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Foreword

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

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

Electronic fee collection (EFC) systems have been introduced in many countries where collected revenue is
mostly used for funding the construction or maintenance of roads. EFC is also used for traffic management
to reduce congestion in urban areas, such as London and Stockholm, since tolling is closely related to travel
demand elasticity.

Traffic management is becoming more important as a tool used for reduction of congestion and emissions
control in urban areas. EFC schemes such as the smart route selection and managed lanes are some of the
key EFC applications used to support traffic management.

This doc

— Data

— The

implementations are in conformity with this document, is provided in Annex B;

— Ann

— Exar

— Ann

— Ann
syst

— Ann

Annex D presents a new method for traffic management, called star't route selection, in w

Annex E presents the Electronic Road Pricing scheme in Singapore;

Annex F presents managed lanes including services known as high occupancy vehicle (H(

Annex G presents the dynamic pricing schemeéto improve the environment in Japan;

T T COoO OOt T TOTO WY T 5 T T T e 2T

type specifications are given in Annex A;

implementation conformance statement proforma, to be completed by suppliers that cld

bx C specifies the procedures for data exchange, in accordance with the referenced standar

hples of EFC used for traffic management in other countries:

Will be used for selecting a route in the Tokyo metropolitan areato divert traffic out of cent
bf the metropolitan area;

hnd high occupancy tolls (HOT) on interstate freeways in the USA;

px H shows the data flow model of EFC support for traffic management;

bx | provides examples of data flows between components of EFC and road traffic man
PIms;

bx | explains principles and€onsiderations of privacy and quality of data.

1im their

ds;
hich EFC

ral parts

V) lanes

agement
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Technical Specification

ISO/TS 21192:2024(en)

Electronic fee collection — Support for traffic management

1 Scope

This document identifies the architecture of a toll system environment in which a toll charger (TC) can act

to suppo

rt traffic management with the use of a tariff scheme.

This doc
— thed
— astg

— ane

The detafiled definitions of mandatory and optional elements inreal implementation are outside the

this docu

iment defines:

rchitecture relevant to the scope of this document;

ndard framework and data flow model;

kchange of information between a TC and a road and traffic manager (RTM),'e.g.:
evel of service (LOS);

rariff scheme;

Hata which is needed to support traffic management (vehicléprobe and traffic flow data).

ment. This document does not define communication stacks or timings.

2 Normative references

The following documents are referred to in the textin such a way that some or all of their content co
requirenpents of this document. For dated references, only the edition cited applies. For undated re|

the lates
ISO/FDIS

ISO 1482
control s

ISO 148
informat
(ITS) usif

1SO 2283
1SO/TS 1

F edition of the referenced document\(including any amendments) applies.
128551, Electronic fee collection=- Information exchange between service provision and toll

7-2, Intelligent transport systems — Data interfaces between centres for transport informd
hstems — Part 2: AP-DATEX

7-3, Transport information and control systems — Data interfaces between centres for
on and control systems — Part 3: Data interfaces between centres for intelligent transpo
g XML (Profile’4y)

7:20009, Vehicle probe data for wide area communications

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

scope of

nstitutes
ferences,

charging

ition and

ransport
't sytems

cabulary

ISO 1757

33) Electronic fee collection — System architecture for vehicle-related tolling — Part 3: Data d

ictionary

3 Terms and definitions

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

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

1) Unde

r revision. Stage at the date of publication: ISO/FDIS 12855:2024.

© IS0 2024 - All rights reserved
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— IEC Electropedia: available at https://www.electropedia.org/

3.1

level of service

LOS

rating of the quality of transportation facilities and services from the user perspective, with reference to
speed, convenience and comfort, to evaluate problems and potential solutions

4 Abbreviated terms

EFC Electronic Fee Collection
OBE On-Board Equipment

LOS Level of Service

RSE Roadside Equipment
RTM Road and Traffic Manager
TC Toll Charger

5 Architectural concepts and information exchanges

5.1 Gedneral

This clapise specifies the role model of EFC support forgtraffic management in terms of its roles and
relationghip with EFC and traffic management related xoles. The information exchanges needed|by a toll
charger (TC) and an RTM to perform their roles are dese¢ribed in this clause.

5.2 Rdle model

ISO 17573-1 defines four main roles in theélectronic fee collection domain. Figure 1 shows the rdle model
expandefl with one role with supportifor traffic management. Interactions between the marjagement
role of rpad and traffic operation envirenment and the charging role of the tolling environment |are both
managerpent and operational informiation flows, e.g. information flows regarding setting a tariff sqheme, or
daily opgration of the tolling.

The main purpose of the role- Management of road and traffic operation environment is to manage foad and
traffic operation environmeiit, by defining and maintaining the set of rules. that define the policy [of traffic
managerpent. It should b& noted that the role for traffic management is part of the traffic marjagement
domain. Hence, this. decument describes the interface between the two domains, see Figure 1.

The resplonsibilities of the role allocated to the traffic management domain include:

— definition of the level of service (LOS), including required transport performance which is ap;rropriate
for alregional transportation network;

— provision of road usage data, including transit data to identify vehicle movements and usage of the road
infrastructure and to calculate the relevant tolls;

— operation of travel demand model, including definition of a new tariff scheme to improve traffic
management.

© IS0 2024 - All rights reserved
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5.3 Data flow model

The TC nfeeds to establish and maintain close contact with the relevait RTM to use a tariff scheme f]
managerhent. In Figure 2, the data flow model for EFC support fortpaffic management is shown w
which plays an important role for traffic management in a region. The corresponding data floj
document is shown in the double line arrows between TC and-RTM.

The taskp and responsibilities of TC and RTM to supporttraffic management are as follows.

ISO/TS 21192:2024(en)

Management of the
Toll Charging
environment

Management of Road
& Traffic Operation
environment

Traffic
management
domain

Provision of the Toll

service

Electronic \
fee

collection

domain

Use of the service

Figure 1 — Role model in EFC domain to support traffic management domain

RTM is responsible for road transport network operation, including monitoring of the level of
servjce. RTM defines the LOS and sets transport performance requirements, based on the
trangport policy and traffic status, and sends-them to TC.

TC dperates a tariff scheme, based onthe transport performance requirements to optimizé
revepue and the LOS, and provides itto RTM. TC calculates and charges the toll and provides
toll-relevant information to RTM:

RTM monitors the LOS by usingvehicle probe and traffic flow data. RTM provides real time toll
infofmation to the users thxotgh the roadside information equipment, on-board equipment (OB
navigation devices, or web pages. RTM provides the road usage data required for tolling upoj

or traffic
ith RTM,
w of this

ransport
regional

b the toll
real time

trelevant
F),in-car
| request

ew tariff

necessary.
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A

Toll Service Provider

Key

(Back office system)
A
I- _________ 1
I . |
I Road & Traffic Manager |
| (Back office system) |
1 | - Level of Service
= = = — — — — — — —Travel demand model
- Road usage data
- Tariff scheme
L - Real time toll info. L
RSE
\ (Chatging and < Toll Charger
\ Probing)) (Baekoffice system)
S~

_——> scope of this document

A detaile

54 In

The info
scheme,

The first
LOSto T

The secd
the toll t
collected
scheme U

Figure 2 — Data flow model

d presentation of the data flow model for EFC supp@rt to traffic management is provided in Annex H.

formation exchanges between TC and RTM

'mation exchanges between TC and RTM, to support the traffic management with the uge of EFC
thall follow the order of the exchanges-described in Figure 3.

step is to define the LOS by RTM._RTM shall send a performance request based on definition of the
C. TC shall incorporate the LOS requirements in tariff scheme and provide it to RTM.

nd step is to levy the toll~The real time toll information shall be provided to RTM upon levying
b disseminate necessarytolling information to the road users. RTM shall provide road ugage data
from OBE as vehicle probe data to TC. The probe data is the vehicle data (with time-stamped in the
nique identifiers)that is used to determine traffic conditions, and to measure the vehicle’s progress

through

the network. Thisiincludes route information, starts and stops, current position and speed gnd other

informann (e.g. heading, speed changes and snapshots of recent events) that can be used to estimate traffic

conditio
TC, wher

The thir

s. TC cadculates the tolls of individual vehicles. The vehicle probe data can also be transiitted to
e TC may calculate the tolls even when the road usage data cannot be collected.

i step is to run the travel demand model and evaluate the tariff scheme. When the tariff gcheme is

found to'

y runnlng

the demand model RTM shall request TC to evaluate and set a new tarlff scheme (See 1nformat1ve Annex |

for more

detailed information on data flows between RSE and OBE).

© IS0 2024 - All rights reserved
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Road and traffic manager

level of service (see 6.2)

Set tariff scheme based on

% N
N\ d
Levy toll (see 6.3)

% N
A d
Set tariff scheme based on travel
demand model (see 6.4)

Y N
N\ d

Toll charger

6 Gerneral requirements for data exchange

6.1 Gdneral

and tolli
are req

Data to‘}e exchanged for traffic management is categorized as traffic flow.related, traffic inciden

Figure 3 — Information exchanges between TC and RTM

g-related data. The purposes of the data are shown in Tablec1)>together with the tern
ired to evaluate the performance of traffic management. Thé performance measures, W
required to set and evaluate the tariff scheme for supporting trafficnianagement, should be categor

t-related
ns which
rhich are
ized into

congestipn management, tolling, safety, monitoring environmeinital' impact, monitoring goods mpvement,
and total management.
Table 1 — Exchanging data for traffic management purposes
. ‘}@affic management purpose
Exfhanging data Congestion Tolliné\ Safety Monitoring Monitoring Tptal
management \0 environmental goods manggement
AN~ impact movement
Traffic speed 4 v v v v v
Traffic vglume v v v
Traffic d¢nsity s v
Vehicle t_/pe/. - v v v v v
fleet confposition
Traffic incident data v v
Toll data|(revenues v v
and trangactions)

The intefface specifications of traffic management domain and EFC domain shall refer to ISO 148
[SO 14827-3 féptraffic management and ISO 12855 for EFC, respectively. The interface between RT
is specif1ed by referring to data exchange procedure in ISO 12855, ISO 14827-2 and ISO 14827-3.

27-2 and
M and TC

The specifications of the ASN.1 data types, relating to the data elements described in Clause 6, shall be in

accordance with Annex A.

To facilitate reading, the following conventions are adopted in this document:

a) the ASN.1 data elements are written with a lower case first letter using courier New font;

b) the corresponding ASN.1 data types are written with an upper case first letter using courier New font.

This document allows the implementer to define suitable protocol procedures such as basic interaction,
protocol mechanism, and choice of transfer protocol. The implementation conformance statement proforma

© IS0 2024 - All rights reserved
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provided in Annex B shall be used by a supplier claiming that its implementation is in conformity with this
document.

The reference interface specification based on these standards is shown in Annex C. This document defines
the data attributes as application data units (ADUs) for EFC supporting traffic management. The data
exchanges shall be in accordance with Annex C.

The description of data message in Clause 6 is ADU based on ISO 12855. Basic transaction flow including
ackapu is described in ISO 12855:—, Clause 6.

The following basic data attributes are described in 6.2 to 6.4:

— LOS;

— tarif
— real
— road
— new
The follo

— Ann

bx E presents an example of an electronic road pricing schemg;

bx G presents an example of an emission control scheme, based on the usage of transit dataj;

— Ann
syst

Typical ¢
Annex H

6.2 Trn

6.2.1 (

LevelOfd
scheme

For eacl
TariffSq
correspd

f scheme;

time toll information;

usage data;

tariff scheme request.

wing annexes provide examples of EFC supported traffic management)

bx D presents an example of a smart route selection scheme;

bx F presents managed lanes in the USA;

bx | provides examples of data flows betweenn components of EFC and road traffic man
PIms.

lata flows using messages described 6.2 to 6.4 between RTM, RSE, OBE and TC are s

hnsaction: Set tariff scheme based on LOS

Dverview

ervice and TariffS¢eme are exchanged between the RTM and TC for setting and revis
ased on LOS as shown in Figure 4.

correct LéyelofserviceAadu the RTM sends, the TC shall respond with one corre
hemeadu,~For each correct Tariffschemeadu the TC sends, the RTM shall respond Y
nding and’positive ackadu. Any incorrect ADU shall respond with a negative ackadu.

b

agement

hown in

ng tariff

sponding
vith one

© IS0 2024 - All rights reserved
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Define the target of Level of
service. e.g. minimum traffic speed
and maximum travel time.
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Road and Traffic manager |

LevelOfServiceAdu

| Toll Charger

TariffSchemeAdu

AckAdu

Receive the target of minimum traffic
speed and maximum travel time.
Revise Tariff scheme to improve the
traffic speed

6.2.2

LOS, the

In case

Confirm updated tariff scheme

Message: LevelOfServiceAdu

related tp traffic densities and the LOS.

The sem

hntics are defined in Table 2.

Table 2 — Semantic definitions for‘data type LevelofServiceadu

Figure 4 — Sequence diagram of LevelofService and TariffScheie

rating of the quality of transportation facilities and services from the user perspective
major roje in evaluation of the transportation system (see Annex A, LeyélOfService for syntax deg
f basic motorway sections, the LOS should be based on traffic density. Speed and flow

, plays a
finition).

are also

Datalelement

Type

.\Q)“Semantic definition

Informative remarks

UTF8String (SIZE (1))

between implementors.

userInf¢rmation UTF8String (SIZE (1..255)) Ahuman readable message from
RTM about target trafficStatus,
TravelSpeed and TravelTime.
traffic$tatus TrafficStatus ::= A classification agreed bilaterally |Data source is roadside vehicle de-

tector, closed-circuit teley

EXAMPLE Highway Capadity Man-
ual [13] defines six levels df service,
A through
F, with A being the highesf LOS and

designated by the letters

F the lowest.

ision.

minimumTpafficSpeed

MinimumItrafficSpeed ::=
Vehi'eTDeSpeed VehicleSpeed

Minimum target vehicle speed on
average on a certain road meas-

Data source is roadside vd
detector.

hicle

S REAL ured in km/h. velocity(m/s) is used in 140 22837.
maximumfravelTime \(MdximumTravelTime: :=REAL |A time interval in seconds. Data source is probe data] Automat-
Maximum travel time on average |iclicence Plate Recognitign.
on a certain route
6.2.3 Message: TariffSchemeAdu

A tariff scheme, i.e. the set of rules to determine the toll, shall be determined to optimize the toll revenue and
the LOS for suitable traffic management (in accordance with Annex A, TariffScheme for syntax definition).
The tariff scheme shall be classified into three schemes:

fixed toll;

— dynamic toll;

— combination type of both fixed toll and dynamic toll;

© IS0 2024 - All rights reserved
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The fixed toll scheme, applied according to a predefined tariff scheme, is usually expressed as the form
of the tables with the data of the toll based on the route, time of day, day of week, vehicle class, and user
class. The dynamic toll scheme is expressed as the toll adjusted in real time in response to the actual traffic
situation or other external actual conditions. The dynamic toll is determined by considering both the basic
toll and the traffic management. In case of the combination type of both fixed and dynamic tolls, the toll is
determined with the statistics of the traffic flow of the week or seasonal changes.

The semantics are defined in Tables 3 to 7.

Table 3 — Semantic definitions for data type TariffschemeaAdu

dynamic.

Data sources.F€ (Travel demand model, toll
model), traffie’statistics.

Data element Data type Semantic Definition Informative remarks
userInfoymation UTF8String (SIZE (0..255)) |A human readable message
from RTM about tariff scheme.
fixedToll FixedToll See Table 4 Fixed toll is a toll based on route, time‘ofiday, flay of week,
vehicle class, user class (e.g. number ofpassengers)
Data source is TC (Travel demand model), trafflic statistics.
dynamicTqll DynamicToll See Table 6 Dynamic toll is a toll based,on status of traffic flow.
Data source is TC (Travéldemand model, toll jgomputation
model), traffic statisgics.
combinatijonOfToll CombinationOfToll See Table 7 Combination of tolls iS a toll combined by both fixed and

omputation

Table 4 — Semantic definitions for datatype FixedToll

Dafta element Data type \\\( Semantic definition
tollBaspdOnRoute TollBasedOnRoute Indicator of tariff table with trip route of the yehicle.
Sée'Table 5.
timeOfDpy TimeCompact Imported from ISO 17573-3
dayOfWepk Weekday Imported from ISO 17573-3
vehicleflass VehicleClass Imported from ISO 17573-3
userClaps DriverCharacterisgics Imported from ISO 17573-3
Table 5 — Values and semantics for data type Tol1BasedonRoute
Name Semantics Value
Disablefl The route-based tariff table is disabled. 0
Active The route-based tariff table is active. 1
Values reserved for future CEN and ISO use 2|.127
Values reserved for private use 1P8..255

Table 6 — Semantic definitions for data type bynamicToll

Data type

Semantic definition

statusO

Dplf}e‘lement

££ 2 hn|
= T

S o
=a—ieaos

OFf ££
+

ini|
==

- =+ A

(

INTEGER

o

0..511)

+ i

A loial L1 Ll 4
Average venicre speca (KM 1 otrcet tain roads

© IS0 2024 - All rights reserved
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Table 7 — Semantic definitions for data type combination0fToll

Data element Data type Semantic definition

tollBasedOnRoute TollBasedOnRoute Indicator of tariff table with trip route of the vehicle.
1is active, 0 is disable.

timeOfDay TimeCompact Imported from ISO 17573-3
dayOfWeek Weekday Imported from ISO 17573-3
vehicleClass VehicleClass
userClass IntlUnsigned Imported from ISO 17573-3
statusOfTrafficFlow StatusOfTrafficFlow ::= Average vehicle speed [km/h] on certain roads

INTEGER (0..511)

6.3 Trpnsaction: Levy toll

6.3.1 OQverview

RealTimdTollInformation is provided by TC to RTM for displaying real-time toll information text|on VMS,
in-vehiclp device, or OBE. RoadUsageData is provided by RTM to TC for analysing traffic conditions and
updating tariff schemes. These data exchanges are shown in Figure 5 and perfermed in parallel.

For each|correct RealTimeTollInformationAdu the TC sends, the RTM shall\réspond with one corre$ponding
Ackadu. Hor each correct RoadUusagepataadu the RTM sends, the TC shall respond with one corresponding and
positive hckadu. Any incorrect ADU shall be replied to with a negative@ckadu.

| Road and Traffic manager | | Toll Charger |

Generate a text and related data for
informing to driver via VMS and to

RealTimeTolllnformationAdu vehicle via OBE.
AckAdu
Display received toll information
text and related data on VMS
and/or send these to OBE via
DSRC where in front of certain
road and route.
(in parallel)

Collect vehicle sensing data on
certain road and route.

e.g. vehicle class, traffi¢volume,
vehicle speed and transit data of RoadUsageDataAdu
certain vehicle.

AckAdu

Store received data for analyzing
traffic condition and updating tariff
scheme.

Figure 5 — Sequence diagram of RealTimeTollImformation and RoadUsageData

6.3.2 Message: RealTimeTollInformationAdu

In case of the fixed toll scheme, RTM and the users only need the toll table to find the toll at the present time.
However, in the case of the dynamic toll and the combination toll types, real time toll information, which is
displayed on variable message signs, in-car navigation devices, or web pages for the users, shall be sent to
RTM (see Annex A, RealTimeTollInformation for syntax definition).

The semantics is defined in Tables 8 to 10.

© IS0 2024 - All rights reserved
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Table 8 — Semantic definitions for data type RealTimeTollInformationAdu

Data element Data type Semantic definition Informative remarks
userInformation UTF8String (SIZE (0..255)) A human readable mes-
sage from RTM about
Real-time Toll Infor-
mation.
tollTable TollTable See Table 9 Data source is TC.
realTimeToll RealTimeToll See Table 10 Data source is RTM (status

of traffic flow), TC (toll by

vehicle class).

Table 9 — Semantic definitions for data type Tol1Table

p T, .
Data element Data type Semantic ,D\e(flmtlom

tollByVkhicleClass VehicleClass Vehicle class infotmation

Route Layout Road route information
Imported fromr ISO 12855

timeOfDpy Time Time infermation of the day fo iden-
tify the)time-zone (startTime and
en@Time).

startTimpeOfDay GeneralizedTime (OPTIONAL) Start time of time-zone information of
the day.

endTimepfDay GeneralizedTime (OPTIONAL) End time of time-zone infornjation of
the day.

dayOfWepk Weekday Day information of week to identify
the day of calendar.
Imported from 1SO 17573-3

startDalyOfWeek GeneralizedTimesOPTIONAL) Start day of period in the wegk.

endDayOfWeek GeneralizedT4ame (OPTIONAL) End day of period in the week.

Table 10 — Semantic definitions for data type RealTimeToll

\J

Data element . Data type Semantic definition
statusOfTrafficFlow StatusOfTrafficFlow ::= Average vehicle Speed [km/hl] on
TNTEGER (0..511) certain roads
CertainRoutesOfRoadnetwork Layout Road link ID as route spot to Histin-
guish certain vehicle trip rouftes
tollByVkhicleClass VehicleClass Vehicle class information
6.3.3 Message: RoadUsageDataAdu
Road usdge data; necessary to calculate the toll, is required for TC with two different types of data. Pne shall
be traffi¢ flow 'data which is used for accumulating a toll amount by hour, day, week, and year, and the other
one shal] be’transit data which is used to determine the toll of individual vehicles where the toll gcheme is

based on the vehicle’s driven routes, sections, or areas (see Annex A, RoadUsageData for syntax definition).
The vehiclespeed shall be in accordance with ISO 22837.

The semantics is defined in Tables 11 to 13.
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10


https://standardsiso.com/api/?name=08721a73053e39e47e6928c80d593491

ISO/TS 21192:2024(en)

Table 11 — Semantic definitions for data type RoadUsageDataAdu

Data element Data type Semantic definition Informative remarks
userInformation UTF8String (SIZE (0..255)) |Ahumanreadable message from RTM
about road usage data.
trafficFlowData TrafficFlowData See Table 12 Data source is roadside vehicle

detector, closed-circuit televi-
sion, probe data.

transitDataOfVehicles

TransitDataOfVehicles

See Table 13 Data source is probe data.

Table 12 — Semantic definitions for data type TrafficFlowData

Dataetement | Datatype Sermmantic definition N
vehicleflass VehicleClass Vehicle class of certain vehicle
trafficfolume INTEGER Average traffic volume [vehicle/h] on certainToads
averageppeed VehicleSpeed Average vehicle speed [km/h] on certdin roads
trafficpensity INTEGER Traffic density [vehicle/km] on certain roads

Table 13 — Semantic definitions for data type TransitbDataOfVehicles

Data element Data type @fmtic definition
TransitpataOfvehicles tripRoute ::= Layout |Road link ID-ds route spot to distinguish certain
vehicle trip routes
6.4 Transaction: Set tariff scheme based on travel demand model

6.4.1 OQverview

TariffSsq
based on

For each
TariffSdq
correspd

Road and Traffic'manager |

of road network

Investigate traffic condition.
e.g.traffic density, congestion}
incident and environmentimpact

TariffSchemeRequestAdu

hemeRequest and TariffScheme are exchanged between the RTM and TC for revising tarifff scheme
recent traffic conditions as shown in Figure 6.

correct TariffSchemeRequestaDU the RTM sends, the TC shall respond with one corresponding
hemeAdu. For each correct TariffSc¢hemeadu the TC sends, the RTM shall respond yith one
nding and positive ackapu. Any ingorrect ADU shall respond with a negative ackadu.

| Toll Charger |

TariffSchemeAdu

Receive traffic problem data to
improve.

Revise Tariff scheme to improve
informed traffic conditions.

AckAdu

Confirm updated tariff scheme

Figure 6 — Sequence diagram of TariffSchemeRequest and TariffScheme

6.4.2 Message: TariffSchemeRequestadu

It is important for RTMs to pursue optimal traffic management based on various factors since it often
occurs that the traffic patterns and the types and environmental performances of vehicles change as

© IS0 2024 - All rights reserved

11


https://standardsiso.com/api/?name=08721a73053e39e47e6928c80d593491

ISO/TS 21192:2024(en)

economic and social conditions vary (such as the ratio of the electric vehicles). RTM should use factors of
unbalanced density of transportation network, unfavourable congestion, unexpected increase of incidents,
and unfavourable environmental impact upon requesting a new tariff scheme (see Annex A, TariffScheme
for syntax definition).

The semantics is defined in Tables 14 to 18.

Table 14 — Semantic definitions for data type TariffSchemeRequestadu

Data element Data type Semantic definition Informative remarks
userInformation UTF8String (SIZE(0..255)) A human readable message from RTM
about Traffic Scheme Request
unbalancefDENSITYOUL TTaNSpOrta [ UNDa I aNCE0DENS I CYOL I Tansporta [ See 1abie 15 Data source 1s roadside veljicle detec-
tionNetwolk tionNetwork tor, probe data.
unfavourapleCongestion UnfavourableCongestion See Table 16 Data source is roadside/velficle detec-

tor, probe data.

unexpectefiincreaseOfIncidents |UnexpectedIncreaseOfIncidents |See Table 17 Data source.is TC, RTM, Police agency.

unfavouraljleEnvironmentalImpact |UnfavourableEnvironmentalImpact |See Table 18 Data soureefs roadside veljicle detec-
tor, probe data, Pollution ldvel sensor.

T;1ble 15 — Semantic definitions for data type unbalanceddensityOfTfansportationNetwdrk

Dafta element Data type Serq@(c definition
trafficyolumes INTEGER Average traffic volume [vehicle/h] on certain roads
averageppeed VehicleSpeed Average vehicle-Sgeed [km/h] on certain roads
trafficpensity INTEGER Traffic density [Vehicle/km)] on certain roads
Table 16 — Semantic definitions for data type unfavourableCongestion
Data element k\\}Data type Semantic definitign
trafficfolumes INTEGER Average traffic volume [vehicle/h]
on certain roads
averageppeed VehicleSpeed Average vehicle speed [kn]/h] on
certain roads
trafficpensity INTEGER Traffic density [vehicle/km] on cer-
tain roads
speedChpngeBetweenCertainSect on VehicleSpeed Vehicle speed difference between
start point and end point df certain
road sections

Table 17 —Semantic definitions for data type UnexpectedIncreaseOfIncidents

Data elemer‘t,s Data type Semantic definition
numberOfIncidefts INTEGER Number of incidents on certain roads per year

© IS0 2024 - All rights reserved
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Table 18 — Semantic definitions for data type unfavourableEnvironmentalImpact

Data element Data type Semantic definition

trafficVolumes INTEGER Average traffic volume [vehicle/h]

on certain roads

average

Speed VehicleSpeed Average vehicle speed [km/h] on

certain roads

Noise

Indicator of noise level

INTEGER Average dB on certain roads

atmosph

ericEnvironment INTEGER ppm (parts per million)/day on

certain roads

Liads s £ DN ral Fal
TITUTCAaCUT UT T IVD, ITU X, SUKX

in air

airpPoll

hters UTF8String (SIZE (0..255)) A human readable nmiess
RTM about measuredair p
such as particulate’ matf
ozone (03), nifrogen diox
and sulphur dioxide (sOx)

hge from
ollutants
er (PM),
de (nOx)

6.4.3 Message: TariffSchemeAdu

The resgonse to the request of new tariff scheme is replacement information for current tariff
Thereforle, message of Tariffschemeadu as new tariff scheme shall be the same message and

definitio

6.5 Prjvacy and quality of data

The info

collected data is used to measure vehicle’s progress throtugh the network, e.g. current positio

heading
used to i

way that{protects the privacy of the individual that\can be identified.

Another
system.
identifyi

supportdd by EFC.

The ITS
The info
flow con|
the serv
related t|
chain of

confider;[iality and)accountability.

The det

hs with Tariffschemeaduy, defined in 6.2.3, response to the request of Levelofserviceadu.

fmation flow of vehicle probe data is a crucial flow” of information in traffic managen

and snapshots of recent events, that can be used to estimate traffic conditions. This dat
entify an individual and is then by definition,personal information (PI) that has to be man

crucial flow of information is the traffic flow data collected and handled by the roadside
Pata that is unique for each vehicle; e.g. OBE and vehicle licence plate number, may be
hg an individual. Privacy should.be considered in the design and operation of Traffic Man

fmation is used for pptimising the use of the road network. This implies monitoring t
ditions and controlling the traffic flows by means of pricing the road use. The user accej
ce is closely related to the quality and efficiency of the ITS service, and quality and effi
p the quality.of the traffic flow information that is collected. This implies that the compl
information¢low should ensure the data quality parameters availability, integrity, aut

ils of privacy and quality of data are discussed in Annex J.

scheme.
semantic

ent. The
h, speed,
a can be
aged in a

ITS sub-
used for
agement

service, Traffic Management supported by EFC, is based on information on traffic flow C(deitions.

e traffic
btance of
ciency is
pte value
henticity,
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Annex A
(normative)

Data type specification

The EFC data types and associated coding related to the EFC data elements, described in Clause 6, are defined
using the Abstract Syntax Notation One (ASN.1) technique according to ISO/IEC 8824-1. The unaligned

packed e

ncoding rules according to ISO/IEC 8825-2 are applied.

The AS
minorVe

The actu

which cajn be directly imported in an ASN.1 compiler. This file is available for downloadwia https://s

.iso.org/

N.1 module is identified by the object identifier {iso(1) standard(0) 21192( el
Fsion1(1)}.

al ASN.1 module is contained in the attached file “IS021192 EfcSupportTraffieManagem

sion2(2)

bnt V2.1”
fandards

so/ts/21192.

The synt

Table A.
verify th

e integrity of the referenced files. The SHA-256 algorithm is§pecified in NIST 180-4.17]

Table A.1 — SHA-256 cryptographic hash digests

ax and semantics of the data types in the ASN.1 types in the above-mentioned file that is imported
shall conpply with ISO 17573-3, respectively.

| provides the SHA-256 cryptographic hash digests for the referenced files, offering a means to

File Name SHA-256 cryptographic hash digest

1S021197

EfcSupportTrafficManagement V2.1 d18071c1b700ef29988d7090d2b50d64d2b8ac-
4412413f0857ab7f27178b40fc

[t is imp
availabld

brtant to be aware that pasting the textof the file into one of the hash digest computati
on the web can result in a non-matching hash digest due to changes in the underlying cod

pn pages
ng.
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Annex B
(normative)

Implementation conformance statement proforma

B.1 General

To evalupte the conformance of a particular implementation, it is necessary to have a statemen
capabilities and options that have been implemented. This is called an implementation.con

stateme

This annl
are to be

B.2 Pu

The purp
media de

The ICS i
— iden
— iden
— glob
— ICSt

B.3 In

B.3.1 I
A capabi

— gend
that

— intey

A protod
certain d

t (ICS).

ex presents the pro forma to be used for the attributes defined in Annex A, with/ICS templ
filled in by equipment suppliers.

Irpose and structure

ose of this ICS is to provide a mechanism whereby a supplier of an fmplementation of the att
fined in this document can provide information about the implementation in a standardised

s subdivided as follows:
Lification of the implementation;
Lification of the protocol;

hl statement of conformance;

ables.

struction for completing ICS

Definition of support
ity is said to be supported if the implementation under test (IUT) can:

rate the corresponding operation parameters (either automatically or because the end user
capability explicitly),

pret, handle-and, when required, make available to the end user the corresponding error ¢

ol element is said to be supported for a sending implementation if it is able to generate
ircdimistances (either automatically or because the end user requires relevant services exp

‘j of those

ormance

ates that

ribute in
manner.

requires

r result.

it under
licitly).

A protoc

19 o TR TR | 1 c CI - 1 s Loy - P T
I CICIIICIIL 15 5410 L0 DC SUpPpoOrtc 101 4 I'cCCIviIilg HITPITHICIILAUOIN T IU IS COITTElLly HILCT PI

handled and, when appropriate, made available to the end user.

B.3.2 Status column

This column indicates the level of support required for conformance. Values in this column are:

m mandatory support is required;
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0 optional supportis permitted for conformance to this document. If implemented, it shall conform to the
specifications and restrictions contained in the standard. These restrictions may affect the optionality
of other items;

c the item is conditional (support of the capability is subject to a predicate);

- the item is not applicable;

i the item is outside the scope of this ICS.

In the ICS tables, every leading item marked “m” shall be supported by the IUT. Sub-items marked “m” shall
be supported if the corresponding leading item is supported by the IUT.

B.3.3 §

This colu
each iten

Y Ye
N Nd
- th

All entri
crossing
All such

B.3.4 1

Each ling
edge of t
details v

The mea

upport column

Imn shall be completed by the supplier or implementer to indicate the level of iniplemen
. The proforma has been designed such that values required are the following;

5, the item has been implemented;
, the item has not been implemented;
 item is not applicable.

ps within the ICS pro forma shall be made in ink. Alteratidns to such entries shall be
hlterations to records shall be initialled by the person who made them.

tem reference numbers

hs of referencing individual responses is done in the following sequence:

a) a reI)rence to the smallest individual response enclosing the relevant item;

b) aso

c) theq

dus character (“/");

eference number ofthe row in which the response appears;

tation of

imade by

out, not by erasing or making the original entry illegible;'and by writing the new entry aJongside.

within the ICS which requires that implementation details be entered is numbered at the left- hand
he line. This numbering is included as a mean of uniquely identifying all possible implenjentation
ithin the ICS. This referencing is usedyboth inside the ICS, and for references from ofther test
specification documents.

d) if, anpd only if, more than one response occurs in the row identified by the reference number, implicit

labe
seqU

B.4 IC

ling of each“possible entry as “a”, “b”, “c”, etc., from left to right, with this letter append
ence.

Sproforma tables

bd to the

B4.1 1

dentification of the implementation

The following proforma (Table B.1 to Table B.11) shall be used to identify the implementation on TC side.

Table B.1 — Identification of ICS

Item no. Question Response

Date of statement (YYYY/MM/DD)

ICS serial number

System conformance statement cross-reference
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Table B.2 — Identification of the implementation or system or both

ment

Item no. Question Response
Common service right provider name
Version number
Other information
Table B.3 — Identification of the media supplier
Item no. Question Response
1 Organization name
2 Contact name(s)
3 Address
4 Telephone number
5 E-mail address
6 Other information
Table B.4 — Identification of the media
Item no. Question Response
1 Brand name
2 Type, version
3 Manufacturer ID
4 Serial numbers of supplied units
5 Other information
Table B.5 — Identification of the document
Item no. Question Response
1 Title, reference no., publication date of the docu-

Document edition number

Other information

B.4.2 ICS proforma tables

This par

data exchange betweeinRTM and TC.

Table B.6 — Application Data Units (ADUs)

L of the ICS identifies the supported application context, communication services and attr

ibutes in

Item nd. Element Reference Status Support
1 LevelOfServiceAdu 6.2.2 0
2 TariffSchemeAdu 6.2.3 0]
3 RealTimeTollInformationAdu 6.3.2 o]
4 RoadUsageDataAdu 6.3.3 0
5 TariffSchemeRequestAdu 6.4.2 o]
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Table B.7 — Data requirements regarding LOS

Item no. Element Reference Status Support
1 userInformation 6.2.2 0
2 trafficStatus 6.2.2 0
3 minimumTrafficSpeed 6.2.2 0
4 maximumTravelTime 6.2.2 0
Table B.8 — Data requirements regarding Tariff scheme
Item no. Element Reference Status Support
1 userInformation 6.2.3 0
2 fixedToll 6.2.3 o
3 dynamicToll 6.2.3 o
4 combinationOfToll 6.2.3 0
Table B.9 — Data requirements regarding Real time toll inféormation
Item np. Element Reference Status Support
userInformation 6.3.2 (o]
tollTable (In case of fixed 6.3.2 0
toll)
3 realTimeToll (In case of 6.3.2 0
dynamic toll, or combination
of fixed and dynamic toll)
Table B.10 — Data requirements regarding Road usage data
Item ng. Element Reference Status Support
userInformation 6.3.3 0
trafficFlowData 6.3.3 0
transitDataOfVehicle 6.3.3 0
Table B.11 — Data requirements regarding Tariff scheme request
Item Element Reference Status Support
no.
1 YserInformation 6.4.2 0
2 YnbalancedD€nsYtyOfTransportationNetwork 6.4.2
3 ynfavourableCongestion 6.4.2 o
4 YnexpectedIncreaseOfIncidents 6.4.2 0
5 YynfawourableEnvironmentalImpact 6.4.2 0
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Annex C
(normative)

Reference standards for data exchange

C.1 General

The dat3d exchange procedures of data attribute defined in Clause 6 are explained in this anrex. Data

exchange is performed between RTM and TC in reference to the relating standard I1SO 12855 fof EF

" and the

ISO 14827 series for traffic management. The data attributes that are exchanged as application-intejrface are

defined i

The relaf
1SO 1482

C.2 Dg

The inte
explaine

The basi
— Basi
— Basi
Data atty
15021197

in

in

}

Clause 6.

7 series are explained in the following subclause.

d in ISO 12855.

C interaction protocol;

C protocol mechanisms.

FoExchangeAuthenticator

ita exchange procedure based on ISO 12855

C interface procedure for Information exchange is described as follows in ISO 12855.

ibutes described in Clause 6 are transferred by 1s021192adus.
InfoExchange ::= SEQUENCE {
FoExchangeContent Iso21192InfoExchangeContent,

ApduAuthenticator OPTIONAL

ions between attribute data and data unit in application interface in the casé.of ISO 1285% and the

rface definition of data exchange between TC and toll service provider with ASN.1 format is

Iso21194InfoExchangeCdntent ::= SEQUENCE {
Ap¢i ApciFields, -- Header
Adys Is021192Adus
}

Is021194Adds .= CHQICE ¢
requestAdus [1] SEQUENCE OF RequestADU,
ackAdus [2] SEQUENCE OF AckADU,
levelOfService [3] SEQUENCE OF LevelOfService,
tariffScheme [4] SEQUENCE OF TariffScheme
realTimeTollInformation [5] SEQUENCE OF RealTimeTollInformation
roadUsageData [6] SEQUENCE OF RoadUsageData
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tariffSchemeRequest [7] SEQUENCE OF TariffSchemeRequest

}

C.3 Data exchange procedure based on the ISO 14827 series

The interface definition of end-application messages within centres in transport information and control
system (TICS) is explained in the ISO 14827 series. This interface is defined using ASN.1 in ISO 14827-2 and
is specified using “XML message as a basic requirement” in ISO 14827-3.

The interface procedure for Information exchange is as per ISO 14827-2. Data structures are specified in
ASN.1 by 1SO 14827-2

Data attifibutes described in Clause 6 are transferred by 1s021192pDUs.

Iso21194DataPacket ::= SEQUENCE ({
vefsion-cd ENUMERATED {

Experimental,

Version-1,

o

dafa-txt OCTET STRING,
crp-rd OCTET STRING( SIZE(2) )
}

Is021194C2cAuthenticatedMessage ::= SEQUENCE ({
aukhenticationInfo-txt OCTET STRING SIZE (0..255)),
dafaPacket-nbr INTEGER™X(0..4294967295),
dafaPacketPriority-cd INTEGER (0..10),
opfkions HeaderOptions,
pdp Is021192PDUs
}

Is021199PDUs ::= CHOICE /

--[[1]1[2] is N.A_£6r consistency with number of Iso021192Adus in C.2.

lepelOfService [3] SEQUENCE OF LevelOfService,
tafiffSchene [4] SEQUENCE OF TariffScheme
replTAméTollInformation [5] SEQUENCE OF RealTimeTollInformation
robddsagebats e SEOUENCE—OF—Readdsagebats

tariff scheme request [7] SEQUENCE OF RoadUsageData

}

The message rules and procedures for communication as profile A, Simple Object Access Protocol (SOAP),
are described in ISO 14827-3 as follows. Tag scripts for composing XML messages are defined in ISO 14827-3.

Data attributes described in Clause 6 are stored as payload with XML tag.
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Annex D
(informative)

Smart route selection in Japan

D.1 General

In the Tgkyo metropolitan area, where the construction of outer ring expressways has been campleted, a
user canfchoose a suitable route considering travel time and toll amount in the complex network/cpnsisting
of three fing motorways and nine radial expressways. Road operator will provide optimizedtariff|table for
balancing the traffic among selectable roads aiming mitigation of congestion with monitoring real traffic.
Figure D|1 shows an image of a smart route selection using probe data.

[Smart route selection]

1. When travelffom A to B
2. There are two.aroutes selection
(Inner route or Outer route)
Kan-Etsu Both routes have similar distance
Expressway

Metropolitan
(Tokyo)

Ken-O

Expressway Congested inner route

Less congested outer route

Tomel 3. If select outer route
omel

Expressway [l

4. Given an incentive for driver
‘ ; (ex, discount)

Road network i ~
Metropolitan& okyo)

Figure D.1 —\Image of smart route selection using probe data in Tokyo metropolitan area

D.2 System configuration and functions

A tolling system consists of DSRC-OBE with a GNSS receiver, RSE for tolling, RSE for probe data/traffic
information, and each Central Equipment for Toll Service Provider and Road Manager as shown in Figure D.2.

RSE for tolling is installed at each Entry lane and Exit lane, covered by a tolling system. RSE for probe data/
traffic information, installed on expressways, provides route information and uploads GNSS based probe

data from OBE.

A toll amount determined by the combination of Entry, selected Route and Exit is settled to advise a vehicle
to avoid congestion in the central Tokyo region.
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| GNSS | Probe data/
Traffic Info

Positioning Probe data/
Signal Traffic Info.| Road Manager
D— RSE (P) (Traffic & Toll)
DSRC-OBE y
With <DSRC>
GNSS receiver
Tolling
Tolling Data |  Toll Service
Payment ¢ »
l Means l RSE (T) "I Provider

<DSRC>

Key
RSE(P) |RSE for Probe data/Traffic Info, along Highway
RSE(T) |RSE for Tolling at entry and exit lanes

Figure D.2 — System configuration of EFC system for smart route selection

© IS0 2024 - All rights reserved
22


https://standardsiso.com/api/?name=08721a73053e39e47e6928c80d593491

ISO/TS 21192:2024(en)

Annex E
(informative)

Electronic Road Pricing (ERP) in Singapore

E.1 General

In Singa£ore, Electronic Road Pricing (ERP) has been operated since 1998 to reduce congestic
Central Business District (CBD) and expressways. The technology of ERP is based on DSRC where

bank rel
availabld

The chay
45 km/h

E2 Tr

Setting
known
also use

Figures
indicate
Figure E

goes dow
arterial 1

hted prepaid card (NETS card) and the common transportation prepaid card (EZ=Link ¢
for payment.

ging rate is defined to keep LOS where minimum speed is maintained, e,g20 km/h in
on expressways.
affic control by charge rate

f LOS in traffic requires measurable data for traffic analysis. Thetraffic volume-to-velocity
Q-V curve, is generally used for traffic analysis and used-far setting of LOS in traffic. Th
for the purpose of traffic control by tolling.

as the area E in these figures.

'n to 45 km/h on expressways and to increase the rate when traffic speed goes down to 20
oads to maintain LOS of E.

.1014] and E.2[14] show LOS from A to F on the traffig'volume-to-capacity curve for expi
and arterial roads respectively. LOS is defined to maintain maximum road capacity with stable ope

3[14] shows the managing concept of traffic.flow, which aims to increase the rate when traf]

n in the
both the
ard) are

CBD and

the also
is LOS is

ressways
ration as

fic speed
km/h on
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Figure E.1 — Traffic volume-tg=velocity curve on expressways
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Figure E.2 — Traffic volume-to=velocity curve on arterial roads
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Annex F
(informative)

Managed lanes in the USA

While interstate freeways in the USA are free of charge, special managed lanes have been introduced and
operated known as HOV lanes and HOT lanes. In the managed lanes, a vehicle with a defined number or more

persons can pass by free of charge, or a vehicle can pass b
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in Washington state, the toll rate is updated every five minutes based on traffic)flow da
ate is displayed on the VMS at the roadside. The toll is changed dynamically from 75 cent
1[15] shows flows of information exchange between TC and the traffic managément centre.

ta where
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anaged lanes, traffic data measured by loop coil detectors in five minutes is sent to the traffic

hent centre where the toll rates are determined based on traffic yolume, speed, and oc
he detailed algorithm to calculate the toll rates is not disclosed, a gewieral method is to rais
n average vehicle speed goes down or to lower the toll rate wherkit'goes up. The concept of
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Roadway Traffic Management Center
Vehicle
Vehicle Identification Transactions Trip Assembl
/ Classification p y
s /
=
=
5]
> Toll Rates
S
=
Toll Rate Sign Toll Rate Sign Control
¢ TollRates ——|
Y L
---------------------------------------------------------------- Toll Rates ---- Dl.splay_ —---
| Confirmation
v
2
5
< Traffic Volumes/ Speeds /
3 Traffic Detection Loops |— Loop Occupancy —> Toll Rate Module
=
a
-]
=9

cupancy.
e the toll
dynamic
e F.3[15],

© IS0 2024 - All rights reserved
26


https://standardsiso.com/api/?name=08721a73053e39e47e6928c80d593491

ISO/TS 21192:2024(en)

1 2
A A
- N7 N\
Y1 Y2 Y3

Key

X  time

Y1 speefd

Y2 occupancy

Y3 toll rptes
primiary inputs

outppt
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Figure F.3 — Example of average speed vs. toll rate
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