Visible, Near-Infrared and Shortwave Infrared Remote Sensing

Radiation Geometry

Just a quick review of some geometnic factors applicable to remote zensing. When dealing
with zatellites we have to consider both plane and spherical geometry. In casze you forgot, there are
21 radians in a circle (3607) which makes each radian equoal to approximately 575 Addiionally the
steradian (ster or =t) is a solid angle. It iz 2 measure of Area/Radius™ and in caze you were
wondenng there are 417 steradians in a sphere.

The figure below illustrates the general cazse of source-target-sensor geometry. As you can
zee 1n remote sensing it 13 necessary to consider the angle from nadsr of the source and the sensor as

well az the directions the source and senszor are pointing. One additional term you will come across
1z Solar Elevation, which iz the complement of the Solar Zenith Angle (5ZA). Many high to

moderate resolution sensors are primarily what we call nadir viewing, this means that they lock
eszentially straight down and have what 13 termed a narrow field-of-view (FOV), that 15 to say that
they only look over a few degrees from zide to zide. In thiz case, the problem is much smmplified
and only the Solar Zenrth Angle and Azimuth are of interest.
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One thing to be aware of 1= that 1t 1z rare that a system looks exactly perpendicular to the
sround surface. In this caze the actual area on the ground illeminating the sensor (As) iz related to
the area perpendicular to the sensor (Ap) m the following manner:

A =4, cosif



Radiation Quantities

Radiant Flux or Radiant Power (@, P") - time rate of flow of radiant enersy. The unit of radiant flux iz
a watt (Joule zec). Just to be complete 1 Joule = 1 Nm =1 kg m™ sec™.

Irradiance (E, M, H) - radiation incident upon a surface (W m™)
Emmittance and/or Exitance - radiation emitted from a surface (W ﬂ:l'::l

Intensity (T', T) - radiant flux emitted into a cone in a given direction divided by the solid angle of that
cone (it assumes the radiation iz emitted from a point source). The vnitz are W ster’.

Radigne (L', N) - radiant flux per unit area per unit solid angle. The units are W m™ ster'.

In remote sensing, the energy source iz uzually conzidered to be a point zource. If an mstrument's
field-of-view (FOV) 1z filled that 1z termed an extended source.

Wavelength Region of Interest

Generally spealong, the vizible portion (VIS) of the spectrum mens from 0.4 to 0.7
micrometers. 0.4 to 0.5 «m i1z conzidered the blue, (.3 to 0.6 «=m is conzidered the green and 0.6 to
0.7 =m 1z considered the red. Obviously, there 13 a constant gradation of perceived color with
wavelength. The near-nfrared (NIR) 15 then 0.7 to 1.3 «m while the shorbwave mnfrared (SWIE)

runz from approxmately 1.3 to 3.0 =m. Sometimes the vizible and near-nfrared are considered
together to be the VNIE

Basic Theory

When a photon iz incident on any earth surface feature there are three possible mteractions.
Energy can be absorbed, transmitted, or reflected. And because enerpy must be conszerved these
three mteractions must zum to unity.

E(A)=E A+ E(A)+E (A)=1
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The proportions of the incident energy that 1z absorbed, transmitted and reflected varies greatly
from one substance to another and from one wavelength to another (hence the dependency on
wavelength in the equation above). The following fisure illustrates the transmission, absorption and
reflection of a leaf. As you can see the leaf appears green because it reflects shghtly more light in the
green portion of the vizible spectrum than at other vizible wavelengths.
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Spectral Reflectance

In remote zensing we are most interested m the reflectance from an object and thas
represents the component of the mcident radiation that iz detected by the mstrument. In general
terms, reflectance is simply the ratio of the reflected energy (E ) to that mcident upon the surface

(E). For our purposes, reflectance iz more narrowly defined. We are interested mn the spactral
reflactance of an object, that iz to say the reflectance measured at a particular wavelensth (A). In

addibion both the mcident and reflected radiation are measured plane parallel to the surface. Thus
more concizely spectral reflectance 1z defined as:

_p.(4)
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Another commonly vsed term is albedo. Albedo () 15 simply the ratio of reflected to
incident energy meazured m a surface-parallel plane and mntegrated over the entire spectrum or a
portion thereof
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