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ABSTRACT
This research is conducted in order to help travelers and tourists by providing them with the best possible route from source location to a destination, visit other facilities of interest en route and send the route images/maps from server to the traveler’s mobile phone in the form of Multimedia Messaging Service, along with complete route summary and driving directions. For this purpose a four-tier mobile based distributed architecture is used; ‘client mobile’ communicates to the ‘application server’ using Transfer Control Protocol/Internet Protocol and receives data using socket connection. The request passes to the ‘Geographic Information Systems Logic’ layer where ArcGIS server’s services are running. The program, written in programming language C#.NET, entertains the query, performs processing on ‘network dataset’ and sends Multimedia Message to the client mobile set. Multimedia Messages received on the client mobile comprises of three objects: (a) a labeled image which highlights a route from source to destination; (b) a route summary; and (c) a Multimedia Message object about route details. Thus the system is able to assist the travelers in order to get prior knowledge about their route.
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1. INTRODUCTION

Tourism is one of the biggest economic sectors in the economies. According to an estimate, tourism generates nearly 11% of the global Gross Domestic Product (GDP), employs 200 million people and serves 700 million tourists worldwide – figures which are expected to substantially increase by the year 2020 [10]. Tourism has changed in the 21st century. Many people combine several activities with travelling, such as business, leisure, entertainment, and education. When traveling and visiting new places, visitors want to discover and learn more about their destination. For this purpose they need some fast medium which supports them to find their destinations and guide their journey. The recent advances in hardware technologies have given rise to a new dimension in communication systems, which ensure the availability of selective information disseminating services [14]. 

Currently, there are two types of electronic tourist guides, web-based guides and mobile based guides. This separation is due to the different platforms, technology and transmission speeds in each environment. Since the last decade, Geographical Information Systems (GIS) applications are also being developed for the smaller platforms, including mobile phones as well as for Personal Digital Assistants (PDAs). Due to its smaller size, a mobile phone can be carried anywhere [2]. Modern technologies in the field of mobile communications allow us to design systems that provide route planning for mobile phones. This idea forms the basis of the development of Mobile GIS Traveler Guide (MGTG), which is more influential than that of traditional travel guides as general public can access location based services, even by giving a simple request. It assists user with travel decisions between two geographic points (i.e. from source point to the destination). It also has the ability to provide information about the possible extra activities during the travel process (e.g. if the user wants to visit an ATM or a filling station during the journey from point A to point B). MGTG uses a mobile device as a terminal for receiving information from an application server that acts as a central point to coordinate and manage the interaction between the mobile and the source of information. The system offers a concept for a mobile tourist guide that makes it easier for travelers to explore new places and get information straight to their mobile phones. It also provides tourists with a summary of the trip statistics. 

Google and Nokia, mobile phone based map applications require high specification platform like iPhone, Black Berry and Symbian S60 3rd Edition based handheld devices [19]. Along with heavy hardware resources, Google and Nokia map applications also utilize high speed continuous internet connection in-order to display maps and update cache. On the other hand, in MGTG all the application logic and processing is performed at the server end. Client mobile is only used for the data display purpose. This helps to shift the benefits of lightweight GIS to the general public who are mostly unable to afford costly and heavy resources in terms of map visualization data connection. The present research also provides a platform to develop advance routing systems for mobile phones. Taking into account the challenge of capturing continuous change in mobile device positioning accuracy issues, results of this research present an efficient way to provide comprehensive routing concepts to satisfy the user.

This paper is organized as follows. Section 2 elaborates on related work in Mobile Location Based Services (LBS). Section 3 explains the data acquisition process and the datasets used in this research. Section 4 outlines the overall system architecture, various web and wireless technologies and the mobile programming development platforms. Section 5 presents the results and discussions. Section 6 outlines the conclusions and finally the last section discusses future work potentials.
2. RELATED WORK

Mobile based travel guides have made significant progress since the first of such research prototypes were proposed e.g. Cyber-guide [1] and CRUMPET [13]. Evolutions in mobile communication and information technology enable the mobile phone application developers and designers to build more advanced travel guides. Users can access these kinds of travel guides with the help of their GPRS enabled mobile phones. Existing standard information systems allow access to public and personal information from any type of mobile or computer device which are connected to the internet. These information systems can accommodate information and services to the user and his/her current perspective. Users of mobile based travel guides are able to interact with these systems so that they can input their own destination and places of interest. Analysis is performed on this information and route results are generated in order to guide travelers to their destination [16]. A newer term Mobile Geographic Information System (Mobile GIS) has been defined as an integrated system that has a dedicated program available for each function and is designed to work on mobile client devices [15]. In Mobile GIS, the client mobile is able to access geographic and attribute information at any time and in any place. Mobile GIS provides a new dimension for the use of traditional GIS.
2.1 Evolution of Mobile Travel/Tourist Guides
Since 1990, geospatial information technologies and mobile wireless internet have been rapidly developing. It is easy to see that the integration of the two is inevitable, which is simultaneously driven by market demands and technologies [3]. Nokia and Orange Ltd. developed a city information service, which was a part of the mobile on-line services package, MOMENTS, for major European Cities [5]. Maps are presented in the form of 2D vector graphics, whereas 3D vector graphics and animations were used for the representation of objects of interest such as tourist attractions, hotels, etc. These advances in technology and user requirements are the driving force in the development of LBS. These are applications which are aware of the location of the mobile client [6]. CRUMPET is a Wireless Application Protocol (WAP) based mobile GIS service for mobile users, developed for Europe in 2003. It has been acknowledged by users for its simplicity of use and for its focus on location-based services. CRUMPET was implemented in order to provide tourism-related value-added services for traveling users across mobile and fixed networks. It also evaluates the level of user acceptance in such service, and assesses more reliable and robust approach in terms of providing traveler guide services. In CRUMPET, the client device is a handheld computer (e.g. iPAQ) and the user location is determined by GPS sensor data. 

With mobile telecommunication growing into third generation technology, the internet is available for the use on mobile phone devices and multimedia services are widely used in such devices. Location services have, for some time, been used in telecommunication networks where it is possible to estimate the location of a mobile phone in the network. There are many techniques available for locating a cellular phone and the position accuracy approximation depends on the method used for locating devices [28]. IP Multimedia Subsystem (IMS) is one of the latest navigation systems maximizing the capabilities of telecommunication networks [11].

2.2   Limitations of Existing Tools
A mobile user is restricted to avail only those services which are permissible by his/her operators. Also there are only a few vendors in the market which provide the framework to optimise and develop mobile phone software.

2.2.1
Technology Constraints
A major issue with mobile based traveler guides is to determine the location of the mobile phone.  Unfortunately, there is no technology that can measure the mobile device position precisely, at all times and all the places. For example, electromagnetic devices such as electronic compasses or accelerometers suffer from interference by electromagnetic fields. Most popular widely used technology, Global Position System (GPS) does not work properly inside buildings or in narrow passages. Therefore, mobile based travel guides face the problem of how to deal with positional information of varying quality [17]. GPS embedded mobile phones are expensive. Developing applications which utilize GPS based data is a costly solution because it requires heavy software and hardware resources. In the presence of weak GPS signals and inadequate accuracy of Global System for Mobile communications (GSM) network problems MGTG takes starting and ending position of the route directly from the user. 

2.2.2
Limited Resources
Limited screen display and device performance are major concerns which should be kept in mind while designing mobile phone applications. Mobile services are particularly constrained by technical resources such as bandwidth, storage capacity, and display size [4]. Simultaneous use of multiple media types (sound, text, image and maps, etc.) introduces additional challenges, such as user aspects, including limited resources, present needs, and the user expertise [7]. Supporting user interactions on mobile device involves a trade-off between reducing unnecessary graphics, data load, providing only light user specific information, and supporting personal preferences [8].

3. MATERIALS AND DATA 

The research presented in this paper is supported by a case study of two areas of Islamabad city, so it was necessary to acquire complete road network and parcel level information of these areas. These data are acquired using high resolution satellite imagery of the study area. The geo-referenced images of the areas are then overlaid by digitizing data on road network line data, markets and parks in the form of parcel. The connectivity of road network data is verified using ArcGIS Network Analyst extension. Each road segment contains attribute information, including road name, type, length, sector name, average speed and travel time. It is assumed that a traveler is moving in a vehicle then travel time on each road segment is calculated with the help of formula 1.

Avg. travel time = Avg. length of Road Segment / Avg. Speed of vehicle 

 (1)

4. METHODOLOGY
The map document developed for MGTG is shared first by hosting it on ArcGIS server, and then the application developed in C#.NET programming language is able to interact with this map document. ArcGIS Engine Developer Kit is used to build the C#.NET application which utilises the shared network map document and programmed to perform GIS analyses on it. MGTG has a four tier distributed architecture, which involves four classes: client level, top web service layer, GIS transaction layer and database layer. Each layer interacts with other layers. The system architecture design is shown in Figure 1. A brief description of the technologies and techniques used at each level in MGTG follows:
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Figure 1: MGTG Architecture

4.1 Client Mobile Layer

Mobile clients that communicate with the MGTG must be able to support Java 2 Micro Edition (J2ME). A Java run-time environment is provided on most mobile phones. The J2ME, CLDC, is specifically designed for mobile phones with limited memory and display. The client application developed using J2ME, Connected Limited Device Configuration (CLDC) 1.0 is downloaded and installed on client device, which enables users to interact with the server application. General Packet Radio Service (GPRS) is also enabled on the mobile phone, so that the phone is able to browse WAP pages as well as send/receive Multimedia Messaging Service (MMS). The phone is then able to support standard Java application programs, accomplish data reception from the GIS Web Server, such as transaction logic level and provide zoom-in, zoom-out and pan capabilities. WAP web browser at mobile client enables the user to query the maps using J2ME technology while raster images of the location are received on the client mobile as MMS. 

4.2 Server Layer

The server layer uses Transfer Control Protocol / Internet Protocol (TCP/IP) server to communicate with the client mobile. A communication port is opened on the server machine on which the server receives the data from client mobile. The mobile client sends the data to the server through a specific port, which initiates the server to listen to the request using that port. The top server layer is also responsible for sending the requested information from the GIS Logic layer to the client mobile by using the mobile operator’s Multimedia Messaging Service Centre (MMSC), instead of using TCP/IP, so that the client mobile receive a timely and reliable response.

4.3 GIS Data Transaction Logic Layer

The transaction logic level uses programming language C#.NET, which works as a request broker. This level layer listens, sorts and analyzes the client request. For example, a client requests to view the optimal path from point A i.e., ‘Street 13, Sector F-10’ to point B i.e., ‘Street 37, Sector F-11’ via a filling station.  Network analysis is performed at this level using ArcGIS network analyst utility which defines the optimal path from source (Street 13, sector F-10, Islamabad) to destination (Street 37, sector F-11, Islamabad). After the optimal path is deduced, a labeled image which highlights a route from source to destination is generated; a route summary is produced along with an MMS object with route details. This layer is also responsible for managing information and data from different clients running at the same time.

4.4 Geographic Data Service Layer

Geographic data is stored in the form of an ESRI ArcGIS map document which comprises of geographic datasets saved in shape file format. These shape file datasets are of two types i.e. feature datasets as well as network datasets. Feature datasets include the location as well as attribute data of points of public interest such as parks, ATMs, filling stations and other landmarks. Network datasets include road networks, road network junctions, route and closest facility datasets. Route and closest facility datasets are used to generate the optimal route from source to destination including user-incorporated facilities. The properties of road network and facility datasets can be updated if any change has occurred in the geographic location. These datasets are manipulated programmatically using C#.NET.  Database service side uses ArcGIS server to manage and manipulate spatial data. Data transaction logic service communicates with geographic data; performs processing on it in order to fulfill client demands. The database layer platform is software independent and suitable for any operating system.

5. RESULTS AND DISCUSSION

The results of testing MGTG, Islamabad are analyzed and discussed on the basis of mobile client and server based applications developed after performing different steps of development in J2ME and C#.NET software environment as discussed in methodology.

5.1   J2ME Based Client Application
The client based application of MGTG is developed using J2ME. The application is just 4 KB in size and is a smart solution when compared to WAP applications. WAP files are large in size and require a GPRS connection each time user wants to view them. MGTG uses a socket connection to send data to the server machine via TCP/IP. The user has to input the source, destination address and closest facility names shown in Figure 2. User’s textual input in the application is minimized in order to reduce the risk of incorrect input. 
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Figure 2: Client On A Mobile Phone

5.2   Server Application

C# is an advanced and powerful programming language used to build server side applications by utilizing Microsoft .NET framework. The MGTG server application is written as a C# console application. The C# console application can be easily controlled by many other software applications and continuously listens to the network socket. The server application program receives the client mobile data as long as it reaches to the server computer through TCP/IP and transfers it to the application logic which performs further processing on the received data. Another benefit of the console application is that it does not require any direct user interaction. This application is simple and robust and does not consume any extra system processes and resources.

5.3    MGTG Multimedia Messages 

In responses to client requests in the form of location addresses, the MGTG server application generates a Multimedia Message (MMS). This MMS is then sent to client mobile using the MMS gateway installed on the server machine via GSM modem by using the operator’s available phone services. MMS is a communication technology that allows users to send, and receive multimedia communications between capable mobile phones and devices. MMS is a quick way to send and receive messages that include images, audio, and video clips along with text. MGTG Multimedia Message generated on server on the basis of client mobile request comprises of three objects: : (a) a route summary; (b) a Multimedia Message object about route details; and (c) a labeled image which highlights a route from source to destination. The output is shown in Figure 3 and Figure 4, while a detailed description of these objects is given below.

5.3.1 Route Summary

In all the cases, it is assumed that the user is using a vehicle to go from source to destination. A route summary provides information about the route recommended to the user. This is the first object of MGTG’s Multimedia Message and gives an overview about the route details that is starting, ending or destination address, total travel time and distance from source to destination including any en route facilities

5.3.2 Driving Directions

The driving directions are the second object of the MGTG Multimedia Message. It gives a complete text description of the route to be travelled by the user. The details describe the route road by road, turn by turn until the destination is reached. 

5.3.3 Route Map Image

A Route Map image is generated by performing application logic on ArcGIS Desktop’s map document by the C#.NET console application. The image, generated from the map document, shows labeled features present in the map document including roads, parks, markets, ATMs and filling stations. A route requested by the mobile phone client is highlighted by a bold blue color line and important landmarks within the route are numbered sequentially in order of their occurrence (Figure 3). More clear details of the map features can be viewed by using the built-in zoom and pan functionality of the mobile phone. Images generated by the ArcGIS server’s C#.NET console application are in Graphics Interchange Format (GIF). Because of the limited number of map features, the original map document does not have high color variations. GIF image supports only 256 colors and it is of smaller size as compared to other image formats like JPEG, PING and TIFF. GIF is also widely supported over a large number of platforms. 
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Figure 3: Map Highlighting Route
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Figure 4: MGTG MMS Image Display and Driving Instructions On Mobile Emulator

6. CONCLUSIONS

The case study of MGTG presented in this paper demonstrates that tourists map presentation on a small display is feasible. MGTG exploits MMS technology by sending tourists an optimal route map image as an MMS object along with textual description of the specified route. Use of MMS in Mobile GIS is a new research area. Processing of traveler’s query and MGTG logic resides on the server side instead of client mobile. The client mobile only has to make route request and display the results. The architecture design of MGTG proved significant in this research. The present research provides a platform to develop advance routing systems for mobile phones. Taking into account the challenge of capturing continuous change in mobile device positioning accuracy issue, results of this research present an efficient way to provide a comprehensive routing concept. Although MGTG is not yet evaluated by real users, it has already proved that good quality tourist image maps presentation on smart phones with limited resources is possible. The present study suggests fully fledge routing systems can be implemented even in low cost mobile phones, which do not have embedded GPS sensor. MGTG automates the process of finding the optimal route from a users source location to their place of interest. The route is highlighted on a comprehensive map image. Complete route summary and driving directions are provided to the client mobile phone in order to describe route image map in a convenient way. If user needs to visit an amenity (bank and/or filling station) along his travel path, it can also be incorporated in the route to be travelled. MGTG makes use of the latest mobile communication technology (EDGE and J2ME). Also, users do not need to buy GPS based mobile phones, traveler guides, or browse through different paper maps on desktop systems or internet. The route information available to the travelers through their mobile devices will save time and money.
7. FUTURE WORK

Collaboration with mobile phone operators will increase the functionality and usability of the system because a large number of mobile phone users will get exposure of the travel guide system. Given the current developments in the field of mobile communications, it can be predicted that in future significantly more tourists will benefit from the accessibility of MGTG. With mobile phones, spatial detection is also possible with the collaboration of mobile operators without a (satellite-based) GPS device build into a mobile phone. Such detection can be made possible with the help of high resolution signal strength and network coverage information of an area [9]. MGTG can be enhanced to an audio guide as well. This can be done by exploiting the audio message object option of MMS. Textual object of MGTG’s MMS which comprises of route summary and driving direction can be used to generate the audio message. That audio message will provide the complete information related to the route to be traveled by the user.
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