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ABSTRACT 

 Increase in number of commercial and open source tools for geospatial applications 

have resulted in confusing environment among students / researchers, institutions and 

consultants while selecting software tools. Also geospatial software applications require more 

time and money in design and development. To demonstrate the use of open source geospatial 

tools, a system has been designed and practical issues during development are discussed. 

 The GIS provides a systematic spatial and attribute database, which is prerequisite for 

implementing development and research projects, for drawing development strategies that are 

sustainable, area specific and take into account the local needs; and to facilitate the process of 

decentralized (to smaller unit i.e. district or below) planning and for more timely response to 

promote effective administration, planning, decision making and development process. Study 

aims at understanding basics of open source software and further focusing on need and 

capabilities those software tools by taking case of web based information system.      

 This review paper presents an overview on Open Source Geospatial Tools for Web 

Based Spatial Information System. 
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INTRODUCTION 

In a developing country like India, the 73% of the population resides in rural area and cannot 

subscribe commercial software. Though number of tools are available for web based spatial 

information system, each one of them have some restrictions, such as cost, license, internet 

connectivity, availability of skilled person, etc. To overcome such problems, open source 

tools are better solutions. Open source geospatial tools provide facilities such as cost 

effectiveness and it can be customized according to user needs. Also, various spatial queries 

can be made for better decision making. They are helpful in monitoring various rural 

development schemes run by government [1].   

The GIS provides a systematic spatial and attribute database, which is prerequisite for 

implementing development and research projects, for drawing development strategies that are 

sustainable, area specific and take into account the local needs; and to facilitate the process of 

decentralized (to smaller unit i.e. district or below) planning and for more timely response to 

promote effective administration, planning, decision making and development process. Study 

aims at understanding basics of open source software and further focusing on need and 

capabilities those software tools by taking case of web based information system.     
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OPEN SOURCE GEOSPATIAL TOOLS 

Geospatial Data: Almost all information to support rural development has a strong 

geographical context. Geospatial data include geographic coordinates (e.g., latitude and 

longitude) that identify a specific location on the Earth; and data that are linked to geographic 

locations or have a geospatial component (e.g., socio-economic data, land records, land 

surveys, homeland security information and environmental analyses). 

Geospatial data may be obtained by using a variety of approaches and technologies, including 

things such as surveys, aerial photography, satellite remote sensing, Global Position System 

(GPS), hand-held devices, detection devices and visualization systems. 

 

A. Free or open source software (FOSS)   

 

FOSS are those software that have licenses that allow users to freely run the program for any 

purpose, modify the program as they want and also to freely distribute copies of either the 

original version or their own modified version.  

i. Need for open source geospatial software tools  

The last 20 years have seen dramatic developments in GIS technology and geographical 

information science. High competition and growing user demand has resulted in a number of 

high-quality solutions, which are largely responsible for the vast increase in the GIS 

marketplace [2]. 

But the commercial softwares are not so much popular in small development projects 

because: 

 Inadequate funds for uniform software setup. 

 Poor support for commercial software packages. 

 Diverging needs within one organization. 

 There are a lot of restrictions for access to source code. 

 Installation cost is too high, hence not economical for small project. 

 User should have deep knowledge of the software. 

 Inadequacy of standardized format for results (i.e., varying file and data formats). 

The open-source concept provides an appealing approach to overcome the majority of the 

above points. Open-source is a development methodology offering full accessibility to 

software program‟s source code.  

ii. Advantages of open-source geospatial tools 

 Access to source. 

 Enables development of highly customized applications based on client‟s needs. 

 Development priorities are driven by end-user needs. 

 No Licensing Fees. 

 Resources are allocated for building the applications. No licensing multiple machines. 

 Interoperability, adoption of Open Specifications. 

 Developers listening to users directly. 

 Issues can be resolved in-house. 
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 Affordable and High Quality. 

 Open source software has fewer defects, because if defects are present, they get repaired 

faster. 

 Free as in Freedom. 

FOSS (free open source software) guarantees four fundamental freedoms, (i) To run the 

program, for any purpose. (ii) To study how the program works, and adapt it to user needs. 

(iii) To redistribute copies. (iv) To improve the program and release the improved versions to 

the public, so that the whole community benefits. The process of learning and adapting 

software enables users to become creators of knowledge rather than mere passive consumers 

of proprietary technologies [3].  

One important reason in favour of open source GIS is that there is a transition from the 

monolithic systems of today to a generation of spatial information appliances, small systems 

according to specific user needs. Open source software would allow researchers and solution 

developers to access a wider range of tools than what is currently offered by the commercial 

companies. Finally, it helps in resolving the "knowledge gap" in the process of deriving 

information from images and digital maps. 

This "knowledge gap" has arisen because our capacity to build sophisticated data collecting 

instruments (such as remote sensing satellites, digital cameras, and GPS) is not matched by 

our means of producing information from these data sources. To a significant extent, we are 

failing to exploit the potential of the spatial data we collect. For example, there are currently 

very few techniques for image data mining in remote sensing archives, and thus we are failing 

to use the information available in our large earth observation data archives.  

Therefore, the geographical information community would have much to benefit from the 

availability of a general open source GIS. This resource would make a positive impact by 

allowing researchers and solution developer‟s access to a wider range of tools than what is 

currently offered by the commercial companies. 

iii. Open source geospatial tools available today (Osgeo)     

Desktop Applications such as GRASS (Geographic Resources Analysis Support System) and 

OSSIM (Open Source Security Information Management). Geospatial Libraries such as 

GDAL/OGR (Geospatial Data Extraction Laboratory), GeoTools, Metadata Catalog and Geo 

Network. Also web mapping tools such as Map bender, Map Builder, Map Guide, GeoServer, 

MapServer and OpenLayers are available [4]. 
 

DESKTOP AND WEB APPLICATIONS OF OPEN SOURCE GEOSPATIAL TOOLS 

 

A. Natural Resource Data Base (NRDB) 

 

NRDB Pro is a GIS tool for developing and distributing environmental databases. Its aim is to 

provide people in developing countries with a powerful yet simple tool to assist in managing 

their own resources. 

       The natural resources database software was originally developed for the Bohol 

Environment Management office, provincial government of Bohol, Philippines, by Richard D. 

Alexander, with the assistance of voluntary service overseas. This was supported through the 

skills for community-based resource utilization and management (SCRUM) program. 

http://geonetwork-opensource.org/
http://geonetwork-opensource.org/
http://geonetwork-opensource.org/
http://www.osgeo.org/mapbender
http://www.osgeo.org/mapbuilder
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SCRUM was a four-year project partly funded by the European Union (EU) and the British 

Embassy. The goal of the project was to promote effective resource management by 

communities so as to ensure food security and well-being, alleviate poverty and prevent 

further depletion of valuable natural resource in which their livelihoods depend. 

       The NRDB project was extended to the sustainable development foundation, Thailand, 

under a VSO regional programme SPARK (Sharing and Promotion of Awareness and 

Regional Knowledge), a five-year programme, launched in January 2000, to promote 

community-based approaches to natural resource management and sustainable livelihoods in 

the Philippines, Indonesia and Thailand. Further development of NRDB has been supported 

by Conservation International as part of the Palawan corridor strategy development project, 

Philippines. Development of training materials and provision of support for NRDB has been 

undertaken by the PEP network as part of their community based monitoring system [5].  

 

B. Quantum GIS (QGIS)  

 

Quantum GIS is a Geographic Information System that runs on Linux, Unix, Mac OS X, and 

Windows. The QGIS supports vector, raster, and database formats. It can access databases 

like PostGIS, in addition to the dozens of other vector and raster formats. It supports feature 

labeling and has a great user community. Extensibility is provided through a plugin 

environment. [6].  

 

C. Integrated Land and Water Information System (ILWIS) 

 

The ILWIS is desktop GIS & Remote Sensing software, developed in the Netherlands by ITC 

up to its last release (version 3.3) in 2005. ILWIS software is available as open source 

software under the 52° North initiative (GPL license). Its powerful image processing 

functions make it a highly useful tool for natural resources management and for organizations 

that need to process orthophotos or satellite imagery for base mapping. However, ILWIS 

seems less suitable for digitizing and manipulate parcel boundaries. The boundaries must be 

digitized as line segments, after which they can be converted to polygons. To add labels, a 

point layer must be created to which labels for polygons can be attached. The geometry of 

polygons cannot be edited, and ILWIS could therefore not handle parcel subdivisions as 

required in cadastral applications [7]. 

 

D. GeoServer 

 

GeoServer is an open source software server written in Java that allows users to share and edit 

geospatial data. Designed for interoperability, it publishes data from any major spatial data 

source using open standards. Being a community-driven project, GeoServer is developed, 

tested, and supported by a diverse group of individuals and organizations from around the 

world. GeoServer is the reference implementation of the Open Geospatial Consortium (OGC), 

Web Feature Service (WFS) and Web Coverage Service (WCS) standards, as well as a high 

performance certified compliant Web Map Service (WMS). GeoServer forms a core 

component of the Geospatial Web [8]. 
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E. POSTGRESQL 

PostgreSQL is an object-relational database management system (ORDBMS) based on 

POSTGRES, Version 4.2, developed at the University of California at Berkeley Computer 

Science Department. POSTGRES pioneered many concepts that became available only in 

some commercial database systems much later.  

PostgreSQL is an open-source descendant of this original Berkeley code. It supports a large 

part of the SQL standard and offers many modern features: complex queries, foreign keys, 

triggers, views, transactional integrity, multiversion concurrency control. 

Also, PostgreSQL can be extended by the user in many ways, for example, by adding new 

data types, functions, operators, aggregate functions, index methods and procedural 

languages. Because of the liberal license, PostgreSQL can be used, modified, and distributed 

by anyone free of charge for any purpose, be it private, commercial, or academic [9].  

 

F. PostGIS 

 

PostGIS adds support for geographic objects to the PostgreSQL object-relational database. In 

effect, PostGIS "spatially enables" the PostgreSQL server, allowing it to be used as a backend 

spatial database for geographic information systems (GIS), much like ESRI's SDE or Oracle's 

Spatial extension. PostGIS follows the OpenGIS "Simple Features Specification for SQL" and 

has been certified as compliant with the "Types and Functions" profile.  

PostGIS has been developed by Refractions Research as a project in open source spatial 

database technology. PostGIS is released under the GNU General Public License. We 

continue to develop PostGIS, and have added user interface tools, basic topology support, 

data validation, coordinate transformation, programming APIs and much more [10]. 

 

WRITING STYLED LAYER DESCRIPTORS (SLD) IN GEOSERVER 

 

The appearance of a map in terms of „styled layers‟ can be considered as a transparent sheet 

with features symbolized upon it. A map is made up of a number of these styled layers put 

together in a specified order. The styled layers are said to be Z-ordered. Users can define 

more complex or simpler maps by adding or removing styled layers. 

A styled layer itself represents a particular combination of „layer‟ and a „style‟ in which that 

layer can be symbolized. Conceptually, the layer defines a stream of features and the style 

defines how those features are symbolized. This concept is underlined by the fact that there 

may be multiple styles in which a layer can be symbolized. In the WMS specification, the 

request for a map is encoded as an HTTP-GET request and the appearance for a map portrayal 

is specified by the LAYERS and STYLES parameters. 

Consider the following (incomplete) example map request (which is split over multiple lines 

for presentation purposes only): 

VERSION=1.1.0& REQUEST=GetMap& BBOX=0.0,0.0,1.0,1.0& 

LAYERS=Rivers,Roads,Houses& STYLES=CenterLine,CenterLine,Outline 

The appearance of a map in the WMS specification can be defined as a sequence of styled 

layers. Styling can also be described using a user-defined XML encoding of a map‟s 

appearance called a Styled-Layer Descriptor (SLD). The SLD includes a 

StyledLayerDescriptor XML element that contains a sequence of styled-layer definitions. 

These styled-layer definitions may use named or user-defined layers and named or user-

http://db.cs.berkeley.edu/postgres.html
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defined styling. An example of simple SLD that corresponds to the above example 

(GeoServer, 2008) is given below: 

 

 
 

The NamedLayer and NamedStyle elements correspond to the LAYERS and STYLES of the 

CGI parameters and the “painter‟s model” is also used for Z-ordering. An SLD XML 

document can become much more complex with user-defined styling. The WMS-1.2 styled-

layer mechanism is compatible with the SLD-1.0.0 format. 

 

WMS REQUESTS AN SLD 

 

Three approaches are defined to allow a client to take advantage of SLD: 

 The client interacts with the WMS using HTTP GET, but the    request can reference a 

remote SLD. 

 The client uses the HTTP GET method, but includes the SLD XML document inline 

with the GET request in an SLD_BODY CGI parameter (with appropriate character 

encoding). 

 The client interacts with the WMS using HTTP POST with the GetMap request 

encoded in XML and including an embedded SLD. 

The third method is technically superior but there has been a great lack of vendor support for 

the XML-POST GetMap-request method. Use of the second method, which is a compromise 

between the first and third methods, can encounter problems due to excessively long URLs. It 

is important to note that in all cases the WMS has no prior knowledge of the SLD contents. 

There is a wide spectrum of possible clients. Some may allow a user to switch between a 

number of pre-defined maps, each specified by its own pre-defined SLD. Others may allow a 

user to interactively define how they wish a map to appear and construct the necessary SLD 

„on-the-fly‟. All of the approaches described above allow a client application to do this but the 

first one requires that the client be able to place the SLD document in a Web location 

accessible to the WMS. 
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When an SLD is used as a style library, the STYLES CGI parameter is interpreted in the usual 

way in the GetMap request, except that the handling of the style names is organized so that 

the styles defined in the SLD take precedence over the named styles stored within the map 

server. The user-defined SLD styles can be given names and they can be marked as being the 

default style for a layer. To be more specific, if a style named “CenterLine” is referenced for a 

layer and a style with that name is defined for the corresponding layer in the SLD, then the 

SLD style definition is used. Otherwise, the standard named-style mechanism built into the 

map server is used. If the use of a default style is specified and a style is marked as being the 

default for the corresponding layer in the SLD, then the default style from the SLD is used; 

otherwise, the standard default style in the map server is used. 

If a WMS is to symbolize features using a user-defined symbolization, it is necessary to 

identify the source of the feature data. This specification is designed to permit a wide variety 

of implementations of WMS that support user-defined symbolization. For example, a WMS 

might symbolize feature or coverage data stored in a remote Web Feature Server (WFS) or 

Web Coverage Server (WCS), or it might only be able to symbolize data from a specific 

default feature/coverage store.  

 

VISUALIZING MULTICOLOR ELEVATION CONTOUR LINES 

 

The GeoServer‟s built-in SLDs are not able to visualize multicolor labeled elevation contour 

lines in the system. We have prepared a new method to visualize labeled multicolor elevation 

contour lines in XML. All the existing contour lines from spatial data base are imported to 

GEOSERVER and prepared a SLD in XML to visualize the contour lines in multicolor scale 

according to the elevation values of each and every contour lines. The Spatial data table of 

contour lines and a program written in XML to create and visualize a user defined SLD are as 

follows. The Table 1 shows the sample elevation contours used to create multicolored labeled 

contour line SLD.  

Table 1 Attributes of elevation contour lines data 

 

Geo_ID ELEVATION Contour Line Projected 

Layer 

C_001 450 POLY_LINE Binary_Data 

C_002 475 POLY_LINE Binary_Data 

C_003 500 POLY_LINE Binary_Data 

. 

. 

. 

 

. 

. 

. 

. 

. 

. 

. 

. 

. 

C_010 675 POLY_LINE Binary_Data 

C_011 700 POLY_LINE Binary_Data 

 

The following XML code shows how to create and visualize the multicolored contour lines of 

different elevation data values. In these lines of code, the line no=17 extracts the features of 

ELEVATION attributes. The values of a particular elevation contour will be compared in line 

no=18 and applied the respective color to it as mentioned in line no. 23 in hexadecimal color 

value blue (#0000FF). The size of the displaying contour line will be assigned by line no. 24, 
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i.e the width (thickness) of line. Apart from the visualization of only poly lines which will not 

be sufficient output for us, the associated contour lines values must be display with their 

contour lines. Displaying contour values with contour polylines in different angles are 

mentioned in line no. 41, 42, 43 and 44, and the style of font is mentioned in line no. 36, 37, 

38 and 39. 
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All the above discussed code pertains to visualizing a contour poly line having elevation 450 

meters. The same process will apply for all the elevation values of their respective contour 

poly lines with different required colors and label values. The above discussed lines of XML 

code will visualize multicolor elevation contour lines in web application through GeoServer. 

 

USAGE OF OPEN SOURCE GEOSPATIAL TOOLS FOR RURAL DEVELOPMENT 

 

Recent advances in the domain of spatial technology are making considerable impact in 

planning activities. This type of planning is more important in countries like India where rural 

population is more and is having variations in geographic patterns, cultural activities, etc. One 

of the strongest points in favor of open source geo spatial tools is that they are cost effective. 

By using open source geospatial tools, planning work can become simpler and cost effective. 

It is helpful in monitoring the rural development schemes and various spatial queries that can 

be run for analyzing the problem. 

Various maps can be generated using open source geospatial tools, which provide an added 

dimension to data analysis by Geo-visualization.  

 Administrative Map, Village Location Map, State Highways Map, Major District 

Roads.          

 Map of Village Roads, Light Vehicle Roads (Matelled, Un-matelled), Roads Under 

construction, Prime Minister Roads Under Construction. 

 Map showing Child and Maternity Welfare Centres, Ayurvedic, Allopathic, 

Homeopathic Hospitals, Community Health Centres, Public Health Centres, Base 

Hospital, District Hospital, Civil Hospital, Women Hospital etc.  

 Perennial Water bodies Non Perennial Warter bodies of District, Forest Cover of 

District, Agriculture Land map,etc. 

 Service area map, showing accessibility of service facility from villages or to villages. 

 Map showing drought affected area, flood affected area can be prepared. 

For example, if there are less number of schools, hospitals in the village special attention can 

be paid in planning. Also if the government schemes are not running properly, it can be easily 

indicated by maps. One of the advantages of open source software is to allow future 

modification according to user need in the software.  

 

CONCLUSION 

 
The concept of open source software is still a key issue in software research and 

developments. The open source license that permits users to study, change, improve and at 

times also distribute the software. In this chapter we have made an attempt to design and 

develop a framework for web based spatial information extraction system using the recent 

open source software. The software like NRDB Pro 2.7 (released May 2011) used for spatial 

data digitization. The ORDBMS POSTGRESQL 8.4 (released in May 2010) used as 

relational data base management for spatial data. The POST GIS 1.5 (released on June 2011) 

used as supporting tool for POSTGRE SQL and desktop user interface tool for editing GIS 

data. The software Quantum GIS 1.7.3 (released on Dec. 2011) is used for viewing and 

analyzing geospatial data. The web server Geoserver 2.1.1 (released on June 2011) is used to 

as server side application for the proposed system. In this chapter, we have proposed a new 

method for visualizing labeled multicolor contour lines using XML through extending the 
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styled layer descriptors in Geoserver. The key issue of this chapter is to make a new system, 

which can be easily interfaced with user to extract any kind of spatial query from backend 

spatial database using provided front end web application. The logical structure, developed 

model and its implementation with extracted results show its efficacy. 
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