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1.1 Introduction to GIS
The advent of cheap and powerful computers over the last few decades has allowed for
the development of innovative software applications for the storage, analysis, and display
of geographic data. Many of these applications belong to a group of software known as
Geographic Information Systems (GIS). Many definitions have been proposed for what
constitutes a GIS. Each of these definitions conforms to the particular task that is being
performed. Instead of repeating each of these definitions, I would like to broadly define
GIS according to what it does. Thus, the activities normally carried out on a GIS include:
1. The measurement of natural and human made phenomena and processes
from a spatial perspective. These measurements emphasize three types of
properties commonly associated with these types of systems: elements,
attributes, and relationships.
2. The storage of measurements in digital form in a computer database.
These measurements are often linked to features on a digital map. The
features can be of three types: points, lines, or areas (polygons).
3. The analysis of collected measurements to produce more data and to
discover new relationships by numerically manipulating and modeling
different pieces of data.
4. The depiction of the measured or analyzed data in some type of display maps, graphs, lists, or summary statistics.
The first computerized GIS began its life in 1964 as a project of the Rehabilitation and
Development Agency Program within the government of Canada. The Canada
Geographic Information System (CGIS) was designed to analyze Canada's national land
inventory data to aid in the development of land for agriculture. The CGIS project was
completed in 1971 and the software is still in use today. The CGIS project also involved a
number of key innovations that have found their way into the feature set of many
subsequent software developments.
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From the mid-1960s to 1970s, developments in GIS were mainly occurring at government
agencies and at universities. In 1964, Howard Fisher established the Harvard Lab for
Computer Graphics where many of the industries early leaders studied. The Harvard Lab
produced a number of mainframe GIS applications including: SYMAP (Synagraphic
Mapping System), CALFORM, SYMVU, GRID, POLYVRT, and ODYSSEY. ODYSSEY
was first modern vector GIS and many of its features would form the basis for future
commercial applications. Automatic Mapping System was developed by the United States
Central Intelligence Agency (CIA) in the late 1960s. This project then spawned the CIA's
World Data Bank, a collection of coastlines, rivers, and political boundaries, and the
CAM software package that created maps at different scales from this data. This
development was one of the first systematic map databases. In 1969, Jack Dangermond,
who studied at the Harvard Lab for Computer Graphics, co-founded Environmental
Systems Research Institute (ESRI) with his wife Laura. ESRI would become in a few
years the dominate force in the GIS marketplace and create ArcInfo and ArcView
software. The first conference dealing with GIS took place in 1970 and was organized by
Roger Tomlinson (key individual in the development of CGIS) and Duane Marble
(professor at Northwestern University and early GIS innovator). Today, numerous
conferences dealing with GIS run every year attracting thousands of attendants.
In the 1980s and 1990s, many GIS applications underwent substantial evolution in terms
of features and analysis power. Many of these packages were being refined by private
companies who could see the future commercial potential of this software. Some of the
popular commercial applications launched during this period include: ArcInfo, ArcView,
MapInfo, SPANS GIS, PAMAP GIS, INTERGRAPH, and SMALLWORLD. It was also
during this period that many GIS applications moved from expensive minicomputer
workstations to personal computer hardware.
1.1.1 Why document your data?
Working with your Geographic Information System on a regular basis as you do,
you probably have a pretty good idea about what it contains, the area of the
country it covers, and what its major strengths and weaknesses are likely to be.
You know, for example, that your data cover the city of York, that period
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information is only stored to the nearest century, and that the aerial photographic
interpretation to the south–west of the city is a bit dubious.
1.1.2 Documentation for others
Data offered to the ADS, however, may potentially be used by researchers from
many different parts of the planet, and with widely varied levels of expertise. They
have no way of knowing anything at all about your data unless you tell them.
In order to make sure that the maximum amount of information is delivered to the
user whilst involving you, the depositor, in minimal effort, the Archaeology Data
Service has developed a number of procedures to standardize and simplify the
documentation process.
1.1.3 Documentation for you
Some form of record about your data — and about what you've done to it — is
also, of course, undoubtedly useful within your own organization. Even using data
every day, it is still possible to forget about where some of it came from, or how
the data you currently used were originally compiled from various sources.
This guide introduces the issues relevant to both types of documentation, as well
as discussing the detail relevant to one or the other.

1.2 Database & Scales
Quantitative and qualitative data are two types of data.
1.2.1 Qualitative data
Qualitative data is a categorical measurement expressed not in terms of numbers,
but rather by means of a natural language description. In statistics, it is often
used interchangeably with "categorical" data.
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Although we may have categories, the categories may have a structure to them.
When there is not a natural ordering of the categories, we call
these nominal categories. Examples might be gender, race, religion, or sport.
When

the

categories

may

be

ordered,

these

are

called ordinal variables. Categorical variables that judge size (small, medium,
large, etc.) are ordinal variables. Attitudes (strongly disagree, disagree, neutral,
agree, strongly agree) are also ordinal variables, however we may not know
which value is the best or worst of these issues. Note that the distance between
these categories is not something we can measure.
1.2.2 Quantitative data
Quantitative data is a numerical measurement expressed not by means of a
natural language description, but rather in terms of numbers. However, not all
numbers are continuous and measurable. For example, the social security number
is a number, but not something that one can add or subtract. Quantitative data
always are associated with a scale measure.
Probably the most common scale type is the ratio-scale. Observations of this type
are on a scale that has a meaningful zero value but also have an equidistant
measure (i.e., the difference between 10 and 20 is the same as the difference
between 100 and 110). For example, a 10 year-old girl is twice as old as a 5 yearold girl. Since you can measure zero years, time is a ratio-scale variable. Money
is another common ratio-scale quantitative measure. Observations that you count
are usually ratio-scale (e.g., number of widgets).
A more general quantitative measure is the interval scale. Interval scales also
have a equidistant measure. However, the doubling principle breaks down in this
scale. A temperature of 50 degrees Celsius is not "half as hot" as a temperature of
100, but a difference of 10 degrees indicates the same difference in temperature
anywhere along the scale. The Kelvin temperature scale, however, constitutes a
ratio scale because on the Kelvin scale zero indicates absolute zero in
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temperature, the complete absence of heat. So one can say, for example, that 200
degrees Kelvin is twice as hot as 100 degrees Kelvin.
1.2.3 Types of data
There are four types of data that may be gathered in social research, each one
adding more to the next. Thus ordinal data is also nominal, and so on.
Ratio

Interval

Ordinal

Nominal

Fig. 1.1: Types of data
1.2.3.1 Nominal
The name 'Nominal' comes from the Latin nomen, meaning 'name' and
nominal data are items which are differentiated by a simple naming
system.
The only thing a nominal scale does is to say that items being measured
have something in common, although this may not be described.
Nominal items may have numbers assigned to them. This may appear
ordinal but is not -- these are used to simplify capture and referencing.
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Nominal items are usually categorical, in that they belong to a definable
category, such as 'employees'.
Example:
1. The number pinned on a sports person.
2. A set of countries.
1.2.3.2 Ordinal
Items on an ordinal scale are set into some kind of order by their position
on the scale. This may indicate such as temporal position, superiority, etc.
The order of items is often defined by assigning numbers to them to show
their relative position. Letters or other sequential symbols may also be
used as appropriate.
Ordinal items are usually categorical, in that they belong to a definable
category, such as '1956 marathon runners'.
You cannot do arithmetic with ordinal numbers -- they show sequence
only.
Example:
1. The first, third and fifth person in a race.
2. Pay bands in an organization, as denoted by A, B, C and D.
1.2.3.3 Interval
Interval data (also sometimes called integer) is measured along a scale in
which each position is equidistant from one another. This allows for the
distance between two pairs to be equivalent in some way.
This is often used in psychological experiments that measure attributes
along an arbitrary scale between two extremes.
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Interval data cannot be multiplied or divided.
Example:
1. My level of happiness, rated from 1 to 10.
2. Temperature, in degrees Fahrenheit.
1.2.3.4 Ratio
In a ratio scale, numbers can be compared as multiples of one another.
Thus one person can be twice as tall as another person. Important also,
the number zero has meaning.
Thus the difference between a person of 35 and a person 38 is the same as
the difference between people who are 12 and 15. A person can also have
an age of zero.
Ratio data can be multiplied and divided because not only is the difference
between 1 and 2 the same as between 3 and 4, but also that 4 is twice as
much as 2.
Interval and ratio data measure quantities and hence are quantitative.
Because they can be measured on a scale, they are also called scale data.
Example:
1. A person's weight
2. The number of pizzas I can eat before fainting
1.2.4 Parametric vs. Non-parametric
Interval and ratio data are parametric, and are used with parametric tools in
which distributions are predictable (and often Normal).
Nominal and ordinal data are non-parametric, and do not assume any particular
distribution. They are used with non-parametric tools such as the Histogram.
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1.2.5 Continuous and Discrete
Continuous measures are measured along a continuous scale which can be
divided into fractions, such as temperature. Continuous variables allow for
infinitely fine sub-division, which means if you can measure sufficiently
accurately, you can compare two items and determine the difference.
Discrete variables are measured across a set of fixed values, such as age in years
(not microseconds). These are commonly used on arbitrary scales, such as
scoring your level of happiness, although such scales can also be continuous.
1.2.6 Map Scale
Maps are rarely drawn at the same scale as the real world. Most maps are made
at a scale that is much smaller than the area of the actual surface being depicted.
The amount of reduction that has taken place is normally identified somewhere on
the map. This measurement is commonly referred to as the map scale.
Conceptually, we can think of map scale as the ratio between the distance
between any two points on the map compared to the actual ground distance
represented. This concept can also be expressed mathematically as:

On most maps, the map scale is represented by a simple fraction or ratio. This
type of description of a map's scale is called a representative fraction. For
example, a map where one unit (centimeter, meter, inch, kilometer, etc.) on the
illustration represents 1,000,000 of these same units on the actual surface of the
Earth would have a representative fraction of 1/1,000,000 (fraction) or
1:1,000,000 (ratio). Of these mathematical representations of scale, the ratio
form is most commonly found on maps.
Scale can also be described on a map by a verbal statement. For example,
1:1,000,000 could be verbally described as "1 centimeter on the map equals 10
kilometers on the Earth's surface" or "1 inch represents approximately 16 miles".
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Most maps also use graphic scale to describe the distance relationships between
the map and the real world. In a graphic scale, an illustration is used to depict
distances on the map in common units of measurement. Graphic scales are quite
useful because they can be used to measure distances on a map quickly.

Fig. 1.2: Graphic scale
The following graphic scale was drawn for map with a scale of 1:250,000. In the
illustration distances in miles and kilometers are graphically shown.
Maps are often described, in a relative sense, as being either small scale or large
scale. Figure 2a-10 helps to explain this concept. In we have maps representing
an area of the world at scales of 1:100,000, 1:50,000, and 1:25,000. Of this
group, the map drawn at 1:100,000 has the smallest scale relative to the other
two maps. The map with the largest scale is map C which is drawn at a scale of
1:25,000.

Fig. 1.3: Map scale
The following three illustrations describe the relationship between map scale and
the size of the ground area shown at three different map scales. The map on the
far left has the smallest scale, while the map on the far right has the largest scale.
Note what happens to the amount of area represented on the maps when the scale
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is changed. A doubling of the scale (1:100,000 to 1:50,000 and 1:50,000 to
1:25,000) causes the area shown on the map to be reduced to 25% or onequarter.

1.3 Concepts in GIS
A phrase many use in referring to GIS is “computer mapping.” GIS is about creating
maps on a computer for a variety of descriptive and analytical purposes. GIS can help
planners and analysts “visualize” data to better understand patterns and concentrations
of spatial phenomena. GIS also has the useful ability to portray layers of information, to
help uncover spatial relationships among multiple sets of data. A typical GIS “session”
involves bringing in various map layers for analysis.
Map layers can take the form of points, lines, or areas.
Points represent phenomena that have a specific location, such as homes, businesses,
colleges, schools, and crime sites. Lines represent phenomena that are linear in nature,
such as roads, rivers, and water lines. Areas represent phenomena that are bounded
(states, counties, zip codes, school districts, census tracts). For example, a higher
education institution may want to create a map illustrating the housing locations of offcampus students. A map would typically include (1) the layer of student housing locations
represented by points; (2) a map layer portraying streets, represented as lines; and (3)
some form of a bounded area layer such as villages or towns, and city wards. It is
important to note that the extent to which one can match data to base maps goes well
beyond the familiar examples of mapping state, county, and town data. For example, an
excellent use of GIS is in the area of facilities management. Both MapInfo and ArcView
have the ability to import AutoCAD drawing files, the most popular format for building
and room drawings. Characteristics of each building and room can be associated to the
drawings in a GIS. Many higher education institutions have already developed such
applications.
Perhaps the most important concept involved in using a GIS is that of associating, or
“attaching,” attribute data to a spatially referenced base map. For example, picture a
map of the United States with the state boundaries easily visible and distinguishable. This
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common base map in a GIS would contain the name of each state and, importantly, the
coordinates (latitude and longitude) of each state boundary. With this information, a GIS
can display a simple base map of the United States by state. A database of socioeconomic
data such as population, median income, and racial distribution for each state in the
country can then be associated or attached to the state boundary map layer. In social
sciences research, a GIS may associate the demographic information in the database to
the base map by matching the name of each state in the base map to the name of each
state in the database. It is this capability of matching up or “merging” data in a database
to a base map that is at the foundation of nearly every analysis employing GIS
technology.
It is therefore extremely important that the data contain a locational identifier in order to
be mapped in a GIS. Typical examples of locational identifiers are street address, zip
code, county, state, and census tract. If this information is in the data, then the data can
be associated to a base map and portrayed and analyzed in a GIS. The term used to
describe the associating of attribute data to a base map in a GIS is geocoding, or
geographically encoding the data to allow it to be mapped. Address-level data are
typically geocoded to a street-level base map, county statistics are geocoded against a
county-level base map, and so forth.
Another key concept associated with GIS is that it can be a tremendous reporting tool.
One way to think about GIS is that it is a “visual communication tool.” Think of a
standard data report that lists the number of students by county who attend a particular
higher education institution. The counties would be listed in one column and the number
of students in a County Boundary and Census Tracts (Polygon or Area Layers), High
School Locations (Point Layer), Interstate Highways (Line Layer) and the information or
labels (Annotation Layer).
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Fig. 1.4: Points, Lines, and Areas
The table could be sorted alphabetically by county or by number of students. This type of
report does not have a “spatial” dimension illustrating the location of each respective
county. Once these data are geocoded and mapped, one can add a powerful dimension to
the communication and “absorption” of the information on the reader’s part.
Concentrations and patterns immediately come alive. At many institutions in upstate New
York, for example, there is a clear upstate-downstate distinction among the student body.
A map can illustrate this distinction much more powerfully than a table of county names
and numbers.
1.4 Components in GIS
A Geographic Information System combines computer cartography with a database
management system. The figure below describes some of the major components common
to a GIS. This diagram suggests that a GIS consists of three subsystems: (1) an input
system that allows for the collection of data to be used and analyzed for some purpose;
(2) computer hardware and software systems that store the data, allow for data
management and analysis, and can be used to display data manipulations on a computer
monitor; (3) an output system that generates hard copy maps, images, and other types of
output.
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Fig.1.5: Components of a Geographic Information System
Three major components of a Geographic Information System. These components consist
of input, computer hardware and software, and output subsystems.
Two basic types of data are normally entered into a GIS. The first type of data consists of
real world phenomena and features that have some kind of spatial dimension. Usually,
these data elements are depicted mathematically in the GIS as either points, lines, or
polygons that are referenced geographically (or geocoded) to some type of coordinate
system. This type data is entered into the GIS by devices like scanners, digitizers, GPS,
air photos, and satellite imagery. The other type of data is sometimes referred to as an
attribute. Attributes are pieces of data that are connected or related to the points, lines,
or polygons mapped in the GIS. This attribute data can be analyzed to determine patterns
of importance. Attribute data is entered directly into a database where it is associated
with element data.
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1.5 Application of GIS

Fig. 1.6: The tools and applications of GIS has increased
1.5.1 Application of GIS in energy exploration
GIS applications in energy exploration are the primary way in which oil potentiality in
suitable locations is evaluated. This service has become indispensable for the petroleum
industries to stay ahead in the competition regarding the discovery of new sources of
petroleum.
It is with the help of GIS applications in energy exploration that large petroleum
companies select the most suitable sites for their retail outlets by evaluating the
information on demography and transportation, which can optimize the customers
satisfaction.
GIS applications in energy exploration helps to analyze and integrate a lot of different
types of data to the specified location and then by overlaying, viewing, and manipulating
the data in the form of a map, it discovers the new or extension of the potent oil source.
The data required for exploration are:
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•

Satellite imagery

•

Digital aerial photo mosaics

•

Seismic surveys

•

Surface geology studies

•

Sub-surface and cross section interpretations and images

•

Good locations

•

Existing infrastructure information

GIS applications in energy exploration manage the spatial distribution of components of
the daily petroleum based business items like leases, pipelines, wells, environmental
concerns, facilities, and retail outlets, within the corporate database. The digital
mapping of the web enabled GIS applications apply appropriate geographic analysis
efficiently.
The exploration of the oil reserves is associated with the production process of the
petroleum resources. GIS technology is ideally suited for aiding the respective petroleum
company to understand certain geographic, infrastructural, logistical, and environmental
factors related to that specific site. The GIS applications in energy exploration can also
be integrated with other economic business planning engines to provide a focused
business solution. They help the petroleum industry by providing relevant information
regarding drilling platforms, oil refineries, and pipeline networks. These infrastructural
requirements for energy production exist in difficult commercial, operational, and
environmental conditions. Therefore, it is essential that they should be planned,
maintained, and operated effectively.
In a nutshell, GIS applications in energy exploration integrate the exploration and
production of energy reserves with the infrastructure management systems of the oil
plants.
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1.5.2 Vehicle tracking systems
Vehicle tracking systems are usually used for managing a fleet of vehicles. The vehicles
of a fleet are fitted with GPS, which usually transmit the positional data of the vehicles to
a central station. The central station is a monitoring station, where the position of
vehicles is displayed on a GIS map. Vehicle tracking systems will be useful for the police
and emergency response services. The central station usually diverts the vehicle nearest
to the site, where the vehicles are required. By using a wireless phone service or cellular
phone network, real time corrections can be sent to the receivers fitted on the vehicles
and better results can be obtained.
1.5.3 Application in Forestry
GIS applications in forestry in India is the indispensable method by means of which the
total forest area in India is measured.
Digital mapping has brought about a revolutionary change in the entire Geographical
Information System (GIS). The rudimentary method of depending on paper maps has
been changed and at present, one depends on digital maps, which in fact have been
playing a significant role in the monitoring and management of the forests.
The Geographical Information System, Global Positioning System, and Remote Sensing
are important technological applications used in various areas of life in today's era of
modern communication.
The GIS Applications in forestry has come up with excellent results in the decision
making in the field level. There are different types of GIS Applications in forestry, such as
•

Supervising of afforestation plans

•

Monitoring of plantation schemes

•

Corridor mapping for animal migration

•

Habitat mapping
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Land capability mapping

GIS applications in forestry are also used for the prevention of trespassers in the forests.
This is done with the help of satellite imageries. The total forest area in India is under
danger from various quarters today. GIS applications in forestry are also very useful in
the protection of forests. With the help of such applications in the GIS system, accurate
information can be remotely and easily obtained. The geo-spatial data is organized to
make important decisions. The data should be accurate as any type of error within the
GIS calculations would misguide the users.
Some other useful purposes for which GIS applications in forestry can be used are the
selection of locations for plantation or for supervising the ongoing danger of
encroachments. Moreover, issues like burning of forests and 'jhum' cultivation can be
regulated. The expansion of infrastructure and communication networks are also taken
care of by GIS applications. Managing the forests and village are also aided by these
applications.
Forest Fire Monitoring in Uttaranchal State Forest Department
Synergy of Indian Remote sensing Satellite (IRS) systems covering IRS-P6, IRS-1D, and
data given by TERRA/AQUA Moderate resolution Imaging Spectroradiometer (MODIS),
National Oceanic and Aeronautic Administration - Advanced Very High Resolution
Radiometer (NOAA-AVHRR), Defense Meteorological Satellite Program-Operational
Line scan System (DMSP-OLS), Environment Satellite (ENVISAT) are useful in forest fire
detection, active fire progression monitoring, near real time damage assessment, and
mitigation

planning.

The Decision Support Center (DSC) is established at National Remote Sensing Centre
(NRSC) as part of Disaster Management Support Programme of Department of Space
(DOS), for working towards effective management of disasters in India. Considering the
importance of forest fire management in India, a comprehensive Indian Forest Fire
Response and Assessment System (INFFRAS) is invoked under DSC activities of NRSC,
which integrates multi-sensor satellite data and ground data through spatially and
temporally explicit GIS analysis frame work. The INFFRAS is designed to provide
services on:
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1. Fire alerts :Value-added daily daytime TERRA/AQUA MODIS fire locations and
DMSP-OLS derived daily nighttime fire locations
2. Fire progression: Progression of fires using daily day and night fire location
information given by MODIS/DMSP-OLS and burnt area expansion derived from
temporal high resolution data sets
3. Burnt area assessment: Mapping episodic fire events using moderate and high
resolution optical data sets
4. Forest fire mitigation plans.
1.5.4 Vehicle navigation systems
Vehicle navigation systems are used for guiding vehicles to their destination. These
systems usually use GPS or inertial navigation systems or a combination of both for
positioning the vehicle. The advantage of using both inertial navigation systems and GPS
is that navigation can be continued even when the GPS cannot receive the signals form
the satellites due to obstruction. In countries like the US, vehicle navigation systems are
used for guiding tourists to different tourist spots. The vehicle navigation systems use a
computer, which determines the position of the vehicle, plans the route and gives the
directions to the driver. The driver gives the location of his/her destination while starting
his journey and the computer guides the driver by giving either audio or and visual
instructions. The route the computer plans is usually optimized route; the route is the
route optimized for distance or the route can be the most or the least used route (Jurgen,
1998). GPS receivers, which have the capability of displaying the speed, will be useful
for determining the speed of the vehicle, even though the display might show a non-zero
value of speed sometimes, when the speed of the vehicle is zero.
1.5.5 Property Tax Assessment System using GIS
Municipal authorities all over India understand the importance of bringing IT into their
infrastructure and setup. This has led to opening and the consolidation of IT departments
in the municipal corporations in the country. Property tax assessment is one of the areas
of Kanpur Municipal Corporation where we can use the technology to meet the
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challenges of storing huge amount of data, and updating it on a continuous basis in an
effective manner. For example, a revenue inspector who has to collect property tax from
a number of households, would like to know the defaulters in his assigned area, and an IT
system would give him a document or spreadsheet listing the names and addresses of the
same. However, if the inspector could be shown visualization on the map about where
those properties are corresponding to the defaulters, it would give him much more
information than a spreadsheet. Similarly, an administrative officer for a ward or zone
could login to the GIS system and visualize the properties under his jurisdiction, and see
the properties corresponding to defaulters in different colors, depending on the amount
to be paid by the defaulters. The Property Tax Assessment System (PTAS) GIS is one such
system which attempts to benefit the municipal authorities for all queries related to
property tax. Similar kind of systems can exist for water tax management, and any other
tax related information system. The functionalities are described comprehensively in this
project report document. This project report document will attempt to describe and
consolidate the requirements of GIS application designed for the municipal authority. It
gives the detailed information of the developed functionalities and the dependencies on
GIS.
The PTIS is developed using Development environment shown in the figure.

Fig. 1.7: PTIS

Geographical Information System

21

Uttarakhand Open University

Unit 1

GIS: Geographical Information Systems

1.5.6 Emergency response planning

Fig. 1.8: The Wasatch Fault zone runs through Salt Lake City along the foot of the
Wasatch Mountains in north-central Utah.
Map of the area surrounding the USGS Sugar House 7.5-minute quadrangle, Salt lake
City, Utah, showing the location of the Wasatch Fault zone.
A GIS was used to combine road network and earth science information to analyze the
effect of an earthquake on the response time of fire and rescue squads. The area covered
by the USGS Sugar House 7.5-minute topographic quadrangle map was selected for the
study because it includes both undeveloped areas in the mountains and a part of Salt
Lake City. Detailed earth science information was available for the entire region.
The road network from a USGS digital line graph includes information on the types of
roads, which range from rough trails to divided highways. The locations of fire stations
were plotted on the road network. A GIS function called network analysis was used to
calculate the time necessary for emergency vehicles to travel from the fire stations to
different areas of the city. The network analysis function considers two elements: (1)
distance from the fire station, and (2) speed of travel based on the type of road. The
analysis shows that under normal conditions, most of the area within the city will be
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served in less than 7 minutes and 30 seconds because of the distribution and density of
fire stations and the continuous network of roads.
The accompanying illustration depicts the blockage of the road network that would result from an
earthquake, assuming that any road crossing the fault trace would become impassable. The
primary effect on emergency response time would occur in neighborhoods west of the fault trace,
where travel times from the fire stations would be noticeably lengthened.

Fig. 1.9: Blocking of road network
After faulting, initial model. Network analysis in a GIS produces a map of travel times from the
stations after faulting. The fault is in red. Emergency response times have increased for areas west
of the fault.
1.5.7 Three-dimensional GIS
To more realistically analyze the effect of the Earth's terrain, we use three-dimensional
models within a GIS. A GIS can display the Earth in realistic, three-dimensional
perspective views and animations that convey information more effectively and to wider
audiences than traditional, two-dimensional, static maps. The U.S. Forest Service was
offered a land swap by a mining company seeking development rights to a mineral
deposit in Arizona's Prescott National Forest. Using a GIS, the USGS and the U.S.
Forest Service created perspective views of the area to depict the terrain as it would
appear after mining.
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Fig. 1.10: Prescott National Forest, showing altered topography due to mine development.
To assess the potential hazard of landslides both on land and underwater, the USGS
generated a three-dimensional image of the San Francisco Bay area. It created the image
by mosaicing eight scenes of natural color composite Landsat 7 Enhanced Thematic
Mapper imagery on California fault data using approximately 700 digital elevation
models at 1:24,000 scale.

Fig 1.11: Three-dimensional image of the San Francisco Bay created to assess the potential of
land and underwater avalanches.
1.6 Summary
In this unit we have discussed about geographical information systems, its components
and its applications. Database types and scales have been introduced and discuss, such
that designing and building a database in GIS can be understood. The basic format of
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Geographical data representation along with the computer, software and user
requirements has also been highlighted. At the end we have discussed about varied and
intensive application of GIS.
1.7 Glossary
Area- A closed, two-dimensional shape defined by its boundary. A calculation of the size
of a two-dimensional feature, measured in square units.
Digitize- To encode map features as x,y coordinates in digital form. Lines are traced to
define their shapes. This can be accomplished either manually or by use of a scanner.
Digitizer- A device connected to a computer, consisting of a tablet and a handheld puck,
that converts positions on the tablet surface as they are traced by an operator to digital
x,y coordinates, yielding vector data consisting of points, lines, and polygons.
Database- A logical collection of interrelated information, managed and stored as a unit.
A GIS database includes data about the spatial location and shape of geographic
features recorded as points, lines, and polygons as well as their attributes.
Geocoded- Translating geographic coordinates of map units (e.g. lines and points), into
X, Y digits or grid cells
Line- A shape defined by a connected series of unique x,y coordinate pairs. A line may be
straight or curved.
Point- A level of spatial measurement referring to an object which has no dimension at a
specified scale. Examples include wells, weather stations, and navigational lights.
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1.10 Terminal Questions
1.

What is the full form of GIS?

2.

What are the different data types? Explain each in 1 or 2 sentences.

3.

What do you understand by 1: 50000? Explain.
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Which feature type will you choose to draw the following features: Rail, road,
plantation area, agriculture area, rivers, spot heights, single house, village, contours,
forest.
***
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2.1 Components of a Toposheet
A map can be simply defined as a graphic representation of the real world. This
representation is always an abstraction of reality. Because of the infinite nature of our
Universe it is impossible to capture all of the complexity found in the real world. For
example, topographic maps abstract the three-dimensional real world at a reduced scale
on a two-dimensional plane of paper.
The art of map construction is called cartography. People who work in this field of
knowledge are called cartographers. The construction and use of maps has a long
history. Some academics believe that the earliest maps date back to the fifth or sixth
century BC. Even in these early maps, the main goal of this tool was to communicate
information. Early maps were quite subjective in their presentation of spatial
information. Maps became more objective with the dawn of Western science. The
application of scientific method into cartography made maps more ordered and accurate.
Today, the art of map making is quite a sophisticated science employing methods from
cartography, engineering, computer science, mathematics, and psychology.
Cartographers classify maps into two broad categories: reference maps and thematic
maps. Reference maps normally show natural and human-made objects from the
geographical environment with an emphasis on location. Examples of general reference
maps include maps found in atlases and topographic maps. Thematic maps are used to
display the geographical distribution of one phenomenon or the spatial associations that
occur between a numbers of phenomena.
2.1.1 Latitude & Longitude
Most maps allow us to specify the location of points on the Earth's surface using a
coordinate system. For a two-dimensional map, this coordinate system can use
simple geometric relationships between the perpendicular axes on a grid system
to define spatial location. The figure illustrates how the location of a point can be
defined on a coordinate system.

Fig. 2.1: Latitude & Longitude
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A grid coordinate system defines the location of points from the distance traveled
along two perpendicular axes from some stated origin. In the example above, the
two axes are labeled X and Y. The origin is located in the lower left hand corner.
Unit distance traveled along each axis from the origin is shown. In this
coordinate system, the value associated with the X-axis is given first, following by
the value assigned from the Y-axis. The location represented by the star has the
coordinates 7 (X-axis), 4 (Y-axis).
Two types of coordinate systems are currently in general use in geography: the
geographical coordinate system and the rectangular (also called Cartesian)
coordinate system.
The geographical coordinate system measures location from only two values,
despite the fact that the locations are described for a three-dimensional surface.
The two values used to define location are both measured relative to the polar
axis of the Earth. The two measures used in the geographic coordinate system are
called latitude and longitude.

Fig 2.2: Latitude and Longitude
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Lines of latitude or parallels are drawn parallel to the equator (shown in red) as
circles that span the Earth's surface. These parallels are measure in degrees (°).
There are 90 angular degrees of latitude from the equator to each of the poles.
The equator has an assigned value of 0°. Measurements of latitude are also
defined as being either north or south of equator to distinguish the hemisphere of
their location. Lines of longitude or meridians are circular arcs that meet at the
poles. There are 180° of longitude either side of a starting meridian which is
known the Prime Meridian. The Prime Meridian has a designated value of 0°.
Measurements of longitude are also defined as being either west or east of the
Prime Meridian.
Latitude measures the north-south position of locations on the Earth's surface
relative to a point found at the center of the Earth. This central point is also
located on the Earth's rotational or polar axis. The equator is the starting point
for the measurement of latitude. The equator has a value of zero degrees. A line of
latitude or parallel of 30° North has an angle that is 30° north of the plane
represented by the equator. The maximum value that latitude can attain is either
90° North or South. These lines of latitude run parallel to the rotational axis of
the Earth.

Fig. 2.3: Measurement of latitude and longitude
Measurement of latitude and longitude relative to the equator and the Prime
Meridian and the Earth's rotational or polar axis.
Longitude measures the west-east position of locations on the Earth's surface
relative to a circular arc called the Prime Meridian. The position of the Prime
Meridian was determined by international agreement to be in-line with the
location of the former astronomical observatory at Greenwich, England. Because
the Earth's circumference is similar to circle, it was decided to measure longitude
in degrees. The number of degrees found in a circle is 360. The Prime Meridian
has a value of zero degrees. A line of longitude or meridian of 45° West has an
angle that is 45° west of the plane represented by the Prime Meridian. The
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maximum value that a meridian of longitude can have is 180° which is the
distance halfway around a circle. This meridian is called the International Date
Line. Designations of west and east are used to distinguish where a location is
found relative to the Prime Meridian. For example, all of the locations in North
America have a longitude that is designated west.
2.1.2 Scale: Distance on Maps
We have learned that depicting the Earth's three-dimensional surface on a twodimensional map creates a number of distortions that involve distance, area, and
direction. It is possible to create maps that are somewhat equidistance. However,
even these types of maps have some form of distance distortion. Equidistance
maps can only control distortion along either lines of latitude or lines of
longitude. Distance is often correct on equidistance maps only in the direction of
latitude.
On a map that has a large scale, 1:125,000 or larger, distance distortion is
usually insignificant. An example of a large-scale map is a standard topographic
map. On these maps measuring straight line distance is simple. Distance is first
measured on the map using a ruler. This measurement is then converted into a
real world distance using the map's scale. For example, if we measured a
distance of 10 centimeters on a map that had a scale of 1:10,000, we would
multiply 10 (distance) by 10,000 (scale). Thus, the actual distance in the real
world would be 100,000 centimeters.
Measuring distance along map features that are not straight is a little more
difficult. One technique that can be employed for this task is to use a number of
straight-line segments. The accuracy of this method is dependent on the number
of straight-line segments used. Another method for measuring curvilinear map
distances is to use a mechanical device called an opisometer. This device uses a
small rotating wheel that records the distance traveled. The recorded distance is
measured by this device either in centimeters or inches.
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Fig 2.4: Measurement of distance on a map feature using straight-line segments.
2.1.3 North: Direction on Maps
Like distance, direction is difficult to measure on maps because of the distortion
produced by projection systems. However, this distortion is quite small on maps
with scales larger than 1:125,000. Direction is usually measured relative to the
location of North or South Pole. Directions determined from these locations are
said to be relative to True North or True South. The magnetic poles can also be
used to measure direction. However, these points on the Earth are located in
spatially different spots from the geographic North and South Pole. The North
Magnetic Pole is located at 78.3° North, 104.0° West near EllefRingnes Island,
Canada. In the Southern Hemisphere, the South Magnetic Pole is located in
Commonwealth Day, Antarctica and has a geographical location of 65° South,
139° East. The magnetic poles are also not fixed overtime and shift their spatial
position overtime.
Topographic maps normally have a declination diagram drawn on them. On
Northern Hemisphere maps, declination diagrams describe the angular difference
between Magnetic North and True North. On the map, the angle of True North is
parallel to the depicted lines of longitude. Declination diagrams also show the
direction of Grid North. Grid North is an angle that is parallel to the easting lines
found on the Universal Transverse Mercator (UTM) grid system.
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Fig. 2.5: Direction on map
This declination diagram describes the angular difference between Grid, True,
and Magnetic North. This illustration also shows how angles are measured
relative grid, true, and magnetic azimuth.
In the field, the direction of features is often determined by a magnetic compass
which measures angles relative to Magnetic North. Using the declination diagram
found on a map, individuals can convert their field measures of magnetic
direction into directions that are relative to either Grid or True North. Compass
directions can be described by using either the azimuth system or the bearing
system. The azimuth system calculates direction in degrees of a full circle. A full
circle has 360 degrees. In the azimuth system, north has a direction of either the 0
or 360°. East and west have an azimuth of 90° and 270°, respectively. Due south
has an azimuth of 180°.

Fig. 2.6: Direction
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Azimuth system for measuring direction is based on the 360 degrees found in a
full circle. The illustration shows the angles associated with the major cardinal
points of the compass. Note that angles are determined clockwise from north.
The bearing system divides direction into four quadrants of 90 degrees. In this
system, north and south are the dominant directions. Measurements are
determined in degrees from one of these directions. The measurement of two
angles based on this system are described below.

Fig. 2.7: Measurement of two angles
The bearing system uses four quadrants of 90 degrees to measure direction. The
illustration shows two direction measurements. These measurements are made
relative to either north or south. North and south are given the measurement 0
degrees. East and west have a value of 90 degrees. The first measurement (green)
is found in the north - east quadrant. As a result, its measurement is north 75
degrees to the east or N75°E. The first measurement (orange) is found in the
south - west quadrant. Its measurement is south 15 degrees to the west or S15°W.
Topographic Maps
A topographic map is a detailed and accurate two-dimensional representation of
natural and human-made features on the Earth's surface. These maps are used for
a number of applications, from camping, hunting, fishing, and hiking to urban
planning, resource management, and surveying. The most distinctive
characteristic of a topographic map is that the three-dimensional shape of the
Earth's surface is modeled by the use of contour lines. Contours are imaginary
lines that connect locations of similar elevation. Contours make it possible to
represent the height of mountains and steepness of slopes on a two-dimensional
map surface. Topographic maps also use a variety of symbols to describe both
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natural and human made features such as roads, buildings, quarries, lakes,
streams, and vegetation.
Topographical maps, also known as general purpose maps, are drawn at
relatively large scales. These maps show important natural and cultural features
such as relief, vegetation, water bodies, cultivated land, settlements, and
transportation networks, etc. These maps are prepared and published by the
National Mapping Organisation of each country. For example, the Survey of
India prepares the topographical maps in India for the entire country. The
topographical maps are drawn in the form of series of maps at different scales.
Hence, in the given series, all maps employ the same reference point, scale,
projection, conventional signs, symbols and colours. The topographical maps in
India are prepared in two series, i.e. India and Adjacent Countries Series and The
International Map Series of the World.
2.1.4 Legend
Topographic maps use symbols to represent natural and human constructed
features found in the environment. The symbols used to represent features can be
of three types: points, lines, and polygons. Points are used to depict features like
bridges and buildings. Lines are used to graphically illustrate features that are
linear. Some common linear features include roads, railways, and rivers.
However, we also need to include representations of area, in the case of forested
land or cleared land; this is done through the use of color.
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Fig. 2.8: Legend
2.2 Features in a Toposheet
2.2.1 Landform Features
Topographic maps can describe vertical information through the use of contour
lines (contours). A contour line is an isoline that connects points on a map that
have the same elevation. Contours are often drawn on a map at a uniform vertical
distance. This distance is called the contour interval. The map in the Figure 2d-1
shows contour lines with an interval of 100 feet. Note that every fifth brown
contour lines is drawn bold and has the appropriate elevation labeled on it. These
contours are called index contours. On Figure 2.9 they represent elevations of
500, 1000, 1500, 2000 feet and so on. The interval at which contours are drawn
on a map depends on the amount of the relief depicted and the scale of the map.
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Fig. 2.9: elevations of 500, 1000, 1500, 2000 feet
Portion of the "Tofino" 1:50,000 National Topographic Series of Canada map.
The brown lines drawn on this map are contour lines. Each line represents a
vertical increase in elevation of 100 feet. The bold brown contour lines are called
index contours. The index contours are labeled with their appropriate elevation
which increases at a rate of 500 feet. Note the blue line drawn to separate water
from land represents an elevation of 0 feet or sea-level.
Contour lines provide us with a simple effective system for describing landscape
configuration on a two-dimensional map. The arrangement, spacing, and shape of
the contours provide the user of the map with some idea of what the actual
topographic configuration of the land surface looks like. Contour intervals the are
spaced closely together describe a steep slope. Gentle slopes are indicated by
widely spaced contours. Contour lines that V upwards indicate the presence of a
river valley. Ridges are shown by contours that V downwards.
Some basic features of contour lines are
•

A contour line is drawn to show places of equal heights.

•

Contour lines and their shapes represent the height and slope or gradient
of the landform.

•

Closely spaced contours represent steep slopes while widely spaced
contours represent gentle slope.

•

When two or more contour lines merge with each other, they represent
features of vertical slopes such as cliffs or waterfalls.

•

Two contours of different elevation usually do not cross each other.
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A topographic profile is a two-dimensional diagram that describes the landscape
in vertical cross-section. Topographic profiles are often created from the contour
information found on topographic maps. The simplest way to construct a
topographic profile is to place a sheet of blank paper along a horizontal transect
of interest. From the map, the elevation of the various contours is transferred on
to the edge of the paper from one end of the transect to the other. Now on a sheet
of graph paper use the x-axis to represent the horizontal distance covered by the
transect. The y-axis is used to represent the vertical dimension and measures the
change in elevation along the transect. Most people exaggerate the measure of
elevation on the y-axis to make changes in relief stand out. Place the beginning of
the transect as copied on the piece of paper at the intersect of the x and y-axis on
the graph paper. The contour information on the paper's edge is now copied onto
the piece of graph paper. Figure 2.10 shows a topographic profile drawn from the
information found on the transect A-B above.

Fig. 2.10: Topographic profile
The following topographic profile shows the vertical change in surface elevation
along the transect AB from Figure 2.10. A vertical exaggeration of about 4.2
times was used in the profile (horizontal scale = 1:50,000, vertical scale =
1:12,000 and vertical exaggeration = horizontal scale/vertical scale).
2.2.2 Slopes
We know that all the topographical features show varying degrees of slopes. For
example, a flat plain exhibits gentler slopes and the cliffs and gorges are
associated with the steep slopes. Similarly, valleys and mountain ranges are also
characterised by the varying degree of slopes, i.e. steep to gentle. Hence, the
spacing of contours is significant since it indicates the slope.
The slopes can broadly be classified into gentle, steep, concave, convex and
irregular or undulating. The contours of different types of slopes show a distinct
spacing pattern.
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Fig. 2.11 Slopes
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2.2.3 Drainage Pattern
The term drainage basin describes an area drained collectively by the network of
a river along with its tributaries and sub-tributaries of various dimensions.
An area drained by a single river is called its Catchment Area.
A drainage system as seen in the topographical sheets usually develops a pattern
which is related to the general structure of its basin.

Fig. 2.12: Drainage system
3 distinct patterns can be recognized
1. DENDRITIC
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Fig 2.13: Dendritic drainage
Dendritic drainage patterns are most common. They develop on a land
surface where the underlying rock is of uniform resistance to erosion.
Dendritic drainage systems are the most common form of drainage
system. The term dendritic comes from the Greekword "dendron",
meaning tree, due to the resemblance of the system to a tree.
In a dendritic system there is one main river (like the trunk of a tree),
which was joined and formed by many smallertributary rivers. They
develop where the river channel follows the slope of the terrain. Dendritic
systems form in V-shaped valleys; as a result, the rock types must be
impervious and non-porous
2. TRELLIS
Rectangular drainage patterns develop where linear zones of weakness,
such as joints or faults cause the streams to cut down along the weak
areas in the rock.
Trellis systems form in areas of alternating geology, particularly chalk
and clay. The main river (the consequent) flows straight down hill.
Subsequent streams develop perpendicular to the consequent along softer
rock and erode it away, forming vales.

Geographical Information System

43

Uttarakhand Open University

Unit 2

Reading a Toposheet

Fig 2.14: Trellis systems
The consequent river then cuts through the escarpments of harder rock.
Obsequent streams flow down thedip slope of the escarpments to join the
subsequent streams.
3. RADIAL

Fig 2.15: Radial drainage patterns
Radial drainage patterns develop surrounding areas of high topography
where elevation drops from a central high area to surrounding low areas.
2.2.4 Settlements
Distribution of settlements can be seen in the map through its site, location
pattern, alignment and density. The nature and causes of various settlement
patterns may be clearly understood by comparing the settlement map with the
contour map.
Four types of rural settlements may be identified on the map
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(a) Compact
(b) Scattered
(c) Linear
(d) Circular
Similarly, urban centers may also be distinguished as
(a) Cross-road town
(b) Nodal point
(c) Market centre
(d) Hill station
(e) Coastal resort centre
(f) Port
(g) Manufacturing centre with suburban villages or satellite towns
(h) Capital town
(i) Religious centre
Various factors determine the site of settlements like
(a) Source of water
(b) Provision of food
(c) Nature of relief
(d) Nature and character of occupation
(e) Defence
Site of settlements should be closely examined with reference to the contour and
drainage map. Density of settlement is directly related to food supply. Sometimes,
village settlements form alignments, i.e. they are spread along a river valley,
road, embankment, coastline – these are called linear settlements. In the case of
an urban settlement, a cross-road town assumes a fan-shaped pattern, the houses
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being arranged along the roadside and the crossing being at the heart of the town
and the main market place. In a nodal town, the roads radiate in all directions.
2.2.5 Significance of colours in a Toposheet
On toposheets colours are used to show certain features. Each colour used on a
map has significance.
1. BLACK – All names, river banks, broken ground, dry streams, surveyed
trees, heights and their numbering, railway lines, telephone and telegraph
lines, lines of latitude and longitude.
2. BLUE – Water features or water bodies that contain water.
3. GREEN – All wooded and forested areas, orchards, scattered trees and
scrubs.
Note: Prominent surveyed trees are shown in black. Surveyed trees have
numbers on their trunks. They serve as landmarks and are not allowed to
be cut.
4. YELLOW – All cultivated areas are shown with a yellow wash.
5. WHITE PATCHES – Uncultivable land
6. BROWN – Contour lines, their numbering, form lines, and sand features
such as sand hills and dunes.
7. RED – Grid lines (eastings and northings) and their numbering, roads,
cart tracks, settlements, huts and buildings.
SETTLEMENTS
1. On a topo map, all settlements are shown by symbols in RED colour.
2. The size of the symbol and size and style of letters used give an idea of the
size of the settlement.
3. In the case of large cities, major roads are marked and named.
4. Deserted village cities, temporarily occupied huts are also shown.

Geographical Information System

46

Uttarakhand Open University

Unit 2

Reading a Toposheet
5. Places of worship, forts, water towers, burial grounds, police stations,
post office, dak bungalow, circuit houses, etc. are indicated by suitable
symbols.
6. Dense settlements are mainly found in fertile plains and wide river valleys.
7. Sparse Settlements are mainly observed in areas like forests, deserts,
mountain slopes, plateaus and hill tops with poor vegetation•
8. Absence of Settlements near swamps, marsh land, sandy deserts, thick
impenetrable forests, flood-prone areas, steep mountain slopes.
OCCUPATION AND MAP FEATURES
AGRICULTURE – Level land with yellow wash; many wells
LUMBERING: Forests
CATTLE REARING – Pastures, meadows, grasslands, presence of road in
highland region (sheep)
FISHING – Plenty of rivers
MINING –Stony wastes, quaries, limestone beds
TRADE – Dense settlements near road
INDUSTRY – Large settlements near roads and railways, presence of raw
materials, (like making, cement industry near limestone beds)
TOURISM – hotels and inns
APPROXIMATE OR RELATIVE HEIGHT-is height is not taken from sea
level but with respect to the surrounding area. It may be the height of a
dam, bridge, sand dune or it can be the depth of a well, tank, hill or river
canal, for example , 3r, 5r, 8r, etc.
Example:
3r - the relative depth of perennial lined well in 3 metres
5r – the relative height of dry tank is 5 metres
2.2.6 Map Interpretation Procedure

Geographical Information System

47

Uttarakhand Open University

Unit 2

Reading a Toposheet
Map interpretation involves the study of factors that explain the causal
relationship among several features shown on the map. For example, the
distribution of natural vegetation and cultivated land can be better understood
against the background of landform and drainage. Likewise, the distribution of
settlements can be examined in association with the levels of transport network
system and the nature of topography.
The following steps will help in map interpretation:
Find out from the index number of the topographical sheet, the location of the
area in India. This would give an idea of the general characteristics of the major
and minor physiographic divisions of the area. Note the scale of the map and the
contour interval, which will give the extent and general landform of the area.
Trace out the following features on tracing sheets.
(a) Major landforms – as shown by contours and other graphical features.
(b) Drainage and water features – the main river and its important
tributaries.
(c) Land use – i.e. forest, agricultural land, wastes, sanctuary, park,
school, etc.
(d) Settlement and Transport pattern.
Describe the distributional pattern of each of the features separately drawing
attention to the most important aspect.
Superimpose pairs of these maps and note down the relationship, if any, between
the two patterns. For example, if a contour map is superimposed over a land use
map, it provides the relationship between the degree of slope and the type of the
land used.
Aerial photographs and satellite imageries of the same area and of the same scale
can also be compared with the topographical map to update the information.

2.3 Toposheet Scale and Numbering System
Topographic maps provides the graphical portrayal of objects present on the surface of
the earth. These maps provide the preliminary information about a terrain and thus very
useful for engineering works. For most part of India, topographic maps are available
which are prepared by the Survey of India. To identify a map of a particular area, a map
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numbering system has been adopted by Survey of India. The system of identification is as
follows:
An International Series (within 4° N to 40° N Latitude and 44° E to 124° E Longitude) at
the scale of 1: 1,000,000 is being considered as base map. The base map is divided into
sections of 4° latitude x 4° longitude and designated from 1 (at the extreme north-west) to
136, covering only land areas and leaving any 4° square if it falls completely in the sea
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Fig. 2.16: Toposheet
2.3.1 India and Adjacent Countries Series
Topographical maps under India and Adjacent Countries Series were prepared by
the Survey of India till the coming into existence of Delhi Survey Conference in
1937. Henceforth, the preparation of maps for the adjoining countries was
abandoned and the Survey of India confined itself to prepare and publish the
topographical maps for India as per the specifications laid down for the
International Map Series of the World. However, the Survey of India for the
topographical maps under the new series retained the numbering system and the
layout plan of the abandoned India and Adjacent Countries Series. The
topographical maps of India are prepared on 1 : 10,00,000, 1 : 250,000, 1 :
1,25,000, 1 : 50,000 and 1: 25,000 scale providing a latitudinal and longitudinal
coverage of 4° x 4°, 1° x 1°, 30' x 30', 15' x 15' and 5' x 7' 30", respectively. The
numbering system of each one of these topographical maps is shown below.
International Map Series of the World: Topographical Maps under International
Map Series of the World are designed to produce standardized maps for the entire
World on a scale of 1: 10,00,000 and 1:250,000.
2.3.2 Reading of Topographical Maps
The study of topographical maps is simple. It requires the reader to get
acquainted with the legend, conventional sign and the colours shown on the
sheets. The conventional sign and symbols depicted on the topographical sheets
are shown in the following figures.
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Fig. 2.17: Conventional sign and symbols on the topographical maps
2.4 Summary
In this unit we have learnt about the toposheet. The components of a toposheet, apart
from the area described, namely latitude and longitude, legend and scale have been well
illustrated. The following sections are about the derived information from a toposheet,
like landforms, slope, drainage pattern, etc. The various scales at which toposheets are
available along with the numbering system, and how the numbering system and scales
are correlated have also been included.
2.5 Glossary
Azimuth- The horizontal angle, measured in degrees, between a baseline drawn from a
center point and another line drawn from the same point. Normally, the baseline points
true north and the angle is measured clockwise from the baseline.
Coordinate- any of the magnitudes that serve to define the position of a point, line, or the
like, by reference to a fixed figure, system of lines
Isoline - A line connecting points of equal value on a map. Isolines fall into two classes:
those in which the values actually exist at points, such as temperature or elevation
values, and those in which the values are ratios that exist over areas, such as population
per square kilometer or crop yield per acre. The first type of isoline is specifically called
an isometric line or isarithm; the second type is called an isopleth.
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Grid- In cartography, any network of parallel and perpendicular lines superimposed on a
map and used for reference. These grids are usually referred to by the map projection or
coordinate system they represent
Landform- A specific geomorphic feature on the surface of the earth, ranging from
large-scale features such as plains, plateaus, and mountains to minor features such as
hills, valleys, and alluvial fans.
Map- A map is a detailed and accurate two-dimensional representation of natural and
human-made features on the real world.
Pattern- A distinctive style, model, or form
Relief- Elevations and depressions of the earth's surface, including those of the ocean
floor. Relief can be represented on maps by contours, shading, hypsometric tints, digital
terrain modeling, or spot elevations.
Slope - The incline, or steepness, of a surface. Slope can be measured in degrees from
horizontal (0–90), or percent slope (which is the rise divided by the run, multiplied by
100). A slope of 45 degrees equals 100 percent slope. As slope angle approaches vertical
(90 degrees), the percent slope approaches infinity.
2.6 References
1. http://brhectorsgeoworld.blogspot.com/2009/02/topographical-survey-maps.html
2. https://sites.google.com/a/tges.org/geo-jaydeep/std-10-geography/topographicalmaps
3. http://www.iasexams.com/NCERTBooks/NCERTBooksforClass11/FreedownloadClass11Geography3PracticalGeog
raphyNCERTBook/Class11_Geography3_PracticalGeography_Unit05_NCERT_
TextBook_EnglishEdition.pdf
4. http://nptel.iitm.ac.in/courses/Webcourse-contents/IITROORKEE/SURVEYING/modules/module1/htmlpage/21.htm
2.7 Suggested Readings
1. Misra, R.P. and A. Ramesh. 1989. Fundamentals of Cartography (Revised and
Enlarged). Published by Concept Publishing Company, Mohan Garden, New
Delhi, India. ISBN (Paperback): ISBN NO: 9788170222224
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2.8 Terminal Questions
1. Explain with diagram latitude/longitude and north arrow of a toposheet.
2. Draw diagram and briefly describe any 2 different types of features represented
with contour lines.
3. Name 2 different type of drainage patterns with 2 characteristics each.
4. What do you understand by 45 D/10? Give any 2 numbers of its adjoining
toposheets.
***
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3.1 Introduction to Spatial Data
"Everything is related to everything else, but near things are more related than distant
things." Tobler's first law of geography
Since the advent of GIS in the 1980s, many government agencies have invested heavily in
GIS installations, including the purchase of hardware and software and the construction
of mammoth databases. Two fundamental functions of GIS have been widely realized:
generation of maps and generation of tabular reports.
Indeed, GIS provides a very effective tool for generating maps and statistical reports
from a database. However, GIS functionality far exceeds the purposes of mapping and
report compilation. In addition to the basic functions related to automated cartography
and data base management systems, the most important uses of GIS are spatial analysis
capabilities. As spatial information is organized in a GIS, it should be able to answer
complex questions regarding space. Making maps alone does not justify the high cost of
building a GIS. The same maps may be produced using a simpler cartographic package.
Likewise, if the purpose is to generate tabular output, then a simpler database
management system or a statistical package may be a more efficient solution.
It is spatial analysis that requires the logical connections between attribute data and map
features, and the operational procedures built on the spatial relationships among map
features. These capabilities make GIS a much more powerful and cost-effective tool than
automated cartographic packages, statistical packages, or data base management
systems. Indeed, functions required for performing spatial analyses that are not available
in either cartographic packages or data base management systems are commonly
implemented in GIS.
Principally, there are three spatial data components that need to be stored for GIS data:
geometric data, thematic data, and a link identification (ID) for the geometric and the
thematic component. The illustration in Figure 4.1 shows the link between the geometric
component (which deals with the location of the data by means, for example, of a
reference coordinate system) and the thematic component (it provides the attribute values
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of the data, e.g. names, and other identifiers (IDs) of the data). Object or feature needs to
be geometrically and thematically described (Longley et al., 1999; Laurini and
Thompson, 1991). The basic components of spatial data (TINs) can be used to describe
real world terrain objects, whether natural or man-made; thus we have TIN-based
spatial objects.

Fig. 3.1: Spatial data components
3.1.1 Spatial representation of Data in GIS
The type of analysis one wants to conduct with GIS depends largely on how data
are measured. The data that are usually mapped in a GIS can be categories,
counts or amounts, ratios, or ranks. A category is a group with similar
characteristics. For example, an admission office producing a map of areas of
recruitment could categorize high schools by type of control, public or private.
Counts and amounts can be used to map discrete features (number of students at
each high school within the state) or continuous phenomena (household income
by census block). A ratio is used to allow comparison of data between small and
large areas and between areas with many features versus those with few. When
using counts or amounts to summarize data by area, analysts should be aware
that such data types can skew the patterns if the areas vary by size. To avoid false
interpretation, GIS analysts can use average, proportion, and density to
summarize indicators by area. One might be interested, for instance, in mapping
the average number of people per household, or the proportion of high school
students in total population by census block. Mapping density allows the analyst
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to see where features are concentrated; it is particularly useful in displaying
distributions when the size of the areas summarized varies greatly. Mapping the
population per square mile by census tract is an essential analysis when deciding
on the location, for instance, of a future campus.
Rank shows relative value rather than measured value. Rank can be expressed
either as text (very satisfied, satisfied, neutral, dissatisfied, very dissatisfied) or
numbers (one through five). For example, senior survey data could be mapped to
examine whether satisfaction with the college experience is higher for in-state
students than for out-of-state students.
After determining the type of data to map, the next decision a GIS analyst has to
make is whether to map individual values (by assigning a unique symbol) or to
group the values into classes. This decision always involves a tradeoff between
presenting the data values accurately and generalizing the values to uncover
patterns on the map.

3.2

Concepts of Geoid, Datum, Spheroid

The Earth as a Sphere. In this calculation the Earth is viewed as being an evenly round
'ball'. This is called a Sphere. From an imaginary centre of the Earth, calculations are
made from the centre of the Earth to the surface of the Earth.
In this diagram the distances from the centre of the Earth to the Equator and
the Geographic/True North Pole (indicated by 'a' and 'b') are the same value.

Fig. 3.2(a): Distances from the centre of the Earth
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The Earth as an Ellipsoid (or Spheroid). However, the Earth is not evenly round - it is in
fact wider around the Equator than it is between the North and South Poles. This is
called an Ellipsoid (or a Spheroid).. All Ellipsoids/Spheroids are 'wider' than they are
'tall'.
In this diagram the length of 'a' is greater than the length of 'b'.

Fig. 3.2(b): Distances from the centre of the Earth
The use of the terms Ellipsoid and Spheroid can be very confusing as they are used
interchangeably within the geodetic community
A Spheroid is simply an Ellipsoid which is as wide as it is long (ie evenly round and close
in shape to that of a sphere). All other Ellipsoids are longer than they are wide (ie
shaped more like an Australian Rules football).
In Australia, most datums refer to the Australian National Spheroid.
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Fig. 3.3(a): The Earth as a Geoid

However, this is also a very simplistic concept. The Earth in reality is a very misshapen
object. This is called a Geoid. The Earth's Geoid is a surface which is complex to
accurately describe mathematically. But it can be identified by measuring gravity.
The Earth's Geoid is regarded as being equal to Mean Sea Level. Over open oceans the
Geoid and Mean Sea Level are approximately the same, but in continental areas they can
differ significantly. However, it must be noted that this difference it is not of any
practical consequence for most people and and it is considered reasonable that they are
regarded as the same.
Because of the Earth's Geoid's irregularity Geodesists have chosen to use Ellipsoids (or
Spheroids) to calculate the location of latitude and longitude.

Fig. 3.3(b): Earth’s Shape
The Earth's True Shape - Its Terrain of course the Earth isn't just ocean (Mean Sea
Level). Much of the land masses are well above the sea level (eg Mount Everest is over
8,000 metres above Mean Sea Level), while in the ocean it is well below sea level (eg the
Mariana Trench is over 10,000 metres below Mean Sea Level.
In summary - there are four surfaces that geodesists study:
1 Ellipsoid/Spheroid
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2 Geoid
3 Mean Sea Level
4 Terrain
It is important to recognise that the relationship between these four surfaces is not
always the same. Rather, as this diagram indicates, they 'wobble' around each other.
(Please note that for this diagram the relationship between these four has been
exaggerated so that you may better understand the nature of this 'wobbling'.)

Fig. 3.4: Four examples (A, B, C and D) have been chosen to decribe how these
relationships may change.
A and C show the Earths' terrain as being below Mean Sea Level - this is equivalent to an
area of ocean. Note how the Geoid and Mean Seal Level are very close to the same
value, but their relationship to the Ellipsoid/Spheroid varies.
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B and D show the Earths' terrain as being above Mean Sea Level - this is equivalent to
an area of land. It is worth noting that the differeces between the Geoid and Mean Seal
Level is much greater than in the ocean examples. And, similarly, their relationship to
the Ellipsoid/Spheroid varies.
With an understanding of these four geometric shapes and their relationships to each
other it is possible to better understand Datums.
While a spheroid approximates the shape of the earth, a datum defines the position of the
spheroid relative to the center of the earth. A datum provides a frame of reference for
measuring locations on the surface of the earth. It defines the origin and orientation of
latitude and longitude lines.
These two diagrams illustrate these two situations:

Fig 3.5: Origin and orientation of latitude and longitude lines
Local or Regional Datums
A local datum aligns its spheroid to closely fit the earth's surface in a particular area. A
point on the surface of the spheroid is matched to a particular position on the surface of
the earth. This point is known as the origin point of the datum. The coordinates of the
origin point are fixed, and all other points are calculated from it.
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Fig. 3.6: Local or Regional Datums
Geocentric Datums
In the last 15 years, satellite data has provided geodesists with new measurements to
define the best earth-fitting spheroid, which relates coordinates to the earth's center of
mass. An earth-centered, or geocentric, datum uses the earth's center of mass as the
origin. The most recently developed and widely used datum is WGS 1984. It serves as the
framework for locational measurement worldwide.
3.3 Types of Projection Systems
A map projection is a mathematically described technique of how to represent the
Earth’s curved surface on a flat map. To represent parts of the surface of the Earth on a
flat paper map or on a computer screen, the curved horizontal reference surface must be
mapped onto the 2D mapping plane. The reference surface for large-scale mapping is
usually an oblate ellipsoid, and for small-scale mapping, a sphere.
Map projections can be described in terms of their:
•

class (cylindrical, conical or azimuthal)

•

point of secancy (tangent or secant)

•

aspect (normal, transverse or oblique), and
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distortion property (equivalent, equidistant or conformal).

3.3.1 Class (cylindrical, conical or azimuthal)
i. The three classes of map projections are cylindrical, conical and azimuthal. The
Earth's reference surface projected on a map wrapped around the globe as a cylinder
produces a cylindrical map projection. Projected on a map formed into a cone gives
a conical map projection. When projected directly onto the mapping plane it
produces an azimuthal (or zenithal or planar) map projection. The figure below
shows the surfaces involved in these three classes of projections.

Fig. 3.7: The three classes of map projections: cylindrical, conical and azimuthal.
The projection planes are respectively a cylinder, cone and plane.
3.3.2 Point of secancy (tangent or secant)
ii. The planar, conical, and cylindrical surfaces in the figure above are
all tangent surfaces; they touch the horizontal reference surface in one point (plane)
or along a closed line (cone and cylinder) only. Another class of projections is
obtained if the surfaces are chosen to be secant to (to intersect with) the horizontal
reference surface; illustrations are in the figure below. Then, the reference surface is
intersected along one closed line (plane) or two closed lines (cone and cylinder).
Secant map surfaces are used to reduce or average scale errors because the line(s) of
intersection are not distorted on the map (section 4.3 scale distortions on a map).
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Fig. 3.8: Three secant projection classes
A method to calculate the lines of intersection in a normal conical or cylindrical
projection (i.e. standard parallels) could be by determining the range in latitude in
degrees north to south and dividing this range by six. The “one-sixth rule” places the
first standard parallel at one-sixth the range above the southern boundary and the
second standard parallel minus one-sixth the range below the northern limit (figure
below). There are other possible approaches.

Fig. 3.9: A conical projection with a secant projection plane. The lines of intersection
(standard parallels) are selected at one-sixth below and above the limit of the
mapping area.
3.3.3 Aspect (normal, transverse or oblique)
iii. Projections can also be described in terms of the direction of the projection
plane's orientation (whether cylinder, plane or cone) with respect to the globe. This is
called

the

aspect

of

a
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are normal, transverse and oblique. In a normal projection, the main orientation of
the projection surface is parallel to the Earth's axis (as in the figures above for the
cylinder and the cone). A transverse projection has its main orientation
perpendicular to the Earth's axis. Oblique projections are all other, non-parallel and
non-perpendicular, cases. The figure below provides two examples.

Fig. 3.10: A transverse and an oblique map projection
The terms polar and equatorial are also used. In a polar azimuthal projection the
projection surface is tangent or secant at the pole. In an equatorial azimuthal or
equatorial cylindrical projection, the projection surface is tangent or secant at the
equator.
3.3.4 Distortion property (equivalent, equidistant or conformal)
iv. So far, we have not specified how the Earth's reference surface is projected onto
the plane, cone or cylinder. How this is done determines which kind of distortion
properties the map will have compared to the original curved reference surface. The
distortion properties of map are typically classified according to what is not distorted
on the map:
•

In a conformal (orthomorphic) map projection the angles between lines in the
map are indentical to the angles between the original lines on the curved
reference surface. This means that angles (with short sides) and shapes (of
small areas) are shown correctly on the map.
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•

In an equal-area (equivalent) map projection the areas in the map are
identical to the areas on the curved reference surface (taking into account the
map scale), which means that areas are represented correctly on the map.

•

In an equidistant map projection the length of particular lines in the map are
the same as the length of the original lines on the curved reference surface
(taking into account the map scale).

A particular map projection can have any one of these three properties. No map
projection can be both conformal and equal-area. A projection can only be
equidistant (true to scale) at certain places or in certain directions.
Another descriptor of a map projection might be the name of the inventor (or first
publisher) of the projection, such as Mercator, Lambert, Robinson, Cassini etc., but
these names are not very helpful because sometimes one person developed several
projections, or several people have developed similar projections. For example
J.H.Lambert described half a dozen projections. Any of these might be called
'Lambert's projection', but each need additional description to be recognized.
Based on these discussions, a particular map projection can be classified. An
example would be the classification ‘conformal conic projection with two standard
parallels’ having the meaning that the projection is a conformal map projection, that
the intermediate surface is a cone, and that the cone intersects the ellipsoid (or
sphere) along two parallels; i.e. the cone is secant and the cone’s symmetry axis is
parallel to the rotation axis. This would amount to the projection of the figure
above(conical projection with a secant projection plane). Other examples are:
•

Polar stereographic azimuthal projection with secant projection plane;

•

Lambert conformal conic projection with two standard parallels;

•

Lambert cylindrical equal-area projection with equidistant equator;

•

Transverse Mercator projection with secant projection plane.

Geographical Information System

67

Uttarakhand Open University

Unit 3

Data: Spatial and Non-spatial I

3.3.5 Map projections in common use
A variety of map projections have been developed, each with its own specfic qualities.
Only a limited amount are frequently used. Here are some well-known projections
described and illustrated. They are grouped into cylindrical, conical and azimuthal
projections.
3.3.5.1 Cylindrical projections
Probably one of the best known cylindrical projection is Mercator's cylindrical
projection. The transverse case and occasionally the oblique case of the Mercator
projection are used in several countries for topographic mapping purposes.
The Transverse Mercator and Univeral Transverse Mercator (UTM) projection
are the best known examples. Two other well-known normal cylindrical
projections

are

the equidistant

cylindrical (or Plate

Carrée) projection

and Lambert's cylindrical equal-area projection. Normal cylindrical projections
are typically used to map the world in its entirety (in particular areas near the
equator are shown well).

Fig. 3.11: Cylindrical projections
3.3.5.2 Mercator projection
The Mercator projection is a normal cylindrical projection. The property of the
projection is conformal. Parallels and meridians are straight lines intersecting at
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right angles, a requirement for conformality. Meridians are equally spaced. The
parallel spacing increases with distance from the equator (figure below).

Fig. 3.12: Mercator projection is a cylindrical map projection with a conformal
property. The loxodromes in black are straight lines. The great circle lines
(orthodromes) in blue are curved.
The projection was originally designed to display accurate compass bearings for
sea travel. Any straight line drawn on this projection represents a constant
compass bearing or a true direction line (loxodrome or rhumb line). Sailing the
shortest distance course along the great circle means that the direction changes
every moment. These changes in course direction can be deternined by plotting
the great circle onto the Mercator projection (figure above).
The Mercator projection is sometimes inappropriately used in atlases for maps of
the world, and for wall-maps as area distortions are significant towards the polar
regions. The ellipses of distortion appear as circles (indicating conformality) but
increase in size away from the equator (indicating area distortion). This
exaggeration of area as latitude increases makes Greenland appear to be as large
as South America when, in fact, it is only one eight of the size.
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3.3.5.3 Tranverse Mercator projection
The Transverse Mercator projection is a transverse cylindrical conformal
projection. The projection is also known as the Gauss-Krüger or Gauss
conformal. Angles and shapes (of small areas) are shown correctly, as a result of
conformality. The figure below shows a part of the world mapped on the
Transverse Mercator projection.

Fig. 3.13: A part of the world mapped on a transverse cylinder in the Transverse
Mercator projection.
Versions of the Transverse Mercator (TM) projection are used in many countries
as the local map coordinate system on which the topographic mapping is based.
Ghana uses TM projection with the central meridian located at 1°W of
Greenwich. The projection is also used for aeronautical charts and recommended
to the European Commission for conformal pan-European mapping at scales
larger than 1:500,000.
3.3.5.4 Universal Tranverse Mercator (UTM) projection
The Universal Transverse Mercator (UTM) projection uses a transverse cylinder,
secant to the reference surface (figure below). It is recommended for topographic
mapping by the United Nations Cartography Committee in 1952. The UTM
divides the world into 60 narrow longitudinal zones of 6 degrees, numbered from
1 to 60. The narrow zones of 6 degrees (and the secant map surface) make the
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distortions so small that they can be ignored when constructing a map for a scale
of 1:10,000 or smaller.

Fig. 3.14: The projection plane of the UTM projection is a secant cylinder in a
transverse position.
The UTM projection is designed to cover the world, excluding the Arctic and
Antarctic regions. The areas not included in the UTM system, regions north of
84°N

and

south

of

80°S,

are

mapped

with

the Universal

Polar

Stereographic (UPS) projection. The figure below shows the UTM zone
numbering system. Shaded in the figure is UTM grid zone 3N which covers the
area 168° - 162°W (zone number 3), and 0° - 8°N (letter N of the latitudinal belt).

Fig. 3.15: UTM zone numbering system
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Each zone has its own central meridian. E.g. zone 11 extends from 120°W to
114°W, therefore the central meridian has a longitude value of 117°W (figure
below).

Fig. 3.16: Part of the world mapped in UTM Zone 11.The central meridian is
located at 117 degrees west of Greenwich. The zone extends from 120°W to
114°W.
If a map series covers more than one UTM zone it is inconvenient to have the
Eastings changing suddenly at a zone junction. For this reason a 40 kilometer
overlap into an adjacent zone is allowed (figure below). Mapping beyond this
area will result in distortions at the edges of a UTM zone which may not be
acceptable for the larger map scales.

Fig. 3.17: 2 adjacent UTM-zones of 6 degrees longitude with a 40km overlap into
the adjacent zone.
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UTM zones can be calculated with the help of this formula:
(180 + Longitude) / 6
(Longitude of east of greenwich meridian is +ve and that of west is -ve)
3.3.5.5 Conic projections
Four well-known normal conical projections are the Lambert conformal
conic projection, the simple conic projection, the Albers equal-area projection
and the Polyconic projection. They give useful maps of mid-latitudes for countries
which have no great extent in latitude.

Fig. 3.18: Conic (secant)
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3.3.5.6 Lambert conformal conic projection
The Lambert conformal conic projection is confomal. The parallels and meridians
intersect at right angles (as in any conformal projection). Areas are, of course,
inaccurate in conformal projections. Like with other conformal projections,
Lambert's conical is also widely used for topographic maps. It is adapted in
France and recommended to the European Commission for conformal panEuropean mapping at scales smaller or equal to 1:500,000.

Fig. 3.19: Lambert Conformal Conic projection (standard parallels 10 and 30
degrees North).

3.3.5.7 Polyconic projection:
The polyconic projection is neither conformal nor equal-area. The projection is a
derivation from the simple conic projection, but with every parallel true to scale
(similar to the Bonne's equal-area projection). The polyconic projection is
projected onto cones tangent to each parallel, so the meridians are curved, not
straight (figure below). The scale is true along the central meridian and along
each parallel. The distortion increase rapidly away from the central meridian.
This disadvantage makes the projection unsuitable for large areas on a single
sheet. It is adaptable for topographic maps, and is earlier used for the
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International Map of the World, a map series at 1:1,000,000 scale published by a
number of countries to common internationally agreed specifications, and also
for large-scale mapping of the United States until the 1950's and coastal charts
by the U.S. Coast and Geodetic Survey.

Fig. 3.20: Polyconic projection, with true scale along each parallel.
3.3.5.8 Azimuthal projections
Azimuthal (or zenithal or planar) projections are made upon a plane tangent (or
secant) to the reference surface. All azimuthal projections possess the property of
maintaining correct azimuths, or true directions from the centre of the map. In the
polar cases, the meridians all radiate out from the pole at their correct angular
distance apart. A subdivision may be made into perspective and non-perspective
azimuthal projections. In the perspective projections, the actual mapping can be
visualized as a true geometric projection, directly onto the mapping plane;
illustrations are in the figure below. For the gnomonic projection, the perspective
point (like a source of light rays), is the centre of the Earth. For
the stereographic this point is the opposite pole to the point of tangency, and for
the orthographic the perspective point is an infinite point in space on the opposite
side of the Earth. Two well known non-perspective azimuthal projections are
the azimuthal

equidistantprojection (also

called Postel projection)

and

the Lambert azimuthal equal-area projection.
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Fig. 3.21: Three perspective azimuthal projections: Gnomonic, stereographic and
orthographic (source: ESRI).

3.3.5.9 Stereographic projection
The azimuthal stereographic projection is a conformal projection. Since the
projection is conformal, parallels and meridians intersect at right angles. In the
polar aspect the meridians are equally spaced straight lines, the parallels are
unequally spaced circles centered at the pole (figure below). Spacing gradually
increases away from the pole. The scale is constant along any circle having its
centre at the projection centre, but increases moderately with distance from the
centre. The ellipses of distortion remain circles (indicating conformality). Areas
increase with distance from the projection center. The polar stereographic
projection is used in combination with the UTM coordinate system as Universal
Polar Stereographic (UPS) for mapping regions north of 84°N and south of 80°S.
Recommended for conformal mapping of regions approximately circular in
shape; the Netherlands uses a modified version of the stereographic projection
(Dutch double stereographic) known as RijksDriehoekstelsel (RD).
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Fig. 3.22: Polar azimuthal stereographic projection is a planar projection with a
conformal property.

3.3.5.10 Orthographic projection
The orthographic projection is a perspective projection that views the globe from
an infinite distance. Distortion in size and area near the projection limit appears
more realistic than almost any other projection. In the polar aspect, meridians
are straight lines radiating from the center, and the lines of latitude are projected
as concentric circles that become closer toward the edge of the globe. Only one
hemisphere can be shown.
Google Earth shows the Earth as it looks from an elevated platform such as an
airplane or orbiting satellite. The projection used to achieve this effect is called
the general perspective. This is similar to the orthographic projection, except that
the point of perspective is a finite (near earth) distance rather than an infinite
(deep space) distance.
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Fig. 3.23: Polar azimuthal orthographic projection.
3.4 Choice of a Projection System
When choosing a projection in which to store your database, consider the database's
primary use.
1

Databases created under contract or to be used by a government organization are
often in a projection determined by the governing body, such as State Plane in the
United States or Great Britain National Grid in the United Kingdom.

2

Use equal area projections for thematic or distribution maps.

3

Presentation maps are usually conformal projections, although compromise and
equal area projections can also be used.

4

Navigational maps are usually Mercator, true direction, and/or equidistant.

If every place we wanted to map lined up nicely into these areas of minimal distortion we
would be home-free, jumping to the next step of choosing "special properties". A little
experience shows that geographic space is not so fine and regular and many places will
always fall outside the good areas on the basic projections. One easy way to adjust for
this is to change the aspect of the projection. This translates the distortion pattern in the
projection space so the areas of least distortion are moved to another geographic area.
Even with this added flexibility the choices are sill pretty limiting. Malling suggests that
various modifications are possible to make a projection work better:
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Redistribution of scales and using more than one line of zero distortion, such as
in a secant case.

2

Imposition of special boundary conditions.

3

Using the projection more than once to get recentred or interrrupted maps.

4

Combining projections. (Mechanically or mathematically)

Although we may have succeeded in minimizing distortion in general, we still need to
consider the special properties of a projection. For a particular map-use the map may
need to be conformal, equal area, or some compromise of these. In some cases, such as
navigation, conformality is absolutely necessary. In statistical mapping, equivalence is
necessary.
The final projection choice would seem to be a fairly straightforward function of
minimized distortion and special properties. In the end though, there are several other
factors that will influence choices.Sometimes it is not necessary to consider special
properties. At large scales the differences introduced by distortion cannot be measured
on many maps.
3.5 Introduction to Non spatial data
The data that are usually mapped in a GIS can be categories, counts or amounts, ratios,
or ranks.
A category is a group with similar characteristics. For example, an admission office
producing a map of areas of recruitment could categorize high schools by type of control,
public or private. Counts and amounts can be used to map discrete features (number of
students at each high school within the state) or continuous phenomena (household
income by census block).
A ratio is used to allow comparison of data between small and large areas and between
areas with many features versus those with few. When using counts or amounts to
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summarize data by area, analysts should be aware that such data types can skew the
patterns if the areas vary by size.
To avoid false interpretation, GIS analysts can use average, proportion, and density to
summarize indicators by area. One might be interested, for instance, in mapping the
average number of people per household, or the proportion of high school students in
total population by census block.
Mapping density allows the analyst to see where features are concentrated; it is
particularly useful in displaying distributions when the size of the areas summarized
varies greatly. Mapping the population per square mile by census tract is an essential
analysis when deciding on the location, for instance, of a future campus. Rank shows
relative value rather than measured value. Rank can be expressed either as text (very
satisfied, satisfied, neutral, dissatisfied, very dissatisfied) or numbers (one through five).
For example, senior survey data could be mapped to examine whether satisfaction with
the college experience is higher for in-state students than for out-of-state students. It is
important to note that to understand the data, GIS analysts often create multiple maps
using each of the variable types discussed here. For example, to understand the
distribution of Hispanic high school students in a state, one might want to create maps
showing total Hispanic population by county, the percentage of Hispanics in the total
population, and the density of the Hispanic population. After determining the type of data
to map, the next decision a GIS analyst has to make is whether to map individual values
(by assigning a unique symbol) or to group the values into classes. This decision always
involves a tradeoff between presenting the data values accurately and generalizing the
values to uncover patterns on the map.
As with statistical analysis, it is important to remember that in deciding how to present
the information on a map, one should always first consider the purpose of the map and
the intended audience. If, for instance, one wants to explore the data to see what patterns
and relationships exist in them, the analyst would probably want to display more detail
and use various map types. A good start is mapping individual values if one is unfamiliar
with the data or area being mapped. The simple display of individual values might also
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help in deciding later how to group the values into classes. If one wants to present the
map to academic decision makers, however, using classes to group individual values
becomes a necessary exercise. Finding patterns and being able to compare areas quickly
is especially difficult when the range of values is large. Rank often lends itself to being
mapped as individual values; since most Likert scales used in higher education research
often involve a maximum of five values, the other numeric data types usually require
some kind of aggregation. When mapping ranks with more than eight or nine values,
most GIS analysts would recommend grouping them into classes since too many different
symbols on a map can make it difficult to distinguish the ranks. Such grouping can be
done by simply assigning the same symbol or color to adjacent ranks.
For count, amount, and ratio, grouping individual values in classes is usually
recommended for more than twelve unique values. The upper and lower limits for each
class can be specified manually or derived by the GIS tool, depending on how the data
values are distributed. The grouping schemes most frequently used by GIS software are
the equal interval, quartile, and standard deviation. Usually four or five classes are
enough to reveal patterns in the data without confusing the reader. However, if one uses
fewer than three or four classes, there might not be much variation between features and
therefore no clear patterns will emerge.
Linking spatial and non spatial data
3.6.1 Introduction
A phrase many use in referring to GIS is “computer mapping.” GIS can help
planners and analysts “visualize” data to better understand patterns and
concentrations of spatial phenomena. GIS also has the useful ability to portray layers
of information, to help uncover spatial relationships among multiple sets of data. A
typical GIS “session” involves bringing in various map layers for analysis. Map
layers can take the form of points, lines, or areas.
Points represent phenomena that have a specific location, such as homes, businesses,
colleges, schools, and crime sites. Lines represent phenomena that are linear in
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nature, such as roads, rivers, and water lines. Areas represent phenomena that are
bounded (states, counties, zip codes, school districts, census tracts).
It is important that the data contain a locational identifier in order to be mapped in a
GIS. Typical examples of locational identifiers are street address, zip code, county,
state, and census tract. The term used to describe the associating of attribute data to
a base map in a GIS is geocoding, or geographically encoding the data to allow it to
be mapped. Address-level data are typically geocoded to a street-level base map;
county statistics are geocoded against a county-level base map, and so forth.
3.6.2 Advantages and Disadvantages of GIS database
Data collection, and the maintenance of databases, remains the most expensive and
time consuming aspect of setting up a major GIS facility. This typically costs 60-80%
of the overall costs of a GIS project.
There are a lot considerations to be made before designing a GIS database:
1 the nature of the source data e.g. it is already in raster form
2

the predominant use to which it will be put

3

the potential losses that may occur in transition

4

storage space (increasingly less important)

5

requirements for data sharing with other systems/software

The issue of scale is often raised in relation to GIS data base development. It is
important to remember that data stored in a GIS does not have a scale. Sometime
people refer to a 1:25000 scale data base. What they mean is that the data has been
taken from 1:25000 maps or that it has a level of accuracy which is roughly
equivalent to that found on 1:25000 scale maps.
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3.6.3 Sources of data for GIS
Problems can arise when some of the data is drawn from large scale mapping and
other data is drawn from much smaller scale mapping. In this case great care has to
be taken that conclusions are not drawn on the basis of the less reliable data.
There are several methods used for entering spatial data into a GIS, including:
1

manual digitising and scanning of analogue maps

2

image data input and conversion to a GIS

3

direct data entry including global positioning systems (GPS)

4

transfer of data from existing digital sources

At each stage of data input there should be data verification should occur to ensure
that the resulting database is as error free as possible.
3.6.3.1 Direct Data Entry
Surveying and manual coordinate entry
1

In surveying, measured angles and distances from known points are
used to determine the position of other points

2

Surveying field data are almost always recorded as polar coordinates
and transformed into rectangular coordinates

Surveying field data are almost always recorded as polar coordinates and
transformed into rectangular coordinates. Polar coordinates are composed of: a
measured distance and an angle measured clockwise from North.
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3.6.3.2 Global positioning systems (GPS)
A Global Positioning System (GPS) is a set of hardware and software designed to
determine accurate locations on the earth using signals received from selected
satellites. Location data and associated attribute data can be transferred to
mapping and Geographical Information Systems (GIS). GPS will collect
individual points, lines and areas in any combination necessary for a mapping or
GIS project. More importantly, with GPS you can create complex data
dictionaries to accurately and efficiently collect attribute data. This makes GPS is
a very effective tool for simultaneously collecting spatial and attribute data for
use with GIS. GPS is also an effective tool for collecting control points for use in
registering base maps when known points are not available.
GPS operate by measuring the distances from multiple satellites orbiting the
Earth to compute the x, y and z coordinates of the location of a GPS receiver.
3.6.3.3 Satellite Data
Image data includes satellite images, aerial photographs and other remotely
sensed or scanned data. For example, if the image is a remotely sensed satellite
image, each pixel represents light energy reflected from a portion of the Earth's
surface.
Satellite remote sensing has the ability to provide complete, cost-effective,
repetitive spatial and temporal data coverage, which means that various
phenomena can be analysed synoptically, and such tasks as the assessment and
monitoring of land condition can be carried out over large regions.
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.
Fig. 3.24: Classification errors occur when the size of the grid cell s larger than
the features which are being mapped (Burrough, 1986)
The spectral data needs to be enhanced, filtered or perhaps geometrically
transformed with image processing techniques before it can incorporated into a
GIS.
3.7 Summary
This unit is about databases namely spatial and non-spatial which have been covered
separately in details. The most commonly related concepts of spatial data, like geo
referencing, datum, and spheroid have been suitably illustrated. The projection systems
which attribute the spatial information to the data have been explained. Later the linking
of spatial and non-spatial data for a suitable geographical information system has also
been enclosed.
3.8 Glossary
Datum- A reference for position on the surface of the Earth. In surveying, a datum is a
reference system for computing or correlating the results of surveys. There are two
principal types of datums: vertical and horizontal. A vertical datum is a level surface to
which heights are referred. The horizontal datum is used as a reference for position.
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Ellipsoid- A mathematical figure that approximates the shape of the Earth in form and
size, and which is used as a reference surface for geodetic surveys. Used interchangeably
with Spheriod.
Non-spatial- not particularly having an accurate spatial reference
Projection- Method by which the curved surface of the earth is portrayed on a flat
surface. This generally requires a systematic mathematical transformation of the earth's
graticule of lines of longitude and latitude onto a plane.
Spatial- of or pertaining to space
Spheroid- A mathematical figure that approximates the shape of the Earth in form and
size, and which is used as a reference surface for geodetic surveys. Used interchangeably
with Ellipsoid.
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3.11 Terminal Questions
1

Give diagram and difference between Spheroid and Geoid.

2

What is Datum? Give 2 examples.

3

What are the different types of projections? Draw diagrams.

4

What is a Cylindrical projection? Give one example of a cylindrical
projection.

5

Name 3 criteria which is to be kept in mind when storing data.
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6

Name 3 methods of data entry into GIS.

7

What is the full form of GPS? What is a GPS?
***
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1.1 Introduction
"Remote sensing is the science (and to some extent, art) of acquiring information about
the Earth's surface without actually being in contact with it. This is done by sensing and
recording reflected or emitted energy and processing, analyzing, and applying that
information." In much of remote sensing, the process involves an interaction between
incident radiation and the targets of interest. This is exemplified by the use of imaging
systems where the following seven elements are involved. Note, however that remote
sensing also involves the sensing of emitted energy and the use of non-imaging sensors.

Fig 1.1: Remote sensing
1. Energy Source or Illumination (A) – the first requirement for remote sensing
is to have an energy source which illuminates or provides electromagnetic energy
to the target of interest.
2. Radiation and the Atmosphere (B) – as the energy travels from its source to
the target, it will come in contact with and interact with the atmosphere it passes
through. This interaction may take place a second time as the energy travels from
the target to the sensor.
3. Interaction with the Target (C) - once the energy makes its way to the target
through the atmosphere, it interacts with the target depending on the properties of
both the target and the radiation.
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4. Recording of Energy by the Sensor (D) - after the energy has been scattered
by, or emitted from the target, we require a sensor (remote - not in contact with
the target) to collect and record the electromagnetic radiation.
5. Transmission, Reception, and Processing (E) - the energy recorded by the
sensor has to be transmitted, often in electronic form, to a receiving and
processing station where the data are processed into an image (hardcopy and/or
digital).
6. Interpretation and Analysis (F) - the processed image is interpreted, visually
and/or digitally or electronically, to extract information about the target which
was illuminated.
7. Application (G) - the final element of the remote sensing process is achieved
when we apply the information we have been able to extract from the imagery
about the target in order to better understand it, reveal some new information, or
assist in solving a particular problem.

These seven elements comprise the remote sensing process from beginning to end. We
will be covering all of these in sequential order throughout the five chapters of this
tutorial, building upon the information learned as we go. Enjoy the journey!
1.1.1 Electromagnetic Radiation
As was noted in the previous section, the first requirement for remote sensing is to
have an energy source to illuminate the target (unless the sensed energy is being
emitted by the target). This energy is in the form of electromagnetic radiation.
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Fig 1.2: Electromagnetic radiation
All electromagnetic radiation has fundamental properties and behaves in
predictable ways according to the basics of wave theory. Electromagnetic
radiation consists of an electrical field(E) which varies in magnitude in a
direction perpendicular to the direction in which the radiation is traveling, and a
magnetic field (M) oriented at right angles to the electrical field. Both these fields
travel at the speed of light (c). Two characteristics of electromagnetic radiation
are particularly important for understanding remote sensing. These are the
wavelength and frequency.

Fig 1.3: wavelength and frequency
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The wavelength is the length of one wave cycle, which can be measured as the
distance between successive wave crests. Wavelength is usually represented by
the Greek letter lambda (λ). Wavelength is measured in metres (m) or some factor
of metres such as nanometres (nm, 10-9 metres), micrometres (µm, 10-6 metres)
(µm, 10-6 metres) or centimetres (cm, 10-2 metres). Frequency refers to the
number of cycles of a wave passing a fixed point per unit of time. Frequency is
normally measured in hertz (Hz), equivalent to one cycle per second, and various
multiples of hertz. Wavelength and frequency are related by the following
formula:

Therefore, the two are inversely related to each other. The shorter the
wavelength, the higher the frequency. The longer the wavelength, the lower the
frequency. Understanding the characteristics of electromagnetic radiation in
terms of their wavelength and frequency is crucial to understanding the
information to be extracted from remote sensing data. Next we will be examining
the way in which we categorize electromagnetic radiation for just that purpose.
1.2 Electromagnetic Spectrum
The electromagnetic spectrum ranges from the shorter wavelengths (including gamma
and x-rays) to the longer wavelengths (including microwaves and broadcast radio
waves). There are several regions of the electromagnetic spectrum which are useful for
remote sensing.
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Fig 1.4: Electromagnetic spectrum
For most purposes, the ultraviolet or UV portion of the spectrum has the shortest
wavelengths which are practical for remote sensing. This radiation is just beyond the
violet portion of the visible wavelengths, hence its name. Some Earth surface materials,
primarily rocks and minerals, fluoresce or emit visible light when illuminated by UV
radiation.

Fig. 1.5: Electromagnetic spectrum
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The light which our eyes - our "remote sensors" - can detect is part of the visible
spectrum. It is important to recognize how small the visible portion is relative to the rest
of the spectrum. There is a lot of radiation around us which is "invisible" to our eyes, but
can be detected by other remote sensing instruments and used to our advantage. The
visible wavelengths cover a range from approximately 0.4 to 0.7 µm. The longest visible
wavelength is red and the shortest is violet. Common wavelengths of what we perceive as
particular colours from the visible portion of the spectrum are listed below. It is
important to note that this is the only portion of the spectrum we can associate with the
concept of colours.
Violet: 0.4 - 0.446 µm
Blue: 0.446 - 0.500 µm
Green: 0.500 - 0.578 µm
Yellow: 0.578 - 0.592 µm
Orange: 0.592 - 0.620 µm
Red: 0.620 - 0.7 µm

Fig. 1.6: Visible spectrum
Blue, green, and red are the primary colours or wavelengths of the visible spectrum.
They are defined as such because no single primary colour can be created from the other
two, but all other colours can be formed by combining blue, green, and red in various
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proportions. Although we see sunlight as a uniform or homogeneous colour, it is actually
composed of various wavelengths of radiation in primarily the ultraviolet, visible and
infrared portions of the spectrum. The visible portion of this radiation can be shown in its
component colours when sunlight is passed through a prism, which bends the light in
differing amounts according to wavelength.
The next portion of the spectrum of interest is the infrared (IR) region which covers the
wavelength range from approximately 0.7 µm to 100 µm - more than 100 times as wide as
the visible portion! The infrared region can be divided into two categories based on their
radiation properties - the reflected IR, and the emitted or thermal IR.

Fig. 1.7: Infrared
Radiation in the reflected IR region is used for remote sensing purposes in ways very
similar to radiation in the visible portion. The reflected IR covers wavelengths from
approximately 0.7 µm to 3.0 µm. The thermal IR region is quite different than the visible
and reflected IR portions, as this energy is essentially the radiation that is emitted from
the Earth's surface in the form of heat. The thermal IR covers wavelengths from
approximately 3.0 µm to 100 µm.
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Fig. 1.8: Microwave
The portion of the spectrum of more recent interest to remote sensing is the microwave
region from about 1 mm to 1 m. This covers the longest wavelengths used for remote
sensing. The shorter wavelengths have properties similar to the thermal infrared region
while the longer wavelengths approach the wavelengths used for radio broadcasts.
Because of the special nature of this region and its importance to remote sensing in
Canada, an entire chapter (Chapter 3) of the tutorial is dedicated to microwave sensing.
1.2.1 Interactions with the Atmosphere
Before radiation used for remote sensing reaches the Earth's surface it has to
travel through some distance of the Earth's atmosphere. Particles and gases in
the atmosphere can affect the incoming light and radiation. These effects are
caused by the mechanisms of scattering and absorption.
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Fig. 1.9: Interactions with the Atmosphere
Scattering occurs when particles or large gas molecules present in the
atmosphere interact with and cause the electromagnetic radiation to be redirected
from its original path. How much scattering takes place depends on several
factors including the wavelength of the radiation, the abundance of particles or
gases, and the distance the radiation travels through the atmosphere. There are
three (3) types of scattering which take place.

Fig. 1.10: Scattering
Rayleigh scattering occurs when particles are very small compared to the
wavelength of the radiation.
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Fig. 1.11: Rayleigh scattering
These could be particles such as small specks of dust or nitrogen and oxygen
molecules. Rayleigh scattering causes shorter wavelengths of energy to be
scattered much more than longer wavelengths. Rayleigh scattering is the
dominant scattering mechanism in the upper atmosphere. The fact that the sky
appears "blue" during the day is because of this phenomenon. As sunlight passes
through the atmosphere, the shorter wavelengths (i.e. blue) of the visible spectrum
are scattered more than the other (longer) visible wavelengths. At sunrise and
sunset the light has to travel farther through the atmosphere than at midday and
the scattering of the shorter wavelengths is more complete; this leaves a greater
proportion of the longer wavelengths to penetrate the atmosphere.
Mie scattering occurs when the particles are just about the same size as the
wavelength of the radiation.

Fig. 1.12: Mie scattering

Remote Sensing and GPS

11

Uttarakhand Open University

Unit 1

Remote sensing
Dust, pollen, smoke and water vapour are common causes of Mie scattering
which tends to affect longer wavelengths than those affected by Rayleigh
scattering. Mie scattering occurs mostly in the lower portions of the atmosphere
where larger particles are more abundant, and dominates when cloud conditions
are overcast. The final scattering mechanism of importance is called nonselective
scattering. This occurs when the particles are much larger than the wavelength of
the radiation. Water droplets and large dust particles can cause this type of
scattering. Nonselective scattering gets its name from the fact that all wavelengths
are scattered about equally. This type of scattering causes fog and clouds to
appear white to our eyes because blue, green, and red light are all scattered in
approximately equal quantities (blue+green+red light = white light).
Absorption is the other main mechanism at work when electromagnetic radiation
interacts with the atmosphere. In contrast to scattering, this phenomenon causes
molecules in the atmosphere to absorb energy at various wavelengths.

Fig. 1.13: Absorption
Ozone, carbon dioxide, and water vapour are the three main atmospheric
constituents which absorb radiation. Ozone serves to absorb the harmful (to most
living things) ultraviolet radiation from the sun. Without this protective layer in
the atmosphere our skin would burn when exposed to sunlight. You may have
heard carbon dioxide referred to as a greenhouse gas. This is because it tends to
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absorb radiation strongly in the far infrared portion of the spectrum - that area
associated with thermal heating - which serves to trap this heat inside the
atmosphere. Water vapour in the atmosphere absorbs much of the incoming
longwave infrared and shortwave microwave radiation (between 22µm and 1m).
The presence of water vapour in the lower atmosphere varies greatly from
location to location and at different times of the year. For example, the air mass
above a desert would have very little water vapour to absorb energy, while the
tropics would have high concentrations of water vapour (i.e. high humidity).
Because these gases absorb electromagnetic energy in very specific regions of the
spectrum, they influence where (in the spectrum) we can "look" for remote
sensing purposes.
Those areas of the spectrum which are not severely influenced by atmospheric
absorption and thus, are useful to remote sensors, are called atmospheric
windows. By comparing the characteristics of the two most common
energy/radiation sources (the sun and the earth) with the atmospheric windows
available to us, we can define those wavelengths that we can use most effectively
for remote sensing.

Fig. 1.14: Atmospheric windows
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Atmospheric windows (unshaded). Vertical axis is atmospheric transmission (%).
Horizontal axis is the logarithm of the wavelength in micrometres
1.2.2 Radiation - Target Interactions
Radiation that is not absorbed or scattered in the atmosphere can reach and
interact with the Earth's surface. There are three (3) forms of interaction that can
take place when energy strikes, or is incident (I) upon the surface. These are:
absorption (A); transmission (T); and reflection (R). The total incident energy
will interact with the surface in one or more of these three ways. The proportions
of each will depend on the wavelength of the energy and the material and
condition of the feature.

Fig. 1.15: Target interaction
Absorption (A) occurs when radiation (energy) is absorbed into the target while
transmission (T) occurs when radiation passes through a target.
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Fig. 1.16: Reflection
Reflection (R) occurs when radiation "bounces" off the target and is redirected. In
remote sensing, we are most interested in measuring the radiation reflected from
targets. We refer to two types of reflection, which represent the two extreme ends
of the way in which energy is reflected from a target: specular reflection and
diffuse reflection.
When a surface is smooth we get specular or mirror-like reflection where all (or
almost all) of the energy is directed away from the surface in a single direction.
Diffuse reflection occurs when the surface is rough and the energy is reflected
almost uniformly in all directions.

Fig. 1.17: Diffusion
Most earth surface features lie somewhere between perfectly specular or perfectly
diffuse reflectors. Whether a particular target reflects specularly or diffusely, or
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somewhere in between, depends on the surface roughness of the feature in
comparison to the wavelength of the incoming radiation. If the wavelengths are
much smaller than the surface variations or the particle sizes that make up the
surface, diffuse reflection will dominate. For example, finegrained sand would
appear fairly smooth to long wavelength microwaves but would appear quite
rough to the visible wavelengths. Let's take a look at a couple of examples of
targets at the Earth's surface and how energy at the visible and infrared
wavelengths interacts with them.

Fig. 1.18: IR interaction
Leaves: A chemical compound in leaves called chlorophyll strongly absorbs
radiation in the red and blue wavelengths but reflects green wavelengths. Leaves
appear "greenest" to us in the summer, when chlorophyll content is at its
maximum. In autumn, there is less chlorophyll in the leaves, so there is less
absorption and proportionately more reflection of the red wavelengths, making
the leaves appear red or yellow (yellow is a combination of red and green
wavelengths). The internal structure of healthy leaves act as excellent diffuse
reflectors of near-infrared wavelengths. If our eyes were sensitive to nearinfrared, trees would appear extremely bright to us at these wavelengths. In fact,
measuring and monitoring the near-IR reflectance is one way that scientists can
determine how healthy (or unhealthy) vegetation may be.
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Fig. 1.19: Water
Water: Longer wavelength visible and near infrared radiation is absorbed more
by water than shorter visible wavelengths. Thus water typically looks blue or
blue-green due to stronger reflectance at these shorter wavelengths, and darker if
viewed at red or near infrared wavelengths. If there is suspended sediment
present in the upper layers of the water body, then this will allow better
reflectivity and a brighter appearance of the water. The apparent colour of the
water will show a slight shift to longer wavelengths. Suspended sediment (S) can
be easily confused with shallow (but clear) water, since these two phenomena
appear very similar. Chlorophyll in algae absorbs more of the blue wavelengths
and reflects the green, making the water appear more green in colour when algae
is present. The topography of the water surface (rough, smooth, floating
materials, etc.) can also lead to complications for water-related interpretation
due to potential problems of specular reflection and other influences on colour
and brightness. We can see from these examples that, depending on the complex
make-up of the target that is being looked at, and the wavelengths of radiation
involved, we can observe very different responses to the mechanisms of
absorption, transmission, and reflection. By measuring the energy that is reflected
(or emitted) by targets on the Earth's surface over a variety of different
wavelengths, we can build up a spectral response for that object. By comparing
the response patterns of different features we may be able to distinguish between
them, where we might not be able to, if we only compared them at one
wavelength. For example, water and vegetation may reflect somewhat similarly in
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the visible wavelengths but are almost always separable in the infrared. Spectral
response can be quite variable, even for the same target type, and can also vary
with time (e.g. "green-ness" of leaves) and location. Knowing where to "look"
spectrally and understanding the factors which influence the spectral response of
the features of interest are critical to correctly interpreting the interaction of
electromagnetic radiation with the surface.

1.3 Component of Remote sensing
1.3.1 Introduction

An image refers to any pictorial representation, regardless of what wavelengths
or remote sensing device has been used to detect and record the electromagnetic
energy. A photograph refers specifically to images that have been detected as
well as recorded on photographic film. The black and white photo to the left, of
part of the city of Ottawa, Canada was taken in the visible part of the spectrum.
Photos are normally recorded over the wavelength range from 0.3 µm to 0.9 µm the visible and reflected infrared. Based on these definitions, we can say that all
photographs are images, but not all images are photographs. Therefore, unless
we are talking specifically about an image recorded photographically, we use the
term image.
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Fig. 1.20: Digital format
A photograph could also be represented and displayed in a digital format by
subdividing the image into small equal-sized and shaped areas, called picture
elements or pixels, and representing the brightness of each area with a numeric
value or digital number. Indeed, that is exactly what has been done to the photo
to the left. In fact, using the definitions we have just discussed, this is actually a
digital image of the original photograph! The photograph was scanned and
subdivided into pixels with each pixel assigned a digital number representing its
relative brightness. The computer displays each digital value as different
brightness levels. Sensors that record electromagnetic energy, electronically
record the energy as an array of numbers in digital format right from the start.
These two different ways of representing and displaying remote sensing data,
either pictorially or digitally, are interchangeable as they convey the same
information (although some detail may be lost when converting back and forth).
In previous sections we described the visible portion of the spectrum and the
concept of colours. We see colour because our eyes detect the entire visible range
of wavelengths and our brains process the information into separate colours. Can
you imagine what the world would look like if we could only see very narrow
ranges of wavelengths or colours? That is how many sensors work. The
information from a narrow wavelength range is gathered and stored in
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a channel, also sometimes referred to as a band. We can combine and display
channels of information digitally using the three primary colours (blue, green,
and red). The data from each channel is represented as one of the primary
colours and, depending on the relative brightness (i.e. the digital value) of each
pixel in each channel, the primary colours combine in different proportions to
represent different colours.

Fig. 1.21: Display
When we use this method to display a single channel or range of wavelengths, we
are actually displaying that channel through all three primary colours. Because
the brightness level of each pixel is the same for each primary colour, they
combine to form a black and white image, showing various shades of gray from
black to white. When we display more than one channel each as a different
primary colour, then the brightness levels may be different for
1.3.2 Spectral Response
For any given material, the amount of solar radiation that it reflects, absorbs,
transmits, or emits varies with wavelength.
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Fig.
1.22: EMR
When that amount (usually intensity, as a percent of maximum) coming from the
material is plotted over a range of wavelengths, the connected points produce a
curve called the material’s spectral signature (spectral response curve). Here is a
general example of a reflectance plot for some (unspecified) vegetation type (bioorganic material), with the dominating factor influencing each interval of the
curve so indicated; note the downturns of the curve that result from selective
absorption:
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Fig. 1.23: Spectral response curve
This important property of matter makes it possible to identify different
substances or classes and to separate them by their individual spectral signatures,
as shown in the figure below.
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For example, at some wavelengths, sand reflects more energy than green
vegetation but at other wavelengths it absorbs more (reflects less) than does the
vegetation. In principle, we can recognize various kinds of surface materials and
distinguish them from each other by these differences in reflectance. Of course,
there must be some suitable method for measuring these differences as a function
of wavelength and intensity (as a fraction [normally in percent] of the amount of
irradiating radiation). Using reflectance differences, we may be able to
distinguish the four common surface materials in the above signatures (GL =
grasslands; PW = pinewoods; RS = red sand; SW = silty water) simply by
plotting the reflectances of each material at two wavelengths, commonly a few
tens (or more) of micrometers apart.
1.3.3 Passive vs. Active Sensing
So far, throughout this chapter, we have made various references to the sun as a
source of
energy or radiation. The sun provides a very convenient source of energy for
remote sensing. The sun's energy is either reflected, as it is for visible
wavelengths, or absorbed and then reemitted, as it is for thermal infrared
wavelengths. Remote sensing systems which measure energy that is naturally
available are called passive sensors. Passive sensors can only be used to detect
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energy when the naturally occurring energy is available. For all reflected energy,
this can only take place during the time when the sun is illuminating the Earth.
There is no reflected energy available from the sun at night. Energy that is
naturally emitted (such as thermal infrared) can be detected day or night, as long
as the amount of energy is large enough to be recorded.

Fig. 1.24: Detecting EMR
These sensors are called radiometers and they can detect EMR within the
ultraviolet to microwave wavelengths. Two important spatial characteristics of
passive sensors are:
Their “instantaneous field of view” (IFOV) - this is the angle over which the
detector is sensitive to radiation. This will control the picture element (pixel) size
which gives the ground (spatial) resolution of the ultimate image i.e. the spatial
resolution is a function of the detector angle and the height of the sensor above
the ground. For more details on spatial, spectral, radiometric and temporal
resolutions.

Remote Sensing and GPS

24

Uttarakhand Open University

Unit 1

Remote sensing
The Concept of IFOV and AFOV (after Avery and Berlin, 1985)

Fig. 1.25: AFOV
The “swath width” - this is the linear ground distance over which the scanner is
tracking (at right angles to the line of flight). It is determined by the angular field
of view (AFOV - or scanning angle) of the scanner. The greater the scanning
angle, the greater the swath width.
There are two main categories of passive sensor:
1.3.4 A mechanical scanning radiometer (Whisk Broom).
This is an electro-optical imaging system on which an oscillating or rotating
mirror directs the incoming radiation onto a detector as a series of scan-lines
perpendicular to the line of flight. The collected energy on the detector is
converted into an electrical signal. This signal is then recorded in a suitably
coded digital format, together with additional data for radiometric and geometric
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calibration and correction, directly on magnetic tape on board the sensor
platform.
1.3.5 A push broom radiometer
This uses a wide angle optical system in which all the scenes across the AFOV
are imaged on a detector array at one time, i.e. there is no mechanical movement.
As the sensor moves along the flight line, successive lines are imaged by the
sensor and sampled by a multiflexer for transmission. The push broom system is
generally better than the mechanical scanner since there is less noise in the
signal, there are no moving parts and it has a high geometrical accuracy.
Characteristics of a Push Broom Radiometer (after Avery and Berlin, 1985)
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Fig. 1.26: Push Broom Radiometer
Active sensors, on the other hand, provide their own energy source for
illumination. The sensor emits radiation which is directed toward the target to be
investigated. The radiation reflected from that target is detected and measured by
the sensor. Advantages for active sensors include the ability to obtain
measurements anytime, regardless of the time of day or season. Active sensors
can be used for examining wavelengths that are not sufficiently provided by the
sun, such as microwaves, or to better control the way a target is illuminated.
However, active systems require the generation of a fairly large amount of energy
to adequately illuminate targets. Some examples of active sensors are a laser
fluro-sensor and synthetic aperture radar (SAR).
We will review briefly airborne and satellite active systems, which are commonly
called Radar, and which are generally classified either imaging or non-imaging:
Imaging Radars. These display the radar backscatter characteristics of the earth's
surface in the form of a strip map or a picture of a selected area. A type used in
aircraft is the SLAR whose sensor scans an area not directly below the aircraft,
but at an angle to the vertical, i.e. it looks sideways to record the relative intensity
of the reflections so as to produce an image of a narrow strip of terrain.
Sequential strips are recorded as the aircraft moves forward allowing a complete
image to be built up. The SLAR is unsuitable for satellites since, to achieve a
useful spatial resolution, it would require a very large antenna. A variant used in
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satellites is the SAR whose short antenna gives the effect of being several hundred
times longer by recording and processing modified data.
The Synthetic Aperture Radar System (after Avery and Berlin, 1985)

Fig. 1.27
1.4 Resolutions
1.4.1 Spatial Resolution, Pixel Size, and Scale
For some remote sensing instruments, the distance between the target being
imaged and the platform, plays a large role in determining the detail of
information obtained and the total area imaged by the sensor. Sensors onboard
platforms far away from their targets, typically view a larger area, but cannot
provide great detail. Compare what an astronaut onboard the space shuttle sees
of the Earth to what you can see from an airplane. The astronaut might see your
whole province or country in one glance, but couldn't distinguish individual
houses. Flying over a city or town, you would be able to see individual buildings
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and cars, but you would be viewing a much smaller area than the astronaut.
There is a similar difference between satellite images and airphotos. The detail
discernible in an image is dependent on the spatial resolution of the sensor and
refers to the size of the smallest possible feature that can be detected. Spatial
resolution of passive sensors (we will look at the special case of active microwave
sensors later) depends primarily on their Instantaneous Field of View (IFOV).
The IFOV is the angular cone of visibility of the sensor (A) and determines the
area on the Earth's surface which is "seen" from a given altitude at one particular
moment in time (B). The size of the area viewed is determined by multiplying the
IFOV by the distance from the ground to the sensor (C). This area on the ground
is called the resolution cell and determines a sensor's maximum spatial
resolution. For a homogeneous feature to be detected, its size generally has to be
equal to or larger than the resolution cell. If the feature is smaller than this, it
may not be detectable as the average brightness of all features in that resolution
cell will be recorded. However, smaller features may sometimes be detectable if
their reflectance dominates within a articular resolution cell allowing sub-pixel
or resolution cell detection.
As we mentioned in earlier, most remote sensing images are composed of a matrix
of picture elements, or pixels, which are the smallest units of an image. Image
pixels are normally square and represent a certain area on an image. It is
important to distinguish between pixel size and spatial resolution - they are not
interchangeable. If a sensor has a spatial resolution of 20 metres and an image
from that sensor is displayed at full resolution, each pixel represents an area of
20m x 20m on the ground. In this case the pixel size and resolution are the same.
However, it is possible to display an image with a pixel size different than the
resolution. Many posters of satellite images of the Earth have their pixels
averaged to represent larger areas, although the original spatial resolution of the
sensor that collected the imagery remains the same.
Images where only large features are visible are said to have coarse or low
resolution. In fine or high resolution images, small objects can be detected.
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Military sensors for example, are designed to view as much detail as possible,
and therefore have very fine resolution. Commercial satellites provide imagery
with resolutions varying from a few metres to several kilometres. Generally
speaking, the finer the resolution, the less total ground area can be seen. The
ratio of distance on an image or map, to actual ground distance is referred to as
scale. If you had a map with a scale of 1:100,000, an object of 1cm length on the
map would actually be an object 100,000cm (1km) long on the ground. Maps or
images with small "map-to-ground ratios" are referred to as small scale (e.g.
1:100,000), and those with larger ratios (e.g. 1:5,000) are called large scale.
1.4.2 Spectral Resolution
In Chapter 1, we learned about spectral response and spectral emissivity curves
which characterize the reflectance and/or emittance of a feature or target over a
variety of wavelengths. Different classes of features and details in an image can
often be distinguished by comparing their responses over distinct wavelength
ranges. Broad classes, such as water and vegetation, can usually be separated
using very broad wavelength ranges - the visible and near infrared. Other more
specific classes, such as different rock types, may not be easily distinguishable
using either of these broad wavelength ranges and would require comparison at
much finer wavelength ranges to separate them. Thus, we would require a sensor
with higher spectral resolution. Spectral resolution describes the ability of a
sensor to define fine wavelength intervals. The finer the spectral resolution, the
narrower the wavelength range for a particular channel or band. Black and white
film records wavelengths extending over much, or all of the visible portion of the
electromagnetic spectrum. Its spectral resolution is fairly coarse, as the various
wavelengths of the visible spectrum are not individually distinguished and the
overall reflectance in the entire visible portion is recorded. Colour film is also
sensitive to the reflected energy over the visible portion of the spectrum, but has
higher spectral resolution, as it is individually sensitive to the reflected energy at
the blue, green, and red wavelengths of the spectrum. Thus, it can represent
features of various colours based on their reflectance in each of these distinct
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wavelength ranges. Many remote sensing systems record energy over several
separate wavelength ranges at various spectral resolutions. These are referred to
as multi-spectral sensors and will be described in some detail in following
sections. Advanced multi-spectral sensors called hyperspectral sensors, detect
hundreds of very narrow spectral bands throughout the visible, near-infrared, and
mid-infrared portions of the electromagnetic spectrum. Their very high spectral
resolution facilitates fine discrimination between different targets based on their
spectral response in each of the narrow bands.
1.4.3 Radiometric Resolution
While the arrangement of pixels describes the spatial structure of an image, the
radiometric characteristics describe the actual information content in an image.
Every time an image is acquired on film or by a sensor, its sensitivity to the
magnitude of the electromagnetic energy determines the radiometric resolution.
The radiometric resolution of an imaging system describes its ability to
discriminate very slight differences in energy The finer the radiometric resolution
of a sensor, the more sensitive it is to detecting small differences in reflected or
emitted energy. Imagery data are represented by positive digital numbers which
vary from 0 to (one less than) a selected power of 2. This range corresponds to
the number of bits used for coding numbers in binary format. Each bit records an
exponent of power 2 (e.g. 1 bit=2 1=2). The maximum number of brightness
levels available depends on the number of bits used in representing the energy
recorded. Thus, if a sensor used 8 bits to record the data, there would be 28=256
digital values available, ranging from 0 to 255. However, if only 4 bits were used,
then only 24=16 values ranging from 0 to 15 would be available. Thus, the
radiometric resolution would be much less. Image data are generally displayed in
a range of grey tones, with black representing a digital number of 0 and white
representing the maximum value (for example, 255 in 8-bit data). By comparing a
2-bit image with an 8-bit image, we can see that there is a large difference in the
level of detail discernible depending on their radiometric resolutions.
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1.4.4 Temporal Resolution
In addition to spatial, spectral, and radiometric resolution, the concept of
temporal resolution is also important to consider in a remote sensing system. We
alluded to this idea in section 2.2 when we discussed the concept of revisit period,
which refers to the length of time it takes for a satellite to complete one entire
orbit cycle. The revisit period of a satellite sensor is usually several days.
Therefore the absolute temporal resolution of a remote sensing system to image
the exact same area at the same viewing angle a second time is equal to this
period. However, because of some degree of overlap in the imaging swaths of
adjacent orbits for most satellites and the increase in this overlap with increasing
latitude, some areas of the Earth tend to be re-imaged more frequently. Also,
some satellite systems are able to point their sensors to image the same area
between different satellite passes separated by periods from one to five days.
Thus, the actual temporal resolution of a sensor depends on a variety of factors,
including the satellite/sensor capabilities, the swath overlap, and latitude. The
ability to collect imagery of the same area of the Earth's surface at different
periods of time is one of the most important elements for applying remote sensing
data. Spectral characteristics of features may change over time and these changes
can be detected by collecting and comparing multi-temporal imagery. For
example, during the growing season, most species of vegetation are in a continual
state of change and our ability to monitor those subtle changes using remote
sensing is dependent on when and how frequently we collect imagery. By imaging
on a continuing basis at different times we are able to monitor the changes that
take place on the Earth's surface, whether they are naturally occurring (such as
changes in natural vegetation cover or flooding) or induced by humans (such as
urban development or deforestation). The time factor in imaging is important
when:
persistent clouds offer limited clear views of the Earth's surface (often in the
tropics) short-lived phenomena (floods, oil slicks, etc.) need to be imaged multitemporal comparisons are required (e.g. the spread of a forest disease from one
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year to the next) the changing appearance of a feature over time can be used to
distinguish it from near similar features (wheat / maize)

1.5 Summary
The unit begins with an introduction to remote sensing and its basic concepts. The
electromagnetic spectrums being the key component have been elaborately discussed. We
also learned about the various techniques of satellite remote sensing along with
understanding the satellite remotely sensed data components. The resolution of a satellite
remote sensing data and its various types has also been covered here.
1.6 Glossary
Bands- A set of adjacent wavelengths or frequencies with a common characteristic. For
example, visible light is one band of the electromagnetic spectrum, which also includes
radio, gamma, radar and infrared waves.
Electromagnetic- The object / wavelength associated with electric and magnetic fields
and their interactions with each other and with electric charges and currents.
Radar- Acronym for radio detection and ranging. A device or system that detects surface
features on the earth by bouncing radio waves off them and measuring the energy
reflected back.
Radiometric- The sensitivity of a sensor to incoming reflectance
Radiation- The emission and propagation of energy through space in the form of waves.
Electromagnetic energy and sound are examples of radiation.
Resolution- The detail with which a map depicts the location and shape of geographic
features. The larger the map scale, the higher the possible resolution. As scale decreases,
resolution diminishes and feature boundaries must be smoothed, simplified, or not shown
at all; for example, small areas may have to be represented as points.
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Sensors- An electronic device for detecting energy, whether emitted or radiated, and
converting it into a signal that can be recorded and displayed as numbers or as an
image.Spatial- Related to or existing within space
Spectral- of, pertaining to, or produced by a spectrum, or the visible light
Spectrum- an array of entities, as light waves or particles, ordered in accordance with
the magnitudes of a common physical property, as wavelength or mass: often the band of
colors produced when sunlight is passed through a prism, comprising red, orange,
yellow, green, blue, indigo, and violet.
Temporal- pertaining to or concerned with the objects/phenomenon of the present time in
comparison with the same of the past time.
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1.9 Terminal Questions
1. Give a diagrammatic illustration of what is remote sensing.
2. What is EMS? Approximately what is the visible range in EMS?
3. What is atmospheric window? Why is it important in remote sensing?
4. What is a spectral signature?

5. Which are the two objects whose reflectance is shown in the picture. Explain why
they are so different.
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6. What are the three different types of resolutions? What do you understand by high
resolution & low resolution?
7. Which type of resolution is characterized by the wavelength? Explain briefly.
***
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2.1 Introduction
In order for a sensor to collect and record energy reflected or emitted from a target or
surface, it must reside on a stable platform removed from the target or surface being
observed. Platforms for remote sensors may be situated on the ground, on an aircraft or
balloon (or some other platform within the Earth's atmosphere), or on a spacecraft or
satellite outside of the Earth's atmosphere.

2.2 Platforms
Ground-based sensors are often used to record detailed information about the surface
which is compared with information collected from aircraft or satellite sensors. In some
cases, this can be used to better characterize the target which is being imaged by these
other sensors, making it possible to better understand the information in the imagery.

Fig. 1.1: Ground-based sensors
Sensors may be placed on a ladder, scaffolding, tall building, cherry-picker, crane, etc.
Aerial platforms are primarily stable wing aircraft, although helicopters are
occasionally used. Aircraft are often used to collect very detailed images and facilitate
the collection of data over virtually any portion of the Earth's surface at any time.
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Fig. 1.2: Space shuttle
In space, remote sensing is sometimes conducted from the space shuttle or, more
commonly, from satellites. Satellites are objects which revolve around another object - in
this case, the Earth. For example, the moon is a natural satellite, whereas man-made
satellites include those platforms launched for remote sensing, communication, and
telemetry (location and navigation) purposes. Because of their orbits, satellites permit
repetitive coverage of the Earth's surface on a continuing basis. Cost is often a
significant factor in choosing among the various platform options.
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Fig. 1.3(a): Coverage of the Earth's surface
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Fig. 1.3(b): Coverage of the Earth's surface
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2.3 Satellite Remote Sensing
In the 1960s, a revolution in remote sensing technology began with the deployment of
space satellites. From their high vantage-point, satellites have a greatly extended view of
the Earth's surface. The first meteorological satellite, TIROS-1, was launched by the
United States using an Atlas rocket on April 1, 1960. This early weather satellite used
vidicon cameras to scan wide areas of the Earth's surface. Early satellite remote sensors
did not use conventional film to produce their images. Instead, the sensors digitally
capture the images using a device similar to a television camera. Once captured, this
data is then transmitted electronically to receiving stations found on the Earth's surface.
The image below is from TIROS-7 of a mid-latitude cyclone off the coast of New Zealand.

Fig. 1.4: TIROS-1 satellite (NASA)
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Fig. 1.5: TIROS-7 image of a mid-latitude cyclone off the coast of New Zealand, August
24, 1964

2.3.1 GOES
Today, the GOES (Geostationary Operational Environmental Satellite) system of
satellites provides most of the remotely sensed weather information for North America.
To cover the complete continent and adjacent oceans two satellites are employed in
a geostationary orbit. The western half of North America and the eastern Pacific Ocean
is monitored by GOES-10, which is directly above the equator and 135° West longitude.
The eastern half of North America and the western Atlantic are cover by GOES-8. The
GOES-8 satellite is located overhead of the equator and 75° West longitude. Advanced
sensors aboard the GOES satellite produce a continuous data stream so images can be
viewed at any instance. The imaging sensor produces visible and infrared images of the
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Earth's terrestrial surface and oceans. Infrared images can depict weather conditions
even during the night. Another sensor aboard the satellite can determine vertical
temperature profiles, vertical moisture profiles, total perceptible water, and atmospheric
stability.

Fig. 1.6: Color image from GOES-8 of hurricanes Madeline and Lester off the coast of Mexico,
October 17, 1998. (Source: NASA - Looking at Earth From Space).

2.3.2 Landsat Missions
In the 1970s, the second revolution in remote sensing technology began with the
deployment of the Landsat satellites. Since this 1972, several generations of Landsat
satellites with their Multispectral Scanners (MSS) have been providing continuous
coverage of the Earth for almost 30 years. Current, Landsat satellites orbit the Earth's
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surface at an altitude of approximately 700 kilometers. Spatial resolution of objects on
the ground surface is 79 x 56 meters. Complete coverage of the globe requires 233 orbits
and occurs every 16 days. The Multispectral Scanner records a zone of the Earth's
surface that is 185 kilometers wide in four wavelength bands: band 4 at 0.5 to 0.6
micrometers, band 5 at 0.6 to 0.7 micrometers, band 6 at 0.7 to 0.8 micrometers, and
band 7 at 0.8 to 1.1 micrometers. Bands 4 and 5 receive the green and red wavelengths in
the visible light range of the electromagnetic spectrum. The last two bands image nearinfrared wavelengths. A second sensing system was added to Landsat satellites launched
after 1982. This imaging system, known as the Thematic Mapper, records seven
wavelength bands from the visible to far-infrared portions of the electromagnetic
spectrum. In addition, the ground resolution of this sensor was enhanced to 30 x 20
meters. This modification allows for greatly improved clarity of imaged objects.
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Fig. 1.7: The Landsat 7 enhanced Thematic Mapper instrument

2.3.3 SPOT
The usefulness of satellites for remote sensing has resulted in several other organizations
launching their own devices. In France, the SPOT (Satellite Pour l'Observation de la
Terre) satellite program has launched five satellites since 1986. Since 1986, SPOT
satellites have produced more than 10 million images. SPOT satellites use two different
sensing systems to image the planet. One sensing system produces black and white
panchromatic images from the visible band (0.51 to 0.73 micrometers) with a ground
resolution of 10 x 10 meters. The other sensing device is multispectral capturing green,
red, and reflected infrared bands at 20 x 20 meters. SPOT-5, which was launched in
2002, is much improved from the first four versions of SPOT satellites. SPOT-5 has a
maximum ground resolution of 2.5 x 2.5 meters in both panchromatic mode and
multispectral operation.
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Fig. 1.8: SPOT false-color image of the southern portion of Manhatten Island and part of
Long Island, New York. The bridges on the image are (left to right): Brooklyn Bridge,
Manhattan Bridge, and the Williamsburg Bridge. (Source: SPOT Image).

2.3.4 Radarsat
Radarsat-1 was launched by the Canadian Space Agency in November, 1995. As a
remote sensing device, Radarsat is quite different from the Landsat and SPOT satellites.
Radarsat is an active

remote sensing system that transmits and receives microwave

radiation. Landsat and SPOT sensors passively measure reflected radiation at
wavelengths roughly equivalent to those detected by our eyes. Radarsat's microwave
energy penetrates clouds, rain, dust, or haze and produces images regardless of the Sun's
illumination allowing it to image in darkness. Radarsat images have a resolution between
8 to 100 meters. This sensor has found important applications in crop monitoring,
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defence surveillance, disaster monitoring, geologic resource mapping, sea-ice mapping
and monitoring, oil slick detection, and digital elevation modeling.

Fig. 1.9: Radarsat image acquired on March 21, 1996, over Bathurst Island in Nunavut,
Canada.
This image shows Radarsat's ability to distinguish different types of bedrock. The light shades
on this image (C) represent areas of limestone, while the darker regions (B) are composed of
sedimentary siltstone. The very dark area marked A is Bracebridge Inlet which joins the Arctic
ocean. (Source:Canadian Centre for Remote Sensing - Geological Mapping Bathurst Island,
Nunavut, Canada March 21, 1996).

2.3.5 Sensors Used In Indian Satellites
A list of the sensors that have been used in Indian Remote Sensing satellites:
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Satellite Microwave Radiometer (SAMIR) SAMIR was the payload for BHASKAR I and
II satellites launched in 1979 and 1981. They sucessfully provided data on the sea
surface temperature, ocean winds, moisture content over the land and sea. It was a dicke
type radiometer with a temperature resolution better than 1 degree kelvin.
Two Band T.V. Payload
The Bhaskara satellites I and II had a two band TV payload for land applications. It
gave images of earth from a height of 525 Km. The data were used in meterology,
hydrology, and forestry.
Smart Sensor Rohini Rs-D2, (the sucessor to the failed Rs-D1) was launched on Apr.
1983. It carried a Smart sensor, which was a 2-Band solid-state device. It had the first
CCD camera developed in house.
LISS-I, II and III
LISS-I (Linear Imaging self Scanner) was a payload for the IRS-1A satellite. This camera
operated in four spectral bands. It operated in a push-broom scanning mode using a
CCD array. It was again used in IRS-1B. It used 7 bit quantization, and had a swath of
148 Kms. Images of LISS-I were extensively used in forestry, crop acreage, yield
estimation, drought monitoring, flood monitoring etc.
LISS-II was similar to LISS-I, but with higher spatial resolution and smaller swath. it was
on payload in three satellites : IRS-1A, IRS-1B, IRS-P2.
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LISS-III is onboard two satellites IRS-1C and IRS-1D. This is a multi-spectral camera
which operates in four bands. It provides color images. Its images were used widely in
the area of agriculture, mapping, crop acreage etc.
The Panchromatic Camera
This was carried by IRS-1c and IRS-1D satellites. Pan camera enables the acquisition of
images at the resolution of 5.8m, which was the highest resolution offered by a civilian
satellite until recently, when American satellite Ikonos with a resolution of 1m surpassed
it. The Pan camera uses CCD's to capture images.
Wide Field Sensor
IRS-1C, IRS-1D, IRS-P3, which are all second generation Indian remote sensing
satellites, carried the WIFS sensor. The WIFS camera uses an 8 element refractive optics
like in LISS-III. Two such cameras are mounted with overlapping pixels of imaging.
WIFS data was used in assesment of rabi cropped area, crop inventory, observation of
crop phenology etc.
Ocean Color Monitor
IRS-P4, also called Oceansat, carried the ocean color monitor, launched on board
PSLV-C1. This payload is meant for oceanographic applications. The OCM is a solid
state camera operating in the push-broom scanning mode, using linear array CCD'S as
detectors for generating ocean biological parameters.
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Very High Resolution RadioMeter
All the INSAT-1 and the INSAT-2, INSAT-3 series communications satellites carry the
VHRR to provide various remote sensing applications. Since INSAT satellites are
geostationary, VHRR provides round the clock meteorological earth observations,
disaster warning signals.

2.4 Summary
This unit begins with an introduction the various platforms available for remote sensing.
The most widely used satellites and sensors have been covered here. The Indian satellites
and the type of data it provides have also been illustrated.

2.5 Glossary
Aerial- operating on a track or cable elevated above the ground
Band- A set of adjacent wavelengths or frequencies with a common characteristic. For
example, visible light is one band of the electromagnetic spectrum, which also includes
radio, gamma, radar and infrared waves.
Satellite- a device designed to be launched into orbit around the earth, another planet,
the sun,
using an earth-orbiting satellite to transmit communications signals
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Sensor- An electronic device for detecting energy, whether emitted or radiated, and
converting it into a signal that can be recorded and displayed as numbers or as an
image.
Geostationary- Positioned in an orbit above the earth's equator with an angular velocity
the same as that of the earth and an inclination and eccentricity approaching zero. A
geostationary satellite will orbit as fast as the earth rotates on its axis, so that it remains
effectively stationary above a point on the equator. A geostationary satellite is
geosynchronous, but geosynchronous satellites are not necessarily geostationary.
Mulitspectral- Related to two or more frequencies or wavelengths in the electromagnetic
spectrum.

2.6 References
1. http://www.angelfire.com/co/pallav/sensorindian.html
2. http://www.physicalgeography.net/fundamentals/2e.html
3. http://envisat.esa.int/webcam/earth.html
4. http://picturesofsatellites.com/
5. http://www.asc-csa.gc.ca/eng/programs/esa/canada.asp

2.7 Suggested Readings
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1. Jensen, John R. Remote Sensing Of The Environment (2nd Ed.). Published
by Dorling Kindersley India (2006) ISBN NO 10: 0131889508 ISBN
13: 9780131889507
2. Lillesand, Thomas M., Ralph W. Kiefer, and Jonathan W. Chipman.
2004. Remote Sensing and Image Interpretation, 5th ed., Published by John
Wiley and Sons, Toronto. ISBN NO: 0471152277

2.8 Terminal Questions
1. What is the difference between a satellite, sensor and platform?
2. Name 5 satellites with sensors.
3. Name one active remote sensing satellite. What kind of information can be
derived from this satellite data?
4. LISS III is the sensor of which satellite? How many bands are there in LISS III?
Name a few uses of this multispectral data.
5. What is the full form of WIFS? Name two use of WIFS data.
***
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3.1 Introduction
Global Positioning System (GPS) technology is a great boon to anyone who has the need
to navigate either great or small distances. This wonderful navigation technology was
actually first available for government use back in the late 1970s. In the past ten or so
years, It has been made available to the general public in the form of handheld receivers
that use this satellite technology provided by the U.S. government.
GPS formally known as the NAVSTAR (Navigation Satellite Timing and Ranging) Global
Positioning System, originally was developed for the military. Because of its popular
navigation capabilities and because you can access GPS technology using small
inexpensive equipment, the government mad the system available for civilian use. The
USA owns GPS technology and the Department of Defense maintains it. The first
satellite was placed in orbit on 22nd February 1978, and there are currently 28
operational satellites orbiting the Earth at a height of 20,180 km on 6 different
orbital planes. Their orbits are inclined at 55° to the equator, ensuring that at least 4
satellites are in radio communication with any point on the planet. Each satellite orbits
the Earth in approximately 12 hours and has four atomic clocks on board. During the
development of the GPS system, particular emphasis was placed on the following three
aspects:
1. It had to provide users with the capability of determining position, speed and
time, whether in motion or at rest.
2. It had to have a continuous, global, 3-dimensional positioning capability with a
high degree of accuracy, irrespective of the weather.
3. It had to offer potential for civilian use.
GPS has also demonstrated a significant benefit to the civilian community who are
applying GPS to a rapidly expanding number of applications. What attracts us to GPS is:
1. The relatively high positioning accuracies, from tens of meters down to the
millimeter level.
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2. The capability of determining velocity and time, to an accuracy commensurate
with position.
3. The signals are available to users anywhere on the globe: in the air, on the
ground, or at sea.
4. Its is a positioning system with no user charges, that simply requires the use of
relatively low cost hardware.
5. It is an all-weather system, available 24 hours a day.
6. The position information is in three dimensions, that is, vertical as well as
horizontal information is provided
Using the Global Positioning System (GPS, a process used to establish a position at any
point on the globe) the following two values can be determined anywhere on Earth:
1. One’s exact location (longitude, latitude and height co-ordinates) accurate
to within a range of 20 m to approx. 1 mm.
2. The precise time (Universal Time Coordinated, UTC) accurate to within a range
of 60ns to approx. 5ns.
Speed and direction of travel (course) can be derived from these co-ordinates as
well as the time. The coordinates and time values are determined by 28 satellites
orbiting the Earth.
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3.2 Concepts of GPS
Generating GPS signal transit time 28 satellites inclined at 55° to the equator orbit
the Earth every 11 hours and 58 minutes at a height of 20,180 km on 6 different
orbital planes (Figure 3). Each one of these satellites has up to four atomic clocks
on board. Atomic clocks are currently the most precise instruments known, losing a
maximum of one second every 30,000 to 1,000,000 years. In order to make them even
more accurate, they are regularly adjusted or synchronised from various control
points on Earth. Each satellite transmits its exact position and its precise on board clock
time to Earth at a frequency of 1575.42 MHz. These signals are transmitted at the
speed of light (300,000 km/s) and therefore require approx. 67.3 ms to reach a
position on the Earth’s surface located directly below the satellite. The signals
require a further 3.33 us for each excess kilometer of travel. If you wish to
establish your position on land (or at sea or in the air), all you require is an accurate
clock. By comparing the arrival time of the satellite signal with the on board
clock time the moment the signal was emitted, it is possible to determine the transit
time of that signal (Figure 4).
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The distance S to the satellite can be determined by using the known transit time τ:
distance travel time x the speed of light
S =τ x c
Measuring signal transit time and knowing the distance to a satellite is still not enough to
calculate one’s own position in 3-D space. To achieve this, four independent transit
time measurements are required. It is for this reason that signal communication with
four different satellites is needed to calculate one’s exact position. Why this should be so,
can best be explained by initially determining one’s position on a plane.
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3.2.1 GPS system elements

The GPS system consists of three segments. (Good general references on the GPS
system are) :
• The Space Segment: comprising the satellites and the transmitted signals.
• The Control Segment: the ground facilities carrying out the task of satellite
tracking, orbit computations, telemetry and supervision necessary for the daily
control of the space segment.
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• The User Segment: the entire spectrum of applications equipment and
computational techniques that are available to the users.
The Space Segment consists of the constellation of spacecraft and the signals
broadcast by them
which allow users to determine position, velocity and time. The basic functions of
the satellites are to:
• Receive and store data transmitted by the Control Segment stations.
• Maintain accurate time by means of several onboard atomic clocks.
• Transmit information and signals to users on two L-band frequencies.
• Provide a stable platform and orbit for the L-band transmitters.

Satellite signals can be received anywhere within a satellite’s effective range. The
effective range (shaded area) of a satellite located directly above the equator/zero
meridian intersection. The distribution of the 28 satellites at any given time can
be seen. It is due to this ingenious pattern of distribution and to the great
height at which they orbit that communication with at least 4 satellites is
ensured at all times anywhere in the world.
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3.2.2 Control segment
The control segment (Operational Control System OCS) consists of a Master
Control Station located in the state of Colorado, five monitor stations equipped
with atomic clocks that are spread around the globe in the vicinity of the equator,
and three ground control stations that transmit information to the satellites.
The most important tasks of the control segment are:
• Observing the movement of the satellites and computing orbital data
(ephemeris)
• Monitoring the satellite clocks and predicting their behaviour
• Synchronising on board satellite time
• Relaying precise orbital data received from satellites in communication
• Relaying the approximate orbital data of all satellites (almanac)
• Relaying further information, including satellite health, clock errors etc.
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The control segment also oversees the artificial distortion of signals (SA,
Selective Availability), in order to degrade the system’s positional accuracy for
civil use. System accuracy had been intentionally degraded up until May 2000 for
political and tactical reasons by the U.S. Department of Defense (DoD), the
satellite operators. It was shut down in May 2000, but it can be started up again,
if necessary, either on a global or regional basis.
3.2.3 User segment
The signals transmitted by the satellites take approx. 67 milliseconds to reach a
receiver. As the signals travel at the speed of light, their transit time depends on
the distance between the satellites and the user.
Four different signals are generated in the receiver having the same
structure as those received from the 4 satellites. By synchronising the signals
generated in the receiver with those from the satellites, the four satellite signal
time shifts ∆t are measured as a timing mark.
3.2.4 Determining a position on a plane
Imagine that you are wandering across a vast plateau and would like to know
where you are. Two satellites are orbiting far above you transmitting their own on
board clock times and positions. By using the signal transit time to both satellites
you can draw two circles with the radii S1 and S2 around the satellites. Each
radius corresponds to the distance calculated to the satellite. All possible
distances to the satellite are located on the circumference of the circle. If the
position above the satellites is excluded, the location of the receiver is at
the exact point where the two circles intersect beneath the satellites.
Two satellites are sufficient to determine a position on the X/Y plane.

Remote Sensing and GPS

62

Uttarakhand Open University

Unit 3

GPS: Global Positioning System

In reality, a position has to be determined in three-dimensional space, rather than
on a plane. As the difference between a plane and three-dimensional space
consists of an extra dimension (height Z), an additional third satellite must
be available to determine the true position. If the distance to the three
satellites is known, all possible positions are located on the surface of three
spheres whose radii correspond to the distance calculated.
The position sought is at the point where all three surfaces of the spheres
intersect.
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All statements made so far will only be valid, if the terrestrial clock and the
atomic clocks on board the satellites are synchronised, i.e. signal transit time can
be correctly determined.
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3.3 Types of GPS
Google Earth and Google Maps are made to work with GPS data
Many services allow you to upload your GPS tracks and waypoints to Google Earth.
Others also let you upload your photos and even geo-reference them for you, so they are
projected exactly on the spots where they have been taken.
Hybrid GeoTools make custom and standard software to extend the functionality of
popular geographic tools such as Google Earth.
Hybrid GeoTools' Active GPX Route Player for Google Earth. The “Media Player” of
GPS playback. Simple to use yet endlessly customizable, up to 50 routes can be played
back at the same time. Adjust time, speed scale, viewing behavior, track and icon
appearance and watch progress against an altitude profile. Every turn, acceleration and
stop is faithfully recreated.
New in Version 1.1 - Virtual Cyclist - Set the power, weight, aerodynamics and see how
you’d perform on the climbs of the Tour de France.
Hybrid GeoTools' 3D Route Builder is a GPS Editor for Google Earth. It offers fine
grain control of routes directly in Google Earth not only in terms of positioning and
altitude but also in time. Easily shift and scale time, correct barometric drift, synch to
video files and build accurate GPS (GPX), KML/KMZ and Garmin TCX files from
scratch or from existing files. Playback routes in real-time and optionally with absolute
altitude - that means tunnels, bridges, cable car rides and flights take on new levels of
realism.
3dtracking Ltd has just launched a new range of completely free GPS services through
their website http://www.3dtracking.net. Simply put, through using your mobile phone or
PDA, along with your GPS receiver, you can record and view your movements in detail
on Google Earth or Google Maps. You can even use the free service for live tracking
using Google Earth or Google Maps. Download of the required 3dtracking GPS software
application, as well as use of the website, is completely free (and there are no future
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plans to charge for this either. Ever). The web server also retains all the data you've ever
recorded and submitted, so you can always go back and view your older recorded data at
any time.
Adam Schneider has added Google Maps as an output format in GPS Visualizer. You
can upload your GPS data file (in a supported format) and instantly view it in Google
Maps. It is also available as an output choice in the other input forms, including the
address form.
Phone2GEarth is an easy Nokia Series 80 GPS software application that allows to log
tracks which are directly saved as Google Earth KML files. New and useful features like:
- English, Spanish, German and French languages. - Place marks supported with
timestamps in the track. - bluetooth autostart, for easy use. - Complete Series 80: 9300,
9500 - Color and phone name configurable. It allows deferent phones, tracks etc.
Requirements: * Series 80 (Symbian) Smartphone (9500, 9300). * GPS Bluetooth (NMEA
protocol). * Google Earth (Windows).
Earth Bridge is designed to bridge the gap between Google Earth and your GPS
receiver. See your location on Google Earth in real-time and easily control your view.
Record your track as you move. Earth Bridge GPS software requires an NMEA 0183
compatible GPS device connected via a serial interface.
GEtrax is a Windows GPS software application that can.
Plot various format track files in Google Earth.
GPX
XML
OziExplorer
Raw NMEA data (text)
CSV data (text - one type only)
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Plot GPX or OziExplorer format waypoint files in Google Earth (as placemarks).
Read live (NMEA) data from any gps (COM port) and plot location and track in Google
Earth.
Read a track file directly from a Garmin gps and plot it in Google Earth.
Put tracks (including live data) on a server and email a recipient for remote viewing.
Save tracks in GoogleMap and OziExplorer format.
Save track and waypoint files as GPX format for archiving.
Read track data from existing KML files.
Read Ham radio tracking data from Findu.com or from a receiver and plot the location
and track in Google Earth.
GPS Radar GPS software from JGUI allows you to use your Windows Mobile*) device
for the following reasons:
•

monitor your localization by GPS receiver.

•

save the track and points of moving.

•

generate various XML reports.

•

upload points to dedicated Internet server.

•

review your moving on designed web pages with Google Maps streets or satellites
images.

•

generate GoogleEarth current location.

•

generate GoogleEarth track files.

•

review your moving directly on GoogleEarth interface screen with all its features.
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This GPS software version works well with any Windows Mobile device with GSM
network connection built-in. So called: Phone Edition devices. Any GPS receiver is
required.
GPS Track GPS software connects to a GPS and records the path that you travel. Tracks
can be uploaded to a web site, sent by email, transferred via Bluetooth, or written to a
flash memory card. Google Maps and Google Earth are used to view the tracks. File
formats such as GPX and CSV are also supported. Compatibility: This GPS software
requires a cell phone or other mobile device with:
J2ME (Java 2 mobile edition).
Java API for Bluetooth (JSR-82).
A GPS with Bluetooth is also required.
EveryTrail is an online platform that enables you to visualize your travel and outdoor
activities and share these with like minded people from all over the world. With
EveryTrail you can easily upload GPS data you recorded while out on the trail and add
your photos and notes, to create a visual record of your outdoor activity. EveryTrail was
created by a small group of passionate travel and outdoor enthusiasts, out of
dissatisfaction with current solutions to share trips with friends and like minded people.
3.3.1 Components of a GPS Instrumentation
The following components of a generic GPS receiver can be identified (figure
1.9):
Antenna and Preamplifier: Antennas used for GPS receivers have broadbeam
characteristics, thus they do not have to be pointed to the signal source like
satellite TV receiving dishes. The antennas are compact and a variety of designs
are possible. There is a trend to integrating the antenna assembly with the
receiver electronics.
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Radio Frequency Section and Computer Processor: The RF section contains the
signal processing electronics. Different receiver types use somewhat different
techniques to process the signal. There is a powerful processor onboard not only
to carry out computations such as extracting the ephemerides and determining the
elevation/azimuth of the satellites, etc., but also to control the tracking and
measurement function within modern digital circuits, and in some cases to carry
out digital signal processing.
Control Unit Interface: The control unit enables the operator to interact with the
microprocessor. Its size and type varies greatly for different receivers, ranging
from a handheld unit to soft keys surrounding an LCD screen fixed to the receiver
"box".
Recording Device: in the case of GPS receivers intended for specialised uses such
as the surveying the measured data must be stored in some way for later data
processing. In the case of ITS applications such as the logging of vehicle
movement, only the GPS-derived coordinates and velocity may be recorded. A
variety of storage devices were utilised in the past, including cassette and tape
recorders, floppy disks and computer tapes, etc., but these days almost all
receivers utilise solid state (RAM) memory or removable memory "cards".
Power Supply: Transportable GPS receivers these days need low voltage DC
power. The trend towards more energy efficient instrumentation is a strong one
and most GPS receivers operate from a number of power sources, including
internal NiCad or Lithium batteries, external batteries such as wet cell car
batteries, or from mains power.
3.3.2 Primary GPS terms
TRACK: This indicates the direction in which you move. Sometimes this is called
HEADING. For navigation on land this is OK, but a boat or a plane can travel in
another direction, than the direction in which it is headed, due to wind or current.
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TRACKLOG: This is the electronic equivalent of the famous bread crumb trail. If
you turned (automatic) tracklog on, your receiver will, at fixed intervals or at
special occasions, save the position, together with the time, to its memory. This
can be invaluable if at any moment during your trip you (have to) decide to go
back exactly along the route that brought you to your actual position.
TRACBACK: Among the best known GPS terms, it is the navigation method that
will bring you back to your point of departure along the same trail that you
traveled to your actual position. In order to be able to use this method, you may
need to copy the tracklog to one of the free track channels. (This is where you
need your manual for). Often a saved track can only contain 250 points, but be
assured that your GPS receiver will do a wonderful job in choosing the points
which best represent your traveled track.
WAYPOINT: Probably one of the most used general GPS terms. A waypoint is
nothing more or less than a saved set of co-ordinates. It does not have to
represent a physical point on land. Even at sea or in the air, one can mark a
waypoint. Once saved in your GPS receiver, you can turn back to exactly that set
of co-ordinates. You can give waypoints meaningful names. They can be created
‘on the fly’, which means that you can register them at 130 km/h on the road or
even at 800 km/h in a plane. Your GPS will attribute it a number, which you can
change to any name you want, once you have the time. You can also manually
enter a set of co-ordinates, that you found on a map. This way you can plan ahead
a trip or a walk with as much detail as you like.
Waypoints are very powerful navigation aids and for really critical operations it
should be considered to not only store their co-ordinates in your GPS receiver,
but also in your paper notebook. After all a highly sophisticated device as a GPS
receiver could stop functioning correctly for a lot of reasons.
ROUTE: A route is a series of two or more waypoints. To create a route, you
have to tell your GPS to reserve some place in its memory for a new route and
then you indicate which waypoints will form the route. You enter them in the
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order in which you want to travel them, but you can easily navigate them in
reverse order. You can add waypoints and delete others, but once saved, the order
in which your GPS will guide you along the waypoints is fixed.
This is a great way to plan ahead a walk. You can even create waypoints and
routes on your desktop PC and transfer them to your GPS receiver. All you need
for this is a cable which links your GPS to a RS232-port(COM) on your computer
and a piece of software, that enables you to mark points on a map at your screen.
We will treat this in more detail elsewhere on the site. You will see that this is
absolutely not rocket-science.
ROUTE LEG is the straight line between two adjacent waypoints in a route.
GOTO is also among the best known GPS terms and probably the most used
navigation method with a GPS receiver, because it is easily understood and
executed. If you tell your companion that you will GOTO waypoint X, it will
calculate the direction and distance from your actual location to the set of coordinates, represented by the indicated waypoint. Your GPS receiver is unable to
know what obstacles, hazards or whatever, if any, there are between you and
waypoint X, so it will guide you in a straight line to the indicated point. This is
great on open water or in the air, but on land it is often not the best method.
BEARING: Once you told to which point you want to travel, your GPS will
continuously calculate in which direction that point is situated, seen from your
actual position. That direction is the bearing. If you navigate along a route, the
bearing will be the direction to the NEXT waypoint in the route. If you do or can
not travel in a straight line to the waypoint, the bearing will fluctuate all the time.
TURN: This GPS term indicates the difference between the direction you should
travel in (BEARING) and the direction in which you are actually traveling
(TRACK). An indication of ‘28L’ means that you should modify your actual
direction of travel with 28° to the Left, if you wish to ever reach your point. In
principle, when you have the reading of TURN on your navigation page, you
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don’t need the readings of those other two GPS terms BEARING and TRACK, but
most people prefer reading these two.

3.4 GPS Errors and Correction
3.4.1 The effect and correction of time error
We have been assuming up until now that it has been possible to measure signal
transit time precisely. However, this is not the case. For the receiver to measure
time precisely a highly accurate, synchronised clock is needed. If the transit time
is out by just 1 µs this produces a positional error of 300m. As the clocks on
board all three satellites are synchronised, the transit time in the case of all
three measurements is inaccurate by the same amount. Mathematics is the
only

thing

that

can

help us now. We are

reminded when producing

calculations that if N variables are unknown, we need N independent equations.
If the time measurement is accompanied by a constant unknown error, we will
have four unknown variables in
3-D space:
• longitude (X)
• latitude (Y)
• height (Z)
• time error (∆t)
It therefore follows that in three-dimensional space four satellites are needed to
determine a position.
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3.4.2 Satellite geometry
Another factor influencing the accuracy of the position determination is the
"satellite geometry". Simplified, satellite geometry describes the position of the
satellites to each other from the view of the receiver.
If a receiver sees 4 satellites and all are arranged for example in the north-west,
this leads to a “bad” geometry. In the worst case, no position determination is
possible at all, when all distance determinations point to the same direction. Even
if a position is determined, the error of the positions may be up to 100 – 150 m. If,
on the other hand, the 4 satellites are well distributed over the whole firmament
the determined position will be much more accurate. Let’s assume the satellites
are positioned in the north, east, south and west in 90° steps. Distances can then
be measured in four different directions, reflecting a „good“ satellite geometry.
The following graph shows this for the two-dimensional case.

Good geometrical alignment of two satellites
If the two satellites are in an advantageous position, from the view of the receiver
they can be seen in an angle of approximately 90° to each other. The signal
runtime can not be determined absolutely precise as explained earlier. The
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possible positions are therefore marked by the grey circles. The point of
intersection A of the two circles is a rather small, more or less quadratic field
(blue), the determined position will be rather accurate.

Bad geometrical alignment of two satellites
If the satellites are more or less positioned in one line from the view of the
receiver, the plane of intersection of possible positions is considerably larger and
elongated- The determination of the position is less accurate.
The satellite geometry is also relevant when the receiver is used in vehicles or
close to high buildings. If some of the signals are blocked off, the remaining
satellites determine the quality of the position determination and if a position fix
is possible at all. This can be observed in buildings close to the windows. If a
position determination is possible, mostly it is not very accurate. The larger the
obscured part of the sky, the more difficult the position determination gets.
Most GPS receivers do not only indicate the number of received satellites, but
also their position on the firmament. This enables the user to judge, if a relevant
satellite is obscured by an obstacle and if changing the position for a couple of
meters might improve the accuracy. Many instruments provide a statement of the
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accuracy of the measured values, mostly based on a combination of different
factors (which manufacturer do not willingly reveal).
To indicate the quality of the satellite geometry, the DOP values (dilution of
precision) are commonly used. Based on which factors are used for the
calculation of the DOP values, different variants are distinguished:
GDOP (Geometric Dilution Of Precision); Overall-accuracy; 3D-coordinates and
time
PDOP (Positional Dilution Of Precision) ; Position accuracy; 3D-coordinates
HDOP (Horizontal Dilution Of Precision); horizontal accuracy; 2D-coordinates
VDOP (Vertical Dilution Of Precision); vertical accuracy; height
TDOP (Time Dilution Of Precision); time accuracy; time

Although the satellites are positioned in very precise orbits, slight shifts of the
orbits are possible due to gravitation forces. Sun and moon have a weak influence
on the orbits. The orbit data are controlled and corrected regularly and are sent
to the receivers in the package of ephemeris data. Therefore the influence on the
correctness of the position determination is rather low, the resulting error being
not more than 2 m.
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3.4.3 Multipath effect

The multipath effect is caused by reflection of satellite signals (radio waves) on
objects. It was the same effect that caused ghost images on television when
antennae on the roof were still more common instead of todays satellite dishes.
For GPS signals this effect mainly appears in the neighbourhood of large
buildings or other elevations. The reflected signal takes more time to reach the
receiver than the direct signal. The resulting error typically lies in the range of a
few meters.
3.3.4 Atmospheric effects
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Another source of inaccuracy is the reduced speed of propagation in the
troposphere and ionosphere. While radio signals travel with the velocity of light
in the outer space, their propagation in the ionosphere and troposphere is slower.
In the ionosphere in a height of 80 – 400 km a large number of electrons and
positive charged ions are formed by the ionizing force of the sun. The electrons
and ions are concentrated in four conductive layers in the ionosphere (D-, E-, F1, and F2-layer). These layers refract the electromagnetic waves from the
satellites, resulting in an elongated runtime of the signals.
These errors are mostly corrected by the receiver by calculations. The typical
variations of the velocity while passing the ionosphere for low and high
frequencies are well known for standard conditions. Theses variations are taken
into account for all calculations of positions. However civil receivers are not
capable of correcting unforeseen runtime changes, for example by strong solar
winds.
3.3.5 Clock inaccuracies and rounding errors
Despite the synchronization of the receiver clock with the satellite time during the
position determination, the remaining inaccuracy of the time still leads to an
error of about 2 m in the position determination. Rounding and calculation errors
of the receiver sum up approximately to 1 m.
3.3.6 Relativistic effects
The following section shall not provide a comprehensive explanation of the theory
of relativity. In the normal life we are quite unaware of the omnipresence of the
theory of relativity. However it has an influence on many processes, among them
is the proper functioning of the GPS system. This influence will be explained
shortly in the following.
As we already learned, the time is a relevant factor in GPS navigation and must
be accurate to 20 - 30 nanoseconds to ensure the necessary accuracy. Therefore
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the fast movement of the satellites themselves (nearly 12000 km/h) must be
considered.
Whoever already dealt with the theory of relativity knows that time runs slower
during very fast movements. For satellites moving with a speed of 3874 m/s,
clocks run slower when viewed from earth. This relativistic time dilation leads to
an inaccuracy of time of approximately 7,2 microseconds per day (1 microsecond
= 10-6 seconds).
The theory of relativity also says that time moves the slower the stronger the field
of gravitation is. For an observer on the earth surface the clock on board of a
satellite is running faster (as the satellite in 20000 km height is exposed to a much
weaker field of gravitation than the observer). And this second effect is six times
stronger than the time dilation explained above.

3.5 Application of GPS
That's right - we are the 'Users'. All kinds of people use GPS for all kinds of purposes.
While the GPS was designed for the Military, the number of civilian users is greater than
Military users. Some of the more common uses of the GPS are:
Emergency Services - Fire, ambulance or other 911 services to locate people in distress.
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Aviation - pilots use it to guide their aircraft.

Agriculture - farmers use it manage their farms better

Ground Transportation
GPS technology helps with automatic vehicle location and in-vehicle navigation systems.
Many navigation systems show the vehicle’s location on an electronic street map,
allowing drivers to keep track of where they are and to look up other destinations. Some
systems atutomatically create a route and give turn-by-turn directions. GPS technology
also helps monitor and plan routes for delivery vans and emergency vehicles.
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GIS (Geographic Information System) Data Collection - cities use it to locate their
services such as power lines and water hydrants even streets

Marine - fishermen and vessels at sea use it as a guide to steer their boats or to identify a
location on the sea

Rail
Precise knowledge of train location is essential to prevent collisions, maintain smooth
traffic flow, and minimize costly delays. Digital maps and onboard inertial units allow
fully-automated train control.
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Vehicle Navigation - so you don't need maps to get to Grandma's house

Recreation - hikers and campers use it to keep from getting lost

There will be many more users to follow in the future...
3.6 Summary
In this unit we have discussed the technology of global positioning system. The key
components essential for a global positioning system to function has also been discussed.
We also learned about the errors that can be present in a GPS data and therefore what
are the most suitable methods of collecting data with a GPS. The types of GPS enables us
to understand the various functionality of the GPS, and thus its applications have also
been enclosed.
3.7 Glossary
Signal- Information conveyed via an electric current or electromagnetic wave.
Synchronization- The process of automatically updating certain elements of a metadata
file.
Google Earth/Maps- Software or an interphase where online maps and satellite data can
be viewed. This was launched by the network chain Google.
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GPS position- A satellite based device that records x,y,z coordinates and other data.
Ground locations are calculated by signals from satellites orbiting the Earth.
Navigation- The combined mental and physical activities involved in traveling to a
destination, often a distant or unfamiliar one. The activity of guiding a ship, plane, or
other vehicle to a destination, along a planned or improvised route, according to reliable
methods.
Orbital Plane- All of the planets, comets, and asteroids in the solar system are in orbit
around the Sun. All of those orbits line up with each other making a semi-flat disk called
the orbital plane. The orbital plane of an object orbiting another is the geometrical plane
in which the orbit is embedded.
3.8 References
1. http://www.gmat.unsw.edu.au/snap/gps/gps_notes1.pdf
2. http://www8.garmin.com/manuals/GPSGuideforBeginners_Manual.pdf
3. http://www.inovatrack.com/gps/GPS_basics_u_blox_en.pdf
4. http://www.gps-practice-and-fun.com/gps-receivers.html
5. http://www.diginetlink.com/Buyer_s_Guide_s/262.htm
6. http://gps.about.com/od/beforeyoubuy/tp/GPS_do_for_you.htm
7. http://www.trimble.com/gps/howgps-error.shtml
8. http://www.kowoma.de/en/gps/errors.htm
9. http://www.geod.nrcan.gc.ca/edu/geod/gps/gps09_e.php
10. http://www.dw-world.de/dw/article/0,,4543691,00.html
11. http://www.gpsworld.com/transportation/rail/news/antenna-based-controlsystem-can-stop-a-train-8802
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13. http://www.vosizneias.com/60544/2010/07/21/goshen-ny-orange-countyemergency-services-to-receive-automatic-vehicle-locator-dispatching-system
14. http://www.dw-world.de/dw/article/0,,4543691,00.html
3.9 Suggested Readings
1. http://www.gmat.unsw.edu.au/snap/gps/gps_notes1.pdf
2. http://www.kowoma.de/en/gps/errors.htm
3. http://www.geod.nrcan.gc.ca/edu/geod/gps/gps09_e.php
4. Fundamentals of Remote Sensing .pdf
3.10 Terminal Questions
1. Why do we need a GPS?
2. How many satellites are needed by a GPS in a 3D space?
3. Name 3 different types of GPS and cite their uses.
4. Name any 4 errors in acquiring GPS data. Explain geometric error and its
corrections.
5. Give 5 examples of application of GPS.
***
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