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Existing Radar

Abstract
Amidst the manifold threats currently afflicting society, that of body-worn
explosives is significant if not altogether paramount. Veiled under layers of
clothing by individual suicide bombers, these explosives are often constructed of
non-standard parts, making detection at a safe distance difficult. It behooves us to
develop a detection system capable of locating such explosives at distances
sufficient to prevent suicide bombers from approaching densely populated or
strategically important areas. Funded by the Department of Homeland Security,
the intent of this project is to synthesize four technologies—intelligent video, radar,
X-ray, and terahertz—into one surveillance system for suicide bomber detection.
Ideally, bombers will be identified at distances of up to fifty meters. Using
intelligent video, bombers will be identified visually, prompting the operation of the
other three technologies all aimed in the direction of the identified suspect. These
three additional sensors will, together, detect and confirm the presence of metal
and explosive materials on the person. Radar will be capable of detecting the
presence of metal at distances equal to or greater than 50m. At closer
distances—>10m—x-ray backscatter will be capable of confirming metal and
detecting explosives. At still closer distances—~10m—Terahertz (THz) radiation
will sense and spectroscopically identify the explosives. The synthesis of these
four technologies, with the signal processing and graphic interfaces necessary to
make them useful, hinges on the cooperation of the industry partners:
Northeastern University (NEU), AS&E, PPT, Raytheon, Rensselaer Polytechnic
Institute (RPI), and Siemens.
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As previously mentioned, we desire a narrow beam width in order to illuminate
one human body with an antenna beam as illustrated in Figure 4. A rectangular
aperture’s 3dB beam width as:

Θ3dB = 50.6λ / a (deg)
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Figure 2 – Schematic of BomDetec System

Intelligent Video

the explosives. A sample of the sort of images attainable with this technology is
shown in Figure 6.

For initial testing in the MMW radar portion of the BomDetec project, Raytheon is
providing a rectangular aperture antenna. With this antenna, the radar industry
partners intend on testing a variety of subjects under a variety of conditions in
order to determine the radar’s capability to identify metallic objects typical of IEDs.

Where a is the horizontal dimension of the rectangular aperture. Raytheon’s
antenna is approximately 12cm in its horizontal dimension and operates at
77GHz, giving a 3dB beam width of 1.64º. Given that we require a beam width of
0.57º, we also require a rectangular aperture with a horizontal dimension of about
34cm, three times the size of aperture we have for testing. One possible solution
for the testing phase is to focus the existing antenna on a offset scanning confocal
paraboloid in order to increase the aperture image and decrease the beam width.
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Explosive devices, most often
consisting of cylindrical, metal
objects filled with explosives,
require detection by radar, x-ray
backscatter, and terahertz
technology.
Testing protocols must be
developed to model realistic
conditions.
Unique scattering patterns may
be obtained using a crosspolarized signal, but existing
radar can only facilitate one
polarization.
Existing radar aperture does not
result in desired beam width.

Object of interest

Side View
30 m

The first tier of security in the integrated system is intelligent video. The purpose
of intelligent video is to enable the system operator (security agent or someone of
like responsibility) to locate suspicious behavior or appearance visually at
distances exceeding 50m and to isolate individuals for further detection.
Siemens has previously developed technologies capable of facilitating intelligent
video in varying crowd densities and environmental conditions. The technology is
capable of distinguishing humans from background objects and other clutter and
tracking individuals as they move. Sample results of this system are shown in
Figure 3. The right-most image of Figure 3 illustrates how the intelligent video
outputs may be transferred to a plan view.

Figure 3 – Siemens’ Intelligent Video Technology

General Overview
Suicide bombers are a relevant and tangible threat to human lives on a daily
basis. Armed with body-worn explosives, bombers enter buildings or outdoor,
densely populated crowds and detonate improvised explosive devises (IEDs) worn
on their person. The majority of an IED’s construction consists of explosives
packed in metal objects. The metal objects are necessary to the bomber’s aims,
acting as shrapnel upon detonation. To avoid visible detection, these metal
objects take on a shape and construction agreeable to being worn about the
human torso as shown in Figure 1. A cylindrical or pipe-bomb shape is common.

The intelligent video system will use an object’s 3D predicted location in order to
aim the other three sensors. Siemens is experienced in providing the geometric
calibration modules necessary for each of the three sensors to interface with the
intelligent video. Once a subject has been visually identified with the BomDetec
system, the MMW radar, x-ray backscatter, and terahertz spectroscopy
technologies will be focused to that individual.

The BomDetec project intends to
synthesize four specific technologies –
intelligent video, millimeter wave (MMW)
radar, x-ray backscatter, and terahertz
spectroscopy – into a single detection
system for suicide bombers.
The
schematic for the proposed system is
shown in Figure 2. The applications for
this system are varied; from embassies, to
train stations, to military facilities, any
building or location commonly targeted by
suicide bombers.
Figure 1 – Reproduction of
typical body-worn explosive

3º

MMW
Radar

Top View

Terahertz (THz) radiation technology will be used to examine suspects at the
closest distances – ~10m – in order to confirm the presence of explosive
materials. THz technology exploits the absorption spectra that are specific to
certain molecules in order to identify dangerous materials, since many molecules
show sharp absorption features in the THz range. Figure 7 shows an example of
these peaks along with the specific spectroscopic characteristics of certain
explosive materials in Table 1.

Figure 4 – Radar Illuminating a Human Body

In order to facilitate integration with the complete BomDetec system, Siemens
envisions a number of improvements to the multiple, stationary cameras with pan,
tilt, zoom (PTZ) intelligent video in order to account for the case when an object is
occluded or visible by only one camera.

While their typical construction is the cause of an IED’s danger, it also renders it
susceptible to detection. A variety of technologies are capable of detecting either
the bomb’s metal construction or its explosive material. When synthesized into a
single,
cohesive
system,
these
technologies provide an effective means
to identify and apprehend suicide
bombers before they can remit their
destructive deeds.
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Problem Description

Figure 6 – (Left) A Schematic of AS&E’s current X-Ray Van System.
(Right) X-Ray Backscatter Image of a “Suicide Bomber” at 30ft (10 meters)
from Interrogation Source.

PPT has already performed preliminary testing with a different radar system,
attempting to record scattered fields from a variety of objects: human bodies with
or without metal cylinders and with or without attached nails. PPT found that
metal objects worn on the body by means of attachment to a vest do produce a
significant backscatter signal as shown in Figure 5.

Figure 7 – An example of THz
signature in explosive material
(RDX).

Table 1, THz signatures in explosive
materials. Newly found peaks at RPI
are shown in red.

It is thought that even the enclosures of explosives may themselves lend a unique
absorption spectra. However, given the erratic and uncommon nature behind
materials used in improvised explosives, this is not likely an area of the
technology that will be pursued.

Future of BomDetec
Currently in Phase I, BomDetec industry partners are working with their existing
sensors, testing them in suicide bomber situations in order to determine their
potential contribution to the overall project. If a sensor proves reliable and
suitable for the breadboard arrangement sought in Phase II, it will be included.
Otherwise, sensors and other systems may require additional design prior to
Phase II.

MMW Radar

As it is the intention of this project to mount the system within a van, it will be the
responsibility of AS&E to integrate all sensors into their Z Backscatter Van.
Furthermore, it will be the responsibility of Siemens to generate the software
necessary for sensor integration, including all the data handling algorithms and
systems. Siemens will also be responsible for designing the graphic user
interface (GUI) (and the for the BomDetec System.

Industry Partners:

Upon completion of Phase I, Northeastern University, with its industry partners,
will produce a final report that will constitute a preliminary design report.
Figure 5 – Radiation Intensity Plot of Bomb Vest

X-Ray Backscatter
Millimeter wave (MMW) radar is effective at detecting metal objects. Metal objects
are very effective at scattering electromagnetic waves. These scattered waves
are detected by the radar and, using imaging techniques, processed into an
practical visual quantification of the level and shape of metal present .
Since we desire our radar to operate at a distance of up to 50m, we wish for the
3dB beam width to subtend an arc that corresponds roughly to the width of an
average human torso. If we take the desired distance to be 50m and the width of a
human torso to be approximately 0.5m, we find that 0.01 rad or 0.57º is the
desired 3dB beam width.
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At closer distances, say 10 to 20m, the BomDetec system will activate an X-Ray
Backscatter system in order to further confirm the presence of metal objects worn
by a suspect. X-Ray Backscatter provides more resolution than does the radar
system and can provide information, such as location on body and shape, about
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