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ABSTRACT:

The “Remote Sensing” technique proves itself as a boom in an economic development all over. This technical paper briefly deals with application and result of remote sensing techniques and its types.  As we know that “Remote Sensing” is the science and art of acquiring information (spectral, spatial, temporal) about material objects, area, or phenomenon, without coming into physical contact with the objects, or area, or phenomenon under investigation. Without direct contact, some means of transferring information through space must be utilized. In remote sensing, information transfer is accomplished by use of electromagnetic radiation (EMR). EMR is considered to span the spectrum of wavelengths from 10-10 mm to cosmic rays up to 1010 mm, the broadcast wavelengths, which extend from 0.30-15 mm. Targets in remote sensing images may be any feature, which can be observed in an image, and have the point, line, or area feature. But the target must be distinguishable i.e. it must contrast with other features around it in the image. Remote sensing images can also be represented in a computer as arrays of pixels, with each pixel corresponding to a digital number, representing the brightness level of that pixel in the image. When remote sensing data are available in digital format, digital processing and analysis may be performed using a computer. Digital processing may be used to enhance data as a prelude to visual interpretation. Digital processing and analysis may also be carried out to automatically identify targets and extract information completely without manual intervention a human interpreter. Remote Sensing promises a great future. This paper also covers various Remote Sensing Instruments such as Aerial photography Color Infrared Film (CIR), Thermal Infrared Multispectral Scanner (TIMS), Airborne Oceanographic Lidar (AOL) with their respective applications. ”Remote Sensing” can be classified in two categories, firstly with respect to energy resources and other with respect to wavelength regions. On the basis of energy resources, it can be again classified as Active Remote Sensing and Passive Remote Sensing. Similarly, on the basis of wavelength it can be categorized in to Visible and Reflective Infrared Remote Sensing, Thermal Infrared Remote Sensing, Microwave remote Sensing. This paper also includes application of Remote Sensing in various fields such as in Agriculture, in Satellite, in RADAR, in Forestry, in Geology, in Selection of Petroleum Exploration Targets, in search and rescue etc.  
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INTRODUCTION: 
Remote Sensing is the science and art of acquiring information (spectral, spatial, temporal) about material objects, area, or phenomenon, without coming into physical contact with the objects, or area, or phenomenon under investigation. Without direct contact, some means of transferring information through space must be utilized. It was coined by Ms. Evelyn Pruitt in mid-1950’s when she, a geographer\ oceanographer, was with the U.S. office of Naval Research (O.N.R.) outside Washington D.C. In remote sensing, information transfer is accomplished by use of electromagnetic radiation (EMR). EMR is a form of energy that reveals its presence by the observable effects it produces when it strikes the matter. EMR is considered to span the spectrum of wavelengths from 10-10 mm to cosmic rays up to 1010 mm, the broadcast wavelengths, which extend from 0.30-15 mm. In much of remote sensing, the process involves an interaction between incident radiation and the targets of interest. This is exemplified by the use of imaging systems where the following seven elements are involved. Note, however that remote sensing also involves the sensing of emitted energy and the use of non-imaging sensors.

THE CONCEPT OF REMOTE SENSING:

When you view the screen of your computer monitor, you are actively engaged in remote sensing. 
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A physical quantity (light) emanates from that screen, which is a source of radiation. The radiated light passes over a distance, and thus is "remote" to some extent, until it encounters and is captured by a sensor (your eyes). Each eye sends a signal to a processor (your brain) which records the data and interprets this into information. Several of the human senses gather their awareness of the external world almost entirely by perceiving a variety of signals, either emitted or reflected, actively or passively, from objects that transmit this information in waves or pulses. Thus, one hears disturbances in the atmosphere carried as sound waves, experiences sensations such as heat (either through direct contact or as radiant energy), reacts to chemical signals from food through taste and smell, is cognizant of certain with the feature(s) under surveillance; techniques involve amassing knowledge pertinent to environments by measuring force fields, electromagnetic radiation, or acoustic energy employing cameras, radiometers and scanners, lasers, radio frequency receivers, radar systems, sonar, thermal devices, seismographs, magnetometers, gravimeters, scintillometers, and other instruments.

COMPONENTS OF REMOTE SENSING:

1. Energy Source or Illumination (A) - the first requirement for remote sensing is to have an energy source which provides electromagnetic energy to the target of interest.

2. Radiation and the Atmosphere (B) - as the energy travels from its source to the target, it will come in contact with and interact with the atmosphere it passes through. This interaction may take place a second time as the energy travels from the target to the sensor.

3. Interaction with the Target (C) - as the energy travels from its source to the target through the atmosphere, it interacts with the target depending on the properties of both the target and the radiation.

4. Recording of Energy by the Sensor (D) - after the energy has been emitted from the target, we require a sensor (remote - not in contact with the target) to collect and record the electromagnetic radiation. In order for a sensor to collect and record energy reflected or emitted from a target or surface, it must reside on a stable platform removed from the target or surface being observed. Platforms for remote sensors may be situated on the ground, on an aircraft or balloon (or some other platform within the Earth's atmosphere), or on a spacecraft or satellite outside of the Earth's atmosphere. Sensors may be placed on a ladder, scaffolding, tall building, cherry picker, crane, etc. Aerial platforms are primarily stable wing aircraft, although helicopters are occasionally used. Aircraft are often used to collect very detailed images and facilitate the collection of data over virtually any portion of the Earth's surface at any time.

5. Transmission, Reception, and Processing (E) - the energy recorded by the sensor has to be transmitted, often in electronic form, to a receiving and processing station where the data are processed into an image (hardcopy and/or digital).

6. Interpretation and Analysis (F) - the processed image is interpreted, visually and/or digitally or electronically, to extract information about the target, which was illuminated.

7. Application (G) - the final element of the remote sensing process is achieved when we apply the information we have been able to extract from the imagery about the target in order to better understand it, reveal some new information, or assist in solving a particular problem.

These seven elements comprise the remote sensing process from beginning to end.

REMOTE SENSING INSTRUMENTS:

1.Aerial Photography: - Many features which are difficult or impossible to see, standing on the ground become very clear when seen from the air. But, black and white photography only records about twenty-two perceptible shades of gray in the visible spectrum. Also, optical sources have certain liabilities; they must operate in daylight, during clear weather, on days with minimal atmospheric haze.

2.Color Infrared Film (CIR): - Detects longer wavelengths somewhat beyond the red end of the light spectrum. CIR film was initially employed during World War II to differentiate objects that had been artificially camouflaged. Infrared photography has the same problems that conventional photography has; you need light and clear skies. Even so, CIR is sensitive to very slight differences in vegetation. Because buried archeological features can affect how plants grow above them, such features become visible in color infrared photography.

3.Thermal Infrared Multispectral Scanner (TIMS): - A six-channel scanner that measures the thermal radiation given off by the ground, with accuracy to 0.1 degree centigrade. The pixel (picture element) is the square area being sensed, and the size of the pixel is directly proportional to sensor height. For example, pixels from Landsat satellites are about 100 feet (30 m) on a side, and thus have limited archeological applications. However, pixels in TIMS data measure only a few feet on a side and as such can be used for archeological research. TIMS data were used to detect ancient Anasazi roads in Chaco Canyon, NM.

4.Airborne Oceanographic Lidar (ADI): - A laser device that makes "profiles" of the earth's surface. The laser beam pulses to the ground 400 times per second, striking the surface every three and a half inches, and bounces back to its source. In most cases, the beam bounces off the top of the vegetation cover and off the ground surface; the difference between the two give information on forest height, or even the height of grass in pastures. As the lidar passes over an eroded footpath that still affects the topography, the pathway's indentation is recorded by the laser beam. The lidar data can be processed to reveal tree height as well as elevation, slope, aspect, and slope length of ground features. Lidar can also be used to penetrate water to measure the morphology of coastal water, detect oil forms, fluorescent dye traces, water clarity, and organic pigments including chlorophyll

5.Synthetic Aperture Radar (SAR): - SAR beams energy waves to the ground and records the energy reflected. Radar is sensitive to linear and geometric features on the ground, particularly when different radar wavelengths and different combinations of the horizontal and vertical data are employed. Different wavelengths are sensitive to vegetation or to ground surface phenomena. In dry, porous soils, radar can penetrate the surface

6.Microwave Radar: - Beaming radar pulses into the ground and measuring the echo is a good way of finding buried artifacts in arid regions (water absorbs microwaves). Man-made objects tend to reflect the microwaves, giving one a "picture" of what is underground

TYPES OF REMOTE SENSING: -

WITH RESPECT TO THE TYPE OF ENERGY RESOURCES

1.Passive Remote Sensing: - Makes use of sensors that detect the reflected or emitted electro-magnetic radiation from natural sources. The sun provides a very convenient source of energy for remote sensing. The sun's energy is either reflected, as it is for visible wavelengths, or absorbed and then re-emitted, as it is for thermal infrared wavelengths. Remote sensing systems which measure energy that is naturally available are called passive sensors. Passive sensors can only be used to detect energy when the naturally occurring energy is available. For all reflected energy, this can only take place during the time when the sun is illuminating the Earth. There is no reflected energy available from the sun at night. Energy that is naturally emitted (such as thermal infrared) can be detected day or night, as long as the amount of energy is large enough to be recorded.
2.Active remote Sensing: - Makes use of sensors that detect reflected responses from objects that are irradiated from artificially generated energy sources, such as radar. Active sensors provide their own energy source for illumination. The sensor emits radiation, which is directed toward the target to be investigated. The radiation reflected from that target is detected and measured by the sensor. Advantages for active sensors include the ability to obtain measurements anytime, regardless of the time of day or season. Active sensors can be used for examining wavelengths that are not sufficiently provided by the sun, such as microwaves, or to better control the way a target is illuminated. However, active systems require the generation of a fairly large amount of energy to adequately illuminate targets. Some examples of active sensors are a laser fluorosensor and a synthetic aperture radar (SAR).

WITH RESPECT TO WAVELENGTH REGIONS

Remote Sensing is classified into three types in respect to the wavelength regions 

1.Visible and Reflective Infrared Remote Sensing: - The energy source used in the visible and reflective infrared remote sensing is the sun. The sun radiates electro-magnetic energy with a peak wavelength of 0.5 [image: image3.png]


m. Remote sensing data obtained in the visible and reflective infrared regions mainly depends on the reflectance of objects on the ground surface. Therefore, information about objects can be obtained from the spectral reflectance. However laser radar is exceptional because it does not use the solar energy but the laser energy of the sensor. 

2.Thermal Infrared Remote Sensing: - The source of radiant energy used in thermal infrared remote sensing is the object itself, because any object with a normal temperature will emit electro-magnetic radiation with a peak at about 10 [image: image4.png]


m .

3.Microwave remote sensing: -There is two types of microwave remote sensing, passive microwave remote sensing and active remote sensing. In passive microwave remote sensing, the microwave radiation emitted from an object is detected, while the back scattering coefficient is detected in active microwave remote sensing. Active microwave sensors are generally divided into two distinct categories: imaging and non-imaging. The most common form of imaging active microwave sensors is RADAR. RADAR is an acronym for Radio Detection And Ranging, which essentially characterizes the function and operation of a radar sensor. The sensor transmits a microwave (radio) signal towards the target and detects the backscattered portion of the signal. The strength of the backscattered signal is measured to discriminate between different targets and the time delay between the transmitted and reflected signals determines the distance (or range) to the target.
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APPLICATION OF REMOTE SENSING:

1) Application in the field of satellite: - A satellite with remote sensors to observe the earth is called a remote-sensing satellite, or earth observation satellite. Remote-Sensing Satellites are characterized by their altitude, orbit and sensor.
Satellite remote sensing involves gathering information about features on the Earth's surface from orbiting satellites. These satellites carry two types of sensor systems known as "active" and "passive". A "passive" system generally consists of an array of small sensors or detectors, which record (as digital numbers) the amount of electro-magnetic radiation reflected and/or emitted from the Earth's surface. A multispectral scanner is an example of a passive system. An "active" system propagates its own electro-magnetic radiation and measures (as digital numbers) the intensity of the return signal. Synthetic Aperture Radar (SAR) is an example of an active system. 

VARIOUS REMOTE SENSING SATELLITES ARE AS FOLLOWS: - 
a) TRIOS Series (1960-1965) 
The Television and Infrared Observation Satellites.
b) NOAA It is the first generation of National Oceanic and Atmospheric Administration satellites and was as the first operation operational remote sensing satellite system. 
The third generation NOAA satellites are also successfully used for vegetation monitoring, apart from meteorological monitoring. It is equipped with Advanced Very High Resolution Radiometer (AVHRR) sensors, and is established at an altitude of 850 km. In polar orbit.
c) GMS Geo-synchronous meteorological satellite. It is established at an altitude of 36,000 km, and its main purpose is meteorological observations 
d) Landsat is established at an altitude of 700 Kms is a polar orbit and is used mainly for land area observation. 
e) Other remote sensing satellite series in operations are: SPOT, MOS, JERS, ESR, RADARSAT, and IRS etc.


2) Use of Remote sensing in the field of Agriculture: - Agriculture plays a dominant role in economies of both developed and undeveloped countries. Whether agriculture represents a substantial trading industry for an economically strong country or simply sustenance for a hungry, overpopulated one, it plays a significant role in almost every nation. The production of food is important to everyone and producing food in a cost-effective manner is the goal of every farmer, large-scale farm manager and regional agricultural agency. A farmer needs to be informed to be efficient, and that includes having the knowledge and information products to forge a viable strategy for farming operations. These tools will help him understand the health of his crop, extent of infestation or stress damage, or potential yield and soil conditions. Commodity brokers are also very interested in how well farms are producing, as yield (both quantity and quality) estimates for all products control price and worldwide trading. Satellite and airborne images are used as mapping tools to classify crops, examine their health and viability, and monitor farming practices. Agricultural applications of remote sensing include the following:

1. Crop type classification 

2. Crop condition assessment 

3. Crop yield estimation 

4. Mapping of soil characteristics 

5. Mapping of soil management practices 

6. Compliance monitoring (farming practices)

3) Use of Remote sensing in forestry: - Forestry applications of remote sensing include the following:

a) Reconnaissance mapping: 

Objectives to be met by national forest/environment agencies include forest cover updating, depletion monitoring, and measuring biophysical properties of forest stands. 

1. Forest cover type discrimination 

2. Agro forestry mapping 

b) Commercial forestry: 

Of importance to commercial forestry companies and to resource management agencies are inventory and mapping applications: collecting harvest information, updating of inventory information for timber supply, broad forest type, vegetation density, and biomass measurements. 

1. Clear cut mapping / regeneration assessment 

2. Burn delineation 

3. Infrastructure mapping / operations support 

4. Forest inventory 

5. Biomass estimation 

6. Species inventory 

c) Environmental monitoring 

Conservation authorities are concerned with monitoring the quantity, health, and diversity of the Earth's forests. 

1. Deforestation (rainforest, mangrove colonies) 

2. Species inventory 

3. Watershed protection (riparian strips) 

4. Coastal protection (mangrove forests) 

5. Forest health and vigor 

4) Use of Remote sensing in Geology: - Geology involves the study of landforms, structures, and the subsurface, to understand physical processes creating and modifying the earth's crust. It is most commonly understood as the exploration and exploitation of mineral and hydrocarbon resources, generally to improve the conditions and standard of living in society. Petroleum provides gas and oil for vehicle transportation, aggregate and limestone quarrying (sand and gravel) provides ingredients for concrete for paving and construction, potash mines contribute to fertilizer, coal to energy production, precious metals and gems for jewelry, diamonds for drill bits, and copper, zinc and assorted minerals for a variety of uses. Geology also includes the study of potential hazards such as volcanoes, landslides, and earthquakes, and is thus a critical factor for geotechnical studies relating to construction and engineering. Geological studies are not limited to Earth - remote sensing has been used to examine the composition and structure of other planets and moons. Remote sensing is used as a tool to extract information about the land surface structure, composition or subsurface, but is often combined with other data sources providing complementary measurements. Multispectral data can provide information on litho logy or rock composition based on spectral reflectance. Radar provides an expression of surface topography and roughness, and thus is extremely valuable, especially when integrated with another data source to provide detailed relief. Remote sensing is not limited to direct geology applications - it is also used to support logistics, such as route planning for access into a mining area, reclamation monitoring, and generating base maps upon which geological data can be referenced or superimposed.

5) Roles of Remote Sensing Techniques in Selection of Petroleum Exploration Targets: -
The selection of effective exploration targets is an important step to achieve success in oil exploration. The selections are dependent on studies of basic petroleum geological conditions. Petroleum geologists generally consider basins to be a basic geological unit of petroleum exploration and their main tasks is to find and determine various sedimentary basins. The remote sensing images have characteristics of realty and macro scope that provide accurate and visual data for directly determining geometric shapes of sedimentary basins. The remote sensing techniques are more effective and useful for understanding and studying those basins in the out-of-the-way mountains and remote deserts, such as the Tarim basin in northwest China.

6) Remote sensing application in search and rescue: - Search and Rescue (SAR) is one of the many applications that can benefit from remote sensing. Real-time data, collected over wide areas, reduce the uncertainty that is always present in maritime emergencies. Specifically, improvements in trajectory prediction, target detection, and survival estimation can be expected through the availability of remotely sensed data Remote sensing can help determine the wind and surface current velocities required to predict the trajectory of a SAR target. Remote sensing can also give clues to estimate the variability in the wind and surface currents. For trajectory prediction, the SAR needs is essentially the same as applied physical oceanography and meteorology. A multiple sensor approach will likely be required, with the results blended by a numerical model. Sea consult Marine Research Limited recommended the blending of real data into models for oil spill operations after trials on the west coast using ground based HF radar to detect surface currents. 

7) Remote sensing application in Radar: - Radar is actually an acronym that stands for Radio Detection And Ranging. It was developed in the early 1940s. Radar uses the echo principle. Radar equipment emits a high-energy radio signal from an antenna. The signal travels out from the source until it is reflected back by contact with an object. The radar antenna relays this signal to a scope where the image is displayed. Using the time it takes for the emitted signal to reach the object and reflect back to its source, the distance to the object can be computed. The radar signal is moving at the speed of light and can make such a trip in microseconds. In aviation, a ground radar antenna sends radio signal pulses into the sky. These signals are reflected back by aircraft flying in the airspace. The radarscope displays the direction and distance from which the signals are reflected back. 

CONCLUSION-:  At Last, Remote sensing proves itself as a boom in an economic growth all over the world. Various applications in the field of agriculture, Forestry, Satellites, RADARS, Geology, Search and rescue operations help in development of economies around the world.  Hence it promises a great future.
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