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1. ACCESS TECHNOLOGIES FOR CLIENTS

The PALIO system supports both a wireless access (through mobile phones and PDAs) and a wired access (by means of conventional PCs) to information contents. The following sub-sections give a description of the telecommunication solutions envisaged for the PALIO system.

1.1. Wired Access

All the wired devices configured with the TCP/IP protocol stack can access the PALIO system through the HTTP protocol. The specific wired access techniques employed by the PALIO system in the test-bed sites are described below.

1.1.1. Access through PSTN/ISDN/ADSL

Conventional kiosks may be appropriate in certain public spaces where tourists may access information of seasonal nature such as when special events are being held. In such cases touch screen PC based terminals would be configured using either Public Switched Telephone Network (PSTN) or Integrated Services Digital Network (ISDN) or Asymmetric Digital Subscriber Lines (ADSL) connections. During these sessions, it is not envisaged a very high level of multimedia information or streaming video, therefore a classical kiosk system can be sufficient.

A PSTN connection allows symmetric transmission speeds up to 56 Kb/s, while ISDN and ADSL allow higher speeds. In particular, ISDN base access rate allows a symmetric maximum bit-rate of 128 Kb/s (i.e. 2 x 64 Kb/s channels) at a low cost, that is acceptable also for private users (e.g., access from home); however, it would be possible to reach a maximum transmission speed of 2 Mb/s through a primary access rate, but this is not a common solution, especially for this kind of applications, due to the significant costs. ADSL lines provide asymmetric bit-rates: upstream operations (i.e., from the user to the Internet) are slower than downstream ones (i.e., from the Internet to the user), since this reflects the actual situation; in fact, in most cases users need to get information via the web or to download files from the Internet and they generate more traffic in downstream than in upstream. The maximum theoretic rates for ADSL are 8 Mb/s in downstream and 1 Mb/s in upstream, but the actual rates provided by the European Internet Service Providers (ISPs) are much lower: 640Kb/s and 128 Kb/s respectively.

ISDN and ADSL  access technologies would constitute a very good solution, but PSTN is not to be discarded, even if it implies higher (but still acceptable) delays for the end-user, because the delivered information do not require very high speed telecommunication networks. Moreover, the PSTN solution can be very useful for users who wish to plan their trip, accessing PALIO from their home PC other than from an on-site kiosk.

1.2. Wireless Access

PALIO will provide access also through wireless technologies. The user devices can take advantage of connection to the Internet infrastructure, where the PALIO servers reside, through different options. In the following paragraphs, for completeness sake, we provide a description of such options, even if not all of them will be covered by this project. In particular, PALIO wireless access will be possible mainly through the GSM/GPRS network provided by the telecom operators involved in the trials. However, wireless LAN connections might also be considered for achieving faster bit-rates.

1.2.1. Wireless Personal and Local Area Network technologies

Today there are many portable device users world-wide. Those users need wireless access to some kind of personal, local or wide network in order to use their devices effectively. In a wireless LAN the connection between devices is accomplished by the use of a medium such as Radio Frequency (RF) or Infrared communications instead of a cable. 

Radio Frequency is very capable of for applications where communications are not “line-of-sight” and over longer distances. The RF signals can travel through walls and communicate where there is no direct path between the terminals. The application where Infrared comes into its element is as a docking function and in applications where the power available is extremely limited, such as a pager, mobile phone or PDA. There is a standard for such products called IrDA that has been championed by Hewlett Packard, IBM and many others. This now can be found in many handheld, notebook and laptop PCs and allows a connectionless docking facility at up to 4 M bit/s to a desktop machine at a few meters, line of sight.

Wireless network allows the remote user to access and stay connected to the network while mobile. The wireless connection is most usually accomplished by the user having a handheld terminal (laptop, mobile phone or palmtop) that has a RF interface card installed inside the terminal. The client connection from the wired LAN to the user is made through an Access Point that can support multiple users simultaneously (depending on the technology). Moreover, almost all mobile computing devices have the potential to be connected to each other wirelessly. There is a number of wireless communication technologies available today with different specifications and capabilities. Most spread emerging technologies are:

· Wireless LAN (WLAN)

· Home RF

· Infrared 

· Bluetooth

While similar, each of these technologies has its own specific prescriptions and applications, depending on range and data rate. 

Wireless LAN is a wireless networking technology more focused on organisational connectivity like wired-based LAN connections. The intent of WLAN is to provide workgroup members (or devices) to access corporate networked shared resources, e-mail in a defined region like an office or a campus. This implies that there are wireless access points that encircle a finite coverage region. WLAN uses Direct Sequence Spread Spectrum (DSSS) communication mode. This type of Wireless LAN based upon IEEE802.11b standard, has a great range up to 150 m with data rate about 11 Mbit/s. Moreover WLAN is not a line of sight technology.  WLAN systems can work through walls, but the signal does degrade depending on the obstacle.  

Home RF is a communication technology similar to WLAN. It operates on the 2.4 GHz frequency band (like WLAN and Bluetooth). The main deference between Home RF and WLAN is the data transfer speed, as WLAN is about seven times faster than Home RF. Because of that reason, Home RF is most often used on small office or home environment. Home RF has a duty range of about 45 meters.

Infrared is a whole different kind of wireless communication related to two previous methods. Infrared is most used as a way to interchange data between portal devices. Infrared is an established technology that enjoys a really large installed base within notebook computers, mobile phones, PDAs and other similar portable devices. Infrared is limited to point to point and line of sight transmission within a short five-meter range. In addition it is difficult to set up infrared devices to transmit or receive data.

Bluetooth is the new wireless communication technology similar to infrared but it uses the 2.4 GHz radio frequency band like WLAN and Home RF. The network communications take place in 2.4–2.5 GHz, this part of the radio spectrum is designated as “license free”. In this band, users can operate without a license so long as they use equipment that has been type approved for use in the license free bands. Bluetooth is primarily a mobile cable replacement technology with RF specification for short point to point or point to multi-point, suitable for both voice and data transmission. Bluetooth communications don’t need line of sight and have a range of 10 or 100 meters, depending on transmitter’s power. It transfers data at rates from 721 kilobits per second to about 1 Mbit/s, which is from three to eight times faster than the average speed of parallel or serial ports respectively. Bluetooth radios require very little battery power and have some kind of power saving mode when not in use. 

	 
	Wireless LAN
	Home RF
	Infrared
	Bluetooth

	Frequency
	2.4 GHz
	2.4 GHz
	Ir band
	2.4 GHz

	Data Rate 
	2 - 11 Mbit/s
	1.6 - 2 Mbit/s
	115 kbit/s -      4 Mbit/s
	721 kbit/s -       1 Mbit/s

	Range (max)
	150 m
	45 m
	5 m
	10 m

	Standard
	802.11b
	SWAP
	IrDA
	Bluetooth


Table 1: Technology comparison.

Range limitations

All RF technologies can work through walls but the signal does degrade depending on the obstacle. When the environment is outside or in a big hall, in line of sight, with little to reflect off and cause multipath, the range is at its best. When the environment is in a solid walled building, such as an old stone house or an office with double wall isolation, the range is greatly reduced. Most office environments and modern homes are constructed of materials that are relatively “translucent” to radio waves at 2.4 GHz and so the range will not be greatly limited. On the other hand, infrared is limited range in relative to other wireless technologies, and requires line of sight, which limits flexibility (maximum declination 30 degrees) and makes the devices more difficult to use.  

Using wireless communications as localisation system 

A PDA or notebook computer can be equipped with a WLAN card to become a wireless enabled device. To connect to the LAN there is a negotiation between the wireless enabled device and the wireless network. Once the device has negotiated with the Wireless LAN it can access to a server.  This could then lead to the provision of tourist information to the user. It is envisaged that the user will have to press a button on his/her PDA to scan for the wireless LAN and then he/she could either connect to the network or decline the connection.  If the user connects then he/she gains access to the wireless network resources. The location awareness can be achieved because the wireless LAN enabled device is accessing the network via a specific access point or wireless hub.  This access point is at a physical position so the device can match the access point to a table downloaded when negotiating with the network. Once the access points address has been matched an HTTP request can be sent to the server. The server can then tailor the information sent to the user depending on location of the user.

1.2.2. Cellular Network Technologies

Three main technologies for wireless clients exist today that allow users to connect to their mobile devices (e.g., laptops, PDAs etc) and send or receive data: GSM/CSD, HSCSD and GPRS. The first two are circuit-switched data technologies based on GSM network, while the third one adopts a packet-switched data network with ad hoc mobile devices.
GSM/CSD

GSM that stands for Global System for Mobile Communications is a digital cellular radio network operating in over 200 countries world-wide. It provides almost complete coverage in Western Europe, and growing coverage in the Americas, Asia and elsewhere. Of special interest is the capability of the GSM network to be used for data computing. Most people think of voice calls when they think of cellular phones. But because GSM is digital, you can connect your GSM-enabled phone to your laptop computer or PDA and send or receive e-mail, faxes, browse the Internet, securely access your company’s LAN/intranet, and use other digital data features including Short Messaging Service. 
GSM users can send and receive data, at rates up to 9.6 Kbit/s, using a variety of access methods and protocols. GSM uses Time Division Multiple Access (TDMA) technology, which divides each carrier into eight timeslots. To provide a single voice channel or a single data circuit, only one timeslot can be used.  By using data compression protocols (like MNP5 or V.42bits) large amounts of data can be transferred at shorter times.  

Because it uses radio frequencies, GSM is a wireless platform, in contrast to technologies, which require connecting one's laptop modem to a telephone outlet to use the land-based telephone network. This means that users of GSM can be fully mobile, and do wireless data computing anywhere, without worrying about adapters, telephone jacks, cables, etc.

GSM technology is circuit-switched, meaning a continuous circuit transmission allows the network to route continuous data to a single location. Circuit-switched data requires a dedicated radio channel even when no data is being sent.

Despite of the great expansion, GSM is a digital network with two serious disadvantages: it is circuit switched and has a limited data transfer rate of 9.6 kbit/s. This is the reason why mobile phones and devices are now used mainly for voice conversations.

HSCSD

High Speed Circuit Switched Data (HSCSD) is an enhancement of data services (Circuit Switched Data - CSD) of current GSM networks. It allows user to access non-voice services several times faster (theoretically), which means subscribers are able to send and receive data from their portable computers at a speed of up to 57.6 Kbit/s (with data-compression techniques) and higher in the near future. Practically, the GSM bit-rate is doubled from 9.6 to 19.2 Kbit/s, or doubled again using four timeslots to 38.4 Kbit/s. As in the previews case there exists a variety of access methods and protocols that undertake the data transference over the GSM network. 

The HSCSD solution enables higher rates by using multiple channels (timeslots), allowing subscribers to enjoy faster rates for their Internet, e-mail, calendar and file transfer services. HSCSD is currently available from almost any GSM network providers. The HSCSD service is particularly valuable for customers who wish to access the Internet or their office Intranet. The service allows a subscriber who is out of office, or who travels abroad in one of the countries in which HSCSD roaming is available, to connect to a local ISP, or directly to one's office, using the cellular device rather than a fixed line, benefiting from significant improvements in rates of transfer. 

GPRS

The General Packet Radio Service (GPRS) is a new non-voice value added service that allows information to be sent and received across a mobile telephone network. GPRS is a packet-switched data technology. With packet-switched data the computer that is connected to the cell phone sends and receives bursts, or packets of data. A radio channel is occupied only for the duration of the data transmission instead of continuously, making it more efficient than circuit-switched.

Since the phone never makes an actual “phone call” the channel becomes immediately available for other data users after the transmission. At the switching centre, packet services interconnect with the Internet or directly with corporate intranets using traditional networking methods such as frame relay. GPRS will also offer more efficient connectivity with Internet-type networks based on the TCP/IP protocol. 

Theoretical maximum speeds of up to 171.2 kbit/s are achievable with GPRS using all eight timeslots at the same time with Coding Scheme (CS-4) without any error protection. This is about three times as fast as the data transmission speeds possible over today’s fixed telecommunications networks, ten times as fast as current Circuit Switched Data services on GSM networks and more than four times faster than High Speed Circuit Switched Data. The actual data rate is expected between 25 and 50 kbit/s. By allowing information to be transmitted more quickly, immediately and efficiently across the mobile network, GPRS may well be a relatively less costly mobile data service compared to SMS and Circuit Switched Data. 

No dial-up modem connection is necessary. This is why GPRS users are “always connected”. Immediacy is one of the advantages of GPRS when compared to Circuit Switched Data. High immediacy is a very important feature for time critical applications such as remote credit card authorisation where it would be unacceptable to keep the customer waiting for even thirty extra seconds. 

To use GPRS, users specifically need a mobile phone that supports GPRS (existing GSM phones do NOT support GPRS) and a subscription to a mobile telephone network that supports GPRS.

The technical features of the above three technologies are presented in the following table:

	GSM/CSD
	HSCSD
	GPRS

	9.6 Kbit/s
	19.2 Kbit/s

(up to 38.4 Kbit/s)
	25-50 Kbit/s

(up to 171.2 Kbit/s)

	Dial-up
	Dial-up
	Always on

	Circuit-switched
	Circuit-switched
	Packet-switched


Table 2: Digital bearers for mobile access.

1.2.2.1. Multimedia Messaging (MMS)

The Multimedia Messaging Service (MMS) is, as its name suggests, the ability to send and receive messages comprising a combination of text, sounds, images and video to/from MMS capable handsets. MMS is put as a possibility that represents a possible evolution of the project.

The trends for the growth in MMS have their roots in the changes that are taking place at all levels within GSM. Enabling bearers such as GPRS, EDGE and 3G are becoming available. Enabling technologies such as Bluetooth, WAP, MExE and SyncML are all initiatives that support this new direction toward the Mobile Internet. The most interesting aspect of these new technologies is the shift in the attitudes of the companies involved from competition to co-operation for the greater good of the industry. In addition to the trends above we are also seeing new categories of multifunctional devices such as MP3 phones being implemented now.

The MMS is according to the 3GPP standards "a new service which has no direct equivalent in the previous ETSI/GSM world or in the fixed network world." Let’s introduce the features of this innovative new service:

1. MMS is a service environment that allows different kinds of services to be offered, especially messaging services that can any exploit different media, multimedia and multiple media.

2. MMS will enable messages to be sent and received using lots of different media including text, images, audio and video.

3. As new more advanced media become available, more content rich applications and services can be offered using the MMS service environment.

4. The MMS introduces new messaging platforms to mobile networks in order to enable MMS. These platforms are the MMS Relay, MMS Server, MMS User Databases and new WAP Gateways.

5. MMS will require not only new network infrastructure but new MMS compliant terminals. MMS will not be compatible with old terminals, which means, that before it can be widely used, MMS terminals must reach a certain penetration, and that will take at least a couple of years.

6. MMS is like SMS a non-real time service - a relay platform routes multimedia messages to MMS Servers.

7. The MMS is designed to be future proof. As evolves and new media become available, the aim is to make the standards as backwards and forwards compatible as possible. This sensible approach will be a refreshing change to something like WAP where every time a new version of the protocol is announced, a new terminal is needed to take advantage of that functionality.

8. Access to MMS services should be independent of access point - multimedia messages should be accessible through 3G and 2G mobile networks, fixed networks, the Internet etc. This is where common message stores will be an important enabling technology. To facilitate interoperability and universal messaging access, MMS will comply with Virtual Home Environment (VHE). VHE is a 3G service that simply lets customers have seamless access with a common look and feel to their services from home, office or on the move and in any city as if they were at home. The VHE permits the user to manage his services (including non-real time multimedia messaging handling) via a user profile, permitting, for example, all different types of messaging to be presented to the user in a unified and consistent manner. See www.VirtualHomeEnvironment.com or www.mobileVHE.com from Mobile Streams for more information.

9. MMS supports multiple rich media and it is therefore important that the concept of a user profile has been included. This user profile is stored in the mobile network and is user defined and managed and determines which multimedia messages are downloaded immediately to the user and which are left on the server for later collection. The user may also choose to receive notifications of certain multimedia message types.

10. Although MMS is being standardized by the 3GPP, in fact MMS services can be offered on GPRS (General Packet Radio Service, so called 2.5G) networks.

In summary, the Multimedia Message Service (MMS) provides an intelligent environment for multimedia mobile messaging.

1.2.2.2. Mobile Kiosks

The PALIO system allows the adoption of mobile terminals for access to information from anywhere at any time. In this paragraph it is envisaged the possibility to use a GSM connection in order to give access to a PC through a circuit switched telecommunication network. Even if this configuration could appear useful for different applications, the practical adoption does not seem to be very attractive, due to the low bit rates (and rather high costs) offered by the GSM network. Multimedia contents that could potentially be processed by a PC system, could not actually be delivered to it, because of the high loading times. At the same cost the user could adopt a standard GSM phone in order to retrieve the desired information through a WAP device.

Technology 

Unlike conventional Internet access kiosks, a mobile kiosk could be envisaged. The mobile kiosk is effectively a PC-based terminal with a GSM connection. The envisaged mobile kiosk incorporates classic portable PC technology and GSM modem technology. The mobile kiosk can be configured to operate on any digital GSM network subject to individual network roaming agreement. It is compliant with the GSM Class 4 (900 MHz) and Class 1 (1800 MHz). Of course the dual band functionality depends on the network. 

The mobile kiosk configuration could comprise a portable PC with support for either Windows 98, 2000 or ME. It can also be compatible with the Linux OS.


Figure 1: Mobile kiosk internal architecture.

The system can be able to make and receive calls based upon analogue (V.32), digital (V.110) and GSM calls. Transparent to the user, supported by the relevant drivers, calls are carried out through the ATD command. For example to call the number 09789456, the PC sends to the GSM modem the command ATD09789456<send>. Depending on the AT+CBST command setting, it is possible to program your kiosk for analogue or digital calls:

· AT+CBST=0,0,1 connection to analogue modems in multi-standard mode

· AT+CBST=7,0,1 connection to V32 analogue modems at 9600 bit/s

· AT+CBST=71,0,1 connection to V110 digital ISDN modem at 9600

For location information the Kiosk could be supported with a GPS module that provides live coordinates of the kiosk whereabouts.

Applications

Several interesting applications exist for mobile kiosks. Since the device is automatically determining its location and network connections, the system can be used for:

· Car Rental 

· Taxis

· Mobile Homes

· Caravans

· Coaches

· Emergency Services

· Traffic Management

· Fleet management

Even if such applications can be attractive, PALIO does not envisage the access from a mobile kiosk, even if it considers it as a further possibility.

User interfaces

Apart from classical interfaces (mouse and keyboard), a touch screen based system may be useful in certain application scenarios such as Taxis, where the user sits opposite the screen and needs information very quickly. A user enters his/her profile of preferences by means of the keyboard. As yet it does not seem appropriate to include any SMART card or similar user preference storage media, since it is envisaged that the user preferences are based on stereotypes of usage. For example a passenger in a taxi is making a short journey and is likely interested in immediate locality, train and plane timetables. Emergency service users may require specific information about traffic, local services etc… according to their work format. In the case of the family travelling in a vehicle (e.g., a caravan) it would seem more practical for their user preferences to be entered manually.
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