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                             “INTRODUCTION”
Geographic Information System (GIS) is a computer based information system used to digitally represent and analyze the geographic features present on the Earth's surface and the events (non-spatial attributes linked to the geography under study) that taking place on it. The meaning to represent digitally is to convert analog (smooth line) into a digital form. 

"Every object present on the Earth can be geo-referenced", is the fundamental key of associating any database to GIS. Here, term 'database' is a collection of information about things and their relationship to each other, and 'geo-referencing' refers to the location of a layer or coverage in space defined by the co-ordinate referencing system.

The term geo-referencing refers to defining the location, and other required features of any object, place, structure etc. in space defined by the co-ordinate referencing system.

The works on the GIS started in the late 1950’s but the credit of developing the first GIS software ultimately went to ESRI, Canada. The ESRI labs delivered the first GIS software in 1970’s.  Much of the credit of the development of the GIS software could be given to “Mr. Roger Tomilson”.

GIS has revolutionized the way in which the planners, engineers, professional, etc. conduct the database management and the analysis. With the variety of data required by them to solve a definite problem available to them and having the required tools to manage that data, the GIS professionals are in a better stead to solve the real world problems.

                                         “DEFINITION” 

Some of the proposed definitions of  a typical GIS are as the following :

· A geographic information system (GIS) is a computer-based tool for mapping and analyzing things that exist and events that happen on Earth 

Burrough in 1986 defined GIS as, "Set of tools for collecting, storing, retrieving at will, transforming andì¥Á
5@
estions are posed to determine what happens, for example, if a new road is added to a network or if a toxic substance seeps into the local ground water supply. Answering this type of question requires both geographic and other information (as well as specific models). GIS permits spatial operation. 

Aspatial Questions 
"What's the average number of cows in each location?" is an aspatial question - the answer to it does not require the stored value of latitude and longitude; nor does it describe any relation between the places. 

Spatial Questions 
“How many people work with GIS in the major centres of Delhi" OR “Which centres lie within 10 Kms. of each other? ", OR “What is the shortest route passing through all these centres". These are spatial questions that can only be answered using latitude and longitude data and other information such as the radius of earth. Geographic Information Systems can answer such questions.

Factors Aiding The Rise Of GIS. 
· Revolution in Information Technology. 

· Computer Technology. 

· Remote Sensing. 

· Global Positioning System. 

· Communication Technology. 

· Rapidly declining cost of Computer Hardware, and at the same time, exponential growth of operational speed of computers. 

· Enhanced functionality of software and their user-friendliness. 

· Visualizing impact of GIS corroborating the Chinese proverb "a picture is worth a thousand words." 

· Geographical feature and data describing it are part of our everyday lives & most of our everyday decisions are influenced by some facet of Geography. 

Components of GIS 

GIS constitutes of five key components: 

· Hardware 

· Software 

· Data 

· People 

· Method 

Hardware
The computer forms the backbone of the GIS hardware, which gets its input through the Scanner or a digitizer board. Scanner converts a picture into a digital image for further processing. The output of scanner can be stored in many formats e.g. TIFF, BMP, JPG etc. A digitizer board is flat board used for vectorisation of a given map objects. Printers and plotters are the most common output devices for a GIS hardware setup. 

Software
GIS software provides the functions and tools needed to store, analyze, and display geographic information. GIS softwares in use are MapInfo, ARC/Info, AutoCAD Map, etc. The software available can be said to be application specific. When the low cost GIS work is to be carried out desktop MapInfo is the suitable option. It is easy to use and supports many GIS feature. If the user intends to carry out extensive analysis on GIS, ARC/Info is the preferred option. For the people using AutoCAD and willing to step into GIS, AutoCAD Map is a good option. 

Data
Geographic data and related tabular data can be collected in-house or purchased from a commercial data provider. The digital map forms the basic data input for GIS. Tabular data related to the map objects can also be attached to the digital data. A GIS will integrate spatial data with other data resources and can even use a DBMS, used by most organization to maintain their data, to manage spatial data. 

People
GIS users range from technical specialists who design and maintain the system to those who use it to help them perform their everyday work. The people who use GIS can be broadly classified into two classes. The CAD/GIS operator, whose work is to vectorise the map objects. The use of this vectorised data to perform query, analysis or any other work is the responsibility of a GIS engineer/user. 

Method
And above all a successful GIS operates according to a well-designed plan and business rules, which are the models and operating practices unique to each organization. There are various techniques used for map creation and further usage for any project. These methods hold the various techniques for map creation.

                     “FUNDAMENTALS OF GIS”
Map Features 
Locational information is usually represented by points for features such as wells and telephone pole locations, lines for features such as streams, pipelines and contour lines and areas for features such as lakes, counties and census tracts. 

Point feature 
A point feature represents as single location. It defines a map object too small to show as a line or area feature. A special symbol of label usually depicts a point location. 

Line feature 
A line feature is a set of connected, ordered coordinates representing the linear shape of a map object that may be too narrow to display as an area such as a road or feature with no width such as a contour line. 

Area feature 
An area feature is a closed figure whose boundary encloses a homogeneous area, such as a state country soil type or lake.

Map Characteristics 
In addition to feature locations and their attributes, the other technical characteristics that define maps and their use includes: 

· Map Scale 

· Large Scale Maps

· Medium Scale Maps

· Small Scale Maps

· Map Accuracy 

· Absolute Accuracy

· Relative Accuracy

· Attribute Accuracy

· Currency of a Map

· Complete Map

· Map Extent ,            and 

· Data Base Extent 

Types of Information in a Digital Map

Three general types of information can be included in digital maps: 

· Geographic information, which provides the position and shapes of specific geographic features. 

· Attribute information, which provides additional non-graphic information about each feature. 

· Display information, which describes how the features will appear on the screen. 

Some digital maps do not contain all three types of information. For example, raster maps usually do not include attribute information, and many vector data sources do not include display information.

Drawing Digitization of Maps.

 Maps can be broadly classified in to two groups: 

1. Topographical maps 

2. Thematic maps 

Topographical Maps 
It is a reference map showing the outline of selected man-made and natural features of the earth. It often acts as a frame for other features Topography refers to the shape of surface represented by contours or shading. It also shows lands, railway and other prominent features. 

Thematic maps 
Thematic maps are an important source of GIS information. These are tools to communicate geographical concepts such as Density of population, Climate, movement of goods and people, land use etc. It has many classifications.

  “GEOGRAPHIC DATA SETS USED IN GIS”

Although the terms data and Information are used more or less in the same sense at all times but there is a difference in their meanings. Data can be described as various observations, collected and stored. Information is that data which is useful in answering the queries or solving a problem.

Geographical data could broadly be classified into :

· Spatial Data

· Non-Spatial Data  (also called as the Attribute Data)

The “Spatial Data” gives answers to the question: “Where is it?”

The “Attribute Data” gives answers to the question: “What is it?”

Geographic objects could be shown by four types of representations:

· Point Data

· Line Data

· Area Data

· Continuous Surface

Principle Functions Of a GIS:

1. Data capture

2. Data management and Update

3. Geographic Analysis

4. Presenting Results

Data Capture is mostly done using the following techniques:

· Manual Digitization

· Scanning Systems

Manual Digitizing still is the most common method for entering maps into GIS. The map to be digitized is affixed to a digitizing table, and a pointing device (called the digitizing cursor or mouse) is used to trace the features of the map. The digitizing table electronically encodes the position of the cursor with the precision of a fraction of a millimeter. The most common digitizing table uses a fine grid of wires, embedded in the table. The vertical wires will record the Y-coordinates, and the horizontal ones, the X-coordinates.

Scanning (or scan digitizing) provides a quicker means of data entry than manual digitizing. In scanning, a digital image of the map is produced by moving an electronic detector across the map surface. The output of a scanner is a digital raster image, consisting of a large number of individual cells ordered in rows and columns. Scanning works best with maps that are very clean, simple, relate to one feature only, and do not contain extraneous information, such as text or graphic symbols. In cases where more than one information is contained in the same map, the raster image is converted to the vector format. 


  Basics of Digital Mapping 

Vector vs. Raster Maps 


The most fundamental concept to grasp about any type of graphic data is making the distinction between vector data and raster data. These two data types are as different as night and day, yet they can look the same. TIFF is a raster data format and DXF™ (data interchange file) is a vector format. Converting from raster to vector is not simple. Raster maps are best suited to some applications while vector maps are suited to others. 
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                                  The Raster Format


Raster data represents a graphic object as a pattern of dots, whereas vector data represents the object as a set of lines drawn between specific points. Consider a line drawn diagonally on a piece of paper. A raster file would represent this image by subdividing the paper into a matrix of small rectangles-similar to a sheet of graph paper-called cells (figure 1). Each cell is assigned a position in the data file and given a value based on the color at that position. White cells could be given the value 0; black cells, the value 1; grays would fall in-between. This data representation allows the user to easily reconstruct or visualize the original image. 
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                                The Vector Format


A vector data representation of the same diagonal line would record the position of the line by simply recording the coordinates of its starting and ending points. Each point would be expressed as two or three numbers (depending on whether the representation was 2D or 3D, often referred to as X,Y or X,Y,Z coordinates (figure 2). The vector is formed by joining the measured points.

Raster files are most often used: 

· For digital representations of aerial photographs, satellite images, scanned paper maps, and other applications with very detailed images. 

· When costs need to be kept down and backdrop maps are required. 

· When the map does not require analysis of individual map features. 

Vector maps are appropriate for: 

· Highly precise applications and small file sizes. 

· When individual map features require analysis. 

· When descriptive information must be stored. 

Raster and vector maps can also be combined visually. For example, a vector street map could be overlaid on a raster aerial photograph. The vector map would provide discrete information about individual street segments, the raster image, and a backdrop of the surrounding environment.

Hybrid System 
It is an integration of the best of Vector and Raster Models. The GIS technology is fast moving towards Hybrid model GIS.
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           “VARIOUS PROCESSES USED IN GIS”

The main processes used in the GIS are:

1. Global Positioning System (GPS).

2. Remote sensing.

3. Image Processing and Analysis.

4. Projection Systems.

The description of each of the processes now follows:

GLOBAL POSITIONING SYSTEMS

The Global Positioning System (GPS) is a burgeoning technology, which provides unequalled accuracy and flexibility of positioning for navigation, surveying and GIS data capture. The GPS NAVSTAR (Navigation Satellite timing and Ranging Global Positioning System) is a satellite-based navigation, timing and positioning system. The GPS provides continuous three-dimensional positioning 24 hrs a day throughout the world. The technology seems to be beneficiary to the GPS user community in terms of obtaining accurate data upto about100 meters for navigation, meter-level for mapping, and down to millimeter level for geodetic positioning. The GPS technology has tremendous amount of applications in GIS data collection, surveying, and mapping.

The positioning of an object could be done in two ways:

(a) Point Positioning:

                  With reference to some fixed three dimensional co-ordinate system.

(b) Relative Positioning:

                   With reference to some other point chosen of convenience.

Depending on the movements of the object to be positioned, positioning could be either:

               (a)Static Positioning:

                                 If the object is not moving. It is used in Surveying.

               (b)Kinematic Positioning:

                                 If the object is moving. It is used in Navigation.

The five basic logical steps in Global Postioning of any object are:

1. Triangulation from the satellite is the basis of the system. 

2. To triangulate, the GPS measures the distance using the travel time of the radio message. 

3. To measure travel time, the GPS need a very accurate clock. 

4. Once the distance to a satellite is known, then we need to know where the satellite is in space. 

5. As the GPS signal travels through the ionosphere and the earth's atmosphere, the signal is delayed. 

We have to take four satellite measurements in order to compute the position in three dimensions. The GPS satellites use a trigonometric approach to compute the distances. Since the GPS satellites are very high up in the orbit, so it is very easy to predict their exact position in space.

  
Components of a GPS


The GPS is divided into three major components 

· The Control Segment 

· The Space Segments 

· The User Segment 

The Control Segment

It consists of the monitoring stations (five in number) at Diego Garcia, Hawaii, Ascesion Islands, Colorado Springs, and Khwajlein Islands.Three of these viz. Ascesion, Diego Garcia, and Khwajlein serve as Uplinking Stations. These are capable of transferring data to the satellites, clock corrections, new messages or new ephemeredes (satellite positions as a function of time). The Colorado Springs works as the Master Control Station. It controls orbital corrections, when the satellites stray very far from their assigned orbits, and repositioning to compensate for unhealthy (not fully functional) satellites.

Meteorological data also are collected at the monitoring stations permitting the most accurate data for calculating the tropospheric delays in the signals sent to the satellite. Satellite tracking data from these monitoring stations are transmitted to the master control station for positioning and checking for all the ephemerides.

The Space Segment

The Space segment consists of constellation of satellites in the space. Eg. The current plan of the DoD in USA calls for 24 satellites in Space. Out of these, 21 would be operational while 3 would be in-orbit spares ready to replace the unhealthy satellites any time so that the performance would never deteoriate. The satellites are arrayed in 6 orbital planes inclined at 55 degrees to the equator. They orbit at an approx altitude of 12000 miles each.

Each satellite contains 4 precise atomic clocks (Rubidium and Cesium standard) and has a micro processor on-board for limited self-monitoring and data processing. The satellites are equipped with Thrusters which are helpful in getting the satellite  in its assigned orbit in case, they lose it.

The User Segment
The user segment consists of all earth based GPS receivers. The design of all receivers almost the same though they differ in their size and complexity depending on the quantity and type of data they have to access. A typical receiver is composed of an antennae and preamplifier, a radio signal micro processor, control and display device, data recording unit and a power supply. The GPS receiver decodes the timing signals as received by the visible satellites (normally 4 or more) and having calculated their distance calculates its own latitude, longitude, elevation and time. This is a continuous process and usually the position is updated on a second-by-second basis.

                   [image: image4.png]GPS Setup

ANTENNAE ANTANNAE
RECEVER RECENER
LAPTOP COMPUTER DATA COLLECTOR.

x

€ for Eaiing an
OfterentialCorrection

Host Computer with Database
Progamming

I






                               GPS setup 

GPS Positioning Types:

There are the following basic positioning types in a system:

· Absolute Positioning:

                  In this kind of positioning, we rely only upon a single receiver station. It is also called as the “Stand-Alone” GPS. The positions derived in the absolute mode are subject to the unmitigated errors inherent in the satellite positioning. The overall accuracy of absolute positioning is nothing greater than 50 to 100 meters.

 REMOTE SENSING   

Remote sensing is the science and art of acquiring information about material without directly coming in contact with it. Since no direct contact is made as such, thus there must be some way of transferring the required information about the object. In remote sensing for GIS, we use the “Electro Magnetic Radiations (EMR)”.EMR is a form of energy that produces considerable changes when it strikes some surface and making use of these changes we are able to get the required information about the object of interest. The EMR has a broadcast wavelength ranging from 0.30 to 15mm.

Types Of Remote Sensing 

1. Based on the type of energy resources:

· Passive Remote Sensing:      makes use of sensors that detect                      the reflected or emitted EMR from natural resources.

· Active Remote Sensing:         makes use of the sensors that detect the reflected or emitted EMR from artificially generated resources like Radars etc.

2. Based on the type of Wavelength Regions:

· Visible and reflective Infrared Remote Sensing

· Thermal Infrared Remote Sensing

· Microwave Remote Sensing

The Electro-Magnetic Radiation (EMR), which is reflected or emitted from an object, is the usual source of Remote Sensing data. However, any medium, such as gravity or magnetic fields, can be used in remote sensing. 

Remote Sensing Technology makes use of the wide range Electro-Magnetic Spectrum (EMS) from a very short wave "Gamma Ray" to a very long 'Radio Wave'.


Major Components of Remote Sensing Technology:


The following are major components of Remote sensing System: 

1. Energy Source 

2. Passive System: sun, irradiance from earth's materials; 

3. Active System: irradiance from artificially generated energy sources such as radar. 

4. Platforms:  (Vehicle to carry the sensor) (truck, aircraft, space shuttle, satellite, etc.)

5. Sensors:  (Device to detect electro-magnetic radiation) (camera, scanner, etc.)

6. Detectors: (Handling signal data) (photographic, digital, etc.)

7. Processing: (Handling Signal data) (photographic, digital etc.)

8. Institutionalization: (Organization for execution at all stages of remote-sensing technology: international and national organizations, centres, universities, etc.). 

An Ideal Remote Sensing System consists of the following:

· A Uniform Energy Source

· A non-interfering Atmosphere

· A Unique Energy/Matter interactions at the earth’s surface

· A Super Sensor

· A Real Time Data Handling System 

· Multiple Users.

Unfortunately, there is no Ideal Remote Sensing System that is possible to be made and no such working example of it could be given.

Remote Sensing Satellites:


A few examples of the Remote Sensing satellites already working in space are: 

               TRIOS series, NOAA, GMS, IRS etc.
IMAGE PROCESSING:    

Image processing and analysis could be defined as “the act of examining images for the purpose of identifying objects and judging their significance.” An Image Analyst studies the remotely sensed data and attempts through the logical processes to in detecting, identifying, classifying, measuring, and evaluating the various objects of concern, their patterns and spatial relationships.

 Digital Data: 

                Digital data could be  defined as the array of numbers depicting spatial distribution of field parameters ( eg. emmisivity, reflection of EMR, or some other topographic or geographic feature chosen to be the referencing data) . Associated with each pixel is a number called as DN (Digital Number) which depicts the average radiance of a relatively small area within the scene. The DN value often ranges from 0 to 255. As the pixel size is reduced, more scene details are preserved in the digital image.  

The remote sensing images are recorded in the Digital forms and these are then processed by powerful computers to interpret the given data. The images are available in the following two forms:

· Photographic Image

· Digital Image

Data Formats for Digital Satellite Imagery:

      A few of the popular data formats for the purpose are-

· Band Interleaved by Pixel (BIP) 

· Band Interleaved by Line (BIL) 

· Band Sequential (BQ) 

Image Resolution:

Image Resolution could be defined as “the ability of an Imaging System to record the fine details in a distinguishable manner.” Following are the types of resolutions :

· Spatial Resolution : It commonly refers to the width of the spectral      band used for the remote sensing purposes.

· Radiometric Resolution :It refers to the number of digital levels used to represent the data collected by the sensor. It is commonly expressed as the number of bits needed to store the maximum level.
· Spectral Resolution : It is defined through various criterion like the ability of the Imaging System to distinguish among the point targets, to distinguish for the repetivity, or other geometric properties of the geometric system.

· Temporal Resolution : It refers to the frequency with which the images of a particular location or object could be obtained. Satellites provide the best chance for frequent and regular data coverage.
Improving The Image

The analysis of remotely sensed data is done using various techniques which include :

1. Analog  Image Processing

2. Digital Image Processing.

Analog Image Processing is applied to hard copy data such as paper maps, photographs, etc.

Digital Image Processing is applied to the digital images by computers. This goes three general steps :

(a) Pre Processing

(b) Display and Enhancement

(c) Information Extraction
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                                               Digital Image Processing Flowchart
The Image Processing is the backbone of a GIS software in that it is only through the use of maps and digital data that GIS professional is able to interpret and give his judgement. If he feels problem with the images, little is the chance that he will be able to give good results.

PROJECTION SYSTEMS :

  We deal with objects that are three dimensional and we have to map them in two dimensions. This brings distortions in fields such as are, position, shape, distance, direction and even more.

A globe is a true representation of the earth which is divided into various sectors by the lines of latitudes and longitudes. This network is called a “graticule”. A map projection represents the preparation of the graticule on the flat surface. 

Types Of Projection Systems:

According to the quality they preserve, projections may be classified into three groups :- 

Equal area (Homolographic projection), 

Correct shape (Orthomorphic or Conformal projection), 

True bearing (Azimuthal projection). 

Classification based on preserved qualities 
While transferring the globe on a plane surface some facts should be kept in view: 

Preservation of area, 

Preservation of shape, 

Preservation of bearing i.e. direction and distance. 


Classification based on developable surface area 
There are some surfaces over which the sphere may be projected. After projection such surfaces may be cut open onto flat surface. These developable surfaces include  

Cylinder and  

Cone.  

This is very much an open area of research, and developments are going on to get the best possible methods to develop the best projection system.

                 “APPLICATIONS  OF  GIS”

Computerized mapping and spatial analysis have been developed simultaneously in several related fields. The present status would not have been achieved without close interaction between various fields such as utility networks, cadastral mapping, topographic mapping, thematic cartography, surveying and photogrammetery remote sensing, image processing, computer science, rural and urban planning, earth science, and geography. 

The GIS technology is rapidly becoming a standard tool for management of natural resources. The effective use of large spatial data volumes is dependent upon the existence of an efficient geographic handling and processing system to transform this data into usable information. 

The GIS technology is used to assist decision-makers by indicating various alternatives in development and conservation planning and by modeling the potential outcomes of a series of scenarios. It should be noted that any task begins and ends with the real world. Data are collected about the real world. Of necessity, the product is an abstraction; it is not possible (and not desired) to handle every last detail. After the data are analyzed, information is compiled for decision-makers. Based on this information, actions are taken and plans are made by professionals to be implemented in the real world. 



Major areas of application 

Different streams of planning
                                    Urban planning, housing, transportation planning architectural conservation, urban design, landscape. 

Street Network Based Application
                                It is an addressed matched application, vehicle routing and scheduling: location and site selection and disaster planning. 

Natural Resource Based Application
                                Management and environmental impact analysis of wild and scenic recreational resources, flood plain, wetlands, acquifers, forests, and wildlife. 

View Shed Analysis
                               Hazardous or toxic factories siting and ground water modeling. Wild life habitat study and migrational route planning. 

Land Parcel Based
                                Zoning, sub-division plans review, land acquisition, environment impact analysis, nature quality management and maintenance etc. 

Facilities Management
                                Can locate underground pipes and cables for maintenance, planning, tracking energy use. 

Considerable amount of research is underway to find various other areas of the implementation of the GIS and new horizons are continuously emerging. The day doesn’t seem to be far when GISs will be assisting us even in our business activities and other day to day works.

                    "ADVANTAGES OF GIS”

The Geographic Information System has been an effective tool for implementation and monitoring of municipal infrastructure. The use of GIS has been in vogue primarily due to the advantage mentioned below: 

Planning of project 

Make better decisions 

Visual Analysis 

Improve Organizational Integration 

Planning Of Project


Advantage of GIS is often found in detailed planning of project having a large spatial component, where analysis of the problem is a pre requisite at the start of the project. Thematic maps generation is possible on one or more than one base maps, example: the generation of a land use map on the basis of a soil composition, vegetation and topography. The unique combination of certain features facilitates the creation of such thematic maps. With the various modules within GIS it is possible to calculate surface, length, width and distance. 



Making Decisions


The adage "better information leads to better decisions" is as true for GIS as it is for other information systems. A GIS, however, is not an automated decision making system but a tool to query, analyze, and map data in support of the decision making process. GIS technology has been used to assist in tasks such as presenting information at planning inquiries, helping resolve territorial disputes, and siting pylons in such a way as to minimize visual intrusion. 

Visual Analysis

Digital Terrain Modeling (DTM) is an important utility of GIS. Using DTM/3D modeling, landscape can be better visualized, leading to a better understanding of certain relations in the landscape. Many relevant calculations, such as (potential) lakes and water volumes, soil erosion volume (Example: landslides), quantities of earth to be moved (channels, dams, roads, embankments, land leveling) and hydrological modeling becomes easier. 

Not only in the previously mentioned fields but also in the social sciences GIS can prove extremely useful. Besides the process of formulating scenarios for an Environmental Impact Assessment, GIS can be a valuable tool for sociologists to analyze administrative data such as population distribution, market localization and other related features. 



Improving Organizational Integration


Many organizations that have implemented a GIS have found that one of its main benefits is improved management of their own organization and resources. Because GIS has the ability to link data sets together by geography, it facilitates interdepartmental information sharing and communication. By creating a shared database one department can benefit from the work of another--data can be collected once and used many times. 

As communication increases among individuals and departments, redundancy is reduced, productivity is enhanced, and overall organizational efficiency is improved. Thus, in a utility company the customer and infrastructure databases can be integrated so that when there is planned maintenance, affected people can be informed by computer-generated letters.

                                “CONCLUSION”

With the changing environment around us and keeping the fact in mind that computers are becoming better in performance and cheaper in cost, it could be said the future GISs would be cheaper. This technology is finding its applications in almost all the quarters of life now. It is readily affecting our lives in many ways and in cases we are not even aware of it.

GIS could definitely be termed as the technology of the future with various job opportunities for engineers, geologists, operators, professionals, etc.

          This technology is going to stay here for a very long time to come. 
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