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General approach of SAR and Agriculture | Eesa

SAR system > appr _ ' onditions
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Radar backscatter | . Eesa
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Frequency / Wavelength esa

27-40 GHz 1.1-0.8 cm Rarely used for SAR (airport surveillance)
18-27 GHz 1.7-1.1 cm rarely used (H,0O absorption)
12-18 GHz 2.4-1.7 cm rarely used for SAR (satellite altimetry)

8-12 GHz 3.8-2.4cm 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 penetration; higher coherence); ice, ocean maritime navigation

Little but increasing use for SAR-based Earth observation; agriculture monitoring (NISAR
will carry an 5-band channel; expends C-band applications to higher vegetation density)

-15cm Medium resolution SAR (geophysical monitoring; biomass and vegetation mapping; high
penetration, INSAR)

100-30 cm Biomass. First p-band spaceborne SAR will be launched ~2020; vegetation mapping and
assessment. Experimental SAR.
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Missions and | Lesa
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Scattered mechanisms Eesa
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https://dges.carleton.ca/courses/IntroSAR/Winter2019/SECTION%204%20-%20Carleton%20SAR%20Training%20-%20SAR%20System%20Considerations%20%20-%20FINAL.pdf

Polarization and scattering ' esa
mechanisms
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Incidence angle
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https://dges.carleton.ca/courses/IntroSAR/Winter2019/SECTION%204%20-%20Carleton%20SAR%20Training%20-%20SAR%20System%20Considerations%20%20-%20FINAL.pdf

Incidence angle | Eesa
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Roughness/Dielectric constant > Key scattering mechanisms @esa

Wet soil Dry soil In. soil
volume
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Topography - distortions present in SAR images @esa




Local Incident Angle | esa



https://dges.carleton.ca/courses/IntroSAR/Winter2019/SECTION%204%20-%20Carleton%20SAR%20Training%20-%20SAR%20System%20Considerations%20%20-%20FINAL.pdf

SAR time series
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Modeling — Water Cloud Model esa

where: ke =canopy extinction coefficient
=CI1mv
h/cos (0) _ @ ) mv =volumetric moisture content
o - ms = so0il moisture content
1 =canopy volume scattering

Attema and Ulaby, 1978
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Water Cloud Model > Plant height
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Water Cloud Model > Volumetric moisture
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Sentinel-1 VV color composit over Hungary
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Intensity processing workflows @esa

@ ArcGIS Pro

&
Grouping of the data | rmap +  workflow
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relative orbit

> Slant range
mosaicking

Remove e
Thermal Noise

'

Multi-looking

= Co-registration

s
-
Multi-temporal Speckle ‘
filtering
- -' j(r
f' Terrain geocoding and
& radiometric calibration
& normalization
\ J
s B
ANLD filtering
(optional)
/ "’ Al manifest_TNR_CalB0_RTFGO_Dspk_GTC
-;L Temporal smoothing
J manifest_TNR_CalB0_RTFGO_Dspk_GTC_dB .

W -
[

L

! F ".‘._;ﬁ‘?‘ =
_ - £ THE SPACE AG
] N




Speckle filtering

Not part of the

processing chain Speckle Filtering

Non-SAR

Specific SAR Specific

Gamma Distribution
Entropy MAP

_——

Non-Edge Preserving
(Mean, Median, etc.)
.

—
Anisotropic

Non-Linear Diffusion Multi-Temporal

De Grandi

Performed at the end to remove
residual noise and “blur” the images




Radiometric calibration €esa

. p— ﬂ 4&*—”
e beta nought (B°) is the radar brlghtness (or reflectivity) coefficient. The reflectwlty per unit area

e in slant range is dimensionless. This normalization has the virtue that it does not require knowledge
of the local incidence angle (e.g. scattering area A).

sigma nought (o°), the backscattering coefficient, is the conventional measure of the strength of
radar signals reflected by a distributed scatterer, usually expressed in dB. It is a normalized

A dimensionless number, which compares the strength observed to that expected from an area of one
square metre. Sigma nought (or naught) is defined with respect to the nominally horizontal plane,
and in general has a significant variation with incidence angle, wavelength, and polarization, as well
as with properties of the scattering surface itself.
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Coherence Change Detectioh man @esa




Coherence Generation Qesa

3 v ; . -
..—-__JI;"' -fﬁ-ﬁ.ﬂ—"f g = [ - ’ i 1--__;

Given two co-registered Complex SAR images (S; and S,), one calculates the coherence (g) as a ratio between coherent and

incoherent summations:

VSl Zhsof

Note that the observed coherence - which ranges between 0 and 1 — is a function of systemic spatial decorrelation, additive

:,_.f —

noise, and temporal decorrelation taking place between the two acquisitions.




Coherence Generation

g

It enables the generation of coherence (interferometric correlation, y) from SLC data pair.

It includes the following steps:

1. Co-registration including DEM
2. Generation of coherence including DEM
3. Terrain geocoding

4. Anisotropic Non-Linear Diffusion filtering (optional)

e il




Open water bodies over cropland areas
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Dual Pol. SAR Vegetation Index (DPSVI)

where

Oy is the backscattering coefficient value of the it pixel in the cross-polarized (vh)
SAR product.

Oyy(7) is the backscattering coefficient value of the ith pixel in the co-polarized (vv)
SAR product.

Opyimay) 15 the maximum backscattering coefficient value in the co-polarized (vv) SAR ""
product.
The model was executed from radiometrically calibrated SAR dataset whose a

backscatter values are in linear power units.


https://www.sciencedirect.com/science/article/pii/S0034425718304140

EDPSVI (Enhanced) ' Lesa

Integration of the interferometric coherence
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= - =

Purba Medinipur

Definition West Bengal

EDPSVl,y
EDPSVlgyg

where

* EDPSVI,,f is the EDPSVI value of a specific date
* EDPSVI,,, is the EDPSVI average of other years

Note

* 100% means average

s P 7 EDFSN chsaation Ape 2017 &g
* The index is exclusively calculated for agricultural areas i LS Bt sl o
25 =50
S -75
75 - 100
B 100 - 150
B 150 - 250
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Color composite of CCD, DPSVI, Intensity values ' Lesa




Information space

incoherent change
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coherent intensity change
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sCoherence
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In-season intelligence on crop status

2014

September| October ‘ November | December January February

Backscatter coefficient [dB]




Multi-temporal multi-spectral descriptors

maximum ratio

N )ik g
maximum e minimum ratio

range
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mean, median, mode
corresponding dates
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Multi-temporal multi-spectral descriptors esa

Sensor 2
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Multi-temporal multi-spectral descriptors

Temporal-spectral descriptors
for selected time period(s)

Temporal-spectral descriptors selection
based on uncorrelated features

Land Cover Map




Multi-temporal multi-spectral descriptors fusion Lesa




RGB

R>Coherence
G>NDVI
B>SVI
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CCmean =R

spanD_SVI =G

NDVImax| =B




Knowledge based temporal analysis

Crop management data sets

Crop prodution data (yearly / all crops / from 80s)

Historical

Field management data (2014)

Field Field measurements (2016)

MS
Bans 2-12

Remote
sensing

SR g % ... laday EssLsaBEELESEmsessscessesas
g - L
af e P r » n
e - i, n g 2013 10.2014 06.2005 04,2016 032007

-5

Knowledg based témporal analysis
¥ — A priori information is required, as for instance !

« crop type,
calendar,
phenology, -13
duration, -15
Practices, etc. 17

-9

-11

— Systematic acquisitions must be available -19




ted Product development

ICa

Base Map > Ded







__!‘ Wheat
£ Barley
* ' Rapeseed

Comparison with HCSO data

Somogy - 51199 ha (+8%)
Baranya - 456694 ha (- 4,1
Tolna - 48202 ha (+3,




Moisture Index

Bare soil condition

Vegetative period

Dry season

Constant roughness bare soil conditions

Bare Soil Moisture Index

Vegetation development

Wet season

Constant roughness vegetation conditions

Vegetation Moisture Index
or Vegetation Water Stress

Senescence period




Product Development

product

when

Crops Pre-requisite:

General

Specific

Bio-physical

Damages

Vegetation evelution — NDWI

Biomass evolution — DPSVI/ESVI

Seasonal patterns

Field anomalies

Phenology — 505

o’

Length of flowering

Mumber of stem

Soil moisture (rel)
Vegetation water stress (rel)
Water excess

Hail

Diseases

Frost

Snow cover

every 15 days

every 15 days

every 15 days

at key moments
monthly
every 15 days
every 15 days
every 15 days
every 15 days
at event
at event
at event
at event

at event

52

51 {1+C)
51 & 52

UAv
51
51852
UAV
51 (14C)
51 & 52
51 (14C)
51852 / UAV
uAv

51 (1+C)

all

all

all

all

rape

carn

all

all

cereal

all

all

cereal

cereal

- Field boundaries
- Crop types
- Expected field treatments

. Higher
Average

. Lower







Some additional resources: | esa
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L3Harris Video: Appljcat,'rons Eo

http://www.harrisgeospatial. comfliee{rn/V|deosN|de9t
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