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Overview

Introductions
Background on SAR

Ocean Applications
« Ship Detection
« Oil Spills
Land Applications
* Burn Area Analysis
« Land Surface Deformation
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Poll Question #1 HARRIS
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Harris Geospatial Solutions — SW Portfolio

IDL ENVI Geospatial Services
Framework
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An integrated software platform for operational <
processing of SAR data
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Run SARscape where you are most comfortable. HARRIS
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Poll Question #2 HARRIS
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Why SAR? HARRIS

W Optical: Visible to Infrared J SAR: Active Microwave
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Backscatter Results: Amplitude and Phase HARRIS

A Phase Change

Cycle
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Before you get started

SAR data
DEM
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ws :

Set format-specific preferences

= SARscape
{ | Import Data
[el-_| Basic
| Gamma and Gaussian Filtering

| Focusing

[+ Interferometry

#- | Interferometric Stacking

- | ScanSAR Inteferometry
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| General Tools

[£-_| SARscape Task-IDL Scripting-Modeler
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L @ Preferences specific #
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Load Preferences || Load | Save

General

Stereo
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MR (coarser than 30m)
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Wrong Orbital Data
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Sentinel TOPSAR
PALSAR-2 Scan5AR
T5K ScanSAR

Squinted Data

Land & Sea Applications Using SAR | 11



Synthetic Aperture Radar Applications

Glaciers and Subsidence

permafrost

Landslides

Earthquakes

Oil spills

DEM Burn Area Deforestation Flooding Volcano Activity
generation Analysis monitoring monitoring
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Synthetic Aperture Radar Applications

Glaciers and Subsidence

permafrost

Landslides

Earthquakes

Oil spills

U 5
DEM Burn Area Deforestation Flooding Volcano Activity
generation Analysis monitoring monitoring
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Ocean Applications: HARRIS

SAR views the surface water conditions,
allowing us to view important features
such as:

 Waves

» Tides and Currents

« Shallow Bathymetry

* Wind effects

* Oils or other surface coverings

New Orleans, Louisiana, USA
and the Gulf of Mexico
May 15, 2016 — Sentinel-1
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Ship Detection

Differences in radar
backscatter highlight
ships against water

SAR
antenna

X

al, Indi

HHe PR et oy

Diffuse Specular Double bounce
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Ship Detection HARRIS

Differences in radar
backscatter highlight
ships against water

SAR
antenna

ai, India

LA

Diffuse Specular Double bounce
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Ship Detection — Step 1: Data Import PARRIS

Import Sentinel-1 GRD Data

B+ SARscape

|_——_|__ |r|'!port Data mport Sentinel- =
=l 5AR Spacebome
M Generic SAR data
=+ Single Sensor

g ALOS PALSAR-
- ALOS PALSAR-2 Input Files  Optional Files  Parameters  Output Files

“ha ALOS PALSAR-TKC T —
g ALOS PALSAR-1 Geogrid

g ASNARO-2

g COSMO-SkyMed #
g ENVISAT ASAR . =
m Emﬁ:gi¥ I::iSEJ;HISWSS Optional Input Orbit File List

- _A
-4 ERS SAR
gy GAOFEN-3
e JERS-15AR
g KOMPSAT-5 Y
-tz PAZ

iy RADARSAT-1
g RADARSAT-2
- RISAT-1 ]
& P SENTINEL-1| GRD data is already converted to

-ty SICD
o TerasARX ground range

Import Sentinel-1

=Y

e w |

E}

en | fea | =

(7] Store Batch Exec Close

Technology to Connect, Inform and Protect ™ Land & Sea Applications Using SAR | 17



Ship Detection — Step 2: DEM Import

ASTER DEM: allows for simple land mask creation

@ Seamless Mosaic

Seamless Mosaic
Mosaic Scenes Into A Single Raster

+ T} Order =[] Seamlines ~ Show Preview
Main  Color Comection  Seamlines/Feathering  Export
Scene Name Data Ignore Value | Color Matching Action | Feathering Distanc

>

<

Click Add Scenes button to add images to mosaic.

Mosaic DEM tiles
(if needed)
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Ship Detection — Step 2: DEM Import

ASTER DEM: allows for simple land mask creation

Seamless Mosaic
Mosaic Scenes Into A Single Raster

+ T} Order =[] Seamlines ~ Show Preview

Main  Color Comection  Seamlines/Feathering  Export

Scene Name Data Ignore Value | Color Matching Action | Feathering Distanc

~

< >

Click Add Scenes button to add images to mosaic.

(7] Fnish | Cancel

[&] Seamless Mosaic X

[ Import TIFF - [u] X

Import TIFF

—

Mosaic DEM tiles
(if needed)
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Input Files  DEM/Cartographic System  Parameters  Output Files

Input Files.
A

0
1
2
3
4
5
[
T
2
9
10
11
12
13
14 w
< >
(7] Store Batch Exec Close

SARscape import Generic tiff
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Ship Detection — Step 2: DEM Import

ASTER DEM: allows for simple land mask creation

@ Seamless Mosaic
Seamless Mosaic
Mosaic Scenes Into A Single Raster
+ T} Order =[] Seamlines ~ Show Previey
Main  Color Comection  Seamlines/Feathering  Export
Scene Name Data Ignore Value | Color Matching Action | Feathering Distanc
”
v
< >
Click Add Scenes button to add images to mosaic.
(7] Fnish | Cancel

—

e

Mosaic ASTER DEM tiles
(if needed)
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Ship Detection — Step 3: Land Mask

Threshold DEM to ROI
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Ship Detection — Step 4: Ship Detection Tool BARRIS
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Ship Detection — Step 4: Ship Detection Tool BARRIS

. Ship Detection - O x
Parameter Significance
Size of target Ship Detection
Guard window size Buffer around target
Input Files Optional Files Parameters  Output Files
Background window size Background value calculation Prirpel Pamis v
. Main Parameters
Buffer around land mask to reduce noise me., iz Ea| 75
Guard Window Size [m] 400
Background Window Size [m] 1000
Probability Of False Alarm [0-1] (0.001
Minimum Mean Sigma0 [dB] -10
Minimum Ship Size [pixels] 1
Generate KML True
Land Mask Buffer Size [m] 0
(7] Store Batch Exec Close
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Ship Detection: Output
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Ship Detection with AIS PARRIS

AIS (Automatic Identification
Systems) documentation for
ships can be used with the
ship detection tool

I_:_I__ SARscape
(-1 Import Data
- Basic

__ Coherence Wordlows

----- %= Intensity Time Series Workflow

----- %= Moving Target Detection Workflow

__, Intensity Processing
=+ Feature Extraction
g Coherence + SAR O Match
g Multi Temporal Coherence

g Coefficient of Variation AlS 2777777

e T e T
~fpgm Multi Temporal Features

g Moving Target Detection
-y Ship Detection Greenland

8 W Sar Ais Classifcation Radarsat-2 data
SAR & AlIS matching
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Oil Spills HARRIS

Oil creates a heavy sheen on the water surface, differentiating it
from surrounding water.
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Background — Ennore and Gotland Island HARRIS

Ennore Oil Spill
Date: 28 January 2017 o

Cause: BW Maple collided with Dawn Kanchipuram bt
Where: Kamarajar Port, Ennore India

Gotland Island

Date: May 2005

Cause: Unknown

Where: Gotland Island, Sweden
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Oil Spills

Data:
Sentinel-1 SLC

Process:

Import Sentinel-1 SLC
Preprocess

Create ROI
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Oil Spills Workflow HARRIS
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SLC Processing HARRIS

Multilook
Filter

Geocode
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SLC Processing

Multilook
Filter

Geocode
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SLC Processing

Multilook
Filter

Geocode
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Polarization Choices HARRIS

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

Vertical

Each polarization interacts Hori ol
differently with the surface orizonta

It hits, adding information Polarization | Physical Meaning
to the scene

VvV 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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Oil Spill —= Why Polarization is Important
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your information gatewdy
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Land Applications s

e

ST S -
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Burn Area Analysis — Camp Fire HARRIS

Camp Fire, Butte County California USA
November 8" — November 25"

The Camp fire is the deadliest wildfire
that has ever occurred in California, with
88 people were killed, and 18,000
buildings were destroyed.

The smoke of the Camp Fire inundated
the Bay Area of California, causing the
worst air pollution globally for days.
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Burn Area Analysis

Data:

Sentinel-1 SLC scenes
DEM GTOPO 30

Camp Fire Shapefile

Process:
Import SAR SLC data
Run Coherent Change Detection Timeline Workflow
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Geometric Effects in SAR Imagery

W

A C
Foreshortening: Layover: Shadowing:
When an area is “squished” Extreme foreshortening, When an area is covered
caused by change in vertical when a point is seen by other areas
and horizontal placement as occurring before
emphasized by imaging angle another point
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Layover and Shadow

Layover Active
Layover MNear Passive
Layover Far Passive
Shadow Active
Shadow Pazsive
Layover Shadow
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Burn Area Analysis- CCD s
Coherence Change Detection uses the similarities between the
phase responses of multiple images.

The phase is influenced greatly by surface roughness and changes
in suface features

Pre-Fire Intensity Co-Fire Intensity

& Sea Applications Using SAR | 4




Burn Area Analysis- CCD s

Pre-Fire Cohherence:h Co-Fire Coherence:
October 16™ and 28" October 28" and November 9t
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Burn Area Analysis- CCD s

Coherence change between
pre- and co-fire pairs
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Burn Area Analysis Workflow

E-i - Coherence Workflows

m Coherence ILU-RGE Warkflow (&) sARscape Workflow
m Coherence CCD Waorkflow
g Coherence MTC RGE Worldlow Coherence CCD Time Line
b Coherence MICCD RGB Workflow Select Input
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Ave rage BaCkscatter - ¥ Coherence geocoding Input File List (Mandatory)
. i ¥ Generate Color Composite o B ~
Absolute Value of the Difference L Output 1
2
MTC Master Backscatter 3
Slave Backscatter :
Coherence 6
=
; 8
MICCD First Coherence .
Second Coherence 10
Second Coherence o
< > 13

COV-PWR-CC | Spatial-Coefficient of Variation of
average backscatter

Average Backscatter of Preview
MaSter/S|ave (7] = : < Back Next > Next 33> Cancel
Coherence
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Burn Area Analysis Workflow

SARscape Workflow

Coherence CCD Time Line
Import Generic SAR Data

£-E3 Workflow
& Input
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.1 import Generic SAR Datal
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Coherence CCD Time Line
Multitemporal Coherence
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< Output | Apply calibration constant False
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SAR Geor
14 RI2 gt Reerence File
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 Output Region SELECT.
| West / First Column -9989
North / First Row -9999
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South / Last Row -9999
Use Min and Max Coordinates |False

< >
Preview
@ [=

SARscape Warkflow — o

Coherence CCD Time Line
Generate Color Composite

153 Workflow
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& Import Generic SAR Data e
- i Jamele 55@“&:’;3’:12“" Operation Type SELECT..
¥ Coherence geocoding Red Scale 1
P4 Generate Color Composite [ KUkl 1
7 Output Blue Scale 1
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Blue Expenent 1
Use Red Entered Values Only  False
Use Green Entered Values Only |False
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Red Negative False
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Blu Negative False
Only RGB Generation False
White Dummy False
< 3 || common Seaing Faise
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L] (SRR New> || Nex Cancel

~

B3 Workflow
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g’ \Smuurtl G; i SASR Agsg Main Parameters.
T [T m——— " |Range Looks 7
[ Muittemporal Coherence .
& Coherence geocoding P
¥ Generate Color Composte || Grid Size for Suggested Looks |15
" Output Max Baselne [m] 50
Min Temporal Baseine [days] _|-100
Iax Temporal Baseline [days] |100
Method Selection Coherence Time Line
Coregistration With DEM True
SARscape Workflow
Coherence CCD Time Line
Coherence geocoding
-3 Workflow
< > 9 2 Input Principal Parameters |
 Import Generic SAR Data e
& Sarple Selection SARGeon|(, s
 Mukitemporal Coherence
= ' Grid Size 15
Freview X ing 1
 Generate Color Composte Galibration rue
(7] (== 7 Output Scattering Area Local Incidence Angle|
Radiometric Normalization  [True:
Method Cosine Correction
Local Incidence Angle False
Layover / Shadow False
Additional Original Geometry |Faise
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Preview
Cancel e [=] <Back Next >
anc:

Technology to Connect, Inform and Protect ™

Cancel

Land & Sea Applications Using SAR | 45




Camp Fire, California, USA HARRIS

3 Sentinel-1 scenes
Blue/Green is large change
between October 28 and
November 9

Red is change between
November 9 and November
21

Technology to Connect, Inform and Protect ™
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Land surface deformation HARRIS

DINSAR Displacement

« Detect mm displacement
« Volcanoes & Earthquakes
* Ongoing subsidence

Change in phase from T1to T2

1st pass

lznd pass

(]
e
2
£l
c
<

Hawaii, USA — 2018
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Interferometry rules

Important things to consider when
preparing your data:

 Don’t mix
« satellites
* relative orbit numbers
e acquisition geometries

» Only use co-polarized data for
interferometry

* Low coherence = trouble

Technology to Connect, Inform and Protect ™

Y i

Display 1to 5 of 5 products. e &
Order By: Ingestion Date 4 0 products selected [
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Interferometry rules

Important things to consider when
preparing your data:

 Don’t mix
« satellites
* relative orbit numbers
e acquisition geometries

» Only use co-polarized data for
interferometry

* Low coherence = trouble

Technology to Connect, Inform and Protect ™

Y i

Display 1to 5 of 5 products. e &
Order By: Ingestion Date 4 0 products selected [

Request Done: ( foolprint Intersects(POLYGON((-155.22503215778647
19.275677951396688.-154 82792676285686
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taN /Products(dsed2057-186a
ensing Date: 2011 80509‘0429&50 82 Sze
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0t SAR-C Sensing Date: 2016-03-02T04:30.26.880Z Size

o 1/PTOdUCIS( 1600bafd-4adc-46Ce-t
to: 2016-04-23T16:13.24.573Z S2e.6.
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Interferometry rules

Important things to consider when
preparing your data:

 Don’t mix
« satellites
* relative orbit numbers
e acquisition geometries

» Only use co-polarized data for
interferometry

* Low coherence = trouble

Technology to Connect, Inform and Protect ™

esa opermicus

Copernicus Open Access Hub

Request Done:

Display 110 5 of 5 products ‘
Order By: Ingestion Date 4

Pass direction: ASCENDING
Polarisation: W VH

0 products selected

S1A_IW_SLC__1SDV_20180420T043026_20180420T043054_021546_025211

A Product

Acquisition Type: NOMINAL

Cycle number: 137

Footprint: <gmi:Polygon srsName="http: /www.opengis. netigml/srs/epsg xmh#4326
xmins:gmi="hitp:fwvnw.opengis.netgml> <gml outerBoundaryls> <gml:LinearRing>
<gml-coordinates>19.773680,-156.899536 20.197853,-154.535005 18.516534,-154.208878
18.088785,-156.548218 19.773680,-156.899536 </gml-coordinates> </gmi LinearRing>
</gmlouterBoundaryls> </gml-Polygon>

Format: SAFE

Ingestion Date: 2018-04-20T08:05:06.995Z

JTS footprint: POLYGON ((-156 899536 19.773680,-154.535085 20.197853 154 208878
12516634,-156. 548218 18.088785 -156.899536 19.773680))

Mission datatake id: 152081
Orbit number (start): 21546
Orbit number (stop): 21546

Phase identifier: 1

Product class: S

Product class description: SAR Standard L1 Product
Product composition: Slice

Product level; L1

Product type: SLC

Relative orbit (start): 124

Relative orbit (stop): 124

Sensing start: 2018-04-20704:30:26.308Z
Sensing stop: 2018-04-20T04:30:54.187Z
Slice number: 2

Start relative orbit number: 124

Status: ARCHIVED

Stop relative orbit number: 124

Timeliness Category: Fast-24h
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DINSAR Displacement Workflow HARRIS

== SARscape

[&] sARscape Workflow - O *
| Import Data
L] Basic DINSAR Displacement
G d Gaussian Fitteri P
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3 =23 Worldl Input Fil
— ||'|'te|'fe|'gmet|'!'r Lo | _.“ input File  DEM/Cartographic System Parameters
. < ) Input Master File (Mandatory)
- I:DI-IEFEFICE WOMGWS %‘ ISmpm-tl G;”IEHC SASA[I;EGE | tinel1_124_20180420_043026308_IMW_SMW1_A_VV_slc_list ‘ =
N . ¥y Sample Selection E0n| sentinel1_124_. _| _IVV_ A _sic_lis =
| Inteferometry Without GCP Wordlows ¥ Interferogram Generation
m InSAR DEM Waoardlow % J::::zvuenif:;:;dg&herent Input Slave File (Mandatory)
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$= INSAR Tandem-X bistatic Dem Worldlo @) GCP Selection [sonnet_124. - S ATSER [=
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¥ Phase to Displacement Com
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t Stereo DEM Worldlow

Preview

(7] HE < Back Next = Next >3 Cancel
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DINSAR Displacement Workflow

=+ SARscape

|| Import Data

| Basic

|| Gamma and Gaussian Fittering

|| Focusing

I Interferometry

&[] Coherence Wordlows

|| Interferometry Without GCP Wordlows
iy INSAR DEM Wordlow

4 INSAR Tandem-X bistatic Dem Workflc

M Sterea DEM Wordlow

----- i 1 0InSAR Displacement Worldlow
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-

@ SARscape Workflow

DInSAR Displacen

Select Input
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Import Generic SAR Data
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Interferogram Generation
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Phase Unwrapping
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Preview
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=
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DINSAR Displacement Workflow

- SARscape
|| Import Data
| Basic

{_| Gamma and Gaussian Fitering

{_| Focusing

~ Interferometny

1| Coherence Wordlows

|| Interferometry Without GCP Wordlows

ez INSAR DEM Wordflow
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@ SARscape Workflow

DInSAR Displacen
Select Input

nent
SARscape Workflow
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- Import Generic SAR Data

- ® Sample Selection SAR Geon
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Preview
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DINSAR Displacement Workflow HARRIS

[&) saRscape Workflow - a x

DInSAR Displacement
Interferogram Generation

£ Workflow
7 Input Principal Parameters
- ® Import Generic SAR Data
- 8 Sample Selection SAR Gean
i Imemgmm Generation [ il d
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DINSAR Displacement Workflow

wl?l?ls :

@ SARscape Workflow
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DINSAR Displacement Workflow HARRIS

SARscape Workflow - [m] X

DInSAR Displacement

Phase Unwrapping
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o ' Input Principal Parameters v
) Irpard Generic A3 D Main Parameters

& Sample Selection SAR Geon|
¥ Interferogram Generation

& Adaptive Fiter and Coherenc| =" PP10 e

R Phase Unwrapping {unwirapping Coherence Threshold 0.3

(&) GCP Selection

¥ Refinement and Relattening
- Phase to Displacement Com
7" Output

Unwrapping Method Type gDelaunay MCF
Level |1

Preview

(7] W = | <Back Next > Next >>> Cancel

Technology to Connect, Inform and Protect ™ Land & Sea Applications Using SAR | 56




DINSAR Displacement Workflow HARRIS

SARscape Workflow _ o %
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Select GCPs
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DINSAR Displacement Workflow HARRIS
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DINSAR Displacement Workflow

Technology to Connect, Inform and Protect ™

[&) sARscape Workflow

DINSAR Displacement
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Input
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<
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DINSAR Displacement Workflow s
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DINSAR Displacement Workflow HARRIS
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DINSAR Displacement Workflow HARRIS
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DINSAR Displacement Workflow s

SARscape Workflow — [m] » @ Generate Ground Control Points — [m] x

DInSAR Displacement File Selection

Select GCPs Select Input and DEM
[=--423 Workflow Refinement GCP File (Mandatory) .
7 Input “ ‘ . Input File:
¥ Impott Generic SAR Data -
= INTERF_out_uph
1) Sample Selection AR Geon | —out ueha || Bromse...
U Interferogram Generation -
¥ Adaptive Fiter and Coherenc DEM File:
o™ ‘ (] . [
¥ Refinement and Re-flattening sl ""“' X
¥ Phase to Displacement Cony DInSAR Displacement
w7 Output Select GCPs
<3 Wonkiow
e
! Select GCPs... £ '-;i‘ e
1 Import GCPs... - -
GPr Catopsphc Sysem Got
Groand Control Points:41 GCP Properties
EX)
o
< > o
o
aseasemrstss
2019.48200807
o
o 0
[ Preview el eight (mmvy) 0 =
(7] kd [ | <Back Next > Next >>> | Cancel o XEEE T

Technology to Connect, Inform and Protect ™ Land & Sea Applications Using SAR | 63



DINSAR: Products

azimuth
(flight)

(look)
Coherence Interferogram Line of sight displacement
VV_dispwf_disp_cc_geo INTERF_out_fint_geo VV_dispwf_disp -0.32m
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DINSAR: Products HARRIS

Interferogram 48 azimuth
INTERF_out_fint_geo (flight)
\/' range
(look)
Line of sight displacement
VV_dispwf_disp -0.32m
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Poll Question #3 HARRIS
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Upcoming events

January 28-30

Visit Harris Geospatial at the
International LIDAR Mapping
Forum (ILMF) in Denver, Colorado!
Booth #213

April 3, 2019
Part 3 of our SAR Webinar Series
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Questions? HARRIS

Amanda O’Connor Sarah Black Megan Gallagher

Remote Sensing Domain Expert Analytics Software Engineer/ Solutions Engineer
Applied Image Scientist
Amanda.OConnor@harris.com Sarah.Black@harris.com Megan.Gallagher@harris.com

https://www.harrisgeospatial.com/Company/Contact-Us
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