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Figure 1.1 Electromagnetic remote sensing of earth resources.
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C = VA

Electric field

3 A = Wavelength (distance between
successive wave peaks)
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Magnetic field

Velocity of light

v = Frequency
(humber of cycles per second
passing of a fixed point)

Figure 1.2 Electromagnetic wave. Components include a sinusoidal electric wave (E) and a similar mag-
netic wave (M) at right angles, both being perpendicular to the direction of propagation.




Wavelength (um)

06 0.7 (um)

blue
green

Near-infrared

/

(1Tmm) {(1m)

10 102 10° 10* 10° 10° 107 10®° 10° Wavelength (um)

>
) +/~ )}) ’% )&u/
L P, - (S Ca ()
) 7 Lo o) 4,
/,? i@ @O, o Y

Electromagnetic spectrum.




M= oT* (1.4)

where
M = total radiant exitance from the surface of a material, watts (W) m™
o = Stefan—Boltzmann constant, 5.6697 X 1078 Wm 2 K™*
T = absolute temperature (K) of the emitting material

)

Fa

A
A, =2 1.5
m T ( )
where
A,, = wavelength of maximum spectral radiant exitance, um
A = 2898 um K
T = temperature, K
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Figure 1.4 Spectral distribution of energy radiated from blackbodie
(Note that spectral radiant exitance M, is the energy emitted per unit wavelength interval.
- the spectral radiant exitance curves.)

Total radiant exitance M is given by the area under
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Figure 1.5 Spectral characteristics of (a) energy sources, (b) atmospheric transmittance, and
(c) common remote sensing systems. (Note that wavelength scale is logarithmic.)




where
= incident energy
= reflected energy
E, = absorbed energy
E; = transmitted energy

with all energy components being a function of wavelength A.
Equation 1.6 is an energy balance equation expressing the interrelation-
ship among the mechanisms of reflection, absorption, and transmission. Two

E,(L) = Incident energy E()) = Ea(A) + Ea(A) + Ex(A)
. Eg()) = Reflected energy
N y

N

Exlr) = Absorbed energy E+(A) = Transmitted energy

Figure 1.6 Basic interactions between electromagnetic energy and an earth surface
feature.
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Figure 1.7 Specular versus diffuse reflectance. (We are most often interested in measuring the diffuse

refiectance of onjects.)




Ex(A) = Ef(A) — [Ex(A) + Ex(A)]

_ ExQd)
~ E(\)

P)

_energy of wavelength A reflected from the object
energy of wavelength A incident upon the object

X 100

where p, is expressed as a percentage.
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Figure 1.8 Generalized spectral reflectance envelopes for deciduous (broad-leaved) and
coniferous (needle-bearing) trees. (Each tree type has a range of spectral reflectance values
at any wavelength.) (Adapted from Kalensky and Wilson, 1975.)
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Figure 1.10 Typical spectral reflectance curves for vegetation, soil, and water.
Adapted from Swain and Davis, 1978.)
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Plate 16 HyMap hyperspectral scanner data and spectral reflectance curves: (a) color IR composite of three hy-
perspectral IWJHLI\ (h) location of six minerals displayed on a grayscale image; (c) laboratory spulml reflectance
curves of selected minerals; (d) spectral reflectance curves of se selected minerals as determined from hyperspectral
data. Scale 1:40,000. (Courtesy American Society for Photogrammetry and Remote Sensing, Integrated Spectron-
ics Pty Ltd., and Analytical Imaging and Geophysics.) (For major discussion, see Section 5.14.)
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Plate 36 Radar interferogram, South Sister volcano, central Oregon Cascade Range, s
uplift caused by magma accumulation at depth. (Interferogram by C. Wicks, USC
discussion, see Section 8.9.)
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Plate 37 Radar interferogram showing subsidence in Las
Vegas, NV, 1992-1997. White lines indicate location of surface
faults. Scale 1:420,000. (Courtesy Stanford University Radar

Interferometry Group.) (For major discussion, see Section 8.9




where
L., = total spectral radiance measured by sensor
p = reflectance of object
E = irradiance on object, incoming energy
T = transmission of atmosphere
L, = path radiance, from the atmosphere and not from the object
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Figure 1.11 Atmospheric effects influencing the measurement of reflected solar energy. Attenuated
sunlight and skylight (F) is reflected from a terrain element having ret flectance p. The attenuated ra-
diance reflected from the terrain element (pET/@) combines with the path radiance (L)) to form the
total radiance (L,,) recorded by the sensor.







EMR is reflected by, or emitted from, the Earth’s surface

Sensors mounted-an.satellites collect this data

¢ Two main types of orbit:

Choice of orbit influences spatial coverage and repeat interval

?"Hr %




~700-800 km altitude
Near-polar, near-circular orbit

Satellite orbit is fixed in space and
Earth rotates beneath it

By inclining the orbit at 98.7° the

satellites are sun-synchronous (same
IHlumination conditions)

Cross the equator (N-S) at ~10.30am
local time

~90 minutes per orbit, ~15 orbits per
day

Direction of travel

Altitude = 705km (Nominal)
Orbit period = 98.9 minutes

| Time of day
| 9.45am (Local)

—




35 770 km altitude

24 hours period of orbit; thus
the satellite “floats’ above a
single point on the Equator

Global coverage with several
geostationary satellites in orbits

Good for repetitive observations,
poor spatial resolution

Large distortions at high
latitudes




Thematic Mapper (TM)

Band Spectral resolution (um) Application
Water penetration
Green vegetation
Chlorophyll absorption
Infrared vegetation reflectance
Moisture, cloud/snow, rocks
Temperature, soil moisture
Geology, hydrothermal alteration

Pixel size: 30x30 m for bands 1-5, 7 Temporal resolution: 16 days
120x120 m for band 6

Radiometric resolution: 8-bit (0-255) Image size: 185x185 km




Our basic data set Is just an
array of numbers, on a Band 1
CD-ROM or tape (0,45 - 0,52 ym)

There are many ways to
process this data set to
highlight different
Information contained

IN the data

The PIXEL is our basic unit

and corresponds to an area e
of the ground. The image is SN
composed of a number of ;

pixels with a DN representing
the amount of EMR reflected

and/or emitted from the

corresponding area of

the Earth’s surface in EACH
wavelength band

Bands (k)
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Figure 1.13 Analog-to-digital conversion process.
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Figure 1.12 Basic character of digital image data. (a) Original 500 row X 400 column digital image. Scale
000. (b) Enlargement showing 100 row X 80 column area of pixels near center of (a). Scale 1:40,000. (¢
< 8 column enlargement. Scale 1:4000. (d) Digital numbers corresponding to the radiance of each pixel
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Only certain steps are
allowed in x as well as
In the intensity axes
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Plate 2 Color-mixing proc . (e or

yperative when lights © ferent colors are
Color subtractive process—operative when ¢

superimposed. (Courtesy

d

or major discussion, see Section 2.
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Sensors mounted on Earth-orbiting satellites or aeroplanes
record spatial variations in the amount of electromagnetic
radiation emitted or reflected by the Earth's surface at several
different wavelengths

Applications: Meteorology,
oceanography, geology, agriculture,
environmental protection,
glaciology....
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