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ABSTRACT

In this work, radar images of dielectric targets buried beneath 2-D rough ground surfaces are
simulated. These images are based on the amplitude and phase of all polarizations of incident and
scatiered waves. Both bistatic and backscatter intensity-based images are considered in this work to
compare the image quality in each case. All simulations are obtained using the integral equation
based technique; the Steepest Descent Fast Multipole method (SDFMM). The numerical results
show that images based on the Covariance matrix are very unique when the surrounding illuminated
arcas have almost the same rough surface profile. However, these images deteriorate as the surface
profile greatly changes in the surrounding ground areas.

Keywords: Radar Polarimetry, detection of buried objects, backscatter intensity, imaging of buried
penetrable targets, rough surface scattering.

1. INTRODUCTION

In previous work [1]-[3], a variety of 3-D scattering problems were investigated. These papers
focused on analyzing the electromagnetic wave scattering from dielectric and/or perfect electric
conductor (PEC) objects buried beneath 2-D random rough surfaces. The results of these papers
helped in understanding the physics involved in the buried object application. However, the
ultimate goal is to detect the buried targets. It is clear from [1]-[3] that the ground roughness
greatly obscures the target’s signature which is often much smaller than the ground signature. The
current work attempts to develop a detection technique based on the physics of the electromagnetic
wave scattering mechanism. In particular, the proposed technique is based on the depolarization of
the electromagnetic waves scaltered from a target buried beneath the rough surface ground. The
fully polarimetric scattering matrix § is given by [4]:
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where i and s represent the incident and scattered waves, respectively. The symbols v and £

represent the vertically and horizontally polarized waves, respectively. The Covariance matrix C is
given by [4]:
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In general, the covariance matrix is complex with sixteen elements, but in the backscatter
direction they are reduced to nine complex clements. However, the computational effort is not
consumed in the covariance matrix calculations but is consumed in computing the radar cross
section at each pixel in the image. In this work, we use the well developed solver based on the
steepest descent fast multipole method (SDFMM) to compute the surface currents on the ground
and buried target and hence to compute the radar cross section of the whole scatterer. This model
has been successfully used to analyze the 3-D scattering problems, in particular, the 2-D random
rough ground surfaces with multiple buried targets [1]-[3]. The SDFMM computer code is used to
calculate the fully polarimetric matrix elements, i.e. the vv, hh, vh and hy scattered fields, given in
eq. (1) for hundreds of randomly generated rough surface realizations with and without the buried
target. Then, the covariance matrix is computed at each pixel of the image. The images are
displayed for both the backscatter and bistatic directions. Producing images based on all the sixteen
clements of the Covariance matrix provides the most enhanced image of the target. The
configuration of the problem is given in Fig. 1.
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Figure 1. Cross section of 2-D rough ground with buried Target (3-D scattering).
2. NUMERICAL RESULTS

This Section presents several radar images of targets buried beneath the rough ground. These
images are composed of number of pixels, at which the amplitude is equal to the radar cToss section.
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The radar illuminates several spots on the ground (i.e. scanning) as shown in Fig. 2. Each ground
arca scatteres power which represents the amplitude at one pixel.

Radar |

Rough ground illuminated area

Figure 2. Radar Beam Illumination.

The rough surface is characterized by Gaussian statistics. The rms height and the correlation
length of the rough ground are assumed as 6 =0.1A,, and [, =0.5X,, respectively. The dimensions
of the ground are 8k, %8, with Gaussian half-beam width equal to 1.6\, centered on the ground
at 4k, x4\, , where X, is the free space wavelength [1]. The buried object is assumed a disk with
radius and height as @ =0.3),, and 2 =0.1A,, respectively. Four orientations for the object are
considered here with Euler’s angles as (0,20,0), (10,10,0), (10,0,10) and (0,0,0), respectively. The
relative dielectric constants of the ground and disk are assumed ¢, =2.5-/0.18, ¢, =4.0,
respectively. The disk is buried at z=-0.3%, measured from the center of its top circular surface.

Numerical results for images based on the sixteen complex Covariance matrix elements are
computed and presented in Figs. 3-8 (all results are on log-scale). The formulations can be found in
previous work [1]-[3]. The results in Figs. 3-4 are for normal incidence, while they are for oblique

incidence at ¥ =10° and @' = 0" in Figs. 5-7. In all figures, the real and/or the imaginary parts of

four elements of C are presented for 4 targets buried under the random rough ground. In Figs. 3-6,
it is assumed that the surrounding illuminated rough ground areas have the same rough surface
profile (see Fig. 2). The results in Fig. 3 clearly show the four targets only when the clements Ciys

C,, and C,, are investigated. Other elements of C were also useful (not presented here). However,

images based on C,, (i.e. co-polarized waves) did not help in detecting the targets as shown in Fig

3. It is important to emphasize that no subtraction of the background was processed in these results.
Figure 4 shows the same images of Fig. 3 but when the four objects were buried beneath a
sinusoidal ground. In this case, the period and height of the ground are 1A, and 0.2,

respectively. Figure 5 shows the same images of Fig. 3 but at oblique incidence (% =10 and
@ =0"). In all above results, no noise was added to the simulations. On the other hand, in Fig. 6,
images based on the imaginary part of C,, are presented upon adding random noise. Fig. 6a has
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zero noise while Figs. 6b-d have random noise ranges from 1-1.4%. In Fig. 7, additive noise
represented by inserting different rough surface profiles in the illuminated ground areas. The
roughness parameters of these profiles are 6=0.094, and ©=0.08%,with the same correlation

length as before. Fig. 7 clearly shows the need to develop a technique for removing these additive
noise.
The presented results clearly show that images based on the Covariance elements C,,, C,,, G s

Cy,, G etc., can significantly help in detecting the buried targets. However, the images based on

€y, and C,, (i.e. the co-polarized waves) almost do not show the buried targets as demonstrated in

Figs. 3-6. In addition, when the surrounding rough ground areas have different rough surface
profiles, the images become very obscured (noisy) and do not show the buried objects.

3. CONCLUSIONS

This work presents radar images of penetrable targets buried beneath the rough surface ground.
The results show that examining all the Covariance matrix elements greatly help in producing clear
images of the buried targets. However, if the radar images are based only on the co-polarized
scattered waves, the images become unclear. This work can help in enhancing the radar-based
detection techniques.
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Figure 3. Images of 4 buried targets beneath random rough ground based on the Covariance matrix

elements C,;, C,,, C,, and Cj;. The roughness parameters are G =0.1A,(rms height) and

EC = 0.5?\.0 (correlation length). Normal incidence at backscatler.

Proc. of SPIE Vol. 5089 269




270

Im(C34)

= E,
= ~
(] =
5 £
3 £
g S
” -
X-dimension / Ay X-dimension / Ag
Im(C24) Im(C31)
< <
g -
'z 3
2 z
= L
5 z
o 3
>
10 20 30 40 50 10 20 30 40 50
X-dimension / A X-dimension / Ao

Figure 4. Images of 4 buried targets bencath sinusoidal rough ground based on the Covariance matrix
clements C,, Cy,, C,, and C,;. The period and height-of the rough surface are 17&0 and 0.27\,0,
respectively. Normal incidence at backscatter.
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Figure 5. Tmages ol 4 buried targets beneath random rough ground based on the Covariance matrix
clements Cy, Cyy. €y and Cyy at backscaller direction.  The roughness parameters are

o = 0.1, (rms height) and [, = 0.5k (correlation length). Oblique incidence at B =10° and
@ =0".
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Figure 6. Images of 4 buried targets beneath random rough ground based on the Covariance matrix
elements C|, at backscatter direction upon adding random noise at (a) 0, (b) 1%, (c) 1.15% and (d)

1.41%. The roughness parameters are & = (.14, (rms height) and /. =0.5A, (correlation length).
Oblique incidence at & =10° and @' =0 .
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| Figure 7. Images of 4 buried targets beneath random rough ground based on the Covariance matrix

elements C;, C,,and C,, at backscatter direction. Adding additive noise. The roughness parameters
are 6, =0.1A, 0, = 0.09%,, c, =0. 08X, and [, ,5=0. 5k, . Oblique incidence at ¥ =10°
and @' =0°
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