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METHOD AND APPARATUS FOR IDENTIFICATION AND DETECTION OF

LIQUIDS

The invention relates to a method and apparatus for the identification and

detection of liquids, especially within containers.

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 the internal contents and/ or

composition of a contained liquid. The invention may further relate to a

method and apparatus that operates by or in conjunction with the generation

of an image of the material, but is not limited to such imaging.

The invention is particularly useful in relation to use in a security or like

situation for the detection of contraband liquid materials, for example

explosives or other dangerous or prohibited materials. A particularly

significant example of such used is in the screening of airline baggage for

explosives. The invention is discussed below by way of example in such a

context. However the invention is not limited to security applications but can

be applied in all circumstances where it might be desirable to gain

information about the internal contents and/ or composition of a contained

liquid or liquid sample, for example for identification purposes, for stock

control or quality control purposes, to monitor changes and especially

degradation over time, and other applications.

Considering the security application, even small amounts of explosive

material have the potential to destroy aeroplanes in flight, as seen in the

destruction of Pan Am flight 103 over Lockerbie in 1989. Airport security must

therefore ensure that essentially no explosive or otherwise dangerous



material is allowed on board any aircraft. The invention is therefore

directed in particular at the detection of potentially dangerous liquids, such or

flammable or explosive liquids, at these relatively low aviation threat

quantities. It is also concerned with detection and identification of

contraband, prohibited or dangerous liquids in similar security situations

where similar relatively small volumes, which may be concealed, for example

in hidden containers, or by mixing with other liquids, are of concern.

Various strategies are employed in order to achieve this goal. Amongst the

most important in an airline security context are the screening of hold

baggage using x-ray machines that have automated explosive detection

capability and the limitation of liquid volumes in cabin baggage to below a

perceived significant aviation threat level but to the inconvenience of the

passenger.

Many techniques and technologies have been proposed for creating

machines that can automatically detect explosives. Techniques generally

include x-ray diffraction, x-ray scattering, Mossbauer spectroscopy and NQR

although not all of these are suited to detection of suspect liquids. However

the only technology accepted by the TSA (Transportation Security Agency:

US government) is one that utilises a computerised tomography (CT)

approach to identifying materials.

Whilst these machines perform the desired role, there are a number of areas

that need to be improved. The most important failing of these machines is

that they have high false detection rates, for example between 15 and 30% of

submitted articles. Any articles that are deemed to be suspicious have to go

on for further screening and so the high false alarm rates greatly limits the

productivity of these machines.



Prior art machines take scans of the baggage at different angles and by

looking at the x-ray transmission image they analyse the intensity of the

beam produced by the materials within the baggage. To maintain adequate

throughput the scanning processing is typically much reduced when

compared to medical applications where a volume rendered image is

desired. The method relies on the building up of an empirical database of

suspect material and a comparison of the intensity of information produced

by the materials in the baggage with the database thus making it possible to

identify potentially dangerous material. However, there are limitations to the

extent to which such data can characterise material as such.

The transmission of x-rays through a material can be given by the

exponential attenuation law, as follows:

I / Io = exp [ - (µ/p) pt] (1)

µ/p = Mass attenuation coefficient. A

material constant which is

characteristic of the weighted

elemental composition of a material

I = Final intensity

Io = Initial intensity

p = density of the material

t = thickness of the material

The approach taken in the CT methodology is to vary the path taken by the x-

rays through the baggage. This effectively changes the thickness of the

material, the term 't' in the equation. Thus by looking at the variation in the x-



ray transmission deductions can be made about the mass attenuation

coefficient and the density of the material. These two parameters are

characteristic of different materials and so materials identification becomes

possible.

One of the problems is that more than one material will be in the system path

and so the results of combinations of materials needs to be determined. This

is feasible again by using the database of information and sophisticated

algorithms.

In addition, as the beam direction changes, the relative amount of each

material in the x-ray path will also change. This adds yet more uncertainty

and attempts to minimise the uncertainty caused by this are made by looking

at surrounding pixels and comparing intensities and extrapolating possible

scenarios.

Finally the density term and mass coefficient term are convoluted adding

further difficulties but again this can be minimised by measuring this

convoluted term empirically and keeping a database of information.

It can be seen that there are many reasons for the high false alarm rates

given by these machines. Despite much work to improve matters, it is

unlikely that improvements will be able to be made as there are so many

fundamental uncertainties in the measurements that are made.

US5367552 is an early example of a system using CT type scanning to

detect explosives. This reference illustrates the reduction in typical scans

used by the technology in an explosives detection field.



A number of sources have suggested use of the above relationship

numerically to derive mass attenuation terms as an aid to materials

identification.

US5319547 describes using two monochromatic x-ray sources and looking at

relative ratios in order to identify materials from the differences in their

transmission values.

US5768334 uses a single x-ray source but altered the output energy by

spinning a filter wheel of different materials through the beam. It then

described use of comparative techniques to determine whether the sample

under inspection contained any of the component materials in the filter wheel.

The technique is limited by the number of materials that can be placed in the

filter wheel and it is also slow as a signal needs to be obtained across each

part of the filter wheel.

US6018562 uses multiple x-ray tubes running at different powers with

suitable multiple detectors. The broadness in the energy of the beams in

each tube means that the precision in the determination of the mass

attenuation coefficient is limited which also compromises the ability to

distinguish similar materials.

WO2005/009206 tackled the problem of gaining x-ray photons of different

energies by varying the power going into an x-ray source. This has the

advantage of being able to produce x-rays at many different power levels and

hence at different energy spectrums. However the problem of the width of the

energy band remains. It is also a slow approach as spectrum across the

power source range defined needed to be collected at each point of the

sample.



All of these methods have in common the selection of energy upstream of the

detector, for example at the source, by provision of multiple sources and/ or

additional filters, multiple detectors tuned for different energies etc.

X-Ray absorption has also been used for some time as the basis for

screening objects to create some form of representational image of the

contents or components thereof relative to each other in three-dimensional

space. 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. In airline security

applications, the principle is encountered in particular in relation to hand

baggage scanners. X-ray imaging might also be used in principle as a

supplementary system for hold baggage (the reduced CT scan of the

detection application being limited as regards imaging capability) but this is

less common.

It is an object of the present invention to mitigate some or all of the above

disadvantages of prior art scanning systems and methods.

It is a particular preferred object of the present invention to provide a method

and apparatus for scanning of liquids (either as an identified liquid sample or

an object suspected of containing or being screened for the presence of a

liquid sample), and especially of containers of multiple objects or objects

comprising multiple components, which provides information about their

composition.



It is a particular preferred object of the present invention to provide a method

and apparatus for scanning of liquids (either as an identified liquid sample or

an object suspected of containing or being screened for the presence of a

liquid sample) which derives direct and numerical information correlating to

liquid composition from the dataset itself.

Therefore, according to one aspect of the invention there is provided a

method of obtaining radiation data useful for the identification and detection

of composition of a liquid comprising the steps of:

providing a radiation source such as an x-ray or gamma-ray source and a

radiation detector system such as an x-ray or gamma-ray detection system

spaced therefrom to define a scanning zone therebetween, the detector

system being capable of detecting and collecting spectroscopically resolvable

information about incident radiation;

collecting one or more datasets of intensity information about radiation

incident at the detector system and hence interaction of a liquid sample

(which term includes an object suspected of containing or being screened for

the presence of a liquid sample) in the scanning zone with incident radiation

at at least one and preferably a plurality of scanning positions, and optionally

also generating an image of the liquid sample or object in the scanning zone,

from radiation received at the detector system after interaction with and for

example after transmission through the liquid sample or object;

resolving each said intensity dataset across at least three frequency bands

within the spectrum of the source to produce an intensity data item for each

band;

evaluating a numerical relationship and for example the ratio between

intensity data items for at least two pairs of such frequency bands in a given

intensity dataset and for example each successive such frequency band to

obtain at least one numerical indicator in functional relationship with a



characteristic physical material property such as a material coefficient

associated with material interaction with the source radiation that varies

functionally with radiation energy and for example a mass attenuation

coefficient associated with radiation interaction and thus with the intensity

dataset;

comparing the same with a library of data indicative of such characteristic

physical material property for a range of potential component liquids, and in

particular for example with such physical material property characteristic of

target liquids such as suspect liquids, in order to obtain an indication of the

likely composition of the liquid sample or object in the scanning zone and for

example in a transmission path producing such intensity dataset.

The radiation source 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. In accordance with the invention, intensity data from an interaction

between radiation such as x-rays, gamma rays or the like and an object in

the scanning zone, involving for example transmission, scattering,

backscattering, absorption etc, is thus collected in a generally conventional

manner. For each "scanning event" (that is, for a measurement of intensity

via a given radiation path incident upon and for example passing through a

given liquid sample in a given position) an "intensity dataset" is collected

representing the collected intensity incident at the detector across at least

part of a source energy spectrum. However, the key to the invention is that a

detection system is used which is capable of detecting intensity data for a

given "scanning event" in at least three separate energy bands across the

spectrum of the source. An intensity dataset thus constitutes a dataset of

intensity information related to frequency/energy which is resolvable into at



least three such bands to produce at least three intensity data measurements

or data items relating to a given scanning event and hence a given

transmission path through the liquid sample or object suspected of containing

liquid under test.

It is fundamental to the invention that a detection system is used which is

capable of detecting intensity data for a given "scanning event" in at least

three separate energy bands across the spectrum of the source at the

detector. Energy is selected at the detector. Spectral resolution is effected at

the detector.

Prior art systems typically use combinations of multiple sources and/ or

multiple detectors with filters and the like to select from the broad band

spectrum of a source a narrow frequency band, and for example lower and

higher frequency bands, from which data can be collected and analysed.

Energy is selected at the source(s) or otherwise upstream of the detector.

This does not exploit the full potential of information that could be obtained

from transmission levels across a greater part of the full spectrum of a broad

band source.

By contrast in the present invention energy selection takes place inherently at

the detector. Any suitable source or combination of sources with resolvable

breadth can be used. It is possible to selectively look at narrow portions of an

x-ray spectrum. This allows the necessary intensity data variation with energy

to be measured in a very precise fashion which gives excellent materials

identification ability. In addition, because portions of the continuous spectrum

are selected then a standard broad x-ray source can be used rather than

specialized sources. Also as any part of the spectrum can be selected there

is no need for multiple sources operating at different power / energy settings.



A single source may be sufficient. Another advantage is that the data for

each section of the spectrum can be collected simultaneously rather than

sequentially leading to much faster throughputs.

In one possible embodiment, a single broad spectrum source may be used.

In this embodiment the method of the invention involves using a broad

spectrum detector or detector array with a single broad spectrum source to

resolve information across the spectrum of source using the inherent

properties of the detector rather than using multiple sources and/ or multiple

detector arrays with narrow band frequency filters it offers the potential for

much more sophisticated numerical analysis, and much more complete

collection of and use of information across the source spectrum, than is

provided by prior art systems relying for example on multiple sources with

different frequency filters.

In accordance with the invention, for each scanning event, a numerical

relationship is determined for at least two pairs of such resolved intensity

data item measurements. This may be any numerical relationship derived for

example by application to a pair of data items of any numerical operator

suitable for fitting observed data to a theoretical relationship as below. In the

example embodiment a ratio between pairs of intensity data items is

determined. Thus a dataset of multiple numerical relationships is generated.

The dataset of numerical relationships is analysed to obtain at least one

numerical indicator in functional relationship with a physical material property

such as a material coefficient. This material property/ coefficient is selected

to be associatable with the produced intensity dataset in the sense that it is a

material property/ coefficient known to determine intensity of the collected

radiation in functional manner that varies with energy. Typically, a numerical



indicator is obtained by fitting the dataset of numerical relationships derived

from the observed results numerically, and for example iteratively, to any

suitable known relationship that ties intensity data for a radiation interaction

to the suitable material property or coefficient. In particular a material

property or coefficient that varies with intensity in a characteristic functional

relationship is suitable and is determined as such numerical indicator by

fitting collected data to a suitable equation from which it can be derived.

Thus, a numerical indicator is derived which has a functional relationship with

a suitable material property or coefficient, and conveniently is a suitable

material coefficient or constant. By the use of a dataset of multiple numerical

relationships for multiple data items, and by selection of a suitable numerical

indicator, it can be possible to eliminate most or all of the other variables from

such an equation and derive the required numerical indicator/ coefficient in

such manner as to be capable of characterising a target material component

of a sample under test. This can be referenced to a suitable library of

equivalents to the numerical indicator to aid in identification of the presence

of a liquid material associated with the characteristic numerical indicator

derived from experimental data as above.

In the example embodiment 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 via the Beer -Lambert law set

out in equation ( 1 ) above and the following discussion uses this by way of

example. However any similar relationship fitting intensity variation with

energy resolved at the detector to a material property or coefficient could be

envisaged for use in accordance with the method.



As is described in greater detail below, 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 a 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.

It will be understood that although reference is made herein for convenience

to the scanning of a liquid sample this should not be considered to limit the

application of the invention to the scanning of a single homogenous sample.

Indeed, for many envisaged applications, a sample is at least likely to be

contained within a container of other material, such as a bottle, flask, carton

or the like, and may also consist of more than one liquid, or be contained

within a larger container with other objects, so that any transmitted radiation

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 contribution from, for example, liquid and container.

It should also be clearly understood that where references are made to the

scanning of a liquid sample, this necessarily for practical purposes includes

the scanning of any object or article which might reasonably be suspected to



contain a liquid sample or which it might be desired to screen for the

presence of liquid. The invention is driven in particular by security

considerations, and is intended to apply to the detection of hidden as well as

visibly exposed liquid materials or containers.

The key to the methodology of the invention is the ability, by provision of

suitable detectors, to resolve the collected radiation with respect to energy/

frequency across at least three bands so that relative values from at least two

pairs of intensity data items can be calculated. This is considered to be the

minimum necessary to allow the numerical analysis required to reduce any

influence of other uncertainties affecting transmitted intensity, in particular

material density and thickness, both of which are essentially invariant relative

to incident energy for a given scanning event. Nevertheless, whilst three

might represent a fundamental minimum, for the resolving of liquids in

containers or in baggage a larger plurality of energy-resolved intensity data

items is likely to be preferred for the numerical analysis as above described,

for example at least five.

Thus the detector system is adapted to generate spectroscopic information

about the transmitted radiation at least to the extent of resolving at least three

and preferably at least five energy bands. Preferably, the detector 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.

The detector system is capable of being used to detect at least three and

preferably at least five specific energy bands. So long as they are resolved,

the bandwidth 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.

Similarly the source may be a single broad spectrum source across which a

plurality of bandwidths or single energies may be identified. 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.

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.

The transmission of x-rays through a material can be given by the

exponential attenuation law set out hereinabove as equation ( 1 ) , where the

approach taken by prior art CT scanners is considered. It can be seen that

there are many reasons for the high false alarm rates given by CT and like

methods.

By contrast in accordance with the invention it is proposed that transmission

or other data may be collected through an object at many (three or more and

preferably at least five) different energy bands. If we consider the exponential

attenuation equation again in relation to transmitted intensity, it can be seen

that the mass attenuation coefficient is one of the terms listed. The mass

attenuation coefficient itself is however dependent on the energy of the

detected x-rays. The other terms in the equation have no dependence on the

x-ray energy. Thus if one measures transmission at multiple energies it is

possible to relate the variation in transmission to the mass attenuation

coefficient.

As this term is characteristic of the materials present it is therefore possible

to identify particular target liquids, such as contraband, prohibited, dangerous

or explosive liquids in a methodology similar to that used in the CT

methodology but without any of the drawbacks or the uncertainties



encountered when changing the ray path. This means that technology based

on multiple energy scans offers the potential for higher rate of success than

is enjoyed by the current technology.

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.

The method of the invention is not limited in its application to the mobile

scanning and/or imaging of liquid sample. Information pertinent to the mass

attenuation coefficient inherent in the dataset for a given scanning event, and

hence the composition of liquid in a transmission path, can be obtained by a

single scanning event, for example of a stationary sample being scanned by

a single beam of appropriate geometry, for example a pencil beam or conical

beam. In such circumstance the method merely includes placing the sample

in a scanning zone to obtain such a single scan.

However, in a preferred embodiment information is collected regarding the

transmissivity of a sample or object under test in the scanning zone in a

plurality of scanning positions between which the sample or object is

translated and/ or rotated. In accordance with this embodiment of the

method, the method comprises the additional step of causing an object to

move relative to and for example through the scanning zone as a plurality of

such datasets of intensity data are collected.



At its most basic, the invention allows identification of liquids from collected

transmission data based on a numerical analysis, with reference to a suitable

data library of equivalent or otherwise comparable data for a range of

materials and/ or objects likely to be encountered in a given application. The

data library may comprise information in any suitable form which can be

related in a numerically analytical manner to 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 the operation of the method of the invention.

Although reference has been made hereinabove to a liquid sample, it will be

appreciated that in most practical situations the liquid will be within a

container, and in some situations an object may be presented for scanning

incorporating one or more such contained liquids within a collection or

agglomeration of multiple objects in a larger container, for example in

baggage. The principles of the invention can be applied to all such

situations. For example, in a simplest situation, a single liquid sample may

be tested, by being placed in a test container of known composition. In an

alternative situation, contained liquid samples, in bottles, jars, cartons or the

like, may be presented visibly for screening. Such a screening situation

would arise for example where a security protocol requires contained liquids

to be presented visibly, as is presently the case for airline hand baggage

screening. In a further possible scenario, contained liquids may be within



and merely some of the articles present inside larger containers, for example

in relation to airline hold baggage.

It can be seen that it can be particularly useful if the library includes data

applicable to the properties of typical container materials. This is particularly

the case where it is known that all that is being scanned is a liquid in a

container. If the container material can be identified, either analytically by

data processing in the above manner, or by becoming otherwise known, and

for example then input into the system, the contribution of the container to the

result produced by the foregoing ratio analysis can be identified and

subtracted from the result, so that the result more accurately reflects the

material properties of the liquid alone. Thus, in a preferred embodiment of

the method particularly applicable to a liquid sample within a container, the

method involves in an additional step seeking to identify the material

composition of the container, whether by analysis of transmitted intensity or

otherwise, and modifying the analytical result on the basis of such

identification so that it represents more closely the sole contribution of the

liquid within the container prior to making a final comparison step with the

database.

In a possible embodiment of the method of the invention, especially in

relation to a scanning apparatus for the successive scanning of contained

liquids, the method comprises the additional step of supporting a liquid

sample in the scanning zone on sample retention means whilst collecting

intensity information about radiation incident at the detector system after

interaction with the liquid sample.

More completely, such a method comprises:



providing a radiation source and a radiation detector system spaced

therefrom to define a scanning zone therebetween, the detector system

being capable of detecting and collecting spectroscopically resolvable

information about incident radiation;

supporting a liquid sample in the scanning zone on sample retention means;

collecting intensity information about radiation incident at the detector system

after interaction with the liquid sample in the scanning zone from radiation

received at the detector system after interaction with and for example after

transmission through the liquid sample;

resolving the said intensity information across at least three frequency bands

within the spectrum of the source to produce an intensity data item for each

band;

evaluating a numerical relationship such as a ratio between intensity data

items for at least two pairs of such frequency bands in a given intensity

dataset and for example each successive such frequency band to obtain at

least one numerical indicator in functional relationship with a physical

material property such as a mass attenuation coefficient associated with the

intensity dataset;

comparing the same with a library of data indicative of such characteristic

physical material property, and in particular for example with physical

material property data characteristic of target liquids such as suspect liquids,

in order to obtain an indication of the likely composition of the liquid sample

or object in a transmission path producing such intensity dataset.

This embodiment of the method comprises placing a sample under test in the

scanning zone and supporting it in the scanning zone on sample retention

means. In particular, the method is applicable to a sample under test

comprising a liquid in a container of other material, such as a bottle, flask,

carton or the like, and the method comprises placing a container under test in



the scanning zone and supporting it in the scanning zone on sample

retention means comprising container holding means.

At its simplest, the invention in the first aspect may simply comprise a

method for extracting from energy-related collected intensity data an

indication of a suitable and for example similarly energy-related material

coefficient, and therefore an indication of liquid composition in the

transmission path. It need not generate an image. No particular beam

geometry is mandated. A simple, effectively one-dimensional beam

geometry producing radiation after interaction in the scanning zone incident

upon a simple, single detector may be sufficient.

However, for practical purposes it may be preferred that the invention will

form part of a scanning imaging system. In accordance with this preferred

embodiment, the dataset of information about radiation incidence collected at

the detector or at a further detector is used to generate an image of an object

in the scanning zone. An image is particularly likely to be useful where a

liquid sample is not otherwise visible, for example because it is hidden,

enclosed within a container which may also contain further objects, etc.

Such a situation might arise for instance when scanning airline hold baggage.

Preferably the method comprises collecting data regarding the intensity of

transmitted radiation after interaction with an object or sample in the

scanning zone and the data regarding the intensity of transmitted radiation is

resolved at the detector both numerically as above described and to produce

one or more images. However, other interactions between an object or

sample in the scanning zone and incident radiation could be utilized.



It is a particular advantage that the present method can generate significant

imaging information at high throughput rates, which is not necessarily the

case with the reduced CT scan systems used in prior art baggage scanners.

However, a supplementary image may also be useful, for example to confirm

the detailed internal structure of an object, even when a liquid container can

be examined visually.

In a particular preferred embodiment, as above described, information is

collected regarding the intensity of transmitted radiation after interaction with

an object including or suspected to include a liquid sample as the object is

caused to move relative to and through the scanning zone to collect a

plurality of datasets, which are conveniently used to generate a succession of

images as an object moves through the scanning zone.

For clarification it should be understood that where used herein a reference

to the generation of an image is a reference to the creation of an information

dataset, for example in the form of a suitable stored and manipulatable data

file, from which a visual representation of an of the object under investigation

such as a container or liquid could be produced, and references to displaying

this image are references to presenting an image generated from such a

dataset in a visually accessible form, for example on a suitable display

means.

The method of the invention conveniently further provides the additional step

of displaying such generated image or images, and in the case of multiple

images might involve displaying such images simultaneously or sequentially.

An essential requirement for implementation of the invention is that the

detector system can generate spectroscopic information about the



transmitted radiation. That is, the detector exhibits a spectroscopically

variable response across at least a substantial part of the radiation spectrum

of the source allowing spectroscopic information to be retrieved. This is

resolved across at least three energy bands and a numerical analysis above

described is performed to obtain information representative of the material

content in a transmission path. Thus, in accordance with the invention a

genuine and much more specific identification of a target material or narrow

class of materials is possible.

In the preferred embodiment, where an image is also generated, proper

resolution of spectroscopic information confers a further advantage. It offers

the potential by imaging across a series of bands to create several images

which to some extent can reflect the different responses of materials and

thus, by distinguishing between each image across each imaging band, for

example by representing them differently (such as in different colours) in a

resultant combined image, it assists in resolution of different objects,

components or parts of the image.

Thus in accordance with a preferred embodiment of the invention, each

collected image is resolved spectrospically across a plurality of conveniently

relatively broad "imaging" bands each intended to generate an image across

a part of the overall spectrum, so that the imaging bands together allow the

generation of an energy-differentiated composite image or succession of

images in familiar manner. The number of imaging frequency bands is

conveniently between 2 and 10, and for example between 4 and 8 .

Spectroscopic detectors can then be operated in an energy selective

manner, giving rise to the ability to present an image resolved into a

significantly increased number of "imaging" energy bands compared with the



two that are available from standard prior art dual energy detectors. This

information can be used to improve resolvability of objects of different

composition.

This is achieved in accordance with this preferred embodiment in that

spectroscopic resolution of transmitted radiation in each such relatively broad

band is represented in the generated image. For example, spectroscopic

differentiation in the collected data is represented in the image as

differentiated colour, shading or marking. A banded mapping is used in that

the source spectrum is divided into a plurality of bands, for example between

four and eight bands, and different colours are used to represent each such

band in the displayed image. The apparatus conveniently includes suitable

image processing means to effect this mapping.

An image or composite image or succession of images so generated is

preferably displayed on a suitable display means.

By analogy, in accordance with a further aspect of the invention there is

provided an apparatus for scanning of and obtaining data regarding the

interaction of a sample under test, and for example radiation transmission

data useful for the identification and detection of composition of a liquid

(whether in the form of an object comprising or containing or suspected of

containing or being screened for the presence of a liquid sample) comprising:

a radiation source and a radiation detector system spaced therefrom to

define a scanning zone therebetween and to collect in use a dataset of

information about radiation incident at the detector after interaction with an

object (comprising or containing or suspected of containing or being

screened for the presence of a liquid sample) in the scanning zone, at at

least one and preferably a plurality of scanning positions;



a data processing apparatus to process and resolve each such dataset

spectroscopically across at least three frequency bands within the spectrum

of the source and produce an intensity data item for each band;

an intensity data item register to store such resolved data items for each

dataset;

a calculation means to evaluate a numerical relationship and for example the

ratio between intensity data items for at least two pairs of such frequency

bands in a given intensity dataset and for example each successive such

frequency band to obtain at least one numerical indicator in functional

relationship with a physical material property such as a material coefficient

that varies functionally with radiation energy and for example a mass

attenuation coefficient associated with radiation interaction and thus with the

intensity dataset;

a further data register to store such numerical indicator;

a data library of data indicative of similar characteristic material coefficients

such as mass attenuation coefficients in particular for example 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 any liquid in a

transmission path producing the said intensity dataset.

In use, an object under suspicion is scanned in the scanning zone. This may

constitute a liquid sample, for example in a container, or may constitute

another object, for example a baggage item or the like, which might be

suspected of containing a liquid sample, and/ or which it is desired to screen.

The radiation source 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. In accordance with the invention, intensity data from an interaction

between radiation and an object in the scanning zone, involving for example

transmission, scattering, backscattering, absorption etc, is collected by a

detector. Transmitted radiation intensity is especially useful for many

applications. However, as described hereinabove with reference to the

method, the detector is itself energy selective and selection of data across a

plurality of energy bands is effected at the detector, and not by use of energy

selective sources or filters.

The radiation source 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.

The source may be a single broad spectrum source across which a plurality

of bandwidths (which term, as described above, encompasses herein single

energies) may be identified. 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.



The apparatus of the invention has a calculation means that evaluates a

numerical relationship and for example the ratio between intensity data items

for at least two pairs of such frequency bands by applying a suitable

comparative function to obtain a numerical indicator as above described. The

apparatus further has a comparator to compare the numerical indicator 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.

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

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.

Optionally, the apparatus is adapted to collect in use radiation intensity data

after interaction with a liquid sample or object that may contain a liquid

sample in a single scanning position and for example includes a means to

retain a liquid sample or object in a scanning position such as a receptacle

into which a liquid sample or object, and for example a liquid container, can

be placed. Additionally or alternatively it may include a conveyor to convey a

liquid sample or object into and out of such scanning position.

Optionally, the apparatus is adapted to collect in use radiation intensity data

after interaction with a liquid sample or object that may contain a liquid

sample in a plurality of scanning positions as the sample or object moves

through the scanning zone, and preferably to collect in use data for an image

of an object in the scanning zone, and preferably a succession of images as

the object moves through the scanning zone, in that it further comprises an

object handler to cause an object to move relative to and through the

scanning zone in use.

In a particularly preferred embodiment the apparatus comprises:

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 after interaction with an object in the

scanning zone;



a sample retention means to support a liquid sample in the scanning zone,

preferably at a fixed position;

a data processing apparatus to process and resolve such information

spectroscopically across at least three frequency bands within the spectrum

of the source and produce an intensity data item for each band;

an intensity data item register to store such resolved data items for each

dataset;

a calculation means, a further data register, a data library and a comparator

as above described.

In particular, the apparatus is adapted to receive a sample under test

comprising a liquid in a container of other material, such as a bottle, flask,

carton or the like, and comprises a container receiving means adapted to

receivingly support a container within the scanning zone. The container

receiving means may include holding means to hold the container static in

situ. These may adjust to hold containers of different sizes. Adjustable and

for example spring loaded formations may be provided to effect this.

Preferably, the apparatus of this embodiment is adapted to collect in use

transmission intensity data with a liquid sample or container that may contain

a liquid sample in a single scanning position and for example includes a

means to retain a liquid sample or container in a scanning position such as a

receptacle into which a liquid container can be placed.

A detector system in accordance with the invention may comprise a single

detector or a plurality of discrete detector elements making up a multi

element system. Where an imaging system is not required, the present

invention does not require spatial resolution, but in practice can operate a



zero-dimensional intensity only analysis. For simplicity, a single detector may

therefore be preferred.

A collimator is preferably provided to produce an emitted beam of suitable

geometry from the radiation source. Conveniently, for example where an

imaging capability is not required a simple, effectively one dimensional beam

may be provided in conjunction with a simple single transmission detector.

For other applications, optionally, the apparatus further includes an image

generation apparatus to generate at least a first image from the output of the

detector system; and optionally further an image display adapted to display at

least the first image.

The display means is conveniently a simple two dimensional display screen,

for example a conventional video display screen (which term is intended to

encompass any direct display or projection system exploiting any cathode ray

tube, plasma display, liquid crystal display, liquid crystal on silicon display,

light emitting diode display or like technology). It is a particular advantage

that the method can be envisaged for use with, and the apparatus for the

invention incorporated into, the standard display screens of comparable

existing systems for example in the security or medical imaging fields.

The radiation source 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.

It is necessary that the detector system is enabled to detect radiation in a

manner which is spectroscopically resolvable by the data processing

apparatus. 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 system or element comprises 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 µm , 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 N-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+b)MnaZnbTe where

a and/ or b may be zero.

Combination of these and any other such materials may be considered which

give spectroscopic detection rather than merely detecting amplitude of

radiation after interaction with a sample.

An image generator may be provided to generate an image. In particular it

may be adapted to receive from the data processor a plurality of

spectroscopically resolved images from a plurality of "imaging" bands and

display these images successively or simultaneously to aid in object

differentiation as above described. For example spectroscopic differentiation

in the collected data is represented in a single combined image as

differentiated colour, shading or marking.



A collimator is preferably provided to produce an emitted beam of suitable

geometry from the x-ray source. 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 beam may be provided in

conjunction with a simple single transmission detector.

However, in the preferred embodiment, the apparatus is further adapted for

the generation of imaging information. It is intended in a possible mode of

operation that the material identification provided in accordance with the

numerical analysis method underlying the invention will serve in conjunction

with imaging as an additional aid in the scanning of suspicious objects and in

the identification of articles or materials therein, rather than being used in

isolation. It is an advantage of the approach of the invention that useful

compositional and imaging data can be obtained in principle for the same

scan. More useful imaging data will generally be obtained by more complex

beam and detector geometries.

For example, a beam may be collimated to have a spread in one or two

dimensions, in particular to co-operate respectively with a detector system

comprising one or more linear detectors or with an area detector.

Conveniently, linear and/or area detectors comprise linear and/or area arrays

of a plurality of individual detector elements as above described.

The invention in particular relates to an apparatus and method operating on

the line-scan principle, in which three dimensional objects are caused to

move through a scanning zone and imaging information collected.



Imaging apparatus which employs the line-scan principle is well known.

Typically, such apparatus will consist of an x-ray source, the beam of which

may be collimated into a curtain, usually referred to as a "curtain beam", and

is then detected by a linear detector for example comprising a linear

photodiode array. Image information is obtained by having the object of

interest move linearly for example at right angles with respect to the beam

and storing successive scans of x-ray transmission information derived from

the linear array from which a complete image frame can be compiled.

Accordingly, in this embodiment, the method comprises:

providing an x-ray source and an x-ray detector system spaced therefrom to

define a scanning zone therebetween, the detector system comprising at

least one and preferably a plurality of linear detectors capable of generating

spectroscopically resolvable information about incident x-rays;

causing an object to move relative to and through the scanning zone;

resolving the resultant transmitted data in the manner above described.

Accordingly, in this embodiment, the apparatus comprises:

an x-ray source and an x-ray detector system spaced therefrom to define a

scanning zone therebetween, the detector system comprising at least one

and preferably a plurality of linear detectors capable of generating

spectroscopically resolvable information about incident x-rays.

In accordance with this embodiment the radiation source is preferably

collimated to produce a curtain beam and is thus a curtain beam x-ray source

as will be familiar from conventional line scan apparatus.



Preferably the detector system comprises a plurality of linear detectors

linearly or angularly spaced apart in generally parallel conformance in serial

array. Each linear detector may comprise a linear array of detector elements.

The x-ray source may comprise a single primary source adapted to generate

a beam such as a curtain beam aligned to be incident upon each linear

detector in the spaced serial array at a suitable angular separation, from

example by a suitable beam splitting apparatus. A single beam may be

generated. Alternatively, multiple beams may be generated from a single

source. Alternatively, multiple sources may be provided each generating a

beam such as a curtain beam incident upon a linear detector in the serial

array. The x-ray source may comprise a source combining any or all of the

foregoing principles.

The provision of a plurality of linear detectors in accordance with this

preferred embodiment of the invention offers an additional functionality. Data

can be collected for an equivalent plurality of transmission paths as an object

passes through a scanning zone. The provision of such a plurality of

transmission paths between a source and differently positioned linear

detectors or detector arrays gives the collected information the

characteristics of the information collected by a conventional CT scanning

apparatus, and allows the data to be processed additionally in a manner

known from that technology.

For example, multiple transmission path data may be used to generate

multiple images and thus improve the information content of the imaging

aspect of operation in a familiar manner. Additionally or alternatively,

multiple transmission paths through a given part of an object will lead to a

varying of the effective through thickness, which can be employed to draw



inferences about material content, again in a manner analogous to that

known from CT scanning, and reinforce or further inform the inferences

drawn by the derivation of data indicative of the mass attenuation coefficient

in accordance with the basic principles of the invention.

With latter application in mind in particular, it will generally be preferable if a

single source is provided and used for the multiple ray paths created by

having a multiple array of linear detectors. This guarantees that the incident

spectrum for each ray path is essentially the same, and eliminates one

possible uncertainty. However, the same principles could be applied to

systems using multiple sources of reasonable spectral reliability.

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

the accompanying drawings in which:

Figure 1 is a side view of a representation of a scanning apparatus suitable

for use in an embodiment of the invention with an optional imaging capability;

Figure 2 is general schematic of a possible apparatus to implement the

invention including a scanner of figure 1;

Figure 3 illustrates a typical radiation source spectrum, and illustrates how it

is partitioned to implement the invention in conjunction with an imaging

operation;

Figure 4 is a schematic protocol for operation of the invention in conjunction

with an imaging operation;

Figure 5 illustrates the effect that can be created by images generated by

means of the multiple ray paths provided by the embodiment of figure 1;

Figure 6 is a side view of a representation of a simple scanning apparatus

suitable for use in an embodiment of the invention where imaging is not

required;



Figure 7 is general schematic of a possible apparatus to implement the

invention including a scanner of figure 6 .

Referring to figure 1, a suitable x-ray source 1 is used to direct x-rays via a

scanning zone in the direction of three linear detectors 3a to 3c.

As has previously been discussed, an envisaged apparatus in accordance

with the invention may combine the materials identification capability of the

energy-resolved data collection and manipulation aspect of the invention with

the information provided by generating an image in order to reinforce the

scanning of an unknown object, in particular where the unknown object is a

container such as a baggage item including multiple articles which may or

may not include containers of liquids, for example for security applications,

and for example for the detection of explosives. An imaging function might

be less significant where liquids are specifically presented for identification,

for example singly in containers, such as might be the case for an airline

hand baggage security protocol.

With this dual application in mind the illustrated embodiment uses a single x-

ray source collimated to produce a curtain beam incident upon the three

linear detectors 3a to 3c (which in the embodiment each comprise a linear

array of detector elements). Thus, a plurality of ray paths 5a to 5c are

generated in the scanning zone by means of a plurality of curtain beams

incident upon a linearly or angularly spaced array of such linear detectors.

Incident ray paths 5a to 5c are shown through the scanning zone between

the x-ray source 1 and, respectively, the detectors 3a to 3c.

In the embodiment, the linear array detectors 3a to 3c comprise 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 emits x-rays across a broad energy

spectrum. In the example a tungsten source is used, although the skilled

person would appreciate that other materials might be appropriate.

An endless belt conveyor 7 causes an object to be scanned 9 to move in a

direction d so as to intercept the ray paths 5a to 5c in the scanning zone. The

envisaged application of this embodiment of the invention is as a security

scanner, and object 9 can be considered typically to be a container that is

expected to contain a variety of distinct objects which it would be useful and

desirable to characterise compositionally and to view effectively in a third

dimension (for example, an item of airline hold baggage). However, the

skilled person would readily appreciate that the same principles can be

applied for example to the scanning of objects for internal examination

purposes, to medical scanning, and to similar applications.

Datasets of transmitted intensity information are generated by building up

transmitted information from each of the three detectors 3a to 3c. The

processing of a dataset of information by resolving, at least to some extent, a

relationship between incident energy/ wavelength and transmitted intensity

for both numerical analysis in accordance with the principles of the invention

and spectroscopically resolved imaging purposes is illustrated in figures 2 to

4 .

In the general schematic representation on Figure 2 , a single ray path only is

shown for simplicity. An x-ray source 1 and laterally spaced detector

apparatus assembly 2 1 together define a scanning zone Z between them. In



use, an object to be scanned is brought into and through the scanning zone

in the usual manner, for example on a suitable conveyor belt as above.

In the illustrated example, an object 9 sits in the scanning zone Z This object

may be a contained liquid or a larger object that is to be screened to

determine whether it contains liquid. An incident beam 11 from the x-ray

source is illustrated. In this simple schematic, the incident beam is

represented by the line 11. The transmitted beam 13 is incident upon a

detector array 2 1 .

The detector array 2 1 is in data communication with a processor 22. The

detector array is used to generate a two dimensional "slice" in familiar

manner. The inherent spectral resolution of the material in the array allows

the processor 22 to resolve this image 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.

In the example embodiment a tungsten x-ray source, is used. A typical

spectrum such as might be generated by tungsten of initial intensity against

wavelength is illustrated in Figure 3 .

The main purpose of Figure 3 is to illustrate two possible ways in which the

spectrum may be resolved in accordance with the principles of the invention.

In each case, the spectrum is resolved across five frequency bands.

Although in mathematical principle some useful information can be derived

from just three bands, it is suggested that five is a more practical minimum

for complex liquids in containers, if a reasonable inference about the

functional variation of transmitted intensity with incident energy/frequency,

and therefore about the mass attenuation coefficient, is to be derived.



The schematic illustrates two ways in which the spectrum may be resolved.

In Figure 3a, the bulk of the generated spectrum is divided between five

relatively broad energy bands b 1 to b5. In Figure 3b, five relatively narrow

bands, which may approximate even to individual energies, are defined c 1 to

c5. Neither alternative is in contradiction with the principles of the invention,

and any combination may be used to generate useful results either for the

numerical analysis of the invention or, in a preferred embodiment, for

spectroscopically resolved imaging to give further information about an object

under investigation.

In the preferred embodiment, the data is also used to generate an image,

and most preferably a spectrally resolved image which is spectrally resolved

itself across a plurality of frequency bands to give further information to the

image. In such an embodiment, some of the resolved energy bands in figure

3 , for example those illustrated in Figure 3a, could be used to build up an

energy-differentiated image for transmission to the display means 29. In this

regard, the apparatus follows the same basic principles as conventional

energy-differentiated imaging apparatus.

It differs in the functionality provided by the processor 22 which further acts in

relation to a series of identified frequency bands, for example those in Figure

3b, but in this function uses the data to generate a representative

quantification of, and for example an average of, transmitted intensity in each

band, which is then passed to the intensity data item register 24 for storage.

A calculation means 25 evaluates the ratio between successive intensity data

items (for example, where data items are collected 11 to I5 relating to energy

bands c 1 to c5, the calculation means evaluates the quotient 11/12, 12/13,



13/14, 14/15). This calculation of such a quotient is capable in principle of

removing from consideration variables, such as density and thickness, which

do not vary with incident radiation energy, and therefore of providing a

numerical indicator which is functionally related to energy, and consequently

indicative of the primary energy-dependent variable, the mass attenuation

coefficient.

A comparator 26 compares the data thereby produced with a library of data

27. The library of data may include pre-stored data of similar or at least

numerically comparable nature which is related to or depends upon the mass

attenuation coefficient for a range of materials, and in particular specified

target liquids. In particular, the library may contain details of explosive liquids

or components thereof. For example, the database may include liquids that

are explosive in their own right, compounds and reactors, oxidising agents,

flammable liquids etc. The library may include a particular focus on peroxide-

based liquids. The library may also include information on other dangerous,

contraband or prohibited liquids. The library may also include data on

common place liquid container materials and structures. This may be a

manually or automatically addressed library. Data may be preloaded or

referenced, or may be generated or added to over time by operation of the

apparatus with known materials.

By virtue of this comparison, inferences may be drawn about the likely

material content in the transmission path and in particular about the likely

presence of target liquids. This may be displayed on the display means 30,

for example in association with the image display 29. In addition to its value

in isolation, this may be used in conjunction with the image displayed on the

display means 29 the better to characterise the contents or composition of an

object under investigation.



The data collection and manipulation process is illustrated by the flow chart

of Figure 4 , again for a preferred embodiment in which spectral resolution of

transmitted intensity is used both for the numerical identification process of

the invention and for an additional imaging purpose. Reading from top to

bottom, the collected dataset is resolved both into the series of image bands

and into the series of bands for numerical analysis in the manner illustrated in

Figure 3 .

Resolution of a transmitted intensity dataset into image bands produces a

series of images b 1, b2, b3, b4 and b5 which together represent intensities of

transmitted x-rays across relatively broad band widths but differentiated by

energy across the spectrum. In this way a degree of differentiation between

objects of different composition is possible. Objects of different composition,

and in particular a different atomic number, will tend to exhibit varying

responses. If the different images b 1 to b5 are for example successively

displayed, or, more preferably, given distinctive colourations and displayed

simultaneously in a single composite image, additional resolution of objects

from the scan can be provided. This process is reasonably conventional.

Where the invention notably differs is in the additional resolution of the

transmitted intensity dataset into bands c 1 to c5. In the embodiment these

bands are relatively narrow, but this is illustrative only. There is no reason in

principle why the same bands could not be used for both purposes. The

resolved transmission data for these bands in the register 25 are processed

as above to generate intensity ratios and thus a numerical representation of

the variation of intensity with energy and then a comparator references

equivalent stored data to allow inferences to be drawn about material content

and in particular the presence of target liquids. This may be displayed for



example in combination with the complex image generated from the imaging

band resolution or as an additional information display in association with the

image or on a bespoke display.

Although the invention, especially in non-imaging mode of operation, requires

only a single ray path, the embodiment of figure 1 presented plural ray paths

through an object. Figure 5 illustrates an additional effect that can be created

by images generated by means of the multiple ray paths provided by the

embodiment of figure 1 which can further enhance the information provided.

As an object 9 passes through incident ray paths 5a to 5c (see figure 5a)

three images are generated in which the object is oriented differently relative

to the x-ray source 1. Successive display of these images will cause the

object to appear to rotate as is illustrated in figure 5b.

This ability in effect to get a view of the object which is in effect rotatable in a

third dimension can be seen in some respects as analogous to CT scanning.

In a conventional CT scanner, relative rotational movement between scanner

and scanned object (usually, by orbital movement of the scanner) allows a

rotatable image to be collected. The multiple image generated in this

example offers some of these features as a result of the multiple ray paths

provided by the apparatus, but with a less complex geometry, and for

example on a simple linear conveyor such as is typically used in security

scanning systems.

This not only offers an additional image functionality. It also offers an

additional liquid identification functionality. Multiple transmission paths

through a given part of an object will lead to a varying of the effective through

thickness. Again, this mimics the effect produced by a CT scan, and



analogous processing of such data can be used to reinforce or further inform

the inferences drawn by the derivation of data indicative of the mass

attenuation coefficient in accordance with the basic principles of the

invention.

In this way, in accordance with the invention, an apparatus and method is

described which can offer specific target liquid characterisation and

identification based on resolved energy detection and data processing and

also offer the option of generating an image and in particular an image which

has some general energy differentiation to facilitate in distinguishing between

different objects of different composition. In this combined mode the invention

offers in a single apparatus a materials (eg explosive) detection capability

analogous to that of prior art CT scanners commonly used for hold baggage

scanning (and which typically have limited or no imaging application) in

combination with an imaging capability with the advantages of a line scan

such as is commonly used for hand baggage scanning. All this information is

obtained from the primary transmitted beam by the provision of specific

detectors having a functionality to effect spectroscopic resolution of

transmitted intensity across at least three distinct energy bands.

Referring to figure 6 , a suitable x-ray source 101 is used to direct x-rays via a

scanning zone in the direction of a detector 103.

The detector 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 emits x-

rays across a broad energy spectrum.



The system shall comprise an x-ray generator and set off detector arrays.

When the container is placed in the system and the door closed the operator

shall initiate the x-ray scan by means of a single push button.

The illustrated embodiment additionally uses a plural source comprising 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. These are illustrated as a co-located single source 1 in

the figure. Discrete multiple sources 1 and detectors 3 may be provided.

A container of liquid 109 is retained under test in sample holder 107, such

that a ray path 105 is incident upon it. The attenuation of the beam shall be

measured by the detector set and a material analysis shall take place which

indicates the status of the liquid in the container

A dataset of transmitted intensity information is generated by resolving, at

least to some extent, a relationship between incident energy/ wavelength and

transmitted intensity for numerical analysis in accordance with the principles

of the invention as is illustrated in figure 7 . In figure 7 , the unit is represented

purely schematically.

In practice the unit should be as small as practically possible and should fit

on top of a standard office desk. Finishes should be aesthetically pleasing

with rounded corners and radiuses to all edges. The sample test area should

be waterproof in construction and have a physical drain and fluid collection

area to retain and remove any accidental spillages



The system should be capable of scanning any liquid in either a plastic, metal

or clear glass container from 25 mm diameter up to a 2 litre plastic water

bottle which are more than 25% full by volumetric measure. All samples

should be self centred or positioned for optimum processing by some form of

spring loaded mechanical device (not shown).

The system should be capable of resolving the content of any container

placed in it at all levels in the container, and identifying containers which

contains differing liquids at differing levels.

Interlocks (not shown) are provided that prevent the opening of the test

chamber whilst the x ray source is energised, or the energisation of the

source whilst the access door, or any of the side panels are open.

The dose shall be as low as reasonably possible and in accordance with

WHO guidelines.

With the exception of doors, and test sample centring devices there shall be

as few moving mechanical parts as practically possible

Radiation leakage shall be as low as reasonably possible and in accordance

with WHO and international guidelines for cabinet x-ray devices.

Collimation of source to detectors shall be by means of lockable nut and bolt

assemblies.

In the general schematic representation on Figure 2 a source 101 and

laterally spaced detector apparatus assembly 121 together define a scanning



zone Z between them. In use, an object to be scanned is held in the

scanning zone as above.

An incident beam 111 from the x- source is illustrated. In this simple

schematic, the incident beam is represented by the line 111. The transmitted

beam 113 is incident upon a detector 121 .

The detector 121 is in data communication with a processor 122. The

inherent spectral resolution of the material allows the processor 122 to

resolve this image 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 123.

In the example embodiment a plural x-ray and radioisotope source is used.

The x-ray spectrum may be resolved across several frequency bands and

information supplemented by information at the or each radioisotope source

energy. Ideally, intensity information at at least five energies/ bands is thus

resolved. Although in mathematical principle some useful information can be

derived from just three bands, it is suggested that five is a more practical

minimum for complex liquids in containers, if a reasonable inference about

the functional variation of transmitted intensity with incident

energy/frequency, and therefore about the mass attenuation coefficient, is to

be derived.

The processor 122 acts in relation to each of the series of identified x-ray

energy bands/ discrete radioisotope energies and uses the data to generate

a representative quantification of, and for example in the case of a band an

average of, transmitted intensity, which is then passed to the intensity data

item register 124 for storage.



A calculation means 125 evaluates the ratio between successive intensity

data items. This calculation of such a quotient is capable in principle of

removing from consideration variables, such as density and thickness, which

do not vary with incident radiation energy, and therefore of providing a

numerical indicator which is functionally related to energy, and consequently

indicative of the primary energy-dependent variable, the mass attenuation

coefficient.

A comparator 126 compares the data thereby produced with a library of data

127. The library of data may include pre-stored data of similar or at least

numerically comparable nature which is related to or depends upon the mass

attenuation coefficient for a range of materials, and in particular specified

target liquids. In particular, for a security application, the library may contain

details of explosive liquids or components thereof. For example, the

database may include liquids that are explosive in their own right,

compounds and reactors, oxidising agents, flammable liquids etc. The library

may include a particular focus on peroxide-based liquids. The library may

also include information on other dangerous, contraband or prohibited liquids,

for example drugs or the like. For an identification or quality control

application the library may include details of liquids to be indentified and/ or

data for different quality standards. In an example application the device

may be used to track quality of perishable liquids such as milk which undergo

chemical changes as they spoil, the library being set up accordingly.

The library may also include data on commonplace liquid container materials

and structures. This may be a manually or automatically addressed library.

Data may be preloaded or referenced, or may be generated or added to over

time by operation of the apparatus with known materials.



By virtue of this comparison, inferences may be drawn about the likely

material content in the transmission path and in particular about the likely

presence of target liquids. This may be displayed on the operator display

interface 30.

The operator interfaces shall be as simple as possible and shall indicate:-

Power status

X ray source status

Scan start

Scan finish

Material safe

Material unknown

Material potentially dangerous

Differing materials at differing levels

Hours till next routine service

Hours run

Within five seconds the analysis of the liquid in the container shall have taken

place and the system shall give an output for example as follows:

The liquid is safe

The liquid is not recognised

The liquid is potentially dangerous

The container holds different liquids at different levels

In this way an apparatus and method is described which can offer specific

target liquid characterisation and identification based on resolved energy

detection and data processing. The required information is obtained from the



primary transmitted beam by the provision of specific detectors having a

functionality to effect spectroscopic resolution of transmitted intensity across

at least three distinct energy bands.



CLAIMS

1. A method of obtaining radiation data useful for the identification and

detection of composition of a liquid comprising the steps of:

providing a radiation source and a radiation detector system spaced

therefrom to define a scanning zone therebetween, the detector system

being capable of detecting and collecting spectroscopically resolvable

information about incident radiation;

collecting one or more datasets of intensity information about radiation

incident at the detector system and hence interaction of an object in the

scanning zone with incident radiation at at least one scanning position,

from radiation received at the detector system after interaction with the

object;

resolving each said intensity dataset across at least three frequency

bands within the spectrum of the source to produce an intensity data

item for each band;

evaluating a numerical relationship between the intensity data items for

at least two pairs of such frequency bands in a given intensity dataset

to obtain a numerical indicator in functional relationship with a

characteristic physical material property associated with radiation

interaction;

comparing the numerical indicator with a library of data indicative of

such characteristic physical material property for a range of potential

component liquids, in order to obtain an indication of the likely

composition of any liquid sample producing such intensity dataset.

2 . A method in accordance with claim 1 wherein the method comprises

collecting radiation after transmission through the object to obtain

information about the transmissivity of an object in the scanning zone.

3 . A method in accordance with claim 1 or 2 wherein the step of

determining a numerical relationship comprises the step of determining



a ratio between the intensity data items for at least two pairs of such

frequency bands in a given intensity dataset.

4 . A method in accordance with any preceding claim wherein the

characteristic material property is a material coefficient associated with

material interaction with the source radiation that varies functionally

with radiation energy.

5 . A method in accordance with claim 4 wherein the characteristic

material property is the mass attenuation coefficient.

6 . A method in accordance with any preceding claim wherein the

numerical indicator in functional relationship with a characteristic

physical material property is obtained by fitting the intensity data items

to an intensity relationship in accordance with which the material

property/ coefficient determines intensity of the collected radiation in

functional manner that varies with radiation energy.

7 . A method in accordance with any claim 6 wherein the intensity

relationship is the equation:

I / Io = exp [ - (µ/p) pt]

and the numerical indicator of a characteristic material property derived

therefrom is the mass attenuation coefficient.

8 . A method in accordance with any preceding claim comprising the

additional step of supporting a liquid sample in the scanning zone on

sample retention means whilst collecting intensity information about

radiation incident at the detector system after interaction with the liquid

sample.

9 . A method in accordance with claim 6 comprising:



providing a radiation source and a radiation detector system spaced

therefrom to define a scanning zone therebetween, the detector system

being capable of detecting and collecting spectroscopically resolvable

information about incident radiation;

supporting a liquid sample in the scanning zone on sample retention

means;

collecting intensity information about radiation incident at the detector

system after interaction with the liquid sample in the scanning zone

from radiation received at the detector system after interaction with and

for example after transmission through the liquid sample;

resolving the said intensity information across at least three frequency

bands within the spectrum of the source to produce an intensity data

item for each band;

evaluating a numerical relationship such as a ratio between intensity

data items for at least two pairs of such frequency bands in a given

intensity dataset and for example each successive such frequency

band to obtain at least one numerical indicator in functional relationship

with a physical material property such as a mass attenuation coefficient

associated with the intensity dataset;

comparing the same with a library of data indicative of such

characteristic physical material property, and in particular for example

with physical material property data characteristic of target liquids such

as suspect liquids, in order to obtain an indication of the likely

composition of the liquid sample or object in a transmission path

producing such intensity dataset.

10. A method in accordance with any preceding claim wherein the dataset

of information about radiation incidence collected at the detector is

used to generate an image of an object in the scanning zone.



11. A method in accordance with any preceding claim comprising the

additional step of causing an object to move relative to and through the

scanning zone and thereby collecting a plurality of successive datasets.

12. A method in accordance claim 9 wherein the plurality of successive

datasets are used to generate a corresponding plurality of successive

images as an object moves relative to and through the scanning zone.

13. A method in accordance with one of claims 8 to 10 comprising the

additional step of displaying a generated image or images.

14. A method in accordance with claim 11 wherein a succession of images

is generated, and each such image is resolved spectroscopically

across a plurality of frequency bands within the spectrum of the

source.which are allocated to generate a series of energy-differentiated

images.

15. A method in accordance with any preceding claim operating on the

line-scan principle, comprising:

providing an x-ray source and an x-ray detector system spaced

therefrom to define a scanning zone therebetween, the detector system

comprising at least one linear detector capable of generating

spectroscopically resolvable information about incident x-rays;

causing an object to move relative to and through the scanning zone;

resolving the resultant transmitted data in accordance with any

preceding claim.

16. A method in accordance with claim 15 wherein the radiation source is

used to generate a curtain beam.



17. A method in accordance with claim 15 or 16 wherein the detector

system comprises a plurality of linear detectors in a laterally spaced

serial array at a suitable angular separation, and where data is

collected from the resultant multiple ray paths between source and

array of linear detectors.

18. A method in accordance with claim 17 wherein data from the said

multiple ray paths are used to generate additional imaging and/or

material compositional information.

19 . An apparatus for scanning of and obtaining data useful for the

identification and detection of composition of a liquid comprising:

a radiation source and a radiation detector system spaced therefrom to

define a scanning zone therebetween and to collect in use a dataset of

information about radiation incident at the detector after interaction with

an object in the scanning zone at at least one scanning position;

a data processing apparatus to process and resolve each such dataset

or image spectroscopically across at least three frequency bands within

the spectrum of the source to produce intensity data item for each

band;

an intensity data item register to store such resolved data items for

each dataset;

a calculation means to evaluate a numerical relationship between

intensity data items for at least two pairs of such frequency bands in a

given intensity dataset and for example each successive such

frequency band to obtain a numerical indicator in functional relationship

with a physical material property associated with radiation interaction;

a further data register to store such numerical indicator;

a data library of data indicative of such characteristic physical material

property for a range of potential component liquids;



a comparator to compare the numerical indicator with data in the library

and derive therefrom an indication of the likely material content of liquid

in an object in the scanning zone producing the said intensity dataset.

20. An apparatus in accordance with claim 19 adapted to collect radiation

after transmission through the object to obtain information about the

transmissivity of an object in the scanning zone.

2 1 . An apparatus in accordance with claim 19 or 20 comprising sample

retention means to support a liquid sample in the scanning zone on

whilst collecting intensity information about radiation incident at the

detector system after interaction with the liquid sample.

22. An apparatus in accordance with one of claims 19 to 2 1 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 after interaction with an object in

the scanning zone;

a sample retention means to support a liquid sample in the scanning

zone, preferably at a fixed position;

a data processing apparatus to process and resolve such information

spectroscopically across at least three frequency bands within the

spectrum of the source and produce an intensity data item for each

band;

an intensity data item register to store such resolved data items for

each dataset;

a calculation means, a further data register, a data library and a

comparator in accordance with claim 19.

23. An apparatus in accordance with claim 22 wherein the sample

retention means comprises a container receiving means adapted to

receivingly support a container within the scanning zone.



24. An apparatus in accordance with one of claims 19 to 23 further

comprising an object handler to cause an object to move relative to and

through the scanning zone in use.

25. An apparatus in accordance with one of claims 19 to 24 further

including an image generation apparatus adapted co-operably with the

detector to collect in use data for at least one image of an object in the

scanning zone and to generate at least one image from the output of

the detector system.

26. An apparatus in accordance with one of claims 19 to 25 further

including an image display means adapted to display at least one

image.

27. An apparatus in accordance with one of claims 19 to 26 wherein a

detector is adapted to produce spectroscopic resolution in that it is

fabricated from a material selected to exhibit inherently as a direct

material property a direct variable electrical response to different parts

of the x-ray spectrum.

28. An apparatus in accordance with claim 27 wherein the detector

comprises a semiconductor material selected from cadmium telluride,

cadmium zinc telluride (CZT), cadmium manganese telluride (CMT),

germanium, lanthanum bromide, thorium bromide.

29. An apparatus in accordance with claim 27 or 28 wherein the detector

comprises a semiconductor material or materials formed as bulk crystal

including a Group N-Vl semiconductor material.

30. An apparatus in accordance with one of claims 27 to 29 wherein the

detector comprises a semiconductor material selected from cadmium



telluride, cadmium zinc telluride (CZT), cadmium manganese telluride

(CMT).

3 1 . An apparatus in accordance with one of claims 19 to 30 operating on

the line-scan principle, comprising:

an x-ray source and an x-ray detector system spaced therefrom to

define a scanning zone therebetween, the detector system comprising

at least one linear detector capable of generating spectroscopically

resolvable information about incident x-rays.

32. An apparatus in accordance with claim 3 1 wherein the radiation source

is a collimated to produce a curtain beam.

33. An apparatus in accordance with claim 3 1 or 32 wherein the detector

system comprises a plurality of linear detectors in a laterally spaced

serial array at a suitable angular separation such that intensity data

may be collected in use from the resultant multiple ray paths between

source and array of linear detectors.
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