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Abstract. In this paper, the radar cross section of canonicaltered fields using physical optic approximation. The new ap-
scatter, with perfectly conducting surface, under the synthetigproaches of polarimetric radar cross section are presented in
aperture radar geometry and polarized electromagnetic waveSect. 3. The experimental model, i.e., the ground based SAR
has been considered and a new approach of polarized scageometry which was used in this paper and the target model,
tered electric field approximation for its evaluation has beenare presented in Sect. 4. In Sect. 5, we present the simulation
developed. results of the flat plate, the dihedral reflector and the trihedral
reflector. The conclusion is addressed in Sect. 6.

1 Introduction 2 Basics

The synthetic aperture radar (SAR) system works by transThe scattering mechanism of the object in far field can be
mitting electromagnetic waves to the area of interest to surmodeled as a linear transformation between incident electric
vey or surveillance in case of disaster monitoring. The elecields E' and scattered electric field®, described by a scat-
tromagnetic wave signals can be modified or modulated tatering matrixS,, as shown by.ee and Pottie2009:

increase the resolution in the range direction. The key fea-
ture of the electromagnetic wave which used in polarimetric

SAR system is the property of different reflection or scatter- s — ¢ S [Spq] El Q)
ing mechanism depending on different types of the subject or R
target by using the polarization of transmitted and receivedor
wave. s _jkR ;

The level or the strength of the reflected electromagneticgs — [Ei;] _°¢ [Shh Sh”} [Eiz} ) 2)
wave signal are different and are based on the roughness of v R Son Svo | | E

the surface, the distance and the structure of the target on Where the distance between the antenna and the scatter-
the ground. There are many researchers, who try to S|mulati=ng object isR, k is the wavenumber. The teraT /%R /R

and to do experiments about the reflection of electromagneti¢ioq.ribes the wave propagation effects in amplitude and in

waves from various objects. phase. The parametefs, are the complex scattering am-
In this paper, we present a new approach to calculate thgiy g element of the scattering matfi8,,, ], in which the

polarimetric radar cross section of canonical targets WhiChindqu and p stand for the incident and scattered polariza-

represent the structure of the ground surface, e.g., the flgfon respectively. The indek andv denote the horizontal
plate, the dihedral reflector and the trihedral reflector repre-

and vertical polarization basis of the wave.

sent the flat surface, the fence along the border wall or forest

and the urban structure, respectively. The radar cross sectiom1 Radar cross section

was determined under the SAR geometry and polarization of

incident and scattered electric fields by using physical opticThe reflected signal from an object contains valuable infor-

approximation and far field radiation. mation about the target object itself. The radar cross section
This paper is organized as follows. In Sect. 2, we reviewand the reflectivity are important for the SAR signal process-

some basic and the mathematical definitions of the scatteringhg and for further evaluation in the image data. The radar

process, the radar cross section and the simulation of scatross section is an important target property described as a
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effective surface which describes the electromagnetic reflec-
tivity of the target in the direction back to the radar. It de-
pends on target structure, the frequency of signal and the po-
larization of incident and scattered electrical fields. The radar
cross section is generally defined by using power comparison
between the incident wave and the reflected wave and can be
calculated as follows:

2
PACK'S
. ®)

— i 2
opg = lim 47 R
R—o0

PACRS

The angle designatio#;, 0, ¢; and ¢, are presented in
Fig. 1 by using the Cartesian coordinate systény andz _ ) o _
axis. It shows the direction of incident and scattered eIectricF'g' 1. Angle representation for the incident and scattered electrical
fields which was used in this paper. The anglés between fields.
the z axis and the incident direction of the wave. The angle
0, is between the axis and the scattered direction of the ith
wave. The angle; and¢, can be determined by using the
projection on the xy-plane with respect to thexis. N = /Js(xl, Y, z’) elkr'cosy o @

The components of scattering matfi®,, | are related to

polarimetric radar cross sectiar,, and can be determined S

from the Egs. 1) and @) as follows: The scattered electric fiellS in the far field region can be
2 calculated from the vector-potentidl and the angular fre-

Opq =47 |Spg | (4)  quencyw as:

2.2 Simulation of scattered fields using physical optic ES=—jwA. (8)

surface is considered. An important role is to determine thetem (f 5 ¢> the components of the scattered electric field
interaction between the incident waves and the scattering A P

mechanism on the surface. In the physical optic approxima’an Pe assumed as follows:
tion, it can be assumed that the tangential component of theEs ~0 )

reflected magnetic field strength is equal to the tangential "

. — k
component of the incident magnetic field strength. So thatEg ~ _ ke nNg (10)
the relationship between the current distribution on the scat- Arcr
tering surfaceJ s, the incident magnetic fiell' and the unit o o JkeT IV N (11)
vector normal to the scatter surfageas shown byBalanis ¢ Ay e -
(1989: Wherey, is the impedance of free space. By using the co-
Jo=2i x H' ) ordinate transformation, the parametéfs and Ny in the

spherical coordinate system can be described from the pa-

The evaluation of the scattered electric field can be dond@meters/y, Jy andJ; in the Cartesian coordinate system as:
by using the magnetic flux densi®® and the vector poten-
tial A with B =V x A. By solving the Maxwell's equation Ng = //(Jx COSY; COSpy + J, COSH; SN — J. Sinby)
and definition of vector notation with = (xi +yy +z2) s

for observation point;” = (x'x + y'y + z'Z) for source point . plkr'cosy 4/ (12)
and v, as the angel between vectorandr’, we get using '
R=r—r'cosy: Ny = // (= Jy singy + Jy cospy ) e/* OV gy (13)
—ikR S
/’L I / ’ e J I
A s Vs - ) ) d
(x.y.2) 4n/st(xyz) = ds
‘kS 3 Polarimetric radar cross section approach
N e
= T dnr 6 In this paper, the electromagnetic interaction was considered

in horizontal and vertical polarization. The new approache
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taken converts the electric field components, which can be
calculated in spherical coordinate system, into the electric
field components in Cartesian coordinate system as follows:

E} = E; sinf; cosps + Ej) COY; COSp — E;; Sing; (14)
E; = E; sinf; sings + Ej coY; Sings + E; COSgy (15)
E} = E; cost; — E, sinb; . (16)
The y component and the z component of the scattered elec-
tric fields are used for the horizontal and the vertical received

mode, respectively, so that we can define the polarized radar
cross section as follows:

SAR Antenna

2

2 s
ES (6. ‘E~(9sa¢s)
r2| h( s ¢s)| —47'[}’2 y

onn (u,r) = 4w : 5 = —> (17)
|Ej, (6:, 1) |Ej, (6:, )| ) 5
i ' |2 |ES (0 ¢ )|2 Target Position
E3 (05, ¢5) 2 55 Ps
oun (u,r) = 4r? - 5 =4nr - > (18) Fig. 2. Experiment Modell with Ground Based SAR Geometr
|E} 61.61)] |E! 6,00 g-2.5@ Y

2
S (0, )| ES (65, ¢s5)
oy (U, 1) = 4;”2M = 4”V2‘y.—2 (19) reflection on the surface. In case of dihedral reflector and tri-
|EL (60;,90)] |EL (6;, )| hedral reflector, we include the doubly reflected fields and
s 2 s 2 triply reflected fields between each plate of the reflector into
B 90", o[BG 9] by ! P '

ovy (U, 1) = 47r? .(20) account. In this paper we consider only the interaction be-

|EL (6, ¢i)|2 |EL, (6, ¢i)\2 tween the plates without the diffracted field from the exterior
The parameteu represents the position of the radar an- edges. The main goal is the calculation of the current den-
tenna along the flight line as shown in F&. sity of the interaction between the incident magnetic field
and the surface. Then the scattered electric field can be cal-
culated with the help of the vector potential that is related to
4 Experiment model the current density and magnetic field.

In this section, the geometry of the numerical calculations of4 5 1 Fat plate

the cross sections of the canonical target objects under the

ground-based SAR and the target modeling are defined angthe cajculation for the flat plate consists of only one scat-
presented. tering mechanism on the surface, as shown in BigThe
method of physical optics is used to determine the surface

4.1 Ground based SAR geometry current distribution arising from the incident magnetic field.

Figure 2 shows the geometry of ground based SAR system .
and the radar parameter. Where= 10 m is the length of the ~ 4-2-2 Dihedral

rail of the radary defines the radar positioh,= 30 m is the A dihedral f b idered .
height of the building,Rg is the range of closest approach, inedral corner reflector can be considered as a composi-

B, = 45 is the off nadir angel. At sensor positieh the tar- tion of two flat plates that are perpendicular to each other.

get is just entering the radar beam and leaves the radar beaﬁ{or_n the geometry of the dihedral corner reflectqr_, the_nu-
at positionC. At position B, the point target lines in the cen- merical calculations of scattered electric field are divided into

ter of the beam. three groups as follows: Figa shows the cask; of singly

. . . . reflected field from plate Nr. 1. The ca®e; is presented in
The special property of SAR system is, for different posi- re ) .
tions of radar during the observation interval, the angle thete{:'g' 5b which can _be calculateq W.'th PO-PO methodology.
and phi, the component of magnetic field and the direction” this case the incident magnetlcfleld on plate Nr. 1 mduc_:es
of incident and scattered field at the target are changed co he surface current densitys, that generates the magnetic

tinuously which has to be taken into account by numerical leld Hs on plate Nr. 2. The surface currgnt densfty, on
calculations. plate Nr. 2 can be calculated with PO. Figlie shows the

caseR121 of triply reflected field in which the first reflection
4.2 Target modell and numerical calculation from plate Nr. 1to plate Nr. 2 can be calculated by using ge-

ometrical optics (GO) method. In this case the incident mag-
Figure 3a—c present the canonical targets considered in thisietic field on plate Nr. 2 induces the surface current density
paper. The calculation for the flat plate consists of only oneJ s that generates the magnetic fidiki1 on plate Nr. 1. The
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. . ) Fig. 5. Numerical calculation for dihedral corner reflector with
Fig. 3. Target Modell(a) flat plate;(b) dihedral reflector(c) trihe- Singly reflected fields(b) Doubly reflected fields(c) Triply re-

dral reflector. flected fields.

x Plate Nr.3 Plate Nr.2 Plate Nr.3 Plate Nr.2 Plate Nr.3
Rzt , 3
N
- N
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Fig. 6. Numerical calculation for trinedral corner reflector with)
Flat Plate Singly reflected fields(b) Doubly reflected fields(c) Triply re-
flected fields.

Fig. 4. Numerical calculation for flat plate.
5 Results

surface current densitys; on plate Nr. 1 can be calculated
with PO. The total cases of reflected fields of dihedral corne
reflector areRy, Ro, R21, R12, R121 andRo12.

This section presents the simulation results of polarimetric
r : .

radar cross section witlh=1m andb = 1 m and the geom-
etry in Fig.2. The frequency is 10 GHz. The results are pre-
4.2.3 Trihedral sented iroyy,, opy, oy, @ndoy,, polarization in dBsm (deci-
bels relative to one square meter).

From the geometry of the trihedral corner reflector as shown lat bl
in Fig. 3c, the numerical calculations of scattered electric>-1 Flatplate
field can be divided into three groups like the dihedral cor-

ner reflectpr as follows: Figsa shows the cas of §|ngly ... in Fig. 7a is the result of thé&h polarization. A maximum
reflected field from plate Nr. 1 that can be determined with L S
value of radar cross section s19.58 dBsm and is in the

\I;Sh Eg?;‘g}?ngﬁzzgﬁz thel:?hsiSEZé;ggttﬁg?nté%gﬁlcrﬁ?igtiCmiddle of the calculation model (when SAR is closest to the
field on plate Nr. 1 indt?gés the surface current denj'g scatter) and drops off sharply when the antenna away from
P : - By the center of the geometry. The resultagf, in Fig. 7d has
that generates the magnetic figit, on plate Nr. 2. The sur- - . :
; ... the similar curve as the result of,;, with the maximum
face current density s2 on plate Nr. 2 can be calculated with .
Lo . ) value —22.59 dBsm. The maximum values 6%, and o,
PO to get the scattered electric field in far field. Figéee . _.
shows the cas®i21 of triply reflected field in which the first Fig. /b and c are-75.97 dBsm and-337.4 dBsm, respec-
. 121 01 tNPYy tively. Although the values of,; are very small. There are
reflection from plate Nr. 1 to plate Nr. 2 can be calculated by : : .
. . . . . “7Jalso regarded as interesting aspects of this cross-polar polar-
using geometrical optics (GO) method. In this case the inci-.__ .
- i zation.
dent magnetic field on plate Nr. 2 induces the surface curren%
density J s> that generates the magnetic fidltk; on plate 55 pihedral
Nr. 1. The surface current densiff;1 on plate Nr. 1 can be

determined with PO. The total cases of reflected fields of tri-Figure 8 shows the overall simulation results of a dihedral

The polarization dependent radar backscatter cross section

hedral corner reflector arB1, Rz, R3, R21, R31, R12, Rs2,  corner reflector of singly, doubly and triply reflected fields.
R13, R23, R121, R321, R131, R231, R212, R312, R132, R232, The curving structures of co-polar polarizatieg, ando,,
R213, R313, R123and R323. in Fig. 8a and d have reached the maximum values in the

middle of the simulation geometry with 13.56 dBsm and
—16.57 dBsm, respectively. The maximum valueogf in
Fig. 8b in this configuration is-36.73 dBsm and the maxi-
mum value ofr,;, in Fig. 8d is —42.33 dBsm.
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Fig. 8. Radar cross section of dihedral corner reflect ; . . .
(bg)ga  (€) oy, and(d) oy, polarization ofaNhn; Fig. 10.Radar cross section of flat plate (green), dihedral (blue) and
ho: vh vy ' trihedral (red) corner reflector i@) oy,,; (b) o40; (C) 0y, and(d)
oyy polarization.
5.3 Trihedral

) . strongly dependent on the aspect angle, the simulation results
Trihedral corner reflectors are commonly used as calibrationyere calculated by using the SAR geometry which poses dif-
targets or as a reference point in radar remote sensing. In thig,ren¢ directions for the incident and scattered waves. An im-
paper, the square trihedral corner reflector is used to evaluatg,iant point to note is that the difference between the scat-
the polarimetric radar cross section and the simulation result§ering maxima of each target conforms with standard theory.
are presented in Fi@. Despite the similar curves of simu- 4,5 confirming the validity of the calculations.
lation results, there are different maximum values between
each polarisation as follows:12.54 dBsm,—15.89 dBsm,

—26.63dBsm und-17.79 dBsm fowy,,, oy, oy @Ndoyy in 6 Conclusions

Fig. 9a, b, c and d, respecktively.
Figure 10 presents the comparison of simulation results In the first part of this paper, we have provided a short review

of flat plate (green line), dihedral (blue line) and trihedral of electric field in wave propagation, radar cross section and
(red line) corner reflector of each polarization. Because thesimulation of scattered fields using physical optic. The new
radar backscatter cross section is in addition to the frequencgpproach was developed to evaluate polarimetric radar cross
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section under SAR geometry. In this paper, three scatter obReferences
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angle change during the observation time. Further work will

also include the development of improved simulation method

and target modelling for a better accuracy radar cross section,

in particular the simulation efficiency.
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