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(57) Abstract: An apparatus and method are described for obtaining radiation interaction data from an object to enable better de-
termination of the composition of the object. A radiation source and a radiation detector system are used to collect both transmit-
ted and scattered radiation, preterably including radiation from at least one forward scatter mode. The detector system is capable
of detecting and collecting spectroscopically resolvable information about incident radiation. Each intensity dataset is resolved
across at least three of energy bands within the spectrum of the source, and this data may then be processed numerically to enable
better determination of the composition of the object.



10

15

20

25

30

WO 2010/070327 PCT/GB2009/051705

APPARATUS AND METHOD FOR CHARACTERISATION OF
MATERIALS

The invention relates to an apparatus and method for the characterisation

of materials.

The invention in particular relates to an apparatus and method making use
of high energy radiation such as x-rays or gamma-rays to scan objects
where it is desirable to gain information about their internal contents and/

or composition.

The invention is useful in particular in relation to circumstances where it
might be desirable to gain information about the internal contents and/ or
composition of an object, for example including an object comprising
multiple component elements or materials, contained liquid or liquid
sample etc, for example for identification purposes, for stock control or
quality control purposes, to monitor changes and especially degradation
over time, in a security or like situation for the detection of dangerous or
prohibited materials, for example to screen baggage for entry into or exit

from a restricted area.

X-ray absorption has been used as the basis for screening objects both to
create some form of representational image of the contents or components
thereof relative to each other in three-dimensional space and to obtain
some indication of likely composition. The thicker or more dense an object
is then the more it will attenuate an x-ray beam. By use of suitable
detectors and a suitable source, radiographs of an item under screening in
the form of images based on the absorption of an object or set of objects

can be generated.
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It is known that spectroscopic information from transmitted x-rays could be
used to give additional information about the material content of the
objects or components being scanned. It is known that the x-ray
absorption properties of any material can vary spectroscopically, and that
this effect depends in particular on atomic number. This has led to
development of dual-band or dual-energy detectors which are capable of
separately identifying low- and high-energy bands from the full spectrum of
x-ray emissions. More recently, the development of detectors that can
resolve spectroscopic information about the transmitted x-rays more
effectively has led to the development of apparatus that discriminate
across a larger range of bands and generate a larger plurality of images.
For example US5943388 describes a system that makes use of cadmium
telluride detectors to image across at least three energy bands and

generate at least three images.

Such systems allow the presentation of transmission radiographs with
spectroscopic energy resolution, which can assist in the declutter of
extraneous information relative to that presented in broad spectrum
monochromatic images presenting merely average intensity across the
spectrum, especially where an object comprises multiple component
elements or materials in the transmission path. They do not always collect
data in such a way as to allow derivation of characteristic material

information. It is desirable to do so more effectively.

Even with this resolution, such devices can still be confused by objects
which are superimposed in the x-ray path. Moreover, they generally will
give no information concerning the crystalline or polycrystalline nature of

an object.
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Polycrystalline materials scatter x-rays and, the resulting x-ray image may
hardly detect such polycrystalline material because a very large portion of
the x-rays which have not been absorbed by the material will have been
scattered and so not received by the detector. This is unfortunate as in
security x-ray screening a number of threat items are polycrystalline in
nature, in particular plastic explosives such as CP4, RDX, PETN and
proprietary formulations thereof, drugs and the like and are therefore
difficult to detect by using conventional x-ray systems.

US5313511 outlines a system for producing separate images for the
transmitted beam detected using dual energy detectors, the backscattered
beam and the forward scattered beam. The forward and back scattered
beam images contain only intensity information and cannot be combined
with the transmission image for more accurate imaging and materials

identification.

According to one aspect of the invention there is provided an apparatus for
obtaining radiation interaction data from an object to determine information
about the composition of the object comprising:

- a radiation source and a radiation detector system spaced
therefrom to define a scanning zone therebetween and to collect in
use information about radiation incident at the detector system after
interaction with an object in the scanning zone, the detector system
being capable of detecting and collecting spectroscopically
resolvable information about incident radiation;

- wherein the radiation detector system comprises a first detector
means positioned to collect a first intensity dataset of radiation
incident thereupon after transmission through an object, and at
least one further detector means positioned to collect a further
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intensity dataset radiation incident thereupon after a scattering
interaction with an object;

- and wherein the apparatus further comprises a first data processing
module adapted to resolve said first intensity dataset across at least
three energy bands within the spectrum of the source,

- and at least one further data processing module adapted to resolve
said further intensity dataset across at least three energy bands

within the spectrum of the source.

In accordance with the invention a transmission dataset and at least one
further scattered dataset are processed by being spectroscopically
resolved across at least three energy bands within the spectrum of the
source to determine information about the composition of the object. The
further scattered dataset particularly preferably comprises a dataset of
forward scattered intensity data, collected by a suitable further detector.
The forward scattered intensity data may for example be coherently

scattered intensity data and/ or incoherently scattered intensity data.

In a possible embodiment, plural further datasets may be collected of
plural coherent and/ or incoherent forward and/ or back scattered modes.
For example, plural further detector means may be positioned to collect
plural further intensity dataset radiation incident thereupon after plural
different scattering interactions with an object, each such intensity dataset
being processed by a further data processing module as above described.
In such a case at least one of the plural further datasets is preferably a
dataset of forward scattered intensity data. The forward scattered intensity
data may for example be coherently scattered intensity data and/ or

incoherently scattered intensity data.
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The detector system is capable of detecting and collecting
spectroscopically resolvable information about incident radiation in the
sense that it is adapted to differentiate incident radiation simultaneously
into plural separate energy bands across the spectrum of the source. For
example, the detector system exhibits a spectroscopically variable
response across at least a part of the source spectrum allowing such
simultaneous differentiation of incident radiation into plural energy bands.
The data processing modules are adapted to exploit this feature of the
system so as each to resolve the resultant intensity dataset into at least
three such energy bands across the spectrum of the source.

In accordance with the invention a first detector means is positioned to
collect a first intensity dataset of transmitted radiation and at least one
further detector means is positioned to collect a further intensity dataset of
scattered, preferably forward scattered intensity data. The forward
scattered intensity data may be collected from coherently forward

scattered radiation and/ or incoherently scattered radiation.

This captures more relevant information than that by just using the
information provided by absorption (transmission) alone, even when
spectrally resolved across at least three energy bands. By combining that
data with scattered data, which is known to exist, and which is also
spectrally resolved across at least three energy bands, more information is
available in order to identify the material of interest. Both the scattered
data and the transmitted data are spectrally significant in this regard.
Combining the transmitted data with either the forward scatter or the back
scatter or even combining all three (all of which are spectrally resolved)
provides a better methodology for material identification.
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Plural scattering datasets may be collected. Further scattering datasets
may include forward scatter and/ or back scatter. For some applications it
might be desirable to use transmission and a single scatter mode such as
a single forward scattered alone, for other applications transmission with
multiple forward scatter modes and for some applications transmission
with forward and back scatter. Examples are discussed below having
these capabilities, but the generality of the invention is not limited thereby.

Thus, according to a preferred embodiment of the invention there is
provided an apparatus for obtaining radiation interaction data from an
object to determine information about the composition of the object
comprising:

- a radiation source and a radiation detector system spaced
therefrom to define a scanning zone therebetween and to collect in
use information about radiation incident at the detector system after
interaction with an object in the scanning zone, the detector system
being capable of detecting and collecting spectroscopically
resolvable information about incident radiation;

- wherein the radiation detector system comprises a first detector
means positioned to collect a first intensity dataset of radiation
incident thereupon after transmission through an object, a second
detector means positioned to collect a second intensity dataset of
radiation incident thereupon after forward scattering interaction with
an object, and a third detector means positioned to collect a third
intensity dataset of radiation incident thereupon after backward
scattering interaction with an object;

- and wherein the apparatus further comprises a first data processing
module adapted to resolve said first intensity dataset across at least
three energy bands within the spectrum of the source,
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- and a second data processing module adapted to resolving said
second intensity dataset across at least three energy bands within
the spectrum of the source,

- and a third data processing module adapted to resolving said third
intensity dataset across at least three energy bands within the
spectrum of the source.

Advantageously, the apparatus of the invention is able to generate for a
given object, and for example simultaneously or closely successively,
intensity data for both transmitted radiation and radiation scattered to at
least one scatter detector position and to resolve such data into a plurality
of energy bins. Both absorption of incident radiation and scattering of
incident radiation are characteristic material behaviour that can vary

characteristically with energy.

Although the invention is not limited by specific theory of operation,
material interactions with ionizing radiation are well known with good
predictive tools available in the literature and on the internet for carefully
controlled system geometries. For photons with energy of between 10keV
and 160keV the main contributing physical processes are the photoelectric
effect, Thompson (coherent) scattering and Compton (incoherent)
scattering. For many materials Compton (incoherent) scattering will be a
particularly important forward scatter mode,

It follows that it is in principle possible to analyse either or both energy-
resolved intensity datasets numerically and obtain from such analysis
information characteristic of the behaviour of the material(s) comprising an
object under test or a component thereof which can be linked to and give
information about the composition of the object under test.
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Accordingly in a more complete preferred embodiment the first data
processing module may further comprise an analysis module to analyse
the energy-resolved first dataset across at least some of the resolved
energy bands and to derive numerically therefrom information
characteristic of the radiation absorption behaviour of the object under test
and/ or of material(s) comprising an object under test. Similarly the further
data processing module(s) may further comprise analysis module(s) to
analyse the energy-resolved further dataset(s) across at least some of the
resolved energy bands and to derive numerically therefrom information
characteristic of the radiation scattering behaviour of the object under test

and/ or of material(s) comprising an object under test.

The intensity datasets for the transmitted radiation, and for the at least one
mode of scattered radiation, preferably including forward scattered
radiation and for example in the preferred case forward scattered radiation
and back scattered radiation, are preferably resolved into respective plural
energy bins one or more of which are closely corresponding and for
example substantially identical.

The intensity datasets for transmitted radiation, and for scattered radiation
and for example in the preferred case forward scatter radiation and back
scatter radiation can be combined to give more detailed information about
material composition or to give a more detailed image of the contents or
composition of an object. Information may be combined in this way from
any combination of datasets across any combination of energy bins. The
combination is particularly facilitated where the datasets are resolved into
energy bins at least some of which are closely corresponding in extent and
for example substantially identical. Thus, the analysis module preferably
comprises means to analyse plural energy-resolved datasets together

numerically across one or more of the resolved energy bands to derive
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numerically from such combination analysis information characteristic of
the radiation scattering behaviour of the object under test and/ or of
material(s) comprising an object under test.

Similarly, if the apparatus is further modified for generation of images
based on plural energy-resolved datasets, these may comprise
combination images made up of a representation of intensity from plural
energy-resolved datasets combined across at least some resolved energy
bands. The apparatus preferably comprises an imaging module to
generate images based on the plural energy-resolved datasets, and in
particular to generate such combination images.

It follows by analogy in accordance with a further aspect of the invention

that the invention provides:

a method of obtaining radiation interaction data from an object to

determine information about the composition of the object comprising the

steps of:

- providing a radiation source and a radiation detector system spaced
therefrom to define a scanning zone therebetween, the detector
system having a first and at least one further detector means
capable of detecting and collecting information about incident
radiation resolvable spectrally across at least a part of the spectrum
of the source;

- placing an object in and for example causing an object to move
relative to and thereby into/ through the scanning zone;

- positioning the first detector means to collect a first intensity
dataset of radiation incident thereupon after transmission
through the object and collecting such a dataset;
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positioning the at least one further detector means to collect a
further intensity dataset of radiation incident thereupon after a
scattering interaction with the object and collecting such a dataset;
resolving said first intensity dataset across a plurality of and
preferably at least three energy bands within the spectrum of the
source and preferably further numerically processing the resolved
data to derive therefrom information characteristic of the radiation
absorption behaviour of the object under test;

resolving said further intensity dataset across at least three energy
bands within the spectrum of the source and preferably further
numerically processing the resolved data to derive therefrom
information characteristic of the radiation scattering behaviour of

the object under test.

Preferably, plural further datasets are collected from plural further

detectors, for example including forward scatter and/ or back scatter. For

some applications it might be desirable to use transmission and forward

scatter, for other applications transmission with back scatter and for some

applications transmission with forward and back scatter.

Thus, it also follows by analogy that in accordance with a preferred

embodiment the invention provides:

a method of obtaining radiation interaction data from an object to

determine information about the composition of the object comprising the

steps of:

providing a radiation source and a radiation detector system spaced
therefrom to define a scanning zone therebetween, the detector
system having first, second and third detector means capable of
detecting and collecting information about incident radiation
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resolvable spectrally across at least a part of the spectrum of the
source;

placing an object in and for example causing an object to move
relative to and thereby into/ through the scanning zone;

positioning the first detector means to collect a first intensity
dataset of radiation incident thereupon after transmission

through the object and collecting such a dataset;

positioning at least one second detector means to collect a second
intensity dataset of radiation incident thereupon after a forward
scattering interaction with the object and collecting such a dataset;
positioning at least one third detector means to collect a third
intensity dataset of radiation incident thereupon after back
scattering interaction with the object and collecting such a dataset;
resolving said first intensity dataset across at least three energy
bands within the spectrum of the source and preferably further
numerically processing the resolved data to derive therefrom
information characteristic of the radiation absorption behaviour of
the object under test;

resolving said second intensity dataset across at least three energy
bands within the spectrum of the source and preferably further
numerically processing the resolved data to derive therefrom
information characteristic of the radiation scattering behaviour of the
object under test;

resolving said third intensity dataset across at least three energy
bands within the spectrum of the source and preferably further
numerically processing the resolved data to derive therefrom
information characteristic of the radiation scattering behaviour of the
object under test.
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Preferred method features will be inferred by the skilled person analogy
with preferred apparatus features described herein and vice versa.

It is the purpose of this present invention to make use of both absorbed
and scattered radiation information, preferably including at least one
forward scattered mode and for example plural forward scattered and/or
back scattered modes as a means of providing a more accurate materials
identification capability. Preferably, data is numerically processed in a
combined manner from a suitable combination of datasets across a
suitable combination of energy bins. The combination is particularly
facilitated where the datasets are resolved into closely corresponding

energy bins.

The object is to generate intensity datasets from which composition-
specific information can be derived numerically, rather than merely to

generate data for imaging.

The apparatus thus requires only a simple beam geometry, and for
example can be operated with a source collimated to produce a simple
pencil beam of incident radiation. The use of a simple apparatus
consisting of a collimated pencil beam of x-rays incident upon a single,
energy selective detector is all that is required to see how the intensity of
the x-ray beam varies with energy when the beam passes through an
object. In the preferred case the apparatus comprises a collimator to
collimate the source radiation to produce an emitted pencil beam and the

method comprises the use of such a beam.

The derivation of composition-specific information is made possible in that
a user of the invention is able to collect, by means of a single apparatus

and/ or in accordance with the foregoing method, and preferably
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simultaneously or at least closely successively, intensity data both for
radiation from the source directly transmitted through the object and for
radiation from the source scattered by the object. Moreover, each of these
sets of data is resolved into an energy-resolved dataset across at least
three energy bands. The resolved datasets may be processed numerically
both separately and in combination, for example by combining at
corresponding energy bins, to give better material characterisation.

The first detector means of the apparatus of the invention collects
transmitted radiation. Further detector means collect scattered radiation
from one or more scattering interactions. For example a second detector
means detects forward scatter and/ or a third detector means detects back
scatter. The second detector means is placed so that the detector is at a
measurable angle/ position from an object-source line to detect forward
scatter. This allows intensity data to be collected for a given scatter
geometry. This is resolved by the second data processing module across
a plurality of energy bands. The third detector means is provided between
the x-ray source and the object so that the detector is at a measurable
angle/ position from the object-source line to detect back scatter. This is
resolved by the third data processing module across a plurality of energy
bands. The resolved energy bands of the second and third data
processing modules largely correspond to the energy bands of the first
data processing means.

The energy of the forward scattered photons is given by Epn = hc/ A where
h is Planck’s constant and c is the speed of light. In accordance with the
invention, the variation of intensity with wavelength and geometry can be
determined for a transmitted or scattered intensity dataset. Material

interactions with ionizing radiation are well known and established
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numerically relationships can be used whereby material composition

information can be derived numerically from the energy-resolved dataset.

It should be understood that where reference is made hereinabove to a
detector system comprising first and further, and for example first, second
and third detector means this suggests no more than that an apparatus in
accordance with the invention provides a detection capability in a first
position in a direct line with source and object to measure transmitted
radiation intensity, and at least one detection capability out of such direct
line to measure scattered intensity, for example in the preferred case at at
least one forward scattered position and more preferably two further
detection capabilities out of such direct line to measure scattered intensity
at at least one forward scattered position and at least one back scattered
position.

In particular, there is no requirement for a first and second detector means
for detecting the transmitted beam and forward scatter to be physically
discrete and separate structures. The invention would also for example
encompass a single composite detector system for the first and second
detector means in which areas or parts of the composite detector were
integrally provided both for detection of directly transmitted and offline
scattered radiation. Such a detector could collect both transmitted and
forward scattered information simultaneously. Similarly, the invention
could encompass a single detector for the first and second detector means
which built up both the first and the second dataset closely successively
by an appropriate raster scan. What is necessary in such a case is that the
apparatus includes, in some form, a means in a direct line with source and
object to measure transmitted radiation intensity, at least one further
means out of such direct line (and at a measurable angle thereto) to

measure forward scattered intensity, and in the preferred case at least one
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further means out of such direct line (and at a measurable angle thereto)
and between the source and the object to measure back scattered
intensity. Any third detector means for detecting back scatter will typically
be a physically discrete and separate structure.

Similarly, first and further data processing modules, analysis modules etc
may be comprised in a single apparatus, in particular to facilitate
combined processing of first and further intensity datasets.

As is well understood, both the absorption properties (and hence the
transmitted intensity for a given energy) and the scattering behaviour (and
hence the intensity collected in the second and third datasets at given
forward scatter and back scatter patterns of intensity for a given energy
bin) vary systematically and in an manner related to incident radiation
energy for different materials according to known physical laws such as
those given by example below. The apparatus or method of the invention
above described thus collects energy-resolved datasets, both for
transmitted intensity via a first detector means, and for scattered intensity
via a further detector means, and for example for forward scattered
intensity at at least one second detector position via a second detector
means and for back scatter intensity at at least one third detector position
via a third detector means, from which it is inherently possible to derive
compositional information in accordance with and by application of such
known physical laws.

The precise apparatus features and/or methods by which the data is
subsequently processed are not specifically limiting to the invention. Itis
sufficient for the present invention that such energy-resolved data
representative of both transmitted and scattered, and for example, forward

scattered and back scattered radiation is collected for a single object
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either simultaneously or closely successively in this manner. Examples of
suitable numerical relationships, and of suitable numerical processing
algorithms, are given below but do not limit the invention in its broadest
scope.

A detector system in accordance with the invention, and/ or each of the
first and further detector means, may comprise a single linear or area
detector or a plurality of discrete detector elements making up a multi-
element system. An area detector may be made up of a 2-D array of
discrete detector elements and/ or of a 2-D array of separately
addressable pixels on a compound element. A linear detector may
comprise a linear array of discrete detector elements and/ or an array of
separately addressable pixels on a linear compound element. A detector
may be capable of resolving incident radiation spatially so as to collect at
least the first and second datasets of intensity information by any

combination of inherent spatial resolution as above and raster scanning.

In a preferred embodiment, the detector system comprises at least one
linear detector (which term includes a linear detector array) wherein a first
portion of the linear detector is in direct line with the source and object
under test to collect transmitted information (and constitutes a separately
addressable first detector means), and the remainder of the detector is off
this direct line so as to collect forward scattered radiation (and is thus a
separately addressable second detector means as above defined). The
remainder of the detector collects scattered radiation at at least one and
preferably a plurality of scatter positions and is thus a second detector
means as above described. A further, third detector means is preferably
provided between the source and the object and out of such direct line
between the source and the object (and at a measurable angle thereto) to
collect back scattered radiation.
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In one possible embodiment the linear detector comprising the first and
second detector means extends outwardly from a first position in direct line
with the source and object under test in both directions to define such
second detector means. In an alternative arrangement a linear detector
extends outwardly from the first position in direct line with the source and
object under test in one direction only. In either instance, the outwardly
extending part of the linear detector preferably comprises a plurality of
separately addressable second detector means, for example a plurality of
discrete elements or separately addressable areas, from which intensity
information can be obtained for a corresponding plurality of scatter
positions.

Considering the operation of such a detector, comprising the first and
second detector means, in conjunction with the preferred embodiment of
source radiation, comprising a source collimated to produce a pencil
beam, it can be the seen that the interaction of radiation from the source
incident with the object will produce a transmitted intensity, directly related
to the absorption characteristics of the object, impinging upon a central
first portion of the detector array, with cones of forward scattered radiation
extending outwardly therefrom, and separately detectable at various
scattered positions by the plural second areas. In the preferred case
additionally back scattered radiation extending outwardly back from the
object towards the source is separately detectable at various scatter

geometries by the single or plural third detector areas.

Alternatively, the same result could be achieved if the detector systems
comprising the first and second detector means for measurement of
transmission and forward scatter beams comprised an area array of

discrete detector elements or separately addressable detector portions
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with a central area detecting transmitted radiation and areas extending
outwardly therefrom detecting forward scattered radiation at various
scatter angles.

The radiation source is capable of producing broad spectrum emission
over a wide range of energies within a desired operating bandwidth. The
radiation source preferably comprises a source to deliver high-energy
radiation such as ionizing radiation, for example high energy
electromagnetic radiation such as x-rays and/ or gamma rays, or
subatomic particle radiation, and the detection system is adapted
correspondingly to detect radiation in this spectrum. The radiation source
for example is a broadband x-ray or gamma-ray source capable of
producing broad spectrum emission over a wide range of x-ray or gamma-

ray energies.

The source may be a single broad spectrum source across which a
plurality of bandwidths or single energies may be identified. For example
the source may be a single broad spectrum x-ray source. Alternatively or
additionally sources may be provided having narrow bandwidths or
generating incident radiation at one or more discrete energies to provide
some of the energies for comparison in accordance with the method of the
invention. In this case the radiation source is a plural source comprising a
combination of sources at different energies to provide the necessary total
spectrum spread to allow resolution by the detector across a plurality of

energies/ energy bands.

For example a plural source comprises an x-ray source having a relatively
lower energy spectrum, for example operating below 60 keV and for
example at 10 to 50 keV and one or more radioisotope sources generating
radiation at higher energies, for example above 100 keV.
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The source is preferably capable of generating a sufficiently broad
spectrum of radiation to enable the spectral resolution necessary for the
performance of the invention. Preferably the source generates radiation
across at least one or more parts of the range of 20 keV to 1 MeV, and
more preferably across at least a part, and for example a major part, of the
range of 20 keV to 160 keV. For example the source generates radiation
ranging across at least one bandwidth of at least 20 keV within the given
range. For example the spectrum is such that at least three 10 keV bands
can be resolved within that range.

A collimator is preferably provided to produce an emitted beam of suitable
geometry from the source. The geometry of the emitted beam will
determine the most useful geometry of the detector system. At its
simplest, particularly if the apparatus is being used purely to collect
spectrally resolved transmission data for the purposes of deriving
numerically an indication of mass attenuation coefficient, a simple,

effectively one dimensional “pencil” beam may be provided.

The invention exploits the principles of multispectral resolution to gather
useful information that can be related to the composition of an object in a
scanning zone. The detector system is adapted to generate spectroscopic
information about the transmitted or scattered radiation. That is, the
detector exhibits a spectroscopically variable response across at least a
substantial part of the spectrum of the radiation of the source allowing
spectroscopic information to be retrieved. Intensity data over a plurality of
energy bands are resolved.

Moreover, instead of merely using this to generate plural band

multispectral images of the object, which can give only limited indicative
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information about composition, the dataset is analysed numerically by
processing energy-resolved information to obtain a comparative numerical
result that represents in quantified manner a result dataset of data that is
more specifically characteristic of an aspect of the composition of the

object than could be achieved by a mere multispectral image.

The detector system is adapted to generate spectroscopic information
about the transmitted radiation at least to the extent of resolving at least
three and more preferably at least five energy bands. It may be
convenient to resolve the output into 8 or 16 such energy bands.

So long as at least three specific energy bands are resolved, the
bandwidth of each is not directly pertinent to the invention and useful
results can be obtained by any suitable approach to dividing the spectrum,
either in whole or in part, into separate bands. For example, the entire
spectrum or a substantial part thereof may simply be divided between
such a plurality of bandwidths, and each data item be considered as a
measure representative of intensity across the entire band, and for
example an average intensity. Alternatively, a plurality of relatively wide
bands, but with discrete gaps therebetween, may be envisaged and
analysed on the same basis. Alternatively, “bands” may be narrow even
to the point where they essentially approximate to an evaluation of
intensity at a single energy. As used herein the concept of intensity at an
energy “band” includes evaluation of intensity at such a discrete single
energy as well as evaluation of intensity at an energy across a narrow or
broad bandwidth. Broad bands may be preferred for transmitted
radiation, and narrow bands to identify a particular scatter mode.

It is necessary that the detector systems are enabled to detect radiation in

a manner which is spectroscopically resolvable by the data processing
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apparatus. Preferably, a detector system exhibits a spectroscopically
variable response across at least a substantial part of the spectrum of the
radiation source allowing detailed spectroscopic information to be
retrieved. Preferably, a detector system, or some or all discrete detector
elements making up a multi-element system, may be adapted to produce
spectroscopic resolution in that it exhibits a direct spectroscopic response.
In particular a system or element is fabricated from a material selected to
exhibit inherently as a direct material property a direct variable electrical
and for example photoelectric response to different parts of the source

spectrum.

For example, the detector systems or elements comprise a semiconductor
material or materials preferably formed as a bulk crystal, and for example
as a bulk single crystal (where bulk crystal in this context indicates a
thickness of at least 500 um, and preferably of at least 1 mm). The
materials making up the semiconductor are preferably selected from
cadmium telluride, cadmium zinc telluride (CZT), cadmium manganese
telluride (CMT), germanium, lanthanum bromide, thorium bromide. Group
II-VI semiconductors, and especially those listed, are particularly preferred
in this regard. The materials making up the semiconductor are preferably
selected from cadmium telluride, cadmium zinc telluride (CZT), cadmium
manganese telluride (CMT) and alloys thereof, and for example comprise
crystalline Cdi.a+pMnaZn,Te where a+b <1 and a and/ or b may be zero.

It will be understood that although reference is made herein for
convenience to the scanning of an object this should not be considered to
limit the application of the invention to the scanning of single homogenous
objects. Indeed, for many envisaged applications, an “object” is likely to
consist of multiple heterogeneous materials and/or to be a container or

other agglomeration of multiple articles, so that any transmitted radiation
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path is likely to pass through multiple different materials having varied
properties. One of the particular advantages of the invention is that it can

facilitate resolution of such varied materials.

At its most basic, the invention enables the numerical derivation of an
improved indication of identification of materials from collected data based
on characteristic transmission/ scattering behaviour across different
resolved parts of the spectrum. No particular beam geometry is mandated.
It is not necessary to generate an image. The invention does not exclude
the possibility that the invention forms part of and supplements the
information offered by a scanning imaging system, but does not require

this extra complexity.

In some instances it may be preferable that the invention forms part of and
supplements the information offered by a scanning imaging system. In
accordance with this possible embodiment, datasets of information about
radiation incidence collected at the detector means are used to generate
an image of an object in the scanning zone. In particular, in a possible
mode of operation, a combination image is generated combining each
dataset resolved spectroscopically across a plurality of frequency bands
within the spectrum of the source. If such a mode of operation is desired,
an image creation module may be provided to create an image from such
intensity datasets, and an image display may be provided to display the

image.

Information pertinent to characteristic material data inherent in the
transmitted dataset for a given scanning event, and hence the material
composition of an object or objects in a transmission path, can be
obtained by a single scanning event, for example of a stationary object
being scanned by a single beam of appropriate geometry, for example a
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pencil beam or conical beam. In such circumstance the method merely
includes placing the object in a scanning zone to obtain such a single scan
and single dataset of data of information about radiation incident at the

detector. Such a simple arrangement will often be preferred.

Optionally, the apparatus is adapted to collect in use transmission and
scattered intensity data with an object in a single scanning position and for
example includes a means to retain an object in a scanning position such
as a receptacle into or a platform onto which an object can be placed.
Additionally or alternatively it may include a conveyor to convey an object

into and out of such scanning position.

In a more complete embodiment of the invention, each of the first and
further energy-resolved intensity datasets is processed numerically in
association with a suitable relationship by which expected intensity can be
related to some aspect of material composition to produce an output result
which is indicative of the material composition. In a particularly preferred
embodiment, the numerical analysis step of the method, and by analogy
the associated module of the apparatus, processes transmitted data and
scattered data simultaneously to derive a more accurate indication of

composition.

For example, energy-resolved intensity data is processed numerically in
such a manner as to allow the extraction from the dataset of a material
constant or like characteristic material physical property. Such a material
constant or like property may be compared with a suitable data library, for
example comprising a library of such data for likely constituent materials,
particular target materials etc. Preferably, an apparatus in accordance
with this embodiment of the invention comprises a numerical analysis

module to effect the said numerical analysis step, a data register
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comprising such a data library, and a comparator module to effect the
comparison step between an output result and data in the data library to

establish an indication of material composition.

The invention allows identification of materials from collected and
spectrally resolved transmission and scattered data based on a numerical
analysis that provides, for example with reference to a suitable data library
of characteristic spectrally resolved transmission/ scattering data based on
equivalent numerical analysis for at least one and preferably a range of
target materials and/ or objects likely to be encountered in a given
application, an indication of material content. The data library may
comprise information in any suitable form which can be related in a
numerical manner to the product of a numerical analysis of intensity data
collected across the resolved energy bands in accordance with the
invention. The data library may include standard preset reference
materials and/or user input reference materials and/or reference data may
be generated from known materials in accordance with the foregoing
method. That is, a library of data may be built up by the system, which
can in effect “learn” material characteristics, over time. The data library
may comprise electronically stored data and/or data stored on a hard
medium, such as a printed resource, and may be held and accessed
locally and/or remotely, manually and/or automatically, none of which is
directly pertinent to this embodiment of the method of the invention.

It will be understood generally that a numerical step in the method of the
invention can be implemented by a suitable set of machine readable
instructions or code. These machine readable instructions may be loaded
onto a general purpose computer, special purpose computer, or other

programmable data processing apparatus to produce a means for
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implementing the numerical step specified, and in particular thereby to
produce a calculation means as herein described.

These machine readable instructions may also be stored in a computer
readable medium that can direct a computer or other programmable data
processing apparatus to function in a particular manner, such that the
instructions stored in a computer readable medium produce an article of
manufacture including instruction means to implement some or all of the
numerical steps in the method of the invention. Computer program
instructions may also be loaded onto a computer or other programmable
apparatus to produce a machine capable of implementing a computer
executed process such that the instructions are executed on the computer
or other programmable apparatus providing steps for implementing some
or all of the numerical steps in the method of the invention. It will be
understood that a step can be implemented by, and a means of the
apparatus for performing such a step composed in, any suitable

combinations of special purpose hardware and/ or computer instructions.

The invention will now be described by way of example only with reference

to the accompanying drawings in which:

- figure 1 is a schematic representation of an apparatus in
accordance with an embodiment of the invention set up to scan an
object and obtain both transmitted and scattered radiation;

- figures 2 and 3 illustrate possible arrangements of linear array
detectors;

- figure 4 illustrates in plan view a possible arrangement in a
detection zone for detection of transmitted and forward scattered
radiation;

- figure 5 illustrates in plan view a possible arrangement in a

detection zone for detection of back scattered radiation;
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- figure 6 is a schematic representation of a data processing
apparatus in accordance with an embodiment of the invention;

- figure 7 shows the source spectrum and energy bands for data
processing in accordance with an embodiment of the invention;

- figure 8 shows a photon cross-section for water as a function of
energy comparing the effects of the photoelectric effect, Thompson
(coherent) scattering and Compton (incoherent) scattering;

- figure 9 shows transmission curves for 100mm water.

Referring to figure 1, a suitable x-ray source 1 is used to direct x-rays via a
scanning zone in the direction of a detector 4.

The detector 4 comprises material capable of spectroscopic resolution of
incident x-rays, and in the specific example comprise cadmium telluride
although the skilled person will appreciate that other material selections
may be appropriate. To exploit this spectral resolution, the x-ray source 1

emits x-ray across a broad energy spectrum.

The radiation source 1 must produce a distribution of energies across a
suitable spectral range for characteristic scattering, and is typically an x-
ray source. Tungsten is the most appropriate target, but others could be
used.

Alternatively, use may be made of a plural source. In an example this
could be an x-ray source collimated to produce a pencil beam with a
designed spectrum of operation of around 10 to 50 keV and at least one
higher energy radioisotope source, for example at above 100 keV. In the
example a 122 keV cobalt-57 source is provided.

Discrete multiple sources and detectors may be provided.
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The x-ray source 1 is suitably collimated to produce a primary pencil beam
11. This primary beam 11 is directed at an object 9. A detector apparatus
4 is provided on the opposite side of the object in a detection zone DZ.

Radiation received at the detection zone is affected by interaction with the
object in three ways in particular in the illustrated embodiment. First,
radiation is absorbed by the object 9, in particular in accordance with
equation (1) below, affecting the resultant transmitted beam 13 in a

manner which varies characteristically with incident radiation energy.

Second, radiation is forward scattered by materials making up the object
9, in accordance with. Various coherent and incoherent mechanisms, with
one or both of Thompson (coherent) scattering and Compton (incoherent)
scattering typically predominating. This produces scattering with incident
radiation being scattered in a manner characteristic of various material
properties for a given material. This is illustrated schematically in the
figure by the production of a plurality of scattered “cones” of radiation 12 at
characteristic energies and scatter geometries. The result of each
scattered cone is a circular footprint at the detection zone DZ. Scattered
cones are shown as a means of illustrating the detection of scattered
intensity at plural scatter angles in the detection cone DZ, and should not
be taken as implying a particular mechanism of scatter that necessarily
produces discrete cones of peaks of intensity.

Third, radiation is back scattered, primarily by low atomic number
elements making up the material of object 9. The radiation that is back
scattered has a characteristic angle of scatter for a characteristic energy
(wavelength) of incident radiation for a given material. This is illustrated

schematically in the figure by the production of a plurality of scattered
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“cones” of radiation 15 at characteristic energies and scatter geometries.
Again, the presentation of “cones” is for schematic illustrative purpose not
intended to imply a particular mechanism of scatter.

Detector systems in accordance with the invention, capable of detecting
forward scattered intensity and back scattered intensity resolved into a
plurality of energy bins and at a plurality of different angles of forward and
back scatter, can generate results from which information indicative of
composition of material producing the measured scatter geometry/intensity
distribution.

In Figure 1 a single pixel detector 4 is illustrated in direct transmitted
position (that is, serving as a first detector means as hereinbefore
defined). Scatter detectors are not shown. At the detection zone level DZ,
each illustrated forward scattered cone of radiation presents a circular
footprint beyond this central transmitted line. Each illustrated back
scattered cone of radiation presents a circular footprint between the
radiation source 1 and object 9. Further single pixel detectors at known
angles, or a single detector means on an appropriate scanning pattern,
can be used to collect back scattered information also.

Alternative arrangements are illustrated in Figures 2 and 3 for liner array
detectors capable of collecting three sets of data simultaneously. In figure
2 a linear array detector 14 is positioned so that one end of the array is in
line with the primary transmitted beam 13 and detects transmitted
intensity, and the remainder of the array extends outwardly at the
detection zone level to detect scattered beams 12 at a plurality of different
scattered angles. A further linear array 16 is positioned in a region
between the radiation source 1 and the object and clear of a line between
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the source and the object 9 to detect scattered beams 15 at a plurality of
different scattered angles.

In Figure 3, in an alternative arrangement, the linear array 14 is centred on
the transmitted beam 15 and extends outwardly in both directions to detect
scattered beams 17 at a plurality of different scattered positions. Further
linear arrays 16 are positioned in a region between the source 1 and the
object 9 with sufficient clearance between the arrays 16 for the incident
beam 11 to pass from the source to the object. The detectors 16 detect
scattered beams 15 at a plurality of different scattered positions.

A particularly preferred arrangement for detecting transmitted and forward
scattered beams is represented in Figure 4, in which two linear array
detectors 18 are arranged orthogonally at a scanning footprint level to pick
up information from the characteristic forward scattered radiation circles 19

in the manner shown.

A particularly preferred arrangement for detecting back scattered beams is
represented in Figure 5, in which four linear array detectors 16 are
arranged orthogonally at a scanning footprint level to pick up information
from the characteristic back scattered radiation circles 20 in the manner
shown. Clearance is provided in region 2 for the incident beam to pass
from the source to the object.

A general schematic representation of the resolution of the data collected
by the above apparatus is presented in Figure 6. An x-ray source 1 and
laterally spaced detector in the form of first detector means 21a and
second detector means 21b together with a further detector 21c¢ define a

scanning zone Z between them. In use, an object to be scanned is
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brought into the scanning zone in the usual manner, for example placed

on a suitable object platform or conveyed via a suitable conveyor.

In the illustrated example, a sample of material 9 sits in the scanning zone
Z. Anincident beam 11 from the x-ray source is illustrated. A forward
scattered beam 12 is scattered by a suitable mechanism, which might for
example be incoherent Compton scattering, and is incident upon a first
detector means 21a. The transmitted beam 13 is incident upon a detector
means 21b. A back scattered beam 15 is incident upon a detector means
21c. Detector means in the preferred embodiment comprises linear arrays

of cadmium telluride detector units.

The detector arrays 21a, b, ¢ are in data communication with a processor
22. The detector arrays are used to generate a dataset of intensity
information in familiar manner. The inherent spectral resolution of the
material in the arrays allows the processor 22 to resolve this dataset
differentially across a plurality of pre-set frequency/ energy bands in
accordance with the principles of the invention by reference to energy
band boundaries stored in the data register 23.

The source 1 generates x-rays across a relatively broad spectrum of
energy, so that this resolution may be exploited. The source 1 is preferably
tungsten source, which gives a characteristic plot of x-ray intensity (1)
versus wavelength (A) as is illustrated in Figure 7. Figure 7 illustrates how
this spectrum might be divided to operate a system in accordance with the

principles of the invention into successive relatively broad bands b1 to b5.

A calculation module 24 performs a numerical analysis in accordance with
the general principles of the invention making use of known physical

relationships that relate intensity variation to initial radiation energy
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spectrum for the variety of radiation interaction processes that affect the
transmitted and scattered intensities in a manner that varies
spectroscopically. These known relationships can be used to generate
characteristic materials property data from which it is possible to derive
information pertinent to material composition with reference to previously
stored reference data in the data register 25. The resultant data so
generated may be identified to a user of the scanning system in any
suitable way, for example via the display 27 or by another suitable alerting
system. Any of the data processing or storage elements of the apparatus,
for example including one or more of the processor 22, data register 23,
calculation module 24 and data register 25, may be provided by a suitably
programmed data processor means such as a special purpose or general

purpose computer.

A first dataset of transmitted intensity information is generated by
resolving, at least to some extent, a relationship between incident
energy/wavelength and transmitted intensity derived at a detector, or that
part of a detector array, in direct line with source and object for numerical
analysis in accordance with the principles of the invention. This data may
be numerically analysed with reference to a suitable numerical relationship
known to relate transmitted to incident intensity, in particular one which

relates to photoelectric absorption,

A second dataset of forward scattered intensity information is generated
by resolving, at least to some extent, a relationship between incident
energy/ wavelength and intensity derived at a detector, or that part of a
detector array, away from direct line for numerical analysis in accordance
with the principles of the invention. This data may be numerically analysed

with reference to a suitable numerical relationship known to relate forward
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scattered to incident intensity, in particular one which relates to Thompson
(coherent) scattering or Compton (incoherent) scattering effects,

A third dataset of back scattered intensity information is generated by
resolving, at least to some extent, a relationship between incident
energy/wavelength and intensity derived at the detector 21c in accordance
with the principles of the invention. This data may be numerically analysed
with reference to a suitable numerical relationship known to relate back

scattered to incident intensity.

The respective energy-resolved datasets may be analysed numerically
separately or together to generate composition correlatable information.

Some possible embodiments of the invention involving suitable numerical
analysis of frequency-specific datasets based on an intensity ratio analysis
to obtain a frequency-comparative dataset of quantified information
correlatable to composition will now be described in more detail. It will be
appreciated that these are examples only and that the principle of the
invention is applicable to any numerical analysis technique that will yield
quantified information correlatable to composition as a means of obtaining
useful data from a multispectral resolved dataset as an alternative to that
which could be obtained from an image alone.

In a possible numerical analysis of the first dataset, an energy-resolved
dataset is derived that comprises at least data about intensity of
transmitted radiation at a plurality of energy bands, and for example
comprises data representative of the average intensity of transmitted
radiation across a given band or at least a sufficiently representative part
thereof. A numerical analysis is carried out of at least one such pair of

datasets to produce a comparative dataset preferably by applying a
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comparative function to at least one pair of energy-specific intensity
datasets and especially average intensity datasets. More preferably yet
the numerical analysis step comprises determining an intensity ratio, and
for example an average intensity ratio (that is, a ratio of average intensities
across a given energy band or at least a part thereof as previously
defined), for at least one pair of energy-specific datasets.

Intensity ratios can represent a particularly useful quantification of the
dataset of transmitted radiation that can be particularly characteristic of

specific material composition.

Appropriate and where applicable different numerical weighting factors
may be applied to data in different frequency-specific datasets prior to or
as part of the process of any numerical comparison therebetween to
produce a suitably modified/ meaningful result dataset without departing
from the principle of the invention. Such weightings might for example
correct for intensity variations in a given source spectrum, for noise of any
kind, or for any other factor that it might be desirable to account for to

improve the numerical result.

Transmitted intensity may be described by a mass attenuation relationship
such as the Beer — Lambert Law:-

I/lo=exp [ - (b/p) pt] (1)
Where u/p = Mass attenuation
coefficient, a material constant
which is characteristic of the
weighted elemental composition
of a material

| = Final intensity
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lo = Initial intensity
p = density of the material
t = thickness of the material

The first detector means of the apparatus of the invention is placed so that
detector is in line with an object-source line to collect transmitted radiation.
This allows intensity data to be collected and resolved by the first data
processing module across at a plurality of energy bands from which
material composition information can be derived numerically from the
energy-resolved dataset by application of this law in some suitable

manner.

Accordingly, the method preferably comprises a method applying a mass
attenuation relationship such as equation (1) above, for example;
evaluating the ratio between intensity data items for at least two pairs of
energy bands in a given intensity dataset and for example each
successive such energy band to obtain a numerical indicator in functional
relationship with a mass attenuation coefficient associated with the
intensity dataset;

comparing the same with a library of data indicative of characteristic mass
attenuation coefficients, and in particular for example with mass
attenuation coefficients characteristic of target materials such as suspect
materials, in order to obtain an indication of the likely material content of
material in a transmission path producing such intensity dataset.

By analogy in this embodiment a suitable apparatus comprises:
a calculation means to evaluate the ratio between intensity data items for
at least two pairs of energy bands in a given intensity dataset and for

example each successive such energy band to obtain a numerical
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indicator in functional relationship with a mass attenuation coefficient
associated with the intensity dataset; and preferably further

a further data register to store such numerical indicator;

a data library of data indicative of characteristic mass attenuation
coefficients and in particular for example with mass attenuation
coefficients characteristic of target materials such as suspect materials;

a comparator to compare the numerical indicator with data in the library
and derive therefrom an indication of the likely material content of material

in a transmission path producing the said intensity dataset.

In accordance with the embodiment, for each such scanning event, ratios
of at least two pairs of such resolved intensity data item measurements,
and for example successive intensity data item measurements, are
obtained numerically, to provide representative information which can be
correlated to the mass attenuation coefficient necessary to produce such
an intensity pattern. Most of the variables associated with a given
scanning event are constant with respect to the frequency/energy of the
incident radiation from the source. However, the mass attenuation
coefficient varies with energy in characteristic way. By performing such a
ratio analysis on intensity data across at least three different energy bands
for a given scanning event to generate at least two ratios, data which is
representative of the functional relationship between mass attenuation
coefficient and incident radiation energy can be obtained. Thus,
inferences relating to the specific mass attenuation coefficient applicable
to the transmission path through material under test for a given scanning
event can be drawn. A comparison is then made to a suitable database of
data representative of the mass attenuation coefficient for different
materials and/or target objects to give a more representative indication of
what is being scanned.
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One of the simplest ways to eliminate the additional terms is to take a ratio
of the transmission at different energies and for example a ratio of
successive readings at a plurality of successive different energies. It can
be seen that a ratio will in principle eliminate the material thickness and
density as constant terms. This will therefore make the mass attenuation
coefficient the only remaining term that will affect the transmission ratio.

Preferably a comparison is made to a library of results. Thus, preferably,
the apparatus further comprises one or more of:

a further data register to store such comparative data; a data library of
known data for known materials; and a comparator to compare the
comparative data in the data register with data in the library and derive
therefrom an indication of the likely material content of material in a

transmission path.

The apparatus of the invention has a calculation means that effects a
comparison between at least one pair of energy-specific datasets at least
by applying a comparative function to at least one pair of frequency-
specific intensity datasets to determine an intensity ratio for at least one
pair of frequency-specific datasets to produce a frequency-comparative
dataset. The apparatus optionally further has a comparator to compare
the frequency-comparative data in the data register with data in a library.
Any suitable form of calculation means and/or comparator and/or library
combining suitable hardware and software and combining automatic and
user-input calculation steps can be envisaged. For example a calculation
means and/or comparator and/or library comprises a suitably programmed
data processing apparatus such as a suitably programmed general
purpose or special purpose computer.
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Under certain circumstances use of a mass attenuation absorption
relationship can break down due to excessive scattering of the beam as
opposed to the absorption of it. This scattered information is lost in a
simple apparatus that merely identifies transmitted intensity and it can

have the effect of hindering the materials identification process.

The invention exploits the fact that the scattering events are also generally
characteristic of the material under test according to known relationships.

Figures 8 and 9 illustrate the principles to be exploited in detecting and
processing for transmission, coherent and incoherent scatter. In the
general case, for photons with energy of between 10keV and 160keV the
main contributing physical processes are the photoelectric effect,
Thompson (coherent) scattering and Compton (incoherent) scattering. The
relative magnitudes of the scattering cross sections are illustrated for
water in Figure 8 (note that this is a Log: Log plot). There is a transition
between photoelectric and Compton scatter dominated processes at 30 to
40 keV (higher for heavier elements, e.g. 60 keV for HCI). By probing this
transition we can discover more about the material properties. Broadly
speaking the photoelectric effect is dominated by the atomic number (Z)
and so is sensitive to the elemental composition of the material. Compton
scatter is dominated by the number of electrons in the beam path and so

is sensitive to the physical density of the material.

In electron and optical microscopy subtle differences in material properties
are often exposed through dark field techniques. The main, straight
through, beam is stopped (typically via lensing or mechanical beam

stops) and the image contrast is dominated by scattered or diffracted

radiation. An analogous method for a system such as embodied by the
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present invention might be to switch the configuration from absorption
dominated to scatter dominated contrast.

The curve in Figure 9 is a calculation of the normalised transmission (I/10).
As one might expect the transmission increases as the photoelectric
interaction mean free path increases with energy. The purple curve
exaggerates the impact of Compton scatter on the transmitted intensity by
arbitrarily increasing the Compton scatter cross section. The green curve

is the scatter dominated output of a typical experimental liquid scanner.

There are several ways in which the contrast mechanism can be adjusted
to suit the measurement or multiple contrast mechanisms can be selected
in sequence. In a basic layout such as illustrated above it is possible to
use a plurality of detectors to inform of the distribution of scattered
radiation. For instance, for a cylindrically collimated beam, a detector or
separately addressable portion thereof may be provided on the main
system axis and another detector or separately addressable portion
thereof may be provided off axis. Since the signal from the former will be
absorption dominated and the latter scatter dominated, a differential
analysis would provide a useful insight on the material properties. This
scheme might be extended as above described to linear or 2 dimensional
arrays of detectors as above described for better mapping of the intensity
distribution. The general schematic might be further refined by the use of
detector collimators for preferentially selecting primary (direct) or
secondary (scattered) photons. Alternatively individual detectors or
combinations of detectors or separately addressable areas of detectors
might be selected by electronic or software switching to de-convolute the
scattered and transmitted photon signals.
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These examples illustrate the principle of the invention, whereby spectrally
resolved transmission/ scattering data is collected in a manner that may be
utilised in a numerical analysis that provides potential for a better
identification of materials present.
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CLAIMS

An apparatus for obtaining radiation interaction data from an object
to determine information about the composition of the object
comprising:

a radiation source and a radiation detector system spaced
therefrom to define a scanning zone therebetween and to collect in
use information about radiation incident at the detector system after
interaction with an object in the scanning zone, the detector system
being capable of detecting and collecting spectroscopically
resolvable information about incident radiation;

wherein the radiation detector system comprises a first detector
means positioned to collect a first intensity dataset of radiation
incident thereupon after transmission through an object, and at
least one further detector means positioned to collect a further
intensity dataset radiation incident thereupon after a scattering
interaction with an object;

and wherein the apparatus further comprises a first data processing
module adapted to resolve said first intensity dataset across at least
three energy bands within the spectrum of the source,

and at least one further data processing module adapted to resolve
said further intensity dataset across at least three energy bands
within the spectrum of the source.

An apparatus in accordance with claim 1 comprising a detector
means positioned to collect at least one dataset of radiation incident
thereupon after forward scattering interaction with an object.

An apparatus in accordance with claim 1 or claim 2 comprising a

further detector means positioned to collect a further intensity



10

15

20

25

30

WO 2010/070327 PCT/GB2009/051705

41

dataset of radiation incident thereupon after backward scattering

interaction with an object.

An apparatus in accordance with any preceding claim wherein each
data processing module is adapted to resolve its respective
intensity dataset across at least some closely corresponding energy
bands.

An apparatus in accordance with any preceding claim wherein each
data processing module further comprises an analysis module to
analyse the energy-resolved data across at least some of the
resolved energy bands and to derive numerically therefrom
information characteristic of the radiation absorption behaviour of
an object under test and/ or of material(s) comprising an object

under test.

An apparatus in accordance with claim 5 wherein the analysis
modules comprise means to analyse plural energy-resolved
datasets together numerically across at least some resolved energy
bands to derive numerically from such combination analysis
information characteristic of the radiation scattering behaviour of an
object under test and/ or of material(s) comprising an object under
test.

An apparatus in accordance with any preceding claim wherein the
detector system comprises a linear detector wherein a first portion
of the linear detector is in direct line with the source and object

under test to collect transmitted information and the remainder of
the detector is off this direct line so as to collect forward scattered

radiation.
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An apparatus in accordance with claim 7 wherein the linear detector
extends outwardly from a first portion in direct line with the source
and object under test in both directions

An apparatus in accordance with claim 7 or 8 wherein the detector
system comprises two orthogonal linear detectors.

An apparatus in accordance with any preceding claim further
comprising a further detector provided between the source and the
object and out of such direct line between the source and the object
to collect back scattered radiation.

An apparatus in accordance with any preceding claim wherein the
radiation source comprises a source to deliver high-energy
radiation selected from high energy electromagnetic radiation such
as x-rays and/ or gamma rays and subatomic particle radiation, and
the detection system is adapted correspondingly to detect radiation

in this spectrum.

An apparatus in accordance with any preceding claim further
comprising a collimator to collimate the source radiation to produce
an emitted pencil beam.

An apparatus in accordance with any preceding claim wherein the
detector system is fabricated from a material inherently capable of
exhibiting a spectroscopically variable response across at least part
of the spectrum of the source.
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An apparatus in accordance with claim 13 wherein the detector
comprises a semiconductor material selected from cadmium
telluride, cadmium zinc telluride (CZT), cadmium manganese

telluride (CMT), germanium, lanthanum bromide, thorium bromide.

An apparatus in accordance with claim 13 or 14 wherein the
detector comprises a semiconductor material or materials formed

as bulk crystal including a Group Il-VI semiconductor material.

A method of obtaining radiation interaction data from an object to
determine information about the composition of the object
comprising the steps of:

providing a radiation source and a radiation detector system spaced
therefrom to define a scanning zone therebetween, the detector
system having a first and at least one further detector means
capable of detecting and collecting information about incident
radiation resolvable spectrally across at least a part of the spectrum
of the source;

placing an object in under test into the scanning zone;

positioning the first detector means to collect a first intensity dataset
of radiation incident thereupon after transmission through the object
and collecting such a dataset;

positioning the at least one further detector means to collect a
further intensity dataset of radiation incident thereupon after a
scattering interaction with the object and collecting such a dataset;
resolving said first intensity dataset across at least three energy
bands within the spectrum of the source;

resolving said further intensity dataset across at least three energy
bands within the spectrum of the source.
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A method in accordance with claim 16 comprising the step of
positioning a detector means to collect at least one dataset of
radiation incident thereupon after forward scattering interaction with

an object.

A method in accordance with claim 16 or 17 comprising positioning
a further detector means to collect a further intensity dataset of
radiation incident thereupon after backward scattering interaction

with the object.

A method in accordance with one of claims 16 to 18 comprising the
further step of numerically processing the resolved data of each
intensity dataset to derive therefrom information characteristic of the
radiation absorption and/or scattering behaviour of the object under
test.

A method in accordance with claim 18 wherein each resolved
intensity dataset is processed numerically in association with a
suitable relationship by which expected intensity can be related to
some aspect of material composition to produce an output result

which is indicative of the material composition.

A method in accordance with claim 20 wherein transmitted data and
scattered data are simultaneously processed numerically to derive

a more accurate indication of composition.
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