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Elements of Remote Sensing
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What is EMR?
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Remote sensing requires a medium of | , cus wedly,s 1 odionian Conw & &5y
transmission (i.e., something must | |
convey information from the target sdizeius dawgi (5565 o3l
to the sensor).
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In environmental remote sensing, that | 8 9 kel S (isky o Sy el

something is electromagnetic
radiation (EMR).
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What is EMR?

EMR is the transfer of “light" energy
onh a wave or stream of particles at a
speed of 3 x 108 m s1(186,282 mi s).

It is the only type of energy transfer
that readily takes place in a vacuum
such as outer space.
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What is EMR?

All objects with a temperature above
absolute zero (-273° C or O K) emit
EMR.

Most objects also reflect EMR
emitted by other objects.
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Most of us are familiar with the
visible form of EMR.

However, it exists in many forms
besides visible light.

Among these are:

radio waves, microwaves, heat,
ultraviolet rays, X-rays, and gamma rays. 1
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What is EMR?

Natural Sources of EMR:

Long & Short
wavelength é"@ wavelength
radiation Ny radiation \
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Transmission
at the speed
of light, ¢

Jensen (2000)
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Wave definitions:

Whether in the form of radio waves
or visible light, all EMR is inherently
similar.

Electromagnetic waves are
characterized by wavelength,
amplitude, frequency, and velocity.
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Wave Model of Electromagnetic Energy
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An electromagnetic wave is composed of electric and magnetic vectors that are orthogonal to one
another and travel from the source at the speed of light (3 x 103 m s!). /
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Electromagnetic Wave
B tagnetic field

;L Electric field
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Wave definitions:

Wavelength (1) is the distance
between the crests or troughs of a
wave.

' wavelength (1) i
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Wave definitions:

The basic unit of wavelength measurement
is the meter (m) (1 m = 3.28 ft).

Ultra-violet, visible and infrared
wavelengths are measured in micrometers
(a.k.a. "microns”) (um) or nanometers (nm).

= 1um = 10 m or 0.000001 m
- 1 nm = 10-° m or 0.000000001 m

Radar wavelength is usually measured in
centimeters (cm)
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Wave definitions:

|Amplitude is the distance from a
wave's midpoint to its crest or

amplitude
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Wave definitions:

Frequency (v) is the number of crests
(cycles) passing a given point in one
second. Measured in hertz (Hz).

t=0 frequency = 5 Lz 1
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Wave definitions:

“'|High Frequency vs. Low Frequency

t=0  frequency =51z =1 t=0  frequency =1 51k t=|
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Radiation equations:

It is clear, then, that wavelength and
frequency are inversely proportional.

MAIN POINT: The longer the
wavelength, the lower the frequency.
The shorter the wavelength, the
higher the frequency.
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Radiation equations:

Relatively longer wavelength

|- A >
/\/\ Lower frequency
¢ |- A > |

amplitude

Relatively shorter wavelength <€ A >
4 3 2 1

J\/\/\fl\/\/\j\/\ Higher frequency
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Jensen (2000)
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Wave definitions:

Velocity (v) is the distance a wave
travels in a given period of time.

The velocity of electromagnetic
waves (c) is essentially constant.

- They travel at the speed of light:
3 x 108 ms1(186,282 mi s1).
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Radiation equations:

~Velocity always equals wavelength
times frequency:

C=AV

Thus ...

v=c/ A
and

A=c/vV

I
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Radiation equations:

As discussed, all objects with a
temperature above absolute zero

emit EMR.

| The total amount of EMR emitted by
an object can be calculated using the

Stefan-Boltzmann Law. 1l
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Radiation equations:

The Stefan-Boltzmann Law states
that emitted radiation (M,) from an
object, measured in Wm32, is
proportional to the fourth power of
its femperature, measured in degrees
K:

M, = cT?

where o is the Stefan-Boltzmann constant:
5.67 x 108 Wm-2K4

I




Spectral radiant exitance (Wm” um’)
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Radiation equations:

We also can determine the dominant
wavelength (A, ,,) radiated from an
object based on Wien's Displacement
Law :

Max = K/T

max

where k is a constant equal o 2898 um K,
and T is the object’s temperature in degrees K.
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Mmax = K /T £S5 _)31')‘.; i
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where k is a constant equal to 2898 um K,
and T is the object’s femperature in degrees K.
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Radiation equations:

|Examples:

1) Sun = 6000 K
50, Aoy = 2898 um K / 6000 K
Thus, A, =0.483 um

2) Earth = 300 K
50, Aoy = 2898 um K / 300 K
Thus, A, = 9.66 um

- .
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Units and Dimensions
The SI System

Dimension Unit Symbol(s)
Length Meter/Micrometer (m, um)
Area Square meter (m?)
Volume Cubic meter (m?)
Mass gram (2)
Time second (s)
Temperature Kelvin (K)
Energy joule ()
Velocity meter/second (m/s)
Power Joule/second (watt) (j/s)
Energy Flux Density watt/square meter (W/m?)







