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I. COURSE OVERVIEW: 

GIS Laboratory provides an integrated platform for studying, analyzing, and applying geospatial technologies. 

It equips students and researchers with hands-on experience in acquiring, processing, analyzing, and visualizing 

spatial data for applications in environmental studies, urban planning, agriculture, forestry, water resources, 

disaster management, and infrastructure development. 

 

II. COURSES OBJECTIVES: 

The students will try to learn 

I. Identify different objects and components present in a remote sensing image using visual image  

  Interpretation technique. 

II. The basic concepts and components of QGIS.  

III. Acquire knowledge on Geo referencing and creation of data. 

IV. How to use of Geo processing tools for query and analysis. 

 
III. COURSE OUTCOMES: 

At the end of the course students should be able to: 

 

CO1 Understand the fundamentals of GIS and digital mapping and explain the role of QGIS in 

geospatial data analysis. 

CO2 Perform georeferencing for  various engineering and environmental applications. 

CO3 Analyze spatial data using vector and raster processing tools available in QGIS. 

CO4 Apply spatial and attribute queries to extract, interpret, and visualize geographic information 

effectively. 

CO5 Integrate geospatial data from different sources for decision-making and problem-solving in civil 

and environmental engineering. 

CO6 Use QGIS for sustainable planning, resource management, and infrastructure development 

through digital mapping techniques. 
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MODULE - I INTRODUCTION TO GIS AND QGIS 

Fundamentals of Geographic Information Systems (GIS),Components and applications of GIS, Introduction to QGIS 

interface and tools, Installation and configuration of QGIS, Coordinate Reference Systems (CRS) and map projections, 

Loading and managing spatial data 

MODULE - II VISUAL IMAGE INTERPRETATION 

Fundamentals of Remote Sensing, Types of Remote Sensing Platforms and Sensors, Elements of Visual Image 

Interpretation: Tone, colour, texture, pattern, shape size, shadow, Site and association Applications of Visual Image 

Interpretation 

MODULE - III IDENTIFICATIONS OF DIFFERENT TYPES OF TERRAIN FEATURES 

Concept and importance of terrain analysis, Types of terrain features, Identification of Major Landforms: 

Mountain,Plateaus,Plains, Valleys, Rivers and Streams, Lakes, Reservoirs, and Wetlands using toposheets and  

Satellite Images.    

 

MODULE - IV: GEOREFERENCING 

Introduction to Georeferencing, Toposheets and Their Components, Preparation of Toposheets for 

Georeferencing, Ground Control Points (GCPs), Georeferencing Process in QGIS 

MODULE - V: SPATIAL DATA CREATION IN QGIS 

Basics of Spatial Data, Types of Spatial Features (Point, Line, Polygon), Creating New Shapefiles,     

Creating Point Layers, Creating Line Layers, Creating Polygon Layers, basic digitization. 
 

V. TEXT BOOKS: 
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DIGITAL MAPPING WITH QGIS 

 

I. Introduction to GIS and QGIS 

 

1.1 Fundamental of Geographic Information Systems 

 
 

A Geographic Information System (GIS) is a computer-based system used to collect, store, manage, analyze, 

and display geographically referenced data. It helps users understand spatial relationships, patterns, and 

trends by integrating location information with descriptive data. 

Components of GIS 

Hardware – Computers, GPS devices, scanners, and servers used to process and store geographic data. 

Software – GIS software such as QGIS and ArcGIS used for mapping and analysis. 

Data – Spatial data (maps, satellite images) and attribute data (population, land use, soil type, etc.). 

People – GIS professionals, engineers, planners, and decision-makers who use GIS. 

Methods – Procedures and techniques used for data collection, analysis, and interpretation. 

 

Introduction to QGIS interface and tools 

QGIS (Quantum Geographic Information System) is a free and open-source GIS software used for creating, 

editing, visualizing, analyzing, and publishing geospatial data. It provides a user-friendly interface and 

powerful tools for digital mapping and spatial analysis. 

 

Introduction to QGIS interface and tools 
QGIS (Quantum Geographic Information System) is a free and open-source GIS software used for creating, 

editing, visualizing, analyzing, and publishing geospatial data. It provides a user-friendly interface and 

powerful tools for digital mapping and spatial analysis. 

 

Main Components of the QGIS Interface 
Menu Bar 

Located at the top of the QGIS window. 

Provides access to commands such as Project, Edit, View, Layer, Settings, Plugins, and Help. 
Toolbars 

Contain shortcut buttons for commonly used functions. 

Examples: Open Project, Save Project, Zoom In, Zoom Out, Select Features, and Add Layers. 

Browser Panel 

Used to browse and access spatial data files, databases, and online resources. 

Helps in quickly adding data to a project. 

Layers Panel 

Displays all layers loaded in the project. 

Allows users to manage layer visibility, order, and properties. 
Map Canvas 

The main working area where maps and spatial data are displayed. 

Used for viewing, editing, and analyzing geographic information. 
Status Bar 

Located at the bottom of the window. 

Shows map scale, coordinates, CRS information, and progress of operations. 

 

 

 

 



 
 

 

Common QGIS Tools 

Add Vector Layer – Loads vector data such as points, lines, and polygons. 

Add Raster Layer – Loads raster data such as satellite images and DEMs. 

Zoom Tools – Zoom in, zoom out, and pan across the map. 

Identify Features Tool – Displays information about selected map features. 

Select Features Tool – Selects spatial features for editing or analysis. 

Measure Tool – Measures distances, areas, and angles. 

Digitizing Tools – Create and edit points, lines, and polygons. 

Attribute Table – View and edit feature attributes. 

Geoprocessing Tools – Perform buffer, clip, union, and intersect operations. 

 

Installation and configuration of QGIS 

 

Installation of QGIS 

 

QGIS is a free and open-source Geographic Information System (GIS) software used for mapping and spatial data 

analysis. 

 

Steps to Install QGIS 

Visit the official QGIS website: 

QGIS Official Website 

 

Click Download Now and choose the version suitable for your operating system: 

Windows 

Linux 

macOS 

Download the Long Term Release (LTR) version for better stability. 

Run the installer and follow the installation wizard: 

Accept the license agreement. 

Select installation location. 

Choose required components. 

Click Install. 

After installation, launch QGIS from the desktop shortcut or application menu.



Coordinate Reference Systems 
 

 

A Coordinate Reference System (CRS) is a framework used to define the location of geographic 

features on the Earth's surface. It provides a standard method for assigning coordinates to spatial data 

so that locations can be accurately mapped and analyzed. 

 

Types of CRS 

1. Geographic Coordinate System (GCS) 

Uses latitude and longitude coordinates. 

Represents locations on a spherical or ellipsoidal Earth. 

Units are measured in degrees. 

Example: WGS 84 (EPSG:4326). 

2. Projected Coordinate System (PCS) 

Converts the curved surface of the Earth into a flat map. 

Uses linear units such as meters or feet. 

Suitable for accurate distance, area, and direction measurements. 

Example: UTM (Universal Transverse Mercator). 

 

Map Projections 

A map projection is a mathematical method used to transform the Earth's three-dimensional 

surface onto a two-dimensional map. 

Since the Earth is curved, it is impossible to create a flat map without some distortion. Different 

projections are designed to minimize specific types of distortion. 

 

 

 
 

 

                                 Fig: Coordinate Reference System 

  

Common Examples 

WGS 84 (EPSG:4326) – Geographic Coordinate System. 

UTM (Universal Transverse Mercator) – Projected Coordinate System. 

 



Loading and Managing Spatial Data 

 

Introduction 

 

Spatial data represents the location, shape, and attributes of geographic features. In QGIS, spatial data 

can be loaded, viewed, edited, and managed for mapping and analysis purposes. 

 

2. Loading Spatial Data in QGIS 

1. Loading Vector Data 

Vector data represents geographic features as points, lines, and polygons. 

 

Steps: 

Open QGIS. 

Click Layer → Add Layer → Add Vector Layer. 

Browse and select the vector file (e.g., Shapefile, GeoJSON, KML). 

Click Add to display the layer on the map. 

 

2. Loading Raster Data 

 

Raster data consists of grid cells or pixels, such as satellite images and Digital Elevation Models (DEMs). 

Steps: 

 

Click Layer → Add Layer → Add Raster Layer. 

Select the raster file (e.g., TIFF, JPEG, PNG). 

I. Click Add to load the data. 

II. Loading Online and Database Data 

III. OpenStreetMap (OSM) data 

IV. WMS/WFS web services 

V. Spatial databases such as PostgreSQL/PostGIS 

VI. Managing Spatial Data 

VII. Layer Management 

VIII. Add and remove layers. 

IX. Change layer order. 

X. Turn layer visibility on or off. 

XI. Group related layers. 

Visual Image Interpretation 
 

Fundamentals of Remote Sensing 
 



Introduction 

Remote Sensing is the science and technology of obtaining information about objects, areas, or phenomena 

on the Earth's surface without making direct physical contact. It involves the collection and analysis of data 

using sensors mounted on satellites, aircraft, drones, or other platforms. 

Definition 

Remote sensing is the process of detecting and monitoring the physical characteristics of an area by 

measuring reflected or emitted electromagnetic energy from a distance. 

 

 

Components of Remote Sensing 

Energy Source  

Provides electromagnetic radiation.  

The Sun is the primary natural source of energy.  

Atmosphere  

Energy passes through the atmosphere where absorption and scattering may occur.  

Target/Object  

Features on the Earth's surface such as water bodies, vegetation, soil, and buildings.  

Sensor  

Records reflected or emitted energy from the target.  

Platform  

Carries the sensor, such as satellites, aircraft, or drones.  

Data Processing and Interpretation  

Collected data are processed and analyzed to extract useful information.  

Types of Remote Sensing 

1. Passive Remote Sensing 

Uses natural energy from the Sun.  

Measures reflected sunlight from objects.  

Example: Optical satellite imagery.  

2. Active Remote Sensing 

Uses its own energy source.  

Emits energy and records the reflected signal.  

Example: Radar and LiDAR systems. 
 

 

                   
 

 



Types of Remote Sensing Platforms and Sensors 

Remote Sensing Platforms 

A platform is the carrier that holds the sensor and collects data from the Earth's surface. 

1. Ground-Based Platforms 

Sensors are placed on the ground. 

Used for detailed local studies and calibration. 

Examples: Tripods, towers, vehicles. 

 2. Airborne Platforms 

Sensors are mounted on aircraft, helicopters, or drones. 

Provide high-resolution images over specific areas. 

Suitable for mapping and environmental monitoring. 

3. Spaceborne Platforms 

Sensors are mounted on satellites orbiting the Earth. 

Cover large areas and provide repeated observations. 

Used for weather forecasting, resource mapping, and environmental studies 

 
 
 
 
 
 
 
 

 
 
 

Fig: Platforms  and Sensors 

 

Elements of Visual Image Interpretation 
 

 

Elements of Visual Image Interpretation 

 

Visual image interpretation involves identifying and analyzing objects on aerial photographs or satellite 

images using various interpretation elements. 

 

1. Tone and Colour 

Tone refers to the brightness or darkness of an object in a black-and-white image. 

Colour refers to the appearance of objects in color images. 

Different features have different tones and colors. 

Example: Water bodies usually appear dark, while bare soil appears light. 

2. Texture 



Texture is the frequency of tonal variation in an image. 

It indicates whether a surface is smooth or rough. 

Example: 

Grassland → Smooth texture 

Forest → Rough texture 

3. Pattern 

Pattern is the spatial arrangement of objects. 

It helps identify land use and natural features. 

Example: 

Orchards show a regular pattern. 

Natural forests show an irregular pattern. 

4. Shape 

Shape refers to the outline or form of an object. 

Many features can be identified by their characteristic shapes. 

Example: 

Runways are long and narrow. 

Circular tanks have a round shape. 

5. Size 

Size refers to the dimensions of an object. 

It helps distinguish similar features. 

Example: 

A highway is wider than a local road. 

A lake is larger than a pond. 

6. Shadow 

Shadows provide information about the height, shape, and orientation of objects. 

Useful for identifying tall structures. 

Example: 

Buildings, towers, and trees cast distinct shadows. 

7. Site 

Site refers to the geographic location or position of an object. 

Certain features occur in specific locations. 

Example: 

Mangroves are found near coastal areas. 

Bridges occur across rivers. 

8. Association 

Association refers to the relationship between one feature and nearby features. 

Objects are often identified by surrounding features. 

 

 



            
 

               

 

Applications of Visual Image Interpretation 

Applications of Visual Image Interpretation 

 

Visual Image Interpretation is widely used to identify, classify, and analyze features from aerial photographs 

and satellite images for various engineering, environmental, and resource management applications. 

 

1. Land Use and Land Cover Mapping 

Identification of agricultural land, forests, water bodies, urban areas, and barren land. 

Preparation of land use and land cover maps. 

2. Geological Studies 

Identification of rock types, geological structures, faults, folds, and lineaments. 

Mineral exploration and geological mapping. 

3. Agriculture 

Crop identification and monitoring. 

Assessment of crop health and cultivation patterns. 

Agricultural land management. 



4. Forest Resource Management 

Forest type classification. 

Monitoring deforestation and forest degradation. 

Estimation of forest cover. 

5. Water Resources Management 

Mapping rivers, lakes, reservoirs, and wetlands. 

Watershed and drainage analysis. 

Monitoring water resource changes. 

6. Urban and Regional Planning 

Mapping settlements and urban growth. 

Infrastructure planning and development. 

Land use planning and zoning. 

7. Environmental Monitoring 

Detection of environmental changes. 

Monitoring pollution and ecosystem conditions. 

Assessment of natural resources. 

8. Disaster Management 

Flood mapping and damage assessment. 

Landslide and drought monitoring. 

Disaster risk assessment and mitigation planning. 

9. Transportation Planning 

Identification of roads, railways, airports, and transportation networks. 

Route alignment and infrastructure development. 

10. Civil Engineering Applications 

Site selection for dams, highways, bridges, and buildings. 

Terrain and drainage analysis. 

Planning and management of construction project. 

 

           



 
 

Fig: Applications of Visual Image Interpretation 

 

Identifications of Different Types of Terrain Features 
 

Concept and Importance of terrain Analysis 
 

Terrain Analysis is the study and evaluation of the Earth's surface features such as elevation, slope, aspect, 

relief, and landforms. It involves identifying and analyzing terrain characteristics using topographic maps, 

satellite imagery, Digital Elevation Models (DEMs), and GIS tools. 

Terrain analysis helps in understanding the physical characteristics of the land and their influence on natural 

processes and human activities. 

Major Terrain Parameters 

Elevation  

Slope  

Aspect (direction of slope)  

Relief  

Drainage patterns  

Landforms (hills, valleys, plains, plateaus, etc.)  

Importance of Terrain Analysis 

1. Site Selection 

Helps select suitable locations for dams, bridges, buildings, and other engineering projects.  

2. Route Planning 

Assists in designing roads, railways, canals, and pipelines by identifying the most suitable terrain.  

3. Watershed Management 

Helps analyze drainage systems and water flow for effective watershed planning.  

4. Disaster Management 

Identifies areas prone to landslides, floods, and soil erosion.  



Supports hazard assessment and mitigation planning.  

5. Land Use Planning 

Assists in urban development, agriculture, forestry, and resource management.  

6. Environmental Studies 

Supports the study of ecosystems, vegetation distribution, and environmental changes.  

7. Civil Engineering Applications 

Provides information for foundation design, slope stability analysis, and construction planning.  

 

 

Applications of Terrain Analysis 

Highway and railway alignment  

Dam and reservoir planning  

Urban and regional planning  

Flood and landslide risk assessment  

Agricultural land evaluation  

Natural resource management 

 

Fig: Different Terrain Features 

Types of Terrain Features 
 

 

Terrain features are the natural physical characteristics of the Earth's surface. They are formed by geological 

processes, erosion, deposition, and tectonic activities. 

 

1. Mountains 

High elevated landforms with steep slopes. 

Formed by tectonic movements and volcanic activity. 

Example: Himalayas 



2. Hills 

Elevated areas with lower height and gentler slopes than mountains. 

Often occur in groups or ranges. 

3. Plateaus 

Elevated flat-topped regions. 

Created by volcanic activity or uplift of the Earth's crust. 

Example: Deccan Plateau 

4. Plains 

Broad, flat, or gently rolling areas. 

Suitable for agriculture, settlements, and transportation. 

5. Valleys 

Low-lying areas between hills or mountains. 

Usually formed by river erosion or glacial activity. 

6. Ridges 

Long, narrow elevated landforms. 

Separate adjacent drainage basins or valleys. 

7. Basins 

Low areas surrounded by higher land. 

Often collect water and sediments. 

8. Depressions 

Areas lower than the surrounding terrain. 

May contain lakes, wetlands, or salt flats. 

 

 

              
 

              Fig: Types of Terrain Features    
 
 

3.4  Identification of Major Landforms: Mountain,Plateaus,Plains using toposheets 

and Satellites 
 

 

 
Topographic sheets (Toposheets) represent the Earth's surface through contour lines, symbols, and 

elevations. Major landforms can be identified by studying contour patterns. 

 

1. Mountains 

Characteristics 

High elevated landforms with steep slopes. 

Contour lines are closely spaced, indicating a steep gradient. 

Higher elevations are shown towards the center. 

Identification on Toposheets 



Numerous closed contour lines. 

Contours are very close together. 

Elevation increases towards the summit. 

 
Example 

          
                 Fig: Example of Mountain in toposheets 

 

2. Plateaus 

Characteristics 

Elevated flat-topped regions. 

Steep sides with a relatively level surface. 

Identification on Toposheets 

Contour lines are closely spaced at the edges. 

Contours become widely spaced on the top surface. 

Elevation remains nearly uniform over a large area. 

Example 

Flat elevated regions such as the Deccan Plateau. 
                      
 
 



   
        Fig: Example of Plateau 

   

3. Plains 

Characteristics 

Broad, flat, or gently sloping areas. 

Low relief and minimal elevation differences. 

Identification on Toposheets 

Contour lines are absent or very widely spaced. 

Nearly uniform elevation throughout the area. 

Rivers often meander across plains. 

Example 

Agricultural and settlement regions. 

Identification of Major Landforms: Valleys, Rivers and Streams, Lakes, Reservoirs, 

and Wetlands using toposheets and Satellites 
 

 

 

1. Valleys 

Characteristics 

Low-lying areas between hills or mountains. 

Usually formed by river erosion. 

Identification on Toposheets 

Contour lines form a "V" shape pointing towards higher elevations (upstream). 

A river or stream is often present in the valley. 

                         



2. Rivers and Streams 

Characteristics 

Natural flowing water channels. 

Streams are smaller than rivers. 

Identification on Toposheets 

Shown by blue lines. 

Follow the lowest elevations. 

Contours bend upstream where they cross a river or stream. 

 

3. Lakes 

Characteristics 

Natural inland water bodies surrounded by land. 

Identification on Toposheets 

Shown as enclosed blue areas. 

No contour lines within the water surface. 

Generally have a defined shoreline boundary. 

                

Fig: Lakes in Toposheet 

   

4. Georeferncing 
 

4.1 Introduction to Georeferncing 
 

 

 

 

Georeferencing is the process of assigning real-world geographic coordinates to a map, image, aerial 

photograph, or satellite image so that it can be accurately positioned on the Earth's surface. 

 

It establishes a relationship between the image coordinates (pixels) and geographic coordinates (latitude and 

longitude or projected coordinates). 

 

Need for Georeferencing 

To align scanned maps with real-world locations. 

To integrate data from different sources into a GIS environment. 

To improve the accuracy of spatial analysis. 

To enable map overlay and comparison. 

 

 

Basic Principle 



 

Georeferencing is performed by selecting Ground Control Points (GCPs) on an image and matching them 

with their known coordinates on a reference map or GPS data. 

 

Steps in Georeferencing 

Load the scanned map or image. 

Select Ground Control Points (GCPs). 

Enter corresponding geographic coordinates. 

Choose a transformation method. 

Apply the transformation. 

Save the georeferenced image. 

 

 

 
 

     Fig: Georeferencing  

 

4.2 Toposheet and their Components 
 

 

Introduction to Toposheets 

A Topographical Sheet (Toposheet) is a detailed map prepared by surveying organizations that shows both 

natural and man-made features of an area using conventional symbols, contour lines, and colors. Toposheets 

provide information about relief, drainage, settlements, transportation, vegetation, and land use. 

 

In India, topographical maps are prepared by the Survey of India. 

 

Components of a Toposheet 

1. Title and Sheet Number 

Identifies the map and its location. 

Each toposheet has a unique sheet number for reference. 

2. Scale 

Indicates the relationship between map distance and ground distance. 

Example: 1:50,000 means 1 cm on the map represents 500 m on the ground. 

 

3. Contour Lines 

Lines joining points of equal elevation. 



Used to represent relief and terrain features. 

4. Grid System 

Horizontal and vertical lines used for locating places accurately. 

Helps in determining coordinates and map references. 

5. North Direction 

Indicates the orientation of the map. 

Usually shown by a north arrow. 

6. Legend (Conventional Signs and Symbols) 

Explains symbols used on the map. 

Represents roads, railways, rivers, settlements, vegetation, and other features. 

7. Relief Features 

Mountains, hills, valleys, plateaus, plains, ridges, and depressions shown using contours and spot heights. 

8. Drainage Features 

Rivers, streams, lakes, reservoirs, canals, and wetlands. 

9. Settlements 

Villages, towns, cities, and isolated buildings. 
 

 

 

4.3. Preparation of Toposheet for Georeferencing 

Introduction 

Before georeferencing, a toposheet must be properly prepared so that it can be accurately aligned with 

real-world coordinates in GIS software such as QGIS. Proper preparation improves the accuracy of mapping 

and spatial analysis. 

 

Steps in Preparing Toposheets for Georeferencing 

 

1. Obtain a Clear Toposheet 

Use a clean and undamaged toposheet.  

Ensure all map details, grid lines, and coordinates are clearly visible.  

2. Scan the Toposheet 

Scan the map at a suitable resolution (generally 300–600 dpi).  

Save the scanned image in formats such as JPG, PNG, or TIFF.  

3. Check Map Information 

Identify the map scale.  

Note the coordinate system and projection, if available.  

Verify grid references and map boundaries.  

4. Identify Control Points 

Locate known reference points such as:  

Grid intersections  

Latitude and longitude marks  

Benchmarks  

Survey control points  

These points will be used as Ground Control Points (GCPs). 

 

 

 

4.4 Ground Control Points(GCPs) 

Introduction 



Ground Control Points (GCPs) are known locations on the Earth's surface with accurately determined 

coordinates. They are used in georeferencing to align a scanned map, aerial photograph, or satellite image 

with its correct geographic position. 

GCPs establish a relationship between image coordinates (pixels) and real-world coordinates (latitude, 

longitude, or projected coordinates). 

Characteristics of Good GCPs 

Easily identifiable on both the image and reference map.  

Permanently fixed features.  

Well distributed across the entire image.  

Accurate and reliable coordinates.  

Clearly visible and unambiguous.  

Examples of GCPs 

Road intersections  

Bridge locations  

Survey benchmarks  

Building corners  

Railway crossings  

Grid intersections on toposheets  

Trigonometric stations 

 

4.5 Georeferencing Process in QGIS 

Introduction 

Georeferencing is the process of assigning real-world coordinates to a scanned map, aerial photograph, or 

satellite image so that it can be accurately positioned on the Earth's surface. In QGIS, georeferencing is 

performed using the Georeferencer Tool. Features: 

 

Steps for Georeferencing in QGIS 
Step 1: Open QGIS 

Launch QGIS software.  

Create a new project.  

Step 2: Open Georeferencer 

Go to Raster → Georeferencer.  

The Georeferencer window will open.  

Step 3: Load the Scanned Toposheet/Image 

Click Open Raster.  

Select the scanned map or image to be georeferenced.  

Step 4: Add Ground Control Points (GCPs) 

Click Add Point.  

Select a known location on the image.  

Enter its corresponding map coordinates (X, Y) or select them from a reference layer.  

Repeat for multiple points across the image.  

Step 5: Check GCP Distribution 

Ensure GCPs are spread across the entire image.  

Include points near corners and the center for better accuracy.  

Step 6: Select Transformation Settings 

Click Transformation Settings.  

Choose:  

Transformation Type (Linear, Polynomial, etc.)  



Target CRS (e.g., WGS 84)  

Output Raster File Location  

Step 7: Start Georeferencing 

Click Start Georeferencing.  

QGIS processes the image and assigns geographic coordinates.  

 

Step 8: Load the Georeferenced Image 

The output raster is automatically added to the QGIS project.  

Verify alignment with other GIS layers. 

 

 

5. Spatial Data Creation in QGIS 
 

5.1 Basics of Spatial Data, Types of Spatial Features (Point, Line, Polygon) 
 

Introduction 

Spatial Data is information that represents the location, shape, and characteristics of geographic features on 

the Earth's surface. It is the fundamental data used in GIS for mapping, analysis, and decision-making. 

 

Spatial data answers the question "Where?" and is usually linked with attribute data that answers "What?". 

 

Components of Spatial Data 

Location – Geographic position of a feature. 

Geometry – Shape of the feature. 

Attributes – Descriptive information about the feature. 

 

Types of Spatial Data 

Vector Data 

Raster Data 

 

Types of Spatial Features 

 

1. Point Features 

Description 

A point represents a single location on the Earth's surface and has no length or area. 

Examples 

Wells  

Schools  

Bus Stops  

Survey Stations  

Trees  

 

Characteristics 

Defined by X and Y coordinates.  

Used for small features. 

 

Line Features 

Description: A line represents linear geographic features having length but no area. 

 

Examples 

Roads 



Rivers 

Railway Lines 

Pipelines 

Power Transmission Lines 

Characteristics 

Formed by connecting multiple points. 

Represents movement or connectivity. 

3. Polygon Features 

Description: A polygon represents an area enclosed by connected lines. 

Examples 

Lakes 

Agricultural Fields 

Forest Areas 

Land Parcels 

Administrative Boundaries 

 

 5.2 Creating New Shapefiles,      

Introduction 

A Shapefile (.shp) is a popular vector data format used in GIS to store geographic features such as points, 

lines, and polygons along with their attribute information. 

Creating a new shapefile is one of the basic tasks in QGIS for developing spatial datasets. 

Steps to Create a New Shapefile in QGIS 

Step 1: Open QGIS 

Launch QGIS software.  

Create a new project.  

Step 2: Create a New Shapefile Layer 

Go to Layer → Create Layer → New Shapefile Layer.  

The "New Shapefile Layer" dialog box will appear.  

Step 3: Select Geometry Type 

Choose the type of feature to be created: 

Point – Wells, Schools, Trees  

Line – Roads, Rivers, Pipelines  

Polygon – Lakes, Land Parcels, Forests  

Step 4: Set Coordinate Reference System (CRS) 

Select the desired CRS.  

Example: WGS 84 (EPSG:4326).  

Step 5: Create Attribute Fields 

Add fields to store information about features. 

Step 6: Save the Shapefile 

Click Save to File. 

Choose a folder and file name. 

Click OK. 

 



                      
                                    Fig: Creating Shapefiles in QGIS 

 

5.3 Creating Point, Line and Polygon Layers in QGIS 

 

1. Creating Point Layers 

Introduction 

A Point Layer is used to represent features that have a specific location but no length or area. 

Examples 

Schools  

Wells  

Trees  

Bus Stops  

Survey Stations  

Steps 

Go to Layer → Create Layer → New Shapefile Layer.  

Select Point as the geometry type.  

Define attribute fields (ID, Name, etc.).  

Save the layer.  

Enable Toggle Editing.  

Use Add Point Feature to place points on the map.  

Save edits. 

 

2. Creating Line Layers 

Introduction 

A Line Layer represents linear features that have length but no area. 



Examples 

Roads  

Rivers  

Railways  

Pipelines  

Power Lines  

Steps 

Create a new shapefile layer.  

Select Line as the geometry type.  

Add required attribute fields.  

Save the layer.  

Enable editing mode.  

Use Add Line Feature to draw lines.  

Save edits. 

3. Creating Polygon Layers 

Introduction 

A Polygon Layer represents area features enclosed by boundaries. 

Examples 

Lakes  

Agricultural Fields  

Forest Areas  

Land Parcels  

Administrative Boundaries  

Steps 

Create a new shapefile layer.  

Select Polygon as the geometry type.  

Define attribute fields.  

Save the layer.  

Enable editing mode.  

Use Add Polygon Feature to draw closed areas.  

Save edits. 

 



5.4 Basic digitization. 
Introduction 

Digitization is the process of converting features from paper maps, toposheets, aerial photographs, or 

satellite images into digital vector data (points, lines, and polygons) in a GIS environment. 

 

Digitization allows geographic features to be stored, edited, analyzed, and displayed digitally. 

 

Types of Digitization 

1. Point Digitization 

 

Used to represent individual locations. 

Examples: 

Schools 

Wells 

Trees 

Bus Stops 

2. Line Digitization 

Used to represent linear features. 

Examples: 

 

Roads 

Rivers 

Railways 

Canals 

3. Polygon Digitization 

 

Used to represent area features. 

Examples: 

 

Lakes 

Forests 

Agricultural Fields 

Land Parcels 

Steps for Basic Digitization in QGIS 

Step 1: Load Base Map 

Open QGIS. 

Add a georeferenced toposheet, satellite image, or raster map. 

Step 2: Create a New Layer 

Go to Layer → Create Layer → New Shapefile Layer. 

Select Point, Line, or Polygon geometry. 

Step 3: Start Editing 

Select the layer. 

Click Toggle Editing. 

Step 4: Digitize Features 

Use Add Point Feature for points. 

Use Add Line Feature for lines. 

Use Add Polygon Feature for polygons. 

Trace features carefully from the base map. 



Step 5: Enter Attributes 

Fill in attribute information such as ID, Name, Type, etc. 

Step 6: Save Edits 

Click Save Layer Edits. 

Turn off editing mode. 

 

 
Fig: Digitization in QGIS 

 


