Rette Sensng
radar, lasers...

Reconnaissance from a distance %
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Adtive S UV, Visible,Near IR 58§°K
ctive Sensors o Sensors emitted

vs. in situ sensing (by contrast)

Remote _Scnsipg means Measuring _electromagnetic
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Electromagnetic Energy:

(oscillatiof” o alfelerition T an electrical charge)

fission, fusion, higher- to lower-energy eclectron orbit transitions, and

random movement of atoms and molecules of everything > 0 K

at 0 Kelvin (K) = -273°C or -460° F : all random molecular movement
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 Satellite remote sensing of earth

SeaWiFS Land-Ocean Chlorophyll

September 1997 to present ...

Important questions t answer
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~ 4 Where else could life begin?
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MODIS Land Reflecta’me and
Sea Surface Temperature

" Spectral Resolution -- whatwavelengthsdo we use
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How do we discuss and catagorize remote sensir

“the resolutions” S
Spatial Resolution-- whatsizewe can resolve ¢

Radiometric Resolution -- degree ofietail observed
Temporal Resolution-- howoften do we observe
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E;(M) = Incident energy

[E0 = Eg 0 + Ex 00 + Ep()

Eg (\) = Reflected energy
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E4 (M) = Absorbed energy Ep(\) = Transmitted energy
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Microwaves
L N | A =3cm

/—_'_\_/"_\v- 10* MHz

Infrared
—Ax—- A= 3 pm

T~ 7 T~ T T v=10°MHz

Visible light
boooa A =.5pm
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Gamma rays
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Radiation
Speed of light 5\ * frequency

The wavelength where the radiance is the greatest is given by
A 2898 umK
max = ——p——
known as Wien’s displacement law, where

Amax = wavelength of maximum radiance
T  =temperature (K)

From blackbody radiation, the emitted radiation follows Planck’s law
I = 2hc?
N TexpUic/NKT

oo
E, =0A I(DdA = oT*

where Stefan-Boltzman constant
¢ =speed of light (2.998 x 10'° cm s1)
h =Planck’s constant (6.626 x 10% erg s)
k =Boltzmann’s constant (1.381 x 101° erg K!)
0 =Stefan-Boltzmann constant (5.6697 x 10 W m2 K%




5880 K
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f Demissiviy « exilance of object ai temperaturs(T)

| perfect  radiator  exitance at same temperatore(T)
|

perfect radiator = black body = perfect absorber

i "M w =0T ' Total Energy flux; Emissivity = 1
T=300Kvs. T=600 K 16 times > energy at 600 K
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Sun’s radius=-698,450 km
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Incoming/Outgoing

5880 K

Amax = 2898/5880 = 0.4am

Blackbody
Selective radiator

Graybody
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Exoatmospheric
Solar Irradiancg
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atmospheric limb

Liquid Water
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Water = Life
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~ ClA'sCorona Program | CIA’s Corona Program

1960-1972>100 missions - R, "SR 2l %
Followed ‘a_ft'er U-2s... j
Platform: Spacecrazt_;‘

Sensor: Camera
Data SystemEilm Drop
Started:  August 1960

Coverage: 7.6 Bil mi2
Spatial Resolution: early missions @ 13 m, later missions @ 2 m

Spectral Resolution: visible and visible-near infrared (both film)

Radiometric Resolution: equivalent® 2 (4 to 6 bits)
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E4 (M) = Absorbed energy Eq(\) = Transmitted energy
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~ Leaf Spectral Reflectance

Reflectancg = 1.0 - Absorptiory

_ Leaf Optical Properties
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| Inséét-Viéiéh 4 Compbund'liyeé'

*« combine:Ap = D/R and 2A@= ND, eliminate D; thus

Do the algebra: R=6 m @ fovea &1 m off-fovea

T;'Ff.;'_; R = M(2A¢?). Agfor us = 1 arc min or 0.0003 radians;

| Inséét-Viéiéh .- Compound Eyes

You be
the judge -

Image projected onto
compound eye

Albert Einstein
Insect views AE

The “Intelligent Desigh‘eyej
argumentGod is a Bird of Prey?

. Raptors can see clearly a rabbit at 1500

: l‘ﬂaptors have 6x-8x better visiqn than humans
High degree of binocularity--greatest overlap of eyes
Have 2nd fovea (greatest # of rods & cones/unit area)

Very large eyes for their head size--bird brain/bird eye

Well-developed pecten to supply nutrients and @ reduces
blood vessels, reduces obstructions in front of rods & con

eS

All alone in our neighborhood of space

Apollo 12’s Classic Earth Rise from Moon

Image/Photographic Interpretation

contrast shadow volume crientation association(s)

textures

scale--representative fraction

black/white imagery: 16-32 tones or gray levels by human eye
l— ‘

color imagery: ~100 color bands by human eye ‘
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