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Abstract

Intelligent Transportation System (ITS) combines high technology and
improvement in information systems with the conventional transportation
infrastructure. The European designed Radio Data System - Traffic Message Channel
(RDS-TMC) is developed to provide traffic information to drivers via broadcast
system. The current RDS-TMC systems have some drawbacks, e.g. the maximum
message number constraint, one-way directional broadcasting. In this thesis, we
propose to transmit TMC messages via vehicular ad hoc networks, called
VANET-TMC systems. The VANET-TMC systems can not only provide bi-directional
communications to interactively update traffic information but also give a scalable

and localized services.

Keywords : ITS, traffic message channel (TMC), VANET-TMC
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Chapter 1

Introduction

1.1 Introduction

Intelligent Transportation System (ITS) combines high technology and improvement in in-
formation systems, communication, sensors, and advanced mathematical methods with the
conventional transportation infrastructure. These technologies deal with the ability to sense
vehicles in real-time through roadside units or Global Position Systems (GPS), to commu-
nicate large amounts of information more cheaply and reliably, to process this information
through advanced information technology, and to use this information properly and in real-
time in order to achieve better transportation network operations [1].

It is convenient to think of ITS in terms of six areas [1]: Advanced Traffic Management
Systems (ATMS), Advanced Traveler Information systems (ATIS), Advanced Vehicle Control

Systems (AVCS), Commercial Vehicle Operations (CVO) Advanced Public Transportation



Systems (APTS), and Advanced Rural Transportation Systems (ARTS).

Recently, several ITS based methods have been proposed. In North America, Schultz
[2] proposed advance warning for end-of-green indication at a high speed situation . The
ITS project in Europe [3/ is aimed to demonstrate the effectiveness of ITS on European
roads. In [4], Chang and Chou proposed a rear-end collision warning system with a rear-
end monitoring camera. Huang and Tan [5] proposed a future-trajectory-based cooperative
collision warning system.

The European designed Radio Data System - Traffic Message Channel (RDS-TMC) is
developed to provide traffic and travel information to drivers through FM-RDS system. It can
also be transmitted on Digital Audio Broadcasting (DAB) or satellite radio. It allows silent
delivery of high quality accurate, timely and relevant information, in the language chosen by
the user and without interrupting normal services. RDS-TMC systems are now operational
in many countries worldwide. It can be helpful for trip plans when data is integrated directly
into a navigation system. However, the current RDS-TMC systems have some drawbacks,
e.g. the limit message number in a time interval makes the system unscalable, one directional
broadcasting resulting in lack of real-time interaction and large regional broadcast can not
reveal localized dynamics.

In order to make a counterpart for RDS-TMC, we propose a new localized TMC sys-
tem, called VANET-TMC systems, which transmits the TMC messages via vehicular ad hoc
networks (VANETS). The VANET-TMC systems can not only provide bi-directional com-

munications to interactively update traffic information but also give a scalable and localized



services.

1.2 RDS-TMC

Radio Data System - Traffic Message Channel (RDS-TMC) [6] [7] [8] [9] provides event-
orientated road end-user information messages. There are two important data structures,
location table and event table, in TMC. Within RDS-TMC, locations are identified and
referenced by their location code. As shown in fig. 1.1, there are three location types in
the location table: area, path and point. An area may be a country, a region, a nation
or a continent. A path represents a road segment consisting of a link of points with pre-
defined direction. A point is an intersection of road segments. Event table is a table of
event descriptions and parameters giving details of traffic problem (e.g. congestion caused

by accident) and its severity (e.g. resulting queue length) or the weather situation.

Area

Figure 1.1: Location types in location table.

RDS-TMC comprises two message types, system messages and user messages. System



messages contains details of parameters that the terminal needs to be able to find identify
and decode the TMC message and are for message managements purposes. User messages
contain the details of the traffic events. There are two categories of information within user
messages: basic and optional information. Generally, basic information is present in all
messages and optional information can be added in messages when necessary. User messages
provide five basic broadcast items [6] including event description, location where a event
occurs, direction of the event and extended road segments or point location affected by the
event, event duration and diversion advise to a user whether or not choose an alternative
route.

Optional information can be added to any message when there is any additional informa-
tion need to add. The optional field is useful to give greater detail or can deal with unusual
situations. Any number of additional fields can be added to each basic message, subject only
to a maximum message length of five RDS data groups.

Within RDS-TMC, every terminal is expected to be able to store at least 300 RDS-TMC
messages. Service providers have to ensure that the number of RDS-TMC messages that
they have transmitted which have not been specifically canceled, or will have automatically
expired, does not exceed the 300 maximum. This constraint limits the scalability of the sys-
tem. In the other hand, since the TMC messages are transmitted via one way broadcasting,

it 1s hard to reveal the traffic situations in real-time.



1.3 VANET-TMC

In order to enhance the ability of the TMC system, we propose to transmit TMC mes-
sages through vehicular ad hoc networks, called VANET-TMC. The system architecture of
VANET-TMC is shown in Fig.1.2. The VANET-TMC system is comprised of on board
units (OBUs) with digital map, road-side units (RSUs), local traffic server with local TMC
database, global TMC database and traffic supervisor. Note that the global TMC database
is in the county/state level. The TMC messages can be transmitted directly by broadcasting
via broadband wireless access (BWA) or through multi-hop broadcasting by dedicated short
range communication from OBUs/RSUs to OBUs. The local traffic server can update its
local TMC database from global TMC database or interactive by bi-directional communi-
cations from RSUs and OBUs. We assume there is a local traffic server in each region and
the region size is probably a town size. This ensures that the local traffic server can only
collect the TMC message within its region. Therefore, the VANET-TMC system can not
only provide interactive bi-directional communication to update the traffic events, but also

make TMC service more scalable.



Figure 1.2: VANET-TMC system architecture.



Chapter 2

Related Work

2.1 TMC

2.1.1 What’s is TMC

Radio Data System - Traffic Message Channel (RDS-TMC) is a solution of disseminating
traffic and traveler information. From scratch, RDS-TMC is designed for transmission over
the radio, and is developed first in Europe, based on a specification, Advice and Problem
Location for European Road Traffic, Ver. C (ALERT-C) protocol. Now the technique is
popular in Europe countries, Japanese, and even Taiwan.

ALERT-C defines the format of traffic message transmission and contains some issue of
how radio transmits. Although in our project we don’t transmit data by radio, the definition
of format of traffic message is still good for use. The term TMC is defined as the use of this

part in ALERT-C.



TMC provides event-orientated road end-user information messages. This means a TMC
message is transmitted when something happened. TMC distinguishes between user mes-
sages and system messages. User messages are those potentially made known to the end-user,
with some kind of in-vehicle equipments. System messages are of use only to the RDS-TMC
terminal, for message management purposes.

The kernel objects of TMC is location table and event table. The location table [7]
contains three geographical types: areas, paths, points. An area may be a country, a region,
a nation or a continent. Each path and point will records the least defined area it belongs
to. A path represents a freeway, a highway, a road or a street, which is consisting of double-
linked points. Each point is normally a crossroad, and it is linked with positive offset and
negative offset which indicates the next and and the last point to it respectively. The event
table (Fig.2.1) contain events which is compatible to the specification of RDS-TMC [7]. All

events are classified according to their attribution.

2.1.2 TMC User Message

The unit of TMC message is a group, each containing 4 blocks, or 64 bits. The message
length is subject to a maximum of five TMC groups. A message of more than one group
is called multi-group message. The first group of multi-group message is very similar to
single-group one, but X3 bit. The subsequent group of multi-group message contains free
format. One extra group can convey a 28-bit-length free format. So a message can at most

convey the free format of 112 bits.



CODE EVENT_LIST Explanatory_Notes

c
229 accident(s). Slow traffic 1 E15
364 overturned vehicle(s). Slow traffic 1 =
213 vehicle fire(s) 3 kEE
292 shed load(s). Slow traffic 1 EEESEEY
916 Road surface in poor condition 14 BEEEIVE
1984 FEE

0

211 broke down vehicle(s) 4 Bl
122 heavy traffic 1 ESETE
108 queuing traffic 1 FHEESE
500 lane(s) closed 9 AEE
1875 traffic lights working incorrectly. Danger 25 &ESEATE

1867 traffic lights not working.Danger 25 FEEA A=

724 roadworks. Slow traffic 1 mEL
1034 clearance work. Danger 4 HEEER
1084 house fire 12 hEx

976 mud slide 12 #H5

932 flooding. Slow traffic 1 &k

977 grass fire 12 BEEEFRE
1136 heavy rain. Visibility reduced 16 AR ERERE
1301 dense fog 16 E3E

205 accident(s) involving hazardous material 3 ElGEYERIEYS4IEET
1772 0 BE
1773 0 %=
1774 0 X
1775 0 mEHESZE

Figure 2.1: RDS-TMC Event Table in part, provided by Institute of Transportation



TMC messages are consisting of user message and system message. Two categories of
user messages are defined: basic and optional items. In principle basic items are present
in all user messages. Optional information can be appended to basic user messages where
necessary. The basic item uses the single-group format as shown in Fig.2.2, thus, as its name,

using the group of a single size. Basic items contain five basic items [6]:

1. Event description: giving details of road event situation, general traffic problems and
weather situations (e.g. congestion caused by accident) and where appropriate its
severity (e.g. resulting queue length). All kind of event situations are defined in specific
event table (in Taiwan,) compatible with the ISO 14819-2: Event and information codes

for RDS-TMC.

2. Location: indicating the area, road segment or point location where the source of the
problem is situated. All Location information is defined in specific location table (in
Taiwan, this is defined by Institute of Transportation, MOTC, and is still in amended)

compatible with the ISO 14819-3: Location referencing for ALERT-C.

3. Direction and Extent: identifying the adjacent segments or specific point locations also
affected by the incident, and where appropriate the direction of traffic affected. The
Direction indicates the direction of queue growth of traffic congestion; it is opposite to

the direction of traffic flow affectd.

4. Duration: giving an indication of how long the problem is expected to last.

5. Diversion advice: showing whether or not end-users are recommended to find and

10



follow an alternative route.

Optional items can be added to any message using one or more additional TMC groups
as shown in Fig.2.3 & 2.4. The optional addition can give greater detail or/and can deal

with unusual situations. Any number of additional fields can in principle be added to each

basic message, subject only to a maximum message length of five TMC groups.

Block 2
‘+“—r
B
Block 1 1TP Block 3 Block 4
< »> i < > »>
G
Pl Code Bhecl«wnrd ;E;: PTY Checfword Checrwnrd Checj(word
Offset A Offset B Offset © Offset D
LT LT LA [T
1lofofo]o]]| x4|xa| x2-x0 vis5 | y14 | oviz-vid Y10 - Y0 715-20
T F| DP D | +/- | Extent | Event Location
Figure 2.2: RDS-TMC single-group full message structure
Block 2
B
Block 1 “%TP Block 3 Block 4
“«———————p «-— PP
Group:
Pl Code Checfword é?;ee Ty Checrword Chec:word Checi(»vord
offset A offset B offset C offset D
L LT LI L
|1 Ololo nl x4‘x3 X2 - X0 Y15 [ Y14 [Y13-Y11 Y10 - Y0 | | 715-20
T F Cl 1 | +/- |Extent Event Location

Figure 2.3: RDS-TMC multi-group message - first group

The optional items contain many extra details and control such as duration, speed limit
advice, length of route affected, explicit start time, explicit stop time, additional event,

detailed diversion and so on. Our presentation of traffic lights is implemented by using

optional information. See section 4.2 for more details.
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Block 1 WP Block 3 Block 4
< »> < »< »
Group|
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L LT L LU
1|0|0|0 Ol x4‘x3 X2 - X0 | |v15 Y14 [Y13-Y12 ‘ Y11-Y0 | | 715-20
T F Cl 0 | SG GSI Free Format Free Format

Figure 2.4: RDS-TMC multi-group message - subsequent group structure

2.1.3 TMC System Message

System messages consist of system information and tuning information. Tuning information
is about the broadcast of radio. Because we don’t use it, we omit it. The most important
thing the system information can do is to indicate the secondary look-up database . We use

the facility for presentation of traffic lights. See section 4.2 for more details.

2.1.4 Current Situation

TMC is based on Alert-C protocol. ‘As its original name, Advice and Problem Location for
European Road Traffic Ver. C, indicated, TMC is rooted in Europe. Thus the design of
TMC is influenced by geographical and political considerations in Europe. The official forum
of TMC can be found in the web site (http://www.tmcforum.com/en/home.htm). The web
site lists lots of issues and FAQs about TMC.

In Taiwan, RDS-TMC is been tried to popularize in the northern area. Now some
companies, like Garmin (Fig.2.5) and Mio (Fig.2.6), have begun to promote their in-vehicle

equipments for receiving RDS-TMC messages. This is a profound benefit for drivers due

12



to the real-time information of traffic and weather provided by RDS-TMC. But as we have
indicated before, there are inevitable inherent drawbacks when carrying TMC messages via

radio.

Figure 2.6: The in-vehicle equipment of Mio
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2.2 The Law of Traffic

Our traffic lights have close relation to the Setting Rule of Traffic Signs, Lines, and Lights on
Road. The rule is consisting of five chapters: general rule, traffic signs, traffic lines, traffic
lights, and extra rule. The rule formulates omnifarious and detail items about traffic. Thus
it’s a great reference when manipulating something about traffic.

The rule has significant effect on our traffic light system. For example, article 194 of the
rule defines all kinds of traffic lights and how they work (Fig.2.7). Article 212 specifies the
general rules of how traffic lights are shown and placed at the road, and article 214 specifies
in more detail how their displays are effected by each other.

The rule is the part of our specification not only because it defines all concrete components
involving traffic, also because it defines how they are installed and how they work in the real

situation.
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Chapter 3

System Architecture

Database

iv !

‘Ml Traffic Server

JERRY
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Wireless Sensor Network
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Figure 3.1: System Architecture

The figure above is the schematic diagram of system architecture. We'll discuss all

16



components in the rest sections of this chapter. The figure explains how our system is built

up and is worked.

3.1 Local Traffic Server

The local traffic server serves as a road side unit, providing functions of web server for users,
accesses to database of TMC tables, and decode of TMC packages.

The web server plays a role of platform to show Google Map by its API. We use Google
Map for our map source. One of advantages of using Google Map is the saving of cost setting
mapping web. Because Google Map is a good free map source although map is normally
commercial, not for free. The other advantage is that its abounded API can speed up the
development of web applications of map. For example, with the API we can do something
complicated easily just by shorter codes, for example, marking a point in the map, drawing
a line in any position where the developer wants, and embedding a real photo at a mark.

The another role of local traffic server is accessing to database which contains TMC data
(event table, location table) and TMC Messages. One situation is when a TMC message
comes in, we need to decode the message, and then must lookup the event table and to
location table from database to figure out what information the message carries. The other
situation is when a user queries what TMC event happened around him/her, we need to
lookup database containing whole TMC messages and to filter according to the user’s geo-
graphical information. Then these TMC events will be displayed in the Google Map and be

shown for users on the web. Accessing databases is a transparent action in the background,

17



so users don’t know actually how it works.
The local traffic server also decodes TMC messages. When a message comes, it will be
decoded to get the information of the message. The information then will be inserts into

proper database tables.

3.2 Database System

The database system contains two main parts: tables and GIS tools (PostGIS). Tables are

consisting of four catalogues:

e Location Table & Event Table: The two tables are the official version from Institute

of Transportation, MOTC:
e TMC Messages: Our defined table recording TMC event messages.
e Traffic Lights: Our defined table recording traffie lights on the road.
e User Information: Our defined table recording user information, like position and track.

Another important component is the GIS tools on the database. With the tools, we can
calculate and analyzes some geographic data more easily. We will later discuss GIS tools

more detail in the section §4.5.
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3.3 TMC Center

In our system architecture, TMC Center is the controller of TMC event messages. It should
verify the reliability of all TMC event messages. Then it encodes messages according ALERT-
C protocol [6], and transmitting to the local traffic server. What need to be noticed is, in the
prototype system, that the mechanism of verification is judged by human, such supervisors.

In Our system, TMC center provides an interface of easy use to encode TMC messages.
In real world, these TMC messages are encoded by Institute of Transportation. Then these

messages will be transported to Local Traffic Server for decoding and saving to the database.

3.4 Events and Traffic Lights

TMC events, which are defined by ALERT-C [7], and traffic lights are potential events.
These events will all send to TMC center for encoding.

Traffic lights is not the part of TMC standard. It’s one of important features in our
system. For supporting representation of traffic lights, the reserved field of optional items of
TMC format is used. Then traffic light table is build and put into database. And the icons of
traffic lights also are put into map according to their states. For the detail of implementation,

please see section 4.2.
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Chapter 4

Implementation

This chapter introduces the issues of implementation more details.

4.1 User Interface

& orron |

oK

| e HES [+
- - 2 ;
Sy '\ & 87
Mgy = N 4 b | Rz i

B A

§59§4$ _

[1]
mEEE

u,.,\
2

L

= % } s
Figure 4.1: User Interface Using Google Map

Our goal of user interface is the intuitive representation of TMC events and traffic lights.
The user are specified by special mark in the center of the map, and every events and traffic

20



lights in the neighborhood of user is shown locally. As to the map, for now, we use Google
Map for our source of map, but it is possible in the future to use digital map of Institute of

Transportation instead. The Google Map is introduced at 4.3 subsection.

4.2 TMC Traffic Lights

4.2.1 Traffic Lights Presentation Using TMC

Our design of traffic lights uses TMC’s optional format, which is a free format appending
basic item. A free format leading by a label which identifies the content and the fields of
free format. The label 15 is a reserved value for the field. we take advantage of this to define

our traffic light format. The format definition is following.

Special _ Circle Circle
Label | OP | Traffic Timestamp Traffic | Countdown | *+ Traffic | Countdown
Light Light Light

Figure 4.2: Traffic Light Format

The format is led by a label field of 4 bits, like any free format of TMC’s optional item,
and the label field equals 15.

The second filed is called OP of 2 bits, which defines the operations performed in database
of traffic light. when OP filed equals zero , the action of traffic light is disabled, according
to corresponding location point. If OP filed equals equals one, the new action defined by
format of traffic light will be inserted or updated into the database of traffic light.

The third filed is the Special Traffic Light of 5 bits. The field specifies the type of special

21



traffic light, if any.

The forth field is Timestamp of 17 bits. The field is defined the value of time in seconds
since the midnight of that day when the TMC package is made.

The next fields are a sequence of a couple of Circle Traffic Light and Countdown.The
six bits of Circle Traffic Light means red, yellow, left turn, green, straight, and right turn
traffic lights respectively. Intuitively, a bit is set on means corresponding light is lit. This
field forms a state of traffic light, and its next filed, Countdown, specifies its duration. A
sequence of these two fields gives a complete description of a circle traffic light.

Following are some examples of encoding of traffic lights:

Red light countdowns from 900 seconds, at 10:10:30:

1111, 10, 00000, 01000111100010110, 100000, 1110000100

e Double flash red light, at 13:00:00 (special traffic light = 3):

1111, 10, 00011, 1011011011010000

e Red light and left light countdown from 45 second, at 21:00:00:

1111, 10, 00000, 10010011101010000, 100100, 0000101101

e Delete according traffic light from database:

1111, 00

22



4.3 Map: Google Maps API

Our map is implemented by Google Maps API. It is a free service with an abundant APIL.
The Google Maps API can embed Google Maps in our own web pages with Javascript. The
API provides a number of utilities for manipulating maps and adding content to the map
through a variety of services, allowing us to create maps applications on our user interface.

Developers are required to request an API key, which is bound to the website and direc-
tory entered when creating the key. The Google Maps API key is no longer required for API
version three. Creating a customized map interface requires adding the Google Javascript

code to a page, and then using Javascript functions to add points to the map.

4.4 Database

We use PostgreSQL for our database system. PostgreSQL is an object-relational database
management system (ORDBMS). It is released under a BSD-style license and is thus free
and open source software. As with many other open source programs, PostgreSQL is not
controlled by any single company, but has a global community of developers and companies
to develop it.

In the database, we define some tables such as event table and location table for TMC
packet decode, traffic light table for traffic light, user information table for keeping user’s
position and so on, and message table, which records all TMC messages for user’s query.

The reason why we use PostgreSQL is the benefit that we can add PostGIS, a GIS tool
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on our database. A GIS tool is a power tool for mapping web. We shall introduce GIS in

the next section.

4.5 GIS Tool

A geographic information system (GIS) captures, stores, analyzes, manages, and presents
data that is linked to location. In simplest terms, GIS is the merging of graphic map entities
and databases.

PostGIS supports PostgreSQL for adding geographic objects to the database. Actually,
PostGIS enables the PostgreSQL server spatially. PostGIS follows the OpenGIS ”Simple
Features Specification for SQL” and is compliant with the ” Types and Functions”.

With PostGIS, some spatial calculations can be made easily, like calculating the distance
between the driver and the next crossroad, finding the user on which road segment, or

searching all events surrounding the user within some distance.

24



Chapter 5

Conclusions and Future Works

Transporting TMC messages via radio has some limits: not localization, the lack of user’s
information, not interaction. In our system, we try to transport TMC messages via VANET
to conquer these problems. As the title of the thesis stated, our system is just a prototype

now. There are some aspect can be improved:

e Database Scalable: Because the density traffic light is greater than that of position of
TMC location table, we may need to build up more other location tables. Considering

salable of database, these tables will be good for use if we build up them by locality.

e Digital Map: Although, now we use google map for our map source, we may use the map
provided by Institute of Transportation, Ministry of Transportation Communications

instead, for more base-level control.

e Traffic Light: There are a great challenge to synchronize the time of traffic lights
between the database and the real world. Besides, in this prototype system, we have
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not yet had the complete traffic light database, although we’re now applying for it from

HsinChu City Government.

26



Bibliography

1]

J. M. Sussman, Perspectives on intelligent transportation systems (ITS). Springer US,

2005.

G. G. Schultz and A. P. Jensen, “Evaluation and installation guidelines for advance
warning signal systems,” IET Intelligent Transportation Systems, vol. 3, no. 3, pp. 247—

256, September 2009.

G. Burzio, G. Mussino, R. Tadei, G. Perboli, M. DellAmico, and L. Guidotti, “A sub-
jective field test on lane departure warning function in the framework of the euro-

fot project,” in Proceedings of the Second Conference on Human System Interactions

(HSI'09), 21-23 May 2009, pp. 608-610.

T.-H. Chang and C.-J. Chou, “Rear-end collision warning system on account of a rear-
end monitoring camera,” in Proceedings of the IEEE Intelligent Vehicles Symposium

(IV’°09), 3-5 June 2009, pp. 913-917.

J. Huang and H.-S. Tan, “Error analysis and performance evaluation of a future-

trajectory-based cooperative collision warning system,” IEEE Transactions on Intel-

27



ligent Transportation Systems, vol. 10, no. 1, pp. 175-180, March 2009.

(6] Traffic and traveller information (TTI) - TTI messages via traffic message coding -

[10]

[11]

part 1: coding protocol for radio data system - traffic message channel (RDS-TMC) -

RDS-TMC using ALERT-C| 1 June 2003.

Traffic and traveller information (TTI) - TTI messages via traffic message coding -

part 2: event and information codes for radio data system - traffic message channel

(RDS-TMC), 1 June 2003.

Traffic and travel information (TTI) - TTI messages via traffic message coding - part

3: location referencing for ALERT-C;1 March 2004.

Traffic and travel information (TTIL) - TTI messages via traffic message coding - Part
6: Encryption and conditional access for the radio data system - traffic message channel

ALERTC C coding, 15 April 2006.

J. P. Carrasco, A. de la Escalera, and J. M. Armingol, “Driving supervision through
traffic sign analysis,” in Proceedings of the 2008 IEEE International Conference on

Vehicular Eletronics and Safety (ICVES 2008), 22-24 September 2008, pp. 242-247.

T.-H. Chang, C.-S. Hsu, and L.-K. Yang, “Onboard measurement and warning mod-
ule for irregular vehicle behavior,” IFEE Transactions on Intelligent Transportation

Systems, vol. 9, no. 3, pp. 501-513, September 2008.

28



[12] A. Kullack, I. Ehrenpfordt, K. Lemmer, and F. Eggert, “Reflektas: lane departure pre-
vention system based on behavioural control,” IET Intelligent Transportation Systems,

vol. 2, no. 4, pp. 285293, December 2008.

29





