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The present application claims the priority of B.S. Provisional Patent
Application 61/440,491, filed Peb. 8, 2011, and incorporated herein by
reference. T.LiCTIP-TICAL,     The present invention relates to systems and
methods for classifying materials as to their effective atomic numbers
based on detection of penetrating radiation scattered therefrona.
la-ACT:CCROI TN-0 ART     1Backscatter x-ray inspection systems have been
used for more than 25 years to detect organic materials concealed inside
baggage, cargo containers, in vehicles, and on personnel. Because organic
materials in bulk preferentially scatter x-rays (by Compton scattering)
rather than absorb them, these materials appear as brighter objects in
backscatter images. However, because the backscatter intensity is a
complicated function of the distance, position, and the shape and thickness
of the object, as -well as the amount of intervening clutter obscuring the
object, it is difficult to use the backscatter intensity to further
classify the organic material_     Simulations carried out over many years
have attempted to find a reliable way of using dual-energy (or
multi-energy) -backscatter measurements to assist in identifying concealed
materials, other than by just using the measured intensity alone. One
method is to alternate the energy of the x-ray source, and to look at the
relative backscatter intensity from an object in the backscatter image at
the two energies. The ratio R of the low energy intensity to the high
energy intensity of backscattered x-rays can be used to classify the object
material. Another method is to use a single energy source, but to
temporally change the beam filtration so that -beams with alternating
energy spectra are incident on the object being inspected. Examples are
taught, ter example, in B.S. Pat. No. 6,249,567 (to Rothschild, et al.) and
T.JS Pat. No. 6,459,764 (to Chalmers, et al.), both of which are
incorporated herein by reference.     A farther- method known in the art
for illuminating an inspected object with tritaltiple energies is to use a
single energy source, and energy-resolving detectors, whereby the energy of
each backseatter x-ray photon is characteri2ted when it is detected. In
this ease, the ratio R may be defined as the detected, intensity in an
energy range with a lower average energy divided. by the intensity in an
energy range with a higher average energy_ 



In each of the foregoing scenarios, it can be shown that the ratio R. is a
strong function of the distance from the detectors to the illuminated
object and a somewhat weaker function or the shape of the illuminated
object. This is because the energy of backsca ttered x-rays depends
strongly on the scatter angle, whose range in this case is defined by the
solid angle ()I the detectors relative to the point of scatter. Since the
solid angle is a function of the distance 0 between the detectors and the
scatter point, the ratio a is also a function of the distance O. Moreover,
since the detectors are typically offset from the beam plane by some
distance, the amount of material within the object that the scattered
radiation must pass through (from the scatter point to the detectors) also
depends on the distance to the object. This effect is very noticeable in a
flat sheet of steel, for example, where -for an incident 225 lc."-vr
13renastrahlung beam, the mean energy of the scattered x-rays incident on
the detectors (olThet from the beam axis by 12 inches) can vary from 72
ke's/ for scatter from an object a few feet away to only 63 be-N7 for an
object at a distance of 10 :feet. This means the scattered radiation from a
sheet of steel close to the detectors is significantly hardened compared
with scattered radiation from a more distant steel sheet.     The
dependence or the ratio a on the shape of the illuminated object is due to
the -varying path length inside the object that the scattered x-rays _must
traverse before exiting the object and reaching the detectors. For example,
this distance is smaller for spherical objects compared with rectangular
ones_ For Objects consisting of higher-Z material (which preferentially
absorbs the lower energy x-rays), this will result in a lower value of-R.
for the rectangular objects compared with the spherical ones.
Consequently, a reliable mechanism for using energy resolution of x-ray
backscatter properties of an object to classify the object by atomic number
has proven elusive_    The general concept of using energy analysis of
backscattered x-rays to screen personnel. where the energy spectrum of the
x-ray source beam is varied over time by a periodically varying filter, has
been taught in 1LT.S. Pat. No. 7,561,666 (to         s incorporated herein
by reference), however the teachings of Aaanis are restricted to the- case
where the scattering object is not screened by an intervening layer of
highly attenuating material, while screening by a high-Z- material is
generally the case where materials are screened in a metal suitcase or a
vehicle. At the typical x-ray energies at which x-ray bacbsca net- body
scanners operate, 40-1:10 kervr, the classification of materials is
necessarily quite crude, with all objects being classified into one of only
three or four ranges of atomic number. These might include organic,
alrunimana, metallic (e.g. steel or copper, etc.), and high-Z (e.g. lead)
materials. 'Typically, moreover, the relative brightness of the bacbscatter
signal is already capable of providing adequate separation between these
categories or materials for body scanners, and the energy resolution of the
backscatter signal is superfluous.    What would be more useful would be to
be able to discriminate between di flerent organic materials-- for example,
between human tissue and explosives. 1'0w-ever, if this is to be
accomplished using the techniques taught by .Annis, the endpoint energy
ofthe lower energy must be very low (only about 30 be's/ or less), making
the practical application or this technique problematic for a practical
body scanner, because of the high attenuation or -x-rays in this energy
range by intervening clothing between the x-ray source and the inspected
person's body.    Moreover, the teachings of Annis nowhere address the
quiestion of whether highly scattering objects, such as Again. materials,
lie in front of: or behind, a highly attenuating structural feature such as
a sheet Cilhigh-Z material, such as a steel car body, for example.
1_,LLFINITION 



As used herein, and in any appended claims, the term "placement- used in
the context of a material within an inspected Object shall refer to the
relative distance of that material from a fiducial reference position such
as the source of theprimary illuminating x-ray beam. SLJNINIA-R_V OF
ILLMF3CIMI-LN1--1-S C31: -1'1ILL 1N V ENT-TI (111-4    In accordance with
various embodiments of the present invention, methods are provided for
characterizing regions  within an inspected object wherein a lower-Z,
scattering material and a higher-'G material may both lie along a common
line of sight. The methods have steps of: a. scanning the inspected object
with penetrating radiation emitted by a source characterized by an energy
distribution; b. detecting penetrating radiation scattered by the inspected
object in -t manner generating a first detector signal that distinguishes
between materials oflaigher and lower effective atomic number under a first
set or conditions with respect to the energy distribution of the
pc.metratina radiation; c. detecting penetrating radiation scattered by the
inspected object in a manner generating a second detector signul that
distinguishes between materials of higher and lower effective atomic number
Wader a second set of conditions with respect to the energy distribution of
the penetrating radiation; d. generating a differential image based on a
function of the first and the second detector signals and 



e. determining placement of materials of lower and higher Z. within the
single line of sight relative to the source, based at least on the
differential image     In ac co ran rice with other embodiments of the
present invention, scanning the inspected object with penetrating radiation
may entail secruentially scanning the inspected object with penetrating
radiation characterized by a first enemy distribution and a second energy
distribution. There may also be a step of ascertaining relative placement
of a lower-atomic number region with respect to a-higher-atomic number
region within an inspected object based at least on values of respective
regions within the differential detector image, based, optionally, in whole
or in part, on segmentation. The penetrating radiation employed in
accordance with embodiment .ti ol the present invention may be x-ray
radiation.      In accordance with alternate embodiments of the present
invention, a system may be provided Ibr characteri:zino regions within an
inspected object. The system has a source of penetrating radiation for
generating a beam of penetrating radiation and a scanner for scanning the
penetrating radiation across the inspected object. The system also has an
energy discriminating means for distinguishing scattered penetrating
radiation detected under a first set of conditions with respect to an
energy distribution of scattered radiation and a second set of conditions
with respect to an energy distribution of scattered penetrating radiation.
Finally, the system has an image generator fin generating a first image
based on a function of the radiation detected under only one of the first
and second set of conditions with respect to the energy distribution and a
difference image generator for generating a differential image based on a
function of the radiation detected during the first set of conditions and
the radiation detected during the second set of conditions with respect to
the enemy distribution.     In further embodiments 0 fthe present
invention, the energy discriminating means may include a first detector
characterized by a first response distribution as a function of detected
energy and a second detector characterized by a second response
distribution as a timetion of detected energy. The source of -penetrating
radiation may be an -x-ray tribe.     In yet further embodiments of the
present invention, the First and second detectors may be disposed either on
respective sides of the source of penetrating radiation, or else the first
and second detectors are disposed on each side of the source of penetrating
radiation_  BRIEF DESCRIPTION UPFICILTRES     The foregoing "features of
the invention will be more readily understood by reference to the following
detailed description, taken with reference -to the accompanying fig-ores,
in which: 



PIO. 1 is a schematic depiction of a multiple-energy back-scatter system in
accordance with embodiments of the present invention.     FIO. 2 is a
flowchart depicting a scatter imaging process in accordance with certain
embodiments of the present invention;     171(3-. 3 is a flowchart
depicting a scatter imaging process in accordance with other embodiments
ofthe present invention;     100. 4A depicts a regular 1401A:eV backscatter
image of a test phantom acquired with a gadolinium oxy-sulfide COOS)
scintillator detector. 100-. 4E3 depicts a difference image obtained by
subtracting a backscatter linage of the same phantom acquired with a barium
fittoro-chloride (13PC:) scinWinter from the 00S image of PIC+. 4A.
FICiS. SA and 513 schematically depict- alternate scatter detector
configurations in accordance with embodiments of the present invention.
FTC 6 shows the 'value of the unfiltered to filtered back-scatter detector
segments for scatter off plastic located behind, and in front of, 1 num
thick steel.     F10. '7 is an x-ray backscatter- image derived, in
accordance with an embodiment of-the present invention, showing higher
scatter due to organic items on the outside of a vehicle and due to organic
threat items concealed within the vehicle. DETA.11ED DESCRIPTION OF
EDVI13001MENT'S OF TFJE INVENTION Definitions 



As used in this description, and in any appended claims, the terms "high-Z"
and "low-Z" shall have connotations relative to each other, which is to say
that "high-2" refers to a mate-Hal, or to a line of sight, characterized by
an effective atomic number Z. that is higher -than a material Or line of
sight referred to, in the salt. e context, as "low-Z".     For heuristic
convenience, "Z.", unless otherwise specified or required by context, shall
refer to the "effective atomic number" characterizing a region of a
heterogeneous material comprising nanitiple elements. The "effective atomic
niarnber" is the average atomic rainaber, where the average is o fa type
commonly employed. in x-ray-matter interactions.      As used in this
description and in the appended claims, the term "image" refers to any
multidimensional representation, whether in tangible or otherwise
perceptible fox-ria or otherwise, whereby a scalar -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 rnapped one-to-one theremato. Examples of such
characteristics include the level of a detector signal or a scalar
furacticaa of detector signal levels. Additionally, 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, apes an array
of man-abets 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.     As used in this description and in the
appended claims, the term "function" as applied to nrultiple variables is
used ha the broadest mathematical sense, to include linear or nonlinear
combinations of the -variables, whether the function is ana-  lytical, or
otherwise, continuous, or otherwise, differentiable, or otherwise, or
whether the function is derived from a looktip table. A function of
multiple variables may have no dependence upon one or more of the variables
As -used in claims appended hereto, the term "value" associated with a
pixel shall refer to the scalar value of a specified quantity or
characteristic to which an image refers. Thus, such a "value" might
quantitatively represent a scaled brightness of a scatter signal associated
with that pixel, or it raiabt be a value that is a function of one or more
measured quantities. A. "value" may also be associated with a region or
subregion, in which case the term refers to an average of the values of
pixels of an image associated with that region or subregion. The average
may be a weighted average, and is not restricted to an arithmetic average,
or to any particular type of average.      As used herein, and in any
appended claims, the term "difference image" refers to an irnaoe obtained
by combining the results of sensing using two distinct modalities
rererenced to the same imaged_ space. The corribiriaticin may be by
subtraction (rendering a "pure difference image") or by another form of
linear combination, or, otherwise, -by non-linear combination, or by
combination of any sort of values associated, respectively, with each
sensing modality. 'Tints, for example, a look-tip table may be 13 sCra to
generate a difference image based on a first value associated with a
particular pixel, or region of pixels. as sensed using a first modality,
and a second value associated with the a corresponding pixel, or region of
pixels, as sensed rising a second modality.     While the description
provided herein refers to "backscatter" alone, as a matter of heuristic
convenience, it is to be understood that the apparatus and technic-pies
described herein May be practiced with scatter directed in directions other
than backward. vvi th respect to the propagation direction of an incident
beam or penetrating radiation. -Use of the apparatus and techniques
described herein with respect to scatter in any direction whatsoever is
within the scope of the present invention and any claims appended hereto.
Energy distribit Lions of penetrating radiation may be denoted herein, as a
matter of notational convenience, by reciting their terminal emitted energy
(often called the "endpoint" energy). 'Thus, ter example, an x-ray tube
emitting 13rerrisstralalung radiation due to c-lectrons accelerated through
a potential of 100 kV-, will emit x-rays of energy less than 100 key: and
the spectrum of emitted radiation may be characterized, herein, as a "100
ke-N7 beam," and an image of detected radiation scattered :fi-orta that
bearn may be referred to herein as a "100 ku-V- scatter image?' 



Oescription of'DOCHMen( s     While, as a matter of convenience,
embodiments of the present invention may be described herein in terms of
energy resolution following interact ion o I- penetrating radiation with
the inspected object (i.e., using detect ors with differential energy
sensitivity or detectors with energy resolution), it is -to be -understood
that varying the energy spectrum of the incident bc-arta, either by varying
the spectrum or a single source (for crimple, by changing the end point
caac-m-gy, or the beam filtration, or otherwise), or by employing multiple
sources, is equally within the scope of the present invention.     A system
in accordance with embodiments of the 'present invention is now described
with reference to PIO_ 1. A multiple-energy backscatter system, designated
generally by MUFITICal 100, is employed to characterize an inspected item
110, which may be vehicle, for example, or may be an item of cargo, etc. A
source 102 of penetrating radiation such as an x-ray tube emits penetrating
radiation formed into a beam. 106  by collimator 104 which may also serve
to modulate beam 1106 in other ways such as temporally or spectrally_ fleam
106 impinges upon scattering material 112 within inspected item 110 after
traversing Iliaher-Z. material 114, which may be the steel body of a
vehicle, for example_ Sometimes, beam :106 will first impinge, along a line
of sight, upon a lower-Z material 113 that overlays higher-Z. material 114.
Interaction with scattering material 112 gives rise to scattered
penetrating radiation 116, some of which is intercepted by one or more or
scatter detectors 122a-122a. Scatter detectors 1220-122ei may have distinct
spectral sensitivities, for example, detectors 1226 and 12261 may
preferentially detect higher-energy detectors that have traversed detectors
122a and122c. Similarly, overlaying material 113 similarly gives rise to
back:scattered radiation 115, again detected by scatter detectors
122a-122a. It is to be understood that all real materials give rise to
Compton scattering of photons, such that higher-Z. material 114 scatters as
Well _ I-Towever, due to lower self-absorption or scattered. radiation
within lower-Z material, it is lower-Z. material, such as organic material,
for example, which typically gives rise to brighter (more intense) scatter
signals, in practical sitnations. Scatter signals generated by scatter
detectors 122nr122a upon detection of scattered penetrating radiation 115
and 116 are c-cuipled to processor 130 which processes the signals as
further described below generating images which may be displayed, as also
discussed below.      In other embodiments of the invention, as discussed_
below, incident beam 106 of penetrating radiation may be character-iced by
a spectrum that varies with time, such as to constitute a spectrum of
higher average energy during a portion of a cycle, and a spectrum of lower
average energy during another portion of a cycle. & bac-kscatter signal
associated either with a detector with greater sensitivity to higher
energy, either inherently or by virtue of timing of a time-variable source,
may be referred -to as a "higlicr-energy backscatter signal", and the
detected radiation -to which -that signal corresponds may he referred to,
herein, as "higher-energy backscatter." Mit La ti s nuttandis, a
backscatter signal associated either with a detector with greater
sensitivity to lower energy, either inherently or by virtue of -dining of a
time-variable source, may be referred to as a "lower-energy backscatter
signal", and the detected radiation to which that signal corresponds may be
referred to, herein, as "lower-energy backscatter."      The -value of the
ratio R. of the lower energy -backscaner to the higher energy backscatter
is a function not only of the distance from the detectors to the
illtuninated object, and of the shape or the object, but is also strongly
dependent on the thickness and composition ()luny overlying material
located between the illitritinated Object 112 and the x-ray source 102, and
between the object 112 and. the detectors 122a-122d. Organic overlying
materials 113 will tend to reduce the intensity of the backscatter coming
from the ilharninated Object 112, while leaving die value of It relatively
nnehanged. I-Iigher-Z overlying materials 114, illOWeN7C17, will
preferentially absorb the lower energy components of the scatter, resulting
in a lower value 0E12 than if the illuminated object had no higher-Z
overlying material.      :Because of this last effect, dual-energy
backscatter (or nniltiple-energy backscatter), in accordance with
embodiments of the present invention, allows some degree of material c Ia
ssilication in circumstances where the object being identified is the first
to be illuminated by the x-ray beam and the backscatter from the
illuminated object can reach the backscat ter detectors without passing
through any significant amounts of overlying materials. In addition, the
object's distance and position relative to the backscatter detectors
shoul<1 preferably be known, so that the ratio R. can be corrected
accordingly_ ICritawledge of the distance and position of scatterer 112
relative to back-scatter detectors 1224/-122c1 may come to be known, within
the scope of the present invention, lasing any means of position
determination, including, for example and without litraitation, concurrent
x-ray transmission or sidescatter imaging, temporally resolved pulsed
scatter measurements, scatter intensity analysis, millimeter-wave imaging;
etc_ 



For most practical inspection applications, where materials of interest are
concealed within some kind of outer enclosure 110 (for example, a suitcase
or the side of a vehicle), the -uncertainty hitherto discussed largely
rules out the possibility of using dual energy (or naval-energy)
backscatter analysis for material identification. The exceptions worpld be
if bare explosives were used in an improvised explosive device (TFT)),
without an intervening higla-2G material, or if materials are concealed
under the clothing of a person. In this latter case, the person's clothing-
interacts only weakly with the x-ray beam, and the concealed material has
the dominant influence on the spectral shape of the backscatter spectoina,
as discussed in -U.S. Pat. 1Ne. 7,561,666 (to Artois).     There is,
however, an entirely distinct practical application that lends itself to
the technique of backscatter energy analysis uniquely enabled by the
present invention, namely, the ability of dual (or multi-energy)
backscatter analysis to assist in the segmentation and/or filtering of
features in backscat ter images of vehicles or other objects, which, in
turn, allows ante-it-vatic threat detection algorithms to more accurately
determine which features correspond to threat items as opposed to benign
items         backscaner system, as may be employed, for example, for the
inspection of personnel, is described in II.S. Par No. 7,809,109 (to
Mastronardi, et al.), which is incorporated herein by reference. A
backscatter system, as may be employed for the inspection of parcels and
luggage is described in 11.5. Put. T?To. 7,555,099 (to Rothschild, et al.),
which is incorporated herein by reference. A ha ckscafter system, as may be
employed for the inspection of vehicles is described in Pat. No_ 7,593,506
(to Cason, et al.), which is incorporated herein by reference, as well.
Configurations described in any of the foregoing systems lend themselves to
multi-energy backscatter material analysis in accordance with
enalacnliments of the present invention.     Threat items may be recognized
by an operator to whom backscatter images, as shown in FIGS. 4_45, and 7,
are presented on a display. Moreover, software OperatorAssist algorithms
may be employed to automate, in whole or in part, the process of
identifying threat items_ Operator Assist technology is taught in Ahmed et
al., "Flistorical Comparison of Vehicles using Scanned ,X-Ray Images,"
presented at the TEF1ELVearkshop on Amatications of Kiina,         Jan.
5-7, 2011, which paper is incorporated herein by reference.     Methods and
apparatus in accordance with the present invention may be applied
advantageously to the backscat ter x-ray inspection of vehicles, -ler
example. Operator Assist (OA.) Algorithms that automatically look for
-threat items within the vehicle images mast decide if brighter parts of
the vehicle exhibiting higher scatter are due to organic items 701 on the
outside of the vehicle (such as door handles, support structures for
external mirrors, plastic molding, etc.) or due to organic threat items 703
concealed -within the vehicle, as shown in FIG. 7. me absolute brightness
of the backscatter from the inspected region cannot be lased, as thin
organic materials on the outside of the vehicle can have a similar
brightness to thicker organic threats on the inside of the vehicle.
Tr) the prior art, the distinction between organic items on the outside of
a vehicle and such items on the inside cif the vehicle was made based on
the location of the bright regions relative to the segmented irnage of the
vehicle. A segmentation alsorithaii divides the vehicle image into re-ions
which represent the vehicle doors, tires, windows, etc. If a bright part of
the image is located within these segmented regions at an expected position
(for example, where the docir handles are expected to appear within a door
region), they will not Be flagged_ as threats. The difficility with this
approach is the need to account ter the large variation between different
types and brands of vehicles, and the variation in location and backscatter
intensity of the brighter regions.     In accordance with ernbcidiments of
the present invention, a distinction can be made between bright parts of
the image corresponding to objects on the outside of a steel vehicle body,
versus those on the inside without recourse to prior segmentation
assumptions, brit, rather, on the basis of whether a ccanparison of a
single-energy image. with a differential energy image indicates that a
low-Z material lies within, rather than outside, a high-Z enclosure. Once
low-Z materials outside the vehicle have been identified, it may then be
assumed that Emy concealed threat on a vehicle will be on the inside of the
steel body, allowing an operator assist algorithm to ignore all the bright
parts of the -vehicle that are identified as being due to objects on the
outside. This greatly simplifies the OA algorithm now only brighter parts
in the image that are identified as being from objects on the inside of the
vehicle need to be analyred. IIsing the segmented -vehicle image, the
remaining bright parts of the image can be compared with the expected
positions of benign scattering objects located within the vehicle body_
These would. include, for example, the driver and, any passengers, and
internal thud reservoirs such as the windshield washer fluid. Note that one
exception to this method would be threat items concealed behind the plastic
bumpers of vehicles. In -this case, the boundaries of the bumper regions
can be determined :from the segmented. image, and these regions- can then
be ariabrxed with a different algorithm.     Methods in accordance with
embodiments of the present it1N/efltiOU are now described with reference to
the flowcharts of Fr1C3S. 2 and ci . 2 depicts a process wherein
illtunination 202 by an illuminating x-ray beam is performed with a
substantially stationary spectrum_ (It is to be understood that the source
may be temporally modulated, within the scope of any embodiment cif the
present invention). in process 204, detection is performed 11 sing multiple
scatter detectors, or otherwise, such that one signal preferentially
registers high-energy scatter, while a second signal preferentially
registers low-energy scatter. A ratio of the backscatter signal from the
low- and high-energy scatter detection is calculated in process 206. it is
to be understood that the term "ratio," as used herein, encompasses
weighted or corrected ratios, logarithmic differences, etc. 



Once the ratio of the low-energy to high-energy scatter signal Has been
calculated, it is compared (208) with a threshold value to determine
whether the illuminated object is behind, or in front of, the high-Z
barrier. It is to be understood that the inverse ratio may also be compared
to a threshold. ThScite that the ratio is only one example of comparing,
the two backscatter signals, and any function of the two signals, whether
linear or non-linear, can be used.     In preferred embodiments of the
invention, the -value of the ratio 112, is corripared with the threshold
value on a pixel-bypixel basis in the image, allowing a determination to be
made ter every pixel in the image. In actual systems -used for vehicle
inspection, however, the x-ray intensity is typically insulfi-  cient to
allow the value of R to be calculated for a single pixel to the required
accuracy, due to the limited number of scattered photons that can be
detected in the integration time of a single pixel_ For this reason, a
sub-region of the image consisting of many pixels (for example, a 10x10
pixel area) can be analyzed, and the value of R calculated from the swanned
backscatter signals from all the pixels in the subregion.     In different
embodiments of the invention, the threshold value, against which ratio R is
compared to determine whether lower-Z scatterer 112 (shown in FIC. 1) lies
behind, or in front ofhigher-Z material 114 may be determined on an
empirical basis and -prescribed to processor 130, or may be adjusted by an
operator, or may be calculated (in step 210) daring the coarse or
inspection, based on a measurement or calculation 212 of a distance to
scatterer 112_     Referring, now, to F10. 3, a flowchart of a process is
depicted that parallels that shown in F10. 2, except that in this case the
energy of the x-ray beam is temporally modulated (for example, by varying
the end-point energy or varying the -beam filtration), rather than relying
on the differential energy sensitivity of the scatter detectors.
Demonstration of Operation in A-cern-dune e with Embodiments of the
Invention     Results are presented based on dual energy backscatter
imaging tests using a single energy x-ray S0111-Ce 102 and, a pair of
detectors 122a and 122a located on each side of the x-ray source. One of
the detectors used is a baritma chloride (DEC) scintillation detector,
which has a k-edge for the barium at 37.4 ke'vr. The second detector used a
gadolinium oxy-sulfide (00S) schatillator, with the gadoliniumn having a
k-edge at 50.2 ke-V. The SEC detector is, therefore, more sensitive tbr
detecting lower energy x-rays than the gadoliniani detector, and exhibits
relatively higher detection signals for scatter Trona organic materials
than the COS detector, while the 'WC detector exhibits relatively lower
signals than the COS detector from hig.,la atomic number (metallic)
materials. 



The differentialresponse of l3FC to 00S detection may be observed in EIOS.
4.A. and 45. FTC-. 4A is a 140 keNT back-scatter image acquired with a 00S
detector, while FICi. 413 is    normalized difference backscatter image
(CI-OS-DEC) of the identical scene. The signals from the two detectors are
weighted so that organic regions 402 in the difference image (F10. 413)
appear dark (-unlike the regular backscatter images, where they appear as
bright regions 404). This inaplies thathigh-71 regions 412 will appear
brighter in the difference inaaae (FTC_ 413), as the 13FC signal is smaller
than the Ci-OS signal for these regions. Areas of unconcealed plastic and
steel appear dark and bright, respectively, in the difference image. I
Iowever, sugar packages 422 in the lower right hand corner 17C-Illain
bright in the difference image because they are concealed behind a thin
steel sheet.     1.210-S. 4.A. and 45, thus, illustrate both applications
of energy-specific backscatter described herein. -Unconcealed materials are
either bright 412 (indicative of high-Z material) or dark 402 (indicative
of low-Z.) in the difference image (F10. 45), dependina on their atomic
number. Ilowever, organic materials concealed behind steel (e.g., the
packages of sugar 422 in the lower right hand corner of PIO. 4A) also
appear bright in the difference image (1710. 413), in accordance with the
second application of energy-specific back - scatter described herein.
Comparison of FTC-S. 4A. and 45, for example, allows for determination as
to whether organic materials that appear relatively bright in the regular
backscatter image are behind (bright in both images), or in front of
(bright, in MC-. 4A and dark in FTC. 413) steel, or other high-Z material.
Thus, the placement of a low-7, material in relation to a hi0E-Z. material
is non-commutative with respect to its appearance in the combination cil7a
backscatter image such as FTC. 4A and a difference image such as FTC. 4F3.
Other embodiments of the invention are now described. with reference to
FIC'S. 5.A. and 513. In enabodiments in accordance with both FIGS. SA. and
5T3, source 102 (shown in FI(11. 1) is located, above the plane of the
page, such that beam 106 is directed into the page. In FTC-. 5A., a
backscatter detector 502 to the left of the x-ray source 102 is more
responsive to low-energy backscatter than a second backscatter detector 504
to the right or the x-ray source 102. An example of this is to use two 13FC
detectors, with the right detector 504 having a front filter through which
the scattered x-rays mu St pass before detection. Typical choices for the
filter for a 225 1,,V x-ray source could be 0_5 mina thick iron, 0_2 min
thick tin, or 0.75 nun thick copper. The ratio R. cif -the -unfiltered to
filtered. detector signals can be used to claaracteriice each pixel in the
backscatter image.     A. deficiency of the detector configuration shown in
FTC-. SA. is that the scatter radiation 115 and 116 (shown in PIO. 1)
incident on the front fhce of the two detectors could be quite different
due to shadowing or absorption effects in the item (or object) 110 being
scanned. For exianaple, the shape of the object might mean that the
scattered x-rays maist pass through in Ore overlying material to reach the
left (unfiltered) detector 502 than the right (filtered) detector 504. This
would cause the ratio R to have a value lower than it would otherwise have,
possibly resulting in the scattering object 113 bcing erroneously as signed
to being behind, instead or in front, of the steel higher-7 object 114_
A. preferred detector configuration is shown :in FTC. ST3_ In this
configuration, both filtered 514 and unfiltered 512 detectors are
positioned on either side of the x-ray source 102, which greatly reduces
the impact of any shadowing or absorption effects, as the aforementioned
effects influence both the filtered and unfiltered detector elements
equally.     Simulations were carried out for a 225 RV bean). illuminating
plastic targets of varying thickness behind 1 mm thick steel, at distances
of l to 7 feet_ The detectors consisted of 13FC2. in the configuration
shown in FTC_ 5173, with 0.75 mm thick copper CM the filtered detector
elements. The results are shown in Fle. 6. It can be seen that if a
threshold of R-2.75 is lased, pixels in the image corresponding to scatter
from plastic in front of the steel can be separated from scatter coining
from the bare steel, or from organic material concealed behind the steel.
This confirms, for example-, that the detector gecanetry depicted in FTC.
5.S enable an operator assist algorithm, based on segmentation, as
previously described, to sort bright regions in the image as being from
features internal to, or features external to, the steel body of a vehicle.
he described embodiments of the invention a re intended 



o be merely exemplary and thatinerons variations and modi-  ications 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     Where examples presented herein involve
specific combinations of method acts Or system elements, it should be
understood that those acts and those elements may be combined in other ways
to accomplish the same objective of x-ray inspection. Additionally, single
device features may the requirements of separately recited elements of a
claim The embodiments of the invention described herein are intended to be
merely exemplary; 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 any appended
claims.  What is claimed is    1. A method for characterizing regions
within an inspected object wherein at least one of a lower-Z scattering
material and a higher-Z scattering material lies along a single line of
sight, the method comprising: a. scanning the inspected object with
penetrating radiation emitted by a source characterized by an energy
distribution; b. detecting penetrating radiation scattered by the
inspected, object in a manner generating a first detector signal that
distinguishes between materials of higher and lower effective atomic number
under a first set of conditions with respect to the energy distribution of
the penetrating radiation; 



c. detecting penetrating radiation scattered by the inspected object in a
manner generating a second detector signal that distinguishes between
materials of higher and lower effective atomic number under a second set of
conditions with respect to the energy distribution of the penetrating
radiation; d. generating a differential image based on a function of the
first and the second detector signals; and e. determining placement of
materials of lower Z and higher Z within a single line of sight relative to
the source, based at least on the differential image.    2. A method in
accordance with claim 1, wherein scanning the inspected object with
penetrating radiation characterized by an energy distribution comprises
sequentially scanning the inspected object with penetrating radiation
characterized by a first energy distribution and a second energy
distribution.    3. A method in accordance with claim 1 or claim 2, further
comprising a step of ascertaining relative placement of a lower-Z region
with respect to a higher-Z region within the inspected object based at
least on values of respective regions within the differential image.    4.
A method in accordance with claim 1 or claim 2, wherein respective regions
are defined, in whole or in part, based upon segmentation.      5. A method
in accordance with claiim 1 or claim 2, wherein the penetrating radiation
is x-ray radiation.     6. A system for characterizing regions within an
inspected object, the system comprising: a. a source of penetrating
radiation for generating a beam of penetrating radiation; 



b. a scanner for scanning the penetrating radiation across the inspected
object; c. an energy discriminating means for distinguishing scattered
penetrating radiation detected under a first set of conditions with respect
to an energy distribution of scattered penetrating radiation and under a
second set of conditions with respect to an energy distribution of
scattered penetrating radiation; d. an image generator for generating a
first image based. on a hinction of the radiation detected under only one
ofthe first and second set of conditions with respect to the energy
distribution; and. e. a difference image generator for generating a
differential image based on a function of the radiation detected under the
first set of conditions and the radiation detected. under the second set of
conditions with respect to the energy distribution.    7.A system in
accordance with claim 6, wherein the energy discriminating means comprises
a. a first detector characterized by a first response distribution as a
function of detected energy and b. a second detector characterized by a
second response distribution as a function of detected energy.    8 A
system in accordance with claim 6, wherein the source of penetrating
radiation is an x-ray tube.     9. A system in accordance with claim 7,
wherein the first and second detectors are disposed on respective sides of
the source of penetrating radiation.     10. A system in accordance with
claim 7, wherein the first and second detectors are disposed on each side
of the source of penetrating radiation. 


