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Top-Down X-Ray Inspection Trailer

The present application claims priority from US Provisional Application Ser. No.
61/229,452, entitled “Top-Down X-Ray Inspection Trailer,” and filed on July 29, 2010,

which is incorporated herein by reference.

Technical Field

The present invention relates to systems and methods for inspecting objects with
penetrating radiation, and, more particularly, the invention relates to inspection systems that

may be deployed on mobile platforms of various sorts.

Background Art

The interdiction of illicit drugs, explosives, and other contraband is an important goal
of law enforcement. To that end, a variety of technologies have been developed and deployed
for the non-intrusive inspection of objects, such as vehicles or containers, that are not readily
susceptible to visual scrutiny from the outside. The non-intrusive aspect of these inspection
techniques is important; the great majority of containers do not carry contraband, and the
public would not long tolerate the delays, disruption (and in some cases damage) of property,
and invasions of privacy that would occur if invasive inspection means were commonly used.
Non-intrusive inspection is typically non-destructive and can usually be accomplished faster
than intrusive inspection, thereby increasing productivity of inspectors. Increased
productivity means more containers inspected and more contraband interdicted.

Among non-intrusive inspection methods, x-ray imaging in its many forms is a
proven technology capable of detecting a variety of contraband. X-ray systems have been

based on transmission imaging in any of a variety of implementations: cone-beam, fanbeam,
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flying-spot, multi-projection configurations; dual-energy imaging; computed tomography; as
well as on imaging incorporating the detection of x-ray radiation scattered in various
directions. Imaging using scattered x-rays detected from a mobile platform is the subject, for
example, of US Patent No. 5,764,683, issued June 9, 1998, which is incorporated herein by
reference.

It is desirable to determine the presence of objects, such as contraband, weapons, or
explosives, that have been concealed, for example, in a moving vehicle, or on a person, or in
any inspected object, while the inspected object is moved past one or more systems that
image the contents of the object using penetrating radiation. The determination should be
capable of being made while the inspected object is in motion, or, alternatively, while the
inspection system is in motion with respect to the inspected person or object. Indeed, since
inspection rate, and thus hourly throughput, is at a premium, it is desirable that the vehicle,
for example, be driven without requiring the driver or passengers to alight. In cases where a
detection is made, a visual image should be available for verification.

Various inspection systems that have been deployed employ radiation that is incident
on the inspected object and then scattered by the object and its contents in various directions.
The use of images produced by detection and analysis of penetrating radiation scattered from
an irradiated object, container, or vehicle is the subject, for example, of US Patent No.
6,459,764, to Chalmers et al. (the “Chalmers Patent”), issued October 1, 2002, and
incorporated herein by reference. The Chalmers Patent teaches backscatter inspection of a
moving vehicle by illuminating the vehicle with x-rays from above or beneath the moving
vehicle, as well as from the side, however, each of the backscatter systems taught therein
require ponderous fixed-site installations.

In accordance with the teachings of the present invention, imaging and inspection
capabilities are enhanced by providing not only scatter-based imaging, but, instead, or
additionally, a transmission image obtained by means of a vertical view through the
inspected object is provided. A vertical view through an automobile or truck, for example, is

particularly advantageous because observing contraband inside the vehicle by means of a
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downward-directed beam requires penetration of less metal than would be required by a view
transverse to the direction of motion of the vehicle.

The use of an x-ray source and an x-ray detector, both located in a portal, for
purposes of screening personnel, is the subject, for example, of US Patent No. 6,094,072, to
Smith, issued July 25, 2000, and incorporated herein by reference. A portal, however, is not
typically amenable to rapid and flexible deployment, but, rather, requires a dedicated

installation. An inspection system providing these features is desirable.

Summaryv of Embodiments of the Invention

In one embodiment of the present invention, there is provided a rapidly relocatable
inspection system for inspecting an object. The inspection system has a conveyance capable
of on-road travel, with a source of penetrating radiation mounted on the conveyance. The
source is mounted on a deployable member, such as a boom, that deploys outward from the
conveyance, and directs a first beam of penetrating radiation in a substantially vertical
direction. A detector mechanically coupled to the conveyance detects penetrating radiation
from the source after interaction of the object with the penetrating radiation, and generates a
detector signal. Finally, the inspection system has a controller for creating an image of
contents of the object based at least on the detector signal.

In alternate embodiments of the invention, the conveyance may be self-propelled, and
it may be a trailer. The detector that is mechanically coupled to the conveyance may be
deployed from the conveyance prior to inspection operation. It may be mechanically
supported by an underlying surface during self-propelled passage thereover by an inspected
vehicle, and at least one ramp may be coupled to the detector for facilitating passage
thereover by an inspected vehicle. It may also be disposed on a deployable member, such as a
boom, coupled to the conveyance.

In further embodiments, the source may include a collimator for shaping the beam of
penetrating radiation, such as into a fan beam, and may also include a beam scanning

mechanism, such as a rotating chopper wheel. The inspection system may also have at least
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one scatter detector for detecting penetrating radiation scattered by contents of the object and
for generating a scatter signal. A display may be provided for displaying an image of material

disposed within the object based at least on a scatter or transmission signal.

Brief Description of the Drawings

The foregoing features of the invention will be more readily understood by reference

to the following detailed description, taken with reference to the accompanying drawings, in
which:

Fig. 1 shows an end view of a vehicle alongside an inspection system in accordance

with embodiments of the present invention;

Fig. 2 shows a side view of an x-ray inspection system with an x-ray source shown in

a stowed position, in accordance with embodiments of the present invention; and

Fig. 3 shows a rear view of an x-ray inspection system with an x-ray source deployed

beneath an inspected vehicle, in accordance with embodiments of the present invention.

Detailed Description of Specific Embodiments

As used in this description and in the appended claims, a “vehicle” includes any
conveyance that may be driven, pushed, or pulled from one place to another, whether over
the surface of land or otherwise. The term "vehicle," as used herein, further includes the
structures, components and contents that are conveyed together with the vehicle.

The invention described herein serves to characterize materials which may be
contained within a vehicle and thus not readily susceptible to visual scrutiny. The
characteristics of a material which might be the object of non-invasive inspection and which
lend themselves to detection using the device and method taught by the invention include,
but are not limited to, electron density, atomic number, mass density, lincar dimensions and

shape. These characteristics are unveiled by taking advantage of the various physical
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processes by which penetrating radiation interacts with matter. Penetrating radiation refers to
electromagnetic radiation of sufficient energy per photon to penetrate materials of interest to
a substantial and useful degree and include x-rays and more energetic forms of radiation. The
interaction of such radiation with matter can generally be categorized as either scattering or
absorption processes. Both types of process remove x-ray photons from a collimated (i.c.,
directional) beam; scattering processes do so by deflecting photons into new directions
(usually with loss of energy), while absorption processes simply remove photons from the
beam.

Conventional transmission imaging measures the total beam attenuation as a function
of position on the image plane, without discriminating between absorption and scattering
processes. The total beam attenuation is described by a parameter called the mass attenuation
coefficient, as commonly employed by persons skilled in the art of x-ray inspection. The
mass attenuation coefficient is a characteristic of a particular material at a specific x-ray
photon energy, and is independent of the imaging geometry. As such, it is the sum of
individual coefficients (or "cross sections") for each relevant physical process, each of which
varies differently with x-ray energy and with the atomic number (Z) of the interacting
material.

In the range of photon energies useful for penetrating and screening vehicles, the
scattering contribution is dominated by incoherent, or Compton scattering, and the absorption
contribution is dominated by the photoelectric effect at lower energies, and by pair
production at higher energies. The cross sections for Compton scattering and photoelectric
absorption vary with both the atomic number of the material and with the energy of the x-ray
photon, but in very different ways. The photoelectric absorption decreases very rapidly with
increasing photon energy, and increases very rapidly with increasing Z of the material. The
Compton scattering cross section changes very slowly with energy and is only weakly
dependent on atomic number. The pair production cross section can be ignored for sources
with an energy below about 4 MeV, and increases with increasing Z of the material. Such
differences in scattering and absorption characteristics between low Z materials,

characteristic of organic materials, and high Z materials, characteristic of most metals and
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their alloys, are typical and provide the means to differentiate between these two classes of
materials.

Transmission x-ray images, taken alone, provide a map of the attenuation
characteristics of the inspected object for the full spectrum of the x-ray beam. It should be
noted that images may be directly displayed in graphic format for the visual inspection of
human operators, but need not be so displayed. As used in this description and in the
appended claims, the term "image" refers to any multidimensional representation, whether in
tangible or otherwise perceptible form or otherwise, whereby a value of some characteristic
is associated with each of a plurality of locations corresponding to dimensional coordinates
of an object in physical space, though not necessarily mapped one-to-one thereonto. Thus, for
example, the graphic display of the spatial distribution of some feature, such as atomic
number, in one or more colors constitutes an image. So, also, does an array of numbers in a
computer memory or holographic medium. Similarly, "imaging" refers to the rendering of a
stated physical characteristic in terms of one or more images.

Backscatter imaging, in which the x-rays scattered by a material in a generally
backward direction are employed, offers several unique inspection capabilities and
operational features. (1) Taken alone, it is a one-sided imaging modality: images can be
obtained even when the object is accessible from only one side, or, the object is too thick to
be penetrated radiographically. (2) Because the scatter signal falls off quite rapidly with
increasing depth into the object, backscatter images effectively represent a "slice” of the
object characteristic of the side nearest to the x-ray source; this image is frequently useful
even when a transmission image representing the same scanned area is hopelessly confused
by image clutter. (3) The underlying physical phenomenon that leads to scattered radiation is
the Compton effect. Low atomic number (low Z) materials, which encompass organic
materials, interact with x-rays principally by Compton scattering. Narcotic drugs, being
among the densest of organic materials, tend to produce the brightest signatures in a
backscatter image, as do organic explosives, making backscatter imaging a useful imaging
modality for bomb or drug detection. (4) Alignment requirements of the x-ray beam with

detectors or collimation devices are less exacting than for transmission imaging thereby
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enabling rapid deployment in a wide range of inspection scenarios.

It is known to persons skilled in the art of x-ray inspection that high-Z and low-Z
materials may be separately identified by measuring total attenuation at two different photon
energies. This is the basis for dual-energy systems. Another method to image low-Z materials
18 backscatter imaging. The technique relies upon the direct detection of photons which have
been Compton scattered. An image is created that is separate and independent of any
transmission image that may be produced at the same time. Since the photoelectric
absorption cross section is small for organic materials, they interact almost entirely through
Compton scattering, producing relatively large scatter signatures. Metals, on the other hand,
interact almost exclusively by photoelectric absorption, so that their scatter image signature
is comparatively small. The backscatter image directly reveals organic materials such as
drugs or explosives.

Flying-spot technology makes possible the acquisition of images using detectors
specifically positioned to collect the scattered x-rays. In a typical flying-spot system, a thin
"pencil beam" of x-rays is rapidly and repetitively swept through a source-centered,
vertically-oriented "fan" of beam paths that are arranged to intercept the object under
inspection. At the same time, the object is moved at a constant, slower speed along a path
perpendicular to the fan, on a horizontally moving conveyor belt for example, or in the case
of vehicles, by being propelled or towed through the beam. In this way, the pencil beam is
made to traverse the object in point-by-point raster fashion, and the entire object is scanned
as it passes through the fan plane over a period ranging from a few seconds to a few minutes
depending upon the length of the object and its speed.

Although the total scan time may be seconds to minutes in duration, the actual
exposure time of any part of the scanned object is only the time it takes for the pencil beam
to sweep across that part. That exposure time for a given part of the object is typically in the
range of 8 to 64 microseconds, depending on the design and the application, and yields an
entrance exposure to the scanned object of only tens or hundreds of microroentgens. This low
dose to the object also means that there is little radiation available to scatter into the

environment, so the doses to operators and other bystanders is correspondingly low.
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Separate, large-area detectors are deployed adjacent to the beam plane on the x-ray source
side of the scanned object, and with their active surfaces oriented toward the scanned object.
These detectors need only provide a large solid angle for collection of scattered radiation; no
critical alignments are required. In this location these detectors respond to x-rays which are
scattered generally back toward the source from the object.

Typically, x-ray transmission by organic materials is greater than by higher density,
higher atomic-number materials such as metals. Since the x-ray transmission image is a result
of interactions throughout a path through the entire object, larger and more complex objects
such as cargo containers produce more confusing transmission images. Under these
circumstances, even the presence of small amounts of metal and normal expected organic
materials can produce extremely cluttered images masking the sought-for contraband. Image
interpretation then becomes an overwhelming task. Frequently, much of the useful
information is obtained from the backscatter image alone.

A preferred embodiment of the present invention is now described with reference to
Fig. 1, where a rapidly relocatable x-ray inspection device, designated generally by numeral
100 is shown in a deployed configuration used for inspection of a vehicle 102. Both the
relocatable x-ray inspection device 100 and the inspected vehicle 102 are seen from the back.
The rapidly relocatable inspection device is entirely integral with a conveyance, designated
generally by numeral 110. Conveyance 110 may be a truck, capable of self-propulsion on, or
off, roads, or conveyance 110 may also be a trailer that may be hauled by a truck or other
self-propelled tractor.

Salient features of this embodiment of the rapidly relocatable x-ray inspection device
100 include a source 104 of downward-directed penetrating radiation and a detector 106 of
penetrating radiation that has been emitted by source 104 and has traversed the inspected
vehicle 102. A top-down view through a vehicle provides a better view of most regions of the
vehicle when compared with a lateral view, with superior views, particularly, of the trunk
area, the fuel tank, and the seating area.

Source 104 typically includes an x-ray tube or other source of x-ray emission, as well

as spectral-shaping elements, such as one or more filters, and beam-shaping elements, such
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as one or more collimators. I n accordance with certain embodiments of the invention, x-rays
having maximal energies in the range between 160 keV and 300 keV are employed. At this
energy, X-rays penetrate into a vehicle, and organic objects inside the vehicle can be detected.
Since lower doses of x-ray irradiation are thus possible, automobiles may be scanned using
the present invention. For applications where the scanned vehicle may contain personnel, end
point energies below 300 keV are preferred. The scope of the present invention, however, is
not limited by the range of energies of the penetrating photons employed.

Spectral- and beam-shaping elements are described, for example, in US Patent No.
6,459,761, “Spectrally Shaped Inspection Beam,” issued October 1, 2002, and incorporated
herein by reference.

In certain embodiments of the invention, such as those that employ backscatter
imaging, the emission of source 104 is shaped into a beam 108 that has the shape of a pencil
beam. However, in other embodiments of the invention, beam 108 may be a fan beam, or
may have another cross-sectional profile. Beam 108 may be swept, such as by means of a
chopper wheel, as described, for example, in US Patent No. 6,459,764, “Drive-Through
Vehicle Inspection System,” issued October 1, 2002, and incorporated herein by reference.

Source 104 is disposed on a deployable member, which, in the embodiment depicted
in Fig. 1, is a boom 112 that may be extended outward from conveyance 110 by rotation
about a central axis designated by line 114 substantially along the direction of road travel of
the conveyance. Typically, boom 112 rotates by approximately 90° between its stowed
position, for on-road travel, and its deployed position, for inspection operation.

Conveyance 110 also carries a high-voltage power supply 120 to power source 104 as
well as a cooling module 122 and an electronics module 124, including controller 126.
Additionally, conveyance 110 typically includes an electrical generator 130, such as a
gasoline-powered genset, and a fuel tank 132.

Concurrently with transmission imaging by means of transmission detector 106, a
scatter image may be obtained through use of a scatter detector, such as backscatter detector

116. In the case where scatter information is to be obtained, beam 108 is a pencil beam, and
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it is swept between scan limits 109 in a plane transverse to forward motion of vehicle 102
through inspection system 100.

One or more ramps 140 may be provided to allow vehicle 102 to smoothly transition
over a module 146 in which transmission detector 106 is contained. Module 146 is stowed
aboard conveyance 110 in a vertical position shown by the dashed lines designated by
numeral 107, or can be manually stowed on conveyance 110. For inspection operations,
module 146 is deployed such that transmission detector 106 is parallel to the ground, while
remaining coupled to conveyance 110.

A side view of mobile x-ray inspection device 100 is shown in Fig. 2 with source 104
of penetrating radiation in a stowed position by virtue of “L”’-shaped boom 112 being rotated
so as to align with a direction of motion of conveyance 110 when traveling overland to a
deployment locale where a checkpoint is to be operated. Once inspection system 100 is
deployed at a desired inspection location, one or more jackscrews or similar devices 145
(shown in Fig. 1) may be deployed for mechanical stabilization of the system. In a typical
embodiment of the invention, conveyance 110 may be a truck, typically 35' long x 8' wide x
10'6" high, though other dimensions are within the scope of the present invention. During
road travel of conveyance 110, module 146 can optionally be stowed beneath bed 101 as
shown in Fig. 2, rather than in the vertical position as shown in Fig. 1.

In response to penetrating radiation transmitted through, or scattered by, vehicle 102
and its contents, transmission detector 106 and backscatter detector 116 produce transmission
and backscatter signals, respectively. Processor 126 processes data from the transmission
and/or backscatter signals to produce one or more images that may be displayed on display
device 150 to be viewed by an operator who may be located either locally or remotely to
conveyance 110.

Besides imaging contents of inspected vehicles, in terms of which embodiments of
the present invention have been described, other characteristics of inspected objects may be
obtained within the scope of the present invention. For example, transmission and backscatter
techniques may be applied, as known in the art, for deriving mass, mass density, mass

distribution, mean atomic number, or likelihood of containing targeted threat material.
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While the invention, heretofore, has been described in terms of an x-ray beam
directed down towards the ground, it is to be understood that a beam shooting in the upward
direction is also within the scope of the invention. In accordance with other embodiments of
the invention, as depicted, for example, in Fig. 3, a low-profile source 160 (such as one that
uses carbon nanotube cathodes as described in US patent 7,505,562) may be deployed from
conveyance 110 to a position beneath the vehicle 102 being scanned, such that vehicle 102
can be driven over the source. A detector 162 is deployed above the vehicle 102 being
scanned.

The described embodiments of the invention are intended to be merely exemplary and
numerous variations and modifications will be apparent to those skilled in the art. All such
variations and modifications are intended to be within the scope of the present invention as

defined in the appended claims.
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What is claimed is:
1. An inspection system for inspecting an object, the system comprising:

a. a conveyance capable of on-road travel characterized by an axis along
a direction of road travel,;

b. a source of penetrating radiation disposed on a deployable member
coupled to the conveyance for providing a first beam of penetrating radiation
directed in a substantially vertical direction;

C. a detector mechanically coupled to the conveyance for detecting
penetrating radiation from the source after interaction of the object with the
penetrating radiation and for generation of a detector signal corresponding to
detected radiation; and

d. a controller for creating an image of contents of the object based at

least on the detector signal.

2. The inspection system as set forth in claim 1, wherein the deployable member
is a boom.
3. The inspection system as set forth in claim 2, wherein the boom is capable of

extension outward at approximately 90° to the central axis of the conveyance during the

course of inspection.

4. The inspection system as set forth in claim 1, wherein the conveyance is self-
propelled.
5. The inspection system as set forth in claim 1, wherein the conveyance

includes a trailer.

6. The inspection system as set forth in claim 1, wherein the detector
mechanically coupled to the conveyance is deployed from the conveyance prior to inspection
operation.

7. The inspection system set forth in claim 4, wherein the detector is
mechanically supported by an underlying surface during self-propelled passage thercover by

an inspected vehicle.
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8. The inspection system set forth in claim 4, further comprising at least one
ramp coupled to the detector for facilitating passage thereover by an inspected vehicle.

9. The inspection system as set forth in claim 1, wherein the first source of
penetrating radiation includes a collimator for shaping the beam of penetrating radiation.

10.  The inspection system set forth in claim 1, wherein the first source of
penetrating radiation includes a collimator for shaping the beam of penetrating radiation into
a fan beam.

11.  The inspection system set forth in claim 1, wherein the first source of
penetrating radiation includes a beam scanning mechanism.

12.  The inspection system as set forth in claim 10, wherein the beam scanning
mechanism is a rotating chopper wheel.

13.  The inspection system as set forth in claim 1, further comprising at least one
scatter detector for detecting penetrating radiation scattered by contents of the object and for
generating a scatter signal.

14.  The inspection system as set forth in claim 1, further comprising a display for
displaying an image of material disposed within the object based at least on the transmission
signal.

15.  The inspection system set forth in claim 1, wherein the detector is disposed on
a module deployed from the conveyance for inspection operation.

16.  The inspection system set forth in claim 1, wherein the source is disposed

beneath the object of inspection.
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