emr

ISRAEL AEROSPACE INDUSTRIES

MBT Space Division - SYSTEMS MISSILES & SPACE GROUP

GENESIS — Generator of
Spectral Image Simulations

Dr. Yael Efraim, Dr. N. Cohen, Dr. G. Tidhar, Dr. T. Feingersh

Dec 2017

—y
—
—

[

.\
@emMmMmi
— 4

)

unclassified

GG2017 - 1

t contains proprietary information of Israel Aerospace Industries Ltd. and may not be reproduced, copied, disclosed or utilized in any way in whole or in part, without the prior written consent of Israel Aerospace Industries Ltd



Scope
@ GENESIS: End-to-end simulation of hyper-spectral (HS)
imaging by a space-craft payload

@ Motivation:
@ Lack of HS data from space (only HYPERION)

@ HS S\C planning and design
@ Algorithms and HS data analysis development

@ Goals:

conditions
@ Test sensor design influence on performance

@ Performance analysis at various geometric and atmospheric
@ Verification and validation of HS data analysis
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Scenario model: Graphical lllustration o
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Figure 1. Hyperspectral imaging
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Main challenge — system design o

Clear spectral signal (SNR)

Atmosphere

System noise

Spatial resolution Spectral resolution
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GENESIS Workflow £

User input structs:
sGround
sTarget
DB Materials DB Modtran sAtmosphere
) slmager
: Spectral transfer function
Scene Generator: (STF) integration
it
Global scenario calculation: i 3D physicalrenderer >
Spatial texture, materials, target >
embedding, atmosphere profile. Per band division:
Collects sub-bands
Per sub-band division (AA = 1nm): into ba.nds
Top of atmosphere ground || according to STF
reflectance 1‘{

Save HS image as an « Collect bands ‘4_. Sensor model (IRISIM)
ENVI format into HS cube -
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GENESIS — workflow example o

800 1000 1200 40 60 80 100

Gray level image after at sensor output. In this
Texture map of ground to be imaged. In this example spatial resolution is 100m?, and
example ground cell size is 1m?2 spectral resolution of 10nm.

il y: 4l i Ny e
600 800 1000 1200 500 100 200 300 400 500 600

_Grounc_i reflectaqce map. Calculated Ground reflectance map with Radiance at sensor plane — Calculated in
in spatial resolution of 1m?, and target blended resolution of 1nm using MODTRAN +

7 spectral resolution of 1nm FLAASH atmospheric model
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Generation of spatial reflectance data cube ==

1.2 Define the grid for a 1280x1280 ground area,
with 1m grid resolution A exarnple of Voron!
(kx, k}.) [1,...,1280] x [1,...,1280] tessellation with Np=10 blocks

( 1.3 Generation of polygons map
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Simulation — Atmosphere

To Sensor

o
PO

«Aim — Top of the atmosphere (TOA)

spectral radiance map
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@ MODTRAN input:

Atm. type and parameters
Aerosols, etc.

Sun-target-sensor geometry
Reflectance

visibility 40km ; H20 10kg/m?
T T T 17§
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IRISIM - model architecture o

Temperature k] phisec , :
A : Muttiple fields in MAT/BMP files
" 2 5 electrons dlechonts electrons gray levels AVl cip

W im® - sr)

phi(secm® sr)

Pre Run Spectral loop Intagratad loop  Temporal bop
Fleld loop
Apply Apply :
Prapare data wavelength wavelength Apply Fiald :: p‘e);n:!"::; Appiy Digital | T,
for run . dependant independent operators P Filters Qutpu
‘ operators
opsrators operalors ’,f y
- Translate data units - Atmosphers trans - Detactor blur - Vibrations blur - Dark current - Sharpen
to MKS and self radlance - Time Independent - Sample fletds from - Detector non - IR fiter
- Calculate internal - Optics trans and blur Image consldering uniformity - Zoom
paramaters self radiance vibrations in LOS - Shol noise - Ling replication
« Check consistency of « Optics PSF - Bad pixel map - Readoul noise -DRC
data - Cold filter trans and - Lens spatis! - Quantization {AD) - Frame integration
self radiance distortion -NUC - Display Blur
- Detector response - llumination non - Eve Integration
+ Sum spaectral bands unifoemity
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SHALOM - Main mission requirements ==
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Parameter Required value }'m
GSD Less than 10m (NADIR) v

Swath width More than 10km

Revisit time Less than 4 days

Spectral band

0.4-2.5um

Spectral bins

10nm quasi-uniform

Quantization

12bit/pixel/spectral-bin

Daily area coverage

More than 200,000km?

SNR (Sun zenith 30°,
p=0.3, 23km vis)

VNIR: SNR > 200
1000nm — 1750nm : SNR > 200
1950nm — 2350nm : SNR > 100

PAN Camera

2.5-5.0m GSD, 10km Swath, VNIR band

SNR > 240

Geo-location accuracy

Better than 30m CEP 90%
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Acquisition opportunities £

Inclined:
 Low sun
« Short atmospheric path

Sun synchronic orbit (SSO):
« Constant illumination
« Off-Nadir acquisition

1000 .
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Target detection: performance analysis ==

tral Prafil
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, Shalom HS cube simulation
/(210 channels GSD 10m) Spectral library of various materials

Found 4 matching
spectral signatures
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Sensor

Non uniformity gain=0.5

60 80 110 120

Focal length: 3840 [mm]

¥ dimension [pixels]

20 40 B0 80 100 120
X dimension [pixels]

High Tint Image (Tint=20ms}, 425[nm]
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V&V - GENESIS 5

®

Image blur due optics PSF

@ 44 different tests
@ Ground & target generator ' '
@ Renderer
@ Atmosphere modelling
@ |IRISIM — the sensor model
@ Input/ output, interfaces etc.

@ End-to-end tests vs. real fint ] L
Hyperion data
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