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Chapter-1
Introduction to Geographic Information System
1. INTRODUCTION
We are presently positioned at starting of 21st century with the fast growing trends
in computer technology information systems and virtual world to obtain data about the
physical and cultural worlds, and to use these data to do research or to solve practical
problems. The current digital and analog electronic device facilitates the inventory of
resources and the rapid execution of arithmetic or logical operations. These Information
Systems are undergoing much improvement and they are able to create, manipulate, store
and use spatial data much faster and at rapid rate as compared to conventional methods.
An Information System, a collective of data and tools for working with those data,
contains data in hard copy or digital form about the phenomena in the real world. Our
Perception of the world through selection, generalization and synthesis give us information
and the representations of this information that is, the data constitute a model of those
phenomena. So the collection of data, the data base is a physical repository of varied views
of the real world representing our knowledge at one point in time. Information is derived
from the individual data elements in a database, the information directly apparent i.e.
information is produced from data by our thought processes, institution or whatever based
on our knowledge. Therefore in a data base context the terms data, information and
knowledge are differentiated. It can be summarized that the data is very important and
added value as we progress from data to information, to knowledge. The data, which has
many origins and forms, may be any of the following:
Real, for example the terrain conditions etc.
Captured, i.e. recorded digital data from remote sensing satellites or Arial photographs of
any area.
Interpreted, i.e. landuse from remote sensing data.
Encoded i.e. recordings of rain-gauge data, depth of well data etc.
Structured or organized such as tables about conditions of particular watershed.
2. DEVELOPMENTS IN THE FIELD OF INFORMATION SYSTEMS
Geographic Information Management Technology encompasses many fields
including Computer Science, Cartography, Information Management, Telecommunications,
Geodesy, Photogrammetry and Remote Sensing and is flavored with its applications of
engineering, environmental analysis, land use planning, natural resource development,
infrastructure management, and many others. Geographic Information Management
Technology has almost as many names and acronyms as uses.
GIS has recently became more widely accepted as a generic term for the technology,
the term Geographic Information System(GIS) was first published in a 1965 Northwestern
University discussion paper by Michal Dacy and Dvane Marble.
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3. HISTORY of GIS
The GIS history dates back 1960 where computer based GIS have been used and
their manual procedures were in life 100 years earlier or so. The initial developments
originated in North America with the organizations such as US Bureau of the Census, The US
Geological Survey, and The Harvard Laboratory for computer graphics and Environmental
Systems Research Institute (ESRI, commercial). Canadian Geographic Information Systems
(CGIS) in Canada, Natural Experimental Research Center (NREC), Department of
Environment (DOE) in notable organizations in U.K. involved in early developments. Even
the other parts of the world are noticed but they have taken place in recent past. In India,
the major developments have happened for the last one-decade with significant
contribution coming from Department of Space emphasizing the GIS applications for Natural
Resources Management. Recently the commercial organizations in India have realized the
importance of GIS for many applications like infrastructure development, facility
management, business/market applications etc.
4. DEFINITIONS OF GIS
The defilations of a GIS given by various authors are as follows
“A spatial data handling system" (Marble et at, 1983)
“A computer - assisted system for the capture, storage retrieval, analysis and display of
spatial data, within a particular Organization" (Clarke, 1986).
“A powerful set of tools for collecting, storing, retrieving at will, transforming and displaying
spatial data from the real world" (Burrough, 1987)
“An internally referenced, automated, spatial information system" (Berry, 1986)
"A system which uses a spatial data base to provide answers to queries of a geographical
nature" (,Goodchild, 1985)
“A system for capturing, storing, checking, manipulating, analyzing and displaying data
which are spatially referenced to the Earth” (DOE, 1987:132)
“Any manual or computer based set of procedures used to store and manipulate
geographically referenced data”( Aronoff, 1989:39)
“An institutional entity, reflecting an organizational structure that integrates technology
with a database, expertise and continuing financial support over time”(Carter, 1989:3)
“An information technology which stores, analyses and display both spatial and non –
spatial data”(Parker,1988:1547)
“A special case of information systems where the database consists of observations on
spatially distributed features, activities, or events, which are definable in space as points,
lines or areas. A GIS manipulates data about these points, lines and areas to retrieve data
for ad hoc queries and analyses”(Dueker,1979:106)
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“A database system in which most of the data are spatially indexed, and upon which a set of
procedures operated in order to answer queries about spatial entities in the
database”(Smith,1987:13)
“An automated set of functions that provides professionals with advanced capabilities for
the storage, retrieval, manipulation and display of geographically located data”(Ozemoy,
Smith and Sicherman, 1981:92)
“A powerful set of tools for collecting, storing, retrieving at will, transforming and displaying
spatial data from the real world”(Burrough, 1986:6)
“A decision support system involving the integration of spatially referenced data in a
problem solving environment”(Cowen, 1988:1554)
“A system with advanced geo – modeling capabilities”(Koshkariov, Tikunov and Trofimov,
1989:259)
“A form of MIS (Management Information System) that allows map display of the general
information”(Devine and Field, 1986:18)
Sometimes it is also termed as Spatial Information Systems as it deals with located
data, for objects positioned in any space, not just geographical, a term for world space.
Similarly, the term 'a spatial data' or ‘non spatial data’ is often used as a synonym for
attribute data (i.e. rainfall/ temperature/ soil chemical parameters/ population etc,
associated with spatial data.

Figure 1. Key Components of GIS
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5. GIS TERMINOLOGY
Some of the terms used in GIS are briefly explained below:
Data Planes are discrete sets of data. For example, imagery, a thematic map, a
topographic sheet, a page of survey data each constitutes a data plane.
Themes are maps containing different types of information. For example, a
toposheet contains contours, roads, railways, boundaries of forests etc. Each of these
constitutes a theme and it may be shown in a separate layer as thematic layer.
Scale, this is the relationship between distances on the ground and distances on a
map. Scale always applies to linear measures, never to area or elevations.
Resolutions, this is the smallest element which can be distinguished in a data set. In
case of imagery, this usually is the pixel size or a multiple to the pixel size. However, in a
map this term can be confusing. This may be taken to mean the smallest feature which can
be mapped.
Spatial objects, all spatial objects can be represented by points, lines and polygons.
A city is a point, a road is a line and a forest area is a polygon. The spatial data model
defines the manners in which these fundamental units are represented. For example, we
can have a chain as a set of line segments, a closed chain forms a polygon, an open chain is a
line, a line segment of zero length is a point.
Registration, the themes in a given data plane are spatially related to each other. We
say that the data is registered. Data in different planes may not be so readily related. Scales
may vary; there may be transitional and rotational errors. The registration is the process of
correction and development of an invariant spatial relationship between different data
planes.
Database, the spatially registered set of data constitutes a spatial database. In
addition, each spatial object has an associated attribute. This could be a name, a number, a
range of values etc. For example, a contour has a number, a road has a name. Such
attributes also form a part of the database. Further, there may be other data sets associated
demographic data.
6. GIS OBJECTIVES
Maximise the efficiency of planning and decision making, Provide efficient means for data
distribution and handling, Elimination of redundant data base Provide efficient means for
data distribution and handling
Elimination of redundant data base - minimise duplication
Capacity to integrate information from many sources
Complex analysis/query involving geographical referenced data to generate new
information.
For any application there are five generic questions a GIS can answer:
Location
Condition
Trends
Patterns

- What exists at a particular location?
- Identify locations where certain conditions exist.
- What has changed since?
- What spatial pattern exists?
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Modeling

- What if ……….?

7. Elements of GIS
The GIS has been divided into four elements. They are hardware, software, data, and
live ware. The following table gives complete details of different elements:S. No.
1.

Elements of GIS
Hardware

2.

Software

3.

Data

4.

Live ware

Details
Type of Computer Platforms
Modest Personnel Computers
High performance workstations
Minicomputers
Mainframe computers
Input Devices
Scanners
Digitisers
Tape drivers
CD
Keyboard
Graphic Monitor
Output Devices
Plotters
Printers
Input Modules
Editing
MRP Manipulation/ Analysis Modules
Modeling Capability
Attribute Data
Spatial Data
Remote Sensing Data
Global Database
People responsible for digitizing,
Implementing using GIS
Trained

8. GIS DATA
Geographical data deals primarily with two types of data: Spatial and Non-spatial.
Spatial data is that which has physical dimensions and geographic locations on the surface
of earth. Some examples are a river, a state boundary, a lake, a state capital etc. Nonspatial data is that qualifies the data. Attribute or Non-spatial data describes some aspects
of spatial data, not specified by its geometry alone.
9. REPRESENTATION OF SPATIAL INFORMATION
Geographical features are depicted on map by POINT, LINE & POLYGON
POINT feature - A discrete location depicted by a special symbol or Label. A single x,y
coordinates.
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LINE feature - Represents a linear feature. A set of ordered x,y coordinates
POLYGON feature - An area feature where boundary encloses a homogeneous area

Figure 2. Elements of a map
10. REPRESENTATION OF NON-SPATIAL (ATTRIBUTE) INFO
It consists of textural description on the properties associated with geographical
entities. Attributes are stored as a set of numbers and characters in the form of a table.
Many attribute data files can be linked together by a common identifier code.
11. TOPOLOGY
Geographic data describes objects in terms of location, their attributes and spatial
relationship with each other. Topology is a mathematical procedure that determines the
spatial relationship of features.
Some of the advantages of topology are:
Polygon network is fully integrated, optimal storage and reduction in redundant information
neighbors are identified, and polygon in polygon can be represented.
12. DATA MODELS
Conversion of real world geographical variation into discrete objects is done through data
models. It represents the linkage between the real world domain of geographic data and
computer representation of these features. Data models discussed here are for representing
the spatial information.
Data models are of two types:
Raster and Vector. In raster type of representation of the geographical data, a set of
cells located by coordinate is used; each cell is independently addressed with the value of an
attribute.Each cell contains a single value and every location corresponds to a cell. One set
of cell and associated value is a LAYER. Raster models are simple with which spatial analysis
is easier and faster. Raster data models require a huge volume of data to be stored, fitness
of data is limited by cell size & output is less beautiful.
Vector data model uses line segments or points represented by their explicit x,y
coordinates to identify locations. Discrete objects are formed by connecting line segments
which area is defined by set of line segments. Vector data models require less storage
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space, outputs are appreciable, Estimation of area/perimeter is accurate and editing is
faster and convenient. Spatial analysis is difficult with respect to writing the software
program.
13. DATA STRUCTURES
There are number of different ways to organize the data inside the information
system. The choice of data structure affects both; Data storage volume and processing
efficiency. Many GIS have specialized capabilities for storing and manipulating attribute
data in addition to spatial information. Three basic data structures are – Relational,
Hierarchical, and Network.
Relational data structure organizes the data in terms of two-dimensional tables
where each table is a separate file. Each row in the table is a record and each record has a
set of attributes. Each column in the table is an attribute. Different tables are related by a
common identifier called KEY. Relations who are defined by query extract the information.
Hierarchical data structure stores the data in a way that a hierarchy is maintained
among the data items. Each node can be divided into one or more additional node. Stored
data gets more and more detailed as one branch further out on the tree.
Network data structure is similar to hierarchy structure with the exception that in
this structure a node may have more than one parent. Each node can be divided into one or
more additional nodes. Nodes can have many parents. The network data structure has the
limitation that the pointers must be updated every time a change is made to database
causing considerable overhead.
14. ERRORS IN GIS
(i) Errors in GIS environment can be classified into following
major groups :
Age of data
- Reliability decreases with age
Map scale
Non-availability
of
data
are
proper
or Use of data at different scales
Density of observation
- Sparsely dense data set is less reliable
Relevance of data
- Use of surrogate data leads to errors
Data inaccuracy
- Positional, elevation, minimum mapable
unit etc.
Inaccuracy of contents
- Attributes are erroneously attached

scale

15. ERRORS ASSOCIATED WITH PROCESSING
Map digitization errors
- Due to boundary location problems on maps and
Errors associated with digital representation of
features
Rasterization errors
- Due to topological mismatch arising during
approximation by grid
Spatial Integration errors
- Due to map integration resulting in spurious
polygons
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Generalization errors

- due to aggregation process when features are
abstracted to lower scale Attribute mismatch errors
Misuse of logic

16. SPATIAL ANALYSIS
GIS is used to perform a variety of spatial analysis, including overlaying combinations
of features and recording resultant conditions, analyzing flows or other characteristics of
networks and defining districts in terms of spatial criteria. Its uses in various fields are:
facility management, planning, environmental monitoring, population census analysis,
insurance assessment, health service provision, hazard mapping and many other
applications. Although GIS and AM/FM Systems have similar capabilities, GIS traditionally
has referred to systems that emphasize Spatial Analysis and modeling while AM/FM systems
management of geographically distributed facilities. A complete GIS or Spatial Information
System consists hardware, Software, humanware (i.e. trained experts in GIS).
A GIS can acquire and store data by import from external sources or by capture from
maps and reports. Once in storage the data must be kept backed up, and updated when
new information becomes available. Since more than 70% of the cost in GIS Project lies in
data capture; the database is the primary asset of a GIS. Spatial data is collected from a
variety of sources. Remotely sensed data from satellite is a primary data source. The other
information coming from modern survey instruments is also a primary data source as it can
be read directly into GIS similar to remote sensing data. Where as the secondary data
capture involves processing information which has already been compiled but requires
converting into a computer readable format by manual or automatic digitization.
17. Cost in GIS
A complete GIS needs hardware, software and expertise. Initially when the GIS
hardware and Software entered the market is with limited capabilities and priced at higher
cost. However due to competition the rates are reducing and it will follow for certain years.
The following figure shows the relative cost with time. Only the cost of spatial data is likely
to remain high.

Data
Management
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Software
Hardware

1960

Now
+15 Years
Time
Figure 3. Cost in GIS

18. APPLICATIONS OF GIS AND REMOTE SENSING
 Agricultural development
 Land evaluation analysis
 Change detection of vegetated areas
 Analysis of deforestation and associated environmental hazards
 Monitoring vegetation health
 Mapping percentage vegetation cover for the management of land Degradation
 Crop acreage and production estimation
 Wasteland mapping
 Soil resources mapping
 Groundwater potential mapping
 Geological and mineral exploration
 Snow-melt run-off forecasting
 Monitoring forest fire
 Monitoring ocean productivity etc.
19. TRENDS IN GIS
 Natural Resources Management
 Telecom GIS
 Automated mapping and facility management
 Virtual 3-D GIS
 Internet GIS
 Spatial Multi-media
 Open GIS
 Object Oriented GIS
 Spatial Decision Support System
------xxxx------

Chapter-2
PRINCIPLES AND CONCEPTS OF REMOTE SENSING
INTRODUCTION
Remote sensing means acquiring information about a phenomenon object or surface
while at a distance from it. This name is attributed to recent technology in which satellites
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and spacecraft are used for collecting information about the earth's surface. This was an
outcome of developments in various technological fields from 1960 onward. The concept is
illustrated in the following figure.

STAGES IN REMOTE SENSING
Emission of electromagnetic radiation, or EMR (sun/self- emission)
Transmission of energy from the source to the surface of the earth, as well as
absorption and scattering
Interaction of EMR with the earth's surface: reflection and emission
Transmission of energy from the surface to the remote sensor
Sensor data output
Data transmission, processing, and analysis
WHAT WE SEE
At temperature above absolute zero, all objects radiate electromagnetic energy by
virtue of their atomic and molecular oscillations. The total amount of emitted radiation
increases with the body's absolute temperature and peaks at progressively shorter
wavelengths. The sun, being a major source of energy, radiation and illumination, having a
sharp power peak around 0.5 m, allows to capture reflected light with a camera.
Everything in nature has its own unique signature of reflected, emitted and absorbed
radiation. These spectral characteristics, if ingeniously exploited, can be used to distinguish
one thing from another or to obtain information about shape, size and other physical and
chemical properties. In so far as we know the spectral characteristics, we can pick an
appropriate detector to make the desired measurement, remembering that for a given
collector's field of view we get our greatest spatial resolution where wavelengths are
shortest and energies greatest, and that these energies decrease at longer wavelengths and
distances.
ELECTROMAGNETIC RADIATION AND SPECTRUM
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Electromagnetic radiation is energy that propagates in wave form at a velocity
of C = 3 x 10 10 cm/sec. The parameters that characterize a wave motion are wavelength
(), frequency (  ) and velocity (C). The relationship between the above is C = . The
following figure illustrates spectral bands used in remote sensing.

INTERACTION OF EMR WITH THE EARTH'S SURFAC
Radiation from the sun, when incident upon the earth's surface, is reflected,
transmitted or absorbed and emitted by the surface. The electromagnetic radiation, on
interaction, experiences a number of changes in magnitude, direction, wavelength,
polarization and phase. These changes are detected by the remote sensor and enable the
interpreter to obtain useful information about the object of interest. The remotely sensed
data contain both spatial information (size, shape and orientation) and spectral information
(tone, color and spectral signature).
The (visible and infra-red) wavelengths from 0.3 m to 16 m can be divided into
three regions. The spectral band from 0.3 m to 3 m is known as the reflective region. In
this band, the radiation sensed by the sensor is that due to the sun, reflected by the earth's
surface. The band corresponding to the atmospheric window between 8 m and 14 m is
known as the thermal infra-red band. The energy available in this band for remote sensing
is due to thermal emission from the earth's surface. Both reflection and self-emission are
important in the intermediate band from 3 m to 5.5 m.
In the microwave region of the spectrum, active sensors called RADAR are used to
collect information about an object. The EMR produced by the radar is transmitted to the
earth's surface and the EMR reflected (back-scattered) from the surface is recorded and
analysed. The microwave region can also be monitored with passive sensors, called
13

microwave radiometers, which record the radiation emitted by the terrain in the microwave
region.
Of all the interactions in the reflective region, surface reflections are the most useful
and revealing for remote sensing applications. Depending upon whether the surface is
smooth or rough, the reflection is specular or diffuse. Surface roughness is a function of the
wavelength of incident radiation. According to the rayleigh criterion, if surface height
variations are less than /8, the surface is considered to be smooth, otherwise, it is rough.
Hence, the wavelength of the incident EMR determines the surface roughness. For
radiowaves, rocky terrain appears smooth to incident EMR, whereas in the optical band, fine
sand appears rough. If the surface is flat and smooth, specular reflections occur, which
follow the law of reflection (the angle of incidence equals the angle of reflection). Specular
reflections are undesirable for remote sensing because they produce solar glint or glare.
Water and certain man-made features reflect specularly. A rough or diffuse surface reflects
the incident EMR in all directions independent of the angle of incidence. Among the natural
features, which display essentially diffuse reflection, are sand, tilled soils and certain types
of vegetation. Mixed reflections occur most frequently in nature. In this case, a reflecting
surface returns radiant energy both diffusely and specularly. Spectral reflectance, ( ( )), is
the ratio of reflected energy to incident energy as a function of wavelength. Various
materials of the earth's surface have different spectral reflectance characteristics. Spectral
reflectance is responsible for the color or tone in a photographic image of an object. Trees
appear green because they reflect more of the green wavelength. The values of the spectral
reflectances of objects averaged over different, well-defined wavelength intervals comprise
the spectral signature of the objects or features by which they can be distinguished. To

obtain the necessary ground truth for the interpretation of multispectral imagery,
the spectral characteristics of various natural objects have been extensively measured and
recorded. The following figure illustrates spectral signature of natural features.
EFFECTS OF ATMOSPHERE
The sun is the source of radiation, and electromagnetic radiation (EMR) from the sun
that is reflected by the earth and detected by the satellite or aircraft-borne sensor must
pass through the atmosphere twice. Once on its journey from the sun to the earth and after
being reflected by the surface of the earth back to the sensor. Interactions of the direct
14

solar radiation and reflected radiation from the target with the atmospheric constituents
interfere with the process of remote sensing and are called as “Atmospheric Effects".
The interaction of EMR with the atmosphere is important to remote sensing for two
main reasons. First, information carried by EMR reflected/emitted by the earth's surface is
modified while traversing through the atmosphere. Second, the interaction of EMR with the
atmosphere can be used to obtain useful information about the atmosphere itself.
The atmospheric constituents scatter and absorb the radiation modulating the
radiation reflected from the target by attenuating it, changing its spatial distribution and
introducing into field of view radiation from sunlight scattered in the atmosphere and some
of the energy reflected from nearby ground area. Both scattering and absorption vary in
their effect from one part of the spectrum to the other.
Atmospheric scattering
Scattering is the redirection of EMR by particles suspended in the atmosphere or by
large molecules of atmospheric gases. Scattering not only reduces the image contrast but
also changes the spectral signature of ground objects as seen by the sensor. The amount of
scattering depends upon the size of the particles, their abundance, the wavelength of
radiation, depth of the atmosphere through which the energy is travelling and the
concentration of the particles. The concentration of particulate matter varies both in time
and over season. Thus the effects of scattering will be uneven spatially and will vary from
time to time.
Theoretically scattering can be divided into three categories depending upon the
wavelength of radiation being scattered and the size of the particles causing the scattering.
The three different types of scattering from particles of different sizes are summarized
below
----------------------------------------------------------------------------------------------------------Scattering
Wavelength
Approximate
Kinds of
Process
dependence
particles
Particle size
---------------------------------------------------------------------------------------------------------Selective
i) Rayeigh
 -4
< 0.1 m
Air molecules
ii) Mie
 o to -4
0.1 to 10 m
Smoke, haze
Non-selective
o
> 10 m
Dust, fog, clouds
-----------------------------------------------------------------------------------------------------------Rayleigh scattering
Rayleigh scattering appears when the radiation wavelength is much larger than the
particle size, for example scattering of visible light (0.4 m - 0.76 m) by pure gas molecules
(10-4 m ) in a clear atmosphere. Rayleigh scattering causes the sky to appear blue. The
scattering coefficient is proportional to the inverse fourth power of wavelength. Radiation in
shorter blue wavelengths is scattered toward
the ground much more strongly than radiation in the red wavelength region. Due to
Rayleigh scattering multispectral data from the blue portion of the spectrum is of relatively
limited usefulness.
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It is observed that there is strong scattering in the forward as well as backward
directions. The strong backward scattering is responsible for the appearance of hot spots in
aerial photographs taken in hazy atmosphere by wide angle cameras at times when the
direction of solar radiation falls within the field of view of the sensor.
Mie scattering
Mie scattering occurs when radiation wavelength is comparable to the size of the
scattering particles. In remote sensing Mie scattering usually manifest itself as a general
deterioration of multispectral images across optical spectrum under conditions of heavy
atmospheric haze. Depending upon the particle size relative to the wavelength, Mie
scattering may fall anywhere between  and 0. The incident light is scattered mainly in
the forward direction.
Non selective scattering
Non selective scattering usually occurs when the particle size is much larger than the
radiation wavelength. Scattering does not depend on the wavelength of radiation. This
type of scattering usually occurs when the atmosphere is heavily
dust laden and results in a severe attenuation of the received data. There is a uniform
attenuation at all wavelength. The whitish appearance of the sky under haze condition is
due to non selective scattering.
Occurrence of this scattering mechanism gives a clue to the existance of large
particulate matter in the atmosphere above the scene of interest which itself is an useful
data. Using negative blue filters can eliminate the effects of the Rayleigh component of
scattering. However, using haze filters cannot eliminate the effects of heavy haze, when all
the wavelengths are scattered uniformly. The effects of haze are less pronounced in the
thermal infrared region. Microwave radiation is completely immune to haze and can even
penetrate clouds.
REFRACTION
The phenomenon of refraction that is bending of light at the contact between two
media also occurs in the atmosphere as the light passes through the atmospheric layers of
varied clarity, humidity and temperature. These variations influence the density of
atmospheric layers, which in turn causes the bending of light rays as they pass from one
layer to another. The most common phenomena is the mirage like apparitions sometimes
visible in the distance on hot summer days.
ATMOSPHERIC ABSORPTION
The gas molecules present in the atmosphere strongly absorb the EMR passing
through the atmosphere in certain spectral bands. Mainly three gases are responsible for
most of absorption of solar radiation viz. ozone, carbon dioxide and water vapor. Ozone
absorbs the high energy, short wavelength portions of the ultraviolet spectrum thereby
preventing the transmission of this radiation to the lower atmosphere. Carbon dioxide is
important in Remote Sensing as it effectively absorbs the radiation in mid and far infrared
regions of the spectrum.
Absorption relatively reduces the amount of light that reaches our eye making the scene
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look relatively duller. Consequently these spectral bands are rendered unsuitable for remote
sensing. The spectral bands for which the atmosphere is relatively transparent are known as
atmospheric windows. Atmospheric windows are present in the visible part (0.4 m - 0.76
m) and the infra-red regions of the EM spectrum. In the visible part transmission is
mainly effected by ozone absorption and by molecular scattering. The atmosphere is
transparent again beyond about 1mm, the region used for microwave remote sensing.
REMOTE SENSING PLATFORMS & SENSORS
TYPES OF PLATFORMS
Platform is a stage to mount the camera or sensor to acquire the information about
a target under investigation. Based on its altitude above earth surface, platforms may be
classified as
(1) Ground borne
(2) Air borne
(3) Space borne
Ground-based platforms
The ground based remote sensing system for earth resources studies are mainly used for
collecting the ground truth or for laboratory simulation studies.
Air-borne platforms
Aircrafts are generally used to acquire aerial photographs for photo-interpretation and
photogrammetric purposes. Scanners are tested against their utility and performance from
these platforms before these are flown onboard satellite missions.
Space-borne platforms
Platforms in space are not affected by the earth's atmosphere. These platforms are freely
moving in their orbits around the earth, and entire earth or any part of the earth can be
covered at specified intervals. The coverage mainly depends on the orbit of the satellite. It
is through these space borne platforms, we get the enormous amount of remote sensing
data and as such the remote sensing has gained international popularity.
Depending on their altitude and orbit these platforms may be divided in two categories.
- Geostationary
- Polar orbiting or Sun-synchronous
Geostationary satellites
An equatorial west to east satellite orbiting the earth at an altitude of around 36000
km., the altitude at which it makes one revolution in 24 hours, synchronous with the earth's
rotation. These platforms are covering the same place and give continuous near
hemispheric coverage over the same area day and night. Its coverage is limited to 70oN to
70oS latitudes and one satellite can view one third of the globe. These are mainly used for
communication and meteorological applications viz. GEOS, METOSAT, INTELSAT, and INSAT
satellites.
Sun-Synchronous satellites
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An earth satellite orbit in which the orbital plane is near polar and the altitude is
such that the satellite passes over all places on earth having the same latitude twice in each
orbit at the same local sun-time. Through these satellites the entire globe is covered on
regular basis and gives repetitive coverage on periodic basis. All the remote sensing
resources satellites may be grouped in this category. Few of these satellites are LANDSAT
series, SPOT series, IRS series, NOAA, SEASAT, TIROS, HCMM, SKYLAB, SPACE SHUTTLE etc.
EARTH RESOURCES SATELLITES
There are two groups of Earth resources satellites: first, the manned satellites which
carry photographic and other sensors for the production of images of the Earth's surface.
These images can be interpreted with the aid of photographic interpretation techniques.
Second, the unmanned satellites that carry a wide range of non-photographic sensors for
the production of images of Earth's surface. These images can be interpreted with the help
of both photographic interpretation techniques and digital image processing techniques.
Manned Earth Resources Satellites
The first manned satellites were designed, and are known, for their participation in
the `space race' while the later satellites, Skylab and Space Shuttle Series, were space
stations designed specifically for experimentation. Example for `Space Race' satellites are
Mercury series (1961), Gemini series (1965) and Appollo series (1967). Space stations were
Skylab (1973) and Space shuttle series sent by NASA (from April 1981).
Unmanned Earth Resources Satellites
Unmanned earth resources satellites can be classified as Group one - the first
generation satellites which include Landsat 1, 2, & 3, Group two - the second generation
satellites which include SPOT, Landsat 4 & 5, IRS series, Group three - those having thermal
infrared sensors, HCMM, Group four - satellites having microwave sensors, Seasat, ERS-1 &
2, Radarsat, JERS-1, Shuttle Imaging Radar (SIR) series.

REMOTE SENSING SATELLITES
A satellite with remote sensors to observe the earth is called a remote-sensing
satellite, or earth observation satellite. Remote-Sensing Satellites are characterized by their
altitude, orbit and sensor.
TRIOS Series (1960-1965) :The Television and Infrared Observation Satellites.
NOAA It is the first generation of National Oceanic and Atmospheric Administration
satellites and was as the first operation operational remote sensing satellite system.
The third generation NOAA satellites are also successfully used for vegetation monitoring,
apart from meteorological monitoring. It is equipped with Advanced Very High Resolution
Radiometer (AVHRR) sensors, and is established at an altitude of 850 km. in polar orbit .
GMS Geo-synchronous meteorological satellite. It is established at an altitude of 36,000 km,
and
its
main
purpose
is
meteorological
observations
Landsat is established at an altitude of 700 Kms is a polar orbit and is used mainly for land
area observation.
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Other remote sensing satellite series in operations are: SPOT, MOS, JERS, ESR, RADARSAT,
IRS etc.
INDIAN REMOTE SENSING SATELLITES
India’s remote sensing data needs were being addressed by foreign satellites like
LANDSAT, NOAA, SPOT etc., where we played the passive role of just obtaining the data
product. With the setting up of an Earth Station at Hyderabad in 1979, data reception
started from USA’s LANDSAT satellite. The launch of the India’s first civilian remote sensing
satellite IRS-1A in March 1988 marked the beginning of a successful journey in the course of
the Indian Space Programme. The two LISS sensors aboard IRS-1A beamed down valuable
data that aided in large scale mapping applications. Subsequently, IRS-1B having similar
sensors was launched in August 1991, and provided better repetitivity. The PAN and WiFS
sensors on IRS-1C (December 1995) and IRS-1D (September 1997) further strengthened the
scope of remote sensing, with increased coverage and foray into application areas like
resources survey and management, urban planning, forest studies and disaster monitoring
and environmental studies.
To test the launch vehicle programme, IRS-P3 and IRS-P4 satellites were launched. IRS-P3
carried the X-ray astronomy payload for space science studies, besides WiFS and MOS
sensors. IRS-P4, a satellite dedicated for ocean applications was launched in May 1999. Its
OCM and MSMR sensors have open new vistas in ocean studies.
The IRS systems are under the umbrella of National Natural Resources Management System
(NNRMS) and the programme is coordinated at national level by the Planning Committee of
NNRMS (PC-NNRMS).
Today, IRS data is being used for a diverse range of applications such as crop acreage and
production estimation of major crops, drought monitoring and assessment based on
vegetation condition, flood risk zone mapping and flood damage assessment, hydrogeomorphological maps for locating underground water resources, irrigation command area
status monitoring, snowmelt run-off estimation, land use and land cover mapping, urban
planning, biodiversity characterization, forest survey, wetland mapping, environmental
impact analysis, mineral prospecting, coastal studies, integrated surveys for developing
sustainable action plans and so on.
Data from IRS satellites is received at the Earth Station of National Remote Sensing Agency
at Hyderabad. A dedicated data reception facility with 3 independent antennae and related
electronics forms the core of the acquisition chain. The data is processed after several
stringent quality checks at various levels, and then supplied on user request on digital/
photographic media. IRS browse data on NRSA’s Website has enabled the users in selecting
data from remote locations. SI-EOSAT, a US Company also receives and markets IRS data
worldwide under a commercial contract with Antrix Corporation of the Department of
Space.
Payload programming support for IRS-1C/1D data is being provided for the Ground Stations
in several countries including USA, Alaska, Ecuador, Germany, Spain, Taiwan, S. Korea, Saudi
Arabia, Abu Dhabi, Thailand, Myanmar and Iran. Apart from these, 3 mobile stations in
France, Germany and USA are also receiving IRS data. IRS-P4 data is being transmitted to
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stations in Korea, Germany and USA on request. IRS-P3 data is also being received at
Germany and Spain. IRS-P6 will focus on agricultural applications with its sensors. IRS-P5,
with its high-resolution 2.5 m PAN is the satellite earmarked for cartographic applications.
IRS-1A is the first satellite in the IRS constellation. It was launched from Baikanur
cosmodrome, Khazakistan. It operates in sun-synchronous near polar orbit at an inclination
of 99 degrees at an altitude of 904 kms. One orbit around the earth takes about 103
minutes and the satellite makes 14 orbits per day. The satellite comes back to the same
geographical area after 22 days which is known as repetitive cycle. The repetivity ensures
repeated collection of data of the same geographical area at the same local time. The
equatorial crossing time for IRS-1A in the descending node is 9:40 AM.
It has two types of cameras known as Linear Self Scanning Sensors (LISS-I and LISS-II). LISS-I
has a spatial resolution of 72.5 meters with a swath of 148 kms. on ground. LISS-II has two
seperate imaging sensors LISS-IIA and LISS-IIB with spatial resolution of 36.25 meters each.
They are mounted on the spacecraft in such a way as to provide a composite swath of
146.98 km. on ground. Both LISS-I and LISS-II operate in four spectral bands covering visible
and near infrared region.
Resourcesat P-6
IRS-P6 (RESOURCESAT-1) is envisaged as a continuation of IRS-1C/1D with enhanced
capabilities. The satellite is designed to provide both multi-spectral and panchromatic
imagery of the Earth’s surface. It has three sensors on-board : a Linear Imaging and Self
Scanning sensor (LISS-III), an Advanced Wide Field Sensor (AWiFS) and a high resolution
multi-spectral camera LISS-IV along with an On-Board Solid State Recorder (OBSSR). All the
three cameras will be working on the ‘pushbroom scanning’ concept using linear arrays of
Charge Coupled Devices (CCDs). In this mode of operation, each line of image is
electronically scanned and contiguous lines are imaged by the forward motion of the
satellite.
The LISS-IV camera is a multi-spectral high resolution camera with a spatial resolution of
5.8m at nadir. This camera can be operated in two modes : Mono and Multi-spectral. In the
multispectral mode, data is collected in three spectral bands viz,
0.52
to
0.59
μ
(Green
(band
2))
0.62
to
0.68
μ
(Red
(Band
3))
0.76 to 0.86 μ (NIR (Band 4))
In the multispectral mode, the LISS-IV sensor provides data corresponding to preselected 4096 contiguous pixels, corresponding to 23.5 Km swath. The 4K strip can be
selected anywhere within the 12K pixels by commanding the start pixel number using
electronic scanning scheme.
In Mono mode, the data of full 12K pixels of any one selected band, corresponding to
a swath of 70 Km, can be transmitted. Nominally, Band-3 data will be transmitted in this
mode. The LISS-IV camera has the additional feature of off-nadir viewing capability by tilting
the camera by +/- 26deg. This way it can provide a revisit of 5 days for any given ground
area.
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The LISS-III is a multi-spectral camera operating in four spectral bands, three in the
visible and near infra-red and one in the SWIR region, as in the case of IRS-1C/1D. The new
feature in IRS-P6 LISS-III camera is the SWIR band (1.55 to 1.7 microns), which provides data
with a spatial resolution of 23.5 m unlike in IRS-1C/1D (where the spatial resolution is 70.5
m).
The AWiFS camera is realised in two electro-optic modules viz.,. AWiFS-A and AWiFS-B, and
provides a combined swath of 737 Km. The AWiFS camera provides enhanced capabilities
compared to the WiFS camera on-board IRS-1C/1D, in terms of spatial resolution (56m Vs
188m), radiometric resolution (10 bits Vs 7 bits) and Spectral bands (4 Vs 2), with the
additional feature of on-board detector calibration using LEDs.
The launch of IRS-1C / 1D satellites with the state-of-art sensors provided a new dimension
to the applications of remote sensing data. These satellites were conceived as the “The
satellites for all applications”. Further to this, the IRS-P6 payload was designed to provide
continued remote sensing data services on an operational basis for integrated land and
water resources management. With the enhanced multi-spectral/spatial coverage and
stereo imaging capabilities, further studies can be carried out in advanced areas of user
applications such as improved crop discrimination, crop yield estimation, forestry and
disaster management. In order to have continuity and to support the ongoing projects, the
LISS-III camera was included in the payload of IRS-P6, apart from the LISS-IV and AWiFS
cameras.
The new generation of high spatial resolution satellite data offer the possibility for new
cartographic as well as thematic applications. The LISS-IV data with 5.8 m resolution in
multi-spectral mode, is helpful in improving the large scale mapping of natural resouces and
urban areas including infrastructure mapping such as road / rail network. The availability of
AWiFS data with improved spatial and spectral resolution will help in better classification
accuracy of all agricultural related applications. It is a unique sensor with its high resolution
and large swath enables monitoring large areas for flood inundation, vegetation stress etc.
The availability of high resolution satellite data enhances the capability of GIS to provide
more accurate information on many applications. When the unique advantages offered by
IRS-P6 data are translated into application possibilities, in addition to the existing
inventories, many more applications can be added up.
CARTOSAT-1
CARTOSAT-1 is a state-of-the-art remote sensing satellite built by ISRO which is mainly
intended for cartographic applications. It is the eleventh satellite to be built in the Indian
Remote Sensing (IRS) satellite series. Weighing 1560 kg at lift-off, CARTOSAT-1 is launched
into a 618 km high polar Sun Synchronous Orbit (SSO) by PSLV-C6.
CARTOSAT-1 carries two state-of-the-art Panchromatic (PAN) cameras that take black and
white stereoscopic pictures of the earth in the visible region of the electromagnetic
spectrum. The swath covered by these high resolution PAN cameras is 30 km and their
spatial resolution is 2.5 metres. The cameras are mounted on the satellite in such a way that
near simultaneous imaging of the same area from two different angles is possible. This
facilitates the generation of accurate three-dimensional maps. The cameras are steerable
across the direction of the satellite’s movement to facilitate the imaging of an area more
frequently. The images taken by CARTOSAT-1 cameras are compressed, encrypted,
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formatted and transmitted to the ground stations. The images are reconstructed from the
data received at the ground stations.
CARTOSAT-1 also carries a Solid State Recorder with a capacity of 120 Giga Bits to store the
images taken by its cameras. The stored images can be transmitted when the satellite
comes within the visibility zone of a ground station.
After its separation from the fourth stage of PSLV, CARTOSAT-1 is made to accurately point
towards the earth through a series of complex maneuvers. This is followed by a thorough
checkout of the satellite, switching on the cameras and fine-tuning of the orbit.
CARTOSAT-1 will give further fillip to remote sensing services by providing imagery with
improved spatial resolution. The unique high-resolution along-track stereo imaging
capability, carried out for the first time anywhere in the world, will enable generation of the
Digital Elevation Models (DEM) and other value added products. The data from CARTOSAT-1
is expected to provide enhanced inputs for large scale mapping applications and stimulate
newer applications in the urban and rural development, land and water resources
management, disaster assessment, relief planning and management, environment impact
assessment and various other Geographical Information System applications. The data can
be used for updating topographic maps, besides generation of large-scale topographic
maps.
CARTOSAT-2
The Panchromatic camera (PAN) on board ISRO's latest remote sensing satellite, was
switched on at 10.05 am IST today (January 12, 2007) through a series of commands issued
from the Spacecraft Control Centre of ISRO Telemetry, Tracking and Command Network
(ISTRAC) at Bangalore. Analysis of the first imagery received at National Remote Sensing
Agency's Data Reception Station at Shadnagar, near Hyderabad, confirms excellent
performance of the camera. The first imagery covered a length of about 240 km from
Paonta Sahib in Shivalik region to Delhi. Another set of imagery of about 50 km length
covered Radha Nagari to Sagoan in Goa before the satellite passed over the Arabian Sea.
It may be recalled that the 680 kg CARTOSAT-2, the twelfth in the Indian Remote Sensing
(IRS) satellite series, along with Space capsule Recovery Experiment (SRE-1), Indonesia’s
LAPAN-TUBSAT and Argentina’s PEHUENSAT-1, were launched into the intended 639 km
high polar orbit by PSLV-C7 from Satish Dhawan Space Centre (SDSC) SHAR, Sriharikota on
January 10, 2007. Soon after its separation from the Dual Launch Adopter (DLA), the two
solar arrays of CARTOSAT-2 were automatically deployed. The satellite is being continuously
monitored and controlled from the Spacecraft Control Centre of ISTRAC at Bangalore with
the help of its network of stations at Bangalore, Lucknow, Mauritius, Bearslake in Russia and
Biak in Indonesia. The Ground station at Svalbard in Sweden is also supporting the mission in
its initial phase. All systems in the satellite are functioning normally.
CARTOSAT-2 is an advanced remote sensing satellite capable of providing scenespecific spot imagery. The panchromatic camera (PAN) on board the satellite can provide
imagery with a spatial resolution of better than one metre and a swath of 9.6 km. The
satellite can be steered up to 45 deg along as well as across the track. The data from the
satellite will be used for detailed mapping and other cartographic applications at cadastral
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level, urban and rural infrastructure development and management, as well as applications
in Land Information System (LIS) and Geographical Information System (GIS).
The Indian Remote Sensing satellites form an important element of NNRMS for
providing continuous remote sensing data services for the management of natural resources
of the country. A series of Indian Remote Sensing (IRS) satellites have been launched by
India starting with IRS-1A in March 1988. There are six remote sensing satellites in service at
present — IRS-1C, IRS-P3, IRS-1D, OCEANSAT-1, TES and RESOURCESAT-1 and 2 making IRS
system the largest civilian remote sensing satellite constellation in the world.
The data from IRS satellites is utilised for several applications. They include land
use/cover mapping for agro-climatic zones planning, wasteland mapping, forest cover
mapping, wetland mapping, Crop Acreage and Production Estimation, National River Action
Plan for Sewerage Treatment Plants, Coastal Zone Regulation mapping, Integrated Mission
for Sustainable Development, National (Natural) Resources Information System, etc. In
addition, different application studies of local/regional level are also being carried out by
many organisations. With high-resolution imageries of CARTOSAT-1/2, cadastral level
applications will receive further impetus.
National Remote Sensing Centre, under DOS, receives processes and distributes the data
from Indian remote sensing satellites to various users. The imagery from IRS satellites are
disseminated worldwide on a commercial basis through Antrix Corporation of DOS.

MISSIONS UNDER OPERATION
Total nine missions are operational presently in India for resource mapping with
different
objectives.
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FUTURE IRS SATELLITE MISSIONS
Encouraged by the successful operation of the IRS missions, many more missions have been
planned for realization in the next few years. These missions will have suitable sensors for
applications in cartography, crop and vegetation monitoring, oceanography and
atmospheric studies. Cartosat 3 is in designing stage with 0.25m in monochrome and 1m in
multispectral mode.
WORLD LEVEL COMMERCIAL ORGANISATIONS IN REMOTE SENSING
In global scenario two major competitors are present with best capabilities in the field of
Resource mapping with reaching upto 0.41 meter spatial resolution distributed in 0.50
meter in Pancromatic and 1.61 meter in Multi spectral.
Details of products of both the companies are as follows:
GeoEye (www.geoeye.com)
Three satellites have been launched
1-IKONOS
2-GeoEye-1
3-OrbView-2
IKONOS SPECIFICATIONS
Spatial Resolution0.82 meter (PAN), 4.0 meter (MX)
Spectral Range
526–929
nm
445–516
nm
506–595
nm
632–698
nm
757–853 nm (near IR)

(Pancromatic)
(blue)
(green)
(red)

Swath Width 11.3 km
Off-Nadir ImagingUp to 60 degrees
Dynamic Range11 bits per pixel
Mission Life Expected> 8.3 years
Revisit TimeApproximately 3 days
Orbital Altitude681 km
Nodal Crossing10:30 a.m.
GEOEYE-1 SPECIFICATIONS
Launched on Sept. 6, 2008
world's highest resolution commercial earth-imaging satellite.
Spatial Resolution (with 5 meter accuracy without GCPs)
Panchromatic Sensor0.41 meters x 0.41 meters(distributed in 0.50m)
Multispectral Sensor1.65 meters x 1.65 meters
Spectral Range
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450–800
450–510
510–580
655–690
780–920 nm (near IR)

nm
nm
nm
nm

(Pancromatic)
(blue)
(green)
(red)

Swath Width15.2 km
Off-Nadir ImagingUp to 60 degrees
Dynamic Range11 bits per pixel
Mission Life Expected> 10 years
Revisit TimeLess than 3 days
Orbital Altitude681 km
Nodal Crossing10:30 a.m.
ORBVIEW-2 SPECIFICATIONS
GeoEye’s OrbView-2 collects on a daily basis color imagery of the Earth’s land and ocean
surfaces.
Spatial Resolution1.13 km -4.5 km
Eight narrow spectral bands 0.402-0.888 nm
Broad-area coverage in 2,800 km-wide swaths, which are routinely used in naval operations,
environmental monitoring, and global crop-assessment applications
DigitalGlobe (www.digitalglobe.com)
Two satellites has been launched
QuickBird
WorldView-1
QUICKBIRD SPECIFICATIONS
Launch Date October 18, 2001
Orbit Altitude 450 km
Orbit Inclination 97.2 degree, sun-synchronous
Equator Crossing Time 10:30 a.m. (descending node)
Orbit Time 93.5 minutes
Revisit Time 1-3.5 days depending on latitude (30o off-nadir)
Swath Width 16.5 km at nadir
Digitization 11 bits
Resolution
Pan: 61 cm (nadir) to 72 cm (25o off-nadir)
MX: 2.44 m (nadir) to 2.88 m (25o off-nadir)
Image Bands
Pan: 725 nm
Blue: 479.5 nm
Green: 546.5 nm
Red: 654 nm
Near IR: 814.5 nm
WORLDVIEW-1 SPECIFICATIONS
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Launch Date September 18, 2007
Orbit Altitude 496 km
Equator Crossing Time 10:30 a.m. (descending node), Sun Synchronous
Orbit Time 94.6 minutes
Revisit Time 1.7-4.6 days depending on latitude (30o off-nadir)
Swath Width 17.6 km at nadir
Digitization 11 bits
Resolution
Pan: 0.50 meter at nadir to 0.59 meter at 25o off-nadir
Image Bands: Panchromatic

Chapter-3

GLOBAL POSITIONING SYSTEM (GPS)
INTRODUCTION
The Global Positioning System (GPS) is a satellite-based radio-navigation system established
by the U.S. Department of Defence for military positioning applications and as a by-product,
has been made available to the civilian community. Navigation, surveying and integration
with Geographic Information Systems (GIS) are just a few of the fields which have seen the
successful application of GPS Technology.
GPS is a complex system which can be used to achieve positional accuracies ranging from
100 m to a few millimetres depending on the equipment used and procedures followed. In
general, higher accuracies correspond with higher costs and more complex observation and
processing procedures. Therefore it is important for users to understand what techniques
are required to achieve desired accuracies with the minimal cost and complexity. The
objective of these notes is to provide the background and procedural information needed to
effectively apply GPS technology.
SYSTEM DESCRIPTION
The Global positioning System (GPS) consists of 1) a constellation of radio-navigation
satellites, 2) a ground control segment which manages satellite operation and 3) users with
specialized receivers who use the satellite data to satisfy a broad range of positioning
requirements. The system was established by the United States Department of Defense
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(DoD) to fulfill defence-positioning needs and as a by-product, to serve the civilian
community.
The satellite constellation, which was fully operationalised at the end of 1993, consists of
24 satellites and three active spares positioned 20,200 km (about three times the earth’s
radius) above the earth. The satellites were distributed in a manner that ensures at least
four satellites are visible almost anywhere in the world at any time. Each satellite receives
and stores information from the control segment, maintains very accurate time through on
board precise atomic clocks and transmits signals to the earth.
The Ground control segment operates the satellite system on an on-going basis. It consists
of five tracking stations distributed around the earth of which one, located in Colorado
Springs, is a Master Control Station. The control segment tracks all satellites, ensures they
are operating properly and computes their position in space.
GPS Satellite constellation
If a satellite is not operating properly the ground control segment may set the satellite
“unhealthy” and apply measures to correct the problem. In such cases, the satellite should
not be used for positioning until its status is returned to “healthy”. The computed positions
of the satellites are used to derive parameters, which in turn are used to predict where the
satellites will be later in time. These parameters are uploaded from the control segment to
the satellites and are referred to as broadcast ephemerides.
The user segment includes all those who use GPS tracking equipment to receive GPS signals
to satisfy specific
positioning
requirements.
A
wide
range
of
equipment
designed to receive
GPS
signals
is
available
commercially,
to
fulfill an even wider
range
of
user
applications. Almost
all GPS tracking
euipment have the
same
basic
components:
an
antenna, an RF
(radio
frequency)
section,
a
microprocessor,
a
control and display
unit (CDU) , a
recording device ,
and a power supply.
These components
may be individual
units, integrated as
one unit, or partially
integrated. Usually
all components, with
the exception of
the antenna, are
grouped together and referred to as a receiver. Some GPS receivers being marketed now in
fact only consist of computer cards which may be mounted in portable computers or
integrated with other navigation systems.
GPS SIGNALS
Each GPS satellite continuously transmits signals which contain a wealth of information.
Depending on the type and accuracy of positioning being carried out, a user may only be
interested in a portion of the information included in the GPS signal. Similarly, a given GPS
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receiver may only enable use of a portion of the available information. It is therefore
important for users to understand the content and use of GPS signals. The information
contained in GPS signals includes the carrier frequencies, Coarse Acquisition (C/A) and
precise (P) codes and the satellite message.
Carrier Measurements
Signals from GPS satellite are continuously transmitted on two carrier frequencies, 1575.42
MHz and 1227.60 MHz, and are referred to as L1 and L2 respectively. Since radio waves
propagate through space at the speed of light, the wavelengths of the GPS carrier signals
are computed as
Equation:  = c/ 

(1)

Where  is the wavelength (i.e. the length of one cycle) in metres, c is the speed of light
(approximately 3x10 m/s) and f is the carrier frequency in Hz (i.e. cycles per second).
GPS receivers which record carrier phase, measure the fraction of one wavelength (i.e.
fraction of 19 cm for the L1 carrier) when the receiver first locks onto a satellite and
continuously measure the carrier phase from that time. The number of cycles between the
satellite and receiver at initial startup (referred to as the ambiguity) and the measured
carrier phase together represent the satellite receiver range( i.e. the distance between a
satellite and a receiver). In other words,
Measured carrier phase = range + (ambiguity X wavelength)+ errors
O = P+N  +Errors
(2)
Where O is the measured carrier phase in meters, P is the satellite-receiver range in metres,
N is the ambiguity (i.e. number of cycles) and  is the carrier wavelength in metres.
Carrier Frequencies and Wavelengths
Carrier
L1
L2

Wavelength (  )
19cm
24 cm

Frequency (f)
1575.42 MHz
1227.60 MHz

Code and satellite messages are piggy –backed on the carrier signal through modulation.
The L1 carrier is modulated by a coarse acquisition code referred to as the C/A code, a
precise code referred to as the P code and the satellite message. The L2 carrier is midulated
by the P code and the satellite message.
Information Modulated on Each Carrier
L1 Carrier

L2 Carrier

C/A. Code
P Code
Message
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Code Measurements
It is the code measurements (also referred to as pseudorange measurements) that enable
instantaneous position determinations using GPS satellites. The code is composed of a
series of chips, which have values of 1 or 0. The C/A code has a frequency of 1.023 MHz (i.e.
PCode
Message
1.023 million chips per second) and the P code has a frequency of 10.23 MHz.
The chip lengths of 293 m and 29.3 m for the C/A code and P code respectively were
computed using equation (1), letting  be the chip length. Although the P code is generally
ten times more accurate than the C/A code, it is expected to be unavailable for civilian use
in 1993 when the full GPS constellation was complete. Meaning only C/A code is worthy of
consideration for civilian GPS applications.
Code measurements are the difference in time between when the code is transmitted from
a satellite and received at a GPS receiver, multiplied by the speed of light. That is,
Measured code = speed of light x (reception time – transmission time)
OR
P = C (t - tt )

(3)

Where P is the measured code, C is the speed of light, tt is the signal reception time and tt
is the signal transmission time. The code measurement is actually a direct measurement of
satellite – receiver range ( P ) , i.e.:
Measured code = range + errors

P = P+Errors

Or
(4)

Comparison of Code (Pseudo-range) and Carrier Measurements
At this point it is possible to make some brief comparisons of code and carrier
measurements. Carrier wavelengths (19cm for L1 ) are much shorter than the C/A code chip
length (293 m) and consequently can be measured more accurately and used to achieve
much higher positional accuracies than code measurements. Indeed the best relative
accuracies achieved using code measurements are usually a few metres, and using carrier
measurement are usually a few centimeters.
The problem with using carrier observations instead of code observations is evident upon
comparison of equations (2) and (4). With code observations a direct measure of the
satellite–receiver range is attained. With carrier observations the ambiguity term (number
of whole cycles) must be estimated before one may take advantage of the carrier accuracy.
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Ambiguity estimation leads to complexities in the use of carrier phase observations which
do not exist with code observations.
The advantages and disadvantages of code and carrier observations are summarized in
Table below
Key Advantages and Disadvantages of Code and Carrier Observations

Advantages
Disadvantages

Code
Non-ambiguous simple
Low accuracy

Carrier
High accuracy potential
More complex

Satellite Message
The satellite message, which is modulated on both L1 and L2 frequencies, contains among
other information, satellite broadcast ephemerides and health status. The ephemerides
include the parameters necessary to compute a satellite’s position in space for a given time
and the health status indicates if a satellite is healthy. Almost all receivers use the
broadcast ephemerides in conjunction with code observations, carrier observations or both
to solve for a GPS receiver’s position in space.
TYPES OF GPS POSITIONING
Single Point Versus Relative Positioning.
Positioning with GPS may take the form of single point positioning or relative positioning. In
single point positioning coordinates of a receiver at an “ unknown” point are sought with
respect to the earth’s reference frame by using the “known” positions of the GPS satellites
being tracked. Single point positioning is also referred to as absolute positioning, and often
just as point positioning. In relative positioning the coordinates of a receiver at an
“unknown” point are sought with respect to a receiver at a “known” point.
The concept of single point positioning is illustrated in Fig. below using the broadcast
ephemerides, the position of any satellite at any point of time may be computed.
If S1,s2,s3 and s4 represent four different satellites being tracked. The positions of these
satellites are referenced to the centre of the earth in the x,y,z coordinate frame. The
coordinates for s1 are shown as ( Xs1, Ys1, Zs1) . the coordinates of r, the unknown point, as
referenced to the centre of the earth, are (Xr, Yr, Zr)
The observed code, PrS1 , relates the known coordinates of satellite 1 with the unknown
coordinates of the receiver shown in Fig.below using the equation for a line in three –
dimensional space. That is,
PrS1 = (xs1-x)2+(Ys1-Y)2+(Zs1-Z)2+errors
The same equation showing the relation between satellite 1 and the receiver may be
formed for all satellites tracked. With at least forur satellites all the unknowns (X , Y , Z ) and
a clock time which forms part of the errors) may be computed.
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The concept of relative positioning is illustrated in Fig. below. Instead of determining the
position of one point on the earth with respect to the satellites (as done in single point
positioning), the position of one point on the earth is determined with respect to another
“known” point. The advantage of using relative rather than single point positioning is that
much higher accuracies are achieved because most GPS observation errors are common to
the known and unknown site and are reduced in data processing.
The term differential positioning is sometimes used interchangeably with relative
positioning. However since differential positioning is more often associated with a specific
type of relative positioning which applies corrections measured at a “Known” site to
measurements at an “unknown “ site, relative positioning will be the term used herein to
describe the general concept.
Static versus Kinematic Positioning
GPS positioning may also be categorized as static or kinematic. In static positioning, a GPS
receiver is required to be stationary whereas in kinematic positioning a receiver collects GPS
data while moving. The concepts of static and kinematic positioning for both single point
and relative positioning cases are illustrated in fig below. Note that for kinematic relative
positioning one receiver, referred to as a monitor, is left stationary on a known point while a
second receiver, referred to as a rover, is moved over the path to be positioned.
Real –Time versus Post-Mission
GPS positions may be attained through real-time or post-mission processing. In real –time
processing, positions are computed almost instantaneously, on site. In post –mission
processing, data is combined and reduced after all data collection has been completed. Real
–time relative positioning requires a data link to transmit corrections from a monitor
receiver at a known point to a rover receiver at an unknown point. Post –mission processing
for relative positioning requires physically bringing together the data from all receivers after
an observation period. Even with real-time point positioning, for many GPS applications it is
still necessary to download data and enter it in a database specific to the user’s application.
Very low accuracy code single point positioning is usually computed by GPS receivers in realtime, whereas very high accuracy carrier relative positioning is almost always dependent on
post-mission processing. Real-time and spot –mission processing options exist for
methodologies which yield accuracies between these two extremes.
All GPS positioning may be classified as static or kinematic, single point or relative, and realtime or post-mission. All users of GPS, no matter what the positioning type used, must be
aware of the best times for data collection, which brings about discussion of satellite
visibility and availability.
SATELLITE VISIBILITY AND AVAILABILITY
Users of GPS must know where, when and what satellites should be tracked to attain the
best results. Terms used to describe satellite visibility are described, followed by a
discussion of satellite geometry, satellite azimuth and elevation, selective availablility and
anti-spoofing.
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The location of satellites with respect to a specific point on the earth is described in terms of
elevation angle and azimuth. The elevation angle is the angle from the antenna between
the horizontal and the line of sight to the satellite .
The azimuth is the clockwise angle from north to the location of the satellite in the sky. GPS
receivers, processing software, or both may have a option to set a specific mask angle (also
referred to as cutoff angle). The mask angle refers to the elevation angle below which GPS
signals will not be recorded. A satellite is said to be visible if it is above the specified mask
angle for the time and location of interest assuming no obstructions are present.
Obstructions are objects which block the path between a satellite and receiver. For
example, if a desired satellite is at an elevation of 20 degrees and azimuth of 70 degrees,
and a building is located at the same elevation and azimuth, the satellite signal will
obstructed. The avoidance of obstructions is very important to the successful application of
GPS positioning.
For any given location on the earth, and any given date and time, it is possible to predict
which satellites will be available and their location in the sky. This is accomplished by using
almanac files which contain satellite orbit parameters in conjunction with software designed
Touse almanc files to compute satellite visibility. Current almanac files are available from
the GPS Information Center and Hollman GPS Bulletin Board service. Many receivers display
satellite availability information while tracking, provide almanc files for downloading, or
both. Software pakages to compute satellite visibility are available commercially and often
accompany commercial GPS receiver software. When computing satellite availability, one
should be careful to use only recent almanacs, no more than one month old.
A sample satellite availability plot for 12 hours on September, 1st 1992, at Waterloo Ontario
using a 15 degree mask angle, is shown in Figure below. The number of satellites available
is plotted against the local time. For two periods only three satellites are available, which is
insufficient for single point positioning. For a short period (between 7 and 8 hours) six
satellites are available, which is favourable since in general the more satellites, the better
the chance of success with GPS positioning.
Satellite coverage repeats itself from day to day, but appears four minutes earlier. This
means the satellite visibility plot for September 2 would be identical to that for September 1
but shifted four minutes to the left. The satellite visibility plot for September 8 (one week
later) would be shifted about one half hour to the left, and for October 1 (one month later)
would be shifted about two hours to the left.
Satellite Geometry
Sometimes sky plots, as illustrated in Fig.below are used to represent satellite visibility. To
interpret such plots one must imagine being situated at the centre of the plot. Each
concentric ring represents an elevation angle, while each radiating line represents an
azimuth. In figure, the shaded area, below 15 degrees elevation represents the mask angle.
The path of all visible satellites over a two-hour period is plotted. The numbers indicated on
each plotted line are the satellite numbers. For example, satellite 13 is shown in the plot as
tracing a path from an elevation of 40 degrees and azimuth of 270 degrees to an elevation
of about 63 degrees and azimuth of 10 degrees.
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Satellite geometry has a direct effect on positioning accuracies. The best single point
positioning accuracies are achieved when satellites have good spatial distribution in the sky
(e.g. one satellite overhead and the others equally spread horizontally and at about 20
degrees elevation). Sub- optimal geometry exists when satellites are clumped together in
one quadrant of the sky. The geometry of satellites, as it contributes to positioning
accuracy, is quantified by the geometrical dilution of precision (GDOP). Satellite
configurations exemplifying poor and good GDOP.
By multiplying all errors expected in single point positioning (referrred to as the user
equivalent range error (UERE)) with GDOP one arrives at an estimate for the combined
accuracy of the four components estimated in single point positioning (three coordinates
and time). Other types of DOPs, when multiplied by the UERE yield accuracy estimates for
positional, horizontal and height estimates as summarized in Table below.
Types of DOPs
Acronym
Type
Position Component(s)
GDOP
Geometrical
3 D Position and time
X, Y, Z & Time
PDOP
Positional
3D position
X, Y, Z
HDOP
Horizontal
2D horizontal position
X, Y
VDOP
Vertical
1D height
Z
Most GPS software packages include the ability to compute DOPs before an observation
period. The information needed to compute DOPs is the same as that required computing
the satellite availability and sky plots of Figures shown (i.e., a recent almanac file,
approximate latitude and longitude, the date and the time period). Figure below shows
PDOPs which correspond to the same time and location as the plot for the number of
available satellites in Figure shown for waterloo. Note there is a general tendency for low
PDOPs with an increased number of satellites and vice versa.
For GPS positioning, the lower the PDOP the better. A PDOP below 5 or 6 is generally the
recommended upper limit for positioning, particularly for short occupation times(eg. A few
minutes). In Fig. above PDOPs over 6 are shaded out, showing time periods which are not
well suited for GPS observations. For example, for the day and location shown in the figure,
one would observe from 7 to 8 hourrs instead of from 8 to 9 hours due to the favourable
PDOP in the earlier time period. For static relative positioning over long time periods,(e.g.
more than one hour) the PDOPis not quite as critical since one benefits not only from the
geometry of satellite configuration, but also from the geometry of the path the satellites
trace in the sky over time.
SELECTIVE AVAILABILITY AND ANTI-SPOOFING
Two terms often associated with GPS status are selective availability (SA) and anti-spoofing
(AS). Both refer to techniques to limit the accuracies achievable for civilian users. Selective
availability consists of the degradation of the broadcast orbit (i.e. the accuracy of the
satellites “known” position in space) and dithering of the satellite clocks. SA is currently
being implemented. As a result of SA, single point positioning accuracies are limited to
100m horizontally and 256m vertically at the 95% confidence level instead of the 20-30 m
and 30-45 m possible without SA.
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Anti –spoofing is the denial of access of the P code to civilian users (except those with
special authorization from the U S DoD). Implementation of AS is planned to begin when
the full GPS constellation is available at the end of 1993. Although intermittent testing of AS
commenced in August 1992. When as is activated, to deny access, the P code is replaced
with a y code on the L1 and L2 carries. This Y code has similar properties to the P code but is
unknown to unauthorized users.
COMMON ERRORS IN HANDLING GPS DATA
It is important for application-oriented users to understand the basic errors which affect
GPS observations, since they have direct implications on the methods which should be used
to achieve desired accuracies. Errors cause the measured satellite – receiver range to differ
from the true satellite-receiver range, hence the inclusion of the error terms in the basic
carrier and code measurement equations. Details on types of errors in GPS observations,
and how they may be handled are described in several publications and are briefly discussed
here.
Errors, which influence GPS range measurements, are illustrated in Figure below. The orbital
error refers to the difference between the satellite position as calculated using the
broadcast ephemeredes and the “true” position of satellite in space. Nominally these errors
range from 5 to 25m, but have been degraded to as much as 100m through selective
availability. Satellite clock errors are about 10m assuming clock corrections made available
in the satellite message are used.
All discussions up to this point have assumed GPS signals travel at the speed of light. Two
sections of the atmosphere defy this assumption: the layer of free electrons ranging from
about 50 to 1000 km above the earth referred to as the ionosphere, and the layer up to 80
km above the each referred to as the troposphere. Ionospheric errors range from 50 m at
zenith (i.e. when the elevation angle is 900) to 150m at the horizon (i.e. when the elevation
angle is 00). Tropospheric errors range from 2 m at zenith to about 20 m at 100 elevations.
The errors for satellites at low elevation angles are greater because they have longer paths
through the atmosphere and ionosphere.
Receiver clock errors may range from 10m to 100 m depending on the quality of the
receiver clock. In positioning, this clock error is estimated along with coordinates and so
does not greatly affect achievable accuracies.
Multipath errors occur when signals received directly, combine with signals reflected off
nearby objects such that the true signal is corrupted by interference from the reflected
signal. Receiver noise is a function of how well a GPS receiver can measure code or carrier
observations. The magnitude of both multipath and receiver noise errors is proportional to
the chip length and wavelength of the code and carrier measurements respectively. For C/A
code measurements, multipaths can 5cm. Receiver noise for code and carrier
measurements are typically at the few meter and few millimeter levels respectively. Both
receiver and antenna design may influence multipath and measurement noise.
The magnitude of errors as they affect a single satellite-receiver range are summarized in
Table below. All the errors presented in Table below, when combined using scientific laws of
error propagation, form the user equivalent range error. It is this value, which when
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multiplied by the DOP (dilution of precision), yields an estimate of achievable accuracies for
single point positioning.
Error

Magnitude*

Satellite
Orbital

10 m (assuming broadcast corrections used)
100 m (S/A active)
5 to 25m (S/A inactive)
50 m (at zenith)
2 m (at zenith)
10 to 100 m (depends on type of receiver oscillator)

Ionospheric
tropospheric
receiver clock
Multipath
C/A code
50 cm to 20 cm (depends on GPS equipment and site)
Carrier
up to a few cm (depends on GPS equipment and site)
Receiver noise
C/A
code 10 cm to 2-3 m (depends on receiver type)
Carrier
0.5 mm (depends on receiver type)
An error unique to carrier phase observations is the cycle slip. Recall from the discussion
preceding the carrier equation, that carrier phase is measured continuously, but has an
ambiguity term at the time of initial satellite lock. The failure to maintain continuous lock on
a satellite causes cycle slips, in which an integer number of wavelengths may be lost. Cycle
slips must be corrected through data processing if carrier measurements are to be used to
achieve sub-decimeter accuracy.
The wide range of accuracies and positioning techniques with GPS are a result of the type of
observations used (code, carrier or both) and the means for handling the errors listed in
Table above. When accuracies better than the 100 m achievable with single point
positioning are required, relative positioning should be employed. In relative positioning
most of the orbital, tropospheric and Ionospheric errors along the satellite-receiver path are
common to both sites and consequently their influence on the relative positions is small.
The closer the GPS receivers are to each other, the more common are these errors and the
greater the accuracy achieved through relative positioning. Accordingly, the further apart
the GPS receivers are far from each other, the less common are these errors and the less
accurate the relative positioning.
For precise static relative positioning, sophisticated means for handling errors are employed
which include combining observations through double differencing techniques and using
advanced modelling and estimation. Dual frequency receivers may be used to almost totally
remove errors due to the ionosphere in relative positioning over long baselines.
OTHER PLAYERS:
A satellite navigation system with global coverage may be termed a global navigation
satellite system or GNSS and seeing the possibility of hostile conditions and possibility of
failures other countries/group of countries have developed their own independent systems.
Russia has developed the global navigation system with the name of GLONASS, European
Union as Galileo, China as BeiDou Navigation Systems with the different numbers of orbits
and satellites.
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INDIAN PRESENCE
Indian has his strong presence in navigation in the form of GAGAN and IRNSS. GPS Aided
GEO Augmented Navigation (GAGAN) is a satellite based navigation system that is serving as
a low cost substitute for Instrument Landing System (ILS). The system is being developed by
ISRO in collaboration with Airports Authority of India mainly for air navigation.
Indian Regional Navigational Satellite System (IRNSS) is Geo-Stationary, Country specific
Satellite Navigational System comprise of total 7 satellite The first two satellites IRNSS1A and IRNSS-1B of the proposed constellation were precisely launched on 1 July 2013 and 4
April 2014 respectively. The third satellite IRNSS-1C is going to be launched on October 10
and IRNSS-1D of the proposed constellation are planned to be launched by end of 2014 and
the remaining three satellites IRNSS-1E, IRNSS-1F and IRNSS-1G are planned to be launched
by middle of 2015. The total cost of the project is expected to be 1420 crore, with the cost
of the ground segment being 300 crore and each satellites costing 125 crore. It is designed
to provide accurate position information service to users in India as well as the region
extending up to 1500 km from its boundary, which is its primary service area. The Extended
Service Area lies between primary service area and area enclosed by the rectangle from
Latitude 30 deg South to 50 deg North, Longitude 30 deg East to 130 deg East.

Chapter-4
OPEN SOURCE GIS DATA AND SOFTWARE AVAILABILITY FOR
EFFECTIVE IMPLEMENTATION OF WATERSHED AND MGNREGS SCHEMES
1- NEED AND BACKGROUND
Watershed Management program and Mahatma Gandhi National
Rural Employment Guarantee Scheme (MGNREGS) are two flagships of
Ministry of Rural Development, Government of India to empower the
unemployed and enhances the livelihood security of the people in rural areas
by generating wage employment through works that develop the
infrastructure and assets for the area. Most of the activities are related to
land and water and the earth’s features. These activities require a host of
inter-related information on natural resources and terrain. For this purpose, data from GPS
and remotely sensed data provides valuable and up to date spatial information on all
Parameters of earth’s features.
Geographic Information System (GIS) with its capability of
integration and analysis of spatial, non spatial, and multi
layered information obtained in a wide variety of formats and
from different sources, has proved to be an effective tool in
planning, Implementation and Monitoring of Watershed and
MGNREGS. This will also ensure transparency, avoid
duplication of works and help in proper information dissemination.
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In Common Guidelines-2008 of IWMP program, mandatory use of GIS and Remote Sensing
has been mentioned at various places. The main points of consideration under Common
Guidelines-2008 are as follows:
Special efforts will be required from the implementing Agencies to use the information
technology and remote sensing inputs in planning, monitoring and evaluation of the
program (Preface Section Para 9).
By the use of current information technology and remote sensing, it is possible to acquire
detailed information about the various field level characteristics of any area or region (In
Guiding principle section under Para 11).
It has been conceptualized that at the State and National levels, core GIS facilities, with
spatial & non-spatial data, would be established and augmented with satellite imagery data
received from NRSA, ISRO and Survey of India. All the GIS layers for various themes would
be overlaid having a geo-referenced base layer up to the level of village boundaries in the
first instance. This core GIS data may be given controlled access/distribution over network
for local project planning. Application software for web-enabled integrated watershed
development, spatial & non-spatial data standards and meta-data would also be worked
out. Once such a knowledge base is in place, it would be possible to define watershed
project boundaries with assignment of unique-identification (unique-id) to each project. It
would also be possible to map treatment area with respect to their respective
administrative formations in terms of villages, Blocks and Districts (In Technology input
section Para 13).
Remote sensing data would be utilized for finalizing contour maps for assessment of run-off
and for identifying structures best suited for location of projects. This would result in cost
and time optimization in project implementation. Technology would also contribute
immensely in assessing the actual impact of various programs in a given area. Due to
availability of latest remote sensing techniques, it is now possible to assess periodic changes
in geo-hydrological potential, soil and crop cover, run-off etc in the project area (In
Technology input section Para 14).
Information connectivity would be extended to all the Districts and project implementation
agencies. This Watershed information network would reach right up to the project areas.
Each District and State center would be equipped with IT and domain professionals with
desired skills. Thus technology inputs would bring about a Paradigm shift in the
implementation and management of the area development programs (In Technology input
section Para 15).
A National Portal will be created which will host the data generated for all watershed
projects in the entire country. Inputs will be compiled from all concerned Ministries /
Departments including Ministry of Rural Development /Ministry of Environment and Forest
/ Ministry of Agriculture. The National Portal will be commissioned and maintained by the
NRAA (In Technology input section Para 15).
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National Level Data Center and National Portal-This center is planned to be equipped with
various GIS thematic layers for cadastral, watershed, soil, land use, socio-economic
Parameters, habitation etc. It shall have application support for area development
programs, rural employment, land use planning, master data for integrated layers,
and high end GIS
data for District level planning and Monitoring (In section 4.3 Para 21).
DPR will be a part of the MIS from which details will be arranged into various layers on GIS
as a monitoring, management, accounting and analytical tool besides serving as a source of
information and a link to the State level data cell in the SLNA and National Data Center in
the NRAA. (In project management section Para 55)
In accordance to these instructions under Common Guidelines-2008, most of the States
have got various thematic layers prepared through suitable agencies mostly State Remote
Sensing Agencies or Regional Remote Sensing Agencies. Thus a proper strategy is required
to make the field executors capable of understanding and editing/modifying/analysing the
data as per the local needs.
Under MGNREGS a GIS subgroup was constituted to check the possibilities of GIS
applications in MGNREGS and a visit was made by the group to BISAC, Gujarat to be familiar
with BISAC model, report of the group has been submitted to the ministry with a proper
plan and possibilities of application of GIS in MGNREGS[1]. A Concept note/Background
paper has been prepared for Asset Management System using GIS,GPS & Remote Sensing
[2]. Geo-ICT model for MGNREGS has been framed at MoRD, GoI level and GIS Guidelines
for States/UTs (Draft) has already been issued [3]. Further details are available at
http://www.nrega.net/ict/information/geographic-information-system/
It has been conceptualized in Guideline that GPS locations of all the works will be taken for
Asset management and will be uploaded to Web-GIS and Integration with NREGAsoft will be
made to put the data in public domain. All the thematic layers created under watershed
program of the States and other available layers will be used for resource mapping,
monitoring and evaluation of program [3]. This Idea of convergence of Data is useful in cost
saving as most of the State Remote Sensing Application Centers are having State-wide many
GIS layers/Images of respective States which may be used at no cost or at low cost
depending on National and respective State policies.
By using available costly commercial GIS tools it is difficult to put this tool forward upto
District/Block/GP level. As Open Source GIS is nowadays fully organized and well supported
by reputed International universities and organizations (described in later sections), it can
be a medium to put Geo-Informatics upto any level for Planning, Implementation and
Monitoring of Natural Resource in General and Watershed & MGNREGS schemes in
particular in a cost effective, timely and scientific manner.
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The further sections will describe the broad scenario of Open Source GIS, free data and
software availability, brief description of available useful features of Open Source GIS using
Quantum GIS/GRASS, trainings at NIRD Jaipur center and successes of Trainings.
As the Open Source has its spread in all directions, right from Operating systems to every
domain upto web development & hosting, the details provided in further sections should be
considered as Author’s own best experiences and practices found suitable to Rural
Development in India in general and Watershed and MGNREGS in particular. Readers are
advised to explore further availability of data/software based on specific needs.

2- FREE DATA AVAILABILITY
In the language of GIS we understand data as of two types, Raster and Vector which may be
described as Grid or Pixel based and Point/Line/Polygon based respectively. Raster may be
further classified as Panchromatic/Single band or Multispectral.
Panchromatic Images are having two types of remotely sensed information for each pixel as
height or energy reflectance values. The Images which contain elevation values for each
pixel are called Digital Elevation Model (DEM).
DEMs are useful for Watershed and MGNREGS both as by knowing height values of each
piece of land under consideration, many derived information layers like
Slope/Aspect/Contours/Hill shade etc. may be generated by using Quantum GIS and
Creating Dams, Volumetric analysis of water, Extraction of Drainages, Delineation of
Watersheds based on threshold or based on locations, Raster to Vector conversions and vice
versa etc. and much more can be done using GRASS and both are Open Source software will
be described later.
The DEMs available freely are not suitable for precise applications/calculations but it serves
a purpose of getting overall three dimensional scenario of the Block/District/Watershed
when no other data for the targeted area is available. For finer accuracies Traditional
Topographic surveying techniques like Dumpy level or Differential Geographic Positioning
System (DGPS) surveying, Laser Scanning, Light Detection and Ranging (Lidar) techniques
will have to be used depending upon need, funds/expertise availability which will be
checked by respective State/Department along with use of freely available elevation data.
Other form of Single band Pancromatic data is capturing energy reflectance values of earths
features. These are captured in broad range of electromagnetic spectrum to give high
resolution pictures and used generally for mapping/digitization, updating, feature extraction
etc. Indian Carotsat-2 data is very useful for this purpose and capable to fulfill
Watershed/MGNREGS needs by its pixel resolution of upto 1 meter.
The multispectral data is the set of single band images captured in various electromagnetic
spectral bands including Visible, Infrared, Microwave etc. The images captured in these
bands are having different reflectance pattern of the same feature in different bands which
may be different than what we see in visible range in our day to day life. By using this
behavior of Earth features in different bands of electromagnetic spectrum, we can derive
information about the features like Land use/land cover details, Change detection etc.
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2.1- AVAILABILITY OF FREE DEM OR ELEVATION DATA
2.1.1- Nasa’s Shuttle Radar Topographic Mission (SRTM)
This is originally produced by NASA in an effort to promote the use of geospatial science and
applications for sustainable development and resource conservation in the developing
world. Data is available for download
from various direct and indirect links on
Internet for the earth ranges between 60
degree North and South on the Globe.
Projection/Datum for the original data is
geographic coordinate system / WGS84 in
ArcInfo ASCII and GeoTiff format.
Originally data has been generated in 5
deg x 5 deg tiles with 250 meters and
90m spatial resolution.
The vertical error of the DEM's is reported to be less than 16m. The data currently being
distributed by NASA/USGS (finished product) contains "no-data" holes where water or
heavy shadow prevented the quantification of elevation. These are generally small holes,
which nevertheless render the data less useful, especially in fields of hydrological modeling
[4].
2.1.1- Advanced Space Borne Thermal Emission and Reflection Radiometer (ASTER)
ASTER is a cooperative effort between NASA and Japan's Ministry of Economy Trade and
Industry (METI), with the collaboration of scientific and industry organizations in both
countries. It is generated from data collected from the Advanced Space borne Thermal
Emission and Reflection Radiometer (ASTER), a space borne earth observing optical
instrument.
Data is available in GeoTIFF format with Geographic lat/long coordinates and a 1 arc-second
(30 m) grid of elevation postings and
WGS84/EGM96 Geoid, Covers 83°N and
83°S on Globe and is composed of 22,600
1°-by-1° tiles. Data is available for
download
from
dedicated
site
http://www.gdem.aster.ersdac.or.jp
on
Internet for which user registration is
requested.
Pre-production estimated accuracies for
this global product were 20 meters at 95 % confidence for vertical data and 30 meters at 95
% confidence for horizontal data [5].
2.1.1- Indian National DEM from Cartosat-1 Data
Developed by ISRO using Cartosat-1 Stereo data. Cartosat-1 is the only Global Stereo
Capable Satellite. As per the design of cartoDEM, the DEM accuracy is 8m at LE90 and 15 m
at CE90 for ortho data [6].
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Data is Available in 30 meter grid/pixel and
Geo-tiff format with Geographic Lat/Long,
WGS84 datum.
To download data link is available with
Bhuvan’s
main
interface
on
www.bhuvan.nrsc.gov.in
Or the same interface may be accessed
directly by typing the URL
http://bhuvan-noeda.nrsc.gov.in/download/download/download.php
User registration required for downloading the data.

2.2 AVAILABILITY OF FREE MULTISPECTRAL DATA
2.2.1- Landsat data:
The Landsat Program, a joint effort of the U.S. Geological Survey (USGS) and the National
Aeronautics and Space Administration (NASA). This mission is under operation since 1972,
and total 7 satellites have been launched out of which one satellite Landsat-6 did not
achieve orbit.
All USGS Landsat data acquired from 1972 to the present are available over the Internet at
no charge and with no user restrictions. To obtain data, see http://glovis.usgs.gov or
http://earthexplorer.usgs.gov [7]
In addition to these links
http://landsat.org/ortho/index.php

the

archived

data

is

also

available

at

Three types of products are available
under the mission i.e. Enhanced
Thematic Mapper Plus (ETM+) with 9
bands, image coverage Date is Scene
dependent (nominally 2000 +/- 1
years)[8], Thematic Mapper (TM) with
7 bands, image coverage Date is Scene
dependent (nominally 1990 +/- 3
years)[9], and
Multispectral Scanner (MSS) with 4
bands, image coverage Date is Scene
dependent (nominally from 1972 to 1978)[10].
In these archived data date and time of acquisition is not under control of user which limits
the use of these imagery.
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2.2.2- Moderate Resolution Imaging Spectroradiometer (MODIS)
MODIS data and products acquired at no charge through the Land Processes (LP) Distributed
Active Archive Center (DAAC)- LP DAAC. It has a viewing swath width of 2,330 km per scene
and views the entire surface of the Earth every one to two days. Its detectors measure 36
spectral bands and it acquires data at three spatial resolutions: 250-m, 500-m, and 1,000-m.
2.2.3- Bhuvan data
Under the ISRO initiative apart from Carto-1 DEM, multispectral archived data of
Resourcesat-1 AWiFS data of 56m spatial resolution and Resourcesat-1 LISS III data of 24m
spatial resolution is available for free download to registered users.
To download data link is available with Bhuvan’s main interface on www.bhuvan.nrsc.gov.in
or the same interface may be accessed directly by typing the URL
http://bhuvan-noeda.nrsc.gov.in/download/download/download.php
In these archived data date and time of acquisition is not under control of user which limits
the use of these imagery.
2.3 OTHER RASTER THEMATIC LAYERS
2.3.1- Bhoosampada (Land information portal)
For Dissemination and Sharing of Geo-spatial Information Derived from IRS Data on Land
use and Land cover of India as result of Natural Resources Census for national Land use and
Land cover mapping using multitemporal AWiFS data [11]. LULC Information for Seven
Cycles from 2004-05 to 2010-11 is available.
Viewed through www.applications.nrsc.gov.in, to view in 1:1M no user registration required
and basic queries can be made and Land Use Land Cover (LULC) statistics through the map
viewer. To view in 1:250000 user registration is required and enhanced queries like LULC
statistics upto District level, change analysis can be accessed with powerful web GIS tools
[12].
2.3.2- Thematic services of ISRO
This site contains thematic views/searches including Land Use Land Cover as described
under Bhoosampada and other facilities/information of metadata, overlays of various
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vector layers, web services and download facility for LULC is present. Viewed through
http://www.bhuvan-noeda.nrsc.gov.in/theme/thematic/theme.php
Bhuvan services are OGC compliant such as WMS (Web Map Service) and WMTS (Web Map
Tile Service) towards Interoperability. All Bhuvan's Geospatial services can be consumed as
OGC services either as WMS or WMTS and plotted on any compatible clients/Web
browsers(eg. QGIS, Gaia, OpenLayers) [13].
The example is shown in above screen shot is by using simple Add WMS Layer tool
on Quantum GIS software, and using details provided on site of thematic layers as
above.

2.3.3- Topographic Sheets
Available
at
THE
UNIVERSITY
OF
TEXAS
AT
AUSTIN
site
www.lib.utexas.edu/maps/ams/india/ as India and Pakistan 1:250,000 Series U502, U.S.
Army Map Service, 1955-[14] with Scale of 1: 2,50,000 and Contour Interval of 500 Feet.
Projection is Transverse Mercator Prepared by US Army Map Services in 1955. The spread of
one sheet is 1 degree Latitude by 1.5 degree Longitude. As Indian SoI Topo sheets are
available at 1:50000 and 1:25000 scale so these 1:250000 sheets prepared in 1955 are only
better for getting knowledge of general topography at small scales and may be used when
no SoI Topo sheet is available for area of interest.
2.3.4- Other Layers
At coarser resolutions many other Rater data are available and being distributed through
International Agencies/Universities/Research organizations for uses at country, region level.
2.4- VECTOR DATA
Most of the free vector data are available as ESRI Shape file. The Esri shapefile or simply a
shapefile is a popular geospatial vector data format for geographic information systems
software. It is a digital vector storage format for storing geometric location and associated
attribute information [15].
The free vector data as administrative boundaries are available upto Block boundary levels
and many other feature types like rail, road, water bodies, drainage lines, settlements etc.
are available from various agencies as described below.
All the free data don’t have any responsibility for any mistake or correctness of data and
should be used when no other data of similar kind from authorized agencies is available to
work.
2.4.1- International Steering committee for global mapping (ISCGM)
Data are available at http://www.iscgm.org/cgi-bin/fswiki/wiki.cgi to download. User
registration is required. The layers in vector representation are Boundaries, Transportation,
Drainage and Population Centers. Raster data of coarser resolution on various themes are
also available.
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2.4.1- GADM Database of Global Administrative Areas
GADM is a spatial Database of the location of the world's administrative areas (or
administrative boundaries) for use in GIS and similar software. For India these boundaries
are available upto Block levels. Data are available at http://www.gadm.org/ to download.
Data are available in various formats like ESRI Shape files, ESRI Personal/File GeoDatabase,
Google Earth .KMZ and R.
2.4.1World
Database
on
Protected
Areas
(WDPA)
It incorporates the UN list of Protected Areas. The World Database on Protected Areas is a
foundation dataset for conservation decision making. It contains crucial information from
national governments, non-governmental organizations, academic institutions, international
biodiversity convention secretariats and many others. It is used for ecological gap analysis,
environmental impact analysis and is increasingly used for private sector decision-making
[16]. Data are available at http://www.wdpa.org/ to download. User registration is required.
These all data source are not exhaustive and limited to best suitability in view of RD
schemes in India as per author’s view. Many other sources/links of data download are there
for specific uses.

3- OPEN SOURCE GIS SOFTWARE AVAILABILITY
The description will cover some software of wide use and incubated by International
dedicated organization like Open Source Geospatial foundation. There are many other Open
Source GIS software for specific uses and may be searched and explored by the readers
separately.
Open source doesn't just mean access to the source code. The distribution terms of opensource software must comply with the criteria of Open Source definition which mostly says
that Open source will be Open source in further development and uses.
3.1- QUANTUM GIS
Quantum GIS (QGIS) is a user friendly Open Source Geographic Information System (GIS)
licensed under the GNU General Public License. QGIS is an official project of the Open
Source Geospatial Foundation (OSGeo). It runs on Linux, Unix, Mac OSX, and Windows and
supports numerous vector, raster, and Database formats and functionalities. Quantum GIS
provides a continuously growing number of capabilities provided by core functions and
plugins. You can visualize, manage, edit, analyze data, and compose printable maps.
Quantum GIS is a volunteer driven project. It welcomes contributions in the form of code
contributions, bug fixes, bug reports, contributed documentation, advocacy and supporting
other users on mailing lists and the QGIS Forum. If you are interested in actively supporting
the project, you can find more information under the development menu and on the QGIS
Wiki [17].
Latest available release for QuantumGIS is QGIS 1.8.0. Software, documentation, source
codes may be downloaded at www.qgis.org . For extra readings/supports
http://hub.qgis.org/
,
http://lists.osgeo.org/mailman/listinfo/qgis-user
,
http://gis.stackexchange.com/
,
http://www.gistutor.com
http://www.osgeo.org/educational_content sites may be viewed.
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3.2- GEOGRAPHIC RESOURCES ANALYSIS SUPPORT SYSTEM (GRASS)
This is free Geographic Information System (GIS). GRASS is currently used in academic and
commercial settings around the world, as well as by many governmental agencies and
environmental consulting companies. GRASS is an official project of the Open Source
Geospatial Foundation. GRASS is released under the GNU General Public License (GPL), and
it can be used on multiple platforms, including Mac OS X, Microsoft Windows. The GRASS
Development Team has grown into a multi-national team consisting of developers at
numerous locations [18].
GRASS (Geographic Resources Analysis Support System) is a raster/vector GIS, image
processing system, and graphics production system. GRASS contains over 350 programs and
tools to render maps and images on monitor and paper; manipulate raster, vector, and sites
data; process multi spectral image data; and create, manage, and store spatial data. GRASS
uses both an intuitive windows interface as well as command line syntax for ease of
operations. GRASS can interface with commercial printers, plotters, digitizers, and
Databases to develop new data as well as manage existing data. Originally developed by the
U.S. Army Construction Engineering Research Laboratories (USA-CERL, 1982-1995), a branch
of the US Army Corp of Engineers [18] and now GRASS is an official project of the Open
Source Geospatial Foundation (OSGeo).
Available for download at http://grass.fbk.eu/download/index.php.
3.3- GVSIG
gvSIG is a Geographic Information System (GIS), that is, a desktop application designed for
capturing, storing, handling, analyzing and deploying any kind of referenced geographic
information in order to solve complex management and planning problems. gvSIG is known
for having a user-friendly interface, being able to access the most common formats, both
vector and raster ones. It features a wide range of tools for working with geographic-like
information (query tools, layout creation, geoprocessing, networks, etc.), which turns gvSIG
into the ideal tool for users working in the land realm. Its interface translated into more
than 10 languages and it is platform independent: runs on Microsfot Windows, GNU/Linux
and MacOS [19].
3.4- GVSIG MOBILE
gvSIG Mobile is a Geographic Information System (GIS) aimed at mobile devices, ideal for
projects that capture and update data in the field. It's known for having a user-friendly
interface, being able to access the most common formats and a wide range of GIS and GPS
tools which are ideal for working with geographic information. So far, it runs on Windows
Mobile 5.0 and Windows Mobile 6.0 [20].
gvSIG is an official project of the Open Source Geospatial Foundation (OSGeo) available for
download at http://www.gvsig.org/web/catalog
3.5- MAPWINDOW
The MapWindow GIS project includes a free and open source desktop geographic
information system (GIS) with extensible plugin architecture; a GIS ActiveX control; and C#
GIS programers library called DotSpatial. MapWindow is “Programmable Geographic
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Information System” that supports manipulation, analysis, and viewing of geospatial data
and associated attribute data in several standard GIS data formats. MapWindow is a
mapping tool, a GIS modeling system, and a GIS application programming interface (API) all
in one convenient redistributable open source form [21].
MAPWINDOW is an official project of Idaho State University, US and available for download
at http://www.mapwindow.org/apps/wiki/doku.php?id=download
3.6- OPEN SOURCE WEB BASED UTILITIES/SOFTWARE
3.6.1- MapServer
MapServer is a project of the Open Source Geospatial Foundation. It is platform for
publishing spatial data and interactive mapping applications to the web. Originally
developed in the mid-1990’s at the University of Minnesota.
3.6.2- GeoServer
GeoServer is a project of the Open Source Geospatial Foundation. It 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.
Other than these many OSGeo Foundation supported Web Mapping utilities and Geospatial
Libraries are available
3.7- Internet based global map viewers:
To view the Global images and information we are having some net based utilities being
distributed freely from Google Earth, NASA’s World WIND, ERDAS TITAN, Microsoft Virtual
Earth, ARC GIS Explorer and may be downloaded from respective sites and installed on the
computer. These utilities give many facilities depending on the basic site aims of the
providers behind the utility.

4- MAJOR SUPPORTING ORGANISATIONS
Presently Open Source and Free GIS movement is very well established and recognized
around the world which is possible with the help of various International and dedicated
supporting organizations around the world.
4.1- OSGEO FOUNDATION
It is a not-for-profit organization whose mission is to support and promote the collaborative
development of open geospatial technologies and data. The foundation provides financial,
organizational and legal support to the broader open source geospatial community. The
foundation's projects are all freely available and useable under an OSI-certified open source
license GNU Lesser General Public License (LGPL). Its mission is to to support the
development of open source geospatial software, and promote its widespread use [22].
The activities of the India chapter of OSGeo foundation are managed by the Office located
at
International Institute of Information Technology, Gachibowli, Hyderabad 500032, Andhra
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Pradesh, India. Author is also an initial member of the foundation in India.
4.2- OPEN GEOSPATIAL CONSORTIUM, INC.® (OGC)
It is a non-profit, international, voluntary consensus standards organization that is leading
the development of standards for geospatial and location based services. It is an
international industry consortium of 381 companies, government agencies and universities
participating in a consensus process to develop publicly available interface specifications.
OpenGIS® Specifications support interoperable solutions that "geo-enable" the Web,
wireless and location-based services, and mainstream IT. The specifications empower
technology developers to make complex spatial information and services accessible and
useful with all kinds of applications [23].
4.3- OPEN SOURCE INITIATIVE (OSI)
The Open Source Initiative (OSI) is a California public benefit corporation, with 501(c) 3 taxexempt status, founded in 1998. The OSI are the stewards of the Open Source Definition
(OSD) and the community-recognized body for reviewing and approving licenses as OSDconformant.
The OSI is actively involved in Open Source community-building and education. OSI Board
members frequently travel the world to attend Open Source conferences and events, meet
with open source developers and users, and to discuss with executives from the public and
private sectors about how Open Source technologies, licenses, and models of development
can provide economic and strategic advantages. The Open Source Initiative Approved
License trademark and program creates a nexus of trust around which developers, users,
corporations and governments can organize open-source cooperation [24].
4.4- FREE SOFTWARE FOUNDATION
The Free Software Foundation (FSF) is a nonprofit with a worldwide mission to promote
computer user freedom and to defend the rights of all free software users. The Free
Software Foundation, founded in 1985, is dedicated to promoting computer users' right to
use, study, copy, modify, and redistribute computer programs. The FSF promotes the
development and use of free (as in freedom) software -- particularly the GNU operating
system and its GNU/Linux variants -- and free documentation for free software. The FSF also
helps to spread awareness of the ethical and political issues of freedom in the use of
software, and its Web sites, located at fsf.org and gnu.org, are an important source of
information [25].
5- SOME QuantumGIS UTILITIES RELEVANT TO WATERSHED/MGNREGS
Apart from regular tools and core plugins, QGIS is having a large base of Third Party Plugins,
out of which we can select the utility of our interest and install it to the GIS. Here is a
glimpse of some of the important doable tasks by QGIS, which are of use in Watershed &
MGNREGS schemes. These are just for current needs as per the author and further tools
may be explored if found suitable because QGIS provides huge capabilities to use covering
handling of large Databases and WebGIS. A tool of this kind ‘Add WMS Layer’ has already
been described under Thematic Services of ISRO section above.
5.1- GEOREFERENCING
Sometimes we have many maps including Survey of India Topo-sheets, and revenue maps
which can be acquired from market or from offices. We can get these scanned from
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scanners available in market or in office. Now we would certainly like to put these maps in
the GIS projects for further use. This can be done by using Georeferencing task. This is done
very smoothly in QGIS.
It is being executed by a core plugin called Geo-Referencer in QGIS. In this application we
convert all the raw raster data which is not at all having any geographic reference or it is
poorly references, to a GIS data which will have all its pixels referenced for Geography of
Earth. Row data may be a SoI scanned toposheet, scanned revenue map of Patwari/revenue
official, any scanned thematic map purchased from market.
We requires minimum 3 and 6 reference points to train the map in first and second order
polynomial referencing, more points are better in each case. Point should be well
distributed.
Points may be collected either from GPS/DGPS, Google earth, or already written on map as
in SoI/other Topo sheets depending on accuracy requirement.
This activity is useful to make all the raw images as GIS Raster data.

5.2- CREATING/EDITING VECTOR DATA
When we have geo-referenced our scanned sheets for alignment with geography and
consequently other available data, we would like to create some more Vector layers for our
use which may not be available with supplied data like locations of ongoing works etc.
Secondly we may find some
mistakes in the supplied data
or some updating of drainage
lines, villages boundary, ridge
line, and roads may be
required. So for these tasks of
creating mew layers as per our
further
needs,
updation/editing of available
data we can use Digitizing and
Advance Digitising tools and
Create New Shape File tool for
creating new shape (.shp) files.
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5.3- ANALYSIS/GEO-PROCESSING
Once the vector Database and corresponding attributes are finalized, we can use the
Database to Analyse and Geo-process. Vector analysis/ geo-processing are done using
fTools, which provides a set of advanced spatial analysis tools designed to extend the
functionality of Quantum GIS. It provides many tools out of which Clip, Union, Buffer, Points
in Polygon, Sum line lengths, Vector grid, export add geometry columns, export to new
projection, join attributes, split vector layer etc are useful to Watershed/MGNREGS .
5.4- TABLE MANAGEMENT (QUERY/FIELD CALCULATOR)
Using the Database in table queries can be made to extract the results as per the queries
fired like villages less than 500 population, Villages less than 900 families having completed
100 days of labour, Micro WSs where total expenses is less than 10 lacs etc.
By using field calculator we can generate Geometry columns (This is done through fTools
also), change attribute type, calculate directly on column values and generate new
parameter/ columns of our use in the table. Adding/Deleting columns, shifting columns
up/down etc. is dome through table manage if working with Shapefiles using default
database format i.e. dBase. By knowing the Structured Query language (SQL) we can
enhance the queries for the full use of table data.
5.5- RASTER PROCESSING
Raster processing capabilities in QGIS are provided through GDAL Tools. GDAL Tools (AKA
Raster Tools) is a plugin for QuantumGIS aiming at making life simpler for users of GDAL
Utilities, providing a simplified graphical interface for most commonly used programs.
Some of the relevant utilities includes Raster calculator to calculate on whole image/images
and provide the results as new image, Projections utility to change the projections and
datum of raster data, to assign and extract projections, conversion utility to convert from
rater to vector and vector to raster, translate (convert format), extraction utility to generate
contours
Shape file from DEM (third party plugin Contour is also available to generate contours from
height points Shape files directly), clipping/merging to cut/join the area of interest from
raster
files, analysis utility to DEM (terrain models) like slope, aspect, hillshade etc, miscellaneous
utility to merge/mosaic the raster data and others.
Screen shots of contour and slope map generation are shown below
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5.6- ADD DELIMITED TEXT LAYER PLUGIN
If we have any .csv (comma saperated value) or text file .txt having geographic coordinates
in decimal degrees of each point and attributes if collected, then by using this plugin we can
convert that file in a GIS point Shape file layer . If data is in Excel than it can be saved as .csv
format.
Apart from many other useful plugin this plugin has been found very useful by author as the

village workers or root level engineers can send the the Geographic Coordinates and
Attributes of the points by using any hand held GPS device and email/sms etc. Bloak/District
or State level persons can use these coordinates and attributes sent by root level workers in
their Excel sheet and can prepare GIS maps out of those using this plugin. These GIS files can
be converted to Google Earth compatible format can be viewed in that, this is being
descrobed below.
5.7- INTERPOLATION PLUGIN
This is another excellent core plugin of QGIS for use in Watershed/MGNREGS. This is used to
spread the attribute values of scattered points like Wells or of the linear features like
contour lines or any other line data having values related to earth features.
Results
are
Raster maps
where values
are found for
each
pixel
instead
of
point or lines.
By this we can
generate PH
maps, TDS or
any other kind
water quality
maps
using
Geographic
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Coordinates and Water quality data of wells. By using soil sample data we can generate soil
maps of the area. In QuantumGIS Inverse Distance Weighting (IDW) techniques and
Triangulated Irregular Network (TIN) are used to interpolate the values. In IDW weightage is
more for the values of the points nearer to the grid/pixel and for the farther points,
weightage is less. For this reason this algorithm is called inverse distance.
If we have only excel file/csv file in our hand, we can first create GIS point layer as described
above and then interpolation is done by the using Interpolation plugin. If we have direct
point or line shape files having attribute values we can start interpolation directly.
5.8- WORKING WITH GOOGLE EARTH (GE)
QGIS is having capability to convert OGR supported format to other OGR supported formats
including .KML of Google earth. We can view any shape file in google after .kml conversion.
In reverse if we work in Google Earth and add placemarks, paths and polygons (Like Point,
Line, Polygon) those can be viewed in QGIS after saving as . kml in Google Earth itself. And
further it can be converted in shape files by QGIS for editing/updating/use.
By using Open Layers Plugin in QGIS we can open Google, Yahoo, Bing maps directly behind
the QGIS map canvas and data creation and editing can be done directly on those maps.
5.9- WORKING WITH LARGER DATABASES AND OTHER WEB RESOURCES
QGIS is having compatibility with PostGIS/PostgreSQL so any bigger dtatbase can be handled
and it is compatible with OGS compliant Web Map Services (WMS) so any available WMS
layer with due permissions/protocols at various URLs can be fetched in QuantumGIS, as
shown in example by Screen shot at Thematic services of ISRO section above.
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OPEN FILE FORMATS IN GIS
Mon, 2010-11-15 04:26 by Sagar Arlekar
What is Spatial Data? Spatial data is data pertaining to the location and geometry of an
object. It can be classified into twocategories: Raster and Vector.
In raster format geometries are represented by pixels having a particular color. e.g. a road
could be represented as a sequence of connected pixels black in color.
In vector format a shape is constructed using the basic types - points, lines and polygons. A
point will be stored as a (x,y) pair, a line as the two endpoints and a polygon as the set of
constituent lines or vertices. Vector files contain geographic features. A feature is an object
with a geometry and its non-spatial attributes, e.g. a building will have its geometry (point or
polygon) and attributes like name, owner, number of floors, color etc.
The choice between raster and vector depends on the source of data, the entity being
represented, and the users objective. Raster format is suitable for continuous quantities like
rainfall, soil-type, surface topography etc., while vector serves well for discrete quantities e.g.
points of interest in a city, rivers in a state etc. It is possible to overlay both formats to create
a single map.
DEM
Digital Elevation Model (DEM) is a raster format to represent surface topography. DEM data
is usually captured using remote sensing techniques. Here a particular color represents a
height, say height above the sea-level. The color gradient gives an idea of the slopes, heights
and plateaus. DEMs can be used to model coastal areas to study and predict the flooding due
to rising sea-levels.
GeoTIFF
This is a raster format. In GeoTIFF spatial data is attached to TIFF images in form of tags.
GeoTIFF
is
open
and
non-proprietary.
TIFF tags can be categorized as:




baseline tags - these tags convey information such as number of rows, number of
columns, number of bits per component, compression scheme used on image data etc
extension tags - these tags convey information such as name of the document, transfer
function of the image, maximum sample value, minimum sample value etc
private tags - these tags are registered to particular community / users like
GeoKeyDirectoryTag, WangAnnotation tag etc. These tags can be used in whatever
way the community / user wants to use them.

It is impossible to define a single tag for each available projection types. GeoTIFF uses
"GeoKeys" approach to overcome this problem. A key is used to store the parameters
required
for
projection
and
each
key
is
given
an
unique
ID.
GML
GML is XML based language mainly used for exchange and storage of spatial vector data. A
schema is used to describe the GML document whereas actual data is in another document
generally referred as instance document. GML file format is supported by tools like QGIS,
OpenJUMP,
uDig,
gvSIG,
OpenLayers
etc.
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The standard geometries required to define any vector data like Point, Line and Polygon are
represented as elements in GML documents. These geometries can optionally include
elevation also. In GML document these geometries are expressed as:




<gml
E.g.

<gml :Point>
<gml :Polygon>
<gml :LineString>
:

coordinates>

element

of

is
a

used

to

define

coordinates

LineString

of

geometry.
geometry

<?xml
version="1.0"
encoding="utf-8"
?>
<ogr:FeatureCollection
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xsi:schemaLocation="http://ogr.maptools.org/
brigade.xsd"
xmlns:ogr="http://ogr.maptools.org/"
xmlns:gml="http://www.opengis.net/gml">
<gml:featureMember>
<ogr:brigade fid="F0">
<ogr:geometryProperty><gml:LineString><gml:coordinates>77.6065673828125,12.
970176696777344
77.606719970703125,12.970767021179199</gml:coordinates></gml:LineString></ogr:geo
metryProperty>
<ogr:ID>24080</ogr:ID>
<ogr:ROAD_NAME>Brigade
Road</ogr:ROAD_NAME>
</ogr:brigade>
</gml:featureMember>
</ogr:FeatureCollection>
KML
Keyhole Markup Language (KML) is a XML based open standard for expressing/storing
spatial data and presentation. Google Earth, Google Maps, OpenLayers, QGIS and other GIS
tools
support
this
format.
KML is a convenient format to distribute spatial data as it encapsulates data, annotations and
styling in a single file. The Google extension namespace (gx) empowers KML to support FlyThroughs
and
animation.
KML is a vector format and has the following geometry tags






<Point>
<LineString>
<LinearRing>
<Polygon>
<MultiGeometry>
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<Style>
tag
is
used
<Placemark> tag is used to define a feature.

to

define

a

style.

E.g. of a LineString geometry
<?xml
<kml
<Document>
<Folder>
<Placemark>

version="1.0"

encoding="utf-8"
?>
xmlns="http://www.opengis.net/kml/2.2">

<LineString><coordinates>77.6065673828125,12.970176696777344
77.606719970703125,12.970767021179199</coordinates></LineString>
<ExtendedData><SchemaData>
<SimpleData
name="ID">67</SimpleData>
<SimpleData
name="Description">Brigade
Road</SimpleData>
</SchemaData></ExtendedData>
</Placemark>
</Folder>
</Document>
</kml>
Shapefile
Shapefile is one of the most popular formats for storing and distributing spatial vector data. It
is a open format developed and maintained by ESRI. Shapefiles are supported by all major
GIS tools like QGIS, uDig, OpenJUMP, GeoServer, the ESRI products, GRASS etc.
Shapefile support major types of geometries, the basic data-types are point, line and polygon.
The structure of Shapefile is such that it allows only one type of shape to be stored in a file.
A shapefile comprises of three main files:




.shp - main file where each record is used to describe the shape
.shx - index file where each record maintains the offset and length of the content for
corresponding record in main file
.dbf - dbase file where each record is used to store extra information about features
Along with above mentioned mandatory files a shapefile can have optional files such
as .prj, .sbn, .fbn, .ixs, .ain, .mxs, .atx etc. each of these files have a specific
functionality, some are added to improve performance.

GeoJSON
GeoJSON is a JSON based format for vector data. This format is readily human-readable and
more compact than XML. The geometry types supported are: Point, LineString, Polygon,
MultiPoint, MultiLineString, MultiPolygon, and GeometryCollection.
The major GIS tools like OpenLayers, GeoDjango, Geoserver, MapFish, PostGIS have
support for this format. GeoJSON format comes handy while processing GIS data in
Javascript.
E.g.
{
"type":

of

a

LineString

geometry
"FeatureCollection",
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"features":
[
{ "type": "Feature", "properties": { "ID": 24080, "ROAD_NAME": "Brigade
Road"},
"geometry": { "type": "LineString", "coordinates": [ [ 77.606567, 12.970177
],
[
77.606720,
12.970767
]
]
}
}
]
}
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Annexure-1
NATIONAL MAP POLICY - 2005
1. PREAMBLE
All socio-economic developmental activities, conservation of natural resources,
planning for disaster mitigation and infrastructure development require high quality spatial
data. The advancements in digital technologies have now made it possible to use diverse
spatial databases in an integrated manner. The responsibility for producing, maintaining and
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disseminating the topographic map database of the whole country, which is the foundation of
all spatial data vests with the Survey of India (SOI). Recently, SOI has been mandated to take
a leadership role in liberalizing access of spatial data to user groups without jeopardizing
national security. To perform this role, the policy on dissemination of maps and spatial data
needs to be clearly stated.
2. OBJECTIVES
• To provide, maintain and allow access and make available the National
Topographic Database (NTDB) of the SOI conforming to national standards.
• To promote the use of geospatial knowledge and intelligence through
partnerships and other mechanisms by all sections of the society and work
towards a knowledge-based society.
3. TWO SERIES OF MAPS
To ensure that in the furtherance of this policy, national security objectives are fully
safeguarded, it has been decided that there will be two series of maps namely,
(a)

Defence Series Maps (DSMs)- These will be the topographical maps (on
Everest/WGS-84 Datum and Polyconic/UTM Projection) on various scales
(with heights, contours and full content without dilution of accuracy). These
will mainly cater for defence and national security requirements.
This series of maps (in analogue or digital forms) for the entire country will be
classified, as appropriate, and the guidelines regarding their use will be
formulated by the Ministry of Defence.

(b) Open Series Maps (OSMs) – OSMs will be brought out exclusively by SOI, primarily
for supporting development activities in the country. OSMs shall bear different map sheet
numbers and will be in UTM Projection on WGS-84 datum. Each of these OSMs (in both
hard copy and digital form) will become “Unrestricted” after obtaining a one-time
clearance of the Ministry of Defence. The content of the OSMs will be as given in
Annexure ‘B’. SOI will ensure that no civil and military Vulnerable Areas and
Vulnerable Points (VA‟s/VP‟s) are shown on OSMs.
The SOI will issue from time to time detailed guidelines regarding all aspects of the OSMs
like procedure for access by user agencies, further dissemination/sharing of OSMs amongst
user agencies with or without value additions, ways and means of protecting business and
commercial interests of SOI in the data and other incidental matters. Users will be allowed to
publish maps on hard copy and web with or without GIS database. However, if the
international boundary is depicted on the map, certification by SOI will be necessary.
In addition, the SOI is currently preparing City Maps. These City Maps will be on large
scales in WGS-84 datum and in public domain. The contents of such maps will be decided by
the SOI in consultation with Ministry of Defense.
4. NATIONAL TOPOGRAPHICAL DATA BASE (NTDB)
SOI will continue to create, develop and maintain the National Topographical Data
Base (NTDB) in analogue and digital forms consisting of following data sets:
(a) National Spatial Reference Frame,
(b) National Digital Elevation Model,
(c) National Topographical Template,
(d) Administrative Boundaries, and
(e) Toponomy (place names).
Both the DSMs and OSMs will be derived from the NTDB.
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5. MAP DISSEMINATION AND USAGE
Open Series Maps of scales larger than 1:1 million either in analogue or digital formats can
be disseminated by SOI by sale or through an agreement to any agency for specific end use.
This transaction will be registered in the Registration database with details of the receiving
agency, end use etc.
• Through the agreement, SOI will allow a user to add value to the maps obtained (either
in analogue or digital formats) and prepare his own value-added maps.
• The user should be able to share these maps with others – the information of all such
sharing will also require to be logged in the Map Transaction Registry.
6. APPLICABILITY OF PREVIOUS INSTRUCTIONS:
The Ministry of Defence has from time to time issued detailed guidelines on various
aspects of map access and use. These instructions shall continue to hold good but for the
modifications cited herein...
CONTENTS OF OSM
Annexure ‘B’
Sl.NO. CATEGORY/LAYER
1.

GENERAL

2.

ADMINISTRATIVE
BOUNDARIES

3.

COMMUNICATIONS/
ROADS

4.

HYDROLOGY

SUB DETAILS
Latitude/Longitude
Name of State/District/Administrative
index
Topo
sheet
Number/Year
of
Survey/Edition No./Index to topo
sheets
Magnetic variation from true North
direction
Map reference
Bar scale/Representative Factor
Names
Administrative/Locality or tribal
Boundary
International to village, Forest,
Boundary
all
boundary
pillars,
village
Pillars
trijunctions
Roads
All Roads
Tracks
All Tracks, pass, footpath
Railways
All gauges with stations, tunnels
Embankments Light railways or tramway, All
Other Lines
embankments, Road/rail/tank
Stream/Canals All streams/canals
Dams
All earthwork dams
Rivers
& All rivers with details, banks, islands
Banks
All wells/tube wells/springs
Wells, Water All Tanks (excluding overhead
Features
tanks), Lightship, buoys, anchorages
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5.

SETTLEMENT/
CULTURAL DETAILS

Towns
or Village inhabited, deserted and forts
Villages
Huts, Tower, Antiquities
Offices
Religious places, tombs/grave
Settlements
All post/telegraphic/Police stations
hut
All Bungalows
6.
TRANSMISSION LINE
7.
RELIEF/HYPSOGRAPHY Contours
Contours with sub features
Sand Features All sand features
Ice Forms
Ice forms (all features)
Heights
Spot height, Approximate height
Benchmarks
Bench marks (Geodetic tertiary,
canal)
8.
VEGETATION
Plantations,
All trees, Vine on trellis, grass, scrub.
Trees
9.
FOREST
Reserved/Protected
* Contours & heights will not be available in restricted zones as per MOD‟s instructions.

Annexure-2
GUIDELINES FOR IMPLEMENTING NATIONAL MAP POLICY
From Survey of India
1. BACKGROUND:
The Central Government announced the National Map Policy (NMP) on 19th May
2005. The NMP document authorizes Survey of India (SOI) to issue detailed
guidelines on the implementation of the NMP. These guidelines are issued in the
light of the above cited authorization. The guidelines are clarificatory in nature and
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does not create any new rights nor abridge any existing rights which are
enforceable in courts of law.
2. INFORMATION ON MAPS AND GUIDANCE OF INDENTORS:
a)

All up-to-date information on SOI maps shall be available at the various

offices, map sales counters and Geospatial Data Centres (GDC) under the SOI.
The information shall also be available on Survey of India website
www.surveyofindia.gov.in created and maintained by the SOI. The information
provided inter alia includes all relevant details of maps such as scale,
information content, date of data capture, price, mode of data dissemination
whether MOD clearance available for issue as Open Series Map (OSM) etc.
The website also has a search engine by which the exact sheet number of a
given locality can be traced by giving elementary details like name of district or
any other prominent feature.

SOI offices may be contacted for further

information on OSMs.
b)

The layout of OSM sheets on UTM projection and WGS 84 datum is

shown in Annexure „A‟. The annexure also shows the incidence of the existing
topographical series on the OSM series.
c)

Data content: Approved data content of OSMs is given in Annexure „B‟.

d)

Export of all maps/digital data in 1: 250K and larger scales through any

means is prohibited vide Ministry of Finance (Department of Revenue)
Notification No. 118-Cus./F.No.21/ 5/62-Cus. I/VIII dt. 4th May 1963. Digital
Topograhical data will be licensed to only Indian individuals, organisations,
firms or companies.
3. SALES/ DATA DISSEMINATION:
(a)

Analogue/Paper Maps: of all scales shall be made available from Survey

of India (SOI) offices and Map Sales Counters on payment at prices as may be
fixed by SOI from time to time. The list of such outlets, their addresses with
telephone

numbers

www.surveyofindia.gov.in.

shall

be

made

available

in

the

website

These maps can also be sold by any retailer.
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Digitisation of SOI analogue/paper maps is strictly forbidden.
(b)

Map Transaction Registry (MTR): As stipulated in the National Map

Policy, Survey of India will establish an on-line MTR for recording of all
transactions relating to digital maps.

Each user will be allotted a unique user

ID and each transaction with a unique transaction ID. For all future
correspondence, this user ID and Transaction ID should be referred.
(c)

Digital Maps: include both Raster and Vector forms. The ownership of

all digital data vests solely with SOI and will be given only under licence
against indent and on payment. Unauthorised copying and distribution of SOI
digital data are strictly prohibited. All licenses will be issued through the Map
Transaction Registry (MTR). The format of the licences is available in SOI web
site www.surveyofindia.gov.in. The indents may be made in the prescribed
proforma (appended as form A).

4. LICENSING OF DIGITAL MAPS:
Digital data will be available in single/ multiple/ commercial licensing for general
use, value addition and marketing. All digital maps will be provided with
encryptions/mechanisms which may corrupt the data while copying unauthorisedly
or while attempting the same. Every such attempt shall attract criminal and civil
liability from

the user without prejudice to the corruption of data or

software/hardware for which the SOI will not be liable.
SOI digital data will be licensed based on usage. Following are the categories:
Digital Licence
Publishing Licence
Internet Licence
Media Licence
Value addition Licence
Terms and conditions governing each of the licence is available in SOI web site
www.surveyofindia.gov.in.
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5. PROCEDURE FOR VALUE ADDED PRODUCTS
In as much as the National Map Policy is aimed at encouraging a flourishing
geospatial industry and related knowledge services, there is much expectation from
the industry to do value additions to the products of SOI. SOI encourages
individuals/ industry to do value addition. Intending value adders will submit a
business model indicating the products to be generated and marketing strategy and
also execute a Memorandum of Agreement (MOA) with SOI.
6. Pricing of various products:
(i)

The SOI shall notify from time to time the price list of its standard
products.

(ii)

The prices are subject to revision from time to time.

(iii) An indentor has to pay the amount at the rate prevailing on the date of
supply unless the indenter has already paid at the earlier rates. In other
words, the indenter will not be eligible for supply on payment on the
plea that the rates prevailing on the date of indent were lower.
(iv) The SOI reserves its right for differential pricing, such as concessions
to Universities, Research organizations, deserving NGO‟s on the basis
of predetermined policies, different prices between single and
multiple user licenses etc.

7 E- PAYMENT:
Digital maps, on following the procedure, will be made available on variety of
media like Compact Disks (CDs), DVD etc. Maps on 1:1M and smaller scale on
compressed JPEG format will be available for download against online submission
of licence agreement and on e-payment. The self-guide provided in
www.surveyofindia.gov.in shall enable an indentor to make e-payment and
download the requisite maps.
8. Settlement of Disputes:
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In case any dispute arises on the applicability or interpretation of these guidelines
between the SOI and any other person, the matter shall be referred to the Secretary,
Department of Science & Technology, Government of India, whose decision shall
be binding on both the parties.
9. Applicability of previous instructions:
The Ministry of Defence has from time to time issued detailed guidelines
on various aspects of map access and use. These instructions shall continue to
hold good but for the modifications cited in the NMP.
10.General:
(i) Copyrights of all SOI maps (both digital and analogue) vest
exclusively with the SOI. Any person resorting to unauthorized
copying or use or attempts to do so shall make him liable to criminal
and civil liability under existing laws.
(ii) While every effort will be made to ensure availability of maps of all
areas containing all necessary details and with highest accuracy, SOI
will not be responsible for any loss caused to any person on account
of failure on any of the above factors or any other reason.
(iii) The SOI reserves the right to add, delete, modify amend any or all of
these guidelines without notice and without assigning any reason.
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Annexure-3
Remote Sensing Data Policy (RSDP – 2011)
From Dept. of Space
Recognizing that Remote Sensing data provides much essential and critical information which is an input for developmental activities at different levels, and is also of benefit to
society;
Noting that a large number of users - both within and outside government, use Remote
Sensing data from Indian and foreign remote sensing satellites for various developmental
applications;
Taking into consideration the recent availability of very high-resolution images, from
foreign and commercial remote sensing satellites, and noting the need for proper and better
management of the data acquisition/ distribution from these satellites in India;
Recognizing that national interest is paramount, and that security consideration of the
country needs to be given utmost importance;
The Government of India adopts the Remote Sensing Data Policy (RSDP) - 2011 containing
modalities for managing and/ or permitting the acquisition/dissemination of remote sensing
data in support of developmental activities.
Department of Space (DOS) of the Government of India shall be the nodal agency for all
actions under this policy, unless otherwise stated.
1. For operating a remote sensing satellite from India, license and/ or permission of the
Government, through the nodal agency, shall be necessary.
a. As a national commitment and as a “public good”, Government assures a continuous
and improved observing/ imaging capability from its own Indian Remote Sensing
Satellites (IRS) programme.
b. The Government, through the nodal agency, shall be the sole and exclusive owner of
all data collected/ received from IRS. All users will be provided with only a license
to use the said data, and add value to the satellite data.
c. Government reserves the right to impose control over imaging tasks and distribution
of data from IRS or any other Indian remote sensing satellite, when it is of the
opinion that national security and/ or international obligations and/ or foreign
policies of the Government so require.
2. For acquisition/ distribution of remote sensing data within India, license/permission from
the Government of India, through the nodal agency, shall be necessary.
a. Government reserves the right to select and permit agencies to acquire/distribute
satellite remote sensing data in India. DOS shall be competent to decide on the
procedure for granting license/ permission for dissemination of such data, and for the
levy of necessary fees.
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b. To cater to the developmental needs of the country, the National Remote Sensing
Centre (NRSC) of the Indian Space Research Organisation (ISRO)/ DOS is vested
with the authority to acquire and disseminate all satellite remote sensing data in
India, both from Indian and foreign satellites.
i. NRSC shall enter into appropriate arrangements with DOS for acquiring/
distributing data from IRS within the visibility circle of NRSC‟s receiving
station(s).
ii. NRSC and/ or Antrix Corporation Ltd., shall be competent to enter into
agreements with foreign satellite operator(s) for acquisition/distribution of
foreign satellite data in India. However, NRSC will distribute the data as per
terms agreed to with Antrix Corporation Ltd.
c. NRSC shall maintain a systematic National Remote Sensing Data Archive, and a log
of all acquisitions/ sales of data for all satellites.
3. For acquisition and distribution of IRS data for use in countries other than India, the
Government of India, through the nodal agency, shall grant license to such bodies/ agencies
of those countries as are interested in the acquisition/ distribution of IRS data, as per specific
procedures.
a. The Antrix Corporation Ltd. (of DOS) is vested with the authority for receiving the
applications for grant of license for acquisition/ distribution of IRS data outside of
India; to consider and decide on the granting of license within the policy
considerations of the Government, and to enter into licensing agreements with the
prospective users on behalf of the Government. Antrix Corporation Ltd. shall also
be competent to levy such fees for granting licenses as may be considered
appropriate by it. It shall also be responsible, where necessary, for rendering any
further help/guidance needed by the license.
b. The Government reserves right to impose restrictions over imaging tasks and
distribution of IRS data in any country when it is of the opinion that national
security and/ or international obligations and/ or foreign policies of the Government
so require.
4. The Government prescribes the following guidelines to be adopted for dissemination of
satellite remote sensing data in India:
a. All data of resolutions up to 1 m shall be distributed on a nondiscriminatory basis and
on “as requested basis”.
b. With a view to protect national security interests, all data of better than 1 m resolution
shall be screened and cleared by the appropriate agency prior to distribution; and the
following procedure shall be followed:
1. Government users namely, Ministries/ Departments/ Public Sector/Autonomous
Bodies/ Government R&D institutions/ Government Educational/ Academic
Institutions, can obtain the data without any further clearance.
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2. Private sector agencies, recommended at least by one Government agency, for
supporting development activities, can obtain the data without any further clearance.
3. Other private, foreign and other users, including web based service providers, can
obtain the data after further clearance from an interagency High Resolution Image
Clearance Committee (HRC), already in place.
4. Specific requests for data of sensitive areas, by any user, can be serviced only after
obtaining clearance from the HRC.
5. Specific sale/ non-disclosure agreements to be concluded between NRSC and other
users for data of better than 1 m resolution.
5. This Policy (RSDP-2011) comes into effect immediately, and may be reviewed
from time-to-time-by Government.

Annexure-4
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Price List: Survey of India Data

1

OVLSF/250K/1 Topographical Map Full Sheet

Licenced
No. of
/
For
Scale
Users
Sale
Vector Licenced Single 1:250K

2

OVLSF/250K/2 Topographical Map Single layer

Vector Licenced Single

3

1:250K 2,750 /-

5

OVLSF/250K/3 Topographical Map Two layers
Vector Licenced Single
Topographical Map Three to Five
OVLSF/250K/4
Vector Licenced Single
layers
OVLSF/50K/5 Topographical Map Full Sheet
Vector Licenced Single

1:50K

5,500 /-

6

OVLSF/50K/6

Topographical Map Single layer

Vector Licenced Single

1:50K

1,650 /-

7

OVLSF/50K/7

1:50K

2,750 /-

8

OVLSF/50K/8

9

OVLSF/25K/9

Topographical Map Two layers
Vector Licenced Single
Topographical Map Three to Five
Vector Licenced Single
layers
Topographical Map Full Sheet
Vector Licenced Single

10

OVLSP/25K/10 Topographical Map Full Sheet

Vector Licenced Single

1:25K

11

OVLSF/25K/11 Topographical Map Single layer

Vector Licenced Single

1:25K

5,500 /65/- per Min
45
sq.km
sq.km.
1,650 /-

12

OVLSF/25K/12 Topographical Map Two layers
Vector Licenced Single
Topographical Map Three to Five
OVLSF/25K/13
Vector Licenced Single
layers
OVLSF/10K/14 Topographical Map Full Sheet
Vector Licenced Single

1:25K

2,750 /-

Sl.
Code
No

4

13
14

Name of Product

Type

1:250K 1650 /1:250 K 3,850/-

1:50 K 3,850 /1:25K

1:25 K 3,850 /1:10 K 7,500 /-

19

OVLMF/250K/1
5
OVLMF/250K/1
6
OVLMF/250K/1
7
OVLMF/250K/1
8
OVLMF/50K/19

20

OVLMF/50K/20 Topographical Map Single layer

21

23

OVLMF/50K/21 Topographical Map Two layers
Vector Licenced Multiple 1:50K
Topographical Map Three to Five
OVLMF/50K/22
Vector Licenced Multiple 1:50K
layers
OVLMF/25K/23 Topographical Map Full Sheet
Vector Licenced Multiple 1:25K

24

OVLMP/25K/24 Topographical Map Full Sheet

Vector Licenced Multiple 1:25K

25

OVLMF/25K/25 Topographical Map Single layer

Vector Licenced Multiple 1:25K

26

OVLMF/25K/26 Topographical Map Two layers

Vector Licenced Multiple 1:25K

27

OVLMF/25K/27

15
16
17
18

22

28
29
30
31
32
33

Price per
sheet
Remark
Rs.
5,500/-

Topographical Map Full Sheet

Vector Licenced Multiple 1:250 K 16,500/-

Topographical Map Single layer

Vector Licenced Multiple 1:250K 4,950 /-

Topographical Map Two layers

Vector Licenced Multiple 1:250K 8,250 /-

Topographical Map Three to Five
Vector Licenced Multiple 1:250K 11,550 /layers
Topographical Map Full Sheet
Vector Licenced Multiple 1:50K 16,500 /Vector Licenced Multiple 1:50K

4,950 /8,250/11,550 /16,500 /200/- per Min
45
sq km
sq.km.
4,950 /8,250/persheet

Topographical Map Three to Five
Vector Licenced Multiple 1:25K 11,550 /layers
OVLMF/10K/28 Topographical Map Full Sheet
Vector Licenced Multiple 1:10 K 22,500 /1:10K 265/- per Min
10
OVLSP/10K/29 Topographical Map Full Sheet
Vector Licenced Single
to1:15K sq km
sq.km.
1:10K 790/- per Min
10
OVLMP/10K/30 Topographical Map Full Sheet
Vector Licenced Multiple
to1:15K sq km
sq.km.
Digital
Vector
Database
Entire
OVLSF/1M/31
Vector Licenced Single 1:1 M 55,000 /Country
Digital
Vector
Database
Entire
1,65,000
OVLMF/1M/32
Vector Licenced Multiple 1:1 M
Country
/OVLSF/1M/33 Digital Vector Database Small state Vector Licenced Single 1:1 M 5,500 /-
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34

OVLMF/1M/34 Digital Vector Database Small state

Vector Licenced Multiple 1:1 M

16,500 /-

35

OVLSF/1M/35

Vector Licenced Single

1:1 M

11,000 /-

36

OVLMF/1M/36 Digital Vector Database Large state Vector
Administrative Bdy. Database For
OVLSF/1M/37 entire country Upto Taluk level with Vector
HQ
Administrative Bdy. Database For
OVLSF/1M/38 entire country Upto Distt. level with Vector
HQ
Administrative Bdy. Database For
OVLSF/1M/39
Vector
State Upto Taluk level with HQ
Administrative Bdy. Database For
OVLSF/1M/40
Vector
State Upto Distt. level with HQ

Licenced Multiple 1:1 M

33,000 /-

Licenced Single

1:1 M

22,000 /-

Licenced Single

1:1 M

11,000 /-

Licenced Single

1:1 M

7,370 /-

Licenced Single

1:1 M

3,630 /-

37
38
39
40

Digital Vector Database Large state

41

OVLSF/-/41

Village Bdy.Database Unverified on
Vector Licenced Single
ground

42

OVLMF/-/42

Village Bdy.Database Unverified on
Vector Licenced Multiple
ground

43

OVLSF/250K/4
Digital Terrain Model (DTM)
3
OVLSF/50K/44 Digital Terrain Model (DTM)

1,650/per
district
4,950/per
district

Vector Licenced Single

1:250K 2,750 /-

Vector Licenced Single

1:50K

2,750 /-

Vector Licenced Single

1:25K

2,750 /-

47

OVLSF/25K/45 Digital Terrain Model (DTM)
OVLMF/250K/4
Digital Terrain Model (DTM)
6
OVLMF/50K/47 Digital Terrain Model (DTM)

Vector Licenced Multiple 1:50K

8,250 /-

48

OVLMF/25K/48 Digital Terrain Model (DTM)

Vector Licenced Multiple 1:25K

49

ORSF/250K/55 Geo-referenced Colour Raster Map

Raster For Sale

1:250K

50

ORSF/250K/56 Geo-referenced Colour Raster Map

Raster For Sale

1:250K

51

ORSF/50K/57

Colour Raster Map

Raster For Sale

1:50K

52

ORSF/50K/58

Geo-referenced Colour Raster Map

Raster For Sale

1:50K

53

ORSF/25K/59

Colour Raster Map

Raster For Sale

1:25K

54

ORSF/25K/60

Geo-referenced Colour Raster Map

Raster For Sale

1:25K

55

OVSF/3.5M/61

8,250 /220/- per
map
550/- per
map
220/- per
map
550/- per
map
220/- per
map
550/- per
map
4,400/per map
3,300/per map
4,400/per map
4,400/per map
3,300/per map
50/- per
map
50/- per
map
50/- per
map
50/- per
map

44
45
46

56
57
58
59

Digital Geographical Map Railway
Vector
Map of India
Digital Geographical Map Political
OVSF/4M/62
Vector
Map of India
Digital Geographical Map Road Map
OVSF/2.5M/63
Vector
of India
Digital Geographical Map India &
OVSF/2.5M/64
Vector
Adjacent Countries
Digital Geographical Map Physical
OVSF/4.5M/65
Vector
Map of India
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OVSF/20M/66

61

OVSF/2.5M/67 Indian & Adjacent Countries

62

OVSF/250K/68

63

Vector Licenced Multiple 1:250K 8,250 /-

World Map

Route Map
(Hindi)
Route Map
OVSF/250K/69
(English)

-

Delhi

-

Mussoorie

-

Delhi

-

Mussoorie

Licenced Single

1:3.5M

Licenced Single

1:4M

Licenced Single

1:2.5M

Licenced Single

1:2.5M

Licenced Single

1:4.5M

pdf

For Sale

1:20M

pdf

For Sale

1.2.5M

pdf

For Sale

1:250K

pdf

For Sale

1:250K
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64

OVSF/250K/70 Route Map - Bombay - Pune

pdf

For Sale

1:250K

65

OVSF/250K/71 Route Map - Delhi -Vaishno Devi

pdf

For Sale

1:250K

66

OVSF/20K/72

Bhopal City Guide Map

pdf

For Sale

1:20K

67

OVSF/20K/73

Dehradun City Guide Map

pdf

For Sale

1:20K

68

OVSF/10K/74

Mussorrie City Guide Map

pdf

For Sale

1:10K

69

OVSF/250K/75 Uttarakhand State Map

pdf

For Sale

1:250K

70

OVSF/4M/76

Political Map Of India (English)

pdf

For Sale

1:4M

71

OVSF/4M/77

Political Map Of India (Hindi)

pdf

For Sale

1:4M

72

OVSF/4M/78

Physical Map Of India (English)

pdf

For Sale

1:4M
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OVSF/4M/79

Physical Map Of India (Hindi)

pdf

For Sale

1:4M

74

OVSF/2.5M/80 Road Map Of India (English)

pdf

For Sale

1:2.5M

75

OVSF/3.5M/81 Railway Map Of India (English)

pdf

For Sale

1:3.5M

50/map
50/map
50/map
50/map
50/map
50/map
50/map
50/map
50/map
50/map
50/map
50/map

per
per
per
per
per
per
per
per
per
per
per
per
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Annexure-5

Description / Abbreviation :
O - Open Series Map (OSM) ; D - Defence Series Map (DSM) ; V - Vector ; R - Raster ; P - Paper ; S
- For Sale ; L - Licenced
S - Single User ; M - Multiple Users ; P - Per Km. ; F - Full Map ;
*.pdf - Portable Document Format (Read Only using Acrobat Reader) ; *.pmf - Portable Map
Format (Read Only) with viewer
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Annexure-6
List of Scientific Equipments suggested for watershed programmes by DoLR
Sl. No.

Particulars

1.

Dual Rain gauges automatic and manual (per model watershed)

2.

Hydrological Gauging station to monitor soil

and runoff loss including fencing and solar

panel
a. Automatic soil loss measuring device
b. Digital runoff recorder

3.

GPS units

4.

Groundwater level recorders

5.

Laptops to download data from the Hydrological units and weather stations

6.

Automatic weather station

7.

Digital cameras

8.

Scanner

9.

GIS workstations with Arc Info

10.

Computer and printer for GIS

11.

Computer workstations and printers

Reference:
DoLR, MIORD Website, http://dolr.nic.in/dolr/wiwmp_sciencitic_equipment.asp ,
Accessed date 25.04.12
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