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SIMAGE

Image processing toolbox for 
space imagery

OVERVIEW

� SIMAGE V6
� Handling large images
� SIMAGE applications
� Conclusions

� Introduction
� SIMAGE an image toolbox
� Why SIMAGE ?
� History of SIMAGE
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SIMAGE

Image processing toolbox for 
space imagery

SIMAGE an image toolbox
� From rapid prototyping to end to end performance 

simulation for imaging payloads
� An expertise necessary to support Prime activities  

� During phase A B C D E : Understanding of the final user’s needs
- show to the customer a final image product

- capture the requirement

� During phase A B C D E: Optimizing the design
- relax instrument/satellite definition with processing techniques to improve 

the final image products

- image quality performances budgets

- derive instrument / AOCS / ground segment specification

� During phase A B C D E: validating the development
- Generation of images and products for system validation

� During phase A B C D E : In orbit performance validation & monitoring 

R
apid prototyping E

nd to E
nd perfo
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SIMAGE

Image processing toolbox for 
space imagery

Image simulationImage simulation
••RadiometryRadiometry
••Transfer functionTransfer function
••GeometryGeometry
••CompressionCompression

Embedded processingEmbedded processing
••Algorithm prototyping & specificationAlgorithm prototyping & specification
••FeasibilityFeasibility
••Impact on HW/SW sharingImpact on HW/SW sharing

Vision based navigationVision based navigation
••TrackingTracking
••Hazard avoidanceHazard avoidance

R&D activitiesR&D activities
••RegistrationRegistration
••Feature extractionFeature extraction
••Image enhancementImage enhancement
••Line of sight restitutionLine of sight restitution

Ground processingGround processing
••RestorationRestoration
••Stereo reconstructionStereo reconstruction
••FTM estimationFTM estimation
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SIMAGE

Image processing toolbox for 
space imagery

Why SIMAGE ?
� Project support

� To show to the customer a final image product, at the very 
beginning of the system definition and reach more adequate 
system/satellite requirements specifications

� Illustration of proposals

� Simulation of observation satellite images

� Validation of image processing algorithms
� On-board processing
� Ground segment algorithms

� R&D activities
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SIMAGE

Image processing toolbox for 
space imagery

History of SIMAGE

2008

20021992

SIMAGE V6
• Matlab and C
• Object Oriented Architecture
• Support previous IDL version
• Improved GUI
• Internal use
• External application delivery
• Ground segment validation

SIMAGE V1
• C
• No GUI
• Internal use

SIMAGE V5
• IDL and C
• Use ENVI as GUI
• Some specific GUI
• Internal use
• Some external
deliveries

SIMAGE V2
• IDL and C
• No GUI
• Internal use

1996
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SIMAGE

Image processing toolbox for 
space imagery

� SIMAGE V6
� Main characteristics
� Why Matlab ?
� Architecture
� Image simulator principles
� Validation framework

� Handling large images
� SIMAGE applications
� Conclusions

� Introduction

OVERVIEW
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SIMAGE

Image processing toolbox for 
space imagery

SIMAGE V6
� A new design

� Fully Matlab
� An integrated Matlab SIMAGE ToolBox
� An Object Oriented Architecture
� Support of industry standard (GeoTiff, ENVI file, XML file, Shape file)
� A robust framework (with trace, log file, etc.)

� An interactive help system
� A WIKI based documentation
� New GUIs

� An image viewer 
� A customizable simulation control GUI

� Final version for end of 2008
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SIMAGE

Image processing toolbox for 
space imagery

Why Matlab ?
� A large collection of functions

� Matlab toolboxes
� Matlab File Exchange / Large Internet library
� 80% of common processing are into Matlab
� Need to implement “only” state-of-the-art algorithms and 

space-specific algorithms

� A large user community

� Allows fast prototyping (interactive shell)
� Easy to use IDE (Shell, Editor, Debug tools)
� State-of-the-art language

� High level, Objects, …
� Java I/F, C I/F, …
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SIMAGE

Image processing toolbox for 
space imagery

SIMAGE V6 Overview
� Module level

� Algorithm : Processing 

sequences

� Object : High level models

� Module : Interface with other 

applications

� « Matlab ToolBox » level
� Kernel : Low level functions

� Library : Mathematic functions

� Processing : Image processing

M
at

la
b 

T
oo

lB
ox

Kernel

Library

Module

Processing

Algorithm

Object

SIMAGE V5
(IDL)

IDL Bridge

XML
DataBase
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SIMAGE

Image processing toolbox for 
space imagery

Kernel and Library
� Kernel functions

� Log file
� Execution trace (input/output, error, warning, etc.)
� File access (XML, CSV, etc.)
� Parameter and default value management
� Large data access
� Image access
� IDL bridge to access processing of SIMAGE V5

� Library functions (complementary to existing Matlab 
functions)

� Vector, matrix, quaternion, frame functions
� Interpolation 1D or 2D
� Random number generator
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SIMAGE

Image processing toolbox for 
space imagery

Processing - The SIMAGE ToolBox
� A collection of function for image processing

� Fully integrated into Matlab
� Interactive help
� Does not need special initialisation before use
� Does not use file as input

� An interface to previous SIMAGE version
� An IDL bridge integrated into Matlab

� Create an IDL engine

� Allow variable exchange between IDL and Matlab

� Allow call of IDL functions from Matlab
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SIMAGE

Image processing toolbox for 
space imagery

Modules - Principles
� High level functions

� Image simulators
� Registration tool
� Ground processing tool

� Organisation
� Objects to define models
� Algorithms to define skeleton 

(processing sequence)

Macro-Module

Module
Module

Module

Algorithm

Processing

Objects

ToolBox Matlab

Module Level

Object architecture
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SIMAGE

Image processing toolbox for 
space imagery

Object oriented architecture 1/2
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SIMAGE

Image processing toolbox for 
space imagery

Object oriented architecture 2/2
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SIMAGE

Image processing toolbox for 
space imagery

Image Simulators – Principles
� A simulator is a module
� Each simulator could have one or more 

algorithms
� => Allow different level of representativity

� Coarse to fine simulation
� The same parameter file for all level
� Allow to extend the simulator easily

� Create objects to represent the simulation
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SIMAGE

Image processing toolbox for 
space imagery

Validation & versions
� Use of MUnit for automatic test

� Validation plan automation
� Non regression
� Used for each module/algorithm/processing

http://xtargets.com/cms/index.php

� Use of a coverage tool
� Build on Matlab ‘profile’ tool
� Integrated into our validation framework
� Allow to test branch coverage
� Automatic report of non-covered line of code

� Versions: V6.x.y
� y changes: patch and bug corrections without impact on I/F
� x changes: new functionalities or I/F modification
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SIMAGE

Image processing toolbox for 
space imagery

� Handling large images
� Image manipulation needs
� The SI_Image object

� SIMAGE applications
� Conclusions

� Introduction
� SIMAGE V6

OVERVIEW
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SIMAGE

Image processing toolbox for 
space imagery

Image manipulation needs
� Large image needs

� We need to handle very large image
60.000 x 60.000 x 3 (uint16) => 21GB

� For small image => Access image from memory
� For large image => Access image directly from disk
� Must work on standard computer (Windows XP 32 bits)

� Format conversion needs
� Between image file format and Matlab array format
� Between little and big endian file / computer

=> Solution: the SI_Image object
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SIMAGE

Image processing toolbox for 
space imagery

SI_Image (1/3)
� A Matlab object (cf. R2008a Object Oriented 

Programming)

� An unique interface for
� Small data (into memory)
� Large data (into disk)

� Automatic conversion for:
� Byte order (Little Endian or Big Endian)
� Data class (any Matlab simple class type)
� Matlab notation (Row, Column, Band) to image file storage 

notation (BSQ, BIL or BIP)

� Data are accessible like any Matlab variable
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SIMAGE

Image processing toolbox for 
space imagery

SI_Image (2/3)
� Use ‘memmapfile’ to access large file

� Memmapfile cannot handle very large data set (> 231-1 Bytes)
� Use an hybrid method between tilling and memmapfile
� Avoid using the full virtual memory space for one image

� Contain extended image information
� Description
� Band names
� Band wave length
� Georeferenced data
� Custom fields
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SIMAGE

Image processing toolbox for 
space imagery

SI_Image (3/3)
� Overloaded methods

� Constructor
� Creation from an image array or a file

� Copy

� Data accessor: ‘Subsref’ and ‘Subsasgn’
� Convert data type

� Convert endianness

� Convert coordinate into file representation

� Disp
� Display a pseudo structure with virtual field (.data to access image)

� Size
� Direct access to image size
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SIMAGE

Image processing toolbox for 
space imagery

OVERVIEW

� SIMAGE applications
� Image processing themes
� Example of ground processing
� Image viewer

� Conclusions

� Introduction
� SIMAGE V6
� Handling large images
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SIMAGE

Image processing toolbox for 
space imagery

Image processing themes

SIMAGE
ToolBox

Atmospheric effects

Radiometric conversion

Compression

Ressampling

Noise Models

Denoising

DeconvolutionConvolution

Fusion

Geometry Models

Digital Elevation Map

Trajectory/Orbit Models

PSF/MTF Models

Radiometric Correction

Geometric Correction

Decompression

Image registration
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SIMAGE

Image processing toolbox for 
space imagery

Example: Image restoration
Blurred raw image Restored image
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SIMAGE

Image processing toolbox for 
space imagery

Registration
� Methods

� Correlation, differentiation, Entropy
� Hierarchical approaches
� Spline based optimisation

� Applications
� Image enhancement (Super resolution)
� Data fusion, multi spectral analysis, pan sharpening

Multi-Super Spectral image analysis

+ =
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SIMAGE

Image processing toolbox for 
space imagery

Image viewer
� Main features

� Support standard image file format
� Support ENVI and SIMAGE file format
� Support multi-spectral images
� Contrast enhancement
� Custom colormap for mono-band image
� Filter to enhance display
� Link between images

� Other features
� Allow to view: files, Matlab array, 

SI_Image object
� API to control it from external 

application



16/10/2008 28

Th
is

 d
oc

um
en

t i
s 

th
e 

pr
op

er
ty

 o
f A

st
riu

m
. I

t s
ha

ll 
no

t b
e 

co
m

m
un

ic
at

ed
 to

 th
ird

 p
ar

tie
s 

w
ith

ou
t p

rio
r 

w
rit

te
n 

ag
re

em
en

t. 
Its

 c
on

te
nt

 s
ha

ll 
no

t b
e 

di
sc

lo
se

d.

SIMAGE

Image processing toolbox for 
space imagery

Image viewer
� Three windows

� Overview
� Display entire image

� Dragable view area

� View
� Display view area

� Resolution 1:1

� Dragable zoom area

� Zoom
� Display zoom area

� Custom zoom factor

� Target mode

� Pixel information

� Spectrum viewer
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Image processing toolbox for 
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OVERVIEW

� Introduction
� SIMAGE V6
� Handling large images
� SIMAGE applications

� Conclusions
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Image processing toolbox for 
space imagery

Conclusions
� New SIMAGE version

� Allows fast prototyping
� Allows E2E simulation
� Strong modularity
� Reusable & validated component
� Allows to create deliverable application
� Provide a capitalization process

� Matlab benefits
� Easy to use IDE => Fast prototyping
� Object oriented architecture => Modularity
� Allow to perform great plot for illustration
� Allow to publish report automatically


