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RFID tag readers have recently appeared into mobile phones and other types of tags and readers are also coming -most notably visual tags which can be read by a software in a camera phone. This will open up new possibilities for using RFID and visual tags broadly in consumer and industrial applications. In this paper we outline a concept called Physical Browsing, present some implementations of it and discuss the implications this concept could bring to car and transportation applications.

Introduction

Conventional Human Computer Interaction (HCI) methods, such as keyboards and displays work well in office environments and desktop computing. However, in situations where people are on the move, e.g. walking or driving a car, and they have to divide their attention, the conventional methods are not the most suitable ones since they 1) generate too heavy cognitive load (need total concentration), 2) rely on equipment which are cumbersome and heavy and can not be used with one hand, e.g. when walking, 3) do not use the context information available in the usage situation.

Physical browsing paradigm can be seen as an answer to these problems. According to the physical browsing paradigm the way user interacts with the computer should be linked to the task at hand. For example, if the user wants information about an object he should get it by touching the object with his handheld computer instead of keying in a sequence of characters, the web address; or if the user wants to pair his mobile phone with the audio system of a car or train, he should be able to do this by touching a RFID empowered symbol of the pairing instead of performing a tour in the labyrinth of pull down menus in his device. These examples show how the cognitive load can be minimized, mobile devices can be used and the context (location, situation) can be utilized in the human computer interaction with physical browsing paradigm.

The realisation of Physical Browsing paradigm requires 1) hand held devices with computing power, communication capability and modest graphical user interface 2) identifier tags such as RFIDs and 3) back-end services supporting the applications. The tags can be embedded in the ambient and the user has a reading device, e.g. in his mobile phone, or the tags can be carried by the users and the tag readers are in the ambient infrastructure. The choice between these alternatives depends on the number of tags and readers needed and on their cost. The tag and reader technology can be, for example, RFID, barcode, matrix code, human readable characters or infrared beacon based [START_REF] Välkkynen | A user interaction paradigm for physical browsing and near-object control based on tags[END_REF].

Traditionally car and transportation applications have utilised tags carried by users and readers in vehicles. Examples of these are electronic immobilizer systems (RFID tag in the car key and reader in the lock), identifying and authenticating driver based on car keys in the pocket and adjusting car preferences to drivers' settings. Public transport has used a lot of RFID bus cards or visual tags printed on cardboard.

Recently RFID and visual tag readers have become available for mobile phones. This establishes new kind of possibilities and more cost effective applications, since the expensive reader hardware is already available and the tags do not need much infrastructure e.g. power and they can easily made resistant to hostile conditions and vandalism.

In our approach we have chosen RFID tags embedded in the ambient environment while the user's mobile device is equipped with a tag reader. We have implemented a number of prototype applications in order to study the potential of the physical browsing concept. These prototype applications include basic phone usage like calling, sending SMS, coupling devices and opening communications (Bluetooth, GPRS), ordering screen savers, getting information (mobile weather report), and making small payments e.g. at a vending machine.

This paper is organized as follows. We will elaborate the concept of physical browsing in Section 2, then a mobile phone and RFID based implementation of the paradigm is shown in Section 3, we describe some demonstration cases in Section 4 and discuss the implications of the paradigm in Section 5. Conclusions are made is Section 6.

Physical browsing paradigm and related work

Välkkynen and co-workers define Physical browsing "as getting hyperlink information from physical objects" [START_REF] Välkkynen | A user interaction paradigm for physical browsing and near-object control based on tags[END_REF]. This can happen if the object has a way to communicate a URL to a user, which requests it. This URL can be transmitted for example with an information tag and it can be read with a mobile device like a cell phone. We define an information tag (hereafter: a tag) as a small and inexpensive unique identifier, which 1) is attached to a physical object but has limited or no interaction with the object itself, 2) contains some information, which is typically related to the object, and 3) can be read from near vicinity.

The idea of physical browsing can be broadened from getting hyperlink information to include

• any data acquisition initiated by physical browsing, reading the data in the tag or reading a sensor linked to a tag • initiation of action, for example making a phone call, sending a certain message, opening a door • performing a (financial) transaction, for example paying a purchase at a wending machine or ticket in a buss • retrieving an user interface for a device having no user interface or using the phone as a remote user interface.

Ideas close to physical browsing have been suggested [START_REF] Want | Bridging Physical and Virtual Worlds with Electronic Tags[END_REF][START_REF] Ullmer | mediaBlocks: Physical Containers, Transports, and Controls for Online Media[END_REF][START_REF] Schmidt | C Enabling implicit human computer interaction a wearable RFID-tag reader[END_REF][START_REF] Kindberg | Places, Things: Web Presence for Real World[END_REF][START_REF] Ljungstrand | WebStickers: Using Physical Objects as WWW Bookmarks[END_REF]. For example, Want et al. [START_REF] Want | Bridging Physical and Virtual Worlds with Electronic Tags[END_REF] summarise the goal of augmented reality and physically-based user interfaces: "The goal of these projects is to seamlessly blend the affordances and strengths of physically manipulable objects with virtual environments or artefacts, thereby leveraging the particular strengths of each." Ulmer and Ishii [START_REF] Ullmer | mediaBlocks: Physical Containers, Transports, and Controls for Online Media[END_REF] developed the idea of Phicons, which serve as physical icons for the containment, transport and manipulation of online media in an office environment. Their paper does not discuss the role of mobile personal terminals, such as smart phones or PDAs, but instead relies on fixed devices, such as digital whiteboards, projectors, and printers. Kindberg and co-workers study infrastructure to support "web presence" for the real world [START_REF] Kindberg | Places, Things: Web Presence for Real World[END_REF], their main idea being connecting physical objects with corresponding web sites. Infrared (IR) beacons, electronic tags or barcodes are suggested for creating the connection.

Implementation of physical browsing paradigm

In this chapter we briefly describe our physical browsing platform consisting of hardware and software. The platform is described more comprehensively in [START_REF] Keränen | Tag Manager: a Mobile Phone Platform for Physical Selection Services in International conference on Pervasive Services (ICPS 2005)[END_REF][START_REF] Pohjanheimo | Implementing TouchMe Paradigm with a Mobile Phone[END_REF].

We have used two similar RFID technologies. Our research started before any RFID reader was commercially available for mobile phones or the interfaces for them were public. Therefore we have used a prototype RFID reader developed for Nokia 6600 phone (Figure 1). We have also used a commercial barcode reader pen, Baracoda, which connects to the mobile phone by Bluetooth, but we feel that reader to be convenient to use it has to be built into the phone.

Our software platform consists of a middleware component called TagManager located in the mobile phone. It provides an interface for different tag readers and makes possible for third party vendors to write tag aware applications. TagManager performs service resolution in a way which makes it possible for different applications to utilise the same tags if needed. The applications can either function locally in the phone or utilise network resources to perform the desired functionality.

Demonstration cases

This chapter cations pilot system implemented in presents demonstration appli realized with the physical browsing paradigm.

4.1 Drivers log system Drivers log system is a collaboration with the City of Oulu. In the scenario employees are using their cars for job related tasks. Driven kilometres are refunded to the employee. Previously users had to write the kilometres in a logbook and then enter them to the employer's backend system by hand. In the pilot case RFID tag reader and tags are used to ease the process. User can input the kilometres to the back-end system in real time. When starting the trip, user touches the tag attached to the car with his mobile phone and enters the kilometres and other related data to his phone as seen in the figure 2. After the trip user touches the tag again and the mobile phone asks him to enter the ending kilometres. Phone communicates with the back-end systems database in the background and uploads the entered information. This method saves the user the trouble of entering the kilometres several times to different media, thus minimizing the possibility of errors in the process. This Pilot is currently having a trial period with employees of City of Oulu ario was demonstrated bought from vending yable for these kinds of er .2 Vending machine case Financial transaction scen with paying a soft drink machine by touching a tag attached to the machine (Figure 3). The demonstration was built on the already available service where user could buy the drink by calling a certain number. This demonstration replaced the need to key in the phone number and to listen the automated announcement by action of touching the tag. The much simpler way of doing the purchase would lower the decision making limit while considering the purchase. Same kind of method is viable for example when paying the public transport tickets, parking tickets and possibly in car rentals where the car could be rented and access to the car could be gained by using a mobile phone. NFC Standard and NFC compatible FeliCa technologies are emplo scenarios and few such pilots have been already made.

Figure 3: Soft drink purchase made by touching the tag .3 Fan remote control emonstrates the ability to using tags (Figure 4). When e the space for UI, the cost 4 Fan remote control d retrieve a user interface the fan control tag is touched the mobile phone loads a user interface for the fan. The fan speed can then be controlled using the mobile phone. In the demonstration mobile phone uses Bluetooth to connect to the X10 home automation system which in turn controls the fan. This kind of user interface (UI) has its place in devices which do not hav of making an UI for each device is too high, or an UI is omitted for aesthetical reasons. These kinds of user interfaces could be used when, for example the electronic service system of a car must be accessed on the road or when there is need to have remote control for one of the electronic systems of a car, e.g. radio. 5). With a tag containing the connection information user can skip the tedious Bluetooth connection establishment procedure and use the service just by touching. Simple explicit connection establishment is essential for examp system of the car, in a case where there are several users for the car with similar phones. The demonstration also explores the possibility of having several services offered by TagManager middleware presents a menu when there is several services available and the user can choose one of them (Figure 6). This actually is in contradiction with simple one tag one service principle of physical bro some cases it is more convenient to have one tag to offer several services than having many tags stacked in a limited space. In this case evoking a phone call was made using a RFID tag embedded to a business card, see Figure 7. This was perceived as a very convenient way to reduce cognitive load of the user when placing the call. Call was also easy to make when the user cannot use the phones keyboard properly, e.g. when using thick gloves.

Figure 7: Making a call from business card

Discussion

In the previous section we have described some cases where physical browsing could be used to make Human Computer Interaction more natural, pleasant or effective. In this section we discuss some potential cases which are related to car and transportation applications. The benefits of physical browsing paradigm should be especially important in this domain, since people on the move do not have the access to the normal office type input-output facilities. Furthermore, they should not be burdened with extra cognitive load and, and if possible, information about their current context should be used to help the task at hand. The concept of physical browsing can find various applications in the domain of car travel. Examples showing this include:

• Driving log in company or rental cars. The driver reads the car's identifier tag, records the odometer reading and starting position and sends them to the back-end system in real time via the mobile phone. The trial by VTT and City of Oulu can be regarded as an early version of this. • Switching the mobile phone to "driver mode" when entering a car just by touching a tag instead of a more complicated Bluetooth setup procedure. The driver mode would include using the audio system of the car for phone calls instead of the phone itself and setting the presence status into "driving". The mode switching is initiated by touching a tag in the car when entering it. • Personalizing the car used by a family, car pool or a company. In this case the user would carry the identifier (in his mobile phone) and the car the reader. Personalization might include seat settings, automatic transmission settings and radio / CD settings.

• By using local RF communication provided by NFC standard a cell phone could work as a key for a car. In fact the car keys could be delivered to a cell phone on demand over cellular network. Keys could also expire after intended time of use. Also in the case of misuse the keys could be deleted from the phone remotely. This could be used for car or vehicle renting or delivering keys for workers of a company. • The phone could work as a remote user interface for the car for example to check the status of burglar alarm or turn on the preheat system in the winter. The tag to launch these services could be located in the wall in the home or in the car keys. In the future all vehicles could provide a standardised software and hardware interface for obtaining key information from the vehicle, like odometer reading, usage hours, register number and status of different components. This would enable the vehicle to be used more seamlessly as a building block of company infrastructure without any modifications needed to the vehicle itself. In the domain of public bus transport, we have identified two main usages for physical browsing: information retrieval and ticketing & payment.

• Some bus stops, especially in cities and big towns, have information displays showing when the next bus is coming and which route number it has. These displays work well, but they are costly to install and vulnerable to vandalism. Same functionality could be achieved, particularly in small town or rural areas, by installing identifier tags in the bus stops where people could then interact with the bus travel information system via physical browsing paradigm, i.e. reading the tags with their mobile devices.

The system could offer all the current services (the time to next buses, their route numbers) and additional personalized services such as route planner: "take bus number N to home, switch at Market place to number M, time to home 30 min." • Physical browsing concept can be applied also to payment and ticketing in buses and other public transportation. In fact, the widely used remotely readable bus cards are an instance of physical browsing. If they are integrated inside personal mobile devices, additional services, such as payment history and balance, can be added to the available services.

Using the mobile phone, equipped with RFID reader capability, as a user interaction device with cars, public transport and many other functions would involve certain benefits. The mobile phone has become an integral part of the life of modern people, and thus it is always available. It has a familiar user interface, making its use easy, increasing amount of processing power and memory capacity as well as local (NFC and Bluetooth) and global communication capabilities.

Many challenges exist on the way towards realizing the vision of using RFID enabled mobile devices with cars and public transportations. For example, the standardisation issues and legacy systems (the cars!) pose a big challenge for this vision.

Conclusion

This paper has presented the Physical Browsing concept and some examples of implementing and using it. Mobile phones with RFID tag readers will provide a cost effective way to realize new kind of applications for transportation or replace existing solutions with more user friendly and effective ones. Some potential cases were introduced and discussed.
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 1 Figure 1: RFID reader replacing the back cover of Nokia 6600 phoneThe RFID reader has a reading distance of 1 to 2 centimetres and it reads 1.5 x 1.5 cm non powered RFID tags.The second technology we have used is the Near Field Communication (NFC) standard proposed recently [http://www.nfc-forum.org]. The NFC has many features, such as support for peer to peer communication and compatibility with contactless smart card standard. Mobile phone manufacturers have launched models, such as Nokia 3220, for which the NFC reader is available. The NFC standard eventually makes our prototype reader obsolete when it will be available for Symbian-based smart phones which offer more flexible programming possibilities.
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 2 Figure 2: Mobile phone used in the driv s' log pilot
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 4 Figure 4: Equipment used in the fan remote control demonstration
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 56 Figure 5: Phone sends SMS messages to the computer for archiving