Radiation patterns in Figure 7(b) show that design B exhibits
the low cross polarization level of 222 dB, conversely, design
A and C has cross polarization level of 215 dB. In addition,
design B has a wider symmetric radiation pattern than design A
and C.
To understand the differences in the performance of the three
designs, Figure 9 shows the electric field distribution at the
aperture for all three designs. Ideally, the electric field distribution at the aperture of TSA should be purely horizontal to obtain
best performance. Due to large metallic corrugation at the aperture, design A and C show impure electric field as marked in
the circles. However, the knife edge corrugation for design B
allows no degradation in the electric field which results in completely horizontal electric field distribution throughout the substrate. Therefore, in design B most of the field propagates in
front direction and hence further improved side lobe levels in
both E and H planes than uniform corrugated design which are
further compared in Figure 8 based on CST simulator. This minimal degradation also results in superior cross polarization performance as compared to AFLTSA with uniform corrugation as
shown in Figure 7(b). Superior performance of knife edge corrugation profile over uniform corrugation profile is also depicted
in Figure 10.
5. CONCLUSION

This article has presented an improved wideband high gain
AFLTSA with improved side lobe level. The proposed design,
using a linearly decreasing depth of corrugation, has a wide
impedance bandwidth, flat gain of 16 dB along with SLL of
218 and 214 dB in E and H plane, respectively. The structure
exhibits a symmetric radiation pattern and low cross polarization
level of 222 dB.
REFERENCES
1. T.S. Rappaport et al., Millimeter wave mobile communications for
5G cellular: It will work!, IEEE Access 1 (2013), 335–349.
2. S.N. Prasad and S. Mahapatra, A novel MIC slot-line antenna, In:
1979 9th European Microwave Conference, 1979, pp. 120–124.
3. S. Sugawara, Y. Maita, K. Adachi, K. Mori, and K. Mizuno, A mmwave tapered slot antenna with improved radiation pattern, vol. 2,
In: Microwave Symposium Digest, Denver, CO, 1997, pp. 959–962.
4. M. Sun, X. Qing, and Z.N. Chen, 60 GHz antipodal Fermi antenna
on PCB, In: Proceedings of the 5th European Conference on Antennas and Propagation (EUCAP), 2011, pp. 3109–3112.
5. Z. Briqech, A. Sebak, and T. Denidini, 60 GHz Fermi tapered
slot antenna with sin-corrugation, In: IEEE Antennas and Propagation Society International Symposium (APSURSI), Orlando,
FL, 2013, pp. 160–161.
6. Z.-C. Hao, W. Hong, J. Chen, X.-P. Chen, and K. Wu, A novel feeding technique for antipodal linearly tapered slot antenna array, In:
2005 IEEE MTT-S International Microwave Symposium Digest,
Long Beach, CA, 2005.
7. F. Taringou, D. Dousset, J. Bornemann, and K. Wu, Broadband
CPW feed for millimeter-wave SIW-based antipodal linearly tapered
slot antennas, IEEE Trans Antennas Propag 61 (2013).
8. J.E. Rayas-Sanchez and V. Gutierrez-Ayala, A general EMbased design procedure for single-layer substrate integrated
waveguide interconnects with microstrip transitions, In: 2008
IEEE MTT-S International Microwave Symposium Digest,
Atlanta, GA, 2008, pp. 983–986.
9. D.H. Schaubert, E.L. Kollberg, T. Korzeniowski, T. Thungren, J.
Johansson, and K.S. Yngvesson, Endfire tapered slot antennas on
dielectric substrates, IEEE Trans Antennas Propag 33 (1985), 1392–
1400.
C 2015 Wiley Periodicals, Inc.
V

DOI 10.1002/mop

WIDE-FIELD CIRCULAR SAR IMAGING:
AN EMPIRICAL ASSESSMENT OF
LAYOVER EFFECTS
Sevket Demirci,1 Enes Yigit,2 and Caner Ozdemir1
1
Department of Electrical-Electronics Engineering, Mersin University,
Ciftlikkoy 33343, Mersin, Turkey; Corresponding author:
sdemirci@mersin.edu.tr
2
Vocational School of Technical Sciences, Mersin University,
Ciftlikkoy 33343, Mersin, Turkey
Received 29 June 2014
ABSTRACT: In circular synthetic aperture radar (CSAR), targets are
usually scanned over the complete azimuthal aperture of 360 . A major
challenge inhibiting successful CSAR image production is encountered
in two-dimensional imaging of relatively large scenes (i.e. wide-field
scenarios). For such cases, the spatially variant radar signature gives
rises to image degradations known as layover effects. In this paper, the
imaging results for hypothetical and real complex targets using their
CSAR data at C band are demonstrated to characterize these effects. In
real experiments, a ground-based, outdoor CSAR system is exploited
thanks to the circular balcony of a building that provides 270 view of
targets. A spherical back-projection algorithm is used to focus near-field
data and the reconstructed images are also cleaned out from clutter to
C 2015 Wiley Periodicals,
more easily visualize the layover artifacts. V
Inc. Microwave Opt Technol Lett 57:489–497, 2015; View this article
online at wileyonlinelibrary.com. DOI 10.1002/mop.28884
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1. INTRODUCTION

In circular synthetic aperture radar (SAR) (CSAR), an antenna
at a fixed altitude moves along a circular path while illuminating the interior ground region of the scanning path. This kind of
collection geometry provides very high resolution imagery as a
consequence of observation of targets over the complete aperture of 360 [1–3]. Additionally, CSAR systems have also threedimensional (3D) resolution capability meaning that the height
information can be readily attained even from a single-pass data
[4]. Due to these unique properties, CSAR has been widely used
in various tasks, such as; geosynchronous CSAR imaging [5],
high resolution mapping of urban areas [6], automatic target recognition (ATR) of vehicles [7–13] and so forth.
Although CSAR offers important advantages over linear
SAR, there are also serious challenges. In particular, the twodimensional (2D) CSAR images of wide-field collections are
generally exposed to image artifacts related to layover phenomenon [1,12]. Wide-field refers to CSAR geometries wherein the
size of the scene is not much smaller than the scanning radius
[8]. Together with wide azimuthal viewing, this geometry dictates that the backscattered signals of distinct scatterers superpose in the same range-azimuth cell. This phenomenon termed
as layover causes the target’s radar signature to vary spatially,
which means that the same target can be shown quite different
when imaged at different orientations and translations. Hence,
for an accurate identification of targets especially in ATR missions, it is important to know how layover behaves as a function
of radar parameters, data collection geometry and different target positions.
From the theoretical view, impulse-response (IPR) functions
can be used to characterize layover aliasing. However, for a
point scatterer displaced from the imaging center, it is known to
be difficult to obtain a closed-form IPR solution [2]. For this
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purpose, numerical simulations have been performed in a few
recent studies [4,10]. Therein, it has shown that layover results
in a ring-shaped defocusing response when there is a relative
difference between the scatterer position and the imaging center.
In [8,9], the CAD models of vehicles were used and layover
artifacts were analyzed for rotated and offset targets. From the
empirical view, the treatments of layover are mostly motivated
by the availability of real data, as usually the X-band GOTCHA
data set [13] is the case. In [11,12], the 3D reconstructions of
vehicles from this data set were investigated by utilizing an
inversion scheme for the lay-over points. Besides, ground-based
CSAR set-ups have also been implemented which utilize azimuthal (turntable) and linear elevation scans [7]. When compared to airborne systems, these experimental systems are easier
to implement but the use of a static antenna, moving target setup (as being oppose to a practical CSAR system) and target
positioners that produce extra backscattering mechanisms make
them far from ideal.
In this article, we are primarily concerned with the empirical
assessment of layover artifacts for complex real targets with different shapes, scattering center structures, orientations, and
translations. For this purpose, we have adopted a moving
antenna, static-target scanning set-up which was not tried before
for ground-based CSAR imaging. A balcony of a building with
a 270 circular structure was exploited to acquire ground-based
C-band data of various test objects. The 2D imaging results of
these as well as hypothetical targets are demonstrated and interpreted to identify layover phenomenon. A spherical backprojection (BP) algorithm was used as an image reconstruction
procedure and the obtained images are also cleaned out from
clutter to more easily relate the layover signatures to the physical features of the targets.
2. TWO-DIMENSIONAL CSAR IMAGING

2.1. System Geometry and Signal Model
Data collection geometry for a single-pass monostatic CSAR
imaging is shown in Figure 1. The antenna located at a fixed
height Zc moves on a target-centered circle of radius Rg and
transmits stepped-frequency waveforms at the uniform samples of
the azimuth angle positions /m. The reflectivity function of the
scene to be imaged is represented by g(x, y, z) which is assumed
to be independent from view-angle and frequency. The line-ofsight (LOS) distance from the antenna toqthe
scene center is
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
termed as the slant-range R0 given as R0 5 R2g 1Zc2 . The corresponding depression (elevation) angle h with respect to the height
Zc can be calculated as h5tan 21 ðZc =Rg Þ which takes a constant
value for single-pass collections. The received frequency diverse
echo signal at a particular viewpoint /m, can then be written as
ððð 1
E/m ðkr Þ5
gðx; y; zÞexp ð2jkr Rm Þdxdydz

Figure 1 Data collection geometry for a 2D monostatic CSAR imaging. [Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com]

ððð 1
e/m ðrÞ5
gðx; y; zÞdðRm 2rÞdxdydz

(2)

21

Equation (2) is the so-called Radon transform of the scene
which represents a projection of the 3D scene reflectivity into a
1D function for that particular viewpoint. Obtaining an estimate
of the scene reflectivity can then be thought as a process of
inverting this transform.
Among the SAR imaging methods that are applicable to circular aperture data and perhaps the most widely used method
for this task is the back-projection algorithm (BP) [14].
Although the original formulation assumes planar wavefronts,
the BP has been later extended to a more general formulation
that tolerates the curvature of the electromagnetic waves [15].
The more recent and detail formulations of this spherical BP
method can be found in [16] together with its imaging applications. Herein, only a single-pass 2D CSAR imaging will be considered and hence, the 2D version of the spherical BP algorithm
[16] will be used to find the reflectivity map on an any desired
imaging plane (i.e., focal plane zf 5 z).
2.2. Layover Effects in 2D Wide-field Imaging Geometries
Layover phenomenon is illustrated in Figure 2. First, the mapping of an echo signal from an on-center target T1 (i.e., located
at the center of the x–y plane) to the ground-plane can be considered. The return signals from the elevated scatterers of T1
will be back-projected onto the ground-ranges which are identical to their true ranges. Hence, x–y coordinates of these mapped
signatures will deviate from their true co-ordinates by amounts

(1)

21

where kr is the radial wavenumber defined for the two-way
propagation as kr 54pf =c, f is the frequency, c is the speed of
the light and Rm is the distance from the antenna to the scatterers within the illuminated region. Assuming that the coordinate
of the origin is referenced from the center of the imaging target
on the x–y plane, Rm can be expressed for a near-field illuminaqﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
tion case as Rm 5 ðx2Rg cos /m Þ2 1ðy2Rg sin /m Þ2 1ðz2zc Þ2 .
The range profile e/m ðrÞ of the scene can then be obtained by
applying one-dimensional (1D) inverse Fourier transform (IFT)
to Eq. (1) which results in
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Figure 2 Graphical explanation of layover effects in wide-field geometries. [Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com]

MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 57, No. 2, February 2015

DOI 10.1002/mop

TABLE 1 CSAR System Parameters used in Simulation and
Real Experiments
Parameter

Value

Scanning radius Rg (m)
Height of the antenna Zc (m) and
Corresponding depression
angle h ( ) w.r.t. origin

Frequency range, (GHz)
Frequency sampling interval (MHz)
Azimuth angle sampling interval D/ ( )
Max. detection range from the antenna (m)

21.9
9.54, 23.5

10.64, 25.9
21.9, 45
4.5  6
3.75
0.25
0.5
39.9

that are proportional to the heights of the scatterers. To be
more specific, the reflection received at a particular viewpoint
and from a single point at r1 range will be displaced in the
image by an amount of (r0 2 r1), where r0 is the distance from
radar to the imaging center. The value of this displacement
will not be changed during the views of other look angles as
the point lies on the center and scanning route has a circular
trajectory. Thus, the response will be shown up as a defocusing
circle. Second, the imaging of an off-centered target denoted
by T2 can be considered. Considering a single scatterer at the
range of r11, the value of the displacement will now be
changed as a function of the antenna position. Consequently,
defocusing or layover effects will be resulted as an ellipse
since the difference between r20 and r21 is bigger than that of
r10 and r11.

3. IMAGING RESULTS

Various simulation and real experiments were conducted to
characterize layover effects in 2D CSAR imaging. Throughout
the study, stepped frequency radar operation was adopted and
data were acquired for the parameter values given in Table 1.
The BP algorithm modified to near-field CSAR geometries [16]
was used in all image reconstruction tasks.
3.1. Simulation Results
As explained in Subsection 2.2., layover distortions highly depend
on the geometrical relationship between the radar and the scene.
To investigate these dependencies, three different imaging simulations were performed for various combinations of data collection
parameters, target positions and imaging (focal) planes.
In the first simulation, layover effects were analyzed by
varying the relative distances between the target’s position, the
imaging center and the imaging plane. For this purpose, a point
scatterer located at changing coordinates of 3D space was
imaged onto two different focal planes of zf. The values of the
depression angle and the angular step were adjusted to be
h 5 23.5 and D/ 5 0.25 , respectively. Figure 3 shows the
results for three different cases where the target is on-center,
offset by 7.5 m only along x-direction and offset by 7.5 m in
both x and y directions. Ground-plane results are shown in
Figure 3(a) whereas the results for zf 5 4m above the ground are
shown in Figure 3(b). First, the effect of changing the relative
distance between the target height and the imaging plane can be
investigated by comparing the images on the same columns. As
expected, the response is focused when the target height zt is
equal to the height of the imaging plane zf [see Figure 3(a)];

Figure 3 Imaging results (D/ 5 0.25 case) for a point scatterer located at different positions and for different imaging planes zf. (a) zf 5 0, (b)
zf 5 4 m above the ground (Left: point is at the coordinate center, Middle: point is off-centered 7.5 m along x-direction, Right: point is off-centered
7.5 m in both x and ydirections. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]
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Figure 4 Illustration of the layover artifacts due to depression angle. (a) Multiple point targets in 3D space. Ground plane imaging results for (b)
h 5 23.5 and (c) h 5 45 . [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

otherwise it is shown up as a defocusing ring [see Figure 3(b)].
Second, the effect of varying the offset distance between a particular point and the imaging center can be assessed by interpreting the images on the same rows. It is observed that when
the image is focused, the displacement has almost no adverse
effect; otherwise the original circular shape of the defocusing
ring turns into an ellipse. Additionally, noting the (x, y) coordinates of the offset points which are (7.5 m, 0) and (7.5 m,
7.5 m), the resulted ellipse is also shown to be asymmetric with
respect to these target coordinates.
In the second simulation, the dependency of layover artifacts
on depression angle was investigated. For this purpose, a scene
consisting of 20 point scatterers was selected [see Figure 4(a)] and
data were gathered for two different values of depression angle,
h 5 23.5 and h 5 45 . The ground plane imaging results are
shown in Figures 4(b) and 4(c). The obtained images reveal that
the radii of the defocusing rings for the h 5 45 case are larger
than those of the h 5 23.5 case. It can be also distinguished that
the resolution gets worse as the depression angle value increases.
In the last simulation, aliasing effects were investigated for
targets that involve linear structures. A total of 400 uniformly
spaced point scatterers were placed between x 5 22 m and 2 m
of the 3D space as shown in Figure 5(a). The backscattering
data were acquired for h 5 23.5 and D/ 5 0.25 . As shown in
Figure 5(b), the simulated image has four symmetric aliasing
patterns. Hence, we can deduce that the CSAR imagery of
closely spaced scatterers with a linear structure is exposed to
aliasing patterns such as shown in Figure 5(b). As, CSAR is
often used to obtain the radar images of military and civilian

vehicles that contain flat components; this phenomenon is possibly expected to be observed in the measured images of such targets. The experimental results that validate this finding will be
demonstrated in Subsection 3.2.
3.2. Experimental Results
The characteristics of wide-field CSAR were experimentally
investigated by utilizing the parameter values given in Table 1.
A circular-shaped balcony platform was exploited to collect
single-pass CSAR data. The photograph of the platform and the
schematic diagram of its experimental usage are shown in Figures 6(a) and 6(b), respectively. The balcony has a height of
Zc 5 9.54 m from the ground surface and a rotational structure
that allows up to 270 azimuthal viewing with a scanning radius
of Rg 5 21.9 m. This deployed geometry results in a wide-field
application for most target sizes such that an 4 m radius of target enclosing circle corresponds to the 18.2% fraction of this
scanning path’s radius. The value for the angular sample spacing
D/ was set to 0.25 . The quasimonostatic operation was
adopted and the horn antennas arranged in HH polarization
geometry were located onto a wheel platform in order to manually move them on the synthetic aperture. The stepped frequency waveforms were generated by the help of a handheld
vector network analyzer (VNA) with a model number of Anritsu
MS2026C. The IF bandwidth of the VNA was adjusted to a low
value, that is, 1 kHz to transmit more power.
3.2.1. Imaging of a Quad-trihedral and a Sphere Target. In
the first experiment, a quad-trihedral (QT) with side lengths of

Figure 5 Aliasing effects in CSAR imaging of linearly shaped targets. (a) Target model constructed with point scatterers. (b) Ground plane imaging
result. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]
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Figure 6 CSAR measurement facility, (a) photograph of the building with a circular structure, (b) schematic diagram for the structure’s experimental
usage. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

10 cm and a big sphere with a diameter of 50 cm were selected
as targets. A QT is a reflector composed of four trihedral corner
reflectors placed adjacently. With this geometry, a QT is able to
exhibit strong returns from any azimuth. As seen in the photograph of Figure 7(a), the sphere was located at a height of 1.3 m
and the QT was placed onto the ground. The depression angle
value was set to h 5 23.5 . Figures 7(b) and 7(c) shows the
ground-plane images while Figure 7(d) shows the reconstruction
onto zf 5 1.3 m plane. As expected, the QT represents quite high
reflections due to its corner structure. However, its response is
deviated from ideal point scattering even in the ground plane
image wherein the relative height is zero. This can be attributed to
the three times bounce of the incident waves by the faces of each
trihedral. Conversely, the layover effect can be easily discerned
from the wider response of QT as seen in Figure 7(d). It is seen
that as the difference between the imaging plane and target’s vertical position increases, the response tends to become wider.

3.2.2. Imaging of a Car Sedan. In the second experiment, a
car sedan (Scoda Octavia model) was scanned with h 5 23.5
and for two different target positions; that is, target is on-center
and target is off-centered by 7 m in y-direction. The upper
mages in Figure 8 show the photographs of these scenes. The
car has dimensions of (4.56L 3 1.77W 3 1.46H m) causing a
near-field illumination under a LOS distance of 23.8 m. The
ground plane imaging results for the on-center target are shown
in the middle and bottom images of Figure 8(a). The middle
image provides a wide view reconstruction while the bottom
one gives a close up view of the target. It is seen that the car’s
shape is almost outlined together with nearly accurate length
(Lmeas5 4.40 m) and width Wmeas5 1.64 m) extents. The strong
reflections are seemed to be concentrated on the sides of the
car. This can be explained by the multipath bounce between the
car’s lateral side and the ground plane which produces a high
reflection mechanism. This phenomenon is less observed for the

Figure 7 Results for the first experiment. (a) Targets’ photograph. CSAR images for (b) wide-view, zf 5 0 plane (c) close-up view, zf 5 0 plane (d)
close-up view, zf 5 1.3 m plane. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]
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Figure 8 Results for the second experiment. The car is (a) on-center (b) off-centered 7 m along y-direction (Top: Target photographs, Middle: wideview image, Bottom: close-up view image. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

front and back regions of the vehicle since these have smaller
heights and also have less sharp parts. As expected, the car’s
left-rear is also shown to have weaker scattering since this
region was not encompassed within the look angle of 270 aperture. Subsequently, the effects of an off-centered target can be
evaluated by interpreting the images given in Figure 8(b). The
addition of an offset produces little variations in the overall
shape of the car’s radar signature. However, there is a notable
increase in the measured length (Lmeas5 4.69 m). This is due to
the fact that the vehicle’s longitudinal parts especially the front
and back edges are exposed to high layover since they have
larger offset distances.

494

It is seen from the wide view images that there are also other
strong reflection mechanisms. First, a concrete artwork within the
scene manifests itself as nested rings at the upper left of the images.
The centers of these rings, all being the same, also match with the
actual coordinates of the artwork. These defocusing rings, as
explained in Subsection 3.1., are due to the difference between the
imaging plane and the heights of the scattering centers on this tall
target. Second, the reflections seen symmetrically at the diagonals
of the car resemble the aliasing effects relating to linear structures
(see Fig. 5). The existence of these signatures in both images of oncenter and off-centered target points out that these patterns should
be associated with the aliasing effects due to linear structures.
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Figure 9 Results for the third experiment. (a) Target photograph. CSAR images for (b) wide-view, h 5 23.5 (c) close-up view, u 5 23.5 (d) close-up
view, h 5 25.9 . [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

3.2.3. Imaging of a Backhoe. In the third experiment, a loader
backhoe (JCB 3CX) was tried as a more complex target. The
photograph of the vehicle is shown in Figure 9(a). With this
pose, the backhoe has dimensions of (7.49L 3 2.4W 3 2.87H
m) whose length size (i.e., maximum extent) corresponds to a

34% fraction of the scanning path’s radius. Hence, a more
wider-field application was realized when compared to the previous experiment. Two different elevation measurements were
performed by setting h 5 23.5 and h 5 25.9 . Ground-plane
imaging results for the h 5 23.5 case are shown in Figure 9(b)

Figure 10 Clutter recognition and removal. (a) Theoretical CDFs of the fitted distributions and the empirical CDF of the sample clutter data. (b) Sliding window setup used in determination of the adaptive threshold value of the CFAR detector. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com]
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Figure 11 Clutter removal results for (a) the Car Sedan, (b) the Backhoe (h 523.5 ) targets. (Left: Fixed thresholding, Right: CFAR detector
(Pfa 5 0.01) outputs. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

as a wide-view and in Figure 9(c) as a close-up view. The overall length and width of the vehicle is shown to be consistent
with its true dimensions. In addition, the loader section can also
be easily discerned from the U-shaped reflection pattern. This is
due to the loader’s low height in the current pose and as well as
its strong corner-type reflection mechanism. The other parts
such as cabin, however, are poorly focused since these highly
elevated parts are severely exposed to layover. Conversely, the
image for the h 5 25.9 case demonstrates the notably changing
signature for a slightly increased depression angle, as shown in
Figure 9(d). This proves experimentally that the increase in the
depression angle value causes more degradation in imaging
quality.

4. CFAR DETECTION RESULTS

The obtained CSAR images are shown to have quite heavy clutter signals that interfere with targets. Thus, it becomes somewhat difficult to infer whether an investigated signature around
the target is belonging to the target or background. This judgment may be beneficial in determination of the target’s lay-over
points which in turn may facilitate layover inversion task generally employed in 3D imaging purposes. The most straightforward way to eliminate clutter in SAR images is to apply a nonadaptive global threshold which may be termed as the fixed
thresholding. However, this method results in either target signature loss or significant clutter energies when the signal-to-clutter
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ratio (SCR) is large. Therefore, it is necessary to employ adaptive thresholding schemes for an improved detection.
In this work, a CFAR detector (see [17] for details) was used
as being the most commonly used adaptive thresholding routine.
For this purpose, clutter recognition was performed first. The
magnitude data of the target-free regions were analyzed to find
the best statistical distribution to model these clutter data. The
popular models to characterize the clutter statistics, namely;
Log-normal, Weibull and K-distribution were selected and their
parameters for the best fit were obtained through a maximum
likelihood estimation procedure. With the estimated parameters,
the cumulative density functions (CDFs) were calculated and
compared to the empirical CDF of the sample clutter data. The
results are shown in Figure 10(a) which demonstrate that the
Weibull CDF follows the empirical CDF more closely than the
others. Next, a CFAR detector based on this Weibull clutter
model [17] was applied to the amplitude data of attained images.
As shown from Figure 10(b) a sliding window was used to compare the signal magnitudes at each pixel to an adaptive threshold
value computed from a weighted combination of the signals from
a window of reference pixels. More clearly, at each step, the
parameters of the Weibull distribution were estimated by using
the background samples of this window. Then, the threshold for
the desired value of the probability of false alarm (Pfa) was computed by using this model and finally used in the hypothesis test.
The clutter removal results for the “Car Sedan” and the
“Backhoe (h 5 23.5 )” targets are shown in Figures 11(a) and
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11(b), respectively. It is seen that the conventional fixed thresholding approach is not able to detect weak target responses
thereby causing much loss of the target features. This is due to
high SCR values of the original CSAR images of these targets.
Conversely, CFAR detection is seen to be capable of discriminating even the very weak signatures of targets demonstrating
its success under more complex target situations.
5. CONCLUSION

In this work, the 2D imaging characteristics of wide-field CSAR
geometries have been investigated. The layover effects were
first analyzed and reviewed by forming the point response
images for a changing relationship between the position of the
off-center target and the height of the imaging plane. It was
observed that, the ring-shaped defocusing signatures may dominate the imagery especially for the higher values of the depression angle and the larger offset distances. Then, the groundbased 270 aperture, CSAR experiments were performed to
experimentally evaluate these adverse effects. The imaging
results of both canonical and complex targets were seen to have
scattering features that obey the facts obtained in the simulated
examples. The dependency of the imaging quality on the depression angle and the extents of the target were all validated
through the measured images of these targets. A clutter reduction algorithm was also exploited and applied to the CSAR
images to facilitate the extraction of the target’s scattering centers. The target-only images were successfully generated which
can be analyzed in a further study, to invert layover and thereby
obtain 3D information about the target.
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ABSTRACT: In this article, a wideband monopole antenna with band
notched reconfigurability is proposed. The antenna consists of a wideband
monopole antenna, incorporated with reconfigurable electromagnetic
bandgap (EBG) structures. Six EBG structures with different band
notched frequency are used to achieve six band notched reconfigurations.
The EBG structures are placed underneath the feed line of the antenna. A
switch is placed at each EBG structure, and by controlling the state of
the switch, the band notched operation of the EBG can be activated or
deactivated. The proposed antenna is capable to provide useful features
C 2015 Wiley
for the notched band UWB communication system. V
Periodicals, Inc. Microwave Opt Technol Lett 57:497–501, 2015; View
this article online at wileyonlinelibrary.com. DOI 10.1002/mop.28882
Key words: wideband antenna; electromagnetic bandgap; reconfigurable notched antenna
1. INTRODUCTION

In recent years, wideband communication systems are rapidly
growing and attracted a lot of attention. The existing wireless
communication systems such as WLAN 802.11 a/b/g/n, WiMAX
802.16, and C band satellite communication, however, interferances with the wideband operating system. To avoid the
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