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Abstract 

The Intelligent Transponation or Transport Telematics Service sector can be viewed as a superset 
of the Teleservices sector. It represents a distributed system encompassing control functions as 
well as information services. Development of architecture, system models, services definitions 
are underway on a massive scale in Europe, North America and Japan. This article reviews 
current work and reports on standardization work under the direction of ISO TC 204. Methods 
for system engineering work used in the Teleservice sector are also applied to the Transport 
Telematics sector, thus this is an area with great synergy possibilities. 

Keywords 

Distributed Information Systems, Control Systems, Intelligent Transportation System, System 
Architecture. 

INTRODUCTION 

The theme of this conference is Teleservices. Mobility and rapid service introduction are key 
words. The aim of this paper is to draw attention to the evolution in a parallel and strongly 
interconnected field: the evolution of architectures and standards in the area of Intelligent 
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Transportation Systems (ITS) or Advanced Transport Telematics (A TT). ITS is used by the 
US and Japanese communities, A IT is used in Europe. Society has a strong demand to make 
transportation more efficient and environmentally acceptable. To this end new levels of 
instrumentation are introduced, not only to vehicles, but also to the infrastructure. This facilitates 
the use of route guidance, rapid detour announcements after incidents, cooperative driving, use 
of priority schemes for public transport, etc .. It is hoped that comprehensive utilization of a set 
of new services and facilities will make transportation more efficient, environmentally better and 
safer. For instance the design of the Japanese ITS program VERTIS has the following aim: to 
reduce the traffic fatalities by one half, fuel consumption and~ emission by 15% and NOx 
emissions in the metropolitan area by 30% in the next 30 years. It is a shared view in the global 
transportation community that ITS{fransport Telematics is an area of profound importance for 
the future. The investment of the stakeholders involved is also high, especially in the US, where 
participation in this area has been partly fueled by Federal money and the wish to convert 
suppliers of military equipment into non-warfare suppliers, servicing the general need of the 
public. The financial support in the US from the Department of Transport has been well over 
$200 M dollars annually for ITS R&D. In Europe the field fJrst was covered by the European 
car industry itself through the Prometheus program. Later,- for a number of years the activities 
has also been supported through the DRIVE program (now renamed Advanced Transport 
Telematics) that operates within the "Framework" scheme of the Commission of the European 
Communities (The 4-th.Framework period lasts from 1994 to 1998). Today we also have a 
European implementers association ERTICO. 

In Japan the effort is supported by five governmental agencies (National Police Agency, 
Ministry of International Trade and Industry, Ministry of Transport, Ministry of Post and 
Telecommunications and Ministry of Construction). 

The instrumentation of vehicles and infrastructure in the transportation area, introduces the 
need for a standardized way of wireless communications. In this paper we deal mainly with road 
based transportation, and we report the evolution in industrial countries. Similar development is 
also being undertaken for railroads and within the shipping and air transportation area. "Road 
Transport Telematics" essentially adds a dimension or more to a Teleservice Architecture. First 
it must be observed that the field comprises a superset of services and functions needed in a 
"pure" Teleservice setting. This stems from the fact that some functions may have more severe 
time constraints. The system should cater for safe communication to travelers and drivers, not 
only for general information exchange, but also ultimately for movement control. It can be 
observed that in a "pure" Teleservices environment the items (information) we want to control 
generally flow with (at least) the speed of the control signals. In A IT the items we ultimately 
want to control (moving objects) travel with speeds several magnitudes slower than the control 
signals. - However as we all now the difference between a disaster or luck may often be less 
than l meter (corresponds to less than 50 ms at 100 km/hour). 

A complicating factor in establishing a common architecture is different legislation, traffic 
rules and engineering practice in different parts of the world. Europe, North America and Japan, 
represent three big "islands" that to a certain extent have their own practice. From a consumer 
point of view we should aim for a world market, as this probably will give the lowest prices. 
However, as usual, national interests, and company strategies may hamper this evolution. At the 
international scene the standardization within Road Transport Telematics is now handled by TC 
204 of the International Standardization Organization. A corresponding Pan European work was 
started by CEN TC 278. Now the work in TC 278 to a great extent is coordinated with TC 204. 
In addition to this, national programs in the US under the auspices of the Department of 
Transportation and ITS America are in full swing. Similar work is also carried out be the 
Japanese (VERTIS) and in Europe (ERTICO/CORD). 

The authors participate in WGI "Architecture, Taxonomy an terminology" ofiSO TC 204. 
ln this context we talk about a TICS/RTTT Architecture where: 

TICS means Transport Information and Control Sector 
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and 

RTIT means Road Transport and Traffic Telematics. 

(The "R" in the RTIT restricts the coverage to "normal" road based traffic environments) 

The subsequent text represents a compiled overview of the service architecture work in 
Europe, US and Japan. Finally some consideration is given to what we are trying to accomplish 
within the framework of WG 1 ISO TC 204. 

2 MAIN ARCHITECTURE EFFORTS 

2.1 Europe: CORD/SA TIN 

The CORD/SA TIN work is based on the so called Enterprise Information Systems (EIS) 
formerly called Management Information Systems (MIS). In order to build an architecture the 
first problem is how to identify stable structures, the second problem is that the desire for 
"open" solutions ultimately means the possibility of adding new functional modules in the 
future. How shall we accommodate an architecture that is not too deterministic (based on 
previous experience). The third problem is that the definition of an architecture needs an 
established set of user or system requirements - and in a new field this is not known. In the 
SA TIN work the "user" (of the system architecture) is kept distinct from the user of the system. 
Two kinds of users are defined: 

Users of the workin~: system operating at a logical level. Users at this level are, 
for example. traffic engineers providing control strategies and decision making 
responsible for tactical choices in control strategies. 
Users of the workable system are the decision makers responsible for tactical 
choices in standards and equipment. Users of the workable system are also the 
traffic operators that are in actual contact with the system. 

Manufacturers are not users, but important stakeholders at the physical level of the system 
architecture. Requirements for subsystems of a distributed RTIT system are in first place 
functional requirements. This mission oriented functionality is covered by "functional 
requirements". In addition there exist a number of non-functional requirements. These can be 
classified as: 

I. Quality of service requirements 
2. Infrastructure requirements (how subsystems can fit into a lager infrastructure) 
3. Operational requirements (Requirements that assure efficient, fail-safe 

exploitation of the system in operation). 

The SA TIN work advocates the use of reference models and gives samples of references 
models in other fields for comparison. The SA TIN approach is to use the principles advocated 
in the KBS (Knowledge Based Systems) field where the design phase does not transform the 
model of the previous phase (as is often done in Structured Design Methods), but is more a 
process of adding detail to the model from the previous step. The reference models for Inter
Urban Traffic Management (IUTM) and Urban Traffic Management (UTM) belong to the family 
of reference models for control systems. It is a layered approach with the peripherals (sensors 
and actuators) in the lower layer, followed by a "point layer" and layers representing larger and 
larger parts of the total system. Local information processing and control can be carried out in 
each layer. The results (actual control commands) from processes inherent in one layer may in 

2 
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some instances come in conflict with higher layer decisions and these have to be sorted out in a 
safe way. It is recognized that a normal road traffic system does not behave as an industrial 
control system because the drivers respond to control signals (like red and green lights, variable 
message signs, etc.) in unpredictable ways. The model refers to 6layers with increasing area of 
influence per entity (the example given here is for Inter-Urban Traffic Management) as shown in 
Figure l.The notion of services in this context (compare with the services of each layer in the 
OSI model) is given in Figure 2. 

Figure 1 CORD/SA TIN reference model for Inter-Urban Traffic Management. 

Sco_pe of control I Objective Genenc Semces 
6 Super RegiOnal Network Network Control 

Network Efficiency Hazardous good Transit Manajement 
5 Regional Traffic flow & Traveler Informanon Semces 

Network incident Network Monitoring Services 
management Flow Pattern Monitoring 

Re-routing Control Services 
Route Guidance 
Scheduled Event Service 
Incident Management Services 
Hazardous Good monitoring 

14 Motorway link Throughput Link Traffic Monitonng 
optimization Incident Verification 

Speed Harmonization 
Lane Closure Management 
Coordinated Ramp Metering 

3 Seen on Trame Safety Driver Awareness Warnmg Serv1ces 
management Section Traffic Monitoring Services 

2 Pomt Logical with Local Ramp Control Semces 
Road and Local Lane Control Services 
Traffic Local Re-routing Control Services 

Local Traffic Monitoring Services 
Local Monitoring of Road and Ambient 
Conditions 
Local Traffic Surveillance Services 
Enforcement Services 
Local Driver Control Support 

1 Peripheral Physical Road Actuator Device Control 
and Traffic Sensor Device Control 
Contact Vehicle Flagging Services 

Figure 2 Services in the CORD/SA TIN Inter-Urban Management Reference Model. 
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The reference model of IUTM is "transfonned" into a functional an:hitecture by definition in 
a context diagram as shown in Figure 3. The levels of the context diagram can further be 
decomposed as illustrated in Figure 4. (Both figures are a little simplified.) The double 
rectangles represents "tenninators", the rounded rectangles represent functions and the "buffer" 
symbols represent data storage. The SA TIN work recommends the "Nijssens Infomatie Analyse 
Methode" (NIAM) approach as a first choice for data modeling, but recognizes that the "nonnal" 
Entity Relation (E-R) approach may ultimately be used because of the better "market 
penetration" of the latter. (A problem with E-R description may be all the different dialects that 
are in use). 

2.2 USA: ITS (Intelligent Transportation System) 

The ITS or US approach to System Architecture is aimed at rapid marked introduction: It 
contains in short: a Mission Definition, a Logical Architecture, a Physical Architecture and a 
Theory of Operations part (plus a number of additional documents). Thenext revision is bound 
for Man:h 1996 (current version is October 1995). 

The logical an:hitecture defined 71 Data Flow diagrams, 300 Process Specifications and 
1800 entries in the Data Dictionary. This model has been evaluated with respect to processor 
load and communication traffic for a number of scenarios. At a high level, 6 classes of user 
services are defined as given in Figure 5. (These services are refined and subdivided in the 
P-specifications.) 

Figure 3 CORD/SA TIN Inter-Urban Traffic Management Context Diagram (simplified). 
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Figure 4: OORD/SA TIN The Point Layer Processes (simplified). 

Physical Architecture document defines 3 layers: 

• The Communications layer 

• The Transportation layer 

• The Institutional layer 

which identifies communications technologies and 
systems which will be used to exchange data required by 
the transportation element 
includes a number of subsystems and services (see below) 
required to implement ITS user services 
which provides structure to the entities specifying 
requirements and deploying the architecture over time 

In the transportation layer 19 subsystems or groupings of functions are identified, as given 
in the logical architecture. These groupings may be operated by single entities and are shown in 
Figure 6. 

The interfaces between the four major groupings of subsystems represent: 

• Physical interfaces between equipment and computers, and 
• Interfaces between different operators. 

These interfaces are subject to standardization. 
The characteristics of the model have been tested under different assumptions, e.g. 

Communications Capacity Analysis has been carried out The aim is now to obtain stable 
standards for the recognized interfaces and a sound set operational rules to allow a quick 
deployment. 
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Figure 5. US/ITS Service groups and their communication paths - overview. 

2.3 Japan: VERTIS 

The design goal of the VERTIS program ihas been stated above. In order to facilitate this the 
VERTIS GRAND Design has been produced which is a document that identified a number of 
23 (later redefined into 19) different service systems (e.g. Navigation/dynamic route guidance 
system). These systems are analyzed with respect to cost/benefit (both for the society and for 
the individual), their influence on the design goals. This includes a detailed analysis of the 
estimated relative influence on a number of different types of traffic accidents. At the end a 
detailed prioritizing scheme is set up for development and research. 

The VERTIS System Architecture approach aims at finding the key interface points which 
should be standardized to facilitate smooth and efficient ITS development. The approach can be 
outlined as follows: 

1. Decompose functions of TICS (Traffic Information and Control Sector) identifying TICS 
users, based on the VERTIS Grand Design 

2. Analyze physical structures and internal data flow for respective functions on the basis of 
a conceptual system diagram (see Figure 7) 

3. Analyze common physical constituents and functionalities and identify fundamental sets of 
functions 

4. Integrate them into one chart, the blocks of this chart are then subsequently broken down 
into more detailed charts, e.g. for Road Traffic Information Management function. 
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Figure 6 The 19 subsystems of the US ITS Architecture. 

The formation of a specific user service is by combining system components as given above. 
An example on the realization of a Road Traffic Information Service is given in Figure 8. 

There is also considerable effon in the ITS area in Australia and Canada, but they will not be 
reponed here. 

3 INTERNATIONAL STANDARDIZATION EFFORT 

3.1 Introduction 

In the ISO TC 204 WG I "Architecture, Taxonomy and Terminology" the aim is to provide a 
common framework for the architecture work on a worldwide basis. As solutions and methods 
chosen by the main players differ substantially this is not a small task. First we serve as a 
service group to other TC 204 groups. Our specific mission is to: 
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"Provide ISO TC 204, its working Groups, related bodies and those involved in the 
TICS with a reference model of Conceptual Reference Architecture(s) that show the 
structure and inter-relationship in the sector .. " 

Driving warning and control function 

Emergency control function 

Figure 7 JAPANNERTIS Grand Design- conceptual system diagram. 
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It is expected that there may well be more than one single TICS Architecture to be considered 
and documented and that existing architecture approaches will have previously produced 
documentation developed according to disparate standards and conventions. 

Full documentation of all possible architectural approaches is obviously not feasible given the 
high level of resources required to carry this out Indeed full documentation and description of 
all possible approaches is undesirable as an item for standardization. 

A defined and consistent approach is however required to facilitate the specification of 
architecture requirements to enable a clear view to be developed and presented of the work of 
each participant group. 

3.2 TICS Services and Users 

By combining the work of major contributions such as the European Functions and sub 
Functions and the US ITS list of user services, the WG I has used the basic hypothesis that it is 
possible to define a set of fundamental services which can be used in a variety of combinations 
and configurations, to provide an outline description of the different TICS Architecture 
approaches. It is assumed that the scope of the TICS sector will always have a definable 
boundary (which will change over time). 

TICS Fundamental Services will also provide a common descriptive basis for comparing 
existing Japanese, European and North American taxonomies, or classification systems. For 
example, it should be possible to map the A TT Functions and Subfunctions described by 
ERTICO CORD in "Recommended Definitions of A TT Subfunctions, Functions and Areas" 
(Deliverable D003- part 6 Version 1) to the US User Services by relating both to the TICS 
fundamental services. 

These described services are given the general appellation "TICS Fundamental Services". 
ISO TC 204/WGI defines TICS fundamental services as follows: 
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Figure 8 VERTIS Grand Design - Example of explanatory diagram for component : 
Road traffic information managing function. 

"TICS fundtlmental services are informational products or services or 
applications areas provided to a TICS user" . 

ISO TC 204/WG I defines a TICS user as follows : "one who directly receives and can 
act on TICS data or control products." 

There are two types of TICS User : 

External TICS Users : these are users of TICS fundamental services who interact with 
the TICS system through TICS External Interfaces. The external interfaces and external users 
define the boundary of the TICS sector. These users of the fundamental services may be 
human or systems. They may simultaneously use the services of non-TICS systems. 

Internal TICS Users : these interact with the system through TICS Internal - Internal 
Interfaces. They may be human, or TICS Modules. 
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Examples of TICS Users are: 

travelers 
elderly drivers 
cyclists 
shipping lines 
police agencies 
fleet operators 

car drivers 
tourists 
motorcyclists 
haulier/truckers 
public officials 
commercial operators 

bus drivers 
commuters 
shippers 
service providers 
regulators 
toll road operators 

3.3 TICS Reference Logical Architecture 

truck drivers 
pedestrian 
airlines 
transportation providers 
goods vehicle inspectors 
public transport operators 

The working group provisionally has defmed 32 basic TICS services and now are in the phase 
of establishing a reference Logical Architecture for these. In order to introduce the logical 
architecture a conceptual model is first defined The conceptual model is simple and concise and 
identifies the main domains of TICS architecture. A object oriented methodology as defined by 
(Rumbaugh et al.,I991) is used. At a later date it will be necessary to expand the definitions 
given here in corresponding physical architecture(s) for the definition of communications 
standards. The Service List is given in Figure 9. 

1. Pre-trip Information 
2. On-trip Driver Information 
3 . Personal Information Services 
4 . Route Guidance & Navigation 
5 . Shared Transport Management 
6 . Incident Management 
7 . Demand Management 
8. Traffic Control 
9. On-trip Public Transport Information 
1 0. Public Transport Management 
11. Demand Responsive Public Transport 
12. Public Travel Security 
13 . Electronic Financial Transactions 
14. Commercial Vehicle Pre-clearance 
1 5. Automated Roadside Safety Inspection 
16. Commercial Vehicle Administrative Processes 
17. Commercial Vehicle On-board Safety Monitoring 
18. Commercial Fleet Management 
1 9. Hazardous Materials & Incident Notification 
20. Emergency Vehicle Management 
2 1 . Emergency Notification and Personal Security 
2 2. Longitudinal Collision A voidance 
23. Lateral Collision Avoidance 
2 4 Intelligent Junctions 
2 5. Vision Enhancement 
26. Safety Readiness 
2 7. Pre-crash restraint deployment 
28. Automated Vehicle Operation 
2 9. Policing/Enforcing Traffic Regulations 
3 0. Infrastructure Maintenance Management 
3 1. Transportation Planning Support 
32. Safety Enhancements for Vulnerable Road Users 

Figure 9 The 32 ISO TC 204 TICS Services. 
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The domains of the object model which represents an aggregation of related objects are: 

1. Mobility User 
2. Information & Service Broker 
3. Service Manager 
4. Vehicle 
5. Infrastructure 
6. Resource Manager (includes Conformance Manager) 
7. Planning and Strategy Manager 
8. Information & Service Provider 

Provisional descriptions of these are represented in the current issue of the document. Figure 
10 and 11 shows sample Class Diagrams. In the process model all the major processes and 
information flows supported by the architecture are presented as a series of information flow 
diagrams. The models show information flows between objects identified in the object model. 
Data stores are not shown if they are internal to the particular process being modeled. 

Figure 12 illustrates a sample information flow diagram for one of the defined processes 
(Survey Traffic Process). A CASE tool is used to document the model and generate a data 
dictionary from the terms given in the diagrams. We also compile mapping tables for our service 
and function definition to the corresponding architecture work in Europe, US and Japan. 

4 CONCLUSION 

In parallel to the development of a Teleservice architecture there is a considerable amount of 
work going on within the framework of Intelligent Transportation Systems (or Transport 
Telematics) field. The volume and the importance of services in this field are of the same order 
of magnitude as in the Teleservice area. 

Methods and tools from the Teleservice area can be applied also to this new field, as the ITS 
represents an advanced superset of a Teleservice system. The two areas thus are expected to 
interact in synergy. But in the ITS field "control" is also a defined user service (not just used 
internally). This is why we talk about the Transportation Information and Control Sector 
(TICS). 

International standardization in the TICS area (for Road Based Applications) are in the 
making, the big challenge is to establish an integrated framework given the distinct methodology 
approaches used in Europe, US and Japan. 
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Figure 10 ISO TC 204- Class diagram for objects in the Vehicle domain. 
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