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Questions: \//

- How to derive maximum information? What does it mean quantitatively?

- What to do if information in the measurements is not sufficient?
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Diffuse light

Inversion is an inherent part of
any remote sensing approach
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GRASP: Generalized Retrieval of Atmosphere and Surface Properties

GRASP is advanced algorithm for retrieval of aerosol, gas and
surface properties from diverse remote sensing observations and
any combination of them based on:

Forward Model for rigorous simulation of atm. radiation.

.

Inversion with applying multiple a priori constraints
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General structure of the GRASP algorithm

INDEPENDENT
MODULES !!!

Input:
Observations f*

FORWARD MODEL

Simulates observations f(ar)
for a given set of parameters aP

A

ar f(ar)

A 4

NUMERICAL INVERSION

Stat. optimized fitting of f*
by flaP) under a priori
constraints

Observation definition:

Viewing geometry, spectral
characteristics; coordinates, etc

A

ar- final

Retrieved parameters:

ar—describes optical properties
of aerosol and surface
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Inversion settings:

- description of error Af*;
- a priori constraints

f* - vector of inverted
f(a,) - vector of measurement fit
at p-th iterations
a, - vector of unknowns at p-th
iteration (retrieved parameters)



Forward problem: knowing the footprint that a particular species of

dragon leaves behind - easy !

Inverse problem: inferring the species of dragon from the footprint —

difficult !




= GRASP forward model

Vector of retrieved parameters :
aL - aerosol properties
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Inverse Problem: Retrieval of
particle size distribution from light
scattering
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Inverse Problem: Retrieval of particle
size distribution from light scattering

Fredholm integral equation of first kind:

P(A;0)= rTX K(A;@;n,k,..) dV(r)
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Basic idea of inversion

/ fl* \ F11 F12 a1 ! F Ilf *
|- ) |27 (F)
\ f2 / I:21 F22 az
f * F a| . parameters of size distribution
o~ square
—. $ 1 $
{ & # |:11 |:12 & a, $
T §* &:# &l'-/: & -~
—&—E f2 & # F21 F22 % a2 § ‘ a — ???
= X %
l‘-_ﬁifg 08/40 it Ry R, @0
N\ a
f o

rectangular



Basic idea of inversion
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Statistical estimation - optimization
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Statistical estimation - optimization
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MML (Method of Maximum Likelihood):
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Cramer-Rao inequality
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Cramer-Rao inequality
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Central Limit Theorem (CLT)
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Least Square Method-LSM
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Even MML and LSM may need constraints !

P(f(a)‘f*) =P(f(a)! f)=P( f(a))

P(lf) ——>  P@@a(f’))=P@f")
P(da(f")) ¢
L 2 "
—> i
14
) a(f") HP%&'()*+++
f 0%1+)+*232)4%

'225%6(743)+8734%9Y



Basic idea of inversion
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Basic idea of constrained
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Basic idea of constrained
inversion
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Basic idea of constrained
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Single-sensor data
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Optimal estimations (Rodgers 2000)
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In remote sensing most
constrained inversions use this
approach for defining a priori
constraints
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Other possibilities of a priori constraining

Sensor

N [FF=Fa+a, =~ GRASP

la’'= a +A <«———— direct a priori estimates
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Optimal estimations (Rodgers 2000)
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The concept of multi-pixel retrieval
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Multi - Pixel Retrieval:
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Multi-term LSM Multi-Pixel Solution:
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- Statistical optimization is a fundamental basis for overall theory of
inverse problems

- Optimal Estimation (Rodgers, 2000) — very popular concept in remote
sensing inversion, while it has methodological limitations

- Multi-Term LSM - efficient concept for constraining inversion
— proposes additional potential for designing inversion
compare to Optimal Estimation

GRASP: Generalized Retrieval of Atmosphere and Surface Properties
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I"#$% & advanced algorithm for retrieval of aerosol, gas and surface
properties from diverse remote sensing observations and any
combination of them based on:

I"#$%#&'("&)* for rigorous simulation of atm. radiation.
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