


General Introduction to Remote Sensing and its Principles

Remote sensing is defined exactly as the name implies. Any act of gathering information on an object or physical phenomenon remotely can be categorized as remote sensing. This includes methods as simple as observing an object with one’s own eyes and as complex as launching a satellite-mounted radiometer hundreds of km into space to generate images of the surface of the Earth. In the context of terrestrial and extraterrestrial investigations, remote sensing typically refers to gathering information about a planetary surface or atmospheric features through the use of instruments mounted to satellites and, in the case of Earth, high-altitude aircraft. Even within this well-defined context, however, there are still many different types of remote sensors being used.

Scientists from many different disciplines use remote sensing for a vast array of applications on Earth. The types of sensors used to collect data about the Earth can be loosely split into two broad categories: active and passive. The former includes sensors like radar or LIDAR which use techniques similar to a bat or a dolphin’s echolocation to determine distances between the instrument and the observed point. By emitting electromagnetic pulses and measuring the amount of time it takes for the reflected pulse to return, an active sensor can determine the precise distance between itself and the point being measured. Also, by measuring the change in wavelength of the returning pulse, the instrument can make determinations about the velocity of the observed object. These measurements, when taken over a wide area, can generate a topographical map of a surface or plot atmospheric movements, but are poorly suited to determine surface composition and can generate no data on the appearance of a surface beyond its shape and movements. Most active sensors follow this trend. For example, Laser altimetry data are currently being gathered for the Moon and Mars, with the Lunar Orbiter Laser Altimeter (LOLA) and the Mars Orbiter Laser Altimeter (MOLA) instruments, respectively on board the Lunar Reconnaissance Orbiter (LRO) and the Mars Global Surveyor (MGS).

Passive sensing, however, employs an apparatus that focuses and collects incoming photons to generate data. A photon is a very small particle; it can be considered a light packet in that it is essentially an indivisible quantum of light energy. Any surface both emits and reflects photons in a fashion that is the characteristic of the surface’s features such as its atomic composition and temperature. Each radiated photon can be described by its frequency or, by converse relationship, its wavelength in the electromagnetic spectrum (see Figure 1). In a general sense, you can experience this phenomenon by simply looking at the objects around you. The appearance of everything you see is a function of the objects’ reflectance and emissivity properties. Colors you perceive represent collections of photons at specific frequencies being emitted and reflected from the objects you observe since the visible spectrum is a part of the whole electromagnetic spectrum. The amount of energy (in the form of photons) emitted and reflected from a given area for a given wavelength of light is known as that area’s spectral radiance. When one integrates the spectral radiance of an area across the entire energy spectrum, one can arrive at a value for that area’s total radiance.  Generally the instruments aboard a satellite used for passive remote sensing collect data by focusing on a relatively small area and collecting photons within a very narrow wavelength band for each of their detectors. This small area will represent one pixel of the final image. The area covered by one pixel represents the spatial resolution while the width and the location of all the instrument wavelength bands represent the spectral resolution of the instrument. For example, the Hyperion sensor mounted aboard the Earth Observing-1 satellite creates its images by focusing a telescope on a 30m x 30m square of the Earth’s surface and collects a radiance measurement for 242 spectral bands (although less than 220 are calibrated) from ~355nm to ~2580nm with each band being about 11nm wide. The sensor repeats this process for every pixel in a given scene, creating 242 images each representing the radiance over the entire scene for a specific band of the electromagnetic spectrum. 

More generally, instruments are grouped around the part(s) of the electromagnetic spectrum that they target: Gamma rays, X Rays, Ultra Violet, Visible, Infrared, Microwave and Radio. But most passive instruments that are represented in the IMAGEER database only acquire data in the visible and the infrared portions of the spectrum.

For more information on this topic, see the following references:
· Canada Center for Remote Sensing, Tutorial on the Fundamentals of Remote Sensing:
http://www.ccrs.nrcan.gc.ca/resource/tutor/fundam/index_e.php
· Campbell, J. B. (1996), Introduction to Remote Sensing, 2nd Edition, Guilford Press, NY
· Earth Observing 1 (EO-1) Mission; Advanced Land Imager (ALI) multispectral instrument and Hyperion hyperspectral instrument: http://edcsns17.cr.usgs.gov/eo1/
· Le Moigne, J. and Cromp, R. F. (1999), Satellite Imaging and Sensing, in J. G. Webster, Ed., The Measurement, Instrumentation and Sensors Handbook, CRC Press, pp. 73.42—73.63.
· Lillesand, T.M., and Kiefer, R.W. (1987), Remote Sensing and Image Interpretation, 2nd Edition, John Wiley & Sons, NY.
· Lunar Reconnaissance Orbiter (LRO): http://www.nasa.gov/mission_pages/LRO/spacecraft/index.html
· Lunar Orbiter Laser Altimeter (LOLA): http://lunar.gsfc.nasa.gov/lola/
· Mars Global Surveyor (MGS): http://mars.jpl.nasa.gov/mgs/
· Mars Orbiter Laser Altimeter (MOLA): http://mola.gsfc.nasa.gov/
· Short, N.M. (2009), The Remote Sensing Tutorial, http://rst.gsfc.nasa.gov/; also NASA Reference Publication 1078 and Library of Congress Catalog Card No. 81-600117.
· Wikipedia article on Remote Sensing: http://en.wikipedia.org/wiki/Remote_sensing

[image: ]
Figure 1
Electromagnetic Spectrum and Example of the Landsat-7 Enhanced Thematic Mapper (ETM+) Instrument Spectral Bands
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Figure 2
Illustration: Bands 2, 4, and 7 and Color Composite Image Using these 3 Bands. Extracted from a Landsat-7/ETM+ Instrument Scene Acquired April 28, 2001, over the Chesapeake Bay (Maryland & Virginia) Area 
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