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1 Scope and objectives
This technical note is devoted to the study of the Sun Self-estimation algorithm and the

apparent “singularity” that appears when the Sun is 90° (or very close to) away from the

array boresight.

In this Technical Note, we analyze the origin of such “singularity”, we demonstrate that
it is a mathematical artifact, and propose an closed-form expression for the Sun

visibilities to be included in the SMOS End-to-end Performance Simulator (SEPS).

Finally the appropriate modifications of the SEPS functions are provided.

2 Introduction: Review of Sun Self-Estimation and Cancellation
Algorithms

Since the Sun is probably the strongest source of contamination, it is highly variable,
and it appears in nearly 97% of the snapshots to be acquired by SMOS in [1] an
algorithm was proposed to estimate the Sun brightness temperature from the data itself
and compensate it from the measured visibilities. The procedure is reviewed here for
convenience before actually reviewing the “singularity” problem:

- First a “raw” brightness temperature image is obtained by taking the inverse hexagonal

Fourier transform of:
T =F'1[V"q(u,v)—VR”q (u,v)], (1)

being V" (u,v) the auxiliary visibilities associated to the receivers’ physical temperature in the

Corbella equation. Since the Sun is such a bright source it appears as a very bright pixel. Its

location in the (&, girs sunair) Plane can be inferred from it, or it can be computed from the date

and the platform position and attitude, whichever is more accurate (it actually depends on the

size of the (&,7) grid used).

- Second, the instrument’s response for a 1 K amplitude point-source is computed in the
direction of the pixel corresponding to the Sun direction (actually an alias of the Sun) in

eqn. (1):

T =F P wy)]. (2a)

SMOSP3-UPC-TN-0002 v 1.0 1 25/05/07
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=pg A 1 1 « 2 U2 dir F Villsum air T Wiz \/1 - é;un,dir - ﬂéz’un,dir
Sun,dir = J.J. > > Rpl(fJ?)qu (5577)}'12 -
\/ngz <l \/1 = Ssundir = Msundir /o

€Xp (‘jzﬂ(“ué&m,m‘r Vil sunair T Wiz \/1 - égszun,dir - 77§m1,m'r )) dédn,

(2b)
where R, is the measured copolar antenna pattern at p-polarization of antenna »n and 1512 is the
fringe-washing function measured aboard by injecting correlated noise at different time lags.

- Third, by subtracting from eqn. (2) an average brightness temperature from the Earth at the

Sun’s position (s gir Nsun.dir), the brightness temperature of Sun can be then estimated as:
TSﬁZ,dir = Tqu (éSzm,dir > 77Sun,dir )/T:S'i:/dir (§Sun,dir > nSun,dir ) . (3)

- Finally, the non-normalized visibilities corresponding to the Sun can be estimated from

Tgn 4 10 eqn. (3), the antenna patterns measured on ground, and the fringe-washing function

measured aboard:

V sumair (“’V) =Tgon.air Veunar (”’V) . 4)
- For the scattered Sun a similar procedure can be applied, but using an appropriate
scattering model over the sea or over the land with the necessary auxiliary data (e.g. salinity,

temperature, and wind speed, or soil surface temperature, moisture, roughness, and vegetation

opacity and albedo):
qu (M,V) = TS[::Z,dir ' I?S‘iz,scatt (u,v) ° (5)

Sun,scatt

However, since the scattered contribution appears always in the aliased region, its impact in the
AF-FOV is very small and only due to the spill over from the alias regions into the AF-FOV

due to the finite angular resolution [2].

- The self-estimation technique cannot be applied to the Moon since, because of its much
lower brightness temperature, there is no clear peak in the brightness temperature images.

However, a constant 250 K value can be used [3] and applied. The Moon’s contribution to the
antenna temperature is negligible, about 250 K (0.5"/ 60")2 =0.02 K if it were located in the
antenna boresight.
AV (uyv)=V"(uyv) -V (u,v) -V (u,v)-T2, V sari (u,v)
- TSI'un,dir VSﬁZ,dir (”’ V) - TSun,dirIZS'iZ,scatt (”’ V) (6)

_ 2L _ 17 Pd _ e
TMoon, dirVMoon,dir (u’ V) TMoon,dirVMoon,scatt (u’ V) I/back (u H V)’

SMOSP3-UPC-TN-0002 v 1.0 2 25/05/07
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3 Solving the “Singularity” Problem

3.1 The Sun as a Point Source

The problem comes when trying to compute V! .. (u,v), when the Sun position is close to the

unit circle (&2 +7° =1), that is, when it is 90° away from the boresight direction.

y P _i 1 ” Ty s (&5 77) ) (fﬂ)A [ Upg + vt + Wy 1-8° =1
un dir /9192 2aray]- f i ! Jo (7)

exp(_jzﬂ(“12§+vlz77+wlz \/1_5 _772 ))dfdﬂ-

Actually, the origin of the “singularity” problem is an error in the way the Tp s, is

expressed in the (&,7) coordinate system used to compute eqn. (7), since a delta function

in spherical coordinates is cannot be expressed as &5(6—-6,)5(¢—¢,), but as

5(0-6,)5(¢—4¢,) /sin6,, which in  (&;)  coordinates  would  be

5(4:_680)5(77_770)\/1_502_775 .

Maybe, the simplest way to show it consists of changing the coordinate system from the
(&,m) director cosines to the spherical one, which also avoids the ambiguity of the fore

and back lobes (same (&, 77) coordinates for two different directions):

& =sinfcos g,

8
1 =sin@sin @. (8)

Equation (7) then becomes:

1 fE » [ u,sin@cosg+v,sinfsing+w, cosd
9 0 g’ _ 712 12 12
o 2[}[ BSun ¢)E11 ¢) ( ¢)r12( 7, J (9)

VP i
Sun,dir
exp(—j27(uy, sin@cos @+ v, sinsing + w;, cos0))sin dOdp .

Note that in eqn. (9), the integration over & has been extended from 0 to =, thus
including the possibility that the Sun is in the back of the array. In eqn. (7) to account
for the backlobes two integrals had to be computed: one with +w, for 8 €[0, /2]

(cos 8> 0), and a second one -wy, for € €(n/2, ] (cos < 0).

Assuming now that the Sun is a point source (“delta” function) at direction (s, @sun) of

value:

SMOSP3-UPC-TN-0002 v 1.0 3 25/05/07
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T, Q
TB,Sun (0’¢):Wé‘(e_e&m)§(¢_¢&m)’ (10)

Sun
eqn. (9) can be readily computed:
Q

VSﬁZ,dir = \/ﬁ T B,Sun (HSun s ¢Sun ) ]’%n? (HSun s ¢Sun )ﬁ;lq; (HSun H ¢Sun )

’% (_ u12 sin HSun cos ¢Sun + v12 Sin HSLH’I Sm ¢Sun + WIZ cos HSun J (1 1)

12
fo

cos g, +V,,sin6,

Sun

exp(—j27(u,, sinb,, singy,, +w, cosby,.)).

which is valid for the fore and back lobes of the antennas at any direction, including the

6=90°.

3.2 The Sun as a Finite Disk
When trying to account for the Sun’s finite beamwidth, the integration of eqn. (9) is

quite cumbersone due to the difficulty to define the integration limits for an arbitrary
orientation of the Sun. However, the problem is greatly simplified with an appropriate
change of coordinates so that the Sun appears in the direction of a new Z axis. In order
to do so, two rotations must be performed:

e From (x,y,2z) to (x’,y’,z’) by rotating an angle ¢s,, around the z axis, and

e From(x'y’z")to(x"’,y’”’, z"’) by rotating an angle 6,, around the y’ axis.

These transformations can be expressed as:

Y cos€,, 0 -—sind,, || cosg,, sing,, O] |x
y "= O 1 0 T Sin ¢Sun Cos ¢Sun O ’ y 2 (12)
z" siny,, 0 cosdb, 0 0 1|z

and now, the baselines defined in the (x, y, 2) coordinate system

(ulz’vuawn):(xz — XLV, = V12, —Zl)//i, become:

1/[12 =Cos eSun COos ¢Sunu12 +cos HSun S ¢Sunv12 —Ssin 0514;1 W12 >
Vip = —Ssin ¢Sunul2 +Cos ¢SunV12’ (13)
w,, =siné, cosgy u,+sinb singg v, +cosb, w,.

Inthe (x”’, ", z’’) coordinate system, eqn. (9) becomes:

SMOSP3-UPC-TN-0002 v 1.0 4 25/05/07
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2t e [ 00V 0
00
2 ( Uy, Sin@"cos "+ v,, sin @"sin ¢ "+ w;, cos@"J (14)
hy| — I
0

exp(—jZ;r(ul"2 sin@"cos¢"+ v;, sin @"sin ¢"+ w;, cos@"))sin@"d@" dg",
and since the Sun extends in 6"=[0,f,,/2] and in ¢":[0,27r), eqn. (14)

becomes:

A i /2

Vitnar = (7T 10z ngn) (00
aa | | B (000 (09)

Q00,1 3

A en " "o en : " " 911
’”12[_ u, sin@"cos@"+v,, sin @"sin ¢ "+ w;, cos ] (15)
fo
exp(—j27z(u1"2 sin @"cos ¢"+ v, sin @"sin ¢"+ wy, cos 9”))sin 0"do"dg".
In order to evaluate analytically eqn. (15) some approximations must be performed.

Since Sy, /2~0.293° at L-band (slightly larger than in the optical). The obvious

one is to approximate all slowly-varying functions by a constant value and take
them outside of the integral:

A 1

pq n q
VSun Jdir TB,Sun ( Sun > ¢Sun ) nl ( Sun > ¢Sun )E12 ( Sun > ¢Sun )
€Q,Q,

”;,A’ (_ ulZ Sln 631m COS¢Sun + V12 Sln HSun Sln ¢Sun + WIZ cos HSun J (163)
12
Jo
27 Bsun |2
I I exp(—jZ;r(u12 sin@"cos@"+ v, sin@"sing"+w, cos&"))sin@"d@"dw
0

0

1
= WTB,&M ( Sun > ¢Slm ) ( Sun > ¢Sun ) ( Sun > ¢Slm )
2 (_ u,sinf,, cosg,, +v,siné, singg +w,cosd,, j (1 6b)
12 f(‘)
Boun/2 2z u“
I exp(—j27rwf2 cos 9") sin@"d@" | exp| —j2x {«quj +v,3 sin (¢ "+ arctan (i]]] sin@" |dg"
0 0 V2
= ;TB,SM ( Sun 3¢Sun ) An ( Sun 9¢Sun ) n2 ( Sun 9¢Sun )
JO.0,
;' [ u12 Sln 0514/1 COS¢Sun + le Sln gSun SIH ¢Sun + WlZ cos 0Sun ] (160)
: Jo
B2

_[ 2nJ, (—27[« Ju’ +v> sinH") exp(—j27zw,"2 cos 6’")sin 0"do"

0
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1

~ oo Ty sun (O s Bsn ) EL (O s s VE (Oins P )

’a‘ (_ u12 Sin 95'14;1 cos ¢Szm + v12 Sin eSun Sin ¢Sun + Wl2 cos eSzm (l6d)
12
Jo

;

ﬂSul’/
27rexp(—j27rw;2 ) .[ 2{0"+ |:jﬂ'w;2 —é_ e (ué +v2 )}9"2 }d&v.

0

1 A~ g
\/m TB,Sun (9&1;1 > ¢Sun )Fn;; (gSun > ¢Sun )FLIqZ (951“1 > ¢Sun )

]a' ( u12 sin QSun COS¢SW1 + vl2 s HSun sin ¢Sun + Wl2 cos HSun J
12
fo

2 exp(—j27(sin 6y, cos g, u,, +sin 6

Sun

ﬂzun . " 1 " " ﬂtm
{%+ jirwlz—g—ﬂz(ul22+v122) 6S4 )

(16e)

sm ¢Sunv12 +cos 05101 W12 ))

And substituting the Sun solid angle in eqn. (20): Qg = % B

Q al o *
VSI;Z,dir = \/ﬁ TB,Sun (eSun > ¢Sun ) F;tll) (eSun > ¢Sun ) F;qu (g&m > ¢Sun )

ﬁ (_ u]Z s HSun COS¢Sun + vl2 Sin HSWI Sin ¢Sun + w12 cos HSun J
12
S

eXp(—jZ;z(sin 0, COS P, U, +sin 6,

Sun
R ST
{1+|:jT—E_E(”1z V2 )i|QSun} ’

which is identical to eqn. (11) except for the second term within the brackets “{ }” that

(17)

s ¢SunV12 +Cos HSun WIZ ))

accounts for the finite size of the Sun.

4 Accounting for the Cross-polar Antenna Patterns
The expression of the visibility function at xx, yx and yy polarizations including the

cross-polar antenna patterns are given by:
Vxxi 1 RX|R:2 (Txx(éﬂﬂ)iTrcc)+(R,xlC:2 +Cle:2)Tyx (§DU)+CXIC:2 (T)rlv(g’ﬂ)_Trec)
\/QIQZ i<l \/1_52 _772 (18)

5 U, &+ v+ w,1-E -1’ . /
Pl - 126+ Vill + Wy - ]exp(—]Zﬂ(u,2§+Vlzﬂ+Wﬂ 1—52—772))d§d77,

fo

SMOSP3-UPC-TN-0002 v 1.0 6 25/05/07
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Vyyi 1 C}’IC;Z(Txx(g’,])_Trec) +(Rylc;2 +Cle:2)Tyx(§577)+R)']RjZ(Tw(g’n)_Trec)
\/ngz 2ira \/1—52—7]2 (19)
/ 2 2
},312 [_u12§+v1277+?2 1_5 —-n }exp(—jZﬂ'(ulzé-i-Vlz?]-i-le ’1_52_772))d§d77’
0
and
Vyx i 1 Cle:Z (Tx.\‘ (5’77) - Trec) + (Rle:Z + CyIC;2 )Tyx (é”]) + RyIC;Z (Tyy (5!77) - Trec)
VOO, 2 NEGEE (20)
/ 2 2
’%2[_u12§+‘}1277+‘;‘)12 I—Cf —-n ]exp(—jzz(u12§+vlzn+wlz ’1—62—772))5156177,
0

where R,, and C,, are the co- and cross-polar antenna patterns at p-polarization

corresponding to the n™ antenna.

The terms marked in red correspond to the V' terms that are subtracted in eqn. (1). Note

that this term is zero (does not exist) for the cross-polar polarization (yx, eqn. (20)).

The terms marked in blue are additional terms that are neglected when ignoring the
antenna cross-polar patterns. The compensation of these terms requires the knowledge
of the brightness temperature of the Sun at xx, yy and yx (complex brightness

temperature) polarizations, which is not feasible in a direct way.

A potential solution may be the use of an iterative procedure to estimate the 73 s, at the
different polarizations, neglecting the antenna cross-polar pattern terms in eqns. (18)-
(20), and then including these estimates in eqns. (18)-(20) to get a better estimate of the

TB, Sun-

The accuracy of the iterative procedure described is limited by by: 1) the radiometric
noise in the visibility samples, and —more important— 2) the error in the average
brightness temperature from the Earth at the Sun’s position (Esn,dir, sundir) that it is

subtracted from eqn. (2a).

A reasonable approximation consists of assuming that 77, =T, and that 7, =0,

although it has to be confirmed from radio-astronomical measurements. If this case,

eqns. (18)-(20) applied to the Sun, can be simplified as follows:

SMOSP3-UPC-TN-0002 v 1.0 7 25/05/07
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Vﬂi 1 _U (Rle:z +Cxlcjz)(TB,Sun(g,ﬂ)_Tm)}% [_u12§+v127]+w12«[1—§2 - ]

Joo, . J=& -y ’ 1 21)
exp(—j27z(u12§ VLT + Wy, Vl_‘fz - 772 ))dfdn >
Vyyi 1 J‘J‘ (Rle;z +Cy1C;2)(TB,Sun(5977)_Trcc) ’e [_u12§+v1277+w12«¢1—§2 —772 J
\/ngz i<l \/1_52 _’72 ¢ fo (22)
exp(—j27z(u12§ VLl + Wy, \ll_‘fz - 772 ))dfdﬂ >
and
Vyxi 1 ” (Cle:Z +Rylc:2)(TB,Sun (é‘:’n)_Trec)i’.;, [_u12§+v1277+w12\/1—§2 —772]
\/ngz Ep?<l \/1_52 _772 ’ fo (23)

exp(—j27r(u12§+v1277+wlz\/l—§2 _772 ))dé‘dﬂ >

From which the new visibilities corresponding to the Sun (V77 ) can be readily

Sun,dir
computed:
o A 1 (Rle:Z +Cx1C‘:2)TB’Sun (5,77)’% _u]ch+vlz77+W12\ll—(.f2 -’
Sun,dir — 12
\/ngz Eip?<l \/1_52_772 o

exp(— 21 + o+ wip 1= =) |ddp =

Qg . «
= ﬁ TB‘Szm (HSLHI > ¢Sun )|:R\'1 (05'1111 > ¢Sun )R\'Z (HSLHI > ¢S1m ) + Cxl (HSLIM b ¢Sun ) C,\’Z (HSLIM b ¢Sun ):| (24)
1==2

’a’ [_ u]Z S HSLHI cos ¢S1m + VIZ sin 05'11/1 sin ¢Sun + W]Z COSHSLHI
12
Jo

eXp ( _/ 272- (Sln QSIIH COsS ¢Sunu12 +sm eSzm sm ¢Sun V] 2 +cos 9&111 WIZ ))

W, 1 7 0m n
{1+|:./ > _E_E(”‘]z P ):|Qsmz} ’

L1 (R, Ry, +CyCa) Ty g (£:1)
\/ngz 2 \/1—52 -’

exp(— 21 + o+ wip 1= =) |ddp =

Qg . .
= ﬁ TB‘Szm (HSLHI > ¢Sun )|:R\I (95'11)7 > ¢S1m ) R}'Z (05'11)7 > ¢S1m ) + Cy] (65'1111 > ¢S1m ) C)'Z (9&”7 > ¢S1m ):| (25)
1==2

pad

Sun,dir h

[_”12§+V1277+W12V1_‘§2_772
i2
Jo

’a‘ [_ u]Z Sin HSLHI cos ¢S1m + VIZ sin 05'11/1 sin ¢Sun + W]Z COSHSLHI
12
Jo

exp(_IZﬂ (Sln 9 €os ¢Sunu12 +sin eSzm sin ¢Sun V]Z +cos 9&111 WIZ ))

Sun

W, I 7mp0m n
{1+|:./ > _E_E(”‘]z P ):|Qsmz} ’

and

SMOSP3-UPC-TN-0002 v 1.0 8 25/05/07
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s f (CLR, +R,\Coy) Ty (£:1) : [_ U, + v+ wo1-E =i J

Sun,dir 12
Q0 2 2
\/ 1592 &< \/l—é -n Jo

eXp(—jZﬁ(u12§+V1277+ Wi \/1_§2 _772 ))dfdﬂ =

Q «
= nglz T&Sun (QSHII > ¢S1m )|:C)'1 (HSun > ¢S1m )R\’Z (95'1171 H ¢SHII ) + R»\'l (HSUN > ¢S’m1 ) C\’2 (95'1”1 > ¢S’1m ):| (26)
2

un
12

fo

11111111

w, 1 T/ o ;
P AL S TR O
{ |:] > 12x 2( 12 lh) Sun

Note that when the cross-polar antenna patterns are included, and the T3 ,, 1s assumed

; [_ u, sin b, cos g, + vy, sinby,, singg,, +w, cos g, j

to be the same at both polarizations, then eqn. (23) is also of the form T3 g,,-T:, as in
eqns. (21) and (22), and therefore the whole procedure described in eqns. (1)-(6) can be
directly applied.

5 SEPS Simulations

The SMOS End-to-end Performance Simulator has been properly modified so as to
account for the changes presented in eqns. (24)-(26), mainly the elimination of the
obliquity factor, which does not exist when the integral is performed in spherical
coordinates or it cancels when the integral is performed in (& 7) if the Tpsun(&,7) is
properly defined), and the inclusion of the term within brackets “{ }” in eqns. (24)-(26),
which is the correction due to the finite size of the Sun’s disk. The inclusion of the
cross-polar antenna patterns was already implemented in SEPS, and it has been checked

that it was already correct.

The list of functions, and the lines that have been modified is listed in the appendix,
indicating the nature of the modification. The function TSun Moon estimator.m has

been reformulated for simplicity.

Simulation results using: 1) SEPS Light (visibility samples & reconstruction using an
inverse FFT), 2) normal SEPS (visibility samples computed with a double integral &
UPC G-matrix reconstruction), and 3) a mixture of normal SEPS for the visibility
samples computation and SEPS Light for the image reconstruction have been tested,

including the effects of the Sun (110.000 K, worst case for cancellation due to weak

SMOSP3-UPC-TN-0002 v 1.0 9 25/05/07
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value), the Moon (250 K), and the antenna backlobes, and turning ON and OFF the Sun
Cancellation algorithm for two values of the brightness temperature of the Sun: 100.000
K, a quiet value (used to test the capability to estimate the T syy since it appears with

moderate values in the reconstructed 75 image) and 1.000.000 K, a strong value, used to

test the capability to suppress the main spot and the tails of the impulse response.

Figures 1-20 present the simulation results (see Appendix 2):

o Figures 1-4: Tp 5., = 100.000 K without Sun cancellation algorithm applied
Figure 1. Y-polarization: top-left: original TB image, top-right: original image
truncated to the fundamental (§,m) hexagonal period, bottom-left: retrieved TB
image by an ideal system (F, = 1, 7 =1, and no antenna position errors), and bottom-
right: retrieved TB image.

Figure 2. Y-polarization: top: error between the TB image retrieved by an ideal
system and the original one, and bottom error between the TB retrieved image and
the original one.

Figure 3. Same as Fig. 1 at X-polarization.

Figure 4. Same as Fig. 2 at Y-polarization.

o Figures 5-8 (same as Figs. 1-4): Tp s,, = 100.000 K with Sun cancellation algorithm
applied. Visibility samples and image reconstruction computed using SEPS Light.

o Figures 9-12 (same as Figs. 1-4): T 5., = 100.000 K with Sun cancellation
algorithm applied. Visibility samples computed using normal SEPS (double
integrals) and image reconstruction computed using SEPS Light.

o Figures 13-16 (same as Figs. 1-4): Tp s, = 100.000 K with Sun cancellation
algorithm applied. Visibility samples and image reconstruction computed using
normal SEPS (double integrals & UPC G-matrix).

o Figures 17-20 (same as Figs. 1-4): T s, = 1.000.000 K without Sun cancellation
algorithm applied. Visibility samples and image reconstruction computed using
SEPS Light.

o Figures 21-24 (same as Figs. 1-4): Tz s, = 1.000.000 K with Sun cancellation
algorithm applied. Visibility samples and image reconstruction computed using
SEPS Light.

As it can be appreciated:

SMOSP3-UPC-TN-0002 v 1.0 10 25/05/07



O P

SMOS L1 Processor Prototype Phase 3
The model correctly predicts 7z peaks of the Sun from ~80 K to ~800 K, as
expected from the simple theory (75 sun 2sun/ antenna |Fn|2) depending on the Sun
brightness temperature, but also on the relative position of the Sun with respect to
the antenna boresight (antenna pattern attenuation).
Simulation results show the improved performance of the Sun cancellation
algorithm at both polarizations, both for weak and strong Tpgs,, values (100.000-
1.000.000 K), although it is expected that it will degrade when the Sun enters
through the antenna backlobes, since the amplitude of the 75 peak will be much

smaller.

6 Conclusions
The main conclusions of this technical note are summarized hereafter:

The impact of the Sun has been analyzed, including: ideal point-source case, finite
disk size and antenna cross-polarization patterns.

The “singularity” that appears when formulated in the (&, 7) domain is originated by
an improper formulation of the T3gs..(&,77). It can be easily circumvented by
formulating the problem in spherical coordinates.

No averaging is performed between the Tpgs,, values at both polarizations as we
must from a theoretical point of view in the derivation of eqns. (24)-(26), since these
values are not very different (within 10% peak to peak) and in this way, we can
compensate for different measurement errors at each polarization.

Analytical expressions (eqns. (24)-(26) have been derived for the Sun visibilities
including finite angular width of the Sun, antenna cross-polar patterns and fore/back

lobes in a single expression.

SMOSP3-UPC-TN-0002 v 1.0 11 25/05/07
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File name

Lines changed

Comment

area_pixel.m

File replaced by two new files area_pixel sun.m and
area_pixel moon.m to allow for different Sun and Moon
solid angles at L-band

mirasvis.m

172, 184, 196, 205, 220, 232, 244, 256,
270,271, 408, 410, 411, 418, 420, 421,
429,431,432

area_pixel sun & area_pixel moon are now different to
account for the different solid angles subtended by the Sun

same).

516-531

computation of some new auxiliary variables needed

533,535, 538, 550, 552, 554, 568, 570,
572, 584, 586, 589

invOF term removed and substituted by the term:
exp(—j27(sin by, cosd, i, +sinby,, sind, v, +cosy,m, )

w, 1
{1 *{/f’ﬂfz(ulz +vp )}Q&m}

mirasvis_fft.m

146, 155, 170, 182, 194, 206, 218, 230,
244,245

area_pixel sun & area_pixel moon are now different to
account for the different solid angles subtended by the Sun

same).

381, 383, 384, 391, 392, 393, 402, 404,
405, 462, 464, 465, 481,483, 484, 501,
503, 504, 521, 523, 524

invOF term removed

mirasvis_back.m

98-113

computation of some new auxiliary variables needed

115, 117, 119, 132, 134, 136, 150, 152,
154

invOF term removed and substituted by the term:

exp(—j2(sin b, cos gy, up, +sin by, sin gy, v, +cos g, w,))

'Sun

w, 1
{1 *{/f’ﬂfz(ulz +v; )}Q&m}

mirasvis_back_fft.m

71,79, 80, 96, 98, 99, 116, 118, 119,
136, 138, 139

invOF term removed

88, 107, 147

Error corrected: eee_ref moon

miras TA back.m

94, 95,96, 103, 104, 105, 113, 114, 115

invOF term removed

miras_auxiliary_visibilities.m

71,72,79,80,110, 111, 118, 119, 152,
153,159, 169

invOF term removed

mirasvis_aux.m

148, 150, 152, 183, 185, 187, 219, 221,
223,252 -262

invOF term removed

mirasvis_aux_fft.m

114,116, 117, 158, 160, 161, 204, 206,
207, 243-256

invOF term removed

mirasvis_aux_back.m

141-156

computation of some new auxiliary variables needed

158, 160, 162, 184, 186, 188, 211, 213,
215

invOF term removed and substituted by the term:
exp(—j27(sin by, cosdy, i, +sinby,, sind, v, +cosy,m, )

w, 1
{1 *{/f’ﬂfg(ulz +v; )}Q&m}

mirasvis_aux_back fft.m

149, 150, 151, 183, 184, 185, 218, 219,
220,241-251

invOF term removed

TSun Moon estimator.m

function rewritten for simplicity
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Appendix 2.
TBSUN =100.000 K, NO SUN CANCELLATION ALGORITHM APPLIED

ORIGINAL TEMPERATURE ORIGINAL TEMPERATURE IN SMOS FOV BRIGHT. TEMP. [K]
350

0

S

RETRIEVED TEMPERATURE

BRIGHT. TEMP. [K]

S

ERROR VALUE BETWEEN ORIGINAL AND RETRIEVED SCENE BRIGHT. TEMP. [K]
: 10
73

Fig. 2. Y-pol error SEPS Light. No Sun cancellation algorithm applied
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ORIGINAL TEMPERATURE ORIGINAL TEMPERATURE IN SMOS FOV BRIGHT. TEMP. [K]
350

BRIGHT. TE!]\/(I)P. [K]

BRIGHT. TE!I\/lI]P. [K]

Fig. 4. X-pol error SEPS Light. No Sun cancellation algorithm applied
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TBSUN = 1.00.000 K. SUN CANCELLATION ALGORITHM APPLIED:
Estimated TB_SUN at Y-polarization: 112596.4322 Kelvin
Estimated TB_SUN at X-polarization: 100958.8888 Kelvin

ORIGINAL TEMPERATURE ORIGINAL TEMPERATURE IN SMOS FOV BRIGHT. TEMP. [K]
350

BRIGHT. TE!I\/lI]P. [K]

06 -04 02 0 02 04 06

S

ERROR VALUE BETWEEN ORIGINAL AND RETRIEVED SCENE BRIGHT. TEMP. [K]
‘ ‘ 10
0.6 AR ] i

Fig. 6. Y-pol error SEPS Light
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ORIGINAL TEMPERATURE ORIGINAL TEMPERATURE IN SMOS FOV BRIGHT. TEMP. [K]
350

BRIGHT. TE!I\/lI]P. [K]

EEN ORIGINAL AND RETRIEVED SCENE BRIGHT. TEMP. [K]
- 10

Fig. 8. X-pol error SEPS Light
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ORIGINAL TEMPERATURE ORIGINAL TEMPERATURE IN SMOS FOV BRIGHT. TEMP. [K]

350

Fig. 9. Y-pol. Visibility generation using normal SEPS, image reconstruction using
SEPS Light

BRIGHT. TE!I\/lI]P. [K]

ED SCENE BRIGHT. TE!]\/(I]P. [K]

Fig. 10. Y-pol. TB Error. Visibility generation using normal SEPS, image
reconstruction using SEPS Light
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ORIGINAL TEMPERATURE ORIGINAL TEMPERATURE IN SMOS FOV BRIGHT. TEMP. [K]

350

Fig. 11. X-pol. TB. Visibility generation using normal SEPS, image reconstruction
using SEPS Light

BRIGHT. TE!I\/lI]P. [K]

BRIGHT. TE!]\/(I)P. [K]

Fig. 12. X-pol. TB Error. Visibility generation using normal SEPS, image
reconstruction using SEPS Light
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ORIGINAL TEMPERATURE ORIGINAL TEMPERATURE IN SMOS FOV BRIGHT. TEMP. [K]
350

BRIGHT. TE!I\/lI]P. [K]

BRIGHT. TE!]\/(I)P. [K]

Fig. 14. Y-pol. TB error. Visibility generation and image reconstruction using normal
SEPS.
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ORIGINAL TEMPERATURE ORIGINAL TEMPERATURE IN SMOS FOV BRIGHT. TEMP. [K]
350

-06 -04 02 0 02 0.4 0.6

BRIGHT. TE!I\/lI]P. [K]

BRIGHT. TE!]\/(I)P. [K]

Fig. 16. X-pol. TB error. Visibility generation and image reconstruction using normal
SEPS.
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TBSUN = 1.000.000 K, NO SUN CANCELLATION ALGORITHM APPLIED

ORIGINAL TEMPERATURE ORIGINAL TEMPERATURE IN SMOS FOV BRIGHT. TEMP. [K]
784.5

Fig. 17. Y-pol. TB. Visibility generation and image reconstruction using SEPS Light.

BRIGHT. TEMP. [K]
428.36

BRIGHT. TEMP. [K]
286.88

Fig. 18. Y-pol. TB error. Visibility generation and image reconstruction using SEPS
Light

SMOSP3-UPC-TN-0002 v 1.0 22 25/05/07



SMOS L1 Processor Prototype Phase 3

ORIGINAL TEMPERATURE ORIGINAL TEMPERATURE IN SMOS FOV BRIGHT. TEMP. [K]
859.93

BRIGHT. TEMP. [K]
388.36

06 -04 -02 0 02 04 06

Fig. 20. X-pol. TB error. Visibility generation and image reconstruction using SEPS
Light
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TBSUN = 1.000.000 K. SUN CANCELLATION ALGORITHM APPLIED:
Estimated TB_SUN at Y-polarization: 996240.5809 Kelvin
Estimated TB_SUN at X-polarization: 920585.0071 Kelvin

ORIGINAL TEMPERATURE ORIGINAL TEMPERATURE IN SMOS FOV BRIGHT. TEMP. [K]
350

Fig. 21. Y-pol. TB. Visibility generation and image reconstruction using SEPS Light.

BRIGHT. TE!I\/lI]P. [K]

\ R
-0.6 04 -0.2

BRIGHT. TE!]\/(I)P. [K]

02 04 06

Fig. 21. Y-pol. TB error. Visibility generation and image reconstruction using SEPS
Light
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ORIGINAL TEMPERATURE ORIGINAL TEMPERATURE IN SMOS FOV BRIGHT. TEMP. [K]

350

Fig. 22 X-pol. TB. Visibility generation and image reconstruction using SEPS Light

BRIGHT. TE!I\/lI]P. [K]

ED SCENE BRIGHT. TE!]\/(I]P. [K]

Fig. 23. X-pol. TB error. Visibility generation and image reconstruction using SEPS
Light
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