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SUMMARY: Choice of wireless telecommunications solutions for early Intelligent Transportation Systems (ITS) implementations must be systematicaly considered in the context of national and European ITS architectural framework. In this paper more technically/technologically oriented description and evaluation is given for expected first ITS services (traffic/traveler information service and urban traffic management). For expected first ITS applications and respected information flows between traffic/transportation entities, several potential wireless telecommunications systems are evaluated. Conclusion is that: RDS/TMC, SMS over GSM and new GPRS systems based on datagram transmission have significant advantages over one–way broadcasting and circuit–switched dial up connections.
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SAŽETAK: Problem izbora bežičnog telekomunikacijskog rješenja za prve aplikacije Inteligentnih transportnih sustava mora sustavno biti sagledan u kontekstu nacionalne i Europske ITS arhitekture. U ovom je radu s tehničko–tehnološkog motrišta dan opis i evaluacija očekivanih prvih ITS usluga (informacijski servisi za vozače i putnike te upravljanje gradskim prometom). Za očekivane prve ITS aplikacije i pripadajuće informacijske tokove između prometnih/transportnih entiteta, analizirani su potencijalni bežični telekomunikacijski sustavi. Zaključak je da: RDS/TMC, SMS posredstvom GSM mreže i GPRS sustavi bazirani na prijenosu datagrama imaju značajne prednosti pred klasičnim radiodifuznim emitiranjem poruka i dvosmjernim konekcijama s komutacijom kanala.

KLJUČNE RIJEČI: Inteligentni Transportni Sustavi, Bežične Telekomunikacije, 

Datagram Prijenos, Sučelja.
1.
INTRODUCTION


From many telecommunications technologies and systems that can be implemented in transportation area, ITS systems architects and designers have to choose and specify these solutions which effectively meet ITS requirements and satisfy other criterias (availability, costs, etc.). According to basic ITS architectural concept, Telecommunication Layer and Transportation Layer are two separable domains of ITS Physical Architecture [2], [6]. Although they are conceptualy separated, at the same time they are tightly coupled to meet the ITS user service requirements. The interface or interconnectivity requirements between the transportation subsystems can be derived from ITS user services, after that various telecommunication options can be considered and objectively evaluated [7].


The basic telecommunications media types ((wireless and wireline) have critical architectural importance, therefore all telecommunications solutions can be considered starting with this basic classification. In this paper, we will considere some basic issues related with choosing and designing wireless telecommunications systems for early ITS implementations in concrete national and European environment. Several land–mobile network facilities/services, analogue and digital cellular networks, paging, specialized mobile radio – SMR, trunk system), FM broadcast, satellite, and short range telecommunications systems have to be evaluated according to their maturity and capability for supporting ITS. Analyse and forecast of ITS data flows ((teletraffic) between defined transportation entities, delay, throughput and related teletraffic issues, require more concrete project research.


Necessary supports for systematic analyse of wireless telecommunications for early ITS implementations are national ITS architecture and relevant programs/projects in the scope of Advanced Transport Telematics (ATT) or Road Transport Telematics (RTT).

2.
ADAPTIVE STRATEGY FOR EARLY ITS IMPLEMENTATIONS


Adaptive strategy for ITS implementations with the system integration and European coordination is accepted as an effective strategic approach. Relevant scenarios for development and deployment of early ITS services are strongly influenced by next factors:

· availability of basic supporting infrastructure,

· the evaluation of ITS enabling technologies,

· the emergence of standards,

· institutional/organizational context of implementations,

· market demand,

· wide–area (global) harmonization and cooperation, etc.

For concrete environment implementation strategy will:

· provide preliminary implementation guidance,

· recognise and define (public or private sector) implementation roles (state or local),

· suggest early deployment of key enabling infrastructure,

· coordinate staged implementation begins with "islands" of basic ITS capability ((Split, Zagreb, Rijeka),

· support system integration and unifying framework that will enchance the interoperability of local–responsive ITS implementations,

· encourage exploatation of market forces,

· sugest necessary education and training programs.

European Commision (EC) has proposed the following areas for priority actions in deployment of Road Transport Telematics (RTT) in Europe [4]:

· Traffic/traveler information services based on RDS/TMC (Radio Data System – Traffic Message Channel),

· Electronic Fee Collection (EFC) which includes Automatic Toll Collection (ATC) and other electronic differentiated pricing services,

· Transport related data exchange and information management on Trans–European Road Network (to ensure cross–border services and interoperability),

· Human Machine Interface (HMI) for in–vehicle devices,

· System integration, i. e. developing common framework for planning, defining and integrating ITS.

Beyond these priority actions, EC action plan proposes other possible priority applications:

· Pre–trip and on–trip information and guidance,

· Inter–urban and urban trafic management, operation and control,

· Other urban transport telematic services,

· Commercial vehicle operations ((logistic chains),

· Advanced vehicle safety/control systems.

These list is not closed and future proposals can be added. European (and American) researches on RTT systems in the Third and Fourth Framework programmes and Telten 2 (Telematics Implementation on the Trans–European Road Network) were used as a base and relevant guide lines about ITS applications. EC's proposal for 5th Framewok Programme (1998–2002) has a common orientation: "Creating a user–friendly Information Society".

To illustrate concept of adaptive strategy for early ITS implementations we can use descriptions from Fig. 1 and Fig. 2.


As a conceptual descriptions figures provides only the most relevant components i.e., directly involved subsystems, system terminators and highest level data flows – which are precisely described in logical ITS architecture.


VRG – Vehicle Route Guidance

PRG – Personal Route Gudance

Fig. 1  Autonomous Route Guidance without telecommunication support


Fig. 2  Advanced Route–Guidance System integrated with Traffic (and Transit) 

Management


Low–layer of route guidance service is based on in–vehicle sensory, location determination, computational and interactive driver–interface equipment that enable route planning and detailed route guidance based on static (stored) information, without communication with the infrastructure.


Second level of route guidance service enable route planning and guidance which is responsive to current traffic conditions. ITS package include the autonomous route guidance user equipment with a digital receiver capable to receive real–time traffic, transit and road condition information.


More effective solution may be possible if the route planning function is moved from the user device (in–vehicle or portable devices) to the traffic information service provider (TISP). This concept simplifies the user equipment but require new functionalities at TISP and two–way telecommunications. TISP offer interactive infrastructure information and route selection based on traffic prediction and appropriate control strategies.


In advanced and integrated solution, there is additional level of coordination between TISP and Traffic (and Transit) Management Center. This coordination allows the traffic management system (center) to continuosly optimize the traffic control based on near–real time information on intended routes. It would utilize TISP–provided information to optimize traffic management, while at the same time providing updated signal timing information back to TISP to optimize route plans.

3.
WIRELESS  NETWORK  FACILITIES  AND  SERVICES


RELEVANT  FOR  EARLY  ITS


Systematic description of wireless (and wireline) telecommunications and their basic classification relevant to ITS architectural framework were initialy given in reference [3] and through preliminary work on Croatian ITS Architecture [7]. In this paper we are oriented to more technically description and initial evaluation of possible wireless networks/services/standards for traffic/traveler information services and traffic management applications.


The aim is to concise description of available (or soon be available) basic technical/technological characteristics of the wireless systems as well as the limitations and related critical aspects that must be resolved to actualize ITS implementations. Wireless systems/technologies are grouped in next classes:

· Broadcast Technologies

· conventional AM and FM radio broadcast

· RDS – TMC

· DAB (MUSICAM, COFDM)

· Land–mobile cellular network systems/standards

· Analogue network facilities (NMT, Mobitex, Radiocom 200, RTMS, etc.)

· GSM

· SMS

· GPRS

· future pan–European technologies (PCM, UMTS, MDTRS)

· Satellite systems

· EUTELTRACS

· GPS / GLONASS

· INMARSAT

Information about actuall traffic conditions using conventional AM (Amplitude Modulation) and FM (Frequency Modulation) broadcasting makes the earliest form of in–vehicle information system. Voice traffic informations are broadcasted at regular time intervals and received through car radios or at home. Transmission on additional data via AM (AMDS – AM Data system) has been tested and it is proven that low data–rate ((200 bps) can be reliable transmitted within the range of the transmitter.

Broadcast in FM provide more quality (stereo) sound, mainly for stationary use. FM also requires few different frequencies to cover one area or country with one station, therefore when driving from one area to another a FM radio must be re–tuned.

Using of iso–frequency in the FM band it is possible to transmite road and traffic information on the same frequency all over a covering zone.

RDS (Radio Data System) is one–way broadcast point–to–multipoint transmission system which has been developed by the European Broadcasting Union and standardised by CELENEC in 1990. RDS enable transmission of additional digital information alongside normal FM radio transmission by superimposing a silent data channel on 57 kHz sub carrier. Capacity is relatively low (<1200 bps). There are 16 types of the information transmited over RDS, one of which is the Traffic Message Channel (TMC). Because traffic information is coded, a decoder is required to receive TMC messages – which can be then reproduced by speech synthesiser or visual display. RDS/TMC is planned to be common European facility for transmitting dynamic traffic and weather information, filtered according to region, to drivers or to in–car navigation system.

The advantage of RDS/TMC is the high degree of possible coverage which depend of existing national and private FM radio stations (which must adapt the broadcasting transmitter to transmit the coded messages). One widelly accepted TMC protocol is ALERT–C protocol developed by the DRIVE project RDS–ALERT. In recent RTT programme the ALERT–C protocol is divided into the bearer independent format (INTERCHANGE) and the bearer application protocol (ATT–ALERT).

RDS/TMC can be evaluated as an efficient method to transmit traffic information to vehicles and it can replace spoken traffic message in the future. In the context of traffic management and route–guidance application there are some disadvantages of RDS/TMC.

· the data capacity is restricted ((1200 bps maximum),

· because the area of reception is very large, many messages have to be transmitted (most of them are not relevant for specific driver),

· because it is one–way transmission, the driver cannot ask for individual information or send specific message to the traffic management center.

DAB (Digital Audio Broadcast) combine two digital technics to produce an efficient and reliable radio broadcast system. The first is MUSICAM compression system that reduces the vast amount of digital information required to be broadcast ((discarding sounds that will not be percieved by the listener). The second is COFDM (Coded Orthogonal Frequency Division Multiplex) which ensure that signals are received reliably and robustly, even in interferencing conditions.

Land–mobile cellular radio is a two–way telecommunication for transmission of voice and non–voice mesage in a digital or in an analogue format. In contrast to satellite systems, cellular mobile network is based on a division of the territory into more areas ( cells, each having a communication base station which serve all the calls inside the cell. Main advantage of cellular concept is the possibility of using the same frequency in more cells, that enable serving a theoretically unlimited number of mobile users with a limited scope of frequencies.

GSM (Groupe Special Mobile, Global System for Mobile telecommunications) is strongly expanding pan–European digital cellular mobile system which provide two–way telecommunication links between mobile–end–stations and fixed base stations. Beside voice transmission GSM offers several other services including data communications. GSM allowes data rates from 9.6 kbps (TCH/F 9.6 traffic channel/full rate) to 2.4. kbps (TCH/H 2.4. traffic channel/half rate), with circuit switched connection mode. This concept is accomodated for handling large data volumes (e.g. file transfer), but typical RTI or RTT application require small data volumes ((10 to 200 bytes) for which circuit–switch with dialup is not adequate connection mode.

SMS (Short Message Service) is an additional transfer mode that has been defined within the specifications of GSM. It is a specific paging service that supports transmission in point–to–point and broadcast mode. Data can be transmitted to and from vehicles, simultaneously to speech because SMS is integrated in signalling channel. Disadvantage is the low data rate and limited throughput of the whole system. However, for the first time SMS can be evaluated as a usable (pan–European) standardized data service in cellular network which offers two–way telecommunication and enables improvement of traffic management by updating the dynamic data of major street segments by floating car data. Using SMS–CB (cell broadcasting), the traffic information can be restricted to relevant data for each cell. 

GPRS (General Packet Radio Service) is a new packet–oriented data service over GSM network standardized by the ETSI (European Telecommunications Standards Institute) in the GSM phase 2+. To enable datagrams to be carried over the radio interface asymetric micro–connections are established and realised between the BSS (Base Station Subsystem) and EMT (End–Mobile Station). GPRS provides true packet–based access in which scarce radio–resources are reserved only when necessary and more users can be statistically multiplexed onto a given number of PDCH (Packet Data Channels). GPRS enable: data rate up to 9.6 kbps, flexible packet size (up to 128 bytes), fast access (<2s) and flexible addresing schemes for the downlink: single–cast, multicast, broadcast and geographical routing.

CDPD (Cellular Digital Packet Data) is wireless technology that provides packet–switched data transfer service over existing analogue mobile phone system (AMPS in USA and several other countries). CDPD provides a connectionless routing framework – an Internet protocol (IP) or connectionless network protocol (CLNP) – network layer packet transfer facility. Utilizing the unused bandwidth in the AMPS system and the ability to share cell–site hardware are two main factors that promote CDPD as a low–cost alternative to private packet data technologies.

Mobitex is Ericsson protocol for private wireless data networks. The datas are transmitted at a maximum rate of 8 kbps, where the bandwidth of a single channel is 12.5 kHz. Mobitex is not limited to a special frequency band and vacant frequencies in different countries can be used. However, a widespread RTT message requires a unique frequency band which is available in most European countries. Mobitex protocol is also used in USA in RAM Data Network.

TETRA (defined by ETSI) is a standard for trunked voice service and wide–area packet service both use the same physical layer and the same transceiver equipment.

Although this overview is concentrated on existing systems for early ITS implementations, other (future) pan–European cellular networks/services/standards must be evaluated in strategic plans. These include Personal Communication Networks (PCN), the Mobile Digital Trunked Radio Systems (MDTRS) and Universal Mobile Telecommunication Services (UMTS) [1], [2].

Satellite communication system can have a world coverage (GPS, INMARSAT, etc.) or regional coverage (EUTELTRACS). The main advantage of satellite systems is that they don't require construction of local network infrastructure as do land mobile networks. Existing satellite systems enable two basic types of transportation related services:

· localisation for terrestrial purposes (navigation for example),

· telecommunications through satellite links.

GPS (Global Positioning System) is a satellite based radio–navigation system initialy built principally for military users (US DoD) but later extended into civil area. System transmits 24 hours a day providing passive navigation information (one–way) to an unlimited number of users. A GPS receiver decodes the signals and using triangulation techniques determine a position on the Earth within the World Geodetic Co–ordinate System (WGS–84). Civilian GPS receivers decode the C/A (Course/Aquisition) code, while for military users other P (Precise) Code is utilised. A technique called DGPS (Different GPS) improve the possition accuracy for one order of magnitude [ ].

INMARSAT (INternational MARitime SATellite organisation) is an international nonprofit organisation whose objective is set up satellite communication systems with the global coverage. Among other services, a data communications for land mobile vehicles (known as INMARSAT C) is in operation from 1991. From 1994. INMARSAT enable transmit localisation messages GPS–like on the same frequency as GPS.

EUTELTRACS is the first two–way message service with integrated mobile possition reporting, designed specifically for road transport (dispatching) needs. It uses satellite transmission (Ku–band) available on the EUTELSAT satellite.

4.
conclusion

Effective implementation of early ITS services in (our) concrete environment require system architecture framework, harmonization and coordination on regional and European level. For expected first ITS applications and respected information flows between traffic/transportation entities two–way datagram oriented telecommunications over GSM have siginificant advantages over isolated subsystems, one–way broadcasting or circuit–switch dial up connections.
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