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Abstract

Cross-Sectional Geometries

Computational Farfield Scattering

In this study, we address the
problem of detecting bodyworn improvised explosive
devices (IEDs) from a safe
distance using radar. We
have used a finite difference
frequency domain (FDFD)
model to simulate the radar
signature of a typical scenario
for body-worn IEDs, and
have
analyzed
wrinkled
clothing as a possible source
of clutter.
Our analysis
shows distinct characteristics
of the IED backscattered
farfield signal, with no
significant clutter added
when the metallic IED is
covered by wrinkled clothing.

Four example cases of the cross-sectional view of a typical body-worn IED are shown in Fig. 2:
1) Metal cylinders and flesh with smooth fabric covering cylinders (Fig 2-a)
2) Same as case 1, with nails adhered to the surface (Fig 2-b)
3) Metal cylinders and flesh with fabric that has small, tight wrinkles (Fig 2-c)
4) Same as case 3, except wrinkles are larger and looser (Fig 2-d)

Converting the computed nearfield scattering values to farfield patterns is
accomplished by integrating the electric and magnetic fields times the 2-D Green’s
function across the four bounding sides of the computational grid, according to
Huygens principle [9]. In effect, the entire box is treated as a single scatterer. Next,
the farfield approximation is applied to group all distance variation into the single
factor, with only angular variation remaining. For normally incident plane waves, the
resulting pattern represents the bistatic radar cross section of the target. Several
example cases are shown here:
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Fig. 6. Comparison of scattered farfield radiation patterns for metal cylinder vest, with and without nails.
Fig. 2. Cross sectional views, from above, of each of four example geometries: cylindrical explosives on human tissue (a), IED with nails adhered to the
surface (b), IED covered with (c) small wrinkles and (d) large wrinkles.

2D Finite Difference Frequency Domain Model
The scattering is computed for single frequency illumination by a
radar beam using the finite difference frequency domain (FDFD)
method:
Finds the solution to the Helmholtz equation by solving a system
of equations through the use of the matrix equation:

Computational Nearfield Scattering
We have focused on the vertical (TM) polarization for the incident plane wave from a distant radar source, which assumes
the electric field Ez is perpendicular to the plane of the cross section of Fig. 2. For the 2D geometry, the entire field
distribution is given by Ez.
Fig. 7. Comparison of scattered farfield radiation patterns
for wrinkles of varied intensity covering only flesh

Ax=B
Where A is the coefficient matrix, B is the column vector for
plane wave excitation, and x is the resulting field value at each
point (represented by a column vector which is later reshaped to
the corresponding geometry)
• The geometry is sampled at least as finely as ten points per
medium wavelength, to capture fine scale variations.

Conclusion
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Fig. 3. Normalized values for: (a) scattered and (b) total electric fields for the geometry of Fig. 2, when illuminated by a normally incident plane wave from
above. The greatest scattering occurs between the cylinders rather than off their faces.

• Although it requires solving a system of simultaneous equations,
the two-dimensional FDFD method is computationally efficient.
• For the chosen scattering geometry, information will depend
mostly on the variation in the cross section.
• Uses Berenger’s perfectly matched layer absorbing boundary
condition.
Bio-Med

L3

Systems
Areas

L2

Validating
TestBEDs

L1

Enviro-Civil

S2 S3

S1

Fundamental
Science

S4

S5

a

b

Fig. 4. Normalized values for (a) scattered and (b) total electric fields when nails are present as in Fig. 4, when illuminated by a normally incident plane wave from
above. The nails clearly have a large effect on both the scattered and total field.

The effects of wrinkled clothing have been analyzed by radar at 76 GHz [8], with results showing large variation in measured
scattered farfield from wrinkled clothing.
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Fig. 8. Comparison of scattered farfield radiation
patterns with wrinkles of varied intensity covering
six metal cylinders

a
Fig. 5. Differences between field magnitude in (a) small and no wrinkles, and (b) large and no wrinkles.

b

There are contributions to the nearfield scattered field from the clothing; that
the proximity of metal explosive-filled cylinders to each other and to the body is
critical; that the addition of nails in the covering layer has great effects on the
farfield pattern; and that the farfield backscattered radiation pattern may serve
as an important discriminator of this type of IED. However, the intensity of the
direct backscattered signal alone is insufficient for discrimination. A tight array
of nails adds clutter that distorts the scattering farfield pattern enough to
obscure the cylindrical IED array We have observed that the addition of
wrinkled clothing adds significant clutter to the nearfield patterns, though it
contributes much less to the farfield backscatter than does the array of 35 nails.
These effects show that the addition of wrinkled clothing would not significantly
hinder the radar-based detection of body-worn IEDs at a distance.
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