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NEST Project Overview
NEST (Next ESA SAR Toolbox) is an ESA open source software devoted to the

exploitation (displaying, analysing and processing) of ESA (ERS & ENVISAT) and
other spaceborne SAR data processed from Level-1 or higher.
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NEST Project Overview

NEST (Next ESA SAR Toolbox) is an ESA open source software devoted to the
exploitation (displaying, analysing and processing) of ESA (ERS & ENVISAT) and
other spaceborne SAR data processed from Level-1 or higher.
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NEST Team

ESA

M. Engdahl (ESA Tech. Officer)
A. Minchella (RSAC c/o ESA)

Array Systems Computing
R.Jha, L.Veci, J. Lu, S. Dai

Brockmann Consult
N.Fomferra, M. Peters

PPO.labs (InSAR)
P. Marinkovic

TU Delft (INSAR)
Prof. R. Hanssen

NEST is being developed by Array Systems Computing Inc. of Toronto Canada under ESA
Contract number 20698/07/1-LG._
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NEST Project Overview

NEST (Next ESA SAR Toolbox) is an ESA open source software devoted to the
exploitation (displaying, analysing and processing) of ESA (ERS & ENVISAT) and
other spaceborne SAR data processed from Level-1 or higher.
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Project schedule NEST Team
Kick off November 2007 ESA
Phase A M. Engdahl (ESA Tech. Officer)

: _ A. Minchella (RSAC c/o ESA)
- SRR System Requirements Review (month 2)

- PDR Preliminary Design Review (month 4) Array Systems Computing
R.Jha, L.Veci, J. Lu, S. Dai
Phase B

Brockmann Consult
Release 1A - 1B - 1C 1st Public release Nov. 2008
Release 2A - 2B - 2C (June 2009)
Release 3A - 3B - 3C (March 2010)
2 year Follow-up contract NEST-DORIS InSAR Module
Release 4A-1.6 (November 2010) Stabl (2009-2011)

Release 4B-1.0 (September 2011) 15t Release in 4A, 2% Release in 4B

N.Fomferra, M. Peters
PPO.labs (InSAR)

NEST is being developed by Array Systems Computing Inc. of Toronto Canada under ESA
Contract number 20698/07/1-LG._
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EST Architecture highlights

* Fully portable to multiple hardware platforms and operating
systems (Windows, Linux, Mac) thanks to a 100% pure Java

implementation.
 Modular design for easy modifications and upgrades

* APl enables users to easily add their own modules and extend
the capabilities of NEST

* Multi-core processor support

* Fully-fledged processing environment suited for operational

processing on computer clusters/clouds

* Fully Open Source under the GNU GPL
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NEST Modules: data flow

Display and Analysis Tool

Image Display, Statistics, ROI, Image Manipulation, Data Analysis

ENVISAT ASAR

ERS1 & 2 AMI

Lot hat BEAMDIMAP
JERS— o =
H GeoTIFF
Radarsat 1 & 2 > Generic .
— Readers Product ~—» Writers HDF 4 &5
ALOS PALSAR " .
. Model i NetCDF
TerraSar-X ., ) ¥ . o

----------

Cosmo-Skymed—

? Sentinel 1

Generic Binary
Google Earth

——Shape

Graph Processing Tool

Oil Spill Detection, Wind Field Estimation, Object Detection

Data Conversion, Band Arithmetic, Image Filtering, Data Analysis, Orthorectification,
Co-Registration, Reprojection, Mosaicking, Calibration, Interferometry,
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==l x|

|5) Tie-paint grids
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E-3) Bands

/{4—" i i }—+| peckl lrilterI == 7-Temnain-C
'

|+

1-’
|2-Applv=0rb‘l-Fi|E }——-‘| 3-Multilook i &-Ellipsoid-Cormrection-RD -
8-LinearTadB |—+| 11-Write

\
8-LinearTodB
1
|
10-Write

=

l-Readl 2-Apply-0rbit-File| 3-Multi|ook| 4-Ca|ibration| S-Speckle-FiIterl 6-EIIipsoid-Correction-RD| 7-Terrain-Correction| 8-LinearTodB| ol 3

Source Produck

Marne:

IENVISAT-F\SA_IMP_I PHUPAZOD7O910_211132_ 000000162061 _00301_28912_1794.M1

=1

4 |

LF‘ Project | &3 Products | 48 Pixel Inf0|

Create your own processing chains

Visual Graph Processing Framework interface

orin s ocoon i s ® Executed from command line or from GUI

® Allows for batch processing on stack of images

OFF Globe
a Navigationl 2 Colaur ..

| & Layer M., | @ ‘World Map
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NEST-DORIS Outline
* Why?
Context of NEST-DORIS

- What?

INSAR processing chain

* How?
Design and implementation of INSAR chain
* When?

Where we are...
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What is NEST-DORIS?

Extension to NEST for:

Read Process Visualize Interpret Store

SAR and InSAR data
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What is NEST-DORIS?

Extension to NEST for:

Read Process Visualize Interpret

Store

SAR and InSAR data

* Algorithmic integration of DORIS processing chain

* Delft Object-Oriented Radar Interferometric Software

 TU Delft's open source INSAR processor
* Fully operational

* Written in C++

* In (semi-active) development since 2000
* Advanced algorithmic set

+ FRINGE 2011 WORKSHOP 19-23 September 2011 | ESA-ESRIN | Frascati (Rome), Italy




ETN;

roject’

rocessed Products' Orthorectified Productshinterferogram_st|

* File Edt “iew Analysis Utlities SAR Tools Geometry [InSAR  Ocean Tools  Polarimetric  Graphs  Window  Help
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| Identification

Metadata

15) Tie-point grids

Geometries

[ Intensity_ifgl_wv
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=& [2]inkerferogram_srp_stack_ML_TC
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Metadata
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Editor: ¢+ Sliders " Table [~ Discrete colors Apply
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Unit: intensity_db
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“# More Options
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NEST-DORIS objective

Data Input:
* read data
» precise orbits

!

Pre-processing:
« oversampling
* calibration

Filtering:
* azimuth
*range
* phase

;

Coregistration:

* coarse:

» orbits

» correlation

* fine & resampling:
« offset thru corr.

* coreg.poly.

* slave resampling

Products:
» cplx interferogram

* coherence image

DEM assisted
coregistration

* DEM interpolation

Y
Ref. phase:
* flatearth

+ FRINGE

T

Unwrapping |

!

| Geocoding / D-InSAR |
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*+ computation
* subtraction
* DEM

* computation
* subtraction

1 | ESA-ESRIN |
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1-ProductSet-Reader | 2-CreateStack 3-GCP-SeIectmn| 4-Warp| S-ertel 6-InterFerogram| ?-ertel B-Coherencel 9'Wfit5|
Target Produck

MName:

ICuherEnce.dim

[V save as: IEEAM-DIMAP -

Directory:

[ \ESALTC 11 NEST InseRiBam_AsAR

[V Open in NEST DAT

Processing completed in &.016686 minutes

f':,‘Load | Qsave | %\"{-Clear | @Note

@ Help
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How NEST-DORIS is developed

Main design principle:

by Principal Investigator
for Principle Investigator

...having in mind 4 principles:
1. Design

2. Users
3. Brevity
4. Architecture
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NEST-DORIS design

Four design principles

1. Designed by PI for PI
* Algorithms and implementation follow best practices

* Designed for “us” and friends

Data Input:
*read data
* precise orbits

!

Pre-processing:

* oversampling
+ calibration

;

Coregistration:
* coarse:

Filtering: « orbits
* azimuth * correlation /

DEM assisted
coregistration

* DEM interpolation

* range * fine & resampling:
* phase + offset thru corr.
* coreg.poly.

+ slave resampling

L] v

Products: Ref. phase:
« cplx interferogram « flatearth

« coherence image

+ computation

’ * subtraction

*DEM
| Unwrapping | * computation
* * subtraction

I Geocoding / D-InSAR |
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NEST-DORIS design

Four design principles

1. Designed by PI for PI

e Algorithms and implementation follow best practices
* Designed for “us” and friends

2. Users are given as much control as possible

Users considered as an equal partner

[
 For both processing and development o o] e
ca
A . I
 Graph Processing Framework é
8-Computelfa 9-ComputeCoherence 10-Multilook 11-Write 12-Write
1-Read  2-Write | 3-Read 4-CreateStack 6-Resampling 7-InSARCoregistration
Target Product
Name:
[srp_ifg.dim |
Save as:l
Directory:
[ihomespmar/bamTest | |:|
QOpen in NEST DAT
[file]is null

‘b‘ Luad”@ Save‘P\‘/ Clear”@‘ Nute”@ Help”{?}‘l’ ssssss |
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NEST-DORIS design

Four design principles

1. Designed by PI for PI
* Algorithms and implementation follow best practices
* Designed for “us” and friends

2. Users are given as much control as possible
* Users considered as an equal partner

3. Aimed for Brevity
* Anything that can be implicit it is

* Manual: clarifications, reservations, warnings, usual and special cases
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NEST-DORIS design

Four design principles

1. Designed by PI for PI
* Algorithms and implementation follow best practices
* Designed for “us” and friends
2. Users are given as much control as possible
* Users considered as an equal partner
3. Aimed for Brevity
* Anything that can be implicit it is
* Manual: ...
4. Architectured for research&development and education

* More details on coming slides...
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NEST-DORIS Architecture

NEST-DORIS ARCHITECTURE

InSAR processing graph

BEAM-GPF

Graph Processing Framewark

I Operator 1

‘ ifg. formation |

‘ reference phase |

‘ coherence |

InSAR Operators —

Operator 3
h 4

Operator 2

‘ coregistration |*'1

NEST Libraries jDoris INnSAR API
| Core libraries | | SAR Filtering |
| Metadata Handling | | Linear Algebra |
‘ Interpolation | | Triangulation ‘
‘ Tools | | Tools ‘

* Standard architecture of NEST
* Graphic Processing Framework
* Operators built with libraries

« BEAM & NEST

* Other 3R party libs

* jDoris
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NEST-DORIS Architecture

NEST-DORIS ARCHITECTURE

BEAM-GPF

Graph Processing Framewark

InSAR Operators

coregistration

I Operator 1
ok
h 4
Operator 2
—

Operator 3

InSAR processing graph

| [

ifg. formation

NEST Libraries ‘ ‘ jDoris INnSAR API

‘ reference phase | |

coherence

Core libraries | | SAR Filtering |

| | Metadata Handling | | Linear Algebra |
‘ Interpolation | | Triangulation ‘

‘ Tools | | Tools ‘

 Standard architecture of NEST

* Graphic Processing Framework

* Operators built with libraries

BEAM & NEST
Other 3Rd party libs

jDoris (*new* for INSAR)
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Release of NEST-DORIS

* Following the release schedule of NEST
* NEST 4B: released September 2011

* Full InNSAR processing chain
* NEST 4C: expected December 2011

* Advanced-full InNSAR processing chain
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NEST-DORIS 4B release

Data Input:
* read data
* precise orbits

'

Pre-processing:
* oversampling
= calibration

* 75% of chain covered by operators

* 100% of chain covered by libraries

Y

Filtering:
* azimuth
*range
* phase

Coregistration:
* coarse:
= orbits
» correlation
* fine & resampling:
« offset thru corr.
* coreg.poly.
» slave resampling

L

Products:
» cplx interferogram
+ coherence image

DEM assisted
coregistration

/ * DEM interpolation

Ref. phase:

* flatearth
* computation
* subtraction

T

Unwrapping

'

Geocoding / D-InSAR

* DEM

* computation
* subtraction
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NEST-DORIS 4B release

Data Input:
* read data
* precise orbits

'

Pre-processing:
* oversampling
= calibration

* 75% of chain covered by operators

* 100% of chain covered by libraries

Y

Filtering:
* azimuth
*range
* phase

Coregistration:
* coarse:
= orbits
» correlation
* fine & resampling:
» offset thru corr.
* coreg.poly.
» slave resampling

L

Products:
» cplx interferogram
+ coherence image

DEM assisted
| | coregistration

/ * DEM interpolation

'

Ref. phase:

* flatearth
* computation
* subtraction

:

* DEM

Unwrapping

Y

Geocoding / D-InSAR

cgmputation
» subtraction

DEM assisted coreg:
ongoing

Unwrapping:
under discussion
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Identification

[7) Metadata
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1) Geometries
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NEST-DORIS Examples

= Google Earth 8] x|
File Edit Wiew Tools Add Help

v Search

Fly to &.3., San Francisco

—

¥ Places

& My Places

a_ Temporary Flaces

Bl esy Phase gl W
intetferogram_srp stack ML TC

i =1y
v Layers Earth Gallery »»

=) @ Primary Database
O P Borders and Labels
O

E= Roads

30 Buildings
€4 ocean

B atreet view
[} ﬁ ‘Weather

Highlights:

D&‘j’ Gallery
D@ Global Awareness
DD More

* Export

* Visualization
:Google

Eye alt 81.93km
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NEST-DORIS performance

- Benchmarketing

— Performance comparable to C/C++ code

— Java version 7 - 20% performance improvement

— FFT libraries are bottleneck

— Performance critical blocks in C and linked to JAVA
* Thread safe

— Scaling is simplified
* Reduced complexity of development and
deployment

— Faster

— Easier

— Maintainable

“Benchmarks are only as good as the programs they measure”

+ FRINGE 2011 WORKSHOP 19-23 September 2011 | ESA-ESRIN | Frascati (Rome), Italy



NEST-DORIS Summary

* InNSAR processor for R&D and education
* Full and 'stable’' processing chain

* Mission support:
—SLC of all missions acquired in StripMap mode
* Incubation platform for other

* Educational tool
— Already couple of courses
— TU Delft

NEST InSAR Course Fringe 2011
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www.array.ca/nest

@ Next ESA SAR Toolbox - Array - Google Chrome

@&\““—“‘- nest
\\__ next esa sar toolbox

next esa sar toolbox

The Next ESA SAR Toalbox (NEST) is a u%frmend\y open

source toolbox for reading, past-processing, analysing and
visualising the large archive of data (from Level 1) from ESA
SAR missions including ERS-1 & 2, ENVISAT and in the future
Sentinel-1. In addition, NEST supports handling of products
from third party missions including JERS-1, ALOS PALSAR,
TerraSAR-X, Radarsat-2 and Caosmo-Skymed

NEST helps the remote sensing cammunity by supporting the
handling of various SAR products and camplimenting existing
software packages. NEST has been built using the SEAM Earth
Observation Toolbox and Development Platfarm and it covers
the functionality of the older Basic Envisat SAR Toolbox BEEST
NEST Is currently undergoing development with periodic new
releases. The major new functionality in NEST over BEST is an
integrated viewer and ortharectification and masaicking of SAR
images

NEST Is extensible with an AP that allows users ta easily create
their own plugin Readers, Pracessars and Writers. NEST is
open source under the GNU General Public License (GNU
GPL). If you are interested in contributing by developing a
reader or writer for a product please contact us

NEST is being developed by Array Systems Computing Inc. of
Toronto ©3 LG

~ SIGN IN

Email Address
@array ca

Password

Remember Me —
sign in

New users and users of
the old website please
create a new account

+ COpenlD
Create Account
@ Forgot Password

FORUM POSTS

RE. can not start the
N

RE: Errar when
starting up NEST
NESTAB with osx
106 (java 16
Installed

can not start the
NEST

RE. Shadow-
La!DVEf Mask

RE! Test
Connectivity ar
Config settings issue
EE-snatal supset

www.ppolabs.com/nestdoris

€«

2 NEST-DORIS - Google Chrome

(D) NEST-DORIS

C' © www.ppolabs.com/nestdoris. html

NEST-DORIS

overview

features

platforms

nest.array.ca/web/nest/forum/-/.../234940

o =

@z » X

about community
introduction fﬁum

NEST-DORIS is an INSAR processing environment that is fully-
compliant with state-of-the-art buzzwords: free, open-source, crass-
platform, algorithmically rich, interactive, graphics, objects, higher-
arder functions, and mare. Itis built on top of |Doris INSAR API, and
NEST SAR Toolbox.

GPL license

algarithmically transparent

suppart for almast everything that fiies
efficient? not yet, but give us some time
fully integrated in NEST

command line and gui processing

pure java

multiplattorm

Linux, OSX, Windows, (maybe?) BSDs

“or simply google for NEST + InSAR + SAR”
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jDoris Application Interface

* Rich set of InSAR functionalities
* JAVA
* Designed for NEST

— extension not replacement
— reusable

* Open Source

* InNSAR application driven

— Data stacks are reference —» multi-image processing

— InSAR Syntax and semantics
* “learning API could be harder than learning the language”

— Design Principle: “If you are in doubt leave it out”
* Multi-core ready and thread-safe
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