GEOS 5325: Study Notes


Text in brackets ([ ]) are notes from the instructor and follow the applicable text.

The symbol ( indicates an important definition or concept that the student should know.
Source:

Remote Sensing: ENGINEER MANUAL

US Army Corps of Engineers, ENGINEERING AND DESIGN (EM 1110-2-2907, 1 October 2003)
Notes:

Definition of Remote Sensing.

(Remote sensing describes the collection of data about an object, area, or phenomenon from a distance with a device that is not in contact with the object. More commonly, the term remote sensing refers to imagery and image information derived by both airborne and satellite platforms that house sensor equipment. The data collected by the sensors are in the form of electromagnetic energy (EM). Electromagnetic energy is the energy emitted, absorbed, or reflected by objects. 

(Electromagnetic energy is synonymous to many terms, including electromagnetic radiation, radiant energy, energy, and radiation.
Basic Components of Remote Sensing.
The overall process of remote sensing can be broken down into five components. These components are: 1) an energy source; 2) the interaction of this energy with particles in the atmosphere; 3) subsequent interaction with the ground target; 4) energy recorded by a sensor as data; and 5) data displayed digitally for visual and numerical interpretation.
Primary components of remote sensing are as follows:

• Electromagnetic energy is emitted from a source.

• This energy interacts with particles in the atmosphere.

• Energy interacts with surface objects.

• Energy is detected and recorded by the sensor.

• Data are displayed digitally for visual and numerical interpretation on a computer.
[Know these five (5) components.]
(Electromagnetic energy or radiation is derived from the subatomic vibrations of matter and is measured in a quantity known as wavelength. The units of wavelength are traditionally given as micrometers (µm) or nanometers (nm). 

(Electromagnetic energy travels through space at the speed of light and can be absorbed and reflected by objects.
(The origin of all energy (electromagnetic energy or radiant energy) begins with the vibration of subatomic particles called photons. All objects at a temperature above absolute zero vibrate and therefore emit some form of electromagnetic energy. (Temperature is a measurement of this vibrational energy emitted from an object.
(The lowest possible temperature has been shown to be –273.2oC and is the basis for the absolute temperature scale. The absolute temperature scale, known as Kelvin, is adjusted by assigning –273.2oC to 0 K (“zero Kelvin”; no degree sign). The Kelvin scale has the same temperature intervals as the Celsius scale, so conversion between the two scales is simply a matter of adding or subtracting 273.  

(Because all objects with temperatures above, or higher than, zero Kelvin emit electromagnetic radiation, it is possible to collect, measure, and distinguish energy emitted from adjacent objects.
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Figure 2-3. Propagation of the electromagnetic and magnetic field. Waves vibrate perpendicular to the direction of motion; electric and magnetic fields are at right angle to each other.  These fields travel at the speed of light.
Nature of Electromagnetic Waves. 

Electromagnetic energy travels along the path of a sinusoidal wave (Figure 2-3). 

(This wave of energy moves at the speed of light (3.00 × 108 m/s). All emitted and reflected energy travels at this rate, including light. 

Electromagnetic energy has two components, the electric and magnetic fields. 

(This energy is defined by its wavelength (() and frequency (().  

These fields are in phase, perpendicular to one another, and oscillate normal to their direction of propagation (Figure 2-3). 

(Familiar forms of radiant energy include X-rays, ultraviolet rays, visible light, microwaves, and radio waves. 

[Know these examples are all radiant energy.]

(All of these waves move and behave similarly; they differ only in radiation intensity.

[This is an important concept.]
Measurement of Electromagnetic Wave Radiation.

Wavelength. 

(Electromagnetic waves are measured from wave crest to wave crest or conversely from trough to trough. This distance is known as wavelength (( or "lambda”), and is expressed in units of micrometers (µm) or nanometers (nm) (Figures 2- 4 and 2-5).
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Frequency. 

(The rate at which a wave passes a fixed point is known as the wave frequency and is denoted as ( (“nu”). The units of measurement for frequency are given as Hertz (Hz), the number of wave cycles per second (Figures 2-5 and 2-6).

[image: image4.png]



Figure 2-6. Frequency (() refers to the number of crests of waves of the same wavelength that pass by a point (P) in each second.

Speed of electromagnetic radiation (or speed of light). 

(Wavelength and frequency are inversely related to one another, in other words as one increases the other decreases. Their relationship is expressed as:
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[Remember this concept: As wavelength increases, frequency decreases; as wavelength decreases, frequency increases.]

This mathematical expression also indicates that wavelength (() and frequency (() are both proportional to the speed of light (c). Because the speed of light (c) is constant, radiation with a small wavelength will have a high frequency; conversely, radiation with a large wavelength will have a low frequency.
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Electromagnetic Spectrum. 

(Electromagnetic radiation wavelengths are plotted on a logarithmic scale known as the electromagnetic spectrum. 

[Just remember that electromagnetic radiation is on a continuous scale known as the Electromagnetic Spectrum.]

The plot typically increases in increments of powers of 10 (Figure 2-7). For convenience, regions of the electromagnetic spectrum are categorized based for the most part on methods of sensing their wavelengths. For example, the visible light range is a category spanning 0.4–0.7 µm. The minimum and maximum of this category is based on the ability of the human eye to sense radiation energy within the 0.4- to 0.7-µm wavelength range.
Ultraviolet. 

(The ultraviolet (UV) portion of the spectrum contains radiation just beyond the violet portion of the visible wavelengths. Radiation in this range has short wavelengths (0.300 to 0.446 µm) and high frequency. 

[Just member UV has short wavelength and high frequency.]

(UV wavelengths are used in geologic and atmospheric science applications. Materials, such as rocks and minerals, fluoresce or emit visible light in the presence of UV radiation. The florescence associated with natural hydrocarbon seeps is useful in monitoring oil fields at sea. In the upper atmosphere, ultraviolet light is greatly absorbed by ozone (O3) and becomes an important tool in tracking changes in the ozone layer.

[Be able to give two (2) examples of use of UV wavelengths from the list above.]

Visible Light. 

(The radiation detected by human eyes is in the spectrum range aptly named the visible spectrum. Visible radiation or light is the only portion of the spectrum that can be perceived as colors. 

[Know the definition above.]

(These wavelengths span a very short portion of the spectrum, ranging from approximately 0.4 to 0.7 µm. Because of this short range, the visible portion of the spectrum is plotted on a linear scale (Figure 2-8). This linear scale allows the individual colors in the visible spectrum to be discretely depicted. 

[Just know that the visible spectrum is a very small portion of the EM spectrum.]

(The shortest visible wavelength is violet and the longest is red.

[Know that violet has the shortest wavelength of the visible spectrum and red has the longest.]

Visible light detected by sensors depends greatly on the surface reflection characteristics of objects. 

(Urban feature identification, soil/vegetation discrimination, ocean productivity, cloud cover, precipitation, snow, and ice cover are only a few examples of current applications that use the visible range of the electromagnetic spectrum.

[Be able to give two (2) examples from the list above.]

Infrared. 

(The portion of the spectrum adjacent to the visible range is the infrared (IR) region. The infrared region plotted logarithmically, ranges from approximately 0.7 to 100 µm, which is more than 100 times as wide as the visible portion. The infrared region is divided into two categories, the reflected IR and the emitted or thermal IR; this division is based on their radiation properties.
[Know that IR is on the long wavelength side of the visible spectrum.  Also, know two categories of IR.]

Reflected Infrared. 

The reflected IR spans the 0.7- to 3.0-µm wavelengths. 

(Reflected IR shares radiation properties exhibited by the visible portion and is thus used for similar purposes. Reflected IR is valuable for delineating healthy verses unhealthy or fallow vegetation, and for distinguishing among vegetation, soil, and rocks.
[Don’t need to know precise wavelength values but do know two (2) examples from above.]

Thermal Infrared. 

(The thermal IR region represents the radiation that is emitted from the Earth’s surface in the form of thermal energy. 

Thermal IR spans the 3.0- to 100-µm range. These wavelengths are useful for monitoring temperature variations in land, water, and ice.

[Know that Thermal IR useful for monitoring temperature changes.]

Microwave. 

(Beyond the infrared is the microwave region, ranging on the spectrum from 1 µm to 1 m (bands are listed in Table 2-3). Microwave radiation is the longest wavelength used for remote sensing. 

[Remember this point: Microwave is the longest wavelength used for remote sensing.]

This region includes a broad range of wavelengths; on the short wavelength end of the range, microwaves exhibit properties similar to the thermal IR radiation, whereas the longer wavelengths maintain properties similar to those used for radio broadcasts.
(Microwave remote sensing is used in the studies of meteorology, hydrology, oceans, geology, agriculture, forestry, and ice, and for topographic mapping. Because microwave emission is influenced by moisture content, it is useful for mapping soil moisture, sea ice, currents, and surface winds. Other applications include snow wetness analysis, profile measurements of atmospheric ozone and water vapor, and detection of oil slicks.

 [Be able to give two (2) examples of uses of microwave remote sensing from above.]

Energy as it Relates to Wavelength, Frequency, and Temperature. 

(As stated above, energy can be quantified by its wavelength and frequency. It is also useful to measure the intensity exhibited by electromagnetic energy. Intensity can be described by Q and is measured in units of Joules.

[Know that intensity is measured in Joules.]

Quantifying Energy. The energy released from a radiating body in the form of a vibrating photon traveling at the speed of light can be quantified by relating the energy’s wavelength with its frequency. The following equation shows the relationship between wavelength, frequency, and amount of energy in units of Joules:
[image: image7.png]T —

Plaeksconant (66 1071 3)

300 < 10" it spend o ight
e )

frequency (eyclesiscond. Hz).





( The equation for energy indicates that, for long wavelengths, the amount of energy will be low, and for short wavelengths, the amount of energy will be high. 

[Do not need to memorize formula; just understand the relationships.]
(For instance, blue light is on the short wavelength end of the visible spectrum (0.446 to 0.050 µm) while red is on the longer end of this range (0.620 to 0.700 µm). Blue light is a higher energy radiation than red light.
[This is a good example.  Remember earlier note that in visible light violet has the shortest wavelength and red the longest.  Now, we know that blue light has higher energy radiation than red light.  So, UV, X-Ray, and Gamma Ray radiation, all with shorter wavelengths, are more intense than visible, IR, microwave, TV and radio radiation, which have longer wavelengths on the EM Spectrum.]

The relationship between energy and wavelengths has implications for remote sensing. For example, in order for a sensor to detect low energy microwaves (which have a large λ), it will have to remain fixed over a site for a relatively long period of time, know as dwell time. Dwell time is critical for the collection of an adequate amount of radiation. Conversely, low energy microwaves can be detected by “viewing” a larger area to obtain a detectable microwave signal. The latter is typically the solution for collecting lower energy microwaves.

[Dwell Time – how long sensor remains fixed over a site.]

Energy emitted from an object is a function of its surface temperature (refer to Paragraph 2-4c and d). An idealized object called a black body is used to model and approximate the electromagnetic energy emitted by an object. A black body completely absorbs and re-emits all radiation incident (striking) to its surface. A black body emits electromagnetic radiation at all wavelengths if its temperature is above 0 Kelvin. 
[The black body provides a theoretical basis for comparison.

(The Wien and Stefan-Boltzmann Laws explain the relationship between temperature, wavelength, frequency, and intensity of energy.

[You don’t have to know the formulae, just the implications of them.]

… wavelength is shown to be an inverse function of energy. 

( It is also true that wavelength is inversely related to the temperature of the source. Using this formula (Wien's Displacement Law.), we can determine the temperature of an object by measuring the wavelength of its incoming radiation.
Stefan-Boltzmann Law states that the total energy radiated by a black body per volume of time is proportional to the fourth power of temperature.
(This simply means that the total energy emitted from an object rapidly increases with only slight increases in temperature. Therefore, a hotter black body emits more radiation at each wavelength than a cooler one.
[These two sentences encapsulate Stefan-Boltzmann.]

Together, the Wien and Stefan-Boltzmann Laws are powerful tools. 

(From these equations, temperature and radiant energy can be determined from an object’s emitted radiation. 

For example, ocean water temperature distribution can be mapped by measuring the emitted radiation; discrete temperatures over a forest canopy can be detected; and surface temperatures of distant solar system objects can be estimated.
[This paragraph tells us the importance of Wien and Stefan-Boltzmann.  If we can measure an object’s emitted radiation, we can determine its temperature and radiant energy.]

(Passive energy is emitted directly from a natural source. The Sun, rocks, ocean, and humans are all examples of passive sources.

(Active energy is energy generated and transmitted from the sensor itself. A familiar example of an active source is a camera with a flash. In this example visible light is emitted from a flash to illuminate an object. The reflected light from the object being photographed will return to the camera where it is recorded onto film. Similarly, active radar sensors transmit their own microwave energy to the surface terrain; the strength of energy returned to the sensor is recorded as representing the surface interaction.
[Be able to define passive and active energy and give one example of each.  Remember that the designation of active or passive is relative to the sensor, not the energy source.]

(The total distance the radiation travels in the atmosphere is called the path length. For electromagnetic radiation emitted from the Earth, the path length will be half the path length of the radiation from the sun or an active source.
(As radiation passes through the atmosphere, it is greatly affected by the atmospheric particles it encounters. This effect is known as atmospheric scattering and atmospheric absorption and leads to changes in intensity, direction, and wavelength size. The change the radiation experiences is a function of the atmospheric conditions, path length, composition of the particle, and the wavelength measurement relative to the diameter of the particle.
(Rayleigh scattering dominates when the diameter of atmospheric particles are much smaller than the incoming radiation wavelength (ф<λ). This leads to a greater amount of short wavelength scatter owing to the small particle size of atmospheric gases. Scattering is inversely proportional to wavelength by the 4th power. This means that short wavelengths will undergo a large amount of scatter, while large wavelengths will experience little scatter. Smaller wavelength radiation reaching the sensor will appear more diffuse.
(Rayleigh scattering accounts for the Earth’s blue sky. We see predominately blue because the wavelengths in the blue region (0.446–0.500 µm) are more scattered than other spectra in the visible range. At dusk, when the sun is low in the horizon creating a longer path length, the sky appears more red and orange. The longer path length leads to an increase in Rayleigh scatter and results in the depletion of the blue wavelengths. Only the longer red and orange wavelengths will reach our eyes, hence beautiful orange and red sunsets. In contrast, our moon has no atmosphere; subsequently, there is no Rayleigh scatter. This explains why the moon’s sky appears black.
[Know that Rayleigh scattering involves atmospheric particles that are smaller than the wavelength of the incoming radiation.  This causes the sky to appear blue.  As the sun becomes “lower” to the horizon later in the day, Rayleigh scattering intensifies and the blue is almost completely diffused, leaving longer wavelength energy (orange, red, etc.).]

(Mie scattering occurs when an atmospheric particle diameter is equal to the radiation’s wavelength (ф=λ). This leads to a greater amount of scatter in the long wavelength region of the spectrum. Mie scattering tends to occur in the presence of water vapor and dust and will dominate in overcast or humid conditions. This type of scattering explains the reddish hues of the sky following a forest fire or volcanic eruption.
[Just know that Mie scattering occurs when the particle diameter is equal to the wavelength of the radiation.  This causes the sky to look red from dust or smoke, as opposed to the red sky at sunset (which is Rayleigh scattering).]

(Nonselective scattering dominates when the diameter of atmospheric particles is much larger than the incoming radiation wavelength ((ф >>λ). This leads to the scatter of visible, near infrared, and mid-infrared. All these wavelengths are equally scattered and will combine to create a white appearance in the sky; this is why clouds appear white.
[Nonselective scattering occurs when atmospheric particles are much larger than the wavelength of the radiation, which scatters the visible, near IR and mid-IR.  This makes clouds appear white.]

([Three types of scattering: Rayleigh, Mie, and Nonselective.  Remember the following and you’ll be OK:

· Rayleigh – particles smaller than wavelength; makes the sky blue.

· Mie – particles about the same size as wavelength; makes sky red when hazy, smoky, or dusty.

· Nonselective – particles much larger than wavelength; makes clouds look white]

Absorption of electromagnetic radiation is another mechanism at work in the atmosphere. This phenomenon occurs as molecules absorb radiant energy at various wavelengths … (Ozone (O3), carbon dioxide (CO2), and water vapor (H2O) are the three main atmospheric compounds that absorb radiation. Each gas absorbs radiation at a particular wavelength.
[Know these three (3) as the main atmospheric compounds that absorb radiation.  Know the main forms of radiation that each absorbs (below).]

Ozone (O3) absorbs harmful ultraviolet radiation from the sun. Without this protective layer in the atmosphere, our skin would burn when exposed to sunlight.

Carbon dioxide (CO2) is called a greenhouse gas because it greatly absorbs thermal infrared radiation. Carbon dioxide thus serves to trap heat in the atmosphere from radiation emitted from both the Sun and the Earth.

Water vapor (H2O) in the atmosphere absorbs incoming longwave infrared and shortwave microwave radiation.

(The areas of the spectrum that are not severely influenced by atmospheric absorption are the most useful regions, and are called atmospheric windows.
(Together atmospheric scatter and absorption place limitations on the spectra range useful for remote sensing.
[This is an important consideration.]

When acquiring data, it is important to be aware of any corrections that may have been applied to the data. Correction models can be mathematically or empirically derived.
Measured or empirical data collected on the ground at the time the sensor passes overhead allows for a comparison between ground spectral reflectance measurements and sensor radiation reflectance measurements.
Alternatively, corrections that are mathematically derived rely on estimated atmospheric parameters from the scene. These parameters include visibility, humidity, and the percent and type of aerosols present in the atmosphere. Data values or ratios are used to determine the atmospheric parameters. Subsequently a mathematical model is extracted and applied to the data for re-sampling.
[Know the difference between empirical and mathematical correction.]

(Electromagnetic energy that reaches a target will be absorbed, transmitted, and reflected. The proportion of each depends on the composition and texture of the target’s surface.

(Much of remote sensing is concerned with reflected energy.
[Know the three things that happen to EM energy that reaches a target.  Know the difference between the three and which one is most important to remote sensing (reflected).]

(Absorption occurs when radiation penetrates a surface and is incorporated into the molecular structure of the object. All objects absorb incoming incident radiation to some degree. Absorbed radiation can later be emitted back to the atmosphere.
(Transmission occurs when radiation passes through material and exits the other side of the object. Transmission plays a minor role in the energy’s interaction with the target.
(Reflection occurs when radiation is neither absorbed nor transmitted. The reflection of the energy depends on the properties of the object and surface roughness relative to the wavelength of the incident radiation. Differences in surface properties allow the distinction of one object from another.
(Reflectance is simply a measurement of the percentage of incoming or incident energy that a surface reflects.
[Know this definition.]

(Reflectance is a fixed characteristic of an object. Surface features can be distinguished by comparing the reflectance of different objects at each wavelength. Reflectance comparisons rely on the unchanging proportion of reflected energy relative to the sum of incoming energy. This permits the distinction of objects regardless of the amount of incident energy. Unique objects reflect differently, while similar objects only reflect differently if there has been a physical or chemical change. Note: reflectance is not the same as reflection.
[This is a key concept.]

Specular reflectance is a mirror-like reflection, which occurs when an object with a smooth surface reflects in one direction. The incoming radiation will reflect off a surface at the same angle of incidence. Diffuse or Lambertian reflectance reflects in all directions owing to a rough surface.
[Know these two types of reflectance.]

(Spectral radiance is the amount of energy received at the sensor per time, per area, in the direction of the sensor (measured in steradian), and it is measured per wavelength.
(A surface feature’s color can be characterized by the percentage of incoming electromagnetic energy (illumination) it reflects at each wavelength across the electromagnetic spectrum. This is its spectral reflectance curve or “spectral signature”; it is an unchanging property of the material. For example, an object such as a leaf may reflect 3% of incoming blue light, 10% of green light and 3% of red light. The amount of light it reflects depends on the amount and wavelength of incoming illumination, but the percents are constant. 

(Unfortunately, remote sensing instruments do not record reflectance directly, rather radiance, which is the amount (not the percent) of electromagnetic energy received in selected wavelength bands.
(The spectral regions that will be most useful in a remote sensing application depend on the spectral signatures of the surface features to be distinguished. …
In general, vegetation studies include near IR and visible red data, water vs. land distinction include near IR or SW IR. Water quality studies might include the visible portion of the spectrum to detect suspended materials.
[Know these three examples or Critical Spectral Regions.]

(Spectral reflectance curves for many materials (especially minerals) are available in existing reference archives (spectral libraries). Data in spectral libraries are gathered under controlled conditions, quality checked, and documented.
[Just know that spectral libraries store spectral signatures (spectral reflectance curves) for materials that can be used for comparison to remotely sensed data to determine what is on the ground.]

(Data collected at a sensor are converted from a continuous analog to a digital number. This is a necessary conversion, as electromagnetic waves arrive at the sensor as a continuous stream of radiation.
(Digital number values for raw remote sensing data are usually integers. Occasionally, data can be expressed as a decimal. The most popular code for representing real numbers (a number that contains a fraction, i.e., 0.5, which is one-half) is called the IEEE (Institute of Electrical and Electronics Engineers, pronounced I-triple-E) Floating-Point Standard. ASCII text (American Standard Code for Information Interchange; pronounced ask-ee) is another alternative computing value system. This system is used for text data. You may need to be aware of the type of data used in an image, particularly when determining the digital number in a pixel.
[Know what integers (whole numbers), decimals, Floating-Point, and ASCII refer to and what they are.]

(Satellite data can be displayed as an image on a computer monitor by an array of pixels, or picture elements, containing digital numbers. The composition of the image is simply a grid of continuous pixels, known as a raster image. The digital number (DN) of a pixel is the result of the spatial, spectral, and radiometric averaging of reflected/emitted radiation from a given area of ground cover (see below for information on spatial, spectral, and radiometric resolution). The DN of a pixel is therefore the average radiance of the surface area the pixel represents.
[Know definition of raster image and what DN represents.]

(The value given to the DN is based on the brightness value of the radiation. For most radiation, an 8-bit scale is used that corresponds to a value range of 0–255. This means that 256 levels of brightness (DN values are sometimes referred to as brightness values — Bv) can be displayed, each representing the intensity of the reflected/emitted radiation.
[Know that 8-bit refers to a scale of 0 to 255 (8-bit refers to 28, or “2 to the eighth power”, which equals 256).  Know that a pixel with a Bv of 0 appears black and one with a Bv of 255 appears white.  Thus, dark pixels have low DN (Bv) values and bright pixels have high DN (Bv) values.]

(Sensors collect wavelength data in bands.
(Computers are capable of imaging three primary colors: red, green, and blue (RGB). This is different from the color system used by printers, which uses magenta, cyan, yellow, and black [CMYK]. The color systems are unique because of differences in the nature of the application of the color. (In the case of color on a computer monitor, the monitor is black and the color is projected (called additive color) onto the screen. (Print processes require the application of color to paper. This is known as a subtractive process owing to the removal of color by other pigments. For example, when white light that contains all the visible wavelengths hits a poster with an image of a yellow flower, the yellow pigment will remove the blue and green and will reflect yellow. Hence, the process is termed subtractive. The different color systems (additive vs. subtractive) account for the dissimilarities in color between a computer image and the corresponding printed image.
[Know that computers use RGB and printers use CMYK.  Know that computer monitors use an additive process and printing uses a subtractive process.  Know that this is why monitors and printers don’t always match where colors are concerned.]

(When displaying an image on a computer monitor, the software allows a user to assign a band to a particular color (this is termed as “loading the band”). Because there are merely three possible colors (red, green, and blue) only three bands of spectra can be displayed at a time. The possible band choices coupled with the three-color combinations creates a seemingly endless number of possible color display choices.
[Regardless of how many bands you capture with the sensor, the computer can only load three at a time.]

(When interpreting the brightness of a gray scale image, the brightness simply represents the amount of reflectance.

(White pixels in a color composite represent areas where reflectance is high in all three of the bands displayed. White is produced when 100% or each color (red, green, and blue) are mixed in equal proportions. Black pixels are areas where there is an absence of color due to the low DN or reflectance. The remaining color variations represent the mixing of three band DNs.
(A major consideration when choosing a sensor type is the definition of resolution capabilities. “Resolution” in remote sensing refers to the ability of a sensor to distinguish or resolve objects that are physically near or spectrally similar to other adjacent objects. The term high or fine resolution suggests that there is a large degree of distinction in the resolution. High resolution will allow a user to distinguish small, adjacent targets. Low or coarse resolution indicates a broader averaging of radiation over a larger area (on the ground or spectrally). Objects and their boundaries will be difficult to pinpoint in images with coarse resolution. The four types of resolution in remote sensing include spatial, spectral, radiometric, and temporal.
(An increase in spatial resolution corresponds to an increase in the ability to resolve one feature physically from another. … Spatial resolution is best described by the size of an image pixel. A pixel is a two-dimensional square-shaped picture element displayed on a computer.
[Know these two definitions.]

(To gauge the resolution needed to discern an object, the spatial resolution should be half the size of the feature of interest.
[This is a good rule of thumb to remember.]

(Spectral resolution is the size and number of wavelengths, intervals, or divisions of the spectrum that a system is able to detect. Fine spectral resolution generally means that it is possible to resolve a large number of similarly sized wavelengths, as well as to detect radiation from a variety of regions of the spectrum. A coarse resolution refers to large groupings of wavelengths and tends to be limited in the frequency range.
(Radiometric resolution is a detector’s ability to distinguish differences in the strength of emitted or reflected electromagnetic radiation. A high radiometric resolution allows for the distinction between subtle differences in signal strength.
(Temporal resolution refers to the frequency of data collection. Data collected on different dates allows for a comparison of surface features through time. If a project requires an assessment of change, or change detection, it is important to know: 1) how many data sets already exist for the site; 2) how far back in time the data set ranges; and 3) how frequently the satellite returns to acquire the same location.
(Increasing resolution tends to lead to more accurate and useful information; however, this is not true for every project. The downside to increased resolution is the need for increased storage space and more powerful hardware and software. High-resolution satellite imagery may not be the best choice when all that is needed is good quality aerial photographs. It is, therefore, important to determine the minimum resolution requirements needed to accomplish a given task from the outset. This may save both time and funds.
(Low altitude aerial photographs have been in use since the Civil War, when cameras mounted on balloons surveyed battlefields. Today, they provide a vast amount of surface detail from a low to high altitude, vertical perspective. Because these photographs have been collected for a longer period of time than satellite images, they allow for greater temporal monitoring of spatial changes.
(Resolution in aerial photographs is defined as the resolvable difference between adjacent line segments. Large-scale aerial photographs maintain a fine resolution that allows users to isolate small objects such as individual trees. Photographs obtained at high altitudes produce a small-scale, which gives a broader view of surface features.
[Here’s a way to remember the difference between large-scale and small-scale: when you look at a ratio scale, think of it as a fraction.  E.g., 1:1000 would be 1/1000, as opposed to 1:100,000, which we could think of as 1/100,000.  In this example, 1/1000 is 100 times larger than 1/100,000, so 1:1000 is the larger scale.  So, the smaller the scale numbers to the right of the colon, the larger the scale.]
(In addition to the actual print or digital image, aerial photographs typically include information pertaining to the photo acquisition. This information ideally includes the date, flight, exposure, origin/focus, scale, altitude, fiducial marks, and commissioner.
(If the scale is not documented on the photo, it can be determined by taking the ratio of the distance of two objects measured on the photo vs. the distance of the same two objects calculated form measurements taken from a map.

Photo scale = photo distance/ground distance = d/D
(Photos are interpreted by recognizing various elements in a photo by the distinction of tone, texture, size, shape, pattern, shadow, site, and association.
(Aerial-photos are shot in a sequence with 60% overlap; this creates a stereo view when two photos are viewed simultaneously. Stereoscopic viewing geometrically corrects photos by eliminating errors attributable to camera tilt and terrain relief.
(To maintain accuracy it is important to correlate objects seen in the image with the actual object in the field. This verification is known as ground truth.
(The use of balloons and other platforms created geometric problems that were eventually solved by the development of a gyro-stabilized camera mounted on a rocket. This gyro-stabilizer was created by the German scientist Maul and was launched in 1912.
(The world’s first artificial satellite, Sputnik 1, was launched on 4 October 1957 by the Soviet Union. It was not until NASA’s meteorological satellite TIROS –1 was launched that the first satellite images were produced.  Working on the same principles as the camera, satellite sensors collect reflected radiation in a range of spectra and store the data for eventual image processing.
(The 1970’s brought the introduction of the Landsat series with the launching of ERTS-1 (also known as Landsat 1) by NASA. The Landsat program was the first attempt to image whole earth resources, including terrestrial (land based) and marine resources. Images from the Landsat series allowed for detailed mapping of landmasses on a regional and continental scale.
(A notable event in the history of the Landsat program was the addition of TM (Thematic Mapper) first carried by Landsat 4. The Thematic Mapper provides a resolution as low as 30 m, a great improvement over the 70-m resolution of earlier sensors. The TM devise collects reflected radiation in the visible, infrared (IR), and thermal (IR) region of the spectrum.
(France’s SPOT (Satellite Pour l’Observation de la Terra) has provided reliable high-resolution (20 to 10 m resolution) image data since 1986.
(Continuous operation improves the temporal data needed to assess local and global change. Researchers are currently able to perform a 30-year temporal analysis using satellite images on critical areas around the globe. This time frame can be extended back with the incorporation of digital aerial photographs.
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