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Scanning Method

The present invention relates to a method of scanning a structure to detect changes in density
by means of detecting radiation emitted by a radiation source by a radiation detector.

Methods of imaging objects and animals by X-ray tomography and positron-emission
tomography are well-known, particularly in the field of medical imaging for diagnostic
purposes. US 4338521 describes an X-ray scanner for use in computerised tomography
which has a detector comprising an array of detector modules, comprising a plurality of
photodiodes and a plurality of scintillator crystals and a radiation beam collimator to direct
collimated radiation to the scintillator crystals. A fan-shaped beam of x-rays from an x-ray
source is directed through a patient to be detected by the detector. The source and detector
are rotated around the patient to provide the data from which a tomographic image may be
constructed. In positron-emission tomography (PET) a positron emitted by the decay of a
radionuclide annihilates on contact with a suitable electron, causing the emission of two
gamma photons of 511 keV in opposite directions. The detection of the direction of the
gamma photons enables the estimation of the location of the annihilation event and thus the
radionuclide within the patient. The PET scanner therefore incorporates an array of detectors
which can detect gamma photons placed around the body of a patient. An image of the
relative concentration of the radionuclide in the body may be constructed from the number of

photons detected at each detector.

Whilst these scanning methods are well-developed and have become common for medical
scanning, scanning a dense structure such as a pipeline presents difficulties because the
density of the pipeline material is such that radiographic scanning must be done using gamma
radiation which is of sufficient energy to penetrate and pass through the structure so that at
least some radiation can be detected after the beam has passed through the structure.
Gamma scanning of structures such as distillation columns is a standard industrial diagnostic
method for measuring changes in density at different parts of the structure, for example to
determine the location and integrity of column trays or other internal structures within the
column. Normally this type of scanning is carried out with a single gamma source placed
adjacent the column to emit a beam of radiation through the column and a radiation detector
placed on an opposed part of the column to intersect and measure the radiation that has
traversed the column between the source and detector. The source and detector are
normally moved so that different parts of the column can be scanned. The use of many
different positions and more than one source or detector can provide sufficient data for
generating density maps, or tomographs, of the structure which is scanned, although the
resolution is generally quite coarse. In order to generate higher resolution density maps,
information from a much larger number of radiation paths through the structure must be used

than is currently achieved with conventional column scanning methods.
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The inspection of pipelines to find flaws such as wall loss, cracks or corrosion pitting is an
application in which it would be desirable to use radiation scanning. A known problem for the
oil and gas production industry is the inspection of pipelines located underwater, in particular
on the sea-bed. Inspection of the interior of the pipeline by the use of pigs is not always
possible, for example when the pipeline has varying diameter. Inspection from outside the
pipe may be carried out by ultrasonic methods, although this is not suitable for pipelines
having an insulation or coating. Gamma scanning can produce useful information about the
density through a cross-section of the pipe. In order to produce information about the
thickness of the walls of the pipe at sufficiently high resolution to identify small flaws that may
be present in the walls of the pipe a large number of radiation paths through the pipe need to
be scanned.

A method of scanning pipelines, is described in WO2013/064838. In that method a source of
gamma radiation and an array of radiation detectors is rotated around a part to be scanned,
such as a pipeline. The detector array is precisely arranged relative to the source so that the

scanning can be carried out at high resolution.

A particular application of the method of WO2013/064838 is the scanning of subsea pipelines.
In such conditions the scanning apparatus is located remotely from the operators so that the
opportunities for servicing the instrument are limited. Therefore it would be an advantage to

provide a scanning method which can take account of occasional failures in the instrument.

According to the invention, we provide a scanning method which is a method of identifying a

change in the density of an object, said change representing a difference between the density

of said object at a first location and the density of said object at a second location adjacent

said first location, the method comprising the steps of:

a. arranging a source of ionizing radiation and a linear array of radiation detectors, where n
is an integer from 1 to N, capable of detecting said radiation in such a way that

i radiation is emitted from the source in the direction of the array of radiation
detectors,

ii. radiation is emitted from the source towards any one of said radiation detectors
along a radiation path, said radiation path being defined at each end by the
source and the area of each detector facing said source;

iii. up to N of said radiation paths may pass through said object; and

iv. said source and said detector array are located in fixed positions relative to one
another and movable along an arcuate scanning path around said object;
wherein said detector array comprises a plurality of N radiation detectors D which are
arranged symmetrically opposite said source in such a way that conjugate pairs of
detectors are arranged at equal angles from the source;

b. positioning the source and detector array at a known position on said scanning path;



WO 2015/097451 PCT/GB2014/053767

3

¢c. moving said source and detector array along said scanning path so that the source and
detector array rotate through 360 degrees around said object;

d. acquiring count data from each detector at a plurality of positions on said scanning path,
said count data being related to the number of photons of radiation emitted by the source
which have been detected by said detector during the count period;

e. converting count data acquired by each detector at each position by means of a fan to
parallel beam conversion algorithm to converted count data;

f. selecting count data from at least one detector of each said conjugate pair;

g. deriving information concerning the density of the object at different positions in the plane

of the scanning path from said count data.

A scanning apparatus according to the invention comprises: a source of ionizing radiation and
an array of radiation detectors, capable of detecting said radiation, said source and detector
array being arranged in such a way that

i radiation is emitted from the source in the direction of the array of radiation
detectors,

ii. radiation is emitted from the source towards any one of said radiation detectors
along a radiation path, said radiation path being defined at each end by the
source and the area of each detector facing said source;

iii. up to N of said radiation paths may pass through an object which is to be
scanned; and

iv. said source and said detector array are located in fixed positions relative to one
another and movable along an arcuate scanning path around said object;

wherein said detector array comprises a plurality of N radiation detectors D which are
symmetrically arranged opposite said source in such a way that conjugate pairs of
detectors are arranged at equal angles from the source;
means to move said source and detector array along said scanning path so that the source
and detector array rotate through 360 degrees around said object;
data processing means which is programmed to
a. acquire count data from each detector, at a plurality of positions on said scanning
path, said count data being related to the number of photons of radiation emitted
by the source which have been detected by said detector during the count
period;
b. convert count data acquired by each detector at each position by means of a fan
to parallel beam conversion algorithm to converted count data;
select count data from at least one detector of each said conjugate pair; and
derive information concerning the density of the object at different positions in the

plane of the scanning path from said count data.
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As the skilled person knows, the amount of electromagnetic radiation which passes from the
source of radiation to a detector is directly related to the density and thickness of the material
through which the radiation passes. When the thickness of material is constant, a more
dense material attenuates the radiation more than a less dense material. Therefore the
amount of radiation (indicated by the count of photons detected by the detector) reaching the

detector is higher for less dense materials than for more dense materials.

Count data may represent a number of counts detected by the detector within a defined
period of time, for example the count period. Count data may be expressed as count rates,

i.e. the number of counts per period of time, e.g. counts per second.

Count data may be selected from at least from at least one detector of each said conjugate
pair on the basis of the count data counted by each said detector. The method may include
the step of comparing the count data acquired by each detector of a conjugate pair to
determine whether either of said detectors is defective. If a defective detector is found then
count data from the other detector in its conjugate pair may be selected. A defective detector
may be recognised if its count data is consistently abnormally low or zero. To determine
whether its data is abnormally low or abnormally high, its data may be compared with its
paired detector or with a predetermined range of value of counts which would be expected
from the detector.

The method may include a step of calibrating the detectors. This step may be carried out in
the absence of the object to be scanned. This step may be carried out before the scan is
performed. Preferably the calibration step is carried out in the same or substantially the same
environmental conditions as will be used for the scan. For example, when the method is used
to scan a subsea pipeline, the calibration may be carried out near the pipeline so that
seawater of similar pressure, temperature and salinity is present between the source and
detector as will be present during the scan. The calibration step may include obtaining an
energy spectrum scan for each detector in the array. The information from the energy
spectrum scan may be used to identify suitable energy windows within which to count
photons detected by the detector. A broken or defective detector may also be identified from
its energy spectrum. When such a broken detector has been identified in a calibration step,
data from its paired conjugate detector may be selected in step (f). The information from the
energy spectrum scan may be used to identify which detector of a conjugate pair of detectors
offers the highest resolution. Such information may be obtained from the shape of the energy

spectrum. Count data from the detector offering the highest resolution may be selected in
step (f).

The step of deriving information concerning the density of the object at different positions in
the plane of the scanning path from said count data may include calculating normalised count

data from the count data recorded by a detector at each position. In this way, variations in the
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counts acquired by each of the detectors may be clearly identified. Normalised count data

values may be calculated by dividing the count data by a mean value of the count data form a
particular detector at all positions. The mean value may be the arithmetic mean, i.e. the sum
of all counts recorded by detector n at all positions divided by the number of angular positions
at which count data has been collected.. Alternatively a different mean value may be used for

normalisation, for example mean of squares, sum of squares or log mean.

In addition to, or instead of, normalising the count data values for each detector, values may
be normalised for each of the plurality of angular positions over all detectors. That means, for
example, calculating the mean count value detected by all detectors at a particular angular

position and then dividing all count data values for that position by the calculated mean.

Normalisation of the count data may be carried out by any other data normalisation method,

The normalised count data may be collated in a matrix with rows and columns corresponding
to individual detectors and angular positions. The matrix may be displayed to an operator.
By displaying the normalised count data in the form of a matrix, it is possible to observe
patterns within the data from which discontinuities in the density of the object at a particular
location may be inferred. When the matrix is displayed, it may be advantageous to represent
the normalised count data in the matrix in the form of symbols. A symbol may be used to
represent a selected range of normalised count data. Different symbols may represent
different ranges of values within the normalised count data. Count data higher than the
mean, indicating a material less dense than the mean density, may be represented by one or
more different symbols. Count data less than the mean for any detector, indicating a material
more dense than the mean density, may be represented by one or more different symbols.
The symbols may take the form of coloured dots, pixels or blocks where each colour

represents a selected range of normalised count data.

The matrix of count data may be analysed by pattern recognition algorithms using data
processing software. In such a case, the location and characteristics of any discontinuities
detected by analysis of any patterns found within the matrix of count data may be displayed to

an operator.

Patterns within a normalised count data matrix indicate a change in the density of the object.
This may indicate a defect within the object. For example when a pattern of normalised
counts greater than the mean is found, indicating a less dense portion of the object, such a
pattern may be caused by a loss of material through damage caused by corrosion, impact or
other failure. When the object which is scanned is a pipeline for example, detection of such a
discontinuity may enable the cause to be remedied before a failure of the pipeline occurs
which can lead to leakage of contents from the pipeline. As another example, a pattern of

normalised counts less than the mean indicates a more dense portion of the object. Such a
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pattern may be caused, for example, by a dense solid or semi-solid material filling a portion of

a pipeline, which may reduce capacity for fluid flow through the pipeline.

A tomographic image may be constructed from the count data obtained from the detectors. A
tomographic image is a representation of the shape and material characteristics (which may
include the density) of the object. A tomographic image is convenient for the user to interpret
because it is possible to indicate on the representation the size and location of any feature
found in the tomography scan. Methods for constructing a tomographic image from a plurality
of radiation count measurements are known to the person skilled in the art of radiation

tomography and are not within the scope of this patent specification. .

The count period may be varied according to the requirements of the method. The count
period should be selected to allow a number of counts to be detected within the count period
which is statistically distinguishable from "noise". The random error in the number of counts
reduces as the number of counts increases. However, where the object is made from thick
and/or dense materials, such as a pressure-resistant steel pipeline for example, the radiation
from the source is highly attenuated by the object so that a relatively small number of photons
penetrates the object to be detected by a detector. In such a case, in order to increase the
number of photons detected, either the number or energy of photons emitted by the source
must be increased (i.e. a larger or more energetic source is required) or the count period must
be increased. The size or energy of the source may be constrained by safety considerations.
The count period should not be so long as to make scanning of the object impractical. The
count period may be less than a second. In an example, the count period may be selected to

be within the range from 0.1 to 30 seconds.

The scanning path is arcuate. The scanning path may lie within a plane parallel to the plane
of the detector array. Normally the part of the object to be scanned lies wholly within the
scanning path. The source and detector array therefore move along the scanning path so as
to rotate around the object. Positions x lie on the scanning path and are angularly offset from
one another. The positions for which count data is acquired may be equally angularly spaced
or the angular spacing between positions may be different. The number of positions at which
count data is acquired affects the resolution of the scanning method and the precision at
which a change in density may be located. In one embodiment, the number of positions (X)
may be 360 where each position is spaced at one degree of angle from adjacent positions on
the scanning path and the scanning path is circular. For a circular scanning path it is
preferred that X lies between 100 and 2000. For a circular scanning path it is preferred that X
lies between 180 and 1450.

The method may be carried out by acquiring data from the detectors as the source and
detector move along the scanning path. Data may be acquired from the detectors continually

and recorded together with a record of the position at which the data was acquired. The
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positions of data collection may then be banded into a series of angular intervals related to
the start position p0. Such angular intervals may be regular angular intervals. The angular
intervals may be selected to be separated by at least a degree or less than a degree. For
example, a continuous acquisition of data may be banded into angular intervals of half or one
degree or a quarter of one degree. When the source and detector array are moved through a
complete circle and the count data is banded into intervals of one quarter of a degree, X is
1440. The speed of movement of source and detector and the angular interval between
positions x affects the count period. In a working embodiment of the invention for scanning
steel pipeline we have found that a circular scanning path may be completed in 60 minutes or
less. When the count data is banded into angular intervals of one quarter degree, the
effective count period is 2.5 seconds. The speed of movement along the scanning path may

be constant.

The number of detectors N may be greater than 20 and may be greater than 50. The number
of detectors which acquire count data may affect the resolution of the scanning method, the

time taken to complete a scan and the precision at which a change in density may be located.

The count data may be adjusted according to a calibration. In one embodiment of the method
a calibration may be carried out by acquiring count data at each position x in the presence of
a known object of consistent density. The known "object" may comprise air or water which
fills the space between the source and detector. Calibration count data may be stored in a
data processor memory. The calibration adjustment may be made by subtracting or dividing
the calibration count data (or a derivative of the count data) from the count data acquired

during the scanning method.

The counts data are converted to converted counts data by means of a fan to parallel beam
conversion algorithm. The use of fan to parallel beam conversion is known in the field of
radiation tomography where measurements are carried out using a radiation beam which is
fan-shaped, originating from a small or point source. Suitable fan to parallel beam conversion
algorithms are available to the skilled person. The conversion facilitates interpretation of the
count data as an attenuation profile of the object along a plane passing through the centre of

the instrument. This may allow more intuitive and straightforward interpretation of results.

The scanning apparatus may comprise a pipe-scanning apparatus of the type described in
WO2013/064838. Alternatively the scanning apparatus may comprise a different apparatus in

which radiation is used to estimate the density along a path through an object or structure.

In a typical scanning apparatus, the source may be housed in a source unit comprising a
source of penetrating radiation, a source-holder and a collimator. The collimator and source-
holder may be combined. The collimator is formed of a material which is highly attenuating to

the radiation emitted by the source and is normally formed of a heavy alloy material of the
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type known and commonly used for shielding radiation of the appropriate energy and type.
The collimator is located and adapted to limit the radiation emitted by the source unit to a
predetermined beam shape and direction. Preferably the radiation beam is shaped by the
collimator to form a fan, cone, frusto-cone, or sector in each case having the source as origin.
A preferred beam shape is a cylindrical sector, i.e. a sector having a thickness rather than
being planar. Preferably the beam is collimated to provide a beam area at the location of the
detector(s) which has the same general shape and area as the combined detecting surface(s)

of the array of detectors. The source unit may be mounted on a support.

The radiation source is selected by the transparency to the radiation of the material(s) to be
measured, e.g. a vessel and/or its contents (i.e. the attenuation coefficient of the medium)
and the availability of suitable sources and detectors. For scanning large solid structures
such as process vessels and pipelines, suitable sources of gamma include ®*Co and "*’Cs,
**Bg, #*'Am, #*Na and '®*Ta, however any gamma-emitting isotope of sufficient penetrating
power could be used, and many such are already routinely used in density gauges, such as
those used as level measurement devices. Usually, the half-life of the radioisotope used will
be at least 2, and desirably at least 10, years. The half-lives of the radioisotopes mentioned

137 133 241

above are: “'Cs gamma about 30 years, ““Ba about 10 years and ' Am about 430 years.

Suitable sources generally emit radiation at energies between about 40 and 1500 keV.

The source unit may include one or more than one source. The scanning method may utilise

more than one source unit if required.

The scanning apparatus may comprise an array of radiation detectors. For example the
scanning unit may comprise an array of at least 10 detectors. The detector, or each of the
detectors, may comprise a scintillator, normally supported in a suitable position so that a
surface thereof, which may be referred to as the detecting surface, intersects a path of
radiation emitted by the source at a particular distance from and a particular angle to the
radiation source. The detector or each detector of a detector array may be housed within a
collimator which reduces the detection of radiation impinging on the detector from an angle
outside the angle of a linear radiation path from the source. The collimator comprises a
material which is impermeable to the radiation emitted by the source. The collimator may
cover a part of the detecting surface of the detector to delimit the portion of the detecting

surface on which radiation may impinge.

When the detector unit comprises more than one detector, deployed in the form of an array of
detectors, a preferred embodiment of the invention comprises a block of shielding material (a
“detector block”) having openings extending inwardly from a surface of the block, each
opening containing a detector, the detecting surface being accessible to radiation from
outside the block. A portion of the detecting surface may be covered by shielding material for

the purposes of delimiting the area of the detecting surface or for mechanically retaining the
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detector within the opening. The non-detecting surfaces of the detector may optionally be
enclosed partially or wholly within the opening and covered by the shielding material. The
detector block includes means by which the collecting surface of the scintillator(s) may be
brought into contact with a photodetector or a light transmitter. Such means may take the
form of an open passage through which the scintillator extends so that the collecting surface

is accessible to the photodetector or light transmitter.

When the detector comprises a scintillation material, such as a scintillation crystal or a
polymeric scintillator, a photodetector is provided which is optically coupled to the scintillator
in order to detect and measure light generated by the scintillator in response to photons of
radiation from the source. The photodetector may be a photodiode, photomultiplier tube
(PMT), a silicon photomultiplier or other suitable light detecting device. The photodetector
generates an electrical signal in response to light entering it through an optical window. The
wavelengths detected by the photodetector should be matched as far as possible to the
wavelengths generated by the scintillator to maximise the detection efficiency. Normally a
photodetector is provided for each scintillator so that the amount of radiation detected by each

scintillator can be measured independently of the other scintillators.

Each detecting surface preferably forms a tangent to an arc of a circle having a radiation
source as its origin.  In one embodiment, each detector surface forms a tangent to the

surface of a part of a sphere having the radiation source as its origin.

Other forms of radiation detector may be employed in a scanning apparatus of the invention.

For example, Geiger-Miiller tubes or other detectors may be used.

The apparatus further comprises a signal/data processor for operating on the electrical signal
from the detectors in the detector unit(s) and a controller to control the operation of the
apparatus. Signals representative of the counts of photons detected by the scintillators are
processed by the data processor. The signal may be subjected to smoothing or stabilisation
algorithms, averaged or otherwise operated on according to standard practices. A data
processor may perform calculations based on the signal from the radiation detector or from a
signal processor if present. The data processor may output information concerning the
amount of radiation measured over a time interval, or it may further calculate derived
properties of the scanned structure, usually in the form of a bulk density or a change in bulk
density between radiation paths through the structure. The scanning method is carried out at
a plurality of radially offset positions around the structure so that density data may be
acquired at a variety of angles through the structure and a tomography algorithm may be
used to provide information about the changes in density at different paths through the
structure. In a preferred form the data from the detectors is operated on by the data
processing unit using tomography algorithms in order to produce a graphical representation of

the density or composition of the structure along different paths. The data processor may
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contain a calibration or information concerning the radiation source. The data processor
output is may be connected a display or a (optionally wireless) transmission means so that a
signal can be sent from the apparatus to a remote location. Alternatively a signal comprising
data from the radiation detector itself may be sent, for processing at a remote location. A
power supply is provided to power the photodetectors, data processor and control electronics
and also to power motors for moving the apparatus. Movement of the scanning apparatus,
for example to open and close the apparatus and to rotate the source and detector, may be

accomplished by means of electrically or hydraulically powered motors or actuators

The apparatus may be moved between different locations or orientations with respect to the
structure where the method of the invention is repeated. In this way a record of the
attenuation to radiation through each radiation path through the structure may be gathered
and used to calculate the location of changes or to build a representation of the structure and
its contents.

An example incorporating several optional features of the invention will be described with

reference to the appended drawings.

Figure 1 is a schematic view of a section of a pipe enclosed within a scanning apparatus of
the invention.
Figure 2 is a schematic representation of the effect of a fan to parallel beam conversion.

Figure 3 shows the count rates for each of 95 detectors at different angles.

Fig 1 shows a pipe scanning apparatus 10 surrounding a pipeline 12 (shown in section). The
scanning apparatus comprises a pair of hinged housings 14a & 14b which open and close by
means of hydraulic apparatus 16. When the housings are open the apparatus may be moved
around the pipe to be scanned and then closed around it. A source of gamma radiation 18 is
located within housing 14a together with collimation and shielding to emit a collimated cone of
radiation towards the detector array 20. An arcuate array 20 of 95 radiation detectors 22
(only five of which are shown, for illustration purposes) is located in housing 14b. The
detectors comprise scintillation crystals, each coupled to a photodetector. The source and the
detector array are fixed in relation to each other but are rotatable around the pipeline in the
direction of arrows A. Each detector of the detector array detects radiation from the source
which has passed along a portion of a cone-shaped path between the source and the
detector. A number of radiation paths may be defined, each radiation path being between the
source and each detector in the detector array. Each detector is directed towards the source
and set within collimation and shielding materials to minimise its detection of scattered
radiation.

In this example, detector 22a is located in the centre of the array, and the line of sight from

the source to detector 22a follows the centre line between the detector array and the source.
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Detectors 22b and 22c form a conjugate pair, which are each offset from the centre line by
angle 82. Likewise, detectors 22d and 22e form a conjugate pair, which are each offset from
the centre line by angle 62. These five detectors are shown only for illustrative purposes.

Detector array 20 consists, in this example, of 95 detectors, including 47 conjugate pairs.

When a radiation path intersects the pipe, as shown, for example, by the dashed line 24, the
radiation is attenuated by the material of the pipe wall so that the radiation detected by a
radiation detector in that path is less than the radiation detected by a detector located in a
path which intersects less of the pipe material. In that way, information can be collected
about the density of material along each radiation path and, by means of the rotation of the
source and detector array and using a tomography algorithm, an image of the pipeline wall
thickness may be assembled. .

Fig 3 shows a representation of a coloured matrix of individual detector number n (rows) and
angle of source to the pipeline (columns). It will be appreciated that the coloured matrix
represented as grey-scale in Fig 1 may lose some detail from its original coloured form. T
Count rates are number of counts per unit time, where unit time may be expressed in seconds

or as the count period if all count periods are of equal duration.

In the method of the invention, with the source and detector array positioned at a start
position, which is designated as 0° of angle, data is collected from each of the 95 detectors
representing the number of counts of radiation received as the source and detector are
rotated with respect to the pipe through 360°. In this example, data is collected at 1 degree
increments of rotation. After a calibration adjustment to account for small differences

between the detectors, a fan-to-parallel beam adjustment algorithm is applied to the data.

Fig 3 clearly shows a sinusoidal pattern in the data. A single discontinuity in the density of the
pipe material causes a sinusoidal variation in the data because each detector detects the
same discontinuity at a different angular position. In this case a small steel bar was placed in
the pipeline, for demonstration purposes. The fan to parallel conversion has rendered the
asymmetric curve in Fig 3(a) on the left, as a symmetrical sine wave in the parallel beam data
in Fig 3(b) on the right. In this parallel beam form each density variation produces sine
waves, which are symmetric compared to the midplane (detector 48). This is important
because any 2 detectors that are in symmetric positions compared to detector 48 (e.g. 47/49,
46/50, etc), referred to as a conjugate pair, will see the same part of the object, but with a
180 degrees angular offset. From the symmetrical sine wave, it is clear that conjugate pairs
of detectors read the same attenuation profile at an angular spacing of 180° from each other.
Therefore in the case of missing data due to a malfunctioning detector it is possible to use
data from the other one of the conjugate pair of which the malfunctioning detector forms a
part.
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Claims

1. A scanning method which is a method of identifying a change in the density of an object,
said change representing a difference between the density of said object at a first location
and the density of said object at a second location adjacent said first location, the method
comprising the steps of:

a. arranging a source of ionizing radiation and a linear array of radiation detectors,
where n is an integer from 1 to N, capable of detecting said radiation in such a way
that

i radiation is emitted from the source in the direction of the array of radiation
detectors,

ii. radiation is emitted from the source towards any one of said radiation detectors
along a radiation path, said radiation path being defined at each end by the
source and the area of each detector facing said source;

iii. up to N of said radiation paths may pass through said object; and

iv. said source and said detector array are located in fixed positions relative to one
another and movable along an arcuate scanning path around said object;

wherein said detector array comprises a plurality of N radiation detectors D which are

arranged symmetrically opposite said source in such a way that conjugate pairs of
detectors are arranged at equal angles from the source;

b. positioning the source and detector array at a known position on said scanning path;

¢. moving said source and detector array along said scanning path so that the source
and detector array rotate through 360 degrees around said object;

d. acquiring count data from each detector at a plurality of positions on said scanning
path, said count data being related to the number of photons of radiation emitted by
the source which have been detected by said detector during the count period;

e. converting count data acquired by each detector at each position by means of a fan
to parallel beam conversion algorithm to converted count data;

f. selecting count data from at least one detector of each said conjugate pair;

g. deriving information concerning the density of the object at different positions in the

plane of the scanning path from said count data.

2. A method according to claim 1, wherein count data is selected from at least from at least
one detector of each said conjugate pair on the basis of the count data counted by each
said detector.

3. A method according to claim 1 or claim 2, wherein the count data acquired by each
detector of a conjugate pair is compared to determine whether either of said detectors is

defective.
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4. A method according to any one of the preceding claims, wherein count data from a
detector is compared with a predetermined range of value of counts which would be
expected from the detector in order to determine if the detector is defective.

5. A method according to any one of the preceding claims, further comprising a step of

calibrating the detectors.

6. A method according to claim 5, wherein said calibration is carried out in the absence of

the object to be scanned.

7. A method according to claim 5 or 6, wherein the calibration step is carried out in the

same or substantially the same environmental conditions as will be used for the scan.

8. A method according to any one of claims 5 - 7, wherein the calibration step includes
obtaining an energy spectrum scan for each detector in the array.

9. A method according to claim 8, wherein information from the energy spectrum scan is
used to identify suitable energy windows within which to count photons detected by the

detector.

10. A method according to claim 8, wherein information from the energy spectrum scan is

used to identify a broken or defective detector.

11. A method according to any one of claims 5 - 10, wherein when a broken or defective
detector has been identified in a calibration step, data from its paired conjugate detector

is selected in step (f).

12. A method according to any one of claims 5 - 10, wherein information from the calibration
is used to identify which detector of a conjugate pair of detectors offers the higher

resolution of the pair.

13. A method according to claim 12, wherein count data from the detector within a conjugate

pair which offers the higher resolution is selected in step (f).

14. A scanning apparatus according to the invention comprises: a source of ionizing radiation
and an array of radiation detectors, capable of detecting said radiation, said source and
detector array being arranged in such a way that

i radiation is emitted from the source in the direction of the array of radiation
detectors,

ii. radiation is emitted from the source towards any one of said radiation detectors
along a radiation path, said radiation path being defined at each end by the

source and the area of each detector facing said source;
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iii. up to N of said radiation paths may pass through an object which is to be
scanned; and
iv. said source and said detector array are located in fixed positions relative to one
another and movable along an arcuate scanning path around said object;
wherein said detector array comprises a plurality of N radiation detectors D which are
symmetrically arranged opposite said source in such a way that conjugate pairs of
detectors are arranged at equal angles from the source;
means to move said source and detector array along said scanning path so that the source
and detector array rotate through 360 degrees around said object;
data processing means which is programmed to
a. acquire count data from each detector, at a plurality of positions on said scanning
path, said count data being related to the number of photons of radiation emitted
by the source which have been detected by said detector during the count
period;
b. convert count data acquired by each detector at each position by means of a fan
to parallel beam conversion algorithm to converted count data;
select count data from at least one detector of each said conjugate pair; and
derive information concerning the density of the object at different positions in the

plane of the scanning path from said count data.
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