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Geospatial Portfolio HARRIS

Damage Assessment

Data Management and Disaster Response Feature Extraction with Training
Dissemination Deep Learning & Consulting
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SAR Processing Where You Need It s
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Desktop, Enterprise, and Cloud Solutions

=

H " RRIS GsF pashboard
- Layer Manager

Job 111: Output ENVIRasters
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ENVI Ul
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ArcGIS Pro
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Example Web App with SAR Analytics
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Upcoming SAR Training

« Date: May 6 — 9, 2019 (4 days)
 Location: Broomfield, Colorado USA

* Prerequisites: A basic level of remote
sensing knowledge as well as ENVI
operations are necessary to take this
course

REGISTER TODAY!
https://sar may 2019.eventbrite.com
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https://sar_may_2019.eventbrite.com/

SARscape Fast Start

To ensure your success using ENVI
SARscape, Harris Geospatial is
offering a free, limited-time Fast Start
support bundle with the purchase of a
license.

This limited-time offer includes:
* A4-day training class

« Up to four hours of remote
consultation

« Silver Support

y/\IWS“

ENVI SARscape Training Schedule

Broomfield: May 6-9

Gilching, Germany: May 7-10

Paris, France: (Taught in French) May 14-17
Broomfield: Sept 3-6

Berkshire, UK: June 25-28

Purasca, Switzerland: July 2-5

Gilching, Germany: Nov 12-15
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Agenda s

Agriculture Monitoring
 Background

 Time Series Analysis

» Classification

Land Surface Deformation
 Background

« Example Case with SBAS
Questions

Cyclone Idai making landfall
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Introduction to Agriculture HARRIS

Sentinel-2 NDVI TerraSAR-X Intensity
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Optical and SAR HARRIS

Sentinel-2, June 20, 2018 TerraSAR-X, June 18, 2018
AIRBUS
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Optical and SAR HARRIS

Sentinel-2, June 20, 2018 TerraSAR-X, June 18, 2018
AIRBUS
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Radar Band Frequency HARRIS
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Band Effects HARRIS

L&P X&C

L and P band have longer wavelengths, and
are dominated by soil backscatter. They are
used mainly for soil moisture and information
on thicker vegetation.

C and X band interact mainly with the canopy.

X band works well with broad leafed plants
(e.g. Corn and soybeans) while both X and C
work well with narrow leafed plants (most
grains)
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Polarization Choices HARRIS

SAR satellites have multiple
polarizations, from single pole
(such as only VV or VH) to
quad-pole (which returns all
variations)

Vertical

Each polarization interacts
differently with the surface

Horizontal

T
vV Vertical wave, outgoing and incoming
HH Horizontal wave, outgoing and incoming
VH Vertical Wave outgoing, Horizontal Wave incoming
HV Horizontal Wave outgoing, Vertical Wave incoming
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Polarization Effects

Quad Polarized (VV, HH, VH, and HV)
has the most information for full
understanding of vegetation.

Dual Pol (VV & VH or HH & HV) is still
able to discern major differences.

Polarization | Mainly impacted by

HH Surface Scattering*
very small roughness
HV/VH Volume Scatter

VV Vegetation Structure
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Geometric Effects
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Weather Effects HARRIS

Rain/Snow — Causes noise and moisture will collect in soil and on
the crop surface

Wind — Changes the structure of the plants with their movements

YYYYY)

skt
Sevt
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Time Series: Sentinel-2

August 19th

Technology to Connect, Inform and Protect™ A Deeper Dive into SAR: Agriculture and Land Surface Deformation | 20



Intensity Time Series

1
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Intensity Time Series Outputs

Every processed date is a separate Statistical information such as covariance,
band, highlighting change over time minimum, mean, maximum, gradient, etc.
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Time Series: SAR

Sentinel-1 VH

Technology to Connect, Inform and Protect™

—-——'_-'—__—F_'
S
V"™ TerraSAR-X VV
. Sentinel-1 VV
N Sentinel-1 VH _
1
AUG 19
Time
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Time Series over Fields HARRIS

L "A T T T T 5
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for discrimination and Time
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Date Information HARRIS

Unclassified
October 22, 2017
November 3, 2017
November 15, 2017
December 9, 2017
December 21, 2017
January 2, 2018
January 14, 2018
January 26, 2018
February 7, 2018
February 19, 2018
March 3, 2018
March 15, 2018
March 27, 2018
April 8, 2018

April 20, 2018

May 2, 2018

May 14, 2018

May 26, 2018

June 7, 2018

June 19, 2018

July 1, 2018

July 13, 2018

July 25, 2018
August 6, 2018
August 18, 2018
August 30, 2018
September 11, 2018
September 23, 2018
October 5, 2018
October 29, 2018
November 10, 2018
November 22, 2018

~me

' Max Increment Date

BEAARAAIAAAAAAAAAEAEAAE IS NRRRNEDnE
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Classification

Training Data Classification Results
Minimum Distance Classification for Wheat
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Developing Hotspots with SAR
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Agriculture Overview
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Land Surface Deformation

#+.100 mmvyear

© 2011 Cnes/Spot Image @2010G00816

Image © 2011 DigitalGlobe

Nlimagery Dates 1OCt;20%2004Uanki 1, 2007 lat 31.350939° lon 35.479099° elev -39 m Eye ait 3.54km O
.
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Intro to Interferometry

ground-range direction

SAR Interferometry

¢)Int = ¢Topography + ¢Movement + ¢Noise + ¢Atmosphere

SAR Phase
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Importance of Baselines
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Intro to Interferometry Part 2 HARRIS

¢Int = ¢Topography + ¢Movement + ¢Noise + ¢Atmosphere

/ AN

DEM GENERATION DISPLACEMENT GENERATION
¢Int = ¢Topography + ¢Noise ¢Int — ¢Movement T ¢Noise

Sdarm :
your Information gateway .
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Pair vs. Time Series S

81°00°W 80°0'0"W

1°00"N:

0°0'0™

100'S

2°0'0"S:

your information gatewdy
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Land Displacement

PR
o ¥

11 Days

55 Days
1 color cycle = 1.55 cm of displacement
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-

Interferometric Stacking Types

“. » 7 _ .)1 o

| 3 . 3 y (el R

P ._‘? . ¢
a 2

'8

Small BAseline Subsets

Technology to Connect, Inform and Protect™

Persistent Scatterers sarm

7
your information gatewdy ; I 1
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Small BAseline Subsets

Relative 4
position

Goc ‘:{lk‘
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Area of Interest: Mumbai Airport

<

sMumbai

‘.

i

€c

s 3 . 2 2 2
‘ha'”trapatuShwa;x InternationalfAirpoitiArea;

your information gateway
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l/—p\lles :

54 Sentinel-1 VV images

Ground Resolution: 15 m

Relative Orbit: 54

Acquisition Geometry: Descending
Time interval:

September 2016 — July 2018
Revisiting time: 12 days
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Quick View of Sentinel-1 Imagery

your information gateway
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Quick View of Sentinel-1 Imagery
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Overview of Steps: Tips and Tricks HARRIS

SBAS Connection Graph
Interferogram Generation

Refinement and Re-flattening
First Inversion
Second Inversion

Geocoding
: A
SARscape SBAS SARscape SBAS SAR=scape SBAS SARscape SBAS SARscape SBAS SARscape SBAS
> CunnedlcirLGmph > > Irrterfem?Em... > > Heﬁnemerrt_and... > > In':.rersmrjfem > > Inuersmrzfepz > > Gencrfdjg >
o = o = o i= o = o= o i=
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Connection Graph HARRIS

(&) seas Connection Gra — O : [8) SBAS Connection Graph - O 52
SBAS Connection Graph SBAS Connection Graph
Input Files  Optional Files Parameters Output Files Input Files  Optional Files Parameters  Output Files
Builds a graph to e " T

Min Normal Baseline (%) 0

ShOW the relations Of Wax Normal Baseline (%) 2 | |

—
Min Temporal Baseline (days) | U

the imagery using the L '

Delaunay 3D False
temporal and
positional baseline
(7] Store Batch Exec Close (7] Store Batch Exec Close
SARscape SBAS SARscape SBAS SAR=scape SBAS SARscape SBAS SARscape SBAS SARscape SBAS
CnnnectlcfllGraph > > Interfem?fm... > > Heflnemel'lt_and... > > Invemlnljﬂem > > Inuemlnljﬂepz > > Genccfdlﬁg >
o = o = o i= o = o= o i=
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Connection Graph HARRIS

Time-Position Plot
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Temporal Decorrelation HARRIS

Sarm

your information gatewdy
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Interferogram Generation

B sea

Creates mte_rferograms SBAS Interferometric Process;§ S
for every pair. =—

Input Files  Optional Files DEM/Cartographic System  Parameters

Auxiliary File

Input Files  Optional Files  DEM/Cartographic System Parameters

Make sure to check on

Wain Parameters

the outputs! ==

Grid Size for Suggested Looks 15

Rebuild All False

Coregistration With DEM True

Unwrapping Method Type Delaunay MCF j
Unwrapping 30 False

Unwrapping Decomposition Level | 1
Unwrapping Coherence Threshoid | 0.2

Fitering Method ‘Goldstein
9 Store Batch E
(7] Store Batch Exec Close
SARscape SBAS SARscape SBAS SAR=scape SBAS SARscape SBAS SARscape SBAS SARscape SBAS
> CnnnectlcfllGraph > > Interfem?fm... > Heflnemel'lt_and... > > In':.rersmlj Eepﬂ > > Inuemlnljﬂepz > > Genccfdlﬁg >
o = o = o i= o = o= o i=
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Refinement and Re-flattening

SBAS Refinement and Re-flattening =
Uses a Ground Control SBAS Refinement and

. . . ) Re-flattening :
Point file to refine orbit e —— SBAS Refinement and

PR Re-flattening
and flatten the phase | sy

Input Files  DEM/Cartographic System FParameters
Refinement GCP File
response

| Principal Parameters -~

hlain Parameters

Rebuid Al [False
Coregistration With DEM |True
Refinement Method |Polynomial Refinement

[Refinement Res Phase Poly Degree |2

Store Batch E
(2] Store Batch Exec Close
SARscape SBAS SARscape SBAS SAR=scape SBAS SARscape SBAS SARscape SBAS SARscape SBAS
> CnnnectlcfllGraph > > Interfem?fm... > > Heflnemel'lt_and... > Invemlnljﬂem > > Inuemlnljﬂepz > > Genccfdlﬁg >
o i= o = o i= o = o = o i=
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First Inversion

Calculates residual phase and
displacement to re-flatten

phase and generate better
products.
@ Store Batch
SARscape SBAS SARscape SBAS SAR=scape SBAS SARscape SBAS

Connection Graph > > Interferagram... > >

>

o? = o? 1=

Technology to Connect, Inform and Protect™

Refinement and...

':E—'E' ersion: First Step

First Step

Input Files  Parameters

First Step

>

o =

Inversion Stepl

> —
[ —

Input Fles  Parameters

Principal Parameters

Product Coherence Threshold
Spatial Wavelet Size(m)

Min valid interferograms %
Allow Disconnected Blocks
Displacement model type
Estimate residual height

Stop Before Unwrapping
Rebuild All

Inversion SVD type
Unwrapping Method Type
Unwrapping 3D

Unwrapping Decomposition Level

SARscape SBAS
Inversion Step? > >

>

o =

Main Parameters

02

1200

-1

Falze

Linear
True

False

False

jacobi

Delaunay MCF j
False

1

Unwrapping Coherence Threshold | 0.2

Store Batch Exec Close

SARscape SBAS
Geocoding

o =
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Second Inversion

Removes atmospheric effects

Fits the outputs to the
displacement velocity model

SARscape SBAS SARscape SBAS
> Cnnnectlcfn_ Graph > > Interfem?fm... >
o = o =

Technology to Connect, Inform and Protect™

@ SBAS Inversion: Second Step

Second Step

Input Flles  Parameters

Auxiliary File

il M o T |

Second Step

Input Files  Parameters

Refinement GCP File

Principal Parameters -~

SAR=scape SBAS
Refinement and...

> r—p

o =

Store Batch

SARscape SBAS
Inversion Stepl

o? =

Product Coherence Threshold

Min valid interferograms %

Interpol Disconnected Blocks:

Min valid acquisitions %
Atmosphere Low Pass Size (m)
Atmosphere High Pass Size (days)
Rebuild Al

Inversion SVD type

Refinement Method

Refinement Res Phase Poly Degree

Main Parameters
0.2

-1

False

-1

1200

365

False

jacobi

Polynomial Refinement
3

(] Stare Batch Exec Close
SARscape SBAS SARscape SBAS
> Imrersmlj Eepz > > Genccfdlﬁg
o = o i=
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Atmospheric Effects

your information gatew:
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Geocoding

SBAS Geocoding

Input Files  DEM/Cartographic System Parameters

SBAS Geocoding

Input Fles  DEM/Cartographic System Parameters

alnan e - Principal Parameters ~
= Wain Parameters
Height Precision Threshold 5
‘Velocity Precision Threshold 8
Product Temporal Coherence Threshold | 0.2
Water Mask (dB) 0
Rebuild All False
lake Geocoded Raster Trug
IMake Geocoded Shape True
Shape Max Number of Points 200000
‘Generate Shape Time Series True
'Vertical Displacemant False
Slope Displacement False
Displacement Custom Direction False
Azimuth Angle 0
Inrlinatinn Annle o
(2] Store Batch Exec Close (7] Store Batch Exec Close
SARscape SBAS SARscape SBAS SAR=scape SBAS SARscape SBAS SARscape SBAS SARscape SBAS
> CunnectlcirLGraph > > Irrterfero?Em... > > Heflnemerrt_and... > > Inversmr:ﬂem > > Inuersmr:ﬂepz > Gencrfdjg >
o = o = o = o = o = o =
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Line of Sight HARRIS

Displacement with one
acquisition geometry is not TRUE
vertical and horizontal
displacement.

It is relative to the viewing angle
of the satellite Descending

(North > South)
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Final Outputs

your information gatew:
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Final Outputs

Mean LOS Velocitz [mm/yr]

-8.00 +8.00

SARscape TS Analyzer Plot

Zpot v o Bpot v Options v ——

Displacement [mm]

27/09/2016 01/05/?011' 03/12/2017 07/07/2018
ime

Sar

your Infarmation gateway
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Final Outputs

Mean LOS Velocitz [mm/yr]

-8.00 0 +8.00

SARscape TS Analyzer Plot
(S mpot v ot v G Options » {——

Displacement [mm)]

27/09/2016 01/05/7017' 03/12/2017 07/07/2018
ime

x(Tme v|v/Dtavae v| y o

Sar

your Infarmation gateway
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Conclusion

THE TIMES OF INDIA
cITY

A Ciy ("2l Delhi Bangalore Hyderabad Kolkata Chennai Agartala Agra Ajmer Amaravati
Civic Issues Crime Politics Schools & Colleges Events Citizen Reporter Videos Photos

UMBAI NE ICI 5 MUMBAI AIRPORT TO BE CLOSED FOR 6 HOURS ON OCT 23 FOR RUN

TOP SEARCHES: Amruta Fadnavis Shiv Sena Mumbai fire Floods in Mumbai Mumbai rains Mumbai

Mumbai airport to be closed for 6
hours on Oct 23 for runway work

M

s i ] A ety ~

TChhatra’pau_:Shwaﬂ InternationalfAirportfArea
— » 8 FEBRUARY =3

Mumbai airport runway closure leads to 230 flight cancellations

$Sen Nagar

tSiddharath.Nagar

006000

:

55

Technology to Connect, Inform and Protect™ A Deeper Dive into SAR: Agriculture and Land Surface Deformation



A
|

— o October 9-10, 2019 | Rome, Italy
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kel P =
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The SAR Analytics Symposium will

feature analytical thought leaders and

provide a unique meeting place for

SAR service providers and applied
SAR analytics consumers.

i

REGISTER NOW



Questions and Discussion

www.harrisgeospatial.com/Company/Contact-Us

Harris Geospatial Solutions
Megan Gallagher P
HarrisGeospatial.com

Solutions Engineer . )
. geospatialinfo@harris.com
megan.gallagher@harris.com 303-786-9900
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