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CESEID The SMOS space mission

. The context

E S ABas Moistureand OceanSalinity (SMOS) missionhas
beendesignedio observeboth soil moistureovertheE a r -
landmasseandsalinity overtheoceandrom space

SM data are urgently required for
hydrological studiesand data on OS
are vital for improving our under
standingof oceancirculation patterns
SMOSwas a direct responseto the
current lack of global observationsof
SMandOS
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CESEIO The SMOS space mission

,  The concept

A novel instrumenthas been especiallydevelopedwith the
objective to demonstratethe use of a Microwave Imaging
Radiometelby ApertureSynthesidor imagingSM andOS by
Acapt imagesoigemitted micro-
waveradiationT,inthen pr ot le-cEL €
band (140Q 1427 MHz). ’
SMOSwasthefirst attemptto applyto
Earth remote sensingthe conceptof s
aperture synthesisinitially developed g#e
byradio astronomers )

VLA(19706s)
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CESEID The SMOS space mission

,  The concept

A novel instrumenthas been especiallydevelopedwith the
objective to demonstratethe use of a Microwave Imaging
Radiometelby ApertureSynthesidor imagingSM andOS by
Acapt imagesoigemitted micro-
waveradiationT,inthen pr ot le-c

band (140Q 1427 MHz). ‘
SMOSwasthefirst attemptto applyto

Earth remote sensingthe conceptof

aperture synthesisinitially developed
byradio astronomers

CBI(199065s)

15 me ®cole do®t ® TSEpolr BY¥RBEREPtidn@Eystémes imageurs innovants / 21-25 juin 2021 5 /127



CESEID The SMOS space mission

, The concept

A novel instrumenthas been especiallydevelopedwith the
objective to demonstratethe use of a Microwave Imaging
Radiometeiby ApertureSynthesidor imagingSM andOS by
Acapt imagesoigemitted micro-
waveradiationT,inthen pr ot le-c
band (140Q 1427 MH2z).
SMOSwaslaunchedon 2"d November
2009andalthoughdesignedor a five-
year mission, it is still operational
aftermorethanl12yearsin orbit.
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CESEID The SMOS space mission

. The Instrument

The idea of aperturesynthesisis to obtain a high-resolution
Imageby usingthe interferometricinformation correspondin
to spatialfrequencieslistributedoverawide virtual pupil.

The single payload of SMOS Is the
Microwave Imaging Radiometer by .
Aperture SynthesisMIRAS, operating £%8
in full-pol modein thefi pr ot kb-cs
band
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CESEID The SMOS space mission

. The Instrument

The idea of aperturesynthesisis to obtain a high-resolution
Imageby usingthe interferometricinformation correspondin
to spatialfrequencieslistributedoverawide virtual pupil.
MIRAS: a Y-shapedarray equipped
with 69 antennasprovide interfero
metric measuremens3 (of them)
operatingalsoasreferencaadiometers e
to provide measurementsof the B
averagebrightnesstemperatureof the
scenainderobservation
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CESEID The SMOS space mission

, The Instrument
The idea of aperturesynthesisis to obtain a high-resolution
Imageby usingthe interferometricinformation corresponding
to spatialfrequencieslistributedoverawide virtual pup|I

A demonstratoihas beensuccessfully
groundtestedand has flown onboard
an Hercule C130 of the Royal Danish
Air Force under the control of the
Technicaluniversityof Denmark
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é@i&'\SEIO Aperture synthesis imaging

, Arrays with connected antennas

The radio signals received by
the two antennasare sampled
anddirectly transmittedvia links
to the correlation unit which
combines them to produce
Interferencdringesin realtime.

Cosmic Background Imager Very Large Array
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é@i&‘SE!O Aperture synthesis imaging

, Arrays with unconnected antennas

1) Theradio signalsreceivedby %
the two antennasare sampled
recordecalongsidgogethemwith
an accuratetime baseand then
storedonamedia
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é@iéé\iglo Aperture synthesis imaging

, Arrays with unconnected antennas

1) Theradiosignalsreceivedby T al
the two antennasare sampled eIg)) ’
recordecalongsidgogethemwith U
an accuratetime baseandthen I b—60——vr— |
storedonamedia qaai
2) At alatertime, atthelocation | LA '

__________________________

of a correlationunit, the dataare
synchronizedthen played back
togetherand combinedjust like
If theywerecomingin realtime
from thetwo antennas

VLBI correlation unit hostedby the
Max Planck Institute for Radio Astronomy
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é@i&‘SE!O Aperture synthesis imaging

,  Complex visibilities
Whether the antennas are
connectedr not, interferometer
measurementsre obtained by
crosscorrelating the signals
E (t) and E.(t) collected by
pairs of spatially separated
antennad, andA, which have =" =l
overlappingfields of view, yielding samplesof the spatial
coherenceunction V, (also termedcomplexvisibilities) of
the brightnesstemperaturalistribution T, of the sceneunder
observatiorfor theangularfrequencyu,, = b,/m.
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4@{&'&8(0 Aperture synthesis imaging

, Key parameters of an array

1) Field of view: the extentof the |
observedscendhatis synthesized
by the instrument(with the aid of
thecomputer)

2) Angular resolution the ability
to distinguishsmall detailsof the MIRAS demonstrator
observed scene (estimated with

Rayleigh/ SchustefSparrowcriterionsof PSF,notof PSF ).

3) Radiometricsensitivity. the smallesttemperaturaleviation
thatcanbediscernedy theinstrument
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4@{6&810 Aperture synthesis imaging

,  Key parameters of an array
1) Field of view: the extentof the
observedscendhatis synthesized
by the instrument(with the aid of
thecomputer)

2) Angular resolution the ability

to distinguishsmall detailsof the Sensitivity‘
observed scene (estimated with

Rayleigh/ SchustefSparrowcriterionsof PSF,notof PSF ).

3) Radiometricsensitivity. the smallesttemperaturaleviation
thatcanbediscernedy theinstrument

é
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é@iéé\iglo Aperture synthesis imaging

. Van Cittert 1 Zernike theorem

The VCZ theoremrestson a
numberof assumptions

- Incoherencef thesource

- distancdo thesource

- angularsizeof thesource

- quastmonochromatisource
- two-dimensionabkource

- homogeneousedium Vool &, E;> LOE (0 E ) o
é |

2jq byt

VogS OF (t)Fa)Tt)e ¥ witht >s. s,
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é@i&é\iglo Aperture synthesis imaging

. Van Cittert 1 Zernike theorem

The VCZ theorem does not
accountfor spacetime-frequency
dependentperturbationsof the

from emissiornto detection
- spuriousmission(RFI);
- Dopplereffect

- coupling/crosstalleffects Vo

e

, . . 2)q bt :
Vo MOE () F t) T@) e ™ Mwitht >s. 15,

0
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@ESEID Instrument modeling

. Van Cittert T Zernike revisited

40 2)qUyqY
1 a pq
Vog K MFMFMFW)RMG) ay
K X b L IVIP
| | .
V>GT X
F . antenna voltage pattern Upg >!9m

T ... receivers temperature
r : fringe washing functiont& u,,-y/f,)
V : complex visibilities
T, - brightness temperaturé(y) > 1 .(y) . T,

):2/

15 me ®cole do®t ® TSEpolr BY¥RBEREPtidn@Eystémes imageurs innovants / 21-25 juin 2021 18 /1127



@ESEID Instrument modeling

. Van Cittert T Zernike revisited

2]
Yyttt Q0F ) ) [1.9) - T 7o) St oy

OXXqpen & IvIP
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@ESEID Instrument modeling

- Gl s not a Fouri er

B
8O0 %
SO0

75%]|V]|? 21%]|V||? 0.1%]|V||?

—t
-

N
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@ESEID Instrument modeling

,  What is an inverse problem ?

T® G T =V directproblem
inverse problemT=G?*V - V

, What s an ill-posed problem ?

J. Hadamard1902, R. Courant(1962:

N A problem satisfying the requirements of existence
uniqguenesandcontinuityis saidto bewell-posedd 0

, How to regularize an ill-posed problem ?
The general principle of regularization methods is to
Introducea priori informationin orderto compensatéor the
lack/lossof informationin theimagingprocess
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@ESEID Instrument modeling

,  What is an ill-conditioned problem ?

The discretizationof a linear inverse problem leadsto a
linear algebraic system a rather simple mathematical
problemwith manynumericalmethoddor solvingit.

S. Twomey(1977):
N T rlereix of thedifficulty wasthatthe numericalinversions

were producingresultswhich were physically unacceptable
butweremathematicall\acceptabl® 6

Onesaysthatthe correspondindinearalgebraicsystemis ill -
conditioned (evenif the solution existsandis unique,it Is
completelycorruptedoy smallperturbation®nthedata)
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Instrument modeling

An ill-posed problem
a 2jqupq'y

G- VP Y

V>GT

P N W
[ J

A A~ A~ A

Dol 10 antennas
45 visibilities 256

number of data<x number of unknowns

pixels
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,  From array to grids

Instrument

Sampling grids

Fourier
domain
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CESEIO Sampling grids

, From array to grids

Fourier

Instrument :
domain
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Sampling grids

, Dual grids

A v@ @) |
Yosny Fourier

domain

spatial

. U@ = ny®@
domain

Y = ny®

A

M

c
v

reciprocallattices y”>U" = YV = g .
E yeu=Eue y 2/68 withEu=neu andE y=ne y
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Dual grids

spatial
domain

y@1 @

ey
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Sampling grids

| @1 @)
Fourier |Y ~ MU

domain

eu

notreciprocallattices y(i)>U(j)1 € andY" sy 1 Cij
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CESEIO Sampling grids

, Hexagonal processing

v
spatial
domain

v
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CESEIO Sampling grids

, Hexagonal processing

n2 pixels hexagonajrid U n? pixelscartesiargrid
P2 po

spatial
domain

. g
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CESEIO Sampling grids

, Hexagonal processing

Fourier
U@ domain

&

u®
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CESEIO Sampling grids

Hexagonal processing

n2 pixels hexagonajrid U n? pixelscartesiargrid
qP

0o

Fourier
% domain
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Sampling grids

, Hexagonal processing

P> spatial Fourier
domain domain

- 2qup)U
Ty

P1

reciprocalattices
_ 1 2 _ — 1
Vo= pyP +py?  yOu0=¥00=¢ 0y =g u®+ g,ul

i

N 21q

g=lge
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CESEIO Sampling grids

, Hexagonal processing

n2 pixels hexagonajrid U n? pixelscartesiargrid

P> spatial Fourier
domain
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Sampling grids

, Resampling at ground level
Reconstructetrightnessemperaturenapsareobtainedn the
directioncosinesdomainof thereferencdrameattachedo the
iInstrument These hexagonallysampledimageshave to be
projectecontothe Earthsurface

1 FOV in antenna frame 50 FOV at ground level
e S A e - N S S S S S
25 ____________________________________________________
05

-

] —
S 2
g0 E
@ e
1] -
=

o
(3]

1
[y

s NV S .
-1 -0.5 0 0.5 1
& =sinf sing
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Sampling grids

, Resampling at ground level

Reconstructetrightnessemperaturenapsareobtainedn the
directioncosinesdomainof thereferencdrameattachedo the

iInstrument These hexagonallysampledimageshave to be
projectecontothe Earthsurface

¥

1 FOV in antenna frame - FOV at ground level
e T N T S S A A SO

o
(4

T =sind cos¢
(=]
o

Latitude []

1 05 0 05 E 26 4 2 0 2 4 6
E=sing sing Longitude [°]
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Sampling grids
, Resampling at ground level

Reconstructetrightnessemperaturenapsareobtainedn the
directioncosinesdomainof thereferencdrameattachedo t

ne
iInstrument These hexagonallysampledimageshave to be
projectecontothe Earthsurface

1 FOV in antenna frame

, FOV at ground level
IR NIRRT A8
10 8
0.5 g
- -, =
3 = A
O ';'6
g0 E
D = 4}
1] -
=
-05 2L
0
L i W = Py I R A A S
-1 -0.5 0 05 1 6 -4 -2 0 2 4 6
& =sinf sing
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Instrument modeling

An ill-posed problem
a 2jqupq'y

G- VP Y

V>GT

P N W
[ J

A A~ A~ A

Dol 10 antennas
45 visibilities 256

number of data<x number of unknowns

pixels
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CESEIO Regularized inversion

. Least-s quar es é

min [[Vi T3
C Tl am
GGT=G V

T.=G*Vv with t= (G G)"G
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CESEIO Regularized inversion

least-s guar es é

min ||Vi GT|?
T an .
c eigenvaluesf G G
GGT=G V ﬂ I”
c 106 1022 10° 10 10°
1 %

T,=G" G

G Gis singular
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CESEIO Regularized inversion

,  Tikhonov regularization
min [[Vi GT|[%+n||T|[%
T am .
C [ _eigenvaluesfG G +

(GG+n)T=G V | I”

10716 10712 108 104 100

T.=GYV with T= (G G+nl1)*'G

IS the Lagrange regularization parameter
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CESEIO Regularized inversion

,  Minimum norm regularization
singular values o6

i min [|T]]% T T e
Tl am m
V=GT o LU

104 103 102 101 10°

T,=G"V with G* =14 vu U6 =1t UV

|31 31

A
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CESEIO Regularized inversion

,  Minimum norm regularization
singular values o6

| min |77
Tl am m

V=GT

i0F 1% 107 1ot 10

T = GV with GT = TtliViUiT U G :TtiuiViT
is 31 13

plays the role of a regularization parameter
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Regularized inversion

Band-limited regularization

dy

a 2jqupq'y
A IvF

V>GT

O,
0.0
<)
e 0
o 0
o 0
)
e_0
o_0
~0O
O=0,
OO0,
239

P N W
Yd
O

Dol 10 antennas
45 visibilities 256

number of data& number of unknowns

pixels
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Inversion
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|yIF

5

(t) €
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*

Fp(y) Fq (y) [Tb(y) . Trec]

00
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00

1

Band-limited regularization

Vg M

4

V>GT

Ol el el

wmwwwwwwwmw
owwwoo oommwo
520 520

A A A~ A ~

10 antennas

45 visibilities

number of date

45 /127

do®t ® TBepolr BYXRBIREPtidN@E ystémes imageurs innovants / 21-25 juin 2021

®col e

15 me



Inversion

©
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Band-limited regularization

Vg M

4

V>GT

Ol el el

wmwwwwwwwmw
owwwoo H oommwo
520 520
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10 antennas

45 visibilities

number of date
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Inversion

©
&
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—
<
-
(@)
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|yIF

5

(t) €

rpq

*

Fp(y) Fq (y) [Tb(y) . Trec]

00
€1

@(pany

00

1

Band-limited regularization

Vg M

4

V>GT
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520 520
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10 antennas

45 visibilities

number of date
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Regularized inversion

, Band-limited regularization
P

| min [[vi GT
I
(17 P)T=0

T

3737, =3V with J=GU Z

T,=UzJ"V with 37 = (373)"
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Regularized inversion

- ThelL-cur veeé

________________________________________

....................................
....................................

------------------------------------------------------------------------

_________________________________________________________________________

CoCITICITIDCTICITICITCCIoITICIZCTICITCZCIZCIICIT
_____________________________________

_____________________________________

_____________________________________

__________________________________

_________________________________________________________________________

V- GT |
@)

___________________________

3100 3200 3300 3400 3500
1T
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CESEIO Regularized inversion

, Error analysis
Whateverthe reconstructionoperatorR*, the propagationof
randomerrorsfrom complexvisibilities V to thereconstructe
map I, Is governeddy theequality.
OE[|IET,|F] _ IIVII
[l

Reconstructionartifacts can be identified within a complete
error analysisinvolving the singular vectors T, of R (and
speciallythoseassociatetb thesmallestsingularvalues)

=T (TdT) T
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CESEIO Regularized inversion

, Error analysis

Reconstructionartifacts can be identified within a complete
error analysisinvolving the singular vectors T, of R (and
speciallythoseassociatetb thesmallestsingularvalues)

=T (TdT) T

The (cosineof the) separatioranglek, betweenT, and I, is
anindicatorof the level of excitationof the singularvectorin

thereconstructethap
T
cosk, = —murkl 1)

< Ol mny
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CESEIO

15

Pros & cons

Regularized inversion

regularization
parameter

number of
unknowns

complexity
of inversion

stability of
inversion

apodization

resampling

Tikhonov

minimum-norm

O ©
8 0O

band-limited

O

O

0 @0
0 8|0
0 0|0
0 0|0
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CESEIO Regularized inversion

. Differential reconstruction

] min J\ev i GeT||? eT=TT T
ieTI an where
T(I I P,)elr=0 eV=VI GT

T.=UZJV (VT GT)+T

— * +
UEUWUT A+ Te to be compared:

u,= U* Uurtl, EU=UT U,
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@ESEID Instrument modeling

,  Dual polarization mode

X X
Vot o<p q Olcwc; (sX/)[ ) Tod + £ 20Uy
VIEL XXY) XY [T))- Td] T dy
&3- IyIP
Yy y +
VyH o(p q [x W) XYW [T50)- Ted < 2000
VIEL CAY) CUY) [TJW)- Tod] 70 dy
¢&5- IyIP
C : co-polar antenna gain pattern 048
X! Crosspolar antenna gal n pattern s% :20-‘.'i;;*'-.‘-""“.';;-';7%’;‘.‘;‘.:-'.:;.‘&";:.;'é"-'.‘.‘;-‘;;;'-:-'.:-""'-'.é'-'-“*;;;r
1 sYu o
couplings DT S S
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@ESEID Instrument modeling

,  Dual polarization mode

Vi [CX(y) Cay) [T0)- T + s
O<p i XX(y) XX T g 1 o
[ XXY) XXY) [T2)- Ted] T T dy
Vi XYW XYW [T()- Ted + L
O<p IlE L CY(y) CY g 9YpaY
(y)1 ) [TUy)- Td] T (0 T dy
V=G
y c=16" G W) U o) Tecll

iV _ _ .
TVvp G GYp TTy)p TTy)-T..p
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CESEID Regularized inversion

, Dual polarization mode

* +
ITrXu:lU Z *quXX nyUIVX[]
iT/p TO UZPE I J¥PTVD

numerical implementation
In ground segment

69 antennas ‘
dual polarisation

(J 400 Mbyte$

9360

-1

" 1
log, olJ|
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CESEID Regularized inversion

, Dual polarization mode

* + -
iTa_iYZ ogd™ 370 q9Viaic” GPua
TT/p T0 UzZP I JWp vyp |ny GYH T

numerical implementation
In ground segment

69 antennas ‘
dual polarisation

(J 400 Mbyte$

9360
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Regularized inversion

, Full polarization mode

N T X
I I’ u N V X uu
- L an V Y ua
I.Tﬁ T | |
N~ Xy
77 p b
numerical implementation ?

In ground segment

69 antennas ‘
full polarisation

(J 1.3 Gbyte¥

15996
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CESEID  [llustrations & performances

, Instrument modeling matrix: G
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CESEID  [llustrations & performances

,  Regularized modeling matrix: J

0 modeling matrix J 0 modeling matrix J
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lllustrations & performances

,  Noise propagation: £V = N(0,72) with £ =0.01 K

H=755 Km, a=32.5°, d=0.875%. H=755 Km, «=32.5°, d=0.875%
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CESEID  [llustrations & performances

,  Noise propagation: £V = N(0,72) with £ =0.01 K

H=755 Km, o.=32.5", d=0.675% H=755 Km, «=32.5", d=0.875L
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lllustrations & performances

. Observed scene: H& V

H=755 Km, 0.=32.5°, d=0.875% H=755 Km, ¢.=32.5°, d=0.875%
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lllustrations & performances

. Observed scene: X &Y

H=755 Km, a.=32.5°, d=0.875%. H=755 Km, a=32.5°, d=0.875%
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. Standard inversion

H=755 Km, o=32.5%, d=0.675%

M = sina sing
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lllustrations & performances
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CESEID  [llustrations & performances

, Differential inversion with f(tsky , Yearth)

H=755 Km, 0:=32.5°, d=0.8751. H=755 Km, 0:=32.5°, d=0.8751
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lllustrations & performances

. Differential inversion with T(tg , tiand » tocean)

H=755 Km, 0:=32.5°, d=0.8751. H=755 Km, 0:=32.5°, d=0.8750.
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CESEID  [llustrations & performances

. Standard inversion

H=755 Km, o=32.5%, d=0.675% H=755 Km, «=32.5%, d=0.875L
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lllustrations & performances

, Differential inversion with f(tsky s tearth)

H=755 Km, 0=32.5°, d=0.875/. H=755 Km, 0.=32.5°, d=0.875%
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lllustrations & performances

. Differential inversion with T(tg , tiand » tocean)

H=755 Km, o=32.5%, d=0.675% H=755 Km, «=32.5%, d=0.875L
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Retour doexp®r 1 ¢
mission spatiale SMOS au

service de la  co -conception

de la future mission SMOS hnr



@ESEIO The co-design approach

, Participatory design (from Scandinavia)

Co-design(or co-operativedesign)is an approachto design
attempting to actively Iinvolve all stakeholders (e.g.
employees partners customers C|t|zens enduserg In the
design processto help

ensure the result meets

their needsandis usable @
and marketable All the
participantsareinvited to
cooperate during the
several stages of an
Innovationprocess
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@ESEIO The co-design approach

, Co-design (in scientific instrumention)

Time consumingendto-end simulationsinvolving engineers
scientistsand endusersactively collaboratingare playing an

ongoingrole for assessinghe senS|t|V|tyandthe robustnessf
missionperformanceso :

driving parameters,to
Instrument errors and Q»
noisesaswell asto data
processin@ndanalysis
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@ESEIO The SMOShr project

, Synthetic Aperture Imaging Radiometer
E protected L band: 1400-1427 MHz

' SMOS: launched Nov. 2009

full polarization: H&V not simultaneous
multi-angular: 0-60A

resolution: ~50 Km

SMOShr
full polarization: H&V simultaneously
multi-angular: 0-60A
resolution: ~10 Km
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The SMOShr project

, An end-to-end simulator for participatory design

surface brightness | © direct problem

parameters |mmmp| temperature
Tu, Tv Tx, Ty

SM SSS
instrument
error complex 4mm| modeling
analysis visibilities ho.dTi A R
SM SSS

Tu, Tv Tx, Ty
surface _ brightness
parameters temperature | @ jverse problem
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@ESEIO The SMOShr project
,  Sampling grids:

It Is known from antiquity that the only regular sampling
grids of the 2D Euclidean plane are:

Cartesian grid hexagonal grids

In aperture synthesis, these grids are derived from the
(auto-correlation of the) spatial distribution of the
antennas of an interferometric array.
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The SMOShr project

. Antennas distribution:

41 antennas 40 antennas 40 antennas
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The SMOShr project

., Frequency coverage:

820 baselines - 440 frequencies 780 baselines - 246 frequencies 780 baselines - 546 frequencies
T

WV [units of df)
redondancy

e et g
redondancy

uL...
redondancy
WV [units of df)

WV [units of di)
redondancy
V' [units of di)
redondancy
WV |UNITS OT afy
redondancy

U [units of d/a] U [units of diz] U [units of d/?]
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@ESEIO The SMOShr project

. RSC falls: additional antennas needed

41 antennas 40 antennas 40 antennas
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CESEIO

The SMOShr project

RSC succeeds: full-phase arrays

41 antennas

¥ [units of d)
Y [units of d]
Y [units of d]

X [units of d]

49 antennas
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Y [units of d]
Y [units of d]

_____________________________

_____________________________

X [units of d]
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@ESEIO The SMOShr project

, RSC succeeds: robust full-phase arrays

43 antennas 43 antennas 43 antennas
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@ESEID Parameters of the study

, The role played by key parameters:

snhapshot field of view depends on:
E array geometry (i.e. sampling grids)
E antenna spacing d
E plateform tilt b!
snapshot angular resolution is impacted by:
E armslength L > Pd
snapshot radiometric accuracy Is impacted by:
E collecting area A >N_qd?/4
E number of baselines N, > N_(N_. 1)/2
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CESEIO

Field of view

Earth/Sky aliases, alias-free field of view, swath:

H=750 Km, «.=0°, d=0.7071%, swath=933 Km
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Field of view

. The role P ayed by array geometry and b:
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T

H=750 Km, =157, d=0.72, swath=980 K|
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Field of view

,  The role played by array geometry, b and d on swath:

H=750 Km H=750 Km
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Field of view

The role played by array geometry, b and d on i:

H=750 Km, o.=30°, d=0.71%
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@ESEIO Field of view

The role played by array geometry, b and d on i:

H=750 Km, o.=36°, d=0.82%
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Field of view

The role played by array geometry, b and d on i:

H=750 Km, o.=23°, d=0.89%L

Nadir looking direction x 08
in Earth alias-free FOV
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Field of view

The role played by array geometry, b and d on i:

H=750 Km, o.=23°, d=0.89%L

Nadir looking direction x 08
in Earth alias-free FOV
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CESEIO Angular resolution

, Collecting area prop to d and to number of antennas

43 antennas 43 antennas 43 antennas
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Angular resolution

, Angular resolution prop. to frequency coverage

903 baselines - 459 frequencies 903 baselines - 249 frequencies 903 baselines - 549 frequencies
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Modeling matrices

, Conditioning of G and J: invertible

modeling matrix G
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Modeling matrices

, Propagation of round off errors for J*: under control

regularized modeling matrix J*J regularized modeling matrix J*J
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CESEID  |nversion of noisy visibilities

. Reconstruction schemes:

G Is the modeling operator of the instrument:

E standard approach: V > GT is solved for T

E differential approach: eV > GeT Is solved for eT
witheV>V.Va@andelT>T.T 0

whereV & GT @nd T as an artificial scene
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Inversion of noisy visibilities

Flat scene, single pol: floor error map
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CESEID  |nversion of noisy visibilities

Flat scene, single pol: rms error map
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CESEID  |nversion of noisy visibilities

, Radiometric sensitivity per shapshot at boresight
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Inversion of noisy visibllities

Fresnel scene, dual POL. standard approach
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Fresnel scene, dual

Inversion of noisy visibllities
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Differential approach behaves exactly like expected!
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CESEID  |nversion of noisy visibilities

, Fresnel scene, dual pol: standard approach

H=750 Km, «.=0°, d=0.7071%

H=750 Km, a=0°, d=0.7071%
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CESEID  |nversion of noisy visibilities

, Fresnel scene, dual pol: differential approach

H=750 Km, «.=0°, d=0.7071%

H=750 Km, 0:=0°, d=0.7071%.
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Differential approach behaves exactly like it is actually implemented in SMOS!
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CESEID  Impact of antennas disparity

,  Disparity of SMOS antennas patterns: central hub
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CESEID  Impact of antennas disparity

, Disparity of SMOS antennas patterns: arm A
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CESEID  Impact of antennas disparity

, Disparity of SMOS antennas patterns: arm B

oooooooooooooooooooooooooooooooooo
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CESEID  Impact of antennas disparity

, Disparity of SMOS antennas patterns: arm C
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