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Abstract—In the existing literature, the linear cross-
polarization term, i.e.

〈
|SHV |2

〉
, is often considered a lost

parameter in hybrid-polarimetry (hybrid-pol) SAR. This hy-
pothesis arose from the recognition that, even when taking into
account the reflection-symmetry condition (which is nearly valid
for all types of natural surfaces), there are five parameters
required to compute

〈
|SHV |2

〉
, whereas Hybrid-pol SAR can

only acquire four parameters, resulting in an underdetermined
solution. We respectfully hold a different perspective from the
earlier statements and would like to clarify that utilizing four
parameters, instead of five, is indeed adequate for the precise
calculation of

〈
|SHV |2

〉
. Consequently, we have established a

mathematical relationship under the reflection symmetry condi-
tion that provides a closed-form solution for calculating

〈
|SHV |2

〉
from hybrid-pol SAR datasets. For validation, both theoretical
and practical assessments have been conducted, with the imple-
mentation of compound scattering matrices based analysis and
the real Satellite ALOS PALSAR L-band dataset.

Index Terms—Polarimetric SAR, Hybrid-pol SAR, Closed-
form solution, Oil Spill Detection, ALOS PALSAR

I. INTRODUCTION

The hybrid-polarimetry (hybrid-pol) SAR possesses the
capability to provide frequent monitoring of the surface along
with a sufficient level of polarimetry information acquisition,
enabling accurate modeling of the acquired region. The novel
hybrid-pol SAR system transmits circular polarization (either
right sense or left sense) and coherently receives orthogonal
linear H and V polarizations, respectively. This configuration
aids in generating a 2×2 covariance matrix (Chyb), which,
under the reflection symmetry condition, can be translated
into a pseudo 3×3 full-pol covariance matrix Cfull if the
accurate estimation of

〈
|SHV |2

〉
is achieved. The hybrid-pol

SAR exhibits optimum monitoring capability and the ability to
acquire a sufficient level of polarimetric information, making
it an optimal choice for oil-spill detection and monitoring.
In recent times, it has also gained benefits in various appli-
cations, including planetary exploration, landslide detection,
target detection, snow-depth monitoring, etc. [1]–[3]. The
work of this manuscript could benefit these wide application
areas. Moreover, their significance extends to ongoing and
future missions based on hybrid-pol SAR, such as NISAR,
RADARSAT Constellation Mission, and ALOS-2 missions.

The parameter
〈
|SHV |2

〉
has a great importance in hybrid-

pol SAR for the reason that it helps to generate full-
polarimetry data under reflection symmetry condition [4]–[10].
Afterwards, wide variety of established full-pol methodologies

can be utilized in analyzing hybrid-pol based data [6]. How-
ever, the accurate estimation of

〈
|SHV |2

〉
with the limited

hybrid-pol SAR measurement has always been challenging
task. The full-pol and hybrid-pol information under reflection-
symmetry condition can be expressed below as Cfull and Chyb,
respectively.

Cfull =

〈 |SHH |2 0 SHHS
∗
V V

0 2|SHV |2 0

SV V S
∗
HH 0 |SV V |2

〉
(1)

Chyb=

[
J11 J12
J∗
12 J22

]
=

1

2

〈[
|SHH |2+|SHV |2 ±(ιSHHS∗

V V −ι |SHV |
2
)

±(−ιSV V S∗
HH+ι |SHV |2) |SV V |2 + |SHV |2

]〉
(2)

By comparing these matrices, the authors in [4], [11]–[14]
highlighted that, there are five parameters required to calculate
Cfull, while hybrid-pol SAR only acquires four parameters,
resulting in underdetermined solution. Consequently, the pa-
rameter

〈
|SHV |2

〉
is declared as a "lost parameter" in hybrid-

polarimetry [15]. We would like to disagree with the previous
hypothesis, and would like to explain that only four (instead
of five) parameters are required to derive Cfull. Those param-
eters are: P1 =

〈
|SHV |2

〉
, P2 =

〈
|SHH |2

〉
or
〈
|SV V |2

〉
, P3=

〈<(SHHS∗
V V )〉, and P4 = 〈=(SHHS∗

V V )〉. In terms of these
parameters, the matrix Cfull can be rewritten as,

Cfull =

〈 P2 0 P3 + ιP4

0 2P1 0

P3 − ιP4 0 P3
2+P4

2

P2

〉 (3)

This opens a way to calculate Cfull constituting only four
elements (P1 to P4) from the hybrid-polarimetry SAR.

II. ACCURATE ESTIMATION OF
〈
|SHV |2

〉
IN

HYBRID-POLARIMETRY

With the help of hybrid-pol information Chyb as shown in
(2), the three following parameters can be estimated:

2∑
i=1

λi =
{〈
|SHH |2

〉
+ 2

〈
|SHV |2

〉
+
〈
|SV V |2

〉}
(4)

2∏
i=1

λi =
〈
|SHV |2

〉 {〈
|SHH |2

〉
+
〈
|SV V |2

〉
+ 2<(〈SHHS

?
V V 〉)

}
(5)
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=(J12) =<(〈SHHS
?
V V 〉)−

〈
|SHV |2

〉
(6)

The parameters
∑2
i=1 λi and

∏2
i=1 λi indicates here the sum

and multiplication of hybrid-pol eigenvalues associated with
Chyb, respectively. =(J12) is the imaginary part of the first-
row-second-column element of the Chyb matrix, and directly
can be calculated from (2). With the help of these parameters,
the
〈
|SHV |2

〉
can be calculated as:

〈
|SHV |2

〉
=

∏2
i=1 λi∑2

i=1 λi + 2=(J12)
(7)

This equation shows that now
〈
|SHV |2

〉
can be calculated only

based on the parameters which are measured using hybrid-pol
SAR sensors.

III. VALIDATION OF THE PROPOSED METHODOLOGY

A. Superiority of Proposed method: Theoretical Explanation

The theoretical explanation added below explains the supe-
riority of the proposed method and explains in detail that how
the proposed method overcomes the limitations of other re-
ported methods. The previously reported retrieval approaches
of
〈
|SHV |2

〉
either iteratively estimate

〈
|SHV |2

〉
or approxi-

mate it to be a fraction of backscattered depolarized power [4],
[6], [12], [14], [16]. The demerits associated with these kinds
of methods are highlighted below. Among iterative approaches,
Souyris’ method, and among depolarization-fraction-based ap-
proaches, Espeseth’s methods are taken under consideration
for the comparison. However, these limitations are more or
less applicable to any of the other similar reported approaches.
The demerits associated with these kinds of methods are
highlighted below which are being overcome through the
proposed method.
Demerits of Souyris’ Iterative based approach:
Souyris’ method suffers from the following major limitations:

• Souyris’ approach is most effective in regions where vol-
ume scattering dominates. Nevertheless, in cases where
a combination of all three fundamental scattering mech-
anisms is present, the Souyris’ method yields unsatisfac-
tory outcomes [4],[6].

• The requisite initial condition for Souyris’ Iterative-based
method is

〈
|SHV |2

〉
= 0. However, this condition might

introduce some error in the eventual retrieval of
〈
|SHV |2

〉
[6],[5].

• The iterative process in Souyris’ method lacks automatic
convergence. The user-defined iteration number signifi-
cantly impacts the outcome of the reconstruction [6],[5].

Demerits of Espeseth’s Approximation based approach:
Espeseth’s method suffers from the following major limitation:

• Both Espeseth’s DoP-based and λ-based approaches are
founded on the assumption that

〈
|SHV |2

〉
can be approx-

imated as a fraction of depolarized power. However, this
approximation does not consistently achieve the optimal
value. To overcome this limitation, it is essential to
establish a direct mathematical relationship rather than
relying on approximation.

The aforementioned demerits associated with the Souyris’ and
Espeseth’s methods are being overcome through the proposed
approach in the presented manuscript, as the proposed method
avoids any kind of iteration to perform and establishes a direct
mathematical relation between the

〈
|SHV |2

〉
and hybrid-pol

acquired information.

B. Superiority of Proposed method based on the comparison
carried out using real scattering matrices examples

The validation has been carried out using real scattering
matrices acquired in a well-controlled anechoic chamber at
Niigata University [17]. The compound scattering matrices
(which are the basis of a physical scattering model [17]),
are taken into consideration. By using the hybrid-pol co-
variance matrix information as input, the retrieved

〈
|SHV |2

〉
values generated through proposed method, and previously
reported Souyris’ [18] and Espeseth’s [14] methods are added
in Table I. Espeseth et al. presented two methods in [14],
namely Degree of Polarization (DoP)-based and eigenvalue λ-
based. Through DoP-based and λ-based Espeseth’s methods,
the

〈
|SHV |2

〉
can be calculated as [5], [14]:

〈
|SHV |2

〉
=

(1−DoP )S0

2 , and
〈
|SHV |2

〉
= λ2S0

2λ1
, respectively, where S0

indicates the first Stokes parameter, DoP indicates the de-
gree of polarization and λ1,2 indicate eigenvalues of hybrid-
pol covariance matrix [5], [6]. It is worth noting from Ta-
ble I (added at the last page) that for all the considered
scattering combinations, only the proposed method obtains
optimum results. Souyris’ along with the other previously
reported

〈
|SHV |2

〉
retrieval approaches do not perfectly cal-

culate
〈
|SHV |2

〉
even when if the perfect reflection symmetry

condition exists. The proposed method can reach the exact
value of

〈
|SHV |2

〉
when the perfect condition of reflection

symmetry, i.e., 〈SHHS∗
HV 〉 = 〈SV V S∗

HV 〉 = 0 exists. The
examples of six different scattering combinations are added
here for discussion, however, we would like to assure that
the proposed method can generate optimum

〈
|SHV |2

〉
results

for any kind of scattering conditions subject to the reflection
symmetry implication.

C. Superiority of Proposed method based on the comparison
carried out using real Satellite dataset

The ALOS PALSAR dataset is used here to validate the
proposed methodology. The normalized

〈
|SHV |2

〉
(normalized

with corresponding SPAN values), calculated using hybrid-pol
SAR and full-pol SAR, namely

〈
|SHV |2

〉
hyb and

〈
|SHV |2

〉
full,

shown below, are taken into consideration.〈
|SHV |2

〉
hyb =

P1

J11 + J22
(8)〈

|SHV |2
〉

full =
C22

C11 + C22 + C33
(9)

The synthesized hybrid-pol version of the full-pol based ALOS
PALSAR data is implemented here for the validation. The
SPAN image of the dataset before and after radiometric
calibration are shown in Figure 1(a) and (b), respectively. The〈
|SHV |2

〉
hyb and

〈
|SHV |2

〉
full looks very similar in Figure



Figure 1: ALOS PALSAR data (Data Id: ALPSRP104460550) (a) Un-calibrated SPAN Image (b) Calibrated SPAN Image (c)
Full-polarimetry data based

〈
|SHV |2

〉
full (d) Hybrid-polarimetry data based

〈
|SHV |2

〉
hyb (e)

〈
|SHV |2

〉
hyb and

〈
|SHV |2

〉
full are

plotted along a single row transect (transect shown with yellow line in figure (b)) for comparison.

1(c) and (d), that proves the better
〈
|SHV |2

〉
calculation from

hybrid-pol data through the proposed methodology. Along one
transect, pixel-by-pixel comparison is also shown in Figure
1(e), that again proves that the hybrid-pol based estimated〈
|SHV |2

〉
is more or less equivalently following the full-pol

based original
〈
|SHV |2

〉
.

IV. CONCLUSION

A novel approach of
〈
|SHV |2

〉
estimation based on hybrid-

pol data is outlined in this paper. It has been theoretically and
practically established that the proposed approach is superior
than the other reported methods in literature. The work of
this manuscript can help in efficiently utilizing the ongoing
and future hybrid-pol SAR based satellite missions, such as
NISAR, RADARSAT Constellation Mission, and ALOS-2, for
various applications, including planetary exploration, landslide
detection, target detection, snow-depth monitoring, etc.

ACKNOWLEDGMENT

The work presented in this paper is supported by CNIT-
RaSS Laboratory, Pisa, Italy.

REFERENCES

[1] A. Kumar et al., “Dielectric Constant Estimation of Lunar Surface
Using Mini-RF and Chandrayaan-2 SAR Data,” IEEE Transactions on
Geoscience and Remote Sensing, vol. 60, pp. 1–8, 2022.

[2] A. Kumar, E. Giusti, and M. Martorella, “Hybrid Polarimetry Inverse
SAR,” in 2023 IEEE Intern. Radar Conf. (RADAR), 2023, pp. 1–6.

[3] S. Awasthi, et al., “Snow Density Retrieval Using Hybrid Polarimetric
RISAT-1 Datasets,” IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, vol. 13, pp. 3058–3065, 2020.

[4] M. E. Nord et al., “Comparison of compact polarimetric synthetic
aperture radar modes,” IEEE Trans. Geosci. Remote Sens., vol. 47, no. 1,
pp. 174–188, Jan. 2009.

[5] A. Kumar and R. K. Panigrahi, “Entropy based reconstruction technique
for analysis of hybrid-polarimetric SAR data,” IET Radar, Sonar &
Navigation, vol. 13, no. 4, pp. 620–626, 2019.

[6] A. Kumar, A. Das, and R. K. Panigrahi, “Hybrid-pol decomposition
methods: A comparative evaluation and a new entropy-based approach,”
IETE Technical Review, vol. 37, no. 3, pp. 296–308, 2020.

[7] M. J. Collins et al., “On the Use of Simulated Airborne Compact
Polarimetric SAR for Characterizing Oil-Water Mixing of the Deepwater
Horizon Oil Spill,” IEEE J. Sel. Top. Appl. Earth Obs. Remote Sens.,
vol. 8, no. 3, pp. 1062–1077, 2015.

[8] Y. Li, Y. Zhang, J. Chen, and H. Zhang, “Improved compact polarimetric
SAR quad-pol reconstruction algorithm for oil spill detection,” IEEE
Geosci. and Rem. Sens. Lett., vol. 11, no. 6, pp. 1139–1142, 2014.

[9] A. Kumar, “Analyses of Hybrid-polSAR data for landcover classifica-
tion,” Ph.D. dissertation, 2019.

[10] A. Kumar, V. Mishra, R. K. Panigrahi, and M. Martorella, “Application
of hybrid-pol sar in oil-spill detection,” IEEE Geoscience and Remote
Sensing Letters, vol. 20, pp. 1–5, 2023.

[11] P. C. Dubois-Fernandez et al., “The compact polarimetry alternative for
spaceborne SAR at low frequency,” IEEE Trans. Geosci. Remote Sens.,
vol. 46, no. 10, pp. 3208–3222, Oct. 2008.

[12] M. J. Collins, M. Denbina, and G. Atteia, “On the reconstruction of
quad-pol SAR data from compact polarimetry data for ocean target
detection,” IEEE Trans. Geosci. Remote Sens., vol. 51, no. 1, pp. 591–
600, Jan. 2013.

[13] D. Yue, F. Xu, and Y. Jin, “Wishart-bayesian reconstruction of quad-
pol from compact-pol SAR image,” IEEE Geosci. Remote Sens. Lett,
vol. 14, no. 9, pp. 1623–1627, Sep. 2017.

[14] M. M. Espeseth, C. Brekke, and S. N. Anfinsen, “Hybrid-polarity and
reconstruction methods for sea ice with L- and C-band SAR,” IEEE
Geosci. and Rem. Sens. Lett., vol. 13, no. 3, pp. 467–471, Mar. 2016.

[15] M. M. Espeseth, “Synthetic aperture radar compact polarimetry for sea
ice surveillance,” Master’s Thesis, The Arctic University of Norway,
TromsÃž, Norway, 2015.

[16] A. Kumar, R. K. Panigrahi, and A. Das, “Three-component decom-
position technique for Hybrid-pol SAR data,” IET Radar, Sonar and
Navigation, vol. 10, iss.9, pp. 1569–1574, May 2016.

[17] Y. Yamaguchi, Polarimetric SAR Imaging: Theory and Applications (1st
ed.). Boca Raton, USA: CRC Press, 2020.

[18] J.-C. Souyris et al., “Compact polarimetry based on symmetry properties
of geophysical media: The π/4 mode,” IEEE Trans. Geosci. Remote
Sens., vol. 43, no. 3, pp. 634–646, Mar. 2005.



 
 
 
 
 
 
 
Table I: Performance comparison of proposed method with previously reported Souyris’ and Espeseth methods. 
 

Scattering 
Mechanism 

 𝑺 =  ൤𝑺𝑯𝑯 𝑺𝑯𝑽𝑺𝑯𝑽 𝑺𝑽𝑽 ൨ 

Full pol covariance matrix under reflection 
symmetry 𝑪full = 〈቎ |𝑺𝑯𝑯|𝟐 𝟎 𝑺𝑯𝑯𝑺𝑽𝑽∗𝟎 𝟐|𝑺𝑯𝑽|𝟐 𝟎𝑺𝑽𝑽𝑺𝑯𝑯∗ 𝟎 |𝑺𝑽𝑽 ∣𝟐 ቏〉 

Corresponding hybrid-pol covariance 
matrix 𝑪hyb = 𝟏𝟐 〈൤ |𝑺𝑯𝑯|𝟐 + |𝑺𝑯𝑽|𝟐 𝜾𝑺𝑯𝑯𝑺𝑽𝑽∗ − 𝜾|𝑺𝑯𝑽|𝟐−𝜾𝑺𝑽𝑽𝑺𝑯𝑯∗ + 𝜾|𝑺𝑯𝑽|𝟐 |𝑺𝑽𝑽|𝟐 + |𝑺𝑯𝑽|𝟐 ൨〉

Full pol 〈|𝑺𝑯𝑽|𝟐〉 Hybrid-pol 〈|𝑺𝑯𝑽|𝟐〉 
generated 

using 
Souyris’ 
method 

Hybrid-pol 〈|𝑺𝑯𝑽|𝟐〉 
generated 

using 
Espeseth’s 
DoP-based 

method 

Hybrid-pol 〈|𝑺𝑯𝑽|𝟐〉 
generated 

using 
Espeseth’s 

λ-based 
method 

Hybrid-
pol 〈|𝑺𝑯𝑽|𝟐〉 

generated 
using 

Proposed 
method 

Plate   ൤ 𝟏 𝟎. 𝟎𝟎𝟗𝜾𝟎. 𝟎𝟎𝟗𝒋 𝟎. 𝟗𝟖𝟖 − 𝟎. 𝟎𝟒𝟔𝜾൨ 

 ൥ 𝟏 𝟎 𝟎. 𝟗𝟖𝟖𝟎 +  𝟎. 𝟎𝟒𝟔𝟎𝜾𝟎 𝟎. 𝟎𝟎𝟎𝟐 𝟎𝟎. 𝟗𝟖𝟖𝟎 −  𝟎. 𝟎𝟒𝟔𝟎𝜾 𝟎 𝟎. 𝟗𝟕𝟖𝟑 ൩ 
 ቂ 𝟎. 𝟓 −𝟎. 𝟎𝟐𝟑𝟎 +  𝟎. 𝟒𝟗𝟒𝟎𝜾−𝟎. 𝟎𝟐𝟑𝟎 −  𝟎. 𝟒𝟗𝟒𝟎𝜾 𝟎. 𝟒𝟖𝟗𝟐 ቃ  

 𝟖. 𝟏𝟎 × 𝟏𝟎ି𝟓  

 
 𝟖. 𝟎𝟖 × 𝟏𝟎ି𝟓 

 
 𝟖. 𝟎𝟗 × 𝟏𝟎ି𝟓 

 
 𝟒. 𝟎𝟒 × 𝟏𝟎ି𝟓 

 
 𝟖. 𝟏𝟎 × 𝟏𝟎ି𝟓 

Dihedral  ቂ 𝟏 −𝟎. 𝟎𝟐𝟕 − 𝟎. 𝟎𝟏𝟏𝜾−𝟎. 𝟎𝟐𝟕 − 𝟎. 𝟎𝟏𝟏𝜾 −𝟎. 𝟗𝟔𝟑 + 𝟎. 𝟐𝟑𝟓𝜾ቃ 
 ൥ 𝟏 𝟎 −𝟎. 𝟗𝟔𝟑𝟎 −  𝟎. 𝟐𝟑𝟓𝟎𝜾𝟎 𝟎. 𝟎𝟎𝟏𝟕 𝟎−𝟎. 𝟗𝟔𝟑𝟎 +  𝟎. 𝟐𝟑𝟓𝟎𝜾 𝟎 𝟎. 𝟗𝟖𝟐𝟔 ൩ 

 ቂ 𝟎. 𝟓𝟎𝟎𝟒 𝟎. 𝟏𝟏𝟕𝟓 −  𝟎. 𝟒𝟖𝟏𝟗𝜾𝟎. 𝟏𝟏𝟕𝟓 +  𝟎. 𝟒𝟖𝟏𝟗𝜾 𝟎. 𝟒𝟗𝟏𝟕 ቃ  
 𝟖. 𝟓 × 𝟏𝟎ି𝟒 

 
  𝟏. 𝟏𝟗 × 𝟏𝟎ି𝟓 

 
 𝟏. 𝟐𝟏 × 𝟏𝟎ି𝟓 

 
 𝟔. 𝟎𝟔 × 𝟏𝟎ି𝟔 

 
 𝟖. 𝟓 × 𝟏𝟎ି𝟒 

45 degree-oriented dipoles   ቂ 𝟏 𝟎. 𝟖𝟒𝟐 − 𝟎. 𝟎𝟕𝟒𝜾𝟎. 𝟖𝟒𝟐 − 𝟎. 𝟎𝟕𝟒𝜾 𝟎. 𝟗𝟔𝟗 + 𝟎. 𝟏𝟎𝟖𝜾ቃ 

൥ 𝟏 𝟎 𝟎. 𝟗𝟔𝟗𝟎 −  𝟎. 𝟏𝟎𝟖𝟎𝜾𝟎 𝟏. 𝟒𝟐𝟖𝟗 𝟎𝟎. 𝟗𝟔𝟗𝟎 +  𝟎. 𝟏𝟎𝟖𝟎𝜾 𝟎 𝟎. 𝟗𝟓𝟎𝟔 ൩  ቂ 𝟎. 𝟖𝟓𝟕𝟐 𝟎. 𝟎𝟓𝟒𝟎 +  𝟎. 𝟏𝟐𝟕𝟑𝜾𝟎. 𝟎𝟓𝟒𝟎 −  𝟎. 𝟏𝟐𝟕𝟑𝜾 𝟎. 𝟖𝟑𝟐𝟓 ቃ  
 𝟎. 𝟕𝟏𝟒𝟒 

 
 𝟎. 𝟑𝟔𝟐𝟎 

 
 𝟎. 𝟕𝟎𝟔𝟏 

 
 𝟎. 𝟔𝟎𝟔𝟒 

 
 𝟎. 𝟕𝟏𝟒𝟒 

-45 degree-oriented dipoles  ቂ 𝟏 −𝟏. 𝟎𝟖𝟕 − 𝟎. 𝟎𝟔𝟏𝜾−𝟏. 𝟎𝟖𝟕 − 𝟎. 𝟎𝟔𝟏𝜾 𝟎. 𝟗𝟖𝟓 + 𝟎. 𝟐𝟒𝟐𝜾 ቃ ൥ 𝟏 𝟎 𝟎. 𝟗𝟖𝟓𝟎 −  𝟎. 𝟐𝟒𝟐𝟎𝜾𝟎 𝟐. 𝟑𝟕𝟎𝟔 𝟎𝟎. 𝟗𝟖𝟓𝟎 +  𝟎. 𝟐𝟒𝟐𝟎𝜾 𝟎 𝟏. 𝟎𝟐𝟖𝟖 ൩  ቂ 𝟏. 𝟎𝟗𝟐𝟔 𝟎. 𝟏𝟐𝟏𝟎 −  𝟎. 𝟏𝟎𝟎𝟏𝜾 𝟎. 𝟏𝟐𝟏𝟎 +  𝟎. 𝟏𝟎𝟎𝟏𝜾 𝟏. 𝟏𝟎𝟕𝟎 ቃ  
 𝟏. 𝟏𝟖𝟓𝟑  

 
 𝟎. 𝟓𝟖𝟐𝟗 

 
 𝟎. 𝟗𝟒𝟐𝟔 

 
 𝟎. 𝟖𝟐𝟒𝟕 

 
 𝟏. 𝟏𝟖𝟓𝟑 

Compound Scattering generated 
by following four dipoles 

combination 
 

         
 

            (7/8)λ  (6/8)λ  (7/8)λ 
 ቂ 𝟏 −𝟎. 𝟎𝟒𝟓 + 𝟏. 𝟏𝟑𝟓𝜾−𝟎. 𝟎𝟒𝟓 + 𝟏. 𝟏𝟑𝟓𝜾 𝟏. 𝟎𝟎𝟔 − 𝟎. 𝟏𝟖𝟔𝜾 ቃ 

 

 
 ൥ 𝟏 𝟎 𝟏. 𝟎𝟎𝟔𝟎 +  𝟎. 𝟏𝟖𝟔𝟎𝜾𝟎 𝟐. 𝟓𝟖𝟎𝟓 𝟎𝟏. 𝟎𝟎𝟔𝟎 −  𝟎. 𝟏𝟖𝟔𝟎𝜾 𝟎 𝟏. 𝟎𝟒𝟔𝟔 ൩ 

 ቂ 𝟏. 𝟏𝟒𝟓𝟏 −𝟎. 𝟎𝟗𝟑𝟎 −  𝟎. 𝟏𝟒𝟐𝟏𝜾−𝟎. 𝟎𝟗𝟑𝟎 +  𝟎. 𝟏𝟒𝟐𝟏𝜾 𝟏. 𝟏𝟔𝟖𝟒 ቃ  
 𝟏. 𝟐𝟗𝟎𝟑 

 
 𝟎. 𝟔𝟑𝟖𝟐 

 
 𝟎. 𝟗𝟖𝟔𝟓 

 
  𝟎. 𝟖𝟔𝟎𝟎 

 
 𝟏. 𝟐𝟗𝟎𝟑 

Compound Scattering generated 
by following four dipoles 

combination 
 

             
 

            (7/8)λ  (6/8)λ   (7/8)λ 
 ቂ 𝟏 𝟎. 𝟎𝟑𝟖 − 𝟏. 𝟎𝟑𝟏𝜾𝟎. 𝟎𝟑𝟖 − 𝟏. 𝟎𝟑𝟏𝜾 𝟎. 𝟖𝟗𝟕 + 𝟎. 𝟏𝟓𝟗𝜾ቃ 

 

 ൥ 𝟏 𝟎 𝟎. 𝟖𝟗𝟕𝟎 −  𝟎. 𝟏𝟓𝟗𝟎𝜾𝟎 𝟐. 𝟏𝟐𝟖𝟖 𝟎𝟎. 𝟖𝟗𝟕𝟎 +  𝟎. 𝟏𝟓𝟗𝟎𝜾 𝟎 𝟎. 𝟖𝟐𝟗𝟗 ൩  ቂ 𝟏. 𝟎𝟑𝟐𝟐 𝟎. 𝟎𝟕𝟗𝟓 −  𝟎. 𝟎𝟖𝟑𝟕𝜾𝟎. 𝟎𝟕𝟗𝟓 +  𝟎. 𝟎𝟖𝟑𝟕𝜾  𝟎. 𝟗𝟒𝟕𝟏 ቃ  
 𝟏. 𝟎𝟔𝟒𝟒 

 
 𝟎. 𝟓𝟐𝟖𝟕 

 
 𝟎. 𝟖𝟔𝟔𝟕 

 
 𝟎. 𝟕𝟕𝟎𝟖 

 
 𝟏. 𝟎𝟔𝟒𝟒 

 
 
 
 
  


