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Abstract:

In the scope of this research project, we derive an analytical approach to target detection and
localization at high—frequency bands using multipath propagation. The target is unseen directly by the
antennas (both transmitter Tx and receiver Rx), or in other words, out of the Light-Of-Sight (LOS)
area, as being covered by the obstacles such as walls or buildings. This analysis is verified through the
development of a 3D ElectroMagnetic (EM) model which is based on a combination between a Ray—
Tracing (RT) technigue (Shooting and Bouncing Ray-tracing — SBR) and the asymptotic method
Uniform Theory of Diffraction (UTD).

This EM model is useful not only in elucidating the mechanisms of ray propagation through an
observed project, but also in evaluating the amplitude and the phase of any point in the far—zone field
above the ground. The received far—field is calculated by taking into account all the main interactions
involved in outdoor EM propagation that are multiple reflections and diffractions. However, this model
still validates for indoor propagation. From this field, we can then detect and predict precisely the
position of the target located inside the considered area. Another application of the model is to generate
data for Synthetic Aperture Radar (SAR) synthesis in order to evaluate any imaging algorithms.

Moreover, the proposed method must give a computational time much faster than any other existing
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commercial software (i.e. XGtd®, CST) by closing in a hybrid RT method.

Introduction:

Radar sensing through obstacles, i.e. walls and doors, using microwaves is becoming an effective
means supporting a wide range of civilian and military applications. Compared to other radar
applications, the detection and localization of a target lodged in a medium is an important problem in
wave sensor imaging with many challenges. Ambiguities and inaccuracies in obstacles, for example,
are due to the presence of non-uniform walls, multiple walls. It is highly desirable to detect, locate, and
classify a variety of hidden targets, moving or stationary, covered in small spaces and in the presence
of multipath propagation. Among all known mapping methods, Synthetic Aperture Radar (SAR) differs
by its active operational mode. In other words, SAR makes possible to illustrate observed areas with
different backscattering characteristics of electromagnetic (EM) waves and offers fundamental
advances in geometric resolution. Further applications of SAR image processing can be used for many
civil applications such as infrastructure development, weather monitoring and vehicle tracking. In
addition, in this kind of application, UltraWideBand (UWB) radars as the special kind of wireless
sensor networks allow localize and track authorized or unauthorized targets with advantage in critical
environments or under hindered conditions.

Last but not least, the computational time is especially important in EM modeling. The faster the
information retrieval process is, the more effective the actions to reach required objectives. This
information can be employed for many uses such as infrastructure development planning, environment
protection, and traffic surveillance, etc.

With these above reasons, we are motivated to introduce a new approach to the target detection and
positioning in an observed area. The multipath technique, such as multiple reflections and diffractions,

is used as the core content of this proposed project.

Approach, Experiment, Results and Application:

1. Approach

As mentioned, the proposed method is based on a combination between a RT technique and the
asymptotic method UTD with the strong focus on multipath propagation mechanisms such as multiple
reflections and diffractions. In details, by coherent integrating the backscattering signal, we propose a

3D propagation model that is useful not only in explaining the mechanisms of wave propagation
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through the observed area, but also in determining the amplitude and the phase of any given point in
the far-zone above the ground.

RT technique: A RT algorithm is used to determine the geometrical paths of rays inside the
illuminated area. Rays are first traced from the source points to the project. When they intercept a facet
or the ground, they are specularly reflected and continue to be delineated up to the maximum number
of reflections NR which is defined in advance or when they hit the study area boundary. However, in
order to integrate all the diffraction effects on the wall edges where the field becomes discontinuous,
the intervals between rays should be reduced and as a consequence increase computing time. To avoid
it, we develop a hybrid RT method which can refine the ray mesh with the aim of including diffraction
effects due to the edges of walls. This adaptive subdivision adjusts the distance between two adjacent
rays following different paths through the geometry (i.e., they intercept the margin area of a wall; it
means that we can generate a tertiary ray between the two previous ones which might be intercepted by
the edge).

UTD method: The main advantage of the UTD method is that each completed ray path from the
source to the observer corresponds to a physical scattering mechanism, such as single reflection (R),
diffraction (D), double reflections (R-R), reflection-diffraction (R-D) ...

Considering a reflection at a point O, the reflected field at a point M (after reflection) is obtained as
the sum of two components, vertical (v) and horizontal (h) to the reflection plane, which are functions
of the transmitted field, the reflection coefficients and the propagation delay. If we assume that the

harmonic time dependence is e/, the reflected field is then given by:
ET(M) R, 0\ [EL(0)\ e-ikrot
(E,t(M)) - (0 Rh) (E;',(O))W @)
where Ry, Ry are the Fresnel vertical and horizontal reflection coefficients. Thus,
ET(M) = E5(M)®, + Ej(M)h, (2)

In the case of diffraction at a point O (the intersection of a ray with a building edge), the formulation of
the diffracted field at a point M (after diffraction) is expressed by using the UTD and given by:

E(M) D, 0\ /[EL(0)\ e-ikrom
2 )= (070 ) ot oo ) o ©
E& (M) n/ \EL(0)) loM|
where Dy, Dy are the heuristic vertical and horizontal UTD coefficients of diffraction. Thus,

E4(M) = E&(M)#, + EL(M)hy (4)

Finally, the total EM field at a given point (the receiver) will be obtained after some mechanisms of
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multiple reflections or diffraction(s)-reflection(s) or reflection(s)-diffraction(s). In this project, we will
also consider the impact of number of reflections Nr and diffractions Np on the target detection
capacity.

2. Experiments and Results

We have tested the approach method with both numerical and experimental results. According to
that, in the anechoic chamber, we used two identical UWB antennas (BBHA 9170) as the transmitter
Tx and the receiver Rx. The antenna capture surface is 7.5cm x 6.0cm. They are put side-by-side at a
height H(m) and inclined its normal an angle o(°) compared with the ground. The distance between the
centers of two antennas is 7.5cm, so that a small bistatic effect might be considered. The measured
frequency-band is comprised from 33GHz to 37GHz (Ka-band) with a step of 5MHz. In this frequency
band, the main beamwidth of the antenna at -3dB is 13°x15°,

In the first configuration, the two antennas are inclined 18° compared with the ground. After that,
we put a 1.5m high metallic wall at the distance of 1.5m from the two antennas. It is obviously that the
Light Of Sight (LOS) is at 2.25m far from the wall.

(@) front view (b) back view

Fig.1 Bistatic UWB radar system: transmitter (Tx) and receiver (Rx)

! po;ifion

Fig.2 Configuration setup for experimental tests.
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Figure 3 below shows the range profiles retrieved from the measurement and the simulation. Each
received ray is characterized by its three complex electric field components Ex, Ey and E,. These
components are then projected on two polarizations of the receiver, vertical (v) and horizontal (h). By
the fact that when we change the operating frequency, rays bear the same interactions, except the phase
of the field will be changed. Hence, we consider each case for only one frequency (we choose here 35
GHz) and then we vary the frequency to get different phases. After all, an Inverse Discrete Fourier
Transform (IDFT) is used to get the amplitude of the range profile.

It can be easily seen that we are succeeded in recapturing all the peaks appeared in the measurement
by using our model. The first two peaks (1) and (2) are due to the direct diffractions on two walls W1
and W2. Meanwhile, the next five peaks (4, 6, 8, 10 and 12) correspond to the multi-bounces between
walls (see Table I). We also conducted the discrepancies between two data in the table. These can be

explained by we treat only the main lobes of both antennas.
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Fig.3 Range profile comparison between measurement and simulation.
Peak number (1) 2) (4) (6) 8) (10) (12)
Measurement (m) | 3.45 | 525 | 7.61 | 953 | 1148 | 1342 | 1541
Simulation (m) 334 | 521 | 750 | 9.41 | 11.36 | 13.35 | 15.34
A0 (m) 0.11 0.04 0.11 0.12 0.12 0.07 0.07

Table I. Wall peak positions comparison
Next, we used a 1-in-1 metallic corner reflector sized 22.8cm as the target. It should be noted that
the open angle 1 is faced to wall W1. Once again, figure 5 shows the range profiles for the
measurement and the simulation in this comparison. As we can see that beside all the peaks due to

walls found in the first case, all other peaks regarding to target appearance can also be detected in our
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model (peaks numbered 3, 5, 7, 9 and 11).

Fig.4 The 4-in-1 metallic corner reflector.
Nonetheless, there are still some peaks that the model cannot retrieve (i.e. 5°, 6’...). The same
explanation with the previous case is conducted. However, we have accomplished to bring back these
peaks when extending the side-lobes of the antennas. In contrast, it increases considerably the

computation time. The comparison of target peaks’ position between the measurement and the
simulation is shown in Table II.
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Fig.5 Range profile comparison between measurement and simulation.
Peak number 3) (5) (7) 9) (12)
Measurement (m) | 6.86 | 8.29 | 10.76 | 13.42 | 1541
Simulation (m) 750 | 941 | 1136 | 1335 @ 1534
A0 (m) 0.11 | 0.12 0.12 0.07 0.07

Table Il. Target peak positions comparison.

3. Application in SAR synthesis

After being validated, we now apply the proposed model to synthesize data for SAR image
evaluation. We always keep the two previous configurations. The radar test-bed system is moved along

a rail of 2.0m with the moving step is 1.0cm. The transmit and receive scattered signals are recorded
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for every step. At the end, we apply a SAR algorithm in order to reconstruct the configuration images.

Microwave
Anechoic
Chamber

Fig.6 The configuration to generate SAR image.
Configuration 1: Two walls only
As we can see that the multi-bounces between walls produce the ghost images of walls in this case.
Different rays in the antenna beam have different incident angles on the second wall W2, which result in
different numbers of bounces on the walls, and present a number of ghosts in the image. In this SAR
algorithm, we focus on the strongest point (amplitude) to standardize the phase, the second diffraction

on wall W2 is thus too weak to be displayed in the image.
-0.5

05

X (m)

Fig.7 SAR image with two walls only.

Configuration 2: Two walls with a 4-in-1 corner reflector
In the second configuration that a target is bestowed between two walls, we can see the ghost images

of target appeared between two walls.

DISTRIBUTION A: Distribution approved for public release



X (m)

0 5 10 15
Y (m)

Fig.9 SAR image with a 4-in-1 corner reflector between two walls.
To conclude, we have developed a 3D propagation model to characterize the scattering EM far-field by
a scenario. The acquired data from the model can be applied to synthesize information to evaluate SAR

imaging algorithms. Hence this would be interest to the remote sensing community.
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