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Synthetic Aperture Radar (SAR)
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Radar — What's the acronym?



Radar — What's the acronym?

RAdio Detection And Ranging
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What does SAR see?

e Structure

e Moisture
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Electromagnetic Spectrum

Radio Window \tmosphere Opag Optical
o Wavelengths Window

10°(Hertz) 10°Hz 10'2Hz 10'°Hz

__ Radiowaves W Wicowaves W nfrared _ _|

102 (meters) 10'm 10°m 10"m 102m 10°m 10“*m 105m 10:°m
(1m) (1.cm) (1m)
a V'S V'S
Wavelength = Wavelength = Wavelength =
length of a football field width of a baseball thickness of paper

Human*bodit
radiate heat

10"m 108

10"8Hz 102 Hz
_Iﬁﬂ_ Gamma Waves
10°m 10°m 10" m 10"2m
(1 nm)
A a
Wavelength = ) Wavelength =
width of a water molecule size of atomic nuclei

Source: National Aeronautics and Space Administration, Science Mission Directorate. (2010).
Introduction to the Electromagnetic Spectrum. Retrieved [insert date - e.g. August 10, 2016],

from NASA Science website: http://science.nasa.gov/ems/01_intro
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Radar Microwave Spectrum (approximately) SE;':'\"%R

Wavelength General Application
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Rarely used for SAR (airports surveillance)
Rarely used for SAR (H,0 absorption)
Rarely used for SAR (satellite altimetry)

High-resolution SAR (urban monitoring; ice and snow; little penetration into
vegetation cover; fast coherence decay in vegetated areas)

SAR workhorse (global mapping; change detection; monitoring of areas with
low to moderate vegetation; improved penetration; higher coherence); Ice,
ocean, maritime navigation

Little but increasing use for SAR-based Earth observation; agriculture
monitoring (NISAR will carry an S-band channel; expands C-band
applications to higher vegetation density)

Medium resolution SAR (geophysical monitoring; biomass and vegetation
mapping; high penetration; INSAR)

Biomass. First P-band spaceborne SAR will be launched ~2020; vegetation
mapping and assessment. Experimental SAR
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Radar Microwave Spectrum (approximately) SE;':'\"%R

Wavelength General Application

27 -40 GHz 1.1-0.8 cm Rarely used for SAR (airports surveillance)

K 18 -27 GHz 1.7-11 cm Rarely used for SAR (H,0 absorption)

Ku 12-18 GHz 24-17 cm Rarely used for SAR (satellite altimetry)

X 8-12 GHz 3.8-24 cm High-resolution SAR (urban monitoring; ice and snow; little penetration into
vegetation cover; fast coherence decay in vegetated areas)

C 4-8 GHz 7.5-3.8 cm SAR workhorse (global mapping; change detection; monitoring of areas with
low to moderate vegetation; improved penetration; higher coherence); Ice,
ocean, maritime navigation

S 2-4 GHz 15-7.5 cm Little but increasing use for SAR-based Earth observation; agriculture
monitoring (NISAR will carry an S-band channel; expands C-band
applications to higher vegetation density)

L 1-2 GHz 30-15 cm Medium resolution SAR (geophysical monitoring; biomass and vegetation
mapping; high penetration; INSAR)

P 0.3-1 GHz 100-30 cm Biomass. First P-band spaceborne SAR will be launched ~2020; vegetation

mapping and assessment. Experimental SAR



SAR backscatter values are determined by the sensor and object characteristics

« Sensor characteristics:
— Frequency/wavelength
— Polarization,
— Incidence angle,
— Slant-range direction

For time series analysis:

Always use data with same characteristics
1 To avoid errors in change detection

 Object characteristics:
— Increase in soil and vegetation moisture [ increase in backscatter

— Water bodies [1 low response (dark image) - However, wind and ocean currents can increase backscatter
response especially for short wavelengths (X, C bands)

— For longer wavelengths, double-bounce effect under the canopy can increase the backscatter response

UAF ALaska SaTeLLTE Facimy AN\ & /@ SJFPL
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Scattering mechanisms

» Three main scattering mechanisms:

- Rough surface scattering: water, bare soils, paved surfaces - scattering strongly dependent on surface roughness
and sensor wavelength

— Double bounce scattering: buildings, tree trunks, light poles, and other vertical structures - little wavelength
dependence

— Volume scattering: Vegetation; dry soils with high penetration — strongly dependent on sensor wavelength and
dielectric properties of medium

Double bounce scattering

Volume scattering

VEELEEUEEEEREELLELL

Rough surface scattering

Hig
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Polarizations

Horizontal Transmit
Vertical Receive

Horizontal Transmit
Horizontal Receive

Vertical Transmit
Horizontal Receive

Vertical Transmit
Vertical Receive
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SAR polarimetry

- Single polarization (single pol):
— VV or HH (or possibly HV or VH)

* Dual polarization (dual pol):
— HH and HV, VV and VH, or HH and VV

 Quad polarization (quad pol, fully-polarimetric):
- HH, VV, HV, and VH
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The concept of Synthetic Aperture Radar

Flight direction (along track)
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Combination of all acquisitions
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Geometric distortions due to viewing geometry (side-looking)

) N\ N\ [ N
Foreshortening Layover Shadow
- Sensor-facing slope « Mountain top overlain on * Area behind mountain
foreshortened in image ground ahead of mountain cannot be seen by sensor
* Foreshortening effects - Layover effects decrease . Shadow effects increase
decrease with increasing with increasing look angle with increasing look angle
look angle
Iay-over\l P
B'D / radar shadow
_f;--— ---------------------------------------------------------
ground range
\. ” /J U J y,
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Geometric terrain correction example

Original Image|
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Geometric terrain correction example

1

Corrected Imébe
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Radiometric Terrain Correction

e Problem: Sensor facing slopes appear overly bright in radar images

e Cause: Pixel Size on sensor facing slopes is larger — more ground is integrated
into pixel — brightness goes up

Solution: Radiometric Terrain Correction (RTC)
1. Using DEM and observation geometry, calculate exact equivalent area A

covered by each pixel
2. Normalize radar cross section by A to arrive at terrain normalized data

e

”

|
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RTC example
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The influence of signal polarization

Relative Scattering Strength by Polarization

e Rough Surface Scattering [S,, | > |S,,| > [S .l or [S,|

e Double bounce Scattering: |S | > |S,,| > [S,,| or [S,|

e Volume Scattering: Main source of |S | and [S|

i Legend )
Low Radar Brightness (|S|) High Radar Brightness (|S|)
B

g J
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Polarimetric example for Niamey, Niger
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Fully-polarimetric L-band SAR scenes from the ALOS PALSAR sensor over Niamey, Niger: from (a) to (c)
scattering powers from |S_ |, |S,,| and [S |, respectively. (d) RGB color combination ([S .|, [S [, [S,yI)
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SAR backscatter response from Vegetation in different Wavelengths and
Polarizations

X-BAND 3 cm

e

C-BAND 6 cm

X\

e
L-BAND 24 cm

PR

Increase in penetration depth with an
increase in wavelength

Y\\/‘x\/\

P-BAND 65 cm Polarimetric responses and the medium characteristics are dependent on the sensor wavelength
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Preprocessing steps, RTC and Geocoded Product

Read in
SAR data
Apply precise
orbit files

WORKFLOW FOR RADIOMETRIC_TERRAIN_CORRECTION AND GEOCODING

Reduction in
resolution to match
DEM'’s resolution

OPTIONAL STEPS

Speckle noise
reduction

Load in
DEM

________________________________________________
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Write data to
GeoTIFF




Preprocessing steps, RTC and Geocoded Product

1. Apply precise orbit files: updates metadata with a more precise orbit
information

Radiometric Calibration: Converts DN to backscatter (c°)

Multi-looking: Resolution reduction for DEM matching

Speckle Filter: Speckle noise reduction

Radiometric Terrain Correction (RTC): Backscatter intensity correction in pixels
that were distorted by viewing geometry (radiometric terrain flattening)
Geocoding/Geometric Terrain Correction (GTC): removes geometric image
distortions due to viewing geometry

o bk wnN

o
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SAR Handbook: Comprehensive Methodologies for
Forest Monitoring and Biomass Estimation

4 6.2 Radar Remote Sensing 4.1 scarmums wiowwiss ¥
/ HANLAOWT

> Freely-available eBook, interactive pdfs, and training modules;
result of a 2-year joint collaboration between NASA SERVIR &
SilvaCarbon

> Applied content, hands-on trainings to get started using SAR for AR L.
forest monitoring, biomass estimation, mangrove extent, time - s e
series analysis :

> Authored by world-renowned SAR experts from the NISAR Science
Team, US Forest Service, academia

> Reviewed and tested by the SERVIR Global network

> Downloadable open-source scripts and sample datasets for a

variety of forestry applications; useful for beginners to experts Selected pages from Ch. 6:

Radar Remote Sensing of Mangrove
Forests (by Dr. Marc Simard, Sr. Scientist &
mangrove specialist, NASA Jet Propulsion

Download the SAR Handbook here: https./bit.ly/2UHZtaw Laboratory)

SAR Handbook training modules and more: https://bit.ly/2GeKvAN
For more information, visit the SERVIR website: SERVIRglobal.net
Contact: Africa Flores-Anderson (africa.flores@nasa.gov)
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Google Earth Engine



Google Earth Engine

e Planetary-scale cloud
platform

e For access, processing, and
analysis of multitemporal
satellite data from different
sources

e Entire collections such as
the Landsat archive are
already there

e JavaScript or Python API

e Shareable scripts

e Own data upload

Go g|e Earth Engine Search places and datasets...
Scripts I3 YT Landsat - Phenology Model.js GetLink f| Save . Run || Reset vE 2 Console [t
~ Examples 37 // Set up the "design matrix" to input to the regression.
~ Image 38 - function createlLinearModelInputs(img) {
& From Name 39 var tstamp = ee.Date(img.get('system:time_start'));
| Where Operator 40 var tdelta = tstamp.difference(start, 'year');
g i 41 // Build an image that will be used to fit the equation
INormall_zed Difference 42 // €@ + clksin(2kpixt) + c2kcos(2kpixt) = NDVI
B Expression 43 var img_fitting = img.select()
i HDR Landsat .addBands (1)
B Hillshade .addBands (tdelta.multiply(2*Math.PI).sin())
B Landcover Cleanup .addBands (tdelta.multiply(2*Math.PI).cos())
) .addBands(img.select('NDVI'))
i Reduce Region N .toDouble();
B Bitwise And 49 return img_fitting;
I Canny Edge Detector gg }
lclenter BivotimgationDetec. 52 // Estimate NDVI according to the fitted model.
& Clamp . 53 - function predictNDVI(img) {
I Connected Pixel Count 54  var tstamp = ee.Date(img.get('system:time_start'));
i Download Example 55 var tdelta = tstamp.difference(start, 'year');
B From Name Landsat8 56 // predicted NDVI = c@ + clxsin(2kpixt) + c2xcos(2kpixt)
& HSV Pan Sharpening = IRl e b o gt O
I Houah Transform «

Use print(...) to write to this

console.
Original and fitted values 0]
—e—NDVI  —e— fitted
1.00
075
050
0.25 j .

Apr Jul Oct
2014 2014 2014

'
d Map data ©2017 Google ' 2kmi—

Source: Gorelick et al., 2017



Google Mission Statement =g

To organlze the world's mformatlon anq make |t
unlversally accessible and useful."

Source: Nick Clinton (https://000.al/n5Gh5Q)



https://goo.gl/n5Gh5Q

The Earth Engine Data Catalog

Landsat & Sentinel 1,2 MODIS Vector Data Terrain & Weather & Climate
10-30m, weekly 250m daily WDPA, Tiger Land Cover NOAA NCEP. OMI, ...

... and upload your own vectors and rasters

> 200 public datasets > 4000 new images every day

> 5 million images

Source: Nick Clinton (https://go0.al/n5Gh5Q)



https://goo.gl/n5Gh5Q

The Earth Engine Code Editor

Your Data Search Your Code

Data Inspector

/ ~_— Output Console

API Docs
\\igle rth Engine Q|

) Docs  Assets

| DEE O

// Compute the trend of nighttime lights from DMSP.

B Pixel Lon Lat
I Polynomial
I Zero Crossing
~ Image Collection
I Clipped Composite
I Expression Map
k Filtered Composite // Fit a linear trend to the nighttime lights collection.
I Linear Fit var collection e.ImageCollection( 'NOAA/DMSP-OLS/NIGHTTIME_LIGHTS')

5
2
3 // Add a band containing image date as years since 1991.
4
5
6
7
8
9
10

& Modis Cloud Masking ﬁ .select('s le_lights')
13
14
15
16
a7

- function createTimeBand(img) {

Your Scripts &
Example Scripts

return ee.Image(year).byte().addBands(img);

: .map(createTimeBand) ;
:ﬁ;:glst:ttzlsqr:iicg;empos'te var fit = collection.reduce(ee.Reducer.linearFit());
1l ]

» Feature Collection

// Display a single image
~ Charts H

Map.setCenter(30, 4

Man addl auaclan Te

Drawing Tools

Source: Nick Clinton (https://g00.ql/n5Gh5Q)

var year = ee.Date(img.get('system:time_start')).get('year').subtract(1991);

mdh@google.com ~

Inspector
) Point (33.4, 47.99) &
v Pixels
vstable lights first asset: Image (1 band)
stable lights: 36
vstable lights trend: Image (2 bands) (M
scale: -0.2167524834867634
offset: 26.011442242679564

— Batch Tasks

» Objects

Map

. o Ve
Map data ©2016 Google, INEGI, ORION-ME | 500 km . |

code.earthengine.google.com


https://goo.gl/n5Gh5Q

Sentinel-1 Data in GEE



Sentinel-1 Data in GEE

s1_I8_cloud_example * Get Link vI Save v- Run vl Reset vI Apps E

M ~ Imports (4 entries) B -

. O arlt l I I S‘ a e » var pt: MultiPoint, 6 vertices [ [0}
» var 18: ImageCollection "USGS Landsat 8 Surface Reflectance Tier 1"
S

» var sl: ImageCollection "Sentinel- GRD: C-band Synthetic Aperture Radar Ground Range Detected, log scaling"
» var geometry: Polygon, 4 vertices

O : 1 var comL8 = ee.ImageCollection(18.filterDate('2019-01-01",Date.now())
O X O G 2 .filterBounds(pt));
10 i 3 Map.addLayer(comL8.median(),{bands:['B4','B3",'B2"],min:0,max:2000}, 'Landsat median')
4~ var comL8m = comL8.map(function(img){
. i 5 var mask = img.select('pixel _ga').bitwiseAnd(3).or(img.select( 'pixel_ga').bitwiseAnd(5))
O B aCkscatter Coefﬁ C I ent 00 i 6 return img.updateMask(mask).set('system:time_start’', img.get('system:time_start'))
27 1)
i 8 Map.addLayer(comL8m.median(),{bands:['B4","'B3",'B2"'],min:0,max:2000}, 'Landsat median')
9
an simea mmmCA = a2 L3ITdamnataltAnan na na' 'Aanan na ATt v
BeHaovista Iplxouna
Juaﬂui
Hulcgngc
Ch | th di ti

ascending or descending)

“/4;‘( LYY

e Radiometric Terrain
Flattening/Correction not applied in
GEE y o

o Can produce geocoding and radiometric 08
errors | @®

Yanahuanca




Sentinel-1 in GEE examples

https://bit.ly/35XVI3k

Script 1
Script 2
Script 3



https://bit.ly/35XVI3k

Survey

menti.com

161761


https://www.menti.com/
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Synthetic Aperture Radar (SAR)

Radar de Apertura Sintética



Synthetic Aperture Radar (SAR)

Radar de Apertura Sintética

/

Empezar con esto



Radar — ;Qué significa?



Radar — ;Qué significa?

RAdio Detection And Ranging



Radar — ;Qué significa?

RAdio Detection And Ranging

Deteccion y uso de ondas de radio



Radar — ;Qué significa?

RAdio Detection And Ranging 1)0 °

==

Fuente: NOAA

Deteccion y uso de ondas de radio



. Que ve SAR?

e Estructura

e Humedad
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Radio Window
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length of a football field width of a baseball thickness of paper

Espectro electron

Human*bodit
radiate heat

Optical
Window

__ Radiowaves W Wicowaves W nfrared _ _|

10:°m
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| Ultraviolet 8 _Ilﬂ_
107m 10°m

width of a water molecule size of atomic nuclei

Source: National Aeronautics and Space Administration, Science Mission Directorate. (2010).
Introduction to the Electromagnetic Spectrum. Retrieved [insert date - e.g. August 10, 2016],

from NASA Science website: http://science.nasa.gov/ems/01_intro
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El Espectro de Microondas (aproximadamente) SEE{;'R

Ku

27 - 40
18 - 27
12-18
8- 12
4-8
2-4
1-2
0.3-1

GHz

GHz

GHz

GHz

GHz

GHz

GHz

GHz

1.1-0.8
1.7-1.1
24-1.7
3.8-24
7.5-3.8
15-7.5
30-15
100 - 30

cm

cm

cm

cm

cm

cm

cm

cm

Raramente se usa para SAR (vigilancia en aeropuertos)
Raramente se usa para SAR (absorcién de H,0)
Raramente se usa para SAR (altimetria satelital)

Resolucion alta de SAR (monitoreo urbano; hielo y nieve; poca penetracion
en la cobertura vegetal; decadencia de coherencia rapida en areas con
vegetacion)

Caballo de batalla de SAR (mapeo global; deteccién de cambio; monitoreo
de areas con cobertura de vegetacidon de baja a moderada; penetracion
mejorada; mayor coherencia)

Poco pero creciente uso en Obs. Terrestres basadas en SAR monitoreo de
agricultura (NISAR tendra Banda-S; expande aplicaciones de la banda-C para
areas con mayor densidad de vegetacién)

Resolucion media de SAR (Monitoreo geofisico; mapeo de biomasay
vegetacion; alta penetracion; INSAR)

Estimacion de biomasa. El primer SAR satelital se lanzara en ~2020; mapeo
y evaluacion de vegetacion. SAR experimental.
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El Espectro de Microondas (aproximadamente) SEE{;'R

27 -40 GHz 1.1-0.8 cm Raramente se usa para SAR (vigilancia en aeropuertos)

K 18 -27 GHz 1.7-1.1 cm Raramente se usa para SAR (absorcién de H,0)

Ku 12-18 GHz 24-17 cm Raramente se usa para SAR (altimetria satelital)

X 8-12 GHz 3.8-24 cm Resolucion alta de SAR (monitoreo urbano; hielo y nieve; poca penetracion
en la cobertura vegetal; decadencia de coherencia rapida en areas con
vegetacion)

C 4 -8 GHz 7.5-3.8 cm Caballo de batalla de SAR (mapeo global; deteccién de cambio; monitoreo
de areas con cobertura de vegetacidon de baja a moderada; penetracion
mejorada; mayor coherencia)

S 2-4 GHz 15-7.5 cm Poco pero creciente uso en Obs. Terrestres basadas en SAR monitoreo de
agricultura (NISAR tendra Banda-S; expande aplicaciones de la banda-C para
areas con mayor densidad de vegetacién)

L 1-2 GHz 30-15 cm Resolucion media de SAR (Monitoreo geofisico; mapeo de biomasay
vegetacion; alta penetracion; INSAR)

P 0.3-1 GHz 100-30 cm Estimacion de biomasa. El primer SAR satelital se lanzara en ~2020; mapeo

y evaluacion de vegetacion. SAR experimental.



Los valores de retrodispersion SAR estan determinados por las caracteristicas
del sensor y del objeto

» Caracteristicas del Sensor: : e . .
. . Especialmente para analisis de series de tiempo:
— frecuencia/longitud de onda de SAR, : . .
Usar datos con las mismas caracteristicas del

— Polarizacién de la sefial SAR transmitida y recibida, sensor

— angulo de incidencia radar-suelo, ] Para evitar interpretaciones erréneas de
— Y direccién de mirada del sensor caracteristicas del sensor como cambio

« Caracteristicas del Objeto:
— Humedad en suelos y vegetacidn; agua estancada abierta y agua estancada debajo del dosel
— Aumento en la humedad de los suelos y vegetacion(] incrementa la retrodispersion SAR

— Agua estancada abierta [] tipicamente muy oscura - Sin embargo, viento y corrientes pueden agitar el
agua y aumentar el brillo especialmente para observaciones de longitud de onda corta (banda Xy C)

— En longitudes de onda mas largas, el efecto de doble rebote debajo del dosel puede tener una fuerte
sefnal de retrodispersion

7 =S

(TD
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:Como reacciona la senal del SAR?

- En la longitud de onda del radar, la dispersion es muy fisica y puede describirse como una serie de rebotes en
las interfaces de dispersion

- Tres mecanismos principales de dispersion dominan:

— Dispersion en superficies (rugosas): agua, suelos desnudos, caminos — la dispersiéon depende en gran medida de
la rugosidad de la superficie y la longitud de onda del sensor

— Dispersion de doble-rebote: Edificios, troncos de arboles, postes de luz — poca dependencia de la longitud de onda

— Dispersion volumétrica: Vegetacion; suelos secos con alta penetracion — depende fuertemente de la longitud de
onda del sensor y las propiedades dieléctricas del medio

’ Double bounce scattering
Volume scattering

VEELEEUEEEEREELLELL

Rough surface scattering

Hig
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Polarizaciones

Transmision Horizontal

Transmision Horizontal
Recepcion Horizontal

Recepcion Vertical

Transmision Vertical

Transmision Vertical
Recepcién Vertical

Recepcién Horizontal

Making remote-sensing data accessible since 1991 THE UNIVERSITY CF

ALABAMA IN HUNTSVILLE SERVIR IDEAM
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Configuraciones del sistema SAR polarimétrico

* Polarizacion unica (single pol):
— VV o HH (o posiblemente HV o VH)

* Polarizacion doble (dual pol):
~ HH Y HV, VVyVH, 0 HHy VV

* Polarizacion cuadruple (quad pol) (totalmente polarimétrico):
- HH, VV, HV,y VH

WFAska Swrewte Facury - AN 6 @ JPIL
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Formacion de una apertura sintética - Principio SAR

Direccion de vuelo del sensor

Ll

7

Combinacion de adquisiciones superpuestas
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Distorsiones geometricas como consecuencia del angulo oblicuo

N\ ™
Escorzo/perspectiva Inversion por relieve Sombra
(foreshortening) (Layover) « Area detras de la montafia no
- Pendiente orientada al sensor - Cima de la montafia puede ser vista por el sensor
acortada en la imagen sobrepuesta a la base delante + Estos efectos aumentan al
+ Estos efectos disminuyen al de la montafa aumentar el angulo de mirada
aumentar el angulo de mirada + Estos efectos disminuyen al
aumentar el angulo de mirada
lay-over \l s
\ B'D / radar shadow
e, [ e
ground range
” /J U y,
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Ejemplo de Correccion geométrica del terreno

‘FUQ%Ee:'iJAX'A
o ’

e

UAF ALaska SateLLe Facry AN & /@ SJFPL

Making remote-sensing data accessible since 1991 THE UNIVERSITY CF

ALABAMA IN HUNTSVILLE SERVIR IDEAM



Ejemplo de Correccion geométrica del terreno

£ 1

Imagen Corregida geométricamente,

& N
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Correccion Radiomeétrica del Terreno

e Problema: Las pendientes orientadas al sensor aparecen demasiado brillantes
en las imagenes de radar

e Causa: El tamano del pixel en las pendientes orientadas al sensor es mayor —
mas area es integrada al pixel — el brillo aumenta

Solucion: Correccion Radiométrica del Terreno (RTC, por sus siglas en inglés)

1. Usando el DEM y observacion geométrica, se calcula la area equivalente exacta
cubierta por cada pixel

Normaliza la seccion transversal por la area equivalente exacta para llegar a
datos normalizados del terreno

N

_— o o . . o,

7
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Ejemplo de Correccion geométrica del terreno

1

C S
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Ejemplo de Correccion geométrica del terreno

- Imagen después de

 Fuet
el
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Dependencia polarimétrica de los principios de dispersion

Fuerza de dispersion relativa por polarizacion

e Dispersion de la superficie pura: [S | > [S .| > [S,,| 0
Syl

e Dispersion de doble rebote: [S, .| > [S,,| > [S,,| 0[Sl

e Dispersion volumetrica: fuente principal de |S, .|y [S,|

i Leyenda )
Bajo brillo de radar (|S|) Alto brillo de radar (|S])
B

g J
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Ejemplo de dispersion polarimétrica para Niamey, Niger

390000 400000 410000 420000
R —

S__ 390000 400000 410000 420000
wn

S__ 390000 400000 410000 420000 390000 400000
o
wn
i

[y
Ul
N
(o]
(=]
(=]
o

390000 400000 410000 420000 390000 400000 410000 420000 390000 v 0000 410000 420000

Escena SAR de banda L completamente polarimétrica del sensor ALOS PALSAR sobre Niamey, Niger: de (a) a (c)
se muestra la fuerza de dispersion de |S, |, S| v IS, |- (d) muestra la combinacion RGB (|S,,.|, S, [Sy,|)

390000 7‘ 400000 410000 420000
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Firmas SAR de Vegetacion en Diversas Frecuencias y Polarizaciones

~

X-BAND 3 cm
©

S \

c

@

(o))

o

o ;

S C-BAND 6 cm
=

(@)

c
O \
[} AN

c N /]
[e) L-BAND 24 cm
O

Aumento de la profundidad de penetracion

Y\\/‘x\/\

P-BAND65cm  El cambio de firma polarimétrica y las caracteristicas de la cubierta inferior estan expuestas a medida que aumenta la longitud de onda

-
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Preparacion de los datos, Procesamiento RTC y Producto Geocodificado

Leer datos
SAR
Aplicar archivos de
orbita

FLUJO DE TRABAJO DE_CORRECCION RADIOMETRICA DEL TERRENO Y GEOCODIFICACION

Cargar
DEM

P e e e e e e e e e T T T e

‘ Correccion Geocodificacion /

J——» radiometrica del Ge%?{,%‘i}’fé:'&e.
terreno (RTC

1 . . \
'Conversion lineal ajJ

E Reduce la resolucion )

! para que coincida con Reduce ruido
! DEM
\

PAso OPCIONAL .
:\ decibeles

Escribir
datos a
GeoTIFF

N - ——— -

PAsos OPCIONALES

- —

UAF ALaska SateLLe Facry AN @ & JpLu

Making remote-sensing data accessible since 1991 THE UNIVERSITY OF

ALABAMA IN HUNTSVILLE SERVIR IDEAM



Preparacion de los datos, Procesamiento RTC y Producto Geocodificado

1.

2.

o B

Aplicar archivos de orbita: actualiza los metadatos con informacion de orbita

mas precisa
Calibracion radiométrica: cambia los numero digitales para numeros de

retrodispersion (c°)

Multi-looking: reduce la resoluciéon para que coincida con el DEM y para reducir
ruido

Filtro de Moteado: Reduce ruido

Correccién radiométrica del terreno (RTC): correccion de la intensidad de
retrodispersion en pixels que fueron distorsionados por la geometria de
observacion (aplanamiento)

Geocodificacion/Correcciéon geométrica del terreno (GTC): correccion de la
posicion de los pixels que fueron distorsionados por la geometria de
observacion

WF A Swewe Faoury - AR\, & @ JPL
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Manual SAR: Metodologias integrales para el
monitoreo forestal y la estimacion de biomasa 7

6.2 Radar Remote Sensing  4.01 scarmuens wowwiss &
/ AV

yy

> eBook de libre acceso, pdfs interactivos, médulos de '
entrenamiento; resultado de una colaboracién conjunta de 2+ afios
entre NASA SERVIR & SilvaCarbon

> Contenido aplicado, entrenamientos practicos para comenzar a
usar SAR para monitoreo forestal, estimacion de biomasa,
deteccion de mangle, analisis de series de tiempo

> Escrito por expertos en SAR de renombre mundial del equipo
Cientifico de NISAR, Servicio Forestal de US, academia

> Revisado y probado por la red global de SERVIR

> Scripts de codigo abierto descargables y conjuntos de datos de
muestra para una variedad de aplicaciones forestales; util de
principiantes a expertos

Pdginas seleccionadas del Cap. 6:

Radar Remote Sensing of Mangrove
Forests (by Dr. Marc Simard, Sr. Scientist &
mangrove specialist, NASA Jet Propulsion

Descarga el Manual SAR aqui: https:/bit.ly/2UHZtaw Laboratory)

Moadulos de entrenamiento del Manual SAR y mas: https./bit.ly/2GeKvAN
Para mayor informacion, visitor el sitio website de SERVIR @ SERVIRglobal.net

Contacto: Africa Flores-Anderson (africa. ﬂores@nasa. gov)

USAID () {AircMrRD 1CIMOD m

c. EARTH BIG DATA Umvers};tyof 7.\
\. Wnere Solutions Begin. Massachusetts 25 s oF
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https://bit.ly/2UHZtaw
https://bit.ly/2GeKvAN
https://www.servirglobal.net/
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Google Earth Engine

e Una plataforma en linea de
escala planetaria

e Para acceso, procesamiento
y analisis multitemporal de
datos satelitales de diversas
fuentes

e Archivos completos como
del Landsat ya estan alla

e APl en JavaScript o Python

e Compartimiento de scripts

e (Carga de datos propios

Go g|e Earth Engine Search places and datasets...
Scripts I3 YT Landsat - Phenology Model.js GetLink f| Save . Run || Reset vE 2 Console [t
~ Examples 37 // Set up the "design matrix" to input to the regression.
~ Image 38 - function createlLinearModelInputs(img) {
& From Name 39 var tstamp = ee.Date(img.get('system:time_start'));
| Where Operator 40 var tdelta = tstamp.difference(start, 'year');
g i 41 // Build an image that will be used to fit the equation
INormall_zed Difference 42 // €@ + clksin(2kpixt) + c2kcos(2kpixt) = NDVI
B Expression 43 var img_fitting = img.select()
i HDR Landsat .addBands (1)
B Hillshade .addBands (tdelta.multiply(2*Math.PI).sin())
B Landcover Cleanup .addBands (tdelta.multiply(2*Math.PI).cos())
) .addBands(img.select('NDVI'))
i Reduce Region N .toDouble();
B Bitwise And 49 return img_fitting;
I Canny Edge Detector gg }
lclenter BivotimgationDetec. 52 // Estimate NDVI according to the fitted model.
& Clamp . 53 - function predictNDVI(img) {
I Connected Pixel Count 54  var tstamp = ee.Date(img.get('system:time_start'));
i Download Example 55 var tdelta = tstamp.difference(start, 'year');
B From Name Landsat8 56 // predicted NDVI = c@ + clxsin(2kpixt) + c2xcos(2kpixt)
& HSV Pan Sharpening = IRl e b o gt O
I Houah Transform «

Use print(...) to write to this

console.
Original and fitted values 0]
—e—NDVI  —e— fitted
1.00
075
050
0.25 j .

Apr Jul Oct
2014 2014 2014

'
d Map data ©2017 Google ' 2kmi—

Fuente: Gorelick et al., 2017



Google Mission Statement =g

To organlze the world's mformatlon anq make |t
unlversally accessible and useful."

Fuente: Nick Clinton (https://coo.al/n5Gh50Q)



https://goo.gl/n5Gh5Q

Catalogo de Datos de Earth Engine

Landsat & Sentinel 1,2 MODIS Datos Vectoriales Terreno & Datos Climaticos
10-30m, semanalmente ~ 250m diariamente WDPA, Tiger Cobertura del Suelo NOAA NCEP OMI, ...

... y cargas sus propios datos vectoriales y rasters

> 200 datasets publicos > 4000 nuevas imagenes diariamente

> 5 millones de imagenes

Fuente: Nick Clinton (https://g00.al/n5Gh5Q)



https://goo.gl/n5Gh5Q

Earth Engine Editor de Codigo

Tu Datos

Documentacion

Buscas

Su codigo

Inspector de Datos

~_— Console de

N

del API ‘ig'e*“h Egine s Ssevin Resultados
Scripts [ 0 T . Run f| Reset -E Inspector [+
B Pixel Lon Lat 1 // Compute the trend of nighttime lights from DMSP. ) Point (33.4, 47.99) at
I Polynomial 2 o
° B Y ! 7 3 // Add a band containing image date as years since 1991. Rizale R
Zero Crossing 4~ function createTimeBand(img) { vstable lights first asset: Image (1 band) \
u crlp ~ Image Collection 5 var year = ee.Date(img.get('system:time_start')).get('year').subtract(1991); stable lights: 36 areas
» iCIippedF}omposite 675 return ee.Image(year).byte().addBands(img); ~stable lights trend: Image (2 bands) [
° I Expression Map 8 scale: -0.2167524834867634
Ejemp Os e ki Filtered Composite 9 // Fit a linear trend to the nighttime lights collection. offset: 26.011442242679564
I Linear Fit 10 var collection = ee.ImageCollection('NOAA/DMSP-OLS/NIGHTTIME_LIGHTS') .
. r tetahl hte! » Objects
- I Modis Cloud Masking 11 .sel%ct( smmo,hq‘)ms )
, 12 .map(createTimeBand) ;
Scrl ts i Simple Clqud Score . 13 var fit = collection.reduce(ee.Reducer.linearFit());
I Landsat Simple Composite 14
» Feature Collection 15 // Display a single image
~ Charts 16 Map.setCenter(30, 45, 4);
BT Mex. adsl oiisnlae S Y A aarssiy Eiaar

Herramientas CXm. Mapa

Ve

 Map data ©2016 Google, INEGI, ORION-ME | 500 km

code.earthengine.google.com

Fuente: Nick Clinton (https://go0.al/n5Gh5Q)
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Datos Sentinel-1 en GEE



Datos Sentinel-1 en GEE

s1_I8_cloud_example * Get Link vl Save v- Run vI Reset vI Apps E

~ Imports (4 entries) B -

V4 o .
e Escala logaritmica en decibeles (dB e e, s prpEg B
» var 18: ImageCollection "USGS Landsat 8 Surface Reflectance Tier 1"

» var sl: ImageCollection "Sentinel-1 SAR GRD: C-band Synthetic Aperture Radar Ground Range Detected, log scaling"
» var geometry: Polygon, 4 vertices [ [}

1 var comL8 = ee.ImageCollection(18.filterDate('2019-01-01",Date.now())
0 o2 .filterBounds(pt)); . Ry B Rl e . ) : . 2
O 1 O X log (G ) i iv c:g.igztg%ez(ggxtg.mggt::r(‘aﬁl;:?g;ég{BA ,'B3','B2"'],min:0,max:2000}, 'Landsat median')
10 l 5 var mas[( = img.sélect('pixeliqa'?.bitwise/:\nd(S).orgimg.selectg‘pixeljf:‘).bitwi§eAnd(5))
i 6 return img.updateMask(mask).set('system:time_start’', img.get('system:time_start'))
o . . 7 O : ; zlgp.addLayer(comLsm.median(),{bands:['BA‘,‘B3‘,'Bz‘],min:e,max:z@ee},'Landsat median')
9 v
o Coeficiente de retrodispersion o * T— : |
Juaonjui
. . Huncgngc
e Elegir solamente un tipo de
’ L4
geometria de observacion
(ascending o descending)
o 7 .
e Correccidon/Aplanamiento
acay)bamba
° Ve °
radiometrico de terreno no es
d ngla
aplicado en GEE .
Huallanca

Bolognesi
&

o Puede traer errores de geocodificacion e de
radiometria



Ejemplos para Sentinel-1 en GEE

http://bit.ly/SERVIRAmMazoniaEE

Script 1
Script 2
Script 3



http://bit.ly/SERVIRAmazoniaEE

Retroalimentacion

menti.com

161761


https://www.menti.com/
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