UNIT -1
Concept of Remote Sensing

Remote sensing is a powerful technique that allows us to gather information about an object or area
without physically being in contact with it. Remote sensing provides a valuable tool for observing
and understanding the Earth's surface and atmosphere from a distance. This technology plays a
crucial role in various scientific, environmental, and commercial applications.

e Data Acquisition from a Distance: The fundamental idea is to obtain information without
direct physical interaction. This is typically achieved using sensors mounted on platforms
like satellites, aircraft, or drones.

e Electromagnetic Radiation: A primary method involves detecting and measuring
electromagnetic radiation (EMR) that is reflected or emitted from the Earth's surface. This
includes visible light, infrared radiation, and microwaves.

o Sensors: Sensors are the instruments that detect and record EMR. They can be:
= Passive sensors: These detect naturally emitted or reflected radiation (e.g.,
sunlight).
= Active sensors: These emit their own energy and then measure the reflected
signal (e.qg., radar).
o Data Analysis:
o The collected data is then processed and analyzed to extract meaningful information
about the target object or area.

Applications:
Remote sensing has a wide range of applications across various fields, including:

o Environmental Monitoring:

o Tracking deforestation, monitoring water quality, assessing climate change impacts.
o Agriculture:

o Crop monitoring, yield prediction, precision agriculture.
o Disaster Management:

o Mapping flood zones, monitoring wildfires, assessing earthquake damage.
e Urban Planning:

o Land use analysis, urban growth monitoring.
e Geology:

o Mineral exploration, geological mapping.
e Oceanography:

o Sea surface temperature monitoring, ocean current tracking.

Elements involved in remote sensing

Remote sensing is the science 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.



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 and interact with the atmosphere. 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.

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 inorder
to better understand it, reveal some new information, or assist in solving a particular problem.

ELECTROMAGNETIC SPECTRUM

The electromagnetic spectrum is essentially the range of all types of electromagnetic radiation
(EMR). This radiation travels in waves and spans an enormous range of wavelengths and
frequencies.

e The electromagnetic spectrum is fundamental to many technologies and scientific fields.
o Remote sensing relies heavily on detecting and analyzing EMR across different parts of the
spectrum.



« It plays a crucial role in communication, medicine, astronomy, and many other areas.
Electromagnetic Radiation:

o This is a form of energy that travels through space as waves.
o Itincludes everything from radio waves to gamma rays.
o Wavelength and Frequency:
o These are key properties of EMR.
o Wavelength is the distance between successive wave crests.
o Frequency is the number of waves that pass a point in a given time.
o Wavelength and frequency are inversely related: shorter wavelengths mean higher
frequencies, and vice versa.
e The Spectrum:
o The electromagnetic spectrum organizes EMR by wavelength or frequency.
o It's divided into distinct regions, including:
= Radio waves: Longest wavelengths, lowest frequencies.
= Microwaves: Used in cooking and communication.
= Infrared radiation: Associated with heat.
= Visible light: The portion we can see with our eyes.
= Ultraviolet radiation: From the sun, can cause sunburn.
= X-rays: Used in medical imaging.
= Gamma rays: Shortest wavelengths, highest frequencies.
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Remote sensing terminology & units

Remote sensing requires familiarity with its specialized terminology and the units used to measure
various parameters.
Units of Measurement:

Wavelength:
o Measured in micrometers (um) or nanometers (nm).
Frequency:
o Measured in Hertz (Hz).
Spatial Resolution:
o Measured in meters (m).
Radiance/Irradiance:



o These are measurements of electromagnetic radiation, and have complex units
involving watts per square meter, and steradians.
o Degrees:
o Used to measure angles, such as those related to sensor viewing angles.

ENERGY 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.

Figure Energy Interaction with Atmosphere

SCATTERING

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.

RAYLEIGH SCATTERING

Rayleigh scattering occurs when particles are very small compared to the wavelength of the
radiation. These could be articles 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 visible wavelengths

ATMOSPHERIC INTERACTIONS WITH ELECTROMAGNETIC RADIATION

All electromagnetic radiation detected by a remote sensor has to pass through the atmosphere
twice, before and after its interaction with earth's atmosphere. This passage will alter the
speed, frequency, intensity, spectral distribution, and direction of the radiation.

As a result atmospheric scattering and absorption occurs. These effects are most severe in
visible and infrared wavelengths, the range very crucial in remote sensing. During the
transmission of energy through the atmosphere, light interacts with gases and particulate
matter in a process called atmospheric scattering.

The two major processes in scattering are selective scattering and non- selective scattering.

Rayleigh, Mie and Raman scattering are of selective type. Non selective scattering is
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independent of wavelength. It is produced by particles whose radii exceed 10 micrometer,
such as, water droplets and ice fragments present the clouds.

Satellite Orbits

Satellite orbits are the paths that satellites follow around the Earth or other celestial bodies.These
paths are determined by a balance between the satellite's velocity and the gravitational pull of the body it's

orbiting.
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Types of Satellite Orbits:

e Low Earth Orbit (LEO):
o Altitude: Typically 160 to 2,000 kilometers.
o Characteristics: Short orbital periods, used for Earth observation, imaging, and the
International Space Station.
o Advantages: High resolution imaging.
e Medium Earth Orbit (MEO):
o Altitude: Typically 2,000 to 35,786 kilometers.
o Characteristics: Used for navigation systems like GPS.
o Advantages: wider coverage area than LEO.
o Geostationary Orbit (GEO):
o Altitude: Approximately 35,786 kilometers.
o Characteristics: Satellites appear stationary from the ground, used for
communication and weather monitoring.
o Advantages: continuous coverage of a specific area.

e Polar Orbit:
o Characteristics: Satellites pass over the Earth's poles, used for Earth observation and
mapping.

o Advantages: scans the entire earth.
e Sun-Synchronous Orbit (SSO):
o Characteristics: A special type of polar orbit where the satellite passes over the same
point on Earth at the same local time each day, used for Earth observation.
o Advantages: consistent lighting conditions for imaging.



Sensor resolution

Sensor resolution refers to the level of detail captured by remote sensing devices. There are two
main types: spatial resolution and spectral resolution. Spatial resolution tells us how clear the
images are, while spectral resolution tells us how well the sensors can detect different colors or
wavelengths of light. By understanding sensor resolutions, we can better analyze remote sensing
data to learn about things like land cover, vegetation health, and environmental changes.

Types of Sensor Resolution:

Spatial Resolution:
o This refers to the size of the smallest object that can be distinguished in an image.
o It's often expressed as the size of a pixel on the ground (e.g., 1 meter, 30 meters).
o A higher spatial resolution means finer detail can be seen.
Spectral Resolution:
o This describes a sensor's ability to distinguish between different wavelengths of
electromagnetic radiation.
Sensors can capture data in specific "bands" of the spectrum.
High spectral resolution means a sensor can detect very subtle differences in
wavelengths, which is useful for identifying materials with distinct spectral
signatures.
Radiometric Resolution:
o This refers to a sensor's sensitivity to differences in the intensity of radiation.
o It's often expressed as the number of "bits" used to record the data.
o Higher radiometric resolution means a sensor can detect very subtle variations in
brightness or energy levels.
Temporal Resolution:
o This describes how often a sensor captures images of the same area.
o A high temporal resolution means frequent revisits, which is useful for monitoring
changes over time.

Types of Sensors

In remote sensing, sensors are the instruments that detect and measure electromagnetic radiation.
They can be broadly categorized into two main types: passive and active sensors.

1. Passive Sensors: Passive sensors detect naturally occurring energy, such as sunlight reflected
from the Earth's surface or thermal radiation emitted by objects.

Characteristics:
e They rely on external energy sources.
e They operate primarily in the visible, infrared, and microwave portions of the
electromagnetic spectrum.

Examples:
o Radiometers: Measure the intensity of electromagnetic radiation.
o Spectrometers/Hyperspectral sensors: Measure radiation across many narrow
spectral bands, allowing for detailed analysis of material composition.
o Imaging sensors (like those in digital cameras): Capture images by detecting
reflected light.



Applications:

e Monitoring vegetation health.
e Measuring land surface temperature.
e Observing cloud cover.

2. Active Sensors:Active sensors provide their own source of energy to illuminate the target. They
then measure the energy that is reflected or backscattered back to the sensor.

Characteristics:
o They emit their own radiation.
o They can operate day or night and in various weather conditions.
Examples:
o Radar (Radio Detection and Ranging):
= Emits microwave radiation and measures the backscattered signal.
= Used for mapping terrain, monitoring weather, and detecting objects.
o Lidar (Light Detection and Ranging):
= Emits laser pulses and measures the time it takes for the pulses to return.
= Used for creating high-resolution 3D maps, measuring atmospheric aerosols,
and studying vegetation structure.
Applications:
o Creating digital elevation models.
Measuring forest canopy height.
o Monitoring ice thickness.
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Remote Sensing Platforms and Sensors

The base on which remote sensors are placed to acquire information about the Earth’s surface
is called platform. Platforms can be stationary like a tripod (for field observation) and
stationary balloons or mobile like aircrafts and spacecraft’s.

The types of platforms depend upon the needs as well as constraints of the observation
mission. There are three main types of platforms, namely



1) Ground borne
2) Airborne
3) Space borne
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GROUND BORNE PLATFORMS:

« Ground based platforms are used to record detailed information about the objects or features
of the earth’s surface

 These are developed for the scientific understanding on the signal-object and signal sensor
interactions.

« It includes both the laboratory and field study, used for both in designing sensors and
identification and characterization of land features.

Example: Handheld platform, cherry picker, towers, portable masts and vehicles etc.

AIR BORNE PLATFORMS

« Airborne platforms were the sole non-ground-based platforms for early remote sensing
work.

« Aircraft remote sensing system may also be referred to as sub-orbital or airborne, or aerial
remote sensing system

« At present, aeroplanes are the most common airborne platform.

* Observation platforms include balloons, drones (short sky spy) and high altitude sounding
rockets. Helicopters are occasionally used.

SPACEBORNEPLATFORMS

« In space- borne remote sensing, sensors are mounted on-board a spacecraft (space shuttle or
satellite) orbiting the earth.



* Space-borne or satellite platform are onetime cost effected but relatively lower cost per unit
area of coverage, can acquire imagery of entire earth without taking permission.

« Space-borne imaging ranges from altitude 250km to 36000 km.
Space-borne remote sensing provides the following advantages:
Large area coverage;
« Frequent and repetitive coverage of an area of interest;
« Quantitative measurement of ground features using radio metrically calibrated sensors;

« Semi-automated computerized processing and analysis;

* Relatively lower cost per unit area of coverage.

« Satellite can cover much more land space than planes.

IRS satellites

India's remote sensing program was developed with the idea of applying space technologies for
the benefit of humankind and the development of the country. The program involved the
development of three principal capabilities. The first was to design, build and launch satellites to
a Sun-synchronous orbit. The second was to establish and operate ground stations for spacecraft
control, data transfer along with data processing and archival. The third was to use the data obtained
for various applications on the ground.

India demonstrated the ability of remote sensing for societal application by detecting coconut root-
wilt disease from a helicopter mounted multispectral camera in 1970. This was followed by flying
two experimental satellites, Bhaskara-1 in 1979 and Bhaskara-2 in 1981. These satellites carried
optical and microwave payloads.

India's remote sensing programme under the Indian Space Research Organization (ISRO) started off
in 1988 with the IRS-1A, the first of the series of indigenous state-of-art operating remote sensing
satellites, which was successfully launched into a polar Sun-synchronous orbit on March 17, 1988,
from the Soviet Cosmodrome at Baikonur.


https://en.wikipedia.org/wiki/Sun-synchronous_orbit
https://en.wikipedia.org/wiki/Remote_sensing
https://en.wikipedia.org/wiki/Multispectral_imaging
https://en.wikipedia.org/wiki/Bhaskara_(satellite)
https://en.wikipedia.org/wiki/Indian_Space_Research_Organization
https://en.wikipedia.org/wiki/IRS-1A

SL Name Launch Status Applications
No. Date
1 IRS-1A 17 March Mission Land Use Land Cover Mapping,
1988 Completed Agriculture, Forestry. Hydrology, Soil Classification,
in 1992 Coastal Wetland Mapping, Natural Resources
(especially identfication of potential groundwater
2 IRS-IB 29 August Mission locations), Disaster Monitoring, Cartography. etc.
1991 Completed in
2001
3 IRS-P1 20 Crashed, due Mission Failed
(also IE) September to launch
1993 failure
of PSLV
4 IRS-P2 15 Mission Land, Oceanographic and Atmospheric
October Completed applications
1994 in 1997
5 IRS-P3 21 March Mission Technology Evaluation and Scientific
1996 Completed Methodology Studies
in 2004
6 IRS-1C 28 Mission Land and water resources management.
December Completed Applications in forestry, agriculture, environment,
1995 in 2007 soil characteristics, wasteland idenufication, flood and
7 IRS 1D 29 Mission drought monitoring, ocean resource development,
September Completed mineral exploration, land use and monitoring of
1997 in 2010 underground and surface water resources.
8 IRS-P4 27 May Mission Ocean- and atmosphere-related
(Oceansat- 1999 Completed applications
1) in 2010
9 Technology 22 Mission Experimental satellite to demonstrate
Experiment October Completed and validate the technologies
Satellite (TE 2001
S)
10 IRS P6 17 In Service Integrated land and water resources
(Resourcesa t- October management
1) 2003
11 IRS P35 5 May In Service First Indian Satellite (IRS P5) designed
(Cartosat 1) 2005 with capability to have stereo images:
12 | IRSP7 10 January | [nService Digital Elevation Model (DEM);
(Cartosat 2) 2007 Geo-engineering (mapping) applications
13 Cartosat 2A 28 April In Service Do
2008
14 IMS1 28 April In Service To provide remotely sensed data to
2008 students and scientists in developing counties,
15 Oceansat-2 23 In Service Ocean- and atmosphere-related
September applications
16 Cartosat-2B 12 July In Service Geo-engineering (mapping) applications
2010
17 Resourcesat 20 April In Service Integrated land and water resources
-2 2011 management
18 Megha- 12 In Service To understand the tropical weather and
Tropiques October climate and associated energy and moisture budget
19 RISAT-1 26 April In Service In agriculture, especially paddy
2012 monitoring in kharif season (sensor has cloud
20 SARAL 25 Feb In Service Marine meteorology and sea state
2013 forecasting; Seasonal forecasting; Climate
21 Resourcesat 07 Dec In Service Integrated land and water resources
-2A 2016 management
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Remote sensing data interpretation

Remote sensing data interpretation is the process of extracting meaningful information from
remotely sensed imagery. This involves analyzing the data to identify and understand features,
patterns, and changes on the Earth's surface. It's a crucial step in utilizing the vast amount of
data collected by satellites and aircraft.

Visual interpretation techniques in remote sensing involve the analysis of images by a human
interpreter to identify and understand features on the Earth's surface. This process relies on
recognizing patterns, shapes, and other visual cues.

Techniques and Considerations:

Image Scale:

o Determines the level of detail visible. Large-scale images show more detail.
Image Resolution:

o Spatial, spectral, radiometric, and temporal resolution affect image quality and

interpretability.

Stereoscopic Viewing:

o Using overlapping images to create a 3D view, useful for terrain interpretation.
Image Enhancement:

o Techniques like contrast stretching improve feature visibility.
Knowledge of the Area:

o Familiarity with the geography and land cover is essential for accurate interpretation.

Applications:Visual interpretation is used in:

Land use and land cover mapping.
Environmental monitoring.
Geological mapping.

Disaster assessment.

Basic Elements of Visual Interpretation:

Tone/Color:
o This refers to the brightness or hue of objects in an image. Variations help
distinguish different features.
Shape:
o The form or outline of an object. Regular shapes often indicate human-made
features, while irregular shapes are common in natural features.
Size:
o The relative or absolute dimensions of objects. Comparing sizes aids in
identification.
Pattern:
o The spatial arrangement of objects. Repetitive patterns can reveal land use types.
Texture:
o The roughness or smoothness of an area, determined by tonal variations.
Shadow:
o Shadows provide information about object height and shape, but can also obscure
features.
Association:
o The relationship between objects and their surroundings. Certain features are often
found together.
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o Site:
o The geographic location and enviromental context of the observed item.

CONVERGING EVIDENCE

Converging evidence is a very important concept for ensuring the accuracy and reliability of
interpretations. It essentially means using multiple, independent sources of remote sensing data,
or combining remote sensing data with other forms of information, to validate a particular
finding.

Multiple Sensor Data: Using data from different sensors that capture different parts of the
electromagnetic spectrum. For example:

« Combining optical imagery (visible and infrared) with radar data. Optical imagery can
provide information about surface reflectance, while radar can provide information about
surface roughness and structure.

« Using data from sensors with different spatial resolutions to provide both broad and detailed
views.

Temporal Data: Analyzing changes over time by comparing images taken at different dates. This
can help confirm trends or identify anomalies.
Ground Truthing: Comparing remote sensing data with on-the-ground observations. This is
crucial for validating interpretations and ensuring accuracy.

12



Combining with Other Data: Integrating remote sensing data with other sources of information,
such as:

= Geographic information system (GIS) data.

= Geological maps.

= Meteorological data.

= Historical records.

INTERPRETATION FOR TERRAIN EVALUATION

Terrain evaluation using remote sensing data involves interpreting various features and
characteristics of the Earth's surface to understand its suitability for specific purposes. This
process combines visual analysis, digital image processing, and geological/geomorphological
knowledge.

Data Preprocessing:

o Geometric correction (removing distortions).
« Radiometric correction (adjusting for atmospheric effects).
« Image enhancement (contrast stretching, filtering).

Digital Elevation Models (DEMS):

o Generating DEMs from stereo imagery or LIiDAR data.
« Deriving terrain derivatives (slope, aspect, curvature).

Terrain Evaluation Applications:

o Landslide Hazard Assessment: Identifying areas prone to landslides based on slope,
geology, and rainfall.

o Flood Risk Assessment: Mapping flood-prone areas based on DEMs and hydrological
modeling.

« Infrastructure Planning: Evaluating terrain suitability for roads, pipelines, and other
infrastructure.

o Resource Exploration: Identifying areas with potential mineral or groundwater resources.

o Environmental Impact Assessment: Assessing the impact of development projects on the
terrain.

o Agricultural Land Suitability: assessing soil properties, slope, and water availability

SPECTRAL PROPERTIES OF SOIL, WATER, AND VEGETATION

The spectral properties of soil, water and vegetation is fundamental to interpreting remote sensing
data. Each of these Earth surface components interacts with electromagnetic radiation in unique
ways, creating distinct spectral signatures.

1. Vegetation:

e Visible Light (0.4 - 0.7 um): Chlorophyll, the pigment responsible for photosynthesis,
strongly absorbs red and blue light, while reflecting green light. This is why healthy
vegetation appears green.

e Near-Infrared (NIR) (0.7 - 1.3 um): Vegetation exhibits high reflectance in the NIR region
due to the internal cellular structure of leaves. This high reflectance is a key indicator of
healthy vegetation.
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e Shortwave Infrared (SWIR) (1.3 - 2.5 um): Water content within plant leaves strongly
influences reflectance in the SWIR region. Water absorption bands occur at approximately
1.4,1.9, and 2.7 pm. Changes in water content, such as those caused by stress or disease,
can be detected in this region.

2. Soil:

» Factors Affecting Soil Reflectance:
o Moisture content: Increased moisture decreases reflectance.
o Organic matter: Darker soils with high organic matter have lower reflectance.
o lron oxide: Iron oxides can cause reddish or yellowish hues and affect reflectance.
o Texture: Soil texture (sand, silt, clay) influences reflectance.
o General Trend:
o Soil reflectance generally increases with increasing wavelength.
o Water absorption features can be observed in the SWIR region.

3. Water:

e Visible Light:
o Clear water absorbs most of the incident light, especially in the red and infrared
regions.
o Blue and green light are reflected more, which is why water appears blue or green.
o Turbidity (suspended sediments) increases reflectance across the visible spectrum.
e NIR and SWIR:
o Water strongly absorbs NIR and SWIR radiation. This property is used to delineate
water bodies in remote sensing images.

DIGITAL IMAGE PROCESSING

Digital image processing is a critical field that involves using computer algorithms to manipulate
and analyze digital images. It's a fundamental technology used in a vast array of applications, from
everyday photography to complex scientific research.

« Digital Image: A digital image is represented as a grid of pixels (picture elements), each
with numerical values representing brightness and color.
« Algorithms: Digital image processing relies on algorithms to perform various operations on
these pixel values.
e Purpose: The goals of digital image processing include:
= Improving image quality.
= Extracting information from images.
= Automating image-based tasks.
Image Enhancement: Techniques to improve the visual quality of an image, such as:
= Contrast adjustment.
= Brightness adjustment.
= Noise reduction.
= Sharpening.
Image Restoration: Techniques to remove or reduce degradations in an image, such as

= Blurring.
= Noise.
= Distortion.
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« Image Segmentation: Dividing an image into regions or segments, each corresponding to
an object or feature.

« Image Classification: Assigning labels or categories to pixels or regions in an image.

o Feature Extraction: Identifying and extracting specific features from an image, such as
edges, corners, or textures.

o Image Compression: Reducing the size of an image file for storage or transmission.

Digital image processing involves a wide range of techniques, and understanding the distinction
between qualitative and quantitative analysis, as well as the role of pattern recognition, is crucial.

1. Qualitative Analysis:

o Qualitative analysis focuses on the descriptive aspects of an image. It involves
interpreting the visual characteristics of features without necessarily assigning
numerical values.

o It's about "what" and "where" things are, rather than "how much."”

o Examples:

o ldentifying different types of land cover (e.g., forest, urban, water) based on their
visual appearance.

o Describing the texture of a soil surface.

o Visually interpreting geological structures like faults and folds.

o Techniques:

o Visual interpretation.

o Image enhancement to improve visual clarity.

o Feature recognition based on shape, color, and texture.

2. Quantitative Analysis:

o Quantitative analysis involves extracting numerical measurements from an image. It
focuses on "how much" or "how many."

o It provides objective and measurable data.
o Examples:

o Measuring the area of a forest.

o Calculating the density of urban development.

o Determining the spectral reflectance of a surface.

o measuring the changes in pixel values over time.
e Techniques:

o Image classification.

o Spectral analysis.

o Statistical analysis of pixel values.

o Change detection.

3. Pattern Recognition:

o Pattern recognition is the process of identifying regularities in data. In digital image
processing, this involves detecting and classifying patterns within an image.
o It's essential for both qualitative and quantitative analysis.
e Role:
o It enables automated or semi-automated analysis of images.
o It helps to identify and classify objects, features, and anomalies.
e Techniques:

15



Machine learning algorithms (e.g., convolutional neural networks).
Feature extraction.

Image segmentation.

Statistical pattern recognition.

O O O O

Classification Techniques and Accuracy Estimation in digital image processing (DIP)
particularly within the context of remote sensing, it's essential to understand the core concepts.

Classification Techniques in DIP:

o Supervised Classification:

o Minimum Distance: Assigns pixels to the class with the closest spectral distance
based on a predefined distance metric (e.g., Euclidean).

« Maximum Likelihood: Uses statistical probability to classify pixels based on the
assumption that data follows a normal distribution within each class.

e Support Vector Machines (SVM): A powerful technique that finds the optimal
hyperplane to separate different classes, often used for complex classification
problems.

o Unsupervised Classification:

o K-means Clustering: Partitions pixels into a predefined number of clusters based on
spectral similarity.

« Hierarchical Clustering: Creates a hierarchical tree structure by merging or
splitting clusters based on their similarity.

Accuracy Estimation in DIP:

« Confusion Matrix: A table that compares the classified pixels to known ground truth data,
allowing calculation of various accuracy metrics.
e Accuracy Metrics:
o Overall Accuracy: The percentage of correctly classified pixels across all classes.
e Producer’s Accuracy (Class-specific): Represents the proportion of pixels correctly
classified within a specific class.
o User's Accuracy (Class-specific): Represents the proportion of pixels classified as a
specific class that actually belong to that class.
« Kappa Coefficient: A measure of agreement that considers the chance of correct
classification by random assignment.

Important aspects of accuracy assessment:

o Reference Data Collection: Gathering ground truth data through field surveys or high-
resolution imagery to compare with the classified image.

« Sampling Design: Selecting a representative set of sample points for accuracy assessment,
often using stratified random sampling to ensure adequate representation of each class.

o Error Matrix Analysis: Interpreting the confusion matrix to identify areas of
misclassification and potential issues with the classification process.
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UNIT-2
GEOGRAPHIC INFORMATION SYSTEM

Introduction of GIS

Geographic Information System (GIS) offers capabilities of integrating multisector,
multilevel and multiperiod database. GIS is a computerized database system for capture,
storage, retrieval, analysis, and display of spatial data. It is a general-purpose technology for
handling geographic data in digital form, and satisfying the following specific needs, 'among
others

Q) The ability to pre-process data from large stores into a form suitable for analysis,
including operations such as reformatting, change of projection, resampling, and
generalisation.

(i) Direct support for analysis and modelling, so that forms of analysis, calibrations
of models, forecasting, and prediction are all handled through instructions to the
GIS.

(ili)  post processing of results including such operations as reformatting, tabulation,
report generation, and mapping

T ———
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= & Analysis

In all these operations, the typical GIS user now expects to be able to define requirements and
interact with the system through a "user-friendly” intuitive interface icons and desktop
metaphors. The function of an information system is to improve one's ability to make
decisions. An information system is the chain of operations that takes us from planning the
observation and collection of data, to storage and analysis of the data, and to the use of the
derived information in some decision-making process.

History of GIS

The first example of linking the ‘what' with ‘where' takes us all the way back to 1854 and a
cholera outbreak. At the time, people believed that the disease was being spread through the
air. But an enterprising English Doctor, Dr Jon Snow wasn’t convinced. So, he decided to
map the outbreak locations, the roads and the property boundaries and the water pumps. And,
when he did, he made a startling discovery.



A pattern emerged. This pattern proved that the disease was not in fact airborne but was
being communicated via water and even more specifically by one infected water pump. John
Snow’s cholera map was a major event connecting the what with the where.

In the period between 1960 to 1975 three major technological advancements in new computer
technology led to the birth of modern GIS. Those were the ability to output map graphics
using line printers advances in data storage and the processing power of mainframe
computers. We now had the ability to record coordinates as data inputs and perform
calculations on those coordinates.

1990s-2000s: Technological Advancements:

e Increased computing power, the internet, and the development of GPS technology further
fueled the growth of GIS.

e GIS became integrated into various fields, including government, business, and research.

e The rise of the internet helped to spread GIS data, and capability.

GIS Today:
e GIS is now a ubiquitous technology used in countless applications.
e Cloud-based GIS and mobile GIS have made the technology more accessible than ever.

e The integration of GIS with other technologies, such as artificial intelligence and the
Internet of Things (loT), is driving further innovation.

Components of GIS

A working GIS integrates five key components: hardware, software, data, people, and methods
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1. Hardware:

This includes the physical computer systems that run GIS software.

This can range from desktop computers and laptops to servers and mobile devices.

It also encompasses peripherals like GPS units, digitizers, scanners, and plotters, used for
data input and output.

Essentially, it's the technological foundation on which GIS operates.

2. Software:

GIS software provides the tools and functions needed to store, analyze, and display
geographic data.
This includes programs for:
o Data input and manipulation.
o Database management.
o Spatial analysis and modeling.
o Map creation and visualization.
Examples include ArcGIS, QGIS, and other specialized software.

3. Data:

Data is the heart of a GIS.

It comprises both spatial data (location information) and attribute data (descriptive
information).

Spatial data can be represented in two main formats:

o Vector data: Points, lines, and polygons.

o Raster data: Grid-based data, such as satellite imagery.
Attribute data describes the characteristics of spatial features.
Data sources can include:

Satellite imagery.
Aerial photographs.
GPS data.

Census data.
Existing maps.
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4. People:

GIS professionals are essential for designing, implementing, and managing GIS systems.

This includes:

o GIS analysts.

o Cartographers.

o Database administrators.

o Programmers.

o And all of the end users that utilize the information that the GIS provides.
Their expertise ensures that GIS is used effectively to solve real-world problems.

5. Methods:

This component involves the procedures and techniques used to analyze and interpret
geographic data.
It includes:
o Data analysis techniques.
Spatial modeling.
Data visualization methods.
The way that data is gathered, and processed.
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o Proper methods ensure that GIS analyses are accurate and reliable.

GIS Applications in Real Life:

GIS has permeated numerous aspects of our daily lives, often in ways we might not even realize.
Here are some key real-life applications:

1. Urban Planning and Development:
e Zoning and Land Use: GIS helps city planners analyze land suitability for different
purposes, such as residential, commercial, or industrial development.
e Infrastructure Management: It aids in planning and maintaining infrastructure like
roads, water pipelines, and power grids.
« Smart Cities: GIS is fundamental to smart city initiatives, enabling the integration of
various data sources for efficient city management.

2. Environmental Management:
o Natural Resource Monitoring: GIS is used to track deforestation, monitor water
quality, and assess the impact of climate change.
o Disaster Management: It plays a crucial role in predicting and responding to natural
disasters like floods, wildfires, and earthquakes.
o Conservation: GIS helps identify and protect endangered species and their habitats.

3. Transportation and Navigation:
« Navigation Systems: GPS-enabled navigation apps rely heavily on GIS data for route
planning and real-time traffic updates.
« Transportation Planning: GIS is used to analyze traffic patterns, plan public
transportation routes, and optimize logistics.

4. Agriculture:
e Precision Agriculture: Farmers use GIS to analyze soil conditions, monitor crop health,
and optimize irrigation and fertilizer application.
e Yield Prediction: GIS helps predict crop yields and assess agricultural productivity.

5. Public Health:
« Disease Mapping: GIS is used to track the spread of diseases and identify high-risk
areas.
« Healthcare Planning: It helps in planning the location of healthcare facilities and
optimizing resource allocation.



6. Business and Marketing:
o Market Analysis: Businesses use GIS to analyze customer demographics, identify
potential market areas, and optimize store locations.
o Logistics and Delivery: GIS is essential for optimizing delivery routes and managing
supply chains.

7. Emergency Services:
o Emergency Response: GIS helps emergency responders locate incidents, plan
evacuation routes, and coordinate relief efforts.
« Crime Analysis: Law enforcement agencies use GIS to analyze crime patterns and
allocate resources effectively.

The Nature of Geographic data:
Geographic data like place, time, and attributes.

Place, or location, is essential in a geographic information system. Locations are the basis for many of
the benefits of geographic information systems: the ability to map, to link different kinds of information
because they refer to the same place, and to measure distances and areas. Without locations, data are said
to be "spatial" and have no value at all within a geographic information system.

Time is an optional element. Many aspects of the earth's surface are slow to change and can be thought of
as unchanging. Height above sea level changes slowly because of erosion and movements of the earth's
crust, but these processes operate on scales of hundreds or thousands of years, and for most applications
(except geophysics) we can safely omit time from the representation of elevation. On the other hand,
atmospheric temperature changes daily, and dramatic changes sometimes occur in minutes with the
passage of a cold front or thunderstorm, so time is distinctly important.

Attributes refer to descriptive information. The range of attributes in geographic information is vast.
Some attributes are physical or environmental in nature (e.g., atmospheric temperature or elevation),
while others are social or economic (e.g., population or income). There are five main types of attributes:
nominal, ordinal, interval, ratio, and cyclic.

e Spatial Component:

o Geographic data inherently involves location. This "where" aspect is crucial. Locations
are typically defined by coordinates (e.g., latitude and longitude).

e This spatial component allows us to understand the distribution, patterns, and
relationships of phenomena across the Earth's surface.

e Attribute Component:

e Alongside location, geographic data includes attributes, which are descriptive
characteristics of those locations. This "what" aspect provides context.

o Attributes can be qualitative (e.g., land use type) or quantitative (e.g., population
density).

e Spatial Relationships:

o A key aspect of geographic data is that it allows us to analyze how features relate to each
other in space. This includes concepts like:
o Proximity: How close things are to each other.
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o Connectivity: How things are linked or connected.
Containment: Whether one feature is within another.

e Representation:

o Geographic data is commonly represented in two primary forms:
o Vector Data: Represents features as points, lines, or polygons. This is useful for
discrete objects with defined boundaries (e.g., roads, buildings, parcels).
o Raster Data: Represents data as a grid of cells (pixels). This is useful for
continuous phenomena (e.g., elevation, satellite imagery).

e Spatial Dependence (Spatial Autocorrelation):

« A fundamental principle is that things that are closer together tend to be more similar
than things that are farther apart. This is known as spatial autocorrelation.

« This property influences how we analyze and interpret geographic data.

e Temporal Component:

o Geographic data can also have a time component. Meaning that information can be
tracked through time, showing how things change location, or how their attributes change
over time.

Map

A map is fundamentally a visual representation of an earth that shows countries, rivers,
mountains, roads, etc. A map is a symbolic depiction of spatial relationships it shows how things
are located in relation to each other within a given space.

Types of Maps

The 4 main types of maps are Topographic, Thematic, Navigational and Cadastral Maps

Topographic Maps: These maps focus on the shape and elevation of the land, using contour
lines to represent changes in altitude.

Thematic Maps: These maps are designed to show a specific theme or data, such as climate
zones, population distribution, or economic activities.

Navigational maps: Navigational maps also known as charts, are specialized maps designed for
navigation, primarily used by Ships, Aircraft and Road Transport providing essential information
like water depths, coastlines and navigational hazards. Road maps provide detailed information
about roads, cities, and other features for land-based navigation.

Cadastral Map: These maps provide meticulous information about land divisions, boundary
sizes, and the lengths of various segments.

Map Scale



The ratio between the reduced depiction on the map and the geographical features in the real

world is known as the map scale that is the ratio of the distance between two points on the

map and the corresponding distance on the ground. The scale may be expressed in three

ways.

The three main types of map scales are verbal (or statement), graphic (or bar), and representative

fraction (RF).

o Verbal Scale: Expresses the relationship between map distance and real-world distance in
words, like "1 cm represents 1 km".

e Graphic Scale: Uses a line divided into segments to visually represent distances on the map,
allowing for easy measurement.

o Representative Fraction (RF): A ratio or fraction that shows the relationship between a
unit of distance on the map and the same unit on the ground, such as 1:100,000.
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Geographic coordinate system

A geographic coordinate system (GCS) is a spherical or geodetic coordinate system for
measuring and communicating positions directly on Earth as latitude and longitude. It is the
simplest, oldest, and most widely used type of the various spatial reference systems that are in
use and forms the basis for most others. Although latitude and longitude form a
coordinate tuple like a cartesian coordinate system, the geographic coordinate system is not
cartesian because the measurements are angles and are not on a planar surface.

Latitude Longitude
(North/South) (West/East)
90°N

90°S
Latitude varies from 0° Longitude varies
at the equator to 90° from 0° at
North and South at the Greenwich to 180°
poles East and West
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Map Projections

Map projection is a basic principle of map making in that when projected on to a flat map,
objects on the earth's surface are distorted in some way, either in size, shape or in relative
location.

Mercator projection: The Mercator projection is a map projection that uses a cylindrical shape
to represent the Earth. It was created by Gerardus Mercator in 1569. The Mercator projection
uses equally spaced vertical lines called meridians and horizontal lines called parallels of
latitude.
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Transverse Mercator Map Projection: The transverse Mercator map projection (TM, TMP) is
an adaptation of the standard Mercator projection. The transverse version is widely used in
national and international mapping systems around the world, including the Universal Transverse
Mercator. When paired with a suitable geodetic datum, the transverse Mercator delivers high
accuracy in zones less than a few degrees in east-west extent.

Oblique Mercator Map Projection: The oblique Mercator map projection is an adaptation of
the standard Mercator projection. The oblique version is sometimes used in national mapping
systems. When paired with a suitable geodetic datum, the oblique Mercator delivers high
accuracy in zones less than a few degrees in arbitrary directional extent.
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Polyconic Projection: A polyconic projection is a map projection that uses an infinite number of
cones to represent the Earth's surface. It's also known as the American polyconic projection. The
scale is true on the central meridian and each parallel becomes a circular arc having true scale.

Cassini projection: The Cassini projection is a transverse cylindric projection. The equator,
central meridian, and meridians 90° from the central meridian project as straight lines. Other
meridians project as complex curves concave toward the central meridian and perpendicularly

intersect with the equator.

Universal Transverse Mercator (UTM): UTM is a specialized application of the transverse
Mercator projection, a method for transforming geographic coordinates (latitude and longitude)
into a plane coordinate system (easting and northing). The transverse Mercator projection is used
to map each zone onto a flat plane, with the central meridian of each zone as the point of zero

distortion.
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Lambert conical orthomorphic projection: The Lambert Conformal Conic (LCC) projection,
also known as a conical orthomorphic projection, Lambert conformal conic is a conic
projection. All the meridians are equally spaced straight lines converging to a common point,
which is the nearest pole to the standard parallels. The parallels are represented as circular arcs
centered on the pole.



Polar Stereographic Projection: A polar stereographic projection is a map projection that views
the Earth from above either the North or South Pole, with latitude lines appearing as circles and
meridians as straight lines radiating from the pole.

Map Transformation

The term "map transformation” can have slightly different meanings depending on the context. It
generally refers to the process of changing or converting the spatial representation of geographic
data.

This involves changing the coordinates of geographic data from one coordinate system to
another. For example, converting coordinates from a local coordinate system. This is crucial for
integrating data from different sources.

Convert the Earth's curved surface to a flat plane, inevitably introducing distortions. Therefore,
changing from one map projection to another is a map transformation.

"Map transformation™ refers to applying a function to each element of a dataset. This can involve
changing the values or format of the data.

Image Transformations: When dealing with raster map data (like aerial photos), map
transformations can involve warping or rubber-sheeting the image to align it with other
geographic data. This is often part of the georeferencing process.

Applications:

e Map transformations are fundamental to GIS for data integration, analysis, and
visualization.

o Transformations are used to correct distortions in satellite and aerial imagery.

e Map projections and other transformations are essential for creating accurate and useful

maps.
« In big data processing, map transformations are used to transform data sets for analysis.

Map transformations are essential operations that allow us to manipulate and convert geographic
data for various purposes.
Geo-referencing

» Geo-referencing means that the internal coordinate system of a digital map or aerial photo
can be related to a ground system of geographic coordinates.
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» Itinvolves taking an image of the Earth's surface, and placing it accurately on a map of the

same area.

» Georeferencing typically involves identifying Ground Control Points, which are points that
can be precisely located both in the image or data and on the ground.These points serve as
reference points for the transformation.

Accurate Mapping: Georeferencing ensures that maps and spatial data are accurate and reliable.
Data Integration: It allows for the integration of data from various sources, which is essential for
many GIS applications.
Spatial Analysis: It enables spatial analysis, such as:

= Measuring distances and areas

= Identifying spatial relationships

= Modeling spatial processes

Geo-referencing bridges the gap between digital data and the real world, making it possible to
analyze and understand spatial information.
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Introduction to spatial database

A spatial database is a database designed to store, manage, and retrieve information related to
objects in a spatial context, such as their location, shape, and size. This type of database is
optimized to handle complex spatial data types, relationships, and operations, such as points,
lines, polygons, and spatial indexing. Examples of spatial databases include PostGIS, Oracle
Spatial, and SQL Server Spatial. They are commonly used in geographic information systems
(GIS), mapping, and location-based services.

Spatial Database Management System: A Spatial Database Management System (SDBMS) is
a database management system specifically designed to store, manage, query, and analyze spatial
data. Spatial data represents objects and their relationships in a geometric space, such as points,
lines, polygons, and more complex structures like surfaces and volumes.

Data Storage

Spatial database management system (SDBMS) is a database management system specifically
designed for storing, manipulating, and retrieving spatial data. Spatial data refers to data that is
associated with a location, such as geographical data or map data.

In an SDBMS, data is stored in a spatial database which is a type of database that has been
specifically optimized to store and manage spatial data. The data stored in an SDBMS includes
points, lines, polylines, polygon features, and other geographical features such as roads,
buildings, and rivers.

The data stored in an SDBMS is typically organized using a spatial index, which is a data
structure that enables the database to efficiently locate and retrieve spatial data based on its
location. This is achieved by dividing the data into smaller, more manageable units and
organizing them in a hierarchical structure.

SDBMS typically uses a coordinate-based data model, which represents geographical data as a
set of X, y, and z coordinates. This data model allows for precise location data and enables the
database to accurately perform spatial analysis and calculations, such as finding the nearest
point, calculating distances, and performing spatial join operations.

Database Structure Models

1. Object-Relational Model: This model uses a combination of both the relational and object-
oriented models to store and manage spatial data. It enables the storage of complex data
structures such as polygon and lines in the same database with other traditional data types.

2. Geodetic Model: This model uses a geographic coordinate system to represent spatial data. It
stores data as points, lines, and polygons in terms of longitude and latitude values. The
Geodetic Model is commonly used in Geographic Information Systems (GIS).



Raster Model: This model represents spatial data as a grid of cells or pixels. Each cell in the
grid contains a value that represents a feature in the real world. The Raster Model is
commonly used in remote sensing applications.

Network Model: This model represents spatial data as a network of interconnected nodes
and edges. It is used to represent transportation networks, water networks, and other complex
systems that have interconnections.

Entity-Relationship Model: This model is based on the relational database model and is
used to represent relationships between entities. It is commonly used to represent spatial data
as relationships between objects and their attributes.

Object-Oriented Model: This model uses object-oriented programming concepts to store
and manage spatial data. Objects are created as classes, and each object represents a feature
in the real world. The Object-Oriented Model is commonly used in 3D modelling
applications.

Database Management system

A spatial database management system (SDBMS) is a specialized type of database management
system that is designed to store, manage, and retrieve spatial data, or data that is related to
location and geography. An SDBMS typically uses a geographic information system (GIS) to
store data in a spatial format and to support spatial analysis and visualization.

components of an SDBMS include:

1.

2.

Spatial data storage: An SDBMS stores geographic and spatial data in a spatial format that
can be easily managed, accessed, and analysed.

Spatial data indexing: An SDBMS includes tools for indexing spatial data, allowing for fast
retrieval of spatial data based on geographic location and other criteria.

Spatial data analysis: An SDBMS includes tools for spatial data analysis, including the
ability to perform spatial queries, create maps, and perform spatial analysis on the data.
Spatial data visualization: An SDBMS includes tools for spatial data visualization, allowing
users to view and interact with the data in a visual format.

Spatial data management: An SDBMS includes tools for managing spatial data, including
data backup, data recovery, and data security.

Entity-Relationship model

The Entity-Relationship (ER) model is a conceptual data modeling technique used in Geographic
Information Systems (GIS) to represent real-world entities and their relationships within a spatial
database. It provides a way to visualize and organize the data that will be stored and managed in
the GIS.

Components in a GIS ER Model:

Entities: Represent real-world objects or concepts that are of interest in the GIS database,
such as roads, buildings, rivers, or land parcels.



Attributes: Represent the characteristics or properties of an entity, like road name, building
height, river length, or land use type.

Relationships: Describe the connections between entities, such as "road belongs to a land
parcel,” or "river flows through a region,".

Advantages of using ERM in GIS:

R

Clear Visual Representation: ERDs provide a clear and easy-to-understand visual
representation of the GIS database structure, making it easier for users to understand and
interact with the data.

Data Consistency: ERMs help ensure data consistency by defining the relationships between
entities and their attributes, reducing redundancy and errors.

Efficient Data Management: The structured data model created using ERMs facilitates
efficient storage, retrieval, and manipulation of data, improving the performance of GIS
applications.

Facilitates Communication: ERMs serve as a common language for communication
between GIS developers, database designers, and end-users, ensuring that everyone
understands how the GIS database is structured.
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Normalization

Normalization in spatial database management systems refers to the process of organizing data in
a database into multiple tables to reduce data redundancy and improve data integrity. The goal is
to eliminate data anomalies that can occur when data is duplicated or inconsistent.

In a spatial database, the normalization process takes into account the spatial nature of the data,
which requires additional consideration for the relationships between data entities. For example,
a spatial database might contain tables for points, lines, and polygon features, each with their
own attributes. Normalization helps to ensure that these features are stored in separate tables and
that the relationships between them are managed properly.

Normalization in spatial databases can be performed using various normalization techniques,
including first normal form (1NF), second normal form (2NF), and third normal form (3NF). The
specific normalization techniques used will depend on the specific requirements of the database,
but the overall goal is to ensure that the data is stored in an efficient and organized manner, with
minimum redundancy.

Normalization is an important step in ensuring the quality and reliability of data in spatial
database management systems. It helps to ensure that data is stored in a consistent and organized
manner, reducing the risk of data anomalies and making it easier to maintain and update the data.

Data models and Data structures

In Geographic Information Systems (GIS), the way we represent real-world geographic features
and their characteristics in a digital format is crucial for analysis and visualization. This involves
two key concepts: GIS Data Models and GIS Data Structures.

GIS Data Model

A GIS data model is a conceptual framework that defines how geographic features are
represented in a GIS. It's an abstraction of the real world, determining the types of entities, their
attributes, and the relationships between them.

GIS Data Structure

A GIS data structure refers to the way data is physically organized and stored within a computer
system to implement a particular data model. It defines how the spatial and attribute information
are linked and accessed.

Vector data structures

Vector data structures represent spatial data using discrete features like points, lines, and
polygons, each described by their coordinates. These features are stored as individual objects
with associated attributes. This approach is particularly useful for mapping discrete objects with
definite boundaries, such as roads, buildings, or land parcels.



It represents geographic features as discrete objects using geometric primitives:

o Points: Represent locations (e.g., cities, wells). Defined by a single coordinate pair.
e Lines (Arcs or Edges): Represent linear features (e.g., roads, rivers). Defined by a series

of connected coordinate pairs.
e Polygons (Areas): Represent enclosed areas (e.g., lakes, land parcels). Defined by a

closed loop of connected coordinate pairs.

Advantages of vector data:

o Precise location: Vector data can accurately represent the locations of discrete features.

« Small file size: Vector data typically requires less storage space compared to raster data.

o Flexible for analysis: Vector data is well-suited for spatial analysis, such as finding distances,
areas, or performing topological operations.
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Raster Data Structure:

Raster data in GIS represents geographic information as a grid of cells or pixels, where each cell
contains a value representing a specific attribute of that location. The way this grid and the
associated data are organized and stored is referred to as the raster data structure.

Core Concepts:

o Cells (Pixels): The fundamental building blocks of a raster. Each cell represents a
specific area on the ground and holds a single value representing an attribute at that
location (e.g., elevation, temperature, land cover code).



Grid: A regular array of cells arranged in rows and columns. This structure defines the
spatial extent and resolution of the raster data.

Spatial Resolution: The size of each cell on the ground. A finer resolution (smaller cell
size) captures more detail but results in a larger dataset.

Bands: In multi-spectral imagery (like satellite images), a raster dataset can have
multiple bands, each representing the reflectance of the area in a specific portion of the
electromagnetic spectrum. These bands are often stored as layers within the raster data
structure.

Value Type: The type of data stored in each cell (e.g., integer for land cover categories,
floating-point for temperature).

Common Raster Data Structures (Revisited and Expanded):

1.

Cell-by-Cell Encoding (Direct Raster Encoding): Values for each cell are stored
sequentially, typically row by row (Row-Major Order) or column by column (Column-
Major Order). A header usually precedes the data, containing information like the number
of rows and columns, cell size, and spatial reference.
Run-Length Encoding (RLE):Instead of storing each cell value, RLE records sequences
(runs) of identical cell values along a row (or sometimes a column). It stores the value
and the number of consecutive cells with that value.

o Example: Arow with values1, 1, 1, 2, 2, 2, 2, 1, 1 would be encoded

as (1, 3), (2, 4), (1, 2).

Quadtree Encoding: A hierarchical, tree-based structure. The entire raster is initially
treated as one block. If the block is not homogeneous (contains different values), it's
divided into four equal quadrants. Each quadrant is then examined, and if non-
homogeneous, it's further subdivided. This continues until each block is homogeneous or
a predefined level of resolution is reached. Each node in the quadtree represents a block,
and leaf nodes represent homogeneous blocks with their value.
Block Encoding (or Region Encoding):ldentifies and stores contiguous rectangular (or
sometimes more complex polygonal) blocks of cells that share the same value. Each
block is defined by its value, the coordinates of its top-left corner (or another reference
point), and its dimensions (width and height).
Raster File Formats (Implementation-Specific Structures): As mentioned before,
various file formats implement specific ways of organizing and storing raster data on
disk. These formats often incorporate a combination of the above encoding techniques
along with metadata (spatial reference, compression information, etc.).

Applications

1. Remote sensing: Satellite and aerial imagery.
2. Land cover classification: Categorizing land use patterns.

3. Environmental monitoring: Tracking changes in environmental phenomena.



Examples

1. Satellite imagery: Landsat, Sentinel-2.
2. Digital elevation models (DEM): Representing terrain elevation.
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Attribute data

Attribute data also known as non-spatial data, describes the characteristics and properties
of geographic features represented in a GIS. While spatial data tells us "where"
something is (its location, shape, and extent), attribute data tells us "what" it is, "how
much" there is, "when" it was recorded, and other descriptive information.

Characteristics of Attribute Data:

Descriptive: It provides details that explain the nature of spatial features.

Non-Spatial: It doesn't inherently contain geographic coordinates or geometric
information.

Tabular Format: Attribute data is typically organized and stored in tables, where each
row represents a geographic feature and each column represents a specific attribute.
Linked to Spatial Data: A crucial aspect of GIS is the link between the attribute table
and the spatial data. This link allows you to query, analyze, and symbolize features based
on their attributes.

Types of Attribute Data: Attribute data can be categorized based on their level of measurement,
which influences the types of analysis that can be performed:

Nominal: Categorical data where values are names or labels with no inherent order or
ranking (e.g., land use type: residential, commercial, industrial; road type: highway, local,
gravel). You can count frequencies and determine the mode.

Ordinal: Categorical data with a meaningful order or ranking, but the intervals between
values are not necessarily equal or measurable (e.g., soil drainage class: poorly drained,



moderately well-drained, well-drained; road condition: poor, fair, good). You can
determine the median and percentiles in addition to the mode and frequencies.

Interval: Numeric data where the order and exact differences between values are
meaningful, but there is no true zero point (e.g., temperature in Celsius or Fahrenheit,
elevation above sea level). You can calculate means and standard deviations, and perform
addition and subtraction. Ratios are not meaningful.

Ratio: Numeric data with a meaningful order, exact differences between values, and a
true zero point, allowing for meaningful ratios (e.g., population, area, distance, rainfall).
You can perform all mathematical operations, including multiplication and division.

Importance of Attribute Data in GIS:

Provides Context: Attribute data adds meaning and context to the spatial features,
making maps and analyses more informative.

Enables Analysis: Attribute data is essential for performing various spatial analyses,
such as querying features based on specific criteria, calculating statistics, and identifying
patterns and relationships.

Facilitates Symbolization and Labeling: Attributes are used to control how features are
displayed on a map (e.g., different colors for different land use types, labels showing city
names or population).

Supports Decision-Making: By providing detailed information about geographic
features, attribute data helps users make informed decisions in various fields like urban
planning, environmental management, and resource allocation.

Geo-Database

A geo-database is a database that stores and manages geographic data, including spatial and
attribute data. It provides a structured way to store, query, and analyze geospatial information.

A geodatabase is a database designed specifically for storing and managing geographic
information, such as maps, spatial features, and associated attributes.

It can contain various types of spatial data, including points, lines, polygons, and raster
data.

Geodatabases are often used in Geographic Information Systems (GIS) and other spatial
analysis applications.

Characteristics of a Geodatabase:

Centralized Data Management: Provides a single environment to manage all GIS data,
reducing redundancy and improving organization.

Support for Diverse Data Types: Can store vector data (points, lines, polygons), raster
data (imagery, grids), attribute tables, topological relationships, networks, and more.



e Relational Structure: Often built upon a relational database management system
(RDBMS) like PostgreSQL, Oracle, SQL Server, or a file system (in the case of file
geodatabases). This allows for efficient querying and management of data.

e Topology and Integrity Rules: Enables the definition and enforcement of spatial
relationships (e.g., no overlaps between land parcels) and data integrity rules, ensuring
data quality.

e Advanced GIS Functionality: Supports complex GIS operations like network analysis,
geometric networks, terrain modeling, and versioning (tracking changes over time).

o Scalability: Geodatabases can range from small, single-user file-based systems to large,
multi-user enterprise systems.

e Object-Oriented Model (in some implementations): Some geodatabases, like Esri's
ArcGIS Geodatabase, utilize an object-oriented model that allows for the creation of
feature classes with specific behaviors and relationships.

Advantages of Geodatabase:

e Improved Data Organization: Keeps all related GIS data together in a structured way.

e Enhanced Data Integrity: Allows for the definition and enforcement of rules to
maintain data accuracy and consistency.

« Efficient Data Management: Simplifies tasks like backup, sharing, and updating data.

e Support for Advanced Analysis: Enables complex spatial analysis that relies on
relationships and topology.

o Better Performance: Optimized for querying and retrieving spatial and attribute data.

Metadata

Metadata literally means "data about data.” In the context of GIS, it's the descriptive
information that documents the spatial and attribute datasets within a geodatabase (or any other
GIS data source). Think of it as the "who, what, when, where, why, and how" of your GIS data.

Information Included in GIS Metadata:

e Identification Information: Title, abstract (brief summary), purpose, keywords, spatial
extent (geographic bounding box), temporal extent (time period covered), data currency.

o Data Quality Information: Accuracy (positional, attribute, logical consistency,
completeness), lineage (source of the data, processing steps), spatial data organization
(raster or vector, format), scale/resolution.

o Spatial Reference Information: Coordinate system, datum, projection.

« Entity and Attribute Information: Detailed description of the feature classes or raster
layers, including definitions of attributes, their data types, and valid values (domains).

« Distribution Information: How to obtain the data, contact information for the data
provider, online access links, fees or restrictions.

o Metadata Reference Information: Date the metadata was created or updated, contact
information for the metadata author, metadata standard used.



Relationship between Geodatabase and Metadata:

o Geodatabases often include metadata records associated with each data object or feature
within the database.

o This metadata provides context and information about the data, enabling efficient data
management and reuse.

« By integrating metadata with geodatabases, users can easily discover, understand, and
utilize geospatial data for various purposes.



UNIT-4
Spatial Data input and Editing

Data input methods

1. keyboard entry,

2. digitization,

3. scanning
1. Keyboard Entry: This involves manually typing coordinate values (X, y, and sometimes
z) and attributes information directly into the GIS software.

Entering data for a small number of precisely known locations (e.g., survey control points).
Inputting non-spatial attribute data that is linked to existing spatial features.

In some cases, entering coordinate geometry (COGO) data by typing in bearings and
distances, which the software then uses to calculate coordinates.

This method is also known as keyboard encoding method. Most of the case attribute
data is usually input by keyboard.

2. Digitization: Converting features from analog sources (paper maps, aerial photos) into
digital vector data (points, lines, polygons) by tracing them.

Types:

Manual Digitizing (Tablet): Using a digitizing tablet and a puck (cursor) to trace
features on a physical map placed on the tablet. Coordinates are recorded
electronically.

Heads-Up Digitizing (On-Screen): Tracing features on a digital raster image
(scanned map, aerial photo) displayed on the computer screen using a mouse. The
image needs to be georeferenced first. its uses are

— Creating vector data from hardcopy maps.
— Updating existing spatial data based on new imagery.
— Mapping features that are not available in digital format.

3. Scanning: Converting analog maps, photos, or drawings into digital raster images using a
scanner. A scanner captures the image as a grid of pixels, each with a color or grayscale

value.

» Creating a digital base map from a paper map.

» Importing aerial photographs or satellite imagery into a GIS.

» Preparing maps for on-screen digitizing or vectorization.

+ Faster than manual digitizing for capturing the overall map content.
» Preserves the original document in digital form.

Conversion of Existing Data: Importing and translating spatial data that is already in a
digital format into a GIS. Sources are Other GIS datasets (e.g., shape files,
geodatabases, GeoJSON), CAD files (e.g., DWG, DXF), Spreadsheets or databases
with coordinate information, Survey data files, Publicly available datasets from
government agencies or other organizations.

o Integrating data from various sources into a single GIS project.
o Ultilizing readily available digital datasets.



o Sharing and exchanging spatial information.
o Saves significant time and effort compared to creating data from scratch.
o Often provides data with established accuracy and metadata.

Remotely Sensed Data: Incorporating spatial data acquired from sensors on satellites,
aircraft, or drones. Types are Satellite imagery (e.g., Landsat, Sentinel), Aerial
photography, LiDAR (Light Detection and Ranging), Radar (e.g., SAR - Synthetic
Aperture Radar). Applications are Land cover and land use mapping, Environmental
monitoring, Disaster assessment, Terrain modeling (DEMs from LIiDAR), Urban
planning.

Advantages:

» Provides a synoptic (broad) view of the Earth's surface.

» Allows for data acquisition over large or inaccessible areas.
» Offers temporal data for change detection.

» LiDAR provides detailed 3D information.

Errors in data input:
Errors in Keyboard Entry

e Typographical Errors: Simple mistakes like hitting the wrong key, resulting in incorrect

coordinate values or attribute information.

Transposition Errors: Swapping digits within a number (e.g., entering 34 instead of 43).

Omission Errors: Forgetting to enter a coordinate value or an attribute.

Commission Errors: Entering extra or incorrect data.

Format Errors: Entering data in the wrong format (e.g., entering text in a numeric field,

using the wrong date format).

e Logical Errors: Entering coordinates that don't make sense spatially based on other known
features.

Errors in Digitization

e Overshoots and Undershoots: Lines extending too far or not far enough when connecting to
other lines or nodes.

o Gaps: Small spaces between lines or polygons that should be connected.

e Sliver Polygons: Very small, elongated polygons created due to inaccuracies in tracing
boundaries that should be coincident.

o Shape Distortion: Inaccurately tracing the shape of features, leading to geometric errors.

e Topological Errors: Violations of spatial relationships, such as overlaps where there
shouldn't be or incorrect adjacency.

e Georeferencing Errors (Heads-Up Digitizing): If the base raster image isn't properly
georeferenced, all digitized features will be spatially inaccurate.

e Node Errors: Incorrect placement or absence of nodes at line intersections or polygon
corners.

Errors in Scanning and Vectorization

e Scanning Distortions: Skewing or stretching of the original map during the scanning
process.

e Vectorization Artifacts: Jagged lines, stair-stepping effects, or small, unwanted polygons
created during the automated conversion process.

e Loss of Detail: Fine features on the original map may not be accurately captured during
scanning or vectorization.



o Topological Inconsistencies: Vectorization may create gaps or overlaps that didn't exist on
the original map.

e Attribute Transfer Errors: If attributes are linked to the raster image and then transferred to
the vector data, errors can occur during this process.

Errors in Conversion of Existing Data

e Format Incompatibilities: Issues arising from differences in data structures or coordinate
systems between the sources and target GIS.

Data Accuracy in GIS

Data accuracy in GIS refers to the degree to which the information on a map or in a spatial
database matches true or accepted values in the real world. It's about how correct the data is.
A dataset with high accuracy closely represents reality, while a dataset with low accuracy
contains significant errors or deviations.

Components of Accuracy: Micro and Macro Perspectives
The concept of accuracy can be viewed at different levels of detail:
Micro-Level Components of Accuracy

These components relate to the accuracy of individual data elements or features within a
spatial dataset. They are often quantifiable and assessed by comparing the digital data to a
source of known and higher accuracy (e.g., ground truth data). Common micro-level
components include:

o Positional Accuracy: This refers to how close the geographic coordinates (x, y, and
sometimes z) of a feature in the dataset are to its actual location on the Earth's surface. It's
often measured using metrics like Root Mean Square Error (RMSE). Positional accuracy can
be further divided into:

o Horizontal Accuracy (Planimetric Accuracy): Accuracy in the x and y coordinates.
o Vertical Accuracy (Elevation Accuracy): Accuracy in the z (height or depth)
coordinate.

e Attribute Accuracy: This refers to how correct the descriptive information (attributes)
associated with spatial features is. For example, if a polygon represents a forest, attribute
accuracy would assess if it's correctly classified as "forest” and if other attributes like tree
species or density are accurate. Attribute accuracy is often assessed using error matrices and
calculating the percentage of correctly classified features.

e Logical Consistency: This refers to the adherence to rules and the absence of contradictory
relationships within the spatial data. It ensures that the data structure and relationships
between features are logical and make sense. Examples of logical inconsistencies include
overlapping polygons that shouldn't overlap or gaps in continuous linear features.

e Spatial Resolution: While sometimes considered a component of precision, spatial resolution
also impacts accuracy. It refers to the level of detail that can be discerned in the data. A higher
resolution dataset can potentially represent features more accurately. For raster data, it's the
size of a pixel, while for vector data, it relates to the density of vertices defining a feature.

Macro-Level Components of Accuracy: These components relate to the overall quality and
usefulness of the entire spatial dataset. They consider broader aspects beyond individual
feature accuracy. Common macro-level components include:



Completeness: This refers to how well the dataset covers the geographic area of interest and
how comprehensively it includes all the features that should be present. Incomplete data can
lead to inaccurate analyses. Completeness can be assessed in terms of:

o Coverage: Does the dataset cover the entire area of interest?

o Classification Completeness: Are all relevant feature types included?

o Verification: Has the data been adequately verified?
Temporal Accuracy: This refers to how current the data is. In many applications, especially
those involving dynamic phenomena, outdated data can lead to inaccurate conclusions.
Temporal accuracy considers both the world time (when the data reflects reality) and the
database time (when the data was entered or last updated).
Lineage: This refers to the history of the data, including its sources, processing steps, and any
transformations it has undergone. Understanding the lineage helps users assess the potential
for errors and the overall reliability of the dataset.
Semantic Accuracy: This refers to the correctness and consistency of the meaning and
definitions of features and attributes within the dataset. Ambiguous or poorly defined
categories can lead to misinterpretations and inaccuracies.

Sources of error in GIS: These errors occur during the initial collection or creation of
the spatial data.

Measurement Errors: Inaccuracies arising from the instruments or methods used to collect
data (e.g., GPS errors due to atmospheric conditions or satellite geometry, surveying
equipment limitations, imprecise measurements in the field).

Sampling Errors: When data is collected from a subset of the area or population, the sample
might not be representative, leading to biased or inaccurate generalizations.

Human Errors: Mistakes made by the data collector, such as misreading instruments,
incorrect recording of values, or misidentification of features.

Errors in Source Data: If existing maps, aerial photos, or other datasets used as a source are
inaccurate or outdated, these errors will be inherited by the GIS data.

Temporal Errors: Using data that is not current for the time period being analyzed, as real-
world features change over time.

Georeferencing Errors: Mistakes made when assigning real-world coordinates to spatial
data, such as scanned maps or aerial imagery. This can lead to misalignment of layers.

Data Input Errors: These errors occur during the process of converting data into a digital
GIS format.

Digitizing Errors: Inaccuracies introduced when manually tracing features from analog maps
or imagery. These can include overshoots, undershoots, gaps, and shape distortions.

Scanning Errors: Distortions or loss of information during the scanning of maps or
documents.

Keyboard Entry Errors: Typographical mistakes when manually entering coordinate values
or attribute information.

Data Processing Errors: Errors introduced during the manipulation, analysis, or

transformation of spatial data within the GIS.

Geometric Transformation Errors: Distortions that can occur when projecting data from
one coordinate system to another.

Interpolation Errors: Inaccuracies that arise when estimating values at unmeasured
locations based on known values. The choice of interpolation method can significantly impact
the results.



e Overlay Errors: Errors created when combining multiple spatial datasets, such as sliver
polygons resulting from imperfectly aligned boundaries.

o Classification Errors: Mistakes made when categorizing features based on their attributes or
remotely sensed data.

e Generalization Errors: Loss of detail or changes in shape and position when data is
represented at a smaller scale.

o Rasterization Errors: Errors introduced when converting vector data to raster format, such
as loss of precision or jagged edges.

e Numerical Errors: Limitations in computer precision that can lead to small inaccuracies
during calculations.

o Topological Errors (introduced during processing): Errors in spatial relationships that can
be created or exacerbated by certain processing operations.

Human Errors Throughout the GIS Process

Human error is a pervasive source that can affect any stage of a GIS project, from planning
and data collection to analysis and output. Lack of training, carelessness, and subjective
interpretations can all contribute to inaccuracies.

Introduction to Spatial Analysis: spatial analysis involves examining the locations,
attributes, and relationships of features in spatial data. This goes beyond simply
mapping data; it involves asking questions, exploring data, and developing models to
gain deeper insights. Think of it as adding a "where™ dimension to your analysis,
allowing you to see how things are distributed, how they interact, and what patterns
emerge based on their location.

Topology in Spatial Analysis: Topology is a crucial concept in spatial analysis. It describes
the spatial relationships between geographic features that remain constant even when
the shapes or sizes of those features are distorted (like stretching a rubber sheet). These
fundamental relationships include:

e Adjacency: What is next to what? (e.g., which parcels of land share a border?)
o Connectivity: What is connected to what? (e.g., which roads intersect?)
e Containment: What is inside what? (e.g., which buildings are within a specific park?)

By explicitly defining these topological relationships, spatial analysis can ensure data
integrity, detect errors (like gaps or overlaps in polygons), and perform analyses that rely on
these connections, such as network analysis (finding the shortest route) or spatial joins
(combining data based on topological relationships).

Spatial Analysis Techniques

Spatial analysis encompasses a wide array of techniques to extract meaningful information
from spatial data. Some common categories include:

e Queries and Reasoning: Asking simple questions about the data based on location and
attributes (e.g., "Show me all the schools within 1 kilometer of this park.").

e Measurements: Calculating distances, areas, perimeters, and other geometric properties of
spatial features.

e Transformations: Creating new datasets by combining or manipulating existing ones (e.g.,
buffering a river to identify a riparian zone, or overlaying two different land use maps).



Descriptive Summaries: Calculating spatial statistics to understand the distribution and
characteristics of spatial data (e.g., finding the average population density of a region, or
identifying the center of a cluster of crime incidents).

Optimization: Identifying the best locations for facilities or routes based on specific criteria
(e.g., finding the optimal location for a new fire station to minimize response times).
Hypothesis Testing: Using statistical methods to determine if observed spatial patterns are
statistically significant or due to random chance (e.g., analyzing if the clustering of a certain
disease is non-random).

Spatial Interpolation: Estimating values at unmeasured locations based on the values of
nearby locations (e.g., predicting air pollution levels across a city based on a network of
monitoring stations).

Vector data analysis: involves examining and manipulating geographic features represented by
points, lines, and polygons. These geometric primitives have associated attribute data, which describes
their characteristics. Vector analysis techniques leverage both the spatial relationships (topology) and
the attribute information to extract meaningful insights and solve spatial problems.

Overlay techniques combine the spatial and attribute data of two or more vector layers to
create a new layer with combined characteristics.

Point-in-Polygon: Determines which points fall within the boundaries of polygons.
For example, identifying which wells are located within specific administrative
boundaries.

Line-in-Polygon: Identifies the portions of lines that fall within the boundaries of
polygons. For example, determining which sections of roads pass through a protected
forest.

Polygon-on-Polygon: Combines two polygon layers based on their spatial
intersection.

Network Analysis: In the context of spatial analysis and Geographic Information Systems
(GI1S), focuses on studying the properties and behavior of networks. These networks are
typically represented as a set of interconnected linear features (edges or links) with
connecting points (nodes or junctions). The goal is to understand how movement, flow, and
relationships occur within these networks.

Real-world examples:



e Transportation Networks: Roads, railways, public transit routes.
o Utility Networks: Pipelines (water, gas, oil), power lines, telecommunication cables.
e Hydrological Networks: Rivers, streams.

Network analysis leverages the topological relationships (connectivity) defined in the vector
data to perform various analytical tasks.

o Nodes (Junctions): These are the points where network edges connect or intersect. They can
represent intersections, stations, facilities, or any point of interest within the network.

o Edges (Links): These are the linear features that connect nodes and represent the pathways
within the network. Edges often have attributes associated with them, such as length, travel
time, capacity, or cost.

e Network Dataset: In GIS, a network dataset is a specially structured dataset that understands
the connectivity and attributes of the network features. It's crucial for performing network
analysis.

Common Types of Network Analysis

e Shortest Path Analysis: Finding the route with the minimum impedance (e.g., shortest
distance, fastest time) between two or more points on the network. Applications include route
planning for vehicles, finding the quickest way to a destination, etc. Algorithms like Dijkstra's
algorithm are commonly used.

e Service Area Analysis: Determining the area reachable from a specific location (facility)
within a given impedance (e.g., within a 10-minute drive). This helps in understanding
accessibility and coverage.

o Closest Facility Analysis: Identifying the facility (e.g., hospital, fire station) that is closest to
a given location based on network travel.

e Origin-Destination (OD) Cost Matrix: Calculating the cost (e.g., travel time, distance)
between multiple origins and multiple destinations. This creates a matrix of costs and can be
used for accessibility studies and transportation planning.

e Vehicle Routing Problem (VRP): Finding the optimal routes for a fleet of vehicles to serve a
set of customers while minimizing costs and adhering to constraints (e.g., delivery time
windows, vehicle capacity).

o Location-Allocation: Determining the optimal location for new facilities based on the
demand and accessibility within a network. The goal could be to minimize travel time,
maximize coverage, or achieve other objectives.

o Network Flow Analysis: Modeling the flow of resources (e.g., water, traffic) through a
network to understand capacity, bottlenecks, and efficiency.
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Raster data analysis: It involves examining and manipulating geographic information
represented as a grid of cells or pixels. Each cell in the raster contains a value that represents
a specific attribute of the location it covers, such as elevation, temperature, land cover, or
spectral reflectance. Raster data is particularly well-suited for representing continuous
phenomena and is commonly derived from sources like satellite imagery, aerial photographs,
and scanned maps.

Applications of Raster Data Analysis

e Environmental Monitoring: Analyzing land cover change, deforestation, habitat suitability,
pollution levels, and climate change impacts using satellite imagery and other raster datasets.

e Agriculture: Precision agriculture applications such as vyield prediction, crop health
monitoring, and irrigation management using remote sensing data.

e Urban Planning: Analyzing urban sprawl, assessing the suitability of land for development,
and modeling transportation networks.



o Natural Resource Management: Forest inventory, wildfire risk assessment, water resource
management, and geological mapping.

o Disaster Management: Mapping the extent of floods, earthquakes, and other natural
disasters using satellite and aerial imagery.

e Archaeology: Identifying and mapping archaeological sites using aerial and satellite imagery,
and analyzing terrain for potential sites.

o Military and Intelligence: Surveillance, reconnaissance, and terrain analysis.
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Spatial data interpolation techniques:

Spatial data interpolation techniques are used to estimate values at unsampled locations
within the area covered by a set of known data points. The choice of interpolation technique
depends on the characteristics of the data, the spatial distribution of the sample points, and
the desired properties of the output surface (e.g., smoothness, accuracy, preservation of local
detail).



Deterministic Methods

These methods use mathematical functions based on the distance or spatial relationship
between the sampled points and the prediction locations. They do not provide an assessment
of prediction errors.

Inverse Distance Weighting (IDW): This is a simple and widely used method that
estimates the value at an unsampled location as a weighted average of the values at
nearby sampled points. The weight assigned to each sampled point is inversely
proportional to a power of the distance between the sampled point and the prediction
location. Closer points have a greater influence on the estimated value.

Spline Interpolation: Spline methods fit a smooth curve or surface through the
sampled points. Instead of fitting a single high-degree polynomial to all points, spline
interpolation fits low-degree polynomials piecewise to subsets of the data, ensuring
smoothness at the connections (knots).

Kriging: This is a more advanced and statistically rigorous interpolation technique that uses
geostatistical models to estimate values at unsampled locations. It considers the spatial
variation of the attribute being interpolated by analyzing the spatial autocorrelation in the data
through a variogram.

Kriging

10
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UNIT-V

Land Use and Land Cover (LULC) Mapping: This involves classifying and mapping the
Earth's surface into distinct categories based on human activities (land use e.g., residential,
commercial, agricultural) and natural features (land cover e.qg., forest, water bodies, barren land)
the process of identifying and mapping different types of land use and land cover in a specific
area, often using remote sensing techniques. This information is crucial for understanding and
managing natural resources, as well as for urban planning, It provides insights into the current
land use patterns and helps in planning for future development, ensuring efficient use of land and
resources. Satellite imagery is commonly used to gather data on land cover and changes over
time.




Land cover refers to the surface cover on the ground - vegetation, urban infrastructure, water,
bare soil etc. For Identification, delineation and mapping land cover is important and for
monitoring studies, resource management, planning activities. Identification of land cover
establishes the baseline from which monitoring activities can be performed.

Land use refers to the purpose the land serves, for example recreation, wildlife habitat, or
agriculture. Land use applications involve both baseline mapping and subsequent monitoring,
since timely information is required to know what current quantity of land is in what type of use
and to identify the land use changes from year to year. This knowledge will help develop
strategies to balance conservation, conflicting uses, and developmental pressures.

Determination of Crop Characteristics: Using remote sensing data combined with GIS, this
application assesses various attributes of crops throughout their growing season. Analyzing
spectral signatures from satellite imagery (e.g., NDVI for vegetation health), GIS helps in
monitoring crop health, predicting yields, identifying areas under stress (due to water scarcity or
disease), and assessing irrigation needs.
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Crop characteristics refer to the key features of crops such as type, health, growth stage, yield,
and area under cultivation. Determining these characteristics is essential for agricultural
planning, food security, and crop monitoring.



3. Ground Water Potential Identification: Identifying areas with a high likelihood of
containing extractable groundwater. Integrates and analyzes multiple spatial layers such as
geology (faults, lineaments), hydrogeology (aquifer types), rainfall distribution, drainage
patterns, slope, and land use. By overlaying these layers and applying spatial analysis techniques,
GIS can pinpoint zones suitable for borewells or artificial recharge.
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It refers to the process of locating and evaluating areas where groundwater resources are likely to
be available in sufficient quantities. This is critical for water resource management, agricultural
planning, urban development, and mitigating the effects of water scarcity.

Pollutant Mapping: Visualizing, analyzing and monitoring the spatial distribution and
concentration of environmental pollutants. Maps pollution sources (e.g., industrial discharge
points, landfill sites, agricultural runoff zones), tracks the dispersion of pollutants (e.g., through
air plumes or water flow models) and assesses the impact on nearby communities or ecosystems.
Data from sensors, environmental surveys, and modeling outputs are integrated.

Pollutants can be gaseous, liquid, or solid. Common examples include:

Air pollutants: CO,, NO,, SO, particulate matter (PM), ozone (O3), etc.
Water pollutants: Heavy metals, plastics, oils, chemical waste, etc.
Soil pollutants: Pesticides, hazardous chemicals, etc.

Data Collection The accuracy of the map depends on the quality of the data. Methods for
gathering data include:

« Monitoring stations: Ground-based sensors or monitoring stations that measure
pollutants.

« Satellite imagery: Remote sensing tools like NASA’s MODIS or Sentinel satellites to
monitor pollutants.



o Air quality index (AQI) data: Many countries provide AQI data, which can be used to
track air quality.

Pollutant mapping is an important process in environmental science that involves identifying,
tracking, and visualizing the presence and concentration of pollutants in various environments.
This helps policymakers, scientists, and the public understand pollution patterns and take
appropriate actions.

Snow Mapping: Mapping the extent, depth, and water equivalent of snow cover. Primarily uses
satellite imagery (optical and radar) to delineate snow-covered areas. Time-series analysis in GIS
helps monitor snow accumulation and melt patterns, which are crucial inputs for hydrological
models.

Snow in the Himalayas is a vital water resource to India and the snowmelt runoff occurring
mostly during summer months constitute a substantial part of water resources of the river
systems like Indus, Ganga and Brahmaputra. Snow cover mapping is done using remote sensing
data regularly. Snow cover, with relatively high albedo, appears very bright on standard False
Colour Composite (FCC) images and is easily differentiated with other land cover features.

Rainfall Runoff Modelling: Simulating how rainfall contributes to surface runoff and
streamflow within a watershed. Integrates spatial data layers like Digital Elevation Models
(DEMSs) for terrain analysis (slopes, flow direction), soil types (infiltration rates), land cover
(roughness, impervious surfaces), and rainfall data. GIS provides the framework for hydrological
models (e.g., SCS-CN method, SWAT model) to predict runoff volumes and flood risks.

Rainfall-Runoff Modelling is the process of simulating how rainfall translates into surface runoff
in a watershed or catchment area. This is essential for flood forecasting, water resource
management, hydrological design (e.g., drainage systems, dams), and environmental impact
assessments.

A model is a simplified representation of a complex system. It aids in making decisions,
particularly where data or information are scarce or there are large-number of options to choose
from. Hydrological models represent the physical/ chemical/biological characteristics of the
catchment and simulate the natural hydrological processes.
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Soil Erosion: Assessing, mapping, and predicting areas prone to soil erosion. Integrates spatial
factors influencing erosion, such as slope steepness, land cover (vegetation density), soil
erodibility, rainfall erosivity, and conservation practices. Models like the Universal Soil Loss
Equation (USLE) or Revised Universal Soil Loss Equation (RUSLE) are implemented within
GIS to identify vulnerable areas and quantify potential soil loss. It is Important for land
management in both agricultural and undeveloped areas to implement contour farming, terracing,
or afforestation efforts to prevent soil degradation.

Soil Classification: Mapping and categorizing different soil types across a landscape. Creates
spatial databases of soil maps based on various soil properties (e.g., texture, structure, drainage,
depth) derived from field surveys, satellite imagery (proxy indicators), and legacy soil maps. GIS
allows for detailed soil surveys and the creation of suitability maps for different agricultural
crops or construction purposes. It Provides fundamental information for agricultural planning
(determining suitable crops for specific soil types), urban development (assessing foundation
stability), and environmental studies.

Watershed Prioritization: Identifying and ranking sub-watersheds within a larger basin based
on their degradation status or conservation needs. Analyzes various factors such as sediment
yield, erosion intensity, land degradation, and socio-economic vulnerability within each sub-
watershed. GIS helps in spatially identifying critical areas that require immediate attention for
soil and water conservation measures, resource allocation, and integrated watershed
management. It Applicable to manage local drainage basins and ensure sustainable water
resources and land health in the region.



Solid Waste Collection: Optimizing the logistics of solid waste collection and disposal. Enables
route optimization for collection vehicles, minimizing fuel consumption and travel time. It helps
in identifying optimal locations for transfer stations, recycling centers, or landfills based on
proximity to population centers, road networks, and environmental regulations. It is Crucial for
improving the efficiency and environmental sustainability of waste management services in the
rapidly urbanizing areas around Hyderabad, reducing operational costs and improving public

hygiene.

Solid Waste Collection is the process of gathering, transporting, and transferring solid waste
from its source to a disposal or processing facility. It’s a critical component of waste

management systems in urban, rural, and industrial settings,
environmental protection, and cleanliness.

Components of Solid Waste Collection

1. Collection
o From Sources: Households, businesses, streets, institutions
e Methods:
o Curbside pickup
o Community bins or drop-off points
o Door-to-door collection
2. Storage before Collection
3. Transfer Stations
4. Transportation
5. Dumping yard
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Water Supply: Managing the planning, operation, and maintenance of urban and rural water
supply systems. Maps the entire water distribution network (pipelines, valves, pumps,
reservoirs), identifies areas with water scarcity, detects leakages, models water pressure, and
plans for new infrastructure expansion. It supports asset management and customer service.
Essential for ensuring reliable and equitable access to potable water for the growing population,
managing water resources from sources like Himayat Sagar and Osman Sagar (for Hyderabad's

supply), and planning future expansions to meet demand.



Water Supply refers to the system and process of sourcing, treating, distributing, and managing
water to meet the needs of households, industries, agriculture, and public services. It’s a core
component of infrastructure that supports public health, economic development, and
environmental sustainability.

Water supply is the provision of water by public utilities, commercial organizations, community
endeavors or by individuals, usually via a system of pumps and pipes. Public water supply
systems are crucial to properly functioning societies.
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https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Public_utility
https://en.wikipedia.org/wiki/Water_pipe

