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Contenidos

1. Imé&genes espectrales
2. Adquisicion de imagenes espectrales
3. Dispersion vs Difraccion

4. Hands-on experience




1. Imagenes Espectrales



Imagenes de Color vs Espectrales
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y
RGB - VIS Multiespectral Hiperespectral
~ 10 bandas > 100 bandas
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Sensores remotos (Satélites, aviones, y muchos mas)

= Landsat-7 | ~ Less than 1 minute
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Spaceborne
hyperspectral sensor

Swath width of
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Each pixel contains

a sampled spectrum
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reflectance
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Firma Espectral = Huella dactilar
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Spectral Classification

Areas de investigacion
(Hands-on)
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HYPERION AND WV3

FUSION
g4 7

a, US
© DigitalGlobe

WorldView-3
8

Number of  VNIR 50 (70)

!

bands [ owiR 117 (172) 8
GSD (m) VNIR 30 1.24
SWIR 30 7.5(3.7)
Swath width (km) 7.7 1341
Color composite of Hyperion Color composite of WV3-SWIR
RGB = (2.20,1.60,0.57) um RGB = (2.20,1.57,1.21) um

2011-09-19 2014-09-19 © DigitalGlobe
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HYPERION

Spectral unmixing
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HYPERION-WV3 FUSION
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HYPERTON

Fukushima, Japan
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Usos: Vegetacion vs Pasto Sintético




Usos: Materiales

RGB Image False-color image
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Aplicaciones de Iméagenes Espectrales

Visible




Aplicaciones de Imagenes Espectrales




UV vs VIS vs IR
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Aplicaciones: Madurez de frutos

400 T T T T T
— Ripe avocado
350 | = Ripening spot i
Less ripe avocado 1
= Spot on ripe avocado
300 Less ripe avocado 2

0 1 1 1 1 1
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wavelength (nm)
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Deep Space

James Webb Space Telescope
(10 USD billion camera)




Sensibilidad del JWST
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Diferentes sensores para diferentes rangos espectrales
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2. Métodos de Adquisicion de
Imégenes Espectrales



Whiskbroom
(pixel a pixel)

A
®
i / (wavelength)

x Y

Linear array /
2D array
detector

Dispersive
element

Point scan

Spectral res: high
Speed: low

Pushbroom
(linea a linea)

Line scan

Spectral res: high
Speed: medium

Filter-based
(banda a banda)

C
!z
» y

Wavelength scan

Spectral res: low - high
Speed: medium / high

Snapshot
(todo en uno)

Snapshot

Spectral res: low = high
Speed: high



Métodos de adquisicion: Whiskbroom

slectromechanical Satellite
A h
{ 5
b

o

o# |

g / (wavelength) . . . || Fo¥
Whiskbroom (Point-scanning)

. V e
X . e 0.8 ae e
Spatial ) ¢ ;

0.4 7 (5T Bl \
Linear array / 0.2 ki ]
urren mounag
2D array 1() Resolution Cell -7
deteCtor Scan Direction Flight Direction
Mechanical or Whiskbroom Scanning
0.8
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4 ; 0.4
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element 0.2
0
0
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= . 0.6
A Spatlal . 0.8
1
Point scan
Spectral res: high 32

Speed: low



Métodos de adquisicion: Pushbroom

2Darray g
detector S

Line scan

Spectral res: high
Speed: medium

Electronic Satellite Sensor

Pushbroom (Lilne-scanning)

0.8

Spatial ¢
0.4

A complete line of n cells

Is scanned at one tume

Pushbroom Concept

0.
Wavelength
0.4\

Spatial e
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Métodos de adquisicion: Filter-based

C
‘\’I/ Filter-based (Wavelength-scanning)
: 1
X ) Spatial h(]'x
0.4 :
2D array 0.2
detector l()
0.8
Wavelength -
()

[ X' Filters

Wavelength scan

Spectral res: low - high 34
Speed: medium / high



Métodos de adquisicion: Snapshot

1

7
i A ?
X y

Prism
array

Image

mapper 2P

S

b

Snapshot

Spectral res: low - high
Speed: high

Snapshot
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3. Dispersion vs Difraccion
(Prisma vs Rejilla)



transmission reflection » refraction
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Conceptos: Difraccion (Rejilla vs Prisma)

Diffraction grating Prism

Splits the sample spectrum Refracts ALL light to the CCD
into multiple "orders”

asdo

D
Light that fails C?Stside Light transmission through a prism

the CCD is wasted significantly increases sensitivity (S/N ratio)



Conceptos: Refraccion

air
optically
rarer

glass

opucally
denser
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Conceptos: Refraccion (Analogia)




Conceptos: Refraccion (Analogia)




Conceptos: Indice de Refraccion

Material
Vacuum
Gases at 0 °C and 1 atm
Air
Helium
Hydrogen
Carbon dioxide
Liquids at 20 °C
Water
Ethanol
Olive oil
Solids

Ice

Fused silica (quartz)

1.9

»
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S

e
~

1.000 293
1.000 036
1.000 132
1.000 45

—
o

refractive index n

1.333
1.36
1.47

=
Ul

1.4

1.31
1.46!11]

Lanthanum dénse flint LéaSF9

Dénse flint éSFlO

Bariij crown BaK4

Borosiliéate crowri BK7

- @ S — ol ol T

Fluorite crown FK51A

i i

0.4

0.6

0.8 1.0 1.2 1.4
wavelength A [um]
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Conceptos: Refraccion en prisma (Dispersion)

different colours of light have
different speed in glass prism

has
maximum speed

————Y
/ has

minimum speed




Conceptos: Refraccion en Dispersion

All colours of light have
same speed In air

/\




Conceptos: Refraccion Arcoiris

raindrop

dispersion

total internal
reflection

refraction

Refraccion-Reflexion-Refraccion




Principio de Difraccion

Huygens's Principle

“Every point of an advancing wavefront is a new

center of disturbance from which emanate
independent waves in all directions”

Center of Disturbance

©



Difraccidn con barrera externa

When waves of light pass through a small opening in a barrier

and as a result radiate out in all directions on the other side, we

call this diffraction. This is a result of Huygens's Principle. . .
Every part of the wavefront would spread out in all directions, D |ff raCtl on
but most of the wavefront is blocked by the material, so the

part that can spread out is not interfered with as it spreads.

Solid Barrier
\)
g ,J #i )"l.q '1"1 Iflil ! s
1)




Difraccion (Dual-slit)

There is a way of observing the effects of diffraction in light by passing the light
through a barrier with two slits cut out, and observing the pattern the light forms on a
second barrier beyond the first. The pattern shows clear maxima (points of
constructive interference) and minima (points of destructive interference)

111

49



Interferencia

Interferencia Constructiva Interferencia Destructiva
vl Y /(X\\//\\/ Wamdl ﬂ{ A/—);\\//—\\/[ Wave 1
s N F S B NS NS s S e
:: = /\ /\ Resultant 2 2 Resultant

QQM meaon XN



Difraccion (interferencia)

Constructive Interference

0 |

L 1 1 1

Destructive Interference
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Difraccion con multiples ranuras

w=50p d=150u 3 slits 4 slits 5 slits 7 slits

1 slit

3 slits

4 slits

5 slits

7 slits




ejilla de difraccion

Orders of diffracted light
Diffraction grating

RS ISTATIT Wavelengt 2 (ininanometers) :




Arquitecturas Opticas reales



1. Whisk-broom Scanner (spectrometer)

Broadband
Broadband Light
Light Collimating

Collimating Lens
Lens 0 @ l
l Diffraction @
Grating l

Slit

Diffraction
Grating

Focusing
Focusing Lens

Lens

Single Point
InGaAs Detector

Detector: DLP
InGaAs Micromirror Array 'ADC
Linear Array (Wavelength Selector)
Collection
Lens

Figure 1-1. Traditional Versus DLP-based Spectrometer >



1. Whisk-broom Scanner (spectrometer)

Collimating
Mirror

Focusing Mirror

Fiber Input

https:/ /www.youtube.com/watch?v=0I3plvL.hVcc

Line Detector

Diffraction
Grating

Image source: Ocean Optics, Inc.
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https://www.youtube.com/watch?v=OI3pIvLhVcc

1. Whisk-broom Scanner (spectrometer)

Collimating Wavepass Grating Focusing Detector
Lenses Filter Lenses Collection

Lenses
Slit

lllumination Sample
Module Window

Figure 1-3. DLP NIRscan Nano Optical Engine
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Focal plane
~array of camera

2. Push-broom Scanner

Focusing Optics /-~
Curved Mirrors

Target with Leaves \ | o -- Grating

Front Lens

Slit
Collimation Lens Spectrograph
’ Fore-Optic/Lens
Entrance port
with slit

Grating

Imaging Lens Hyperspectral

Spectrum
~onCCD

58



2. Push-broom Scanner
Slit Dispersed image on focal plane
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3. Filter-based Scanner

A checkerboand
Step motor Filter wheel f;'imcm' KIIOCMTVRE CANCA

i . '.A!’ )

o
ST mREY

=HE filters
=2 400 nni
® 2 2l 700 nm _ . 450 nm
O = g Z’
650 nm | . . 300 am
Camera Lens . .
GOnm S50 nm

400 500 600
nm nim nin nm



4. Snapshot Camera

CMOS Chip

256 hyperspectral
filter mosaics

’r.

v
512 hyperspectral filter mosaics

Intensity [a.u.]

250

1 hyperspectral filter
mosaic

291011112
13114/

== ) |r=ss

kYJ

1 CMOS pixel

2001

-
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o
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4. Snapshot Camera 5x5 CFA (Imec Inc.)




Compressive Snapshot Cameras (My Research)

Spectral

plane WA\
Image
plane

CASSI C-CASSI

https://scholar.google.com/citations?user=seyRms4AAAAJ&hl=en



https://scholar.google.com/citations?user=seyRms4AAAAJ&hl=en

:Qué diferencia a una imagen multispectral de una hiperespectral?
¢En qué se diferencia el fenémeno de la refraccion del de la difraccion?
;Puedes nombrar los componentes de una cdmara whiskbroom?
;Puedes nombrar los componentes de una cdmara pushbroom?

;Cual método de adquisicion es tu preferido y por qué?

64



4. Hands-on:
Imégenes Espectrales



Actualicemos el repositorio!

¥ main -~ ¥ 1Branch 0 Tag Q Goto file t Add file ~ <> Code ~

This branch is

i1 Contribute -~ ) Sync fork «




Actualicemos el repositorio!

x_, This branch is out-of-date

G

Update branch




Abrelo en colab usando “githubtocolab”

O & https://github.com/semills

l Agrega la palabra “tocolab” y da ENTER

5://githubtocolab.i.om




