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Spectroscopy

Spectroscopy is a scientific measurement technigue. It measures
light that is emitted, absorbed, or scattered by materials and can be
used to study, identify and quantify those materials.

Continuous spectrum: a sample of light broken up of all
wavelengths

Emission Spectrum

Absorption Spectrum

Absorption Spectrum

From Wiggins

Spectroscopy is the study of light as a function of wavelength that has been
emitted, reflected or scattered from a solid, liquid, or gas (Clark, 1999)
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Imaging Spectroscopy (Hyperspectral Imaging)

The main objective of imaging spectroscopy (hyperspectral
Imaging) is to measure the spectral signatures and/or chemical
composition of all features within the sensor's field of view. (from

Elowitz)
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Imaging Spectroscopy (Hyperspectral Imaging)

The spectrum: plot of wavelength versus radiance or reflectance
The spectral signature can be used to identify and characterize a
particular feature, so it is a “fingerprint“ (from Elowitz)
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(from Martin 2012)
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Hyperspectral vs Multispectral
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Broadband
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Multispectral
10.4-12.4

A45-.52 1.52-.60 .63-.69 .79-.90 1.55-1.75 2.08-2.35

Hyperspectral 100s of Bands

Ultraspectral 1000s of Bands

(from Elowitz)
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Hyperspectral vs Multispectral

High Spectral Resolution

Quantification: Determines the abundance of
materials.

Characterization: Determines variability of
identified material (e.g. wet/dry sand, soil

yperspem tral particle size effects).

(100’s of bands) Identification: Determines the unique identity
of the foregoing generic categories (i.e.
material identification).

Discrimination: Determines generic categories
of the foregoing classes.

A0isiofbands)

Classification: Separates materials into
spectrally similar groups.

Panchromatic Detection: Determines the presence of
' materials, objects, activities, or events.

Low Spectral Resolution

(from Elowitz; and Plaza, 2009)
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¢ Which wavelengths?
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0.4-1.0 um: VNIR (visible-near-infrared)
1.0-2.5-pm: SWIR (short-wave infrared)

8-14 um: longwave-infrared 3-5 um: mid-infrared
(from Elowitz)
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Applications

Applications of Hyperspectral Imaging
REFLECTIVE

Red

400nmt 500 nm t 600 nm t 700 hm t 1100 nm

llluminates materials Penetrates water for Partially penetrates water ~ Detects camouflage/netting

in shadows bathymetry for bathymetry Maps shorelines

Penetrates water for Discriminates oil on Differentiates vegetation Identifies vegetation

bathymetry surface from water Detects watercraft on ocean
Identifies vegetation Man-made object queing

< — EMISSIVE

14000 nm

ongwave
Infrared

@

Dicriminates targets at night
Differentiates ocean temperatures
Detects smoke

Identification of gases
Thermometry

Detection and identification of gases
Supports thermal analysis
Differentiates vegetation density and
canopy cover

Discriminates mineral and soil types

Discrimates oil from water
Determines moisture content
Detects plumes

Discriminates camouflage/netting
Detects explosions

Identification of minerals

(from Elowitz)
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Conclusion

Spectroscopy is the study of light as a function of wavelength that has been
emitted, reflected or scattered from a solid, liquid, or gas

The spectral signature can be used to identify and characterize a particular
feature, so it is a “fingerprint*

Spectral range: 0.4-1.0 um: VNIR (visible-near-infrared) 1.0-2.5-um: SWIR
(short-wave infrared)
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