuel tax by road usage charging based on the travelled distance.

5.3.3 Provision of appropriate route or lane

In Tokyo metropolitan area, while construction of a road network composed of plural radial roads
and plural ring roads has been progressed, a dynamic charging scheme depending on the degree of
congestion has been studied for selecting an appropriate route to destination for avoiding traffic jams
in the central Tokyo area. As for measurement of traffic flow, probe data from the global navigation
satellite system (GNSS) receiver equipped in-vehicle unit is expected to carry out vehicle tracking in

addition tp the conventional vehicle detectors.

In the Unjted States as a return of charging to a specific lane of the inter-urban roads, a minimi
traveling |speed and travelling time to destination are guaranteed to some extent. For this'reas
charging [rate is determined based on the traffic volume measured by every predetérmined ti

interval (
an HOV la
charge. A

5.3.4 In
C-ITS stat

applicatiolzs. While this has not be done so far, in the near future aqrew policy that requires using 1

same COo

5.3.5 F:

As vehiclg

the axle lpad, the charging rates adopted for toll roads in the world are generally proportional to {

number o
number o
charge raf

A new pollicy that regulates the toll rate based on the actual gross vehicle weight would overcome t

problem d

5.3.6 Summary of new charging policies

New char

or example, 5 min). This specific lane is called a managed lane or HOT lane and also serves
he where cars with a certain number or more of occupants are allowed to pass through freg
hew policy is thus to manage traffic flows by modulating tolls.

tegration of C-ITS technology with EFC
ons have been introduced in vehicles for safety applications,but’could also be used for toll
unication media for all vehicle applications including telling can be expected.
jir charging rates
caused damage to road pavement is said to be proportional to the fourth or fifth power]
Fvehicle axles. While it could be acceptablefor full loaded vehicles to be charged based on {

[ axles, a fairness problem arises in theégase of empty vehicles which are charged at the sa
e as when they are full loaded.

f fairness.

bing policies are catégorized based on their objectives, as shown in Table 3.

Table 3 — New charging policies

ng
he

of
he
he
me

his

: \RT
Charging policy Method

1. Financial source for road To repay the road construction and the maintenance costs by charging
constfuetion with low cost devices |all vehicles with low cost devices.

2. Financtatsource forroad Tociharge foratt vehittes using pubticToads based o velticie ites
maintenance alternative to fuel |travelled as an alternative to the fuel tax.
tax

3. Provision of appropriate route or |To induce the appropriate route in metropolitan areas or appropriate
lane lane in inter-urban roads by varying toll tariffs based on the road traf-

fic and notifying the road user.

4. Integration of C-ITS technology

To bring all in-vehicle applications including road charging, to use the
with EFC same hardware and communication media.

5. Fairc

harging rates To define charge rate based on the gross vehicle weight.
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5.4 Integrated charging policies

5.4.1 General

The same charging policy can be achieved by different charging methods, and the same charging
methods could achieve different charging policies. Table 4 at the end of this clause shows an integration
of the conventional charging policies and the new charging policies. In the following clauses the
charging policies and how they can be achieved by different charging methods are described.

us¢ conventional equipment (OBE on board of vehicles), the second one dictates-the use of low cost
ast policy
imposes using the same hardware and communication equipment for all ITS applications,|including
tollling. A further differentiation lies in applying a toll to all roads to ensufe their maintengnce, or to
special roads that offer a higher level of service.

5.4.3 Traffic management by charging

Thiere are three kinds of policies to reach this policy objective. The first one is to apply charging to
redluce congestion in urban roads. The second one is to differgntiate routes in a metropolitan area by
dypamic charging. The last one is to differentiate lanes in.inter-urban roads by dynamic charging.

5.4.4 Internalizing external costs

A full internalisation of the external costs is notifeasible today but could become feasible in the future
when data collection and data management endble it. In the meantime, several policies are implemented
to pchieve internalisation of parts of all the,parameters covering the external costs such as ffoad wear,
pollution and congestion.

For implementing such policies a“coordinated usage of charging and enforcement technologies is
nefessary, e.g. based on passive UHF RFID and ANPR technologies.

5.4.5 Fair charging rates

From a road maintepahee viewpoint, a charging policy of toll-by-weight is the best solutipn in that
charging rate is depéndent on a degree of road damage caused by the weight of vehicles. However, a
teqhnology to efféctively adopt such a policy has not yet been deployed widely.

Onl the other vand in urban congestion charging, it has to be noted that a fair charging rate[should be
proportional’'to the vehicle occupancy to the road. This means that fairness can be reachefl through
difffereritpolicies and different technologies according to the type of charging objectives.

5.476—Summmary of integrated charging poticies

Table 4 integrates all policies described so far in terms of the policy objectives that have been described.

© ISO 2018 - All rights reserved 7
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Table 4 — Integrated charging policies (new charging policies indicated by shaded cells)

Charging policy Method
1. Financial To charge all vehicles with conventional equipment for using toll
source for road roads.

construction and/

) To charge all vehicles with low cost equipment for using toll roads.
or maintenance

To charge all vehicles using available C-ITS equipment for using
toll roads.

To charge only HGVs for using the roads (HGV charging).

To charge ait vehicles based on the actuat disStance traveliied for
using the roads (Road usage charging).

2. Traffic To charge all vehicles in urban roads to mitigate congestion (Con-

management by  |gestion charging).

charging Induce the route selection in metropolitan areas by dynamic ohte{-}g
ing (Smart route selection). a
Induce lane selection in inter-urban roads by dynamic ging
(Managed lane). I

Internalizing To charge all vehicles based on the accidents, delays,noise, pol-

external costs lution and road wear each vehicle imposes on society and other
vehicles.

4. Fairchargerate |To define charge rate based on the gross-z€hicle weight.

6 Fundgtional requirements
6.1 EF( function

6.1.1 EFC functional model

EFC functjons to realize each charging policy are-composed of charging, payment, information provisjon
and enforicement. Communications includihg DSRC, CN and other ground communications are not a
function ¢f EFC but media to combine each function that is performed by front-end equipment sych
as RSE or|OBE, or back-end equipmentiso as to achieve functionality of EFC. Securities are applied for
protection of information being corimunicated through media.

As a counger function to charging, payment is an essential function of EFC in which users have to pay
a claimed| charge amount détérmined by charging. Two payment modes are already established and
categoriz¢d as on-board.‘account and central account where necessary themes have already bgen
standardifzed. Though/there is open payment as a new policy for a payment system, they should be ¢ut
of scope because theyhave already been studied for standardization in other work items.

Figure 2 shows anrtmage of EFC functions and their relations.
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EFC related
Communications
& Securities

Information
provision

6.1
Ch|

Thie main factor of charging is the distance driven and the distance unit price, and a charg

is
de
ch

6.1

Th
ve
da
thi

Thiere are several methods to measure distance driven that are required for high precisio

thg

6.1
Th

Payment

Figure 2 — EFC functional model

.2 Charging
prging is the most important function of EFC that determines an-amount road users ar¢

rhen multiplied by these two items. The distance unit pricéds also called tariff informati
fermined by a combination of vehicle class, user class, time class, location class, etc., basg

hrging policy.
.2.1 Distance driven

ere are two methods to measure distance.driven, one is a direct measurement perfor

Fa and the road map database. Other methods, e.g. route ticket or self-declaration, are out
s document.

by directly affect the charge aniount to measure distance driven with:
a vehicle sensor such as‘odometer directly;

road segment detection cooperated by GNSS and road map;

road segment detection performed by DSRC;

road lengthidetection performed by two point-based DSRC.

2.2 «Tariff information

2018(E)

e charged.

e amount
on, and is
ed on the

med by a

nicle sensor, and the other is an indirect measurement performed by cooperating GNSS ppsitioning

f scope of

n because

e‘next important item for determining the charge amount is tariff information composed

of vehicle

classes, user classes, time classes, location classes, etc., with different priorities for each item according
to the charging policy. Figure 3 shows a structure of the tariff information defined in ISO 17575-3.
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Figure 3 — Tariff class (Source: ISO 17575-3)[41]

6.1.2.2.1 | Vehicle class

The basiq idea of the vehicle class is determined by the charging policy based on the degree| of
influence jon road surface damage, the degree of traffic congestion, and the degree of influence on the
environment.

(1) Examlple in HGV charging

The dharge rates of HGV charging in Germany are defined by)the combination of emission class
propdrtional to the degree of influence to the environmentj.ahd number of axles proportionall to
the d¢gree of influence to the road damage (refer to B.1.1):

(2) Exampple in urban congestion charging

The charge rate of urban congestion charging inZSingapore is defined by the Passenger Car Upnit
(PCU]) equivalent that is nearly proportional toa‘projected area on the road.

— Chrs, taxis and light goods vehicles arel PCU.
— Motorcycles are 0,5 PCU.
— Heavy goods vehicles and sniall buses are 1,5 PCU.

— Vpry heavy goods vehicles-and large buses are 2 PCU.

6.1.2.2.2 | User class
The user ¢lass is applied-on, e.g. HOV lanes in the USA where charging rates are different in accordance

with the qumber of passengers. Another example is in Japan, where the charge rate for a passenger ¢ar
driven by [physically’disabled person is discounted.

6.1.2.2.3 | “Time class

In urban congestion charging the charge rate varies according to the traffic condition. The charge rate
in Singapore is adjusted by a quarterly review of traffic speeds on the roads to keep optimal speed
ranges of 20 km/h to 30 km/h on arterial roads and 45 km/h to 65 km/h on expressways.

6.1.2.2.4 Location class

Location class depends on the charging policy, in case of urban congestion charging, the charging rate
is low or free of charge in places where the degree of congestion is light or non-existent, and high in
places where the degree of congestion is heavy.

Also in the toll roads, there are cases where the charging rate is set higher in sections containing
tunnels in mountainous areas or in sections containing bridges in coastal areas than in flat areas.
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6.1.2.2.5 Traffic conditions

In the case of urban congestion charging and route selection the charge rate varies in accordance with
the traffic conditions, therefore it is important to predict or measure traffic conditions. On the other
hand in the case of toll roads and HGV charging, the charge rate does not depend on traffic conditions.

6.1.3 Enforcement
Enforcement is as important as charging in EFC. If the enforcement function does not work well there
is a decrease in system reliability by illegal traffic by payment avoidance or overloaded vehicles.

f vehicles
ts such as
e gate bar.
Anlalternative method is to use enforcement cameras to capture the license‘plate of an illegally passing
lane free-

Vehicles passing illegally are determined under the condition thatthe charging process via DSRC is not

completed properly, which triggers the enforcement camera-té take an image of the vehicl
pldte. As an alternative, a method of recognizing the numhber plates of all passing vehicles al
these in a database has been put to practical use. In this.method, the image of the license
compliant vehicle is deleted from the database, and the-image of the license plate of a non-
vehicle is not deleted from the database, so that the ioh-compliant vehicle can be identified.

6.1.3.2 Overloaded vehicle

Enfforcement against overloaded vehicles«ds)commonly conducted by law enforcement agenci
the police, not the road operators. Howéver, the same technology as for preventing non-payn
is applicable to enforce overloaded vehicles.

6.1.4 Information provision

Notifying tariff information and the charge amount to a user in EFC are similar to any
trgnsaction or normal shopping. However, the importance of the notification is different by th¢
policies. In the casesofurban congestion charging and route selection, the charging rate is

b's license
hd storing
plate of a
compliant

es such as
hent cases

business
e charging
different

depending on the-location and time zone, therefore it is essential to notify the users promptly of the

latpst tariff infopmyation.

Onl the other)hand in the case of toll roads and HGV charging where the charging rate is
sufficientto display the charging rate on roadside panels in most cases.

fixed, it is

6.1.4A41 Tariff information

In many cases, tariff information is posted on the web site of toll service providers in order to help
users to be informed prior to the use of toll roads.

In case of managed lanes such as HOT/HOV, the notification of the charge rate is required for users to
decide on route selection or lane selection on the basis of this information that varies in correspondence
to the time zone and congestion degree.

However, in the case of the urban congestion charging or the route selection, it is necessary for users
to know the tariff information prior to the time of use, therefore HMI function of the vehicle-mounted
equipment and roadside variable display board is necessary.

© ISO 2018 - All rights reserved 11


https://standardsiso.com/api/?name=d9a51221f2b334b3ab4fa53a8a2e31d9

ISO/TR 21190:2018(E)

6.1.4.2

Charge amount

How to notify the charging amount to the user varies depending on the charging policies. In a case of a
small scale toll road, it is possible to notify the charging amount by a sign at the roadside because the
distance and the unit price to the destination has been predetermined. However in a case of the road
usage charging, where users do not know the distance driven it is necessary to notify the charging
amount to the users via HMI of the OBE or similar equipment.

Notification of charge amount to the users is essential because it is actually paid at the time of road
usage or pald later. In the case of DSRC based EFC it is possible to notify the user of the charge amount

via HMI o
the user o
is a time ¢
system th

6.1.4.3

A specifid
as needed
travel tim
provide a
speed in @

In particu
can make

f the charge amount via HMI of OBE in real time. However in the case of the thin client thg
lelay for users to get the charge amount because of data transfer time delay from thé eent
t determines charge amount.

Level of service

agreed level of service is referred to as transport performance requitféments and defin
level of service related to a set of operational goals and performance measures, e.g. spe
e, freedom to manoeuvre, traffic interruptions, comfort or convenience. It is important
driver with information about the required time to the destination or guaranteed driv
rder to select a toll lane or optimum driving route.

lar, this information is essential in the express lane at the.inter-urban roads where the u
a decision whether to change into the express lane or:stay in the normal lane on the basis

this inforgnation. It is also necessary for other route selection situations.

6.1.5 Payment

There arsd
account. I
and trans

In the cas
account i

6.2 Rel

The neced
among w
enforcem

Notable r¢
LOS, and {

The defin

two types of payment method, one is the-central account and the other is the on-bo:
n the case of the central account, the charging amount is determined by the central syst
ferred to OBE via the communication network with the associated information.

e of the on-board account a chafrging amount is determined by OBE itself and settled by {
OBE and IC card carrying the related purse.

ation between chargingpolicies and EFC functions
nich required dégree of importance for the distance driven and the vehicle class, and f{
bnt against a payment avoidance vehicle are high.

quirements for traffic management are a high degree of importance for the tariff informati

tien“of degrees of importance are as follows.

sary functions of eaeh’policy objective and their degree of importance are shown in Tablg 5

he infermiation provisions of charged amount in addition to user class and traffic conditions.

ify
bre
ral

ed
ed,
to
ng

Ser
of

a) Mostimportantitems for implementing the charging policy, so that for example a high measurement
accuracy for the distance driven or the high vehicle detection rate is required.

b) Though it is important items for implementing the charging policy, measurement accuracy or
detection rate are not required as much as a).

c) Necessary items for implementing the charging policy.

12
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Table 5 — Degree of importance for EFC functions

FC functions Charging Enforcement Information
provision
) Distance Tariff information Payment Over Tariff | LO Charge
POlle driven avoidanc | loaded or S amount
objectives Vehicle User Time Loca Traffic e other
class class &Day | tion condition info.
1.Financial
source for road |~ N ( \
construction A A C A C B B
and/or
maintenance
2.Traffic |~~~ """ttt I e A TPt v
management A A A B B A A C A A A
by charging =~ [~-------p------bpommmmm oo oo e Pk Rl Skl REEEE
. .. A A
3.Internalizing A A B B B
external costs
N | el
4.Fair charge A
rate
[Note-1] blank cells mean n/a
6.3 EFC functional requirements
Eafth EFC functional component has differentyrequirements for degree of importance depgnding on

ch

he

6.3

reinafter.

.1 Charging

6.3.1.1 Distance driven

Dis
an

6.3

The tariffiinformation is composed of the following items, and in the case of distance based
b distance unit price of the charge amount is determined based on these.

thg

ount directly.

.1.2 Tariffinformation

hirging policies as mentioned in 6.2. With: consideration of these degrees of importanc
requirements in view of degree of impertance for each functional component are sul

tance driven should-b¢ measured precisely as possible, because distance driven affects thg

e, general
mmarized

b charging

charging,

a)

b)

Y olaaal 1
VCIIICIT CIdS S

The vehicle class is classified according to the charging policy based on the size of the vehicle and
number of axles and the emission class of engines to be used, and is usually registered in advance
in the OBE. Since the vehicle class directly affects the charge amount, the compliance check for the
vehicle class is performed by the roadside sensor from the viewpoint of fraud prevention.

User class

In the case of the HOV lane, a user class defined by number of occupants affects charging amount,
therefore the number of occupants should be checked correctly. At this moment a checking
method is performed by visual confirmation by administrators only and has not been established

technically.

© ISO 2018 - All rights reserved
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c¢) Time

class

In the case of urban congestion charging, charge rate changes from time to time with reflecting

degre

e of congestion, therefore clock data should be maintained correctly in the OBE.

d) Location class

In the case of road usage charging, charging is not applied to a private road or the out of state

roads

e) Traffi

, therefore location data should be identified as chargeable roads or not correctly.

c conditions

In thd
condi

6.3.2 E

6.3.2.1

Payment :
avoidancd

6.3.2.2

Overload
identified

6.3.3 In

6.3.3.1

In the cag
whether t
users cort

6.3.3.2

In many c

6.3.3.3

In the cas
informati
latest LOS

e case of EFC assist traffic management, the charging rate is changed according to jtraf
Lions, therefore traffic conditions should be detected correctly and timely.

nforcement

Payment avoidance

voidance is a serious non-compliance activity for every charging service, therefore paym
vehicles should be detected and identified with certainty.

Overload

s an illegal activity for every road, therefore an overloaded vehicle should be detected a
with certainty.

formation provision

Tariff information

e of charging assist traffic management, tariff information is important for users to dec
p select a route or change a lane, therefore the latest tariff information should be provided
ectly.

Charge amount

harging services, the(Charge amount should be notified to users properly and timely.

Level of service

e of charging assist traffic management or urban congestion charging, level of service (L(
bn is important for users to decide whether to select a route or change a lane, therefore {
information should be provided to users correctly.

6.3.4 Smgf_EFf‘ functional rnqnirnmnnfc

fic

ent

nd

de
to

S)
he

The requirements for each component of the EFC functions are shown in Table 6.

14
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Table 6 — EFC functional requirements

EFC functions Components

Requirements

Distance driven

Distance driven should be measured precisely as pos-
sible, because distance driven affects charging amount

Charge amount

directly.
Vehicle class should be measured correctly or precise-
Vehicle class |ly as possible, because vehicle class affects charging
amount directly.
Charging e User class | The number of passengers should be checked correctly.
Idrirt
Time class |Clock data should be maintained correctlyin OBE.
information . : .
. Location data should be identified as chargeable roads
Location class
or not correctly.
Traffic condi- | Traffic conditions should be deteeted correctly and in
tion a timely manner.
. Payment avoidance vehicle should be detectgd and
Payment avoidance . s :
identified certainly.
Enforcement
Overloaded vehicle should be detected and identified
Overloaded
clearly.
s . The latest tariffinformation should be provigled to
Tariff information
users properly.
. . The latest\kOS information should be provid¢d to
Information provision LOS
users'properly.
Charge amount should be notified to users pfoperly

and in a timely manner.

7.

In

Technology for requirements

1 General

clause are described.

7.1

7.2

Thiere are threétechnical methods to measure distance driven for charging.

7.2

Dij

2 Charging

.1 Distance driven

this clause, the technologies or'dévices to realize the EFC functional requirements in thg

.1.1 <Méeasurement with vehicle sensors directly

tance driven data is collected from the vehicle sensor directly, e.g. odometer or tachograpl

previous

=3

7.2.1.2 Measurement with detecting road segments or entry/exit indirectly

There are two methods for measuring the distance driven indirectly.

©lI

Distance driven by detecting road segments or entry/exit cooperated by GNSS positioning and map
matchingwhereroadlength of particular segmentor pairing entry and exit should be predetermined.

Instead of GNSS positioning and map matching, DSRC is also applicable to detect road segments or
entry/exit where DSRC transceivers are installed.

SO 2018 - All rights reserved
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7.2.1.3 Measurement with detecting road entry/exit and route

In case that there are multiple routes to the destination, distance driven is determined by a combination
of entry, route, and exit information where DSRC transceivers are installed.

7.2.2 Vehicle class

There are four technical methods to detect vehicle class.

7.2.2.1 Measurement of number of axles

There are|two methods for measuring the number of axles.
— using|a treadle or inductive loop installed in the roads way;

— using|a laser or image sensor installed on the overhead gantries.

7.2.2.2 [Measurement of vehicle weight

To measufe vehicle axle weight and/or gross weight with weigh-in-motion technology (WIM).

7.2.2.3 [Measurement of vehicle size

To measufe vehicle length, width, and height with overhead sensor:

7.2.2.4 [Detection of emission class

To read oyt the vehicle's emission class, as registered in the'OBE.

7.2.3 Time class

Current time is determined by reading out a clock data maintained in the OBE that should be calibrated
periodically.

7.2.4 Lecation class

In the cas¢ of road usage charging, vehicles should be charged on public roads and should not be charged
on privat¢ roads. Location of ¢hargeable roads and non-chargeable roads should be discriminated|by
GNSS positioning and map matching.

7.2.5 Traffic conditiens

The traffif condition’s, such as volume, speed, and occupancy can be detected with conventional vehicle
detectorsfor GNSS based probe data

7.2.6 Stnrmary

The technology used for realizing each component requirement of the charging function are shown in
Table 7.
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Table 7 — Technology for charging

Technology Method Description Technical term
Functional requirements or equipment
Distance Should measure Measurement with ve- |To collect distance driven data |Odometer
driven distance driven hicle sensors directly  |from odometer mounted in
. . Tachograph
precisely. vehicle or tachograph
Measurement with de- |To measure them by GNSS and |GNSS
tecting road segments |map matching. .
or entry/exit indirectly Map matching
To measure them by DSRC, DSRE
passive RFID or ANPR. RETD
ANPR
Measurement with de- |To measure them by DSRGaand |DSRC
tecting road entry/exit |vehicle probe data Vehicl¢ probe
and route
data
Vehicle class |Should measure Measurement of To measure number of axles Treadlg
number of axles number of axles with with treadle,orleop detector
Loop detector
correctly. on-road sensor
Measurement of To measure number of axles Laser
number of axles with with-laser or image sensor
Image [sensor
overhead sensor
Should measure vehi- | Measurement with To measure vehicle axle weight |On-board WIM
cle weight precisely. |weight sensor and/or gross weight with WIM On-road WIM
Should measure ve- |[Measurement with To measure vehicle length, Laser, fadar,
hicle size precisely. |overhead sensof width, and height with various |lidar
Sensors.
Imagesensor
Should detect emis- |Determine engine class |To read out engine class regis- |n/a
sion class correctly. tered in OBE
Uder class Should check the Measurement with To detect the number of pas-  |Image [process-
number of passen-  {image sensor sengers by image sensor ing (trlal stage)
gers.
Time class  |Should vary charge |To recognize present To read out clock data main- n/a
rate from time-to time/day with charge |tained in OBE
time. rate
Ldcation Should.charge on To discriminate between | To discriminate between GNSS
cldss publio foads and chargeable road and public road and private road Map miatchin
should not charge on |non-chargeable road assisted with GNSS and map p &
private roads. matching.
Trpffic con=>"|Should vary charge |To detect traffic condi- |To detect traffic conditions Vehicl¢ detector
difions rate based on traffic |tions, such as volume, with conventional vehicle Probe Hata
conditions speed, and occupancy. |detector or GNSS based probe
dat

7.3 Enforcement

7.3.1 Payment avoidance

There are two ways to enforce a vehicle that is judged to avoid payment at a tollbooth or at a charge
point on the main line.

7.3.1.1 Force a vehicle to stop

At the tollgate, stop the vehicle that is judged to flee payment by automatic gate and do violation
processing on the spot.

© ISO 2018 - All rights reserved
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7.3.1.2 Automatic enforcement

At a charge point of the main line, identify a vehicle to have fled payment and recognize its number
plate for enforcement later.

7.3.2 Over loaded

There are two methods to enforce a vehicle that is identified as overloaded at the toll gate or the
charging point on the mainline.

7.3.2.1 |Manual operation

To select & potential overloaded vehicle by human intervention and instruct it to go to a weigh.statjon
for assessjng whether it is indeed overloaded.

7.3.2.2 [Automatic enforcement

To identify an overloaded vehicle and recognize its number plate for enforcementlater.

7.3.3 Summary

Techniqugs for realizing each component requirement of the enforcementfunction are shown in Tablg 8.

Table 8 — Technology for enforcement

Technology Method Q\VDescription Technical term
Fupctional requirements | \\S\ or equipment
Payment Should detect a payment |Force a vehicle t0~|To stop a payment avoidance | Automatic gate
avoidance avoidance vehicle stop vehicle physically
Automatie'en- To detect a payment avoid- |Image processing
forcement ance vehicle and recognize
. : . Enforcement
its number plate for identi-
- camera
fication
Over load¢d |Should detectan over Manual operation |To select a potential over- n/a
loaded vehicle loaded vehicle visually and
instruct it go to weigh station
Automatic en- To detect an overloaded ve- |[WIM
forcement hicle and recognize its num-
b : T Enforcement
er plate for identification
camera

7.4 Informatignprovision

7.4.1 Tariffinformation

There are three methods to provide tariff information to users in accordance with charging policies.

7.4.1.1 Roadside equipment

To display existing tariff on roadside message sign board.

7.4.1.2 On-board equipment

To display existing tariff on on-board equipment.
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7.4.1.3 Netservice

To provide time-to-time detail tariff through net service.

7.4.2 Level of services (LOS)

There are two methods to provide level of services (LOS) to users in accordance with charging policies.

7.4.2.1 Roadside equipment

To display driving time to destination or assured speed on roadside message sign board.

7.4.2.2 On-board equipment
T

=]

display driving time to destination or assured speed on on-board equipment.

7.4.3 Charge amount

Thiere are three methods to provide charge amount to users in accordafice with charging policies.

7.4.3.1 Roadside equipment

Tol|display charge amount on roadside message sign board.

7.4.3.2 On-board equipment

Tol|display charge amount on on-board equipment:

7.4.4 Summary

Teghniques for realizing each component requirement of the information provision function are shown
in [fable 9.

D

Table 9 — Technology for information provision

Technology O Method Description Technjical term

Functional requirement or equipment

Tariff infor- |Shouldinform users of |Roadside equip- |To display existing tariffs on Message sign
mation thelatest tariff informa- |ment roadside equipment board
tignAn a timely manner g, poard equip- |To display existing tariffs on OBE's HMI
ment on-board equipment
Net service To provide time-to-time detail |n/a
tariff through net service
LQS Should inform user of Roadside equip- |To display driving time to des- |Message sign
present LOS Telated et TINAtion or asSured Speed on board
information in a timely roadside equipment
manner

On-board equip- |To display driving time to des- |OBE's HMI
ment tination or assured speed on
on-board equipment

Charge Should inform user of de- |Roadside equip- |To display charge amount on Message sign
amount termined charge amount |ment roadside equipment board

On-board equip- |To display charge amount on OBE's HMI
ment on-board equipment
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8 Charging technologies

8.1 General description

Among the EFC technologies that realize the EFC function, charging technology is the most important,
and it is classified as existing charging technology and new charging technology. In this document, the
existing technology is defined as related themes already defined as being standardized and developed
worldwide, and new charging technology is not standardized as EFC technology yet.

Communication technology such as DSRC is the core of charging technology, therefore comparison
between
technolog]

8.1.1 El

Among the EFC technologies or equipment listed in Tables 6, 7 and 8, the items described below :

eliminate
charging |

8.1.1.1

The follow

tacho
map 1
tread
loop
laser,
imagd

vehic

8.1.1.2

The follow

DSRC and possible communication technologies, and the trend of other communicat
ies are described in Annex C.

iminated EFC technologies or equipment

on

ire

l as future standardization items because they are deemed to be less relevant to the futyre

policy and are inherently competitive market products.

Charging technologies and equipment
ing equipment and technology are eliminated from standardization targets:
braph;
hatching;
€,
etector;
radar, lidar;
sensor;

e detector.

Enforcement technologies and equipment

ing equipment and-technology are eliminated as standardization targets:

autonpatic gate;

imagg

enfor

sensor and processing;

Cemetit-camera.

8.1.1.3

¥ s 2 s - 1 h : 1 : -
IV IIAdUUIT pIOVISIUI ICUITIIUIUGICS 41U TYUIpPIITIIT

The following equipment and technology are eliminated from standardization targets:

— message sign board;

20

OBE's HMI.
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8.2 Existing technologies

8.2.1 DSRC

DSRC is defined as two way communication that is performed by either active (transceiver) method or
backscatter (transponder) method defined in ITU-R M.1453-2[6].

DSRC is the essential communication technology for DSRC-based EFC because the major functions
of charging, enforcement, and information provision are performed through DSRC where DSRC
communication accuracy directly affects those of each item.

Fuhctional structure and requirements for communication of DSRC-based EFC are shown©n Figure 4
anfl in Table 10 respectively.

Center
Equipment

Ing?(;\r;?gggn Charging Enforcement

Enforcement
Camera

-~

Roadside I
Display

Figure 4 — Furnctional structure of DSRC based EFC

Table 10 — Requirements for communication of DSRC based EFC

Functions 6Hsu’ging Enforcement Information provision
\% Payment Over Tariff LOS | Charge
Communica % avoidance loaded info.
N2 DSRG -

1.Zone 4 Short Short 3\

2.Datasrate High High

3.Data volume Mid. Mid.

#Eaterrcy Fast Fast

5.Accuracy High High

[Note-1] blank cells denote n/a

8.2.2 Autonomous systems (GNSS/CN)

Autonomous systems charges road usage vehicles by identifying the vehicles passing at the charging
points based on GNSS positioning and map matching. In the case of thin client charging is processed by
back-end and charging amount is sent forward to OBE from back-end through CN in contrast with thick
(smart) client where charging is processed by OBE and sent back to back-end from OBE through CN. In
both cases enforcement is performed by DSRC because of being required short range communication.
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Functional structure and requirements for communication of autonomous systems are shown on

Figure 5 and in Table 11 respectively.
TC Center |«
‘ Equipment |~
C=> ]

\
@ \ | {SE < | Enforcement \
\ J ) - ~ Camera
' A

T

\
GNSS \ \ “ Enforcement
<\ ' DSRC | |
AN \\ " I
N ) ! '
SN o2 — 1._._.
)
Vehicle Plate gl
nformation | chareing

\ ]

\
\ 1’ !
\ 1
TSP Center /| ¢
- Equipment”

Figure 5 — Functional structure of autonomous systems

Thble 11 — Requirements for communication in the case of autonomous systems

Funftions Charging : &E’nforcement Information provision
C\)}ayment Over loaded Tariff LOS | Charge

Communpicati CM. \’. avoi anc‘ info. CM amount
1.Zone / Wide % Short ) /Wide | Wide [ Widd
2.Data Jate High High High High High
3.Data yolume Big Mid. Big Mid Mid
4.Latenfcy Mid Fast Mid Mid Mid
6.Accurjacy k High ) \_ High \High High Hi@

[Noteq1] blank cells denote n/a

8.2.3 ANPR

Alicense plate is obliged to be attached to the vehicle by national law. While the style of license plate is
standardized by country or region, there are several countries in which it is not standardized.

ANPR captures a still image of the license plate by digital camera, and reads the letters or numbers from
the image by image processing technology, but there is a case to be erroneously recognized by such as
bending of the dirt and plate. Since an erroneous recognition becomes a large obstacle for the system
operations, the image processing technology has to be designed to minimize erroneous recognition to
zero rather than enhancing the recognition rate.

In order to use the ANPR for charging as known as video tolling, the license plate information and the
owner information should be registered to charging service providers with the payment type and the
account information in advance. ANPR also has been employed for enforcement in many cases of EFC.
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In order to improve the recognition rate, image processing techniques for processing a plurality of
images and the fingerprint-matching technology have been reported, but it is necessary to improve the
recognition rate and minimize the false recognition by human operators.

However, there are operational challenges remaining to cope with forgery of the license plate and to be
able to access to the database in which vehicle owner's information is registered in order to identify the
vehicle owner by license plate information.

Functional structure of ANPR based EFC is shown on Figure 6.

8.

8.3

In
thi
sy
trg

Route selection-systems taking advantage of this probe data are also regarded as an extend

DS
be

r Cantor ]_ —
Equipment ~ Tl
// \\
J Charging / Y
Information " Enforcement I
Provision \ !
. N '\
Roadside , -~ ANW}/
Display ~<|-_ _ __ Camera
N
|
|
|
P _
I Number |
L Plate ]
Vehicle

Figure 6 — Functional structure of ANPR based EFC

3 Emerging technologies
.1 Probedata
the route selection systém,” GNSS positioning data stored in OBE is transferred to the

tems, however communication method is not CN but DSRC. Probe data is used to id
velling route and. charging is performed by the conventional DSRC roadside units.

RC based EEC, therefore a subsequent development of the transition to the autonomous sy
come easier. The functional structure of probe data supported EFC is shown on Figure 7.

back-end

ough emerging DSRC roadside units as probe data that is similar to thin client system of autonomous

entify the

bd type of
stems will
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RTM Center TC Center
Equipment Equipment

Enforcement

\ Enforcement
Camera
\ \ Probe,l ““Information /
\ \ data Provision

SRCE 1 \DSRC 7
3 \T[L‘f W '

Figure 7 — Functional structure of probe data supported. EFC

8.3.2 Ofdometer

The odomjeter was originally used to record the total traveling distahce of a vehicle and is useful for
charging gpplications by reading its data from the on-board diagn@stics (ODB-II) port. This data can|be
used for rjoad usage charging in conjunction with GNSS positioning and map matching to identify the
chargeablg roads or not. The functional structure of odometer‘based EFC is shown in Figure 8.

Figure 8 — Functional structure of odometer based EFC

8.3.3 Passive RFID

While passive RFID has been developed originally for identifying goods with a means of a unique
electronic product code (EPC) and to replace the bar code in the supply chain industry, it has been
improved and standardized as ISO/IEC 18000-63 (referred to as passive UHF RFID in this document)
that provides one/two way communication with no inner battery aiming at cost effective EFC.

Though there has been in the pasta problem of low security to be used for EFC, the recent standardization
of ISO/IEC 29167 extends passive RFID with different optional cryptographic suites, e.g. AES-128. These
cryptographic suites embedded on a passive RFID tag allows already today actual tag authentication,
encrypted communication on the air link and in the future also mutual authentication of passive RFID
tag and reader.
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In principle it is also possible to write and store transient EFC related data on the vehicle tag at the
roadside, but with the existing available passive RFID tag chips it can be problematic at high vehicle
speed. Therefore in nearly all EFC applications transient EFC data are stored and kept up-to-date in the
back office and at the roadside the passive RFID tags are only read.

Functional structure and requirements for communication of passive-RFID-based EFC are shown in
Figure 9 and in Table 12 respectively.

Center
Equipment

'”J?é{,?saigﬁ” Charging Enforcement
Roadside .- Enforcement;
[ Display l\j [ Camft\e&f\
L
|
|
A T
\
Number
Plate |

Figure 9 — Functional structure of RFID based EFC

Table 12 — Requirements for cammunication of passive-RFID-based EFC

Functions Charging Y Enforcement Information proyision
’\\u Payment Over loaded Tariff LOS | Charge
Communical . C) avoidance info. amount
L REID
1.Zone /~  Short Short "\
2.Data rate Mid Mid
3.Data volume Short Short
4.Latency - -
5.Accuracy \_ Mid Mid )/

[Notel]blank cells denote n/a

8.3.4° WAVE

WAVE is a generic term of collective IEEE 802.11p and IEEE 1609 series of standards developed for
safety driving support called C-ITS.

As there is a possibility that C-ITS equipment will be deployed globally in the near future, the past work
item of TR "Guideline for EFC applications based on in-vehicle ITS station” was developed and issued
with consideration of being applied to the EFC.

Functional structure and requirements for communication of WAVE based EFC are shown in Figure 10
and in Table 13 respectively.
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Center
Equipment

'”g?g{,‘?;gﬁ” Charging Enforcement
Roadside O Enforcement
Display | Camera
\

Figure 10 — Functional structure of WAVE based EEC

Table 13 — Requirements for communication of WAVE based EFC

Funftions Charging Enforcement 24 Information provision
N
Payment Oﬁ@?)aded Tariff LOS | Charge
Communicat avoidance (%) info. amount
WAVE O WAVE
1.Zone /~  Short Short  \ (" Short
2.Data rate High High High
3.Data yolume Mid Mid Mid
4.Latenfcy Fast Fast Fast
5.Accurjacy High High High
[Notel] plank cells denote n/a

IEEE 1609

.11 defines the pretocols for applying WAVE to EFC (WAVE based EFC) in Annex A where HFC
standards

of ISO 14906 and SO 15628 are mapped on WAVE stack as shown on Figure 11.
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Figure 11 — EFC application on WAVI';\@ck (Source: IEEE 1609.11)[5]

Algo in order to apply the WAVE to CCC and the\§l the revision work of ISO 12813 and ISO
begn carried out. Functional structure is show

13141 has

Figure 12 — Functional structure of Autonomous systems with WAVE

8.3.5 WIM

Figure 13.
TC Center P
\{:\9 Equipment |~
. /
O |
RsE P _s| Enforcement
y - Camera
'.' ‘. Enforcement T
R | WAVE ! 1
\ \ ! 1 I
~ \\\ \ ’:' I
\\\/ — b W \
Number i
. ) Vehicle Plate i
Information / \
Provision | Charglng
| 18P Center /|
- Equipment” |

WIM is used to detect overloaded vehicles traveling on toll roads or non-toll roads in many countries
and to impose penalties. In recent years, WIM has been developed to accurately measure the axle load
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or gross weight of high-speed vehicles, so in some countries the legal system has been revised so that
direct fines can be processed by dynamic load measurement data. A.7 briefly shows direct enforcement.

It may also be applied to a new charging policy aiming at fairness of the charging rate such as toll-by-
weight that collects a charge proportional to the actual weight of the vehicle using WIM that can be
measured accurately.

Functional structure of toll-by-weight is shown on Figure 13.

[ Center ]
L Equipment J

[ WIM
Chdrging Enforcement
Roadside YCEN ’é’\‘ 5| Enforcement
[ Display //RSE o . [ Camera J
I \
[ 1‘ \ ,' N
1 vy ,
Information\‘ o Tt ! L
] 1
Provision \ ' DSRC H / ]
\\ II
\ , I
{ivrraer SPY Servrere—
~o N N umber :
[ QBE ] i E\ Plate ] |
- Vehicle \ "= ),

Figure 13 — Functional structureof toll-by-weight

8.3.6 Other technologies

In additiop to the above-mentioned technologies, the following communication technologies and sighal
authentication technologies of GNSS are curréntly being researched and developed and are about] to
be put to practical use. These techniques‘are effective for improving the charging performance in the
charging function and the safety of positioning information.

8.3.6.1 [Bluetooth

Bluetooth{uses radio waves.itDthe 2,4 GHz band and is used for simple information exchange betwegen
informatipn terminals by.short distance communication. It is suitable for use in a constantly connected
state betfveen information terminals, however strict control of transmission and reception gnd
confident]ality are ngttaken into consideration so much.

8.3.6.2 [CN-5G

The fifth generation mobile communication system (5G) is not only "super high speed", but also a new
generation of mobile communication system having features such as "multiple simultaneous connection”
and "low delay/high reliability", and realization around 2020 development and demonstration is being
actively promoted in various countries around the world as a goal.

8.3.6.3 A-GNSS

Signals of GNSS are known to be disturbed by spoofing etc. and become erroneous positioning data,
and existing prevention measures are being studied by research institutes in several countries. Among
them, a method of adding authentication information to the GNSS signal and authenticating with the
vehicle-mounted device that has received the authentication information separately by road-to-vehicle
communication has been proposed[11],
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8.4 Consideration of mutual applicability

8.4.1 General

The charging policy implemented as a road traffic policy, the charging technology realizing this, and
its relation are as described in the previous clauses. There are some charging policies that have been
implemented and those planned to be implemented, and the policy objectives have become more
consistent with the needs of society. In this clause, how the conventional technology and the emerging
technology realize the integrated charging policy of the existing and the emerging ones is examined.

As
as

8.4

Ex

8.4

 charging technology so far is included.

1.2 Existing technologies for new charging policies

sting EFC technologies that can be applied for the emerging EFC policies are;
ANPR;
DSRC;
Autonomous systems (GNSS, CN-3G/4G).

1.3 Emerging technologies for conventional charging)pelicies

Enperging NFC technologies that can be applied for the conventional policies are:

8.4

Emerging EFC technologies that can be applied for the emerging EFC policies are:

passive (UHF) RFID;
odometer;
Bluetooth;

CN-5G;

A-GNSS.

.4  Emerging technologies for new charging policies

passive (UHF)RFID;
WAVE;

odomeéter;

vehicle probe data;

the emerging technology, potentially possible technology that has not been planned or €xXp

brimented

WIM;
Bluetooth;
CN-5G;
A-GNSS.

Table 14 shows the results of organizing the relationship between the charging policy and the EFC
technology.
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Table 14 — Relation between charging policy and EFC technology

EFC technology
Existing technology Emerging technology
Policy objectives Policies (incl. potential tech.)
Communica-| Others |Communica-| Others
tion tion
1. Financial To raise funds for repaying loans |DSRC GNSS CN-5G y
- i n/a
source for_ road |ofroad construction by charging CN-3G/4G (ANPR) |A-GNSS
construction
and/qr I'o raise funds for repaying loans Passive UHF
maintenance of road construction by charging n/a ANPR RFID n/a r\(b
with low cost equipment. Bluetooth q/Q
To raise funds for repaying loans Oﬁ\) ’
of road construction by charging [n/a (ANPR) |WAVE ,\'\ /a
with C-ITS equipment. 0,
To raise funds for road main- DSRC GNSS CN-5G
tenance or reconstruction by Odometer
charging for HGV CN-3G/4G (ANPR)  |A-GNSS
To raise funds for road mainte- S\\:C}N-SG
nance or reconstruction by charg-|CN-3G/4G GNSS O Odometer
ing as alternative for fuel tax. A A-GNSS
2. Traffic To reduce congestion in urban DSRC GNSS CN-5G od
i ometer
management by |roads by charging. CN-3G/4G (ANPR) |A-GNSS
charging Q
To provide appropriate route in 4] .
a metropolitan area for users by DSRG}\@ GNSS n/a Uislitelio
X : probe data
dynamic charging. R\
To provide appropriate lane in \\\‘0
inter-urban roads for users by\o LDSRC n/a RFID n/a
dynamic charging. N
3. Internpalizing To charge all vehicles based’on
exterhal costs  |the accidents, delays, noise, pol- GNSS .
lution and road wear each vehicle [DSRC g?f“s)we UHF n/a
imposes on the sdciety and other (ANPR)
vehicles.
4. Fair dharging To define rging rate based on DSRC n/a n/a WIM
rate a gross le weight
NOTE 1 SHaded parts are the emerging charging policy.
NOTE 2 ANPR: used for chdrging, (ANPR): used for compliance checking.
9 Recammendations
9.1 General

As mentioned in Clause 6, the EFC function is composed of charging, enforcement, information
provision, and payment function, and with the progress of communication technologies, information
security technology, image processing technology, sensing technology, etc. related to these, each
function is evolving so that it can deal with new policies.

Eight new EFC related themes reflecting the existing or the emerging technologies are nominated to be
evaluated for the future standardization work themes hereinafter.
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9.1.1 Evaluation criteria

2018(E)

These new theme candidates are evaluated from the viewpoints of both the necessity of market and the
existence of standards.

9.1.1.1 Market need level

Market need level is classified into three stages as follows.

There are specific needs at the global level toward introduction.

9.1

There are specific needs at the regional level and national level toward introduction.

There are no specific needs at the moment, but there is a potential need in the future:

.1.2 EFC standardization level

Thie standardized level is classified into the following four stages.

9.1
Th

Essential technology and related matters are standardized, but theyare not standardize
EFC standardization is in drafting.
EFC standardization was already done.

EFC standardization is dormant after consideration.

.1.3 Class definition
e evaluation matrix is shown in Table 15 and.each class is defined as below.

Class A: There is a necessity on the global'scale, and since there is no EFC standard, stand
work is urgent.

1 for EFC.

hrdization

—| Class B: Since there is a necessity at the regional or national level and there is no EF( standard
corresponding to it, we will consult with the representative of the region or the country gnd decide
whether to consider it as a Standardization theme.

—| Class C: There is a potential necessity, but there is no EFC standard corresponding to this, so judge
whether it will be taken up as a standardization theme by WG.

—| Class X: There is-a'necessity of the global, regional or national level, and the theme is still uhdergoing
standardization work.

—| Class Y:The theme that has the necessity of the global, regional or national level and has already
beensstandardized work.

—| £lass Z: The theme that needs the global, regional or national level but the standardizatipn work is
dormant

Table 15 — Evaluation matrix for recommendations
Need level Globally Regionally or nationally Potentially
EFC standard
None Class A Class B Class C
In Drafting Class X Class X n/a
Done Class Y Class Y n/a
Dormant Class Z Class Z n/a
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9.2 Evaluations

9.2.1 Charging assist traffic management

Though urban congestion charging, route selection fee and express lane on intercity roads have been
implemented or planned differently so far, a common function model to respond to the same policy
objective of controlling traffic flow by charging is under consideration.

Therefore a theme to define a suitable common functional model to apply EFC to traffic management
and interfaces between related entities are recommended as a new standard. However this emerging
work itenf was already proposed and has been draited now so that recommendation class should]|be
Class X.

9.2.2 Passive UHF RFID-based EFC

Passive UHF RFID-based EFC is increasingly being demanded in developing countries.as it can provjde
a cost-effg¢ctive EFC system for even high-speed vehicles on the highway main line. Passive RFID was
originally| developed for supply chain product management as a substitute for the barcode label, gnd
operates ithout battery.

For this feason, information exchange between passive RFID-tag and<the reader (interrogator) is
normally done in plain text and it can be easily deciphered, so that secutity and privacy issues should
be consid¢red for applying to EFC. As a security measure for passive RFID, the necessity and framewg¢rk
of security measures are defined in ISO/IEC 29167-1[2], and a security mechanism using AES-12§ is
defined in ISO/IEC 29167-10[3].

In additiop, standardization of data definition is carried out’for the supply chain system, but for EFC,
road operptors define data respectively and it does not haveiinteroperability. Therefore, standardization
of data definitions is necessary so that interoperability-becomes possible.

Consideripg the above, the recommended class sheuld be Class B.

9.2.3 Ofdometer-based EFC

The odometer is an essential sensor mounted on the vehicle and can be effectively used in road usgge
charging ps well as in other charging systems for distance based charging systems by measuring
the distance travelled directly. The-mileage data from odometer can be obtained by connecting the
in-vehicle|terminal to the OBD-IL.port of the vehicle, but because the interface is disclosed with the
ISO 15764 series of standardsS-sécurity measures against mileage data falsification are necessary.

In additiof, it is assumedthat system configuration and data exchange between entities may be differgnt
from existing ISO 17573*EFC Architecture"”, and it is necessary to study the system architecture for the
odometertbased EF€,

Thereford, odometer-based EFC is recommended as a new standardizing theme, but some sodial
experimefpts_aiming at practical applications have been conducted in the United States only. For
international Cfanﬂnrr]i’7nfinn’ r‘nnpnrafinn with experts from the United States is necessary nd
further investigation as to whether there is a need in other regions or countries outside the United
States is necessary. For this reason the recommended class should be Class B.

9.2.4 ANPR based EFC

ANPR-based EFC is used to supplement of DSRC-based EFC, such as charging for vehicles that do not have
OBE, or in the case where using OBE is difficult. It is also used for compliance checks, and specifications
and test standards are established in each of the introduced countries.

Since the recognition result of ANPR is used for enforcement purposes as well as charging, it is
necessary to prevent from tampering the license plate character recognition result and the image data
as evidence, and there is a possibility as a theme candidate for standardization.
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Because ANPRis already in operation in each country and the necessity of international standardization
is not high, it is better to hold it back as a standardization theme for a while, so that recommendation
class should be Class Z.

9.2.5 Toll-by-weight

Damage to road pavement is said to be proportional to the fourth power of shaft weight, and it is
also said that there is further influence on steel structures of elevated roads and bridges. The toll fee
structure is ideal considering axle weight or gross weight for toll fee, and introduction is done in some
countries (see A.6).

After the introduction as an effect that the traffic of overloaded vehicles has decreased|has been
reported, and on expressways in large cities with many elevated roads and bridges, weight-based
charging is being considered for extending their service life. Therefore, it is estimated that|{there are
mdny needs as a new standardization theme, and the recommended class should be’Class B.

9.2.6 WAVE based EFC

In jorder to support vehicle safety driving, C-ITS has been developed and introduced in varjous areas
of the world, and has been planned to be obliged as standard equipitient of new cars in the United
Stqtes. The communication technology used in C-ITS is called WAVE generally and can be applied to
roqd charging in common to be expected that introduction of WAVE based EFC will becomle popular
in |accordance with expanding C-ITS. However, since the¢WAVE-based EFC is already defined in
IEEE 1609.11, the recommended class should be Class Y.

9.2.7 CN-5G for EFC

Thie fifth generation mobile communication system(5G) is not only "super high speed”, but 4lso a new
geheration of mobile communication system haying features such as "multiple simultaneous cdnnection”
anfl "low delay/high reliability", and realization around 2020 development and demonstratign etc. are
belng actively promoted in various countries around the world as a goal.

When CN-5G is used in the autonomous system, it becomes possible to notify OBE of thg charging
anjount decided by the central systéem within a short time delay. For this reason, it is assyimed that
aufonomous systems will further spread as a result of realizing lower cost OBE used for thin ¢lient.

It 1s also conceivable to send-the A-GNSS authentication data to the OBE via the CN-5G, so that highly

reliable positioning data,can be acquired. Considering these potentialities, the recommerjded class
shpuld be Class C.

9.2.8 A-GNSSfor EFC

Signals of GNSS are known to be disturbed by spoofing etc. and become erroneous positioning data,
anfl existing prevention measures are being studied by research institutes in various countries. Among
thémya method of adding authentication information to the GNSS signal and authenticating with the
vehicle-mounted device that has received the authentication information separately by road{to-vehicle
communication has been proposed.

Although concrete implementation design is expected to be a future work, it is potentially an important
technology to support high reliability of road charging, so the recommended class should be Class C.

9.3 Summary

Table 16 shows a summary of the above investigation results.
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Table 16 — Recommendation for future standardization

Recommended
I (5 Deployment Degree of demand AR !Je g class for stand-
theme ized N
ardization
. High demand for traffic .
L Ch?rg‘“g . USA, Singapore, |management in urban |~ Generic model
assisted traffic d inter-urb Class X
management (Japan) roads or inter-urban — Data definition
roads globally.
S .. 1. |High demandin devel- | EFC data definition
2. RFIDpbased EFC and other area |OPINg 0T other coun- — Security Class B o
tries generally. e N
— Security ~(’ 2
countermeasure for QQ
3. Odonjeter (USA) High demand for alter- ‘éhe disfta(rilce dintiven '\'\Class B
based EFC native fuel tax in USA. ata ofodometer L‘l/
— System /&Q
architecture ﬁ\
4. ANPR based High demand for — Secure image
EFC (Video Sboscll;h(;lcm, charging without OBE Class Z
Tollinlg) AR globally. — Evidence
Potential demand for — Hi ?curacy type
5. Toll-Hy-weight China Toll-by-weight globally. \W Class B
. —4:JBoundary of
6. WAVE based USA P}(l)tenFlal Fiemand for responsibility
EFC charging in accordance in-vehicle C-ITS ClassY
(Korea) with popularizing C-ITS: :
equipment
Potential demand:for
7. CN-5G for EFC n/a enhancing perfor- n/a Class C
mance of CN:
(Europe) Potentialdemand for
8. A-GNBS for EFC enhancing security of n/a Class C
(Japan) GNSS signal.
NOTE 1 Cduntries in parentheses are planning to implement in the near future.
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Application of technology to EFC systems

A.f—Generat
Table A.1 shows how the technology or equipment is applied to EFC systems.
Table A.1 — Application of technology to EFC systems
T
Technology EFC system l_3ase-STD or EFC-STD (B 1’ Deployments | Ref
alike document namn
ITU-R M.1453.2 ISO 14906 ETC Europe n/a
(CEN,UNIJ, ARIB,T- Asia
™4) South Amerida
pdrc DSRC-based 150 15628 Australia etc.
| EFC HGV charging |Austria n/a
Czech
Poland
(National STD) (Nat.-STD)  |ERP Singapore n/a
IMT-2000 ISO 17575 HGV charging |Germany n/a
N Autonomous |IMT-Advanced Slovakia
systems Belgium
Russia
Tach h Autonomeus |n/a ISO 14906 LSVA Switzerland n/a
GNSS | acho8raPh |y ctem§
Probedata |n/a n/a Smartroute |Japan A2
DSRC supported selection
EFC
Odome- ISO 15765-4 n/a RUC USA A3
Odometer |ter-based
EFC (CAN)
Passive UHF |ISO 18000-63 n/a ETC India A5
Pdssive UHF RFID RFID-based .
Taiwan, etc.
EFC
ANPR-based [n/a n/a Congestion Stockholm n/a
ANPR :
EFC charging
WAVE WAVE-based |IEEE 802.11p IEEE 1609.11 |n/a USA A4
EFC
Toll-by- ASTM E-1318, n/a n/a China A6
WIM weight OIML R-134 A7
Smart phone Mobile tolling [n/a n/a n/a USA A8
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A.2 Smartroute selection in Japan

A.2.1 General

In the greater Tokyo metropolitan area, the construction of outer ring expressways will be almost
finished in a few years for aiming at reducing traffic congestion in the central Tokyo area. In the complex
network consisted of three ring expressways and nine radial expressways, a user can select a suitable
route with consideration of traveling time and toll amount.

@ Smart route selection using “ETC2.0” in Tokyo metropolitan area
(an image)

(1) Taking a detour route
1o a ring expressway at
the time of congestion
al city hub

[Smart route selection]
1.When travel from A to B

| 2.There are two routes selectable
1 (Inner route or Outer route, and N
both routes have similar distance)q,

VAR
(1) Congested inner @

(2) Non-congestedﬁ route
@)

LA ' 3.1f sele %ter route
st . :n i Tokyo wan
e

N\
o4 4.Giveﬁ\91\ incentive for driver
\\S\Q) (ex, discount)

Figure A/l — Image of smart route selection in Tokyo metropolitan area (Source: MLIT in Japdn)

A.2.2 System configuration

The tolling system consists of DSRE-OBE with a GNSS receiver, RSE for tolling, RSE for probe data/traffic
informatipn, and each central-equipment for toll service provider and road manager as shown below.

RSE for tqlling is installed-at each entry lane and exit lane as the same as present tolling system. The
other typ¢ of RSE, installed on expressways, provides route information and uploads GNSS based prabe
data from|OBE. A toll\amount determined by the combination of entry, selected route and exit is settled
so as to advise avehicle to avoid congestion in the central Tokyo region.
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| GNSS | HMI Probe data/
T Traffic Info
Positioning Probe data/ Probe Data
Signal Traffic Info. | R0ad Manager
ana — RSE (P) |« > (Traffic & Toll)
DSRC-OBE =
With <DSRC> >
GNSS receiver
Tolling h.4
[ Payment RSE (T) Tolling Data|  Toll Service
l Means Froviaer
<DSRC>
RSE(P): RSE for Probe data/Traffic Info. along Highway
RSE(T): RSE for Tolling at Entry/Exit lane
Figure A.2 — System configuration of smart route selection
A.B Road usage charging in USA
In |Oregon USA, Road Usage Charging (RUC) based on odometér has been studied since 201 to deal
with decreasing fuel tax revenue along with popularity of high’efficiency vehicles and electri¢ vehicles.
Alprge scale field operation test will be started on 1 July with 5,000 vehicles.
Thie same RUC scheme is considered to be implemented in the western states of the USA|including
California and Washington to keep abreast with Oregon.
Oregon’s Road Usage Charge Program
In-vehicle mileage counter
transmits miles and fuel
consumption totals to private
sector account manager
=——
Payer
“ - y
L) A
Account manager sends a )
bill {or net refund) to vehicle
owner for mileage charge less
fuel tax
' |
59 i
Vehicle owner pays road usage = :.‘;é’“u::m(“;agf';‘"d’
:ﬁf&:}sﬁ‘:(f,f{,ﬁf“’""‘ Account Manager (oilectedg;om d?iver to
State of Oregon
Figure A.3 — Operation flow of RUC in Oregon USA (Source: Oregon DOT)
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Figure 4: Mile.

Figure 5: Screenshot of App for Smartphone Road Usage Charge Plan

A4 WA

In Korea I
is implem
up to now

At Seoul
expendab

-age Reporting Device for Smartphone Road Usage Charge Plan

Figure 14: Information Flow in Differentiated Road Usage Charge Reporting Concept
DIFFERENTIATED

Figure A.4 — Data flow of RUC in Oregon USA (Source: Oregon DO‘D

\!
VE based EFC in Korea \%O
DSRC based EFC has been operated since 2007 where conve al single lane tolling meth
ented. In 2014 emerging a multi-lane tolling method was 1 mented and has been operat
to improve throughput at Busan West toll plaza. Q

foll plaza WAVE based EFC was tested to evaluaﬁg\ghargmg performance and to fores
lities toward C-ITS (V2X).

®§ ing WAVE instead of DSRC communication in smart
electronic tolling collection system

od
ed

ee

b) Smart tolling with WAVE

Figure A.5 — WAVE based EFC in Korea (Source: KEC in Korea)

A.5 RFID based EFC in Taiwan

Although IR-based EFC was introduced in Taiwan highways in 2006, OBE has not been as popularized
as expected due to its cost. The Taiwanese government decided to replace IR based EFC with RFID
based EFC where the cost of RFID was much less than IR based OBE.

An emerging tolling system has been operated since December 2013 with 319 charging gantries and

five millio

38

n subscribers.
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.p Example of toll-by-weight in China
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) RFID and charging gantry at the main line b) Highway network in\fa(?wan (90D km)

Figure A.6 — RFID based EFC in Taiwan (Source: FETC & '{&EB in Taiwan)

O
S
\

é\

5
b.1 General Q

led "toll-by-weight" has been introduced nation@ide to highways in China. The toll bpy weight
eme has been applied for only manual toll (g tion not for ETC that heavy good vehiclgs are not
bwed to use.

A :[reakthrough charging scheme based on vehicle We@and distance driven for heavy goold vehicles

2

\)
M is installed at the entry side of manuﬁAexit toll gate where a heavy goods vehicle is mepsured by
gross weight in the course of movi to'the toll booth. A charge amount is determined baged on the

trdvel distance by reading from ticlﬁ\1 formation issued at the entrance toll gate and grosq weight is
mdasured at the exit toll gate, and the

the determined charge amount is collected by the toll|collector.

.
O@ Station system server|

,,,,,,

® Charging rate screen I

@® Tolling computer |

@ Sensing loop for picture capturing

@ Loop detector

"w
@® Weighing platform

@ IR vehicle separator

@® Data processor

Figure A.7 — Overview of exit lane equipped with WIM (Source: Wanji technology in China)
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A.6.2 Charge rate

Although the charging amount is determined based on the vehicle weight and the travel distance, the
charging unit price is different from region to region and highway. In addition, a penalty for overloaded
vehicles that is proportional to the overloaded weight is collected by the toll collector.

A.6.2.1 Example (T city)

A.6.2.1.1 Basic charge rate

Unit charge rate is a flat rate of 0,10 (yuan/ton-km) for HGV less than 14 t, and decreases lineafly
until the HGV is less than 50 t. For reference, each charge rate for HGV is listed on the right coltimm in
Table A.2 |However, in the case of an HGV less than 5 t, the charge rate is the same as that of 5%
Table A.2 — Charge rate for HGV
Vehicl¢ gross weight Unit charge rate (yuan/ Remarks Example charge rate
ton (©) ton-km) (yuan/km)
Lepsthan5t 0,10 Fixed 3t 0,5
(not depends on weight) 4,5t 0,5
Jtto14 t 0,10 Depends on weight 5t 0,5
10t 1,0
14tto25¢t 0,10 to 0,07 linearly,degreasing and 14 t 1,4
depends on weight 20t 1,73
2btto 50t 0,07 to 0,04 linearly decreasing and 25t 1,75
depends on weight
Mote than 50 t 0,04 Fixed 50t 2,0
(does not depend on 90t 3,6
weight)
A.6.2.1.2 | Overcharge for overloaded.vehicles
For overldaded vehicles, it is added as an overloaded charge to the normal charge amount and collectgd.
The overlpaded fee is set acconding to the overloading ratio as shown in Table A.3, and it does not apply

to the ovefload rate of 30 %.

Table A.3 — Overloaded charge rate

Overloaded class (%) Overloaded charge Remarks
(yuan/ton-km)
within 30 % n/a No overcharge applied
30 to 50 % less 0,10 —
50 to 80 % less 0,15 —
80 to 100 % less 0,20 —
more than 100 % 0,40 —

A.6.2.1.3 Method of calculation for the weight charges

The toll payment for normal

vehicles shall be:

Gross weight x Unit charge rate x Vehicle miles travelled.

Overloaded charge amount should be:

40
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Overloaded weight x Overloaded charge of identified class x Vehicle miles travelled
The toll payment for overloaded vehicle shall be:

Normal toll charge + Overloaded charge

A.7 Direct enforcement in Czech Republic

In 2012 the Czech Republic adopted an amendment to Act No. 13/1997 Coll. on Roads as amended
and thereby was one of the first in the world to take a decisive legislative step for direct recourse of
opprators of overloaded vehicles based on the application of high-speed weighing techneldgy (WIM,
“Weighting in Motion”).

When adhering to the relevant certification, it will no longer be necessary to weigh @wvehicle jon mobile
scdles, the vehicle will only be subject to weighing in motion.

A dletailed method must be determined of the implementation of high-speed weighing and also grant
persons providing WIM, legal authorisation for access to the central vehicledaegister for the gurpose of
idgntifying the operator according to vehicle registration number plates-se that this person cap, without
any legal obstacles, identify the operator of the relevant vehicle based-on-the information obtdined from
thé¢ road vehicle register.

Optional:

Driving direction

P
. WIM Lineas Kistler ® sensor =
Road side cabinet
—~ with electronics

Figure A.8 — Direet enforcement in Czech Republic (Source: ITS world congress 20[16)[2]

A.B Mobile-tolling

years?n the USA, already two thirds of all citizens and 85 % of all millennials (Generation|Y) own a
smarfphone and two-thirds out of these smartphone owners use their smartphone at least ocrasionally
for turn-by-turn navigation while driving.

T;F emergence of smartphones has led to a multitude of traffic-related applications over the past
e

At the same time, the number of All Electronic Tolling (AET) systems for toll collection is increasing
worldwide. In the USA, manual toll plazas are converting to AET systems and more and more managed
lanes projects are started. A solution in Illinois is already operational and offers mobile toll payments
through the application by accessing open payment interfaces provided by the webpage of the toll
agency and charges road users a convenience fee for paying through the smartphone application.
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Transmission of
Si=oo=" wideo transaction

Correlation of ideo and
smartphone transactions
based on location and time

Transmission of
smartphone transaction

N\
U
S

Figure A.9 — Mobile tolling (Source: ITS world congress 2017 )[191'\'\
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(informative)

Example of tariffs
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B.—Exampie of tariffs %
B.1.1 HGV charging in Germany (19
Thie charging unit price per kilometre in Germany is set according to the engine@ss and thHe number
of axles, as shown in Table B.1.
Toll rates per kilometre as of October 1, 2015
Category Emission class / number of axles’ \% Toll rate
A S6, Euro 6 Q O
2 axles Q 0,081€
3 axles \Q 0,113 €
4 axles 5\& 0,117 €
5 axles and more @ 0,135 €
O
B $5,EEV? Class 1, Euro 5, EEV Class 1 {0
2 axles A\Q) 0,102 €
3 axles O 0,134 €
4 axles R l \' 0,138 €
5 axles and more ’\C) 0,156 €
C S3 with min. PMK@S.@, Euro 3 with min. PMK 2, Euro 4
2 axles 0,113 €
3 axles C)CD 0,145€
4 axles O . 0,149 €
5 ax@d more 0,167 €
D Q~ with min. PMK 1, S3, Euro 2 with min. PMK 1, Euro 3
2 axles 0,144 €
EQ 3 axles 0,176 €
?\ 4 axles 0,180 €
é 5 axles and more 0,198 €
E S2, Euro 2
2 axles 0,154 €
3 axles 0,186 €
4 axles 0,190 €

Figure B.1 — Tariff on HGV charging in Germany (as of 2015)

NOTE

© ISO 2018 - All rights reserved

Figure B.1 is a table taken from "

ttps:

www.ages.de/en/hgv-toll-germany-tariffs.html".
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B.1.2 Urban congestion charging in Singapore

The charging amount of urban congestion charging in Singapore differs according to the traffic volume,
depending on the charging place and the time zone.

Table B.1 — Tariff of congestion charging in Singapore

ERP rate table for passenger cars, taxis and light goods vehicles
(With effect from 20 February 2017 to 30 April 2017)
QOrchard Cordon and Rest of CBD
Weekdays
. . Shenton
Bugis-Mari- ; YMCA Gantry
Time nagCentre Wa}c’c')svh;na' Orchard and Fort | Handy Road
(9 gantries) (9 gantries) |Canning Tun- Gantny
§ (11 gantries) nel Gantry

GantryNO. — — — 47,49 48
7.00am to

7.05am
7.05am to

7.25am
7.25am to

7.30am
7.30am to

7.35am
7.35am to

7.55am
7.55am to

8.00am
8.00am to

8.05am $1,00 $1,00 $1,00
8.05am to

8.25am $2,00 $2,00 $2,00
8.25am to

8.30am $2,00 $2,00 $2,00
8.30am to

8.35am $2,50 $2,50 $2,50
8.35am to

8.55am $2,50 $2,50 $2,50
8.55am to

9.00%m $2,50 $2,50 $2,50
9:00am to

9.05am $2,00 $2,00 $2,00
9.05am to

9.25am $2,00 $2,00 $2,00
9.25am to

9.30am $1,50 $1,50 $1,50
9.30am to

9.35am $1,00 $1,00 $1,00
9.35am to

9.55am $1,00 $1,00 $1,00

NOTE 1 Charge rate in the blank cells and the time between 10:30pm and 7:00am are $0,00.
NOTE 2 Source: https://www.onemotoring.com.sg/content/onemotoring/en/on_the_roads/ERP
Rates.html
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ERP rate table for passenger cars, taxis and light goods vehicles
(With effect from 20 February 2017 to 30 April 2017)

Orchard Cordon and Rest of CBD

Weekdays

Time

Bugis-Mari-
na Centre

(Q gantries)
\Y o J

Shenton
Way-China-
town

Orchard
(9 gantries)

YMCA Gantry
and Fort
Canning Tun-

Handy Road
Gantry

(1T gantries)

1o
T GdIItry

GantryNO.

47,49

48

9.55am to
10.00am

$0,50

$0,50

$0,50

10.00am to
10.05am

10.05am to
10.25am

10.25am to
10.30am

10.30am to
10.35am

10.35am to
10.55am

10.55am to
11.00am

11.00am to
11.05am

11.05am to
11.25am

11.25am to
11.30am

11.30am to
11.35am

11.35am to
11.55am,

11.55amt0
12.00pm

12;00pm to
12.05pm

$0,50

$0,50

$0,50

$0,50

$0,50

12.05pm to
12.25pm

$1,00

$1,00

$0,50

$0,50

$1,00

12 DD +

TZ-ZIPTIr o

12.30pm

$1,00

$1,00

$0,50

$0,50

$1,00

12.30pm to
12.35pm

$1,00

$1,00

$0,50

$0,50

$1,00

12.35pm to
12.5pm

$1,00

$1,00

$0,50

$0,50

$1,00

12.55pm to
1.00pm

$1,00

$1,00

$0,50

$0,50

$1,00

NOTE 1 Charge rate in the blank cells and the time between 10:30pm and 7:00am are $0,00.

NOTE 2 Source:
Rates.html

https:

www.onemotoring.com.s

content/onemotoring/en/on_the roads/ERP
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Table B.1 (continued)

ERP rate table for passenger cars, taxis and light goods vehicles
(With effect from 20 February 2017 to 30 April 2017)

Orchard Cordon and Rest of CBD
Weekdays
: : Shenton YMCA Gant
Bugis-Mari- . antry
Time nagCentre WaiI-Chlna- Orchard anc.l Fort Handy Road

(9 gantries) own (9 gantries) Can‘nLHg Tun- Gantry

e 7| (11 gantries) e Garrtry
GantryNO. — — — 4749 48
1'1081;?1;0 $1,00 $1,00 $0,50 $0,50 $1,00
1?3?21150 $1,00 $1,00 $0,50 $0,50 $1,00
1'12383130 $1,00 $1,00 $0,50 $0,50 $1,00
1?215);;0 $1,00 $1,00 $0,50 $0,50 $1,00
1.35pm to $1 $1

1.55pm 00 00 $0,50 $0,50 $1,00

1'2538230 $1,00 $1,00 $0,50 $0,50 $1,00
Zéqgg;nnfo $1,50 $1,50 $0,50 $0,50 $1,50
Z'Z(J.gg;nnfo $2,00 $2,00 $0,50 $0,50 $2,00
2.22.§gpmn‘:0 $2,00 $2,00 $0,50 $0,50 $2,00
Zé%gis);nnfo $2,00 $2,00 $0,50 $0,50 $2,00
2'23.?5)?150 $2,00 $2,00 $0,50 $0,50 $2,00
255.33{;5(’ $1,50 $1,50 $0,50 $0,50 $1,50
3?8?3150 $1.00 $1,00 $0,50 $0,50 $1,00
3'3032?50 $1,00 $1,00 $0,50 $0,50 $1,00
3'3228350 $1,00 $1,00 $0,50 $0,50 $1,00
2 0o &
"3.35pm $1,00 $1,00 50,50 30,50 31,00
3'3352;250 $1,00 $1,00 $0,50 $0,50 $1,00
3'45 Sﬁg‘nf" $1,00 $1,00 $0,50 $0,50 $1,00
42815)3;0 $1,00 $1,00 $0,50 $0,50 $1,00

NOTE 1 Charge rate in the blank cells and the time between 10:30pm and 7:00am are $0,00.

NOTE 2 Source:
Rates.html

https:

www.onemotoring.com.s

content/onemotoring/en/on_the_roads/ERP
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Table B.1 (continued)
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ERP rate table for passenger cars, taxis and light goods vehicles
(With effect from 20 February 2017 to 30 April 2017)
Orchard Cordon and Rest of CBD
Weekdays
. . Shenton YMCA G
Bugis-Mari- X antry
. nfCentre Way-China- Orchard and Fort | Handy Road
Time town ; Canning Tun-|  Gantry

(Q gantries) (9 gantrles) 1o

C t=) 7 (11 gal’ltrles) IICT UdIIll y
GantryNO. — — — 47,49 48
4;?3;;3;0 $1,00 $1,00 $0,50 $0,50 $4,00
4;5382};0 $1,00 $1,00 $0,50 $0,50 $1,00
4;52‘;1‘;;0 $1,00 $1,00 $0,50 $0,50 $1,00
4f§gpmnf° $1,00 $1,00 $0,50 $0,50 $1,00
455(5)8‘;};0 $1,00 $1,00 $0,50 $0,50 $1,00
Sg)ggglnfo $1,00 $1,00 $0,50 $0,50 $1,00
S.SOggpmn‘:o $1,00 $1,00 $0,50 $0,50 $1,00
552283;50 $1,00 $1.00 $0,50 $0,50 $1,00
553‘;15’;%0 $1,50 $1,50 $1,00 $0,50 $0,50
5???3‘“50 $1,50 $1,50 $1,50 $0,50 $0,50
5'653183‘“:0 $350 $1,50 $1,50 $0,50 $0,50
62815’;2;0 $2,30 $2,30 $2,00 $0,50 $1,00
6'6032230 $3,00 $3,00 $2,00 $0,50 $1,00
6'62§gpmnf° $3,00 $2,50 $2,00 $0,50 $1,00
62%‘;3;" $3,00 $2,00 $2,00 $0,50 $1,00
L 20 o
”ggg;;ﬁ” $3,00 $2,00 $2,00 $0,50 $1,00
6'75382;0 $2,50 $1,50 $1,50 $0,50 $1,00
7';)815’;2;0 $2,00 $1,00 $1,00 $1,00 $1,00
7'?322&" $2,00 $1,00 $1,00 $1,00 $1,00

NOTE 1 Charge rate in the blank cells and the time between 10:30pm and 7:00am are $0,00.
NOTE 2 Source: https://www.onemotoring.com.sg/content/onemotoring/en/on_the roads/ERP
Rates.html

© ISO 2018 - All rights reserved

47


https://www.onemotoring.com.sg/content/onemotoring/en/on_the_roads/ERP_Rates.html
https://www.onemotoring.com.sg/content/onemotoring/en/on_the_roads/ERP_Rates.html
https://standardsiso.com/api/?name=d9a51221f2b334b3ab4fa53a8a2e31d9

ISO/TR 21190:2018(E)

48

Table B.1 (continued)

ERP rate table for passenger cars, taxis and light goods vehicles

(With effect from 20 February 2017 to 30 April 2017)

Orchard Cordon and Rest of CBD

Weekday

S

Time

Bugis-Mari-
na Centre

(9 gantries)
C o J

Shenton
Way-China-
town

Orchard
(9 gantrie

s)

YMCA Gantry
and Fort
Canning Tun-

Handy Road
Gantry

(11 gantries)

1o
T GdIItry

GantryNO.

47,49

48

7.25pm to
7.30pm

$2,00

$1,00

$1,00

$1,00

7.30pm to
7.35pm

$2,00

$1,00

$1,00

$1,00

7.35pm to
7.55pm

$2,00

$1,00

$1,00

$1,00

7.55pm to
8.00pm

$1,00

$0,50

$0,50

C
5050

8.00pm to
8.05pm

K

8.05pm to
8.25pm

8.25pm to
8.30pm

8.30pm to
8.35pm

8.35pm to
8.55pm

Q|

8.55pm to
9.00pm

>

9.00pm to
9.05pm

9.05pm to
9.25pm

9.25pm to

9.30pm )

9.30pm
S5
to
pm

9.3
9
cﬁgS

*f{ | il 2O

TP To

10.00pm

10.00pm to
10.05pm

10.05pm to
10.25pm

10.25pm to
10.30pm

NOTE 1 Charge rate in the blank cells and the time between 10:30pm and 7:00am are $0,00.

NOTE 2 Source:
Rates.html

https:

www.onemotoring.com.s

content/onemotoring/en/on_the_roads/ERP
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B.2 Tariff information provision

B.2.1 Urban congestion charging in Singapore

2018(E)

In Singapore's urban congestion charging, the charge amount varies depending on the location and
time zone, so the existing time and charge amount by vehicle type are displayed on the gantry at each
charging point.
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Figure B.2 — Tariff on message sig@@ongestion charging in Singapore)
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.2.2 Tariff and charge amount on OB&HGV charging in Belgium)

O
Belgium HGV charging, the ex1st1ng charge amount and the cumulative charge amount of t
played together with the travel ce on the display of the OBE.
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% Figure B.3 — Tariff and charge amount on OBE (HGV charging in Belgium)

he day are

B.2.3 Express lane in USA

In the US HOV lane, charging amount for each destination is displayed on the roadside display board
together with the guaranteed traveling time.
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Higure B.4 — Tariff and driving time on message sigh (I-91 Express lane in USA)
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Annex C
(informative)

Comparison of communication technologies

C.1

General

For EFC communication technology, short range communication and cellular communigation
anfl comparison between existing communication technology and emerging communication t
is dlone respectively.

C.2 Short-range communication

Bekides DSRC and WAVE developed as road-to-vehicle communication for ITS, RFID dev
a thedium to replace the bar code of the supply chain and Bluetooth-and ZigBee developed|

ter
Ww§€

minal communication are available for short-range communication. Since Bluetooth a
re originally developed for low-speed movement or fixed te€eminal-to-terminal communic

diffficult to use for vehicles moving at high speed.

are used,
bchnology

eloped as
for inter-
hd ZigBee
ation, it is
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