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			Preface

			Introduction to Remote Sensing is a basic textbook on remote sensing for all the students who wish to be introduced to the earth observation and earth sciences. Several questions collectively arise in the minds of various sections of humanity regarding the nature of our existence on this planet. Social well – being, environmental protection and equitable growth of the economy are major among them. For finding answers to all of these queries or even understand the scope of these problems, we need to have access to the right information regarding the right parameters at the right time. Among the variety of factors that would be needed for a proper, thorough investigation into these matters, the availability of geospatial data is one of the key factors as it enables us to study the changes that have been made to the environment because of our specific mechanical interferences. And more recently, the better and faster acquisition of the various geospatial data has gained traction among the various concerned entities around the world. This has resulted in a trend in technology that allows for access to detailed, timely, affordable and, most importantly, reliable data banks. And along with the increase in interest and the processing of these data, the technology facilitating the acquisition of the geospatial data is also fast expanding and improving, which has allowed for a vastly more rapid surge of information and communication technology.

			Geospatial data acquisition through the use of remote sensing technology is one of the key fundamental parameters that guide the whole endeavor. Therefore, this book goes through the factors and technologies that have assisted in the field of earth observation. Earth observation refers to the process of acquiring and processing data regarding the chemical, biological, and physical properties of Earth and then distributing and studying the compiled information to assess the state of the environment, the changes that are ongoing to it and the scope of the effect that human intervention has on it. This peripherally also includes activities like cartography, weather forecasting and military surveillance. The process of Earth observation results in data that is known as geospatial data. The acquisition of this data, however, is not the end – all – be – all of the whole processes. This represents merely the first step in a long cyclical process, including processing, analyzing, making necessary changes, and then again acquiring data to study the changes made as a result of the changes that have been implemented. This is the cyclic nature of the field of Earth observation, the structure of which is only changing in its scope and effectiveness and never its functions.

			There could be various applications for the specific geospatial data set, depending on the nature of the data and the intent of the observer. Sea levels, ocean temperature, the direction of sea currents are data sets that could be used by marine biologists, oceanographers, or weather forecasters. Spatial data regarding an urban population could be helpful for urban planners, disease centers for predicting the spread of a particular disease or even real estate businessmen. Ground elevation, inclination, soil moisture and vegetation cover could be helpful for forestry agents, developers, environmentalists, or for predicting forest fire spread. What these above examples tell us is that there could be various reasons for collecting and analyzing this data, but in today’s world, the acquisition of this data is of paramount importance both to maintain the sustainability of the various life forms on the planet and also for maintaining effective financial avenues. To accommodate these various needs, there is in use a wide variety of different methods and technologies for earth observation, which satisfy individual or multiple needs. 

			Remote sensing specifically refers to the observation of the various earth phenomena through the use of non–intrusive methods (generally, satellites or high flying airplanes).  For this book, however, Remote Sensing has been broadly defined as the process of observing earth-based objects, phenomena or processes through the use of airborne technology in a non–obtrusive manner of operation.  This definition clarifies both essential attributes of a “Remote Sensing” the “remote” part in its aerial non – obtrusive nature and “sensing” part in its observational and analytical functionalities. For “sensing,” there needs to be an input that is then processed to get a comprehensive medium of information sharing. In most cases, this initial stimulus turns out to be some sort of electromagnetic wave-like radio waves, Infrared waves, visible light waves, sound waves, etc. This stimulus is generally received on some kind of a sensor or film, which is then processed or developed into an effective medium of sharing, which facilitates the analysis and study of the information thus acquired. In the case of cameras, the stimuli are visible light, which is focused onto the film or sensor of the camera, which reacts to the presence of the focused light by capturing the scene. This is then either developed chemically (in case of old “film” cameras) or processed through an onboard computer (most digital cameras) and then reproduced in the form of a picture. This might be a description of the capture and reproduction of a visible light camera; however, the template and functionalities of the processes involved in the capture and reproduction of other electromagnetic stimuli are also similar.

			RS, as defined in the book, can be used for a variety of purposes like architecture, urban planning, archaeology, sub-terrestrial mapping, etc. However, for this book, the main focus of our discussion in terms of remote sensing shall be related to the observation related to the various environmental factors that affect the earth itself. And under the purview of this study comes the basic understanding of light as an electromagnetic wave, the interactions of light with matter, fundamentals of camera technology, fundamentals of various kinds of light and their imaging properties, development of earth observation satellites and their uses along with the possible future needs and respective technology developments in the sector.

			Even though there are so many textbooks written in this context of remote sensing, this book will provide a rudimentary idea about the concept. Firstly, the book is prepared by considering the target students’ knowledge of the English language. It provides an introduction to the methods/ techniques which acquire subsurface attributes. Being a book on the fundamentals of remote sensing, it endeavors to inspire abstract and conceptual thinking by facilitating and interpreting some simple but fundamental equations. Introduction to Remote Sensing aims at providing an objective approach concerning traditional remote sensing and photogrammetric topics: three types of sensors, viz., multispectral scanner, aerial camera and radar. Lastly, when compared to the conventional introductory books on which predominantly emphasizes the techniques, Introduction to Remote Sensing introduces to processes as well. In this context, it facilitates an appropriate framework when more detailed subjects on the same topic are being dealt with.
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			Chapter 

			1	Introduction to Remote Sensing Concepts and Systems

			1.1	Concepts of Remote Sensing

			The concept of remote sensing can be defined as the process of gathering information regarding the objects or the areas through electromagnetic radiation without keeping any physical contact with the object. It has turned out to be the everyday business for people, which is applied through a sense of smell, vision and hearing. The process of remote sensing is assuming the surface parameters from the electromagnetic radiation measurements that are originated from the surface of the earth. The electromagnetic radiation can be effused or revolved from the surface of the earth. The concept of remote sensing can be understood as the method of measuring and investigating the reflected or emitted electromagnetic energy that originates from different objects, which proves to help recognize and categorize the class, spatial distribution and substance of these objects. Human eye remote sensing activities mainly include observing cars driving from very close, reading newspapers, staring at the lecturer during the class etc. The solar light which gets reflected from these objects is being registered by the human eyes, which further helps in interpreting the variations intensity, colors and grey tones. The data originated from this human eye observation are then translated into more functional information. It provides a source of noticing large objects at a great dimension and time-related frequencies. Without touching an object, the process of acquiring information and data is termed as remote sensing.

			The role of remote sensing has catered huge importance in the broader scale of environmental aspects like zoology, forestry, geography, botany, geology, oceanography, agriculture & civil engineering. To gather necessary information regarding the environmental processes like water quality, crops, urban growth, land cover etc., earth observation satellite remote sensing is widely used. It is extensively used for civil engineering activities involving hydrological modeling, watershed studies, fluxes simulation, for disaster management services such as urban planning, drought and flood warning & monitoring etc. Remote sensing plays a useful role in developing a better understanding of the concept related to the ecological system of the earth. It has multiple uses in the real day to day business activities through which it gathered its importance in several fields. It is used for agricultural practices to detect nutrient or water shortage and crop development. 

			Remote sensing is also known as earth observation, which is mainly referred to as the method, technique or instrumentation, which is applied to sense or observe the earth’s surface by developing an image in a position at a distance, which is very much remote from the earth surface. Remote sensing plays a vital role in measuring the ozone hole in the atmosphere, understanding different types of ozone concentration dynamics in the atmosphere, and to identify the differences of the ozone concentration between the northern hemisphere and the southern hemisphere. The use of remote sensing is comparatively very high, which serves to meet the various purposes of the business activities. Valuable information is collected through remote sensing, which is used for forest maintenance and monitoring the natural reserves of the forests.

			1.2	Stages of Remote Sensing

			The process of remote sensing undergoes through different stages. The important stages of remote sensing mainly include:

			•	Release of electromagnetic radiation

			•	Energy circulation from the source to the object

			•	EMR interactivity and successive emission and reflection

			•	Energy transmission from the object to the sensor 

			•	Noting of energy or radiation by a sensor

			•	Noted information is transferred to the ground station

			•	Data processing into hard copy or digital image

			•	Performing the data analysis
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			Figure 1.1: Stages of remote sensing

			

			1.3	Benefits of Remote Sensing

			There are numerous benefits of remote sensing. Some of the few advantages of remote sensing are given below:

			•	Remote sensing helps in gathering data over different resolutions and scales.

			•	Remote sensing permits wide-area coverage, which allows regional surveys on different types of identifications and themes are holding numerous features.

			•	While gathering data on a variety of themes like agricultural fields, water etc., remote sensing entitles automatic coverage. 

			•	The remote sensing data are digital, which can be easily analyzed and processed on a computer. 

			•	Remote sensing enables map revision at a scale of small to medium that turns it faster and less expensive. 

			•	Through the process of remote sensing, the data that are collected are further analyzed and evaluated at the laboratory by lowering down the amount of work that needs to be undertaken on the field. 

			•	In remote sensing, the synoptic view can be obtained.

			•	The data that is remotely sensed can be analyzed and processed in a very easy and fast manner with the help of a computer, which is further used for several other purposes.

			•	Through remote sensing, one can easily locate forest fire or floods that can spread over a wide region. This, in turn, proves to help make plans to rescue the mission easily. 

			•	Remote sensing helps in generating the color composition from three individual band images than a single band image or photograph by way of rendering in-depth details of the area. 

			•	It furnishes data of every unreachable and remote region. 

			1.4	Drawbacks of Remote Sensing

			Apart from its advantages, remote sensing systems also hold some of the disadvantages in its functioning process. The below-mentioned points are some of the drawbacks of the remote sensing system. 

			•	The information that is derived from the remote sensing data may be temporary and incomplete. 

			•	Remote sensing data collection sometimes incomplete because most of the time large-scale engineering maps cannot be made from the satellite data.

			•	The areas or objects can be confused or misclassified.

			•	Confusion may arise as the data are mostly collected from multiple sources.

			•	For gathering the small area details, the method of remote sensing does not prove to be cost-effective and cheap. It is an expensive process. 

			•	For analyzing and interpreting the data of remote sensing, skilled persons are needed.

			•	Most of the satellite imagery is expensive.

			•	While analyzing the imagery, the availability of clouds can result in an obstacle.

			•	Remote sensing does not prove to be a universal solution even though it is popularly applied in several applications and fields. In many specific areas, the remote sensing method cannot be used. 

			•	Remote sensing holds spatial and poor temporal resolution, which further creates several issues and difficulties in analyzing the data. 

			•	After the introduction of the remote sensing satellites, if any sort of problem takes place, then it will be tough to maintain and control its functioning. 

			•	While analyzing and interpreting the remote sensing data, there are chances of human-induced error occurrence. 

			

			1.5	Common Terminology

			1.5.1	Electromagnetic Energy or Radiation

			Electromagnetic radiation or electromagnetic energy is referred to as the propagated energy in the form of an interaction between the magnetic and the electric fields. This electromagnetic radiation travels with the velocity of light. There are different forms of electromagnetic energy that are used while using the remote sensing technique. Therefore, the various forms of electromagnetic energy mainly include ultraviolet rays, heat, visible light, radio waves and X-rays. Sunlight is also considered as another form of electromagnetic radiation. The crucial elements for describing the electromagnetic wave are its wavelength, frequency, amplitude and power. It is a form of energy that prevails around us. Electromagnetic radiation takes several forms, such as gamma rays, radio waves, X-rays and microwaves. The theory of electromagnetism was developed by James Clerk Maxwell in the year 1873. It was believed that electricity and magnetism are the two different forces. The theory of electromagnetism describes the concepts regarding “How the electrically charged particles interact with each other and with magnetic fields.” The four electromagnetic interactions are described below:

			•	Like electric charges, paired magnetic poles attract and repeal with each other.

			•	The repulsion or the attraction force between the electric charges is inversely proportional to the square of their distance.

			•	The wire has an electric current that generates a magnetic field, but its direction is based on the direction of the current.

			•	Moving electric field generates a magnetic field, and a moving magnetic field also produces an electric field. 

			The objects that are near the earth’s surface or near the earth’s surface may scatter or reflect electromagnetic radiation released by an artificial source, namely microwave or laser radiation, flashlight or sunlight. When an automatic particle like an electron is driven by an electric field that leads it to move, it generates electromagnetic radiation. The movement tends to generate the magnetic fields and oscillating electric fields that travel in the straight angles of light energy known as a photon. In the terminology of remote sensing, the electromagnetic radiation or energy is expressed in terms of wavelength (λλ) or frequency (f). 

			E = h c f = h c / λ

			Where f stands for the “frequency in Hertz,” c stands for “celerity or speed of light (3 x 108 m/sec)”, h stands for “Planck’s constant (6.626 x 10-34 Joules sec-1)” and λ is expressed as “wavelength in micrometers (1µm = 10-6 m).”

			From the given equation, it can be stated that longer wavelength has a lower content of energy and higher wavelengths have a higher content of energy. Based on the characteristics of the materials, all matters radiate or reflect a wide range of electromagnetic energy. Therefore, the measurement of the electromagnetic radiation is applied to discover and hypothesizes its properties. 

			1.5.2	Electromagnetic Spectrum

			The persistence of all the electromagnetic waves that are arranged as per the wavelength and frequency is called the electromagnetic spectrum. Electromagnetic energy gets radiated from the earth, sun and other bodies in accordance with the diverge wavelength. The pattern of the electromagnetic wave is generally developed in the two variable fields, i.e., one in the magnetic field and others in the electric field. The electromagnetic spectrum is defined as the distribution of the electromagnetic energy as per its wavelength or frequency. The waves of the electromagnetic radiations usually move as per the speed of light in a vacuum at a broader range of photon energies, wavelength and frequencies. The electromagnetic spectrum usually includes ultraviolet radiation or visible lights along with the span of electromagnetic radiation. Several portions depend on the differences in the behavior of the electromagnetic spectrum like transmission, emission or absorption of the waves along with their several practical applications. The ranges of these portions tend to overlap since there are no accepted boundaries between them. Light is considered as a specific form of electromagnetic radiation, which is sensed and seen by the human eye, but such radiation prevails at a wide range of wavelengths. The electromagnetic spectrum proves to be an essential element for electromagnetic radiation in remote sensing. 
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			Figure 1.2: Electromagnetic spectrum

			The electromagnetic spectrum that belongs to the longest to shortest wavelength or lowest to highest frequency involves different kinds of rays, waves and radiations, which are further used for spectroscopy. UV rays, gamma rays, radio waves, visible light, X-rays, infrared are some of the known aspects of the electromagnetic spectrum. For measuring the wavelength of the electromagnetic waves, the basic unit is called a micron. The electromagnetic spectrum of the waves is categorized based on the wavelength sections. The spectrum of the electromagnetic radiation is generally categorized into seven regions for raising the frequency and energy and lowering the wavelength. Depending on the wavelength, the waves of the electromagnetic spectrum are categorized into different sections. The gamma rays are considered as the shortest waves with a size of less or 10-6 microns of wavelengths. However, the longest waves of the spectrum are considered as the radio waves with many kilometers of wavelength. It is important to note the fact the spectrum can be associated only based on the concept of colors. Violet: 0.40μm, blue 0.48μm, green 0.54μm, yellow 0.58μm, orange 0.60μm, red 0.65μm. The thermal infrared region holds the properties of shorter wavelengths, while the longer wavelengths are generally used for the radio broadcasts. 

			

			1.5.3	Remote Sensing Systems

			Passive remote sensing systems generally use natural sources of energy that are available from the sun. It makes use of solar energy, which is considered as the main source of electromagnetic radiation. It is used to detect the energy when there is a presence of energy that is naturally occurring. Active remote sensing is the method of remote sensing where the energy is produced and sent from the platform of remote sensing towards the targets. With the help of the active remote sensing, several microwave remote sensing is done. Active remote sensors need a large amount of energy generation to illuminate the targets adequately. Synthetic aperture radar and laser floro–sensor are some of the examples of the active sensors. With the growing population on the planet, it is very much essential to study and understand the various environmental positions and its physical process that helps in regulating our climate and environment. The remote sensing system is one of those systems which help in understanding the climate and weather condition of the environment which has become the critical need of the planet. It also provides research quality geophysical satellite products to conduct a thorough study of the variability of the weather and climate. 

			Few important applications of remote sensing systems are as follows: 

			•	Agriculture 

			•	Mapping ( civil engineering, topography)

			•	Natural renewable resources like soils, oceans, wetlands and forests

			•	News media (analysis, illustrations etc.)

			•	Military surveillance

			•	Environmental monitoring and assessment

			•	Global monitoring and change detection (deforestation, atmospheric ozone depletion, global warming)

			•	Meteorology

			•	Exploration of non-renewable resources (natural gas, oil, minerals)

			There are several remote sensing systems to meet the requirements of various data users by way of providing a large range of temporal, spatial and spectral parameters. The data of the remote sensing systems are used to validate and initialize various computer models, which further helps in predicting and simulating the environment of the earth. 

			The remote sensing systems mainly include major parameters: 

			•	Spatial resolution: It holds the ability to discriminate the tiny objects which are of various sizes that are found on the ground. With the higher spatial resolution, the smaller objects can be easily identified. 

			•	Temporal resolution: At a regular interval, it holds the ability to view a similar target under the same conditions. 

			•	Radiometric resolution: Depending on the emittance or reflectance difference, the sensors of radiometric resolutions hold the capability to discriminate the two targets. The capability is measured for the smallest emittance or reflectance that can be possibly recognized. Smaller radiance difference can be remarked or noticed between the two targets with the higher radiometric resolutions. 

			•	Spectral resolution: Data collection is done with the help of the spectral resolution. 

			The ideal remote sensing system constantly provides uniform sources of energy over all the wavelengths, high output levels. It also aims at providing the non-interfering atmosphere that does not reform the transmitted or emitted sources of energy from the object in any way. It must have multiple data users with the requisite knowledge in its disciplines & also in data analysis and data acquisition techniques of remote sensing. The collected information will be available to the multiple data users at a very less expense and faster speed, which will further prove to be helpful for them in making a necessary decision as well as implementing those decisions as well. The basic component of the ideal remote sensing system is to have a highly sensitive super sensor in all the wavelengths. The super sensor should be accurate, reliable, simple and economical without any space or power. 

			1.5.4	Spectral Reflectance Curves

			“The spectral reflectance curves are generally developed by breaking the rock samples into powder form and measuring the sample brightness using band pass filters that allow only a limited wavelength band through.” An object’s reflectance properties are based on the material along with its chemical as well as physical state. The reflectance properties also depend on the roughness of the surface and the geometric circumstances. The spectral reflectance curves show the object reflectance as one of the wavelength function. The wavelength of the electromagnetic energy keeps on changing with the reflectance of the material. The differences that are generated in the reflectance curves helps in detecting the features of the earth’s surface by way of evaluating the signatures of the spectral reflectance. The signatures of the spectral reflectance originate from the absence or presence, structure & direction of the specific features of surface absorption. There are several ways to record the pattern of the spectral reflectance of a surface or object. The measurements of the reflectance are done in the field with the help of a captured or field spectrometer along with other remote sensors that are produced on the satellite and aircraft. It is also done in the laboratory. The detail level of the reflectance curve is based on the spectral resolution of the sensor. A large number of data points are gathered with the help of the field and laboratory spectrometers to calculate the materials reflectance percent at hundreds of wavelengths. Spectral reflectance curve illustrates “the light reflectance from a surface, like paper, wavelength-by wavelength throughout the visible spectrum as a means of collecting the color of that surface.”

			 Advanced hyper-spectral sensors such as (AVIRIS) Airborne Visible / Infrared Imaging Spectrometer estimates 224 bands in a similar range, whereas Landsat 8 Operational land Imager estimates reflectance at 9 several bands between 400 to 2500 nanometers. These curves are used to ascertain brightness, paper color and whiteness with essential optical properties or elements that impact the quality of the printed material on the paper surface. 

			The surface types are categories into those that provide diffuse reflection and specular reflection where the reflectance acts as the directional property. For the diffuse surfaces like matte white paint, the reflection of the radiation is visible from all the angles almost equally or closes to equally. For such types of surfaces, the directional property of reflectance is uniform and is considered to be Lambertian. For specular surfaces, the reflectance will be close to zero at all the angles, excluding the suitable reflected angle. 
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