Development of a Mobile GIS Platform Using Web Services Technologies: Spatial data Management and Geovisualisation
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Abstract

The spectacular growth of the use of digital Geoinformation in parallel with the advances in Information Technology (IT), collecting in-situ data have been dramatically improved using handheld devices. This practice was being made by hand with paper and then manually entered into Geographic Information System (GIS) databases once in the office, which is time-consuming.  
Introducing Mobile GIS technology in combination with Global Positioning System (GPS) technology, data in the field is stored digitally and it is ready for treatment back in the desk. Furthermore, Remote Sensing (RS) imagery, digital maps, and orthophotography could be used as a reference for collecting data.  To edit and verify data based on findings, existing GIS data can be taken out into the field. This paper discusses the technological aspects of the Mobile GIS and shows some specific applications, in particular for spatial data management - including viewing spatial data and database creating - using Web Services and wireless technologies. The possibilities of a geovisualisation web service for generating different visualisations are illustrated as a demo example. Finally, implementation is done on mobile platforms (i.e., PDAs, Smartphones…) to demonstrate the feasibility of the developed solution.
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Introduction
Spatial Data management is necessary for sustainable development. New technology is using to collect and update spatial data. New services are offered by computer systems and the Internet for spreading of the data. High speed transmission computer networks are required for the efficient use of the web services of the Internet.  An effective alternative is available by Wireless network connections. New tools which need to be integrated for efficient practical uses of this future oriented technology are obtainable by Geospatial data servers, Differential Global Positioning System (DGPS) developments, and mobile GIS.
The extension of a GIS from the office into the field is Mobile GIS. It allows to access, capture, store, update, manipulate, analyze, and display geographic information directly in the field. More technologies, such as: mobile devices, GPS technology, wireless communications for Internet GIS access, and GIS software for mobile platforms are evolved with Mobile GIS [1].
Traditionally, collecting and using data in the field was a paper-based process with multiple points of data entry without accessing to real-time information. The processes of field data collection and editing have been time consuming. Geographic data has traveled into the field in the form of paper maps. Field edits were performed using sketches and notes on paper maps and forms. Once back in the office, these field edits were deciphered and manually entered into the GIS database [2]. 
The internet GIS that means the integration together the technologies of the internet and GIS, it responds to the demand for geographic data access and transfer necessitated. Communication between client and server is achieved with internet connection. With Mobile GIS we can access to information needed to be used on the client to improve the collection of the data. We can communicate to server for further processing of field data collected and recorded as well [3]. 
 In realty , there are some limitations for the mobile handheld devices like their small bandwidth, small screen display, color resolution and its limited application capabilities, although most are being overcome by improvements in their technology [4]. On the other hand, due to recent developments we have seen in internet and Mobile GIS technology, spatial data collection, processing and dissemination of large amount of geographic data are becoming possible [5]. 
With many offered open source solutions. The development of such mobile GIS platform is becoming more possible. Among the tools that we can find and working with are: mobile JavaFX1.2 script language that is actually a family of products developed at Sun Microsystems, Open Mobile IS; it is an open source framework for mobile application development and finally PostgreSQL/PostGIS spatial database. PostGIS is a spatial extension to the PostgreSQL database produced by Refractions Research.
   
At present on Personal Digital Assistants (PDA's) there are three different operating systems (OS) which are Windows Pocket PC, Palm OS and Linux. Symbian, Android and more devices specific are been the OS(s) for mobile phone. Thus, the programming language for these devices should be as much independent as possible. Java is the appropriate programming language satisfying this requirement [6].  The market has been swamped by a new generation of handheld PDA's. Nowadays, with GPS/GIS data collection software, for field applications, it is feasible to use these lightweight handheld PDA's. 

 The Architecture of Mobile GIS

The mobile GIS’s architecture is very similar to that of the internet GIS. It is based on mobile computing and mobile Internet. It follows the client/ server architecture as is traditional in Internet GIS applications. It is an expansion of Web GIS to mobile Internet including wireless Internet/Intranet and mobile communication network [7]. The end-user hand-held devices that can display maps or provide analytical results of GIS operations are the client-side mobile GIS components. The server-side components provide comprehensive geospatial data and perform GIS operations based on requests from the client-side components. 

While designing a mobile GIS for a specific application, there are many parameters should be considered. The architecture of the system is related to one of them. Usually there are five different architectures for mobile GISs [8]: 
i. Stand-Alone Client: 
This is the simplest mobile GIS architecture. Mobile GIS software, spatial data, and the customized application exist in totally on the client that is a mobile device, in this architecture. 
ii. Client-Server: 
At this point, a separate computer contains the spatial data and served to the client by GIS server software through a wireless network. Furthermore, dependency of this system to the continuous connection between client and server reduces its flexibility. That is to say, the mobile GIS will no longer work, if the connection fails. 
iii. Distributed Client-Server:
 Spatial data is stored in the server, like the previous architecture, but some parts of information are also stored into mobile device. In this case, the mobile client is usable even if being disconnected with the server. The data is synchronized with the server, when the mobile device is connected to the server again. 
iv. Services:
 The GIS server is viewed by this architecture as a web service and also allows for other web services to be part of the application. As long as the same communications protocol is used by these web services, the handhelds can communicate with all of them. In addition, the web services can also communicate between themselves. 
v. Peer-to-Peer: 
In a peer-to-peer architecture a server is no longer available to keep spatial data; the data must be stored on the devices themselves. So this will allow for communication between mobile devices. Each mobile device will store a part of information in order that the obligation to a server will be removed. 

Developing Mobile GIS Platform for Spatial data management 

The goal of this research is to respond to the need for spatial data management remotely, web-based analytical tools to process geospatial data manipulation used by many services, organizations etc,. The project focused on the development of a mobile GIS application to provide basic operational, user-friendly data-collecting capabilities in the field to a diverse user GIS, raster and vector data visualization. 
This platform is compounded from three parties (figure 1), namely:  User Interface of Mobile Client that developed by the mobile JavaFX platform, Open Mobile IS and remote server. A great part of this work is based on open source services in order to create a spatial database in the remote server, such as PostGIS. The second feature of this mobile GIS application is the establishment of synchronization between an Internet server and a mobile GIS client by the open Mobile IS. Currently, most solutions these allow multiple mobile GIS users to synchronize their GIS databases at the same time are commercial. The following sections highlight the above three major elements of this project. 
User Interface of Mobile Client
The first and most important task of the project was to perform is a mobile client user interface for the communications between mobile GIS devices and data remote server. It allows visualizing and editing GIS data. In the prototype, this interface is developing by use of JavaFX1.2 Script language that is actually a family of products developed at Sun Microsystems.
Open Mobile IS
It is an open-source project (GNU LGPL v. 2.1) that purposes at providing all the necessary tools, API, and documents which enable effective mobile applications development. Along with other components, the Open Mobile IS framework provides:
Embedded database: Open Mobile IS embedded database is a simple object database, Fast Object Database (FODB) optimized for low CPU and memory consumption. It provides a simple API based on Simple Object Database Access (SODA) to store and retrieve objects from the database. 

 (
Web Server
Server side 
  
synchronisation module 
                      
(conflict resolver)
Remote PostGIS Database
Local Fast Object Database
Client side synchronisation module (http requests)
Connexion 
User Interface of Mobile Client
Open 
Mobile
 IS
Remote Server
Raster Data
Vector Data
Editable Vector  Data
GPS information
Figure 1 mobile GIS Platform architecture
)




























Synchronization engine: it realizes the synchronization between a table in the remote database; in our case, a PostGIS DB containing geographic data, and an object in the FODB located in the mobile device. In a row of the server side table, each field corresponds to a field in an object instance in client mobile side. 
The role of integrating the Open Mobile SI is to share and synchronize GIS data between PostGIS table and client features.
Remote server
It combines the data server and web server, the first is base on PostGIS that is an extension to the PostgreSQL relational data base. It is an open source spatial database, its utilization is to store   spatial   data   (so-called   simple   features:   points,   lines,   polygons,   and combinations   of   them)   and   provides   spatial   geometry   tests   (e.g.   Touches, Intersects,   Contains)   and   operations   (Buffer, GeomUnion,   Distance)   and coordinate transformation. Currently, the spatial data is usually presented in ESRI shape-files. Having ESRI shape-files, it is sensible to store them into a database such as PostGIS. As a web server we utilize the Tomcat application server. Moreover, we make use of a servlet container that queries the PostGIS spatial database and formats the query result.

 Conclusion
In   this   paper,   we   have presented   a   prototype   of   a mobile GIS platform for mobile devices.  The application is based on the offer of open source.  The Open Mobile IS for the security and GIS data synchronization between mobile client and remote server. The spatial database is created by means of PostGIS. 
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