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SCOPE

Identification

[1]

(2]

(3]
[4]

System Overview

[1]

(2]

[4]

Array Systems Computing Inc. (Array) submits thisftare Architecture Document (SAD),

identified as ARR-NEST-RS07-016, to the Europeaac8pAgency (ESA). The SAD is used to
describe the high-level design of the Next ESA SABblbox (NEST), the identification of its

Configuration Iltems (Cls), and its operational angport environments.

The architecture design is derived from the reeuéets as specified in the Technical Specification
(TS) document.

The SAD Version 1.0 was presented at the Prelingibasign Review (PDR) meeting.

The SAD Version 2.0 is updated to correspond WithNIEST 3C Release. The high level architecture
has remained the same as described in Versiomil.tha changes in this version are minor.

The European Space Agency (ESA) has been delivEynthetic Aperture Radar (SAR) data to users
since 1991, and a large archive of SAR images bas breated. Users of ESA SAR data need a set
of tools for reading the custom data formats inchhihese data are provided. Although ESA SAR
Toolbox development started in the late 1990’s, gbffware is currently approaching the end of it
development cycle. The current closed source swéveannot activate the user-base to develop new
features and tools for the toolbox. ESA requirdslly open source toolbox that has the potental t
grow in the future through modules implementedhzydser community.

In October 2007, ESA awarded Array a contract teettgp the Next ESA SAR Toolbox (NEST).
NEST will be an open source software toolbox ineshéor reading, post-processing, analysing and
visualising SAR images processed to Level-1 or éight will ingest the data formats of past, prase
and planned ESA SAR missions including Sentinelslyell as % party SAR-data from JERS SAR,
ALOS PALSAR, TerraSAR-X and Radarsat-2, for example

NEST will include the functionality of the curreEESA SAR Toolbox, BEST (Basic Envisat SAR
Toolbox), with additional, newly developed functaity. NEST will strive to be as compatible as
possible with the architecture of the BEAM toolbBasic ERS & Envisat (A)ATSR and MERIS
Toolbox) and should therefore have a similar, ggsdrtable, modular design. Adopting an archi-
tecture closely resembling the BEAM architecturaedfiis NEST development since many libraries
and functions can be directly borrowed from BEAMlaostly redevelopment work can be avoided.

The NEST toolbox will be able to help in prepari84R data products for use in popular COTS
software, but will not be intended to replace exgCOTS software nor function as a SAR processor.

Document Overview

[1]

This document is structured into 6 sections:

Section 1 provides an overview of the document.
Section 2 lists all documents referenced withis dtocument.
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Section 3 describes the NEST Design Mythology

Section 4 describes the Development Environment.

Section 5 describes the NEST System Architecture

Section 6 describes the NEST Software Architecture.

Section 7 defines acronyms and abbreviations us#ds document.
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DESIGN METHODOLOGY

[1]

(2]

Software development is a complicated processréwtires careful planning and execution to meet
the goals.

Design for this project will be based on Array'stdB8dards for Design”. This document provides
guidance for methodology and tool selection, systewhitecture design, software design, design
reuse, design documentation, design verificatiahdasign quality.

Array maintains System Development Folders (SDFyughout the life of the project. The SDFs
contain the history of design decisions, the ratienbehind those decisions and other related
information. SDFs are made up of a collectionogfsl, emails and problem reports for changes made
to the software.

Object-Oriented Design

[1]

(2]

[4]

[5]

The software architecture for NEST will use an objariented (OO) approach to the design. Object
Oriented Programming is a paradigm to programmivag ts critical for any large scale software. It
allows for greater flexibility, maintainability, ndolarity and reuse.

The first stage in an OO approach is to analysepttoblem domain and identify the things of
importance. These things in turn will be convertedsoftware Classes. An Object becomes a
particular instance of a Class. This indicates thate is a close relationship between real world
things and software objects.

Through hierarchical decomposition, high level stuwes can be defined that are then refined into
more detailed structures. This dramatically reduttee complexity of the project into workable
smaller parts while at the same time having a systd@ew of the overall project.

The OO approach also makes use of other fundamearakpts such as Inheritance where subclasses
can inherit attributes and behaviours of its pareass, Abstraction for simplifying complexity,
Encapsulation for information hiding, and Polymdgph for handling derived classes in similar ways.

As with any well-structured object oriented desigar design will be rooted in the widely accepted
solutions to common problems in software designwkn@s Design Patterns and popularized by
Gamma et al.

Test-Driven Development

[1]

(2]

Test-Driven Development is a core part of the Agilethodology with the purpose of designing the
code based on the tests.

It is a style of development where test cases dolecunits are first written, and then only the code
necessary to pass the test is implemented. The isdthen refactored and tested again. Continuous
feedback is given on stable working code, and oesrogn be made without inadvertently breaking
dependent units. Furthermore, only code requisethé test will be written. This will ensure thhe

test coverage is complete and that the code ordg ddnat is needed.
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[5]

[6]

The following steps comprise test-driven developmen

Write test first

Write the code

agprwONE

Prepare Basic Plan and Model
Develop design with test

Update the test and go back to step 2 until coraplet

Figure 1 illustrates the flow of test-driven deymitent.

Development Starts

Add a Test I

Fail or
Refactoring

Change a
little Code

Feature
Complete

Pass

Development Ends

Figure 1: Test-Driven Development Flow Chart

Since the code is based on the tests, testalslgyaranteed.

and it keeps the code and tests in sync.

NEST will use the standard JUnit Framework for tiegting. JUnit provides a simple and easy to use

framework for automating the project’s tests.

It helps ensure exhaustive testagee
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DEVELOPMENT ENVIRONMENT

[1]

Java
[1]

(2]

JOK

[3]

[4]

Development will take place on Linux and Windows XPerating systems running on COTS
hardware. All development tools used will be fyealvailable such that a similar development
environment could be reproduced by anyone folloviinks from the NEST website.

NEST will be written exclusively in Java. Javaais OO programming language capable of allowing
the same program to be executed on multiple operatistems.
Sun’s Java 1.6 JDK Platform shown in Figure 2 hasympplication Programming Interfaces (APIs)
and tools ready for use which will minimize devetggnt cost and help to produce robust, cross-
platform code. With over 3000 classes, the platf@muite large, but will provide NEST with many
useful libraries.
Java Language Java Language
Tools & Java javac jJavadoc apt jar Javap JPDA JConsole
Tool APIs Security  Int’l IDL  Deploy Monitoring Troubleshoot  Scripting JVIMTI
Technologies
Interface
Toolkits
Integration
Libraries

JRE Other Base

Concurrency

lang and util  Collections Logagin Managem®ent
lang and util g Utilities e =
Lib Base
ibraries  preferences Ref . Regular Ryt i i
APl Objects Reflection T Versioning Zip Instrumentation
Java Virtual Java Hotspot Client V1 Java Hotspot Server UM
Platforms Solaris Linux Windows Other

Figure 2: The Java 1.6 Platform

In addition to the tools provided by the Java JDMEST will rely heavily on two extensions to the
JDK namely the Java Advanced Imaging (JAI) andldwdging I/0O extensions.

JAl is a powerful imaging package with the cap&pitif rendering very large images and applying an
extensive collection of common image operators.
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The Imaging 10 package provides a foundation feating image codec to load and save data formats
in a standard way.

Maven Build Tool

[1]
(2]

(3]

NEST will use the Maven build tool to set up thejpct structure and build environment.

Maven is a software project management and compsédretool. Based on the concept of a project
object model, Maven can manage a project’'s buighorting and documentation from a central
project object model file. Maven uses a set ofjphs that are shared by all projects using Maven,
providing a uniform build system.

Maven also provides patterns for the build infrastinre to compile, test, document, and deploy.

Integrated Development Environment

[1]

The software will be written in Java and compiled alebugged with the Sun JDK using IntelliJ
IDEA and Eclipse Integrated Development EnvironmadiDE). The IDEs are designed to maximise
developer productivity by providing the necessargls and graphical environment for all areas of
development including coding, debugging and testing

Version Control

[1]

For concurrent version control of the code repogit;d documentation, the Concurrent Versioning
System (CVS) will be used. With CVS, multiple dieyaers may access the repository in parallel and
commit changes without the fear of overwriting some else’s work.

In addition, it provides a complete project histtmgt includes the ability to review previous vers
of the code, and to compare old code with new code.

CVS assists with merging changes, tracking chaagdgagging releases. All iteration snapshots will
be tagged and controlled.

For the BEAM source code, Subversion will be usedha Configuration Management tool, and the
BEAM code repository will be managed by Brockmanon€ult. The latest version of NEST will
work from the Head trunk of both NEST and BEAM.

Figure 3 illustrates file structure for the NESDjerct.
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_INEST CVS| Array
_1DAT
1 Modules

__|BEAM SVN| BC

_1Modules

_1Beam Core
1 Visat
L1 pom.xml

L] pom.xml

Figure 3: NEST-BEAM File Structure

Continuous Integration

[1]
(2]

(3]

[4]

Continuous Integration helps to provide a functignproduct at all times.

The code repository is continuously monitored fodes changes. When triggered, the latest code from
the repository will be checked out automaticallysioyipts and built on each of the target platforms.

Any build problems or failed tests will immediatetyigger an email to notify the developer
responsible for that code.

Upon a successful build, unit tests, integratioststecoding standards checks and metrics will be
executed automatically. In this way, problems w@lentified quickly and developers can have
confidence in the code as they continue to refeatoradd new features.

Figure 4 shows continuous integration developmdrére all automated test platforms and developers
work from one central code repository.
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I Automated
Test Platforms
Development Platforms
) Automated
Test Platforms
Development Platforms YNV
—>
Test Platforms

Snapshot

Figure 4: Continuous Integration Development

Coding Standards

[1] NEST will follow the Coding Conventions of the Jawrogramming Language from Sun
Microsystems. The guidelines are recommendationthé programmers, and should be followed
except when rigorous adherence to them undermimeachievement of readability, maintainability,
or portability, and can be justified.

[2] Java coding standards and conventions will be melytimonitored using IntelliJ IDEA, a highly
configurable development tool to help programmeritewlava code that adheres to a coding standard.

Detailed Design Documentation

[1] The JavaDoc tool will be used for creating docuragéom directly from the source code. From
formatted comments within the code, JavaDoc caonaatically generate associated documentation
in HTML and PDF formats. ’

[2] All source code must be properly documented. Thaélide coding standard checks to verify that no
class has been left without proper JavaDoc healtepdaces of the code where a JavaDoc header|has
not been completed properly or is missing parar(e@tdntelliJ highlights the comments.

Bug tracking

[1] Bug tracking will be managed internally using th@d bug tracking and reporting system and will pbe
accessible to ESA at the website in order to keep EEformed about the state of each release ang to
allow ESA users to submit their own bugs or chamggiests.
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5.1

5.2

5.3

SYSTEM ARCHITECTURE DESIGN

[1]

The NEST is a software-only solution intended tabédardware independent as possible.

Portable Source Code and Hardware Independence

[1]

(2]

Hardware independence is achieved by the use af Jdava code is implicitly portable. Java source
code is compiled into a universal format calledebgbde. This compiled Jauate-code can be
executed by a Java runtime interpreter on any@iatf The runtime system is a Virtual Machine that
performs all the normal activities of a real pram®s including executing the instruction set and
managing memory.

The Java interpretation is a strictly defined oppecification that can be implemented by anyone who
wants to produce a Java-compliant virtual machoreaf particular platform. In this way, the same
Java application byte-code can run on any platfityiah provides a Java runtime environment.

The portability of Java software will allow NEST be written once, compiled once, and then be able
to run on any hardware and operating system suppottte Java virtual machine. As such, NEST
will be able to run on Microsoft Windows, Mac OSnux, Solaris and other flavours of UNIX.

Dependencies

[1]

The NEST software will be dependent on sonffeparty libraries, including BEAM, Ceres, JAI,
JOGL, HDF, and NetCDF. All "8 party libraries will be included with a NEST dibtution.

Delivered Software

[1]

Each release of the software will be delivered &REN on a DVD containing the NEST software as
Java byte-code ready for easy installation on tgptgforms, with all user and developer manuals,
on-line help and course material, full source cuadlh compilation and installation instructions, all
development tools needed for automatic rebuildsamdple data.

Everything packaged on a distribution disk willalse available to download from the NEST website.

Array Systems Computing Inc.

Commercial in Confidence

Printed on January 29, 2010 Page 10

Use, duplication, or disclosure of this document or any information contained herein is subject to the restriction on the title
page of this document.



5'1! Software Architecture Document (SAD) for the
};- Next ESA SAR Toolbox (NEST)
' i

SYSTEMS COMPUTING INC. ARR-NEST-RS07-016, Version 2.0, January 27, 2010

SOFTWARE ARCHITECTURE DESIGN

BEAM Architecture

[1] The NEST architecture will be built upon the proward extensible architecture of BEAM. BEAM
features an Application Programming Interface (ARBt has been designed and developed from the
beginning to be used by'parties to extend BEAM or re-use it in their owpcations.

[2] BEAM is an application suite which facilitates thélization, viewing and processing of MERIS,
AATSR and ASAR data products of the ESA ENVISAT ieonmental satellite. It provides a
multitude of tools and functions to visualize, azal, manipulate and modify earth observation data.

[3] Originally intended to support scientists workindhAENVISAT AATSR and MERIS as well as ERS
ATSR data, BEAM has evolved to be used on a nurob&SA projects for Earth Observation (EO)
data analysis and is supporting additional instmsiencluding MODIS, AVHRR, ALOS PRISM and
AVNIR2, as well as generic data formats such a€DE&t

[4] Beside general functions such as image display ap projections, sensor-specific tools such as
retrieval of water constituents from MERIS datasea surface temperature calculation from AATSR
data, are part of the toolbox. BEAM also suppsdme ENVISAT ASAR products with the basic
image visualization and image manipulation fundiion

[5] Although BEAM has been intended specifically fortioal data, the BEAM architecture has been
designed and developed to facilitate the extenai@hre-use of its code base such that it is feasibl
use BEAM’s core framework as the building blocksdevelop a Synthetic Aperture Radar (SAR)
toolbox.

[6] NEST and BEAM will share a common core that enabiiesexchange of modules between the two
toolboxes. This common core will be maintained peyatively by both Array Systems Computing
Inc and Brockmann Consult, the developers of BEAM.

[71 The majority of the NEST functionality will be emsulated in BEAM plug-in modules. As such,
some modules will be interchangeable between tbesywtems as shown in Figure 5.
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Figure 5: BEAM-NEST Module Reuse

[8] The BEAM 4 module architecture is an ideal platfaomstart the development of NEST. Special care
and effort will be made to allow some of featuremnf both projects to be shared between the two
applications.

[9] The common BEAM-NEST Core architecture consistsvafious plug-in modules which are all
independently developed, modified and versionelde dore framework shown in Figure 6 is made up
of thebeam-core, beam-gpf, beam-processing, beam-ui andbeam-visat modules.
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Figure 6: BEAM-NEST Core Framework

[10] The core modules make use of ceres-core, cerasduceres-binding. These modules package utility
classes for module registration, versioning, appilon building and swing user interface helper
functions.

[11] The beam-core contains most of the managers and data modeldimgjuhe data 10 for the product
readers and format writers. ThHeam-gpf is the Graph Processing Framework (GPF), which
implements the new processing framework introduoegersion 4 of the software. Processing tasks
are implemented as Operators. The GPF provideayatavexecute a chain of sequential processing
steps on an image. Theam-processing is the old version 3 processing framework, whiéh mot be
used by NEST directly but may still have dependemdor some BEAM operators. Tiveam-ui
provides the user interface framework for creatipglications, windows and dialog&eam-visat is
the primary application and user interface to thels in BEAM. VISAT supports extensions for
views for displaying data and actions to add meems and toolbar buttons to trigger user initiated

events.
NEST Architecture
[1] NEST will consist of a collection of processing mitas and data product readers and writers.

2] All modules will be centered on the Generic Proddcdel (GPM) of the BEAM-NEST Core. The
GPM is a common, unified data model designed shahdll data readers convert data into this data
model and all analysis and processing tools usedidiia model exclusively.
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[3] NEST's primary goals are to read in ESA and thiatt SAR data products, provide tools for
calibration, orthorectification, co-registrationtérferometry, and data manipulation, and then ednv
the data into common file formats used by otH&p&rty SAR software.

[4] Figure 7 shows the flow of data through the comptsef NEST.

Display and Analysis Tool

&Y & 2 % &
ENVISAT ASAR—
ERS 1 & 2 AMI—
JE A .. BEAM DIMAP
JERS— y N
. G - ) —GeoTIFF
Radarsat 1 & 2— ] Sheylc . B
— Readers [P~ Product —» Writers HDF 4 &5
ALOS PALSAR— 3 :'
R Model ’ NetCDF
TerraSar-X . Lo’
e - JPEG2000
Cosmo-Skymed
Sentinel 1——
Graph
Processing
Tool
1
#
$ $%
Figure 7: NEST Flow of Data
[5] This collection of modules will be driven by twaipary applications: the Display and Analysis Tool

(DAT) and the Graph Processing Tool (GPT) as shawhkigure 8. The DAT will integrate the
various tools within a rich graphical user intedawhile the GPT will allow the tools to be exealte
independently from the command line, scripts olatdd from other COTS software.
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[6]

[7]

(8]

Analysis
Tools

Readers

Processors

Figure 8: NEST’s Primary Applications

A major goal of the architecture will be to keep $IEs functionality as modular as possible. All
plug-in modules are based on the Ceres reusablailendchmework and rely on it for module
management, versioning, and updating.

Modules are designed for strong cohesion within adute, and weak coupling between modules.
Through modularity, great flexibility and expanddiican be achieved. New requirements needed
by the user community could potentially be impleredneasily by adding or replacing modules in
isolation without affecting other modules or reéquirchanges to the core framework code. With a
plug-in architecture, there is no need to re-witie software to add new capabilities. This alldies
end user to create his/her own modules by followimgy interface descriptions detailed in the user
manual.

Following on the BEAM framework, in NEST there whle plug-in modules for most functions
including data 10, data layer rendering, map ptiges, processing and processor user interfacdls. A
modules will be able to append their own menu itams add their own dialog boxes to the system to
provide an integrated user interface for the madule

NEST will follow the plug-in system used by the beaore. Plug-in modules are inserted into the
system via module manifest files which hold Metiimation about the module.

Module manifests help the core system to registermiodule and store information such as version,
description and license as well as where it shétid the system and how it should be called.

A manifest that defines an extension for an actionexample, may be realized as a menu item within
the DAT that instantiates the module when clickady the user.

Figure 9 shows a sample module manifest for a NESdule.
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“modnle=

“manifestVersion=1.0.0</manifestVersion=
“ZsyubholicHane~nest-reader-dem- /sywholicHame =
“versionr0. 1< frersions-

“name=NEST DEM Reader-= /name>=

“descriptions
Enablez NEST to read the SRETM, ACE and D-TED digital elevation modelszs.

=jfdescription=

=dependency=
“modnl erbeam-core-< /module=
= fdependencys
=dependency=
“modnl erbeam-rizat < /module=
“Zoptional=truwe=/ optional =

= fdependency =

“categories-Reader  DEM-/categories>

“Zextension point="nest-dat:actions"=>

“actionk
“<id-import SRTMDEM= /id=
“classrorg.esa beam vizgat . actions. ProductImportAction</class>
= formatName-5RTHM DEM-=/formatMName:
“text>Import SRETM DEM Tile (or S5ubzet). .. < /text:=
“mhemonic < muemonics
“shorthescr=Import a SRETM DEM tile or tile subget.</shortDescr>
“description=Import a S5RTM DEM tile or tile subget. < /descriptions-
“helpId=-import SETMDEM= helpIds-

=faction

= fextensions>

= fmodal e

Figure 9: Sample Module Manifest

Display and Analysis Tool

[1]

The Display and Analysis Tool (DAT) will be the prary application which NEST users will use to
visualize and analyze the data and access thentatgpulation tools available in the toolbox. The
user will be able to see multiple images withinakvindows and interact with the data analysisgool

with the mouse.
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[6]

Views

[1]

(2]

The DAT will be based on the VISAT application frdBEAM and will inherit most functionality
from BEAM VISAT including views and actions. If &ome time during the project VISAT is
incompatibly changed, then the DAT will use the lmmpatible version of VISAT as a base.

The DAT window will contain menus and toolbars épidly allow the user to access commonly-used
operations using both the mouse and the keybo@mhlbars will have descriptively drawn icons to
reflect their operation and have tool tips desaogbtheir functionality to the user. The DAT will
include user-friendly GUI components such as pregytears and online help available directly from
dialogs and menus.

Input controls will protect the user from enteringalid values. Default values for input paramgter
as well as upper and lower boundaries will be drilbg user-adjustable XML files. This validate-on-
entry mechanism prevents invalid data from gettioghe underlying system. One of the GUI
designer’s primary roles is to select the most appate control for the data type/range that it
represents. The appropriate design of these Ghilpoaents can make the application intuitive for
the user.

The DAT will be able to create multiple windows ngithe same dataset. This will allow a zoom
window and an overview window, in addition to thaimwindow, to all work with the same dataset.
The overview window will show a highlighted arepmesenting the current view in the main window.
By dragging this highlight, the user will be abtertavigate within the main window. Likewise, the
zoom window will show the selected portion of tteabet at full resolution or greater magnification.
The user will be able to see the area represemtddei zoom window as a highlight in the main
window and will be able to drag the highlight tgeosition the data shown in the zoom window.
Displays will be able to be linked together sucéttthey all show the same geographical area as the
user pans in one of them.

Datasets will be viewed using a user-selected cdiaole. Users will be able to define their own
colour tables and save and load them. Colour ceitggocan be made up from up to three different
co-registered datasets, and colour tables may figedefor all components. The user will be able to
select which band of a dataset is to be used ®réld, green and blue components. For complex
images, the DAT will represent the intensity of tth&ta as colour intensity and the phase by the
particular colour from a colour table.

The DAT will be able to open the data in varioumadws offering a different representation of the
data as Views and ToolViews. Views are for analydia particular band of the data. ToolViews are
shared between datasets, and they highlight tleefdah the currently selected dataset.

Figure 10 shows the Views and ToolViews availahléhie DAT.
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Views
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Figure 10: Views and ToolViews of the DAT

6.3.1.1 Image View
[1] The image view displays the sample values of raftasets such as bands and tie-point grids as an
image.
[2] Datasets will be viewed using a user-selected cdiaole. Users will be able to define their own

colour tables and save and load them.

6.3.1.2 Co-Registered View

[1] Within a Co-Registered View, data will be viewedlagers. Any number of layers may be open at
one time. Each layer will have a rendering orded much like a painter’s algorithm, will be drawn
on top of each other. The user will have contra@rathe layer ordering and the translucency of the
images.

[2] The user will be able to add and remove layersciwaahge the rendering order via a data layer dialog.
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Quicklook View

[1] The Quicklook View can be used to access folderdadé products and preview the data along with
their location on a world map.

3D View

[1] With the 3D View, the user will be able to view dstts as layers on a 3D Earth. If a Digital
Elevation Map (DEM) has been co-registered, tha datges will be draped over the DEM in 3D.
The user will be able to adjust the exaggeratiatofeof the DEMs height scale.

[2] This 3D display will be implemented using JOGL theva binding for the OpenGL API. JOGL
provides hardware supported 3D visualization armbts portable and open source.

[3] OpenGL is a powerful API that provides high qualitygh performance 3D graphics which can be
hardware accelerated by most graphic cards. ThenGp API acts as the interface between the
software and the graphics card installed on trgetaystem.

[4] The 3D view will use a spherical coordinate systeithe General Perspective Projection is used
positioning a camera at a near space distance ghevEarth. Panning and zooming is handled by
OpenGL and the graphics card, making the systemefécient.

[5] The system will be able to efficiently and intuély pan and zoom to user selected positions. dtie |
mouse button is used for selecting and draggingatdjand grid points. The middle mouse button
and wheel are used for navigation. Clicking andgding the middle mouse button pans, double-
clicking re-centers at the location of the mousiteo and the mouse wheel zooms in and out. The
right mouse button calls up a context sensitive-pppnenu for operations specific to the objects or
overlays currently under the mouse pointer. Aldiions can be accessed via a menu item or a
shortcut key.

Products ToolView

1] The Products ToolView maintains all opened produwcts tree where the user may access bands,
flags and metadata.

Pixellnfo ToolView

[1] The Pixellnfo ToolView shows readout informationeothe current mouse position on the image
view.
[2] As the user moves the mouse over the image th@afioly information will be shown:

Geo-location: image position, the geographic-laratind also the map co-ordinates.
Tie Point Grids: the values of the tie-point grids.

Time Info: the time information associated with tharent line.

Bands: the value of the pixel beneath the mousstoi

Flags: the state of the flags at the current pixel.

Metadata View

[1] When opening a data product, the DAT will be ablénspect and display information about the data
without actually reading in the full dataset. Imf@tion such as metadata and geographical extdnt wi
be displayed and optionally quick-look views an@miews may be requested and viewed.
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[2] Complete header analysis will be performed fopediducts and the results may be optionally saved to
a text file.

Bitmask Overlay ToolView

[1] This view allows the user to activate overlay flagsl combine of them on a loaded band Image
View.

Navigation & Zoom ToolView

[1] The Navigation View allows the user to see an oesnof the whole dataset and a highlight of the
currently viewed area in the active Image View.

[2] It can also be used to control the zooming and ipgnof the Image View and to link multiple views
together such that they show the same geograpkéc ar

Statistics ToolView
[1] The DAT will calculate the following statistical kables for a real dataset:

mean
median

max

min

number of pixels

standard deviation

coefficient of variation

histogram with normalized percentage frequency
equivalent number of looks.

[2] Statistics will be displayed in the DAT in a talufarmat and can be saved to a text file optionally
with relevant meta-data from the data product. @&er will be able to adjust the parameters used to
generate the statistics and be able to specifyviiliel range within which the statistics will be
computed.

[3] In addition, the current mouse cursor position pitbduce a readout shown in a common status area.
The readout will have the following values:

Pixel coordinates in line/sample and latitude/lounde
Pixel value

Scaled pixel value if applied

Values from the ADSs.

[4] The readouts will be computed by interpolation udohg incidence angle, Doppler value, satellite
position and refined incidence angle using a sliypen a DEM. The current cursor position in
Latitude and Longitude and DEM elevation in metei be shown in the status bar as the user
moves the mouse. All windows will show the curreobm factor and information about pixel
dimensions and ranges.
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WorldMap ToolView

[1] A world map toolview will be available to show tlextents of the current dataset. Geophysical
parameters from Level 2 Wave Mode products wilshewn as well as the Doppler Grid ADS from
ASA_WSS_1P products.

Regions of Interest

[1] The user will be able to graphically define a Regad Interest (ROI) by drawing a rectangle or a
polygon. Likewise, an ROI could be specified in ¥NIL-processing request file to a tool by
including parameters such as coordinate systemlefoorner, bottom right corner, etc., or a ROI
polygon by specifying the number of vertices arglltbt of vertex coordinates. Coordinates could be
entered as longitude, latitude or more preciselypasand column.

[2] The ROI will be used by the user to identify a jgatr feature in the image such as a built-up ,area
an oil spill or a water body in order to extracefusd information about it. Within the ROI, the use
will analyze tone or relative brightness of objedise measured size of features, the shape and
structure of objects and the textures.

[3] A ROI will be convertible into a binary bit mask tife same dimensions as the dataset to which it
relates. If a ROI exceeds the limits of the datasen the particular tool being used will optittya
set excess pixels in the output to zero or clipesg@ixels from the output.

Projects and Workspaces

[1] NEST will allow the user to store and restore theently opened set of data products as projess.fil
Project files will be stored as XML. The current nkspace will also be saved in the project files
which include all the relative positions of all cemtly opened views that have been created to abspe
and analyse the data.

Vector Data Overlays

[1] In addition to the raster data products, the DAT ke able to load and display vector data as kyer
This will prove helpful for overlaying shorelinepltical boundaries, navigational charts, etc., and
using this data to mask land or water areas.

[2] NEST will need a shape file reader. Shapefilessatcemmon geospatial vector data format that can
represent one class of data; for example, therebaayne file that represents rivers and another tha
represents lakes.

[3] Vector data will be broken down into simple featuseich as points, lines, and polygons. The user
will be able to define a presentation model by ctétg colours, styles, labels, etc., for each clafss
features.

Data Model and 10

[1] Data product reader modules will know how to ingaltthe data of a particular product and
transform it into the GPM data structure. The GRMbstract enough to handle all types of data
products without losing any information.

[2] The NEST tools will then have only one interfacehte GPM in order to work with the data. Data
product writers would be able to take the data fttvn GPM and produce an external file format.
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With a GPM, conversions from one file format to #mew could be achieved with the appropriate
reader and writer modules.

[3] Furthermore, the DAT, tools and future plug-inslviié independent of which data products are
supported or any specific complexities of the fidemats.

6.4.1 Data Model
[1] Figure 11 illustrates the Product Data Model.
Productiode Product
Clonaable
ProductData :I
0.1
wier
+Bute
Hlbyte
+5hort 0n14jygeoCoding
tUshort Dataiode MetadataElement interface
+Irt g
Hrjnt ol GeoCoding
+Flaat “data 0.
+Double
+ASCIT “oroups
+UTC <? A A
| |
0.* attributes | l
RasterDatatode Metadata Athibute FlagCoding TlePointGeoCodlng MapGecCoding
Band TiePointGrid
langrd
|atGeid
Figure 11: Product Data Model
6.4.1.1 Product
[1] The main component of the product model is the &ebdlass. This represents a single EO data

product which can exist as either a physical fl@®an in-memory object in the computer's RAM. A
product represents one or more earth observatiemescand is therefore a composite of one or more
raster data bands. Optional components of a ptatecthe geo-coding, ancillary data stored as tie-
point grids, flag-codings and the metadata.
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Bands
[1] Objects of the Product class can have one or manelbfor storing raster data. A band provides

sample values, geophysical parameter values oityjtlabs as a function of the pixel position.

[2] Raster data nodes have a scaling factor and angcalffset which converts raw counts into
geophysical units, and a no-data value which indgaissing pixel values.

Tie-Point Grids

[1] A Product can also have any number of TiePointGndsich internally store ancillary data on a
regular sub-grid. All of the imaging, processimgdaanalysis functions are applicable to tie-point
grids as they are to bands.

[2] When opened, data is interpolated to be the samerdiions as the scene raster data.
Geo-coding
[1] The geo-coding is responsible for the transfornmatibpixel coordinates into geographic coordinates

and vice-versa. GeoCoding implementations incltiie TiePointGeoCoding which is based on
latitude/longitude tie-point grids, the MapGeoCaylimhich uses a map-projection in order to perform
the coordinate transformations, and the PixelGea@pahich operates on the latitude and longitude
values given at the band resolution.

Metadata

[1] A product’'s metadata, such as the main and spegifiduct headers and annotation datasets, are
stored as nested groups of MetadataElements. duptaan have any number of metadata elements.
Most metadata is composed of single name-value spaithese are stored as generic
MetadataAttributes as part of a MetadataElement.

Flag-coding
[1] Flag-codings are a special type of metadata. TagQoding class describes the classification/qualit

flags stored as per-pixel bit fields in “flag bahdsA product can have multiple flag bands and
therefore also multiple flag-codings.

Virtual Bands and Band Arithmetic

[1] A special type of band is represented by the ViBaad class. The raster data of this band is
computed from a mathematic expression instead ioflread directly from a product data file. The
mathematical expression is given as a characiagsind can be composed of the names of any band,
tie-point grid or single flag value contained ir toroduct. The strength of the virtual band cohéep
its great flexibility for working with temporary bas without needing to save them to files.

Product Data

[1] DataNodes such as Bands, TiePointGrids and Metatlebate store the actual product data in
objects of the ProductData class. This class @hatraction of arrays of primitive data types, em
8-, 16-, 32-bit integer and 32-, 64-bit floatingmanumbers.
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Readers

[1]

(2]

When opening a data product, the DAT will be ablénspect and display information about the data
without actually reading in the full dataset. Imf@tion such as metadata and geographical extdnt wi
be displayed and optionally quick-look views an@mews may be requested and viewed. Complete
header analysis will be performed for all produatsl the results may be optionally saved to a text
file.

The user will be able to select which measurematasets are read in entirely or specify a user-
defined region of interest to be read in.

Data Product Readers

[1]

(2]

(3]

NEST will be able to ingest a variety of data pradunto a common internal representation. Each
tool will call the product manager to open a datadpct which would then in turn call each product
reader to attempt to read the data. The type ¢td geoduct to be read will automatically be
determined by the software. Internally, the datbhwe abstracted in the GPM. If there isn’t agwot
reader available for reading the data, the uséhwiinformed.

All or parts of metadata from the Main Product HeadIPH), Specific Product Header (SPH) and all
Annotation Data Sets (ADSs) and Measurement Dats (MDSs) will be read from the product and
optionally presented to the user. The user willehidne option to only read in parts of the datalpod
such as selected measurement datasets or useze DI

NEST will be able to read in data formats from S#Rsions including:

Envisat ASAR
Envisat orbit files
ERS-1 & 2 AMI
JERS SAR

ALOS PALSAR
TerraSAR-X
Radarsat-1 & 2
Cosmo-Skymed
Sentinel-1 (planned)

The ENVISAT Reader uses the ENVISAT Data Dictiondagabase used by BEAM to interpret the
ENVISAT format for ASAR data products.

ERS 1 & 2 PGS data in ENVISAT format is handledabgubclass of the ENVISAT reader as shown
in Figure 12.

Array Systems Computing Inc.

Commercial in Confidence

Printed on January 29, 2010 Page 24

Use, duplication, or disclosure of this document or any information contained herein is subject to the restriction on the title
page of this document.



ﬁ'{‘ Software Architecture Document (SAD) for the
};- Next ESA SAR Toolbox (NEST)
' i

SYSTEMS COMPUTING INC. ARR-NEST-RS07-016, Version 2.0, January 27, 2010

ENVISAT
Reader

ERS 1/2
PGS

Figure 12: ENVISAT Format Readers

[6] The CEOS format is a common specification for eatbservation data. As such, a common base
class will provide the necessary helper functiamrpfirsing and interpreting the format.

[7] Subclasses for ERS 1 & 2 VMP/PGS, RADARSAT-1, JERETR and ALOS PALSAR in CEOS
format will implement the specific details requitedread each data product.

CEOS
Reader
ERS 1/2 ALOS
VMP/PGS Radarsat-1 JERSSAR PALSAR
Figure 13: CEOS Readers
[8] Newer data products such as TerraSar-X and Radanss¢ GeoTIFF for image data and XML for
metadata. Classes for these readers will wrapsgn@Tl IFF reader and an XML reader as shown in

Figure 14.
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[9]

GeoTIFF
Reader

TerraSAR-X Radar sat-2

Figure 14: TerraSAR-X and Radarsat-2 Readers

Cosmo-Skymed data products will be read in by wirggpp HDF 5 CEOS reader as shown in Figure
15.

HDF 5
Reader

Cosmo-
Skymed

Figure 15: HDF 5 CEOS Readers

Common EO File Formats

[1]

(2]

NEST will ingest common file formats used by thpdrty earth observation (EO) software such as
GeoTIFF, HDF 4, HDF 5 EOS, NetCDF, and BEAM DIMAP.

Only NEST supported map projections will be handled

Digital Elevation Maps

[1]

(2]

(3]

[4]

Digital Elevation Maps (DEMs) will be imported fromarious formats including SRTM, ACE DEM|
and GETASSE30 DEM and abstracted into a commomiatéormat for use by the NEST tools.

Elevations will be interpolated based on the imdge product to which the DEM is being applied.
Holes in the DEM datasets will also be correctedbitlinear or spline interpolation.

SRTM is the Shuttle Radar Topography Mission offgrihe most complete high resolution elevation
models available. It covers the area from 56 °6QGN. The dataset contains no-data areas affecte
by mountain and dessert areas. SRTM is availab89iand 3 arc second resolutions for most of the
globe and in 1 arc second resolution of the Un@tades.

ACE is the Altimetry Corrected Elevations at 30 second resolution covering the entire globe.
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[5] DTED is the Digital Terrain Elevation standardizadJ.S. Military SpecificatiorMIL-PRF-89020B.
It provides Level 0 at 30, Level 1 at 3 and LeveitA arc seconds.

[6] GETASSES30 is the Global Earth Topography and Seta& Elevation at 30 arc second resolution.
It is a composite digital elevation model compog$eam the SRTM30, ACE, MSS and EGM96
ellipsoid datasets courtesy of Marc Bouvet of ESPREN.

Writers

Common EO File Formats

[1] NEST will write common file formats used by thirérpy earth observation (EO) software such as
GeoTIFF, HDF 4, HDF 5 EOS, NetCDF, JPEG200 and BEAIMAP.

[2] Only NEST-supported map projections will be handled

COTS Image File Formats

1] The DAT will be able to save images from datasetshay are currently viewed into the following
common COTS image file formats:

JPEG
PNG
TIFF
BMP.

[2] The user will be prompted with the appropriate peeters for the user-selected output format via a
Save As dialog. It will be possible to also proel@cKML file such that the image could be imported
and overlaid into Google Earth.

Generic Binary (BIL, BSQ, BIP)

[1] NEST will have a generic binary import and expapability for Band Interleaved by Line (BIL),
Band Sequential (BSQ) and Band Interleaved by RBH?) formats. With BIL, the first line for all
bands is written in sequential order followed bg #econd line for all bands etc. With BSQ, each
band is written fully one after the other. WithFBlthe first pixel for all bands is written in setial
order followed by the second line for all bands, et

Graph Processing Tool

[1] NEST will rely on BEAM’s Graph Processing Framewd@PF) to create processing graphs. The
GPF is based on the Java Advanced Imaging (JAGermg chain.

[2] A graph is a set of nodes connected by edgeshidrcase, the nodes will be the processing stéps.
edges will show the direction in which the datdgésng passed between nodes; therefore it will be a
directed graph. The graph will have no loops @ley, so it will be a Directed Acyclic Graph (DAG)
as shown in Figure 16.

[3] The sources of the graph will be the data prodeatiers, and the sinks can be either a productrwrite
or an image displayed on the DAT.
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[4]

[5]

Writer Writer

Figure 16: A Directed Acyclic Graph

The GPF uses a Pull Model, where a request is ifnagethe sink backwards to the source to process
the graph. T his request could be to create a medugt file or to update a displayed image. Omee t
request reaches a source, the image is pulledghrie nodes to the sink. Each time an image passe
through an operator, the operator transforms ttegenand it is passed down to the next node ntil i
reaches the sink.

The graph processor will not introduce any interiatedfiles unless a writer is optionally added
anywhere in the sequence.

Graph Builder User Interface

[1]

(2]

The user will be able to create graphs visuallyhwite Graph Builder, process them directly from the
DAT and save them as XML files. These saved grayghsd then also be used as the input for the
command line Graph Processing Tool (GPT) with gediht set of input data products.

The Graph Builder shown in Figure 17 allows theruseassemble graphs from a list of available
operators and connect operator nodes to their ssurc
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flil Graph Builder g@@

|

‘ Read ]‘ -?{SpeckleFilter]f%{ Write ]

|
v

{FilterOperator]——“‘ Write ]

T — -ﬁ‘ﬁ Speckle Filker 2
% 5 e 3 -ﬁ’»ﬁ Filter Cperatar 4

Target Product
Mame:

Save as; | BEAM-DIMAP ||

Cirectaory:

|D:\Daka E]

Openin NEST DAT

l L,_' Load

l Save “ ?’f’ Clear

%C D? Process ‘

Figure 17: The Graph Builder

[3] As operators are added, their corresponding Opéthtwill be created and added as tabs to a
property sheet. The OperatorUls will accept uspui for the Operator’'s parameters.

[4] Before saving or processing a graph, the GraphdBuiwill call each operator to validate its
parameters. Validation will also occur at the ¢rdgvel to ensure there are no cycles and that each
operator has the appropriate connections.

6.5.2 Tiling

[1] The memory management of NEST will allow for veayge data products, of which all the data can
not be stored in available memory, to be handlethbyprocessing tools and visualization. To do so,
a tiled approach will be necessary.

[2] The dataset will be divided into workable areaechliles consisting of a subset of the data reauh f
disk in one piece. Only the data for tiles beimgualized will be read in, and in some cases tha da
could be down-sampled to view the desired arelaea¢xpense of resolution.

[3] Depending on the tool, data will be ingested foiteaor a set of tiles, and processing will be &gl
only to the current set of tiles. The data wiknhbe written to a file and released from memadiriie
process will then be repeated on a new set of dited from the large data product.
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[4] From the DAT, in order to allow zooming out andwieg of the entire image, a pyramid of tiled
images at different resolutions will be required.

[5] Tiling should be generally transparent to the user.

Operators

[1] In order to provide the greatest flexibility to thend user, processing algorithms such

as

orthorectification and co-registration will be besk down into unit processing steps as Operators.
These operators may be reused to create new piregesaphs for other purposes.

[2] However, in some cases it may prove beneficialamline processing steps within an operator to
either improve performance or simplicity.

[3] Some functionality such as mosaicking will requrer processing to have been done before images
can be stitched together such as reprojection ghdrectification. For this reason, it may be riegd
to put a number of graphs together as one.

[4] Table 1 describe some of the Operators to be imghéed for NEST.

Table 1: NEST GPF Operators

Operator Description

Reader Opens the data with the appropriate pradader for the user specified input
file

Writer Writes the data with the appropriate fiberhat writer for the user specified
format

Subset Creates a spatial subset of a source aataqgbr All operators having subset a|

source will be using the area defined by the sufysetator as its input image.

Band Arithmetic

Uses an arithmetic expression &atg new image sample values derived fron
existing bands

RGB Writer

Combines bands for Red Green Blue corapts

Image Filter

Provides general filters for Averaging, Edge DdtsttEnhancement, and Nois
Reduction

Speckle Filter

Provides specialized filters foradfe reduction including Mean, Lee, Refined
Lee, Gamma-Map, and Frost

Reprojection

Uses the geolocation information talkem the product header to transform th
image to the current map projection. Common coatgi systems such as UTN
UPS and Plate Carree will be handled.

h

e

GCP Selection

Generates the Ground Control Points

Warp Evaluation

Computes a warp function from tieRGo fit samples from a slave image to 3
master image

|

EllipsoidCorrectionRD

Range Doppler Ellipsoid Correction using averaggfte

EllipsoidCorrectionGG

Geolocation Grid Ellipsoid Correction

RangeDopplerTC

Range Doppler Terrain Correction

SARSimulation

Create a simulated SAR image from a DEM
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Operator Description

SARSIMTC Terrain Correction using a simulated SAR image

Mosaic Create a mosaiced product from several input ptsduc

ApplyOrbitFile Correct orbit information from DORIS, PRARE and OELorbit files

FillHole Interpolate DEM holes

ConvertDataType Converts a product from one data type to anothtdr appropriate scaling

DeburstWSS Consolidates the bursts in a WSS product

Multilook Averages the power across a number of lines in thatlazimuth and range
directions

CreateLandMask Creates a land mask

AdaptiveThresholding Ship Detector

WindFieldEstimation Estimates the speed and direction of the wind feoBAR image

ObjectDiscrimination

Eliminates objects detected outside of a specifiedmax range

QilSpillDetection

Oil Spill Detector
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ACRONYMS AND ABBREVIATIONS

[1] Table 2 shows the acronyms and abbreviations ustitis document.

Table 2: Acronyms and Abbreviations

Acronyms and Abbreviations Explanation
3D Three-Dimensional
AATSR Advance Along Track Scanning Radiometer
ACE Altimetry Corrected Elevatiorfermat
ADD Algorithm Description Document
ADS Annotation Data Sets
ALOS PALSAR é)c:xﬁqnectiecdpl\_ﬁgr?u%b;zg/;r;g Satellite Phased-Array-tyband
ALOS PRISM ]Ar\]c;\t/inrﬁggtl}g:\g g:aesg:\\/lliarllgpisna;elitte Panchromatic Rersensing
AMI Active Microwave Instrument
API Application Programming Interface
Array Array Systems Computing Inc.
ASAR Advanced Synthetic Aperture Radar
ASCII American Standard Code for Information Inteange
ATSR Along Track Scanning Radiometer
AVHRR Advanced Very High Resolution Radiometer
AVNIR2 Advanced Visible and Near Infrared Radiomete
BC Brockmann Consult
BEAM Basic ERS & Envisat (A)ATSR and MERIS
BEST Basic Envisat SAR Toolbox
BIL Band Interleaved by Linéormat
BIP Band Interleaved by Pix&drmat
BMP BitMaP format
BSQ Band SeQuentifdrmat
CEOS Committee on Earth Observation Satellites
COTS Commercial Off-The-Shelf
CVsS Concurrent Versioning System
DAG Directed Acyclic Graph
DAT Display and Analysis Tool
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Acronyms and Abbreviations Explanation
DCN Document Control Number
DEM Digital Elevation Model
DIMAP Digital Image MAP
DTED Digital Terrain Elevation Datir mat
DVD Digital Versatile Disk
EGM Earth Gravitation Model
ENVISAT ENVIronmental SATellite
EO Earth Observation
ERS Earth Remote Sensing Satellite
ESA European Space Agency
ESRIN European Space Research Institute
GCP Ground Control Point
GeoTIFF TIFF-based interchange format for GEOrefeeéor raster imagery
GETASSE30 S;glgﬁldlzrzgtgh]'ﬂoopnography and Sea Surface Elevati@0 arc
GNATS Represents the GNU problem report management system
GNU GNU'’s Not Unix(recursive acronym)
GPF Graph Processing Framework
GPM Generic Product Model
GPT Graph Processing Tool
GUI Graphical User Interface
HDF Hierarchical Data Format
HTML Hyper Text Mark-up Language
10 Input / Output
IDE Integrated Development Environment
JAI Java Advanced Imaging
JDK Java Development Kit
JERS Japanese Earth Resources Satellite
JOGL Java OpenGL
JPEG200 Joint Photographic Experts Grauage format 200
KML Keyhole Mark-up Languagfor managing 3D geospatial data
MDS Measurement Data Sets
MERIS Medium Resolution Imaging Spectrometer
MODIS Moderate-Resolution Imagine Spectrometer

Array Systems Computing Inc.
Commercial in Confidence
Printed on January 29, 2010 Page 33

Use, duplication, or disclosure of this document or any information contained herein is subject to the restriction on the title
page of this document.



§HARRAY

SYSTEMS COMPUTING INC.

Software Architecture Document (SAD) for the
Next ESA SAR Toolbox (NEST)
ARR-NEST-RS07-016, Version 2.0, January 27, 2010

Acronyms and Abbreviations

Explanation

MSS Mean Sea Surface

MPH Main Product Header

NEST Next ESA SAR Toolbox

NetCDF Network Common Data Form

o]e] Object-Oriented

OpenGL Open Graphics Language

(O] Operating System

PDF Portable Document Format

PDR Preliminary Design Review

PNG Portable Network Graphiéarmat

RAM Random Access Memory

ROI Region Of Interest

SAD Software Architecture Documents

SAR Synthetic Aperture Radar

SDF System Development Folder

SPH Specific Product Header

SRTM Shuttle Radar Topography Missifmnmat

SVN Subversion

TIFF Tagged Image File Format

TS Technical Specification

UNIX originally UNICS, UNiplexed Information and Computing Service
the acronym evolved to UNIX

UPS Universal Polar Stereograppiojection

uTC Universal Time Co-ordinated

UTM Universal Transverse Mercatprojection

VISAT VISualization and Analysis Tool

XML Extensible Markup Language
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