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Foreword

ISO (the |

nternational Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member bodies). The work of preparing International Standards is normally carried out through

ISO technical committees. Each member body interested in a subject for WhICh a technlcal committee has

been esty
and non

Internatlnal Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

The mai
adopted

International Standard requires approval by at least 75 % of the member bodies casting-a vote.

In other
technical

— anl
an |

An ISO/R
further th

confirmed,

Internatio

Attention
rights. IS

ISO/TS 1
CEN/TC

Intelligen
CEN (Vi¢

This secq
revised.

ISO/TS 1

hal
overnmental in I|a|son with 1SO, also take part in the work. ISO collaborates closely W|th tre

task of technical committees is to prepare International Standards. Draft International Standards
by the technical committees are circulated to the member bodies for voting™ Publication as an

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

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

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

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Fee years, revised to become an International Standard, or withdrawn.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nal Standard or be withdrawn.

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

1907-1 was prepared(by the European Committee for Standardization (CEN) Technical Committg¢e
P78, Road transport-and traffic telematics, in collaboration with 1ISO Technical Committee TC 204,
transport systems) in accordance with the Agreement on technical cooperation between 1SO and
nna Agreement).

nd edition_cancels and replaces the first edition (ISO/TS 14907-1:2005), which has been technically

1907 consists of the following parts, under the general title Electronic fee collection — Telst

procedures for user and fixed equipment:

—  Part

—  Part

1: Description of test procedures

2: Conformance test for the onboard unit application interface

© 1SO 2010 — All rights reserved
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Introduction

For an electronic fee collection (EFC) system, approvals and tests are required to determine whether the
system (or individual components of the system) conforms to standards and application requirements, and to
enable parameters such as quality, availability and maintainability to be measured.

There are complete EFC-systems available, including documentation and approvals, and these could already
be in operation in some European countries. This part of ISO/TS 14907 provides a toolbéx) of fests and
pfocedures for the assessment and proof of such EFC-systems that they are suitable, for/specified EFC
applications under specific operational conditions. Dependent on a system to be tested, and bas¢d on the
ayailable documentation and the status of previously performed approvals, this part of(ISO/TS 1490Y enables
parties involved, e.g. system provider, operators and test houses, to take into consideration alreadly proven
rdferences and to identify such parameters which still have to be tested according to the [specified
applications.

Al the time of publication of this part of ISO/TS 14907, the determination-of_.common system requirements for
Elrope (or any other region) has not been agreed. For this reason, this‘part of ISO/TS 14907 does npt specify
afy particular performance requirements, unless these are already determined elsewhere (such as|safety or
rgdio regulations), but rather identifies the key parameters which will comprise such requirements. Where
rgference to an existing test is available, this part of ISO/TS.14907 provides that reference. Thjs part of
ISO/TS 14907 defines only the test and test procedures,.n6t the benchmark figures that these are to be
measured against. Benchmark figures which the systems*or components under test can be compared with
and validated against, might form the subject of a future-part of this Technical Specification.

This part of ISO/TS 14907 is furthermore limited.to automated (electronic) payment using a standardized
dedicated short-range communication (DSRC).(The scope of this part of ISO/TS 14907 does ngt include
manual payment, conventional money transaction, nor payment by means of sticker, vignettes, fickets, or
nmagnetic-stripe cards, etc. The applications-to which EFC is related are toll collection, road pricing, parking
and individual traffic information.

This part of ISO/TS 14907 enables groups of operators to determine common specific performance Igvels and
operating conditions, and to_‘enable regional variation where appropriate. It provides opergting and
ehvironmental parameters (of ¢lasses of operating and environmental parameters) within which such systems
shhall successfully function_without impairing interoperability to ensure that the person who spergified the
system can state their feguirements clearly to implementation designers and integrators, and to epable the
mleasurement of the performance of such systems.

The following guidelines have been followed when selecting the test procedures for test parameters:
— referefnce as far as possible to existing standardized test procedures;

—t focusing on those tests that are essential to ensure that EFC equipment is able to exchange information
and mutually use the exchanged information.

A brief guide describing how to use this part of ISO/TS 14907 is provided by Annex A.

Whilst this part of ISO/TS 14907 relates to general test procedures, certain provisions relate specifically to test
procedures for certification purposes. Many features of this part of ISO/TS 14907 are relevant internationally;
it is recognized that due to different regulatory requirements outside Europe, extension will be required to
make its applicability as comprehensive in non-EU countries, before this document can be reviewed for
acceptance as an International Standard.
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TECHNICAL SPECIFICATION ISO/TS 14907-1

:2010(E)

Road transport and traffic telematics — Electronic fee

collection — Test procedures for user and fixed equipment —

Part 1:

Description of test procedures

1 Scope

This part of ISO/TS 14907 specifies the test procedures of EFC roadside equipment (RSE) and
huipment (OBE) with regard to the conformance to standards and requirements for type app
agceptance testing which is within the realm of EFC application specifically,

D

The scope of this part of ISO/TS 14907 is restricted to systems, operating within the radio emiss
reggulations, traffic and other regulations of the countries in which they are operated and it is th
rgquirement that all required equipment approvals from an authenticated and accredited test house R
obtained in order to claim compliance.

This part of ISO/TS 14907 identifies a set of suitable parameters and provides test procedures to €
proof of a complete EFC-system as well as components of an EFC-system, e.g. OBE, related to th
rgquirements of an application. The defined parameter and tests are assigned to the following
parameters:

— functionality;

— quality;

—t referenced pre-tests.

Ah overview of the tests-and parameters provided by this part of ISO/TS 14907 is given in 5.1 and
conformance testing relative to 1SO 14906 (EFC — Application interface definition for DSRC) is c(
ISO/TS 14907-2.

This part of ISOAS 14907 describes procedures, methods and tools, and a test plan which shows th

alues 'Of-the parameters to be tested are not included. It also describes how the tests are to be p

b
performance’ of EFC equipment. It describes which EFC equipment is covered by the test proceq
v
apd-which tools and prerequisites are necessary before this series of tests can be undertaken. It is

on-board
foval and

on, EMC
erefore a
ave been

nable the
e defined
groups  of

5.2. OBU
vered by

e relation

btween alk\tests and the sequence of these tests. It lists all tests that are required to megsure the

ures; the
erformed,
assumed

that<the melri’ry of the system is inherent in the communications and EFC funr’rinnality tests therd

fore they

are not addressed here. All tests in this part of ISO/TS 14907 provide instructions to evaluate the test results.

The test procedures can be used for prototype testing, type approvals, test of installations and periodic
inspections. Thus this Part 1 is a document that defines only the test and test procedures, not the benchmark

figures that these are to be measured against.

Related to a conceptual model of an EFC-system, this part of ISO/TS 14907 relates only to the equ

ipment of

the user and the service provider as illustrated in Figure 1. Any other entities are outside the scope of this part

of ISO/TS 14907.
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Provision of the

Management of the toll charging
environment

Charging of the

tq

EFC-systems for DSRC consist, in principle, of a group of technical companents, which in combination fu
pns required for the collection of fees by electronic automatic-méans. These components comprige

the functi
all, or mo

— on-b
— on-b

— optio
infor!

— comimunication between OBE and RSE based on DSRC;

— equipment for the fee collection at.the roadside (RSE) containing the communications and computir
sub-functions;

— equipment for the enforcement at the roadside;
— centijal equipment for the*administration and operation of the system.

The scope of this part.of ISO/TS 14907 relates solely to OBE and RSE and the DSRC interface between OB

and RSE

for enforgements(exg. detection, classification, localization and registration) and central equipment are outsic
the scopeg of this part of ISO/TS 14907.

Il service foll

Use of the
services

Figure 1 — Conceptual model of EFC

st, of the following:
pard equipment (OBE) within a vehicle;

pard unit containing the communications and computing sub-functions;

mation;

including(its‘functions to perform the fee collection as illustrated by Figure 2. All the equipment usg

nal integrated circuit card which may carry  electronic money, service rights and other securg¢d

=

g

E

e
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Figure 2 — OBE/RSE interface and a@ociated environments
A
QO

2| Normative references \‘g\g
The following referenced documents are in& nsable for the application of this document. H
rdferences, only the edition cited applies

dpcument (including any amendments) a .

I3O/IEC Guide 65, General requirer@% for bodies operating product certification systems

I§O/IEC 17025, General requi@ehts for the competence of testing and calibration laboratories

3| Terms and def@tlons
Fpr the purposes@s document, the following terms and definitions apply.

Q.

31
agcepta Y;ting
exami that a duly identified product, process or service is in conformity with the system specific

A

For dated

r undated references, the latest edition of the r¢ferenced

ation

32

availability

probability that a unit at a random point in time within a given interval is in a certain degree of preparedness to

function or functioning under given running, environmental and maintenance conditions

3.3
certification

procedure by which a third party gives written assurance that a product, process or service conforms to

specified requirements

© 1SO 2010 — All rights reserved
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3.4

compatibility

suitability of products, processes or services for use together under specific conditions to fulfil relevant
requirements without causing unacceptable interactions

3.5
EFC equipment
equipment comprising roadside equipment (RSE) and on-board equipment (OBE)

3.6

EFC-sysfem
system that enables electronic debiting, i.e. paying for a transport service, without any action from the user'pt
the moment of the use of the service

3.7
evaluatign
systematfc examination of the extent to which an entity (such as a system, process or pfoduct) or a unit fis
capable (f fulfilling specified requirements

3.8
field test
test that is performed under real-life conditions

3.9
functionality
group of parameters which are able to measure the performance of.an EFC-system

NOTE Functionality parameters can include communication, applieation, and vehicle and traffic characteristics.
3.10
inspectign

conformity evaluation by observation and judgement accompanied, as appropriate, by measurement, testing
or gauging

3.1
interoperability
ability of pystems to provide services toyand accept services from, other systems and to use the services $o
exchanggd to enable them to operaté effectively together

3.12
laboratofry tests
tests whig¢h are performed-in.a laboratory under specified conditions

3.13
maintainpbility
ability of & device\to be maintained or restored to specified conditions within a given period of time

3.14
on-board equipment

OBE

equipment located within the vehicle and supporting the information exchange across the interfaces of its sub-
units

NOTE OBE is composed of the on-board unit (OBU) and other sub-units whose presence is considered optional for
the execution of the DSRC interface

4 © 1SO 2010 — All rights reserved
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3.15
quality
degree to which a set of inherent characteristics fulfils requirements

[ISO 9000:2005, definition 3.1.1]

NOTE User requirements can include ease of use, safety, availability, reliability, sturdiness, economy and
environmental safety. Such requirements can be explicit or implicit.

3.16
qpatity of EFCequipmment

quality of EFC equipment expressed by qualitative and quantitative means using a group of paramgters such
a$ reliability, availability and maintainability

3117
reliability
ability of a device to perform its intended function under given conditions of use for a.specified period|of time

3[18
padside equipment
RISE
uipment located at a fixed position along the road transport network that enables communication|and data
change with on-board equipment

-
O

D @

3119
simulation
gpresentation of selected behavioural characteristics of ené physical or abstract system by another $ystem

—

—

15O 2382-1:1993, definition 01.06.01]

320

simulation of an EFC-system
simulation of a DSRC-based EFC-system,"where selected behavioural characteristics of the EFC-system are
gpresented by a computer model to-€nable testing of the EFC equipment in a realistically [modelled
epvironment

—

3{21
tgst
tgchnical operation that consists of the determination of one or more characteristics of a given product,
pfocess or device according to a specified procedure

3[22
tgst parameter
parameter that-specifies one or more characteristics of an EFC-system

3[23
tgst procedure
sppecific procedure for performing a test

3.24
test status
indication of the nature of a test

NOTE A test labelled “conditional” is performed if, and only if, it is applicable to a feature identified in the specification
of the system or component, whereas a test labelled “basic” indicates a highly recommended test as part of a foundation
for meaningful evaluation. See 5.2.

3.25

test type
kind of test, such as inspection, simulation, lab test and field test

© 1SO 2010 — All rights reserved 5
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3.26

test house
third party (person or body) that is recognized as being independent of the parties involved, as concerns the
issue in question

3.27

type approval
approval based on conformity testing on the basis of one or more specimens of a product representative of
the production

3.28
validatio

confirmat

intended

3.29

n

Lise are fulfilled

verificatipn

confirmat

fulfilled

4 Abbhreviated terms

ARIB

DSRC

EFC

EIRP

EMC

ETSI

ICC

IEC

IuT

MMI

MTBF

MTTF

MTTR

OBE

OBU

RSE

SUT

tbd

Association of Radio Industries and Businesses
Hedicated short range communication

electronic fee collection

bquivalent isotropically radiated power
blectromagnetic compatibility

European Telecommunications Standards Institute
ntegrated circuit card

nternational Electrotechnical Commission
mplementation under test

man machine interface

mean time between failure

meanstime to failure

mean time to repair

on by examination and provision of objective evidence that the particular requirements for a,'specific

on by examination and provision of objective evidence that specified requirements have begn

onboard equipment
onboard unit
roadside equipment
system under test

to be determined
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5 Test parameters and test procedures for EFC
5.1 Tests overview

5.1.1 Introduction
The test parameters for EFC-systems or components are categorized in three groups as follows:

a) functionality tests;

b) quality tests;
c] referenced pre-tests.

gure 3 shows the general structure of all test parameter groups relevant for EFC-systems and thase which
e relevant to this part of ISO/TS 14907. The test parameters for pre-tests are referenced from soufces other
an this part of ISO/TS 14907. The specific test parameters that are ultimately deemed relevant for ja specific
FC-system shall be identified and listed in the test plan according to 5.3. Ah@ individual test plan for type
pproval or acceptance testing shall take into account those pre-tests that-have already been passegd, i.e. for
MC, DSRC and environment.

me MS o

© 1SO 2010 — All rights reserved 7
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EFC equipment

I

@ EFC application=~

Availability
Reliability

c
o)
S
o)
o)
®
c
®
S
2
©
2
€]

$ Environmental
..@, influences

O
I & J L

S R—

Scopeof the normative part of ISO/TS 14907-1

=4

)

Q~Q Figure 3 — Test plan — Interdependencies

5.1.2 Functio:@% tests
?\

The first c@,%ory of tests is related to test procedures which aim to verify the functionality of the ERC
equipment:

The functionality tests are related to the essential test parameters that need to be applied to verify the
performance and capability of EFC equipment of different vendors and system operators.

The following parameters shall be tested:
— communication;
— EFC application;

— influence of vehicle characteristics;

8 © IS0 2010 — All rights reserved
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— influence of traffic characteristics;
— environmental influences.

Communication and EFC application tests are described in 6.1. Tests related to vehicle a
characteristics and environmental influences are listed in Annex B.

5.1.3 Quality tests

:2010(E)

nd traffic

The second category of tests is related to prnr‘pdllrpq that aim to determine the qnality ofthe FEC e
These are relevant for both operators and users.

The following test parameters shall be tested:

— quality management;

— reliability;

— availability.

Fpr some of these test parameters, there are some existing test procedures available, which are refe

These tests are described in 6.2 and Annex C.

5/1.4 Referenced pre-tests

The third category of tests is related to test parameters, which are fundamental for the performang
equuipment. The specific parameters and requirements are not within the scope of this part of ISO/T
The parameters that are relevant can be assigned.to the following groups:

—+ DSRC;

—+ EMC;

— environment.

5|2 Parameter overview

Thbles 1 to 3 provide ‘acomprehensive list of the parameters that are relevant for type approval or ag
tgsting of a complete EFC-system, as well as components of an EFC-system. The tables ar|

stibclause inwwhich the tests are described or referenced is shown. An indication as to the naturg
tgsts (basic€ or conditional) is provided as not all tests are relevant to all operators and their specific
situations:and environment.

ABused in Tables 1 to 3,

Juipment.

renced.

e of EFC

'S 14907.

ceptance
e divided

agcording to the,subjects of 5.1.2, 5.1.3 and 5.1.4, namely functionality, quality and referenced pre-tests. The

of these
operating

— “basic” means that the identified tests are highly recommended as part of a foundation for meaningful

evaluation, and

— “conditional” means that the test shall be performed if, and only if, it is applicable to a feature identified in

the specification of the system or component under evaluation, for example performing the lane
test (T6) if the RSE is characterized as multilane.

Table 1 provides an overview of the parameters for which tests are defined in this part of ISO/TS

changing

14907 to

measure the performance and assess the level of conformance of an EFC-system or components under test.

Table 2 provides a list of the quality tests.

© 1SO 2010 — All rights reserved
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Table 3 provides a list of parameters that are necessary for pre-tests and whose performance and
conformance are tested by reference to existing standards or Technical Specifications.

NOTE The tests have been categorized into inspection tests, laboratory tests, simulation tests, and field tests. The
appropriate test or types of tests are indicated, in the following tables, for each parameter. It is not expected that all the
named types of tests for a parameter will be performed on that parameter. Where a set of appropriate tools is available to
a test house it is up to the test house to decide which type of test is most appropriate to meet its specific remit.

Where a particular category of test shall be performed to conform to this part of ISO/TS 14907, the test is

indicated in the following tables with a “p”. Where a particular category of test is optional, this is indicated with

an o.

10 © 1SO 2010 — All rights reserved
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5.3 Test plan

:2010(E)

The test house carrying out the type approval or acceptance testing shall devise an individual test plan for
each tested EFC-system or EFC component, in accordance with Figure 3, taking into account the system-
specific characteristics of the EFC application. With respect to type approval, the requirements of applicable
standards or other normative and referenced documents shall be tested by an accredited test house.

With respect to acceptance tests, only the features that are specified or implicit in the system specification
shall be tested. Where additional features are provided for contingent use at some future date, these shall be

tested only if such contingency is included in the system specification. Where additional features are present

n

Results of pre-tests that have already been passed shall be compared with the applicatio
rgquirements. If deviations are detected, additional tests will need to be carried out. The, test plan s
rdferences to each listed test parameter with respect to the following details:

Interdependencies between the results ofithe different tests are anticipated and shall be taken into a
the test house. An example test protocolform is given in G.5.

5|4 Required documentation

identification of test parameter and item;

reference of the related requirements/severity of the test;

required equipment and documentation;

selected test type;

required test equipment, measurement equipment, interfaces and tools;
required test environment;

department carrying out the test;

required documentation of the tests and theresults (see G.5).

system description (overview, block diagrams);
system spgcification including functions, timing, operational data on a detailed level,

safetyrahd security concept (threat analysis, implemented measures to detect and control failure
and’manipulations);

products supplied, but are neither used nor included in the system specification or implementation, there is
np requirement that they shall be tested unless they have an effect on the operation of the system.,

n-specific
hall make

ccount by

The following listed documentation shall be supplied by the manufacturer to carry out the tests defijned by a
tgst plan:

s, threats

specification of ambient conditions;
operational directives;
quality assurance directives, development rules;

maintenance and installation directives;

list of all available documents from the manufacturer relating to the EFC-system under test created during

the design and manufacture of the equipment.

© 1SO 2010 — All rights reserved
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6 Inspection and tests

6.1 Functionality tests

6.1.1 Communication

The test specifications with regard to communication are defined in ISO/TS 14907-2. It specifies the tests that
verify OBU conformance of implemented communication (transaction) protocols to conform with the

specificat

ions given in ISO 14906 to be used for EFC applications.

NOTE

ISO 14904.

ISO/TS 1
— basiq
— EFC
— EFC
— addr
— EFC

— behg
6.1.2 E

6.1.2.1

The tests
RSE/OBH
functiona
tests whi
the EFC

Subclaus|
and suffig
(see 5.3)
The EFC

a) valid

ISO/TS 14907-2 can also be used as a source of inspiration for roadside equipment testing in accordange with

1907-2 describes general requirements for conformance testing and specific test procedures for:
DSRC L7 functionality;

application functions;

attributes;

bssing procedures of EFC attributes and (hardware) components,(€.9. ICC and MMI);

transaction model;

viour of the interface.
-C application
General
are related to components or to a complete EFC-system consisting of an OBE, RSE or both and
E in combination. The objective of/the tests is to validate that the equipment to be tested fulfils the
and technical requirements of the-specification. The proof consists of inspections, simulations and
Ch are to ensure that the system specifications and the equipment of EFC are in conformance with
equirements based on standards and regulations, national requirements and other requirements.
ps 6.1.2.2 and 6.1.2.3 describe a set of tests (see also Annex B); which of those tests are relevant
ient to prove the performance of an EFC-system or its components shall be defined by a test plgn

application test is divided into two sections:

btion of'the EFC specification;

b) inspgction and test of the EFC-system or component under test (SUT).

The relati

16

onship between the test sections is shown in Figure 4.

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=8987a62a5f2a9627d46f32ff10956f6c

ISO/TS 14907-1

EFC requirements based
Specification on European standards
of SUT and regulations
and other national
requirements

Validation of SUT
specification

:2010(E)

Validated
SUT SUT specification
equipment
Inspection and
test of SUT
Validated

SUT equipment

Figure 4 — Structure-of ‘application tests

Spbclause 6.1.2.2 addresses the validation of the EFC-system specification with respect to tH
sppecification. The objective is a validation of the §ystem specification to verify that it is in conformanc
EFC requirements based on standards and regulations, national requirements and other requirem
agtivity consists of inspection and analysis.'of the referenced documentation. The output of this ph
apithorized and valid system specificationtof the SUT which meets the requirements of the selected

and regulations. Additionally a test plan-will be specified which identifies the required test steps to

performance of the SUT.

S

Lbclause 6.1.2.3 addresses EFC equipment that is designed according to a validated system sp¢
The activities of this section jare inspections, simulations and tests. Before the functionality test car
implementation test (prextest after installation) is carried out to ensure the principal performan
system. The impleméntation includes the activities of installation and commissioning. The object
tgsts is to validate~the conformity of the equipment with the specification and compliance with
rgquirements of-standards and regulations, national requirements and other requirements.

The inspegction and test shall take into consideration results of tests that have been previously perfg
examplefquality tests and reference tests, and shall be detailed by a test plan (see 5.3). Annex B ¢
igt of tests that are related to traffic conditions, vehicle characteristics and other environment ir

e design
e with the
ents. The
Ase is an
standards
prove the

cification.
start, an
ce of the
ve of the
the EFC

rmed, for
ontains a
fluences.

Anhnex H provides examples of EFC scenarios as part of a functionality test.

© 1SO 2010 — All rights reserved

17


https://standardsiso.com/api/?name=8987a62a5f2a9627d46f32ff10956f6c

ISO/TS 14907-1:2010(E)

6.1.2.2 Validation of the SUT specification

EFC application test

reference:

Name: Validation of the specification (F1)

Group: EFC application

Purpose: To ensure that the specification of the SUT or component is in conformance with the EFC
requirements of standards and regulations, national requirements and user requirements.

Requirenrent —Natiormatrequirementsfor EFC:

— EFC requirements for a DSRC communication.

— User requirements of the specified EFC application.

Default:

All specifications to be inspected shall be in conformance regarding the DSRC regulations
and DSRC standards applicable in the countries and regions in whichithe system gr
component will be operated.

Test A set of documentation as listed in 5.4 is required.

configuration:

Behaviodrr The task consists of inspection and analysis (Annex G) of.the provided documentation.

descriptipn: The details of the system specification of the SUT are compared with the requirements gf

the EFC standards and regulations, national requireménts and user requirements.

The documentation is inspected concerning {completeness, validity, unambiguity
consistency and understandability.

The analysis is carried out to evaluate the system structure, reliability figures, measure
to detect and control failures, timing behaviour, security and safety, maintenance, an
other technical and non-technical measurés concerning system performance.

[N /))

Constraipts None

reference:

Verdict: Test result Verdict
Authorized and valid system specification of | Pass
the SUT. Test plan for'the performance
proof.

The system specification does not conform | Fail
to the requirements. List of discovered
deviatipns;

Comments:

18 © ISO 2010 — Al rights reserved
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6.1.2.3 Inspection and test of SUT

:2010(E)

EFC application test

Name: Implementation test (F2)
Group: EFC application
Purpose: The objective of this test is to verify that the specified EFC-system (SUT) or component is

in conformance with the fundamental requirements of the EFC application.

QLIT

Uquilclllcllt ‘V’d:;ddtcd Dybtclll apcuiﬂbatiun Uf thU YU

reference:

Default: Certified DSRC equipment according to the requirements of DSRC (regulations and
DSRC standards applicable in the countries and regions in which ‘the system or
component will be operated.

Test — Documentation and equipment according to test plan.

donfiguration: —  Test facilities according to test plan.

Behaviour The SUT or component shall be tested according ‘\to- the specified requirements.

description: Prerequisite for the inspection and test is a validation-of the system specification| certified
DSRC equipment according to the DSRC standards’and a qualification of th¢ SUT in
accordance with other fundamental requirements: Tests which are vacant haye to be
carried out within this phase.

The qualification of this phase consists o inspection, test and simulation. The work is

separated into the following steps:

— Verification of the quality items 0f'6.2 and Annex C.

— Inspection of the hardwarexand software to confirm that the system requirements
(validated SUT specification) are implemented in the SUT.

— Inspection of housing_protection, electrical safety, shielding and earthing of|installed
equipment.

— Test of range of-electromagnetic emissions, EMC interference and envirpnmental
conditions.

— Simulation of functions of the SUT to verify its ability to meet the functionglity tests
(traffic;-vehicle, environment and communication requirements). The simulgtions are
carried out according to the specifications of Annex G (simulation).

— Test of the basic functions and adjustment of RSE-transmittef/receiver
(Communication zone) and determination of the footprint range (static tegt without
vehicle).

— Test of basic communication functions between RSE and OBE in relatign to the
determined footprint range of the antenna (static test without vehicle).

— Test of subsystems (OBE, chipcard and RSE) to perform the functions as [specified
in the SUT documentation.

(onstraints The requirements of the tests are according to the details of the documents |dentified

rererence. undaer requirement reterence .

Verdict: Test result Verdict
The results are stating the SUT ability to|Pass
meet principal requirements under specific
conditions.

The SUT does not meet the principal|Fail

requirements.

Comments:

© ISO 2010 — Al rights reserved 19
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EFC application test

Name: Functionality tests (F3)
Group: EFC application
Purpose: The objective of this test is to validate that the installed EFC-system (SUT) or component

is in accordance with the specifications of the SUT or component.

Requirement

— Validated system specification of the SUT.

configuration:

f :

reterence — EFC requirements for a DSRC communication
— National requirements for EFC.

— User requirements of the specified EFC application.

Default: Certified DSRC equipment according to the requirements of DSRC regulations anfd
DSRC standards applicable in the countries and regions in which-the system qr
component will be operated.

Test — Documentation and equipment according to test plan.

— Installed EFC equipment according to the manufacturer's instructions.

— Test facilities according to the test plan.

Behaviolir
descriptipn:

[0

The SUT shall be tested according to the specified’ requirements. Prerequisite for th
functionality test is a successful pass of the tests €ommunication, quality and pre-tests.
The tests are carried out according to a test plan.

The qualification procedure of this section s separated in inspections, tests anfd
simulations. The following steps are required;

— Simulation of functions of the SUT to verify its ability to meet traffic, vehicle
environment and communication* requirements. The simulations are carried ot
according to the specifications\of Annex G.

—

[oN

— Test of the integrated functionality of the selected EFC protocols within the affecte
communication area. including overlapping of different communication units undsg
basic requirements(static and dynamic tests).

=

— EMC interference on realistic applications, e.g. mobile radio, of DSRC functions t
verify resistance from outside.

O

—h

— Real-time‘simulation of traffic and vehicle scenarios (Annex B) to verify the ability ¢
the SUT_to meet traffic, vehicle, environment and communication requirements.

— Real traffic and vehicle scenarios (Annex B use of vehicles or special constructiong
to) verify the ability of the SUT to meet ftraffic, vehicle, environment an
communication requirements.

o o

~— Real traffic and vehicle scenarios (Annex B) based on different EFC transaction
profiles to verify compatibility and interoperability characteristics.

Constraipts

[®N

The requirements of the tests are according to the details of the documents identifie

reference: under ‘requirement reference” and the detalls of selecied classes of performance.
Verdict: Test result Verdict
The results confirm the ability of the SUT to |Pass
meet functionality, compatibility and
interoperability requirements based on the
conditions of all carried-out tests.
Not in accordance with the specifications. Fail
Comments:
20 © ISO 2010 — Al rights reserved



https://standardsiso.com/api/?name=8987a62a5f2a9627d46f32ff10956f6c

ISO/TS 14907-1:2010(E)

6.1.3 Traffic conditions

Table 4 shows typical traffic conditions, for which individual test case specifications are described in B.2.

Table 4 — Traffic conditions

No. | Traffic conditions

T1 [longitudinal distance between vehicles

T2 [lateral distance between vehicles

T3 [lateral distance between OBEs

T4 |speed of vehicle

T5 [angle of approach

T6 |lane changing

T7 |[shadowing

T8 |traffic scenarios — free flow

T9 [traffic scenarios — restricted flow
T10 [traffic flow (vehicles/h)

Cpnditions T1 to T3 and T5 to T7 are shown in Figure 5.

Figure 5 — Traffic conditions

© ISO 2010 — Al rights reserved 21
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6.1.4 Vehicle characteristics

Table 5 shows typical vehicle characteristics for which individual test case specifications have been described
in Annex B.3:

Table 5 — Vehicle characteristics

No. Vehicle characteristics

V1 length of vehicle
V2 height of vehicle
V3 width of vehicle
V4 length of bonnet

V5 other vehicle features, weight, number of axles, volume, shape,
paintwork, colour, air conditioner, mobile communication
equipment, trailer

V6 constructive elements, superstructures in the windscreen area,
lorries with external sun visors, car transporters with projegcting
loading surface sun roof (open/closed)/roof mountings

V7 attenuation of windscreen, caused by e.g. metallized,‘coated,
heated, dirty windscreen

V8 angle of windscreens, from horizontal plane ears, small trucks and
vans, trucks, buses and touring coaches

V9 angle of windscreens, vertical plane location in the outer curve area

V10 mounting height of OBE antenna

V11 lateral mounting of OBE antenna‘from middle of windscreen

V12 OBE behaviour, variation 6f'supply voltage, operational state of
OBE, fixing of OBE, ICC.behaviour

22 © ISO 2010 — Al rights reserved
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The vehicle characteristics in Table 5 excluding V5 to V7 and V12 are shown in Figure 6.

\%
Footprint -

Figure 6 — Vehicle characteristics

6/1.5 Environmental influences

Ahnex B.4:

Table 6 — Environmental influences

Thble 6 lists environmental influences for which individual test case specifications have been degcribed in

No. | Environmental influences
11 | width of pavement
12 [ number of lanes
I3 | other topographical influences
14 |water and dust
15 [temperature, humidity and daylight
16 |other weather conditions

© 1SO 2010 — All rights reserved
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The environmental influences |11 and 12 are shown in Figure 7.

6.2 Qu

6.21 Q

6.2.1.1

The 1SO

standards
organizaﬂon is influenced by the objectivesof the organization, its products and practices specific to th

organiza
that conti

ISO 90040

manage
organiza
regulator
consider
performa

6.2.1.2

uality management

Figure 7 — Environmental influences

ality tests

ISO 9000 series International Standards

9000 series International Standards-are intended to provide a generic core of quality system
applicable to a broad range of industry and economic sectors. The management system of an
e

on. One of the main objectives_of quality management is to improve the systems and processes $o
hual improvement of quality.ean be achieved.

describes fundamentals.of quality management systems and specifies the terminology for quality
ent systems. ISO®©Q001 specifies requirements for a quality management system where gn
on needs to demonstrate its ability to provide products that fulfil customers' and applicabje

requirements{ and aims to enhance customer satisfaction. ISO 9004 provides guidelines that
both the effectiveness and efficiency of the quality management system; its purpose is to improve the
nce of the-erganization and to ensure satisfaction of customers and other interested parties.

1ISO 9001 compliance requirements

Organiza

jons that manuiaciure or use EFC equipment and wish to claim compliance with this part of

ISO/TS 14907 shall use all the applicable test procedures specified herein. In addition, compliance with

ISO 9001

is recommended for manufacturers of EFC equipment, as well as for those who supply products for

use in test houses or test laboratories that evaluate EFC equipment.

6.2.2 Reliability and availability

Reliability and availability shall be determined using standard methodologies, for instance using an analytical

reliability

24

model, a simulation model or test on samples of equipment.
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For the RSE, a reliability model shall include factors such as:

— number of communication components (i.e. beacons or antennas) involved for a given toll plaza

configuration (especially significant in multilane situations);

— possibility of component or subsystem redundancy to avoid failure;

— ability to store transactions in standalone mode in case of failure of the link between RSE and central
system: this is not strictly speaking a DSRC functionality, but shall be performed at the RSE level, and is

a key point for most tolling systems.

Fpr the OBE, physical tests will be performed on sample equipment.

There are some issues that are specific to the DSRC environment and which need specific test pre
slich as:

— RSE-OBE transaction reliability;

—1 physical life duration of an OBE given the conditions in a vehicle;
—t battery duration of an OBE under operating conditions;

—t life duration of smart card (e.g. contacts, memory read/write cycle).

Specific reliability and availability tests for these aspects are/described in Annex C. Examples for
alculations are described in Annex E.

Q

6/3 Referenced pre-tests
The EFC roadside and on-board equipment shall>comply with the regulations and standards applica
copuntries and regions in which it will be operated. The relevant parameters shall be considered d
s
a

becification of a test plan. Results of previously performed tests and approvals shall be taken int
nd shall be compared with the requiremeénts of the specific EFC application.

6]3.1 DSRC

The range of the DSRC testsshall cover the following areas:
—t physical layer at 5,8 GHz;

— data link layer,

— application-link layer.

Ekamples.of referenced DSRC tests are listed in F.1.

scription,

statistical

ble in the
uring the
b account

6.3.2—Environment

The range of the environment tests shall cover the following areas:
— climate;

— mechanical;

— electrical;

— chemical/biological;

— safety.

© 1SO 2010 — All rights reserved
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Examples of referenced environment tests are listed in F.2.
6.3.3 EMC

The range of the EMC tests shall cover the areas:

— emission;

— immunity.

Examples of referenced environment tests are listed in F.3.

7 Evaluation and certification

7.1 Evhaluation

Test housges or test laboratories that evaluate EFC components or complete EFC-systems shall comply with
ISO/IEC 17025. The objective of the evaluation is to assess a complete EFC-system or EFC components
regarding compliance with the specified requirements.

The basig of an evaluation is the test results of a type approval and/or an aceeptance test. All results shall e
documented by a test report. The tested object (EFC component or system) including the documentation
standardg and regulations that were used is defined unambiguously and ¢ompletely. The test report forms the
basis for the certification. The report shall contain the following information:

— identjfication of the test report;

— identification of the tested equipment or component (e.g. manufacturer, type, serial number);
— name and address of the test house;

— purppse of the evaluation;

— standlards and regulations applied;

— test procedures and results;

— suminary evaluation result;

— datejand signature of the person responsible for the evaluation.

7.2 Certification

Test houses-or(certification bodies that certify EFC components or complete EFC-systems shall comply with
ISO/IEC lide 65.

The identification of conformity with standards and regulations may be done in the form of a certificate and/or
a mark on the components of the system. The basis for the certification is the test report. The certificate shall
identify the following details:

— identification of the certificate;

— name and address of the certification body;

— tested equipment (manufacturer, type, serial number);

26 © ISO 2010 — Al rights reserved
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— intended application;

— standards and regulations applied;
— test results;

— specific requirements;

— reference to evaluation report;

—t date, company seal, signature of the person responsible for certification.

© 1SO 2010 — All rights reserved 27
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A.1 Generatframework

Annex A
(informative)

How to use this Technical Specification

The objegtive of this annex is to provide guidance to assist the successful implementation of this standard.

The pringipal parties who will use this part of ISO/TS 14907 will be manufacturers, operators anditest houses.

a)

b)

c)

Manufacturers (first party) are those designing and producing EFC equipment which has to be

liance with standards and regulations. Manufacturers should use test procedures of this part

ISO/TS 14907 for prototype testing to demonstrate and assure a level of performance in accordance wi
detefmined EFC requirements. Use of the tests and procedures enables the-manufacturer to carry o
factory tests which are comparable with tests carried out by independent-test houses and with tes
carried out after installation of the EFC equipment.

Operfators (second party) of EFC equipment need certainty that«EFC equipment is tested by te
procgdures which are sufficient and capable to guarantee conformance with standards, regulations ar
own | specified requirements. Therefore operators should c¢hoose test procedures of this part
ISO/TS 14907 and define parameter classes in order to spéecify a test programme for the designg
application. Operators are recommended to choose an independent test house to carry out the te
progfamme.

Opetators further require to be able to compare EFC equipment of different manufacturers, tested |
diffefent test houses. The test procedures determined in this part of ISO/TS 14907 are designed
enabjle such comparison.

Test|houses (third party) require a common basis of test procedures which is determined and defined

enablle them to reliably and consistentlytest and prove compliance to standards to meet the declared

requfred performance. The test houses carry out the assessment of an EFC-system according to
specffied test plan which has 16 _be agreed by the operator of the system and by the national author
which is responsible for the\.operation of the EFC-system. The test house is recommended to K
designated and accredited by a national certification body for carrying out the assessment activities.

Although|not part of the fofmal relationship between the manufacturer and operator, the user of the servic
requires |highly reliable ‘EFC equipment. Tested and certified equipment, based on qualified tests ar

procedur

meet the [claimed-performance levels, and provides reassurance to users.

This parf of NSO/TS 14907 is designed to enable operators and suppliers of EFC-systems to measu
conformanc@ with system functional requirements. It also assists determination and verification of commg
criteria and performance to enable interoperability in a commonly determined region (such as pan-European)
based on the DSRC.

bs carried_out by independent test houses using this part of ISO/TS 14907, ensures that systens
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Tests are of a basic or conditional nature. Whether or not a test is basic or conditional depends on the exact
nature of the parameter under test in respect of the functionality of the system required by the operator,
regional legislation, and agreed parameters between regional groups of operators.

The test parameters and procedures within this part of ISO/TS 14907 have been functionally organized into
groups which are defined in Clause 5.
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A.2 Step-by-step guidance

This clause describes the expected steps required to execute the procedures in this part of ISO/TS 14907.

Step 1

The parties are firstly defined and mutually agreed. Normally this comprises one or more operators (second
party), one or more equipment and system providers (first party), and one or more test houses (third party).

Step 2

Any accredited and designated test house used to assure compliance of any system or equipmen
part of ISO/TS 14907 shall first ensure that the system or equipment complies with the radio)emissg
rggulations, safety and other regulations of the countries in which they are to be operated NAll many
declarations or results of previously performed tests and approvals from an authenticatéd‘and accrg
hpuse are made available. Missing tests are carried out.

tep 3
ptermined in existing standards. This part of ISO/TS 14907 provides a-checklist for test houses w

He responsibility of assuring such compliance, relieves operators of the research, and provides guar
bopth operators and users that mandatory requirements are met.

S
Where there are general equipment requirements (such as safety, EMC), the appropriate tests ar
d
t

Step 4

Epch parameter of a typical EFC application is normally“determined into a number of required per
vels of increasing severity (described as “classes’)\46 provide clear reference levels of perforn
system design. The parties mutually define and agree the particular combination of class require
e@ch parameter; this is normally as part of a system specification, or requirements as part of §
tgnder”, or the declared performance in publicity'material of a manufacturer.

o)

Step 5

The test house tests each parameter against the requirements to meet the required class for that p
of tests and determines which class level is achieved for the parameter.

Step 6

The test house issuesatest report with all results with respect to defined and applied test parameter
pfocedures.
S

tep 7
ne qualification department of the test house compares the test results of the test parameterg

efined\requirements and the results of existing approvals. In the case that all relevant requiren
lfilled the test house issues a certificate of compliance.

Q. —
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Annex B
(informative)

Traffic, vehicle and other performance tests

B.1.1 Gpneral

Traffic cgnditions, vehicle characteristics and environmental influences are closely linked in-field tests that
may be cprried out according to the procedures and recommendations stated by this part of ISO/TS 14907. |n
the following a specific test case description is used for each test item of the above-mentioned groups. Useful
combinat|ons of several items are already identified in the separate tables.

B.1.2 Opjective
The objegtive of the tests regarding traffic conditions, vehicle characteristics~and environmental influences [is

to verify that the EFC equipment (i.e. OBE and RSE), including DSRC ait interface, fulfils the requirements pf
the refergnced documents concerning these items.

B.1.3 Requirements

Referencg for these tests are the details regarding traffic conditions, vehicle characteristics and environmental
influences$ of the following document sources:

— validpted specification of the EFC-system or equipment;

— DSRL regulations and DSRC standards:dpplicable in the countries and regions in which the system pr
component will be operated;

— EFCjregulations and standards;
— natignal requirements for EFC;
— requirements of the spgeified EFC applications;

— user|requirements:

These refuirements can be different for different implementations as required; in Tables B.1 to B12 and B.18
to B.20, in cases where no value is specified, this is indicated with “tbd” for the parameter “Default”.

All tests are operatedimrepresentative butsafetocationsand never viotate traffic safety Tequirerments:
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test steps: definition of the desired vehicles, definition of their succession order, chg
number N of runs, observation of the N\runs

instructions: driving instructions given to the vehicle drivers in order to comply
definition

the particular traffic conditiontwill be described and recorded in a database

ISO/TS 14907-1:2010(E)
B.2 Traffic conditions
Table B.1 — Traffic conditions — Longitudinal distance between vehicles
Dynamic behaviour tests
Name: Longitudinal and close longitudinal distance between vehicles (T1)
Group: Traffic conditions
Purpose: EFC transaction performance for longitudinally distance between vehicles
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
rpference: — EFC application
Default: tbd (see B.1)
Tlest configuration: |— tools: data logger, software tool or equipment for performing EFC transactions
— test location: site
— interfaces used: RSE access point used to check testZoutputs (traces of exchanges,
transactions log, ...)
— required equipment: RSE, OBEs for each vehicle, vehicles, gantry
Behaviour — methodology: for each vehicle crossing the communication zone, the transaction is monitored
description: on a pass/fail basis, and a data logging of the‘RSE is recorded

ice of the

with test

Gonstraints

T1, according to speed class<(T4) and traffic scenarios (T8)

reference:
\ferdict: Test result Verdict
No failed transaction Pass
One or morg transactions failed Fail
CGomments: a) Inease any failure has occurred which is not caused by the item under test, the specific test
run-is repeated. If the failure is of a persistent nature it shall be assigned to the respgctive test
item.

b)»  In case a single transaction fails, which statistically occurs for any real transagtion error
performance, a second identical test run is carried out. If the repeated run after a|failed run
shows no error, the verdict “pass” is valid.

c) This test may be usefully combined with traffic scenarios (T8) with up to five vehicles in
accordance with safe distance.

d) In case of closely longitudinally spaced vehicles a simulation can be useful (twg or three
private cars with OBE on a car transporter).
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Table B.2 — Traffic conditions — Lateral distance between vehicles

Dynamic behaviour tests

Name: Lateral distance between vehicles (T2)
Group: Traffic conditions
Purpose: EFC transaction performance for close lateral distance between vehicles
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: o
— EFC application
Default: tbd (see B.1)
Test configuration: |— tools: data logger, software tool or equipment for performing EFC transactions

— test location: site

— interfaces used: RSE access point used to check test outputs (traces-of exchanges,
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, gantry

Behaviouf — methodology: for each bulk of vehicles crossing the communication zone, the transactions are
description: monitored on a pass/fail basis, and a data logging of the RSE(is-recorded

— test steps: definition of the desired vehicles, definition of the number of vehiclgs
simultaneously crossing the toll zone, choice of the number N of runs, observation of the N
runs

— instructions: driving instructions given to the wehicle drivers in order to comply with tegt
definition

— the particular traffic condition will be described and recorded in a database

Constrainfts T2 according to speed class (T4) and traffic\scenarios (T8)
reference
Verdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
Comments: a) In case any failure has occurred which is not caused by the item under test, the specific tegt
run is repeated.fithe failure is of a persistent nature it shall be assigned to the respective tegt
item.

b) In case g single transaction fails, which statistically occurs for any real transaction errgr
perfofmance, a second identical test run is carried out. If the repeated run after a failed run
shows no error, the verdict “pass” is valid.

c) ) This test will be useful in multilane configurations of course, but may be envisaged for single
lane and pseudo multilane if motorcycles are involved.
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Table B.3 — Traffic conditions — Lateral distance between OBEs

Dynamic behaviour tests

Name: Lateral distance between OBEs (T3)
Group: Traffic conditions
Purpose: EFC transaction performance for close lateral distance between OBEs
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: o
— EFC application
Default: tbd (see B.1)
Tlest configuration: |— tools: data logger, software tool or equipment for performing EFC transactions

— test location: site

— interfaces used: RSE access point used to check test outputs(traces of exchanges,
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, gantry

Hehaviour — methodology: for each bulk of vehicles crossing the communication zone, the transactions are
description: monitored on a pass/fail basis, and a data logging of the*RSE is recorded
— test steps: definition of the desired vehicles;. definition of the number of| vehicles
simultaneously crossing the toll zone, choice/of the number N of runs, observation of the N
runs
— instructions: driving instructions givem tosthe vehicle drivers in order to comply| with test
definition
— the particular traffic condition will be)described and recorded in a database
Constraints T3 according to speed class (T4) and traffic scenarios (T8)
reference:
erdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
CGomments: a) In case any-failure has occurred which is not caused by the item under test, the specific test
run is-repeated. If the failure is of a persistent nature it shall be assigned to the respgctive test
item.

b) (Tn case a single transaction fails, which statistically occurs for any real transagtion error
performance, a second identical test run is carried out. If the repeated run after a|failed run
shows no error, the verdict “pass” is valid.

c) This test will be useful in multilane configurations of course, but may be envisaged|for single
lane and pseudo multilane if motorcycles are involved.

d) To carry out test for very closely laterally spaced OBEs simulation can be useful (two or three
OBEs each car).
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Table B.4 — Traffic conditions — Speed of vehicle(s)

Dynamic behaviour tests

Name: Speed of vehicle(s) (T4)
Group: Traffic conditions
Purpose: EFC transaction performance as a function of vehicle speed
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: o
— EFC application
Default: tbd (see B.1)
Test configuration: |— tools: data logger, software tool or equipment for performing EFC transactions

— test location: site

— interfaces used: RSE access point used to check test outputs (traces-of exchanges,
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, gantry

Behaviouf — methodology: for each vehicle crossing the communication zong;the transaction is monitored
description: on a pass/fail basis, and a data logging of the RSE is recorded

— test steps: definition of the desired vehicles, definition of their speed, choice of the number N
of runs, observation of the N runs

— instructions: driving instructions given to the vehicle drivers in order to comply with tegt
definition

— recording of vehicle speed (e.g. electronic tachegraph)

— the particular traffic condition will be desgribed and recorded in a database

Constrainfts T4 driving in normal direction according.to traffic scenarios (T8, T9) and traffic flow (T10), driving
reference against the normal driving direction and”driving in the reverse direction under conditions where
traffic safety is not compromised.
Verdict: Test result Verdict
No failed transaction Pass
One or more transactigns-failed Fail
Comments: a) In case any failure has occurred which is not caused by the item under test, the specific tegt
run is repeated. If the failure is of a persistent nature it shall be assigned to the respective tegt
item.

b) In_ case a single transaction fails, which statistically occurs for any real transaction errqr
perfermance, a second identical test run is carried out. If the repeated run after a failed run
shiows no error, the verdict “pass” is valid.

¢) ~ Vehicle speed is related to vehicle class.

d) For each speed class, a number of discrete values may be chosen; for instance, testing high-
speed multilane may be undertaken at 90 km/h, 120 km/h, 160 km/h and higher (evaluation ¢f
recorded speed with electronic tachograph).
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Table B.5 — Traffic conditions — Angle of approach

Dynamic behaviour tests

Name: Angle of approach (T5)
Group: Traffic conditions
Purpose: EFC transaction performance on bends in the road without changing the lane
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: o
— EFC application
Default: tbd (see B.1)
Tlest configuration: |— tools: data logger, software tool or equipment for performing EFC transactions

— test location: site

— interfaces used: RSE access point used to check test outputs(traces of exchanges,
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, gantry

HBehaviour — methodology: for each vehicle crossing the communication zone, the transaction is monitored
description: on a pass/fail basis, and a data logging of the RSE is(fecorded
— test steps: definition of the desired vehicles, definition of their succession order, chgice of the
number N of runs, observation of the N runs
— instructions: driving instructions given toythe vehicle drivers in order to comply| with test
definition
— the particular traffic condition will be ‘described and recorded in a database
CGonstraints T5 according to speed class (T4) and{traffic scenarios (T8), one car in a group of 5 to 10 vehicles
reference:
erdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
Gomments: a) In case any failure has occurred which is not caused by the item under test, the specific test
run is repeated. If the failure is of a persistent nature it shall be assigned to the respgctive test
item,

b) In{case a single transaction fails, which statistically occurs for any real transagtion error
performance, a second identical test run is carried out. If the repeated run after a|failed run
shows no error, the verdict “pass” is valid.

c) This test is likely to be usefully coupled with vehicle characteristics tests V6, V8,V9, V10,
V11, as the performance of the DSRC air interface is affected by the OBE/beagon angle
(presence of side lobes, increased effect of adjacent beacons interference, etc.), esgecially for
low speeds/high angle configurations.

d) For each speed class, a number of discrete values may be chosen; for instance, tegting high-
speed multilane may be undertaken according to requirement reference.
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Table B.6 — Traffic conditions — Lane changing

Dynamic behaviour tests

Name: Lane changing (T6)
Group: Traffic conditions
Purpose: EFC transaction performance for changing the lane
Requirement a) EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: o
b) EFC application
Default: tbd (see B.1)
Test configuration: |— tools: data logger, software tool or equipment for performing EFC transactions

— test location: site

— interfaces used: RSE access point used to check test outputs (traces--of exchanges,
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, gantry

Behaviouf — methodology: for each vehicle crossing the communication zong;the transaction is monitored
description: on a pass/fail basis, and a data logging of the RSE is recorded

— test steps: definition of the desired vehicles, definition of their succession order, choice of the
number N of runs, observation of the N runs

— instructions: driving instructions given to the vehicle drivers in order to comply with tegt
definition

— the particular traffic condition will be described and recorded in a database

Constrainfts T6 according to speed class (T4) and traffic séenarios (T8), one car in a group of 5 to 10 vehicles
reference
Verdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
Comments: a) In case any failure has/occurred which is not caused by the item under test, the specific tegt
run is repeated. If the failure is of a persistent nature it shall be assigned to the respective tegt
item.

b) In case alsingle transaction fails, which statistically occurs for any real transaction errqr
performance, a second identical test run is carried out. If the repeated run after a failed run
shows-no error, the verdict “pass” is valid.

c) Mehicle speed is related to vehicle class.

d)“¢For each speed class, a number of discrete values may be chosen; for instance, testing high-
speed multilane may be undertaken according to requirement reference.
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Table B.7 — Traffic conditions — Shadowing
Dynamic behaviour tests
Name: Shadowing car behind bus or truck (T7)
Group: Traffic conditions
Purpose: EFC transaction performance for shadowing
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: o
— EFC application
Default: tbd (see B.1)
Tlest configuration: |— tools: data logger, software tool or equipment for performing EFC transactions

— test location: site

— interfaces used: RSE access point used to check test outputs(traces of exchanges,
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, gantry

HBehaviour — methodology: for each vehicle crossing the communication zone, the transaction is monitored
description: on a pass/fail basis, and a data logging of the RSE is(fecorded

— test steps: definition of the desired vehicles, definition of their succession order, chaice of the
number N of runs, observation of the N runs

— instructions: driving instructions given teythe vehicle drivers in order to comply| with test
definition

— the particular traffic condition will be ‘described and recorded in a database

Constraints T7, according to speed class (T4), traffic scenarios (T8)
reference:
erdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
Gomments: a) In case any failure has occurred which is not caused by the item under test, the specific test
run is repeated. If the failure is of a persistent nature it shall be assigned to the respgctive test
item,

b) In{case a single transaction fails, which statistically occurs for any real transagtion error
performance, a second identical test run is carried out. If the repeated run after a|failed run
shows no error, the verdict “pass” is valid.

c) This test may be usefully combined with traffic scenarios (T8), queue driving with twg vehicles.

d) The distance between the two vehicles depends on speed and traffic situation acgording to

requirements of safe distance.
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Table B.8 — Traffic conditions — Traffic scenarios — Free flow

Dynamic behaviour tests

Name: Traffic scenarios — free flow (T8)
Group: Traffic conditions
Purpose: EFC transaction performance for traffic scenarios — free flow
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: o
— EFC application
Default: tbd (see B.1)
Test configuration: |— tools: data logger, software tool or equipment for performing EFC transactions

— test location: site

— interfaces used: RSE access point used to check test outputs (traces-of exchanges,
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, gantry

Behaviouf — methodology: for each vehicle crossing the communication zong;the transaction is monitored
description: on a pass/fail basis, and a data logging of the RSE is recorded

— test steps: definition of the desired vehicles, definition of their speed, choice of the number N
of runs, observation of the N runs

— instructions: driving instructions given to the vehicle drivers in order to comply with tegt
definition

— recording of vehicle speed (electronic tachograph)

— the particular traffic condition will be desgribed and recorded in a database

Constrainfts T8, according to speed class (T4)
reference
Verdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
Comments: a) In case any failure-has occurred which is not caused by the item under test, the specific tegt
run is repeatéd) If the failure is of a persistent nature it shall be assigned to the respective tegt
item.

b) In case.a single transaction fails, which statistically occurs for any real transaction errgr
performance, a second identical test run is carried out. If the repeated run after a failed run
shows no error, the verdict “pass” is valid.

¢)“Vehicle speed is related to vehicle class.

d) For each speed class, a number of discrete values may be chosen; for instance, testing high-
speed multilane may be undertaken at 90 km/h, 120 km/h, 160 km/h and higher.

e) The ftraffic situation should be combined with all vehicle classes and lane changing.
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Table B.9 — Traffic conditions — Traffic scenarios — Restricted flow

Dynamic behaviour tests

Name: Traffic scenarios — restricted flow (T9)

Group: Traffic conditions

Purpose: EFC transaction performance as a function of vehicle speed and the duration of staying in the
communication zone including “stop and go” condition and reverse driving.

Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]

rperence: — EFC application

Default: tbd (see B.1)

Tlest configuration: |— tools: data logger, software tool or equipment for performing EFC transactiens

— test location: site

— interfaces used: RSE access point used to check test outputs (traces of exchanges,
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, 'gantry

Hehaviour — methodology: for each vehicle crossing the communiCation zone, the transaction is monitored
description: on a pass/fail basis, and a data logging of the RSE is\técorded
— test steps: definition of the desired vehicles, definition of their succession order, chgice of the
number N of runs, observation of the N runs
— instructions: driving instructions givem tosthe vehicle drivers in order to comply| with test
definition
— recording of vehicle speed and thé«duration of staying in the communication zone
— the particular traffic condition will'be described and recorded in a database
Constraints T9, duration of staying in the cemmunication zone
reference:
\ferdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
CGomments: a) In cdse any failure has occurred which is not caused by the item under test, the specific test
run is repeated. If the failure is of a persistent nature it shall be assigned to the respgctive test
item.

b).~ In case a single transaction fails, which statistically occurs for any real transagtion error
performance, a second identical test run is carried out. If the repeated run after a|failed run
shows no error, the verdict “pass” is valid.

c) Traffic scenarios — restricted flow should be combined with all vehicle classes in @ group of
up to ten vehicles and lane changing.

d) For each duration of staying in the communication zone, a number of discrete valugs may be
chosen; for instance 10 min or 20 min.
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Table B.10 — Traffic conditions — Traffic flow

Dynamic behaviour tests

Name: Traffic flow (T10)
Group: Traffic conditions
Purpose: EFC transaction performance as a function of traffic flow
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: o
— EFC application
Default: tbd (see B.1)
Test configuration: |— tools: data logger, software tool or equipment for performing EFC transactions
— test location: site
— interfaces used: RSE access point used to check test outputs (traces-of exchanges,
transactions log, ...)
— required equipment: RSE, OBEs for each vehicle, vehicles, gantry
Behaviouf — methodology: for each vehicle crossing the communication zong;the transaction is monitored
description: on a pass/fail basis, and a data logging of the RSE is recorded
— test steps: definition of the desired vehicles, definition of their succession order, choice of the
number N of runs, observation of the N runs
— instructions: driving instructions given to the vehicle drivers in order to comply with tegt
definition
— continual recording of traffic flow
— the particular traffic condition will be desgribed and recorded in a database
Constrainfts T10
reference
Verdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
Comments: a) In case any failure-has occurred which is not caused by the item under test, the specific tegt
run is repeatéd) If the failure is of a persistent nature it shall be assigned to the respective tegt
item.
b) The traffic flow will be recorded continually and independently from the trials for a latgr
evaluation.
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B.3 Vehicle characteristics

Table B.11 — Vehicle characteristics — Vehicle geometry and other vehicle features

Dynamic behaviour tests

Name: Vehicle geometry and other vehicle features (V1, V2, V3, V4, V5)
Group: Vehicle characteristics
Purpose: EFC transaction performance for vehicle geometry and other features
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: L
— EFC application
Default: tbd (see B.1)
Tlest configuration: |— tools: data logger, software tool or equipment for performing EFC transactions

— test location: site

— interfaces used: RSE access point used to check testZoutputs (traces of exchanges,
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, gantry

ehaviour — methodology: for each vehicle crossing the communication zone, the transaction is monitored
escription: on a pass/fail basis, and a data logging of the‘RSE is recorded

Q. M

— test steps: definition of the desired vehicles, definition of their succession order, chgice of the
number N of runs, observation of the N\runs

— instructions: driving instructions given to the vehicle drivers in order to comply| with test
definition
— the particular vehicle characteristics, vehicle geometry and other vehicle feafures are
described and recorded in'central database for evaluation

onstraints V1,V2,V3, V4 and V5
bference:

=0

\ferdict: Test result Verdict
No failed transaction Pass

One or more'transactions failed Fail

CGomments: a) _In‘ease any failure has occurred which is not caused by the item under test, the specific test
run is repeated. If the failure is of a persistent nature it shall be assigned to the respgctive test
item.

b) In case a single transaction fails, which statistically occurs for any real transagtion error
performance, a second identical test run is carried out. If the repeated run after a|failed run
shows no error, the verdict “pass” is valid.

c) This test is obviously intended to ensure that all vehicles that are likely to use the pperator's
toll system will be reliably charged. Therefore, the possible combinations between VI, V2, V3,
V4 and V5 are limited and shall be reasonably chosen among currently available veHicles.
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Table B.12 — Vehicle characteristics — Constructive elements

Dynamic behaviour tests

Name: Constructive elements (V6)
Group: Vehicle characteristics
Purpose: EFC transaction performance for constructive elements
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: o
— EFC application
Default: tbd (see B.1)
Test configuration: |— tools: data logger, software tool or equipment for performing EFC transactions

— test location: site

— interfaces used: RSE access point used to check test outputs (traces--of exchanges$
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, gantry

Behaviouf — methodology: for each vehicle crossing the communication zong; the transaction is monitored
description: on a pass/fail basis, and a data logging of the RSE is recorded

=

— test steps: definition of the desired vehicles, choice of the\number N of runs, observation
the N runs

—

— instructions: driving instructions given to the vehicle drivers in order to comply with teg
definition

— the particular vehicle characteristics and constructive elements are described and recorded in
central database for evaluation

Constrainfts V6
reference
Verdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
Comments: a) In case any failure has occurred which is not caused by the item under test, the specific tegt
run is repeated.fithe failure is of a persistent nature it shall be assigned to the respective tegt
item.

=

b) In case g single transaction fails, which statistically occurs for any real transaction errq
perfofmance, a second identical test run is carried out. If the repeated run after a failed ru
shows no error, the verdict “pass” is valid.

=]

c) ) This test is usefully linked with test V10 and T7, as constructive elements may lead to th
reduction of the effective length of the communication zone.

[

d) No “normalized” constructive elements will be defined; it is up to the operator to define his ¢
her particular requirements for each class of vehicles.

=
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Table B.13 — Vehicle characteristics — Attenuation of windscreens, dirty windscreens

Dynamic behaviour tests

Name: Attenuation of windscreens (V7)

Group: Vehicle characteristics

Purpose: EFC communication performance of windscreens influenced by e.g. metallized, coated, heated,
dirty windscreens

Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]

rperence: — EFC application

Default: 3 dB one way

Tlest configuration: |— tools: data logger, software tool or equipment for performing EFC transactiens

— test location: site

— interfaces used: RSE access point used to check test outputs (traces of exchanges,
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, 'gantry

Hehaviour — methodology: for each vehicle crossing the communiCation zone, the transaction is monitored
description: on a pass/fail basis, and a data logging of the RSE is\técorded
— test steps: definition of the desired vehicles, choice of the number N of runs, obsgrvation of
the N runs
— instructions: driving instructions givem tosthe vehicle drivers in order to comply| with test
definition
— the particular vehicle characteristics and attenuation and dirtiness of windscteens are
described and recorded in central database for evaluation
CGonstraints V7
reference:
\ferdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
CGomments: a) In casevany failure has occurred which is not caused by the item under test, the specific test
rup-is.repeated. If the failure is of a persistent nature it shall be assigned to the respgctive test
item¢

b).~1h case a single transaction fails, which statistically occurs for any real transagtion error
performance, a second identical test run is carried out. If the repeated run after a|failed run
shows no error, the verdict “pass” is valid.

c¢) Windscreens with different attenuation or different degrees of dirtying should be useq.

NOTE Metallized windscreens without the “DSRC Aperture” must not be used as griterion of
pass/fail.
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Table B.14 — Vehicle characteristics — Angle of windscreens — Horizontal plane

Dynamic behaviour tests

Name: Angle of windscreens — horizontal plane (V8)
Group: Vehicle characteristics
Purpose: EFC transaction performance for angle of windscreens — horizontal plane
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: o
— EFC application
Default: 45°
Test configuration: |— tools: data logger, software tool or equipment for performing EFC transactions

— test location: site

— interfaces used: RSE access point used to check test outputs (traces-of exchanges,
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, gantry

Behaviouf — methodology: for each vehicle crossing the communication zong;the transaction is monitored
description: on a pass/fail basis, and a data logging of the RSE is recorded

— test steps: definition of the desired vehicles, choice of the\number N of runs, observation ¢f
the N runs

— instructions: driving instructions given to the vehicle drivers in order to comply with tegt
definition

— the particular vehicle characteristics and angle of windscreens — horizontal plane — are
described and recorded in central databasé for evaluation

Constrainfts V8
reference
Verdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
Comments: a) In case any failure has occurred which is not caused by the item under test, the specific tegt
run is repeated.fithe failure is of a persistent nature it shall be assigned to the respective tegt
item.

b) In case g single transaction fails, which statistically occurs for any real transaction errgr
perfofmance, a second identical test run is carried out. If the repeated run after a failed run
shows no error, the verdict “pass” is valid.

c) ) This test is usefully linked with test V10, as the main effect of angle of windscreens
horizontal plane — is the change the effective communication zone.
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Table B.15 — Vehicle characteristics — Angle of windscreens — Vertical plane

Dynamic behaviour tests

Name: Angle of windscreens — vertical plane (V9)
Group: Vehicle characteristics
Purpose: EFC transaction performance for angle of windscreens — vertical plane
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: o
— EFC application
Default: 0°
Tlest configuration: |— tools: data logger, software tool or equipment for performing EFC transactions

— test location: site

— interfaces used: RSE access point used to check test outputs(traces of exchanges,
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, gantry

HBehaviour — methodology: for each vehicle crossing the communication zone, the transaction is monitored
description: on a pass/fail basis, and a data logging of the RSE is(fecorded

— test steps: definition of the desired vehicles, choice of the number N of runs, obsgrvation of
the N runs

— instructions: driving instructions given toythe vehicle drivers in order to comply| with test
definition

— the particular vehicle characteristics~and angle of windscreens — vertical plane — are
described and recorded in central database for evaluation

CGonstraints V9
reference:
erdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
CGomments: a) In case any-failure has occurred which is not caused by the item under test, the specific test
run is-repeated. If the failure is of a persistent nature it shall be assigned to the respgctive test
item.

b) (Tn case a single transaction fails, which statistically occurs for any real transagtion error
performance, a second identical test run is carried out. If the repeated run after a|failed run
shows no error, the verdict “pass” is valid.

c) This test is usefully coupled with test T5 (driving at an angle) and T6 lane changing| may also
be considered.
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Table B.16 — Vehicle characteristics — Mounting heights of OBE antenna

Dynamic behaviour tests

Name: Mounting height of OBE antenna (V10) measured from the road surface
Group: Vehicle characteristics
Purpose: EFC transaction performance for various mounting heights of OBE antenna
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: o

— EFC application
Default: 0,7mto3,0m

Test configuration:

tools: data logger, software tool or equipment for performing EFC transactions
test location: site

interfaces used: RSE access point used to check test outputs (traces--of exchanges$
transactions log, ...)

required equipment: RSE, OBEs for each vehicle, vehicles, gantry

Behaviouf
description:

methodology: for each vehicle crossing the communication zong;the transaction is monitored
on a pass/fail basis, and a data logging of the RSE is recorded

[

test steps: definition of the desired vehicles, definition of their succession order, choice of th
number N of runs, observation of the N runs

—

instructions: driving instructions given to the vehicle drivers in order to comply with teg
definition

the particular vehicle characteristics and various mounting heights of OBE antenna are
described and recorded in central databasé for evaluation

Constrainits V10
reference
Verdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
Comments: a) In case any failure has occurred which is not caused by the item under test, the specific tegt
run is repeated.fithe failure is of a persistent nature it shall be assigned to the respective tegt
item.

b) In case g single transaction fails, which statistically occurs for any real transaction errgr
perfofmance, a second identical test run is carried out. If the repeated run after a failed run
shows no error, the verdict “pass” is valid.

¢) ) OBE antenna height in closely related to vehicle class and combinations between V1, V5 and
V4 are limited.

d) This test will be usefully coupled with T4 (speed of vehicles) as the main effect of varying OBE
antenna height is to change the effective communication zone.
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Table B.17 — Vehicle characteristics — Lateral mounting of OBE antenna
Dynamic behaviour tests
Name: Lateral mounting of OBE antenna (V11) from middle of windscreen
Group: Vehicle characteristics
Purpose: EFC transaction performance for various lateral mounting of OBE antenna
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: — EFC application
Qefault: Om
Tlest configuration: |— tools: data logger, software tool or equipment for performing EFC transactions
— test location: site
— interfaces used: RSE access point used to check test outputs(traces of exchanges,
transactions log, ...)
— required equipment: RSE, OBEs for each vehicle, vehicles, gantry
HBehaviour — methodology: for each vehicle crossing the communication zone, the transaction is monitored
description: on a pass/fail basis, and a data logging of the RSE is(fecorded

test steps: definition of the desired vehicles, definition of their succession order, chg
number N of runs, observation of the N runs

instructions: driving instructions given teythe vehicle drivers in order to comply
definition

the particular vehicle characteristics~and various lateral mounting of OBE an
described and recorded in central database for evaluation

ice of the

with test

enna are

CGonstraints V11
reference:
erdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
CGomments: a) In case any-failure has occurred which is not caused by the item under test, the specific test
run is-repeated. If the failure is of a persistent nature it shall be assigned to the respgctive test
item.

b) (Tn case a single transaction fails, which statistically occurs for any real transagtion error
performance, a second identical test run is carried out. If the repeated run after a|failed run
shows no error, the verdict “pass” is valid.

c) This test applies only if it does not conflict with manufacturer’s specification, and|is mainly

useful where the user is required to mount the OBE in his or her vehicle.
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Table B.18 — Vehicle characteristics — OBE conditions

Dynamic behaviour tests

Name: OBE behaviour (V12)
Group: Vehicle characteristics
Purpose: EFC transaction performance for OBE conditions
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: o
— EFC application
Default: tbd (see B.1)
Test configuration: |— tools: data logger, software tool or equipment for performing EFC transactions

— test location: site

— interfaces used: RSE access point used to check test outputs (traces-of exchanges,
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, gantry

Behaviouf — methodology: for each vehicle crossing the communication zong;the transaction is monitored
description: on a pass/fail basis, and a data logging of the RSE is recorded

— test steps: definition of the desired vehicles, definition of their succession order, choice of the
number N of runs, observation of the N runs

— instructions: driving instructions given to the vehicle drivers in order to comply with tegt
definition

— the particular vehicle characteristics and different OBE conditions are described and recorded
in central database for evaluation

Constrainfts V12
reference
Verdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
Comments: a) In case any failure has occurred which is not caused by the item under test, the specific tegt
run is repeated.fithe failure is of a persistent nature it shall be assigned to the respective tegt
item.

b) In case g single transaction fails, which statistically occurs for any real transaction errgr
perfofmance, a second identical test run is carried out. If the repeated run after a failed run
shows no error, the verdict “pass” is valid.
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B.4 Environmental influences

Table B.19 — Environmental influences — Width of pavement, number of lanes and other conditions

Dynamic behaviour tests

Name: Width of pavement, number of lanes and other topographical influences (11, 12, 13)
Group: Environmental influences
Purpose: EFC transaction performance for width of pavement, number of lanes and other conditions
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: L
— EFC application
Default: tbd (see B.1)
Tlest configuration: |— tools: data logger, software tool or equipment for performing EFC transactions

— test location: site

— interfaces used: RSE access point used to check testZoutputs (traces of exchanges,
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, gantry

Behaviour — methodology: for each vehicle crossing the communication zone, the transaction is monitored
description: on a pass/fail basis, and a data logging of the‘RSE is recorded
— test steps: definition of the desired vehicles, definition of their succession order, chgice of the
number N of runs, observation of the N\runs
— instructions: driving instructions given to the vehicle drivers in order to comply| with test
definition
— particular environment influences will be listed and recorded in a database
(Gonstraints 11, 12, 13 to all traffic conditions
reference:
\ferdict: Test result Verdict
No failed transaction Pass
One or morg transactions failed Fail
CGomments: a) Inease any failure has occurred which is not caused by the item under test, the spgecific test
run-is repeated. If the failure is of a persistent nature it shall be assigned to the respgctive test
item.

b)»  In case a single transaction fails, which statistically occurs for any real transagtion error
performance, a second identical test run is carried out. If the repeated run after a|failed run
shows no error, the verdict “pass” is valid.

c) All traffic scenarios influenced by width of pavement and number of lanes.

d) The influence of other conditions should be evaluated.
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Table B.20 — Other environment influences — Weather conditions

Dynamic behaviour tests

Name: Weather conditions (14, 15, 16)
Group: Environmental influences
Purpose: EFC transaction performance for weather conditions
Requirement — EFC requirements for DSRC, May 1994, document CEN/TC 278 [N318]
reference: o
— EFC application
Default: tbd (see B.1)
Test configuration: |— tools: data logger, software tool or equipment for performing EFC transactions

— test location: site

— interfaces used: RSE access point used to check test outputs (traces--of exchanges$
transactions log, ...)

— required equipment: RSE, OBEs for each vehicle, vehicles, gantry

Behaviouf — methodology: for each vehicle crossing the communication zong; the transaction is monitored
description: on a pass/fail basis, and a data logging of the RSE is recorded

[

— test steps: definition of the desired vehicles, definition of their succession order, choice of th
number N of runs, observation of the N runs

—

— instructions: driving instructions given to the vehicle drivers in order to comply with teg
definition

— weather conditions recorded automatically andcontinually

— particular environment influences will belisted and recorded in a database

Constrainfts 14,15, 16
reference
Verdict: Test result Verdict
No failed transaction Pass
One or more transactions failed Fail
Comments: a) In case any failure-has occurred which is not caused by the item under test, the specific tegt
run is repeatéd) If the failure is of a persistent nature it shall be assigned to the respective tegt
item.

b) In case.a single transaction fails, which statistically occurs for any real transaction errq
performance, a second identical test run is carried out. If the repeated run after a failed ru
shows no error, the verdict “pass” is valid.

S5 =S

¢) "' Weather conditions recorded automatically for later evaluation.
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Annex C
(informative)

Reliability/availability tests

Gt Overview

C.1.1 General
The concept of reliability comprises both equipment reliability and transaction reliability, Equipment |s divided
fyrther into repairable and non-repairable. RSE is typically repairable, but OBE tends-to be non-rg¢pairable.
This results in the following assignment:

—+ availability and the MTBF, applicable to repairable equipment;
— reliability and the MTTF, applicable to non-repairable equipment;

—t transaction reliability, expressed in a per-transaction probability of failure, or any equivalent meagure.

I addition to the test for obtaining estimates of the above{quantities (point estimates) it is ustally also
necessary to give figures on the preciseness of these estimates, usually in the form of confidence intgrvals.

Slandard statistical methods are to be used for caletlating these quantities from the measurements; some
examples are given in Annex E.

C.1.2 Availability

n

pr availability calculations there are.two basic figures needed, the MTBF and the MTTR. The d¢finition of
ailability, 4, is:

Q

MTBF
MTBF + MTTR

The MTTR is normally-ebtained from manufacturer guarantees and prescribed repair procedures. The MTBF
nmay be measured statistically, but this is not always feasible. As an alternative, the system failure rae may be
cdalculated from.anjanalysis of the system architecture, combining the failure data of system compoments and
stib-components (at the lowest level, figures can be obtained from standard handbooks of componegnt failure
rdtes).

C.1.3. Equipment reliability

For non-repairable equipment, the MTTF needs to be determined. This can be done either by analysis in the
same way as the MTBF was determined, or by direct statistical observation. In the case of OBE, the latter
course may be feasible, since OBE units may be available in sufficient quantities to observe the failure rate A;
the MTTF is then equal to 1/A. If the number of units available is too small, the observation period needs to be
very long to achieve the required level of confidence. In any case, the observation period needs to be long
enough to eliminate initial errors, or “burn-in” effects.

The failure rate curve shows a shape called a “bath tub” curve. The failure rate will decrease to a lower value,
which remains fairly constant and defines the beginning of normal operation period. The failure early period is
called the infant-mortality or the burn-in period. Failure occurrence can be discerned by burn-in or aging of the
components.

© 1SO 2010 — All rights reserved 51


https://standardsiso.com/api/?name=8987a62a5f2a9627d46f32ff10956f6c

ISO/TS 1

4907-1:2010(E)

C.1.4 Transaction reliability

Transactipn reliability can be determined in a similar way to equipment reliability; either by analysis of the
process, pr by observation of transactions in reality, in the laboratory, or in a_simulation model. In addition fo

obtaining

for the various ways in which a transaction can fail. Some requirements' specifications can be extremdly

demandir

of transagtions, or by analytical means. In analysis as well as in.simulation, however, the validation of the
model bgcomes a problem in its own right, in particular when applied to real-life traffic situations (i.e. it can
only provide background information with little quantitative support). Hybrid approaches, where simulatiop,
observatipn of real traffic and analytical techniques are combined, can be used to obtain reliability results with
an acceptable level of confidence. As an alternative, the tests may be performed entirely by simulation and
analysis, jand the model(s) used can be validated against’real traffic in the actual operational environment.

Barly . Normal . Wear

failure ! operating : out

period | period i period
Specified
longevity

p Specified
e failuerate i/
D A 8

Figure C.1 — Typical failure rate curve

figures for the reliability of a transaction as a whole it is also important to calculate separate figures

g, e.g. 1in 108. This can only be tested experimentally by observing (or simulating) several millions
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C.2 Reliability/availability test

Table C.1 — Transaction-level reliability

Reliability/availability tests

Name: Transaction-level reliability (R2)

Group: Reliability/availability

Purpose: To prove that the required transaction-level reliability can be achieved, which means that less than
n transaction fails in N transactions

Requirement — EFC requirements for the DSRC

reference:

— EFC Application Interface Definition according to ISO 14906

— Specification of the transaction profile

Default: The EFC equipment has passed the DSRC and EFC Application Interface’Conformance Tests

—

est configuration: [—  Any test method which is able to satisfy the statistical requirements is acceptable
— Usage of simulation techniques is recommended

— Any test configuration shall ensure that the system is‘t€sted under conditions close t reality

Hehaviour Methodology
d iption: ) . - . .
escription In order to prove the required transaction-level\ reliability, long-term testing of the $ystem in

selected scenarios as specified in a test plan, see*5.3, shall be carried out.
Test steps
For each of the tested scenarios, the iumber of test transactions shall be sufficient to| meet the
required confidence level.
Instructions
The test house carrying out™the testing ensures that with the scenarios selected for tgsting, the
complete functionality of'the' EFC-system will be tested, although it is expected that no gxhaustive
testing with every parameter and scenario configuration can be carried out.

Constraints Not relevant

reference:

erdict: Test result Verdict
Confirmation of the required transaction Pass
religbility.
Number of failed transactions in the specified Fail
scenarios.

Gomments: It is recommended to specify the number of test transactions in order to achieve the desired

confidence level. E.2 gives some guidance.

It is difficult and unrealistic to execute large numbers of transactions in practical operational
environment, as this will require large numbers of vehicle passages. Therefore, a combination of
simulation and real-life traffic is most feasible.
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Table C.2 — OBE life duration

Reliability/availability tests

Name: OBE life duration (R3)
Group: Reliability/availability
Purpose: Evaluation of the OBE life duration, except batteries and smart card physical interface. Assuming
that the OBE is not repaired on failure, this is equivalent to the MTTF.
Requirement None (operator specific requirement)
reference — -
See Annex E for minimal performance requirement
Default: tbd
Test configuration: |— tools: none
— test location: laboratory
— interface used: none
Behaviouf — methodology: this figure will be derived from the behaviour of the OBE-to some environmental
description: tests (vibration, shocks, heat, etc.) and by the manufacturer's{demonstration and qualily
insurance
— test steps: not relevant
— instructions: not relevant
Constrainfts Not relevant
reference
Verdict: Test result Verdict
Compliant with the class specification chosen(by| Pass
the operator.
Not compliant. Fail
Comments:
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Table C.3 — OBE battery duration

:2010(E)

Reliability/availability tests

Name: OBE battery duration (R4)
Group: Reliability/availability
Purpose: Evaluation of the OBE battery duration under operating conditions. Assuming that a battery is not

repaired on failure, this is equivalent to the MTTF.

Requirement

None (operator specific requirement)

£ aoa:
rerereree:

See Annex E for minimal performance requirement

Default:

tbd

—

est configuration:

tools: software tool or equipment for performing EFC transactions
test location: laboratory

interfaces used: electrical load

— required equipment: climate chambers to apply temperature variations. If the pattery is
connected via contacts, also vibration test equipment may/be fequired
Hehaviour — methodology: batteries shall be tested by applying.-all operational modes of [the OBE
description: according to manufacturer specifications
— test steps: measuring of power consumption jn signhificant operational modes and agsessment
of the specified battery duration time
— instructions: not relevant
CGonstraints Not relevant
reference:
\ferdict: Test result Verdict
Compliant with the class specifi€ation chosen by | Pass
the operator.
Not compliant. Fail
Gomments: The number of OBEs* will be the choice of the manufacturer, but it is suggested to be af least 50,
for the following.reasons:
— most OBE batteries require a recovery time after a transaction that is much longef than the
transaction itself; increasing the number of OBEs will thus speed up the test process
— (batteries do not have perfectly well controlled performances, and establishing a|statistical
dveraging is mandatory for this test
NOTE Today's battery lifetime in OBEs is 5 to 7 years and operators' expectations gre in that
range. No operator will accept lower than 5 years or require longer than 7 years when tallking about
battery lifetime.
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Table C.4 — OBE smart card life duration

Reliability/availability tests

Name: OBE smart card life duration (R5)
Group: Reliability/availability
Purpose: Evaluation of the OBE smart card life duration
Requirement None (operator specific requirement)
reference: See Annex E for minimal performance requirement
Default: tbd
Test configuration: |— tools: mechanical smart card manipulator, software tool or equipment for performing EFC
transactions
— test location: laboratory
— interfaces used: serial interface
— required equipment: none
Behaviouf — methodology: the card will be inserted and extracted a given pumber N times (according fo
description: class specification) and a transaction with access to the smart-card will be performed eagh
time
— test steps: choice of N, observation of each transaction
— instructions: not relevant
Constrainits Not relevant
reference
Verdict: Test result Verdict
No failed transaction. Pass
One or more failed transaction. Fail
Comments: This test implies a specific test mode in the OBE for access to the smart card.
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Annex D
(informative)

Classes of equipment

Tables D.1 to D.3 propose a set of equment parameters These are given as an example; they are not

be-used to form

asses of equment by the aSS|gnment of speC|f|c requrrements The column test procedure indicates the
pplicable clause or subclause of this part of ISO/TS 14907. The listed entries of the column “requirement” are

cidental; there is no dependency between columns and lines. The tables can be used by opg¢
pecify frame conditions for the intended EFC applications. A set of such selected parameters

rators to
may form

gether with the assigned requirements a class of DSRC equipment. The proposed-equipment parameters
e provided for RSE, OBE and communication.

his part of ISO/TS 14907 does not define classes of DSRC equipment.

Table D.1 — RSE parameters

Parameter of RSE
Parameter Item Test procedure Requirements Refergnce
Availability 1/MTBF CA1 10 10-6 CEN/TC 28 [N318]
Defined
Security protection Level E4 Level E5 ISO/IEQ 15408
targets
Environment Different F.2 4K2 4K3 EN 60721
conditions
Lane . .
. B.2 Single Multi 3 lanes CEN/TC 28 [N318]
configuration
Traffic flow/ B.2 <1800 <2500 | <3000 |CEN/TC2y8N318]
Traffic lane and hout
conditions P
Longitudinal B.2 >5m | 2mto4m CEN/TC 278 [N318]
distance
yeteral B.2 >15m |1mto15m| <1m |CENTC 278 [N318]
distance
Vehicle Vehicle speed B.2 <90 km/h | <160 km/h CEN/TC 2J8 [N318]
characteristics
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Table D.2 — OBE parameters

Parameter of OBE
Parameter Item Test Requirements Reference
procedure
Reliability A C2 4 years 5 years CEN/TC 278
[N318]
Different
Security protection Level E4 Level E5 ISO/IEC 15408
targets
Envirofiment Different F.2 5K2 5K3 EN 60721
conditions
OBU and CEN/TC 278
Type Tag OBU IcC IN318]
Equipment
. . Display, CEN/TC 278
MMI Display keyboard [N318]
Debitin 6.1 Central Vehicle CEN/TC 278
9 ’ account account [N318]
Functignality
Receint 6.1 Central Vehicle CEN/TC 278
P ’ receipt receipt [N318]
Vehicle speed B.2 <90 km/h <160 km/h CEN/TC 278
[N318]
Veh|cle Vertical CEN/TC 278
charactristics | position OBE B.3 <07m 107m<h<13m| <25m [N318]
OBU CEN/TC 278
sensitivity B.3 3dB 11dB [N318]
Table D.3 — Communication parameters
Parameter of communication
Parameter Item Test Requirements Reference
procedure
EFC
Commupication communication 6.1.1 Protocol a Protocol b ISO 14906
protocol
Transaction 4 5 CEN/TC 278
reIiaIiIity A C.1 10 10 [N318]
Different
Secyrity protection Level E4 Level E5 ISO/IEC 15408
targets
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Annex E
(informative)

Examples for statistical calculations

E-t—Examptethecalcutatiomof aquantity frommasampie

The methodology of estimating the reliability of the on-board equipment (OBE) by means of the MTTF can be
a$ described in the following scenario:

The manufacturer and the service provider agree on using a field test with N OBEs.in\order to estimate the
MTTF. They also agree on using statistical analysis on the field test based upon &an.estimator for the MTTF,
MTTF*.

Fpr simplicity reasons the following is assumed:

The N different OBEs from the manufacturer are observed in their, opeération periods until the fifst failure
ogcurs for each OBE. In this scenario it is assumed that the OBEs aré€ operating independently of ea¢h other.

-

bt 7' be the operational time for one OBE (number 7) until its gperation is caused by one failure, i.e. |ts time to
ilure (TTF).

—h
Q

The estimator MTTF* is defined as the sample average:

« 1 oN
MTTF _NZMT.

The variance is calculated from the individual life times and the sample average, as follows:

>om —MTTF*)2

i=1\"!

N 31

Var® (MTTF) =

iven the mean and thé variance, percentile estimates for the MTTF can be obtained, preferably uging some
nown or assumed distribution function. If we have no information at all about the distribution of the|lifetimes,
e confidence levéltan be established from the average alone, using the Markov inequality:

FZ 0

X
P[XX£%] <¥

This-yields a rather weak estimate. The Chebyshev inequality uses the mean and variance, and is gomewhat
tighfnr; it states that for any x 0,

x2

. 2

e 1)<%
Estimates based on a (known or assumed) distribution are generally superior.

For example, if the distribution of the MTTF can be approximated by a normal distribution, then the 95

confidence interval lies between MTTF* —1,96s and MTTF* +1,96s, where s is the standard deviation, the
square root of the estimated variance.

© 1SO 2010 — All rights reserved 59


https://standardsiso.com/api/?name=8987a62a5f2a9627d46f32ff10956f6c

ISO/TS 14907-1:2010(E)

The assumption of a normal distribution has to be justified, however; it cannot under all circumstances be
taken for granted.

A problem with this approach is that it takes a long time (theoretically until the last OBE has failed) until the
above calculations can be made. This method (which is generally quite useful for measuring population

properties from samples) does not seem to be practical in this case. The determination of MTTF is considered
in E.3.

E.2 Statistical considerations when proving low transaction error rates

In the follbwing examples, statistical considerations are presented that demonstrate the statistical relevanee pf
different pumbers of test events.

For this gxample, the probability that, in a number of tested EFC transactions, no failed transaction will occpr
(i.e. 100 Po success) is calculated depending on the number of test transactions carried odt;and the actugl
reliability (which of course usually is not known and shall be determined by the testing).

The calculations presented in Table E.1 are based on the binomial distribution function:
e (1) x(-r)""3

The folloying definitions are used:

r  Probability of failure of an EFC transaction
(unrefiability of the EFC-system)

n  Number of tested EFC transactions
k  Number of failed transactions

p Probability that & failed transactions are encountered for » tested transactions

For the fgllowing table, the following valties‘were chosen:

n  Number of tested EFC transactions:
100, 100 000 and 10 000 000

k  Number of failed transactions:
0 (no|failure, 100 %-success)

p Probability that the EFC-system passes the testing with no failure (100 % success)

The formpla-seduces then to:

po=(1-r)"

60 © ISO 2010 — Al rights reserved


https://standardsiso.com/api/?name=8987a62a5f2a9627d46f32ff10956f6c

ISO/TS 14907-1:2010(E)

Table E.1 — Calculations

n R Do
(no. of tested transactions) (transaction failure probability) (probability of no failure in » transactions)
102 36,6 %
1073 90,4 %
100 104 99,01 %
107 99,90 7%
106 99,99 %
102 0
1073 0
100 000 104 0,004<5 %
1075 86,8 %
1076 90,5 %
1072 0
10-3 0
104 0
10 000 000
10-5 0
10-6 0,005 %
107 36,7 %

can be interpreted as the probability thata*PASS” verdict is given to a system with a failure rate dgiven by r,
nd with this interpretation the results of-the testing lead to the following observations:

[V

—_

DO tested transactions:

— With only 100 tested transactions a system with a reliability of 1 failure out of 10 000 will pass the fest
without failure with almastthe same probability as a system with a reliability of 1 failure out of
1 000 000 transactionsy

— Clearly 100 tests-are insufficient to verify low transaction error rates.

—_

DO 000 tested.transactions:

— With_ 100 000 tested transactions without a failure, a reliability of better than 1 failure out of 10 00Q can be
conhcluded with a very high probability.

—_

000 000 tested transactions:

— With 10 000 000 tested transactions without a failure, a reliability of better than 1 failure out of 1 000 000
can be concluded with a very high probability.

This can be seen directly by using the following approximation:

rn<<1=pg=(1-ry'=1-rn
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For very small values of r it can be seen immediately that » n should not be small (since then py will be near
unity) so n should be big (roughly » > 1/r). Or, if there is a requirement for a reliable “PASS” verdict for a
transaction error rate of 10-6, then a need on the order of a million test transactions is given.

If the desired confidence level is o, then the minimum required sample size is log (1 — a)/log(1 — 7).

E.3 MTTF determination

This is t

e

translatio

The failu
time T, o
unit. This

r=1T]

The prob

Po=

and the ¢
1 shq

It can be
required {

NOTE

62

failu]e rate = 1/MTTF
e

reconsider the MTTFE determination pmhlpm with which this annex started It hpginq with t
h from MTTF to failure rate:

rate is the expected number of failures per time unit per OBE unit in the sample. Roughly, over
ne may assume that the probability that an OBE fails during this interval is T/MTTFfaifures per OB
is equated to the failure probability determined in E.2:
MTTF

bbility for a false “PASS” verdict results in:

1 - TIMTTFYy"

pndition on the minimum number of OBE units that must be involved in the test is:
uld be at least of the order MTTF/T

seen that there is a trade-off between T and #: the shorter the test interval, the more units a
0 achieve a good level of confidence.

Strictly, this is only true for infinitesimal T; however, as long as 7<<MTTF, the approximation is valid.

fe
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Annex F
(informative)

Examples of referenced pre-tests based on European test proced

:2010(E)

ures

+—Dedicated-short= — (DSRC)

Lropean DSRC standards given in References [15] to [18].
2 and F.3 give tests that make use of References [19] to [59].

hbles F.1 to F.4 give examples for test procedures related to DSRC parameters.

Table F.1 — Microwave (5,8 GHz)

nis clause contains test items and references to test procedures with regard to the requirements of the

Parameter Test procedure
(ref. Draft'ETSI EN 300 674-1V 0.0.9)

OSRC D
0.1 Physical layer, 5,8 GHz
0.1.1 Number and values of carrier frequencies | Carrier frequencies, subclause 5.3
0.1.2 Tolerance of carrier frequencies; RSU Frequency error, subclause 9.8
0.1.3 RSU transmitter spectrum mask Transmitter spectrum mask, subclause 9.9
0.1.4 Modulation Modulation index, subclause 9.1
0.1.5 Subcarrier frequencies (Uplink) Frequency error (subcarrier), subclause 10.5
0.1.6 OBU transmitter spectrum mask Transmitter spectrum mask (OBU), subclause 10.6
0.1.7 Maximum single sideband EIRP Maximum equivalent isotropically radiated power, subclause 10.4
0.1.8 Bit error rate Contained in :

Sensitivity (RSU), subclause 9.2.1

Error behaviour at high wanted input signals (RSU), subclausg 9.2.2

Sensitivity (OBU), subclause 10.1.1

Upper power limit for communication (OBU), subclause 10.1.2

0.1.9 Minimum conversion gain (transponder) | Conversion gain (OBU), subclause 10.3
0.1.10 Maximum EIRP Maximum equivalent isotropically radiated power (RSU), subclause 9.7
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Table F.2 — MAC sub-layer

Parameter

Main group

Sub-group

Test procedure

Control frame

D.2.1.1 Invalid flag

Test the behaviour, if the start- or the endflag is not'01111110'B

D.2.1.2 Invalid address

Test the behaviour, if the address is invalid

D.2.1.3 Invalid control field

Test the behaviour, if the D- and the X-bits in the control field are
invalid

D.2.1.4 Valid control field

Test the values of the bits of the control field in a received frame

D.2.1.5 Invalid FCS

Test the behaviour, if the frame check sequence is invalid

Window
managenient

D.2.2.1 Timing

Test the timing behaviour (Parameter T1, T2, T3, T4a)\T4b, T5)

D.2.2.2 Frame length

Test, if the max. layer 2 frame length in a downlink ‘window is N2
octets

D.2.2.3 Frame length Test, if the max. layer 2 frame length in a public uplink window {s
N4 octets
D.2.2.4 Frame length Test, if the max. layer 2 frame length in a private uplink window {s

N3 octets

OBE management

D.2.31

Test, if the RSE manages the variables for each OBE in the
communications zone

Access

D.2.4.1 Random

Test the correct implementation of the random delay countgr
mechanism (for single- and for multilane scenarios)

D.2.4.2 Private uplink allocation

Test, if the OBE"only uses private uplink windows, which are
reserved to'this’OBE

D.2.4.3 Private uplink
reallocation

Test, if the RSE reallocates private uplink windows correctly

Data trangfer

D.2.5.1 Transmit

[]

Test, if the OBE transmits the correct LPDU in dependence to th
L-"and the S-Bit and the V(A) variable

D.2.5.2 Receive

Test the behaviour, if a correct frame is received

D.2.5.3 Frame Test, if the transmitted frame has the correct format
Private medium D.2.6.1 Test the correct implementation of the private medium response
response(timer timer
Table F.3 — LLC sub-layer
Parameter
Test procedure
Main group. Sub-group

D.2.7.1 Invalid address

Test the behaviour, if the address is invalid

Control frame

D.2.7.2 Invalid control field

Test the behaviour, if the control field is invalid

D.2.7.3 Invalid length

Test the behaviour, if the LPDU has an invalid length

Type 1 Protocol

D.2.8.1

Test the Type 1 component state transition table in the DSRC-
standard

Type 3 Protocol

D.2.9.1 Receiver

Test the Type 3 receiver component state transition table in the
DSRC-standard

D.2.9.2 Sender

Test the Type 3 sender component state transition table in the
DSRC-standard
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Table F.4 — Application layer

:2010(E)

Parameter

Main group

Sub-group

Test procedure

D.3.1.1 Encoding

Test the correct encoding of the PDUs according to

ASN.1-BASIC-PER

D.3.1.2 Decoding

Test the correct decoding of the T-APDUs according to

ASN.1-BASIC-PER

D242 Lo
L= Sv v |

T

ed PDUs

Tlransfer kernel element

TN totbion
ragrmeraton

+ + £ LA E=¢ H £+l =Y
reStriC—Correecr—magriermator—Or—tic— it

according to ASN.1-BASIC-PER

D.3.1.4 Defragmentation

Test the correct defragmentation ef\ the
according to ASN.1-BASIC-PER

T-APDUs

D.3.1.5 Octet alignment

Test the correct octet alignment

D.3.1.6 Multiplexing

Test the correct multiplexinglofthe T-APDUs

D.3.1.8 Demultiplexing

Test the correct demultiplexing of the T-APDUS|

D.3.1.9 Concatenation

Test the correct mapping of multiple cd
T-APDUs on‘one LLC service

nsecutive

D.3.1.10 Access to LLC

Test the‘correct use of the FlowControl parame

ter

nitialization kernel element

D.3.2.1 Transmission of BST

Test if the RSE periodically transmits a correct

BST

D.3.2.2 Reception of BST

Test if the OBE reacts correctly to a received BB

D.3.2.3 Answer to VST

Test if the RSE reacts correctly to a received V

D.3.2.4 Registration

Test if a new application is correctly registered

D.3.2.5 Deregistration

Test if an application is correctly deregistered

D.3:2.6 Application is ready

Test if the RSE and the OBE react correctly {
application-service-primitive

b a ready

D.3.2.7 Reception of a release

Test if the RSE and the OBE react corrg
received release

ctly to a
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F.2 Environment

Table F.5 — Basic environment testing with reference tests

Parameter

Test procedure (reference)

Environment V (Part 1)

Basic testing procedures IEC 60068-1
ET.1. Climate

ET.1.1 Cold IEC 60068-2-1
ET.1.2 Dry heat IEC 60068-2-2

ET.1.3 Damp heat, steady state

IEC 60068-2-78

ET.1.4 Damp heat, cyclic

IEC 60068-2-30,
IEC 60068-2-3-4

ET.1.5 Temperature changing

IEC 60068-2-14

ET 1.6 Sun radiation

IEC 60068-2-5

ET 1.7 Light, brightness

to be defined

ET 1.8 Rain, fog, snow

to be defined

ET.2. Mechanical

ET.2.1 Vibration, sinusoidal (RSE)

IEC 60068-2-6

ET.2.2 Vibration, random (OBE)

IEC 60068-2-64

ET.2.3 Shock

IEC 60068-2-27

ET.2.4 Bump (continuous shocks)

IEC 60068-2-29

ET.2.5 Free fall (OBE)

IEC*60068-2-32

ET.2.6 Wind

to be defined

ET.2.7 Housing

IEC 60529,
IEC 60068-2-17 (sealing)

ET.3 Electrical

ET.3.1 Supply, roadside

national requirements

ET.3.2 Supply, OBE

national requirements and partly to EMC (ISO 7637)

ET.3.3 Lightning

to EMC (IEC 61000-4-5)

ET.4 Chemical/biological

ET.4 1 Saltymist

IEC 60068-2-11 or -52

ET.4:2.Gas (SO2, H2S)

IEC 60068-2-42, -43, -46, -49

ET.4.3 Smoke, OBE

to be defined

ET.4.4 Mould

IEC 60068-2-10
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Table F.6 — Environment safety with reference tests

:2010(E)

Parameter Test procedure (reference)
Environment V (Part 2)
ET.5 Safety
ET.5.1 Mechanical, roadside to be defined, national requirements
ET.5.2 Traffic, roadside to be defined, national requirements
ET.5.3 Traffic, OBE to be defined
ET.5.3.1 Equipment to be defined
ET.5.3.2 Location to be defined
ET.5.4 Electrical, roadside to be defined, national requirements
ET.5.4 Electrical, OBE normally not relevant
ET.5.5 Fire protection to be defined
ET.5.6 Protection of persons (radiation, electromagnetic fields) |EN 50413, European;for microwave

NPTE 1 The tests are attached to RSE, OBE and air interface; usually, they.are different for each part.

NOTE 2  The test procedures define whether functional tests are carried out after exposure to test condition
the exposure to test conditions.

NPTE 3 For tests that are carried out during exposure to test\conditions a special testing system and testing
atle defined (distance between the parts, different exposure to'test conditions, parameters for RSE and OBE).

NOTE 4  Combinations of exposure to test conditions-(vibration and temperature) can be discussed.

NOTE 5  For the part “safety”, there are different recommendations for equipment and installation dg
nptallation, national standards are usually relevant.

5 or during

procedure

fined. For
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F.3 EMC

NOTE 1

NOTE 2

Table F.7 — EMC tests with reference tests

Parameter

Test procedure (reference)

EMCE

E.1 EMC General

EN 61000-6-3; EN 61000-6-1

E 1.1 Emission

EN 61000-6-3

E 1.1.1 Radio emission

EN 737; EN 55015; EN 55022
72/245/EEC with modification 95/54/EC

by radio frequency fields

E 1.1.2 EFC specific none

E 1.2 Immunity EN 61000-6-1
E 1.2.1 Electrostatic discharge IEC 61000-4-2
E 1.2.2 Electrical fast transient bursts IEC 61000-4-4
E 1.2.3 Electromagnetic field IEC 61000-4-3
E 1.2.4 Surge immunity IEC 61000-4-5
E 1.2.5 Conducted disturbances inducted|IEC 61000-4-6

E 1.2.6 Voltage dips, short interruptions and
voltage variations

IEC 61000-4-11

E 1.2.7 Road vehicles ISO 7637
72/245/EEC with modification 95/54/EC
ISO\1451-3
ISO 11451-2 DAM 1

E 1.2.8 GSM ENV 50204

E 1.2.9 EFC specific none

the expostire to test conditions:

NOTE 3
procedure

68

The tests are attached to, RSE, OBE and air interface. Normally they are different for each part.

The test procedures define whether functional tests are carried out after exposure to test conditions or during

For tests_which are carried out during exposure to test conditions a special testing system and testi
are defined (distance between the parts, different exposure to test conditions, parameters for RSE and OBE).
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Annex G
(informative)

Test methods and tools

3t General

W]

fferent test methods and tools can be applied for the assessment and proof of a complete EFC-system or of
specific EFC components. The appropriate selection and combination of test methods depends on the object
tq be tested and the range of the test. The set of tests required to assess a test object|will be defined in an
individual test plan. 5.2 includes a table which shows the relation between test methods and the get of test
parameters and items of this part of ISO/TS 14907.

Thble G.1 indicates the fundamental applicability of the test methods with regard’to the object being|tested or
tgst objective, as applicable.

Table G.1 — Overview of main test methods and:test object/objective

Test methods
Tlest object/objective Inspection Simulation Laboratory test Field test
Requirement specification X
Yystem documentation X
OSRC communication X X X K
Gonformance X X X
Acceptance (factory and site) X X X K
Implementation X X K
Hunctionality X X K
Gompatibility/interoperability X X X K

G.2 Inspection

G.2.1 Objective

The following types of inspection are relevant to this part of ISO/TS 14907:

—t “inspection and analysis of documentation for consistency, completeness, validity, unambiguity, relevance,
and clarity;

— inspection of documentation for statements of compliance, or for inference of conformance based on
analysis or comparison with standards;

— inspection of checklists;
— inspection of equipment for good manufacturing/good workmanship and safety;
— inspection of security (possibly as part of an audit);

— inspection of test results.
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G.2.2 Methodology
There are two inherently different kinds of inspection.

a) Formal inspection, which involves a concrete question to which a definite yes/no answer can be given. In
order to obtain a definite answer, criteria are set. Examples are checklists or statements of compliance.

b) Inspection for assessment, or review, where the answers are either qualitative or where the result is to be
expressed in a figure of merit. Inspection of documentation is an example of this category: the quality
aspects of documentation are (to a large degree) subjective, or at least only meaningful relative to the
intended readership.

Methodolpgy of inspection differs, depending on the subject matter; the following methods~can be
distinguished:

— querying for answers to formal questions, and checking the results;
— read|ng and evaluating text;
— following a checklist and “ticking off” items;

— visudl inspection.

G.3 Simulation

G.3.1 Opjective

Simulation techniques relevant to this part of ISO/TS 14907 can be used to prove:
— DSRLC communication reliability;

— confgormance to DSRC protocol specifications;

— perfgrmance of EFC-system characteristics.

G.3.2 Methodology
Simulatiop tools used to test\the performance of EFC-system characteristics can consist of:

— simulation model representing parts of an EFC-system and real EFC components which are integrated jin
the dimulation loop-(simulation model with a reference beacon and actual OBEs);

— simujationemodel implementing a complete EFC-system (RSE, OBEs and the system environment afe
reprgsented by a simulation model).

The simulation model representing parts of an EFC-system supports the conformance testing of protocol and
application implementations by comparing output of the simulation with output of real equipment. The DSRC
protocol stack specified in a formal description language (SDL) forms the basis of the simulation tool which is
adapted with an application specific implementation. The simulation tool coupled with hardware builds a
reference beacon and communicates with real equipment (see Figure G.1 of laboratory tests).

The test of a complete EFC-system or of components with a simulation tool provides test results such as
testing capability and reliability which cannot be easily performed with real equipment. The tests are able to
provide interesting conditions that can be subsequently tested with EFC equipment under real-life conditions.
Simulation provides cost-efficient testing in a realistically modelled environment. The combination of using
results from simulations and from field tests provides reliable proof of performance.
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