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Foreword

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

The objective of this Technical Report (TR) is to provide guidance on the use of the process-oriented
method (POM), also known as data flow modelling, in the development of intelligent transport systems
(ITS) International Standards and other deliverables, and in the design and implementation of ITS
systems. In particular, it is intended to be used as the basis for the development of high-level system
architectures for ITS. These architectures are tools to aid ITS implementations, and a mechanism to
identify and promote the creation and use of standards.

Th

advantages of applving POM to the development of high-level sustem architectures for I
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Thie disadvantages of using POM include the following:
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ThEre are some risks in using)POM, but the benefits of its ability to be easily understood by
i

 following:

POM is easily understood, particularly by non-technical people (e.g. decision-makers)whd
the intended audience for high-level system architectures;

POM enables a coherent description to be built up from multiple user views;
training and tool support is available, particularly in Europe and the US4;
the data descriptions produced by POM are capable of manipulatien-by a metadata regist

the results of creating a POM system architecture can be easily transferred into re
quotations (RFQs), expressions of interest (EOIs), tenders dnd other similar documents;

the results of POM system architectures can be translatéd into UML for use by software d

POM is applicable to both hardware and software and does not, therefore, pre-suppose t
which its functionality will be implemented.

POM has a bad image, e.g. it is old-fashioned, and is usually not now included in the t
systems analysts and designers;

parts of a POM system architectuire might require conversion to UML before it will be ad
most software developers.

ial audience for high-level system architectures can often help with the initial promot
lementations. This. TR is intended to provide guidance to stakeholders who are consideri
POM for ITS.
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Intelligent transport systems — Systems architecture —
Use of process-oriented methodology in ITS International
Standards and other deliverables

1 _Scope

The scope of this Technical Report is the use of the so-called process-oriented methad [(POM) in
Infernational Standards, Technical Specifications, Technical Reports and related docufiients.

Thiis Technical Report discusses the use of POM in the development of high-level-system architectures
for] intelligent transport systems (ITS). It is based on the results of the work.afythe FRAMHE-S project
anfl the FRAME Forum. Much of the text from Clause 2 through to the end of,th€ document is|therefore
reproduced by kind permission of the European Commission and the FRAME Forum.

2 | Terms and definitions

For the purposes of this document, the following terms and defihitions apply.

2.1
actor
sub-element of a terminator

NOTE Itis mainly used to enable a particular variant of a terminator to be differentiated from oth¢r variants,
e.gf to differentiate a public transport vehicle driverfrom any other type of driver, or all drivers.

2.2
architectural model
mqdel that contributes to the content'of an architectural view

2.3
arthitecture (generic definition)
sef of concepts and rules fgr aSystem that describes the inter-relationship between entities infthe entire
system, independent ofthe hardware and software environment

NOTE Architectareis described through a series of viewpoints that might be at varying levels of
geerality/specificity,” abstraction/conception, totality/component, and so on. See also “comnjunications

» o«

vigwpoint”, “furfetional viewpoint”, “organizational viewpoint” and “physical viewpoint” definitions below.

2.4
architectural viewpoint
relfresentation of a system from the perspective of an identified set of architecture-related cqncerns

2.5
architectural description
collection of information items used to describe an architecture

2.6

aspiration

expression of what a stakeholder wants the ITS implementation to provide, usually written in the
language of the stakeholder and thus possibly having little or no formal structure

NOTE There could be many aspirations for each ITS implementation, depending on its scope and the number
of stakeholders that are involved.

© IS0 2012 - All rights reserved 1
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2.7

communications viewpoint

one of several architectural viewpoints of the system of interest, showing the links between the building
blocks in the physical viewpoint that will enable them to communicate with each other, and including
details of expected data throughputs and any other constraints that will affect the eventual choices of
communications hardware and software

2.8

functional viewpoint
one of several architectural viewpoints of the system of interest, showmg the functlonallty that will be
needed tO 1u1111 Lllc I cquu ClllUllLb C)&l_}l Cbbt‘u lll LllC UusScl llCCub, Llllb lullLLlUlldllLy UUllls bllUWll dd> d SC1 leS
of functiohs and data stores plus the data flows between them and the data flows between the functigns
and the tgrminators

29
ITS archifecture
specific fdrm of a system architecture for use as a tool in the initial stages of an ITS implementation

2.10

model
representption of an entity from which the important elements have been abstfacted by removing certain
detail while at the same time retaining the interrelationship between theKkey elements of the whole

NOTE1 |A model can be made more or less abstract by the successive suppression of detail such that the
concepts aphd relationships come into enhanced focus and become more readily understood. However, the procgss
can be taken too far when the simplification has exceeded the thresheld where a necessary understanding ¢an
be achievegl. Thus the process of modelling is one of going only far erfeugh to achieve the optimum understandjng
and insight — and no further.

NOTE 2 [A model is a way of representing something, other then in its natural state (see “Models of ITS”
documentq at the web site given in Reference [2] in the Bibliography).

2.11
organizational viewpoint
one of seyeral architectural viewpoints of the system of interest, showing how the building blo¢ks
from the physical viewpoint (or the functional viewpoint) can be allocated to the different types| of
organizatjon (or organizations themselves, if known) that will be involved with the ITS implementat{on

2.12
physical yiewpoint
one of sevferal architecturahviewpoints of the system of interest, showing how the functionality from
the functional viewpoint-Cah be allocated to different physical locations and combined into different
building Hlocks

0

2.13
stakeholder
entity thaf is‘involved in some way with the ITS implementation

2.14

stakeholder need

formal expression, using “shall” language, to define what the stakeholders expect the ITS implementation
to provide, and from which the functional viewpoint is created, also known as “user need”

2.15

system architecture

single, high-level, description of the major elements or objects of a system plus the inter-connections
between them

2 © IS0 2012 - All rights reserved
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2.16

system of interest

another name used for the system, applied to whatever will be included in the ITS implementation that
is created out of the ITS architecture

2.17

terminator

entity that is external to the system but with which the system communicates either to obtain inputs or
to which it can send outputs

NOIE1 Terminatorsmavhbe splituninto actorsif necessarv
Y 1 g 1 g Y

NOTE 2  In most ITS architectures, the terminators may be the same in both the functional and the physical

NOQTE 3  Inthe US National ITS Architecture, a terminator defines the boundary of the system of interest. Each
inator may represent the people, systems and general environment that interfaee-to ITS. The| interfaces
between terminators and the sub-systems and processes within the National ITS Architecture are defi]Lled, but no

e National

keystone architecture required for European networks

3.5
POM
process-oriented method

4 Background

4.1 TC 204, working group 1 (WG1)

This Technical Report arose to complement work done by WG 1 on the elaboration of Technical Report
ISO/TR 24529 which covers the use of UML in ITS International Standards and other deliverables. WG 1

© IS0 2012 - All rights reserved 3
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has never mandated the sole use of UML above other architecture methodologies, and this Technical
Reportis intended to describe the use of an alternative methodology.

POM should not be seen as a rival to UML, and the two should be seen as complementary rather than
competitors. Each methodology should be seen as being most suitable for (parts of) architectures that
are created at particular stages in ITS implementations. In general, POM is best suited to high-level
architectures that are to be used by decision-makers and others to refine their original concepts for
ITS implementation and explore alternatives, without the need for detailed knowledge of architecture
modelling techniques. UML is seen by some as more suited to detailed lower-level architectures from
which software is to be designed, coded and tested before being included in the implementation.

4.2 Systems and architectures

The topic ¢f system architectureis surrounded by shibboleths and silver bullets which imply that “if you are
not using my preferred method of describing them, then you are wrong”. The basic flaw in-£hiS argument
is that sydtem architectures are used for a number of different purposes, and so it is ngtsurprising that
different modelling techniques are required. Thus the relevant phrase should be “horses for coursgs”
rather than “one size fits all”. Let us consider the two words “system” and “architeettire in turn.

Systems df interest are often described in a hierarchical manner and, when:this is done, each lower
stage contains greater detail than the one above it. Thus each higher stage'provides the requirements
for the ong below it, which is a “design” that conforms to those requirements [1l. In the world of ITS, e
can identify at least seven levels of requirements and design, each with their own set of characteristjics
and needsy, as follows [note that (a) some of the terms used are descCribed below and (b) the bottom two
bullets arg at the same level]:

— The tpp-level requirements are stakeholder aspirations.
— Thesdare interpreted into a structured design by the system architect in the form of stakeholder needs.

— The stakeholder needs are then used as requirements by the system architect who creates a high-
level dlesign — the ITS architecture.

— ITS enpgineers then use (part of) the [TS.architecture to create requirements for procurement.

— The slystem engineer in the supplier’s organization uses these requirements for procurement| to
create a detailed design for thefinal equipment.

— Softw{are and hardware engineers use parts of this detailed design to produce requirements for the
softwjare and hardware,xespectively.

— A proprammer uses¢the’software requirements to produce a program, which is a form of design,
— A harflware enginreer uses the hardware requirements to produce a design for the hardware.

Consequeptly, a.modelling technique that was originally created to aid, say, the development of (Iqw-
level) soffware'sub-systems might not be suitable for describing the higher levels of the system| of
interest, which include features from other engineering disciplines. Also, the intended audiences for the
highest levels of abstraction might not always be from an engineering background, and will therefore
need something that is easy and intuitive to understand and that contains few “hidden” semantics.

Architectures describe the fixed parts of the structure of the system of interest and its sub-systems.
They range from a high-level structure of a system of interest that all users need to understand to some
degree, to the low-level structure of a (complex) piece of software which only needs to be understood
by its developers and maintainers. In fact, during the development of a large and complex system,
architectures might be used at a number of different levels, each containing different levels of detail [1].

The situations described above are extended when a system architecture is not used to describe a single
system of interest, but a class of systems from which any particular deployment might take some, but
not all, of the components. This is called a system framework architecture.

4 © IS0 2012 - All rights reserved
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This Technical Report describes a process for the first four stages stated above, using a sequence of
models that have been developed specifically to aid in the creation of large complex systems of interest [1]
and is proven in use. It is also the process and models that underlie the European ITS Framework
Architecture [2], which has already formed the basis of a number of regional, national and trans-national
ITS architectures, as well as architectures for individual projects.

4.3 ITS architecture development approaches

Several approaches to architecture development have been tried during the last 20-30 years. In
essence, all of them are trying to capture the mental model that system designers create when asked to
depign a system. As these systems have become more and more complex, they have often ne¢ded to be
paftitioned into sub-systems, or for the required functionality to be provided through the'dreation of
seyeral separate systems with what is hoped to be fully agreed communications between’the

Once communications have been agreed between systems, it usually means thatthey are faid to be
“interoperable”. This is required to enable systems to deliver the same servites’across national and
er geographical boundaries and to enable individual systems, sub-systems’and compongnts to be
laced without adversely affecting system operation or performances The probability of systems
municating with each other successfully can be improved throughthe use of system archjitectures,
hese can be used to ensure that communicating systems are not based on conflicting assumptions.

has not escaped this move towards the need for high degreés of complexity and interoperability.
eed, ITS, by their very nature, are highly complex and, iimany cases, interdependent| This has
ulted in the adoption of formalized approaches to the development of ITS system architgctures, or

At|first the ITS architecture development approaches;were manual, but in time and as a refult of the
adfled complexity already mentioned, they have b&Come computer based, with some levels offcomputer
asgistance also being introduced. At the momeit, there are two main approaches in use: the object-
ented (00) approach, usually using UML,and the process-oriented method (POM), also known as
data flow modelling. Both have their advocates and detractors and both have computer-basg¢d tools to
aid in their use.

Prpponents of UML will quite rightly ¢laim their differences and in some circumstances advantages over
POM, and it is not the objective, of this Technical Report to claim preference for POM, but siniply to say
that in many cases it is a suitable'technique and to consider the ways of using it most effectiv¢ly.

5 | The process-oriented model

5.1 General

Before beginning to understand the process-oriented model, is important to understand its pbjectives
anfl the limitations of the claims that are being made for it. They are as follows:

a) | Atisan effective model to describe a high-level ITS frameworkarchitecture, and the ITS architectures

Bt ara darivad fram i+
tHaea - e-ae i v-ea ottt

b) It is anticipated that it will be used in the early part of a hierarchy of requirements and designs.
In particular, it is anticipated that (parts of) a resulting ITS architecture will be used to produce
component and infrastructure specifications for suppliers to design and build (using their own in-
house methods and modelling techniques).

c¢) AnITS framework architecture might not be complete. It might be necessary to add items to create
a defined ITS architecture to satisfy its stakeholders.

d) The model is technology-independent, i.e. the decision as to how to implement the components and
infrastructure is left to the suppliers (subject to any restrictions imposed by the purchaser).

© IS0 2012 - All rights reserved 5
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The model comprises the following elements:
— Stakeholder aspirations
— Stakeholder needs
— Functional viewpoint
— Context diagram

— Data flow diagrams

— Cpntrol model
— Physifal viewpoint
— Cpntext diagram (same as that for the functional viewpoint)
— Shib-system specifications
— Module specifications (optional — depending upon system complexity)

— Comnunications viewpoint

5.2 Stakeholder aspirations

These arejunstructured statements that express the problems that need to be addressed and the desires
of the vaifious stakeholders. Ideally, they should be written by-the stakeholders, but in practice they
normally heed guidance from their ITS architects. A stakeholder is any person that affects, or is affected
by, either|directly or indirectly, the system under consideration. They can be categorized into fgur
generic grjoups, as follows:

— Want(ITS — These are the problem owners. Fheir problems may be concerned with traffic andjor
transport, and they mightbe authorities that need to improve the transportenvironment of their political
mastgrs, network owners or operators, or.travellers who wish to improve their travelling experiencp.

— Make|ITS — These are solution providers. They comprise the component manufacturers and the
system integrators.

— Use ITS — These are the traveéllers, system operators and service providers that will come ifnto
direct contact with the systems and use them to solve their problems.

— Rule |TS — These are-the authorities that provide the legislative framework within which the
solutipns will be created and used. They also include the creators of standards.

Some stakeholders] such as service providers, can be part of more than one category.

Aspiratiofs arewritten in the stakeholders’ own words. Thus they are likely to be unstructured, as qan
be seen ir]lthe examples given in Figure 1.

6 © IS0 2012 - All rights reserved
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There is a need for the TMC to be able to include bus information (e.g. bus service delays),
especially during inclement weather (e.g. service suspended)

There is a need to develop pre-trip and on-trip traveller information systems to assist the

There is a need to improve the integration between the different modes of transport by

interchanges.

traveller in making journey planning decisions, including the use of VMS, Internet and CCTV.

providing improved cycle and pedestrian networks, through ticketing, and developing transport

When working with stakeholders, it is often useful to give them a starting point:-This can bd

by
did

5.]
So

requirements of the ITS architecture. They should be writtenn using simple formal state

Sp
ne

Thiis numbering system should reflect the range of services that the ITS is expected to sup

sta
If

ag
av
its

St4
wi
If q
Cré
“T
thd
IT

As
asj
by

Figure 1 — Examples of stakeholder aspirations
(Reproduced by kind permission of the FRAME Forum)

using some or all of the high-level service descriptions provided in ISO 14813-1 [3] as the
cussion of the services that the stakeholders could consider providing.

B Stakeholder needs

metimes called user needs, stakeholder needs are structuréd statements that form t

bcify a function or a feature that should be provided by the final ITS implementation. St
bds should have a formal structure, usually provided by.a numbering system.

keholder needs for the same or similar services being put within the same numerical s
h new set of stakeholder needs is being created, then useful starting points for this stry
hin provided by the list of services in ISO 14813-1 [3], but also by the list of European ITS y
hilable from the FRAME website [2], or the US National ITS Architecture user services avai
website [4].

keholder needs are usually wriften in what is called “shall” language because each sente
th the words “The system shall ,..” for each feature that is required for a given application

| feature is optional in the Sense that a valid ITS architecture for that application or serv
ated without it, then the stakeholder need starts with the phrase: “The system shall be ab
ne system shall enable, .7’ All features mentioned in one stakeholder need are to be imple
 same time. Those features that can be omitted if not required by the ITS architecture for a
b implementatiommust be in separate stakeholder needs.

part of thé TS architecture creation process, the ITS architect translates the st
birationsinto stakeholder needs using the format and structure just described. This is i
the examiple in Figure 2.
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Aspiration - There is a need to improve the integration between the different modes
of transport by providing improved cycle and pedestrian networks, through ticketing,
and developing transport interchanges.

6.1.1.2 The system shall be able to provide trip information on other modes of
transport, e.g. for demand-spreading, or when major events occur, or due to weather
conditions, strikes, cultural or sports events.

6.1.2.2 The system shall be able to provide information on the cancellation of

= = - = T POt o0 H—i—oOott orees eres

weather; strikes or other reasons).

P

6.2.1.2 The system shall be able to display alternative routes or modes at modal

interchange points, or at places where tourism information is available, Q O_) '
6.2.1.3 The system shall be able to provide information about other transport s:
e.g. location of P+R areas or PT timetable. AQ

\

igure 2 — Examples of stakeholder needs mapped to a stakeholder aspiration
(Reproduced by kind permission of the FRAME Forum)

In order tp save time and resources in the ITS architecture creation process, it is better to try and njap
the stakeholder aspirations to an existing set of stakeholder needs: These can provided either by the list
of Europepn ITS user needs that is included in the Europeand TS Framework Architecture [2], or by the
user services that have been created for the US National [TSArchitecture [4]. Both of these are writfen
in “shall” Jlanguage, but have slightly different styles ofiwriting, in particular the sets of sequenceq of
stakeholder needs in the list of European ITS user.fieeds are called “groups”, while those in the [US
National I[T'S Architecture are called “user service bundles”.

The selection of the correct starting point (Eurepean or US) will depend on which most closely fits the
services that the ITS architecture is to suppott. However, whichever choice is made, it is always possiple
that no mapping will be found between sonte of the stakeholder aspirations and either the European{or
the US sef of stakeholder needs. In this'case, new stakeholder needs will have to be created, using the
appropriate European or US format

5.4 Functional viewpoint

5.4.1 General

This subclause describes the contents of the functional viewpoint, sometimes called the functional [or
logical) arfhitecture. Its contents comprise functions, data stores and terminators, which are linked together
by data flqws<The relationships between these components are illustrated using data flow diagrams.

5.4.2 Context diagram

One of the most important parts of a functional viewpoint is the context diagram. It defines the system
as a single entity but identifies all of the external entities with which the system must communicate.
Thus it is used to show the boundary between the system and the outside world. An example of a simple
context diagram is shown in Figure 3.

8 © IS0 2012 - All rights reserved
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Bridge/Tunnel Ambient Consignor/ Driver Financial
Infrastructure Environment Consignee Clearinghouse
4
Weather External Service
Systems Provider
A 4
Traveller \ / Vehicle
Transport o
Planner < > SYSTE M € E E“:g::?;m
/ Location Data
Trattic Source
Y
Emergency Multi-Moda|
Systems System

A

Road Related
System

Maintenance

Road Pavement Organisation

Cargo Operator

Figure 3 — An example of a context diagram
(Reproduced by kind permission of the FRAME Forum)

Thie external entities (other systems or pérsons) are called “terminators”. They can be generic

ab
illy
its
ter

pve, or be created as individuals, fercthe various forms of each terminator. This latter

|strated in the more complex context diagram for the US National ITS Architecture — g
hrch.iteris.com/itsarch/html/pspec/dfdiagramcontext.htm. In Figure 3, the detail of so
minators is provided by the\use of actors. For example the “driver” terminator can have

represent drivers of different)types of vehicle, e.g. private car, heavy goods vehicle, public

ve

5.4

In

ter
on
ter

hicle. In the US National\I'TS Architecture each of these actors is shown as a separate termij

1.3 Functions

its simplest{ferm, a function defines what needs to be done to create the required ou
minator frgm a given set of terminator inputs. However, it is very unusual for this to be

e function; and so there might be several functions between the input terminator(s) and {
minpator(s). Each one will perform part of the necessary processing.

Al

as shown
concept is
ee http://
me of the
actors to
transport
hator.

fputs to a
Hone with
he output

functions should he individlmlly numbered and have a name. The name should siummariz

p what the

function doesinasimple shortstatement thatusually begins withaverb, e.g. “Provide operator interface”,
“Collect toll”. The scheme used for the function numbering will be important for the construction of
functional hierarchies — see later.

The description of each function should be divided into four parts. These comprise an overview, lists of
input and output data flows, detailed functional requirements (what the function actually does) and a list
of the stakeholder needs that are being served. The stakeholder needs associated with each function are
determined when it is created. There is no exact science to define how many stakeholder needs should
be related to one function, as it will depend on what is in the stakeholder needs and the complexity of
the functionality required to fulfil them. A typical example of a function description is shown in Figure 4
(note that trigger flows are described in 5.4.7).
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3.1.2.1 Collect Inter-urban Traffic Data

Overview

This Low Level Function shall collect traffic data from the inter-urban road network. This
data shall be provided as raw input by sensors within the Function that are capable of
detecting the presence of all types of road vehicle, from bicycles to heavy freight vehicles.
This raw input shall be processed to provide actual traffic flow data, e.g. flow, speed, etc.
It shall be passed to other Functions for collation and use in traffic control.

rigger Input Data Flows: q
c-inter-urban_traffic_flow_data Q’\
adas.mt_inter-urban_floating_cars (],

ther Input Data Flows: Q)q

one (1/

rigger Output Data Flows: '\Q‘
Mt _collected_inter-urban_traffic_data O
mt_inter-urban_current_traffic_data for _demand \%
mt_inter-urban_floating_car_location

mt_inter-urban_traffic_data_for_incident_detection Q O
mt_inter-urban_traffic_flow_management_data QQ
Dther Output Data Flows: \§\

None Q\

Functional Requirements - the Function shall ﬁe following requirements:

[a) the presence of the trigger input data flow shall be continuously monitored;

[b) the analogue data representing raw traffic-Hlow data obtained in (a) shall be processed
nto digital data such as, but not limited to‘,\@w. speed, occupancy, headway, vehicle
Classification, and queue; e

[c) the data for each point in the ine)?%rban road network at which it was produced shall
be kept separate; ;

(d) the trigger output data flo hall be used to send the data in (c) to the inter-urban
foad network traffic contr: data management Functions.

Stakeholder Needs; 2.9.1.3; 7.1.1.1; 7.1.1.3; 7.1.1.5,

A\

Figure 4 — An example of a function description
(Reproduced by kind permission of the FRAME Forum)

When funictions are newly created, it is very easy to have a few of them related to a large number] of
stakeholdLr needs. This can make the functions very complex and contain a lot of functionality, which
can sometimes cause problems for the creation of the physical viewpoint. Large or complex functions
are therefore usually split up into smaller and simpler functions so that each one contains part of the
total functionality required to fulfil a collection of stakeholder needs. To help with understanding how
these functions relate to each other, they are structured into a functional hierarchy in which the original
large or complex function only has an “overview” description and is called a “high-level function”. The
new smaller and less complex functions are its components, each having a full description as shown in
Figure 4 and being called “low-level functions”. The functions at the very highest level in the hierarchy
are usually referred to as “functional areas” and there might be several of these in each ITS architecture,
each containing many functions, some of which mightthemselves be high-level functions with component
low-level functions.
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In the example of a function description shown in Figure 4, the function 3.1.2.1 is in functional area 3. It
is part of a high-level function, 3.1.2, which is itself a component of high-level function 3.1. Most, if not all,
of the ITS architectures using the POM methodology structure their functionality in this way.

5.4.4 Data stores

Data stores are used to hold data that need to be stored for a length of time, and then used by one or
more functions. Data stores should be named and numbered, with the name indicating the type of data
it contains and provided with a description containing details of what data are in the store.

It isTmportanttoote that the termr “datastore TS TIot Tecessarity Synonymous witlra databage, nor is it
intfended to imply the use of any particular physical design or storage methodology. But it.do¢s identify
data that either needs to be accessed by several functions, or whose storage must be explicitly {dentified.
Taken together, the data store descriptions will provide the information viewpoint,compornjent of the
arg¢hitecture. An example of a data store description is shown in Figure 5.

4

3.6 Maintenance Data Store &Q:l/
Description of Contents O\
This Data Store is used within the Manage Traffic Area. It contains records of all
maintenance actions that have been carried out, including that are yet to be
completed. The data in the Store may comprise but no KQ limited to the following items:
equipment identity Q
location N\

: N
type of equipment s\\}
type of fault 4]
fault description \\S\
date/time reported $

date/time of Maintenance Company lﬁ@cation
date/time of fault clearance notjﬁcggm- action taken to rectify fault
Maintenance Contractor bonusipenalties.

: : N :
This data will cover all typ@ equipment (those located at the Roadside and at Central
locations) and also the @ctual road network itself. In this case the "equipment identity"
will contain the roa e and/or number whilst the "type of equipment” will show the
type of road.

0

Figure 5 — An example of a data store description
(Reproduced by kind permission of the FRAME Forum)

5.4.5  Functional data flows

Fupctional data flows are used to provide data links between functions, data stores and tefjminators.
They should be uni-directional only in a functional viewpoint, though they are sometimes shown as
being bi-directional in a context diagram — see the example in Figure 3.

Each functional data flow should be provided with a description, which provides a high-level description
of the data it contains. An example of a data flow description is shown in Figure 6.
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mt_inter-urban_to_urban_data

It contains data that is being transferred from the traffic management functions for Inter-
urban roads to those for Urban roads. The data flow consists of the following constituent

data flows each of which has its own

mt_inter-urban_to_urban_pred&strat

definition:

+ mt_inter-urban_to_urban_traffic_commands
+ mt_inter-urban_to_urban_traffic_data_transfers

Trigger Flow

5.4.6 Data flow diagrams

Data flow
satisfy the
functiona

level shows what is in each functional area.

The struc

Figure 6 — An example of a functional data flow description
(Reproduced by kind permission of the FRAME Forum)

diagrams (DFDs) are used to illustrate the way that the functions ay@eta stores used
e stakeholder needs communicate with each other and with the termina
data flows. Each DFD actually illustrates what is in a high-level

ture of the DFDs follows the hierarchical structure of the fu tlons but with the addition d

top-level diagram. This is called a “system diagram” and it shows t
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areas toggther. An example of this type of diagram is shown in E 7.
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Figure 7 — An example of a system diagram
(Reproduced by kind permission of the FRAME Forum)
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NOTE The diagram shown in Figure 7 is a reproduction of a full system diagram which is normally printed on
A3 size paper. A full-sized example of such a diagram can be seen by opening the “Functional Area Diagram” in the
FRAME Browsing Tool. This tool can be downloaded, by following the instructions in the “Installation” section,
from the FRAME website: http://www.frame-online.net/the-architecture/browsing-tool.html.

In the example of a system diagram shown in Figure 7, each of the functional areas is illustrated as a
single box. Each of these is also represented by its own DFD, which in turn might contain high-level
functions that are also illustrated by their own DFDs. Thus each DFD shows an increasing level of detail,
which makes it easier for users of the ITS architecture to understand its contents. An example of the DFD
for a high-level function is shown in Figure 8.

forno-bridge_and_tunnel_requests ———3| > tornc-bridge_and_tunnel_responses
3.1.3.3 Provide Bridoe
and Turne Operator
Irterface
mt_bridge_operstor_responses mt_tunnel_operstor_responses
vd ki
mt_bridge_operator_commands t_tunnel_operator_commands
K
—
fuwvs-weather_for_bridges K————fthi-tunnel_infrastructurd_status
Eoi—bridge_weaiher_cond'rtions £ oo ro-stebis
toridge_infrastructure_status [E——fthi-tunnel_stnospheric_tonditions
T b s s 31731 .ﬁs.ts:tzsss Bridge 3132 Ast a{Zs Tunnel (% mt_inter-urban_tunnel_ipputs

Ki———  mi_urban_tunnel_inpjts
————7=  mt_tunnel_urban_inputs
——> mt_turne _inter-urban_{nputs
——= mt_tunnel_equipment_gtatus
———%=mt_tunnel_information_oftputs_ADR

mt_urban_bridge_inputs

mt_kridge_urban_inputs
mt_kridge_equipmernt _staus

TITIL LI

mt_bridge_inter-urban_inputs

y v

mt_Bridge_information_outputs mt_turnel _information_outputs_OTI

3.1.3.4 Output Bridge 3.1.35 Output Tunrel f——n—3>  tod-turnel_stdtus
Information Information

T

tdd-bridge_staus

Figure 8 — An example of a (lowest-level) data flow diagram
(Reproduced by kind permission of the FRAME Forum)

The DFD is one of the parts of the architecture creation process that has benefited greatly from the
introduction of computer-based tools. The actual appearance of the DFDs provided by these tools will
depend upon the facilities they have to show functions, data stores, data flows and terminators/actors.
Thus the DFD shown in Figure 8 should be treated as an example of how a DFD can appear, rather than
the way that all DFDs should appear. An alternative representation of the way that a DFD can appear
is provided by the system diagram for the US National ITS Architecture which can be found at: http://
www.iteris.com/itsarch/html/pspec/dfdiagram0.htm.

Itis not always necessary to draw the data flow diagrams for the functional viewpoint. This particularly
applies where the ITS architecture is being created from an existing architecture with the objective of
producing a physical viewpoint — see later subclauses.
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5.4.7 Control

A functional viewpoint might also contain a control model, which can be explicit, e.g. a finite-state
machine, or implicit by assuming a function will execute whenever it has sufficient data to do so
properly. Alternatively trigger flows may be used, as shown in Figure 4. These are special forms of input
data flow which, when received by a function, will cause it to do something. In this case, the functional
requirements will be written to say that the function will not do anything until a trigger flow has been
received. This can be either to start the function or to carry out a specific part of its functionality.

5.5 Physical viewpoint

5.5.1 General

This subglause describes the contents of the physical viewpoint, sometimes called the physifal
architectyre. Its contents comprise sub-systems and (optionally) modules, which are linked together
with physjical data flows. The relationships between these components are illustratedyusing diagranis.

5.5.2 Cgntext diagram

A physical viewpoint has the same context diagram as the functional viewpoint because it is the same
system thfat is being shown. It will therefore appear identical to the diagram shown in Figure 3. The
physical viewpoint provides a “physical” view of the system instead ¢f the “functional” view provided
by the functional viewpoint.

5.5.3 Syb-systems and modules

A separatg¢ sub-system is created for each physical location'that will be used in the ITS implementatipn.
Each sub-pystem is allocated some of the functions and‘data stores from the functional viewpoint. The
way that the allocation is made depends on the actual\physical locations where it is considered desiraple
to place the various parts of the system functionality. Thus the sub-systems show the distribution of
functiona] units in the different physical locationsthat are to be used for the ITS implementation.

Sub-systems may be subdivided into modules, if desired. This can be to enable a program of phaged
deploymeht for different services being provided by one ITS implementation, or for the identificatior] of
the compg@nents that deliver a particular service when they are within different sub-systems.

Physical data flows are used to show the communications between the sub-systems and modules and
the commpnications that they. have with the outside world through the terminators/actors shown in the
context dijpgram. These physical data flows are combinations of one or more of the functional data flows
created irf the functionalviewpoint.

The sub-dystem and{module descriptions are created from those for their constituent functions and
data storgs. These'descriptions are then used to provide the component specifications that are used for
the procurement of the physical items that will be required for the ITS implementation to deliver the
services that'the stakeholders identified in their stakeholder aspirations.

In the physical viewpoint (physical architecture) for the US National I'TS Architecture [4], an alternative
structureis used. In this structure, modules are replaced by equipment packages which are “deployment-
sized pieces” of functionality within sub-systems. The US architecture also has what it calls “market
packages”, which include functionality that addresses specific services, such as surface street control,
interactive traveller information. The market packages collect together several different sub-systems,
equipment packages, terminators and physical data flows that together can provide a particular service.

5.5.4 Physical viewpoint diagrams

The structure of the sub-systems and modules within a physical viewpoint are best illustrated using
one or more diagrams. They are used to show the communications (physical data flows) between sub-
systems and modules and between these and the terminators/actors. As with the DFDs, the physical
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viewpoint diagrams can be structured in a hierarchical manner, starting with a diagram showing the
different sub-systems. An example of this type of diagram is shown in Figure 9.

anned Generr'| Muliidodl Travel Tratfic & Travel Public
Event Information Information Broadcaster Information Transport Car Pooler
Organiser Provider Frde Provider Operator
A
WITModaT ]
Management
System
Road
Pavement
Taveler ] Rrovide-Traffic-Managems Manage-Rublic-TranspoH
pformation
Operator Sub-System Sub-System
Road »
Network
Operator '
Geographic
Tranaport Information
Planner Provider
: Public
Miainte
Qroenisaton amiins
A Public
Driver
Tran:
o e
Traveller A[nbham
> Other Sub-Systems S
Weather Location Data
Systems o Source
- Bridge/!
Traffic Tunnel
Infrastructure
Figure 9 — An example of a top-level physical viewpoint diagram
(Reproduced by kindpermission of Kent County Council, UK)
For every sub-system that has constituent modules, separate diagrams are then produced to[show any
data flows that provide links between the modules. These diagrams also show in more detafl how the
data flows shown in the top4leyel diagram link to the individual modules.

Thie top-level physical (7iewpoint (physical architecture) diagram produced for the US Nafional ITS
Arthitecture can be found at its website [4]. It is often called the “sausage diagram” due tp the way
that its sub-systenisare illustrated. The US architecture also provides lower-level diagrams that show
sepparate diagrams’ for each of the sub-systems, the physical data flows that link them to ¢ther sub-
sys$tems and those that link them to terminators.

Thie two types of sub-system diagram provided by the US architecture are very useful bedause they
enfpble the communications for a particular sub-system to be clearly seen. Similar diagramp can also
be|produced to show the physical data flows used by individual modules. An example of tHis type of
diagram is shown in Figure 10.
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Figure 10 — An example of a physical viewpoint diagram for a module
(Reproduced by kind permission of Kent County Council, UK)

nt and characteristics of the physical data flows in the physical viewpoint depend on t
stly, how much data are’being transferred between the functions in the different sub-syste
les created in the physical viewpoint and, secondly, the characteristics of the data trans
se characteristicsCeomprise information such as how often the data transfer takes pldce,
it is needed, sectirity considerations, privacy considerations, plus physical attributes such
ne of the sub-systems or modules is mobile, i.e. mounted on a vehicle or carried by a travel

VO
ms
fer

as
er.

mation provides the top-level requirements for the communications links between the siib-
nd thezmodules. These requirements are used to form the communications viewpoint, a
d to ealculate such things as the bandwidth that the communications links will require.
rination that is thus provided by the communications viewpoint can then be used to prod
required for the ITS implementation. An example of the way that the content and characteristics of the

nd

U Ol U Ul'e W

physical data flows can be defined in the communications viewpoint is shown by the example in Figure 11.
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Figure 11 — An example of communications link characteristics provided in the
communications viewpoint (Reproduced by kind'permission of Kent County Council, [UK)

o)

Thie level of abstraction associated with the high&vel ITS architectures for which the POM methodology
is pest suited does not require the definitio “6f the communications technology to be us€d. In fact,
it |s often highly desirable not to include requirements to use a particular technology within the
communications viewpoint, so that t “eventual suppliers have the freedom to offer what is most
appropriate. This also has the adva that it gives the “design authority” to the supplier (where the
mqst competence should lie) ratheéy\an to the system architect or system owner who mighf not have
th¢ best and/or most up-to-date knowledge about which communications technology is best suited to
pafticular ITS implementati€§

O
6 | Other parts ogg&’description of an ITS architecture
N\

6.1 Genera@c)

Thiere are @1 other parts of the description of an ITS architecture created using the process-oriented
madel a@ from those described in the previous clause. Some of them are included in docupnentation
that isQ parate from that used for the other descriptions.

6.2 Identification and version

The identification and version of an ITS architecture might include such things as its name and a hint at
the reason(s) for its creation. So for example the latest version of the European ITS Framework (FRAME)
Architecture is “v4 — Cooperative ITS Extended”. This tells the user the version number and the reason
for its creation, i.e. to support cooperative systems in ITS through an extension to the previous version.

6.3 System stakeholder identification

The stakeholders are often identified in a separate document that mightalso include a description of what
they want (their aspirations) from the ITS implementation that the ITS architecture is to represent. As
well as describing each stakeholder and the type of person/organization that they are, such a document
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might also describe the part that each stakeholder is either expected, or hoping, to play in the eventual
implementation of the ITS services that the functionality in the ITS architecture is to support.

6.4 Viewpoint overviews

If necessary, a document can be created that provides a high-level description of each viewpoint, the
reason(s) for its creation and its expected use. The document may also describe the contribution each
viewpoint is expected to make to the other viewpoints and to the eventual ITS implementation that is to
be described by the ITS architecture.

6.5 Oth

It mightb
made dur

constituefts may also be recorded, with their impact(s) on the eventual ITS implement@@ .

7 Typé

7.1 Ger

Within th
three diffj

is shown in Figure 12.

er information

N

e necessary to produce a document that describes the assumptions and choices that have be

ng the creation of the ITS architecture. Any known inconsistencies among th

s of ITS architecture

jeral
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Figure 12 — Overview of a framework ITS architecture
(Reproduced by kind permission of the FRAME Forum)
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7.2 Framework ITS architecture

This type of ITS architecture provides the most general and flexible approach to its creation. It is used
to capture what needs to be done to satisfy an ITS “vision”. This is a set of statements about the services
thatitis envisaged that ITS should support in the future without mandating how they should be applied.
A framework ITS architecture just comprises stakeholder needs that provide a formal description of the
ITS “vision” and a functional viewpoint, as shown in Figure 12. It will probably also have some of the
supporting documents showing how the ITS architecture can be used and giving examples of its use.
This type of ITS architecture cannot therefore be used directly for ITS implementations and needs to
be developed into another type of ITS architecture. Thus a framework ITS architecture is the base-level

ar
Sp

7.
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hitecture from wWhich all Other Ty pes of architecture can be derived, usuatly Using am arc
pcific tool.

B Defined ITS architecture

efined type of ITS architecture is created from a framework ITS architectureidtcontains st
bds and a functional viewpoint that may be a sub-set of those in the framework ITS arg
e chosen stakeholder needs are derived from stakeholder aspirations. for the services t
delivered by the particular ITS implementation that the defined(I'TS architecture is tc
arly the stakeholder aspirations must be based on the ITS “vision™used to create the fram
hitecture from which the defined ITS architecture is to be created. A defined ITS archite
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(tains physical and communications viewpoints, plus those of the ITS architecture outputs
uired and that can be produced from them, as shown in the)lower part of Figure 13.

Thie physical viewpoint is often created using a computer=based “tool” to aid the process and

some form of consistency checking. The creation of each’of the ITS architecture outputs shd
lower part of Figure 13 is optional and depends on thetiltimate use to which the defined ITS ar
is §o be put. It is therefore unlikely that any computer-based tools will be available to help witl
of the work. It should be noted that the ITS risks,costs and benefits covered by the outputs aj
IT$ implementation and not to the ITS architecture itself.

A defined ITS architecture can be used directly as the starting point for the next steps
implementation, such as the procurement of systems, equipment and communications
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"Defined" & "Specific" ITS Architectures
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Figure 13 — Overview of a defined ITS architecture
(Reproduced by kind permission of the FRAME Forum)

7.4 Overloaded defined ITS architecture

An overloaded defined ITS architecture may also be created from a framework ITS architecture. It also
contains stakeholder needs and a functional viewpoint that are a sub-set of those in the framework ITS
architecture. The selection of the stakeholder needs depends on the stakeholder aspirations for the
services that are to be delivered by the ITS implementation that the overloaded defined ITS architecture
is to support. The stakeholder aspirations must themselves be based on the ITS “vision” used to create
the framework ITS architecture. The distinctive feature of an overloaded defined ITS architecture is
that options are provided as to how functions are grouped into physical viewpoint sub-systems and
modules, i.e. the same function might be in more than one physical entity, though a user will only select
one of those physical entities for a given deployment.
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Thus an overloaded defined ITS architecture also contains a physical viewpoint and (possibly) a
communications viewpoint plus (possibly) some of the ITS architecture outputs that can be produced
from them, as shown in the lower half of Figure 13. It is more likely that some of the outputs (and
possibly the communications viewpoint) will be replaced by guidance documents showing how they
can be produced for the specific ITS architectures that might be created from an overloaded defined ITS
architecture.

Users of this type of ITS architecture can select physical entities from the physical viewpoint to provide
the services that are to be included for their particular ITS implementations. So, for example, it is
possible to select traffic management services with different sets of physical entities dependent on
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5 Specific ITS architecture

atetsethe tTStmptermentationr s toimchude—thus omecombimatiorof physicatentities w
ffic management when it is combined with traveller information, but a slightly different co
1 be needed when traffic management is combined with public transport management w
veller information. The end result of the selection process is to create a specific IS archit]
 particular ITS implementation.

hough the same flexibility can be achieved by creating specific ITS architectures from a f
b architecture, there are two advantages in starting from an overloadéd-defined ITS ard
stly, because the physical entities already exist, it provides more controlby the architectu
1/or managers over the contents of the specific ITS architectures. Secondly, the architectur
uld have less work to do than if they started from a framework ITS\architecture and created
b architecture.

rts is usually made available to the users through the use of a computer-based tool. Thij
ser interface for the selection process and can alse.provide a facility that enables some
ical consistency to be made.

pecific ITS architecture is similar to thedefined ITS architecture but its creation process is
project. These aspirations are thefiused to enable the selection of the required entities

ecific ITS architecture, usually with the use of a computer-based tool.

[tom of Figure 13, will also be produced. Much of this work might have to be done witho
h computer-based tool/Again, it should be noted that the ITS risks, costs and benefits cove
[puts apply to the ITS implementation and not to the ITS architecture itself.

e the defin€d-ITS architecture, a specific ITS architecture can be used as the starting
next steps(in the ITS implementation process, such as the procurement of systems, equij
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7.

Relationsnip between the types o1 115 arciitecture

The relationships between the three types of ITS architecture described in the previous subclauses are
illustrated by the diagram shown in Figure 14.
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