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Abstract

This paper presents a unique way of reconstructing 2D and 3D
SAR image. The current SAR imaging algorithms is modeled
as if the target of interest consists of collection of radiating
discrete set of points known as point source model. This
model is good enough as long the orientation of the target is
not that important. But in this paper we employed a special
technique known as dipole model which captures the
orientation of the target by assuming the target consists of a
collection of infinitesimally small dipoles. The orientation of
each dipole is accounted in a dyadic contrast function. The
image of the target is reconstructed by acquiring the
reflectivity function from the 2D and the 3D simulated data.

I. Introduction

Synthetic Aperture Radar known as SAR is a high resolution
airborne and spaceborne imaging system which generates its
own source to illuminate the target of interest and then collects
the backscattered signals coherently by using the range
Doppler algorithm (RDA). When these backscattered signals
are analyzed together by coherent combination they generate
high resolution image. SAR utilizes the movement of the
antenna platform by artificially creating very long linear array
with respect to the target. The reason for creating long linear
array is to be able to separate targets that are closely spaced in
cross rang as shown in equation (1) below.

SAR generates two dimensional high resolution image of a
target by using the information of both down range direction
and cross range direction. Range resolution is acquired either
using short pulse or pulse compression where the cross-range
resolution is acquired Doppler history of different parts of the
target as shown equation 1&2.
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SAR is coherent radar which sends out a set of pulses that are
digitally sampled and coherently integrated to increase the
signal to noise ratioas can be seen in equation (3)because the
signal returns are almost the same from pulse to pulse where
the noise is different, in other wards independent from pulse to
pulse.

Signal to noise ratio
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Figure 1: SAR imaging attempts to reconstruct an image of
stationary target.

SAR has broad range Applications of SAR such as
intelligence, and reconnaissance, interferometry, foliage
penetration, moving target indication, and environmental
monitoring and so on. SAR consist of three types modes of
operation strip-map, spotlight, and scan-SAR. In strip-map
mode, the antenna boresight is in a fixed position and the
backscattered signal is collected along the flight path.
Spotlight mode, the radar tracks and focuses its beam to
specific location of interest as shown in figure x. Finally, scan-
SAR mode scans the antenna pattern outwards from the radar
platform during each pulse to increase the width of the
imaging swath.
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The scattering phenomina occurring at a any target is properly
described by using the electric field integral equation (EFIE)
and the magnetic field integral equation (MFIE), both
derivedfrom the Maxwell’s equations.

The EFIE or MFIE is extremely hard to invert therefore, we
have employed a scattering model that lies in between the
rigorous EFIE/MFIE interpretation and the point-scattering
assumption known as dipole model (DM) which not only
assumes the target is collection of small dipole but also the
Born approximation holds as shown in equation (4) below.

e (r)=e'(r)+ kgjv Go(r,r')-e” (np(r)dr’

=e'(r)+e’(r)

(4)

wheree®(r) is the scattered field resulting from the interaction
of the incident wave €'(r) with the reflectivity function

yo, (r') , Go(r,r")is the free space Green’s function.

Il. Analysis of Thin PEC Cylinder
Scattering

Consider an infinite length PEC cylinder lying along the z-
axis. The electrical properties are taken as homogenous and
isotropic with electric and magnetic properties o, €, i and have
small radius a compared with the free space wavelength. The
surrounding media is free space where (¢ = 0, €o, po) as shown
in Figure 2. The cylinder is illuminated by a uniform incident
plane wave €', which the incident electric field is parallel to
the axis of the cylinder and makes the problem entirely two
dimensional.

eiz = e0 eXp(— ka) (5)

where: k= (g )"’ @

kis the background wave number which specifies the direction
of an incident plane wave that illuminates the target.

It is clear that when the incident wave impinging upon on the
thin cylinder a current will be induced and if its sufficiently
thin enough, we conclude that only the axially induced current
needs to be considered. The scattered field e° will be
azimuthally symmetric and will have the form of the radiated
electric field from an infinite line source
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Figure 2: The behavior of electrically large object

From Maxwell’s equations, one finds the electromagnetic field
equations

VxVxe-k?=0

, (6)
VxVxh-k‘h=0

The fields consist of incident (e',h') and scattered field as

well (e°,h%)
The total fields in the surrounding media are equal to the sum
of the incident and the scattered fields, i.e.

et _gi (r)+ jkOI:X[I:XA]
=€k [, o) in(dr g
h* =h'(r)+h°(r)

where J, (r)is the induced surface current and g, (r,r’) is

the scalar free space far field Green’s function for outgoing
waves:

jkr

’ e — jke-r'
go(r’r):4_7”e e (8)

And assuming that the jeq (r) is arbitrary, one can show that

the homogeneous medium dyadic Green’s function is the
solution to the following equation

VxVxG(r,r)-kG(r,r')=15(r,r") 9)

Its solution is given below as:
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G(r/r) =[T+Z—2V} g, (r,r")
Jkr

=[T-#F] j_nr g Ik (10)

Because this dyadic Green’s function generates electric field
from electric current, it is also known as the electric dyadic
Green’s function.An electric field integral equation (EFIE) is
obtained by enforcing the boundary condition for the electric
field at perfectly conducting surface. The total electric field
satisfies boundary condition on PEC thin cylinder:

nxeg |z =0 (12)

tan

Upon noting that the total electric field on the surface of the
PEC is the sum of the incident and scattered fields,

etot — ei +es
Then (12)
nx J.jknojeq(r')-C_a(r/r’)~dr’+e‘(r) =0
\
For r €V the above equation is written as

—nxe'(r) = jknonxjjeq(r').é(rt,r).dr' (13)
D

Also the scattered field €° and the incident field ei both
satisfy the boundary condition

where: (14)
e'(r) =iy [ jug (r)-G(r',r)-dr"
D

The incident field is the field that would exist in the
computational domain in which no target exists.

I11. Signal Modeling

Consider a transmitter located at I' as shown in Figure 3

. . t .
emitting a waveform polarized along the vector @ , a receiver
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located at " polarized along the vector @", and a point under
illumination at location r . The time-harmonic incident
electric field at r is [5]:

e'(r,r'a)=G(rr')-a

where: (15)
G, G, G,
G(r.r')=|G, G, G,
G, G, G,

Gis the free space far fields dydic Green’s function of the
background medium which relates the vector electromagnetic

fields to vector current source and g,(r,r’) is the green’s

function which is the solution of the field equation for a point
source. Using the principle of linear superposition, the
solution of the field due to general source is just the
convolution of the green’s function with source [4] [7].

|r" -1

X

Figure 3: Source and small dipole model

Let us assume that an infinitesimally small dipole oriented
along t is present at point r. When the electric field e
impinging on r is parallel to t, then a current j is induced on
the dipole. This current will generate a scattered field
propagating in all directions, and towards the receiver antenna.
The measured electric field will be [9]..

e’ =(a“)T G(r',r) g (r) (16)

By the way we assume that the axial current along the
infinitesimal dipole is uniform. With a << A, we may assume
that any circumferential currents are negligible. The
infinitesimal dipole with a constant current along its length is
nonphysical antenna. However, it approximates several
physical realizable antennas
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Clearly, if the small dipole is not oriented along the incident
field, only a fraction of the current is excited. Mathematically,
the current induced in the dipole t can be expressed as:

Jeg (r)=2A(r")xh' €s (17)

where A(r') is the outward unit vector of the illuminated

targets surface. The vector I’ is defined from the origin to any
point on the illuminated surface S. The scattered field at the far
field region along the observation vector r is given by

ejk .dr? (18)

e (r)——mujjjeq(r)

where k° = kP is the wave number vector in the scattering
direction. Putting equation 18 into equation 19 will yield the
scattered field in terms of the incident electric field as

e*(r) = J =0 e ‘k°rjj2n(r) x (K x G)e I . g2y

(19)

This is the scattered electric field in the far field using physical
optics approximation. Here k' and «° are the incident and
scattered wavenumber vectors N is the outward surface

unitary normal vector, k'is the unit vector in the incident

wave direction U is the polarization vector of the incident
wave. Now let us assume that the receiving antenna has
particular polarization such that it collects the scattered field in

the X direction. Then we can rewrite equation 5

g.e5(r) = —220 e —jkor v e,(ks ki)-r! dz;
*(r) jj )

wherev(r') is the contrast function which is expressed as

v(r)= >2[2ﬁ(r')><(|2i xG)Jﬁ(S(r’)) 21)

By using the dyadic notation, we can write the above equation
as a discrete form as

=Zpl(ar)T-C_5(rr,rn)-

n=1

Ve (1,)-G(r,r')-a' (22
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whereD is the domain of interest I is the location of the nth

pixel , P is the total number of pixels, and V, ; (rn) is the

unknown contrast function which looks like as follows:

Vi ny Vi
Vier (rn) = |V Vy Yy (23)
Vi sz vy,

IV. Inversion Technique

Mathematically, the problem of finding the reflectivity function
profile is to compute the inverse linear operator of equation
(22). The DM is based on the forward scattering model which
relates the unknown reflectivity function V to the simulated
signal. However, equation (22) returns the value corresponding
to a single measurement. Therefore, by expanding let us collect
a set of measurements which takes into account for all
frequencies and locations for both transmitter (Tx) and
receivers (Rx). For a specific measurement m and a specific
pixel p, equation (22) can be modified as follows:

Vi REA VAR IATIRE

mp “mp mp ~mp mp “mp

yXy ¥X YW\ Yy yz,\,¥yz
s A MATIAE S RAAVAARE 2
X 7y \,Zy 7z
oo Vo Ve + 1oV
17
Ly *Vino
where, €% is a (known) vector containing all measurements
collected at different positions / directions / frequencies, L is a
(large) matrix whose entries can be calculated theoretically
from (22), and V is a vector representing the dyadic
reflectivity function of the target. By employing back-
projection technique, the reflectivity function can be easily

retrieved [10]:
v=Lle (25)

V. Simulation Results

In this paper, we performed 2D and 3D simulation with
multiple orientations. In casel, a thin cylinder (representing a
wire) is oriented horizontally along x-axis and case2, it is
oriented along the y-axis and in case3, it is oriented vertically
at the center along z-axis. All three cases the transmitting and
receiving antennas are located in the x-y plane. In the
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simulation we used 30 transmitters and 100 receivers both
which the transmitters and receivers transmit and receive in all
three orthogonal polarizations such as (%, y and Z) . The

transmitting antennas are placed along a radius of 131 and

the receiving antennas are also placed 10 4 with respect to the
target. The operating frequency is 10 GHz (1 =3cm) and
the total ~measurement collected from this s
(N, x N, =30*100 =3000) ; where N; and N; are number
of transmitters and number of receivers. The area of

investigation is 0.4 m by 0.4 m which divided into pixels with
sizeof 0.054 .

The goal of this simulation is to obtain a) the oriantation of the
target based on co-polarization and b) is to reconstruct the 2D
& 3D of the target of interest as shown figures below.
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Figure 4: The image of the cylinder is located
along x-axis (0 < x<5).

Figure 5: Near field Radiation along x-axis
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Figure 6: The image of the cylinder is located
along y-axis (0 <y <5).

Figure 7: Near field Radiation along y-axis
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Figure 8: The image of cylinder
located at (x =y =5 cm) along
z- direction
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Figure 9: Near field Radiation along z-axis

3D Vxx Image
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Figure 10: 3D image of horizontally oriented cylinder. The
cylinder and the antenna are both oriented along x - axis.
The target is detected due to the same alignment with
incident field.
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Figure 11: 3D image of horizontally oriented cylinder. The
cylinder and the antenna are both oriented along y - axis.
The target is detected due to the same alignment with
incident field.
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Figure 12: 3D image of vertically oriented cylinder. The
cylinder and the antenna are both oriented along z - axis.
The target is detected due to the same alignment with
incident field

3D Wax Image
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Figure 13: Both the antenna and the cylinder are rotated by
+45 along x-axis and detection occurs.

3D Vzz Image
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Figure 14: Two cylinders, first one is rotated -45 and the
second on is rotated +45
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Conclusions

In this paper we seccessfully imaged a thin cylinder with
multiple oriantations in 2D & 3D. Under the dipole model
based approach, detection declaration occurred only when the
antenna and the cylinders are co-polar, as shown in all the
figures.
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