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Background 

CiSTUP, Centre for infrastructure, Sustainable Transportation and Urban Planning was 
established at IISc (http://cistup.iisc.ernet.in) with the financial aid from the Government of Karnataka 
to develop a unique expertise having an interface in the areas of infrastructure, sustainable 
transportation and urban planning. CiSTUP is actively engaged in several activities such as basic and 
applied research and development, academic activities, training programmes, workshops and 
consultancy projects in the areas of infrastructure, sustainable transportation and urban planning. 
Geoinformatics lab has been set up at CiSTUP with the state of the art gadgets in spatial and temporal 
analysis.  

KSCST, the Karnataka State Council for Science and Technology (KSCST)  is actively involved 
in Natural Resources Data  Management System (NRDMS) program (http://kscst.org.in/nrdms.html) - 
a multi-disciplinary and multi-institutional program  aimed at developing methodologies for building 
and promoting the use of spatial data management and analysis technologies in local area planning.  

OSGEO, the Open Source Geospatial Foundation (http://osgeo.org) created to support and builds 
the highest-quality open source geospatial software. The goal is to encourage the use and 
collaborative development of community-led projects. The OSGeo-India is actively involved in the 
capacity building in Open Source Geospatial software encouraging student and researchers by 
conducting lectures and workshops in collaboration with the academic institutions 
(http://wiki.osgeo.org/wiki/India_Chapter_Report_2007).  The India OSGeo Chapter is aiding 
individuals and institutions interested in Open Source Geospatial Solutions and related issues, 
covering all  activities associated with the application, development and promotion of Open Source 
Geospatial solutions in India.  

IIT (Hyderabad), the International Institute of Information Technology, Hyderabad (IIIT-H) is 
an autonomous university founded in 1998. It was set up as a not-for-profit public private partnership 
(NPPP) and is the first IIIT to be set up (under this model) in India. The Government of Andhra 
Pradesh lent support to the institute by grant of land and buildings. IIIT-H was set up as a research 
university focused on the core areas of Information Technology, such as Computer Science, 
Electronics and Communications, and their applications in other domains. 

IIRS, Indian Institute of Remote Sensing (IIRS) under National Remote Sensing Centre, 
Department of Space, Govt. of India is a premier training and educational institute set up for 
developing trained professional in the field of Remote Sensing, Geoinformatics and GPS Technology 
for Natural Resources, Environmental and Disaster Management. The main area of the function of the 
Institute is capacity building through technology transfer among user community, education at post-
graduate level in the application of Remote Sensing and Geoinformatics for Natural Resources 
Management and promote research in Remote Sensing and Geoinformatics.  

SACON, the Sálim Ali Centre for Ornithology and Natural History was formally 
inaugurated on 5th June 1990 and registered as a society under the Society Registration Act 1860. 
SACON, an autonomous organization is a national center for studies in Ornithology and Natural 
History. The center was named befittingly after Dr. Sálim Ali in appreciation of his lifelong services 
to India's bird life and conservation of natural resources.  
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 Resource Persons  
1st - 5th May 2011 (5 days) 

(CiSTUP jointly with KSCST, OSGEO, IIIT (Hyderabad), IIRS and SACON) 
 

 

 
  

 

 

  

SI.No Date  Resource Person Address 

1 1/ 05/2011 T  V  Ramachandra Geoinformatics Lab, CiSTUP, IISc, Bangalore 
2 1/ 05/2011 Bharath H Aithal Energy & Wetlands Research Group, CES, 

IISc, Bangalore 
3 1/ 05/2011 Uttam Kumar Energy & Wetlands Research Group, CES, 

IISc, Bangalore 
4 2/ 05/2011 Bharath Setturu Energy & Wetlands Research Group, CES, 

IISc, Bangalore 
5 2/ 05/2011 Anindita Dasgupta Energy & Wetlands Research Group, CES, 

IISc, Bangalore 
6 2/ 05/2011 S. Narendra Prasad  Senior Principal Scientist, 

Salim Ali Centre for Ornithology & Natural 
History, Hyderabad 

7 2/ 05/2011 Sameer  Saran Geoinformatics Division, Indian Institute of 
Remote Sensing, Department of Space, Govt of 
India,  4 Kalidas Road, Dehradun 

8 3/ 05/2011 Harish Karnatak  Scientist, Geo Informatics Division, National 
Remote Sensing Centre, ISRO, Balanagar, 
Hyderabad 

9 3/ 05/2011 Santosh Salim Ali Centre for Ornithology & Natural 
History, Hyderabad 

10 3/ 05/2011 Achary  Salim Ali Centre for Ornithology & Natural 
History, Hyderabad 

11 4/ 05/2011 Uma Shama GeoGraphics Laboratory, Bridgewater State 
College, USA 

12 4/ 05/2011 P M. Balamanikavelu  Head, Bhuvan Cell, National Remote Sensing 
Centre, Hyderabad 

13 4/ 05/2011 Arulraj M 
 

Lead Developer, Bhuvan, National Remote 
Sensing Centre, Hyderabad 

14 4/ 05/2011 Chiranjit Mukhopadhyay Management Studies, IISc, Bangalore 
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Introduction to GIS & Remote sensing 

Many of our decisions depend on the details of our immediate surroundings, and require 
information about specific places on the Earth’s surface. In this regard, recent developments 
in information technologies have opened a vast potential in communication, analysis of 
spatial and temporal data. Data representing the real world can be stored and processed so 
that they can be presented later in a simplified form to suite specific needs. Such information 
is called geographical because it helps us to distinguish one place from another and to make 
decisions for one place that are appropriate for that location. Geographical information allows 
us to apply general principles to the specific conditions of each location, allows us to track 
what is happening at any place, and helps us to understand how one place differs from 
another. Spatial information is essential for effective planning and decision-making at 
regional, national and global levels. 

The geographical information in the form of maps (based on field surveys), photos taken 
from aircraft (aerial photography), and images collected from the space borne platforms 
(satellite) can be represented in digital form, this opens an enormous range of possibilities for 
communication, analysis, modeling, and accurate decision making, but a degree of 
approximation. 

GIS can be defined as computerized information storage processing and retrieval system that 
has hardware, software specially designed to cope with geographically referenced spatial 
data. Collective name for such system is geographical information systems, (GISs). 
Processing geographical information includes: 

 Techniques to input geographical information, converting the information to digital 
form  

 Technique for sorting such information in a compact format on computer disks, and 
other digital storage media 

 Methods for automated analysis for geographical data, to search for the patterns, 
combine different kinds of data, make measurements find optimum sites or routes, 
and a host of other tasks 

  Methods to predict the outcome of various scenarios, such as the effects of climate 
change on vegetation 

 Techniques for display of data in the form of maps, images and other kinds of display 

 Capabilities for output of results in the form of numbers and tables. 
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Elements of GIS: 

Components of geographical data are Spatial and Attribute Database, Cartographic Display 
System, Map Digitizing System, Database Management System, Geographic Analysis 
System, Statistical analysis system and Decision support system. The linkages among these 
components are illustrated in Figure 1.1.  

 

 

 

 

 

 

 

 

 

i) Spatial and Attribute Database: Central to the system is the database – a collection of 
maps and associated information in digital form. Since the database is concerned with 
earth surface features, it is seen to comprise of two elements – a spatial database 
describing the geology (shape and position) of the earth surface features, and an attribute 
database describing the characteristics or quantities of these features. Thus, for example, 
we might have a property parcel defined in the spatial database and qualities such as its 
land use, owner, property valuation, etc. in the attribute database. 

ii) Cartographic Display System: Surrounding the central database, we have a series of 
software components. The most basic of these is the cartographic display system. The 
cartographic display system allows one to take selected elements of the database and 
produce map output on the screen or some hardcopy device such as printer or plotter.  

Figure 1.1: Components of GIS. 
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iii) Map Digitizing System: After cartographic display, the next most essential element is a 
Map Digitization System. With a map digitizing system, one can take existing paper maps 
and convert them into digital form, thus further developing the database. In the most 
common method of digitizing, one attaches the paper map to a digitizing tablet or board 
and then traces the features of interest with a stylus according to the procedures required 
for digitizing. Many maps digitizing system also allows for some editing of the digitized 
data. Scanners can also be used to digitize data such as aerial photographs. The results is a 
graphic image, rather than the outlines of features that are created with a variety of 
standard graphics file formats for export. These files are then imported into the GIS. 
Computer assisted design (CAD) and Coordinate Geometry (COGO) are two examples of 
software systems that provide the ability to add digitized map information to the database, 
in addition to providing cartographic display capabilities.     

iv) Database Management System: The next logical component in a GIS is Database 
Management System (DBMS), which is used to input, manage and analyze attribute 
information along with then spatial data. GIS thus typically incorporates a variety of 
utilities to manage the spatial and attribute components of the geographic data. DBMS 
aids to enter attribute data, such as tabular information and statistics, and subsequently 
extract specialized tabulations and statistical summaries to provide new tabular reports. 
The DBMS provides the ability to analyze attribute data. Many map analysis have no true 
spatial component, and for these a DBMS will often function quite well. For example, we 
might inquire of the system to find all property parcels where the head of the household is 
single but with one or more child dependents, and to produce a spatial map. Software that 
provides cartographic display, map digitizing, and database query capabilities are often 
referred to as Automated Mapping and Facilities Management (AM/FM) system. 

v) Geographic Analysis System: Up to this point, we have described a very powerful set of 
capabilities that the GIS offer, the ability to digitize spatial data and attach attribute to the 
features stored; to analyze these data based on those attribute; and to map to the result. 
But on inclusion geographic analysis system, we extend the capabilities of the traditional 
database query to include the ability to analyze data based on their location. Perhaps the 
simplest example of this is to consider what happens when we are concerned with the 
joint occurrence of features with different geographies. For example, suppose we want to 
find all areas of residential land on bedrock types associated with high levels of radon 
gas. A traditional DBMS cannot solve this problem because bedrock types and landuse 
divisions simply do not share the same geography. Traditional database query is fine as 
long as we are taking about attributes belonging to the same features. But when the 
features are different, it cannot cope. For this we need a GIS. In fact, it is this ability to 
compare different feature based on their common geographic occurrence that is the 
hallmark of GIS. This analysis is accomplished by the process of overlay, thus named 
because it is identical in character to overlaying transparent maps of the two entity groups 
on top of one another. Like the DBMS, the Geographic Analysis System as highlighted in 
Figure 1.1 has a two-way interaction with the database; the process is distinctly analytical 
in character. Thus while it may access data from the database, it may equally contribute 
the results of that analysis as a new addition to the database. For example we might look 
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for joint occurrence of lands on steep slopes with erodable soil under agriculture and call 
the results based on existing data and set of specific relations. Thus the analytic 
capabilities of the Geographic Analysis System and the DBMS play a vital role in 
extending the database through the addition of knowledge of relationships between 
features. 

vi) Image Processing System: In addition to these essential GIS elements, remotely sensed 
image and specialized statistical analysis are also important. This we will discuss in the 
subsequent sections. 

vii) Statistical analysis system: GIS incorporates a series of specialized routines for analyzing 
the statistical description of spatial data and for inferences drawn from statistical 
procedures. 

viii) Decision support system (DSS): Decision support constitutes a vital function of a GIS. It 
helps in the construction of multi-criteria suitability maps, and address allocation 
decisions when there is multiple objectives involved while accounting for error in the 
process. Used in conjunction with the other components of the system, DSS provides a 
powerful tool in decision-making for resource allocation.     

Map	Data	Representation	

A Geographic Information System stores two types of data that are found on a map—the 
geographic definitions of earth surface features and the attributes or qualities that those 
features possess. Most systems use nearly one or a combination of both the fundamental map 
representation techniques: vector and raster. 

Vector:  

This refers to the spatial data represented in the form of point, line or polygon depending on 
the feature of interest (and scale). With vector representation, the boundaries or the course of 
the features are defined by a series of points that, when joined with straight lines, form the 
graphic representation of that feature. The points themselves are encoded with a pair of 
numbers giving the X and Y coordinates in systems such as latitude/ longitude, etc. The 
attributes of features are then stored in the database management system (DBMS). For 
example, a vector map of property parcels might be tied to an attribute database of 
information containing the address, owner’s name, property valuation and land use. The link 
between these two data files can be a simple identifier number that is given to each feature in 
the map (Figure: 1.2). 
 

Raster: In this case, the graphic representation of features and the attributes they possess 
are merged into unified data files. In fact, we typically do not define features at all. Rather, 
the study area is subdivided into a fine mesh of grid cells in which we record the condition or 
attribute of the earth’s surface at that point (Figure 1.2). Each cell has a numeric value (often 
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referred as digital number or spectral signature), representing a feature identifier, a qualitative 
attribute code or a quantitative attribute value. For example, a cell could have the value “6” to 
indicate that it belongs to District 6 (a feature identifier), or that it is covered by soil type 6 (a 
qualitative attribute), or that it is 6 meters above sea level (a quantitative value). Although the 
data we store in these grid cells do not necessarily refer to phenomena that can be seen in the 
environment, the data grids themselves can be thought of as images or layers, each depicting 
one type of information over the mapped region. This information can be made visible 
through the use of a raster display. In a raster display, such as the screen on your computer, 
there is also a grid of small cells called pixels (or picture elements). The word pixel is a 
contraction of the term picture element. Pixels vary in their color, shape or gray tone 
depending on features in the object. To make an image, the cell values in the data grid are 
used to regulate directly the graphic appearance of their corresponding pixels. Thus in a raster 
system, the data directly controls the visible form we see. Raster versus Vector: Raster 
systems are typically data intensive since they must record data at every cell location 
regardless of whether that cell holds information that is of interest or not. However, the 
advantage is that geographical space is uniformly defined in a simple and predictable fashion. 
As a result, raster systems have substantially more analytical power than their vector 

counterparts in the analysis of continuous space and are thus ideally suited to the study of 
data that are continuously changing over space such as terrain, vegetation biomass, rainfall 
and the like. The second advantage of raster is that its structure closely matches the 
architecture of digital computers.  

                 Vector                                                                       Raster 

Figure1.2
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As a result, raster systems tend to be very rapid in the evaluation of problems that involve 
various mathematical combinations of the data in multiple layers. Hence they are excellent 
for evaluating environmental models such as soil erosion potential and forest management 
suitability. In addition, since satellite imagery employs a raster structure, most raster systems 
can easily incorporate these data, and some provide full image processing capabilities. 

While raster systems are predominantly analysis oriented, vector systems tend to be more 
database management oriented. Vector systems are quite efficient in their storage of map data 
because they only store the boundaries of features and not that which is inside those 
boundaries. Because the graphic representation of features is directly linked to the attribute 
database, vector systems usually allow one to roam around the graphic display with a mouse 
and query the attributes associated with a displayed feature, such as the distance between 
points or along lines, the areas of regions defined on the screen, and so on. In addition, they 
can produce simple thematic maps of database queries. 

Compared to their raster counterparts, vector systems do not have as extensive a range of 
capabilities for analyses over continuous space. They do, however, excel at problems 
concerning movements over a network and can undertake the most fundamental of GIS 
operations that will be sketched out below. For many, it is simple database management 
functions and excellent mapping capabilities that make vector systems attractive. Because of 
the close affinity between the logic of vector representation and traditional map production, a 
pen plotter can be driven to produce a map that is in distinguishable from that produce by 
traditional means. As a result, vector systems are very popular in municipal applications 
where issues of engineering map production and database management predominate. 

Geographic database concepts:  

Regardless of the logic used for spatial representation, raster and vector, we begin to see that 
a geographic database as a Complete database for a given region and is organized in a fashion 
similar to a collection of maps. Vector systems come closest to this logic with what are 
known as coverages. Map like collection that contain the geographic definition of a set of 
features and their associated attributes tables. However, they differ from maps in two ways. 
First, each will typically contain information on only a single feature types, such property 
parcels, soil polygons, and the like. Second, they may contain a whole series of attributes that 
pertain to those features, such as a set of census information for city blocks.  

Raster system also uses this map like logic, but usually divides data sets into unitary layers. A 
layer contains all the data for a single attribute. Thus one might have a soil layer, a road layer 
and a land-use layer.  

There are subtle differences, for all intents and purposes, raster layer and vector coverage can 
be thought of as simply different manifestations of the same concepts as the organization of 
the database into elementary map-like themes. Layers and coverage differ from traditional 
paper maps, however, in an important way. When a map is digitized, scale differences are 
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removed. The digital data may be displayed or printed at any scale. More importantly, digital 
data layers that were derived from maps of different scale, but covering the same geographic 
area, may be combined. 

GIS provide utilities for changing the projection and reference system of digital layers. This 
allows multiple layers, digitized from maps having various projections and reference system, 
to be converted to a common system. 

With the ability to manage differences of scale, projection and reference system, layers can 
be merged with ease, elimination a problem that has traditionally hampered planning 
activities with maps. It is important to note, however, that the issue of resolution of the 
information in the data layers remains. Although features digitized from a poster sized world 
map could be combined in a GIS with features digitized from very large-scale local map, 
such as a city street map, this would normally not be done. The level of accuracy and detail of 
the digital data can be as good as that of the original maps.     

Georeferencing: 

 All spatial data files in GIS are georeferenced. Georeferencing refers to the location of a 
layer or coverage in the space as a definition by a known coordinate referring system. With 
raster images, a common form of georeferencing is to indicate the reference system, the 
reference units and the coordinate positions of the left, right, top, and bottom edges of the 
image. The same is true of the vector data files, although the left, right, top and bottom edges 
now refer to what is commonly called the bounding rectangle of the coverage; rectangle 
which defines the limit of the mapped area (corners of a feature). This information is 
particularly important in an integrated GIS since it allows raster and vector files to be related 
to one another in a reliable and meaningful way. It is also vital for the referencing of the data 
values to actual positions on the ground.         

GIS Applicability: 

The society is so complex, and their activities so interwoven, that no problem can be 
considered in isolation or without regard for the full range of its interconnections. For 
example, a new housing development will affect the local school system. The volume of city 
traffic put constraints on the maintenance of buried pipe networks, affecting health. The 
action needed to solve such a problems are best taken on the basis of standardized 
information that can be combined in many ways to serve many users. GISs have this 
capability. 

Environmental and resource management: Decision making is becoming increasing complex 
as dwindling natural resources and more demanding economic priorities diminish the chances 
of today’s decision being right tomorrow. Furthermore, environmental awareness is 
constantly increasing among the general public, particularly among the younger generation. 
To help us map and monitor changes, and plan appropriate responses that take account of the 



10 
 

complex interactions of the Earth system, many countries now have comprehensive programs 
to capture and archive information on the existing natural resources and known sources of 
pollution, using technologies such as satellite remote sensing and GIS.  The data may be used 
both to expose conflicts and to examine environmental impacts and even simulate the causes 
and the alternative will become possible. 

Planning and development 
The planning and development of new housing, roads, and industrial facilities require data on 
the terrain and other geographical information. Development often involves building on 
marginal terrain, increasing the density of the building in the areas already built up, or both. 
Yet the new structures must fit within the existing technical infrastructure; here 
computerization is a great aid. One of the benefits GIS holds for such projects is a 
mineralization of disruption to the existing infrastructure.  
Escalating construction costs have made the optimizing of building and road location 
extremely important. Minimizing blasting and earthmoving are significant aspect of 
minimizing costs. Flexibility is vital: plans should be amenable to rapid changes as decisions 
are made. The influence of special interest groups and individual citizens require that initial 
plans be presented effectively and in a manner that is easily understood. Simplified, 
visualized plans are instrumental in conveying both the content of the scheme and the nature 
of any likely impact on those concerned. 

Management and public services: 

In modern societies, decisions should be made quickly, using reliable data, even though there 
may be many differing viewpoints to consider and large amount of information to process. 
Today, the impact of development decisions is ever greater, involving conflicts between 
society and individuals, or between development and preservation. Information must 
therefore be readily available to decision makers; the majority of such information is likely to 
be geographical in nature, and best handled using GIS.  

Overviews of administrative units and properties are crucial in the development of both 
virgin terrain and built-up area, in both developed and developing nations. In many countries, 
property registration is extensive: even in smaller states, 2 to 3 million properties maybe 
involved. Moreover, property is also an economic factor in taxation and security for loans; so 
comprehensive overviews are essential to a well-ordered society. Computerized registers 
based on GIS technology are now well established in many countries.  

Land transportation:  
In many countries, the greater part of transportation has shifted from rail to road, at the same 
time, the use of private vehicle has greatly increased. These developments have created 
traffic problems, which cause loss of time and money. Large goods are now transported by 
road. In most countries the annual costs of traffic accidents have become extremely high. 
The automobile industry is now investing heavily in the development of driver information 
system, and several systems are now in the market. In principle, all of them involve simple 
GIS function with digital maps and supplementary information. 
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provide new and critical ways of understanding our earth and its biogeochemical cycle. 
GIS software used for this kind of studies fulfill several GIS functionality including: 

i.) Ensure world wide development, advancement and application of solutions. 
ii.) Allow studying of data, methods and algorithm implementation. 
iii.) Furthermore, developed models and algorithms need not be reimplemented by 
others in order to continue research or validate previous results.

Apart from these, researchers should have access to libraries of the original models for 
analysis, validation, development and implementation (Steiniger and Hay, 2009; Jolma et 
al., 2008b) for further improvement and customisation depending on the local 
requirement. 

Over the last years the paradigm of Free and Open Source Software (FOSS) development
has taken root in the GIS community, resulting in the creation of several sophisticated 
GIS software projects whose aim is to develop free software for numerous purposes. GIS 
software fulfilling the specific requirements have been distributed with licenses that grant 
more freedoms of use and that support openness, such as licenses used by FOSS GIS 
projects (for example: http://grass.itc.it/; http://wgbis.ces.iisc.ernet.in/grass). 

FOSS have proved to be promising tools that allow us to see and change the software 
codeswritten in any programming language. FOSS is generally synonymous with free 
softwareand open source software, and describes similar development models, but with 
differing cultures and philosophies. Because of the way it is licensed, it has the potential 
to be legally given away for free or for very little cost and copied and shared with others. 

FOSS, F/OSS or FLOSS (for Free/Libre/Open Source Software) is liberally licensed to 
grant the right of users to study, change, and improve its design through the availability 
of its source code. It has more scope for being available in multiple languages and for 
being adapted or tweaked to particular needs. This can be very useful for students, 
researchers, teachers, scientists wanting to use legal software that is appropriate to their 
needs and fits within their modest budgets. This approach has gained both momentum 
and acceptance as the potential benefits have been increasingly recognised by many 
(Steiniger and Hay, 2009).This is proving to be the boon to researchers from 
economically disadvantaged countries.

The open source definition is used by the Open Source Initiative to determine whether or
not a software license can be considered open source. Under the open source definition, 
licenses must meet the following ten conditions in order to be considered open source 
licenses: 

• 

• 

Free redistribution: the software can be freely given away or sold. (This was 
intended to expand sharing and use of the software on a legal basis.) 
Source code: the source code must either be included or freely obtainable. 
(Without source code, making changes or modifications can be impossible.) 
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• 

• 

• 
• 

• 

• 

• 

• 

Derived works: redistribution of modifications must be allowed. (To allow legal
sharing and to permit new features or repairs.) 
Integrity of the author's source code: licenses may require that modifications are 
redistributed only as patches. 
No discrimination against persons or groups: no one can be locked out. 
No discrimination against fields of endeavor: commercial users cannot be 
excluded. 
Distribution of license: the rights attached to the program must apply to all to 
whom the program is redistributed without the need for execution of an additional 
license by those parties. 
License must not be specific to a product: the program cannot be licensed only as 
part of a larger distribution. 
License must not restrict other software: the license cannot insist that any other 
software it is distributed with must also be open source. 
License must be technology neutral: no click-wrap licenses or other medium- 
specific ways of accepting the license must be required.

There is a distinction between open source software and free software. Open source
software are those, for which the human-readable source code is made available under a 
copyright license (or arrangement such as the public domain) that meets the Open Source 
Definition. This permits users to use, change and improve the software, and to 
redistribute it in modified or unmodified form. It is often developed in a collaborative 
manner in a public domain. Public domain comprises the body of knowledge and 
innovation (especially creative works such as writing and inventions) in relation to which 
no person or other legal entity can establish or maintain proprietary interests within a 
particular legal jurisdiction. This body of information and creativity is considered to be 
part of a common cultural and intellectual heritage, which, in general, anyone may use or 
exploit, whether for commercial or non-commercial purposes. Public domain software is 
not protected by copyright and may be copied and used without payment 
(http://www.fsf.org/; wikipedia).

On the other hand, free software is software that can be used, studied, and modified
without restriction, and which can be copied and redistributed in modified or unmodified 
form either without restriction, or with restrictions only to ensure that further recipients 
can also do these things. To make these acts possible, the human readable form of the 
program (called the source code) must be made available. The source code can be placed 
in the public domain, accompanied by a software license saying that the copyright holder 
permits these acts (a free software licence), etc. (http://www.fsf.org/).

The first formal definition of free software states that software is free software if people
who receive a copy of the software have the following four freedoms:

1.) Freedom 0: The freedom to run the program for any purpose.
2.) Freedom 1: The freedom to study and modify the program. 
3.) Freedom 2: The freedom to copy the program so you can help your neighbor.
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4.) Freedom 3: The freedom to improve the program, and release your improvements
to the public, so that the whole community benefits.

Freedoms 1 and 3 require source code to be available because studying and modifying
software without its source code is highly impractical (http://www.fsf.org/). 

Proprietary software has restrictions on copying and modifying as enforced by the 
proprietor. Restrictions on modification and copying are sought by either legal or 
technical means or sometimes both. Technical means include releasing machine-readable 
binaries to users and withholding the human-readable source code. Legal means can 
involve software licensing, copyright, and patent law.

Copyleft is a form of licensing and may be used to modify copyrights for works such as
computer software, documents, etc. In general, copyright law allows an author to prohibit 
others from reproducing, adapting, or distributing copies of the author's work. In contrast, 
an author may, through a copyleft licensing scheme, give every person who receives a 
copy of a work permission to reproduce, adapt or distribute the work as long as any 
resulting copies or adaptations are also bound by the same copyleft licensing scheme. A 
widely used and originating copyleft license is the GNU General Public License. 

The GNU General Public License (GNU GPL or simply GPL) is a widely used free software 
license, originally written by Richard Stallman for the GNU project. It is the 
license used by the Linux kernel. The GPL is the most popular and well-known example 
of the type of strong copyleft license that requires derived works to be available under the 
samecopyleft. Under this philosophy, the GPL is said to grant the recipients of a 
computer program the rights of the free software definition and uses copyleft to ensure 
the freedoms are preserved, even when the work is changed or added to. This is in 
distinction to permissive free software licences, of which the BSD (Berkeley Software 
Distribution) licenses are the standard examples. The GNU Lesser General Public 
License (LGPL) is a modified, more permissive, version of the GPL, intended for some 
software libraries. 

FOSS has become an essential component in geoinformatics research. Many free and open 
source software are available that facilitate customisation, provide good support via forums and 
email lists and have up-to-date documentation. Among the many GIS tools that are frequently 
used are Desktop GIS, Mobile GIS, Remote Sensing and Image Processing software, GIS 
extensions and libraries, Spatial Database Management Systems, Map Server and Geostatistical 
tools (Steiniger and Hay, 2009).

Next, we present a non-comprehensive list of the FOSS commonly used in GIS 
applications along with their web address for further references.
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 Ubuntu includes the very best in translations and accessibility infrastructure that the 
Free Software community has to offer, to make Ubuntu usable by as many people as 
possible. 

 Ubuntu is shipped in stable and regular release cycles; a new release will be shipped 
every six months. You can use the current stable release or the current development 
release. A release will be supported for 18 months. 

 Ubuntu is entirely committed to the principles of open source software development; 
we encourage people to use open source software, improve it and pass it on. 

 Ubuntu is suitable for both desktop and server use. The current Ubuntu release 
supports Intel x86 (IBM-compatible PC), AMD64 (Hammer) and PowerPC (Apple 
iBook and Powerbook, G4 and G5) architectures. 

Sponsorship by Canonical 

The Ubuntu Project is sponsored by Canonical Ltd. Canonical will not charge license fees for 
Ubuntu, now or at any stage in the future. Canonical's business model is to provide technical 
support and professional services related to Ubuntu. We encourage more companies also to 
offer support for Ubuntu, and will list those that do on the Support pages of this web site. 

Debian: 

Debian is an all-volunteer organization dedicated to developing free software and promoting 
the ideals of the Free Software community.  

Ubuntu and Debian 

Ubuntu and Debian are distinct but parallel and closely linked systems. The Ubuntu project 
seeks to complement the Debian project in the following areas: 

Package selection 
Ubuntu does not provide security updates and professional support for every package 
available in the open source world, but selects a complete set of packages making up a 
solid and comprehensive desktop system and provides support for that set of 
packages. For users that want access to every known package, Ubuntu provides a 
"universe" component (set of packages) where users of Ubuntu systems install the 
latest version of any package that is not in the supported set. Most of the packages in 
Ubuntu universe are also in Debian, although there are other sources for universe too. 
See the Ubuntu Components page for more detail on the structure of the Ubuntu web 
distribution. 
 
Development community 
Many Ubuntu developers are also recognized members of the Debian community. 
They continue to stay active in contributing to Debian both in the course of their work 
on Ubuntu and directly in Debian. 
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Getting Ubuntu 

Ubuntu can be easily downloaded based on the architecture of the system in use. Ubuntu 
parent website http://www.ubuntu.com/  support various mirrors located in various countries 
to download various version of Ubuntu CD/DVD. Burn the ISO image into the media. 

If your machine doesn't support CD booting, but you do have a CD, you can use an 
alternative strategy such as hard disk,usb stick, net boot, or manually loading the kernel from 
the CD to initially boot the system installer. The files you need for booting by another means 
are also on the CD; the Ubuntu network archive and CD folder organization are identical. So 
when archive file paths are given below for particular files you need for booting, look for 
those files in the same directories and subdirectories on your CD. 

Once the installer is booted, it will be able to obtain all the other files it needs from the CD.If 
you don't have a CD, then you will need to download the installer system files and place them 
on the hard disk or usb stick or a connected computer so they can be used to boot the 
installer. 

System Requirements 

Ubuntu does not impose hardware requirements beyond the requirements of the Linux kernel 
and the GNU tool-sets. Therefore, any architecture or platform to which the Linux kernel, 
libc, gcc, etc. have been ported, and for which an Ubuntu port exists, can run Ubuntu. 

 

Supported Architectures 

Ubuntu 10.04 onwards supports three major architectures and several variations of each 
architecture known as “flavors”. Three other architectures (HP PA-RISC, Intel ia64, and 
IBM/Motorola PowerPC) have unofficial ports. 

Architecture Ubuntu 
Designation 

Sub-
architecture 

Flavor 

Intel x86-based i386     
AMD64 & Intel 
EM64T 

amd64     

HP PA-RISC hppa PA-RISC 1.1 32 
PA-RISC 2.0 64 

Intel IA-64 ia64     
IBM/Motorola 
PowerPC 

powerpc PowerMac pmac 
Sun SPARC sparc sun4u sparc64 

sun4v     
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Type these commands on the GRASS terminal in order to get various spatial metrics such as MPS 

(Mean Patch Size), Patch density, Edge density, etc. 

1. d.mon start=x0 (to start a monitor) 
 

2. r.le.trace: Computes the number of patches along with their area and perimeter. 
 

 
3. r.le.trace -pt map=urban_only out=urban_only_patch  

 
4. r.li.mps: Calculates mean patch size index on a raster map, using a 4 neighbour 

algorithm 
r.li.mps map=urban_only conf=my_conf output=urban_only_mps   

A map of NULL values is considered to have zero patches. If you want to have null values 
instead run  

r.null setnull=0 map=urban_only_mps  

5. r.li.patchdensity: Calculates patch density index on a raster map, using a 4 neighbour 
algorithm 
r.li.patchdensity map=urban_only conf=my_conf output=urban_only_patchden  

A map of NULL values is considered to have zero patches.  
If you want to have null values instead run  

r.null setnull=0 map=urban_only_patchden  

r.null setnull=‐1 map=urban_only_patchden (To remove negative values from the image). 

 

6. r.li.padcv: Calculates coefficient of variation of patch area on a raster map r.li.padcv 
map=urban_only conf=Ani_conf output=urban_only_padcv              r.null setnull=-1 
map=urban_only_padcv  

 

7. r.li.edgedensity: Calculates edge density index on a raster map, using a 4 neighbour 
algorithm                       r.li.edgedensity 
map=urban_only conf=my_conf output=urban_only_edgedens r.null setnull=-1 
map=urban_only_edgedens  
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Spatio‐temporal	landscape	modelling	for	natural	hazard	
vulnerability	analysis	in	select	watersheds	of	Central	Western	
Ghats	

T. V. Ramachandra, Senior Member, IEEE, AninditaDasgupta,Uttam Kumar, Student Member, IEEE,  
Bharath H Aithal, Student Member, IEEE,  P. G. Diwakar and N. V. Joshi 

Abstract—Natural hazards such as landslides are triggered by numerous factors such as ground movements, rock 
falls, slope failure, debris flows, slope instability, etc. Changes in slope stability happen due to human intervention, 
anthropogenic activities, change in soil structure, loss or absence of vegetation (changes in land cover), etc. Loss of 
vegetation happens when the forest is fragmented due to anthropogenic activities. Hence land cover mapping with 
forest fragmentation can provide vital information for visualising the regions that require immediate attention from 
slope stability aspects. The main objective of this paper is to understand the rate of change in forest landscape from 1973 to 
2004 through multi-sensor remote sensing data analysis. The forest fragmentation index presented here is based on temporal 
land use information and forest fragmentation model, in which the forest pixels are classified as patch, transitional, edge, 
perforated, and interior, that give a measure of forest continuity. The analysis carried out for five prominent watersheds of 
Uttara Kannada district– Aganashini, Bedthi, Kali, Sharavathi and Venkatpura revealed that interior forest is continuously 
decreasing while patch, transitional, edge and perforated forest show increasing trend. The effect of forest fragmentation on 
landslide occurrence was visualised by overlaying the landslide occurrence points on classified image and forest 
fragmentation map. The increasing patch and transitional forest on hill slopes are the areas prone to landslides, evident from 
the field verification, indicating that deforestation is a major triggering factor for landslides. This emphasises the need for 
immediate conservation measures for sustainable management of the landscape. Quantifying and describing land use - land 
cover change and fragmentation is crucial for assessing the effect of land management policies and environmental protection 
decisions. 
Index Terms—Forest fragmentation, landslide, SVM, MLC 

INTRODUCTION 

Natural hazards such as landslides involving small to large ground movements are mainly triggered 
due to unstable slopes with scanty green cover. Unstable sloped are induced due to the removal of 
vegetation cover, rock falls, deep failure of slopes, shallow debris flows, ground water pressure, 
erosion, soil nutrients, soil structure, etc. The actual landslide often requires a trigger before being 
released and in most cases, a change in land cover (LC) due to the loss of vegetation is a primary 
factor that builds up specific sub-surface conditions for landslide to occur. The loss in forest cover due 
to LC change has increased rapidly in recent times due to increasing mankind needs. Forest cover is 
reduced to almost half of the ecologically desired amount [1] and about 72 percent of India’s forests 
have lost their viability for regeneration, with forest grazing being one of the most important causes 
[2]. Forest fragmentation apart from affecting the biodiversity and ecology of the region has a 
significant influence in the movement of soil (silt) and debris in undulating terrains with high intensity 
rainfall. Forest fragmentation analysis spatially aids in visualising the regions that require immediate 
attention to minimise natural calamities such as landslides. Spatial fragmentation map depicts the type 
and extent of fragmentation derived from land use (LU) data which are obtained from multi-source, 
multi-sensor, multi-temporal, multi-frequency or multi-polarization remote sensing (RS) data. The 
objectives of this paper are 

i.) Classification of multi-temporal RS data using Maximum Likelihood classifier to obtain LU map. 
ii.) Multi-temporal forest fragmentation analysis for five watersheds in Uttara Kannada to characterise 

the type and extent of fragmentation or loss of vegetation cover. 
iii.) Visualising the consequences of fragmentation for landslide susceptibility.   

Methods 

 Maximum Likelihood classifier (MLC) – Supervised classification of the image was 
performed using MLC. MLC has become popular and widespread in RS because of its robustness [3–
6]. It quantitatively evaluates both the variance and covariance of the category spectral response 



 
 

pattern [7] assuming the distribution of data points to be Gaussian [8] which is described by the mean 
vector and the covariance matrix. The statistical probability of a given pixel value being a member of 
a particular class is computed and the pixel is assigned to the most likely class (highest probability 
value). If the training data pertaining to different classes contain n samples and the samples in each 
class are i.i.d. (independent and identically distributed) random variables and further if we assume that 
the spectral classes for an image is represented by ωn, n=1,…, N, where N is the total number of 
classes, then probability density p(ωn|x) gives the likelihood that the pixel x belongs to class ωn where 
x is a column vector of the observed digital number of the pixels. It describes the pixel as a point in 
multispectral space (M-dimensional space, where M is the number of spectral bands). The maximum 
likelihood (ML) parameters are estimated from representative i.i.d. samples. Classification is 
performed according to 

n n jx ω  if p( | x) p( | x)  j n           (1) 

 
i.e., the pixel x belongs to class ωnif p(ωn|x) is largest. The ML decision rule is based on a normalised estimate 
of the probability density function (p.d.f.) of each class. The discriminant function, gln(x) for ωn in MLC is 
expressed as 
 

ln n ng ( ) = p(x|ω )p(ω )x           
   (2)  
where p(ωn) is the prior probability of ωn, p(x|ωn) is the p.d.f. for pixel vector x conditioned on ωn[6]. Pixel 
vector x is assigned to the class for which gln(x) is greatest. In an operational context, the logarithm form of (2) 
is used, and after the constants are eliminated, the discriminant function for ωn is stated as  
 

1
lnG ( ) ( ) ( ) ln | | 2 ln ( )     T

n n n n nP  x x x   (3) 
 

wheren  is the variance-covariance matrix of ωn, μn is the mean vector of ωn. A pixel is assigned to 

the class with the lowest lnG ( )x  [6, 9-10].For each LU class (agricultural land, human settlement / 

residential / commercial areas, roads, forest, plantation, waste land / open land and water bodies) 
training samples were collected representing approximately 10% of the study area. With these 10% 
known pixel labels from training data, the aim was to assign labels to all the remaining pixels in the 
image. 

 

 Forest fragmentation: Forest fragmentation is the process whereby a large, continuous area of 
forest is both reduced in area and divided into two or more fragments. The decline in the size of the 
forest and the increasing isolation between the two remnant patches of the forest has been the major 
cause of declining biodiversity [11-15]. The primary concern is direct loss of forest area, and all 
disturbed forests are subject to “edge effects” of one kind or another. Forest fragmentation is of 
additional concern, insofar as the edge effect is mitigated by the residual spatial pattern [16-19]. 

LU map indicate only the location and type of forest, and further analysis is needed to quantify the 
forest fragmentation. Total extent of forest and its occurrence as adjacent pixels, fixed-area windows 
surrounding each forest pixel is used for calculating type of fragmentation. The result is stored at the 
location of the centre pixel. Thus, a pixel value in the derived map refers to between-pixel 
fragmentation around the corresponding forest location. As an example [20], if Pf is the proportion of 
pixels in the window that are forested and Pff is the proportion of all adjacent (cardinal directions 
only) pixel pairs that include at least one forest pixel, for which both pixels are forested. Pff estimates 
the conditional probability that, given a pixel of forest, its neighbour is also forest. The six 
fragmentation model that identifies six fragmentation categories are: (1) interior, for which Pf = 1.0; 
(2), patch, Pf < 0.4; (3) transtitional, 0.4 < Pf < 0.6; (4) edge, Pf > 0.6 and Pf-Pff> 0; (5) perforated, Pf 
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TABLE  III: ACCURACY ASSESSMENT OF THE CLASSIFIED IMAGES 
 

YEAR CATEGORY USER’S 
ACCURACY 

PRODUCER’S 
ACCURACY 

OVERALL 
ACCURACY 

KAPPA 

 
 
 

1973 

AGRICULTURE 74.12 77.97  
 
 

76.89 

 
 
 

71.92 
BUILTUP 68.45 65.42 

FOREST 87.23 85.22 

PLANTATION 81.27 77.23 

WASTELAND 85.62 81.21 

WATER BODIEE 78.50 74.29 

 

 
 
 
 

1989 

AGRICULTURE 70.43 80.39  
 
 

75.78 

 
 
 

69.82 
BUILTUP 78.78 81.11 

FOREST 73.96 73.39 

PLANTATION 79.62 77.19 

WASTELAND 80.21 77.78 

WATER BODIEE 31.02 64.82 

 

 
 
 

2000 

AGRICULTURE 81.16 80.47  
 
 

83.21 

 
 
 

79.21 
 

BUILTUP 84.29 87.50 

FOREST 87.15 82.54 

PLANTATION 86.51 87.23 

WASTELAND 85.22 81.79 

WATER BODIEE 86.40 97.56 

 

 
 
 

2004 

AGRICULTURE 85.21 84.54  
 
 

87.83 

 

 
 
 

83.11 
BUILTUP 86.47 83.11

FOREST 94.73 96.20

PLANTATION 92.27 91.73

WASTELAND 88.49 87.88

WATER BODIEE 83.13 81.33

 
It is to be noted that Supa dam was constructed in late 1970s. Hence this water body is absent in the 1973 
Landsat multi-spectral classified image and prominent in the classified images of 1989, 2000 and 2004 (Fig. 4). 
Also, there was no waste land in 1973 as per the statistics in Table II. All the rivers are perennial since the 
catchment areas are mainly composed of interior forest. However, eventually there are drastic land cover 
changes consequent to unplanned developmental activities.  In addition, the dams of major rivers in the district 
have inundated large vegetation areas. These areas have silt deposit at the river beds and have been classified as 
sand / waste land. 
 
Forest and plantation were considered as a single class - forest and all other classes were considered as non-
forest as the extent of LC is a decisive factor in landslides. While the forest fragmentation map produced 



 
 

valuable information, it also helped to visualise the state of forest for tracking the trends and to identify the areas 
where forest restoration might prove appropriate to reduce the impact of forest fragmentation. Forest 
fragmentation also depends on the scale of analysis (window size) and various consequences of increasing the 
window size are reported in [25]. The measurements are also sensitive to pixel size.Nepstad et al., (1999a, 
1999b)[26 and 27]reported higher fragmentation when using finer grain maps over a fixed extent (window size) 
of tropical rain forest. Finer grain maps identify more non-forest area where forest cover is dominant but not 
exclusive.  
 
The criterion for interior forest is more difficult to satisfy over larger areas. Although knowledge of the feasible 
parameter space is not critical, there are geometric constraints [28]. For example, it is not possible to obtain a 
low value of Pff when Pf is large. Percolation theory applies strictly to maps resulting from random processes; 
hence, the critical values of Pf (0.4 and 0.6) are only approximate and may vary with actual pattern. As a 
practical matter, when Pf > 0.6, non-forest types generally appeared as “islands” on a forest background, and 
when Pf < 0.4, forests appeared as “islands” on a non-forest background. Fig. 6 shows the temporal change in 
forest patch type, revealing that patch, transitional and edge forest are increasing due to deforestation and 
interior forest is decreasing. The statistics in Table V shows the decrease in forest patch types from 1973 to 
2004. Forest fragmentation is a vital indicator that is accountable for environmental changes. With the 
expansion of human settlement there is higher risk of forest degradation disturbing the biodiversity, affecting the 
water quality, endangering wildlife survival, habitat protection, etc.  
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Fig. 6.Temporal Forest fragmentation change of the five river basins of Uttara Kannada district. 
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TABLE  V: FORESTFRGMENTATION DETAILS OF THE FIVE RIVER BASINS (IN HA)  

 
YEAR CATEGORY AGANASHINI BEDTHI KALI SHARAVATHI VENKATPURA 

 
 
 

1973 

PATCH 0.59 0.16 1.49 - 0.11 

TRANSITIONAL 189.17 322.04 1050.52 94.99 85.40 

EDGE 1177.55 2398.25 4442.65 729.81 347.26 

PERFORATED 787.33 1478.46 3588.78 457.62 293.29 

INTERIOR 127895.85 261524.81 337778.54 74929.99 19506.20 
       

 PATCH 83.69 217.57 333.17 94.67 38.33 

TRANSITIONAL 631.03 1443.65 1995.02 670.22 215.23 

EDGE 3638.08 6198.87 6753.60 3155.90 889.215 

PERFORATED 857.74 1907.86 2526.22 839.13 269.26 

INTERIOR 120188.05 246239.30 322328.53 66064.81 18178.51 

       

 
 
 

2000 

PATCH 213.07 1326.61 1637.77 198.690 95.52 

TRANSITIONAL 1201.70 4622.81 5654.96 919.972 390.37 

EDGE 7263.70 18204.16 20319.45 4262.67 1507.74 

PERFORATED 1169.60 3506.29 3977.67 770.327 302.99 

INTERIOR 112006.30 205359.76 280116.92 64838.71 16249.80 
       

 
 
 

2004 
 

PATCH 363.82 947.32 1117.11 144.83 40.424 

TRANSITIONAL 2106.73 4207.65 4414.24 781.60 243.40 

EDGE 11098.47 17250.44 17408.67 4189.86 1274.87 

PERFORATED 2199.95 3942.96 3120.97 717.20 275.79 

INTERIOR 92213.32 186500.95 267026.02 62076.267 16337.97 
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red in Fig. 7) reside on terrain that is highly undulating with steep slopes and are frequently exposed 

to landslides induced by rainfall. Maximum number of landslide points occurring in the undulating 

terrain, collected from the ground fell in fragmented areas - patch, transitional and edge forest. Fig. 9 

shows the landslide occurrence points obtained from ground using handheld GPS overlaid on the 

classified image of the district (A) and forest fragmentation map (B) based on 2004 RS data. This map 

indicates that hill slopes with undulating terrain and less vegetation cover (patch, transitional and edge 

forest) are more susceptible to landslides compared to north-eastern part of the district which has 

relatively flat terrain with large area utilised under agricultural practices.  

 

The present study makes an effort to quantify forest cover by using fragmentation index for measuring 

the disturbances due to human impact giving a complete picture of the change that has occurred. The 

five prominent watersheds of Uttara Kannada district were assessed for quantifying forest 

fragmentation caused due to anthropogenic disturbances. Forest fragmentation model is useful to 

visualize state of forest fragmentation for an area and identifying areas where forest restoration might 

prove appropriate. If the vegetative areas have been cleared, the water retaining capacity of the soil 

has decreased, triggering landslides in those areas. Hence, there is a immediate need to restore those 

vegetative by forestation to ensure that the soil is retained on the hill slopes and do not activate any 

downward movement of the hill tops. 

 

Natural disasters have drastically increased over the last decades. National, state and local government including 

NGOs are concerned with the loss of human life and damage to property caused by natural disasters. The trend 

of increasing incidences of landslides occurrence is expected to continue in the next decades due to urbanisation, 

continued anthropogenic activities, deforestation in the name of development and increased regional 

precipitation in landslide-prone areas due to changing climatic patterns [30]. 

 Conclusion 

Landslides occur when masses of rock, earth or debris move down a slope.  Mudslides, debris flows 

or mudflows, are common type of fast-moving landslides that tend to flow in channels. These are 

caused by disturbances in the natural stability of a slope, which are triggered by high intensity rains. 

The primary criteria that influence landslides are precipitation intensity, slope, soil type, elevation, 

vegetation cover and LC type.  

In this paper, LU analyses along with forest fragmentation were carried out for five perennial watersheds of 

Uttara Kannada district. SVM was used to generate probable landslide map. By overlaying the fragmentation 

map on the landslide probable map, past and future occurrences of landslides can be visualised. It is also evident 

that degradation of forest and LC change is an important factor that is not only responsible for triggering 

landslides, but also a major contributor to global warming, climate change, natural resource depletion and 

consequent detrimental effect on our environment.  
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Hybrid Bayesian Classifier for Improved 
Classification Accuracy 

Uttam Kumar, S. Kumar Raja, C. Mukhopadhyay, and T. V. Ramachandra, Senior Member, IEEE 

Abstract— Widely used Bayesian classifier is based on the assumption of equal prior probabilities for all the classes. 
However, inclusion of equal prior probabilities may not guarantee high classification accuracy for the individual classes. 
Here, we propose a novel technique - Hybrid Bayesian Classifier (HBC), where the class prior probabilities are determined 
by unmixing a supplement low spatial-high spectral resolution multispectral (MS) data that are assigned to every pixel in 
a high spatial-low spectral resolution MS data in Bayesian classification. This is demonstrated with two separate 
experiments – firstly, class abundances are estimated per pixel by unmixing MODIS data to be used as prior probabilities 
while posterior probabilities are determined from the training data obtained from ground. These have been used for 
classifying the IRS LISS-III MS data through Bayesian classifier. In the second experiment, abundances obtained by 
unmixing Landsat ETM+ are used as priors and posterior are determined from the ground data to classify IKONOS MS 
images through Bayesian classifier. The results indicated that HBC systematically exploited the information from two 
image sources improving the overall accuracy of LISS-III MS classification by 6% and IKONOS MS classification by 9%. 
Inclusion of prior probabilities increased the average producer’s and user’s accuracy by 5.5% and 6.5% in case of LISS-
III MS with 6 classes and 12.5% and 5.4% in IKONOS MS for the 5 classes considered.    
 

Index Terms— prior probability, unmixing, Bayesian classifier 

INTRODUCTION 

MAGE classification using conventional Bayesian classifier is a supervised method based on the prior 
probabilities [1]. Prior probability resolves confusions among classes that are not well separable[2]and is 

therefore effective in improving classification accuracy. Bayesian classifier is generally used with the 
assumption that prior probabilities are equal, asreliable prior probabilities are not easily available. 
However, with the use of equal prior probabilities, the performance of the classifier is not optimal [3] 
which is evident from the misclassified pixels primarily due to spectral confusion between classes, apart 
from the increased computing and sampling requirements[4]. The theoretical analysis of the effect of 
prior probability has been discussed in detail by Z. Mingguo et al., (2009) [5]. Earlier works used prior 
probabilities based on previous year crop statistics[6], geographical data [7],elevation data[8] and spatial 
characteristics specified through a Markov random field model at reference resolution [9], improving the 
overall accuracy and Kappa coefficient. Therefore, it is desirable to obtain reliable prior probabilities for 
each spectral class and use them to classify the pixels that are likely to misclassify[1], even though they 
are difficult to determine within the same time period and for the same spectral classes. 

 
In this context, a new classification method - Hybrid Bayesian classifier (HBC)based on linear unmixing 
and Bayesian classifier is proposed to assign a class label to each pixel in a high spatial-low spectral 
resolution (HS-LSR) multispectral (MS) data. The prior probabilities of the different classes in the 
Bayesian classifier to classify each pixel in the HS-LSR data such as IRS LISS-III MS and IKONOS MS 
are obtained from abundance estimates by unmixing low spatial-high spectral resolution (LS-HSR) MS 
data such as MODIS and Landsat ETM+ respectively. The terms HS-LSR and LS-HSR have been used in 
a relative sense here, depending upon the spatial resolution of the images. For example, in the first 
experiment, MODIS bands are referred as LS-HSR and IRS LISS-III MS bands are HS-LSR data, while 
in the second experiment, Landsat ETM+ bands are LS-HSR and IKONOS MS bands are HS-LSR data. 
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where 1 m 1 m 1 M( ,... , ,..., )     r  and 1 m 1 m 1 M[e ,...,e ,e ,...,e ] R . Thus the interfering signatures in 

R can be removed by the operator, 

-1 TP (I - R(R R) R )  (3) 

which is used to project y into a space orthogonal to the space spanned by the interfering spectral 

signatures, where I is the KxK  identity matrix [12]. Operating on y with P , and noting that 0PR , 

m m  Py Pe Pη . (4) 

After maximizing the SNR, an optimal estimate of m  is 

m = 
T T

T T

y P Py

P Pm me e
  (5) 

Note that m1 0    and thus 1 M( ,..., )   can be taken as proportional probabilities of the M classes 

i.e. m mP(C )   . 

Bayesian classifier: Associated with any pixel, there is an observation 
~
y . With M classes 1 M(C ,...,C ) , 

Bayesian classifier calculates the posterior probability of each class conditioned on y  [13]: 

m m
~

m
~

~

P( y|C )P(C )
P(C |y )=

P( y )
 (6) 

In (6), since 
~

P( y )  is constant for all classes, only 
m m

~
P( y|C )P(C )  is considered. 

m
~

P(y | C ) is computed 

assuming class conditional independence, so, 
m

~
P(y | C )  is given by 

K

m k m
~ k=1

P( y |C )= P(y |C )  (7) 

New Hybrid Bayesian Classifier (HBC)  

HBC uses the abundance of each class obtained from LS-HSR data by linear unmixing as prior 
probability while classifying the HS-LSR data using Bayesian classifier of the same geographical area 
and time frame. That is, given the observation vector 

~
y  for a pixel, it is classified to fall in class lif 

m m
m

= Arg Max  P( | C )P(C )
~

l y , where 
m

~
P( y|C )  is as in (7) calculated using the HS-LSR data and 

m mP(C ) α  calculated using the LS-HSR data. The assumptions in this method are (i) if there are r HS-

LSR pixels contained in one LS-HSR pixel, i.e. resolution ratio is (r:1), the prior probabilities for all the r 
HS-LSR pixels are equal corresponding to the same LS-HSR pixel, and (ii) the two data types have a 
common origin or upper left corner, i.e. the edges of the r x r HS-LSR pixels overlaps exactly with the 
corresponding LS-HSR pixel. The limitations are (i) (K-1) should be ≥ M in LS-HSR data and (ii) M in 
HS-LSR should be ≤ M in LS-HSR data.      



 
 

Experimental Results 

Two separate experiments were carried out. In the first case, LISS-III MS data (3 bands of 23.5m x 23.5m 
spatial resolution resampled to 25m, acquired on December 25, 2002) of 5320 x 5460 size and MODIS 8-
day composite data (7 bands of 250m x 250m, acquired from 19-26 December, 2002) of 532 x 546 
dimensionwere co-registered with known ground control points (RMSE - 0.11). Training data were 
collected from the ground representing approximately 10% of the study area covering the entire spectral 
gradient of the classes. Separate test data were collected for validation. LISS-III MS classified image 
using conventional Bayesian classifier is shown in Fig. 2 (a). Assuming that there are six (fixed) number 
of representative endmembers (pure pixels), the entire image was modeled in terms of those spectral 
components, extracted using N-FINDR algorithm [14] from MODIS images. In the absence of pure 
pixels, alternative algorithms [15] can be used for endmember extraction, which is a limitation of N-
FINDR. It may be noted that some objects (for example buildings with concrete roofs, tiled roofs, asphalt, 
etc.) exhibit high degrees of spectral heterogeneity representing variable endmembers. This intra-class 
spectral variation with variable endmembers can be addressed through techniques discussed in [16-18], 
and is beyond the scope of the current study.   

 

Abundance values were estimated for each pixel through unmixing and used as prior probabilities in HBC 
to classify LISS-III MS data (Fig. 2 (b)). Table I is the class statistics and Table II indicates the 
producer’s and user’s accuracies. The overall accuracy and Kappa for HBC (93.54%, 0.91) is higher than 
Bayesian classifier (87.55%, 0.85). For any particular class, if the reference data has more pixels with 
correct label, the producer’s accuracy is higher and if the pixels with the incorrect label in classification 
result is less, its user’s accuracy is higher [5]. Bayesian classifier wrongly classified many pixels 
belonging to waste / barren / fallow as builtup. Forest class was over-estimated and plantation was under-
estimated by Bayesian classifier. The only minority class in the study area is water bodies. Classified 
image using conventional Bayesian classifier had 1.08% (8854 ha) of water bodies in the study area. After 
the ground visit, we found that there are not many water bodies and the extents of most individuals were 
< 2000m2. Therefore, only a few water bodies that had spatial extent ≥ 62500 m2 could be used as 
endmembers. The minimum detected water class was 5% using unmixing of LS-HSR data. It may have 
happened that the prior probability was unlikely for this class while classifying the LISS-III MS data 
using HBC. The classified image obtained from HBC showed 0.81% (66.20 ha) of water bodies. A few 
pixels were wrongly classified using HBC, therefore, the producer’s accuracy decreased from 90.91 (in 
conventional Bayesian classifier) to 88.18% (in HBC). However, given the same set of training pixels for 
classification, the user’s accuracy has increased from 88.89 to 97%. Producer’s accuracy increased for 
agriculture (2.6%), builtup (4.3%), forest (7%), plantation (11.5%) and waste land (10.6%) and user’s 
accuracy increased for agriculture (8%),  
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Builtup 85.11 81.68 89.39 ↑ 98.33 ↑ 

Forest 85.71 88.73 92.61 ↑ 96.36 ↑ 

Plantation 84.44 91.73 95.95 ↑ 91.03 ↓ 

Waste land 88.03 90.37 98.67 ↑ 89.66 ↓ 

Water 
bodies 

90.91 88.89 88.18 ↓ 97.00 ↑ 

Average 86.96 88.15 92.49 ↑ 94.66 ↑ 

 * PA – Producer’s Accuracy; UA – User’s Accuracy. 
 
builtup (16.6%), forest (7.6%) and water bodies (8%) in HBC output. On the other hand, producer’s 
accuracy decreased (2.7%) for water bodies and user’s accuracy decreased (~0.7%) for plantation and 
waste land classes in agreement with the similar observations reported in [5]. HBC was intended to 
improve classification accuracies by correctly classifying pixels which were likely to be misclassified by 
Bayesian classifier. Therefore a cross comparison of the two classified images located the pixels that were 
assigned different class labels at the same location. These wrongly classified pixels when validated with 
ground data revealed a 6%  (~1742832 pixels) improvement in classification by HBC.  

 
In the second experiment, IKONOS MS data (4 bands of 4m, acquired on November 24, 2004) of 700 x 
700 size and Landsat ETM+ data (6 bands excluding Thermal and Panchromatic, of 30m, acquired on 
November 22, 2004) of 100 x 100 dimension were co-registered (RMSE - 0.09). Landsat pixels were 
resampled to 28m so that 49 IKONOS pixels would fit in 1 Landsat pixel. The scenes correspond to 
Bangalore city, India near the central business district having race course, bus stand, railway lines, parks, 
builtup with concrete roofs, asbestos roof, blue plastic roofs, coal tarred roads with flyovers and a few 
open areas (play ground, walk ways, vacant land, etc.). Class proportions from Landsat image pixels were 
used as prior probabilities to classify the IKONOS MS images using HBC (Fig. 3 (b)). The overall 
accuracy and Kappa for HBC (89.53%, 0.87) is higher than Bayesian classifier (80.46%, 0.69). 
Producer’s accuracy increased by 17% for concrete, asbestos, blue plastic roof and open area and 
decreased by 7% for vegetation in HBC (Table IV). User’s accuracy increased by ~5.5% for all the 
classes in HBC. Bayesian classifier wrongly classified and overestimated many pixels belonging to open 
area as asbestos roof (Table III). Vegetation was overestimated by 9% using Bayesian classifier and open 
area was underestimated by ~15%. A cross comparison of the two classified images showed that 95733 
pixels (0.33% of the study area) were differently classified by the two classifiers. Validation of these 
pixels showed an improvement of 9% by HBC, higher than accuracies reported in [6, 7 and 8]. 
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Class ↓ PA UA PA UA 

Concrete roofs 69.99 84.01 76.49 ↑ 93.89 ↑ 

Asbestos roofs 84.77 87.77 91.89 ↑ 94.46 ↑ 
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