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Abstract: - This paper introduces and analyzes concepts of multimedia geographic information system (GIS) and technology deployed within the framework of location based services (LBS). The core component of the presentation is Internet/Web GIS. In this paper is pointed out that the main promise of the mobile Web is to satisfy user needs for anywhere, anytime access to information and services including LBS-services which are enhanced with and depend on information about a mobile station’s position. The growing interest in managing the quality of service (QoS) delivered by the service providers in the Internet is because of the need to maximize customer satisfaction and reliability and consequently the driving obligation to quality and measure service function. This fact is analyzed and discussed. Finally mobile advertising category of LBS as a part of mobile commerce is presented, too.
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1   Introduction

The emergence of technology to locate mobile phones has prompted a mobile location service development since the late-1990s. Advances in wireless communications and information technology have made the mobile Web a reality. This is the response to the need for anytime, anywhere access to information and services. Many different types of services have been proposed, from personal  route guidance to dating services and mobile location based games. At the same time, many wireless applications are available to customers via their mobile phones and wirelessly connected personal digital assistants (PDAs). On the other hand, Internet and Web are changing aspects of our lives, communication with business partners, commerce transactions, buying and selling goods and services, sharing and exchanging ideas and information, software development and many others everyday business and activities. In order to conduct all, we use specialized Internet/Web information systems named e-business, e-commerce, e-medecine, e-learning, etc. Advances in wireless communication technologies and mobile, have enabled Internet connectivity, Web based computing and service distribution. The recent convergence of Internet, wireless communication, mobile positioning and geographic information systems (GIS) has given rise to a new class of location-based applications and services [1]. Location-based services deliver geographic information and geoprocessing power to mobile and static users via the Internet and wireless network in accordance with current location and mobile user or the hypothetical location of stationary user. Without providing georelated information and appropriate geoprocessing anytime, anywhere and on any device to the end users (GIS functionality), causing such users to order, use, buy, subscribe or sustain such location-based services, there would not be any service at all [2]. This paper is organized into sections describing GIS functionality through Internet/Web  availability. Furthermore, location-based services are analyzed including QoS. Mobile advertising as an integrated part of mobile marketing will be presented, too. Finally, some concluding remarks will be given. 

2 Multimedia Geographic Information Systems (GIS) Technology 

The digital information revolution has brought about profound changes in our society and our lives. New devices and powerful software have made it possible for consumers worldwide to create, manipulate, share and enjoy the multimedia data. Internet and wireless networks offer ubiquitous channels to deliver and to exchange multimedia information for such purposes as remote collaboration, distant learning and entertainment. Multimedia - an integrated and interactive presentation of speech, audio, video graphics, and text – has become a major driving force behind today’s information technology that merges practices of communication, transportation, computing and information processing into an interdisciplinary field.

     Meanwhile, Internet protocol (IP) is becoming the common denominator for multimedia services and wireless access has been growing very rapidly recently. However, the natures of the Internet protocol (IP) and wireless networks impose some necessary trade-off between quality of service (QoS) guarantee and resources utilization efficiency.
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Fig.1 Key elements of mobile GIS
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  Multimedia GIS combines diverse kinds of geographic information. The functionality is through Internet/Web available to wide audience of nonexpert users processing minimal browser technology to zoom into their spatial data, explore and analyze it producing reports. The first generation of Internet/Web GIS was considered mostly static in nature, providing users with poor and limited interactive view of information from geo-databases. Its architecture is fully based on a standard Web server. With the advent of distributed computing platforms and languages, more and more of GIS functionality has been distributed to client. The next generation GIS is going to be assembled or specialized Web services (components) that are self-contained, self-describing, modular application that can be published, located and invoked across the Web using wide spectrum of Web-enabled stationary devices (desktops, workstations, Web TV) and mobile devices (mobile phone, laptops, etc). Standardization and specifications are going to specify interoperability of geo-information and geo-processing services within distributed geo-information infrastructure.

  A mobile GIS is a system built using a fundamentally new paradigm based on the key element shown in Figure 1. A critical part of a mobile GIS is an advanced application server which is able to provide a range of geographic services. As shown in Figure 2, this server consists of a set of components with the front controller being the part of the application server which is responsible for the whole communication and application control. Front controll, personalization and multimedia GIS represent the backbone of the system. The second part of the scheme contain information streamer, notification, e-mail forwarder as well as user manager. The front controller receives the client requests and in the beginning performs the access control via the user management component. Assuming that the user has been granted access to the desired request the front controller maps the request to a set of business logic operations. Then, it extracts the required data from the request and amends it to the appropriate operations it will call in processing the client request. After calling all necessary operations and components, the front controller waits for their responses. When the called components have finished their work and responded their results to the front controller, the front controller constructs the response for the requesting client and sends it back to the client. According to the chosen business model the front controller generates output necessary for the correct charging of the end-user’s account for the delivered service. The user manager component is responsible for: [3]

· user registration (add new user/update/retrieve/remove)

· user profile management

· user device management

· group registration (submit/update/retrieve)

· group profile management (submit/update/retrieve)

· access control
All of the tasks except for the access control are done by the user itself. Possible ways to do this are through a mobile terminal. The functional decomposition of the mobile terminal is shown in Figure 3. Additionally to the controlling function the application control component will handle the complete communication issues through the use of the General Packet Radio Service (GPRS)/Universal Mobile Telecommunication System (UMTS) hardware and software. The navigation component 

Fig.2 GIS advanced application server
will be responsible for the correct positioning of the user and the navigation/routing based on a digital map view. This means that when a user is walking around in the city and requests for his/her actual position he will see a map of his/her environment with an icon indicating his/her position and direction on this map. 

The navigation/routing/tracking functionality will be used to help the user find the next point of interest (PoI), he/she wishes to visit. Whenever a piece of map is required the navigation component will ask the server for the construction of this map according to the user’s profile, his current position, direction and his application center. For the presentation of the whole application a series of components are required, which physically could be one integrated component. The text viewer component can view textual information in different languages. The image viewer is able to show at least one image format and according to the user requirements, a zoom in/out function is considered desirable feature. The optional multimodality component could enable multi-modal interactions of the user with the application, but is very demanding in the sense of resources and is therefore strongly dependant on the available mobile terminal.
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Fig. 3 Functional decomposition of the mobile terminal.
The mobile terminal will investigate the merging of wearable computer technology with next generation mobile phone (2,5 G and 3G). The digital compass, the Global Positioning System (GPS) and the GPRS/UMTS components are provided through a combination of hardware and software and impose a very high hardware integration on the mobile terminal. GPS offers the highest locational data quality. There are some limitations in the use of GPS, especially the requirement for line of sight (especially a problem in urban “canyons”), added cost, and the time it takes to obtain a signal. Some systems may be complemented by additional GPS receivers which are located in a fixed positions. This improves location calculation from 20-45 seconds to 1-8 seconds.

The personalization component, presented in Figure 2, performs the profile-based personalization in aggregating content according to the user’s preferences. The multimedia GIS is the component where all the content will be stored. 

While the user is moving around he/she will be notified about the existence of “interesting” information by the notification component shown in Figure 2. Information will be characterized as “interesting” when the user’s actual position is in an area – location, where information is available which he/she marked in his/her personal profile as interesting.

One of the user requirements is the possibility for the end-user to get the information sent to his/her personal e-mail account. The e-mail forwarder component is envisaged to fulfill this task in addition to the preparation of the content according to the user’s personal profile (for example, format and resolution of the picture).

The use of a GPS receiver on the client side makes the location server component optional. In the case where a location server is used, it means the use of a network-based positioning technology. The location server component is responsible for the provision of the user position and the user tracking.

The convergence of evolving mobile technologies (2,5G and 3G) and the Internet will enable completely new services to be developed. Based on the bandwidth and new core services being made available through next generation mobile networks and the corresponding user’s mobile terminals, the multimedia GIS will allow the provisioning of location-and orientation-sensitive multimedia information.

3   Location - Based Services

The strong foundation of Internet/Web GIS research and development achieved during last years are giving rise to a new class if Internet/ Web GIS based applications. Knowing the location of people, objects and phenomena at any time within end-user applications that are aware of the position of a user, begins to provide invaluable benefits to business, consumer and government sectors. Location - Based Services (LBS) represent Internet/Web GIS applications that according to location of the user (or some requested location), deliver geo-data and geo-processing from the GIS servers across Internet/Web for using on wide spectrum of Web-enabled, stationary and mobile devices. A location - based service (LBS) can be defined as any service or application that extends spatial information processing or GIS capabilities to end users via the Internet and/or wireless network. Such services combine scalable GIS technology, easy-to-use browsers, mobile and wireless devices, and wireless and Internet infrastructure with Web servers to provide information and services whenever and wherever they are needed.

     The architecture of location - based services consists of three parts: [4,5,6]

· Positioning of mobile terminals based on either mobile communication systems or satellite positioning systems

· Wireless communication network

· Internet/Web GIS that provides data and services over Web GIS (location).

GIS (Location) Information Server provides access to location data sources distributed over Internet, which possess different structure and are stored in different, proprietary or open formats. Location application services represent application components integrated within GIS (Location) Application Servers that operate on location content and provide value-added services the two main clients: wireless and wired. As for wireless location service, it lets network operators to determine the latitude and longitude of a wireless call. It also provides valuable information about the surrounding area. Thus, the price of calls made from within a specific area can be cheaper. Also, more precise vehicle tracking can ensure better delivery service. The four key factors for successful LSB services are:

· user benefit

· speed

· price, and

· ease of use.
  The most important issue to consider when developing new service is that the user does not care about the name or the underlying enabling technology, but mostly about the benefit of using a service expressed as

· contact persons (communication)

· perform transactions (interact with machines)

· get important information

· save money or

· save time.
     Having identified a service that is useful three basic aspects of speed have to be taken into account, i.e: latency or set-up time, bandwidth and reliability. Price is a still research area for obtaining the time and money-saving functions. Deriving an adequate business and pricing model are one of the first goals for the future research in the prices domain.

     Concerning the ease of use, we have two key factors:

· ease of use of the mobile phone, and

· ease of use of the service.

  As for the easy of the mobile phone itself, the evolution has reached a very good stage and quality in terms of user interfaces. On the other hand, when thinking about the ease of use of services, one can see that widely used functions like calling and receiving calls, as well as nowadays built-in camera functionality has become usable for everyone.

4   Quality of Location-Based Services

The Global System for Mobile (GSM) Alliance Service Working Group has defined the following types of Location - Based Services [7]:

· Emergency Services

· Emergency Alert Service

· Home-Zone Billing

· Fleet Management

· Person Tracking

· Traffic Congestion Reporting

· Routing to Nearest Commercial Enterprise

· Roadside Assistance

· Navigation

· City Sightseeing

· Localised Advertising

· Network planning

· Dynamic Network Control.
     Location - Based Services extend the type of services that the Internet has been supplying for some time-plane schedules, prices, weather, driving directions. These services can be accessed virtually anywhere and can be tailored to the user’s requirements and current location. The value of the location service comes not just from locating  the user but also from supplying geographically contextual information. Current wireless devices, constrained by small screens and limited processing power and bandwidth can not handle hypertext mark-up language (HTML) documents. Wireless Application Protocol (WAP) evolved to deal with this reality. Handled Device Markup Language (HDML) devised specifically for these devices became the basis for Wireless Markup Language (WML), the core specification for WAP. With the advent of WAP, wireless users had the Web “to go”. Anywhere, anytime, any device-this is the short definition of rapidly growing field of LBS.

     Emerging Internet Quality of Service (QoS) mechanisms are expected to enable wide spread use of real time services, for example voice over IP (VoIP) and videoconferencing. There must be mechanisms available to identify traffic flows with different QoS parameters and to make it possible to change the users based on requested quality. The basic requirements for mobile nodes are authentication, automatization and QoS and policy control and directory as well as services for IP telephony.

     Mobile IP allows mobile terminals to change their point of attachment and keep their IP address as they move from their home attachments to other parts of the network. Micro-mobility is primarily required in multimedia sessions to transport video and voice over IP. The direction of technologies is driven by demand on Internet services, mobility features and an increase in cellular telephony. Challenges come from integration of satellites with terrestrial networks and to extend and enhance features in current protocols.

5 Mobile advertising as an integrated part of mobile marketing

Considering the recent convergence of computing and communications technologies with the tremendous success of the Internet, the World Wide Web and Mobile Communications, the next step is expected to be the Mobile Web. The main promise of the Mobile Web is to satisfy user needs for anywhere, anytime access to information and services, including LBS. Many wireless applications have already been deployed and are available to customers via their mobile phones and wirelessly connected personal digital assistents PDAs.

     Three evolution steps can be identified for LBS [6]. The first generation refers to services where the subscriber has to manually give his position information to the system. The second generation (existing services) refers to location services where the position of the subscriber is automatically discovered but with little accuracy. Finally, the third generation refers to services where the position of the subscriber is automatically discovered with accuracy and which have the intelligence to inform or warn the subscriber about events depending on his position (the subscriber does not have to initiate the service). Cellular service providers will seek new ways to ensure customer loyalty by offering new types of services. LBS are the most promising type of these services, also called value added services. Some of the advantages for the cellular service provider who offers LBS are:

· Innovative service provision attracts new customers and enhances existing customer’s loyalty to the provider

· Revenue increase due to traffic generated by the use of such services

· Capability to introduce new revenue streams through deals with third party companies in order to sell to these companies user location information.

     Mobile advertising as a category of LBS  involves the provision of location aware advertising messages to cellular subscribers. Mobile advertising can be considered as a part of mobile commerce. It is an integral part of mobile marketing.

  Mobile marketing can be described as all the activities required to communicate with the customer through the use of mobile devices in order to promote the selling of products or the provision of information about the products and services [8]. There are many optimistic predictions about we can expect in the future from mobile marketing. Some of these predictions are the following [8]:

· From 2003 to 2005, analysts predict the mobile marketing as an industry sector will grow 4 billion dollars to 16 billion dollars, serving over 500 million users world-wide.

· Location aware advertising messages are expected to create 5 to 10 times higher click-through rates compared to Internet advertising messages.

· By 2005 the 33% of a cellular service provider’s revenue will be coming from advertising and from payments and commissions from mobile commerce activities.

Fig.4 Worldwide mobile marketing industry prediction

     Figure 4 shows worldwide mobile marketing industry predictions. Considering all these predictions as well as history of advertising on other mediums like television and Internet, it would be quite realistic to say that advertising is going to play a significant role in the mobile Web too. With the help of LBS, advertising companies can now provide truly location aware messages to the customer. This fact gives for the first time the opportunity to reach consumers with highly customized promotions and advertisements, which depend on the location of the consumer.

     Mobile advertising is an integral part of mobile marketing. The service operates in a way similar to directory services. To be more precise, there is a distributed information base storing data about product promotions offered by every supermarket in a given area where the service is provided. A user can search for promotions selecting the product categories he is interested in. The service returns all the available promotions offered by nearby supermarkets. The information system supporting the service described above has the following characteristics [9]

· The service is accessible through the Wireless Application Protocol (WAP). This means that the service is managed by a Web server and not by a stand-alone application on the user’s device.

· Users are located by the system at the level of a sector of a communication’s cell by using the Cell Global Identity (CGI) method. It is the simplest positioning method but can support efficiently the above service given the small size of the cells in urban areas.

· The information about available supermarkets and product promotions is stored in a Directory Information Tree, which is accessed through the Lightweight Directory Access Protocol (LDAP). The information model used is hierarchical and is mainly used for search/read purposes than write purposes. The LDAP protocol is used for high-speed access to this kind of information. It also has valuable distribution capabilities (different server store different parts of information), thus offering scalability to the system. The availability is also increased as there is no single point where the information is stored.
6 Concluding Remarks

Multimedia GIS system will allow the provisioning of location and orientation-sensitive multimedia information based on the bandwidth and new core services being made available. The convergence of evolving mobile technologies (2,5G and 3G) and the Internet will enable completely new services to be developed.

     Today’s complex and heterogeneous networked environments require flexible and distributed network management alternatives. Towards this direction, the mobile agents based approach surpass in respect to performance aspects the classical client-server model that is currently widely employed. The amount of management tasks requested is critical to the performance impact, with services that span industries and continue improved service to customers with better business practices, location-based services (LBS) will continue to grow.

     One of the first goals concerned with LBS quality is to enable and to improve intelligent integration and chaining of administrative, business, transport, information and application services (Web services) as well as appropriate e-commerce based services for purchasing, booking and payment, all through standard interfaces and service catalogs. Performance in LBS is a crucial issue, so particular attention must be given to the development of efficient algorithm, indexing techniques and access-temporal domain especially for continuously moving objects. Configurable radio systems and networks allow the radio network including terminals and base stations, to adaptively and automatically adjust to traffic and user requirements.

    LBS is applicable to the mobile marketing industry sector. The adopted technologies are based on the open standards. Mobile advertising can be considered as a part of mobile commerce. It is an integral part of mobile marketing. Enable mobile LBS to get to end-users means:

· start from user groups and situations where mobile location saves time and/or money

· create service functionality that is easy to use and self explanatory, and

· make it affordable.
     Despite the payment of data-intensive services line personalized LBS services, which can be considered as unsolved, fortunately these trends are taking place already. For the future research we propose cost-benefit analyses taking into account the availability of the corresponding technology which changes very fast. The idea is that the technology must be widely accepted by users.
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