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Forew

ord

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
liaison W
Commiss

The mair
technical

— type
repe

— type
but n

— type

as an International Standard ("state of the art", for example).

Technical
can be t
reviewed

Technical

Attention
patent rig

ISO/TR 1
Transpor

This do
subclaus|
in the fig
standard

This docd

informatipn and experience of its use in practice may be gathered. Comments on the content of this do

should bg

th ISO, also take part in the work. ISO collaborates closely with the International Electrote
ion (IEC) on all matters of electrotechnical standardization.

task of technical committees is to prepare International Standards, but in exceptional .cifcumsta
committee may propose the publication of a Technical Report of one of the following_ types:
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ISO/TR 14813 consists of the following parts, under the general title Transport information and control systems —
Reference model architecture(s) for the TICS sector:

O Part 1: TICS fundamental services. This document presents the definition of 32 TICS fundamental services
that are the informational products or services or applications areas provided to a TICS user.

O Part 2: Core TICS reference architecture. This document describes an abstract object-oriented system

archi

viii

tecture based on the TICS fundamental services.
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0 Part 3: Example elaboration. This document refines the core TICS reference architecture (part 2) with some
emphasis on traffic management.

0 Part 4: Reference model tutorial. This document describes the basic terms, graphical representations and
modelling views exploited in the object-oriented definition of the architecture development of parts 2 and 3.

0 Part 5: Requirements for architecture description in TICS standards. This document describes the terminology
and form to be used when documenting or referencing aspects of architecture description in TICS standards.

0O Part6;: Data presentation in ASN.1. This document establishes the use of ASN.1 as the normal syntax notation
to| be used in standards for the TICS sector and a common message form for such ASN.1bgsed data
eléments.

Annex|A of this part of ISO/TR 14813 is for information only.

© I1SO 2000 — All rights reserved iX


https://standardsiso.com/api/?name=87c5ded5feecaffa0aee8c467c370674

ISO/TR 14813-2:2000(E)

Introduction

TC204/WGL1 is a working group whose prime objectives are to provide services to ISO TC204 and its working
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Transport information and control systems — Reference model
architecture(s) for the TICS sector — Part 2. Core TICS reference
architecture

1 Sgope

The afchitecture of an information and control system merges hardware and software, consideratiops into a
coordipated and integrated system view. The system architecture is a high level abstraction, or model, of the
systen]. A system architecture should embrace both today’s applications and the applications that are eXpected in
the fufure. Architecture begins with the definition of the conceptual services (€.gr Part 1 - TICS furfdamental
servicgs). There are several identifiable stages of system architecture development:

0| 1. Reference architecture
0| 2. Logical architecture
O 3. Physical architecture

A reference architecture is the first of all architecturess\It' is a concise generic framework which glides the
development of more concrete system architectures. It is large enough that distinct concepts are not merged out of
necesgity and small enough that it does not become. unwieldy.

A most significant example of a reference architecture in information systems is the Reference Model| of Open
Systems Interconnection (often called the seven layer model) developed by ISO in the 1970’s. This model has
underginned the development of all modern-Ccomputer networks, allowing services such as global netwprking, of
which the prime example is the Internet, to.become a reality.

A refefence architecture is genericvand non-prescriptive and captures the concepts of the system. [A logical
architecture elaborates the conceptual behaviour, and in so doing it provides more detail about the modularity. A
physical architecture is reached when the actual distribution of the system modules is defined, thus lgading to
important implications for gcomimunications.

There [is no firm demarcation between a reference architecture and a logical architecture. Thus the e$sence of
behavipur and maodularity is present in a reference architecture. The TICS Reference Architecture devg¢loped by
WG1 ghows important inter-relationships that arise in the provision of the services of the sector. However|the TICS
Refergnce Arehitécture is more abstract than, for example, the logical architecture of the US National Archjitecture.

It is envisioned that the TICS Reference Architecture will be used by the TC204 Working Groups to devglop their
own |0:jiboli ard pilybibai architecturesimarcohesive manmer:

Some TICS Fundamental Services are already well developed by the industry, while others are less mature.
Therefore the TICS Reference Architecture does not have a uniform granularity across all services. This
characteristic is a direct result of the fore mentioned requirement that architecture embrace the applications that are
intended in the future. This suggests one of the ways in which the architecture will undergo change in the future.

Architectures may present only static characteristics or both static and dynamic characteristics. Dynamic
characteristics may be seen as belonging solely to the design/implementation stages of system development.
However by including dynamic characteristics at the reference architecture stage one gains important insights into
the static architecture. Thus two orthogonal views of architecture are presented:
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O 1. static relationship view (class diagram)
O 2. dynamic interactive view (sequence diagram)

This part of ISO/TR 14813 develops a core reference architecture. The static scope is determined by deriving the
system boundary and the use cases from an analysis of the TICS fundamental services (part 1 of ISO/TR 14813).

The Core Reference Architecture is a reference for the development of national architectures.
Part 3 of ISO/TR14813 elaborates the core reference architecture by refinement of two orthogonal views. The

elaboratign calls upon domain expertise that would be provided by other TC204 Working Groups. |in the
development of ISO standards or by national groups developing national architectures and standards.

The core| reference architecture is described in clauses 5 to 8. Clause 5 introduces the architeCture at al highly
abstract level. Clause 6 defines all the actors. Clause 7 derives all the use case from the/FICS fundgmental
services and develops eight use case diagrams. Clause 8 defines an abstract collection of classes and develops a
set of sequence diagrams, one per use case diagram.

Readers [should refer to Part 4 of ISO/TR 14813 (Tutorial) for an introduction to theimodelling views used|in this
part and the methodology applied. The methodology is repeated in Annex A.

2 Normative references

The folloying normative documents contain provisions that, through reference in this text, constitute provisjons of
this part|of ISO/TR 14813. For dated references, subsequent amendments to, or revisions of, any of these
publicatigns do not apply. However, parties to agreements based-on this part of ISO/TR 14813 are encourgged to
investigatle the possibility of applying the most recent editions-of the normative documents indicated beldw. For
undated feferences, the latest edition of the normative decument referred to applies. Members of ISO and IEC
maintain fegisters of currently valid International Standards:

ISO/TR 14813-1:1999, Transport information and:control systems — Reference model architecture(s) for the TICS
sector — Part 1:TICS fundamental services.

ISO/TR 14813-3:2000, Transport information’and control systems — Reference model architecture(s) for the TICS
sector — Part 3: Example elaboration.

ISO/TR 14813-4:2000, Transport information and control systems — Reference model architecture(s) for the TICS
sector — Part 4: Reference modghtutorial.
3 Terms and definitions

For the pprposes-of this part of ISO/TR 14813, the following semantic definitions apply.

3.1
The UnifledModeling Language (UML) is the industry-standard language for specifying, visualising, constjucting,
and documenting the artefacts of software systems. It simplifies the complex process of software design, making a
“blueprint” for construction.!

3.2

A use case is a coherent unit of functionality provided by a system or class as manifested by sequences of
messages exchanged among the system and one or more outside interactors (called actors) together with actions
performed by the system.

1 http://www.rational.com/uml/
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3.3

An actor is a role of an object or objects outside of a system that interacts directly with it as part of a coherent work
unit (a use case). An Actor element characterises the role played by an outside object; one physical object may
play several roles and therefore be modelled by several actors.

3.4
Use case diagrams show elements from the use case model. The use case model represents functionality of a
system or a class as manifested to external interactors with the system.

There are several standard relationships among use cases or between actors and use cases.

Commupnicates - The participation of an actor in a use case. This is the only relationship between actorg and use
cases.

Uses - A uses relationship from use case A to use case B indicates that an instance of thehuse case A will also
includg the behavior as specified by B.

To reirfforce the externality of actors a system boundary separates the actor symbols.from the use case symbols.

35
A package is a grouping of model elements. Packages themselves may de-nested within other padkages. A
package may contain both subordinate packages and ordinary model elements. The entire system descr{ption can
be thoyught of as a single high-level system package with everything else iftit. All kinds of UML model elements and
diagrams can be organised into packages.

Packagies own model elements and model fragments and are<the basis for configuration control. Eafch model
element can be directly owned by a single package, so the package hierarchy is a strict tree.

Packagies can reference other packages so the usage network is a graph. Relationships drawn between package
symbols denote relationships between at least some ofithe elements in the packages. A dependency relationship
implieg one or more dependencies among the modelelements, in which a change in the targeted elemhent may
requirg a change in the source element.

3.6
A clags is the descriptor for a set of abjects with similar structure, behavior, and relationships. UML| provides
notatiogn for declaring classes and specifying their properties, as well as using classes in various ways. Classes are
declargd in class diagrams and used-in most other diagrams. UML provides a graphical notation for declpring and
using ¢lasses, as well as a textualnotation for referencing classes within the descriptions of other model elements.

3.7
A clags diagram is a graph of Classifier elements connected by their various static relationships. (Nate that a
“class’| diagram mayalse contain interfaces, packages, relationships, and even instances, such as objects and
links. Perhaps a bétter name would be “static structural diagram” but “class diagram” is shorter |and well
established.)

3.8
An obLect represents a particular instance of a class. It has identity and attribute values. The same notation also
represents a role within a collaboration because roles have instance-like characteristics.

3.9
An operation is a service that an instance of the class may be requested to perform. It has a name and a list of
arguments.

3.10

A binary association is an association among exactly two classes (including the possibility of a reflexive
association from a class to itself).
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3.11

Generalization is the taxonomic relationship between a more general element and a more specific element that is
fully consistent with the first element and that adds additional information. It is used for classes, packages, use
cases, and other elements.

3.12

A sequence diagram represents an Interaction, which is a set of messages exchanged among objects within a
collaboration to effect a desired operation or result. A sequence diagram shows an interaction arranged in time
sequence. In particular, it shows the objects participating in the interaction by their “lifelines” and the messages
that they exchange arranged in time sequence. It does not show the associations among the objects.

In additign to the UML definitions cited above, the methodology described in Part 4 and Annex A dsey some
additiona] semantics.

3.13
The system boundary depicted in a sequence diagram maps to the same entity in a use case‘diagram. THus any
interaction emanating or terminating in the system boundary involves an actor.

In the mgthodology classes are invented for one of three purposes: information, controlhand interface.

An information class defines objects, which will store data relevant to the operatien of the system and the| actors
and maintain that data with database like services.

A control|class defines objects whose primary purpose is to implement theffunctions of the system.

An interfdce class defines objects that perform the data presentationand application interfaces for the actors
3.14
The archifitecture boundary divides the interface classes fram those classes, which form the actual architecture,
namely the control classes and the information classes.
In the sgquence diagrams developed in later clauses there is often an implicit interaction across the $ystem

boundary| involving an actor. This may be implied-\whenever a message is initiated or terminated at an inerface
class.
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4 Symbols and abbreviated terms

4.1 Use Case diagram

Agtor

system boundary

Use Case A use Use Case B

Figure 1 — Use Case-diagram

4.2 Rackage Diagram

-

Packagel

Package?2 Package4

Dependenc
Class 1 P 4

Class 2

1
|
Package3\ y

Figure 2 — Package Diagram
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4.3 Class diagram

Class Name

4.4 Asj

bociation Diagram

Class Name

attribute list

operation list

Figure 3 — Class diagram

Class 1 ——— Association-»3 Class 2

Generalisation (inheritance)

Superclass

Subclass-1 Subclass-2

Aggregation

Assembly Class

Part-1 Class

Part-2 Class

Figure 4 — Association diagram
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4.5 Sequence (Interaction) Diagram
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Figure 5 — Sequence (Interaction) diagram

verview of the Core TICS Reference Architecture

rpose of this clause is to define a concise overview of the TICS Reference Architecture express
se diagram and one package diagram2. These diagrams are top-tevel diagrams, that is, they are

of TICS expressed in the two UML views. They can be considered as abstract3 aggregations h
St granularity.

This clause is a starting point and concisely defines, the scope of the architecture in diagram
panying descriptions. Once the later clauses have:been developed the model views in this clause
bred to be a separate high level description of the-architecture.

e case diagram and the package diagram form complementary views of the abstract reference arg
e case is primarily a requirements specification with a precise identification of the boundary sepal

er these two models provide a basis'on which to build the more concrete elements of the archite
iver the services specified.

velopment begins by citing(the TICS fundamental services from ISO/TR 14813 Part 1 in Table 1.

beneralised Use Cases in the Core TICS Reference Architecture

ause defines theyTICS Reference Architecture by a set of top level or aggregate use cases. T
d in the use<case diagram of Figure 6 in association with actors of an equivalent level. The use c3
efined in ene to one correspondence with the Service Categories specified in the first column of Ta

:2000(E)

Class 2

Class 2

bd in one
a global
aving the

ollowing clauses a Core TICS Reference Architecture is developed using more views and several diagram

form with
could be

hitecture.
rating the
modules.
Cture that

hese are
ses have
Dle 1.

2 Note: The development of the reference architecture in this and subsequent clauses involves a significant naming exercise.
The names have been chosen with due regard for their use in existing technology. However, alternative names may arise in

differen

t contexts.

3 See ISO/TR 14813 Part 4 for definition and discussion of abstraction.
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Table 1 — Service Grouping

Service Category Service Service Name
Number
Traveller Information 1 Pre-trip Information
2 On-trip Driver Information
3 On-trip Public Transport Information
4 Personal Information Services
5 Route Guidance and Navigation
Traffic Management 6 Transportation Planning Support
7 Traffic Control
8 Incident Management
9 Demand Management
10 Policing/Enforcing Traffic Regulations
11 Infrastructure Maintenance Management
Vehicle 12 Vision Enhancement
13 Automated Vehicle Operation
14 Longitudinal Collision Avoidarice
15 Lateral Collision Avoidance
16 Safety Readiness
17 Pre-crash Restraint\Deployment
Commercial Vehicle 18 Commercial Vehicle Pre-clearance
19 CommercialVehicle Administrative Processes
20 Automated Roadside Safety Inspection
21 Commercial Vehicle On-board Safety Monitoring
22 €ommercial Vehicle Fleet Management
Public Transport 23 Public Transport Management
24 Demand Responsive Transport Management
25 Shared Transport Management
Emergency 26 Emergency Notification and Personal Security
27 Emergency Vehicle Management
28 Hazardous Materials and Incident Notification
Electronic.Rayment 29 Electronic Financial Transactions
Safety 30 Public Travel Security
31 Safety Enhancement for Vulnerable Road Users
32 Intelligent Junctions and Links
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Figure 6 — Core TICS Reference Architecture Top Level Use Case Diagram. A set of generalised use case

Travelller Information
The tr

pages [information and services,

Traffig Management

and actors that define‘the scope of the core TICS reference architecture

nsaction sequences of this use case cover journey planning and confirmation, route guidance apd yellow

The transaction sequences of this use case cover the range of traffic control and management dperations

suppofted by TICS.

Vehicle
The tr
highway.

nsaction sequences of this use case cover all automated vehicle operation both in-vehicle and automated

Commercial Vehicle

The transaction sequences of this use case cover commercial vehicle and goods transportation activities which
involve global information stored and accessed by TICS.

Public Transport

The transaction sequences of this use case cover the scheduling, dispatching, operation and booking of public

transport services.

Emergency

The transaction sequences of this use case cover emergency operations stemming from roadway incidents or

security violations.
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Electronic Payment

The transaction sequences of this use case cover fee collection systems concerning vehicle related transport
services such as toll, parking and route guidance as well as fare collection and advanced payments for a wide
range of services.

Safety
The transaction sequences of this use case cover automated safety services.

5.2 Generalised Actors in the Core TICS Reference Architecture

This claupe identifies the set of actors that interact with TICS as shown in Figure 6. By defining these actars|further
illuminatipn of the transaction sequences involved in the use case of 5.1 may be developed.

Conformfance Agency
This actqr represents the external entity types which receive reports of violations detected_by varioug TICS
facilities, |e.g. traffic infringements, individual vehicle emissions, toll violations, commercial véhicle driver violations,
etc. This|actor also provides and monitors information about all drivers, vehicles, commercial vehicle credentials
and taxeg.

Financial
This actdr represents the agent types that provide payment means to the User, collect payments, and grocess
aggregated transactions so that the Transport and Service Providers receive payment from the issuers of cradit.

Informat|on Provider/Consumer
This actor represents those classes which perform unilateral roles with respect to TICS in that for each role they
are eithel a provider of information or a consumer of information.

Infrastrugture

This actgr represents the systems which provide complementary services to the road based Transport System.
There is & mutual exchange of information with TICS so that both systems may perform their services.

Location| Data Source
This actof represents any external entity which provides accurate position information.

Service Enabler
This actor represents a diverse set of operators and systems which perform privileged interactions with the¢ TICS
system, thereby contributing to the operation of the Transport System.

Service Provider
This actof represents the providers of external services mediated by the TICS system.

User
This actof represents all.the human roles which obtain end user service from the Transport System.

Vehicle
This actor represents the classes of vehicle that contain components of the TICS system or which are recdgnised
in some wayhy'the TICS system.

5.3 Generalised Packages of the Core TICS Reference Architecture

In Figure 7 the Core TICS Reference Architecture system package is presented. It is composed of a number of
conceptual subsystem packages. Only one level of a package hierarchy is shown at this stage. There are no
dependency relationships shown because at this level there is likely to be mutual dependencies between almost
every pair of packages. The major interactions are described below.

Roadway
This package controls the operation of the roadway network, thus covering almost all the use case transactions in
Traffic Management. It interacts with all the other packages as described below.
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Transport
This package plans and controls the movement of goods and people on the roadway network. It interacts with the

Roadway package for the interchange of information about the status of the roadway network and the intentions in
planned journeys. It interacts with the other packages as described below.

Vehicles

This package manages the automated aspects of vehicle operation. It interacts with the Roadway package for
safety and resource management functions. It interacts with the other packages as described below.

Events

This ppckage controls all events including roadway incidents, roadway emergencies and other emergencies. It
interagts with the Roadway package in relation to roadway events. It interacts with the Transport\package in
relatiop to roadway events that affect transport planning, and the Vehicles package in relation to emergengies.

Payment
This package controls the payment for all services including automated payment for use of-resources by vghicles. It

interagts with the Roadway package in relation to resource charging, and Transport package in relation to journey
payments.

Roadsgide Peripherals
This pgckage provides all interfaces with traffic and the environment.

Operafing Interfaces
This package provides interfaces with a range of actors, both human epérators and systems.

Travell Terminals
This pgckage provides interfaces with all sub types of user actor.

Vehicles Interfaces
This package provides interfaces on board the vehicle,-beth interactive and sensing.
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7 — Core TICS Reference Architecture Top Level Packages The diagram defines the concep
packages which comprise the TICS system package
prs associated with the Core TICS Reference Architecture

s a class external to the system. The relevant actors are those whose objects interact with TICS. T
be a role performed by a human orit'may be a type of system?.

vious candidates were excluded as actors because they were passive with respect to TICS. For e
ent is not an actor even thQugh input is received about the environment. This input is develo

root classes definedin Figure 6. The names of these actors have been selected with due consid
) terminology.

be base-classes could be expected to have the larger actor hierarchies.
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classes of TICS which arg physically connected to hardware sensors. Similarly traffic is not an actor.
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I classes associated-with TICS are defined in this clause. These actors are presented as hierarchies

eration

cases.

This actor represents all the human roles which obtain end user service from the Transport System. Actors

identified

with these roles are shown hierarchically in Figure 8.

4 Although an actor is not necessarily a human it is always represented by a ‘stick figure’ in the use case diagrams,

and label

12

led with its class name.
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6.1.1 Traveller

This actor represents any individual (human) who uses transportation services. At the time that data is passed to or
from the actor the individual may be an intending driver, pedestrian, passenger or any of the sub-classes. The data
provided can be for pre-journey planning or multi-modal personal guidance, including assistance in an emergency.
Subsequent to receipt of pre-journey information, a Traveller may become a vehicle driver, a passenger, or a
pedestrian.

6.1.2 Forwarder

This agtor is the party arranging the carriage of goods including connected services and/or associated~fprmalities
on beHalf of a consignor or consignee.

6.1.3 [Consignor/Consignee

This aftor represents both an individual or an organisation that prepares a bill of lading by which a|carrier is
directed to transport goods from one location to another (consignor or shipper) and thé.party by whom the goods,
cargo ¢r containers are to be received and accepted (consignee).

6.1.4 |Pedestrian

This agtor is a specialised Traveller who is not using any type of vehicle (including bicycles) as a form of fransport.
Pedesfrians may comprise those on foot and those in wheelchairs. They provide input (e.g. a request for right of
way at]an intersection) and receive safety warnings.

Traveller Forwarder

‘ Consignor/Consignee

Driver

Coefmmercial Vehicle Driver Public Transport Driver Emergency Vehicle Driver

Passenger

Figure 8 — The hierarchy of actors of type User

6.1.5 Passenger

This actor represents an individual or group on board a vehicle. They can derive numerous traveller services.

6.1.6 Driver

This actor represents the human entity that operates a licensed vehicle or cycle on the roadway. Included are
cyclists, motor cyclists, operators of private, public transport, and commercial, and emergency vehicles where the
transaction is not particular to the type of vehicle. Thus this actor originates driver requests and receives driver
information that reflects the interactions which might be useful to all drivers, regardless of vehicle classification. The
Driver actor is the operator of the basic Vehicle actor. Information and interactions which are unique to drivers of a
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specific vehicle type (e.g., fleet interactions with public transport, commercial, or emergency vehicle drivers) are
covered by special actors.

6.1.7 Emergency Vehicle Driver

This actor represents the Driver that operates an ambulance, fire, rescue or other emergency vehicle. This actor
uses a special TICS vehicle interface.

6.1.8 Commercial Vehicle Driver

This actar represents the Driver that operates a commercial vehicle such as a freight vehicle. This actenuses a
special T|CS vehicle interface.

6.1.9 Pyblic Transport Driver

This actgr represents the Driver that operates a pubic transport vehicle. This actor uses{a‘special TICS yehicle
interface,

6.2 Seivice Enabler

This actor represents a diverse set of operators and systems which perforniprivileged interactions with th¢ TICS
system, thereby contributing to the operation of the Transport System« The actors generalised in the $ervice
Enabler gctor are shown in Figure 9.

Service Enabler

Carrier Operator Traveller Information
Conformance Agency Transport Planner
Emerdency Service Transport Inspection
Location Data Source Traffic Operator

Public Transport Operator

Figure 9 — The hierarchy of actors of type Service Enabler

6.2.1 Carrier Operator

This actor represents the human entities that are responsible for the dispatching and management of Commercial
Vehicle fleets (e.g. traditional Fleet Managers). It may be many people in a large transport organisation but it can
also be a single person (owner driver) in the case of single fleet vehicles. This actor provides instructions and co-
ordination for Commercial Vehicles, including electronic clearance and tax filing, and receives the status of the
Vehicles in the fleet that they manage. The actor is expected to interface with TICS on a regular basis to enhance
productivity.
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6.2.2 Conformance Agency

This actor represents the external entity types which receive reports of violations (e.g. traffic infringements,
individual vehicle emissions, toll violations, commercial vehicle driver violations, etc.) detected by various TICS
facilities. This actor also provides and monitors information about all drivers, vehicles, commercial vehicle
credentials and taxes.

6.2.3 Emergency Service

This actor represents the human entity or system that monitors all TICS emergency requests (e.g. E911 in the US),
and sdts up pre-defined responses to be executed by an emergency management system. The actor,jmay also
override predefined responses where it is observed that they are not achieving the desired result) This actor
includgs dispatchers who manage an emergency fleet (police, fire, ambulance, hazardous materials, etc.)|or higher
order gmergency managers who provide response coordination during emergencies.

6.2.4 [Location Data Source

This agtor represents an external entity that provides accurate position information.-External systems Which use
errestrial trilateration, or vehicle inputs are potential examples. This actor contains sensors such|as radio-
receivers (e.g. GPS) and (or) dead reckoning sensors (e.g. odometer) differential odometer, [magnetic
compass, gyro, etc.). This implies that the functionality associated with developing an absolute position {s outside
the TICS system and will not be directly modelled by the logical or physical architecture representations of the

This agtor represents the human entities that are responsible for planning the operation of public transpprt fleets,
including monitoring and controlling the public transport‘route schedules. This comprises planning rdutes and
schedules for either daily use or for special occasionsy This actor also represents the human entitieg that are
responsible for all aspects of the public transport eperation including planning and management. They actively

modifigations will be to take account of abnornial-Situations such as vehicle breakdown, vehicle delay, efc. These

6.2.6

This agtor represents the humap. entity that directly interfaces with vehicle traffic operations. It also inclugles those
personnel who schedule road. maintenance and construction and cooperate to ensure that impacts on tfaffic flow
are begst managed. Thesge ‘personnel interact with traffic control systems, traffic surveillance systems| incident
management systems, work’zone management systems, and travel demand management systems to a¢complish
TICS gervices. They provide operator data and command inputs to direct systems’ operations to varying degrees
depenging on the type-of system and the deployment scenario. All functionality associated with these seryices that

man-entities-or systems-which-performregulatony inspection-of Commercial-Mehicles in
the field. They support the roadside inspection, weighing, and checking of credentials either through automated
pre-clearance or manual methods. They form an inspection and enforcement arm of the regulatory agencies with
frequent direct interface with the Commercial Vehicles and their Drivers.

6.2.8 Transport Planner

This actor represents the human entities responsible for planning, maintaining and changing the transportation
network managed by the TICS. It includes organisations which are responsible for long term planning. These
organisations will benefit from data collected by TICS. They may have a direct impact on the road network but can
only monitor and request changes to other areas of transportation such as public transport operations, toll prices
and parking lot charges, capacities, etc.
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6.29 Tr

aveller Information

This actor is the human entity or system that may be physically present at a traveller information service to monitor
the operational status of the facility and provide human interface capabilities to travellers and other information
subsystems.

6.3 Fin

ancial

This actor represents the agent types that provide payment means to the User, collect payments, and process

aggregat

ed _transactions so that the Transport and Service Praoviders receive payment from the issuers of

redit .

The sub-

6.3.1 Cl

This acto
the Issusg
means to
and TICS

6.3.2 Cq
This acto

payment
Traveller

6.4 Infi

Classes of Financial actors are shown in Figure 10.
paring Operator
I collects and possibly aggregates transactions from one or more Service Providers orJ4CS for del

the Traveller). The Clearing Operator can also handle the apportionment between the Service Pr
. In the financial world this operator is equivalent to an Acquirer.

llection Agent

I is responsible for selling, reloading or delivering the payment means to the Traveller and collect
from the Traveller. The Collection Agent can also collect userrélated application specific data fr

Financial

Clearing Operator Collection Agent

Figure 10 — The hierarchy of actors of type Financial

astructure

This actg

very to

r(s) (the external class responsible for the payment system and responsible fertssuing the payment

pviders

ng the
bm the

r generalises the systems which provide complementary services to the road based Transport §

ystem.

The subc

16

lasses of the Infrastructure actor are shown in Figure 11.
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6.4.1
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private
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6.4.2
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6.4.3

This al
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railroa
multipl

Parking Rail Operations

Multimodal Crossing

Figure 11 — Actors of type Infrastructure

Parking

Ctor represents the human entity or system which monitors the @peration of a parking station as W
or public organisations that provide parking lot facilities and that determine the parking lot pricing S
rovider interfaces to TICS to coordinate parking information, such as facility location, parking g
applicable rates, hours of operation, and other information (security services, valet service
ility, etc).

Multimodal Crossing

Ctor represents the equipment used by railcrossing operators to control and monitor the crossing &

i, canal bridges, rivers bridges, etc. Their main characteristic is that traffic moving on them must ta
e road traffic with which they intersect. The data provided will in its basic form be a simple “stop ro
on. However more complex data flows may be provided that give the time at which priority will bg
b duration of that priority. At a.rail-road crossing this would therefore be the time at which the train
e time it will take to clear the ¢rossing. Light Rail and other specialist vehicles will be treated like of]
sections, unless the operating organisation has requested priority.

Rail Operations

ctor is roughly-the rail operational equivalent to a roadway Traffic Management Centre. It is (U
ised contrel(point for a substantial segment of a railroad’s operation. It is the source and dest
htion that.ean be used to coordinate rail and highway traffic management. This actor would also re
I’s management information system, if that system is the source or destination for this informg
b sources and destinations for information exchange with the railroad entity implies the need for

2000(E)

ell as the
tructures.
vailability
5, shuttle

s well as

om any non-road based transportation system that has an interference road crossing. Examples are heavy

e priority
ad traffic”
required
will arrive
her traffic

sually) a
nation of
present a
tion. The
a single,

consis

ent”_interface hetween a gi\/nn railroad’s npnrnfinnc for TICS traffic management In_a

ny given

implementation of TICS there may be multiple instantiations of this interface.

6.5 Information Provider/Consumer

This actor generalises the providers or consumers of information used or offered by the TICS system. The
subclasses of the Information Provider actor are shown in Figure 12.
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Information Provider/Consumer

Meteorology

Event Promaoter

6.5.1 EV

This acto
roadways
motorcad

informatipn such as date, time, estimated duration, location, and any other information pertinent to traffic mo

in the sur

6.5.2 Mq¢

This acto
It may be
the U.S.

which the TICS may collect traffi¢ flow information, incident information, special event information, or an

travel im
citizens,

6.5.3 In

This acto

6.5.4 Mq

Information Consumer Media

Geographic Information Provider

Figure 12 — Actors of type Information Provider/Consumer

ent Promoter

r represents external Special Event Sponsors that have knowledge of events that may impact tra
or other modal means. Examples of such specgial events include sporting events, conve

es/parades, and public/political events. These, promoters interface to the TICS to provide

rounding area.

bdia

[ represents something to which the-TICS can send traffic and travel advisory information for direct

a simple output device (printety, visual display) or a system of some kind, e.g. Highway Advisory R

HAR), or the interface to @FM sub-carrier information output system. It is also the human enti

pacting events. The operator may be a TV/radio broadcaster, traffic reporting service operator,
br any other person éxtérnal to the TICS.

ormation Consumer

[ represents the various entities that use information made available by TICS, e.g. insurance comp3g

bteorology

wvel on
ntions,

event
ement

output.
adio in
y from

other
private

nies.

An external source of current and forecast weather conditions. This externally derived weather data is integrated
with the other information and collected and disseminated by the TICS architecture to support travel planning.

6.5.5 Geographic Information Provider

This actor represents a third party developer and provider of digitised map databases used to support TICS
services. It supports the provision of the databases that are required exclusively for route guidance (navigable map)
as well as those that are used exclusively for display by operators and at traveller information points, e.g. kiosks
(display map).

18
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6.6 Service Provider

This actor represents the providers of external services mediated by the TICS system. The subclasses of the
Service Provider actor are shown in Figure 13.

Service Provider

6.6.1

This a
They &
heavy
transp
modes

6.6.2

This a

could e included are gas, food, lodging, vehicle repair, points of interest, and recreation areas. The inte

the Se|
and to

6.7 \

This a
in som

Intermodal Passenger Service Yellow RPages Service

Figure 13 — Actors of type Servicé/rovider

Inter-modal Passenger Service Provider

ctor provides the interface through which transportation service providers can exchange data w
ire the operators of non-roadway transportation systems (e.g. airlines, ferry services, passenge
rail). This two-way interface enables coordination for efficient movement of people across
brtation modes. It also enables the travellei<to efficiently plan itineraries which include segme
not directly included in the TICS User Seryices.

Yellow Pages Service

Ctor represents organisations that provide any service oriented towards the Traveller. Example ser

ith TICS.
carrying
multiple
hts using

vices that
face with

rvice Provider is necessaryso that accurate, up-to-date service information can be provided to the traveller

support electronic reseryvation capabilities included in the TICS user services.

ehicle

ctor represents the classes of vehicle that contain components of the TICS system or which are re
e way bydhe TICS system. The associated sub-classes of the Vehicle actor are shown in Figure 14

cognised
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Base Vehicle

Commercial Vehicle Public Transport Vehicle

Emergency Vehicle

Figure 14 — The actors of type Vehicle

A distinctjon is made between vehicles as actors and traffic in that a Vehicle(is'an actor which is uniquely idgntified
by TICS.| Having been identified by TICS a vehicle can be the target of & specific message. Traffic is sormething
which is measured by TICS but which is no way interacts with TICS, eXxcept through the actions of the drivers.
Therefore traffic is not identified as an actor.

The Vehitle actor illustrates some other fine points of distinctian, which arise in UML modelling. Firstly the yehicle
entity cafries components of the TICS system. In the artchitecture these components are reflected i other
modelling elements, particularly interface classes.

Secondly} there are other model elements (i.e. parts of the architecture) which are directly associated with the
Vehicle actor. These are the control classes which\form part of the automated vehicle control , and the infofmation
classes which record persistent information aboutindividual Vehicle actors.

6.7.1 (Base) Vehicle

This actagr includes any vehicle which/may potentially violate traffic regulations and therby cause interaction with
TICS. It also includes vehicles.which are recognised for tolling, road pricing, route guidance and othef TICS
services.| There are many actor-ebjects of this type (e.g. ordinary cars, motor cycles and bicycles), that is they are
not any the special types deseribed below.

6.7.2 Caommercial \Vehicle

This actor is a subtype of vehicle with the special aspects of large commercial vehicles and vehicles designed to
carry cargo that extend beyond the characteristics defined for the base Vehicle. This actor thus repredents a
specialistlon of vehicle that is used to transport goods or services WhICh are operated by professronal drivers,
typically ad C ptie's to all
such vehicles ranging from small panel vans used in local pick-up and deIrvery services to large, multi-axle tractor
trailer rigs operating on long haul routes. Certain aspects of the physical cargo are also represented by this actor.

6.7.3 Emergency Vehicle

This actor is a subtype of vehicle such as fire, ambulance and rescue vehicle. They may request traffic priority or
be recognised for that purpose.
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6.7.4 Public Transport Vehicle

This actor is a subtype of vehicle such as bus, light rail and taxi. They may request traffic priority or be recognised
for that purpose.

7 Use Cases of the Core TICS Reference Architecture

When an actor object interacts with TICS, TICS performs a behaviourally related transaction sequence. The
abstractiaon of similar and Plnqply connected transaction sequences is called a use case The use cases for the

TICS Reference Architecture are derived top down from the TICS Fundamental Services.

The mapping of the TICS Fundamental Services to use case is shown in Table 2 and develops use|case ¢liagrams.
The TICS Fundamental Services are established in ISO/TR 14813-1. The mapping is largely one/to one. Yariations
from ohe to one are simple aggregations and decomposition, the latter most commonly occurring to suppprt reuse.
The mpst significant aggregation is for the Vehicle Status use case for which limited inforination is provided in the
Fundamental Services.

Just a3 the idea of classification is natural to the modelling process, so is the grodping together of strondly related

use capes. This is the basis for forming a use case diagram. This clause elaborates the use case identifiedl in Table
2.

Table 2 —Mapping of TICS Fundamental Sefvices to Use Cases

Fundamental Service Use Case
Service Category # Service Name
Traveller Information 1 Pre-trip Information a Pre-journey Information
Journey Payment
2 | On-trip Driver Information On-trip Traveller Information "
3 On-trip Public Transporttnformation
4 Personal Informatien.Services
5 Route Guidapcéand Navigation a Route Guidance and Navigation
Journey Schedule
Traffic Management 6 Transportation Planning Support a Transportation Planning Support
Performance Prediction
7 Traffic Control 2 Traffic Control
Traffic & Pollution Measurement & Control
Performance Evaluation
Performance Prediction
8 Incident Management Incident Management
Traffic & Pollution Measurement & Control
9 Demand Management Demand Management
Performance Prediction
10 | Policing/Enforcing Traffic Regulations Traffic & Pollution Measurement & Control
11 | Infrastructure Maintenance Management Infrastructure Maintenance Management
Vehicle 12 | Vision Enhancement Vehicle Status
13 | Automated Vehicle Operation Vehicle Operation
14 | Longitudinal Collision Avoidance Vehicle Status ©
15 | Lateral Collision Avoidance
16 | Safety Readiness
17 | Pre-crash Restraint Deployment
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Fundamental Service Use Case
Service Category # Service Name
Commercial Vehicle Order & Shipment ¢
18 | commercial Vehicle Pre-clearance ° Commercial Vehicle Tour Planning

Route Guidance and Navigation

Journey Payment

19 | Commercial Vehicle Administrative Processes Commercial Vehicle Administrative Processes

20 | Automated Roadside Safety Inspection Commercial Vehicle Road Operation |

21 | Commercial Vehicle On-board Safety
Monitoring

22 | Commercial Vehicle Fleet Management

Publiq Transport 23 | Public Transport Management Route & Schedule Planning

Fixed Route Public Transpért d

24 | Demand Responsive Transport Management Demand Responsive Public Transport
25 | Shared Transport Management Journey Schedule

Emergency 26 | Emergency Notification and Personal Security Emergency Notification and Personal Security
27 | Emergency Vehicle Management € Emergeney Resources Allocation

Emergéency Vehicle Management

28 | Hazardous Materials and Incident Notification Ineidlent Management

Electrpnic Payment 29 | Electronic Financial Transactions © Payment Means

Fare Collection

Vehicle Charges

Payment Transaction

Safety 30 [ Public Travel Security Emergency Notification and Personal Security

Vebhicle Status

31 | Safety Enhancement for Vulnerable Road Safety Enhancement for Vulnerable Road Usefs
Users
32 | Intelligent Junctiong ‘and Links Vehicle Status

Table|Footnotes:

a. Selvice divided to support reuse.

b. The services are provided through different interfaces but are inherently the same.
c. Thq services are not defined sufficiently to identify individual use case.

d. Defined subsequently to Fundamental Services.

e. Selvice divided to suppott feuse.

f. Seryices are aggregated because of overlap in supporting operations.

g. Separate operational from planning.

7.1 TravelerInformation Use Case Diagrnm

These transaction sequences cover journey planning and confirmation, route guidance and yellow pages
information and services. The Traveller Information diagram (Figure 15) contains the following use cases.

There is an implicit role for a Location Data Source actor in association with both Traveller and Driver actors in
Figure 15.

7.1.1 Pre-Journey Information

These transactions produce a journey plan to meet the requirements of a traveller’s journey request. The Traveller
actor initiates the request and receives traveller information. Facilities are also provided for subsequent trip
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confirmation and to enable the Traveller to make advanced payments. The journey plan can be multi-modal (more
than one trip) and is generated using the facilities provided by the Route Guidance and Navigation use case. It may
also include demand responsive public transport services, ride-sharing, and the use of services from inter-modal
transportation service providers such as heavy rail, airlines, etc.

The Tr

7.1.2

aveller Information actor can be an intermediary for the Traveller.

Journey Payment

These transactions provide for trip confirmation and enable the traveller to make advanced payments. They provide
payment for each segment (trip) of a pre-planned journey. The Traveller actor must provide the means-efl payment
at the Travel Terminal interface.

7.1.3 |[On-Trip Traveller Information

These|transactions provide Travellers with access to transport running data, route guidance, and data about
generdl services (Yellow Pages Service actor), weather information (Meteorology acter) and tourist information
(Medig actor). They enable Travellers to make reservations and payments for these.services. Data abouf services
is obtalined from Yellow Pages Services who have registered and made their contact details available. Access to
running data may cause a revision of journey planning as in Pre-Journey Information.

7.1.4 |Route Guidance and Navigation

These|transactions provide advisory information and route guidance™and navigation for Travellers and Drivers. In
addition they support journey planning for Travellers. Travellers and’Drivers provide route parameters. M{ilti-modal
journeys are scheduled for Travellers for both on-line persohal traveller guidance and for journey |planning.
Centrajised route determination facilities are provided for in-vehicle dynamic guidance, or for generating [ink travel
times fo be used in autonomous guidance. Vehicle routes aré also provided for commercial vehicle routd planning
and fof emergency vehicles dispatched in response to incidents. There is a strong spatial component to [planning,
relevamt data being provided through the Geographic' Information Provider actor. Regular updates|are also
provided by Meteorology.

7.1.5 [Journey Schedule

These|transactions confirm that all the segments (trips) of a journey route can be serviced, and they generate the
collectlve schedule. They make usevof regular public transport services as well as advanced public fransport.
Reseryations for non-TICS modes-are negotiated with the Intermodal Passenger Service actor.

7.1.6 |Demand Responsive Public Transport

(see 7J5.3)

7.2 Traffic Management Use Case Diagram

These|transaetion sequences cover the range of traffic control and traffic management operations supported by
TICS. The, Fraffic Management diagram (Figure 16) contains the following use cases.
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Figure 15 — Traveller information Use Case diagram

7.2.1 Trpnsportation Planning Support

This is a|Transport Planner operator driven analysis of performance of the traffic and public transport netyvork in
order to Hevetop—enhancements—Factittes—are—provided—for-the—import-of-operationat—data—to—amatysts—modules.
Data can be evaluated to find any changes that could improve network operational efficiency. The revised network
model can be tested with operational data to check on the effect of any proposed changes. Accepted revised
network data is sent to TICS modules. The network model can be revised for jurisdictional policy changes and
effects tested before implementation. Data about the current or new road and freeway network can be documented.

7.2.2 Performance Prediction

These transactions process the data from some use case to generate a predictive model of network operation for
use by other use case. The predictive model can use long term data and data from adjacent Roadway Groups
(see ISO/TR 14813 Part 3). Traffic Operators can display predicted data. Prediction data is exchanged between
Roadway Groups.
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Figure 16 — Traffic management use case diagram

7.2.3 [Traffic Control

This i§ an ongoing interaction~with traffic through the Roadside Peripherals (signals and other signs) which
commuinicate control information” and guidance to Drivers. Traffic control strategy depends on currgént traffic
conditipns and default strategy. Traffic control strategy can be overridden by other use case. Traffjc control
stratedy can be overridden\by a Traffic Operator actor.

Coordination of control’'outputs can be based on a range of algorithms using real time data. Local Contrgl Groups

(see Hart 3) can.gperate using local data with no coordination. Parking and Traffic Operator (construgtion and
maintenance).actors may be given instructions.

7.2.4 [Tfaffic & Pollution Measurement & Control

These transactions process and store traffic data collected through sensors (inputs are sensed from traffic, Multi-
modal Crossing, Pedestrian, etc) for use in Traffic Control, and other use case. There is a strong spatial component
to measurement and modelling, relevant data being provided through the Geographic Information Provider actor.

Collected data is integrated to form current and long term (historic) data attributes. Many use case access the

current and long term attributes as a source of traffic data. Traffic Operators can display current and long term
attributes. Media operators can also display data and send some for output by the media system.
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7.2.5 Performance Evaluation
These transactions retrieve all the available data pertinent to traffic in the roadway network and analyse it in order

to develop a range of attributes used in computing traffic control strategies. There is a strong spatial component to
measurement and modelling, relevant data being provided through the Geographic Information Provider actor.

7.2.6 Incident Management

This is based on an ongoing analysis of traffic data to look for indications of possible incidents. Input is accepted
from a nymber of actors (Traffic Operator, Event Promoter, Rail Operations, Media, and Meteorology)

Sensor data is analysed for indications of possible incidents (taking data developed by the Traffic and)Ppllution
Measurement & Control use case). Location of possible incidents is fixed by a location data source and ingidents
are classffied into the categories of possible, predicted and current.

Possible [incidents are reviewed for transfer to predicted category if confidence level is high, enough. Pre¢dicted
incidents|are reviewed for transfer to current category when start time occurs.

Traffic Operators can review and amend incident data. Current incidents are automatically cleared when their
duration lpas expired. Incident data is exchanged between Roadway Groups (Part(3).

7.2.7 Demand Management

These transactions predict and manage travel demand to make the most efficient use of the roadway ang other
parts of the transportation network served by the function. Demand management is based on policy data and the
operational data provided by Traffic Control and other use case.

Policy dgta is set up by the Transport Planner actor. Poligy~may be overridden by the Traffic Operatol actor.
Demand forecast results are implemented by other use case.

7.2.8 Infrastructure Maintenance Management

These transactions manage the road, communications and computer infrastructure. There is interaction with the
Traffic Operator actors responsible for this area. These actors schedule road works and highway maintenance and
notify TIJS of the associated incidents. Traffic data is used to plan works so as to minimise disruption.

7.3 Vehicle Use Case Diagram

These trgnsaction sequences-cover all automated vehicle operation both in-vehicle and automated highway. The
Vehicle djagram (Figure 17)-¢contains the following use cases.

7.3.1 Vdhicle Status

These trgnsactionsumonitor the Vehicle actor’'s operation, and roadway conditions plus the vehicle’s positipn and
motion rglativertorsurrounding objects. This data is used to provide status information to other processes ahd use
cases plys,the. warning messages for output to the Driver. If the Vehicle is fitted with automatic control equipment,
the data produced by these processes can be used to initiate corrective action

7.3.2 Vehicle Operation

These transactions allow a Vehicle actor to be automatically controlled. The processes are structured so that
various levels of control may be provided, starting with a simple driving aid for cruise control. The highest level of
automatic control provided is that which can be used in conjunction with road and freeway lanes equipped for
automated highway operation. The Driver requests the operational mode. The Vehicle is an implicit actor under
control of the use case transactions.
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Vehicle Status

Vehicle Driver

Vehicle
Operation

Figure 17 — Vehicle use case diagram

7.4 CQommercial Vehicle Use Case Diagram

These|transaction sequences cover commercial vehicle and goods_tfransportation activities which involve global
information stored and accessed by TICS. The Commercial Vehicle-diagram (Figure 18) contains the follgwing use
cases.
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Figure 18 — Commercial Vehicle use case diagram

74.1 Orlder and Shipment

These transactions maintain the TICS information about a shipment from the time of the order by the consignor to
the reception of goods by the consignee. The key TICS transactions are to provide registers of service providers
and to enable the goods to be tracked throughout intermodal journeys. The Consignor can select a Forwarder from
an on-line register. The Forwarder logs and updates the journey information for the Goods Item so that tracing can

be suppo

rted. This includes Carrier data.

7.4.2 Commercial Vehicle Tour Planning

These transactions plan commercial vehicle freight complements and routes taking into account the needs of this
type of vehicle, as well as the electronic credential and tax filing needed to use the route. The Carrier Operator

actor does the route planning using the Route Guidance and Navigation use case.

28
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7.4.3 Commercial Vehicle Administrative Processes

These transactions support Commercial Vehicle Tour Planning and provide the interactions with the Conformance
Manager actors so that a Commercial Vehicle tour can be approved. Having decided on a route, a designated
vehicle can be pre-cleared through the roadside check facilities so that it does not have to stop. The Carrier
Operator provides identification of Vehicle and Driver. The Conformance Agency actor provides checks on the
worthiness of the actors to be involved in the Tour.

The details of the required credentials and tax filing are provided from the appropriate Conformance Agencies. The
log of operations at the roadside facilities is also analysed so that details of Vehicles, Carrier Operators and Drivers
failing phecks can be used in clearance. Clearance data Is recorded so that vehicles on the roadway can| pass the
screening checks.

The agsociated tour information is recorded for subsequent use at roadside checking stations.

7.4.4 |Commercial Vehicle Road Operation
These|transactions clear Commercial Vehicles through screening and border crossing checks and carry-put safety
checkg. If the vehicle is not pre-cleared, or it fails its safety checks the Driver will*be requested to pull into the
roadsigle facility. The Roadside Inspection Operator may override the decisignyto pull-in (or not) and may also
select manual pull-in. Details of those Vehicles with safety problems are sent te-all roadside facilities to highlight the
need fpr future safety checks. Violation actions are initiated. The Carrier Operator can deliver routing an¢l delivery
instructions for the Driver and monitor the Vehicle and cargo.

The Dijiver uses the use case On-Trip Traveller Information to obtain'route guidance and other in formation.
7.4.5 [Route Guidance and Navigation
(see 711.4)

7.4.6 |\Journey Payment

(see 711.2)

7.4.7 |On-Trip Traveller Information

(see 71.3)

7.5 BRublic Transport. Diagram

These| transaction sequences cover the scheduling, dispatching, operation and booking of public [transport
servicgs. The Public<Transport use case diagram (Figure 19) contains the following use cases.

7.5.1 |Route,& Schedule Planning

These|transactions manage the route planning and scheduling of fixed and variable route public transport|{services.
The generation of new regular public transport routes and schedules is done at the request of the Public Transport
Operator and takes into account the operational data plus input from a variety of other sources. New schedules can
be generated separately from routes, and can be produced in response to inputs from parking lots if a change to
the current park and ride service is needed. The new routes and services are made available to this and other use
cases, and automatically published to Travellers. There is a strong spatial component to planning, relevant data
being provided through the Geographic Information Provider actor.
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Geographic Information Public Transport Intermodal
Proyider Operator Passenger Service
Proyider

Route Guidance
and Navigation

Route & Schedule
Planning

Demand

Responsive
Public Transport

Fixed\Route

Publie-Transport

Journey
Schedule

Location Data Traveller Public Transport
Source Driver

Figure 19 & Public Transport use case diagram

7.5.2 Fixed Route Public Transport

These trgnsactions provide information on the current state of operation of public transport vehicles, and hgw they
are perfofming against the schedules. The processes are responsible for keeping vehicles on schedule and taking
action to get them back onsschedule when any deviations are found. Instructions will be sent to the vehicle dfiver(s)
and vehigcle priority requested through the Traffic Control use case. The Traveller can query the opgrating
scheduleg. Intermodal‘Passenger Services can update information pertinent to connections. The Public Transport
Operator|can do manual overrides.

7.5.3 Demand’'Responsive Public Transport

These tramsactions schedute anmddispatc denmand Tesporsive pubiic trarnsport Services 11T TESPUNSE to Tequests

from the Journey Schedule use case. The services will be personalised to suit the Traveller's request. The
Operator can do manual dispatching. The Traveller can get information on ride availability etc. The Driver receives
itinerary instructions and possibly route guidance (Route Guidance and Navigation). The vehicle gets positioning
information from a Location Data Source.

7.5.4 Journey Schedule
(see 7.1.5)
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Route Guidance and Navigation

1.4)

7.6 Emergency Use Case Diagram

These transaction sequences cover emergency operations stemming from roadway incidents or security violations.
The Emergency diagram (Figure 20) contains the following use cases.

7.6.1

These
other
Travel

7.6.2

These
for the
overrid
the red
a strorj
actor.

7.6.3

These
which
the En
respon
Locatig

Geographic Information Provider actor.

7.6.4

(see 7

7.7 H

These
toll, pal
Electrd

Ermergency-Notifrcattonmr&Personat-Security
transactions notify an emergency which occurs on-board a vehicle or within a public transportyfaci

arts of the roadway network. Notification can be initiated by a Driver or automatically, and thus in
er in an area with surveillance. Mobile situations are located using a Location Data Source!

Emergency Resources Allocation

transactions allocate emergency services in response to requests received from a range of inputs.
allocation process is predefined criteria, which the emergency services operator has the facility to s
e. If there are no criteria to fit an emergency, then the Emergency Services Operator is requested t

uired allocation. The Traveller can initiate an emergency message andreceive acknowledgement
g spatial component to planning, relevant data being provided through the Geographic Informatior]

Emergency Vehicle Management

transactions communicate with and support the Emergency Vehicle Driver in the incident/eme
he response is being directed. The Driver may use-Route Guidance and Navigation. Once at the

se. The Emergency Operator is provided with-information and the Emergency Vehicle is tracke
n Data Source. There is a strong spatial component to planning, relevant data being provided th

Route Guidance and Navigation

1.4)

lectronic Payment(Use Case Diagram

transaction sequences cover fee collection systems concerning vehicle related transport services
rking and route guidance as well as fare collection and advanced payments for a wide range of sery
nic Paymentdiagram (Figure 21) contains the following use cases.

ity, or on
volve any

he basis
et up and
0 provide
There is
Provider

fgency to
location,

nergency Vehicle Driver can report back with-updates on the progress being made with the emergency

1 using a
ough the

such as
ices. The
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Driver mergengy Seryice Emergency Vehicle
river

7.7.1 Ps

This tran

Collection Agent that allows the Traveller to access the services available in the payment system, e.g. an acq

in a credi
by a TraV
Resource

7.7.2 Fdre Collection

These transactions “collect fares from public transport users on-board a public transport vehicle, for the

current p
services.

Route Guidance
and Navigation

Emergency
Notification &
Personal Security

Emergency
Resources
Allocation

Emergency, Vehicle
Management

Location Data Traveller Geographic Information
Source Provider

Figure 20 — Emergency use case diagram

yment Means
baction captures the expression of.a contract between the Traveller and the external Issuer via a
| card system or an electronic’purse. The Collection Agent transacts the credit to an electronic pursg

eller. A Clearing Operator:receives registration of a credit payment means for a Traveller from the
(see Part 3) to be used:

Liblic transport services, and advanced payments for public transport services and for other (yellow
They'use the Payment Transaction use case. The Traveller must provide the payment instrument.

ount
e used

use of
pages)

7.7.3 Vehicle Charges

These transactions provide facilities for the electronic fee collection from vehicles as they pass through roadside
collection points. They use the Payment Transaction use case. The Vehicle is sensed by a Roadside Peripheral
and must carry a payment instrument.
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On-trip Traveller

Payment
Information

Transaction

Journey Payment  }--uses->

Confarmance
Agenhcy

Clearing Operator

Figure 21 — Electronic Payment use case diagram

7.7.4 Payment Transaction

These transactions maintain a centralised store of data on the prices (tariff) being charged for tolls, spaces at
parking lots and fares. They enable Drivers and Travellers to pay for tolls, fares and parking lot charges, plus other
(yellow pages) services and in the case of Travellers, as part of their journey planning facilities. Advance payment
is supported.
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7.7.5 Jo

urney Payment

(see 7.1.2)

7.7.6 On-Trip Traveller Information

(see 7.1.3)
7.8 Safety Use Case Diagram
These trlinsaction sequences cover automated safety services. The Safety diagram (Figure 22) centajns the
following Juse cases.
r— \
\
Safety | O
Vehicle Enhancement
for Vulnerable
O Road Users |
\
\ | Driver
| |
Y 7 R 4
Pedestrian
Figure 22"~ Safety use case diagram
7.8.1 Sdfety Enhancement for Vulnerable Road Users
These transactions cover the application of TICS technologies to the enhancement of safety levels for vulperable
road usef groups. These groups.include: motor cyclists, pedal cyclists, pedestrians and all vehicles in vulperable
situationg. Safety enhancement’measures may include: smart pedestrian crossings, speed warning syjstems,
vehicle gresence detection.\Pedestrians and Vehicles are sensed automatically, and associated Drivefs and

Pedestrid

7.9 Act

ns are warned:

or/Use Case Matrix

This mat||ix lists(the Actor name, followed by Use Cases in which these actors are involved.

Operator Carrier

« Commercial Vehicle Administrative Processes

e Commercial Vehicle Road Operation

e Commercial Vehicle Tour Planning

e Order and Shipment
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Comm

Cd

Comm

Cg

Confo

Cg

Ca

Pa

ercial Vehicle

mmercial Vehicle Road Operation

ercial Vehicle Driver

mmercial Vehicle Road Operation

fmance Agency

mmercial Vehicle Administrative Processes
mmercial Vehicle Road Operation

yment Transaction

Traffic & Pollution Measurement & Control

Consi

Or

Driver

Ca

Ds

jnor/Consignee

fder and Shipment

mmercial Vehicle Road Operation

mand Responsive Publi¢ ‘Transport

Enmergency Notification and Personal Security

Enmergency Véhicle Management

Fi

b

ed Reute Public Transport

On

-trip Traveller Information

Route Guidance and Navigation

Safety Enhancement for Vulnerable Road Users

Vehicle Operation

Vehicle Status
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Emergency Service
« Emergency Notification and Personal Security
« Emergency Resources Allocation

« Emergency Vehicle Management

Emergency Vehicle Driver

. Emellgency Vehicle Management
Event Prpmoter

e Incid¢nt Management
Forwarder

e Ordef and Shipment

Geographic Information Provider

« Emelgency Resources Allocation

« Emelgency Vehicle Management

* Perfgrmance Evaluation

e Rout¢ & Schedule Planning

e Rout¢ Guidance and Navigation

*  Traffic & Pollution Measurement & Control

* Trangportation Planning Support

Intermodal Passenger Service Provider
*  Fixed Route Public Transport

* Journey Schedule

Location| Data-Seurce

« Demand/Responsive Public Transport

« Emergency Notification and Personal Security
« Emergency Vehicle Management
e Pre-trip Information

* Route Guidance and Navigation
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Media

e Incident Management

e On-trip Traveller Information
Meteorology

e Incident Management

ISO/TR 14813-2:2000(E)

*  On-trip Traveller Information

* Rdute Guidance and Navigation
Multimpodal Crossing

*  Trgffic & Pollution Measurement & Control
Parkinyg
*  Traffic Control

Pedesfrian

e Sgfety Enhancement for Vulnerable Road Users
*  Trgffic & Pollution Measurement & Control
Publicl Transport Driver

» Dgmand Responsive Public Transport

e Fi

Med Route Public Transport
Publicl Transport Operator
» Dgmand Responsive Publig ‘Transport

e Fi

Xed Route Public.Fransport

e Rdute & Schedule Planning

Rail Operations

. Traffie.Control

Traffic Operator

* Demand Management

Incident Management
* Infrastructure Maintenance Management

* Traffic & Pollution Measurement & Control
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» Traffic Control

Transport Inspection

e Commercial Vehicle Road Operation
Transport Planner

* Demand Management

e Trangportation Planning Support
Traveller
« Demand Responsive Public Transport

« Emelgency Notification and Personal Security
« Emelgency Resources Allocation

« Fare[Collection

« Fixed Route Public Transport

e Journjey Payment

e On-trjp Traveller Information

¢ Paynjent Means

e Pre-jpurney Information

« Routg¢ & Schedule Planning

¢ Rout¢ Guidance and Navigation

Travellern Information

e Pre-jpurney Information
Vehicle

e Safety Enhancement for Vulnerable Road Users

e Traffic'&Pollution Measurement & Control

« Traffic Control
e Vehicle Charges
e Vehicle Operation

* Vehicle Status
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Yellow Pages Service Provider

e On-trip Traveller Information

8 Sequence Diagrams

:2000(E)

Sequence diagrams document the use case in a formal way. In this clause a set of sequence diagrams
corresponding to the use case diagrams of Clause 7 are defined. In the process the top level packages identified in

5.3 (i.

Roadwav. _Transnort \/ehicles Events. Pavment) are nonulated with some ahstract classes
PAl g T T T 24 7 Sl g

In gen
packag

pral, packages are populated by a number of related classes that deliver the functionality of the’pa
e is then a convenient abbreviation for a cohesive set of functionality that also hasl,a ra

modularity®. Thus, as shown in Annex A, the development of class, package and sequences,diagrams

interre

TICSr

Thus t

In this
related
abstra
will ari

The u
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operat
which

compo

Becau
Vehiclg
usefull
the int
realise

ated.
bference architecture — Part 4 (ISO/TR 14813-4) describes the main characteristics of a class.

A class is materialised in objects that conform to the class specification.\ That specification dg
interface for each object.

Objects interact through the operations advertised in their interface.

Objects store data. The current data is called the state of thé.abject.

One object can send a message to another object (belonging to any class) thereby invoking
operations. The message has two effects. Firstly it-may cause a change in the state of the targ
Secondly the initiator object may receive a response.
he classes define the engine that delivers the functionality specified in the use cases.
clause one abstract class of objects is defined for each package. The classes within the packages
to the transactions of the use case specified in Clause 7 by identifying the operations required
't classes. (The attributes required-te:maintain the associated state will be treated as implicit. Man
be in associated information classes-that will be defined in ISO/TR 14813 Part 3.)
e of one class per packages sufficient to define the core architecture. In Part 3 the core archi
ons are more finely partitioned. The aim at this stage is to focus on the abstract operations and in
are required to support the use case. Thus the core architecture is completed by defining the
nent in the form _of-sequence diagrams.
e of the unique association, each class is named after its owner package (e.g. Vehicle Class
bs Package): The full complement of packages and classes is shown in Figure 23. The packagg

y described in two sets, the control and information packages and their classes on the left of Figur

the functionality of the TICS Reference Architecture. The interface classes support transactions

ickage. A
ionale in

is highly

fines the

bne of its
et object.

are then
of these
of these

tecture is

hted and each of thesel abstract classes is transformed into more concrete classes. In so Toing the

eractions
dynamic

ithin the
s can be
e 23, and

brface(packages and their classes on the right. The control and information classes and their inferactions

with the

actors
archite

across the architecture boundary. The class diagrams 1 this clause present the operations of th
cture, in correspondence with the use case diagrams.

dynamic

5 Note: The UML package model can be developed by recursive decomposition, but there is little point in pursuing
this development path on its own. The reason is that packages only define the static architecture. A

archite

cture is also necessary.
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8.1 Traveller Information

This clause develops the class operations and interactions into a sequence diagram which describes the logical
flows underlying the Traveller Information Use Case diagram.

8.1.1 Class Operations for Traveller Information

The operations of the abstract classes associated with the Traveller Information Use Case Diagram (Figure 15) are
shown in Figure 24. These operations include:

Roadway

acce
opera

Transpo

40

estal]
trans
asso

oper:
trave

Class

Es roadway conditions: This operation interrogates the relevant predicted and current !data
ition of the roadway, according to the parameters of the enquiry.

t Class

lish journey conditions and options: This operation can be invoked by a travekterminal interface o

ciated data.

ler information databases (information classes) by different typesiof actors.

bn the

bject to

Mit the journey specification from a Traveller actor or other actor, and return current options and

itor access: This operation can be invoked by an operating interface’object to support the maintenance of
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Roadway

Roadway Class

Roadside Periperals

Transport

Roadside Peripheral Class

Transport Class

Vehicles

Operating Interfaces

Operating Interface Class

Vehicle Class

Events

Travel Terminals

Travel Terminal Class

Event Class

Payment

Vehicle Interfaces

Vehicle Interface Class

Payment Class

» route guidance: This operation can be invoked in numerous journey planning situations and perform
ion‘planning covering different transport means and the roadway network; it will make dynamic @

op
av

hilable capacity.

Figure 23 — Packages and their abstract classes

5 detailed
hecks on

» schedule journey: This operation implements a journey plan using the data developed by operations such as

route guidance; it obtains the necessary commitments for service and provides confirmation.

Event

e access incidents: This operation returns incident data according to the parameters of the enquiry.

Class
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Transport Class

establish journey conditions and options
operator access

route guidance

schedule journey

Roadway Class Operating Interface Class
afcess roadway conditions reservation request
Event Class

Travel Terminal Class

access incidents

advertise
payment request

Payment Class

-1

naintain yellow pages
nake payment

-1

Figure 24 — Operations)of the abstract classes relevant to the Traveller Information object interactigns in
Figure 25

Payment| Class

* mainfainyyellow pages: This operation supports a Yellow Pages Service actor through an operator interface
objectimordertogaimpermission—to—advertise—and—tomaintaimtheir—yettowpages—informatiom—im—a TICS
database (information classes).

* make payment: This operation implements payment for service; it requires the payment means to be identified
as input, it accesses an established billing record if it is a post service payment, it accesses data on tariffs, it
prepares records for subsequent financial transactions with clearing agent actors.

42 © 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=87c5ded5feecaffa0aee8c467c370674

ISO/TR 14813-2:2000(E)

Operating Interface Class

i reservation request:

This operation supports the interaction with actors such as Geographic Information

Providers, Intermodal Passenger Services or Yellow Pages Services so that booking and confirmation can be
obtained for a relevant trip in a journey etc.

Travel

Terminal Class

e advertise: This operation is executed to provide relevant data to a travel terminal about yellow pages service;

tht

s it mav involve filtering by location and other searches to address individual Traveller actor needs
7 ~ 7
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incider

The rq
mainta
Inform

The o
perforn
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8.2 T

This ¢
flows U

8.2.1

yment request: This operation performs an interaction with a Traveller actor to obtain a payment'm
n pass this data on to the Payment class.

Traveller Information Sequence Diagram
jic of the Traveller Information transactions is described in the sequence diagram“of Figure 25.

e cases Pre-Journey Information, Route Guidance and Navigation, Journey, Schedule and Journey
natural sequence, as shown in Figure 25 down its left-hand side. A major portion of these trans
by operations of the Transport Class, as shown in the approximate’ centre of the sequence
y Schedule uses the Demand Responsive Public Transport use case which occurs in 8.5.

dependent on the Payment class to process payments. [t iS also dependent on the Event class
t data.

maining use case, On-trip Traveller Information,«is*centred on the Payment class for operatio
in the advertisement database, make reservations and payment. It also makes use of the Pré
htion and Route Guidance and Navigation use.gases.
perations of the Travel Terminals class*support all the interactions which actors of the class |

n. These interactions can be performed through a range of hardware terminals ranging from a f{

erations of the Operating Interfaces class support numerous actors. Geographic Information Provi

eans and

Payment
actions is
diagram.

port class
0 access

ns which
b-Journey

User may
ouchtone
n-vehicle.

lers input

ssociated with transport routes. Service Enablers can notify effects on the transport network. Iptermodal

brs respond to reservation_requests. Yellow Pages Services can register and maintain their service
d to service requests.

raffic Management

ause develops the class operations and interactions into a sequence diagram which describes t
nderlying the Traffic Management Use Case diagram.

Class Operations for Traffic Management

data, and

he logical

The operations of the abstract classes associated with the Traffic Management Use Case (Figure 16) are shown in

Figure

26. These operations include:
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b — Sequence diagram showing the main interactions and operations for the Traveller Inforn
Use Case Diagram

Class

access: This operation provides general support for all‘the actor types (e.g. Traffic Operator) that 1
e and interrogate databases (information classes) thr@ugh Operating Interface objects.

ute control actions: This operation includes the-decision making process which generates strateg
control actions using the relevant databases (information classes).

fusion: This operation consists of analytical or deductive processes designed to detect and
bnts using all the data (information classes) developed through other operations.

ide peripherals to develop and store higher level performance measures.

ge demand: This operation uses databases (information classes) which are generated by

itions and actor acCesses in order to estimate current and future demand on the network &
bnment, and to initiate responses.

ases (information classes) which contain all the low level performance data about the roadway n
nvironment; it returns local control data to the peripherals and initiates other operations.

Ct_~This operation consists of analytical or deductive processes designed to use the dat

ent

hation

eed to

ic and

lassify

ate: This operation consists of\analytical processes which use the data derived from actor accesses and

other
nd the

ure and locak Control: This operation is invoked by the range of roadside peripherals to update the

etwork

hbases

(infor

Tatio classes) wihich record-thetistorical-and corrent dataabout the etworkarddevetopperfor

predictions.

nance

e priority request: This operation processes requests from privileged vehicle interface objects and other classes
and generates local or strategic control decisions.
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Roadway Class

Roadside Peripheral Class

actor access
compute control actions update control
data fusion
evaluate
manage demand

easure & laocal cantrol
plan construction and maintenance

E:I%Orl:g} request Vehicle Interface Class

notify driver

Transport Class

evaluate
post predictions

response request _
support planning Operating Interface Class

action request

Payment Class

support planning

Event Class

access incidents

evaluate

predicted incidents

process violations

suppport planning

update incidents & emergencies

Figufe 26 —<Operations of the abstract classes relevant to the Traffic Management object interactions in
Figure 27

Transport Class

» evaluate: This operation retrieves transport and route operational data for evaluation in a centralised process or
subsequently accepts the results for storing in a database (information classes).

e post predictions: This operation updates the predicted performance for transport routes.
* response request: This operation responds to requests for adjustments to transport services.

» support planning: This operation allows the retrieval of data sets from databases (information classes) that
describe transport operation and performance.
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Event Class

e access incidents: This operation allows the retrieval of data sets from databases (information classes) that
describe incidents and emergencies.

e evaluate: This operation retrieves transport and route operational data for evaluation in a centralised
performance evaluation process or subsequently accepts the results for storing in a long term database

(infor
e predi
e procq
it rec
e supp
desc
e upda

paraf
Payment
e supp

conc
e respq
Roadsid
e upda

charg

Operatin

e actio

Vehicle |
e notify
vehig

822 Tr

The logic

mation classes).

cted incidents: This operation retrieves incidents which are predicted for a given notice period.

ss violations: This operation processes all types of violations committed by users of TICS or thexo
brds data in information classes for subsequent action and may instigate notification in real time.

brt planning: This operation allows the retrieval of data sets from databases (information classeg
ibe environmental incidents.

e incidents and emergencies This operation creates new event objects and«modifies them, accor
heters provided.

Class

prt planning: This operation allows the retrieval of data sets’ from databases (information c
brning tariffs and their application.

nse request: This operation responds to requests for adjustments to tariffs.
e Peripheral Class

e control: This operation takes various controhparameters as input and adjusts the operational co
cteristics of roadside hardware.

g Interface Class
h request: This operation supports messages to actors to request various actions or notifications.
hterface Class

driver: This operation supports messages which are for Driver actors via hardware inside or outs
e.

hffic Management Sequence Diagram

of thé Fraffic Management transactions is described in the sequence diagram of Figure 27

There ar

hdway;

s) that

ding to

asses)

htrol or

de the

nested-iterations,—as-shown-in-Eigure 27 down-its left-hand-side—A-majorportion-of these transac

ions is

served by operations of the Roadway class, as shown in the approximate center of the sequence diagram.

The outer iteration would be very low in frequency compared to the inner iteration. The outer iteration contains
actor involvement such as maintaining the geographic database (information classes) and the Transportation
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Planning Support use case. The inner iteration contains the operational transactions corresponding to the other six

use case.

Transportation Planning Support is centred in the Roadway class but requires interaction with all the other control
and information classes in order to assemble relevant data for the purpose. These supporting operatio

named “s

upport planning”.

ns are

The operational loop consists of a number of different stages corresponding to the other six use cases. The
highest frequency stage is that of Traffic and Pollution Measurement and Control. This is based in the Roadside
Peripherals class that interfaces all the sign and sensor devices in the TICS system. This interface class

assemblq
receiving

Particular
the deteq
processe
Interface

Higher le
and Perf
performal
followed

The Incig
incidents
Roadway
through t

The Traffic Control stage serves both the normal and incident ‘situation. Some control actions have alread

s various Input and output data and interacts with the Roadway class, providing real time da
control data.

events are processed in each cycle of Traffic and Pollution Measurement and Control. (rhis pert
tion of all types of incident. In particular the violation of traffic regulations by individual vehi
. The latter involves interaction between the Roadway Class, Event Class, Payment. Class and
class.

vel and lower frequency processing of the real time data occurs in the stages{of Performance Ev3
brmance Prediction. Evaluation requires interaction with the Transport\and Event classes to
nce data. A performance database (information classes) is maintained-in the Roadway class.
Dy equivalent interactions and processing for the purpose of predictian.

ent Management stage is an extension of performance prediction to identify and combat pa|

ne Event class.

Thus it relies on the established database (informationc/classes) and further contributes to if.
class interacts with the Event class to derive control plads_and set in motion other responses controlled

ta and

ains to
cles is
ehicle

luation
obtain
This is

rticular
The

y been

to real

control

logical

put in pldce by the previous stages. It remains to do thetfinal computation of control actions and respond

time requests.

Demand [ Management uses the developed database (information classes) but goes beyond traffic
measure$ and requires control decisions. Interactions to support demand management occur with the Payment
and Trangport control classes

8.3 Vehicle

This clause develops the class-epérations and interactions into a sequence diagram which describes the

flows und

8.3.1 Cl

The oper
These op

erlying the Vehicle Use-Case diagram.

ass Operations.for Vehicle

htions of ¢he' abstract classes associated with the Vehicle Use Case (Figure 17) are shown in Fig
erations;include:

ire 28.
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Roadway Class

access external data

Vehicle Interface Class

notify driver

Vehicle Class

data fusion_
cont(ol vehicle
monitor context

Event Class

update incidents & emergencies

Fig

ac

co
co

Lire 28 — Operations of the abstract classes¥elevant to the Vehicle object interactions in Figlire 29
ay Class

cess external data: This operation ‘provides real time roadway data relevant to a vehicle situation.
E Class

ntrol vehicle: This operation invokes the different levels of vehicle control from manual to advanced cruise
ntrol to automated highway.

dafa fusion: This)'eperation infers vehicle safety status in real time from data gathered about the |n-vehicle

sit

md
tim

Lation and theroadway.

nitor .context: This operation monitors all aspects of the vehicle operation and driver performange in real
e.

Event Class

up

date incidents and emergencies: This operation creates the objects necessary to register and manage

different types of incidents and emergencies.

Vehicle Interface Class

no
or

tify driver: This operation supports messages for Driver actors communicated via hardware on-board vehicle
on the roadway.
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8.3.2 Vehicle Sequence Diagram

The logic of the Vehicle transactions is described in the sequence diagram of Figure 29.

Vehicle
[Description Vehicle Interfaces Vehicle Class Roadway Class Event Class
While vehicle in operation do ‘
Vehicle Status —_ monitoﬁ contex
access —>y
‘ external ]
‘ ‘ gaa
< data fusion
notify [driver
[ﬁ y
————— update inc¢idents &—.—>D
X . . emergengies
Vehicle Operation —— control vehicl
End|Iteration
I
Vehicle Interfaces Vehicle Class Roadway, Class Event Class

Figure[29 — Sequence diagram showing the main interactions and operations for the Vehicle Use Qase
Diagram

There is an iteration which lasts while the vehicle is in operation. The transactions of the Vehicle Status use case
cover all|the situations not covered by standard automatic control of~automated highways. These transactions
monitor the internal, inter-vehicle and roadway situation, and interact With the driver. They establish recognjtion of
any incidénts or emergencies.

The trangactions are centred on the Vehicle Class but are dépendent on the Roadway Class for access {o data
generatedl externally from the Vehicle. The Vehicle Class is ‘dependent on the Events Class for data about re¢levant
incidents|and emergencies.

In the Vepicle Control use case the driver can initiate certain changes in the level of automatic control. The yehicle
is then sybject to the associated level of control. The relevant operations are in the Vehicle Class.

Operations of the Vehicle Interfaces class suppott the Driver interactions.

8.4 Conmercial Vehicle

This clause develops the class operations and interactions into a sequence diagram which describes the logical
flows underlying the CommerciakVehicle Use Case diagram.

8.4.1 Clpass Operations_foery,Commercial Vehicle

The operhptions of the-gbstract classes associated with the Commercial Vehicle Use Case (Figure 18) are sHown in
Figure 3J. TheseQperations include:
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Roadway Class

Vehicle Interface Class

detect and identify vehicle
vehicle safety and logging command driver

Tranqlnnr'r Class

establish journey conditions and options Operating Interface.Class
monitor vehicle & cargo
plan journey conformance chetk

recognise vehicle

select forwarder

supervise driver and vehicle
trace goods

Event Class

process violations

Payment Class

make payment

Figufe 30 — Operations of the\abstract classes relevant to the Commercial Vehicle object interactions in
Figure 31

Roadway Class

* defect and identify vehicle: This operation takes input derived from roadside peripherals and dogs vehicle
idgntification-and classification.

* vehicle safety and logging: This operation carries out all roadside checking of a vehicle concerning safety,
tafes-and itinerary.

Transport Class

» establish journey conditions and options: This operation supports a Carrier Operator actor in initiating the
planning of a tour or journey for a commercial vehicle.

* monitor vehicle and cargo: This operation monitors the state of a commercial vehicle and cargo in real time.

e plan journey: This operation uses data derived from a previous operation to register the commercial vehicle
tour plan.
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* recognise vehicle: This operation takes vehicle identification input and returns information about the vehicle, its
cargo and itinerary, and its payment status.

» select forwarder: This operation supports a User actor in the selection of a Freight Forwarder actor using
appropriate databases (information classes).

» supervise driver and vehicle: This operation allows the retrieval of the commercial vehicle and cargo data and

suing of instructions to the driver by Carrier Operator actor.

goods: This operation allows actors to check the progress of goods in shipment through a multi

the is
» trace

syste
Event CI
*  procq
Payment
* makeg
Vehicle |
e comr

the v

Operating Interface Class

e confg
nece

8.4.2 Cd
The logic

These trg
TICS sup
Administ
correspo

Commergial Vehicle Tour-Planning uses the use case Route Guidance and Navigation in the route p

process.

During th
On-trip T

Class for

m.
BSS

ss violations: (see 8.2.1)
Class

payment: (see 8.1.1)
hterface Class

nand driver: This operation supports messages which are forDriver actors via hardware inside or
bhicle.

bsary credentials and tariff information can be-provided about commercial vehicles.

mmercial Vehicle Sequence Diagram

of the Commercial Vehicle transactions is described in the sequence diagram of Figure 31.

Insactions form a natural sequence. Order and Shipment supports the end user client and Fory
ports a global database for:the tracing of goods. Commercial Vehicle Tour Planning, Commercial
tive Processes comprise” the tour preparation of each tour. Commercial Vehicle Road Ope]
ds to the executionfa’tour.

Pre-payment-gf\costs associated with the tour uses Journey Payment.

e tour exeeution the Route Guidance and Navigation use case is invoked for ad hoc route guidan
avellernfermation).

modal

butside

rmance check: This operation supports the intéraction with Conformance Agency actors so that the

varder.
ehicle
rations

anning

ce (via

thefinancial transactions of Commercial Vehicle Administration.

The trangactions are mostly served by operations of the Transport Class. There is interaction with the PTyment

Operations of the Roadway Class check the Vehicle on tour. The Roadway Class is dependent on the Event Class
for processing violations.

All the interface classes are needed to support a wide range of actor interactions.

Interfaces class support the monitoring of vehicle and cargo, and communication with the Driver.
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