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Series 1: Digital Image Processing in Remote Sensing

Series outline

1.1 Fundamentals of Digital Image Processing

e Computerimaging systems

¢ Image representation and colour space

¢ Image sampling, quantisation, and quality measurement
¢ Data products, storage, and retrieval systems

1.2 Image Preprocessing

¢ Encoding and decoding of images

e Sources of image degradation

¢ Atmospheric, radiometric, and geometric errors

e Systematic and non-systematic correction methods
e Image geometry operations

1.3 Image Enhancement Techniques

¢ Image characteristics and statistical tools
¢ Histogramand scatter plot analysis

¢ Radiometric and geometric operators

e Fourier and scale-space transforms

¢ Imagefusionand texture analysis

1.4 Image Classification and Analysis

e Spectraldiscrimination and pattern matching

e Bayes’theorem in classification

e - Signature and feature extraction

e Supervised and unsupervised classification methods

o Error matrix and accuracy assessment

¢ Advanced analysis: uncertainty, fuzzy partitioning, neural networks, sub-pixel
classification, pattern recognition
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Introduction

Remote sensing has become one of the most powerful tools for observing and interpreting
the Earth’s surface. From monitoring agricultural fields to mapping urban growth, digital
image processing allows us to transform raw satellite data into meaningful information
that can guide planning and decision-making. As technology advances, the ability to
process and analyse digital images has become an essential skill for geographers,
environmental scientists, and planners. This Series will provide you with the foundation
needed to handle digital images effectively and to appreciate their role within the broader
field of Remote Sensing and GIS.

The aim of this Series is to equip you with the knowledge and skills required to process,
enhance, classify, and analyse digital images for remote sensing applications. By the end
of the Series, you will be able to apply these techniques confidently to real-world
geographical problems.

We shall commence this Series by exploring the fundamentals of digital image processing,
including how images are represented, sampled,/and stored. Then, we will move on to
image preprocessing, where you will learnhow to correct errors and improve image
geometry. Following that, we will examine image enhancement techniques, focusing on
statistical tools, transforms, and texture analysis. Finally, we will conclude with image
classification and analysis, where you will study supervised and unsupervised methods,
accuracy assessment, and advanced approaches such as fuzzy partitioning and neural
networks. This sequential journey will prepare you to handle digital images with both
technical precision and analyticalinsight.

Series Learning Outcomes
Upon completing this Series, you should be able to:

e /SLO 1.1 define the fundamental concepts of digital image processing, including
image representation, colour space, sampling, and storage systems,

e SLO 1.2 explain the major preprocessing techniques used to correct atmospheric,
radiometric, and geometric errors in remote sensing images,

e SLO 1.3 applyimage enhancement methods such as histogram analysis,
transforms, and texture analysis to improve image quality,

e SLO 1.4 analyse digital images using classification approaches, including
supervised and unsupervised methods, accuracy assessment, and advanced
techniques such as fuzzy partitioning and neural networks.

-
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1.1 Fundamentals of Digital Image Processing

1.1.1 Computer imaging systems

A computer imaging system refers to the combination of hardware and software used to
capture, store, process, and display digital images. These systems include input devices
such as scanners and sensors, processing units like computers, and output devices such
as monitors and printers. They are designed to handle large volumes of data efficiently,
making them essential in remote sensing applications where satellite images are
processed for geographical analysis.

Fillin the blank: A computer imaging system combines and software to capture and
process digital images.

-
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1.1 Components of a computer imaging system

1.1.2 Image representation and colour space

Image representation refers to the way digital images are stored and displayed using
pixels. Each pixel contains information about brightness and colour. A colour space is a
mathematical model describing how colours are represented, such as RGB (Red, Green,
Blue) or CMYK (Cyan, Magenta, Yellow, Black). In remote sensing, colour spaces help in
distinguishing features on the Earth’s surface by assigning spectral values to pixels.
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Fillin the blank: The RGB colour space represents colours using , ,and
channels.

RGB ADDITIVE COLOUR MODEL

YELLOW

Source: OER Geography Project, 2026

Plate 1.1 RGB colour space representation

1.1.3 Image sampling, quantisation, and quality measurement

Image sampling is the process of selecting discrete points from a continuous image to
form a digital version. Quantisation refers to assigning numerical values to the sampled
points, which determines the resolution and detail of the image. Quality measurement
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involves assessing the accuracy and clarity of the digital image, often using metrics such
as signal-to-noise ratio. These processes ensure that remote sensing images are reliable
for analysis.

Fillin the blank: Assigning numerical values to sampled points in an image is called

Feature Sampling (Spatial) Quantisation (Intensity/Radiometric)
Digitizing the coordinates Digitizing the amplitude (brightness) of
Process . .
of the image. the signal.
Spatial Resolution: The Radiometric Resolution: The number
Determines size of the smallest object of shades of gray or colors stored per
visible on the ground. pixel.
Dividing a 1km study area Assigning a value from 0 to 255 (8-bit) to
Example into a grid of 1T0m x 10m representthe light reflected from a
pixels. field.
The image looks "blocky" or The image shows "contouring" or
If too low... pixelated; fine details like banding; subtle differences in soil
narrow roads are lost. moisture aren't visible.

Table 1.1 Comparison of sampling and quantisation

1.1.4 Data products, storage, and retrieval systems

Data products in remote sensing are processed outputs such as maps, thematic layers, or
classified images. Storage systems refer to methods of keeping these products, including
databases and file systems. Retrieval systems allow users to access stored data
efficiently; often using spatial queries or metadata. Together, these systems ensure that
processed images can be archived and reused for future research and planning.

Fillin'the blank: Processed outputs such as maps and thematic layers are referred to as
in remote sensing.

-
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Common . . L
Data Product Sources Primary Geographic Application
Multispectral Landsat 8/9, Monitoring vegetation health (NDVI), land
Imagery Sentinel-2 cover classification, and water quality:
Digital Elevation SRTM, ASTER, Analyzing topography, flood risk mapping,
Models (DEM) LiDAR and watershed delineation.
Thermal Infrared ECOSTRESS, Studying the Urban Heat Island (UHI)
Data MODIS effect and tracking volcanic activity.
Radar (SAR) NISAR g
cloud cover).
Nighttime Lights VIIRS, DMSP- Estimating economic activity, urbanization
(NTL) OLS rates, and energy consumption patterns.

Box 1.1 Examples of remote sensing data products

e Land use maps
e Vegetation indices
e Climate monitoring datasets

Pilot questions 1.1
1. Which of the following best describes a computer imaging system?
Adevice for printing documents
A combination of hardware and software for capturing and processing images

A colourmodel used in image representation
A'method of correcting atmospheric errors

o0 oo

B

Inthe RGB colour space, colours are represented using:

Red, Green, Blue

Cyan, Magenta, Yellow
Black, White, Grey
Brightness and contrast

o0 oo

-
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3. The process of assigning numerical values to sampled points in an image is called:

Sampling
Quantisation
Enhancement
Classification

o0 oo

»

Which of the following is an example of a remote sensing data product?

A raw satellite image

A vegetation index map
A scanner device

A colour space model

o0 oo

o

Quality measurement in digital image processing often involves assessing:

File size
Signal-to-noise ratio
Colour space
Sampling grid

o0 oo

1.2 Image Preprocessing

1.2.1 Encoding and decoding of images

Encoding refers tothe process of converting an image into a digital format that can be
stored and transmitted, while decoding is the reverse process of reconstructing the image
from its digital representation. In remote sensing, encoding ensures that satellite images
are compressed and stored efficiently, whereas decoding allows them to be displayed and
analysed.

Fillin the blank: The process of converting an image into a digital format for storage is
called

-
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Source: Open Educational Resource (OER)
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Figure 1.2 Encoding and decoding of images

1.2.2 Sources of image degradation

Image degradation refers to the loss of quality in digital images due to various factors. In
remote sensing, degradation can occur because of sensor limitations, transmission errors,
or environmental conditions. For example, cloud cover may obscure satellite images,

while sensor noise may reduce clarity.
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Fillin the blank: Loss of image quality due to sensor limitations or environmental
conditions is called

Janué 27,2026 =~ E i - = SI)Jrce:Oen Educational Resource OER")
Plate 1.2 Cloud cover causing image degradation

1.2.3 Atmospheric, radiometric, and geometric errors

Atmospheric errors occur when gases and particles in the atmosphere scatter or absorb
radiation, altering the recorded signal. Radiometric errors are related to variations in
sensor sensitivity or calibration, which affect brightness values. Geometric errors arise
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when the spatial position of pixels is distorted due to sensor movement or Earth’s

curvature. Correcting these errors is crucial for accurate analysis.

Fillin the blank: Distortions in pixel positions caused by sensor movement are known as

errors.

Error Type

Source/Cause

Effect on Image

Correction Method

Atmospheric

Scattering and
absorption by gas
molecules, dust,
and water vaporin
the atmosphere.

Haze, reduced
contrast, and
altered spectral
signatures
(objects look
"washed out").

Atmospheric
Correction: Using dark
object subtraction or
radiative transfer
models.

Radiometric

Sensor
malfunctions (e.g.,
"dead" pixels) or
changes in solar
illumination and
viewing angle.

Linedropping,
"banding”
(stripes), or
uneven brightness
across the scene.

Radiometric
Calibration: Using
internal sensor
calibrations or flat-
fielding techniques.

Geometric

Earth's rotation,
curvature;or
variations inthe
platform’s altitude,
speed, andpitch.

Displacement of
pixels; shapes and
distances on the
map appear
warped or
stretched.

Georeferencing: Using
Ground Control Points
(GCPs) to align the
image with a known
map coordinate
system.

Table 1.2 Types of errors in remote sensing images

1.2.4 Systematic and non-systematic correction methods

Systematic corrections are predictable adjustments applied to images to account for
known sensor or orbital characteristics. Non-systematic corrections deal with
unpredictable distortions such as random noise or temporary sensor malfunctions. Both
methods are essential to restore image accuracy before further processing.

-
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Fillin the blank: Predictable adjustments applied to images to account for sensor

characteristics are called corrections.
Category Description Common Methods / Examples
* Scan Skew Correction:
Adjusting for the Earth's rotation
during image capture.

Address predictable, internal * Earth Curvature Correction:
Systematic errors caused by the sensor's Compensating for the spherical

Corrections design or known orbital shape of the planet.

geometry.

* Panoramic Distortion:
Correcting the scale changes at
the edges of a sensor's field of
view.

* Geometric Registration: Using
Ground Control Points (GCPs) to
align imagery with known map
coordinates.

Address random, external

Non- errors caused by
Systematic unpredictable factors like
Corrections platform movement or

* Orthorectification: Correcting
for terrain displacement using
Digital Elevation Models (DEMs).

atmospheric changes.

-
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Category Description Common Methods / Examples

* Atmospheric Correction:
Removing "haze" effects caused
by scattering or absorptionby
aerosols and gases.

Box 1.2 Examples of correction methods

e Systematic: orbital path correction, sensor calibration
¢« Non-systematic: random noise removal, temporary malfunction adjustment

1.2.5 Image geometry operations

Image geometry operations involve adjusting the spatial arrangement of pixels to ensure
that the image aligns correctly with geographical coordinates. This process, known as
georeferencing, allows images to be integrated with maps and GIS systems. Without
geometry operations, remote sensingimages may not match real-world locations
accurately.

Fillin the blank: Adjusting the spatiatarrangement of pixels to align with geographical
coordinates is called

-
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Figure 1.3 Georeferencing in image geometry operations

Pilot questions 1.2

1.0 Encoding in image processing refers to:
Correcting atmospheric errors
Converting an image into a digital format
Removing random noise
Aligning pixels with coordinates
2. Which of the following is a common source of image degradation?

-
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o0 oo

o0 oo

o0 oTo

o0 oTo

Histogram analysis

Cloud cover

Fourier transform

Georeferencing

Distortions in pixel positions due to Earth’s curvature are classified as:
Atmospheric errors

Radiometric errors

Geometric errors

Encoding errors

Predictable adjustments applied to images to account for sensor characteristics
are known as:

Non-systematic corrections

Systematic corrections

Random corrections

Geometric operations

. The process of aligning satellite images with geographical coordinates is called:

Quantisation
Georeferencing
Sampling
Encoding

1.3 Image Enhancement Techniques

1.3.1 Image characteristics and statistical tools

Image characteristics refer to measurable properties of digital images such as
brightness, contrast, andtexture. These characteristics determine how easily features can
be distinguished in remote sensing data. Statistical tools such as mean, variance, and
standard deviation are used to summarise pixel values and identify patterns. For example,
calculating the mean brightness of an area can help distinguish between vegetation and
built-up regions.

Fillin the blank: The measurable properties of digital images such as brightness and
contrast are called

-
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Figure 1.4 Brightness and contrast in digital images

1.3.2 Histogram and scatter plot analysis

A histogram is a graphical representation of pixel intensity distribution in an image. It helps
identify whether an image is too dark, too bright, or well balanced. A scatter plot shows
the relationship between two spectral bands, allowing analysts to detect correlations and
classify land cover types. These tools are fundamental in enhancing images for clearer
interpretation.

Fillin the blank: A graphical representation of pixel intensity distribution is called a

SN
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Feature Histogram Scatter Plot

Analyze the distribution of Analyze the relationship and
Purpose pixel values (DN) in a single correlation between two
spectral band. spectral bands.
Data Type Univariate (Single band) Bivariate (Two bands)

Digital Number (DN) /

X-Axis DN / Reflectance of Band A
Reflectance values
Y-Axis Frequency (Count of pixels) DN / Reflectance of Band B
Contrast stretching, Vegetation index creation (e.g.,
Key Remote . . e
. thresholding for image NDVI), land cover classification
Sensing Use . . Y .
Case segmentation, and identifying (spectral signatures), and
sensor noise. change detection.
Shows brightness Shows correlation; tight linear
distribution; peaksindicate clusters indicate high
Interpretation dominant land cover correlation; distinct clusters
reflectance; width indicates indicate different land cover
contrast. classes.

Table1.3 Applications of histogram and scatter plot analysis

1.3.3 Radiometric and geometric operators

Radiometric operators adjust pixel intensity values to improve image brightness and
contrast. Geometric operators modify the spatial arrangement of pixels to correct
distortions or enhance shapes. Together, these operators improve the visual quality of
images and make features more distinguishable.

Fillin the blank: Operators that adjust pixel intensity values to improve brightness are
called operators.

-
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IMAGE ENHANCEMENT OPERATORS
IN REMOTE SENSING

RADIAMIOTIC OPERATORS GEOMETRIC OPERATORS

* Image Rotation
Contrast Stretching * Scaling

Historam Equulation * Scaling

Noise Reduction Restore degrated ecosystems
Brightness Adjustment Promote renewable energy adoptid
Resammpling

Source: Open Educational Resource (OER)

January 27, 2026

Box 1.3 Examples of radiometric and geometric operators

e Radiometric: contrast stretching, histogram equalisation
o Geometric: rotation, scaling, translation

1.3.4 Fourier and scale-space transforms

A Fourier transform is a mathematical technique that converts an image from the spatial
domain into the frequency domain, allowing analysts to highlight or suppress specific
patterns. Scale-space transforms involve analysing images at different resolutions to
detect features of varying sizes. These transforms are particularly useful in texture analysis
and feature extraction.

-
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Fillin the blank: The mathematical technique that converts an image into the frequency
domainis called a transform.

ORIGINAL IMAGE FOURIER TRANSFORM
(Spatial Domain) (Frequency Domain)

High-frequency
details
(sharp edges)

Low-frequency details
smooth areas)

Center (Low Frequencies: Perpihery (High
Global Brightness, Blurs Edges, Textures

Source: OER (Open Educational Resources)

Figure 1.5 Fourier transform in image enhancement

1.3.5 Image fusion and texture analysis

Image fusion combines data from multiple sources or sensors to create a single image
with improved detail and accuracy. For example, combining high-resolution panchromatic
data with multispectral data enhances both spatial and spectral information. Texture

-
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analysis examines the spatial arrangement of pixel values to identify patterns such as
roughness or smoothness, which are useful in distinguishing land cover types.

Fillin the blank: Combining data from multiple sources to create a single improved image
is called image

PANCHROMINIC & MULTISPECTCAL IMAGE FUSION

PANCHROMNIC IMAGE ALZ%%'%M
(High Resolution / Grascyale) (eeg), Brovey, PCA)
Wavelet)

QE

PAN-SHARPENED IMAGE

(High Resolution / Color)
MULTISPEECTCAL IMAGE

(Low Resolution / Color)

Source: OER Geography Project, 2026

Plate 1.3 Image fusion in remote sensing

Pilot questions 1.3

1. Which of the following is a measurable property of digital images?

Do)
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Histogram equalisation
Brightness

Fourier transform
Georeferencing

. Ahistogram in image processing shows:

Pixel intensity distribution

Relationship between spectral bands

Geometric distortions

Texture patterns

Operators that adjust pixel intensity values are known as:

Geometric operators
Radiometric operators
Fourier transforms
Scatter plots

. The mathematical technique that converts an image into the frequency domain is

called:

Histogram equalisation

Fourier transform

Texture analysis

Image fusion

Combining data from multiple sensors to create a single enhanced image is called:

Georeferencing

Image fusion
Quantisation
Radiometric correction

1.4 Image Classification and Analysis

1.4.1 Spectral discrimination and pattern matching

Spectral. discrimination is the ability to distinguish between different land cover types
based on their spectral signatures. Each material, such as vegetation, soil, or water,
reflects and absorbs light differently, creating unique spectral patterns. Pattern matching
involves comparing these spectral signatures with known references to classify pixels
correctly. This process is fundamentalin remote sensing because it allows analysts to
identify features on the Earth’s surface.

Fillinthe blank: The ability to distinguish land cover types based on their spectral
signatures is called

-
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Figure 1.6 Spectral signatures used in discrimination

1.4.2 Bayes’ theorem in classification

Bayes’ theorem is a statistical principle used to calculate the probability that a pixel
belongs to a particular class based on prior knowledge and observed data. In image
classification, Bayes’ theorem helps improve accuracy by incorporating probabilities
rather than relying solely on raw spectral values.

Fillin the blank: Bayes’ theorem calculates the that a pixel belongs to a particular
class.

&
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Box1.4 Application of Bayes’ theorem in classification

e Uses prior probabilities
e Incorporates observed spectral data
e . Improves classification accuracy

1.4.3 Signature and feature extraction

A'signature is a set of spectral values that uniquely represent a land cover type. Feature
extraction involves identifying and isolating these signatures from the image data. This
step is crucial because it provides the training data needed for classification algorithms.

SN
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For example, extracting signatures of forested areas allows the system to classify similar
regions across the image.

Fillin the blank: A set of spectral values that uniquely represent a land cover type is called
a

Surface Visible Light Near- Short-Wave Distinguishing
Feature (Blue/Green/Red) Infrared Infrared Characteristic
(NIR) (SWIR)
Low reflectance Very High Moderate The "Red Edge":
. reflectance reflectance; a sharp
(absorption by . . .
Vegetation chlorophvll dueto highly increase in
g os eci:llyi;l internal leaf sensitive to reflectance
RZd/BluZ) structure leaf water between Red
' (mesophyll). content. and NIR.
Near-Zq40 High absorption
reflectance; Total
Moderate . across the
. water absorption; .
Clear reflectancein infrared
absorbs appears
Water Blue/Green; very . spectrum
low in Red QRS blackin makes it easy to
’ NIR SWIR bands. > 11 0asy
. delineate.
radiation.
High Generally an
reflectance; upward-sloping
Moderate to High; . influenced curve; moisture
. . : Higher than
Dry Soil increases steadily . . by content
. visible light. . s
with wavelength. mineralogy significantly
and organic lowers
matter. reflectance.

1.4.4 Supervised and unsupervised classification methods

Table 1.4 Examples of spectral signatures in remote sensing

Supervised classification requires the analyst to provide training data, guiding the
algorithm to classify pixels based on known signatures. Unsupervised classification
allows the algorithm to group pixels into clusters without prior training, which are later
interpreted by the analyst. Both methods are widely used, depending on the availability of
reference data and the complexity of the study area.

-
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Fillin the blank: Classification that requires training data provided by the analyst is called
classification.

SUPERVISED UNSUPERUSISED
CLASSIFICATION CLASSIFICATION
Q TRAINING DATA NG @4 o~
(ground truth) RASTER IMAGE INPUT d-o
CLASSIFIER :
CLUSTRING
r TRAINING T ori
RASTER RASTER
IMAGE INPUT >
OUTPUT
L CLASSIFICATION J (classified map with
ALGORITHM undenfied clusters)
@ OUTPUT INTERPETATION & LABELING
(classified map with
defined classes)

January 27, 2026 Source: Open Educational Resource (OER)

1.7 Supervised vs unsupervised classification methods

1.4.5 Error matrix and accuracy assessment

An error matrix is a table that compares classified data with reference data to evaluate
accuracy. Accuracy assessment involves calculating measures such as overall accuracy,
producer’s accuracy, and user’s accuracy. These metrics help determine how reliable the
classification results are and whether they can be used for decision-making.

-
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Fillin the blank: A table that compares classified data with reference data to evaluate
accuracy is called an matrix.

Classified Data | Forest | Water | Urban | Agriculture | Total A(L:j:t?::cy
Forest 85 2 5 8 100 85%
Water 0 95 3 2 100 95%
Urban 10 1 70 19 100 70%

Agriculture 5 2 12 81 100 81%
Total 100 100 90 110 400
'Xg::f::;s 85% | 95%. | 77.8% 73.6% 2;37':;

Table 1.5 Example of an error matrix for land cover classification

1.4.6 Advanced analysis: uncertainty, fuzzy partitioning, neural networks,
sub-pixel classification, pattern recognition

Uncertainty arises when pixels.cannot be confidently assigned to a single class. Fuzzy
partitioning allows pixels to belong to multiple classes with varying degrees of
membership: Neural networks are machine learning models that can classify complex
patterns in image data. Sub-pixel classification deals with mixed pixels that contain more
than one land cover type. Pattern recognition uses algorithms to detect shapes and
features inimages. Together, these advanced techniques enhance the accuracy and depth
of image analysis.

Fillin the blank: Allowing pixels to belong to multiple classes with varying degrees of
membership is called partitioning.

-
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Source: OER Geography Project, 2026

1.4 Neural network-based classification in remote sensing

Pilot questions 1.4
1. The ability to distinguish land cover types based on spectral signatures is called:

Pattern recognition
Spectral discrimination
Georeferencing
Quantisation
2. Bayes’theoremis used in classification to calculate:

oo o

He-a)
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Pixel intensity
Probability of class membership
Geometric distortion
Texture patterns
3. Asetof spectral values that uniquely represent a land cover type is called a:

o0 oo

Feature extraction
Signature
Histogram
Scatter plot
4. Classification that requires training data provided by the analyst is known as:

o0 oo

Supervised classification
Unsupervised classification
Fuzzy partitioning
Sub-pixel classification
5. Atable that compares classified data with reference data to evaluate accuracy is
called an:

o0 oTo

Error matrix
Scatter plot
Histogram
Fourier transform

o0 oTo

Series Summary

This Series has introduced you.to the foundations of digital image processing in remote
sensing, highlighting its importance in transforming raw satellite data into meaningful
information for geographical analysis and planning. The purpose has been to equip you
with the knowledge and skills required to process, enhance, classify, and analyse digital
images so that you can apply them confidently in real-world contexts.

We began with the fundamentals of digital image processing, examining computer imaging
systems, colour.spaces, sampling, and storage. We then moved on to image
preprocessing, whereyou explored encoding and decoding, sources of degradation, and
correction methods. Following that, we studied image enhancement techniques, including
statistical tools, histograms, transforms, and texture analysis. Finally, we concluded with
image classification and analysis, covering spectral discrimination, Bayes’ theorem,
supervised and unsupervised methods, accuracy assessment, and advanced approaches
such as fuzzy partitioning and neural networks. By completing this Series, you should now
be able to define the core concepts of digital image processing, explain preprocessing
techniques, apply enhancement methods, and analyse images using classification
approaches, as outlined in the Series Learning Outcomes.

-
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Glossary of Terms

¢ Accuracy assessment: The process of evaluating how reliable a classification
result is by comparing it with reference data.

e Atmospheric errors: Distortions in remote sensing images caused by gases and
particles in the atmosphere scattering or absorbing radiation.

e Bayes’ theorem: A statistical principle used to calculate the probability that a pixel
belongs to a particular class based on prior knowledge and observed data.

e Colour space: A mathematical model that describes how colours are represented
in digital images, such as RGB (Red, Green, Blue).

¢ Computerimaging system: A combination of hardware and software/used to
capture, store, process, and display digital images.

« Data products: Processed outputs from remote sensing suchas maps, thematic
layers, or vegetation indices.

e Decoding: The process of reconstructing an image fromiits digital representation so
that it can be displayed and analysed.

e Encoding: The process of converting animage into a digital format for storage and
transmission.

o Error matrix: Atable that compares classified data with reference data to evaluate
accuracy.

o Feature extraction: The process of identifying and isolating spectral signatures or
patterns from image data for classification.

¢ Fourier transform: A mathematical technique that converts an image from the
spatial domain into the frequency domain to highlight or suppress patterns.

e Fuzzy partitioning: A classification method that allows pixels to belong to multiple
classes with varying degrees of membership.

¢ | Geometricerrors: Distortions in pixel positions caused by sensor movement or
Earth’s curvature.

o Georeferencing: The process of aligning satellite images with geographical
coordinates so they match real-world locations.

o ~ Histogram: A graphical representation of pixel intensity distribution in an image.

« Image degradation: Loss of image quality due to factors such as sensor limitations,
transmission errors, or environmental conditions.

o Image enhancement: Techniques used to improve the visual quality of an image,
making features more distinguishable.
ol
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e Image fusion: The process of combining data from multiple sources or sensors to
create a single image with improved detail and accuracy.

¢ Neural networks: Machine learning models that can classify complex patternsin
image data.

e Quantisation: The process of assigning numerical values to sampled pointsin an
image.

« Radiometric errors: Variations in sensor sensitivity or calibration thataffect
brightness values in an image.

o« Radiometric operators: Tools that adjust pixel intensity values to improve image
brightness and contrast.

¢ Sampling: The process of selecting discrete points from a continuous image to
form a digital version.

o Scatter plot: A graph showing the relationship between two spectral bands, useful
for detecting correlations and classifying land cover.

e Signature: A set of spectral values that uniquely represent a land cover type.

o Spectral discrimination: The abilityto distinguish between different land cover
types based on their spectral signatures.

o Supervised classification: Amethod where the analyst provides training data to
guide the classification of pixels.

e Systematic corrections: Predictable adjustments applied to images to account for
known sensor or orbital characteristics.

o Texture analysis: The study of the spatial arrangement of pixel values to identify
patterns such as roughness or smoothness.

o Unsupervised classification: A method where the algorithm groups pixels into
clusters without prior training, which are later interpreted by the analyst.

e Uncertainty: A situation in classification where pixels cannot be confidently
assigned to a single class.

Concept check questions [Series 1]
Objective questions

1. Which of the following best describes a computer imaging system?

a. A colour model used in image representation
b. A combination of hardware and software for capturing and processing images
C. A method of correcting atmospheric errors
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d. A graphical representation of pixel intensity distribution
(Linked to SLO 1.1)
2. The process of assigning numerical values to sampled points in an image is called:

a. Sampling
b. Quantisation
C. Enhancement
d. Classification
(Linked to SLO 1.1)
3. Classification that requires training data provided by the analyst is known as:

a. Supervised classification
b. Unsupervised classification
C. Fuzzy partitioning
d. Sub-pixel classification
(Linked to SLO 1.4)
4. Atable that compares classified data with reference data to evaluate accuracy is
called:

Histogram
Scatter plot

Error matrix

. Fourier transform
(Linked to SLO 1.4)

o0 oTo

Short-answer questions

5. Define colour space and give one example. (Linked to SLO 1.1)
6. Explain one source of image degradation in remote sensing. (Linked to SLO 1.2)
7. State one difference between supervised and unsupervised classification methods.

(Linked to SLO-1.4)
8. What'is the purpose of texture analysis in image enhancement? (Linked to SLO 1.3)
Long-answer questions

9. Analyse the importance of preprocessing in remote sensing image analysis,
highlighting at least two types of errors and their correction methods. (Linked to SLO 1.2)

10. Evaluate the role of advanced classification techniques such as fuzzy partitioning
and neural networks in improving the accuracy of remote sensing analysis. (Linked to SLO
1.4)

Answers to Concept check questions [Series 1]

Objective questions

1.

-

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



b. Acombination of hardware and software for capturing and processing

images
2.
b. Quantisation
2.
a. Supervised classification
2.

c. Error matrix

Short-answer questions

5. Acolour space is a mathematical model that describes how colours are represented in
digital images. Example: RGB (Red, Green, Blue).

6. One source of image degradation is atmospheric interference, such as haze caused by
scattering of light.

7. Supervised classification uses training data provided by the analyst, while unsupervised
classification groups pixels into clusters without prior training.

8. Texture analysis helps identify patterns such as roughness or smoothness, which are
useful in distinguishing land cover types.

Long-answer questions

9. Basic response: Preprocessing is important because raw satellite images often
contain errors. Atmospheric errors occur due to scattering and absorption of radiation,
while geometric errors arise from.sensor movement or Earth’s curvature. Corrections such
as haze removal and georeferencing restore image accuracy.

Value-addediresponse: Beyond basic corrections, preprocessing ensures consistency
across datasets, enabling integration with GIS. Advanced correction methods also
accountfor sensor calibration issues and orbital path variations, making the data more
reliable for long-term monitoring and comparative studies.

10. Basic response: Advanced classification techniques improve accuracy by handling
complexdata. Fuzzy partitioning allows pixels to belong to multiple classes, while neural
networks detect non-linear patterns in spectral data.

Value-added response: These methods are particularly useful in heterogeneous
landscapes where mixed pixels are common. Neural networks can learn from large
datasets and adapt to new conditions, while fuzzy approaches provide more realistic
classifications in transitional zones such as urban-rural boundaries. Together, they
enhance decision-making in environmental management and resource planning.

-
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Answers to Pilot Questions [Series 1]
Part 1.1 Fundamentals of Digital Image Processing

b. Acombination of hardware and software for capturing and processing

images
2.

a. Red, Green, Blue
2.

b. Quantisation
2.

b. Avegetation index map
2.

b. Signal-to-noise ratio

Part 1.2 Image Preprocessing

b. Converting an image into a digital format

b. Cloud cover

2.

c. Geometric errors
2.

b. Systematic corrections
2.

b. Georeferencing

-

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Part 1.3 Image Enhancement Techniques

b. Brightness

2.
a. Pixel intensity distribution
2.
b. Radiometric operators
2.
b. Fouriertransform
2.

b. Image fusion

Part 1.4 Image Classification and Analysis

b. Spectral discrimination

2.
b. Probability of class membership
2.
b. Signature
2.
a. Supervised classification
2.
a. Error matrix

-
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References and Attributions [Series 1]

This section compiles all references and attributions for the instructional content,
illustrations, and suggested open educational resources (OERs) used in Series 1: Digital
Image Processing in Remote Sensing. The referencing style applied here follows a
simplified APA format for clarity and consistency.

General references

e GEO 407 Course Document: Remote Sensing and GIS Il. Provided course. outline
and content basis.

¢ Open Educational Resources (OER) suggested for diagrams, tables, and
illustrations were used as placeholders to guide learners towards freely. available
materials.

Illustrations
¢ Figure 1.1 Components of a computer imaging system

e Attribution: Placeholder suggested forAl generation.
e Al prompt: “Generate a labelled diagram showing input devices, processing
unit, and output devices in‘'a computer imaging system.”
e Suggested OER search string: “open educational resource diagram
computer imaging system components.”
e Plate 1.1 RGB colour space representation

e Attribution: Placeholder suggested for Al generation.
o Al prompt: “Create a simple visual showing RGB colour channels combining
to form colours.”
e Suggested OER search string: “RGB colour space educational illustration
OER.”
e Table 1.1 Comparison of sampling and quantisation

o /Attribution: Placeholder suggested for Al generation.
e | Al prompt: “Generate a simple table comparing sampling and quantisation in
digital image processing.”
o . Suggested OER search string: “sampling vs quantisation remote sensing
OER table.”
¢ Box 1.1 Examples of remote sensing data products

o Attribution: Placeholder suggested for Al generation.
e Al prompt: “Generate a text box listing examples of remote sensing data
products.”
e Suggested OER search string: “remote sensing data products examples
OER.”
e Figure 1.2 Encoding and decoding of images

e Attribution: Placeholder suggested for Al generation.
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e Al prompt: “Generate a flow diagram showing encoding of an image into
digital format and decoding back to display.”
e Suggested OER search string: “encoding decoding image processing
diagram OER.”
 Plate 1.2 Cloud cover causing image degradation

e Attribution: Placeholder suggested for Al generation.
o Al prompt: “Generate a satellite image showing cloud cover obscuring land
features.”
o Suggested OER search string: “satellite image cloud cover degradation
OER.”
o Table 1.2 Types of errors in remote sensing images

e Attribution: Placeholder suggested for Al generation.
e Al prompt: “Generate a table comparing atmospheric, radiometric, and
geometric errors in remote sensing.”
e Suggested OER search string: “remote sensing errors atmospheric
radiometric geometric OER table.”
e Box 1.2 Examples of correction methods

e Attribution: Placeholder suggested for Al generation.
e Al prompt: “Generate a text box listing examples of systematic and non-
systematic correction methods in remote sensing.”
o Suggested OER search string: “systematic non-systematic correction
remote sensing OER.”
o Figure 1.3 Georeferencing in image geometry operations

e Attribution: Placeholder suggested for Al generation.
o Al prompt: “Generate a diagram showing georeferencing of a satellite image
to match a map grid.”
o Suggested OER search string: “georeferencing satellite image diagram OER.”
e Figure 1.4 Brightness and contrast in digital images

e | Attribution: Placeholder suggested for Al generation.
o Al prompt: “Generate a diagram comparing two satellite images, one with
low contrast and one with high contrast.”
o Suggested OER search string: “brightness contrast satellite image OER
diagram.”
o Table 1.3 Applications of histogram and scatter plot analysis

e Attribution: Placeholder suggested for Al generation.
e Al prompt: “Generate a table comparing histogram and scatter plot analysis
in remote sensing.”
e Suggested OER search string: “histogram scatter plot remote sensing OER.”
e Box 1.3 Examples of radiometric and geometric operators

e Attribution: Placeholder suggested for Al generation.
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e Al prompt: “Generate a text box listing examples of radiometric and
geometric operators in image enhancement.”
e Suggested OER search string: “radiometric geometric operators remote
sensing OER.”
Figure 1.5 Fourier transform in image enhancement

e Attribution: Placeholder suggested for Al generation.
e Al prompt: “Generate a diagram showing an image before and after Fourier
transform highlighting frequency components.”
o Suggested OER search string: “Fourier transform image processing diagram
OER.”
Plate 1.3 Image fusion in remote sensing

e Attribution: Placeholder suggested for Al generation.
e Al prompt: “Generate an illustration showing fusion of panchromatic and
multispectral satellite images.”
e Suggested OER search string: “image fusion remote sensing OER
illustration.”
Figure 1.6 Spectral signatures used in discrimination

e Attribution: Placeholder suggested for Al generation.
o Al prompt: “Generate a diagram comparing spectral signatures of
vegetation, soil, and water.”
o Suggested OER search string: “spectral signatures vegetation soil water OER
diagram.”
Box 1.4 Application of Bayes’ theorem in classification

e Attribution: Placeholder suggested for Al generation.
e Al prompt: “Generate a text box summarising the application of Bayes’
theorem in image classification.”
o Suggested OER search string: “Bayes theorem remote sensing classification
OER.”
Table 1.4 Examples of spectral sighatures in remote sensing

e Attribution: Placeholder suggested for Al generation.
o . Al prompt: “Generate a table showing examples of spectral signatures for
vegetation, water, and soil.”
o Suggested OER search string: “spectral signatures vegetation water soil OER
table.”
Figure 1.7 Supervised vs unsupervised classification methods

e Attribution: Placeholder suggested for Al generation.

e Al prompt: “Generate a diagram comparing supervised and unsupervised
classification in remote sensing.”

e Suggested OER search string: “supervised unsupervised classification
remote sensing OER diagram.”
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o« Table 1.5 Example of an error matrix for land cover classification

e Attribution: Placeholder suggested for Al generation.
e Al prompt: “Generate a sample error matrix table for land cover
classification.”
o Suggested OER search string: “error matrix remote sensing classification
OER table.”
o Plate 1.4 Neural network-based classification in remote sensing

e Attribution: Placeholder suggested for Al generation.

e Al prompt: “Generate an illustration showing neural network classification of
land cover types.”

e Suggested OER search string: “neural network classification remote sensing
OERillustration.”

Course Code: GEO 407
Course Title: Remote Sensing and GIS Il
Course Credit Load: 3 Units

Series 2: Image Enhancement, Classification, and Analysis Techniques
Part 1: Foundations of Image Enhancement

e Image quality issues (noise, blur, contrast, resolution)

e Spatial domain techniques (histogram equalization, contrast stretching)
e Frequency domain techniques (Fourier transforms, filtering)

e Applications in. medical imaging, satellite imagery, and photography

Part 2: Advanced Image Enhancement Methods

e Adaptive filtering and noise reduction

e _Edge enhancement and sharpening

e ' Morphological operations

e Case studies in industrial inspection and biometrics

Part 3: Image Classification Techniques

e . Supervised vs. unsupervised classification

e Feature extraction (edges, textures, shapes, color histograms)
e Classical methods (k-NN, SVM, decision trees)

e Deep learning approaches (CNNs, transfer learning)

Part 4: Image Analysis and Interpretation

-
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e Object detection and recognition

e Segmentation techniques (thresholding, clustering, region-based methods)
e Pattern recognition and feature matching

e Applications in medical diagnosis, remote sensing, and security

Part 5: Emerging Trends and Practical Applications

e Image fusion and multi-modal analysis

e Dimensionality reduction (PCA, t-SNE)

e Explainable Al in image analysis

e Generative models and self-supervised learning

e Hands-on lab exercises and mini-projects using open-source tools (MATLAB, Python, OpenCV)

Introduction

Images are central to how we perceive and interpret the world around us, from medical scans that
aid diagnosis to satellite pictures that inform environmental monitoring: Yet raw images often
contain imperfections such as noise, poor contrast, or-distortions that limit their usefulness.
Enhancing, classifying, and analysing images are therefore essential steps in extracting
meaningful information, making this Series a vital foundation for the broader course.

The aim of this Series is to equip you with the knowledge and skills required to improve image

quality, classify visual data effectively, and carry out meaningful analysis. By the end, you will

be able to apply both classical and modern techniques to a range of practical scenarios, bridging
theory with hands-on application.

We shall commence this Series by exploring the foundations of image enhancement, focusing on
common quality issues and/basic techniques. Next, we will move on to advanced enhancement
methods, including adaptive filtering and morphological operations. Following that, our attention
will turn to image classification, where you will learn both traditional approaches and deep
learning methods. Afterwards, we will examine image analysis and interpretation, covering
segmentation, object detection,.and pattern recognition. Finally, the Series will be rounded off
with emerging trends and practical applications, giving you the opportunity to engage with real-
world projects and case studies.

Series Learning Outcomes
Upon completing this Series, you should be able to:

¢ SLO 2.1 define common image quality issues and explain basic enhancement techniques
in both spatial and frequency domains,
e SLO 2.2 demonstrate advanced enhancement methods such as adaptive filtering, edge
sharpening, and morphological operations,
e SLO 2.3 apply appropriate classification techniques, including feature extraction and
supervised or deep learning approaches,
P
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e SLO 2.4 analyse images through segmentation, object detection, and pattern recognition
for meaningful interpretation, and

e SLO 2.5 evaluate emerging trends and design practical solutions using modern tools and
case studies in image analysis.

2.1 Foundations of Image Enhancement

Image enhancement is the process of improving the visual quality of an image so-that important
details become clearer and easier to interpret. This is essential in fields such as medical imaging,
satellite observation, and industrial inspection, where raw images often contain imperfections.
By mastering these foundations, you will be able to identify common problems and apply
suitable techniques to correct them.

2.1.1 Image quality issues

Several image quality issues can affect the usefulness of animage. Noise refers to random
variations in brightness or colour that obscure details. Blur is thedoss of sharpness caused by
motion or poor focus. Contrast describes the difference in brightness between objects and their
background, while resolution refers to the level of detail an image can display. Recognising
these issues is the first step towards effective enhancement.

Figure 2.1 Examples of common image quality issues

2.1.2 Spatial domain techniques

Spatial domain techniques are methods applied directly to the pixels of an image. One common
approach is histogram equalisation, which redistributes pixel intensity values to improve
contrast. Another is contrast stretching, which expands the range of brightness levels to make
features more visible. These techniques are simple yet powerful tools for enhancing images.

Figure 2.2 Histogram equalisation applied to an image

2.1.3 Frequency domain techniques

Frequency domain techniques involve transforming the image into a representation based on
its frequency components. The Fourier transform is a mathematical tool that decomposes an
image into sine and cosine waves. By applying filters in this domain, we can reduce noise or
sharpen edges. This approach is particularly effective for periodic distortions and fine detail
enhancement.

2.3 Image representation in the frequency domain

2.1.4 Applications of image enhancement

-
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Image enhancement has wide-ranging applications. In medical imaging, it helps doctors detect
abnormalities in scans. In satellite imagery, it improves the visibility of land features for
environmental monitoring. In photography, it allows clearer and more aesthetically pleasing
pictures. Each application demonstrates how enhancement techniques bridge the gap between
raw data and meaningful interpretation.

Plate 2.1 Enhanced medical image for diagnosis

Pilot questions

Fill in the blank:
1.  refers to random variations in brightness or colour that obscure details in an
image.
2. Histogram equalisation improves image by redistributing pixel intensity values.
3. The Fourier transform decomposes an image into . _<and cosine waves.
4. In satellite imagery, enhancement techniques improve the visibility of ~ for

environmental monitoring.

5. Resolution refers to the level of an image can display.

2.2 Advanced Image Enhancement Methods

While foundational techniques provide a strong starting point, more complex images often
require advanced methods to-achieve clearer and more precise results. These methods are
designed to tackle specific challenges such as reducing noise, sharpening edges, and enhancing
structural details. By the end of this Part, you will be able to apply these techniques to improve
images in demanding contexts such as medical diagnostics, industrial inspection, and biometric
recognition.

2.2.1 Adaptive filtering and noise reduction

Adaptive filtering is a technique that adjusts its parameters based on local image characteristics.
Unlike fixed filters, it adapts to the varying levels of noise and detail across different regions of
an image. This makes it particularly effective for reducing noise, while preserving important
features such as edges and textures.

Figure 2.4 Adaptive filtering compared with fixed filtering

2.2.2 Edge enhancement and sharpening

Edge enhancement refers to techniques that make boundaries between objects more distinct.
Sharpening is a related process that increases the contrast of fine details, making features stand
out more clearly. These methods are widely used in applications such as medical imaging, where

-
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clear boundaries are essential for diagnosis, and in photography, where sharper images are more
visually appealing.

Figure 2.5 Edge enhancement applied to an image

2.2.3 Morphological operations

Morphological operations are techniques based on the shape and structure of objects within an
image. Common operations include dilation, which expands object boundaries, and erosion,
which shrinks them. These methods are particularly useful in binary images, such as those used
in industrial inspection or document analysis, where the goal is to refine shapes and remove
small imperfections.

2.6 Morphological operations: dilation and erosion

2.2.4 Case studies in industrial inspection and biometrics

Advanced enhancement methods are widely applied in real-world scenarios. In industrial
inspection, they help detect defects in manufactured products by highlighting edges and
removing noise. In biometrics, they improve the clarity of fingerprints or facial images, making
recognition systems more accurate. These case studies demonstrate how advanced techniques
bridge theory and practice.

Plate 2.2 Enhanced fingerprint image for biometric recognition

Pilot questions for Part 2
Fill in the blank:

1. Adaptive filtering adjusts its based on local image characteristics.

2. Edge enhancement makes ~ between objects more distinct.

3./ Sharpening incteases the contrast of ~ details in an image.

4. Dilation is a morphological operation that  object boundaries.

5. Inbiometrics, enhancement techniques improve the clarity of ~ for accurate
recognition.

2.3 Image Classification Techniques

Image classification is the process of assigning labels or categories to images based on their
visual content. It is a fundamental task in computer vision, enabling applications such as medical

-
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diagnosis, remote sensing, and facial recognition. By learning classification techniques, you will
gain the ability to distinguish between different image types and apply appropriate methods for
accurate categorisation.

2.3.1 Supervised and unsupervised classification

Supervised classification involves training a model using labelled data, where each image is

associated with a known category. The model learns patterns and applies them to classify new
images. Unsupervised classification, on the other hand, groups images into clusters -based on
similarities without prior labels. Both approaches are widely used depending on the availability

of labelled datasets.
Feature Supervised Classification Unsupervised Classification
User Input User provides "Training Areas" User specifies the number of
P (samples of known land cover). groups (clusters) they want.
. " The '(':ompute.r leamsgyhat 2 The computer groups pixels based
Logic Forest" looks like based on your s o c o .
sampl Ry solely on statistical similarity.
Labels Categories are defined before the Categories are defined after the
analysis. clusters are formed.
Best Used You have high-quality field data or Yqu are expl'C)rlng an unfamiliar
When... aerial photos of the area region or don tdhave ground truth
) ata.

Figure 2.7 Supervised versus unsupervised classification

2.3.2 Feature extraction

Feature extraction is the process of identifying distinctive characteristics in an image that can
be used for classification. Examples include edges, which define boundaries; textures, which
describe surface patterns; shapes, which capture geometric structures; and colour histograms,
which represent colour distribution. Effective feature extraction reduces complexity while
retaining essential information.

-
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Figure 2.8 Examples of image features for classification




2.3.3 Classical classification methods

Classical methods rely on mathematical algorithms to classify images. k-Nearest Neighbours
(k-NN) assigns a class based on the majority label of the nearest samples. Support Vector
Machines (SVM) separate classes using hyperplanes in feature space. Decision trees classify
images by following a series of rules based on feature values. These methods are effective for
smaller datasets and simpler problems.

Figure 2.9 Classical classification methods

2.3.4 Deep learning approaches

Deep learning has revolutionised image classification by using artificial neural networks to
automatically learn features. Convolutional Neural Networks (CNNs) are particularly
effective, as they capture spatial hierarchies of features through convolutional layers. Techniques
such as transfer learning allow pre-trained models to.be adapted to new tasks, saving time and
resources. These approaches achieve state-of-the-art performance in‘many applications.

Figure 2.10 Convolutional neural network for image classification

Pilot questions for Part 3

Fill in the blank:

1. Supervised classification requires data to train a model.

2. Unsupervised classification groups images into based on similarities.

3. Edges, textures, shapes, and colour histograms are examples of used in
classification.

4. Support Vector Machines separate classes using in feature space.

5. Convolutional Neural Networks capture spatial hierarchies of features through
layers.

24 Tmage Analysis and Interpretation

Image analysis goes beyond enhancement and classification by focusing on extracting
meaningful information from images. It involves techniques such as segmentation, object
detection, and pattern recognition, which allow us to interpret visual data in practical contexts.
By mastering these methods, you will be able to apply image analysis to diverse fields such as
medical diagnosis, remote sensing, and security systems.

-
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2.4.1 Object detection and recognition

Object detection refers to identifying the presence and location of objects within an image,
while object recognition involves classifying those objects into categories. These techniques are
widely used in applications such as facial recognition, traffic monitoring, and medical imaging.

Figure 2.11 Object detection and recognition in an image

2.4.2 Segmentation techniques

Segmentation is the process of dividing an image into meaningful regions. Techniques include
thresholding, which separates objects based on intensity values; clustering; which groups pixels
with similar characteristics; and region-based methods, which grow regions from seed points.
Segmentation is crucial in medical imaging for identifying tumours; and in.remote sensing for
mapping land cover.

Figure 2.12 Image segmentation example

2.4.3 Pattern recognition and feature matching

Pattern recognition involves identifying recurring structures or shapes in images, while feature
matching compares features across different images to find similarities. These methods are
essential in applications such as fingerprint matching, logo detection, and industrial inspection.

Figure 2.13 Pattern recognition and feature matching

2.4.4 Applications in medical diagnosis, remote sensing, and security

Image analysis plays a vital role in real-world applications. In medical diagnosis, it helps detect
diseases from scans. In remote sensing, it supports environmental monitoring by classifying
land use. In security, it enables surveillance systems to identify suspicious activities. These
examples highlight the practical importance of image analysis in everyday life.

2.3 Analysed medical image showing abnormal regions

Pilot questions for Part 4

Fill in the blank:

-
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Object detection identifies the presence and of objects within an image.
Thresholding is a segmentation technique that separates objects based on values.
Clustering groups pixels with similar during segmentation.

Pattern recognition involves identifying recurring or shapes in images.

In security applications, image analysis enables surveillance systems to identify
activities.

Nk W=

2.5 Emerging Trends and Practical Applications

Image processing is a rapidly evolving field, with new methods and applications emerging every
year. Beyond traditional enhancement and classification, modern approaches focus on combining
multiple sources of information, reducing complexity, and making systems more transparent and
practical. This Part introduces you to some of the most exciting developments and shows how
they are applied in real-world projects.

2.5.1 Image fusion and multi-modal analysis

Image fusion refers to the process of combining information from multiple images into a single,
more informative output. For example, satellite images from different sensors can be fused to
provide clearer environmental data. Multi-modal analysis extends this idea by integrating data
from different sources, such as combining X-ray and MRI scans in medical imaging.

Figure 2.14 Image fusion for multi-modal analysis

2.5.2 Dimensionality reduction

Dimensionality reduction is the process of simplifying data by reducing the number of
variables while retaining essential information. Techniques such as Principal Component
Analysis (PCA) and t-SNE are commonly used to visualise high-dimensional image data. These
methods make classification and analysis more efficient by focusing only on the most important
features.

Figure 2.15 Dimensionality reduction using PCA

2.5.3 Explainable Al in image analysis

Explainable AI (XAI) refers to methods that make machine learning models more transparent
and understandable. In image analysis, XAl helps users see why a system made a particular
decision, such as highlighting the regions of a medical scan that influenced a diagnosis. This
builds trust and accountability in Al systems.

Figure 2.16 Explainable Al in image analysis

-

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



2.5.4 Generative models and self-supervised learning

Generative models such as GANs (Generative Adversarial Networks) can create new images
based on learned patterns, while self-supervised learning allows models to learn from
unlabelled data by predicting missing parts of an image. These approaches are reshaping the
future of image processing by reducing reliance on large labelled datasets and enabling creative
applications.

2.17 Generative models creating synthetic images

2.5.5 Hands-on lab exercises and mini-projects

Practical exercises are essential for consolidating knowledge. By working with tools such as
MATLAB, Python, and OpenCYV, learners can apply enhancement, classification, and analysis
techniques to real-world datasets. Mini-projects may include medical image enhancement,
satellite image classification, or biometric recognition. These activities provide valuable
experience and prepare learners for professional applications.

. . . 3 Key

Category Project Title Description Tools/Libraries
Develop a script to remove
Haze atmospheric scattering from

Enhancement landscape photos or satellite OpenCV, NumPy

Removal Tool . ;
images using Dark Channel
Prior.

Use Histogram Equalization

Adaptive :
Enhancement |* Low-Light (CLAHE) to reveal hidden Matplotlib, SciPy
Booster details in underwater or

nighttime imagery.

Build a model to classify fields
Crop Health into "Healthy," "Stressed," or TensorFlow/Keras,

ORIy Classifier "Dead" based on NDVI values GDAL
from multispectral data.
Use Unsupervised K-Means
Classification Land Cover cluster}ng to automatically Scikit-learn, QGIS
Segmenter group pixels into land, water,

and built-up areas.
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. . e . Key
Category Project Title Description Tools/Libraries
Calculate the change in "Built-
Urban W .
. up Area" pixels between two Rasterio, Earth
Analysis Sprawl . ;
satellite images taken 10 years Engine
Tracker
apart.
Automated anlcjlsce:oil(:c%zrd;riZTtls(;Isl t(oC iilrzzl;l};i)f
Analysis Pothole Y Ty OpenCV, Python
and count road damage in
Detector .
street-level imagery.

Box 2.1 Suggested mini-projects for practice

Pilot questions for Part 5

Fill in the blank:
1. Image fusion combines information from multiple = into a single output.
2. PCA is atechnique used for | reduction in image data.
3. Explainable Al highlights the ..  of an image that influenced a system’s decision.
4. GANsareatypeof model that can generate synthetic images.
5. Tools such as Python and OpenCV are used to carry out  projects in image
processing.

Series. Summary

This Series has introduced you to the essential techniques of image enhancement, classification,
and analysis, highlighting their importance in extracting meaningful information from visual data
across diverse fields such as medicine, remote sensing, and security. Starting with the
foundations of image enhancement, we examined common image quality issues and explored
both spatial and frequency domain methods. We then moved on to advanced enhancement
approaches, including adaptive filtering, edge sharpening, and morphological operations, before
considering their practical applications in industrial inspection and biometrics.

Following that, we studied image classification, beginning with supervised and unsupervised
methods, progressing through feature extraction and classical algorithms, and culminating in
deep learning approaches such as convolutional neural networks. We continued with image

-
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analysis and interpretation, focusing on object detection, segmentation, and pattern recognition,
and concluded with emerging trends such as image fusion, dimensionality reduction, explainable
Al and generative models, supported by hands-on projects. In line with the Series Learning
Outcomes, you should now be able to define and explain key enhancement techniques,
demonstrate advanced methods, apply classification approaches, analyse images through
interpretation techniques, and evaluate modern trends while designing practical solutions.

Glossary of Terms

Adaptive filtering — A method of reducing noise in images by adjusting filter parameters
according to local image characteristics, helping preserve important details such as edges.

Blur — A loss of sharpness in an image, often caused by motion or poor focus, which makes
details less clear.

Clustering — A segmentation technique that groups pixels with similar properties, such as colour
or brightness, into clusters.

Colour histogram — A graphical representation of the-distribution of ¢olours in an image, often
used as a feature for classification.

Contrast — The difference in brightness between objects and their background, which affects
how easily details can be distinguished.

Contrast stretching — A spatial domain technique that expands the range of brightness levels in
an image to make features more visible.

Convolutional Neural Network (CNN) — A type of deep learning model designed for image
classification, which automatically learns features through layers of convolution operations.

Decision tree — A classical classification method that uses a series of rules based on feature
values to assign images to categories.

Dilation — A morphological operation that expands the boundaries of objects in an image,
making them appear larger.

Erosion — A morphological operation that shrinks the boundaries of objects in an image, making
them appear smaller.

Explainable AL (XAI) — Techniques that make machine learning models more transparent by
showing which parts of an image influenced a decision.

Feature extraction — The process of identifying distinctive characteristics in an image, such as
edges, textures, shapes, or colours, to aid classification.

Fourier transform — A mathematical tool that represents an image in terms of sine and cosine
waves, allowing filtering in the frequency domain.

Generative Adversarial Network (GAN) — A type of generative model that creates synthetic
images by learning patterns from real data.

-
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Histogram equalisation — A technique that redistributes pixel intensity values to improve image
contrast.

Image fusion — The process of combining information from multiple images into a single, more
informative image.

Morphological operations — Image processing techniques based on object shapes, such as
dilation and erosion, used to refine structures in binary images.

Noise — Random variations in brightness or colour that obscure details in an image.
Object detection — Identifying the presence and location of objects within an image.

Object recognition — Classifying detected objects into categories, such as identifying a face or a
car.

Pattern recognition — Identifying recurring structures or shapes in images, often used in
fingerprint or logo detection.

Principal Component Analysis (PCA) — A dimensionality reduction technique that simplifies
data by focusing on the most important features.

Resolution — The level of detail an image can display, usually measured in pixels.
Segmentation — Dividing an image into meaningful regions to isolate objects or areas of interest.

Self-supervised learning — A machine learning approach where models learn from unlabelled
data by predicting missing or hidden parts of an.image.

Sharpening — An enhancement technique that increases the contrast of fine details, making
features stand out more clearly.

Support Vector Machine (SVM) — A classical classification method that separates classes using
boundaries (hyperplanes) in feature space.

Supervised classification — A method of training models with labelled data, where categories
are known in advance.

t-SNE — A dimensionality reduction technique that visualises high-dimensional data by mapping
it into two or three dimensions.

Thresholding — A segmentation technique that separates objects from the background based on
intensity values.

Unsupervised classification — A method of grouping images into clusters based on similarities,
without using labelled data.

Concept Check Questions

Objective Questions
1. Which of the following is a frequency domain technique used in image enhancement?

-
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Histogram equalisation
Contrast stretching
Fourier transform

. Morphological dilation
Linked to SLO 2.1)

a0 oo

—_

2. In supervised classification, models are trained using:
a. Unlabelled data

b. Random noise

c. Labelled data

d. Dimensionality reduction

—_

Linked to SLO 2.3)

3. Which morphological operation expands object boundaries in a binary image?
a. Erosion

b. Dilation

C. Thresholding

d. Clustering

—_

Linked to SLO 2.2)

Short-Answer Questions

4. Define “noise” in the context of image quality issues.
(Linked to SLO 2.1)

5. Explain the difference between object detection and object recognition.
(Linked to SLO 2.4)

6. State one advantage of using transfer learning in deep learning approaches to image
classification.
(Linked to SLO 2.3)

Long-Answer Questions

7. Analyse the role of segmentation techniques in medical imaging and remote sensing,
giving examples of thresholding and clustering.
(Cinked to SLO 2.4)

8. Evaluate the importance of explainable Al in image analysis, and discuss how it
contributes to trust in medical and security applications.
(Linked to SLO 2.5)

9. Design a mini-project idea using Python and OpenCV that demonstrates image
enhancement and classification. Outline the steps you would take.
(Linked to SLO 2.5)

-

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Answers to Concept Check Questions [Series 2]

Objective Questions

1. C. Fourier transform
2. C.Labelled data
3. B. Dilation

Short-Answer Questions

4. Noise is random variations in brightness or colour that obscure details in an image.

5. Object detection identifies the presence and location of objects, while object recognition
classifies those detected objects into categories.

6. Transfer learning allows the use of pre-trained models, reducing training time and improving
performance with limited data.

Long-Answer Questions

7. Basic response: Segmentation divides an image into meaningful regions. In medical
imaging, thresholding can separate abnormal tissue from healthy areas, while clustering groups
pixels to highlight tumours. In remote sensing, thresholding distinguishes land from water, and
clustering identifies vegetation types.

Value-added response: Advanced segmentation methods such as region-growing and deep
learning-based segmentation provide more accurate results. For example, convolutional neural
networks can segment complex medical scans, while unsupervised clustering algorithms like k-
means can classify diverse land cover types. in satellite imagery.

8. Basic response: Explainable Al highlights the regions of an image that influenced a
decision, making systems more transparent. In medical imaging, this helps doctors understand
why a diagnosis was suggested. In security, it shows which features triggered an alert.
Value-added response: Beyond transparency, explainable Al supports accountability and
ethical use of Al It enables regulatory compliance in healthcare, reassures users in sensitive
applications, and fosters collaboration between human experts and Al systems by providing
interpretable outputs.

9. Basic response: A mini-project could involve enhancing noisy images using filters, then
classifying them with asimple algorithm. Steps include loading images in Python, applying
OpenCV filters, extracting features, and using a classifier such as k-NN.

Value-added response: An advanced project could integrate deep learning with CNNs, apply
transfer learning for improved accuracy, and evaluate results using metrics such as precision and
recall. It could also include visualisation of feature maps to demonstrate how the model
interprets images.

Answers to Pilot Questions

Part 1: Foundations of Image Enhancement

e brightness or colour
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e contrast

e sine
e abnormalities
e detail

Part 2: Advanced Image Enhancement Methods

e parameters
e boundaries
e fine

e expands

e fingerprints

Part 3: Image Classification Techniques

e labelled
e clusters
e features

e hyperplanes
e convolutional

Part 4: Image Analysis and Interpretation

e location

e intensity

e characteristics
e patterns

e suspicious

Part 5: Emerging Trends and Practical Applications

e images
e dimensionality
e regions

e generative
e [ mini-projects

References and Attributions

General References

e Gonzalez, R. C., & Woods, R. E. (2018). Digital image processing (4th ed.). Pearson.

e Jain, A. K. (1989). Fundamentals of digital image processing. Prentice Hall.

e OpenCV Documentation. (n.d.). Retrieved from https://docs.opencv.org

e MathWorks. (n.d.). Image Processing Toolbox. Retrieved from
https://www.mathworks.com/products/image.html
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Illustrations (Figures, Plates, and Boxes)

Part 1: Foundations of Image Enhancement

e Figure 2.1 Examples of common image quality issues. Suggested OER search string: “examplesof
image quality issues noise blur contrast OER diagram”.

e Figure 2.2 Histogram equalisation applied to an image. Suggested OER search string: “histogram
equalisation image processing OER diagram”.

e Figure 2.3 Image representation in the frequency domain. Suggested OER search string: “Fourier
transform image processing OER diagram”.

e Plate 2.1 Enhanced medical image for diagnosis. Suggested OER search string: “medical image
enhancement OER example”.

Part 2: Advanced Image Enhancement Methods

e Figure 2.4 Adaptive filtering compared with fixed filtering. Suggested OER search string:
“adaptive filtering noise reduction image processing OERdiagram”.

e Figure 2.5 Edge enhancement applied to an image. Suggested OER search string: “edge
enhancement sharpening image processing OER example”.

e Figure 2.6 Morphological operations: dilation and erosion. Suggested OER search string:
“morphological operations dilation erosion OER diagram”.

e Plate 2.2 Enhanced fingerprint image for biometric recognition. Suggested OER search string:
“fingerprint image enhancement biometrics OER example”.

Part 3: Image Classification Techniques

e Figure 2.7 Supervised versus unsupervised classification. Suggested OER search string:
“supervised vs unsupervised image classification OER diagram”.

e Figure 2.8 Examples of image features for classification. Suggested OER search string: “image
feature extraction edges textures shapes colour histograms OER diagram”.

e Figure 2.9 Classical classification methods. Suggested OER search string: “kNN SVM decision tree
image classification OER diagram”.

e Figure 2.10 Convolutional neural network for image classification. Suggested OER search string:
“convolutional neural network image classification OER diagram”.

Part 4:Image Analysis-and Interpretation

e Figure 2.11 Object detection and recognition in an image. Suggested OER search string: “object
detection recognition image processing OER diagram”.

e . Figure 2.12 Image segmentation example. Suggested OER search string: “image segmentation
thresholding clustering region-based OER diagram”.

e _ Figure 2.13 Pattern recognition and feature matching. Suggested OER search string: “pattern
recognition feature matching fingerprint OER diagram”.

e Plate 2.3 Analysed medical image showing abnormal regions. Suggested OER search string:
“medical image analysis abnormality detection OER example”.

Part 5: Emerging Trends and Practical Applications
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e Figure 2.14 Image fusion for multi-modal analysis. Suggested OER search string: “image fusion
multi-modal analysis OER diagram”.

e Figure 2.15 Dimensionality reduction using PCA. Suggested OER search string: “PCA
dimensionality reduction image processing OER diagram”.

e Figure 2.16 Explainable Al in image analysis. Suggested OER search string: “explainable Al image
analysis OER diagram”.

e Figure 2.17 Generative models creating synthetic images. Suggested OER search string: “GAN
generative adversarial network image processing OER diagram”.

e Box 2.1 Suggested mini-projects for practice. Suggested OER search string: “image processing
mini projects OER examples”.

Al-Generated Illustration Prompts (noted for attribution)

e “Generate a diagram showing three side-by-side images: one with noise, one blurred, and one
with low contrast.”

o “Generate a side-by-side diagram showing an image histogram before and after equalisation.”

e “Generate a diagram showing an image on the left and its Fourier transform on the right.”

e “Generate a medical scan image showing before and after enhancement for clearer visibility.”

e “Generate a diagram showing two images side by side: one filtered with a fixed filter, the other
with adaptive filtering.”

e “Generate a diagram showing an image before and after edge enhancement, highlighting
clearer boundaries.”

e “Generate a diagram showing a binary image before and after dilation and erosion.”

e “Generate a fingerprint image showing before and after enhancement for biometric clarity.”

e “Generate a diagram showing supervised classification with labelled data and unsupervised
clustering without labels.”

e “Generate a diagram showing edges, textures, shapes, and colour histograms extracted from an
image.”

e “Generate a diagram/'showing decision boundaries for k-NN and SVM classification.”

e “Generate a-diagram'showing a CNN architecture with convolutional, pooling, and fully
connected layers.”

o “Generate a diagram showing an image with bounding boxes around detected objects and labels
for recognition.”

o “Generate a diagram showing an image divided into regions using segmentation techniques.”

o “Generate@a diagram showing fingerprint images being matched through pattern recognition.”

e “Generate a.medical scan image showing highlighted abnormal regions after analysis.”

e “Generate a diagram showing two satellite images being fused into one enhanced image.”

e “Generatea diagram showing PCA reducing a dataset from many dimensions to two dimensions
forvisualisation.”

e . “Generate a diagram showing a medical image with highlighted regions explaining Al decision.”

e  “Generate a diagram showing GAN generating synthetic images from random noise.”

e . “Generate a table listing mini-project ideas in image enhancement, classification, and analysis.”
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Course Code: GEO 407
Course Title: Remote Sensing and GIS Il
Course Credit Load: 3 Units

Series 3: Applications of Remote Sensing and GIS Integration
3.1 Foundations of Remote Sensing Applications

e Principles of remote sensing

e Types of sensors and platforms

o Data acquisition and preprocessing

o Key applications in environmental monitoring

3.2 Advanced Remote Sensing Techniques

e Hyperspectral and multispectral imaging
e Radar and LiDAR applications

o Change detection methods

o Case studies in agriculture and forestry

3.3 GIS Integration and Spatial Analysis

o Fundamentals of GIS-integration
e Spatial data models and formats
e Overlay and buffering techniques
e Network and terrain analysis

3.4 Applied Domains of Remote Sensing and GIS

e Urban planning and infrastructure management
o | Disaster management and risk assessment

e Climate change and environmental sustainability
e Public health and epidemiology

3.5 Emerging Trends and Practical Applications

e Big data and cloud computing in remote sensing

o Artificial intelligence and machine learning applications
e Open data initiatives and collaborative platforms

e Hands-on lab exercises and mini-projects
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Introduction

Satellite images, aerial photographs, and spatial data have become part of our everyday lives,
whether in weather forecasts, navigation apps, or environmental reports. Remote sensing
provides the means to capture information about the Earth’s surface without direct contact, while
Geographic Information Systems (GIS) allow us to organise, analyse, and interpret this data for
practical decision-making. Together, they form a powerful combination that supports
applications ranging from agriculture and urban planning to disaster management and public
health.

The aim of this Series is to equip you with the knowledge and skills to apply remote sensing
techniques and integrate them with GIS tools, enabling you to interpret spatial data effectively
and connect theory with real-world applications.

We shall commence this Series by examining the foundations of remote sensing applications,
including principles, sensors, and preprocessing methods. Next, we will explore advanced
techniques such as hyperspectral imaging, radar, and LiDAR, supported by case studies in
agriculture and forestry. Following that, we will move on to GIS integration and spatial analysis,
where you will study data models, overlay methods, and terrain analysis. Afterwards, we will
consider applied domains such as urban planning, disaster management, climate change, and
public health. Finally, we will wrap up by discussing emerging trends, including big data,
artificial intelligence, open data initiatives, and practical mini-projects that consolidate your
learning.

Series Learning Outcomes
Series 3: Applications of Remote Sensing and GIS Integration
Upon completing this Series, you should be able to:

e SLO 3.1 define the principles of remote sensing and describe the role of sensors,
platforms, and preprocessing methods,

e ' SLO 3.2 explain advanced remote sensing techniques such as hyperspectral imaging,
radar, LiDAR, and change detection,

e SLO 3.3 demonstrate how to integrate remote sensing data within GIS and apply spatial
analysis methods including overlay, buffering, and terrain analysis,

e SLO 3.4 analyse applied domains of remote sensing and GIS such as urban planning,
disaster management, climate change, and public health, and

e SLO 3.5 evaluate emerging trends including big data, artificial intelligence, open data
initiatives, and design practical mini-projects using appropriate tools.

-
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3.1 Foundations of Remote Sensing Applications

Remote sensing provides a way of gathering information about the Earth’s surface without direct
contact. It is a cornerstone of modern environmental monitoring, urban planning, and disaster
management. In this Part, we will explore the principles of remote sensing, the types of sensors
and platforms used, how data is acquired and preprocessed, and some of the key applications in
environmental monitoring.

3.1.1 Principles of remote sensing

Remote sensing is the science of obtaining information about objects or areas from a distance,
typically using satellites or aircraft. It relies on the interaction between electromagnetic
radiation (energy that travels in waves) and the Earth’s surface. Sensors detect reflected or
emitted energy, which is then processed into images or data layers.

-
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Passive Remote Sensing: Energy Flow Diagram
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Figure 3.1 Principles of remote sensing

Remote sensing can be classified into passive sensing, which uses natural energy sources such
as sunlight, and active sensing, which involves sensors emitting their own energy (e.g., radar).

Fill in the blank:
Passive sensing relies on energy sources such as sunlight.

3.1.2 Types of sensors and platforms

™
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Sensors are instruments that detect electromagnetic radiation and convert it into usable data.
They can be mounted on different platforms, such as satellites, aircraft, or drones. Satellite
sensors provide global coverage, while airborne sensors offer higher resolution for smaller areas.

Plate 3.1 Remote sensing platforms

Sensors are often categorised as multispectral (capturing data in a few broad wavelength bands)
or hyperspectral (capturing data in hundreds of narrow bands).

Fill in the blank:
Hyperspectral sensors capture data in hundreds of narrow bands.

-
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3.1.3 Data acquisition and preprocessing

Data acquisition refers to the collection of raw data from sensors. This data often contains
distortions due to atmospheric conditions, sensor limitations, or geometric errors. Preprocessing
is the set of techniques used to correct these distortions, ensuring the data is accurate and reliable
for analysis.

SATELLITE REMOTE SENSING
DATA PIPELINE

2. PREPROESSING STEPS
ANALYSIS-READY

Atmosheric Geometric Radiomotic DATA (Level 2)
Correction Correction Calbiration #

-
—— ¥

1. RAW DATA o. ° Fum of Reflectance £ Forest Monitoring
ACQUISITION 2 2 : : # ”", =

(Level 0) ._‘Al %‘ / . - ) Q Water Qrowth
Top of Atosfiare Surface Reflectance GPS 42

(TOA)

[ Level 0: Undrosestic/Geometric Calibrated
Level 2: Surface Reflectence

Figure 3.2 Data acquisition and preprocessing steps

\,— ‘J
LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Fill in the blank:
Preprocessing corrects distortions caused by conditions and sensor limitations.

3.1.4 Key applications in environmental monitoring

Remote sensing plays a vital role in environmental monitoring, helping track deforestation;
water quality, urban expansion, and climate change. For example, satellite imagery can.reveal
changes in forest cover over time, while thermal sensors can monitor sea surface temperatures.

. . Remote Sensing . .
Application Area Method Key Indicators Monitored
Deforestation Optical Imagery & Forest canopy cover, biomass density,
Tracking LiDAR and illegal logging roads.
Water Quality . . Chlorophyll levels, turbidity (cloudiness),
Assessment Multispectral Imaging and harmful algal blooms.
Urban Growth High-Resolution Impervious surface expansion, heat island
Monitoring Satellite Data effects, and land-use changes.
Climate Change Thermal & Glacial retreat, sea-level rise, and sea
Study Microwave Sensors surface temperatures.
. . Crop health (NDVI), soil moisture
Agriculture & Soil Hyperspectral Sensors content, and nutrient deficiencies.

Box 3.1 Selected applications of remote sensing in environmental monitoring

Filldn the blank:
Satellite imagery can reveal changes in cover over time.

Pilot questions for Part 3.1
Fillin the blank:

1. Remote sensing is the science of obtaining information about objects or areas from a

2. Passive sensing relies on energy sources such as sunlight.
3. Hyperspectral sensors capture data in hundreds of narrow bands.
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4. Preprocessing corrects distortions caused by conditions and sensor limitations.
5. Satellite imagery can reveal changes in cover over time.

3.2 Advanced Remote Sensing Techniques

Remote sensing has evolved beyond basic imaging to include sophisticated methods that capture
detailed information about the Earth’s surface. In this Part, we will examine hyperspectral and
multispectral imaging, radar and LiDAR applications, change detection methods, and case
studies in agriculture and forestry. These techniques provide richer insights and enable more
precise monitoring of natural and human systems.

3.2.1 Hyperspectral and multispectral imaging

Multispectral imaging collects data across a few broad wayelength bands; while hyperspectral
imaging captures hundreds of narrow bands, allowing for fine discrimination of materials.
Hyperspectral sensors can detect subtle differences in vegetation health, soil composition, or
mineral deposits.

-
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MULTISPETRCAL VS. HYPERSPETRCAL IMAGING
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Figure 3.3 Multispectral versus hyperspectral imaging

Fill in the blank:
Hyperspectral imaging captures data in of narrow wavelength bands.

3.2.2 Radar and LiDAR applications

Radar (Radio Detection and Ranging) uses microwave signals to measure surface features,
making it effective in cloudy or dark conditions. LiDAR (Light Detection and Ranging)

™
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employs laser pulses to create high-resolution 3D models of terrain, vegetation, and built
structures.

-4
Alituirde-{

0

JRNUAR 27,2026 LiDAR FOREST CANAPY

Plate 3.2 Radar and LiDAR applications

RADAR TERRAIN MAP

Fill in the blank:
LiDAR uses pulses to create high-resolution 3D models of terrain and vegetation.

3.2.3 Change detection methods
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Change detection involves comparing images from different times to identify alterations in land
cover, vegetation, or urban areas. Techniques include image differencing, post-classification
comparison, and time-series analysis. These methods are crucial for monitoring deforestation,
urban expansion, and disaster impacts.

Remote Sensling Change Detection:
Land Cover Transformation

Time 1: January 2010 Time 2: January 2020

Decadal Change Analysis

Red Highlight: Areas of Significant Land Cover change (2010-2020)

Urban Growth

Agriculltural Contraction OER

Resources

Figure 3.4 Change detection in remote sensing

Fill in the blank:

Change detection involves comparing images from different to identify alterations in
land cover.
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3.2.4 Case studies in agriculture and forestry

Remote sensing supports precision agriculture by monitoring crop health, soil moisture, and
yield prediction. In forestry, it helps track deforestation, forest regeneration, and biodiversity.
Hyperspectral imaging can detect crop stress, while LIDAR provides canopy structure data.

Pest & Disease

infestations in

Imaging (detecting

C . Case Study Remote Sensing . .
Application Focus Technique Primary Insight/Benefit
NDVI (Normalized Allowed farmers to
Large-scale corn . .
. Difference predict yields weeks
Crop Yield and soy .
‘e o Vegetation Index) before harvest by
Prediction monitoring in . . "
. via Landsat or measuring "'greenness
the US Midwest. . g
Sentinel-2. and biomass.

Managing water Thermal Infrared Igentitied specific Zones
- . : of water stress, allowing

Precision stress 1n (TIR) sensing to . ..

C S for variable-rate irrigation
Irrigation California detect plant leaf L
. and significant water
vineyards. temperature. .
savings.
. Measured canopy height
Mapplng 3D LiDAR (Light and vertical layering to
Forest Canopy structure in‘the . .
. Detection and estimate carbon storage
Analysis Amazon Ranging) and biomass densit
Rainforest. ging Y
accurately.
Qi g Hyperspectral Detected physiological
Beetle .
stress in trees before

physical browning was

Southeast Asia.

Detection Furopean pine subtle color changes
peat p in the "Red Edge"). visible to the human eye.
forests.
Real-time e through perssten
Deforestation monitoring of SAR (Synthetic gD
. .S cloud cover to detect
Tracking clearing in Aperture Radar). . . .
illegal logging operations

in near real-time.

Caption: Box 3.2 Selected case studies in agriculture and forestry
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Fill in the blank:
Remote sensing supports precision agriculture by monitoring crop and soil moisture.

Pilot questions for Part 3.2

Fill in the blank:

1. Hyperspectral imaging captures data in of narrow wavelength bands.

2. LiDAR uses pulses to create high-resolution 3D models of terrain-and vegetation.

3. Change detection involves comparing images from different to identify
alterations in land cover.

4. Remote sensing supports precision agriculture by monitoring crop and soil
moisture.

5. Radar is effective in cloudy or conditions.

3.3 GIS Integration and Spatial Analysis

Remote sensing data becomes far more powerful when combined with Geographic Information
Systems (GIS). GIS provides the tools to store, manage, and analyse spatial data, enabling us to
extract meaningful insights and support decision-making. In this Part, we will explore the
fundamentals of GIS integration, spatial data models and formats, overlay and buffering
techniques, and network and terrain analysis.

3.3.1 Fundamentals of GIS integration

GIS integration refers to the process of combining remote sensing data with GIS platforms to
create spatially referenced datasets. This allows users to visualise satellite imagery alongside
maps, demographic data, or environmental indicators. Integration ensures that remote sensing
outputs can be used for practical applications such as land-use planning or disaster response.

-
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Figure 3.5 GIS integration with remote sensing data

Fill in the blank:
GIS integration combines remote sensing data with platforms to create spatially
referenced datasets.

3.3.2 Spatial data models and formats

Spatial data in GIS is represented using two main models: vector data (points, lines, polygons)
and raster data (grids or pixels). Vector data is useful for representing discrete features such as

-
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roads or boundaries, while raster data is ideal for continuous phenomena such as elevation or
temperature. Common formats include shapefiles, GeoTIFFs, and KML files.

GEOGRAPHIC INFORMATION SYSTEMS (GIS:
VECTOR VS. RASTER DATA MODELS

VECTOR DATA MODEL RASTER DATA MODEL

* Represents geographic features using * Represents geography as
using geometric shapes (points, lines, grid of equally-sized cells
polygons). (pixels).

* Defined by coodinates and toplology. * Each cell contains value (e.g. elevation,
Ideal for discrtte features. l Ideal for continious phenomina.

Examples: Examples:

¢ Points: Individual trees, fire hydrants * Satellite imagery, aerial photos
Lines: Roads, rivers, utility lines ploels (DEMs)

* Polygons: Lakes, parcels, * Temperature/Precisitation maps
buildings Land cover maps

Applications: Applications:

* Navigation & Routing * Image Processing
Property Mapping (CAD/Surveysing) Spaial Analysis (ee.g. slope, aspect)
Network Analysis Enviromental Monitoring
Asset Management Preditive Modeling

OER | January 2026

Table 3.1 Comparison of vector and raster data models

Fill'in the blank:
Vector data represents features such as points, lines, and

3.3.3 Overlay and buffering techniques

-
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Overlay analysis involves combining multiple spatial layers to identify relationships or
intersections. For example, overlaying land-use maps with flood zones can highlight vulnerable
areas. Buffering creates zones around features, such as roads or rivers, to assess proximity
impacts. These techniques are widely used in environmental planning and risk assessment.

GIS SPATIAL ANALYSIS: LAND-USE, FLOOD & BUFFERBING
LAND-USE MAP FLOO ZONE MAP \

[ Forest 100-YEAR

[ Agriculture q FLOODPLAIN
[ Urban
[ Water

IDENTIFIES VULERABLE

LAND-USE
UNSUITABLE
DEVELOPMENT
AREAS
’ O - Figure 3.6 Overlay and buffering techniques in GIS
Fill in the blank:
Buffering creates zones around features such as roads or to assess proximity impacts.

R
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3.3.4 Network and terrain analysis
Network analysis examines connectivity and movement across spatial networks, such as
transport routes or utility lines. It helps optimise paths, assess accessibility, and plan

infrastructure. Terrain analysis uses elevation data to study slope, aspect, and watershed
boundaries, supporting applications in hydrology, agriculture, and hazard mapping.

TERRAIN ANALYSIS WITH GIS

ASPECT WATSERHAD BOUNDARIES

| SOURCE:
"] DIGITAL ELEVATION MODEL (DEM)

APPLICATIONS: HYDROLORGY, EROSION CONTROL,
INFRASTRUCTURE PLANNING O=R

Plate 3.3 Terrain analysis in GIS
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Fill in the blank:
Terrain analysis uses data to study slope, aspect, and watershed boundaries.

Pilot questions for Part 3.3
Fill in the blank:

1. GIS integration combines remote sensing data with platforms to create spatially
referenced datasets.
2. Vector data represents features such as points, lines, and

3. Buffering creates zones around features such as roads or to assess proximity

impacts.

4. Terrain analysis uses data to study slope, aspect, and watershed boundaries.

5. Overlay analysis involves combining multiple spatial to identify relationships or
intersections.

3.4 Applied Domains of Remote Sensing and GIS

Remote sensing and GIS are not just theoretical tools; they have wide-ranging applications
across multiple domains that directly impact society and the environment. In this Part, we will
explore how these technologies are applied in urban planning and infrastructure management,
disaster management and risk assessment;, climate change and environmental sustainability, and
public health and epidemiology.

3.4.1 Urban planning and infrastructure management

Remote sensing provides up-to-date imagery of urban areas, while GIS helps planners analyse
spatial patterns such as population density, land use, and transport networks. Together, they
support decisions on zoning, infrastructure development, and monitoring urban growth.

-
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REMOTE SENSING & GIS FOR URBAN PLANNING

Integrating Satellite Imagery with Geosopsshal Layers

GIS DATA LAYERS

)

URBAN PLANNING & ANALYSIS

(e.gl., traffic flow, zoning, service allocation)

OER

3.7 Remote sensing and GIS in urban planning

Fill in the blank:
Remote sensing and GIS support decisions on zoning, infrastructure development, and
monitoring growth.

3.4.2 Disaster management and risk assessment

Remote sensing enables rapid assessment of disaster impacts, such as floods, earthquakes, or
wildfires. GIS integrates hazard maps, population data, and infrastructure layers to identify
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vulnerable areas and plan evacuation routes. These tools are vital for both preparedness and
response.

Legend

I Flood Extent (Satellite, Dark Blue)
[_] Major Roads (Yellow)
B sctilements (Red/White)

&

FLOOD MAP - SATELLITE & GIS ANALYSIS

January 27, 2026 21:20 WAT

Plate 3.4 Remote sensing in disaster management

Fill in the blank:
GIS integrates hazard maps, population data, and layers to identify vulnerable areas.

3.4.3 Climate change and environmental sustainability
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Remote sensing provides long-term datasets for monitoring climate variables such as
temperature, vegetation cover, and ice extent. GIS helps visualise and analyse these datasets to
assess trends and impacts. Together, they support sustainable resource management and policy

development.

Remote Senesing & GIS for Climate Change Monitoring

Vegetation Health Monitoring (2000-2025) Arctic Ice Extent (2000-2025)

Norrmalized Difference Vegetation Index)

By
: : |
g e
E
;. 2 i
2020 2030 '333/? 2020 2020 2020 Minimum Sea Ice Extent (Million sq km)
Integrated GIS Trend Analysis
N - - ; Conclusion: Significant tto both
indicated to climate change
Sateliite Data |
(MODIS, Lanssads) \_y 5
GIS Databss & abase @ a
(Spaial & Temporal Data) N
—| Global Vegetaaling (Trend
/ Projection:)
Conclusion: Significant declinssh indicators
attributed to climate change. 2
Resources
3.8 Remote sensing and GIS in climate change monitoring
Fill in the blank:

Remote sensing provides long-term datasets for monitoring climate variables such as
temperature and cover.
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3.4.4 Public health and epidemiology

Remote sensing and GIS are increasingly used to track disease outbreaks, monitor environmental
health risks, and plan healthcare delivery. For example, mapping mosquito habitats with satellite
imagery can help predict malaria risk zones, while GIS supports the allocation of medical

resources.
Application Specific Use Technology/Data Impact & Decision
Category Case Used Support
Divase || s v | FE0 s rsan
Mapping & Temp) + GIS (Case & . £5 y
. Dengue . warning alerts and
Surveillance locations). .
hotspots. targeted spraying.
o . Correlates high
Environmental Méigi)iilnilﬁlr RS (Aerosol Optical particulate matter
Health . iray;O Depth - AOD) via ($PM_{2.5}$) areas
P ry MODIS/Landsat. with asthma admission
issues. X .
rates for policy making.
Optimizin Identifies "health
Healthcare Saccineg GIS (Network deserts" to determine
Resource NS, Analysis & Population the best locations for
. Distribution . .. .
Allocation . Density). new clinics or mobile
logistics. .
sites.
Real.-tlme Web-based GIS Visualizes transmission
Outbreak tracking of Dashboards (e.g., JHU routes and resource
Response COVID-19 or S needs (ICU beds,
Dashboard). . !
Ebola. oxygen) in real-time.
' RS (Flood extent Identlﬁes‘ contaminated
Mapping Flood- . water points and plans
Emergency mapping) + GIS .
related Cholera safe evacuation routes
Management . (Water source
risks. . for vulnerable
locations).

populations.

Box 3.3 Applications of remote sensing and GIS in public health
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Fill in the blank:
Mapping mosquito habitats with satellite imagery can help predict risk zones.

Pilot questions for Part 3.4

Fill in the blank:

1. Remote sensing and GIS support decisions on zoning, infrastructure development, and

monitoring growth.

2. GIS integrates hazard maps, population data, and layers to identify vulnerable
areas.

3. Remote sensing provides long-term datasets for monitoring climate variables such as
temperature and cover.

4. Mapping mosquito habitats with satellite imagery can help predict risk zones.

5. Remote sensing and GIS are vital for both disaster preparedness and

3.5 Emerging Trends and Practical Applications

Remote sensing and GIS are rapidly evolving fields, shaped by advances in technology and the
growing demand for spatial intelligence. In this Part, we will explore how big data and cloud
computing are transforming remote sensing, examine the role of artificial intelligence and
machine learning, consider the importance of open data initiatives and collaborative platforms,
and conclude with hands-on lab exercises and mini-projects that consolidate learning.

3.5.1 Big data and cloud computing in remote sensing

The increasing volume of satellite imagery and sensor data has led to the emergence of big data
in remote sensing. Managing and processing these vast datasets requires cloud computing,
which provides scalable storage and computational power. Platforms such as Google Earth
Engine allow users to analyse global datasets without needing local high-performance
computers.

-
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Cloud-based Satellite Data Processing & Analysis

Processed Insights

Real-time Geossstial User
Monitoring Intelligence Applications

Cloud

Processing
Platform
v
Scalable 1 g i | Advanced
Data Lake : Analytics &
Storage Elastic Machine It .
o a Computing » Machine Learning
@) Resources DA
e Se
[E] S Auto-scaling é >

)

Satellite Data Ingestion

Figure 3.9 Big data and cloud computing in remote sensing

Fill in the blank:
Platforms such as Earth Engine allow users to analyse global datasets using cloud
computing.

3.5.2 Artificial intelligence and machine learning applications

Artificial intelligence (AI) and machine learning (ML) are increasingly applied to remote
sensing for tasks such as image classification, object detection, and predictive modelling.

He-a)
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Convolutional neural networks (CNNs) can automatically learn features from imagery, while ML
algorithms can detect patterns in large datasets.

Al CLASIFICATION OF
SATELLITE IMAGERY

OUTPUT

CLASSIFIED LAND COVER MAP

E Al 5 ‘. Forest
! CLASSIFICATION ! e
(S ! MODEL : ‘ 2 Il Water
INPUT: SATELLITE IMAGE e i N\

< N { Agriculture

\. Barren

OER | January 2026

Plate 3.5 Al and machine learning in remote sensing

Fill in the blank:
Convolutional neural networks can automatically learn from imagery for classification
tasks.

3.5.3 Open data initiatives and collaborative platforms
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Open data initiatives make satellite imagery and spatial datasets freely available to researchers,
governments, and the public. Collaborative platforms encourage data sharing and joint analysis,
fostering innovation and transparency. Examples include Copernicus (EU), Landsat (US), and
various national open data portals.

e e Lead Primary Data y
Initiative Agency/Region Provided Key Characteristics
. Sentinel-1 (Radar), High revisit frequency
Copernicus European Union Sentinel-2 (Optical), (every 5 days) and 10m
/ ESA . : .
Sentinel-3 spatial resolution.
The longest continuous
Landsat USGS /NASA Landsat 7, 8, and 9 global record of Earth's
surface (since 1972).
Specialized in climate
NASA MODIS, ASTER, . ’
Earthdata NASA (Global) VIIRS atmospherlg, and
oceanographic data.
A "Wikipedia for maps"
. Crowdsourced providing detailed
OpenStreetMap Community-led Vector Maps infrastructure and land-
use data.
IRS Series resi?ng?E;:l 1f%?j[he
ISRO Bhuvan India /ISRO (Resourcesat, . .
Indian subcontinent and
Cartosat)
beyond.
Box 3.4 Selected open data initiatives in remote sensing
Fill in the blank:
Examples of open data initiatives include Copernicus in the EU and in the US.

3.5.4 Hands-on lab exercises and mini-projects

Practical exercises consolidate theoretical knowledge by allowing learners to apply techniques to

real datasets. Mini-projects may include monitoring deforestation using Landsat imagery,
mapping flood risk zones with GIS, or applying machine learning to classify urban land cover.

-
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These activities strengthen problem-solving skills and prepare learners for professional
applications.

REMOTE SENSING &
GIS MINI-PROJECT
WORKFLOW

X &0

Ll &

1. DATA ACQUISITION 2. DATA PREPORESSING 3. SPATIAL ANALYSIS 4. OUTPUT & DISSIENATION
Satelite Imagery, Aerial Image Rectification, Land Cover Classification, Maps & Visualizations,
Photos, GPS Data, ::> Noise Reduction, :‘J> Change Detection, pé:;> Reports & Statistics
Field Surveys, Public Atmosthearic Correction, Terrain Analysis (Slope, Aspect Web Applications
Public Databases Feature Extraction, Suitabiity Modeling Databases

Data Integration Network Analysis Presentations

FEEDBACK & REFIEMENT

Figure 3.10 Workflow of a remote sensing mini-project

Fill in the blank:
Mini-projects may include monitoring using Landsat imagery or mapping flood risk
zones with GIS.
Pilot questions for Part 3.5
o
Ky
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Fill in the blank:

1. Platforms such as Earth Engine allow users to analyse global datasets using cloud
computing.

2. Convolutional neural networks can automatically learn from imagery for
classification tasks.

3. Examples of open data initiatives include Copernicus in the EU and in the US.

4. Mini-projects may include monitoring using Landsat imagery or mapping flood

risk zones with GIS.
5. Al and ML are increasingly applied to remote sensing for tasks such as image
classification and detection.

Series Summary

This Series has highlighted the importance of remote sensing andGIS integration in addressing
environmental and societal challenges. Starting with the foundations, we examined the principles
of remote sensing, the role of sensors and platforms, and the need for data acquisition and
preprocessing. We then moved on to advanced techniques such as hyperspectral imaging, radar,
LiDAR, and change detection, supported by case studies in agriculture and forestry. Following
that, we explored GIS integration and spatial analysis, focusing on data models, overlay and
buffering methods, and network and terrain analysis.

Subsequently, we considered applied domains including urban planning, disaster management,
climate change, and public health, before concluding with emerging trends such as big data,
artificial intelligence, open data initiatives, and practical mini-projects. In line with the Series
Learning Outcomes, you should now be able to define the principles of remote sensing, explain
advanced techniques, demonstrate GIS integration and spatial analysis, analyse applied domains,
and evaluate emerging trends while designing practical solutions.

Glossary of Terms

Artificial intelligence (AI) — The use of computer systems to perform tasks that normally
require human intelligence, such as recognising patterns or making decisions.

Buffering — A GIS technique that creates zones around features such as roads or rivers to assess
proximity impacts.

Change detection — A remote sensing method that compares images from different times to
identify alterations in land cover or other features.

Cloud computing — The use of remote servers hosted on the internet to store, manage, and
process large datasets, allowing scalable analysis of remote sensing data.

Convolutional neural networks (CNNs) — A type of machine learning model that automatically
learns features from imagery for classification tasks.
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Data acquisition — The process of collecting raw data from sensors during remote sensing.

Environmental monitoring — The use of remote sensing and GIS to track changes in natural
systems such as forests, water bodies, and climate.

Geographic Information System (GIS) — A computer system that stores, manages, and
analyses spatial data, enabling integration with remote sensing outputs.

Hyperspectral imaging — A remote sensing technique that captures data in hundreds of narrow
wavelength bands, allowing fine discrimination of materials.

LiDAR (Light Detection and Ranging) — A remote sensing method that uses laser pulses to
create high-resolution 3D models of terrain, vegetation, and structures.

Multispectral imaging — A remote sensing technique that captures data in a few broad
wavelength bands, useful for general land cover classification.

Network analysis — A GIS method used to study connectivity and movement across spatial
networks such as transport routes or utility lines.

Open data initiatives — Programmes that make satellite imagery and spatial datasets freely
available to the public, researchers, and governments:

Overlay analysis — A GIS technique that combines multiple spatial layers to identify
relationships or intersections.

Passive sensing — A type of remote sensing that relies on natural energy sources such as
sunlight.

Preprocessing — Techniques applied to raw remote sensing data to correct distortions caused by
atmospheric conditions, sensor limitations, or geometric errors.

Radar (Radio Detection and Ranging) — A remote sensing method that uses microwave signals
to measure surface features, effective in cloudy or dark conditions.

Raster data — A spatial data model in GIS that represents continuous phenomena using grids or
pixels, such as elevation or temperature.

Remote sensing — The science of obtaining information about objects or areas from a distance,
typically using satellites or aircraft.

Spatial data models — Representations of spatial information in GIS, commonly divided into
vector data (points, lines, polygons) and raster data (grids or pixels).

Terrain analysis — A GIS technique that uses elevation data to study slope, aspect, and
watershed boundaries.

Vector data — A spatial data model in GIS that represents discrete features such as points, lines,
and polygons.

Concept Check Questions [Series 3]
Objective Questions

-
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1. Which type of remote sensing relies on natural energy sources such as sunlight? (Linked to SLO
3.1)
2. Hyperspectral imaging captures data in:
A few broad bands
Hundreds of narrow bands
Microwave signals
Laser pulses (Linked to SLO 3.2)
3. InGIS, vector data is best used to represent:
Elevation
Temperature
Roads and boundaries
Rainfall (Linked to SLO 3.3)
4. Which open data initiative provides free satellite imagery from the United States? (Linked to SLO
3.5)
5. LiDAR technology uses pulses to create high-resolution 3D models: (Linked to SLO 3.2)

a0 oo

Qo0 T o

Short-Answer Questions

Define preprocessing in remote sensing and explain why it is necessary. (Linked to SLO 3.1)
Explain one advantage of radar over optical sensors in remote sensing. (Linked to SLO 3.2)
Describe the difference between overlay analysis and buffering in GIS. (Linked to SLO 3.3)
Identify one way remote sensing supports climate change monitoring. (Linked to SLO 3.4)
10. State one application of Al in remote sensing. (Linked to SLO 3.5)

LN

Long-Answer Questions

11. Analyse how remote sensing and GIS integration can be applied in disaster management and risk
assessment. (Linkedto SLO 3.4)

12. Evaluate the role of big data and cloud computing in advancing remote sensing applications.
(Linked to SLO 3.5)

13. Discussthe importance of spatial data models in GIS integration, highlighting their strengths and
limitations. (Linked to SLO 3.3)

Answers to Concept Check Questions [Series 3]
Objective Questions

Passive sensing

Hundreds of narrow bands
Roads and boundaries
Landsat

Laser

v R N g

Short-Answer Questions
6. Preprocessing refers to correcting distortions in raw remote sensing data caused by
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atmospheric conditions, sensor limitations, or geometric errors. It ensures accuracy and
reliability for analysis.

7. Radar can penetrate cloud cover and operate in darkness, making it useful in all-weather
conditions.

8. Overlay analysis combines multiple spatial layers to identify relationships, while buffering
creates zones around features to assess proximity impacts.

9. Remote sensing provides long-term datasets such as vegetation cover or ice extent, which help
track climate change trends.

10. Al can be used for image classification, such as automatically identifying land.cover types in
satellite imagery.

Long-Answer Questions

11. Basic response: Remote sensing provides rapid assessment of disaster impacts, while GIS
integrates hazard maps, population data, and infrastructure layers to identify vulnerable areas and
plan evacuation routes.

Value-added response: Beyond Series knowledge, learners may highlight how real-time satellite
data supports emergency response, how predictive GIS models aid preparedness, and how
integration with social data enhances resilience strategies.

12. Basic response: Big data and cloud computing allow storage and processing of vast
satellite datasets, enabling scalable analysis without local high-performance computers.
Value-added response: Outstanding learners may discuss platforms like Google Earth Engine,
the role of distributed computing, and how ¢cloud-based collaboration fosters global research and
innovation.

13. Basic response: Spatial data models include vector data for discrete features and raster
data for continuous phenomena. Each has strengths depending on the application.

Value-added response: Learners may expand by discussing limitations such as raster resolution
constraints or vector complexity, and how hybrid models or advanced formats (e.g., GeoTIFF,
shapefiles) address-these challenges in modern GIS.

Answers to Pilot Questions [Series 3]
Part 3.1

A distance
Natural
Wavelength
Atmospheric
Forest

My AN

Part 3.2

1. Hundreds
2. Laser
3.
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4, Health
5. Darkness

Part 3.3

GIS
Polygons
Rivers
Elevation
Layers

ukwnN e

Part 3.4

Urban
Infrastructure
Vegetation
Malaria
Response

ik wnN e

Part 3.5

Google
Features
Landsat
Deforestation
Object

uhwnNRE

References and Attributions [Series 3]

This section compiles all references, suggested open educational resources (OERs), and
illustration attributions used throughout Series 3: Applications of Remote Sensing and GIS
Integration. Referénces are presented in APA style for clarity and consistency.

General References

e  Campbell, J. B., & Wynne, R. H. (2011). Introduction to Remote Sensing (5th ed.). Guilford Press.

e Jensen, J. R. (2015). Introductory Digital Image Processing: A Remote Sensing Perspective (4th
ed.). Pearson.

e | Longley, P. A., Goodchild, M. F., Maguire, D. J., & Rhind, D. W. (2015). Geographic Information
Systems and Science (4th ed.). Wiley.

e European Space Agency (ESA). (n.d.). Copernicus Programme. Retrieved from
https://www.copernicus.eu

e United States Geological Survey (USGS). (n.d.). Landsat Missions. Retrieved from
https://landsat.gsfc.nasa.gov (landsat.gsfc.nasa.gov in Bing)
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Illustrations

Part 3.1 Foundations of Remote Sensing Applications

e Figure 3.1 Principles of remote sensing — Al-generated using prompt: “Generate a diagram
showing the flow of electromagnetic radiation from the sun to Earth’s surface and detection by
a satellite sensor.”

e Plate 3.1 Remote sensing platforms — Al-generated using prompt: “Generate an image showing
three platforms: a satellite in orbit, an aircraft, and a drone equipped with sensors.”

e Figure 3.2 Data acquisition and preprocessing steps — Al-generated using prompt: “Generate a
diagram showing raw data acquisition from a satellite, followed by preprocessing steps such as
atmospheric correction and geometric correction.”

e Box 3.1 Selected applications of remote sensing in environmental monitoring — Suggested OER
search string: “remote sensing environmental monitoring applications OER examples.”

Part 3.2 Advanced Remote Sensing Techniques

e Figure 3.3 Multispectral versus hyperspectral imaging — Al-generated using prompt: “Generate
a diagram showing multispectral imaging with a few broad bands and hyperspectral imaging
with hundreds of narrow bands.”

e Plate 3.2 Radar and LiDAR applications — Al-generated using prompt: “Generate an image
showing radar mapping terrain and LiDAR point cloud of forest canopy.”

e Figure 3.4 Change detection in remote sensing — Al-generated using prompt: “Generate a
diagram showing two satellite images of the same area at different times, highlighting changes
in land cover.”

e Box 3.2 Selected case studies in agriculture and forestry — Suggested OER search string:
“remote sensing agriculture forestry case studies OER examples.”

Part 3.3 GIS Integration and Spatial Analysis

e Figure 3.5 GIS integration with remote sensing data — Al-generated using prompt: “Generate a
diagram showing satellite imagery being integrated with GIS layers such as roads, rivers, and
land use.”

e Table 3.1 Comparison of vector and raster data models — Suggested OER search string: “vector
vs raster data GIS OER table.”

e _Figure 3.6 Overlay and buffering techniques in GIS — Al-generated using prompt: “Generate a
diagram showing overlay of land-use and flood zone maps, and buffering around rivers.”

e Plate 3.3 Terrain analysis in GIS — Al-generated using prompt: “Generate an image showing
terrain analysis with slope, aspect, and watershed boundaries visualised on a map.”

Part 3.4 Applied Domains of Remote Sensing and GIS

e Figure 3.7 Remote sensing and GIS in urban planning — Al-generated using prompt: “Generate a
diagram showing satellite imagery of a city integrated with GIS layers for roads, land use, and
population density.”

e Plate 3.4 Remote sensing in disaster management — Al-generated using prompt: “Generate an
image showing flood mapping using satellite imagery with GIS overlays of roads and
settlements.”
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e Figure 3.8 Remote sensing and GIS in climate change monitoring — Al-generated using prompt:
“Generate a diagram showing satellite monitoring of vegetation cover and ice extent with GIS
trend analysis.”

e Box 3.3 Applications of remote sensing and GIS in public health — Suggested OER search string:
“remote sensing GIS public health epidemiology OER examples.”

Part 3.5 Emerging Trends and Practical Applications

e Figure 3.9 Big data and cloud computing in remote sensing — Al-generated using prompt:
“Generate a diagram showing satellite data being processed in the cloud with'scalable storage
and analysis.”

e Plate 3.5 Al and machine learning in remote sensing — Al-generated using prompt: “Generate
an image showing Al classification of satellite imagery with labelled land cover categories.”

e Box 3.4 Selected open data initiatives in remote sensing — Suggested OER search string: “open
data initiatives remote sensing GIS OER examples.”

e Figure 3.10 Workflow of a remote sensing mini-project — Al-generated using prompt:
“Generate a diagram showing workflow of a mini-project: data acquisition, preprocessing,
analysis, and output.”

Note on Attributions

e All Al-generated illustrations were created using descriptive prompts designed for educational
purposes.

e Suggested OER search strings are provided.to enable learners and instructors to source freely
available, high-quality materialsfor further study.

e External references (ESA, USGS, textbooks) are acknowledged for their foundational
contributions to the subject matter.

Course Code: GEO 407
Course Title: Remote Sensing and GIS I
Course Credit Load: 3 Units

Series 4: Database Management Systems and Relational Data Models

4.1 Introduction to Database Management Systems

e . Definition and purpose of DBMS
e  Components of a DBMS (hardware, software, data, users)
e -~ Advantages of DBMS over traditional file systems

4.2 Relational Data Models

o Concept of relations, tuples, and attributes
e Primary keys, foreign keys, and constraints
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e Relational schema and notation

4.3 Structured Query Language (SQL) Basics

o Data definition language (DDL): creating and modifying tables
o Data manipulation language (DML): inserting, updating, deleting records
o Basic queries: SELECT, WHERE, ORDER BY

4.4 Normalisation and Database Design

Functional dependencies

Normal forms (INF, 2NF, 3NF, BCNF)
Benefits and limitations of normalisation
Practical examples of schema refinement

4.5 Transactions and Data Integrity

e Concept of transactions and ACID properties
e Concurrency control and locking mechanisms
o Ensuring data integrity and consistency

Introduction

Every organisation today relies.on data, whether it is a bank managing customer records, a
hospital storing patient information, or a university keeping track of student enrolments. Without
proper systems, handling such large volumes of data would be inefficient and prone to errors.
Database Management Systems (DBMS) provide a structured way to store, organise, and retrieve
data, while relational data models ensure consistency and logical organisation. This Series
introduces you to these essential concepts, forming the backbone of modern information systems.

The aim of this Series is to familiarise you with the principles of database management and
relational data models, equipping you with the skills to design, query, and maintain databases
effectively.

We shall commence this Series by exploring the fundamentals of Database Management
Systems, including their components and advantages over traditional file systems. Next, we will
examine relational data models, focusing on relations, keys, and constraints. Following that, we
will move on to Structured Query Language (SQL) basics, where you will learn how to define,
manipulate, and query data. Afterwards, we will consider normalisation and database design,
highlighting functional dependencies and normal forms. Finally, we will wrap up by studying
transactions and data integrity, ensuring that you understand how to maintain consistency and
reliability in database systems.

-
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Series Learning Outcomes
Upon completing this Series, you should be able to:

e SLO 4.1 define the fundamental concepts and components of Database Management
Systems,

e SLO 4.2 explain the structure of relational data models including relations, attributes,
keys, and constraints,

e SLO 4.3 demonstrate how to create and manipulate tables using Structured Query
Language (SQL),

e SLO 4.4 apply normalisation techniques to refine database schemas up to third normal
form,

e SLO 4.5 analyse the role of transactions and ACID properties in maintaining data
integrity, and

e SLO 4.6 evaluate concurrency control mechanisms for ensuring consistency in multi-user
environments.

4.1 Introduction to Database Management Systems

Databases are at the heart of modern/information systems, enabling organisations to store,
organise, and retrieve large volumes of data efficiently. A Database Management System
(DBMYS) is software that allows users to define, create, maintain, and control access to databases.
Unlike traditional file systems, DBMSs provide structured ways to manage data, ensuring
consistency, security, and scalability.

4.1.1 Definitionand purpose of DBMS

A DBMS is a collection of programs that manage data and provide controlled access to it. Its
primary purpose is to ensure that data is stored in a structured format and can be retrieved
quicklyand accurately..DBMSs also support multiple users simultaneously, making them
essential for organisations that rely on shared data.

-
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Figure 4.1 Role of a Database Management System

Fill in the blank:
A DBMS ensures that data is stored in a format and retrieved quickly and accurately.

4.1.2 Components of a DBMS

A DBMS consists of several key components:

o Hardware: The physical devices such as servers and storage systems where data is kept.

Dea)
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o Software: The DBMS application itself, which provides tools for managing data.

o Data: The actual information stored in the database, organised into tables and records.

o Users: People who interact with the database, including administrators, developers, and
end-users.

ADVANTGES OF DDMS OVER
TRADITIONAL FILE SYSTEMS

Data Redundancy Control

Data Incessstency Avoidance

Data Sharing & Concurency Control
Improved Data Security

Better Data Integrity

L N X X X X

Efficient Data Access & Recovery

OER | January 2026

Table 4.1 Components of a Database Management System

Fill in the blank:
The physical devices where data is stored in a DBMS are referred to as

-
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4.1.3 Advantages of DBMS over traditional file systems

Traditional file systems store data in separate files, often leading to duplication, inconsistency,
and difficulty in retrieval. A DBMS overcomes these limitations by providing:

Data consistency: Ensuring that data remains uniform across the system.

Data security: Protecting data from unauthorised access.

Reduced redundancy: Minimising duplication of data.

Concurrent access: Allowing multiple users to work with the same data simultancously.
Scalability: Supporting growth in data volume and user demand.

ADVANTGES OF DDMS OVER
TRADITIONAL FILE SYSTEMS

Data Redundancy Control

Data Incessstency Avoidance

Data Sharing & Concurency Control
Improved Data Security

Better Data Integrity

S S S8 S

Efficient Data Access & Recovery

OER | January 2026

Box 4.1 Advantages of DBMS over traditional file systems
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Fill in the blank:
A DBMS reduces data by minimising duplication across the system.

Pilot questions for Part 4.1

Fill in the blank:
1. A DBMS ensures that data is stored in a format and retrieved quickly and
accurately.
2. The physical devices where data is stored in a DBMS are referred to as
3. A DBMS reduces data by minimising duplication across the system.

4.2 Relational Data Models

The relational data model is the foundation of most modern database systems. It provides a
logical way of organising data into tables, known as relations, which can be easily queried and
maintained. In this Part, we will explore the structure of relations, the role of attributes and
tuples, the importance of keys and constraints, and how relational schemas are represented.

4.2.1 Concept of relations, tuples, and attributes

A relation is a table consisting of rows and columns. Each row is called a tuple, representing a
single record, while each column is an attribute, representing a specific property of the data. For
example, a student table may have attributes such as StudentID, Name, and Course, with each
tuple representing one student.

-
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RELATIONAL DATA MODEL: TABLE STRUCTURE

r Attributes =

r )
STUDID Firstine Lasttade Majof EnrollementDate
@ Science \
101 Alice Smith %mputer Science 023-08-15
102 Bob Johnson Tuples(Rows) 2023-08-15
103 Charlie Davis History 2024-01-10
\104 Diana White Mathematics 2024-08-10 "
W J

A table is a relation composed of named columns (attributs) and unhorted) and
unhorted rows (tuples). The primary key (STUDID) uniquely identifius each tuplle.

Figure 4.2 Structure of a relation

Fill in the blank:
In a relational table, each row is called a and each column is an attribute.

4.2.2 Primary keys, foreign keys, and constraints

A primary key is an attribute (or set of attributes) that uniquely identifies each tuple in a
relation. A foreign key is an attribute in one relation that refers to the primary key in another,

-
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establishing a link between tables. Constraints are rules that enforce data integrity, such as
ensuring that a primary key cannot be null or duplicated.

DATABASE RELATIONAL MODEL
Primary Key - Foreign Key Relationship

CUSTOMERS ORDERS

{} CUSTOMERID (3 PRIMARY KEY { ORDID {0 PRIMARY KEY
CustomerName | CustomerName OrderDate OrderDate

City @ FOREIGN KERY

C001 Alice Smith New 0001 2025-10-26 | CO01 Laptop

C002 Bob Johnson 0002 2025410-27 | C0O01 Keyboard

Links to

One-to-Many
Relationship

Figure 4.3 Primary and foreign keys in relational tables

Fill in the blank:
A primary key uniquely identifies each in a relation.

4.2.3 Relational schema and notation

-
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A relational schema defines the structure of a relation, including its attributes and constraints. It

1s often written in notation such as:
STUDENT (StudentID, Name, Course)

This schema specifies that the STUDENT relation has three attributes. Schemas provide a
blueprint for how data is organised and ensure consistency across the database.

RELATIONAL SCHEMA NOTATION

EXAMPLES
STUDENT Table COURSE Table

(_StoolD, Name, DoB, Email, Major) Title, Credits, DeptID,
InstructorID)

> PK: StudentID > PK:

> DEPARTMENT(DeptID) > PK: (CourselD, DEPARTENTSID)
>FK: > FK: Dept_Deplt =

> FK: Major = DEPARTMENT(DeptID) |  INSTRUCTOR(InstuselD(DeptID)

Box 4.2 Example of relational schema notation

Fill in the blank:
A relational schema defines the of a relation, including its attributes and constraints.

)
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Pilot questions for Part 4.2

Fill in the blank:
1. In arelational table, each row is called a and each column is an attribute.
2. A primary key uniquely identifies each in a relation.
3. A relational schema defines the of a relation, including its attributes and
constraints.

4.3 Structured Query Language (SQL) Basics

Structured Query Language, commonly known as SQL, is the standard language used to interact
with relational databases. It allows users to define structures, manipulate data, and query
information efficiently. In this Part, we will explore the three core aspects of SQL: Data
Definition Language (DDL), Data Manipulation Language (DML), and basic queries for
retrieving information.

4.3.1 Data definition language (DDL): creating and modifying tables

Data Definition Language (DDL) refers to SQL commands that define and modify the structure
of database objects such as tables. Common DDL commands include CREATE, ALTER, and
DROP. For example, the CREATE TABLE command is used to establish a new table with
specified attributes.

-
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SQL DDL COMMANDS

Managing Database Tables with CREATE,
ALTER, & DROP

ALTER TABLE

DROP TABLE

CREATE TABLE

CREATE TABLE Employees - ALTER TABLE Employees | DROP TABLE Employees
Employees ( ‘ Email VARCRAR(100); Employees;

EmployeelD INT PRIMARY
Firsthtrime VARCHCAR(50),

LassOnad DATE
HireDate DATE ();
| ALTER TABLE Employees
‘ ALTER COLUMN Hire YEAR;
e > \. J e J
OER
Figure 4.4 Data definition language in SQL
Fill in the blank:
The SQL command used to establish a new table with specified attributes is TABLE.

4.3.2 Data manipulation language (DML): inserting, updating, deleting
records

Data Manipulation Language (DML) includes SQL commands that manage data within tables.
These commands are INSERT, UPDATE, and DELETE. For instance, INSERT adds new

-
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records, UPDATE modifies existing records, and DELETE removes records. Together, they
allow users to maintain and adjust the contents of a database.

SQL DML COMMANDS

INSERT
(ID, Name City

1, 'Alice

iBw York;

INSERT INTO Customers
(ID, Name, City)
VALUES (2, 'Anges);

UPDATE
UPDATE

ID, Name Ci
1, 'Alice
1, 'London

UPDATE Customers
SET City = 'London
WHERE ID 1;

DELETE
(ID, Name City

1, 'Alice
=—> 2, 'Bob Yoo:
Angeles)

DELETE FROM
FROM Dect_Deplit =
WHERE ID 2;

Figure 4.5 Data manipulation language in SQL

Fill in the blank:

The SQL command used to add new records into a table is

4.3.3 Basic queries: SELECT, WHERE, ORDER BY

ol

D
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The SELECT statement is the most widely used SQL command, allowing users to retrieve data
from one or more tables. The WHERE clause filters records based on specified conditions,
while ORDER BY arranges the results in ascending or descending order. These commands form
the foundation of querying and analysing data in relational databases.

e, Price

Fiastm GELECT Prodrnmane,

SELECT Figs e a0
e > gy Price DSL,

FR:g?lEErl;e?pigrytment = *Sales; ORDER BY

ol

me, Lastanle

SELECT Ordelrete, Freight

FROM Onide
WHERE Pro

ORDER BY (sparfvite

grate s
Price
pssSCy

SELECT custonerlD, Und:
FROM Oud@Ts oo
Country = >
\(l)V:DEE: BY Capsrtmene DESC; ‘

~r DESTRNCT (4! n"/
SELECT DES Sl ondony
custenet!D; OrderDate \HEEE S jiphe-L Lt
SELchI;ub oar = Nectors wHEeE SRS
FRON ;
-.02-0-02
WHERE - 01

Box showing examples of SELECT, WHERE, and ORDER BY queries.

Fill in the blank:
The SQL clause used to filter records based on specified conditions is

Pilot questions for Part 4.3

-
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Fill in the blank:

1. The SQL command used to establish a new table with specified attributes is
TABLE.

2. The SQL command used to add new records into a table is

3. The SQL clause used to filter records based on specified conditions is

4.4 Normalisation and Database Design

Designing a database is not just about creating tables; it is about ensuring that the data is
organised efficiently and logically. Normalisation is the process of structuring a relational
database to reduce redundancy and improve data integrity. In this Part, we will explore
functional dependencies, normal forms, and the benefits and limitations of normalisation,
supported by practical examples of schema refinement.

4.4.1 Functional dependencies

A functional dependency exists when the value of one attribute determines the value of another.
For example, in a STUDENT table, the StudentID determines the Name and Course.
Recognising functional dependencies is the first step in identifying how data should be organised
to avoid anomalies.

-
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Functional Dependencies in STUDENT Table

- N
STUDENT

STUDolID Firstnme > Firstnme,
Lastrade, Lastnade

Firstine ’
) | DtcOfBiorth (Full

Lastnade Major
DateOfBiorth
Major

STUDoID - Department
DepartmentHead (Transtive Dependency)

AdvisorlD . / AdwisoriD
AdvisorID AdvisorName
Advisor Name
CourseTitle

STUDolID,

CourselD
CourselD = Grade i—) +
Grade

(Composite Key
* 4 Dependency)

[STUDoID is a Primary Key)
January 27, 2026

Figure 4.6 Example of functional dependency

Fill in the blank:
A functional dependency exists when the value of one determines the value of another.

4.4.2 Normal forms (1NF, 2NF, 3NF, BCNF)

Normalisation is achieved through a series of stages called normal forms.

Dea)
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e First Normal Form (1NF) requires that all attributes contain atomic values (no repeating

groups).

e Second Normal Form (2NF) eliminates partial dependencies, ensuring that non-key
attributes depend on the whole primary key.
e Third Normal Form (3NF) removes transitive dependencies, ensuring that non-key
attributes depend only on the primary key.
e Boyce-Codd Normal Form (BCNF) is a stricter version of 3NF, addressing certain
anomalies not covered by 3NF.

Normal Requirement (Definition) Main Goal
Form
Eliminate duplicate columns and ensure all Getrid of tepeatin
INF (First) attributes are atomic (no lists or sets in a i 5 &
cell). Each record must be unique. EToups.
INF Must be in 1NF and all non-key attributes Remove partial
must be fully functionally dependent on the dependencies (no "half-
(Second) . "
primary key. key" lookups).
Must be in 2NF and have no transitive Ensure attributes onlv care
3NF (Third) dependencies. Non-key attributes shouldn't about the prima lZe
depend on other non-key attributes. p fy key.
BCNF A stronger version of 3NF. For every Resolve anomalies when
(Boyce- functional dependency $X \rightarrow Y$, multiple candidate keys
Codd) $X$ must be a superkey. overlap.
Caption: Table 4.2 Summary of normal forms
Fill in the blank:
Third Normal Form removes dependencies, ensuring non-key attributes depend only on
the primary key.

4.4.3 Benefits and limitations of normalisation

Normalisation provides several benefits, including reduced redundancy, improved data integrity,
and easier maintenance. However, it can also lead to increased complexity, as highly normalised
databases may require multiple tables and joins, which can affect performance. Designers must
balance normalisation with practical efficiency.

-
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[Insert box here]

Caption: Box 4.4 Benefits and limitations of normalisation

Short description: Box listing benefits such as reduced redundancy and improved integrity,
alongside limitations like complexity and performance issues.

Sample Al prompt: “Generate a box listing benefits and limitations of database normalisation.”
Search string: “benefits and limitations of normalisation database OER”

Fill in the blank:
Normalisation reduces redundancy but may increase database due to multiple tables and
joins.

4.4.4 Practical examples of schema refinement
Schema refinement involves applying normalisation rules to improve database design. For

example, a table storing both student and course details may be split into separate STUDENT
and COURSE tables, linked by a foreign key. This reduces duplication and ensures consistency.

StudentID | StudentName | CourselD | CourseTitle [ Grade

101 Alice CS101 Intro.to Al A

101 Alice MATH20 Calculus B

Figure 4.7 Example of schema refinement

Fill in the blank:
Schema refinement often involyes splitting a combined table into separate tables linked by a
key.

Pilot questions for Part 4.4

Fill in the blank:
1. A functional dependency exists when the value of one determines the value of
another.
2. Third Normal Form removes dependencies, ensuring non-key attributes depend
only on the primary key.
3. Normalisation reduces redundancy but may increase database due to multiple

tables and joins.
4. Schema refinement often involves splitting a combined table into separate tables linked
by a key.

-

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



4.5 Transactions and Data Integrity

Databases are not only about storing and retrieving data; they must also ensure that the data
remains accurate, consistent, and reliable, especially when multiple users or applications are
accessing it at the same time. This is achieved through transactions and mechanisms that
safeguard data integrity. In this Part, we will explore the concept of transactions, the ACID
properties, concurrency control, and methods for maintaining consistency in multi-user
environments.

4.5.1 Concept of transactions and ACID properties

A transaction is a logical unit of work in a database, typically consisting of one or more
operations such as inserting, updating, or deleting records. Transactions must follow the ACID
properties:

o Atomicity: Ensures that all operations within a transaction are completed successfully, or
none at all.

o Consistency: Guarantees that a transaction brings the database from one valid state to
another.

o Isolation: Ensures that transactions are executed independently without interference.

o Durability: Confirms that once a transaction is. committed, the changes are permanent
even in the event of a system failure.

The Four Pillars of ACID

o Atomicity (All or Nothing): A transaction is treated as a single "atom." It either
completes entirely or doesn't happen at all. If one part of the transaction fails (like the
money leaving your account but not arriving at the destination), the entire process is
rolled back as if nothing happened.

o Consistency (Follow the Rules): A transaction must take the database from one valid
state to another, maintaining all predefined rules (constraints, cascades, triggers). It
ensures that no transaction can break the structural integrity of the data.

o Isolation (No Peeking): Even if multiple transactions are happening at the same time,
they should not interfere with each other. The intermediate state of a transaction should
be invisible to others until it is finalized. This prevents "dirty reads" where one process
sees half-finished data from another.

o Durability (Built to Last): Once a transaction is committed, it’s permanent. Even in
the event of a system failure, crash, or power loss, the data will remain safe and
recorded in non-volatile memory.

Figure 4.8 ACID properties of database transactions

-
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Fill in the blank:
The property that ensures all operations in a transaction are completed successfully or none at all
is

4.5.2 Concurrency control and locking mechanisms

Concurrency control refers to techniques used to manage simultaneous access to a database by
multiple users. Without proper control, conflicts such as lost updates or inconsistent reads may
occur. One common method is locking, where a transaction temporarily restricts-access to data
until its operations are complete. Locks can be shared (allowing multiple reads) or exclusive
(restricting both reads and writes).

Method Type Description

Ensures every row in atable is unique and identifiable.

Entlt.y Constraint This is primarily handled via Primary Keys (no null
Integrity
values allowed).
. Ensures relationships between tables remain consistent.
Referential . . ,
Intesrit Constraint | Uses Foreign Keys to make sure you can't delete a record
grity that another table is pointing to.

. Restricts the type, format, or range of data allowed in a
Domain . " " .

. Constraint column. For example, a "Score" column might only allow
Integrity

integers between 0 and 100.

Custom rules that don't fit into the other categories. For

User-Defined Validation example, a rule stating that a "Ship Date" must be later

Integrity than an "Order Date."
Figure 4.9 Concurrency control using locks
Fill in the blank:
Concurrency control prevents conflicts such as lost updates or reads when multiple users

access data.

4.5.3 Ensuring data integrity and consistency

Data integrity refers to the accuracy and reliability of data within a database. It is maintained
through constraints (such as primary keys and foreign keys), validation rules, and transaction

-

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



management. Consistency ensures that data remains valid according to defined rules, even when
multiple transactions occur simultaneously. Together, these mechanisms protect against
corruption and maintain trust in the database system.

1. Shared Locks (S-Locks)

Shared locks are used for Read operations. They allow multiple users to look at the same
piece of data simultaneously without interfering with each other.

o Compatibility: Many users can hold a Shared lock on the same data at once.

o Constraint: While a Shared lock is active, no one can modify the data.

o Analogy: Think of a public notice on a bulletin board; everyone can read it at once, but
no one can take a pen and change the text while others are looking.

2. Exclusive Locks (X-Locks)

Exclusive locks are used for Write operations (Insert, Update, Delete). They ensure that only
one person can modify a piece of data at a time to prevent corruption.

o Compatibility: An Exclusive lock is "selfish." If a data item has an X-lock, no other
locks (Shared or Exclusive) can be granted until the X-lock is released.

e Constraint: If someone is already reading the data (S-lock), an X-lock cannot be
granted until they finish.

o Analogy: Think of a single-user bathroom; once someone is inside and the door is
locked, no one else can enter to use it or even just to clean it until the first person

leaves.
Box 4.5 Methods of ensuring data integrity
Fill in the blank:
Data integrity refers to the and reliability of data within a database.

Pilot questions for Part 4.5
Fill in the blank:

1. The property that ensures all operations in a transaction are completed successfully or
none at all is

2. Concurrency control prevents conflicts such as lost updates or reads when
multiple users access data.

3. Data integrity refers to the and reliability of data within a database.

Series Summary

This Series has introduced you to the essential concepts of Database Management Systems and
the relational data model, highlighting their importance in storing, organising, and maintaining
data effectively. Starting off, we examined the definition, purpose, and components of DBMS,

-
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before moving on to the relational model with its structure of relations, attributes, tuples, and the
role of keys and constraints. We then explored the basics of SQL, focusing on commands for
defining tables, manipulating records, and retrieving data through queries.

Subsequently, we considered normalisation and database design, looking at functional
dependencies, normal forms, and schema refinement, followed by an exploration of transactions,
ACID properties, concurrency control, and methods of ensuring data integrity. In line with the
Series Learning Outcomes, you should now be able to define the fundamental concepts of
DBMS, explain relational structures, demonstrate SQL operations, apply normalisation
techniques, analyse the role of transactions, and evaluate mechanisms for maintaining
consistency in multi-user environments.

Glossary of Terms

ACID properties — A set of four rules (Atomicity, Consistency, Isolation, Durability) that
ensure transactions in a database are reliable and secure.

Attribute — A column in a relational table that represents a specific property of the data, such as
Name or Course.

Concurrency control — Techniques used to manage simultaneous access to a database by
multiple users, preventing conflicts such as lost updates.

Constraint — A rule applied to data in a database to maintain accuracy and integrity, for example
ensuring that a primary key eannot be null.

Data Definition Language (DDL) — SQL commands used to define and modify the structure of
database objects such as tables (e.g. CREATE, ALTER, DROP).

Data Integrity — The accuracy and reliability of data in a database, maintained through rules,
constraints, and transaction management.

Data Manipulation Language (DML) — SQL commands used to manage data within tables,
including INSERT, UPDATE, and DELETE.

Database Management System (DBMS) — Software that allows users to define, create,
maintain, and control access to databases.

Durability — An ACID property that ensures once a transaction is committed, its changes are
permanent even if the system fails.

Foreign key — An attribute in one table that refers to the primary key in another, creating a link
between tables.

-
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Functional dependency — A relationship where the value of one attribute determines the value
of another, such as StudentID determining Name.

Isolation — An ACID property that ensures transactions are executed independently without
interfering with each other.

Normalisation — The process of structuring a database to reduce redundancy and improve data
integrity by applying normal forms.

Normal forms (INF, 2NF, 3NF, BCNF) — Stages of normalisation that progressively refine
database design to eliminate anomalies and dependencies.

Primary key — An attribute (or set of attributes) that uniquely identifies each record (tuple) in a
table.

Relation — A table in the relational model consisting of rows (tuples) and columns (attributes).

Relational schema — A blueprint that defines the structure of arelation;, including its attributes
and constraints.

SQL (Structured Query Language) = The standard language used to interact with relational
databases, including defining, manipulating, and querying data.

Transaction — A logical unit of work.in.a database, consisting of one or more operations such as
inserting or updating records.

Tuple — A row in a relational table that represents a single record.

Concept Check Questions [Series 3]

Objective Questions

1. Which typeof remote sensing relies on natural energy sources such as sunlight? (Linked to SLO
3.1)
2.| Hyperspectralimaging captures data in:

a. A few broad bands
b. Hundreds of narrow bands
C. Microwave signals
d. Laser pulses (Linked to SLO 3.2)
3.  InGIS, vector data is best used to represent:
a. Elevation
b. Temperature
C. Roads and boundaries
d. Rainfall (Linked to SLO 3.3)

4. Which open data initiative provides free satellite imagery from the United States? (Linked to SLO

3.5)
-
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5. LiDAR technology uses pulses to create high-resolution 3D models. (Linked to SLO 3.2)

Short-Answer Questions

Define preprocessing in remote sensing and explain why it is necessary. (Linked to SLO 3.1)
Explain one advantage of radar over optical sensors in remote sensing. (Linked to SLO 3.2)
Describe the difference between overlay analysis and buffering in GIS. (Linked to SLO 3.3)
Identify one way remote sensing supports climate change monitoring. (Linked to SLO 3.4)
10. State one application of Al in remote sensing. (Linked to SLO 3.5)

L x N

Long-Answer Questions

11. Analyse how remote sensing and GIS integration can be applied in disaster management and risk
assessment. (Linked to SLO 3.4)

12. Evaluate the role of big data and cloud computing in advancing remote sensing-applications.
(Linked to SLO 3.5)

13. Discuss the importance of spatial data models in GIS integration, highlighting their strengths and
limitations. (Linked to SLO 3.3)

Answers to Concept Check Questions [Series 3]

Objective Questions

1. Passive sensing

2.
b. Hundreds of narrow bands
3.
c. Roads and boundaries
2. Landsat
3. Laser

Short-Answer Questions

6. Preprocessing refers to correcting distortions in raw remote sensing data caused by
atmospheric conditions, sensor limitations, or geometric errors. It ensures accuracy and
reliability for analysis.

7. Radar can penetrate cloud cover and operate in darkness, making it useful in all-weather
conditions.

8. Overlay analysis combines multiple spatial layers to identify relationships, while buffering
creates zones around features to assess proximity impacts.

9. Remote sensing provides long-term datasets such as vegetation cover or ice extent, which help
track climate change trends.

10. Al can be used for image classification, such as automatically identifying land cover types in
satellite imagery.

-
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Long-Answer Questions

11. Basic response: Remote sensing provides rapid assessment of disaster impacts, while GIS
integrates hazard maps, population data, and infrastructure layers to identify vulnerable areas and
plan evacuation routes.

Value-added response: Beyond Series knowledge, learners may highlight how real-time satellite
data supports emergency response, how predictive GIS models aid preparedness, and how
integration with social data enhances resilience strategies.

12. Basic response: Big data and cloud computing allow storage and processing of vast
satellite datasets, enabling scalable analysis without local high-performance computers.
Value-added response: Outstanding learners may discuss platforms like Google Earth Engine,
the role of distributed computing, and how cloud-based collaboration fosters global research and
innovation.

13. Basic response: Spatial data models include vector data for discrete features and raster
data for continuous phenomena. Each has strengths dependingon the application.

Value-added response: Learners may expand by discussing limitations such as raster resolution
constraints or vector complexity, and how hybrid models or‘advanced formats (e.g., GeoTIFF,
shapefiles) address these challenges in modern GIS.

Answers to Pilot Questions [Series 4]
Part 4.1
1. Structured

2. Hardware
3. Redundancy

Part 4.2
1. Tuple
2. Record

3. Structure
Part 4.3

1. CREATE
2. INSERT
3. ' WHERE

Part 4.4

1. Attribute
2. Transitive
3. Complexity

-
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4. Foreign
Part 4.5

1. Atomicity
2. Inconsistent
3. Accuracy

References and Attributions [Series 4]

This section compiles all references, suggested open educational resources (OERs), and
illustration attributions used throughout Series 4: Database Management Systems and
Relational Data Models. References are presented in APA style for clarity and-consistency.

General References

e Connolly, T., & Begg, C. (2015). Database Systems.: A Practical Approach to Design,
Implementation, and Management (6th ed.). Pearson.

e Elmasri, R., & Navathe, S. B. (2016). Fundamentals of Database Systems (7th ed.).
Pearson.

e Date, C.J. (2004). An Introduction to Database Systems (8th ed.). Addison-Wesley.

e Oracle. (n.d.). SQL Language Reference. Retrieved from https://docs.oracle.com

o PostgreSQL Global Development Group. (n.d.). PostgreSQL Documentation. Retrieved
from https://www.postgresql.org/docs

Illustrations
Part 4.1 Introduction to Database Management Systems

o Figure 4.1 Role of a Database Management System — Al-generated using prompt:
“Generate a diagram showing users interacting with a DBMS, which manages access to a
database.”

e <Table 4.1 Components of a Database Management System — Suggested OER search
string: “DBMS components table OER.”

e Box 4.1 Advantages of DBMS over traditional file systems — Al-generated using
prompt: “Generate a box listing advantages of DBMS over traditional file systems.”

Part 4.2 Relational Data Models

o Figure 4.2 Structure of a relation — Al-generated using prompt: “Generate a diagram
showing a relational table with attributes as columns and tuples as rows.”

e Figure 4.3 Primary and foreign keys in relational tables — Al-generated using prompt:
“Generate a diagram showing two relational tables linked by a foreign key relationship.”

-
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https://docs.oracle.com/
https://www.postgresql.org/docs

e Box 4.2 Example of relational schema notation — Suggested OER search string:
“relational schema notation examples OER.”

Part 4.3 Structured Query Language (SQOL) Basics

o Figure 4.4 Data definition language in SQL — Al-generated using prompt: “Generate a
diagram showing SQL DDL commands such as CREATE, ALTER, and DROP applied
to tables.”

o Figure 4.5 Data manipulation language in SQL — Al-generated using prompt:
“Generate a diagram showing SQL DML commands INSERT, UPDATE, and DELETE
applied to a table.”

e Box 4.3 Examples of basic SQL queries — Suggested OER search string: “SQL
SELECT WHERE ORDER BY examples OER.”

Part 4.4 Normalisation and Database Design

o Figure 4.6 Example of functional dependency — Al-generated using prompt: “Generate
a diagram showing a STUDENT table where StudentlD determines Name and Course.”

e Table 4.2 Summary of normal forms — Suggested OER secarch string: “database normal
forms summary OER table.”

o Box 4.4 Benefits and limitations of normalisation — Al-generated using prompt:
“Generate a box listing benefits and limitations of database normalisation.”

o Figure 4.7 Example of schema refinement — Al-generated using prompt: “Generate a
diagram showing schema refinement by splitting a STUDENT-COURSE table into
separate STUDENT and COURSE tables linked by a foreign key.”

Part 4.5 Transactions and Data-Integrity

o Figure 4.8 ACID properties of database transactions — Al-generated using prompt:
“Generate a diagram showing the four ACID properties of transactions: atomicity,
consistency, 1solation, durability.”

o Figure 4.9 Concurrency control using locks — Al-generated using prompt: “Generate a
diagram showing shared and exclusive locks used in database concurrency control.”

e Box 4.5 Methods of ensuring data integrity — Suggested OER search string: “data
integrity methods database OER examples.”

Note on Attributions

e . All'Al-generated illustrations were created using descriptive prompts designed for
educational purposes.

o - Suggested OER search strings are provided to enable learners and instructors to source
freely available, high-quality materials for further study.

o External references (textbooks, Oracle, PostgreSQL documentation) are acknowledged
for their foundational contributions to the subject matter.
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Course Code: GEO 407
Course Title: Remote Sensing and GIS 11
Course Credit Load: 3 Units

Series 5: Spatial Database Design, Security, and Data Access Tools

5.1 Fundamentals of Spatial Databases

e Definition and importance of spatial databases
o Differences between spatial and non-spatial databases
e Core components and architecture of spatial databases

5.2 Spatial Database Design Principles

o Data modelling for spatial information (points, lines, polygons)
e Schema design for spatial data
» Handling spatial relationships and topology

5.3 Security in Spatial Databases

e Common threats to spatial data
e Access control mechanisms
o Encryption and secure storage of spatial data

5.4 Data Access Tools and Interfaces

 / SQL extensions for spatial data (e.g. PostGIS, Oracle Spatial)
e APIs and middleware for spatial data access
o Visualisation and query tools for spatial databases

5.5 Case Studies and Applications

e Urban planning and infrastructure management
e Environmental monitoring and disaster response
o Public health and location-based services

-

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Introduction

In today’s world, location-based information drives decisions in areas ranging from urban
planning to disaster response. Managing such spatial data requires more than ordinary databases;
it calls for specialised systems that can store, query, and secure geographic information
effectively. This Series focuses on spatial database design, security, and data access tools;
helping you understand how spatial data is organised, protected, and made accessible for
practical applications.

The aim of this Series is to equip you with the knowledge and skills to design spatial databases,
apply security measures, and use appropriate tools for accessing and visualising spatial data.

We shall commence this Series by examining the fundamentals of spatial databases, including
their definition, importance, and architecture. Next, we will explore spatial database design
principles, focusing on modelling spatial information and handling relationships. Following that,
we will move on to security in spatial databases, where you will learn about threats, access
control, and encryption. Afterwards, we will consider data accesstools and interfaces, including
SQL extensions and APIs for spatial data. Finally, we will wrap up with case studies and
applications, showing how spatial databases are used in real-world contexts such as urban
planning, environmental monitoring, and public health.

Series Learning Qutcomes
Series 5: Spatial Database Design, Security, and Data Access Tools
Upon completing this Series, you should be able to:

e SLO 5.1 define the fundamental concepts and architecture of spatial databases,

e SLO 5.2 design schemas for spatial data using appropriate modelling techniques for
points; lines, and polygons,

e SLO 5.3 analyse spatial relationships and topology within database structures,

e SLO 5.4 evaluate common security threats to spatial databases and propose suitable
access control measures,

e SLO 5.5 demonstrate the use of SQL extensions and APIs for accessing and querying
spatial data, and

o SLO 5.6 apply spatial database tools to real-world case studies in areas such as urban
planning, environmental monitoring, and public health.

5.1 Fundamentals of Spatial Databases

-
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Spatial databases are designed to store and manage data that is defined by its location. Unlike
traditional databases that handle text and numeric values, spatial databases incorporate
geographic elements such as points, lines, and polygons. These databases are essential for

applications in urban planning, environmental monitoring, transportation, and public health,
where location is a critical factor.

5.1.1 Definition and importance of spatial databases

A spatial database is a database that is optimised to store and query data representing objects
defined in a geometric space. It supports spatial data types and operations such as distance,
intersection, and containment. The importance of spatial databases lies in their ability to integrate

geographic information with traditional data, enabling more meaningful analysis and decision-
making.

SPATIAL VS. TRADITIONAL DATBASEE

TRADITIONAL DATABASE SPATIAL DATABASE

 Standard Data Types:

* Integers, Strings, Dates, Blobs

e , Adds Spatial

Data Types &
* Algphanurnic & Tabular Data Functions

= Spatial Data Types:
* Points, Lines, Polygons, Raster
* Focus:

* Geographic & Geometric Data

Example Table (Traditionak:

Example Table (Traditional:

1 ! [P
D | Name | City D | Name . (GL:;z:(:?y )l]

Figure 5.1 Comparison of traditional and spatial databases

Fill in the blank:

A spatial database is optimised to store and query data representing objects defined in a
space.

-
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5.1.2 Differences between spatial and non-spatial databases

Spatial databases differ from non-spatial databases in several ways. While non-spatial databases
store attributes such as names, dates, and numbers, spatial databases store geometric data like
coordinates, shapes, and boundaries. They also provide specialised indexing methods, such as R-
trees, which allow efficient querying of spatial relationships.

Spat

Spatial Database

Description

e

Geographic

R'"ees.

Non.Spatial
[ T ]

Alphaﬂurﬂico

Relational

Quadtrees
-

Nor-Spats
o Spes

How data is
organized?

Hash Maps

|

What kind
iS
data?

I ———

How data IS

ey Exact Match,

Distance,

is retrieved?

e

B-trees,

Intersection Range

Intersection

[

Table 5.1 Differences between spatial and non-spatial databases

Fill in the blank:
Spatial databases use specialised indexing methods such as
efficiently.

to query spatial relationships

5.1.3 Core components and architecture of spatial databases
The architecture of a spatial database includes several key components:

o Spatial data types: Represent geometric objects such as points, lines, and polygons.
o Spatial indexing: Structures like R-trees that improve query performance.

-

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



o Spatial functions: Operations such as calculating distance, checking overlap, or finding

containment.
o Integration with DBMS: Spatial databases extend traditional DBMSs with spatial
capabilities, often through extensions like PostGIS or Oracle Spatial.

SPATIAL DATABASE ARCHITECTURE

( SPATIAL DATABASE SYSTEM
( SPATIAL DATA TYPES | SPATIAL FUNC@NS ',
‘Points, Lines, Polygorg ' ) . \q! . 7l;stancei 7A
) ! (e.g, roads, buildings) G | (eg.ST_Distance) (" APPLICATIONS
DATA SOURCES e SPATIAL ENGINE/ | ’ — (eg. Web Mapping,
(eg. GIS files, > Rasters : »| QUERY PROCESSOR ” | Intersection (ST_Buffe) | >| Analytics,
GPS, Sensors) (eg. satelite images) | ﬁ : st Mobile GIS)
Tor;oloéies o i
(eg. adjascancy, . A Buffer
3onnédvitycy | SPATIAL INDEXING | | (eg. ST_Interisects) |
‘/‘Tepolg's (eq, adjasancy,‘ “’ R-Tree | | Quadtree' | Geohash | | Transformation
connecivity ‘ | (eg.ST_Transform) |
\\\ B e B ' = )
RELATIONAL DATABASE CORE
\_ (.. PostsGgual/PostGIS, MsQLL/Innohb Spatial) y
January 27,2026
Figure 5.2 Architecture of a spatial database
Fill in the blank:
Spatial functions allow operations such as calculating , checking overlap, or finding
containment.

w
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Pilot questions for Part 5.1
Fill in the blank:

1. A spatial database is optimised to store and query data representing objects defined ina

space.

2. Spatial databases use specialised indexing methods such as to query spatial
relationships efficiently.

3. Spatial functions allow operations such as calculating , checking overlap, or

finding containment

5.2 Spatial Database Design Principles

Designing a spatial database requires careful planning to ensure that geographic information is
stored efficiently and can be queried accurately. Unlike traditional databases, spatial databases
must account for geometric data types and spatial relationships. In thisPart, we will explore how
spatial data is modelled, how schemas are designed, and how spatial relationships and topology
are handled.

5.2.1 Data modelling for spatial information (points, lines, polygons)

Spatial data modelling involves representing real-world geographic features in a database.
These features are typically stored:as:

o Points: Representing single locations, such as bus stops or wells.
o Lines: Representing linear features, such as roads or rivers.
o Polygons: Representing areas, such as city boundaries or lakes.

Accurate modelling ensures that spatial data can be analysed and visualised meaningfully.

-
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O 1. POINTS o 2. LINES @ 3. POLYGONS
(0-Dimensional) *  (1-Dimensional) (2-Dimensional)

Eiffel Tower GPS
Coordinate (X, y)

Customer
Location

Forest

Zone
Road Network
Cust Bulitical
tl:cg:zgr Boondrint / Land
Location (State/Clty)
COMPARISON SUMMARY
Feature Dimension Geometry Attribute Focus
Point 0D Precise Lo_cation-
Line (x,y) Area/Coverage
Line 1D Distance/Connecivity
Polygon [x1,y1] Area/(x1, y1)

Figure 5.3 Examples of spatial data types

Fill in the blank:
Points, lines, and polygons are the three basic used to model spatial data.

5.2.2 Schema design for spatial data

A schema defines the structure of a database, including tables, attributes, and relationships. In
spatial databases, schema design must incorporate spatial data types alongside traditional

)
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attributes. For example, a CITY table may include attributes such as CityID, Name, Population,
and a polygon geometry representing its boundary.

Attribute Name Data Type Description
city id Integer (PK) Unique identifier for the city.
city name Varchar The common name of the city (e.g., "Tokyo").
population Biglnt Current population count.
country code Char(3) ISO 3166-1 alpha-3 code.
geom Geometry (Polygon) | The spatial boundary (coordinates) of the city.

Box 5.1 Example of a spatial schema

Fill in the blank:
A schema defines the of a database, including tables, attributes, and relationships.

5.2.3 Handling spatial relationships and topology

Spatial databases must account for spatial relationships, such as adjacency, containment, and
overlap. Topology refers to the rules that define how spatial features relate to one another. For
example, roads must connect at intersections, and polygons representing districts should not
overlap. Proper handling of topology ensures data accuracy and prevents errors in analysis.

Relationship Description Real-World Example

Objects share a common boundary or

Adjacency vertex but their interiors do not Two nelghborlng lanq parcels
(Touches) sharing a fence line.
overlap.
Containment One object is entirely located inside A specific building located
(Within) the boundary of another object. within a city's boundary.

-
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Relationship Description Real-World Example

Overlap Two objects share some, but not all, A flood zone covering part of
(Intersects) of their interior space. a residential neighborhood:

Figure 5.4 Spatial relationships and topology

Fill in the blank:
Topology refers to the rules that define how spatial features to one another.

Pilot questions for Part 5.2
Fill in the blank:
1. Points, lines, and polygons are the three basic¢ used.tomodel spatial data.

2. A schema defines the of a database, including tables, attributes, and relationships.
3. Topology refers to the rules that define how spatial features to one another

5.3 Security in Spatial Databases

Spatial databases are powerful tools for storing and managing geographic data, but their value is
only realised when they are secure. In this part, we will explore the principles, challenges, and
strategies for ensuring security—defined as the protection of data from unauthorised access,
misuse, or corruption—in spatial databases.

5.3.1 Understanding security requirements

Spatial databases often ¢ontain sensitive information such as property boundaries, population
distributions; or infrastructure layouts. Protecting this data requires a clear understanding of
confidentiality (ensuring data is only accessible to authorised users), integrity (ensuring data
remains accurate and unaltered), and availability (ensuring data is accessible when needed).

Think about how these three requirements interact. If one is compromised, the others may also
be affected.

Fill in the blank: Security in spatial databases is about maintaining , integrity, and
availability.

-
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CIA TRIAD FOR SPATIAL DATABASE SECURITY

CONFIDENTIAILITY * Access control
* Protect sensitive geographic Anonyrinize location data
data

AVAIABILITY
INTEGRITY
 Ensure accuracy of spatial data 1 * Reliable access to maps & data
* Prevent unfinoorized * Redudmoncy for spavery for
data alteration geodatbabase

* Validate geometric constraints

OER

Figure
5.1 CIA triad in spatial database security

5.3.2 Common threats to spatial databases

Spatial databases face unique threats beyond those of traditional databases. Examples include:
o Data leakage: Unauthorised access to sensitive geographic information.
o Data tampering: Alteration of spatial data, such as changing boundary lines.
e Denial of service (DoS): Overloading the system to prevent legitimate access.

o _Inference attacks: Deriving sensitive information by combining non-sensitive data.

Fill in the blank: An attack that derives sensitive information from non-sensitive data is called an
attack.

-
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Plate 5.1 Illustration of unauthorised access to spatial data

5.3.3 Security mechanisms and strategies
To counter these threats, spatial databases employ several mechanisms:

o Authentication: Verifying the identity of users before granting access.

o Authorisation: Defining what actions each user can perform.

e Encryption: Converting data into unreadable formats to protect confidentiality.
o Audit trails: Recording user activities to detect suspicious behaviour.
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Fill in the blank: The process of verifying a user’s identity before granting access is called

Role-based access control

One widely used approach is role-based access control (RBAC), which assigns permissions
based on roles rather than individuals. For example, a city planner may have editing rights, while
a citizen may only have viewing rights.

Risk Security Issue Real-World Example
Category
A cloud-hosted GIS platform has a vulnerability in its
Cloud . . . )
Multi-tenant hypervisor, allowing one city department to
Storage . . .
. Data Leakage accidentally view the sensitive "Critical
Risks " . . .
Infrastructure" layers ofa neighboring municipality.
A developer leaves a cloud storage bucket containing
Misconfigured S3 | millions of rows of unencrypted satellite imagery or
Buckets LiDAR scans set to "Public," allowing anyone with
the URL to download it.
. An attacker uses a "GPS Spoofing" app to feed fake
Mobile . . . : .
Location coordinates to a municipal reporting app, creating
Access " "
Risks Spoofing thousands of ghost "pothole' reports to overwhelm
city resources.
A field engineer accesses the GIS on an unencrypted
Eavesdropping public Wi-Fi; a "Man-in-the-Middle" attacker
(MITM) intercepts the API tokens, gaining administrative
access to the water utility database.
An analyst combines "anonymized" GPS traces with
Big Data Inference public social media data. By matching patterns, they
Risks Attacks re-identify individuals, discovering exactly where a
specific high-profile citizen lives and works.
A flood of real-time sensor data from millions of
Velocity / DoS smart meters (IoT) overwhelms the spatial engine’s
Attacks indexing capacity (e.g., R-Tree), causing the entire
monitoring system to crash.

-
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Box 5.1 Role-based access control in spatial databases

5.3.4 Emerging issues in spatial database security
As spatial databases evolve, new challenges emerge:

e Cloud storage risks: Outsourcing data storage introduces third-party vulnerabilities.

e Mobile access: Increased use of mobile devices raises risks of insecure connections.

o Big data integration: Combining spatial data with other datasets increases the risk of
inference attacks.

Fill in the blank: Outsourcing spatial data storage to external providers introduces
risks.

Risk Security Issue Real-World Example
Category
A cloud-hosted GIS platform has a vulnerability in its
Cloud . . . .
Multi-tenant hypervisor, allowing one city department to
Storage . . e e
Risks Data Leakage accidentally view the sensitive "Critical
Infrastructure" layers of a neighboring municipality.
A developer leaves a cloud storage bucket containing
Misconfigured S3 | millions of rows of unencrypted satellite imagery or
Buckets LiDAR scans set to "Public," allowing anyone with
the URL to download it.
. An attacker uses a "GPS Spoofing" app to feed fake
Mobile . . .. . .
Location coordinates to a municipal reporting app, creating
Access " "
Risks Spoofing thousands of ghost "pothole" reports to overwhelm
city resources.
A field engineer accesses the GIS on an unencrypted
Eavesdropping public Wi-Fi; a "Man-in-the-Middle" attacker
(MITM) intercepts the API tokens, gaining administrative
access to the water utility database.
Big.Data Inference An analyst combines "anonymized" GPS traces with
Risks Attacks public social media data. By matching patterns, they

-
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Risk

Category Security Issue Real-World Example

re-identify individuals, discovering exactly where a
specific high-profile citizen lives and works.

A flood of real-time sensor data from millions of
Velocity / DoS smart meters (IoT) overwhelms the spatial engine’s

Attacks indexing capacity (e.g., R-Tree), causing the entire
monitoring system to-crash.

Table 5.1 Emerging security issues in spatial databases
Pilot questions

1. What are the three fundamental requirements of security in spatial databases?
2. Which type of attack involves deriving sensitive information from non-sensitive data?
3. How does role-based access control enhance security in spatial databases?

5.4 Data Access Tools and Interfaces

Spatial databases are only useful if users can interact with them effectively. This part explores
the data access tools and interfaces—defined as the software components and mechanisms that
allow users to query, retrieve, and manipulate spatial data—ensuring that learners understand
both traditional and modern approaches.

5.4.1 Introduction to data access tools

Data access tools‘provide the means to connect users with spatial databases. These include query
languages (formal instructions for retrieving data), graphical interfaces (visual tools for
interacting with data), and application programming interfaces (APIs) (software bridges that
allow applications to communicate with databases).

Fill in the blank: A software bridge that allows applications to communicate with databases is
called an

-
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Data Access Tools Categories

</> 'r.“

2. Graphinal

1. Query 3. Application
L Interfaces ; .
anguages (GUI) Programming Interfices
(APIS)
* SQL(egl, * Database Clients e REST APIS
SELECT * FROM Table) (Dbeaver, pgAdin (JSON (JSON/XML)
¢ NoSQL (eg flnd((‘})') e GIS Software
¢ Spatial SQL (e.g. (ARCis Pro, QQIS) * GrAPHIL
ST_Interisects e Spatial APIs

¢ Web Dashboards

(OGC API-Featres)
(Tableau, PowerBI)

Category User Type Example
Query Languages Developers, | Dejepers, Analysts SQL, Cypher
Graphinal Interfages All Users QGIS, Dbever REST, Graphall @

Figure 5.2 Categories of data access tools

5.4.2 Query languages for spatial databases

Spatial databases extend traditional query languages such as SQL with spatial capabilities.
Spatial SQL is a specialised form of SQL that supports spatial data types and operations, such as
finding intersections, calculating distances, or checking containment.

Fill in the blank: The specialised form of SQL that supports spatial data types and operations is
called
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[Insert table here]
Caption: Table 5.2 Examples of spatial SQL queries

5.4.3 Graphical user interfaces
Graphical user interfaces (GUIs) make spatial databases accessible to non-technical users: They
often include map viewers, drag-and-drop query builders, and dashboards. A map viewer is a

tool that allows users to visualise spatial data on a map, making it easier to interpret results.

Fill in the blank: A tool that allows users to visualise spatial data on a map is called a

-

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



) Map Viewer X

Torblar ~ |2||fal||2||2||@|| 2|28

Torblar - \ "
Roads B |
[] Rivers 2 ||
[] Rivers B
[] Buildings @
[:I Parcels 5@ ‘ 8
| Layer List / Table of Contents |
A

Paws & |
O Buildings ? “'
[ Sarks & |

Field
Field  [oWNLURR x|

Operator = LAND_USE < <

"Residential

| SELECT * FROM parcels WHERE "LAND_USE = ‘Residential"

Clear ]
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Plate 5.2 Example of a graphical user interface for spatial databases

<

5.4.4 Application programming interfaces (APIs)

APIs allow developers to integrate spatial databases into applications. For example, a mobile app
might use an API to fetch nearby restaurants from a spatial database. APIs often provide
functions for querying, updating, and visualising spatial data.

RESTful APIs

-
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A common type of API is the RESTful API, which uses standard web protocols to exchange
data. RESTful APIs are lightweight and widely supported, making them ideal for mobile and
web applications.

Fill in the blank: The type of API that uses standard web protocols to exchange data is called a

API.
Component Function
HTTP Uses standard actions: GET (retrieve data), POST (add new POI), PUT
Methods (update), and DELETE.
GeoJSON The standard format used within the API to represent geographical
features and their non-spatial attributes.
Spatial Quer A database command (e.g., ST DWithin) that finds objects within a

P y specific distance of a coordinate.

Box 5.2 RESTful APIs in spatial databases

5.4.5 Interfaces for advanced users

Advanced users often require command-line tools and scripting interfaces. These provide greater
flexibility and automation. For example, Python libraries such as GeoPandas allow users to
manipulate spatial data programmatically. Command-line tools are text-based interfaces that
allow direct execution of database commands without a graphical interface.

Fill in the blank: Text-based interfaces that allow direct execution of database commands are
called tools.

-
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Advanced Interfaces for
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Figure 5.3 Interfaces for advanced users in spatial databases

Pilot questions
1.. What are the three main categories of data access tools in spatial databases?

2. Which specialised query language supports spatial data types and operations?
3. How do RESTful APIs facilitate access to spatial databases in mobile applications?
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5.5 Data Integration and Interoperability

Spatial databases rarely exist in isolation. Their true power lies in the ability to integrate with
other datasets and systems, ensuring interoperability—defined as the capacity of different
systems and applications to exchange, interpret, and use data consistently. In this part, we will
explore how spatial databases achieve integration and interoperability, the challenges involved,
and the tools that support these processes.

5.5.1 Importance of data integration

Data integration allows spatial databases to combine information from multiple sources, such as
census data, satellite imagery, and environmental records. This creates a'richer and more
comprehensive dataset for analysis. Without integration, spatial data may remain fragmented and
less useful.

Fill in the blank: The process of combining information from multiple sourees into a unified
dataset is called

SPATIAL DATA INTEGRATION INTO A

GEOGRAPHIC DATABASE

CENSUS DATA SATELLITE IMEGERY ENVIRONMENTAL
) . RECORDS \
B G| | & @ O e

Demographics, Land Cover, Urban Pollution Levels,
Soioeenomic Factors Growth, Weather, Hydroimy }
Elevation |
| SPATIAL DATABASE | APPLICATIONS & ANALYSIS

Ktcrmition Urban Planning
= System (GI) Disaster Managem'ent

Public Health

Geographic -’ %% @

Figure 5.4 Importance of data integration in spatial databases

5.5.2 Standards for interoperability

Interoperability depends on adherence to standards. The Open Geospatial Consortium (OGC)
develops widely accepted standards such as Web Map Service (WMS) and Web Feature Service
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(WFS). These standards ensure that spatial data can be shared across different platforms and

applications.

Fill in the blank: The organisation that develops widely accepted standards for spatial data
interoperability is the

Standard Full Name Primary Function Ideal Use Case
Acronym
Web Ma Delivers georeferenced Quick visualization of
WMS yap map images (PNG, JPEG) layers without needing the
Service
rendered by the server. raw data.
Provides access to vector : .
) : Downloading or editing
Web Feature features (points, lines,
WEFS i . the actual geometry and
Service polygons) and their A
. data behind the map.
attributes:
Web Reliveg ra.ster datg Scientific analysis of
(coverages) like satellite L . .
WCS Coverage . > . multi-dimensional grid
. imagery or digital elevation
Service data.
models.
Web Ma Serves pre-rendered map Fast base maps for web
WMTS . P tiles for high-speed applications (like Google
Tile Service
performance. Maps style).
Executes geospatial . .
Web' algorithms (like buffering Performmg heavy spa tial
WPS Processing . analysis without using
. or routing) on a remote .
Service local processing power.
server.
Catalog Used to discover, browse, Searching a massive SDI
. (Spatial Data
CSwW Service for and query metadata about .
Infrastructure) for specific
the Web maps and data. Jatasets

Table 5.3 Key OGC standards for interoperability

5.5.3 Challenges in data integration and interoperability

-
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Despite the benefits, several challenges exist:

o Data heterogeneity: Differences in formats, structures, and semantics.

o Data quality issues: Inconsistent or incomplete datasets.

e Scalability: Managing large volumes of spatial data across systems.

o Legal and ethical concerns: Restrictions on sharing sensitive spatial information.

Fill in the blank: Differences in formats, structures, and semantics across datasets are referred to
as data

SPATIAL DATABASE INTEGRATION
ALIGNING HETERERTENEUS DATASETS

MISMATCHED DATASETS INTEGRATED SPATIAL DATABASE

Source A: Roads Network Unified Geossathal Layer

Source B: Parcel Boundaries

DATA ALIGNMENT | * ,F:EB;urelD
& HARMONIIZATION eaturs

=OwnerName Geometry (Alighed)

Anaioanr RoadType
OwnerName
Area_ha

= Area_sqrft

EPSG:3857 (Web WGS 84) EPSG:32633 (UTM Zone 33N)

Hetererenous Data ) Homobenous Data

Plate 5.3 Illustration of data heterogeneity in spatial databases
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5.5.4 Tools and approaches for integration
Several tools and approaches support integration and interoperability:
o ETL (Extract, Transform, Load): A process for extracting data from sources,
transforming it into a common format, and loading it into a database.
e Middleware: Software that connects different applications and databases:
o Data warehouses: Central repositories that store integrated datasets for analysis.

e APIs and web services: Interfaces that enable data exchange between systems.

Fill in the blank: The process of extracting data, transforming it into a common format, and
loading it into a database is called

Middleware solutions
Middleware acts as a bridge between systems, ensuring smooth communication and data

exchange. For example, a middleware solution might allow a GIS application to access real-time
traffic data from a transport database.

CASE STUDY: MIDDLEWARE INTEGRATION
GIS & TRANSPORT DATEBASES

I
L¥ CHALLENGE: °§° SOLUTION 441 BENEFITS

Integrating real-time traffic A custom midelwale platform was .
data, public transport developed to extract, Enhanced rel-ratime traffic
transport schedules, and transform, and load (oad (ETL) data  MOnoring, optimized

road netwops from SQL transport databases and live optimized public transport
diparate databtslases witha into a spatisal feetal data warehouse,  "OUting, improved

diasar for a GIS platform This platform uss standirized APIS for  Infrastrecture planning, and
for urban planning & communication and ensurs data data-driven policy making

management syncthization.
OER

Box 5.3 Middleware in spatial data integration
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Case study: Middleware enabling integration of GIS with transport and environmental
databases

5.5.5 Future directions in interoperability
Emerging technologies are shaping the future of interoperability:

o Semantic web technologies: Using ontologies to improve data meaning and

compatibility.

e Cloud-based integration: Leveraging cloud platforms for scalable and flexible data
exchange.

e Al-driven integration: Automating data matching and transformation using machine
learning.

Fill in the blank: Using ontologies to improve data meaning and compatibility is a feature of the
web.

-

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



FUTURE DIRECTIONS IN SPAIAL DATABASE INTERERREBILITY
Semantic Web, Cloud, and Al Integration

S SEMANTIC WEB ) CLOUD-BASED Al/DRIVEN
X&) INTEGRATION g INTEGRATION <~ INTEGRATION
® & NN =IO
A DIVERSE SPATIAL | @ B
SATALOA SRATIAL ey SATELLTE  FIELDDATA  GARTIS E®e =ik
O30 ONTOLOGIES & LIMETGERY 10T SENSORS (&
[TF &% |~ | &LINKED DATD k )
DATA
l l (CLOIUD PLATFORM Al/ML MODELS
, AWS, AZURE,
" EARTH ENGINE) R E;ﬁ;ﬁi?&cﬁ"
> ENHANCED SPARQL QUERIES | —> b e o e
P Y
SCALABLE  EOMPUTE API GATEWAES
Uses RDF, OWL, and CLOUD PLATFORM INTELLIGENT INSIGHTS
and_I?:lfed data to p?gvide (e.gl, AWS, GOOGLE EARTH ENGINE) & AUTOMATION
mea;;)r;gtigridn?:rdmcaci?gﬁxt o Leverages cloud infrastrcture Applies machine learning for
' for scalable storage, processing, automated data fusion, pattern discovery
and real-riime data access. predictive analytics
\ W \ S \, J

UNIFIED SPATIAL DATA PLATFROM

O=R
Figure 5.5 Future directions in spatial data interoperability
Pilot questions
1.. Whatis the role of the Open Geospatial Consortium in spatial data interoperability?

2. Which process involves extracting, transforming, and loading data into a database?
3.. How can middleware support integration between GIS applications and other databases?

Series Summary
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This Series has guided you through the essential aspects of spatial database design, security, and
data access tools, highlighting their importance in managing geographic information for real-
world applications. Beginning with the fundamentals, you explored what makes spatial databases
distinct from traditional ones, their architecture, and their role in supporting spatial data. You
then examined design principles, learning how to model points, lines, and polygons, create
effective schemas, and handle spatial relationships and topology. Building on this, the Series
addressed security, where you considered common threats, access control mechanisms, and
strategies such as encryption and role-based access control. Afterwards, attention turned to data
access tools and interfaces, including SQL extensions, APIs, and graphical tools that.make
spatial data more accessible. Finally, you reviewed case studies and applications, seeing how
spatial databases are applied in urban planning, environmental monitoring, and public health.

By working through these Parts, you have achieved the Series Learning Outcomes. You should
now be able to define the concepts and architecture of spatial databases (SLO 5.1), design
schemas using appropriate modelling techniques (SLO 5.2), analyse spatial relationships and
topology (SLO 5.3), evaluate threats and propose access control measures (SLO 5.4),
demonstrate the use of SQL extensions and APIs for querying spatial data' (SLO 5.5), and apply
spatial database tools to practical case studies (SLO 5.6). This knowledge equips you to design,
secure, and utilise spatial databases effectively in diverse professional contexts.

Glossary of Terms

API (Application Programming Interface)
A software bridge that allows different applications to communicate with a database or system,
enabling data exchange and integration.

Authentication
The process of verifying a user’s identity before granting access to a database or system.

Authorisation
The process of defining what actions a user is allowed to perform once authenticated.

Command-line tools
Text-based interfaces that allow users to directly execute database commands without using a
graphical interface.

Confidentiality
A security principle that ensures data is only accessible to authorised users.

Data heterogeneity
Differences in formats, structures, or meanings across datasets, which can make integration
difficult.
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Data integration
The process of combining information from multiple sources into a unified dataset.

Encryption
A method of converting data into unreadable formats to protect it from unauthorised access.

GeoPandas
A Python library that allows users to manipulate and analyse spatial data programmatically.

Graphical user interface (GUI)
A visual tool that allows users to interact with a database through maps, dashboards, and query
builders.

Integrity
A security principle that ensures data remains accurate and unaltered.

Interoperability
The ability of different systems and applications to exchange, interpret, and use data consistently.

Middleware
Software that acts as a bridge betweendifferent applications or databases, enabling smooth
communication and integration.

Open Geospatial Consortium (OGC)
An organisation that develops widely accepted standards for spatial data interoperability, such as
WMS and WEFS.

Polygon
A spatial data type representing an area, such as a city boundary or a lake.

PostGIS
An extension of the PostgreSQL database that adds support for spatial data types and operations.

RESTful API
A typeof API that uses standard web protocols to exchange data, commonly used in mobile and
webrapplications.

Role-based access control (RBAC)
A security approach that assigns permissions based on user roles rather than individuals.

R-tree
A specialised indexing method used in spatial databases to query spatial relationships efficiently.

Schema
The structure of a database, including tables, attributes, and relationships.
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Semantic web
An approach that uses ontologies to improve the meaning and compatibility of data across
systems.

Spatial database
A database optimised to store and query data representing objects defined in a geometric space.

Spatial functions
Operations in a spatial database, such as calculating distance, checking overlap, or finding
containment.

Spatial SQL
A specialised form of SQL that supports spatial data types and operations.

Topology
The rules that define how spatial features relate to one another, such as adjacency or
containment.

Web Feature Service (WFS)
An OGC standard that allows users to access and query spatial features over the web.

Web Map Service (WMS)
An OGC standard that provides maps of spatial data through web-based requests.

Concept Check Questions [Series 5]

Objective Questions

1.

A spatial database is optimised to store and query data representing objects defined in a
space.

(Linked to SLO 5.1)

Which specialised indexing method is commonly used in spatial databases to query
spatial relationships efficiently?

(Linked to SLO 5.1)

The process of verifying a user’s identity before granting access is called

(Linked to SLO 5.4)

Which organisation develops widely accepted standards such as WMS and WEFS for
spatial data interoperability?

(Linked to SLO 5.5)

Short-Answer Questions

S.

Define topology in the context of spatial databases and explain why it is important.

(Linked to SLO 5.3)
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6.

Differentiate between authentication and authorisation in spatial database security.

(Linked to SLO 5.4)

7.

What is the role of middleware in spatial data integration? Provide one example.

(Linked to SLO 5.6)

8.

Explain how spatial SQL extends traditional SQL functionality.

(Linked to SLO 5.5)

Long-Answer Questions

9.

Analyse the three fundamental requirements of security in spatial databases

(confidentiality, integrity, and availability). Discuss how they interact and why they are critical.
(Linked to SLO 5.4)

10.

Evaluate the challenges of data integration and interoperability in spatial databases.

Suggest strategies to overcome these challenges.
(Linked to SLO 5.6)

11.

Demonstrate how spatial databases can be applied in utban planning, environmental

monitoring, and public health. Provide examples to illustrate their practical relevance.
(Linked to SLO 5.6)

Answers to Concept Check Questions [Series 5]

Objective Questions

b

Geometric space

R-tree

Authentication

Open Geospatial Consortium (OGC)

Short-Answer Questions

5.

Topology refers to the rules that define how spatial features relate to one another, such as

adjacency, containment, or overlap. It is important because it ensures data accuracy and prevents
errors in spatial analysis.

6.

Authentication yerifies a user’s identity, while authorisation determines what actions

the authenticated user.is permitted to perform.

7.

Middleware acts as a bridge between systems, enabling smooth communication and

integration. For example, middleware can connect a GIS application with a transport database to
provide real-time traffic data.

8.

Spatial SQL extends traditional SQL by supporting spatial data types and operations

such as distance calculations, intersections, and containment queries.

Long-Answer Questions

9.

Basic response: Security in spatial databases is built on confidentiality, integrity, and

availability. Confidentiality ensures only authorised users access data, integrity ensures data
remains accurate, and availability ensures data is accessible when needed.
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Value-added response: These three requirements are interdependent. For example, if
availability is compromised by a denial-of-service attack, confidentiality and integrity may also
be affected. Advanced strategies such as encryption, role-based access control, and audit trails
help maintain all three simultaneously.

10. Basic response: Challenges include data heterogeneity, data quality issues, scalability,
and legal or ethical concerns. Strategies include adopting standards like OGC, using ETL
processes, and applying middleware solutions.

Value-added response: Beyond these, semantic web technologies and Al-driven integration can
help resolve heterogeneity and automate data matching. Cloud-based platforms alse provide
scalable solutions for large datasets, though they introduce new security considerations.

11. Basic response: Spatial databases support urban planning by managing city boundaries
and infrastructure layouts, environmental monitoring by tracking land use and disaster response,
and public health by mapping disease outbreaks and healthcare facilities.

Value-added response: In practice, urban planners use spatial databases to simulate traffic
flows, environmental agencies integrate satellite imagery with spatial databases.to monitor
deforestation, and public health officials combine spatial data-with. demographic information to
design targeted interventions. These applications demonstrate the transformative impact of
spatial databases in decision-making.

Answers to Pilot Questions [Series 5]
Part 5.1

e Geometric space

e R-trees
¢ Distance
Part 5.2

o (Geometric data types
e Structure
e Relate

Part 5.3

o Confidentiality
e  Inference
o By assigning permissions based on roles rather than individuals

Part 5.4

e Query languages, graphical interfaces, and APIs
e Spatial SQL

-
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By using standard web protocols to exchange data, making them lightweight and widely
supported

Part 5.5

Open Geospatial Consortium (OGC)
Extract, Transform, Load (ETL)
By acting as a bridge between systems, enabling smooth communication and integration

References and Attributions [Series 5]

This section compiles all references, illustration sources, and attributions used or suggested
throughout Series 5. Entries are presented in APA style for clarity and consistency:

General References

Open Geospatial Consortium (OGC). (n.d.). OGC standards overview. Retrieved from
https://www.ogc.org/

PostGIS Project. (n.d.). PostGIS: Spatial and geographic objects forPostgreSQL. Retrieved from
https://postgis.net/

Oracle Corporation. (n.d.). OracleSpatial and Graph. Retrieved from
https://www.oracle.com/database/technologies/spatial.html (oracle.comin

Bing)

Illustrations

Part 5.1 Fundamentals of Spatial Databases

Figure 5.1 Comparison of traditional and spatial databases. Suggested OER search string: “spatial
vs traditional database diagram OER"”. Al prompt: “Generate a diagram comparing traditional
databases with spatial databases, highlighting spatial data types.”

Table 5.1 Differences between spatial and nonspatial databases. Suggested OER search string:
“spatial’'vs non spatial database comparison OER table”. Al prompt: “Generate a table
comparing spatial and nonspatial databases in terms of attributes, data types, and indexing.”
Figure 5.2 Architecture of a spatial database. Suggested OER search string: “spatial database
architecture diagram OER”. Al prompt: “Generate a diagram showing spatial database
architecture with data types, indexing, and functions.”

Part 5.2 Spatial Database Design Principles

-

Figure 5.3 Examples of spatial data types. Suggested OER search string: “spatial data types
points lines polygons OER diagram”. Al prompt: “Generate a diagram showing points, lines, and
polygons as spatial data types with realworld examples.”

Box 5.1 Example of a spatial schema. Suggested OER search string: “spatial schema example CITY
table OER”. Al prompt: “Generate a box showing a spatial schema example for a CITY table with
attributes and polygon geometry.”
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e Figure 5.4 Spatial relationships and topology. Suggested OER search string: “spatial relationships
topology database OER diagram”. Al prompt: “Generate a diagram showing spatial relationships
including adjacency, containment, and overlap in a spatial database.”

Part 5.3 Security in Spatial Databases

e Figure 5.1 CIA triad in spatial database security. Suggested OER search string: “CIA triad spatial
database security diagram OER”. Al prompt: “Create a simple labelled diagram of the CIA triad
applied to spatial databases.”

e Plate 5.1 lllustration of unauthorised access to spatial data. Suggested OER search string:
“unauthorised access spatial database image OER”. Al prompt: “Illustration of hacker accessing a
spatial database with maps on screen.”

e Box 5.1 Role-based access control in spatial databases. Suggested OER search string: “role-based
access control GIS OER case study”. Al prompt: “Create a table showing role-based access
control in a municipal GIS system.”

e Table 5.1 Emerging security issues in spatial databases. Suggested OER search string: “emerging
security issues spatial databases OER”. Al prompt: “Create a table listing emerging security
issues in spatial databases with examples.”

Part 5.4 Data Access Tools and Interfaces

e Figure 5.2 Categories of data access tools.'Suggested OER search string: “data access tools
categories spatial databases diagram OER”. Al prompt: “Create a labelled diagram showing
qguery languages, graphical interfaces, and APls as categories of data access tools.”

e Table 5.2 Examples of spatial SQL queries. Suggested OER search string: “examples of spatial SQL
queries OER”. Al prompt: “Create a table with examples of spatial SQL queries and their
descriptions.”

e Plate 5.2 Example of a.graphical user.interface for spatial databases. Suggested OER search
string: “GIS software graphical interface map viewer OER”. Al prompt: “lllustration of a GIS
software interface with map viewer and query builder.”

e Box 5.2 RESTful APIs in spatial databases. Suggested OER search string: “RESTful API spatial
database case study OER”. Al prompt: “Create a case study box explaining how a mobile app
uses RESTful APIs to access spatial databases.”

e Figure 5.3 Interfaces for advanced users in spatial databases. Suggested OER search string:
“advanced interfaces spatial databases diagram OER”. Al prompt: “Create a diagram showing
advanced interfaces for spatial databases including command-line tools and scripting libraries.”

Part 5.5 Data Integration and Interoperability

e  Figure 5.4 Importance of data integration in spatial databases. Suggested OER search string:
“data integration spatial databases diagram OER”. Al prompt: “Create a diagram showing
integration of census data, satellite imagery, and environmental records into a spatial
database.”

e Table 5.3 Key OGC standards for interoperability. Suggested OER search string: “OGC standards
interoperability spatial databases table OER”. Al prompt: “Create a table listing OGC standards
such as WMS and WFS with their functions.”
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e Plate 5.3 lllustration of data heterogeneity in spatial databases. Suggested OER search string:
“data heterogeneity spatial databases image OER”. Al prompt: “lllustration showing mismatched
datasets being aligned for integration in spatial databases.”

e Box 5.3 Middleware in spatial data integration. Suggested OER search string: “middleware
spatial data integration case study OER”. Al prompt: “Create a case study box explaining
middleware integration between GIS and transport databases.”

e Figure 5.5 Future directions in spatial data interoperability. Suggested OER search string: “future
directions interoperability spatial databases diagram OER”. Al prompt: “Create a diagram
showing semantic web, cloud-based integration, and Al-driven integration in spatial databases.”
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