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Preface

This educational booklet is specifically designed for students of Urban
Planning and Geography programmes as part of the Remote Sensing
module. It aims to provide an in-depth understanding of the concepts and
tools associated with this discipline, which plays a central role in spatial
analysis and land management.

Remote sensing, through the use of satellite sensors and various image
analysis techniques, allows the collection of critical information about the
Earth's surface. It has become an indispensable tool for geographers and
urban planners in urban planning, natural resource management and
environmental monitoring. This booklet provides a comprehensive
approach, covering theoretical foundations, data processing techniques and
practical applications in the context of urban planning and geographical
studies.

The content of this document is structured to meet the needs of students,
providing them with knowledge applicable to their academic and
professional projects. Each chapter covers a key aspect of remote sensing,
from the basics of photo interpretation to advanced applications in fields
such as urban planning, agriculture, water management and environmental
studies.

We hope that this booklet will assist you in your studies and help you to
effectively integrate remote sensing tools into your future work in urban
planning and geography.

Enjoy reading and learn.
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Introduction

Photo-interpretation is a method of analyzing and interpreting photographic or satellite
images to extract information about the Earth's surface. This discipline has a long history and
has been widely used in many fields such as cartography, natural resource management, and
environmental monitoring. By using specific techniques, photo-interpretation enables the
recognition and analysis of objects, features, shapes, textures, colors, and tones present in
images, thus providing a valuable source of data for various applications. This introduction

aims to present the definitions of photo-interpretation and its importance in different fields.

1. Definition of Photo-Interpretation

Photo-interpretation can be defined as the systematic analysis of photographic or satellite
images with the aim of identifying, characterizing, and interpreting objects and phenomena
present on the Earth's surface. It allows for decoding and extrapolating information contained
within these images to understand geographical and environmental realities. Photo-
interpretation involves the use of visual techniques as well as specialized software to analyze
and interpret the various components of images, such as shapes, textures, colors, and tones.
This definition underscores the essential role of photo-interpretation in understanding and

analyzing our environment.( Vo Quang Truong, 2022; Zerrougui Louai, 2023; Bolger, 2023).

Photo interpretation holds crucial importance across various domains. Firstly, it is
indispensable for cartography and the creation of precise geographic databases, thereby
enhancing our understanding and management of the territory. Additionally, photo
interpretation is utilized in agriculture and land management to monitor crops, assess soil
conditions, and optimize agricultural yields. It also plays a significant role in natural resource
management by identifying forested areas, watercourses, and natural habitats. Lastly, photo
interpretation serves as a powerful tool for environmental monitoring, facilitating the
detection of climate change, ecosystem degradation, and pollution. This section delves into
detail regarding the diverse applications of photo interpretation and its significance in these
specific fields. (BEN-ADIM and MIMOUNI, 2023).
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2. History of Photo-Interpretation
2.1. Origins of Photo-Interpretation

The origins of photo-interpretation trace back to the early 20th century, primarily driven
by the development of aerial photography during World War . Military reconnaissance
efforts utilized aerial imagery to gather intelligence on enemy positions, terrain features, and
other strategic information. This marked the inception of photo-interpretation as a systematic
method for analyzing imagery to extract actionable intelligence. (Hao, X., Wu, B., Morrison,
A. M., & Wang, F. 2016).

2.2. Evolution of Photo-Interpretation Over the Years

Since its inception, photo-interpretation has undergone significant evolution driven by
advancements in technology, methodology, and applications. In the post-war era, photo-
interpretation expanded beyond military applications into civilian fields such as agriculture,
forestry, urban planning, and environmental monitoring. The advent of satellite imagery in the
latter half of the 20th century further revolutionized the field, providing access to large-scale,
consistent, and multispectral imagery with global coverage. This enabled broader applications
of photo-interpretation, including land cover mapping, natural resource management, and
disaster monitoring. With the emergence of digital image processing techniques and
geographic information systems (GIS), the analytical capabilities of photo-interpretation have
been further enhanced, allowing for more accurate and efficient extraction of information
from imagery. Today, photo-interpretation continues to evolve alongside advancements in
remote sensing technology, artificial intelligence, and data analytics, maintaining its relevance
as a fundamental tool for understanding and managing the Earth's surface. (Hao, X., Wu, B.,
Morrison, A. M., & Wang, F. 2016).

3. Techniques of Photo-Interpretation

Photo-interpretation employs a variety of techniques to systematically analyze and
interpret photographic or satellite images. These techniques are essential for extracting
meaningful information about the Earth's surface features and characteristics. Some key
techniques used in photo-interpretation such as: utilization of Satellite Images; analysis of
Aerial Photographs; Image Processing Methods. the combination of these techniques enables

analysts to systematically analyze and interpret photographic or satellite images, leading to

10
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valuable insights into the Earth's surface and supporting various applications such as
cartography, environmental monitoring, resource management, and urban planning. (Moore,
G. K. 1979).

3.1. Utilization of Satellite Images :

Satellite imagery comes in various types, including optical, multispectral, hyperspectral,
and radar imagery. Each type has unique advantages and applications. Optical imagery
captures visible light and is commonly used for land cover classification, vegetation mapping,
and urban planning. Multispectral imagery captures data in multiple spectral bands beyond the
visible spectrum, allowing for more detailed analysis of land cover and environmental
conditions. Hyperspectral imagery captures data in many narrow and contiguous spectral
bands, providing detailed spectral information for advanced analysis tasks. Radar imagery
uses microwave radiation to penetrate clouds and vegetation, making it useful for applications

such as terrain mapping, flood monitoring, and forest biomass estimation.

Satellite imagery is characterized by spatial resolution, which refers to the level of detail
captured in each pixel of the image. High-resolution imagery provides detailed information
about small-scale features but may cover smaller areas, while low-resolution imagery covers
larger areas but with less detail. Scale is an important consideration in photo-interpretation, as

it affects the level of detail observable in the imagery and the interpretation of features.

3.2.  Analysis of Aerial Photographs :

Aerial photographs can be acquired using various types of cameras mounted on aircraft,
including film-based cameras and digital cameras. Film-based aerial photography was
historically used and involved capturing images on photographic film, which were then
developed and analyzed manually. Digital aerial photography uses digital cameras to capture
images directly as digital files, offering advantages such as faster processing, higher

resolution, and easier data management.

Stereoscopic viewing involves examining pairs of overlapping aerial photographs to create
a three-dimensional perception of the terrain. Stereoscopic vision enhances depth perception,
allowing analysts to discern elevation changes, terrain features, and vertical structures more
accurately. Stereo viewing devices, such as stereoscopes or specialized software, are used to

facilitate stereoscopic interpretation.

11
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3.3.

Image Processing Methods :

— Image Enhancement: Image enhancement techniques are used to improve the

visual quality of images for better interpretation. These techniques adjust image
properties such as brightness, contrast, and color balance to highlight specific
features or improve overall image clarity. Common enhancement methods include
histogram equalization, contrast stretching, and color balancing.

Image Classification: Image classification involves categorizing pixels in an
image into different thematic classes or categories based on their spectral
characteristics. Supervised and unsupervised classification methods are commonly
used to delineate land cover types, land use categories, and other features of
interest. Supervised classification requires training samples for each class, while
unsupervised classification automatically groups pixels based on their spectral
similarity.

Image Fusion: Image fusion techniques combine data from multiple sensors or
spectral bands to create composite images with enhanced information content.
Fusion methods include pan-sharpening, which combines high-resolution
panchromatic imagery with lower-resolution multispectral imagery to create a
high-resolution multispectral image. Other fusion techniques integrate data from
different sensors, such as optical and radar sensors, to produce images with

complementary information for improved analysis.

4. Applications of Photo-Interpretation

Photo-interpretation finds diverse applications across various fields, leveraging the

analysis of photographic or satellite images to extract valuable information about the Earth's
surface. photo-interpretation serves as a versatile tool for understanding and managing the
Earth's surface, supporting decision-making processes in fields ranging from agriculture and
forestry to environmental conservation and urban planning. Its applications continue to
expand with advancements in remote sensing technology, image analysis techniques, and
geographic information systems (GIS). By leveraging photo-interpretation techniques,
stakeholders in these fields can make informed decisions, manage natural resources
sustainably, preserve cultural heritage, and address environmental challenges effectively.
(Galmier, D., Lacot, R., Richard, R., Vyain, R., Scanvic, J. Y., & Weecksteen, G. 1978;

12
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Stone, M. G. 1998; Parry, J. T. 1973; Leblon, B., Merzouki, A., MacLean, D. A., &
LaRocque, A. 2008). Here are some key applications of photo-interpretation:

4.1. Cartography and Topography:

Mapping and Geographic Information Systems (GIS): Photo-interpretation is
fundamental to the creation and updating of maps and geographic databases. It provides
detailed information about terrain features, land cover types, and infrastructure, which are
essential for accurate cartographic representation. GIS technology integrates photo-interpreted
data with other spatial information, enabling the creation of dynamic maps for diverse
applications such as urban planning, transportation routing, and emergency response.

Digital Elevation Models (DEMSs): Photo-interpretation contributes to the generation of
digital elevation models, which represent the three-dimensional topography of the Earth's
surface. DEMs are used in various fields, including hydrology, terrain analysis, and urban

planning, to model terrain features, assess slope and aspect, and simulate water flow patterns.

4.2. Natural Resource Management :

Precision Agriculture: In precision agriculture, photo-interpretation supports site-
specific management practices by providing information on soil variability, crop health, and
pest infestation. It guides decisions related to fertilizer application, irrigation scheduling, and
crop rotation, leading to improved yield and resource efficiency.

Forest Management: Photo-interpretation is crucial for sustainable forest management,
including forest inventory, habitat assessment, and timber harvesting planning. It helps in
identifying forest types, estimating biomass and carbon stocks, and monitoring forest
disturbances such as insect outbreaks and wildfires.

4.3. Environmental Monitoring :

Land Cover Change Detection: Photo-interpretation facilitates the detection and
monitoring of changes in land cover and land use over time. By comparing historical and
recent imagery, it identifies areas of deforestation, urban expansion, wetland loss, and other
land cover changes, providing insights into landscape dynamics and ecosystem health.

Habitat Mapping: Photo-interpretation supports habitat mapping and biodiversity

assessment by identifying and delineating habitats for different species. It aids in conservation

13
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planning, protected area management, and species conservation efforts by identifying critical
habitats, corridors, and biodiversity hotspots.

4.4. Urban Planning and Development :

Urban Growth Monitoring: Photo-interpretation monitors urban growth patterns and land
use changes in urban areas. It helps in identifying areas of urban expansion, assessing the
impact of infrastructure projects, and guiding land use planning decisions to minimize
environmental degradation and promote sustainable development.

Infrastructure Planning: Photo-interpretation assists in infrastructure planning and
development by providing information on existing infrastructure networks, transportation
corridors, and utility networks. It supports the location of new infrastructure projects, such as
roads, railways, and utilities, and assesses their environmental impact and compatibility with

existing land uses.

4.5. Archaeology and Cultural Heritage :

Site Detection and Documentation: Photo-interpretation aids archaeologists and cultural
heritage professionals in detecting, documenting, and mapping archaeological sites and
cultural landscapes. It helps in identifying features such as ancient settlements, burial mounds,
and archaeological remains from aerial or satellite imagery, guiding archaeological surveys
and conservation efforts. (Guechi, 1., Gherraz, H., Korichi, A., & Alkama, D. 2023).

5. Limitations and challenges of photo-interpretation

Photo-interpretation, despite its utility, faces several limitations and challenges that can
impact the accuracy and reliability of its results. Understanding these limitations is crucial for
ensuring the appropriate interpretation and use of photographic or satellite
imagery.Addressing these limitations and challenges requires a multidisciplinary approach,
incorporating advances in remote sensing technology, image analysis algorithms, and human-
computer interaction. By acknowledging the inherent uncertainties and limitations of photo-
interpretation and adopting appropriate quality assurance measures, stakeholders can improve
the reliability and effectiveness of photo-interpretation analyses. (Castoldi, R., & Duta, A. M.
2012; Oddi, L., et all, U. M. D. 2021). Here are some key limitations and challenges of photo-

interpretation:

14
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5.1. Image Quality and Resolution:

The quality and resolution of the imagery can significantly affect the interpretability of
features. Low-resolution imagery may lack sufficient detail to discern small-scale features
accurately, while image artifacts or distortions can obscure or distort important information.
Additionally, variations in image quality due to factors such as atmospheric conditions, sensor
characteristics, and image processing techniques can introduce uncertainties into the
interpretation process.

— Spatial Resolution: Spatial resolution refers to the level of detail captured by each
pixel in an image. Low-resolution imagery may not provide sufficient detail to
accurately interpret small-scale features, while high-resolution imagery may be limited
in spatial extent or availability. Balancing spatial resolution with coverage area is
essential for addressing different application needs.

— Spectral Resolution: Spectral resolution refers to the number and width of spectral
bands captured by the sensor. Limited spectral resolution may hinder the ability to
discriminate between different land cover types or spectral signatures, particularly in

complex or heterogeneous landscapes.

5.2. Interpretation Subjectivity :

Photo-interpretation is inherently subjective, relying on the visual interpretation skills and
expertise of the analyst. Different analysts may interpret the same imagery differently, leading
to variations in results. Additionally, personal biases, preconceptions, and cognitive factors
can influence interpretation decisions, potentially leading to errors or inconsistencies in the
analysis.

— Training and Consistency: The subjective nature of interpretation underscores the
importance of training and standardization among analysts. Establishing clear
guidelines, protocols, and quality control measures can help minimize interpretation
biases and inconsistencies.

— Validation and Accuracy Assessment: Validating interpretation results through
ground truthing or comparison with independent reference data is critical for assessing
accuracy and reliability. However, obtaining ground truth data can be challenging and

resource-intensive, particularly in remote or inaccessible areas.
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5.3. Complexity of Features :

The Earth's surface is characterized by complex and heterogeneous features that can be
challenging to interpret accurately. Natural features such as vegetation, terrain, and water
bodies exhibit variations in appearance due to factors like seasonality, topography, and
environmental conditions. Anthropogenic features such as buildings, roads, and infrastructure
can also vary in appearance and complexity, further complicating interpretation efforts.

— Feature Variation: Natural and anthropogenic features exhibit variations in
appearance, morphology, and spatial distribution. Distinguishing between similar
features, such as different vegetation types or urban land covers, requires careful
consideration of contextual information, spectral signatures, and ancillary data
sources.

— Temporal Dynamics: Features on the Earth's surface are dynamic and subject to
temporal changes due to seasonal variations, anthropogenic activities, and natural
processes. Interpreting imagery across different temporal intervals and accounting for
temporal dynamics are essential for understanding land cover dynamics and detecting

changes over time.

5.4. Scale and Generalization:

Photo-interpretation involves analyzing imagery at different scales, ranging from regional
to local scales. Features that are discernible at one scale may not be visible or interpretable at
another scale, requiring careful consideration of scale effects. Generalization, the process of
simplifying or abstracting information from imagery, is often necessary to represent complex
features on maps or in databases, but it can result in loss of detail or accuracy.

— Scale Effects: Scale influences the level of detail observable in imagery and the
interpretation of features. Features may appear differently or exhibit different patterns
at different scales, necessitating scale-dependent analysis and interpretation strategies.

— Generalization Challenges: Generalizing complex features to represent them at
smaller scales for mapping or visualization purposes can result in information loss or
distortion. Selecting appropriate generalization techniques and maintaining
cartographic integrity are important considerations in map design and data

visualization.
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5.5. Training and Expertise :

Effective photo-interpretation requires specialized training and expertise in remote
sensing, geography, geology, ecology, and other relevant disciplines. Analysts must possess a
thorough understanding of image interpretation techniques, spectral signatures, and feature
characteristics to interpret imagery accurately. The availability of trained personnel with the
necessary skills and experience can be a limiting factor in conducting photo-interpretation
analyses.

— Multidisciplinary Knowledge: Effective photo-interpretation requires interdisciplinary
expertise encompassing remote sensing, geography, geology, ecology, and other
relevant fields. Analysts must possess a deep understanding of image interpretation
principles, feature characteristics, and domain-specific knowledge to perform accurate
and reliable analyses.

— Continuing Education and Skill Development: Keeping pace with advancements in
remote sensing technology, analytical methods, and software tools requires ongoing
education and skill development among practitioners. Training programs, workshops,
and professional development opportunities can help enhance the capabilities of

photo-interpretation professionals.

5.6. Time and Resources :

Photo-interpretation can be time-consuming and resource-intensive, especially when
analyzing large areas or volumes of imagery. The process of manually examining and
interpreting imagery requires significant effort and may not be feasible for large-scale projects
or time-sensitive applications. Additionally, access to up-to-date imagery and specialized
software tools may require substantial financial investment and infrastructure support.

— Data Acquisition and Processing: Acquiring, processing, and analyzing large
volumes of imagery can be time-consuming and resource-intensive. Efficient data
management, parallel processing techniques, and cloud computing resources can help
streamline workflows and optimize resource utilization.

— Infrastructure and Software: Access to up-to-date imagery, specialized software
tools, and computing infrastructure is essential for conducting photo-interpretation
analyses. However, the cost of acquiring imagery licenses, software subscriptions, and

hardware resources can be prohibitive for some organizations or projects.
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5.7. Integration with Automated Techniques :

While manual photo-interpretation remains valuable, there is increasing interest in
integrating automated and semi-automated techniques to enhance efficiency and consistency.
However, automated methods face challenges related to algorithm accuracy, data complexity,
and the need for validation and verification. Balancing the advantages of automation with the
limitations of human judgment and expertise is an ongoing challenge in the field of photo-
interpretation.

— Algorithm Development: Developing accurate and reliable automated algorithms for
image classification, feature extraction, and change detection is a complex and
ongoing research endeavor. Incorporating machine learning, deep learning, and
computer vision techniques can improve the efficiency and scalability of automated
photo-interpretation methods.

— Human-in-the-Loop Systems: Integrating automated techniques with human-in-the-
loop systems allows for the combination of machine intelligence with human expertise
and judgment. Hybrid approaches that leverage the strengths of both automated
algorithms and human analysts can enhance interpretation efficiency, accuracy, and

interpretability.

6. Future Perspectives of Photo-Interpretation

Photo-interpretation is poised for significant advancements and transformations driven by
emerging technologies and evolving methodologies.the future of photo-interpretation holds
immense promise, with technological advancements, Al integration, and interdisciplinary
collaborations driving innovation and expanding the application domains of remote sensing
and geospatial analysis. By embracing these future perspectives, photo-interpretation
practitioners can harness the full potential of imagery data to address complex societal
challenges and contribute to sustainable development and environmental stewardship.

(Provencher, L., & Dubois, J. M. 2007). Here are some future perspectives for the field:
6.1. Technological Advancements and Innovative Tools:

— High-Resolution Imaging: Continued advancements in sensor technology and satellite
platforms are expected to result in higher-resolution imagery with improved spatial,
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spectral, and temporal characteristics. These advancements will enable finer-scale
analysis, enhanced feature discrimination, and better monitoring of dynamic
processes.

— Remote Sensing Platforms: The proliferation of small satellites, unmanned aerial
vehicles (UAVSs), and other remote sensing platforms will democratize access to
imagery and expand the spatial and temporal coverage of observation. These platforms
offer cost-effective and flexible solutions for acquiring data in diverse environments
and at varying spatial and temporal scales.

— Advanced Image Processing Techniques: The development of advanced image
processing algorithms, including machine learning, deep learning, and computer
vision techniques, will enable automated feature extraction, classification, and change
detection from imagery. These techniques will enhance efficiency, accuracy, and
scalability in photo-interpretation workflows.

6.2. Integration of Artificial Intelligence:

Machine Learning and Deep Learning: Artificial intelligence (Al) techniques, such as
machine learning and deep learning, will play a pivotal role in automating routine tasks,
extracting actionable insights, and improving decision support in photo-interpretation. These
techniques will enable the development of intelligent systems capable of learning from data
and adapting to changing environments.

— Semantic Segmentation and Object Detection: Al algorithms will facilitate semantic
segmentation and object detection in imagery, allowing for the identification and
delineation of specific features, objects, and land cover classes. These capabilities will
streamline analysis workflows and enable more detailed and comprehensive
interpretation of imagery.

— Human-Al Collaboration: The integration of Al with human expertise in a
collaborative framework, known as human-Al collaboration, will leverage the
complementary strengths of both humans and machines. Human analysts will provide
domain knowledge, contextual understanding, and interpretive judgment, while Al
algorithms will offer computational efficiency, pattern recognition, and data-driven

insights.
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6.3. Potential Applications in Other Fields:

— Healthcare and Epidemiology: Photo-interpretation techniques can be applied in

healthcare and epidemiology for monitoring disease outbreaks, tracking environmental
health indicators, and assessing the impact of environmental factors on public health.
Satellite imagery and aerial photography can provide valuable information for spatial
epidemiology, disease mapping, and health risk assessment.

Climate Change and Sustainability: Photo-interpretation can contribute to climate
change research and sustainability initiatives by monitoring environmental changes,
assessing ecosystem health, and identifying mitigation and adaptation strategies.
Satellite imagery can track changes in land cover, vegetation dynamics, and carbon
sequestration, providing insights into the impacts of climate change on terrestrial
ecosystems.

Disaster Management and Resilience: Photo-interpretation techniques can support
disaster management efforts by providing rapid damage assessment, situational
awareness, and post-event recovery planning. High-resolution imagery and Al-based
analysis can assist in identifying affected areas, assessing infrastructure damage, and

prioritizing response actions during natural disasters such as floods, earthquakes, and

wildfires.

Conclusion

photo-interpretation stands as a foundational methodology for extracting valuable
insights from photographic or satellite images, offering a comprehensive understanding of
Earth's surface features and dynamics. Its definition underscores its pivotal role in decoding
and extrapolating information from imagery, enabling us to comprehend geographical and
environmental realities. The significance of photo-interpretation spans various domains,
including cartography, agriculture, natural resource management, and environmental
monitoring. Through systematic analysis and interpretation techniques, photo-interpretation
contributes to precise cartographic representations, sustainable land management practices,
and informed decision-making processes. Despite facing limitations and challenges such as
image quality variability, interpretation subjectivity, and complexity of features, the field
continues to evolve with technological advancements and interdisciplinary collaborations.
The future of photo-interpretation holds immense promise, with advancements in remote

sensing technology, integration of artificial intelligence, and exploration of new applications
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in fields like healthcare, climate change, and disaster management. By embracing these future
perspectives, photo-interpretation practitioners can harness the full potential of imagery data

to address complex societal challenges and contribute to sustainable development and
environmental stewardship.
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Introduction

Remote sensing, often referred to as the eyes in the sky, is a powerful tool for observing and
analysing the Earth's surface from a distance. This course serves as an introduction to the
fundamental concepts, technologies, and applications of remote sensing. By exploring topics
such as its definition, the relationship between remote sensing and the human visual system,
historical developments, and its myriad advantages, we will gain a comprehensive
understanding of how remote sensing plays a crucial role in various fields including
cartography, natural resource management, environmental monitoring, and beyond.
Additionally, this course will delve into different remote sensing technologies, including
passive and active detection methods, as well as the platforms and systems used to acquire and
process remote sensing data. Through this exploration, we will be equipped with the
foundational knowledge needed to navigate the world of remote sensing and its diverse
applications.

1. Definition of Remote Sensing

The word "remote sensing™ can be divided into two parts: “remote” and "sensing".
Remote sensing can be defined as the set of knowledge and techniques used to determine
certain physical and biological characteristics of observed points from measurements made
remotely, without material contact with them. (Interministerial Commission on the

Terminology of Aerospace Remote Sensing, 1988).

Some general definitions may suggest that remote sensing involves studying something
without physical contact. While technically accurate, such broad definitions lack practical
utility. Rather than delving into philosophical debates about the nuances of "studying" and
"touching," it's evident that reading this document on a computer screen does not constitute
remote sensing, despite comprehending its contents without tactile interaction. In the context
of this course, remote sensing is better understood as the utilization of specialized
instruments, such as sensors, to gather data about various aspects of the Earth's surface, its
oceans, atmosphere, or even other celestial bodies, over expansive areas and from a
considerable distance. While satellite imagery and aerial photography are common examples,
remote sensing encompasses diverse methodologies, including acoustic sensing of the

seafloor, which don't necessarily produce visual images. This broader perspective leads to the
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interchangeability of terms like "Earth Observation” with "remote sensing™ to encompass the

diverse array of data collection techniques involved. (Knudby, A. 2021).

2. Remote Sensing and the Visual System

The relationship between remote sensing and the visual system lies in the fact that both
the human eye and remote sensing systems function as perception mechanisms to gather

information about the environment.

e Firstly, the human eye serves as a remarkable example of a biological remote sensing
system. The retina of the eye is composed of cones and rods, visual cells that convert
electromagnetic energy into sensitive nerve impulses. These signals are then
transmitted to the brain via the optic nerve, where they undergo a series of chemical
reactions for interpretation.

e Similarly, artificial remote sensing systems, such as satellites, utilize sensors to
remotely collect data about the Earth's surface. These sensors record electromagnetic
energy from the Earth in different spectral bands, analogous to the cones and rods of
the human eye.

e Lastly, just as the human brain processes visual signals to form a coherent image,
remote sensing data processing systems interpret the data collected by sensors to

produce useful images and information about the Earth's environment.

Figure N° 01: The human eye, a highly powerful remote sensing system.

Source : https://www.centralfloridaretina.com/patient-reources/education/eye-anatomy/

Thus, the relationship between remote sensing and the visual system lies in their
common ability to perceive and interpret information about the environment, although the
mechanisms and technologies used differ between them.

24


https://www.centralfloridaretina.com/patient-reources/education/eye-anatomy/

CHAPTER II: INTRODUCTION TO REMOTE SENSING Dr: GUECHI Imen

3. Historical Overview of Remote Sensing

according to (Sivakumar, M. V. K. 2003), the evolution of remote sensing techniques

unfolds across five distinct periods:

e From 1856, when a camera was first affixed to a balloon, until the outbreak of the
First World War, pioneers explored the potential of vertical aerial photography for
mapping.

e During the interwar period up to the late 1950s, aerial photography became an
operational mainstay for mapping, oil exploration, and vegetation monitoring.
Advances in aviation and photographic equipment were consistent, refining and
standardizing methods of photo-interpretation.

e The period spanning from 1957 to 1972 marked the inception of space exploration and
laid the foundation for modern remote sensing. The launch of early satellites, followed
by manned spacecraft carrying cameras, unveiled the potential of space-based remote
sensing. Concurrently, imaging radiometers and airborne radars underwent
development and enhancement. The first operational applications of space remote
sensing emerged in the 1960s with the deployment of ESSA meteorological satellites.

e The launch of the ERTS satellite (later renamed Landsat 1) in 1972 ushered in the era
of modern remote sensing. Persistent advancements in sensor technology and digital
data processing methodologies progressively expanded the scope of remote sensing
applications, positioning it as an indispensable tool for global management and an
economic asset.

e Since the 1970s, remote sensing has witnessed continuous evolution, characterized by:
- Enhanced spatial resolution of sensors, as previously mentioned.

- Diversification of sensors exploiting increasingly varied and specialized domains of
the electromagnetic spectrum. In the 1990s, the landscape saw a proliferation of satellites
equipped with active sensors, particularly radars. Within the visible and infrared radiation

domain, sensors boasting very high spectral resolution are now commonplace.

- The commercialization of data, a concept envisioned since the launch of the SPOT
program in 1986, has materialized with private companies launching remote sensing satellites.

Remote sensing data has become a commodity within a competitive market.
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- The rapid dissemination and bolstered computing capabilities have continually
propelled the development of novel methodologies for leveraging the increasingly abundant
data streams furnished by space-based remote sensing.

4. Advantages of Remote Sensing

Remote sensing offers several advantages that complement ground-based
measurements. The advantages of remote sensing lie in its ability to provide comprehensive,
timely, and objective information about Earth's surface and atmosphere, facilitating scientific
research, environmental management, and sustainable development initiatives across local,

regional, and global scales. (Akdim; N; 2017).

4.1. Spatial Coverage
Remote sensing techniques, such as satellite imagery and aerial photography, can
capture large areas of land or entire planets in a single image. This broad coverage is
particularly advantageous for studying phenomena that occur over large spatial scales, such as
land use changes, deforestation, urban expansion, and natural disasters. It allows researchers
and decision-makers to analyze patterns and trends across regions, providing valuable insights
into spatial relationships and processes.
4.2. Temporal Coverage
Remote sensing data can be acquired repeatedly over time, enabling the creation of
time-series datasets. These temporal observations allow researchers to monitor changes and
trends in land cover, vegetation health, water bodies, and other environmental parameters. By
comparing images captured at different time points, scientists can assess the impacts of
seasonal variations, climate change, human activities, and natural events over various time
scales. This temporal dimension enhances our understanding of dynamic Earth processes and
supports long-term monitoring and management efforts.
4.3. Precision and Objectivity
Remote sensing data are acquired using calibrated sensors and standardized processing
techniques, ensuring high levels of accuracy and consistency. This precision enables the
quantitative analysis of Earth's surface features, including land cover types, land use patterns,
vegetation indices, and surface temperatures. Remote sensing measurements are objective and
reproducible, as they are based on physical properties of electromagnetic radiation and digital

image processing algorithms. This objectivity reduces subjectivity and biases inherent in
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ground-based observations, making remote sensing a reliable tool for scientific research,

environmental monitoring, and decision-making.

4.4. Cost-effectiveness and Accessibility

Remote sensing offers a cost-effective means of collecting spatial data over large areas,
compared to traditional ground-based surveys or field campaigns. Advances in satellite
technology and data processing have made remote sensing data more accessible and
affordable to researchers, government agencies, and private organizations worldwide. Open-
access satellite missions, such as Landsat and Sentinel, provide free imagery and data archives
that support a wide range of applications, from environmental monitoring and agriculture to
disaster management and urban planning. This accessibility democratizes the use of remote

sensing and fosters collaboration and knowledge-sharing among diverse user communities.

5. Overview of Remote Sensing Technologies

5.1. Optical sensing

This method concentrates on collecting and interpreting optical data, primarily within
the visible and near-infrared regions of the electromagnetic spectrum (see Figure 2). When
sunlight interacts with the Earth's surface, materials absorb and reflect specific wavelengths of
light, generating distinctive spectral signatures characteristic of various surface features.
Sensors, available in handheld, airborne, and spaceborne configurations, include detectors that
measure light intensity across different wavelengths (refer to Figure 3). The collected data are
transmitted to ground stations or processing centers, where they undergo processing and
conversion into images or spectral data. (Prasad, S.; 2011; Aggarwal, S.2004).

In optical remote sensing image (RSI) object detection, the primary goal is to determine
whether a given aerial or satellite image contains relevant objects and accurately identify their
locations. To ensure image quality, several processing steps are executed. Preprocessing
entails noise removal and contrast enhancement to enhance clarity and interpretability,
followed by feature extraction, where pertinent characteristics are identified and extracted
from the images for further analysis. The ultimate aim is to categorize objects within the
images and evaluate the accuracy of the results. This classification process facilitates effective

interpretation and comprehension of the image data. An accuracy assessment is also
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conducted to validate the reliability and precision of the outcomes. (Cheng, G.; Han, J. A;
2016)

Figure N° 02: Passive remote sensing involves the reception of information by the sensor, while
active remote sensing entails both the emission and reception of information by the sensor.
Source: https://www.mdpi.com/2072-4292/15/16/4112

Optical remote sensing primarily employs three modes: handheld, airborne, and
spaceborne. Handheld sensors capture spectral signatures of ground objects, aiding in ground-
truthing and small-scale data collection. Airborne sensors mounted on aircraft or drones offer
higher spatial resolution and efficient coverage of larger areas, making them valuable for
tasks such as land cover/land-use mapping, crop health assessment, and identification of
ecological hotspots. Spaceborne sensors on satellites provide extensive coverage and repeated
observations over time, enabling mapping of large areas, monitoring changes in land use,

tracking migratory patterns, and observing atmospheric conditions.

.\(,,}//.“

by Spaceborne

Airborne

Figure N° 03: The fundamental principle of optical remote sensing involves sensors capturing
information based on wavelength and atmospheric conditions.
Source : https://www.mdpi.com/2072-4292/15/16/4112
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The abundance of data collected by spaceborne sensors significantly contributes to
various applications, including environmental monitoring, urban planning, disaster
management, and climate studies.

Vegetation indices, such as the Normalized Difference Vegetation Index (NDVI), are
derived from optical remote sensing data by analyzing reflectance and absorption. They serve
as early indicators of nutrient deficiencies by examining changes in light reflection. For
instance, higher near-infrared reflection often indicates a nitrogen shortage, while reduced red
light reflection could suggest a phosphorus deficiency. Monitoring these indices over time
provides predictive insights into vegetation growth dynamics, extending to crop trends. Al
analysis of historical data reveals vegetation responses to changing conditions and can guide
farmers in fertilizer and pesticide use, leading to resource savings, higher yields, and reduced
chemical dependency. Al-based methods have also proven valuable for deriving snow-
covered areas from sensors with radiometric information limited to visible and near-infrared
bands, enabling applications in environmental monitoring at meter-scale spatial resolution.(
Cannistra, A. F., etal. 2021; John, A.; et al 2022).

5.2. Remote sensing using radar

This method functions within the microwave segment of the electromagnetic spectrum,
using microwave wave transmission and reception (Richards, J. A. 2009). A radar antenna
sends out microwave pulses toward the Earth or space, collecting the echoes reflected by
targets, which provide information about the targets' characteristics, such as distance,
direction, shape, size, surface roughness, and dielectric properties (Figure 4) (Hanssen, R., &
Rocca, F. 2020). By evaluating the timing and intensity of these echoes, radar remote sensing
can create images or maps of targets with various resolutions and viewpoints. This technique
is extensively applied in land surface mapping, weather pattern monitoring, ocean current

studies, and object detection, including buildings and vehicles (Oguchi, T., et al 2013).

Synthetic Aperture Radar (SAR) is particularly effective in producing high-resolution
surface images, making it especially useful for large-scale forest cover mapping. It can
penetrate clouds and vegetation, ensuring precise mapping even under adverse weather or low
visibility conditions (Moreira, A., et al 2013). SAR’s dual-polarization technology allows for
distinguishing between different forest canopy types and the vegetation underneath. When the

radar signal hits the forest canopy, it scatters, with a portion of the signal returning to the
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radar instrument. This returned signal contains key information about the forest structure and
biomass. The integration of dual-polarization radar significantly enhances the accuracy and
detail of forest mapping, offering in-depth insights into both the forest structure and the
vegetation below. SAR’s ability to differentiate between various forest canopy types and
underlying vegetation provides a crucial advantage, allowing for the generation of high-
resolution data that can detect changes in forest cover with remarkable precision (Devaney, J.,
et al, 2015).

Reflected wave
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Transmitted wave
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Distance

Figure N° 04: A radar sensor transforms microwave signals into electrical signals.
Source : https://www.sciencephoto.com/media/1156388/view/radar-illustration

5.3. LiDAR technology in remote sensing

LiDAR works by firing pulsed laser beams at a target and measuring the time it takes
for the reflected light to return to the sensor. This time measurement is used to calculate the
distance between the sensor and the target. In airborne surveys, this distance is converted into
elevation data, and multiple returns from the lasers enable mapping of forests and tree heights.
LiDAR systems include GPS to determine the location of the emitted light and an inertial
measurement unit (IMU) to determine the orientation of the aircraft. LIDAR systems capture
reflected light in two ways: Discrete return systems analyse the peaks of the waveform to

record individual ground points, while full waveform systems record the entire distribution of
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returned light, providing more detailed information. The resulting LiDAR data is often

presented as a point cloud, a 3D collection of spatial points. (Disney, M. I., et al; 2010)

Pitch
IMU

Reference =
Station

Figure N° 05: Basic principles of airborne LiDAR data collection.
Source : https://www.newport.com/n/lidar

5.4. Thermal sensing

This technique is a passive remote sensing method that detects the radiant energy
emitted by ground objects in specific wavelength ranges, typically between 3-5 um and 8-14
pum. Thermal cameras, radiometers and similar sensors detect energy in the thermal infrared
spectrum. The thermal detector, which can be either cryogenic or uncooled, converts this data
into electrical signals that are processed to produce thermal images or temperature data of the
target. Analysis of these thermal images and data provides information on the emissivity,
reflectivity and temperature of the target. The accuracy of thermal infrared (TIR) remote
sensing can be affected by atmospheric conditions, solar illumination and variations in target
emissivity and radiance. To improve accuracy, TIR data is often calibrated or corrected.
Thermal remote sensing is useful in applications such as environmental monitoring and forest
fire detection. An example is a temperature map derived from ECOSTRESS data during the
2021 Pacific Northwest heat wave. (Prakash, A. 2000).
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Source : https://svs.gsfc.nasa.gov/31263/

5.5. Multi-spectral and hyper-spectral imaging

Multi-spectral cameras can detect a wider range of wavelengths beyond the visible
spectrum, including infrared and ultraviolet. Unlike traditional imaging, which relies on
spatial shape, these cameras use spectral signatures to identify and differentiate materials
within a scene. The camera captures a series of images using filters that focus on specific
wavelengths, creating a comprehensive data set with information from different spectral
channels. These images are then processed through steps such as normalisation, calibration,
alignment, registration, noise reduction and enhancement. Hyperspectral Imaging (HSI) takes
this a step further by collecting data across the electromagnetic spectrum at very high spectral
resolution, using hundreds of narrow bands. HSI produces a hyperspectral image cube that
includes spatial dimensions and spectral bands, allowing detailed analysis of light reflected or
emitted at specific wavelengths. However, due to the high-dimensional and noisy nature of
the data, advanced algorithms are required for denoising, classification and detection. There is
no strict threshold separating multispectral from hyperspectral remote sensing. Moreover,
combining data from multiple sensors provides a more comprehensive understanding of the
system under study. (Ghosh, A, et al 2014).

6. Remote sensing platforms

32


https://svs.gsfc.nasa.gov/31263/

CHAPTER I1: INTRODUCTION TO REMOTE SENSING Dr: GUECHI Imen

Remote sensing platforms are the basic structures or vehicles that carry and operate
sensors to collect data about the Earth's surface and atmosphere. These platforms range from
ground-based units, to airborne vehicles such as drones and aircraft, to satellites orbiting the
planet. Each type of platform plays a critical role in different applications of remote sensing,
from detailed local studies to comprehensive global monitoring. Understanding the different
remote sensing platforms and their capabilities is essential for selecting the appropriate
system to meet specific data collection needs, whether for environmental monitoring, disaster
management or scientific research. ( Toth, C., & Jozkow, G. 2016).

Remote sensing platforms are broadly classified into three main categories: ground-

based, airborne, and satellite platforms (see Figure 07).
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Figure N° 07: 6. Remote sensing platforms

Source : https://www.researchgate.net/publication/369029957_Transforming_fruit_farming_in_a_hi-
tech_way_through_remote_sensing_A_review

Ground-based platforms, often using UAVS, operate at altitudes ranging from 10 m to

150 m. Airborne platforms include helicopters, jet planes, and airplanes, typically operating
between 0.3 to 12 km in altitude. Spaceborne platforms involve sensors mounted on
spacecraft or satellites orbiting Earth, operating at heights between 185 to 900 km, allowing
for global imagery. As platform altitude increases, the coverage area expands, though image
quality may diminish. UAVs are particularly prevalent in the agricultural sector for various

remote sensing applications.
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6.1. Ground level sensors

Ground-based instruments are designed for applications where the area of interest is
relatively small, such as monitoring individual plants, small plots of land or localised
environmental conditions, and provide high spatial resolution and accuracy. These platforms
include handheld instruments, towers and cranes. Handheld devices, which are portable
sensors or cameras, are commonly used in field studies to measure vegetation health, soil
moisture or surface temperatures. Towers, equipped with sensors at various heights, monitor
variables such as atmospheric conditions or plant growth over time, capturing vertical
environmental profiles. Cranes, either mobile or fixed, provide overhead views for detailed
observation of plant canopies or small-scale changes in land cover. Ground-based instruments
are essential for providing high quality data to validate airborne or satellite sensors and are
often used for calibration and ground truthing to ensure the accuracy of remote sensing

measurements.

6.2. Airborne operations

Airborne platforms, such as aeroplanes and helicopters, were the first choice for
acquiring aerial imagery in remote sensing. These platforms played a crucial role in the early
development of remote sensing by providing high-resolution images of the Earth's surface
from relatively low altitudes. Unlike satellites, airborne platforms can be deployed quickly
and flexibly, making them ideal for specific tasks such as mapping, monitoring environmental
change, assessing the impact of disasters or conducting military reconnaissance. The sensors
mounted on these platforms, including cameras and LiDAR systems, can capture detailed data
over targeted areas, providing a balance between ground-based precision and the broader
coverage capabilities of space-based platforms. Airborne platforms remain essential for
applications requiring high-resolution data, as they can be adjusted in altitude and sensor

angle to meet specific study requirements.
6.3. The Satellite (SAT)

Satellites are the most widely used and stable platforms for remote sensing from space,
providing unparalleled capabilities for environmental monitoring, weather forecasting and
cartography. Since the launch of the first remote sensing satellite in 1960, originally designed
for meteorological purposes, these platforms have become indispensable tools due to their

ability to operate for long periods of time, collect data consistently through repeated orbits,
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and provide comprehensive global coverage. The orbit of a satellite, i.e. the path it follows
around the Earth due to gravitational forces (see Figure 08), is typically elliptical and is
characterised by several key factors: the orbital period (the time required to complete one full
rotation around the Earth), the repeat cycle (the interval at which the satellite repeats its orbit),
and the altitude (the distance from the Earth's surface, generally between 600 and 1000 km for
remote sensing satellites). These characteristics determine how frequently a satellite can
collect data, with intervals ranging from twice a day to once every 16 days. Based on their
orbital geometry and timing, satellites are primarily classified into two types: geostationary

and sun-synchronous.

Figure N° 08: Satellite Orbit.
Source : https://www.telecomreviewafrica.com/articles/features/2899-satellite-tour-in-

space/
6.3.1. Geostationary Earth orbits

Satellites in geostationary orbits remain fixed relative to a particular point on the Earth's
surface (see Figure 09) because they are placed at a high altitude of about 36,000 km. This
positioning allows them to continuously observe the same large area, making them ideal for
weather monitoring. Geostationary orbits are commonly used for meteorological satellites
because they offer several advantages, including a stable position over a given location,
synchronisation with the Earth's rotation, and large area coverage. However, this high altitude
also tends to result in lower spatial resolution, which can limit the detail of the images

captured.
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Figure N° 09: Satellite orbit diagrams.
Source : https://www.sciencephoto.com/media/432249/view/satellite-orbit-
diaarams

6.3.2. Solar synchronous orbits

A sun-synchronous orbit is designed so that a satellite passes over the same point on the
Earth at the same local solar time on each orbit, ensuring consistent lighting conditions on
each pass (see Figure 10). This consistency is critical for accurate image acquisition and data
analysis, as it minimises variations in shadow, angle and illumination caused by the Sun's
movement throughout the day. Such orbits are commonly used by Earth observation satellites,
such as Landsat TM/ETM, SPOT, ALOS, IKONOS and QuickBird, because they allow
uniform data acquisition over different time periods. This type of orbit is particularly useful
for monitoring changes over time, such as vegetation growth, urban development or the
effects of disasters, as it provides images that are directly comparable in terms of solar
illumination and shadow conditions. In addition, sun-synchronous orbits allow frequent
revisits to the same location, enabling timely updates and continuous observation of dynamic

environmental phenomena.
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Figure N° 10 : Sun synchronous satellite orbit.
Source : https://www.youtube.com/watch?v=TGfh_fWBeaQ
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7. The Process of Remote Sensing

Remote sensing involves a series of critical steps to capture and analyse electromagnetic
energy from targets (see Figure 11).

THE REMOTE SENSING PROCESS

Energy Source //* m

Processing Station

Figure N° 11: The Process of Remote Sensing
Source : https://www.brainkart.com/article/Remote-sensing 41123/

The process begins with the provision of electromagnetic energy, primarily from the
sun, which provides the necessary radiation and illumination for the remote sensing system.
This energy illuminates the target, allowing the reflected light to be captured using
conventional cameras and film. The electromagnetic radiation, which travels as waves at a
constant speed, interacts with both the target and the atmosphere. This interaction can be
modified by scattering, where particles or gases deflect the radiation, and absorption, where
certain wavelengths are absorbed by atmospheric gases. Once the radiation is scattered or
emitted by the target, it is detected by sensors. These sensors can be active, generating their
own energy, or passive, detecting naturally occurring radiation. The recorded data is then
transmitted electronically to a processing station where it is converted into images through
several stages: image restoration to correct errors and distortions, image enhancement to
improve visual quality, and information extraction to refine and analyse the data. The final

step, image interpretation, involves analysing the processed images to identify and evaluate
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objects, taking into account sensor characteristics, timing, atmospheric conditions and
resolution. This analysis is critical to understanding and interpreting environmental and
cultural patterns in the images. (Schowengerdt, R. A. 2006).

Conclusion

The field of remote sensing is a sophisticated and essential technology for collecting
and analyzing data about the Earth's surface from various platforms. Starting with its basic
definition, we've explored how remote sensing goes beyond traditional visual systems to
capture comprehensive and accurate information through various technologies. The historical
development of remote sensing has demonstrated its growing importance and usefulness in
many fields. The advantages of remote sensing, including its extensive spatial and temporal
coverage, precision, objectivity and cost-effectiveness, highlight its value in modern scientific
and practical applications. We have examined different remote sensing technologies, such as
optical sensing, radar, LIDAR, thermal imaging, and multispectral and hyperspectral imaging,
each of which offers unique capabilities and insights. The different platforms, including
ground-based sensors, airborne systems and satellites, provide different perspectives and data
acquisition methods, from local to global scales. In particular, the detailed view of satellite
orbits - geostationary and solar synchronous - has highlighted their specific role in continuous
monitoring and consistent data collection. Understanding the remote sensing process, from
energy acquisition to data processing and interpretation, highlights the complex steps
involved in deriving meaningful information from raw data. This holistic view of remote
sensing technologies and methodologies underscores their integral role in environmental
monitoring, resource management and numerous other applications, and reinforces their

importance in current and future research and practical endeavours.
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Introduction

Remote sensing, often referred to as the eyes in the sky, is a powerful tool for observing and
analysing the Earth's surface from a distance. This course serves as an introduction to the
fundamental concepts, technologies, and applications of remote sensing. By exploring topics
such as its definition, the relationship between remote sensing and the human visual system,
historical developments, and its myriad advantages, we will gain a comprehensive
understanding of how remote sensing plays a crucial role in various fields including
cartography, natural resource management, environmental monitoring, and beyond.
Additionally, this course will delve into different remote sensing technologies, including
passive and active detection methods, as well as the platforms and systems used to acquire and
process remote sensing data. Through this exploration, we will be equipped with the
foundational knowledge needed to navigate the world of remote sensing and its diverse
applications.

1. Definition of Remote Sensing

The word "remote sensing™ can be divided into two parts: “remote” and "sensing".
Remote sensing can be defined as the set of knowledge and techniques used to determine
certain physical and biological characteristics of observed points from measurements made
remotely, without material contact with them. (Interministerial Commission on the

Terminology of Aerospace Remote Sensing, 1988).

Some general definitions may suggest that remote sensing involves studying something
without physical contact. While technically accurate, such broad definitions lack practical
utility. Rather than delving into philosophical debates about the nuances of "studying" and
"touching," it's evident that reading this document on a computer screen does not constitute
remote sensing, despite comprehending its contents without tactile interaction. In the context
of this course, remote sensing is better understood as the utilization of specialized
instruments, such as sensors, to gather data about various aspects of the Earth's surface, its
oceans, atmosphere, or even other celestial bodies, over expansive areas and from a
considerable distance. While satellite imagery and aerial photography are common examples,
remote sensing encompasses diverse methodologies, including acoustic sensing of the

seafloor, which don't necessarily produce visual images. This broader perspective leads to the
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interchangeability of terms like "Earth Observation” with "remote sensing™ to encompass the

diverse array of data collection techniques involved. (Knudby, A. 2021).

2. Remote Sensing and the Visual System

The relationship between remote sensing and the visual system lies in the fact that both
the human eye and remote sensing systems function as perception mechanisms to gather

information about the environment.

e Firstly, the human eye serves as a remarkable example of a biological remote sensing
system. The retina of the eye is composed of cones and rods, visual cells that convert
electromagnetic energy into sensitive nerve impulses. These signals are then
transmitted to the brain via the optic nerve, where they undergo a series of chemical
reactions for interpretation.

e Similarly, artificial remote sensing systems, such as satellites, utilize sensors to
remotely collect data about the Earth's surface. These sensors record electromagnetic
energy from the Earth in different spectral bands, analogous to the cones and rods of
the human eye.

e Lastly, just as the human brain processes visual signals to form a coherent image,
remote sensing data processing systems interpret the data collected by sensors to

produce useful images and information about the Earth's environment.

Figure N° 01: The human eye, a highly powerful remote sensing system.

Source : https://www.centralfloridaretina.com/patient-reources/education/eye-anatomy/

Thus, the relationship between remote sensing and the visual system lies in their
common ability to perceive and interpret information about the environment, although the
mechanisms and technologies used differ between them.
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3. Historical Overview of Remote Sensing

according to (Sivakumar, M. V. K. 2003), the evolution of remote sensing techniques

unfolds across five distinct periods:

e From 1856, when a camera was first affixed to a balloon, until the outbreak of the
First World War, pioneers explored the potential of vertical aerial photography for
mapping.

e During the interwar period up to the late 1950s, aerial photography became an
operational mainstay for mapping, oil exploration, and vegetation monitoring.
Advances in aviation and photographic equipment were consistent, refining and
standardizing methods of photo-interpretation.

e The period spanning from 1957 to 1972 marked the inception of space exploration and
laid the foundation for modern remote sensing. The launch of early satellites, followed
by manned spacecraft carrying cameras, unveiled the potential of space-based remote
sensing. Concurrently, imaging radiometers and airborne radars underwent
development and enhancement. The first operational applications of space remote
sensing emerged in the 1960s with the deployment of ESSA meteorological satellites.

e The launch of the ERTS satellite (later renamed Landsat 1) in 1972 ushered in the era
of modern remote sensing. Persistent advancements in sensor technology and digital
data processing methodologies progressively expanded the scope of remote sensing
applications, positioning it as an indispensable tool for global management and an
economic asset.

e Since the 1970s, remote sensing has witnessed continuous evolution, characterized by:
- Enhanced spatial resolution of sensors, as previously mentioned.

- Diversification of sensors exploiting increasingly varied and specialized domains of
the electromagnetic spectrum. In the 1990s, the landscape saw a proliferation of satellites
equipped with active sensors, particularly radars. Within the visible and infrared radiation

domain, sensors boasting very high spectral resolution are now commonplace.

- The commercialization of data, a concept envisioned since the launch of the SPOT
program in 1986, has materialized with private companies launching remote sensing satellites.

Remote sensing data has become a commodity within a competitive market.
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- The rapid dissemination and bolstered computing capabilities have continually
propelled the development of novel methodologies for leveraging the increasingly abundant
data streams furnished by space-based remote sensing.

4. Advantages of Remote Sensing

Remote sensing offers several advantages that complement ground-based
measurements. The advantages of remote sensing lie in its ability to provide comprehensive,
timely, and objective information about Earth's surface and atmosphere, facilitating scientific
research, environmental management, and sustainable development initiatives across local,

regional, and global scales. (Akdim; N; 2017).

4.1. Spatial Coverage
Remote sensing techniques, such as satellite imagery and aerial photography, can
capture large areas of land or entire planets in a single image. This broad coverage is
particularly advantageous for studying phenomena that occur over large spatial scales, such as
land use changes, deforestation, urban expansion, and natural disasters. It allows researchers
and decision-makers to analyze patterns and trends across regions, providing valuable insights
into spatial relationships and processes.
4.2. Temporal Coverage
Remote sensing data can be acquired repeatedly over time, enabling the creation of
time-series datasets. These temporal observations allow researchers to monitor changes and
trends in land cover, vegetation health, water bodies, and other environmental parameters. By
comparing images captured at different time points, scientists can assess the impacts of
seasonal variations, climate change, human activities, and natural events over various time
scales. This temporal dimension enhances our understanding of dynamic Earth processes and
supports long-term monitoring and management efforts.
4.3. Precision and Objectivity
Remote sensing data are acquired using calibrated sensors and standardized processing
techniques, ensuring high levels of accuracy and consistency. This precision enables the
quantitative analysis of Earth's surface features, including land cover types, land use patterns,
vegetation indices, and surface temperatures. Remote sensing measurements are objective and
reproducible, as they are based on physical properties of electromagnetic radiation and digital

image processing algorithms. This objectivity reduces subjectivity and biases inherent in
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ground-based observations, making remote sensing a reliable tool for scientific research,

environmental monitoring, and decision-making.

4.4. Cost-effectiveness and Accessibility

Remote sensing offers a cost-effective means of collecting spatial data over large areas,
compared to traditional ground-based surveys or field campaigns. Advances in satellite
technology and data processing have made remote sensing data more accessible and
affordable to researchers, government agencies, and private organizations worldwide. Open-
access satellite missions, such as Landsat and Sentinel, provide free imagery and data archives
that support a wide range of applications, from environmental monitoring and agriculture to
disaster management and urban planning. This accessibility democratizes the use of remote

sensing and fosters collaboration and knowledge-sharing among diverse user communities.

5. Overview of Remote Sensing Technologies

5.1. Optical sensing

This approach focuses on collecting and interpreting optical data, primarily from the
visible and near-infrared regions of the electromagnetic spectrum (see Figure 2). When
sunlight interacts with the Earth’s surface, materials absorb and reflect specific wavelengths,
generating unique spectral signatures that characterize different surface features. Sensors,
available in handheld, airborne, and satellite configurations, contain detectors that measure
light intensity across various wavelengths (refer to Figure 3). The collected data are
transmitted to ground stations or processing centers, where they are processed and converted
into images or spectral information for further analysis (Prasad, S., 2011; Aggarwal, S.,
2004).

In optical remote sensing image (RSI) object detection, the main goal is to identify
relevant objects in aerial or satellite images and accurately determine their locations. To
ensure the quality of these images, several processing steps are required. Preprocessing

includes noise reduction and contrast enhancement to improve clarity and readability.
Following this, feature extraction identifies and isolates relevant characteristics for detailed
analysis. The final step involves classifying the detected objects and assessing the accuracy of
the results. This classification is essential for effective interpretation of the image data. An
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accuracy evaluation is also performed to ensure the reliability and precision of the outcomes
(Cheng, G.; Han, J., 2016).

\
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Figure N° 02: Passive remote sensing involves the reception of information by the sensor, while
active remote sensing entails both the emission and reception of information by the sensor.
Source: https://www.mdpi.com/2072-4292/15/16/4112

Optical remote sensing operates through three main platforms: handheld, airborne, and
spaceborne. Handheld sensors are used to capture spectral signatures of surface features,
supporting ground-truthing efforts and small-scale data collection. Airborne sensors, installed
on aircraft or drones, deliver higher spatial resolution and efficiently cover broader areas,
making them suitable for applications such as land-use and land-cover mapping, assessing
crop health, and identifying ecological hotspots. Spaceborne sensors aboard satellites provide
large-scale coverage with the ability to perform repeated observations over time. This makes
them ideal for monitoring extensive regions, tracking land-use changes, following migratory
patterns, and analyzing atmospheric conditions.

Spaceborne

A
/

Z,

Handheld

Figure N° 03: The fundamental principle of optical remote sensing involves sensors capturing
information based on wavelength and atmospheric conditions.
Source : https://www.mdpi.com/2072-4292/15/16/4112

numerous fields, including environmental monitoring, urban planning, disaster management,
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and climate research. Vegetation indices like the Normalized Difference Vegetation Index
(NDVI) are generated from optical remote sensing data by analyzing the reflectance and
absorption properties of light. These indices act as early indicators of nutrient deficiencies by
detecting changes in light reflection patterns. For example, high near-infrared reflectance can
signal nitrogen deficiency, while lower red light reflectance may indicate a lack of
phosphorus. Tracking these indices over time offers predictive insights into vegetation growth
patterns and crop trends. Additionally, Al-driven analysis of historical data helps uncover
how vegetation responds to shifting environmental conditions, guiding farmers in optimizing
fertilizer and pesticide use to reduce chemical input, enhance yields, and conserve resources.
Al methods have also proven effective in identifying snow-covered areas from sensors that
capture radiometric data only in the visible and near-infrared ranges, supporting
environmental monitoring at high spatial resolutions (Cannistra, A. F., et al., 2021; John, A.,
etal., 2022).
5.2. Remote sensing using radar

This method functions within the microwave segment of the electromagnetic spectrum,
using microwave wave transmission and reception (Richards, J. A. 2009). A radar antenna
sends out microwave pulses toward the Earth or space, collecting the echoes reflected by
targets, which provide information about the targets' characteristics, such as distance,
direction, shape, size, surface roughness, and dielectric properties (Figure 4) (Hanssen, R., &
Rocca, F. 2020). By evaluating the timing and intensity of these echoes, radar remote sensing
can create images or maps of targets with various resolutions and viewpoints. This technique
is extensively applied in land surface mapping, weather pattern monitoring, ocean current

studies, and object detection, including buildings and vehicles (Oguchi, T., et al 2013).

Synthetic Aperture Radar (SAR) is particularly effective in producing high-resolution
surface images, making it especially useful for large-scale forest cover mapping. It can
penetrate clouds and vegetation, ensuring precise mapping even under adverse weather or low
visibility conditions (Moreira, A., et al 2013). SAR’s dual-polarization technology allows for
distinguishing between different forest canopy types and the vegetation underneath. When the
radar signal hits the forest canopy, it scatters, with a portion of the signal returning to the
radar instrument. This returned signal contains key information about the forest structure and
biomass. The integration of dual-polarization radar significantly enhances the accuracy and

detail of forest mapping, offering in-depth insights into both the forest structure and the
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vegetation below. SAR’s ability to differentiate between various forest canopy types and
underlying vegetation provides a crucial advantage, allowing for the generation of high-
resolution data that can detect changes in forest cover with remarkable precision (Devaney, J.,
et al, 2015).
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Figure N° 04: A radar sensor transforms microwave signals into electrical signals.
Source : https://www.sciencephoto.com/media/1156388/view/radar-illustration

5.3. LiDAR technology in remote sensing

LiDAR works by firing pulsed laser beams at a target and measuring the time it takes
for the reflected light to return to the sensor. This time measurement is used to calculate the
distance between the sensor and the target. In airborne surveys, this distance is converted into
elevation data, and multiple returns from the lasers enable mapping of forests and tree heights.
LiDAR systems include GPS to determine the location of the emitted light and an inertial
measurement unit (IMU) to determine the orientation of the aircraft. LIDAR systems capture
reflected light in two ways: Discrete return systems analyse the peaks of the waveform to
record individual ground points, while full waveform systems record the entire distribution of
returned light, providing more detailed information. The resulting LIDAR data is often

presented as a point cloud, a 3D collection of spatial points. (Disney, M. 1., et al; 2010)
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Figure N° 05: Basic principles of airborne LiDAR data collection.
Source : https://www.newport.com/n/lidar

5.4. Thermal sensing

Thermal sensing is a passive remote sensing technique that measures the radiant energy
emitted by objects on the ground within specific wavelength ranges, typically between 3-5
pm and 8-14 pm. Sensors like thermal cameras and radiometers detect energy within the
thermal infrared spectrum. These sensors, which can be either cryogenically cooled or
uncooled, convert the detected energy into electrical signals, which are then processed to
generate thermal images or temperature readings of the target. By analyzing these thermal
images, valuable information can be obtained about the target’s emissivity, reflectivity, and
temperature. However, the precision of thermal infrared (TIR) sensing can be influenced by
factors such as atmospheric conditions, solar radiation, and variations in the target’s
emissivity and radiance. To enhance accuracy, TIR data often undergoes calibration and
correction. Thermal remote sensing has various applications, including environmental
monitoring and the detection of forest fires. A relevant example is the temperature map
created using ECOSTRESS data during the 2021 Pacific Northwest heat wave (Prakash, A.,
2000).
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Source : https://svs.gsfc.nasa.gov/31263/

5.5. Multi-spectral and hyper-spectral imaging

Multi-spectral cameras can detect a wider range of wavelengths beyond the visible
spectrum, including infrared and ultraviolet. Unlike traditional imaging, which relies on
spatial shape, these cameras use spectral signatures to identify and differentiate materials
within a scene. The camera captures a series of images using filters that focus on specific
wavelengths, creating a comprehensive data set with information from different spectral
channels. These images are then processed through steps such as normalisation, calibration,
alignment, registration, noise reduction and enhancement. Hyperspectral Imaging (HSI) takes
this a step further by collecting data across the electromagnetic spectrum at very high spectral
resolution, using hundreds of narrow bands. HSI produces a hyperspectral image cube that
includes spatial dimensions and spectral bands, allowing detailed analysis of light reflected or
emitted at specific wavelengths. However, due to the high-dimensional and noisy nature of
the data, advanced algorithms are required for denoising, classification and detection. There is
no strict threshold separating multispectral from hyperspectral remote sensing. Moreover,
combining data from multiple sensors provides a more comprehensive understanding of the
system under study. (Ghosh, A, et al 2014).

6. Remote sensing platforms
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Remote sensing platforms are the basic structures or vehicles that carry and operate
sensors to collect data about the Earth's surface and atmosphere. These platforms range from
ground-based units, to airborne vehicles such as drones and aircraft, to satellites orbiting the
planet. Each type of platform plays a critical role in different applications of remote sensing,
from detailed local studies to comprehensive global monitoring. Understanding the different
remote sensing platforms and their capabilities is essential for selecting the appropriate
system to meet specific data collection needs, whether for environmental monitoring, disaster
management or scientific research. ( Toth, C., & Jozkow, G. 2016).

Remote sensing platforms are broadly classified into three main categories: ground-

based, airborne, and satellite platforms (see Figure 07).
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Figure N° 07: 6. Remote sensing platforms

Source : https://www.researchgate.net/publication/369029957_Transforming_fruit_farming_in_a_hi-
tech_way_through_remote_sensing_A_review

Ground-based platforms, often using UAVS, operate at altitudes ranging from 10 m to

150 m. Airborne platforms include helicopters, jet planes, and airplanes, typically operating
between 0.3 to 12 km in altitude. Spaceborne platforms involve sensors mounted on
spacecraft or satellites orbiting Earth, operating at heights between 185 to 900 km, allowing
for global imagery. As platform altitude increases, the coverage area expands, though image
quality may diminish. UAVs are particularly prevalent in the agricultural sector for various

remote sensing applications.
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6.1. Ground level sensors

Ground-based instruments are designed for applications where the area of interest is
relatively small, such as monitoring individual plants, small plots of land or localised
environmental conditions, and provide high spatial resolution and accuracy. These platforms
include handheld instruments, towers and cranes. Handheld devices, which are portable
sensors or cameras, are commonly used in field studies to measure vegetation health, soil
moisture or surface temperatures. Towers, equipped with sensors at various heights, monitor
variables such as atmospheric conditions or plant growth over time, capturing vertical
environmental profiles. Cranes, either mobile or fixed, provide overhead views for detailed
observation of plant canopies or small-scale changes in land cover. Ground-based instruments
are essential for providing high quality data to validate airborne or satellite sensors and are
often used for calibration and ground truthing to ensure the accuracy of remote sensing

measurements.

6.2. Airborne operations

Airborne platforms, such as aeroplanes and helicopters, were the first choice for
acquiring aerial imagery in remote sensing. These platforms played a crucial role in the early
development of remote sensing by providing high-resolution images of the Earth's surface
from relatively low altitudes. Unlike satellites, airborne platforms can be deployed quickly
and flexibly, making them ideal for specific tasks such as mapping, monitoring environmental
change, assessing the impact of disasters or conducting military reconnaissance. The sensors
mounted on these platforms, including cameras and LIDAR systems, can capture detailed data
over targeted areas, providing a balance between ground-based precision and the broader
coverage capabilities of space-based platforms. Airborne platforms remain essential for
applications requiring high-resolution data, as they can be adjusted in altitude and sensor

angle to meet specific study requirements.
6.3. The Satellite (SAT)

Satellites are the most widely used and stable platforms for remote sensing from space,
providing unparalleled capabilities for environmental monitoring, weather forecasting and
cartography. Since the launch of the first remote sensing satellite in 1960, originally designed
for meteorological purposes, these platforms have become indispensable tools due to their

ability to operate for long periods of time, collect data consistently through repeated orbits,
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and provide comprehensive global coverage. The orbit of a satellite, i.e. the path it follows
around the Earth due to gravitational forces (see Figure 08), is typically elliptical and is
characterised by several key factors: the orbital period (the time required to complete one full
rotation around the Earth), the repeat cycle (the interval at which the satellite repeats its orbit),
and the altitude (the distance from the Earth's surface, generally between 600 and 1000 km for
remote sensing satellites). These characteristics determine how frequently a satellite can
collect data, with intervals ranging from twice a day to once every 16 days. Based on their
orbital geometry and timing, satellites are primarily classified into two types: geostationary

and sun-synchronous.

Figure N° 08: Satellite Orbit.
Source : https://www.telecomreviewafrica.com/articles/features/2899-satellite-tour-in-

space/
6.3.1. Geostationary Earth orbits

Satellites in geostationary orbits remain fixed relative to a particular point on the Earth's
surface (see Figure 09) because they are placed at a high altitude of about 36,000 km. This
positioning allows them to continuously observe the same large area, making them ideal for
weather monitoring. Geostationary orbits are commonly used for meteorological satellites
because they offer several advantages, including a stable position over a given location,
synchronisation with the Earth's rotation, and large area coverage. However, this high altitude
also tends to result in lower spatial resolution, which can limit the detail of the images

captured.
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Figure N° 09: Satellite orbit diagrams.
Source : https://www.sciencephoto.com/media/432249/view/satellite-orbit-
diaarams

6.3.2. Solar synchronous orbits

A sun-synchronous orbit is designed so that a satellite passes over the same point on the
Earth at the same local solar time on each orbit, ensuring consistent lighting conditions on
each pass (see Figure 10). This consistency is critical for accurate image acquisition and data
analysis, as it minimises variations in shadow, angle and illumination caused by the Sun's
movement throughout the day. Such orbits are commonly used by Earth observation satellites,
such as Landsat TM/ETM, SPOT, ALOS, IKONOS and QuickBird, because they allow
uniform data acquisition over different time periods. This type of orbit is particularly useful
for monitoring changes over time, such as vegetation growth, urban development or the
effects of disasters, as it provides images that are directly comparable in terms of solar
illumination and shadow conditions. In addition, sun-synchronous orbits allow frequent
revisits to the same location, enabling timely updates and continuous observation of dynamic

environmental phenomena.
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Figure N° 10 : Sun synchronous satellite orbit.
Source : https://www.youtube.com/watch?v=TGfh_fWBeaQ
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7. The Process of Remote Sensing

Remote sensing involves a series of critical steps to capture and analyse electromagnetic
energy from targets (see Figure 11).

THE REMOTE SENSING PROCESS

Energy Source //* m
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Figure N° 11: The Process of Remote Sensing
Source : https://www.brainkart.com/article/Remote-sensing 41123/

The process begins with the provision of electromagnetic energy, primarily from the
sun, which provides the necessary radiation and illumination for the remote sensing system.
This energy illuminates the target, allowing the reflected light to be captured using
conventional cameras and film. The electromagnetic radiation, which travels as waves at a
constant speed, interacts with both the target and the atmosphere. This interaction can be
modified by scattering, where particles or gases deflect the radiation, and absorption, where
certain wavelengths are absorbed by atmospheric gases. Once the radiation is scattered or
emitted by the target, it is detected by sensors. These sensors can be active, generating their
own energy, or passive, detecting naturally occurring radiation. The recorded data is then
transmitted electronically to a processing station where it is converted into images through
several stages: image restoration to correct errors and distortions, image enhancement to
improve visual quality, and information extraction to refine and analyse the data. The final

step, image interpretation, involves analysing the processed images to identify and evaluate
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objects, taking into account sensor characteristics, timing, atmospheric conditions and
resolution. This analysis is critical to understanding and interpreting environmental and
cultural patterns in the images. (Schowengerdt, R. A. 2006).

Conclusion

The field of remote sensing is a sophisticated and essential technology for collecting
and analyzing data about the Earth's surface from various platforms. Starting with its basic
definition, we've explored how remote sensing goes beyond traditional visual systems to
capture comprehensive and accurate information through various technologies. The historical
development of remote sensing has demonstrated its growing importance and usefulness in
many fields. The advantages of remote sensing, including its extensive spatial and temporal
coverage, precision, objectivity and cost-effectiveness, highlight its value in modern scientific
and practical applications. We have examined different remote sensing technologies, such as
optical sensing, radar, LIDAR, thermal imaging, and multispectral and hyperspectral imaging,
each of which offers unique capabilities and insights. The different platforms, including
ground-based sensors, airborne systems and satellites, provide different perspectives and data
acquisition methods, from local to global scales. In particular, the detailed view of satellite
orbits - geostationary and solar synchronous - has highlighted their specific role in continuous
monitoring and consistent data collection. Understanding the remote sensing process, from
energy acquisition to data processing and interpretation, highlights the complex steps
involved in deriving meaningful information from raw data. This holistic view of remote
sensing technologies and methodologies underscores their integral role in environmental
monitoring, resource management and numerous other applications, and reinforces their

importance in current and future research and practical endeavours.
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Introduction

In the field of remote sensing, understanding the underlying physics is critical to interpreting
the data collected and exploiting the full potential of the technology. Chapter Il explores the
fundamental principles of electromagnetic radiation, which serves as the cornerstone of remote
sensing technologies. We begin by examining electromagnetic radiation and its inherent
properties, such as wavelength, frequency and energy, which determine how radiation interacts
with different substances. We then examine the interplay between radiation and the Earth's
atmosphere, detailing how atmospheric conditions can affect the transmission and quality of
data collected by remote sensing instruments. Finally, we study the interactions between
radiation and different types of matter, including how radiation is absorbed, reflected and
scattered by different materials. By gaining insight into these physical processes, we improve
our understanding of how remote sensing systems work and how they can be used effectively
to monitor and analyse the Earth's surface and atmosphere. This chapter provides the basic
knowledge necessary to understand the complex dynamics of remote sensing physics and its

applications in environmental monitoring, mapping and beyond.

1. Electromagnetic radiation and its characteristics

To gain a deeper understanding of remote sensing, it is essential to explore the
mechanisms and fundamental physical principles behind it. This will enhance your
comprehension of how remote sensing data is generated and how it can be creatively utilized

to extract specific information for various applications.

Electromagnetic radiation refers to the totality of radiation emitted by sources such as the
Sun, the Earth's surface, the oceans, the atmosphere, or even the satellite sensor itself. This
radiation exists in the form of electromagnetic waves or particles. The energy measured by
remote sensing instruments (excluding acoustic instruments) and used to produce images is
known as electromagnetic radiation (EMR). Although the concept of EMR can be complex,
thinking of light as a specific type of EMR-one detectable by our eyes and brains-can be helpful.
Other forms of electromagnetic radiation include harmful ultraviolet (UV) rays, which are
partially blocked by sunscreen; heat radiation, which we feel near a campfire; and radar waves,
which detect aircraft and ships and map surface features of the Earth (Kong, B., et al; 2017).

Electromagnetic radiation can be visualized as waves traveling through space, with electric and

40



CHAPTER I11: REMOTE SENSING PHYSICS Dr: GUECHI Imen

magnetic components oriented at 90 degrees to each other and to the direction of propagation

(see Figure 01).

FEATURES OF ELECTROMAGNETIC WAVES
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Wavelength: The distance between successive crests of a wave
Frequency: Wave cycles passing a given point in a given period of time
Amplitude: Measured between the crest and the mid-point of a wave
Velocity: Speed and direction of propagation

Figure N° 01: The human eye, a highly powerful remote sensing system.
Source : https://lightcolourvision.org/diagrams/features-of-electromagnetic-waves/

Electromagnetic waves have certain properties that we can measure and use to explain
them. Electromagnetic waves can be characterised by their wavelength, which is measured as
the physical distance between one wave peak and the next along the direction of propagation.
The human eye can detect electromagnetic radiation with a wavelength of about 400 to 700
nanometres (one nanometre is 10-9 metres, or one billionth of a metre), which we call visible
light. Electromagnetic waves travel at the speed of light, and there is a simple and direct
relationship between the wavelength and frequency of electromagnetic waves, usually
expressed by the formula ¢ = VA, where c is the speed of light, v (the Greek letter nu) is the
frequency, and A (the Greek letter lambda) is the wavelength. Frequency is defined as the
number of times a wave passes through a fixed point per unit of time (typically per second).
Note that some people, particularly engineers and physicists who study radiation, sometimes

use the wavenumber instead of the wavelength or frequency. The wavenumber (¥) is defined

41


https://lightcolourvision.org/diagrams/features-of-electromagnetic-waves/

CHAPTER I11: REMOTE SENSING PHYSICS Dr: GUECHI Imen

as v=1/ L. We will not use the wavenumber in the remainder of these notes, but it is good to be

aware of its use for later studies. (Kong, B., et al. 2017).

2. The electromagnetic spectrum

The electromagnetic spectrum is the distribution of electromagnetic waves according to

their wavelength, their frequency or their energy (see the figure below).

According to quantum theory, EMR can also be considered as a stream of individual
energy packets called photons. Each photon contains an amount of energy proportional to its
frequency, a relationship expressed by E=hv, where h is Planck’s constant (approximately 6.6
*10-34 Js). The relationship between wavelength, frequency and energy per photon is shown
in (Figure 02). Figure 02 also shows the common names for MREs of a given wavelength. You
can see, for example, that X-rays have very short wavelengths, very high frequencies and
therefore a very high energy content per photon, which is an important reason for limiting your
exposure to these rays. (Norgard, J., & Best, G. L. 2017).

Penetrates Earth's I
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Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic NMuclei

10* 10° 10" 10t 10" 10t 10°"
Temperature of
objects at which
this radiation is the )
mostintense 1K 100 K 10,000 K 10,000,000 K
wavelength emitted J el
g -272*C -173*C 9,727 °C ~10,000,000 *C

Figure N° 02: The different types of EMR and their wavelengths.
Source: Dinksbumf, InductorLoad and NASA

Starting with the most energetic waves, we differentiate successively (Diddams, S. A., et
al. 2020; Norgard, J., & Best, G. L. 2017) :
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Gamma rays (). These are caused by radiation emitted by radioactive elements. They
are very energetic, easily penetrate matter and are very dangerous to living cells.Their
wavelengths range from a hundredth of a billionth (10-14 m) to a billionth of a millimetre (10-
12 m).

X-rays: high-energy radiation that passes more or less easily through material bodies and
is slightly less harmful than gamma rays. They are used in medicine for X-rays, in industry
(baggage screening in aviation) and in research to study matter (synchrotron radiation).X-rays
have wavelengths between one billionth (10-12 m) and one hundred thousandth (10-8 m) of a

millimetre.

Ultraviolet: ultraviolet rays are very energetic and harmful to the skin. Fortunately, a
large proportion of ultraviolet rays are blocked by atmospheric ozone, which acts as a protective
shield for our cells.Their wavelengths range from one hundred thousandth (10-8 m) to four

tenths of a thousandth (4.10-7 m) of a millimetre.

The visible range: corresponds to the very narrow part of the electromagnetic spectrum
that can be perceived by the human eye. It is in the visible range that solar radiation reaches its
maximum (0.5 um) and it is in this part of the spectrum that we can distinguish all the colours
of the rainbow, from blue to red.It ranges from four tenths of a thousandth of a millimetre (4.10-
7 m) - blue light - to eight tenths of a thousandth of a millimetre (8.10-7 m) - red light.

Infrared: Radiation emitted by all bodies with a temperature above absolute zero (-
273°C). In remote sensing, certain infrared spectral bands are used to measure the temperature
of land and ocean surfaces and clouds. The infrared range covers wavelengths from eight-tenths

of a thousandth of a millimetre (8.10-7 m) to one millimetre (10-3 m).

Radar waves or microwaves: This part of the spectrum is used to measure radiation
emitted by the Earth's surface, in this case similar to remote sensing in the thermal infrared, but
also by active sensors such as radar systems. A radar sensor emits its own electromagnetic
radiation and by analysing the backscattered signal it can locate and identify objects and
calculate their speed if they are moving. All this regardless of cloud cover, day or night.The

microwave range extends from centimetre to metre wavelengths.
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Radio waves: This is the widest range of wavelengths in the electromagnetic spectrum
and covers the lowest frequencies. It ranges from wavelengths of a few centimetres to several
kilometres. Relatively easy to send and receive, radio waves are used to transmit information
(radio, television and telephone). The FM band used by radios corresponds to wavelengths of

the order of a metre. Mobile phones use wavelengths of about 10 cm.

Unlike the human eye, which can only detect radiation in a very narrow window of the
electromagnetic spectrum, the visible range (wavelengths between 0.4um and 0.7um), satellite

sensors use a much wider part of the spectrum.

3. The most important spectral windows in spatial remote sensing
There are three main spectral windows used in spatial remote sensing:

-The visible range.

-The infrared range (near IR, mid IR and thermal IR).

-The microwave or hyperfrequency range (not covered here, although they are of considerable
importance, particularly in RADAR remote sensing). (Aggarwal, S. 2004; Béland, M., &
Guimond, L. E. 2015).

A small number of sensors can measure the energy of ultraviolet radiation. These are
mainly used in astronomy to study planetary atmospheres or to measure the amount of UV
reaching the Earth's surface. In airborne remote sensing, the near UV (250-350 nm) is used for

oceanographic applications, in particular for the identification and mapping of oil slicks.

3.1.The visible range.

The light that can be detected by our eyes (which can be considered our very first
"remote sensing sensors") falls within what is known as the "visible spectrum”. It is important
to note that the visible spectrum is only a small fraction of the total electromagnetic spectrum.
Much of the electromagnetic radiation that surrounds us is invisible to the naked eye, but can
be detected by other remote sensing devices. Visible wavelengths range from 0.4 to 0.7
micrometers, with red being the longest and violet the shortest. The wavelengths within the
visible spectrum correspond to the colors that we commonly perceive, and it is important to

remember that this is the only part of the spectrum that we associate with specific colors.
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Figure N° 03: The different types of EMR and their wavelengths.
Source : https://stock.adobe.com/search?k=visible+light+spectrum&asset_id=502250580

Blue, green and red are the primary colours (or wavelengths) of the visible spectrum. A
primary colour cannot be created by mixing other colours, but all other colours can be created
by combining these three primary colours. Although sunlight appears to us to be uniform or
homogeneous, it is actually made up of a wide range of wavelengths, spanning the ultraviolet,
visible and infrared parts of the spectrum. The visible part of this radiation is split into its
component colours when it passes through a prism, which refracts each wavelength differently.
(Aggarwal, S. 2004; Béland, M., & Guimond, L. E. 2015).

Figure N° 04: Spectrum of light revealed by prism refraction.
Source : https://stock.adobe.com/search?k=visible+light+spectrum&asset_id=502250580

3.2.The infrared range

The infrared (IR) part of the electromagnetic spectrum extends from about 0.7 to 100

micrometres (um), a range about 100 times wider than the visible spectrum. It is divided into
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two main categories: reflected infrared and thermal infrared. Reflected infrared, which ranges
from 0.7 to 3 um, is used in remote sensing in a similar way to visible light to analyse surface
features and vegetation, providing insight into surface composition and condition. In contrast,
thermal infrared, from 3 to 100 um, is emitted from the Earth's surface as heat and is essential
for measuring surface temperatures and heat distribution. This form of radiation helps to
monitor thermal patterns, detect heat anomalies and assess temperature variations, providing
crucial information on thermal dynamics and surface temperatures. (Aggarwal, S. 2004; Béland,
M., & Guimond, L. E. 2015).

Increasing frequency
X <
Increasingenergy

# Increasing wavelength

Wavelength (A)
.0001 nm .01 nm 10 nm 1mm im 100 km

Cosmic Rays

-— +
XRays
Visible

Gamma Rays
380 nm-750 nm

Microwaves Radio Waves

Radar M AM

Near Middle
Infrared | Infrared
760nm  1500nm 3000 nm 1 million nm

Figure N° 05: Infrared Radiation Categories.
Source : https://www.sensaweb.com.au/2023/01/20/infrared-radiation/

3.3.The microwave

The microwave region has become an important area of interest in remote sensing due
to its unique properties and wide range of applications. Spanning wavelengths from about 1
millimetre to 1 metre, it represents the longest wavelengths used in remote sensing. Within this
range, shorter wavelengths (such as those in the X- and C-bands) resemble thermal infrared
radiation and are useful for detailed surface imaging, soil moisture detection, vegetation
monitoring and snow cover analysis, although they are more susceptible to atmospheric
interference. In contrast, longer wavelengths (such as those in the L and S bands) behave more
like radio waves, penetrating clouds, rain, smoke, dense vegetation and even some soil layers,
which is invaluable for subsurface studies, geological mapping and detecting objects beneath

foliage. Microwave remote sensing can be both active and passive: active sensing, such as
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Synthetic Aperture Radar (SAR), involves emitting microwave signals and analysing their
return, providing robust imaging capabilities regardless of weather or light conditions, while
passive sensing detects naturally emitted microwave radiation to measure parameters such as
sea surface temperature, ice thickness and atmospheric water vapour. These unique capabilities
make the microwave region a versatile and powerful tool in remote sensing technology.
(Aggarwal, S. 2004; Béland, M., & Guimond, L. E. 2015; Woodhouse, 1. H. 2017).

4. Radiation and atmosphere (Atmospheric interactions)

During its journey from the source (the Sun) to the target (the Earth's surface) and then
from the target to the sensor, electromagnetic radiation interacts with the gas molecules and
particles (aerosols, water droplets, dust) present in the atmosphere. Two main phenomena occur
during this journey: atmospheric absorption and scattering (see figure 06). The gas molecules
and particles in the atmosphere can block or deflect the radiation, thereby reducing the energy
it carries (Banjac, S., et al 2019; Goody, R. M., et al 1995; Pielke, R. A., et al 1998).

In the context of satellite observation of the Earth's surface, it is essential to take account
of these interactions between the radiation and the atmosphere, as they affect the signal received
by the sensor. Except in the field of space meteorology, which focuses on measuring the
composition and understanding the properties of the atmosphere, this atmospheric interference

must be taken into account to accurately interpret the data collected by satellites.

Solar radiation TOA radian%
(L)

Top of Atmosphere
(TOA)

4 4 Scattering
: Absorption ™ "

7 Surface reflectance

Q Incident radiation , ,

Figure N° 06: Atmospheric interactions.
Source : https://gisoutlook.com/2020/02/electro-magnetic-radiation-emr-interaction
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4.1. Atmospheric absorption and transmission

As radiation passes through the atmospheric layer, it collides with molecules and
particles in the atmosphere. It may be deflected from its path, a phenomenon known as
atmospheric scattering, or it may be partially or completely absorbed. In the case of absorption,
energy is transferred between the radiation and the molecules with which it collides. The
absorption of radiation that transfers all or part of its energy results in a weakening of the signal
in the direction of propagation of the radiation. The molecule undergoes a change in its
electronic configuration. The absorbed energy modifies the internal energy of the molecule,
causing it to move from an energy level E1 to a higher energy level E2. (Pielke, R. A., et al
1998).

A
Electron
seftles back Electron
a 4_6_ » _ intothe eventually settles
' | excited " back into ground
While still [ orbital and 5 stgte grbif(al, still
excited,a ) ) = generates A= spinningin
second Al { - photons resonance with

\ <= proton and
generatinga 2m
photon that will
leave the atom,
with same spin
and polarization
as the first.

|
photon hits =
the electron = ( <
‘ ¥ 1—6 >

e
>
One photon will be .
absorbedby atom

One photon will be

absorbed by atom
(recoil), the other (recoil), the other
’ escapes.
escapes the atom. P
1 2 3

Figure N° 07: Photon generation and absorption - EWT.
Source : https://energywavetheory.com/photons/photon-interactions/

This energy is then re-emitted as heat at a longer wavelength (thermal infrared). A
molecule has discrete or quantised energy levels associated with different states of molecular
motion: vibrational, rotational or electronic configuration states corresponding to increasing
energy levels. Depending on the energy of the incident radiation, several types of absorption

can be distinguished:

In the ultraviolet: The absorbed energy is sufficient to cause energy transitions between
electronic levels. Above a certain energy threshold, absorption can lead to the dissociation of

molecules by breaking bonds.
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In the visible spectrum: Radiation is hardly absorbed by the atmosphere, or only slightly

by ozone. Energy transitions occur between electronic levels.

In the infrared: The absorption of radiation involves much less energy than in the
visible or ultraviolet spectrum, and energy transitions occur between the ground state and

vibrational levels of molecules.

In the microwave range: With even less energy transferred, absorption leads to energy

transitions from the ground state to the vibrational levels of molecules.

The atmosphere is made up of gases with constant concentrations (nitrogen N2 - 78.1%,
oxygen 02 - 21.8%, argon Ar - 0.9%) and gases whose concentrations vary in space and time,
such as water vapour H20O, carbon dioxide CO2, methane CH4, carbon monoxide CO, nitrous
oxide N20O, chlorofluorocarbons CFCs or ozone O3. Each of these atmospheric gases absorbs

radiation at specific wavelengths, forming numerous absorption bands:

- Ozone absorbs mainly ultraviolet radiation with wavelengths shorter than 0.29 um, a very

small fraction of red radiation, and thermal infrared radiation (A ~ 9.5 um).
- Oxygen absorbs near infrared radiation in a very narrow band around 0.75 um.

- The widest absorption bands are due to greenhouse gases (H20, CO2), which absorb radiation

in the infrared spectrum, from the near infrared to the thermal and far infrared.

Wavelengths at which little or no electromagnetic radiation is absorbed are called
atmospheric windows. Within these windows, almost all radiation is transmitted. Satellite
sensors designed for Earth observation use these windows to observe the surface of the Earth
and the oceans. Figure 08 shows the main aspects of the absorption phenomenon:

- Ultraviolet radiation (A ~ 0.29 um) is completely absorbed by ozone.

- The visible and near-infrared spectral ranges have very good transmission and are

therefore widely used by satellite sensors for Earth observation.

- In the mid-infrared and thermal infrared, only a few spectral bands allow radiation

transmission.
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Figure N° 08: Atmospheric transmission windows (in white on the diagram).
Source : https://energywavetheory.com/photons/photon-interactions/

- Water vapour and carbon dioxide in the atmosphere absorb almost all far-infrared

radiation.

- In the microwave region, there is no absorption phenomenon and the atmosphere is

completely transparent to radiation™.

4.2.Atmospheric diffusion

Atmospheric scattering occurs when incident radiation interacts with particles or
molecules in the atmosphere, causing it to deviate from its original path. This phenomenon
depends on several factors, including the wavelength of the radiation, the density and size of
the atmospheric particles, and the thickness of the atmospheric layer through which the
radiation passes. Based on these parameters, three types of scattering can be distinguished:
Rayleigh scattering, Mie scattering and non-selective scattering. These types of scattering affect
the way radiation is dispersed in the atmosphere, thereby affecting the propagation of energy
and the visibility of light (Banjac, S., et al 2019; Pasquill, F., & Smith, F. B. 1983).

4.2.1. Rayleigh scattering
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Rayleigh scattering is caused by gaseous molecules in the atmosphere (02, N2, CO2,
water vapour, etc.) or fine dust particles. It occurs when the size of the scattering molecules is
much smaller than the wavelength of the radiation.

The scattered intensity is then inversely proportional to the power of 4 of the incident
radiation wavelengths. Rayleigh scattering is therefore a selective phenomenon, occurring

mainly at the shortest wavelengths of the spectrum (violet, blue).

It affects the upper layers of the atmosphere and explains the blue colour of the sky
during the day. The shorter wavelengths (blue) of solar radiation are scattered more than the
longer wavelengths (red), so the sky appears blue to the observer. At dawn or dusk, when the
sun is low on the horizon, the thickness of the atmospheric layer through which the radiation
passes is much greater than during the day. The short wavelengths are completely scattered, so
that only the longest wavelengths (red) are visible, and the sky appears orange-red towards the

sun.

Rayleigh Scattering: why the sky is blue

Rays from the sun

Spherical
scattering of rays
in the blue part
of the spectrum

Atmosphere &

Figure N° 09: Rayleigh scattering
Source : https://www.pinterest.com/pin/531002612293533905/

4.2.2. The distribution of Mie

When the size of the particles is on the order of or larger than the wavelength of the
radiation, Rayleigh scattering ceases and Mie scattering takes over. Water droplets, ice crystals
and aerosols in the atmosphere (dust, smoke, pollen) are the main vectors of Mie scattering.

Much less selective than Rayleigh scattering, Mie scattering is inversely proportional to the
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wavelength of the incident radiation. It tends to occur in the lower layers of the atmosphere
(which contain more aerosols) and gives the sky a pale blue or even yellowish appearance as
all wavelengths are scattered in the same way.
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Figure N° 10: The distribution of Mie
Source : https://www.researchgate.net/publication/328992442 Molecular _imaging

Dust and pollutants in the atmosphere above large cities scatter solar radiation at all
wavelengths. In this image of the city of Curitiba (in the Brazilian state of Parana), we can see
a greyish cloud due to Mie scattering.

4.2.3. Non-selective distribution

The third type of scattering is non-selective scattering. This type of scattering occurs
when the particles (water droplets and large dust particles) are much larger than the wavelength
of the radiation. We call this type of scattering 'non-selective' because all wavelengths are
scattered. Water droplets in the atmosphere scatter blue, green and red almost equally,
producing white radiation (blue + green + red = white light). This is why fog and clouds appear

white to us.

Figure N° 11: Non-selective distribution
Source :
https://www.researchgate.net/publication/347998655
[figure/fig8/AS:974375041921036@1609320521950
[Diffusion-non-selective-Elle-est-appelee-non-
selective-car-toutes-les-longueurs.png

@ CCRS/CCT
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5. Radiation and matter (Radiation/matter interactions)

When the sun illuminates the Earth's surface, interactions occur between the radiation
and the illuminated target. Depending on the properties and characteristics of the target, some
of the radiation is reflected back to the satellite sensor. Each object or surface therefore has a
very specific spectral response at a given wavelength. All the spectral responses at different
wavelengths together form what is known as a surface's spectral signature. Any type of surface

can therefore be characterized and identified in an image.

When electromagnetic radiation reaches an object, some wavelengths are absorbed
while others are reflected by the object (see figure below). Some of the radiation may be
transmitted through the object if it is more or less transparent, with a change in the direction of
propagation due to refraction. The part of the radiation that is absorbed modifies the object's
internal energy and produces heat that will be re-emitted in the form of radiation at a longer
wavelength. All objects are thus characterised by an absorption coefficient (noted \alpha), a
reflection coefficient (noted \rho), and a transmission coefficient (noted \tau), which
respectively express the proportion of energy absorbed, reflected and transmitted. These three
coefficients have values that vary between 0 and 1 and their sum is always equal to 1, according

to the principle of the conservation of energy.

All objects are therefore characterised by an absorption coefficient, a reflection
coefficient and a transmission coefficient, which express the proportion of energy absorbed,
reflected and transmitted respectively.These three coefficients have values between 0 and 1 and
their sum is always equal to 1, in accordance with the principle of conservation of energy. Since
remote sensing relies on the interaction between radiation and objects, it is essential to

understand the properties of electromagnetic radiation. (Fahrner, W. R. 1999).

5.1. Emission

All objects with a temperature above absolute zero (0 Kelvin, equivalent to -273°C) emit
electromagnetic radiation due to the thermal agitation of their molecules, with the wavelength
of this radiation being dependent on the object's temperature. According to Kirchhoff's law of
radiation, emission and absorption are linked. In 1900, physicist Max Planck theorized about

the ideal case of a blackbody.
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Figure N° 10: Planck radiation spectra for different temperatures, in log-log representation
Source : https://www.techno-science.net/glossaire-definition/Loi-de-Planck-page-3.html

The Sun can be approximated as a blackbody with a surface temperature around 5780
K. Applying Wien's law reveals that the Sun's peak emission occurs at a wavelength of
approximately 0.5 um, which corresponds to the visible spectrum and aligns with the maximum
sensitivity of the human eye. This coincidence suggests an evolutionary adaptation where the
human eye is most sensitive to the wavelength that receives the maximum solar radiation.
Similarly, when applying this concept to Earth's surface, which has an average temperature of
about 15°C (288 K), the peak emission wavelength is around 10 pm. This radiation, situated in
the thermal infrared range, provides a good indication of surface temperatures. However, Earth
and most natural surfaces are not perfect blackbodies. They do not absorb all the incoming
radiation but rather reflect or transmit a portion of it. Such surfaces are termed "gray bodies."
For the same temperature, a gray body always emits less radiation than a blackbody. The ratio
of the radiances (or spectral luminances) of a gray body to that of a blackbody defines its
spectral emissivity. The emissivity coefficient of a natural surface, denoted as ¢4 , is always
less than 1, and is given by:

Ly(T) e L,(T) is the spectral radiance of the natural surface at temperature T,

~ L)1)

3)
. LE{(T) is the spectral radiance of a blackbody at the same temperature 7.
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5.2.Reflection

Reflection is defined as a change in the direction of electromagnetic radiation as it
reaches a surface. In remote sensing, the phenomenon of reflection is crucial because the
identification of the nature of objects by satellite sensors is largely based on the way they reflect
radiation. The direction of reflected radiation can vary depending on the roughness of natural

surfaces. There are three types of reflection: specular, diffuse and volume.

5.2.1. Reflexion spéculaire

Reflection is said to be specular when the radiation reflected by the surface is in one and
the same direction (see Figure 11). This type of reflection is governed by Descartes' laws, so
the angle of the reflected radiation \theta r is symmetrical to that of the incident radiation
\theta_i with respect to the normal (see figure below). Specular reflection only occurs on smooth
surfaces, where the asperities are smaller than the wavelength of the incident radiation. In
remote sensing, specular reflection can be observed on calm water surfaces. In images, specular
reflection results in a dazzling spot if the sensor is positioned exactly in the direction of the

reflected radiation, or a dark spot if it is not.

5.2.2. Diffuse reflection

When surfaces are rough, with asperities that are larger than the wavelength of the
incident radiation, reflection is diffuse (Figure 11). The radiation is reflected in all directions
due to the heterogeneities of the medium, with generally a preferred direction in which the
reflection is greater. We can therefore define a luminance indicator (dotted line) for each
surface. If vectors proportional to the intensity of the radiation reflected in all directions are
drawn from the reflecting surface, the luminance indicator is the area obtained by joining all
the ends of the vectors. When the directions of observation (satellite sensor) and illumination
(sun) coincide, the amount of light reflected by a rough surface is at its maximum. This
phenomenon, known as the 'hot spot’, is related to the fact that in this configuration the
instrument sees only illuminated surface elements, which explains the peak in reflectance . If
the intensity of the reflected radiation is the same in all directions, this is known as Lambertian

reflection.
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Specular and Diffuse Reflection
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Specular Diffuse
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Figure N° 11: Specular and Reflection
Source : https://optography.org/transmission-and-absorption/

5.2.3. Volume reflection

Volume reflection can be considered as the sum of several surface reflections. It occurs
when part of the incident radiation is transmitted through a medium. The radiation is then

reflected by the various discontinuities in the layer through which it passes.

5.3.Absorption

All natural bodies absorb some of the radiation that reaches them. The absorbed part of
the radiation changes the internal energy of the body. Heat is produced and the energy is re-
emitted at a longer wavelength. In space-based remote sensing, the concept of absorption is
fundamental because the signal reaching the satellite sensor is modified as it passes through the
atmosphere, where the radiation is strongly absorbed by gaseous constituents and particles in
suspension. Interestingly, unlike the atmosphere, which is transparent to visible and near-

infrared radiation, natural surfaces absorb some of this radiation. (Fahrner, W. R. 1999).

Properties of Light
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Figure N° 12: Transmission, Absorption and Reflection
Source : https://optography.org/transmission-and-absorption/
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5.4. Transmission

When part of the incident radiation passes through a medium, the radiation is said to be
transmitted. Transmission occurs in more or less transparent media such as water, clouds and
the atmosphere, but not exclusively. Tree foliage, for example, behaves as a transparent medium
for near infrared radiation. This notion of transmission is very important in remote sensing
because sensors designed to monitor land and ocean surfaces use spectral bands in which the
absorption of solar radiation by the atmosphere is negligible. These spectral bands correspond
to the atmospheric windows discussed in the previous chapter. (Fahrner, W. R. 1999).

6. Spectral signatures of the main natural surfaces

Depending on the nature and properties of objects and surfaces, incident radiation will
interact with the target according to one or another of the above characteristics, or generally a
combination of them. Each surface therefore has its own spectral signature - the amount of
energy emitted or reflected as a function of wavelength - which enables it to be identified on

satellite imagery. The figure 13 shows the spectral signature of the main natural surfaces.

Generalised reflectance spectra of some earth surface materials
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Figure N° 12: Spectral response
Source: https://optography.org/transmission-and-absorption/

As far as the spectral signature of soils is concerned, there is a regular increase in
reflectance as we move towards longer wavelengths. The discontinuities observed in the near-
and mid-infrared are due to the absorption bands of water. The study of the spectral properties

of soils is particularly complex, however, because it has to take account of the heterogeneous
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nature of the soil, which contains both mineral and organic matter, as well as a liquid
component; all these elements will influence the reflection of radiation. Water has a very low
reflectance at all wavelengths, although it absorbs slightly less at the shortest wavelengths,
hence its blue colour. Its spectral signature depends not only on the molecules that make it up,
but also on the elements dissolved or suspended in the water column, such as phytoplankton
organisms, sediments or yellow substances. When the surface layer contains high
concentrations of phytoplankton, there is an increase in reflectance in the green wavelengths
and the water therefore appears greener. The more turbid the water, the more sedimentary
material it contains, the more its reflectance increases in all wavelengths and particularly for
the longest wavelengths - red. (Heiden, U., et al 2001; Guyot, G. 1980; Perron, J. T., et al 2008).

6.1.Examples of target interaction (spectral response)

In environmental mapping applications, the basic objects studied are often vegetation
(species, cover, status, etc.), soils and geology (type of geological structure, soil type, etc.) and
water (availability, quality, etc.). Knowledge of the basic principles of how these objects are
reflected in the different wavelength bands will help the interpreter in his mapping work. Figure

13. shows the spectral reflectance curve for green vegetation, soil and water.
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Figure N° 13: Spectral response of the main natural surfaces
Source: https://optography.org/transmission-and-absorption/
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6.1.1. Soil

The spectral signature of soil shows moderate variation at different wavelengths. Soil
reflectance is influenced by factors such as moisture content, texture, mineral composition,
colour (including the presence of various oxides) and organic matter content. In general, dry
soils reflect more radiation than moist soils and coarse textured soils reflect more than fine

textured soils under normal moisture conditions.
6.1.2. Water

Water absorbs longer visible wavelengths such as green, red and near infrared (NIR)
radiation more than shorter wavelengths such as blue. As a result, water typically appears blue
or blue-green, with the highest reflectance in the blue and ultraviolet (UV) bands. However, if
sediments are present in the upper layers, the water will appear lighter. To effectively
distinguish water from other features, the NIR band is ideal as water appears almost black in

this part of the spectrum.
6.1.3. Vegetation

Healthy vegetation absorbs blue and red wavelengths while reflecting green and near-
infrared (NIR) wavelengths. This reflection results in a noticeable peak in the green band, which
makes vegetation appear green to the human eye. However, the highest reflectance for
vegetation actually occurs in the NIR band, within the range of 0.7 to 1.4 um. Because infrared

radiation is invisible to the human eye, we perceive healthy vegetation as green.

Conclusion

In this chapter we have explored the fundamental principles of remote sensing physics,
focusing on the nature and behavior of electromagnetic radiation as it interacts with the
atmosphere and various natural surfaces. We began by examining the characteristics of
electromagnetic radiation and its distribution across the electromagnetic spectrum, highlighting
the main spectral windows used in remote sensing, such as the visible, infrared and microwave

regions.

We then discussed how radiation interacts with the atmosphere, emphasising processes
such as atmospheric absorption, transmission and scattering. The different types of scattering -

Rayleigh, Mie and non-selective - were analysed to understand their impact on remote sensing
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data and image quality. We also looked at the interaction between radiation and matter, detailing
the processes of reflection, absorption, transmission and emission that are crucial to the
interpretation of remote sensing data.we explored the concept of spectral signatures, which are
unique patterns of reflection and absorption for different natural surfaces such as soil, water
and vegetation. These signatures are essential for distinguishing and identifying different

features on the Earth's surface.

By understanding these principles, we gain insight into how remote sensing technology
can effectively acquire, analyse and interpret data about the Earth's surface. This chapter has
provided a basic understanding of the physics behind remote sensing, which is critical to the

practical applications discussed in the following chapters.
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Introduction

Remote sensing is a key Earth observation technology that provides accurate, real-time
data about the Earth's surface and the phenomena that occur there. These data are obtained by
various instruments and devices, known as sensors, which collect information in the form of
images or signals carried by various platforms such as satellites, drones or aircraft. This chapter

looks in detail at the different aspects of sensors and platforms used in remote sensing.

We will first examine the different platforms used for data collection, discussing their
specific characteristics and applications based on altitude, orbit or mobility. We will then look
at passive sensors, which rely on external energy sources such as sunlight to detect the energy
reflected or emitted by terrestrial objects, and active sensors, which emit their own energy, such
as radars, to obtain accurate measurements regardless of lighting or weather conditions. The
discussion will also focus on spatial resolution, which is a critical factor in the interpretation of
the images obtained and affects the ability to discern fine details in the observations. We will
then clarify the difference between aerial photography and satellite imagery, two
complementary sources of visual data, each with its own advantages and limitations in terms of

resolution, coverage and accessibility.

Finally, we will explore the processes of receiving, transmitting and processing data,
which are essential to transform the raw signals received by sensors into usable information for
practical applications in various fields such as environmental management, urban planning and

security.

1. Platforms in Remote Sensing

In remote sensing, a platform serves as a base or stage on which a sensor or camera is
mounted to collect information about a specific target. As defined by Lillesand and Kiefer
(2000), a platform can be any vehicle from which a sensor is operated. To ensure successful
data collection, these sensors need to be placed on suitable, stable platforms. These platforms
can be divided into three main types based on their location and altitude: ground-based, airborne
and space-based (Toth, C., & Jozkow, G. 2016; Jafarbiglu, H., & Pourreza, A. 2022;
Navalgund, R. R., et al 1996).
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Figure N° 01: Remote sensing platforms.
Source : https://gisrsstudy.com/remote-sensing-components/#Platforms

1.1. Ground-based platforms

Ground-based platforms are essential for obtaining detailed information about objects
or features on the Earth's surface. These platforms improve scientific understanding of the
interactions between signals, objects and sensors, supporting both laboratory and field studies.
They play a vital role in sensor design, calibration and quality control, and in the identification
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and characterisation of land features. Common types of ground-based platforms include

handheld devices, cherry pickers, towers, portable masts and vehicles.

These platforms are typically used for precise studies of small areas, such as individual
plants or patches of vegetation. Handhelds and tripods, often equipped with photographic
cameras or spectroradiometers, are particularly useful in laboratory experiments and fieldwork
for collecting reference data and verifying ground truth.Cherry pickers and portable masts are
popular for field investigations, offering flexibility and mobility. Cherry picker platforms can
extend up to approximately 15 metres and are often used to carry spectral reflectometers and
photographic equipment. Portable masts support cameras and sensors for various testing

purposes, although they may need to be stabilised in windy conditions.

Permanent ground-based platforms, such as towers and cranes, are valuable for
monitoring atmospheric conditions and making long-term observations of terrestrial features.
Towers can be built on site and extend through the forest canopy, providing comprehensive
measurements from the ground up through and above the canopy, enabling detailed data
collection across multiple environmental layers. (Toth, C., & Jozkéw, G. 2016 ; Navalgund, R.
R., et al 1996).

Figure N° 02: Crane, Ground based platform.
Source : https://rts77.ru/arenda/kolenchatyj-podemnik/kopiya-haulotte-ha-20-px/

1.2. Airborne platforms
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Airborne platforms have been an integral part of remote sensing since its inception,

providing versatile options for collecting data from above the Earth's surface. Common types

include aircraft, balloons, drones, helicopters and high altitude rockets, each with unique

advantages and limitations.

Balloons: First used for aerial photography in 1859, balloons provide a low-cost,
stable platform that can float to altitudes of up to 30 km. They provide large
synoptic views useful for various environmental studies. However, balloons are
less stable than other platforms and are affected by wind, making their use less
predictable.

Drones: Remotely piloted aircraft designed for low-cost data collection, drones
are equipped with various sensors such as cameras, infrared detectors and radar.
Drones can operate without a runway and provide data both day and night,
making them ideal for localised remote sensing tasks. Their data transmission
capabilities rely on satellite communications.

Aircraft platforms: Fixed-wing aircraft are the most commonly used airborne
platforms for remote sensing. They are equipped with advanced cameras and
sensors that capture detailed images of the land surface, providing both high-
resolution, large-scale imagery at low altitudes and broader, lower-resolution
coverage at high altitudes. Airborne platforms are flexible in terms of operating
conditions, but can be less stable and more expensive than satellites.

Rockets: High-altitude sounding rockets bridge the gap between balloons and
satellites, operating at altitudes between 90 and 400 km. They provide moderate
synoptic views over large areas and are used to validate remote sensing
techniques. However, rockets are limited to one-off missions and are generally

not suitable for regular, continuous data collection.

Each type of airborne platform serves specific purposes in remote sensing, from

localized studies and sensor calibration to broader environmental monitoring and atmospheric
research (Toth, C., & Jozkéw, G. 2016; Navalgund, R. R., et al 1996).

1.3. Space-based platforms

Space-based platforms are sensors mounted on spacecraft, such as satellites or space

shuttles, that orbit the Earth. These platforms offer several advantages, including extensive

65



CHAPTER IV: SENSORS AND SIGNAL ACQUISITION Dr: GUECHI Imen

global coverage, frequent and repeated observations, cost-effective data collection, and the
ability to make quantitative measurements using radiometrically calibrated sensors. Images can

be obtained from altitudes ranging from 250 km to 36,000 km.
There are 02 types of space platforms:
e Manned satellite platforms:
- Used for final testing of remote sensors before deployment on unmanned satellites.
- Operated by on-board crews according to specific schedules.

- Played a key role in early space missions such as the Apollo and SKYLAB programmes,

providing thousands of images and data for Earth observation.

e Unmanned satellite platforms:
- The most common type of space-based platform for continuous Earth observation.

- Examples include the Landsat, SPOT and IRS series for remote sensing, the NOAA series
for meteorological data, and GOES and INSAT for geostationary environmental monitoring.

- They provide comprehensive data for weather forecasting, Earth observation,

communications and global positioning applications.

Space-based platforms have significantly advanced the field of remote sensing by
providing consistent, high-quality data over large areas at lower per unit cost, making them
indispensable tools for Earth observation and environmental monitoring. (Jafarbiglu, H., &
Pourreza, A. 2022).

2. Passive sensors

Passive sensors are remote sensing devices that detect and record natural light or
radiation emitted or reflected by objects on the Earth's surface without producing their own
energy source. They rely on external sources, such as sunlight, and are primarily used for
daytime observations. These passive sensors include photographic sensors and imaging
radiometers. Photographic sensors capture images in the visible and infrared spectrum, while
imaging radiometers measure the intensity of radiation at different wavelengths of the

electromagnetic spectrum, including visible, infrared and sometimes thermal. These sensors are
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useful in a variety of applications including land use mapping, environmental monitoring,

agriculture and climate studies (Gamba, P., et al; 2014; Jia, J., et al ; 2021).
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Figure N° 03: Passive remote sensing .
Source : Fernanda Lopez Ornelas, 2016

2.1. photographic sensors

Aerial photography is the oldest form of remote sensing and is still likely the most
widely used. Onboard manned spacecraft and space shuttles, photographic missions are also
frequent and serve to complement the data provided by the automatic radiometers of specialized
remote sensing satellites. (Gilvear, D., & Bryant, R. 2003).

2.1.1. Cameras

Photographic equipment for remote sensing works in a similar way to conventional
cameras, with differences in the size of the film or plate, the type of emulsion and the quality
of the optics. Radiation is collected through a series of lenses and filters and then exposed to
the film or plate, which is coated with a photosensitive chemical emulsion. The exposure time
is controlled by the opening of a diaphragm. Two main types of photographic sensor are

commonly used:

e Aerial mapping devices, which focus on the geometric accuracy of the image: the

quality of the optics, a system for maintaining the verticality of the image during
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capture, compensation for the movement of the aircraft or satellite, and a motor for
taking a series of photographs at regular intervals.

e Multi-band cameras, consisting of several interconnected devices with strictly parallel
optical axes. Each device is equipped with filters that select a narrow band of the
spectrum, either in the visible or near-infrared range, allowing multiple images of the
same area to be taken in different, well-defined spectral bands. (Gilvear, D., & Bryant,
R. 2003).

2.1.2. Photographic emulsions

A photographic film consists of a base (either a plastic film or a rigid plate) coated with
an emulsion, which is a layer of gelatin containing photosensitive salts (such as silver salts) that
react chemically when exposed to radiation. During the development process, a chemical
reaction converts the latent image formed when the film is exposed to radiation into a visible

image.

Four main types of emulsions are commonly used in remote sensing, distinguished by
their sensitivity to specific spectral bands and the type of layering (single or multi-layer). A
filter is often used in conjunction with an emulsion, either to select a specific part of the
electromagnetic spectrum more precisely, or to eliminate shorter wavelengths that are more
prone to scattering, which can reduce image quality. (Gilvear, D., & Bryant, R. 2003; Jia, J., et
al; 2021).

Two classic types of emulsion use a single layer of photosensitive salts and produce

black and white images (see Figure 4):

e The panchromatic emulsion is sensitive to radiation with wavelengths below 0.7 um
(700 nm), covering the entire visible spectrum. It is usually used with a filter to eliminate
ultraviolet radiation and short wavelengths that are too sensitive to atmospheric
diffusion. Objects appear black, grey or white depending on their reflectance in the
visible.

e The black and white infrared emulsion is sensitive to near infrared down to 0.95 pm
and uses a filter to select wavelengths above 0.6 um. This emulsion is particularly useful
for studying vegetation, which strongly reflects infrared radiation during chlorophyll

activity, and for detecting moisture, as water strongly absorbs infrared radiation.
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Figure N° 04: Four aerial images of the same landscape using the 4 classic aerial emulsions.
Source : Lillesand and Kiefer, 1994

Emulsions with three superimposed layers allow images to be produced in colour (see

Figure 3):

e The colour emulsion consists of three superimposed layers coloured yellow, magenta
and cyan, the complementary colours of blue, green and red (see Figure 5). Each layer
is sensitive to a different region of the visible spectrum: short (blue), medium (green)
and long (red) wavelengths. During development, the subtractive synthesis of the
primary colours (blue, green and red) from their complementary colours (yellow,
magenta, cyan) restores the natural colour of objects and surfaces, offering a richer
interpretation than black and white images.

e Colour infrared emulsion (also known as false colour) works on the same principle as
colour emulsion, but with sensitivity shifted towards the green, red and infrared
wavelengths. In this type of image, active vegetation appears in red, while water
surfaces are represented in black. It provides a richer interpretation than black-and-white
infrared, and is the basis of the standard colour composition rendering system for
multispectral radiometer data.
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Figure N° 05: Additive synthesis of coloured lights (R,G,B) and subtractive synthesis.
Source : https://www.alamy.com/stock-photo/subtractive-color.html?sortBy=relevant

2.1.3. Properties and uses of aerial and satellite imagery

Aerial and satellite imagery are analogue documents that are primarily interpreted
visually through photo-interpretation. However, it is now possible to digitise these images,
whether panchromatic or colour, by converting them into quantitative data that can be calibrated
and processed by computer using scanners.

One of the main advantages of aerial photography is its high spatial resolution, which
allows for a very fine level of detail, enriching the interpretation. In addition to analysing the
hues corresponding to the intensity of the radiation, it is possible to study the fine textures and
structures present in the image. However, this high resolution comes at the cost of limited
spatial coverage: many aerial photographs are needed to cover the same area as a radiometer on
board a satellite. In addition, geometric distortions make it difficult to create mosaics of aerial

images.

Aerial photographs are taken by aircraft flying at low altitudes and equipped with large-
focus cameras. The ratio between the width of the image (B) and the altitude of the aircraft (h)

is high, which affects the geometric properties of the images. The angle of view varies
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considerably from the centre to the edges of the image, which has both advantages and
disadvantages. On the one hand, this creates geometric distortions that prevent direct
superimposition on a map, but on the other hand, these variations also allow relief viewing
through stereoscopy. This stereoscopic viewing technique using pairs of aerial photographs,

which forms the basis of topographic mapping, uses stereo plotters.

In addition to the traditional method of analogue photo interpretation, the use of digitised

aerial photography is becoming more widespread.

These digital images can be geometrically corrected to produce orthophotos, which are
cartographic documents that allow the precise location of objects or surface features. These
orthophotos are integrated into Geographic Information Systems (GIS) through georeferencing.
Digitisation also opens the door to digital photogrammetry, which enables computer-based

reconstruction of surface relief. (Gilvear, D., & Bryant, R. 2003).

2.2. Imaging radiometers

Imaging radiometers are sensors that measure radiation quantitatively. They create an
image by sequentially acquiring radiometric data from small portions of the observed surface,
known as "pixels" or "elementary cells”. As the platform (aircraft or satellite) moves and
performs a scanning motion, these repeated acquisitions allow an image to be formed. The
resulting image is composed of radiometric measurements organised in rows and columns.
(Ruf, C. S., etal ; 1988).

2.2.1. The design of a scanning radiometer:

A scanning radiometer consists of several key components:

Detectors: These are photosensitive cells (photodiodes) that convert radiant energy
(luminance) into a weak electrical current that varies with the intensity of the radiation.
Detectors operating in the thermal infrared range must be housed in a cryogenic chamber to
protect them from unwanted radiation. The incoming radiation is focused and separated into
different spectral bands by optical devices such as mirrors, lenses and filters. For example, the
Thematic Mapper on Landsat 4 and 5 separates seven spectral bands from visible to thermal

infrared.
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Scanning mechanism: The image is produced by scanning the landscape using various
mechanisms. Early radiometers used a rotating or oscillating mirror to reflect radiation from
different parts of the Earth's surface to the detector. Each rotation or oscillation corresponds to
the capture of one or more lines, repeated as the platform (satellite or aircraft) moves. On
geostationary meteorological satellites such as Meteosat, the entire satellite rotates, adjusting
the radiometer's field of view to scan the Earth's surface from 36,000 km in half an hour.
Modern technologies use "push-broom" detector arrays, such as the HRV radiometer on the
French SPOT satellite, which eliminate the distortions caused by mirror movement. Recent

advances have allowed the use of detector matrices similar to those used in digital cameras.

Signal processing: The electrical signal produced by the detectors is amplified and
digitised by an analogue-to-digital converter, which converts it to integer values in binary
format. Typically, this encoding uses 8-bit (0-255) or 10-bit (0-1023) resolution. These digital
values can be stored on board or transmitted by radio to a ground station, depending on the

capabilities of the platform.

Figure N° 06: Airborne scanning radiometer.
Source : Thomas H. Painter et al. 2016

2.2.2. Calibration and Performance of Scanning Sensors
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The digital data transmitted by radiometers are integer values in arbitrary units, and the process
of converting these values into physical quantities like luminance, brightness temperatures, or
reflectances is known as calibration. For visible and near-infrared detectors, calibration is
performed before launch using calibrated light sources and can be verified in-flight by
overflying test areas with known ground reflectance values. For thermal infrared sensors,
calibration is generally done in-flight, using radiation from a known temperature source
(blackbody) and from space, considered a blackbody at about 4 K, to create a conversion table
from digital counts to luminance or temperature. The performance of radiometers is
characterized by spectral resolution, which indicates a sensor's ability to distinguish between
different wavelength bands; radiometric resolution, which refers to the sensor’s capacity to
detect small differences in luminance within a spectral band, as demonstrated by the AVHRR
sensor's ability to detect temperature differences as small as 0.125°C; and spatial resolution,
determined by the sensor's Instantaneous Field Of View (IFOV), which defines the size of the
Earth's surface seen at any moment, ultimately determining the pixel size in the final image.
Current sensors in the visible or near-infrared range have resolutions of 30 m (Landsat TM) or
20 and 10 m (SPOT HRV), whereas thermal infrared radiometers have lower resolutions, and
microwave radiometers have even lower resolutions (15 km). Mechanical scanning systems and
the movement of platforms introduce geometric distortions into radiometer imagery, requiring

specific processing to accurately align remote sensing data with maps. (Ruf, C. S., et al ; 1988).
2.2.3. Characteristics and use of multispectral radiometer data

Multispectral radiometers provide digital data consisting of a series of numbers,
typically integers, encoded in binary format and stored on magnetic tape. These numbers are
organised into rows and columns to reconstruct an image. The primary method of using this
data is digital processing using computer technology. Digital processing allows the raw data
to be calibrated to physical measurements or the pixels to be statistically classified, leading to

automated mapping of phenomena.

It is also possible to create photographic documents from the numerical data. This
process, known as photographic restitution, allows radiometer data to be used in a similar way
to aerial photographs through photo interpretation. Restitution can be performed for each
spectral band individually, resulting in a series of black and white images, or through colour

compositions combining three spectral bands (channels). Standard colour compositions are
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often derived from data collected in the green, red and infrared wavelengths and interpreted as

colour infrared photographs. (Ruf, C. S., et al ; 1988).

3. Active sensors

Active sensors consist of two main components: an emitter, which generates and
transmits a signal, and a detector, which measures the reflected signal returning from the target
surface. One of the most widely used active sensors in remote sensing is side-looking airborne
radar (SLAR). The main advantage of radar systems is their ability to operate over a wide range
of wavelengths, from 0.8 cm to 1 m, which makes them highly effective in penetrating
atmospheric conditions, including clouds and fog. This capability allows radar systems to
operate in all weather conditions and at all times of day, unlike passive sensors that rely on
natural radiation and are limited by weather and daylight. Radar can also penetrate vegetation
and provide detailed information about surface and subsurface features, making it valuable for
applications such as topographic mapping, change detection, surface and subsurface imaging
and weather monitoring. The system's resolution depends on the wavelength and the sensor's
ability to discriminate between targets, with higher frequencies offering finer resolution.
(Andersen, H. E., et al; 2006).

\
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Figure N° O7: active remote sensing .
Source : Fernanda Lopez Ornelas, 2016

3.1. How side-looking radars work

Side-looking radar systems emit microwave radiation perpendicular to the movement of
the aircraft or satellite to 'illuminate’ a strip of the Earth's surface. The spectral bands used by
imaging radars include L-band (1-2 GHz, 15-30 cm wavelength), C-band (4-8 GHz, 3.75-7.5
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cm) and X-band (8-12.5 GHz, 2.4-3.75 c¢cm). The intensity of the backscattered radiation
received by the sensor depends on factors such as the power emitted, the wavelength and the
characteristics of the surface being observed. The backscatter coefficient (c0), expressed in
decibels, represents the 'spectral signature' of the surface and is affected by surface roughness
relative to the wavelength: a smooth surface returns little signal, while a rough surface returns
more. The choice of wavelength depends on the phenomenon being studied, such as L-band
radar used to study waves. Backscatter is also affected by the electrical properties of the surface,
such as moisture. The spatial resolution of imaging radars is typically high, with real-aperture
radars requiring long antennas to achieve good resolution, while synthetic-aperture radars use
expensive processing to simulate long antennas and accurately calculate backscatter for each
pixel using return time and the Doppler effect. (Andersen, H. E., et al; 2006; Zhu, L., et al ;
2018).

Figure N° 08: The principle of the radar.
Source : https://www.radartutorial.eu/20.airborne/ab06.de.html

3.2. Use of radar data in urban planning:

In the field of urban planning, radar data are particularly useful for mapping and

monitoring urban areas, especially in conditions where traditional optical methods are limited
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by cloud cover or lack of light, such as at night. Radar can be used to detect changes in land
use, assess the stability of infrastructure, monitor surface deformation caused by construction
or subsidence, and analyse the dynamics of urban growth. These capabilities are critical for
urban planners who need to monitor changes in the urban landscape in real time and proactively

plan sustainable development strategies. (Zhu, L., et al; 2018).
Beyond urban planning, the applications of radar remote sensing are diverse:

Oceanography: Radar can analyse surface phenomena (such as waves) and even within
the ocean, as well as studying sea ice. The first radar installed on a satellite (Seasat in 1978)

was developed for oceanographic applications.

Geology, hydrology and vegetation studies: Due to its sensitivity to surface roughness
and moisture, radar remote sensing is a valuable tool for studying geological formations,

mapping water resources and monitoring vegetation cover, even in difficult weather conditions.

Radar data can be used both in digital form and as photographic reproductions.
However, the interpretation of this data remains complex due to the different microwave
signatures of different surface types, which is still the subject of ongoing research. As a result,

the use of radar, while promising, is not yet a fully operational method in all areas.

4. Remote sensing satellites and their characteristics

Earth observation remains one of the most popular applications of satellite technology.
Depending on the mission requirements, specific satellites are selected for particular orbits.
Remote sensing satellites are useful in a wide variety of fields, including agriculture, mapping,
forestry, geology, nature conservation, biodiversity monitoring, humanitarian aid, disaster
management, ocean and coastal monitoring, and geographic information systems (GIS). Spot
(France) and Landsat (USA) are examples of remote sensing satellites. (Roy, P. S., et al; 2017;
Reddy, G. O., 2018; Béland, M., et al ; 2015). The characteristics of satellites include:

4.1. The orbits

A satellite's path around the Earth is called its orbit. The choice of orbit depends on the
satellite's sensor capabilities and mission objectives. Several types of orbits are used, each
serving a different purpose based on the altitude, orientation and rotation of the satellite relative
to the Earth. (Béland, M., et al ; 2015).
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4.1.1. Geostationary orbits:

Satellites in geostationary orbits are located about 36,000 kilometres above the Earth.
They orbit at a speed that matches the Earth's rotation, making them appear to be stationary
relative to a given point on the Earth's surface. This allows continuous monitoring and data
collection from the same region, making these orbits ideal for communications and weather
observation satellites. These satellites can provide comprehensive coverage of a hemisphere,
tracking cloud cover and atmospheric conditions with consistent observation.

4.1.2. Polar Orbits:

Polar orbiting satellites travel in orbits that pass over the Earth's poles, moving from
north to south or vice versa. This type of orbit, often circular, allows the satellite to pass over
any part of the Earth's surface as the planet rotates. This configuration ensures broad and
consistent global coverage, making it suitable for Earth observation missions requiring

comprehensive surface data collection.
4.1.3. Quasi-polar orbits:

Quasi-polar orbits are a variation of polar orbits with a specific tilt relative to the Earth's
axis. These orbits, combined with the Earth's west-to-east rotation, allow satellites to cover
almost the entire surface of the Earth over time. Many satellites in quasi-polar orbits are also
heliosynchronous, meaning that they pass over each region of the globe at the same local solar
time each day. This consistency in timing ensures similar solar illumination conditions, which
is critical for accurate data collection, especially for long-term and seasonal studies. This feature
minimises variations in lighting conditions when comparing successive images or creating

mosaics of adjacent images.

Each type of orbit plays a crucial role in satellite missions, enabling specific types of
observations and data collection depending on the purpose of the satellite and the requirements

of its mission.
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Figure N° 09: Several types of orbits.
Source : https://www.radartutorial.eu/20.airborne/ab06.de.html

4.2. The swath of a satellite

A satellite's "swath", also known as its "footprint” or "coverage area", refers to the size
of the image it captures of the Earth's surface. It is expressed in length and width in kilometres
and represents the portion of the Earth's surface that is visible from the satellite at any given
time. For example, the Landsat satellite has a swath of 185 x 185 kilometres, which indicates
the size of the area it can capture in a single image. However, a satellite's swath does not directly
determine its spatial resolution. In fact, it is possible to have satellites with large swaths and
still have high spatial resolution. For example, the Sentinel-2A satellite has a spatial resolution
of 10 metres with a swath of 295 x 295 kilometres. This capability allows detailed imagery to
be obtained over a large area, providing a balance between coverage and detail.

Large swath satellites are particularly useful for applications that require extensive
coverage of the Earth's surface, such as large-scale environmental monitoring or disaster
management. In contrast, satellites with finer spatial resolution are typically used for studies

requiring precise detail over smaller areas.

The swath can also vary depending on the on-board sensor configurations, mission

objectives and specific satellite characteristics. For example, some satellites use multispectral

78


https://www.radartutorial.eu/20.airborne/ab06.de.html

CHAPTER IV: SENSORS AND SIGNAL ACQUISITION Dr: GUECHI Imen

sensors to capture images across multiple wavelength bands, which can affect how the swath is
used for different types of analysis (Roy, P. S., et al; 2017; Reddy, G. O., 2018).
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Figure N° 10: The swath of some satellites with their spatial resolutions.
Source : Mohand Bersi 2018

4.3. The resolution
4.3.1. Spatial resolution

For remote sensing instruments, the distance between the sensor and the target affects
both the size of the area observed and the detail captured. Sensors positioned further away cover
a larger area, but with less detail. For example, an astronaut in space can see an entire province
but not individual houses, while an aeroplane provides a closer view with more detail but covers

a smaller area.

Spatial resolution, which determines the level of detail, depends on the sensor's field of
view (IFOV) and the distance from the target. The resolution cell is the area of the earth's
surface visible to the sensor at a given height. For accurate discrimination, an element must be
at least as large as the resolution cell. If it is smaller, it may not be resolved, although sometimes

smaller elements can be detected if they dominate the average reflectance of the cell.

Remote sensing images are composed of pixels, with spatial resolution defined by the
smallest detectable unit. The spatial resolution of a sensor determines the size of each pixel,
and higher resolution means a smaller area is visible. Military sensors often have very fine

resolutions, while commercial satellites vary from a few metres to several kilometres.
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The scale of a map or image reflects the ratio of ground distance to map distance.
Smaller scales (e.g. 1:100,000) show larger areas with less detail, while larger scales (e.g.
1:5,000) show smaller areas with more detail. (Roy, P. S., et al; 2017; Béland, M., et al ; 2015).

30m

Figure N° 11: The Spatial Resolution.
Source : https://www.slideserve.com/afia/spatial-resolution-in-digital-images

4.3.2. Spectral resolution

Spectral resolution is determined by a satellite's detectors, which capture energy
reflected from natural surfaces at different intervals of the electromagnetic spectrum. This
information is then stored in spectral bands, with multiple bands combined to create a digital
image. The spectral resolution is defined by the number of bands available on a satellite: the
more bands, the higher the resolution. However, the distribution of these bands within the
spectrum is critical. For example, a satellite with 100 bands limited to the visible spectrum
would not be considered to have high spectral resolution. Remote sensing satellites can be
divided into three types based on their spectral resolution: multispectral satellites (typically 4
to 30 bands), hyperspectral satellites (more than 100 bands) and ultraspectral satellites (more
than 1,000 bands) (Béland, M., et al ; 2015).
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Figure N° 12: Spectral bands of the multispectral microscope.
Source : Source : Mohand Bersi 2018

4.3.3. The radiometric resolution

The radiometric resolution of a remote sensing system describes its ability to detect
small variations in the intensity of electromagnetic energy. It is determined by the number of
bits used to encode the intensity values in an image. The higher the number of bits, the finer the
radiometric resolution, allowing subtle differences in received energy to be detected. For
example, an 8-bit sensor can represent 256 different intensity levels, while a 4-bit sensor can
only represent 16 levels. Image data is often displayed in greyscale, with black representing
minimum intensity and white representing maximum intensity. Higher radiometric resolution

allows finer details and nuances to be captured in an image.
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Figure N° 13: radiometric resolution.
Source : https://www.researchgate.net/publication/346614509 Aerial Imagery

4.3.4. Temporal resolution

Temporal resolution is determined by a satellite's orbit and the mission's objectives. It
refers to the time interval (usually measured in days) between consecutive passes of the satellite
over the same region (also known as the satellite's "revisit time"). A shorter revisit time
indicates a higher temporal resolution. Satellites with high temporal resolution are especially

useful for monitoring and analysing natural disasters, such as floods.

One of the main advantages of satellite remote sensing is its ability to periodically
collect information from the same region of the Earth. The spectral characteristics of an
observed area can change over time, and by comparing images captured at different times
(multitemporal images), these changes can be detected. For example, during the vegetation
growth period, many species undergo continuous transformations, and our ability to detect these

changes depends on the frequency of data collection.

By continuously collecting data over time, it is possible to monitor changes occurring
on the Earth's surface, whether they are natural (like vegetation growth or the progression of a

flood) or human-induced (such as urban development or deforestation).
Temporal resolution is crucial in remote sensing when:

- Persistent cloud cover (e.g., in tropical regions) limits the times when the surface can be

observed.

- Short-duration phenomena (like floods or oil spills) need monitoring.
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- Multitemporal images are needed (for example, to study the spread of a forest disease from
year to year).

- Temporal changes in the appearance of a feature are used to distinguish it from another similar
feature.
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Figure N° 14: Temporal resolution.
Source : https://www.researchgate.net/publication/346614509 Aerial Imagery

Spatial resolution is related to the size of the pixel, temporal resolution to the frequency
of observation, radiometric resolution to the number of unique values and spectral resolution to
the width of the interval in the electromagnetic spectrum. . (Roy, P. S., et al; 2017; Reddy, G.
0., 2018; Béland, M., et al ; 2015).
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Figure N° 14: Different types of resolution, with examples of low- and high-resolution data.
Source : https://www.researchgate.net/publication/367070608

5. Deference between satellite images and aerial photographs

Aerial photography and satellite imagery differ primarily in their source, spatial
coverage, resolution, temporality, uses and cost. Aerial photographs, taken by cameras mounted
on low-flying aircraft or drones, offer limited coverage but very high spatial resolution, ideal
for local studies requiring fine detail, such as surveying, urban planning or infrastructure
management. They are often taken at specific times, are expensive to produce and their
perspective can be distorted. In contrast, satellite images, taken by sensors on orbiting satellites,
cover large areas and are suitable for large-scale studies such as environmental monitoring,
precision agriculture or disaster management. They offer different spatial and spectral
resolutions depending on the satellite, allow repeated observation of the same region at regular
intervals, and are sometimes available free of charge. In addition, they are generally taken in a
near-orthogonal view, minimising perspective distortion. In summary, aerial imagery is optimal
for local applications requiring high precision, while satellite imagery is better suited for global
studies with multispectral and temporal analysis capabilities. (Peluzio, T. M. D. O., etal ; 2013).

Here is a table that summarizes the differences between aerial photographs and satellite images:
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Characteristic

Aerial Photograph

Satellite Image

Source

Captured by cameras
mounted on airplanes or

drones.

Captured by sensors on

orbiting satellites

Spatial Coverage

Limited to small areas, ideal
for local studies.

Covers vast regions, suitable
for large-scale studies.

Spatial Resolution

Very high, capable of

detecting small details.

Variable (low to very high)
depending on the satellite

and sensor.

Spectral Resolution

Fewer  spectral bands,

typically in color or infrared

Multiple  spectral  bands,
including multispectral and

hyperspectral.

Temporal Resolution

Limited to specific times,

less frequent.

Variable acquisition
frequency (from daily to

monthly).

Perspective

May show distortions due to
the angle of capture.

Generally captured in a near-
orthogonal view, minimizing

distortions.

Cost

Generally higher due to

aircraft or drone costs.

Can be costly, but some
images are available for free

(e.g., Sentinel, Landsat).

Uses

Detailed mapping, urban
planning, infrastructure

management.

Environmental monitoring,

disaster management,

precision agriculture.

Advantages

High precision and resolution

for fine details.

Wide coverage, multispectral
analysis, repeated temporal

observation.

Disadvantages

High cost, limited coverage,

weather-dependent.

Sometimes  lower spatial
resolution, may be affected

by cloud cover.
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Conclusion

remote sensing encompasses a broad array of platforms and sensor types, each tailored
to specific applications and objectives. Ground-based, airborne, and space-based platforms
offer diverse perspectives, with satellites providing extensive coverage and high-frequency data
collection. Passive sensors, including photographic sensors and imaging radiometers, play a
critical role in capturing the reflected energy from Earth's surface, while active sensors, such as

radar, provide vital information regardless of weather conditions or sunlight.

The choice between different sensors and platforms depends on the specific
requirements of the study, whether it is detailed local mapping, large-scale environmental
monitoring, or urban planning. Furthermore, understanding the characteristics of remote
sensing satellites, such as their orbits, swath, and different types of resolution (spatial, spectral,

radiometric, and temporal), is crucial for optimizing their applications.

the comparison between satellite images and aerial photographs highlights the strengths
and limitations of each, with satellites offering greater coverage and more frequent data, and
aerial photographs providing higher spatial resolution for localized analysis. This
comprehensive understanding of remote sensing tools and technologies allows for more
effective decision-making in a wide range of fields, from natural resource management to

disaster response and urban development.
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Introduction

In the context of digital data analysis and processing, images play a crucial role as a rich
and complex source of information. This chapter explores the various stages of image data
processing, from their reception and transmission to their final transformation for meaningful

interpretation.

The first part of this chapter addresses the techniques for data reception and
transmission, which are fundamental to ensuring that images, often large and error-prone, are

correctly captured and transmitted without significant loss of information.

Next, we examine different image preprocessing methods, beginning with image
restoration, which aims to correct distortions and imperfections resulting from image capture,
such as noise or blurring. The chapter continues with image enhancement techniques, designed

to improve the visual quality and accuracy of images for better interpretation.

We will also discuss image classification methods, which are essential for extracting
relevant information and classifying objects or features in an image based on certain defined
criteria. Finally, this chapter concludes with a discussion on various image transformation

techniques, which modify visual data to facilitate their analysis and use in various applications.

By covering these sections, we provide an overview of the key processes that transform
raw digital images into usable information, while highlighting the challenges and opportunities

associated with each step.

1. Data reception and transmission

Data reception and transmission are the essential initial steps in the processing of digital
images and other types of digital data. These processes ensure that information is captured,
transferred, and made available for further processing and analysis without significant loss or

distortion. (Yakubailik, O., et al; 2019; De Jong, S. M., et al ; 2004 ; Pisharoty, P. R ; 1983).
1.1. Data Reception
Data reception refers to the act of receiving data from an external source, such as
sensors, cameras, satellites, or communication networks. In the context of image processing,

this may include images or video sequences that are collected for analysis. (Yakubailik, O., et

al; 2019; Pisharoty, P. R ; 1983). Several aspects are important in this process, including:
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e Data Quality: Data must be captured with optimal precision and quality to avoid
errors during processing. This involves the use of high-quality sensors and advanced
capture techniques.

e Data Format: Data can be received in various formats (e.g., JPEG, PNG, TIFF for
images; RAW for satellite images). The format determines how the data is stored,

compressed, and prepared for transfer.

1.2. Data Transmission

Data transmission involves transferring data from one point to another, often from a
capture device (such as a sensor or camera) to a storage or processing device (such as a server
or computer) (Yakubailik, O., et al; 2019; Pisharoty, P. R ; 1983). Key challenges and
considerations for data transmission include:

e Transmission Protocols: Data is generally transmitted via communication networks,
such as the internet, wireless networks, or wired networks. Communication protocols
(e.g., TCP/IP, FTP, HTTP) ensure that data is transmitted reliably and securely.

e Bandwidth and Transmission Speed: The amount of data transmitted and the speed
at which it is sent (throughput) are critical factors. Images and videos can be large and
require high bandwidth to be transmitted quickly and efficiently.

o Data Reliability and Integrity: Data transmission must ensure that information is not
altered during transfer. This may involve using error correction, encryption, and

verification techniques to detect and correct any corruption or loss of data.

1.3. Data Transmission Methods from Satellites

Satellites orbiting Earth collect a vast amount of data, including images, climate
information, scientific data, etc. This data needs to be transmitted to ground stations for analysis
and utilization. Each data transmission method has its advantages and disadvantages, and the
choice of method depends on factors such as the satellite's orbital position, the amount of data
to be transmitted, the availability of ground stations, and the cost of infrastructure. In practice,
these methods are often combined to maximize the efficiency and reliability of data
transmission from satellites to ground stations. (Qu, Q., et al; 2022; De Jong, S. M., et al; 2004).

The three main methods of data transmission are as follows:
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e Direct Transmission to a Ground Receiving Station: When a satellite is out of range

of a ground station, it uses onboard storage devices, such as digital recorders or
embedded memory, to retain collected data until it can be transmitted later. This
method allows the satellite to continue collecting data without interruption, even when
it is not in contact with a ground station, and reduces the risk of data loss by ensuring
that information is not lost if immediate transmission fails. Additionally, satellites are
equipped with memory management systems that prioritize critical data to manage
storage capacity effectively. However, this approach has limitations, including
restricted onboard storage space, which can constrain the amount of data that can be
stored, and the potential for technical failures in storage devices, which may lead to
data loss.

Data Storage on the Satellite: When a satellite is outside the reception range of a
ground station, it utilizes onboard storage devices, such as digital recorders or
embedded memory, to hold collected data until it can be transmitted later. This
approach allows the satellite to continue data collection without interruption, even
when communication with a ground station is not possible, and minimizes the risk of
data loss by ensuring that information is retained if immediate transmission is not
feasible. Additionally, onboard memory management systems help prioritize critical
data to optimize storage capacity. However, this method has limitations, including
restricted onboard storage space that can limit the volume of data stored and the
potential for technical failures in storage devices, which can result in data loss.
Transmission via Geostationary Communication Satellites: Geostationary satellites,
positioned approximately 36,000 km above Earth, serve as relays to transmit data from
collecting satellites to ground stations. In this system, data is passed from one satellite
to another until it reaches a geostationary satellite, which then forwards it to the ground
station. This method offers global coverage, allowing data to be received from virtually
anywhere on Earth, and enables continuous transmission, as low Earth orbit satellites
can send data at any time, even without direct contact with a ground station.
Additionally, it helps to reduce transmission delays due to the stable and continuous
connectivity provided by geostationary satellites. However, this method involves

challenges such as complex and costly infrastructure, requiring multiple satellites and
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advanced communication equipment, and it increases the risk of interference, signal

loss, or delays due to the involvement of multiple relay satellites.
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Figure N° 01: Remote Sensing Data Transmission Schemes.
Source : Konko, Y., et al. 2016.

In image processing, the reception and transmission of high-quality data are crucial to
ensuring that images are available for preprocessing and further processing stages. Poor
transmission quality can lead to data loss, artifacts, or errors that may affect the analysis and
interpretation of images. Therefore, it is essential to use robust communication technologies
and methods to ensure accuracy and efficiency throughout the processing workflow (Konko,
Y., etal; 2016).

2. Image Restoration

Image pre-processing is a vital step in digital image processing, aimed at improving raw
images to prepare them for further analysis or interpretation. A critical component of this
process is image restoration, which involves correcting or minimizing imperfections or
degradations in images, such as noise, blur, or distortions caused by the sensor or during image
capture. (Eastman, J. R. 2009; Rasti, B., et al; 2021).

Typical preprocessing operations include:

v Radiometric Correction
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v Atmospheric Corrections
v Geometric Correction

2.1. Radiometric Correction

Radiometric Correction is an important preprocessing step in image processing,
particularly for satellite and aerial imagery. It addresses variations in the pixel intensity values
caused by sensor malfunctions, atmospheric conditions, or changes in lighting during image
acquisition. The goal of radiometric correction is to ensure that the pixel values accurately

represent the actual reflectance of the Earth's surface or the target being imaged.

Radiometric correction offers several key benefits, including improved accuracy by
ensuring that pixel values in an image reflect the true surface characteristics, which leads to
more reliable analysis. It also enhances consistency across images, allowing for accurate
comparisons between images taken at different times, locations, or using various sensors.
Additionally, it improves image quality by correcting distortions or anomalies, resulting in
clearer and more precise imagery for further processing tasks such as classification or image
enhancement. This step is essential in remote sensing, environmental monitoring, and other

image-based analyses to achieve reliable results.

~ Before

S

Figure N° 02: Radiometric Correction before and after
Source : https://www.youtube.com/watch?v=60yNTiXQw1lo

Radiometric corrections can be broadly classified into two main categories:
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e Sun Angle/Topography Radiometric Corrections: These corrections account for
variations in sunlight angles and the effects of topography (e.g., terrain elevation) on
the reflectance captured by the sensor. They adjust for differences in illumination and
shadows caused by the sun's position and the landscape's shape.

e Sensor Irregularities Radiometric Corrections: These corrections address issues
related to the sensor itself, such as inconsistencies in sensor sensitivity or calibration
errors. They ensure that the data accurately reflects the true surface conditions by

compensating for any imperfections in the sensor's performance.

2.2. Atmospheric Corrections

Atmospheric corrections are a crucial step in satellite image processing, designed to
eliminate distortions caused by the Earth's atmosphere. When satellite sensors capture images,
the radiation from the Earth's surface travels through the atmosphere, where it is scattered,
absorbed, or altered by particles, gases, and aerosols. These corrections aim to counteract these
effects and retrieve accurate surface reflectance values. Scattering effects, caused by particles
like dust and water vapor, can lead to hazy images, particularly in the blue and ultraviolet
spectra, but atmospheric correction algorithms help reduce these distortions, improving image
clarity. Absorption effects, where certain atmospheric gases like oxygen, carbon dioxide, and
water vapor absorb specific wavelengths of light, can impact the intensity of the signal received,
and atmospheric corrections adjust for these to ensure more accurate data. Additionally, the
atmosphere's own radiance can reflect into the sensor, so corrections are necessary to separate
this from the true surface reflectance, providing clearer and more precise imagery. Atmospheric
corrections are essential for improving the accuracy of satellite-based data used in
environmental monitoring, land use analysis, and remote sensing applications. (Eastman, J. R.
2009).
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Figure N° 03: Atmospheric Correction before and after.
Source : Chen, Z., & Wang, J. (2010).

Two types of atmospheric corrections can be distinguished:

e Absolute correction: Involves accurately modelling the atmospheric conditions (e.g.,
humidity, aerosol concentration) during image capture to correct the radiance values
for each pixel.

o Relative correction: Compares multiple images taken under different atmospheric
conditions and adjusts them relative to each other for consistency, often without the

need for detailed atmospheric data.

2.3. Geometric Correction

Geometric correction is a vital process in satellite image processing that addresses
distortions caused by factors such as sensor imperfections, the Earth's curvature, topography,
and satellite motion. These distortions can affect the spatial accuracy of the image, making it
challenging to align with maps or other images. Geometric correction adjusts the image to fit a
standard coordinate system, ensuring it accurately represents the Earth's surface. By correcting
for sensor-related errors, Earth's curvature, topographic variations, and satellite movement, this
process allows for precise image alignment with geographic data, which is essential for

applications like land use analysis and GIS mapping. (Eastman, J. R. 2009)
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Figure N° 04: geometric Correction before and after.
Source : http://wiki.awf.forst.uni-goettingen.de/wiki/index.php/Geometric_corrections)

There are two main types of geometric corrections:

e Systematic Correction: This type of correction addresses predictable distortions
caused by factors such as the Earth's rotation, satellite motion, and the sensor's viewing
angle. It uses mathematical models to adjust the image based on known sensor and
satellite characteristics, correcting large-scale distortions.

e Non-Systematic (Precision) Correction: This correction method deals with
unpredictable errors, such as those caused by topographic variations, Earth’s
curvature, and sensor instability. It involves using ground control points (GCPs) and
reference maps to fine-tune the image’s spatial accuracy, ensuring precise alignment

with geographic coordinates.

3. Image Enhancement

The primary objective of image enhancement is to improve the visual clarity and
interpretability of an image by increasing the contrast between different features in a scene. The
variety of image enhancement techniques available is vast, and these techniques generally fall
into two categories: point operations and neighbourhood operations. Point operations adjust the

brightness of individual pixels independently, while neighbourhood operations modify pixel
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values based on the surrounding pixels. Both types of enhancements can be applied to single-
band (monochrome) images or individual bands of multi-image composites, and the results can
be displayed in black and white or colour. The choice of enhancement technique is often
subjective and depends on the application. Typically, these enhancements are applied after pre-
processing steps such as noise removal to avoid amplifying unwanted noise. Common
enhancement methods include contrast manipulation (e.g., grey level thresholding and contrast
stretching), spatial feature manipulation (e.g., spatial filtering and edge enhancement), and
multiimage manipulation (e.g., multispectral band ratioing and colour space transformations)
(Eastman, J. R. 2009; Lillesand, T., et al; 2015). See Figure 05.

Figure N° 05 : Image Enhancement.
Source : https://www.thetechedvocate.org/what-is-image-enhancement/

3.1. Contrast manipulation

Contrast manipulation is the process of adjusting the contrast in an image to make
features more distinguishable. This technique is essential for improving the visual appearance
of an image and making subtle details more visible. These methods are key to improving
image interpretation and making subtle or hidden features more visible for analysis. The three
common methods of contrast manipulation are

e Grey level thresholding: This method simplifies an image by converting it into a
binary image where pixel values are classified as either black or white based on a
specified threshold. Pixels above the threshold are assigned one value (e.g. white) and
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those below are assigned another (e.g. black). This technique is useful for isolating
certain features within an image, such as distinguishing between land and water or
other high-contrast objects.

e Level Slicing: Level Slicing isolates and highlights a specific range of pixel values
while leaving other values unchanged. This creates a "slice™ of the image data where
certain features stand out more clearly. It's often used in remote sensing to highlight
specific materials or areas of interest, such as vegetation, by focusing on specific
reflectance levels.

e Contrast stretching: Contrast stretching expands the range of pixel intensity values in
an image, increasing the difference between the darkest and brightest areas. By
adjusting the image histogram, low-contrast images become more dynamic, improving
overall visibility. This is useful when images have a narrow range of pixel values,
making features appear washed out or dull. Stretching helps by redistributing pixel

values to utilize the full range of the display.

3.2. Spatial feature manipulation

Spatial feature manipulation focuses on enhancing or suppressing specific features in an
image based on their spatial characteristics. These techniques help in highlighting edges,
textures, or patterns, making it easier to analyse specific aspects of the image. Together, these
techniques refine spatial details and patterns within an image, making it easier to analyze
specific features and improving overall visual interpretation. The three common methods under

spatial feature manipulation are:

e Spatial filtering: is a technique that adjusts pixel values based on the values of
neighboring pixels, and it can be categorized into two types of filters. Low-pass filters,
also known as smoothing filters, reduce noise and blur the image by averaging the
values of neighboring pixels, which makes fine details less noticeable. In contrast,
high-pass filters, or sharpening filters, enhance abrupt changes in intensity, such as
edges, by amplifying the differences between neighboring pixels, which highlights
finer details like textures or small objects.

e Edge enhancement: Edge enhancement techniques are designed to emphasize the

boundaries between different regions in an image, such as edges where there are abrupt

97



CHAPTER V: RECEIVING, TRANSMITTING AND PROCESSING DATA Dr: GUECHI Imen

changes in brightness. By highlighting these edges, it becomes easier to distinguish
between different objects or features. Techniques like gradient operators (e.g., Sobel,
Prewitt) detect and accentuate edges, making the image sharper and improving feature
delineation for interpretation or classification tasks.

e Fourier analysis: This method transforms an image from the spatial domain (pixel-
based) to the frequency domain. It analyzes the image in terms of its frequency
components, representing it as a sum of sine and cosine functions. Low frequencies
correspond to smooth areas of the image, while high frequencies represent sharp
details like edges. By manipulating the frequency data (e.g., filtering out high
frequencies), it is possible to remove noise or enhance specific spatial patterns. Fourier

analysis is particularly useful for identifying repetitive textures or patterns in an image.

3.3.  Multi-image manipulation

Multi-image processing techniques involve the analysis and combination of multiple
images or spectral bands to extract and enhance information. Collectively, these methods
improve the interpretability and usefulness of multispectral and hyperspectral imagery for
various remote sensing and image analysis applications (Eastman, J. R. 2009; Lillesand, T., et
al; 2015). Here's a summary of the main methods:

e Multispectral band ratio and differentiation: This technique creates new images by
dividing or subtracting pixel values of one spectral band by those of another. Band
ratioing helps to highlight certain features, such as vegetation or water bodies, by
highlighting differences in reflectance between bands. Differencing helps detect
changes over time by comparing images taken at different times.

e Vegetation and other indices: Indices such as the Normalised Difference Vegetation
Index (NDV1) are calculated using specific combinations of spectral bands to quantify
vegetation health, density and other surface characteristics. These indices are
particularly useful in agriculture, forestry and environmental monitoring.

e Principal component analysis (PCA): PCA reduces the dimensionality of data by
transforming the original image bands into a set of uncorrelated components (principal
components). This helps to highlight variance and extract important features while

reducing redundancy in the data.
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e Canonical Component Analysis (CCA): CCA is similar to PCA but is used to
maximise the correlation between different data sets or variables. It is often used to
align and interpret data from different sources or sensors.

e Vegetation components: Techniques such as Vegetation Component Analysis (VCA)
decompose multispectral or hyperspectral imagery into components representing
different types of vegetation and non-vegetation materials, allowing more detailed
analysis of land cover.

¢ Intensity-Hue-Saturation (IHS) and other colour space transformations: IHS
transforms colour information from the RGB colour space to another space where
intensity, hue and saturation are separated. This can enhance certain features or make
the image more suitable for display and analysis. Other colour space transformations,
such as LAB or YUV, are used to manipulate and analyse colour more effectively.

e Decorrelation Stretching: This technique increases the visual contrast of an image by
spreading the range of pixel values in such a way that the correlation between bands is
reduced. It makes image features more distinguishable and interpretable by increasing

the contrast between different spectral components.

4. Image classification

Image classification in remote sensing involves automatically assigning each pixel in an
image to a specific land cover class or theme, such as forests, urban areas or water bodies. This
approach is primarily based on the analysis of spectral patterns, i.e. the combinations of
reflectance of pixels in different spectral bands captured by sensors. Pixels with similar spectral
signatures are grouped into categories that represent specific types of land surface or land cover.

There are two main approaches to image classification: spectral pattern recognition and
spatial pattern recognition. The former is based solely on the spectral values of each pixel,
independent of its surroundings. This method involves two types of classification: Supervised

classification and Unsupervised classification

Spatial pattern recognition, on the other hand, considers the relationships between
neighbouring pixels, analysing aspects such as texture, object size, shape and pattern repetition.
This method is more complex and requires significant computational resources, but it allows

for more accurate classification, especially with high-resolution spatial imagery.
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Hybrid approaches, such as object-based image analysis (OBIA), combine both spectral
and spatial information, resulting in more robust classifications. In addition, as classification
techniques evolve, advanced methods such as neural networks and algorithms designed for
hyperspectral imagery provide effective solutions to complex remote sensing problems (Da
Cunha, E. R., et al; 2020; Chen, Z., & Wang, J. 2010;Eastman, J. R. 2009). (see Figure N° 05).
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Figure N° 06 : Processus of Image Classification.
Source : Da Cunha, E. R., et al 2020

4.1. Supervised classification

Supervised classification is a method in remote sensing where the image analyst
supervises the categorization process by selecting representative sample sites (training areas)
for known land cover types. These samples are used to create a numerical model, or
"interpretation key," which is then applied to the entire image to classify all other pixels based

on their spectral similarities to the training areas (Da Cunha, E. R., et al; 2020). (See Figure 06)
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Figure N° 07 : Supervised classification.
Source : Da Cunha, E. R., et al 2020
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There are three main types of classifiers within supervised classification:
4.1.1. Hard classifiers

Hard classifiers assign each pixel to a single class based on strict decision boundaries.
A pixel can only belong to one class, with no ambiguity or overlap between classes. Examples

include:

e Maximum Likelihood Classifier: This classifier uses statistical probability to assign a
pixel to the class it most likely belongs to.

e Minimum Distance Classifier: Pixels are classified based on the shortest distance
between the pixel’s spectral values and the average spectral values of the training

areas.

4.1.2. Soft Classifiers

Unlike hard classifiers, soft classifiers (also known as fuzzy classifiers) allow pixels to
have partial membership in multiple classes. Instead of assigning a pixel to just one class, a soft
classifier assigns a probability or degree of belonging to each class. This is particularly useful

in areas where land cover types are mixed or transitional. Example methods include:

e Fuzzy Logic: Assigns degrees of membership to each pixel for various classes.
e Neural Networks: Can handle nonlinear and complex relationships between pixel
values and land cover classes, providing probabilities of class membership.

4.1.3. Hyperspectral Classifiers

Hyperspectral classifiers are designed to handle the large number of spectral bands in
hyperspectral imagery, which can capture hundreds of narrow spectral bands for each pixel.
This allows for more detailed analysis and differentiation of land cover types. Examples

include:

e Spectral Angle Mapper (SAM): Compares the angle between the pixel’s spectral
signature and the reference signature, treating each as a vector in multi-dimensional

space.
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e Support Vector Machines (SVM): A machine learning classifier that is effective in
high-dimensional spaces and is commonly used with hyperspectral data due to its
ability to handle complex classification tasks.

4.2. Unsupervised Classification

Unsupervised classification is a technique in remote sensing where an algorithm
automatically categorizes image pixels into distinct groups based on their spectral
characteristics, without prior knowledge or predefined training classes. Unlike supervised
classification, this method does not rely on labeled training data but instead uses statistical
methods to detect natural groupings in the data. Common algorithms used for unsupervised
classification include K-means and ISODATA (lterative Self-Organizing Data Analysis
Technique), which group pixels into clusters by minimizing the variance within each cluster

and maximizing the variance between clusters.

The process typically begins by assigning each pixel to an initial cluster based on its
spectral similarity to other pixels. These clusters are then iteratively refined as the algorithm
adjusts the classification until it converges on a final solution. After clustering, it is the
responsibility of the analyst to interpret and label these clusters by comparing them with known
ground reference data, such as maps or field observations. For example, clusters could be
identified as forest, water, urban areas, or agricultural land. This step is crucial since the
algorithm itself does not assign meaningful labels to the groups—it only distinguishes spectral

differences.

Unsupervised classification is especially useful in situations where little or no ground
truth data is available or when the analyst is unsure of the land cover types present in the image.
It is often used for exploratory analysis, allowing the identification of new, unexpected, or
unknown patterns in the data. However, the main challenge with unsupervised classification is
the potential for cluster misinterpretation, as spectral similarities do not always correspond
directly to distinct land cover classes. Additionally, the number of clusters chosen for the
analysis can significantly affect the outcome, requiring careful consideration and often several
iterations to achieve meaningful results. Despite these challenges, unsupervised classification
remains a powerful tool for discovering and categorizing patterns in large, complex datasets
(Da Cunha, E. R., et al; 2020; Chen, Z., & Wang, J. 2010;Eastman, J. R. 2009) (see Figure 07).
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Figure N° 08 : Unsupervised Classification.
Source : Da Cunha, E. R., et al 2020

4.3. Accuracy assessment

Accuracy assessment in remote sensing is the process of evaluating how well the
classified image data corresponds to the actual land cover or ground truth data. It is a crucial
step in validating the reliability of image classification results, helping to ensure that the
classified land cover map represents the true conditions on the ground. This process typically
involves comparing the classified image with reference data that are either collected through

field surveys, higher-resolution imagery, or existing maps.

The assessment begins with the selection of a set of sample points or areas, where the
true land cover types are known. These points, known as ground truth or reference data, are
used to verify the classification accuracy by comparing the predicted classes from the image
classification to the actual classes. A common way to express this comparison is through a
confusion matrix (also called an error matrix), which shows the relationship between the

classified categories and the reference data. (Da Cunha, E. R, et al; 2020; Eastman, J. R. 2009).

Key metrics derived from the confusion matrix include:

e Overall Accuracy: This measures the proportion of correctly classified pixels out of
the total number of reference pixels. It provides a general sense of the classifier’s
performance.

o Producer’s Accuracy: This indicates the likelihood that a reference pixel has been
correctly classified. It focuses on how well real-world land cover types are represented
in the classification.
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e User’s Accuracy: This reflects the probability that a pixel classified as a certain land
cover type actually corresponds to that type on the ground. It assesses the reliability of
the classified image.

e Kappa Coefficient: This is a statistical measure that takes into account the agreement
occurring by chance. It provides a more robust evaluation of classification accuracy

by considering the possibility of random agreement.

Accuracy assessment is essential because it helps identify the strengths and weaknesses
of the classification process. It allows analysts to improve their classification methods, refine

their models, and ensure that the data used for decision-making or further analysis is reliable.

5. Real and False Color Combinations

Natural and false colour composites are techniques used in remote sensing to improve
the clarity and detail of satellite and aerial imagery, making it easier to interpret land cover and
other features. These techniques use different combinations of spectral bands to emphasise
specific features. Multispectral sensors on satellites measure electromagnetic radiation at
different wavelengths, including visible light, near infrared and shortwave infrared. Each
wavelength, or band, represents a specific segment of the spectrum, including those beyond the
range of human vision, such as infrared or ultraviolet. In image processing, these bands can be
displayed individually in grey scale or combined into colour composites. By assigning each of
the three primary colours - red, green and blue - to different bands, colour composites are
created, revealing detailed images that highlight different features of the Earth's surface based
on the selected bands (Hillger, D., et al; 2011; Liu, X., & Sun, Y. 2021). (See Figure 08).
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Figure N° 09 : Color Combinations.
Source : https://gsp.humboldt.edu/olm/Courses/GSP_216/lessons/composites.html

5.1. Natural Color Composites

A natural or true color composite is an image that combines visible red, green, and blue
bands, corresponding to the red, green, and blue channels on a computer display. This type of
composite closely resembles what the human eye would naturally perceive: vegetation appears
green, water ranges from dark blue to black, and bare ground and impervious surfaces show up
as light grey or brown. Many prefer true color composites because they present a natural color
balance, making them intuitively understandable. However, these images can sometimes be low
in contrast and may appear somewhat hazy due to atmospheric scattering of blue light. Natural
color composites aim to replicate the way our eyes see colors in the real world, using the RGB
bands of the electromagnetic spectrum. In such composites, the red band is shown as red, the
green band as green, and the blue band as blue, resulting in an image that is familiar and easy
to interpret for visual inspections and basic feature analysis, including vegetation, water bodies,
and urban areas (Hillger, D., et al; 2011; Liu, X., & Sun, Y. 2021). (see Figure 09).
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Figure N° 10 : Natural Color Composites.
Source : https://gsp.humboldt.edu/olm/Courses/GSP_216/lessons/composites.html

5.2. False Color Composites

False color composites use spectral bands that do not match the colors visible to the
human eye, unlike traditional RGB composites. Instead of mapping the red, green, and blue
bands to their respective colors, these composites use different bands to highlight specific
features. For example, in a common false color setup, the near-infrared (NIR) band might be
displayed as red, the red band as green, and the green band as blue. This approach can render
vegetation in shades of red or orange, water bodies in blue or cyan, and urban areas in other
distinctive colors. False color composites are especially useful for revealing features that are
less visible in natural color images, such as identifying different types of vegetation or spotting
stressed vegetation. By mapping non-visible wavelengths like near-infrared to visible colors,
these composites enhance the spectral differentiation and interpretability of the data. They are
valuable for various applications, including monitoring vegetation, exploring minerals, and
detecting environmental changes (Hillger, D., etal; 2011; Liu, X., & Sun, Y. 2021) (Figure 10).

Figure N° 09 : False Color Composites.
Source : https://gsp.humboldt.edu/olm/Courses/GSP_216/lessons/composites.html
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Natural color composites offer a realistic view of landscapes, simplifying the
identification and understanding of familiar features, and are particularly useful for land use
planning and general visual assessments. False color composites, on the other hand, enhance
the visibility of features that are not easily discernible in natural color composites, making them
valuable for tasks such as vegetation monitoring, mineral exploration, and detecting
environmental changes. Both types of composites play a crucial role in remote sensing
applications by enabling analysts to interpret and analyse imagery more effectively,
highlighting different aspects of the data according to the objectives of their study, (Hillger, D.,
etal; 2011; Liu, X., & Sun, Y. 2021).

Conclusion

This chapter has provided an in-depth analysis of the critical stages involved in the
acquisition, transmission, and processing of remote sensing data. It began by addressing the
fundamental aspects of data reception and transmission, emphasizing the methods used by
satellites to relay information to ground stations. The chapter then examined the key processes
of image restoration, including radiometric, atmospheric, and geometric corrections, which are
essential for ensuring the accuracy and reliability of satellite imagery. Image enhancement
techniques were also explored, focusing on the manipulation of contrast, spatial features, and
multi-image datasets to improve visual interpretation. The section on image classification
highlighted the distinction between supervised and unsupervised approaches, as well as the role
of hard, soft, and hyperspectral classifiers in optimizing data analysis. Additionally, the
importance of accuracy assessment in validating classification results was underscored. Finally,
the discussion of natural and false color composites demonstrated how these techniques
enhance the visualization of different features in imagery, facilitating more effective analysis
across a range of applications. This comprehensive overview underscores the importance of
each step in the remote sensing workflow, ensuring that data is accurately received, processed,

and interpreted for various environmental and analytical purposes.
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Introduction

Remote sensing has emerged as one of the most transformative technologies of the 21st
century, providing unparalleled capabilities for observing and analyzing the Earth's surface.
With the growing availability of satellite, aerial, and hyperspectral imagery, remote sensing
offers precise, real-time data on land, water, and atmospheric conditions. This wealth of
information is critical for understanding and managing environmental systems, supporting
decision-making processes in fields ranging from urban planning to agriculture, forestry,
geology, and hydrology.

In the context of urban and regional planning, remote sensing enables cities and regions
to monitor expansion, identify land use changes, and assess the impact of urban growth on the
environment. The agricultural sector benefits greatly from this technology by optimizing crop
management, monitoring soil conditions, and ensuring efficient water use. Similarly, remote
sensing plays a crucial role in forestry, where it is used to monitor deforestation, forest health,
and biodiversity. Geology-related applications include the mapping of geological features,
mineral exploration, and the monitoring of seismic activities. Hydrology also heavily relies on
remote sensing to analyze water resources, track flooding events, and monitor changes in river

systems and wetlands.

Additionally, remote sensing is invaluable for land use and land cover (LULC)
applications, where it provides data for classifying various land types and tracking changes over
time. Change detection, which involves comparing historical and current data, allows
researchers and policymakers to understand environmental and anthropogenic shifts. The
advent of hyperspectral imaging further enhances the ability to identify specific materials and

vegetation types, offering more granular analysis than traditional multispectral imagery.

Beyond monitoring and mapping, remote sensing is also integrated with biophysical
models to simulate environmental processes and predict future scenarios. These models, based
on remote sensing data, allow for a deeper understanding of the interactions between natural

systems and human activities, enabling more sustainable management of natural resources.

This chapter delves into the diverse applications of remote sensing across various
sectors, examining its role in analysing complex systems, supporting environmental

sustainability, and driving innovation in spatial data analysis.
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1. Application for urban and regional planning

Remote sensing has become an indispensable tool in urban and regional planning,
revolutionising the way we understand and manage both urban and rural environments. Its
ability to provide detailed, real-time data on various aspects of land use, urban expansion and
infrastructure development enables planners and decision-makers to make more informed,
strategic decisions. Using a range of satellite and aerial imaging technologies, remote sensing
provides a comprehensive view of the built and natural environment, facilitating effective
planning and management across diverse landscapes. (GUECHI, 1. 2018). Below are some of

the key applications of remote sensing in this critical area:

1.1. Land use classification

One of the main applications of remote sensing in urban and regional planning is land
use classification. This process involves categorising different types of land cover and land use
within a given area, such as residential, commercial, industrial, agricultural or natural
landscapes. Remote sensing provides high-resolution images that capture detailed views of
these land cover types, allowing planners to produce accurate and up-to-date land use maps.

Remote sensing data is analysed using advanced image processing techniques, including
supervised and unsupervised classification methods. These techniques involve assigning
specific labels to different areas based on their observed characteristics, such as colour, texture
and pattern. In addition, machine learning algorithms can improve the accuracy of land use
classification by learning from training data and improving the discrimination between different

land cover types.

Accurate land use classification supports effective urban zoning, land management and
resource allocation. It helps authorities plan new developments, protect natural areas and
manage urban sprawl, ultimately contributing to a balanced and sustainable land use strategy.
(Nivedita Priyadarshini, K., et al ; 2018).
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Figure N° 01: Land use classification.
Source : https://www.mdpi.com/1424-8220/18/11/3717 .

1.2.  Analysis of urban expansion

Remote sensing is particularly valuable for monitoring and analysing urban expansion.
As cities grow and develop, it is essential to track changes in land use and understand how
urban areas are expanding into surrounding regions. Remote sensing allows planners to

compare images taken at different times to identify and analyse patterns of urban growth.

This temporal analysis involves using change detection algorithms to identify areas of
new development, infill and redevelopment. By evaluating the extent and nature of urban
expansion, planners can assess trends, predict future growth, and develop strategies to manage

and guide expansion in a controlled manner.

Understanding urban expansion is critical to addressing issues such as infrastructure
demands, environmental impacts and the preservation of green space. Remote sensing provides
the insight needed to make informed decisions about urban growth and ensure that development

Is sustainable and well managed. (Guechi, 1., et al; 2023).
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Figure N° 02: Analysis of urban expansion (Guelma) .
Source : GUECHI . 1 ;2018 .

1.3. Infrastructure Planning
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Effective infrastructure planning relies heavily on accurate and detailed data about
existing infrastructure and the needs for future development. Remote sensing provides an
overview of infrastructure elements such as roads, bridges, utilities, and public services. High-
resolution images capture the layout and condition of these infrastructure components, offering
valuable information for planning and management. Planners use remote sensing data to
identify optimal locations for new infrastructure projects, considering factors such as land use,
topography, and existing networks. Additionally, remote sensing aids in monitoring the
condition of existing infrastructure, detecting changes or damage that may require maintenance
or upgrades. By integrating remote sensing data into infrastructure planning, cities can enhance
their capacity to meet the growing demands of their populations, improve the efficiency of their
infrastructure systems, and ensure the resilience and sustainability of their urban environments
(Dimyati, M., et al; 2019).

Figure N° 03: Infrastructure Planning .
Source : https://rigolett.home.xs4all.nl/ENGELS/maps/haarlem03.jpg

1.4. Urban Heat Island Analysis

The urban heat island (UHI) effect, where urban areas experience higher temperatures
than surrounding rural areas, is another critical area where remote sensing provides valuable
insights. Remote sensing technologies, particularly thermal infrared imagery, allow for the
mapping of surface temperatures across urban areas. (Guechi, 1., et al 2021; Gherraz, H., et al ;
2020 ).
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This analysis helps identify heat hotspots and variations in temperature distribution
within cities. By understanding the spatial extent and intensity of UHI effects, planners can
develop strategies to mitigate their impacts. These strategies may include increasing green
spaces, using reflective materials in construction, or implementing urban design modifications

to reduce heat absorption.

Addressing the UHI effect is essential for improving urban livability, reducing energy
consumption, and enhancing overall environmental quality. Remote sensing provides the data
needed to develop effective solutions for managing and mitigating heat islands in urban areas.
(Guechi. I; et al 2021; Gherraz, H., et al; 2020).
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Figure N° 04: Urban Heat Island Analysis (Constantine).
Source : Gherraz, H., et al ; 2020

1.5.  Environmental Monitoring

Remote sensing plays a significant role in environmental monitoring, providing data on
land cover changes, vegetation health, and environmental degradation. This application is
crucial for assessing the impacts of urban development on natural ecosystems and ensuring that

environmental considerations are integrated into planning processes.
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Through remote sensing, planners can track changes in land cover, monitor the health
of vegetation, and detect signs of environmental stress or degradation. This information
supports efforts to conserve natural resources, manage protected areas, and implement

sustainable land use practices.( Li, J., et al ; 2020).

1.6. Smart City Development

The concept of smart cities, which leverages technology to enhance urban management
and improve quality of life, benefits greatly from remote sensing. Real-time data from remote
sensing systems can be integrated with Internet of Things (IoT) sensors and other smart
technologies to manage urban services and infrastructure more efficiently.

Remote sensing supports smart city initiatives by providing data for optimizing traffic
flow, managing public safety, and monitoring environmental conditions. This data-driven
approach enables cities to respond quickly to changing conditions, improve service delivery,

and enhance overall urban resilience. (Bonafoni, S., et al; 2017).

2. Applications in the Agricultural Sector

Remote sensing has revolutionised the agricultural industry by providing vital
information for managing crops, soil, water and overall farm health. (Adhikary, S., et al 2022).

Below are key applications where remote sensing plays a critical role in agriculture:

Figure N° 05: Typical remotely sensed airborne image of a farm (Sentinel Hub).
Source : https://dragonflyaerospace.com/remote-sensing-in-agriculture-what-are-some-applications/

2.1. Monitoring Crops and Soil Conditions

Remote sensing is essential for monitoring the health of crops and soil conditions. It
provides data beyond the visible spectrum, using infrared and multispectral imagery to detect
plant stress, chlorophyll levels, and other critical indicators of crop vitality. This technology
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helps farmers monitor growth patterns, detect early signs of pest infestations, and assess nutrient
deficiencies. Additionally, remote sensing allows for the continuous monitoring of soil health,
including moisture content, soil organic matter (SOM), and texture, which are crucial for
optimizing agricultural output. Accurate data on soil conditions allows farmers to improve soil
management practices, leading to better crop yields and sustainable farming. (Adhikary, S., et
al 2022).
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Figure N° 06: Remote sensing of agricultural land.
Source : https://dragonflyaerospace.com/remote-sensing-in-agriculture-what-are-some-applications/

2.2.  Water Management and Climate Prediction in Agriculture

Water is a critical resource in agriculture, and remote sensing enables farmers to monitor
water availability and optimize its use. Remote sensing data, gathered through satellites and
aerial imagery, can track the extent of irrigation, assess water bodies, and provide real-time
information on soil moisture levels. This helps farmers manage irrigation systems more
efficiently, ensuring that crops receive the right amount of water without wastage. Furthermore,

remote sensing plays a key role in predicting weather and climate conditions, providing farmers
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with timely information on precipitation, temperature changes, and potential extreme weather
events like droughts or floods. These predictions allow farmers to plan accordingly and protect

their crops from climate-related risks. (Adhikary, S., et al 2022).

2.3. Precision Farming and Air Quality Monitoring

Precision farming is a modern agricultural approach that uses remote sensing to make
farming more efficient and environmentally friendly. Through detailed field mapping and the
use of sensor data, farmers can apply fertilizers, pesticides, and water more precisely, reducing
waste and ensuring that resources are used where they are needed most. This targeted approach
increases crop productivity and reduces the environmental footprint of farming. Additionally,
remote sensing can monitor air quality around agricultural areas, identifying pollutants, wind
conditions, and humidity levels that may affect crop health. By analyzing air conditions, farmers
can take proactive steps to protect their crops, especially in areas prone to pollution or adverse
weather conditions. (Adhikary, S., et al 2022).

3. Applications in the Forestry Sector

Remote sensing is an essential tool for forestry management, providing valuable insights
into forest health, biodiversity, and land-use changes. It allows for the monitoring of large
forested areas over time, helping manage forests sustainably. Key applications include detecting
clear-cutting (coupes a blanc) to monitor deforestation, identifying tree species for biodiversity
conservation, and assessing burned areas after wildfires to guide recovery efforts. Remote
sensing aids in sustainable forest management, ensuring better decision-making and long-term
ecosystem health. (Mahanta, D. K., et al; 2024).

These applications highlight the vital role remote sensing plays in forestry by ensuring
responsible management, conserving biodiversity, and mitigating the effects of environmental

disasters like wildfires and deforestation.
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Figure N° 07: IDS map, MODIS map, Landsat map and hyperspectral response to assess forest health
through satellite-based remote sensing of forests after insect infestation.
Source : (Mahanta, D. K., et al ; 2024).

3.1. Clear-cutting Detection

Remote sensing technology is highly effective in identifying areas where clear-cutting,
or coupes a blanc, has occurred. Using satellite imagery, forestry managers can detect changes
in canopy cover, track deforestation, and monitor illegal logging activities. The ability to assess
forest cover loss in near real-time helps authorities take immediate action to protect forest
resources and plan reforestation efforts where needed. This technology ensures that clear-
cutting practices, whether for timber production or agriculture, are monitored and managed

sustainably.

3.2. Species ldentification

Remote sensing plays a vital role in identifying tree species and assessing forest
biodiversity. Multispectral and hyperspectral sensors can distinguish between different tree
species based on their spectral signatures, which are unique reflectance patterns of light. This
helps in mapping species distribution, understanding ecosystem diversity, and ensuring that
endangered or rare species are protected. Species identification is critical for managing
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biodiversity, conducting ecological research, and implementing conservation strategies in

forests.

3.3. Burned Area Detection

Remote sensing is indispensable for detecting and assessing burned forest areas
following wildfires. Thermal imaging and infrared sensors allow for the identification of
recently burned zones, even in remote or inaccessible regions. This helps in tracking the extent
of fire damage, assessing the environmental impact, and guiding reforestation or rehabilitation
efforts. Moreover, by monitoring historical fire patterns and identifying high-risk zones, remote
sensing aids in wildfire prevention and management strategies, contributing to the long-term

sustainability of forest ecosystems.

4. Geology related applications

Remote sensing plays an essential role in geological studies, providing detailed insights
into the Earth's physical structures, geological units, and resource potential. By using various
sensing technologies, geologists can monitor landforms, assess the characteristics of geological
units, and map valuable resources such as minerals. Below are in-depth explanations of the

primary applications of remote sensing in geology:
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Figure N° 08: Geology related applications (MNT)
Source : https://volcanoes.usgs.gov/vhp/insar.html
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4.1. Landforms

Landforms are the natural physical features of the Earth's surface, shaped by a
combination of internal geological forces (such as tectonic movements and volcanism) and
external forces (such as weathering, erosion, and sedimentation). Understanding the distribution
and structure of landforms is crucial for geologists to comprehend Earth's processes and

landscape evolution.

Remote sensing provides a unique perspective for mapping and analyzing landforms
across vast regions, which would be impossible to achieve with ground-based methods alone.
High-resolution satellite imagery and digital elevation models (DEMs) allow for detailed
visualization of terrain features, including mountain ranges, valleys, coastal formations, and
plateaus. These tools help in studying the origin and development of landforms over time,
revealing the effects of tectonic activities, glacial movements, and erosion. For example, the
analysis of fault lines and uplifted areas provides insights into earthquake risks and tectonic
plate interactions. Remote sensing technologies also assist in identifying geomorphological
changes, such as land subsidence or coastal erosion, which are critical for urban planning and

environmental management.

4.2. Geological Units

Geological units are rock formations or layers that share a common composition, age,
and structural characteristics. These units are the building blocks of Earth's crust, and
understanding their distribution is vital for reconstructing the geological history of a region.
Each geological unit can be linked to specific processes, such as sediment deposition, volcanic

activity, or mountain formation.

Remote sensing has revolutionized how geological units are identified and mapped.
Traditionally, geological mapping required extensive fieldwork and sampling, but modern
remote sensing technologies allow for the detection of different rock types and geological
structures from space. Multispectral and hyperspectral imaging are particularly valuable in this
context. These sensors capture reflected light across various wavelengths, allowing geologists
to distinguish between different minerals and rock types based on their spectral signatures. This
is especially useful in areas that are difficult to access, such as deserts or mountainous regions.

Additionally, radar and LiDAR technologies are used to penetrate vegetation and surface cover,
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revealing the underlying geological structures. The ability to create detailed geological maps
through remote sensing is critical for natural resource exploration, environmental assessment,

and understanding regional geology.

4.3. Mineral Resource Mapping

One of the most significant applications of remote sensing in geology is mineral
resource mapping, a process that identifies areas with high potential for valuable mineral
deposits. Mineral exploration traditionally relied on manual surveys and ground-based
sampling, which were time-consuming and costly. However, advancements in remote sensing

have made it possible to locate mineral-rich zones more efficiently and accurately.

Remote sensing techniques used for mineral exploration typically involve the use of
hyperspectral and multispectral sensors, which can detect the unique spectral signatures of
minerals on the Earth's surface. Each mineral reflects and absorbs light differently, producing
specific patterns that can be identified and mapped remotely. By analyzing these patterns,
geologists can pinpoint areas where mineral deposits, such as gold, copper, iron, or rare earth
elements, may be present. In addition, remote sensing can detect alterations in rock chemistry
that are often associated with mineralization, such as hydrothermal activity. These alterations

can serve as indicators of mineral deposits below the surface.

Another important tool in mineral resource mapping is airborne geophysics, which uses
remote sensing technologies like magnetometers and gravity sensors. These instruments
measure variations in the Earth's magnetic and gravitational fields, which can indicate the
presence of metallic ores or other geological structures of interest. Remote sensing not only
accelerates the process of mineral discovery but also reduces environmental impacts by
minimizing the need for intrusive exploration methods. As a result, it has become an
indispensable tool for mining companies and governments seeking to identify new resource

deposits while protecting the environment. (Gupta, R. P. 2017).

5. Applications related to hydrology

Hydrology, the study of the movement, distribution and quality of water on Earth, is
benefiting greatly from advances in remote sensing technology. Remote sensing provides
critical data for understanding and managing various hydrological processes and water

resources, providing a comprehensive view of both surface and subsurface water systems.
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Using satellite imagery and aerial sensors, hydrologists can monitor and analyse water bodies
such as rivers, lakes and reservoirs on a large scale and with remarkable precision. This
capability is essential for tasks ranging from managing water supplies and assessing flood risks
to understanding drought conditions and monitoring water quality. Remote sensing allows
continuous monitoring of changes in water levels, soil moisture and watershed dynamics,
supporting better decision-making and planning. As the global demand for water increases and
climate change affects water availability, the role of remote sensing in hydrology is becoming
increasingly important, providing the knowledge needed to ensure sustainable water

management and protect aquatic ecosystems. (Al-Sabhan, W., et al; 2003).

Figure N° 09: remote sinsing related to hydrology
Source: Al-Sabhan, W., Mulligan, M., & Blackburn, G. A. 2003.

5.1. Water Resource Management

Remote sensing plays an essential role in water resource management by providing
detailed, large-scale, and timely data on water bodies such as rivers, lakes, reservoirs, and
aquifers. Through satellite imagery, remote sensing can monitor the surface area, depth, and
even the quality of water in these bodies. This data is critical for decision-making in water
allocation, especially in water-scarce regions where efficient management of this resource is

necessary to meet the needs of agriculture, industry, and urban populations. For example,
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remote sensing enables the identification of changes in water bodies due to climate change,
human activities, or natural disasters like droughts. By observing these trends over time,
stakeholders can make informed decisions about water distribution, conservation efforts, and
even disaster prevention strategies. In essence, remote sensing helps in creating a more

sustainable approach to managing one of the world’s most vital resources.

5.2.  Flood Monitoring and Prediction

Flooding is a major natural hazard that causes significant loss of life and property
worldwide. Remote sensing technology has revolutionized flood monitoring and prediction by
providing near real-time data on precipitation, river levels, and changes in land cover that
contribute to flooding. Using data from satellites such as radar sensors, which can penetrate
cloud cover, remote sensing allows for continuous monitoring of water bodies during heavy
rainfalls and storms. This helps in predicting potential flood events by tracking rainfall
accumulation, river discharge, and topographical vulnerabilities. Advanced flood models
incorporate satellite data to forecast the extent and impact of flooding, providing authorities
with early warning systems to evacuate residents and minimize damage. Remote sensing is also
invaluable for post-flood assessment, as it helps analyze the extent of flood damage and aids in

disaster recovery planning.

5.3. Watershed and Catchment Area Analysis

Watersheds and catchment areas play a critical role in regulating water flow and
maintaining the health of ecosystems. Remote sensing allows for precise mapping and
monitoring of these areas, providing crucial information about the flow of water across
landscapes and how land use changes impact water quality and availability. By using satellite
imagery, hydrologists can delineate watershed boundaries, identify drainage patterns, and
assess vegetation cover. This information is important for managing water supply, preventing
erosion, and controlling pollution within these areas. Changes in land use, such as urbanization
or deforestation, can significantly alter watershed dynamics, leading to increased runoff and
reduced groundwater recharge. Remote sensing enables continuous observation of these
changes, allowing for the development of sustainable land-use practices that help preserve the

integrity of watersheds and ensure long-term water security.
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5.4. Soil Moisture Monitoring

Soil moisture is a key indicator of agricultural productivity, drought conditions, and
hydrological processes. Remote sensing provides an effective means of monitoring soil
moisture on a large scale, which is particularly important for managing irrigation in agriculture
and understanding water availability in natural ecosystems. By using microwave sensors and
other satellite technologies, remote sensing can detect variations in soil moisture content, even
under different vegetation types and weather conditions. This data is crucial for farmers who
need to optimize irrigation schedules to maximize crop yield while minimizing water waste.
Moreover, soil moisture information is vital for drought monitoring and early warning systems,
as it allows authorities to identify areas experiencing water stress. In the context of hydrology,
accurate soil moisture data helps improve models that predict runoff, evaporation, and
groundwater recharge, leading to more efficient water resource management across diverse

landscapes.

Conclusion

This Chapter Remote Sensing Analysis and Applications has explored the
transformative impact of remote sensing technologies across various fields, demonstrating
their critical role in enhancing our understanding and management of the environment. By
leveraging advanced satellite and aerial imagery, remote sensing provides invaluable insights
that drive more informed and effective decision-making in urban and regional planning,

agriculture, forestry, geology, and hydrology.

In urban and regional planning, remote sensing facilitates precise land use
classification, tracks urban expansion, and aids in infrastructure planning while addressing
challenges such as urban heat islands and environmental monitoring. These applications
support the development of smart cities and sustainable urban environments by providing a

comprehensive view of urban dynamics and resource needs.

In agriculture, remote sensing technologies enable detailed monitoring of crops and
soil conditions, optimize water management, predict climate impacts, and support precision
farming practices. These capabilities help improve agricultural productivity, conserve
resources, and address environmental challenges, ensuring food security in an increasingly

complex global landscape.
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Forestry applications benefit from remote sensing through clear-cutting detection,
species identification, and burned area assessment. These tools are crucial for managing forest
resources, conserving biodiversity, and responding to disturbances like wildfires, thus

promoting sustainable forest management practices.

Geology-related applications of remote sensing, including landform analysis,
geological unit mapping, and mineral resource mapping, provide critical data for
understanding Earth's processes and resources. This information is essential for natural

resource management, geological research, and environmental protection.

Finally, in the field of hydrology, remote sensing plays a pivotal role in water resource
management, flood monitoring and prediction, watershed and catchment area analysis, and
soil moisture monitoring. These applications support effective water management, enhance
flood preparedness, and contribute to sustainable water usage practices. The diverse
applications of remote sensing highlighted in this chapter underscore its importance as a tool
for comprehensive environmental monitoring and management. By integrating remote sensing
data into various fields, we can address complex challenges, improve resource management,

and foster a more sustainable interaction with our environment.
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