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Spatial Resolution: a limiting factor

© Small but significant
features are to be
observed
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Spatial Resolution: a limiting factor

@ Small but significant
features are to be
observed

® Data fusion among

various sensor
channels

Atmaospheric Water Vapor (mm)

ot .

Atmospheric water vapor maps
generated by combining of 19V and 22V
measurements

SSM/I 3dB Spacing
channel’'s | Footprint (km)
19.35V/H | 69x43 25
22.235V 50 x 40 25

37.0V/H 37x28 25
85.5V/H 15x 13 12.5
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In formula:
Ta(s:0)= [ [ K(xy.s.)Ta(xy)axdy
Q

Equation of Fredholm of the first kind
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Discretization

The continuos model is mainly of theoretical interest since in pratice,
data are collected at discrete values

e Data provided by the problem — B e R™*™ of observables
data

o Discretization of the solution —> X € R™*™ of unknown
brightness field

o Discretization of the integral — L : R™M*M2 — RM*M2

L(X)=B

lll- conditioned problem



Metodi di

regolarizzazione Approach tO SOI Ution

innovativi per dati
telerilevati

Flavia Lenti

L(X) =B
Mathematical
problem

Regularization of the problem

e Vectorize X and B
Cast the problem in standard matrix form
Apply standard procedure

o Approach based on Fredholm integral equation with separable
kernel.
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L(X) =B
Mathematical
problem

Regularization of the problem

e Vectorize X and B
Cast the problem in standard matrix form
Apply standard procedure

e Approach based on Fredholm integral equation with separable
kernel.

K(x,y,s,t)=Ki(x,s)Ka(y,t)



s Discretization of Fredholm integral equation with

separable kernel
l;/lztg:gatica\ TA (S, t) = N K2 (y, t) - K1 (X, S)TB(X,y)dXdy
2 1
A1XA] =B
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Matrix A4

Linear Scansion

668 krm bt
Directon of a

e A (i) = Ce(—ZnCZ(arctg(§)—arctg(;))Z)

Starhoard / Py
radar swalh P
ML L Y

4 . .
Y 4N with x;= 1200 «j, j=1,..,ny and
m'"f 4 N swah_ 1400 .1 X
5 sz—*/,j:1,__,,m1

m

It is not a Toeplitz matrix but it
is structured. By means of a
coordinates trasformation, it
can be transformed into a
Toeplitz one.

200 400 600 800 1000 1200 1400
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Ao(i,j) = Ce~27C2lr0)*

Mathematical

problem .
with y; = 700 *i, i=1,.

.,ho and tl_m*], j=1,..,mm

Itis a G-Toeplitz. ltis:

. n L
Aoirj)=a( 2 *i~))
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Reconstruction Algorithms

« Truncated Singular Value Decomposition
« Landweber Method in Hilbert Space

« Landweber Method in Banach Space
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X1 =xk—/W(§ I Axk —b [|3) = xx — LA* (Ax, —b)
Formally, A* is the dual operator of A :
A:X=Y, A Y =X

where X* and Y* are the dual spaces of X and Y.
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Riesz Theorem
If X is Hilbert space, X* is isometrically isomorph to X
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Landweber Method in Hilbert Space

Gradient Method

1 .
Xie1 =Xk = AV(5 || A~ b 12) = xk — AA* (Axk —b)

Formally, A* is the dual operator of A :
A:X=Y, A" Y -X*
where X* and Y* are the dual spaces of X and Y.

Riesz Theorem
If X is Hilbert space, X* is isometrically isomorph to X

The Landweber method is well-defined in Hilbert Space



Metodi di
regolarizzazione
innovativi per dati

telerilevati

Flavia Lenti

Mathematical
problem

From Hilbert to Banach space

Xk+1 =Xk — AA*(AXK - b)

o Axx—beY,A*:Y* - X*=>A*(Ax, — b) is not correct
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Mathematical Xk+1 =Xk — AA * (AXK - b)

problem

o Axx—beY,A*:Y* - X*=>A*(Ax, — b) is not correct

o Xk e X,A*pe X*"=>x,—A*¢p is not correct

X, 4 =X; — A®a(Xk,b)

where @4 (xg,b) is the generalization of the gradient of the functional
11 Axc-b],.

The key point: To generalize from Hilbert to Banach spaces we have
to consider the so-called subdifferential
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From Hilbert to Banach spaces (2)

Let f be a convex functional
f:X—R.

The subdifferential of f is the
operator 6f: X —2X" :

x*e8f(x) —f(y)=f(x)+x"(y—x)

In Banach space P the subgradient of the functional 1/r || Axx —b ||},
is given by:

1 _ " _
5( I Axc —b [I[) =l Axk —b |, P A*(1Ax« — bIP~ sgn(Axk — b)) =

= A*JP (Axk —b)
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Y =P =Xy =X~ A" (Axc ~b)

The duality map is a function which allows us to associate an
element of a Banach Space X with an element of its dual X* :

JX X —=2X gk 2X L x

1

TN 1 _
with r .7+r—*_1.

Xir1 =X (S (xk) ~ AA*JY (Axi ~ b))
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Landweber method in Banach space

Y=P x5, =x; - AA*J (Axc -b)

The duality map is a function which allows us to associate an
element of a Banach Space X with an element of its dual X* :

JX X —=2X gk 2X L x

1

TN 1 _
with r .7+r—*_1.

Xir1 =X (S (xk) ~ AA*JY (Axi ~ b))

AP —P 1sp=2 x40 =d" (I (x) - AA*JF (Axi - b))
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Real Radiometer Data

19 GHz V-polarized brightness 19 GHz V-polarized brightness

temperature at non-enhanced
resolution
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« Simulation of Reference Field/ Measurements
Numericl SSM/I parameters:

Area 1400 km
Resolution 69 km
Measurements 64

+ Noise
E=.4(0,1.06)

o Antenna Gain
Gaussian
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First Landweber experiment

The reference field includes three hot spots characterized by different
brightness temperature and by different dimension. The simulated
measurements are obtained by using Gaussian gain and a noise N
(0,1.086).
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First Landweber experiment
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The reference field includes three hot spots characterized by very
small dimension. The simulated measurements are obtained by

using Gaussian gain and a noise N (0,1.06).

Numerical
Experiments
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Second Landweber experiment
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