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No standard test piece for the evaluation of the performance of medium and large
tunnel (pallet and container) X-ray examination systems presently exists.

Since 2002, however, the Australian Customs Service (ACS) has, for cabinet
machines (tunnel sizes of 1000mm x 1000mm, and operating X-ray energies of around
160keV) been using data collected form the examination of an American Society for
Testing and Materials (ASTM) F 792 — 01E2 standard suitcase to determine objectively
the performance of the X-ray system. Fig. 1 shows the construction of the standard
suitcase, and Fig. 2 is an X-ray image taken of the system using a dual energy cabinet X-
ray system operatipg at 140keV.

The function of each of the various tests is set out in Table 1.

Table 1. The function of each of the tests in the standard suitcase are noted.

TEST | COMMENT

1 Check for visibility of wires in air (24 to 38 AWG)
2 Check for visibility of TEST 1 wires behind a step wedge (9,5, 15.9, 22.2 mm)
3 Check resolution of wire bundles (bundles of four wires with the wires in each

bundle being 2,1.6. 1.4. 1.0 mm)

4 Penetration test (steel stepwedge, lead letters denoting the wedge thickness in
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scanner contraction geometries. Equivalent test objects and score sheets do not exist for
X-ray systems with tunnel sizes greater than 1200mm x 1200mm (pallet examination
systems and exist). Several suppliers have given to the Australian Customs Service
collections of rods, wires, and plates with minimal instruction as to how these are to be
used to evaluate system performance. Fig. 4 shows one such arrangement, used for testing
a dual view, dual energy 2.5 megaelectron volts (MeV) system at an ACS Container
Examination Facility. An attempt has been made to compensate for the fact that the axes
of the horizontal and vertical X-ray fans are inclined at an angle to the horizontal.

To undertake the CS (Contrast Sensitivity) and IQI (Image Quality Index) tests
plates were removed one at a time from the vertical plate stack and placed on the
horizontal stack. The object had to be passed through the X-ray system each time the
plate thicknesses were changed. The time taken to complete the examination procedure
was in excess of six hours. Results for a single pass through the system are shown in Fig.
5.
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least one of said test modules, is capable of being used in a test for an aspect of the
detection capability. There may be a set of two test devices, each being according to the
present invention. They may be provided as a set, or kit. The two test devices may be
different. The two test devices may be capable of conducting the same tests. They may be
capable of conducting different tests. Each may be capable of conducting at least one test
which is capable of being conducted by the other and each may be capable of conducting
at least one test which is not capable of being conducted by the other. They may, when
used together, be capable of testing for tests corresponding to most, optionally ali, of the
tests described in ASTM F 792 — 01E2. The test device (or set of devices) of the
invention may be capable of testing for one or more, optionally all, of: a materials
discrimination test, a penetration test and a resolution test.

In a first aspect of the invention a test device is provided for assessing the detection
capability of an X-ray system with a large tunnel size, said device comprising:

e asupport capable of holding at least one test module;
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embodiment the test device comprises a test module capable of testing wire resolution in
air, a test module capable of testing wire resolution between steel, a test module capable
of testing contrast sensitivity and a test module capable of testing materials
discrimination. In the present specification, reference to a test as defined in ASTM F 792
— 01E2 may be to a test based on a test in ASTM F 792 — 01E2 but suitably modified to
account for differences in energy and size of a scanner in which the test piece is designed
to be used.

The test device may be of a size such that it is capable of passing through an
examination tunnel of dimension 1300mm x 1300mm. It may be of a size such that it is
capable of being mounted on a standard 1200mm x 1200mm pallet.

The stand may comprise a rotatable holder for holding the support so as to enable
the predetermined angle to be varied. It may comprise a latching mechanism to lock the
support so as to maintain the at least one test module at the predetermined angle.

The test module(s) or one or more components thereof may be removable from the

support.
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more test modules which are locatable within a shipping container, optionally a modified
shipping container as described above. As a further alternative, the modules may be
located, or locatable, on a vehicle, e.g. a truck, which is of sufficient size to pass through
the tunnel of an X-ray tunnel suitable for examining standard sized shipping containers.

The test device may additionally comprise a radioactive source for testing a
capability of a radiation portal for detection of a radioactive substance. The radioactive
source may comprise potassium-40 (e.g. as K Cl, commonly available as KCl chemical,
although other salts or compounds of potassium-40 may be used, e.g. other halides such
as fluoride, bromide or iodide, or mixtures of such substances) or caesium-137 (Cs-137).
The activity of potassium-40 (K-40) in natural potassium is 30.18 +/- 0.72 Bq/g (Samat
S.B., Green S., Beddoe A.H. “The K activity of one gram of potassium”. Phys. Med.
Biol. 42 (1997) 407-413).

The test device for use with a tunnel of size sufficiently large to scan a standard
shipping container may comprise at least three independently movable test modules. They

may each independently be selected from the group consisting of a materials
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e a rotatable holder for holding the support so as to enable the predetermined angle
to be varied; and
e test modules mounted on the support capable of conducting each of tests 1 to 9 as
defined in ASTM F 792 — 01E2 using a.single pass of the test device through an
examination tunnel of the X-ray system in the case where the X-ray system is a
single view X-ray system or using two passes through an examination tunnel of
the X-ray system in the case where the X-ray system is dual view system;
said test device being of a size such that it is capable of being mounted on a standard
1200mm x 1200mm pallet.

In another embodiment a test device is provided for assessing the detection
capability of an X-ray system which is sufficiently large to scan a standard shipping
container, said device comprising:

e a modified shipping container having the same external dimensions as a standard

shipping container;
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e detecting X-rays, if any, that pass through the test module(s), using the X-ray
system so as to generate an image;

e determining one or more test results from the image; and

e assessing the operation of the X-ray system using the test result(s)..

The following options may be used in conjunction with the second aspect, either
individually or in any suitable combination.

In the event that the test device comprises a rotatable holder for holding the
support, the method may comprise varying the angle of the support to the predetermined
angle using the rotatable holder. In the event that the test device additionally comprises a
latching mechanism to lock the support, the method may additionally comprise locking
the support by means of the latching mechanism so as to maintain the at least one test
module at the predetermined angle. The step of varying the angle may be conducted
before passing the test device through the tunnel. It may be conducted while passing the
device through the tunnel.



a stand which holds the support at a predeterm ned

angle to the horizontal; a rotatable holder for
whologiisigsg he support so as to enable the predeP@r/AUn®e/000820

angle to be varied; and test nodul es nounted on the

support capabl e of conducti n§ each of tests 1 to 9 as

defined in ASTM F 792 - 0l1E2 using a single pass of

the test device through an exam nation tunnel of the
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discrimnation nodule; a resolution nodule;
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i ndependent |y transportable, and wherein
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EROEABoE0 LA R 0B Al Preoen the
medipassitg shesnpidv@ecmbahmp to tlenfirspraspest of dhe lirs@stiom through an
examination tunnel of said X-ray system so as to expose the test module(s) to X-
rays from said system; and

e detecting X-rays, if any, that pass through the test module(s), using the X-ray
system so as to generate an image;

e determining one or more test results from the image; and

e assessing the operation of the X-ray system using the test result(s);

wherein if the X-ray system is a single view X-ray system the test device is passed
through the tunnel exactly once and if the X-ray system is dual view system, the test
device is passed through the tunnel exactly twice. |

In another embodiment a method is provided for assessing the detection capability
of an X-ray system with a large tunnel size, said method comprising:

e passing a test device according to the first aspect of the invention through an
examination tunnel of said X-ray system so as to expose the test module(s) to X-
rays from said system; and

e detecting X-rays, if any, that pass through the test module(s), using the X-ray
system so as to generate an image;

e determining at least two test results from the image;

e aggregating the test results into a single aggregate score; and
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e using said determining to assess said detection capability.

In an embodiment the tunnel size is sufficiently large to scan a standard shipping
container. In this case, the test device may comprise a modified shipping container which
has the same external dimensions as a standard shipping container. The support and at
least one test module may be disposed within the modified shipping container.

In a fifth aspect of the invention there is provided a method of scanning an object
using an X-ray system having a medium or large tunnel, said method comprising:

assessing the detection capability of an X-ray system according to the method of
the second aspect; _

if necessary, adjusting the X-ray system so as to improve its detection capability;
and

passing said object through said tunnel and scanning the object as it passes through

said tunnel.
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Figure la shows scans of the standard ASTM suitcase of Figure 1 using X-ray
systems of different X-ray power. This demonstrates the poor performance of the ASTM
suitcase on larger tunnel size X-ray scanners.

Figure 2 shows X-ray images of the standard ASTM suitcase for two different
orientations to the direction of travel. It should be recognised that the test case
presentation to the x-ray beam also influences the test score of the scanning system. The
system performance was evaluated to be 58%. It performed badly on Test 2, Test 3, half
of test 6, and did not meet manufacturer’s specification for Test 1 and Test 4. This
demonstrates that the test object orientation in the beam has an influence on the quality of
the image and therefore the need for standardisation of the standard positioning and
presentation angle to the beam during the evaluation.

Figure 3 shows an ASTM standard score sheet.

Figure 4 shows adjustment of the rods on a stack of steel sheets as part of the IQI
test for the vertical view for the test piece of the present invention. The plates for the CS
test for the horizontal view are shown in the foreground. The objects are carried on a

standard wooden pallet.
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National Standards Institute (ANSI) 42.46 X-ray system test;

Figure 9 shows photographs of: (a) the initial image on the monitor screen for the
horizontal view of a 450 keV system. The ninth wire (diameter 0.9mm) can just be seen,
as can the organic materials in the Materials Discrimination Test (Test 4); (b) the monitor
screen showing the image of Fig. 9(a) using only the software contrast tool; (c) testing for
contrast sensitivity and penetration for the horizontal view of a 450 keV system; and (d).
the response to Test 4 (Materials Discrimination);

Figure 10 shows photographs of: (a) the initial image on the monitor screen for the
vertical view of the 450 keV system. The ninth wire (diameter 0.9mm) can just be seen,
as can the organic materials in the Materials Discrimination Test (Test 4); (b) the monitor
screen showing the image of Fig. 9(a) using only the software contrast tool. Contrast
sensitivity and penetration for the vertical view of the 450 keV system can be seen.

Figure 11 shows photographs of: (a) the test piece set in position in the examination
tunnel of the 6 MeV X-ray examination system; (b) the initial image on the monitor
screen for the horizontal view of an X-ray system. Typically five wires can be seen for
all the step wedge thicknesses; (c) a monitor image in which all the steel plates can be

seen.
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Figure 20 shows a suitable container which may be used either in conjunction with,
or as a component of, a test device for a container sized X-ray system.

Figures 21 and 22 show different diagrammatic views of the container, illustrating
the location of test modules therein.

Figure 23 shows a cross-section of the container, showing the location and design of
the penetration module which may be used in this embodiment.

Figures 24 and 25 show further details of the penetration, resolution and material
discrimination modules of the test device.

Detailed Description of Preferred Embodiments

The present invention relates to a test device, or to a set of test devices (e.g. a set of
two test devices) for assessing the detection capability of an X-ray system with a large
tunnel size. As discussed previously, no satisfactory test device is hitherto known. In this
context, a “large” tunnel size may be considered to be one larger than about 1m x Im. In
some contexts herein, the “large” tunnel size has been subdivided into “rﬁedium”
(commonly about 1-1.3mx1-l.3‘m) and “large” (commonly greater than about 1.3x1.3m,
or about 1.3-2.4mx1.3m-2.4m). It will be apparent from the context the intended
meaning.

Apart from the size difference between the test piece of present invention and the

ASTM suitcase, the present test piece in preferred embodiments is designed:
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su;s);t)oar{: gr s(,)tgnds, tvsh?cl:h %f(])sl%t nseesi1 Sto %g rrrtlad%fana q)(rem!i%d by a user. The present test
piece incorporates that facility as an integral feature. ASTM F 792 — 01E2 does not
describe or address angle-related inaccuracies that may be induced. This is also the case
for all home made systems, no matter what the size of the test piece is. The throughput
speed achievable using the present test piece is a product of features described above.
The ASTM suitcase is unsuited for use in large and/or high energy X-ray systems,
and would need to be substantially scaled up to be useful for scanner energies above 450
keV (typical of large systems) because penetration tests (and others) would be too small
to be seen or to be adequate. The Scope section of ASTM F 792 — 01E2 states that the
purpose of the ASTM case is to test instruments that are 1mxIm which typically have
energies below 450keV. The size of the ASTM suitcase is too small and it is not usable in
cases where the conveyor is made from rollers (which are present in most large tunnels)
without additional support. _
Small size also limits the number of detectors that can be tested in a single pass.
The ASTM suitcase would be too small (almost invisible) and typically the
penetration energies in medium and large tunnels are much too high. Consequently an

image taken of the ASTM suitcase using a high energy X-ray tunnel will be washed out

and have poor resolution. Additionally, not all the tests of the ASTM suitcase are suitable
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unsuitable for use (or incapable of being used) in a tunnel of less than about Im x Im.

These tests may be modified in the test piece of the invention in order to account for the
increased size of the tunnel to be tested. In preferred embodiments the stand allows
rotation and provides a latching mechanism to lock the test object at a desired angle for
presentation to either vertical or horizontal beam. The selected angles are machine
dependent. The rotation mechanism may allow the support to be held in predetermined
angles. The predetermined angles may be in increments of 0.5°% 1, 1.5, 2, 2.5, 3, 3.5, 4,
4.5 or 5°. The predetermined angle may be such as to improve or optimise sensitivity of at
least one of the tests. It may be such as to improve or optimise resolution of at least one of
the tests. The rotation mechanism may allow rotation of the test object. The rotation may
be relative to the support of the test device. The rotation may be about a vertical axis or
about a horizontal axis. The horizontal axis may be orthogonal to the intended direction of
travel of the test device through an X-ray tunnel or it may be para11¢1 to the intended
direction of travel of the test device through an X-ray tunnel. The rotation mechanism

may allow rotation about more than one, optionally two or all three, of these axes. The



screen showi ng the image of Fig. 9(a) using only the
software contrast tool; (c) testing for contrast

W@ 2098185688 t y and penetration for the horizont aPCI/AE08D00820
a 450 keV system and (d). the response to Test 4
(Materials Discrinmination); IFi gure 10 shows
phot ographs of: (a) the initial inage on the nonitor
screen for the vertical view of the 450 keV system
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used. Figure 13 shows an exanple of_an X-ray_ tunpel
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scanni ng shi ppin tal ne Figures 14 15 show
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ond @ Y8dr8 dopticraRy 1, 68 makdiaRUidcrittinaor! 8t Sopeetration test and a
resolution test. The test module, or at least one of the test modules, is capable of being
used a test of X-ray system performance, for example in a test as defined in ASTM 792-
01E2 (the contents of which are incorporated herein by cross-reference) or a modified
version of said test suitable for a medium or large tunnel X-ray scanner. ASTM F792-
01E2 in section 5 defines a test object which is capable of performing a number of tests,
defined in sections 5.2 to 5.10 of the standard. These tests are:

Test 1: wire display

Test 2: useful penetration

Test 3: spatial resolution

Test 4: simple penetration

Test 5: thin organic imaging

Test 6: IQI (image quality indicator) sensitivity

Test 7: organic/inorganic differentiation

Test 8: organic differentiation

Test 9: useful organic differentiation

The test device may have one or modules capable of being used in at least one of

these tests. As discussed elsewhere, these tests may be modified in the present test piece



image as in Fig. 16 but different inmage processing
tools. Figure 19 shows two scoring sheets suitable for
waeleqensioss ng a test score for AUSI and AUS2  PCT/AU2009/000820
respectively. Figure 20 shows a suitable container
whi ch may be used either in njunction with, or as a
conponent of, a test device for a container sized
X-ray system Figures 2 1 and 22 show different
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Ut case, resent test piece I'n
10poefOeor B tb daﬁmxomsngxs, 6, é7 (899; doeld, d2, 13 blels 16, 17, 18, 19 or 20

RO B RS B4 TR S BRI ey v
zidad. athey (nhayaad JomeSothéroshapé.fThe @iy, wire thickness may be about 0.5
to about 2mm, or about 0.5to 1, 1 to 2 or 0.7 to 1.5mm, e.g. about 0.5, 0.6, 0.7, 0.8, 0.9,
1,1.1,12,1.3,1.4,1.5,1.6,1.7, 1.8, 1.9 or 2mm. The maximum wire thickness may be
about 5 to about 20mm, or about 5 to 10, 10 to 20 or 7 to 15 mm, e.g. about 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20mm. The wire sizes may be evenly distributed

between the minimum and the maximum or may be unevenly distributed between them.

101 sensitivity (wire resolution between steel) — the wires as described above under “wire

display) are provided and behind them is a step wedge. The step wedge has regions of
different thicknesses so that the detectability of the wires can be determined through
different thicknesses of the wedge. The wedge is commonly made of a metal for example
steel. The minimum thickness of the wedge may be between about 5 and about 20mm or
about 5 to 10, 10 to 20 or 8 to 15mm, e.g. about 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19 or 20mm. The maximum thickness of the wedge may be about 20 to about S0mm,
or about 20 to 40, 30 to 50 or 30 to 40mm, e.g. about 20, 25, 30, 35, 40, 45 or 50mm.
There may be about 3 to about 10 steps, or about 3 to 5, 4 to 10 or 3 to 6 steps, e.g. 3, 4, 5,
6, 7, 8, 9 or 10 steps. The sizes of the steps may be evenly distributed between the
minimum thickness and the maximum thickness or may be unevenly distributed between

them. In some options this module may be combined with the wire display module,



b. such that the systemis self-contained (i.e. no

pallet is required), so it can be used as is w thout
waepIpsepar ati on, c. to be capabl e of being fiPEI/AUZ®H000820

with regard to vertical and horizontal test angles to

suit any large tunnel X-ray l§canner and thus optinise

t he angl e-dependent tests, mark them and go back to

the sane settings each tinme it is used. This is
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0 The, ASTM s ca unsu ted for use in large
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between organic and inorganic materials. Additionally it may be useful to determine
contrast sensitivity through the organic material as separate to that through the metal used
above. It may also be used to determine the performance of a backscatter facility in the X-
ray system if present.

The test device may be of a size such that it is capable of passing through an
examination tunnel of dimension 1300mm x 1300mm. In order to meet this criterion, the
device should have a maximum height of about 1250mm. The maximum height may be
about 500 to 1250, or 500 to 1000, 500 to 800, 800 to 1250, 1000 to 1250 or 800 to
1000mm, e.g. about 500, 600, 700, 800, 900, 1000, 1100, 1200 or 1250mm. It may have a
maximum width or about 500 to 1250, or 500 to 1000, 500 to 800, 800 to 1250, 1000 to
1250 or 800 to 1000mm, e.g. about 500, 600, 700, 800, 900, 1000, 1100, 1200 or
1250mm. It may have either a width or a height or both that renders the device unsuitable
for use (or incapable of use) in a cavity of 1m x 1m or less. It may have either a width or a
height or both that is at least about 900mm, or at least about 950, 1000, 1050, 1100, 1150,
1200 or 1250mm. It may have either a width or a height or both that is about 900 to about



ener gi es bel ow 450keV. The size of the ASTM suitcase
is too small and it is not usable in cases where the

W@ oweywess i s made fromrollers (which are prese@I/AURN09/000820
nost | arge tunnels) w thout additional support. Small
size also limts the nunber I& detectors that can be
tested in a single pass. The ASTM suitcase woul d be
too small (alnobst invisible) and typically the
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1300mm or between 1000 and 1250mm or between about 1100 and 1300mm. It -may be
of a size such that it is capable of being mounted on a standard 1200mm x 1200mm
pallet. To meet this criterion (and the earlier criterion as well) it may have a maximum
width of about 1200mm, although in some cases it may overlap the pallet and may have a
maximum width of up to about 1250mm. The maximum width may be about 500 to 1250,
500 to 1200, 500 to 1000, 500 to 800, 800 to 1250, 1000 to 1250 or 800 to 1000mm, e.g.
about 500, 600, 700, 800, 900, 1000, 1100, 1200 or 1250mm. The maximum length is
preferably about 1200mm, although it may overlap the pallet and may for example be up
to about 1500mm. Thus the maximum length may commonly be about 500 to 1250, 500
to 1200, 500 to 1000, 500 to 800, 800 to 1250, 1000 to 1250 or 800 to 1000mm, e.g.
about 500, 600, 700, 800, 900, 1000, 1100, 1200 or 1250mm.

The test device is designed to be readily transportable. It may be readily
transportable without being located on a separate support e.g. pallet. The stand or support
may comprise an insertion region for inserting forklift forks or tines so that the test device

is easily transportable using a forklift. In some embodiments a base of the stand
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when AUS1 (10mm-100mm) and AUS2 (100mm-300mm) are used without
modifications. However, they may if required be removed or modified as described. Thus
if only X-ray penetration is to be tested, all modules other than the X-ray penetration
module may be removed. In some embodiments the test modules may be not removable,
for example where it is known which tests are to be used. The test modules may be held
in place by a restraining mechanism. This may for example comprise a clip, or it may
comprise one or more screws or bolts, or it may comprise a magnet, or it may comprise
some other restraining mechanism, or it may comprise more than one restraining
mechanisms.

The test modules, when mounted on the support, may have no casing surrounding
them. The support may have no casing surrounding it. The test modules, when mounted

on the support, may have a casing at least surrounding them. The support may have a



45, 50, 60, 70, 80 or 90. The angle may be

predeterm ned by reference to the geonetry of the
WORMassI66nel t hrough which the test device i SPEDAP2¥9/000820

It may be predeterm ned by reference to the angle of

incident X-rays in the X-ray0tunnel through which the

test device is to pass. It may be predeterm ned by

reference to test results obtained in earlier tests
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I nes a capa

vafiéusf bbiﬁcﬁqurﬁthawﬂbeﬂsyoobelt eftle, ngf tuneel, k. slos¢ tooths sbuize, centre
é? 5 10t0f the standard. These tests are: Test 1. wire

an %rpﬁoé?/ BESOPICS - yseful penetration Test 3: spatial

r el Yst ABvide fifaybe: uséﬁiﬂ'ﬁdr@sﬂﬁﬂﬁg iR pepforhande ér:detdetion capability
of ;{; a_lrr]{l;: s,jl(spr@x? Iof %t iléast about 1(%ke(1 rg}agte legsutalbloflty 15|0n %I 8%%’ )300 350,
400, 450, 500, 600, 700, 800 or 900 keV, or at least about 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5,
55,6,6.5,7, 7.5, 8,9 or 10MeV, or about 100keV to about 10MeV, or about 100 to
1000keV, 100 to 500keV, 300keV to 10MeV, 500keV to 10MeV, 1 to 10MeV, 2 to
10MeV, 5 to 10MeV, 1 to 6 MeV, 1 to 3MeV, 3 to 8MeV, 500 to 1000keV, 300 to 800
keV or 450 to 700keV, e.g. about 150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800
or 900 keV, or about 1, 1.5, 2, 2.5, 3, 3.5, 4,4.5,5,5.5,6,6.5,7,7.5, 8,9 or 10MeV. In

particular embodiments, the device may be useful for assessing the performance or

detection capability of an X-ray system of up to about 450keV or of about 160 to about
450keV, or of greater than about 450keV or of greater than about 1MeV, or of about
450keV to about 10MeV, or of about 1 to about 10MeV. It may be useful for assessing
the performance or detection capability of an X-ray system of a system outside the above
ranges.

The invention also relates to a method for using the test device for assessing the
detection capability of an X-ray system with a large tunnel size or a medium tunnel size.
The assessment of detection capability may relate to only one parameter or criterion of
detection capability or to several thereof. ‘

In the method, a test device according to the invention is passed through an

examination tunnel of the X-ray system so as to expose the test module(s) to X-rays from
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to the conveyor of the X-ray tunnel by means of a fork lift. Angles of the test piece(s) are
then adjusted angles to the desired value (taking about 5 minutes). The test piece(s) are
then scanned in the X-ray tunnel (taking about 5 minutes) and the performance is then
scored on a pro forma sheet (typically taking about 10 minutes). Thus the total time per
test is about 20 minutes. The test pieces were designed to minimise handling and number
of tests and maximise throughput.

If the X-ray system is a single view X-ray system it may be sufficient for the test
device to be passed through the tunnel just once in order to obtain a satisfactory result. If
the X-ray system is dual view system it may be sufficient for the test device to be passed
through the tunnel exactly twice in order to obtain a satisfactory result. This minimises
the test time. It will be understood that if required more passes may be used.

The results of the test (either individually or as an aggregate score) may be used in
order to improve or optimise the operation of the X-ray system. In this event the X-ray
system may be adjusted so as to improve its performance and then retested. This cycle

may be repeated one or more times in order to optimise performance. The results may be
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Major design issues which are overcome by the present invention include:

e Design of test modules which are sufficiently compact and lightweight to be
easily handled and maneuvered by standard forklifts and sufficiently large to be
clearly visible on the image.

e Making the tests compact to fit inside the required cavity.

e Balancing the rotating test plate so that they can be safely revolved by hand and
not allowing them to revolve under gravity on angle stetting latch release.

e Designing the test piece so that it can sit on a pallet or pallet like structure (to
allow easy transport) and yet for that structure not to interfere with images taken
in a vertical and horizontal view.

e Providing a self contained structure that does not require special shipping

containers and pallets for transport and storage.
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or lélg.sé(a) lsta Bi%{o&%i{}? of Meri%nt df ‘fﬁéj{eg't ;%ceaon the tray of a 1 ton utility
vehicle. The rest piece is constructed to be able to be lifted by a fork lift in two pairs of
orthogonal directions. The semicircular disc on the left hand side of the test piece enables
the test object to be set so that it is perpendicular to the median beam of the X-ray fan
beam. The angle can be set from true vertical to horizontal in 2° steps.

In Fig. 7(a) at the top left of the test object is Test 1, wire resolution in air. The
diameters of the wires are: 0.9, 1.6,2.4,3.2,4,5. 6, 8,10 mm. This is similar to Test 1 in
the ASTM standard suitcase, except that the ASTM suitcase uses wires up to 0.5mm
diameter, or 24 AWG, reflecting the smaller X-ray systems for which the ASTM suitcase
is designed.

Below it is Test 2, wire resolution between steel (IQI test), in which the wires pass
down the mounting plate (10mm thick). Behind the mounting plate is a step wedge with
steps of 10, 20, 30, 40mm (Fig. 7(b)). Extra plates may be added to the step wedge to
increase its overall thickness of the steps. This is similar to Test 2 in the ASTM standard
suitcase, except that the ASTM suitcase has a fixed wedge. This provides the present test

piece with increased versatility over the ASTM suitcase.
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second test of the materlals dlscrlrmnatlon software.

The polyoxymethylene plastic (Delrin®) and MDF are crossed step wedges
separated by the 10mm steel of the mounting plate. The system ought to be able to
register this combined object as essentially organic, and as well each of the step edges
should be resolved (similar, but not identical to, ASTM Test 9). This test will evaluate
the performance of X-ray systems with a backscatter capability. .

The US National Institute for Science and Technology is presently attempting to
define an industry standard for testing the performance of large tunnel X-ray examination
systems (ANSI 42.46). This standard is defined only for horizontal view systems, and is
a more formal presentation of the ad hoc tests described above. Figs. 8(a), 8(b), and 8(c)
are photographs of various elements of the proposed ANSI 42.46 standard test piece.
This test piece is of limited in usefulness and has available a restricted number of tests

when compared with the test piece of the present invention. It is also difficult to use
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ma)f:oxb ?(-ray syzsatlgln% 0?t450keV or less the ANSTO AUSI test piece can be used for
penetration tests. For example, if the manufacturer’s specification were to be 90mm of
steel, the 40mm steel sheet in front of the 80mm section of the step wedge used for the
Contrast Resolution (Test 3) should be clearly visible, since this exceeds the requirements
for visibility given in the definition (33%, and two grey scales).

The ANSTO AUSI test piece does not have the capability of testing penetration in
X-ray systems of in the energy range above 450keV. A companion test piece AUS2 has
been developed to enable penetration tests in the range 1 to 6 MeV.

For systems which can detect backscattered radiation an arrow-shaped test object
100mm thick is placed in front of one only of the 25mm steel sheets on the side facing the
incident X-ray beam. A

To do this all the plates have to be removed from the frame, except one.
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o 3Pl S0 U AN Gy Pt e s o
funGtionysf. thlet thmyedseof the steel plates. This could take as many as ten passes
through the system. In contrast the IQI can be determined completely in only one pass of
the ANSTO AUSI test piece through the system.
The ANSI test piece does not contain a test for Contrast Sensitivity. The ANSTO
AUSI test piece does (Test 3).
The types of X-ray examination systems currently supported by the Australia
Customs Service are listed in Table 2. The two systems evaluated in this study are shown

in bold in the table.
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450keV to about 10MeV, or of about 1 to about 10MeV.
It may be useful for assessing the perfornmance or
WQOtSHen capability of an X-ray system of a RGIZAEIN9/000820
out si de the above ranges. %he invention also rel ates
to a method for using thétest2devicg forgassessing
the detection capability f anwX-raydsystemwth a
| arge tunnel size or a neEdli um tunnelssi zed The
assessnent of detection dapabifity may relgate to only
one paraneter or criteri OE'I of et ectgon capability or
to several thereof. In th@® net §od, t est gevi ce
according to the ingenti gh is passedgthroggh an
exam nation tunnel §f theg X-ray; systgm so.Qas to expose
the test nodul e(s) Bo X-rays f Borsai~® sys&em It is
preferabl e that the>angl & of t_@e support t he test
gevice—s—sych—thatst he X rays3i npacE approxi mat el y
normal ly (i.le. roght d@hgl esg to the teF nodules in
order to obtlaith fhebest dest Eesul t&. Th& nor mal

det ¢cti on sylste n_a sof tivar e Bf thégx-rag system
under test i|sd he&n dsed t@ det gct any X-rays that pass
tthr pugh t he |d&/i § ‘gi.e. g hrough thevtest §odul e or

nodulees) and ©o ngrate @n i ngge of%the @odul e(s). In
$OME cases, (I Wi ¢l the&-ray,%syste@ﬁn is designed to
let ect backdcattefed X-rays, . tbese rr%y al So be

let ect ed ang iymg d":by t i ray sysigem The image is

c
c
thep used td gete ne org BDre test rgsults. These
[
(
q

n
O
&vzd
ategegu

= C
«

ray | for exanple re¢lite tedtlfe 'nim:gncong'rast %
let er mi nabl g By t e'osystqgntﬁﬁr h sgeel, Sor t h ough

1

. . < b
gn or@ani ¢ materi al=such s Dek |§(r3‘. Q fier tegt
esytts may [retars Eo theaf | Pty toSdi&cEmnage
et yeen orggni ¢ matgri al 8 agd ﬁetgls‘_ﬁa g:e m @i mum
. . [ =
W rée thi ckndssg det e‘ét abl eijbﬂt}ie ‘gys&‘e e test
fesfl ts may [tfen betused d ozasgess tde glefect i ab
¢apabi | ity qrser{oEmance ofs tﬁe L ray syt em udder
test.QThe rdsd@ ts|ngy be *us gnd!’.—,-viglueﬁ"l‘5;,3 in ofder to
assess—the—indivigull aspects 8f Ehesdet egti on .8 =
¢apability, for, theygmay ke @ggegﬁte@i it a sidgle g,
aggfegate sqoi@, Orut hey gy b® uSeds f ot h o t hese
pur poses. THegwag eEati (o] Be Serzo[greg manu=l |y, s
o) - G — ~ — el
or peY be O §| 8 c 3 5§ 5§ g &B = P
Q < 3 3
z |£ 8558282 I
— " [
s |E ST §E2:egEzE 3
- 177} o S 1)) L = v 59 2]
s = I = Bog S 0o g w © e
E |<EE23yE5s5838§23 3
o 2 Q v o~
S S |5 2 2% = %245 gy 5w d A
N O s @ % § £ 2 g g 2 9 = g
o 2 wg 555 5§ 8 g 3
> S 2 EEL PS8 22 E 8 8 =
= § 8 8 25 2% 3 3 £ g <
o w E o O E g 9 q s .8
b rany Q .yt Q-1 .- 5 _q L t)‘ 3
ggo@ogouam‘g.g o
b ’C_‘U < B 5 1 5) .-E % L » [= TR > Lg
= Qv &8 o w F ,_a o .2 ['%)
" Q = @ 85 £ 8% 29 § 2 & <
— C |€E 5T a2 e FEBE o
72} (] G Q
Eb — [ J—-1 >N >~ O = -
) = 2 =) — @ it
O 3] = 17, [} L = [
2 2 3 § § °© > & B 2
3 8 2% 2 8 B o =m g & 3
rl2 2 D 0 B 2 E 25 8 3
- = s 2 5 & § X g o
) E Q @ ., - [ S
w S| § g & o g e g 2
< S8 ¥ o = & £ 2 2 = P =y
= S & & 3 © o D I S ® =]
= 2 Bl > > 8 w3 2 v L o= £ @
E 8 v » 5 5 BE g2 & 2 E po
2E iS58 8 3
~
A2 5 S5 8 & %O g & g5 = 20 2
T TYE A~ ded B S W E S8 Z.




performed automatically using a conputer or simlar
device. A sinple aggregation may conprise adding the

wo pavusdesnl results. Alternatively a nore sophPGI/AU21004100820
al gorithm my be used to obt{y’ n the aggregate score.
Thus in a sanple nethod the Test piece (or nore than
one test pi ece) are transferred to the conveyor of the

t f fork, lif | f
¥ e i Surtays tndF ity ncbach atep kePial eV el Frsaey and o
6 N@'W@inéleaé’de[? singldt vidw M Thdse@Sare W &ohfpidtely (ﬁﬁ@fe’ii sténs, with

t hen scanned in the X-ray tunnel (taking about
difggrentt €33mingtion Heleser f dlthiiebe thes tesienicse oﬁeée%@eé prignarily for

paﬁﬁfﬂ?cr% e6E.D( LyaRhifiMdn¥ halflen g? odéf{opﬂtﬁoﬂ” e%gltg‘;r’e%?q frogxh 54§0keV to

total tinme per test is a m nut es
2. ﬁMe‘é,eﬁ mr@nslldsnegnwonmtrmmvalus'@ tha redilitp gpfethel test mtaec in higher

of tests and hroughput. If the X-ray system
energyglag WST’ %P"v? & ar){(]6§)§\JVK)Syst emit may be sufficient for
t hén p&phnﬁig‘:‘tshle aést piecd forpaamathtibh itos @bcdshey td kil tlieuﬁ&hnation of

onc r to ob alnasatlsfactor resul :
th%enfﬂi@ 3& g’rﬁ’f‘ dagrorizoaty! £9 Gt the t@st%gﬁcbsalghﬁ it é(? Eﬁpormal to

thed PediPe bbAAR! URNOEMalcly RRaRARGErst RERUABt (sB& tHlNRChrovide this
exactly twice in order to obtain a satisfactory

infpanatjon, toTHiel wgers. niASed qoRgequerae thiepigcomrect \guess W@S made for the
ho 513\11 gf {lp:aﬁISO' lIeVr %ﬁgféh{ @% rT'Q{h@r fﬁatﬁﬁgﬁ. nﬁ?{ pﬁlsyds g(gne artefacts
st vi dual 'y as

resu ts of the t t’her 1 ndi or
duag@ nlmgatcan@bpassagmuﬁlﬂbexuaﬁbeam throdgh tho sﬁeppmlge to roccur The

v BB I L g RE Lot BB S, e v

medigirbedm wisSinglétellapmardsedyadd t hen retested. This cycle
be repeated one or e tinmes_in order to optimse
n5f fihicst Dierie Mg gatsed ¢ tﬁfayglbgﬁs&raxcﬁaﬁt@mo% ipjpgg can then be
anﬁ §ear {iﬁﬁg ¢ Ymhge PRICeSISE softivicCPpRIRRA] W %l'ié/ fetutaiurer, Each
-ra%ésystem or to determ ne the need for

maﬂﬁfa@tl@ﬁa ® itshemaopoftware e apdt thew wreosigndfagant chifeiepcashbetween
manffdtirers 48 %e&‘s%%‘i‘ug&s%%} &, the performnce of
a(r? P#er ent ??I %1@15

[ I's may be useful when
coifpr thmg/std:nfsf testech helsythe @mceﬂlme ovast 10 qulargh dlseimagedqusually X4).

Thg;rggl.ﬁ{gt %ts ffésglt f B"%’Zt te%gr(ﬁiaﬁscg S s a%% if orllrsnta ion tcorcx)cpemmg materials

discrimination is available as well (Test 4).

Then the contrast tool in the software was slowly varied so as to reveal the wires in
the IQI test (Test 2) for successive thicknesses in the step wedge. This gave information
on contrast sensitivity and penetration (for systems for which the maximum X-ray energy
was less than 450keV) at the same time (Test3). As well, additional information on
materials discrimination (Test 4) was acquired.

Subsequent to the tests an evaluation score sheet (ANNEX A) was created. .

The performances of the two views were evaluated.

Fig. 9(a) shows the initial image of the test piece. Because no machine recorded
images are available this image is a photograph of the monitor screen. Moire pattern
artefacts can be seen due to beating between the line rates of the screen and the digital
camera. Nevertheless, all the wires in air are visible (the smallest is 0.9mm), and the

materials discrimination software has identified the Delrin® step wedge as organic (the



according to the present invention (referred to herein

as the "ANSTO test piece", or sinply "ANSTO', which
woreyohssess t her ANSTO AUSI or ANSTO AUS2). The PEBAU2009/000820

pi ece of the present inventign was designed so as to

test as many aspects of X—r3§ system performance as

possi bl e in one pass of the test piece through the

X-ray system consistent with {he requirenent that
redipaghat thestop cenlae at the iage)iand thmiagt bey HS%H fact thitknesses

ofg,gg,qgmehaarzoom and pass through an exani nati on
rtal of 1300mm x 1300mm The test piece contained

t e$o an€éwyer thy wgbseamd plates ebsshredi tyrthe steal step wiedges of Tests 2 and 3

the (c(ﬁﬁ?s;fttooggog ?} ) gl?a e %oec%‘ sn% ﬁatcﬁﬁ%?gv gQA% il {ngkgg%ed image is
shog\'rrsimrﬁig]%h).l on. A separ ate test pi ece has been.
esjgned to enable the testing.of. wire |
o T gt T o e 15 Emeiab SpdigBisfness (Test 2 aQD)
canOSé‘ glehAy isééh. f Pér Bk SThOIFURAPSEE thidRncd PYEnrh) Qvitee ca fkt be seen
materials discrimnation for a wide range of organic

(3-2ramg Thissorrgsronds irgandQlid t064cr eeni ng by steel . The
Lef r&Paff %o PRESE QF ARYme lgt@§'a9@%1b1@rhq thd §hir & G ?ﬂ)mm) This

con'pr ensive data on system er ormance was acqul red
corrgsppngist to carmnpmsm pEtrasti sensiv ity hfeO 08s Pupsiuingethe Np@ng,h adjustment

o i RSO LA, T Tl LT s
(5rfu@), thabi(dennyy sduems(20mm)nend fifthe@Otmes)spihieacad ®@rseex in front of

00 sing the ASTM F 792 - 0l1E2 test suitcase, has
80’8’@'\9‘;?‘%‘?& sed. Major design issues which are overcone

by ThidgndiERSRht thb YWERIEA coitfdstisasitivieR & &Di\mﬁfsteTeEI%tO 063
nodul es which are sufficiently con‘gact and | ightwe

t oThe 4585kqV spegificatign dp dondhfefRresriionyist 4 APy thick ?ead block
beﬂlf?& bgm St s@m sﬁ%{' RHEELhe theb@ert B Je@og%mg S Omit ot sbéeebehmd

the test's conpact™ t i nsid
90mtreofrsefqallplaw cavity. Bal ancing the rotating test

pl g.tpgrtsﬁ'ortnh gltlcctegs ly uﬁ]entt)?yls aftﬁé yDél?iX@ \éég Q/%d&aqg (ﬁ'@gmc and
verifying the number of steps in the wedge (Test 4.1) no further information is
forthcoming (Fig. 9(d)).

The score sheet for this test is given in ANNEX B1.

Fig. 10(a) shows the initial image of the test piece. Because no machine recorded
images are available this image is a photograph of the monitor screen. All the wires in air
are visible (the smallest is 0.9mm), and the materials discrimination software has
identified the Delrin® step wedge as organic (the red part at the top centre of the image)
and the fact that there are four distinct thicknesses of organic material. As well, the
image of the Delrin® step wedge can be seen.

To uncover the wires and plates obscured by the steel step wedges of Tests 2 and 3
the contrast tool of the image processing package was used. A typical improved image is
shown in Fig. 10(b).

The change in visibility of the wires as a function of wedge thickness (Test 2 (IQI))
can be clearly seen. In regard to Test 2, all the seven wires are visible at the third step

(40mm). This corresponds to a minimum IQI of 0.06.



not allow ng themto revol ve under gravity on angle
stetting latch rel ease. Designing the test piece so

W b@v/15%658an sit on a pallet or pallet |ike stPCUAUREY/000820
(to all ow easy transport) and yet for that structure
not to interfere with |rrages3 taken in a vertical and
hori zontal view. Providing a self contained structure
that does not require special shipping containers and
panﬁTSSt Bpbehindathe pamdimamcstes] drickgesBBOams)ealbfive plates can be seen.

o GuSpBiran Ry el GSm FaRPEPY Rl 6F of 4 r somm
stekhhe test piece was evaluated at the ACS CEF at
Osborne, South Australi ZfBUSI a dual vie

X- Ay 4pskedmspoeibication js éﬂEFeEE,"rcﬁﬁ'é‘Ho? ottt 400G, Yick 1ead block
belfl OBfIPIEReeP bt A tﬁ§ REINAL syferd ¥reEPhiARPthA ¢ffsteel behind

exam ni ng standard pallets and | arger objects was
90&mab£mc®qﬂa@; the inventors. Tests were nmade on the

P eh.. ¥ .
o, e ST AT SR DD 08 Q5 3 e,
veﬁﬁﬁq@ﬁlesluﬁibefﬁomwps ithe welpe (Pestdel )vhs imlessi q:ywesilomthe existence
of e elEEp stapar e Eie PRy SoHE SHBeners FE3Rert g3 b0t behind the
Detlif® ‘3@?%@%& tapa $:e fice thiee BRESOf the MIBF Ridge 0dn idweeh €Bdst 4.2).

pi ece throu aS|ngIe view X-ra stem and two
pa§“§é§cqrﬁﬁb¢9§1f9rém§ﬁps\81@ﬁl§ ﬁ?(zg ‘provi de, through

Thlésfaeatogle@e standarid 12&%6?1 NGRS ex@ARinaAGE tuldl O ©8N6 eV X-ray

S a neasure of performance of the X-ray system

exBmiriatiom sy stemno( e Vrotingle chagizontak vieNd adsdstozg0 imFie. 1121®@mnln this

B e L B8 N QR LA e
statloUes. e[&&ldnglemf thatesppiece vas be te aSS/tcx the thodneysadrso, that the face of

NICEOERICR R THIT A AE N N e
fad St Sbud BeOAdtbd fHat the test piece may be moved vertically so that all the detectors
of interest may be tested, the source “sweet spot” may be tested or found.

Fig. 11(b) shows the initial image of the test piece. This image is the actual image
recorded by the X-ray system: the images were photographs of the monitor screen. Only
four of the wires in air (Test 1) are visible (diameter 5mm). There is no materials
discrimination software capability, but the system has the fact that the object i§ a step
wedge, of lower attenuating power that steel step wedge, and possibly is organic. As
well, the image of the Delrin® step wedge can be seen.

Simply altering the brightness cursor gives Fig.11(c). In this image the wires can be
seen behind the step wedge (Test 2, IQI). The sixth wire (diameter 4mm) can be seen
behind a 20mm thickness of steel. The fifth wire (diameter Smm) can just be seen behind
a thickness of 50mm. The minimum IQI for a wedge thickness of 50mm is 0.10.

For Test 3, behind the maximum steel thickness (80mm) all five plates can be seen
with clarity. The system is not near its penetration limit (280mm of steel).

The 6 MeV system specification is for the recognition of a 100mm thick steel bar
behind 280mm of steel sheets. In this case the system has no trouble recognizing 30mm

of steel behind 90mm of steel plates.



Fig. 6(a) is a photograph of the front of the test

piece on the tray of a 1 ton utility vehicle. The rest
W@R@eas3688 constructed to be able to be Iifted byT/aAUR@®PA00820

l[ift in two pairs of orthogfgga directions. The

semcircular disc on the le hand side of the test

pi ece enables the test object to be set so that it is

per pendi cul ar to the nmedi an beam of the X-ray Q )

beBagauyn dhia riybtemc deespeot have frgasials lﬁéscmlmltm C%Pé ility it cannot
suéaggs h@ﬂt 1}thc.2D§ steﬂ Q'e(ll:%m S 0¥$esoﬁﬁt 1¥ 86es 1@691t1|f§fﬂe rﬁ’ﬁnber of

ect Is est ution in air.
stepki am%teewedguf(Ttelste4 ). r Fhe amege ﬂs@ shaw ahe gxistengs of the, D@nn® step

wedle FEig ool s B fionee icihahigel phOBa B Yickin® scp
we&gd @ﬁd upfako thte® EfﬁpsibfahelvEDF wedge2danMéEeern €fidse42) ng t he

ler X-ra systens, STM suitcase i s
deghﬁﬁ%e Slﬁéygwﬂi“ﬁ tqstsls‘gé‘éep IQA?‘HEI#%% esol uti on between
St @Rl tdst gecE Gk Jnot HEkigHRH &8 tésh (Ytbﬁ @ﬁerﬁﬁéﬁ Srébeethah®.5 MeV. The

mounting plate (10mmt hick) e rmuntlng pl at e
cornparativalie (poge d§: ovm@m:esqrga"gstgfl ggd 22@ rejated 4gn§l@§(sp‘|laél scattering

crozgsjgltlm @ilbgar@b?&rgﬁ?ﬂ@% e fj&iﬁtﬂ? ts@ﬁltzﬁ% MEQP wedge to

I NCr eas S ove ness (0] e steps Thi s IS
si Rigsai?2 tnd T2show sumhlmX-rASSﬁMrmtsanddudh satiiousetbe fest pieces of the

ce that t he, ASTM, syi se h T
prelige Py gRtg, gha be et Ao JSE Plesl el Ao AUSLEHYBr AUS2, having
din¥éisfonk Iabbiity1 25012 30hem AS sMtsble ferasse. ihahé inennebbf Flgf 12 hivkereas a

is Test 3, which is a test, of contrast sen t1
largersyst hiessn B SnALRE, OMREIRFeUS BARe SEEHL P{%E 14 The X-rays
usé(ﬁlnath%ttﬁﬁxllelsa"r@ @oﬂ’ﬁﬁlﬂf"y %télpbgfa HaMaBlMre®r (LINAC) Sowever

case 30, 40, 0, mm t hi c When the 10mm t hi ck
Awﬁm maynglscp Ibgt tesedsfoamag tof eotheregystemsg ot gxareple rgamma-gy based
sys g} &%ﬁ ag‘ g{l% teeré gvi %O(%eng;gtes %g (Ef}gg&% Jtﬂ:%mparable energies.
The humieh hsssedemétowhnra)hoxaﬂm oppo§ite fide Qﬁthezmnehmnhe(ﬁnr@' source for

Thi s rangenment .ess e e s
et Kgmn b FLLEVEoTRed W Re T Crih BRI, B0 e item o
bedefsd ok ,exﬁiﬂthﬁé test @8lice @f i fiivetisty) I vorhy chses the source will
plastics. Test is atest of materials

previde Xiiyhat ¢ éwgleawr%vén atheesasrnity sgRree MERS Fapehig el svitching

between different energies. It may be capable of switching on a regular basis. Such

switching enables determination of density and/or at least partial identification of
materials in the X-ray beam.

Fig. 14 shows a photograph of AUSI, a test piece according to the invention. Tests
in AUSI are:

TEST1: wire resolution in air

TEST 2: IMAGE QUALITY INDEX (IQI): wires to be detected behind step wedge

TEST 3: CONTRAST SENSITIVITY (CS): plates to be detected behind step
wedge

TEST 4: MATERIALS DISCRIMINATION: identification of organic material in
air

TEST 5: Penetration tests for < 450 keV.
Plates may be added to change the step thicknesses if required. TEST 4 may also be used

as a backscatter test. Angle adjustment in AUS] is in increments of 2 degrees.



qualities tested in Tests 5, 7, 8, and 9 of the ASTM

standard suitcase. A Delrin(r) step wedge which has
w@t@paswshs 80, 40, 20, 10nmis nounted so as t oPCUAUR@AG0S20

the 10nm steel nounting pl a#g. This perfornms three

functions: It enables the terials discrimnation

software to determ ne whether the object is organic or

not (ASTM Test 7). It provides a test of th

vi Bigbil§ sewss phatesraph ﬁtil AH% anotherdest ﬁletCﬁ é%ﬂ“i’é‘g jtg the invention.
Te&ﬁﬂ’%‘@%e 5). It provides a test of the performance.

ackscatter X-ray system Attached behind the
nDﬂTESil‘rigRﬁIS&LéJTIQNaOf\}BUﬁbml(ﬂeéhlsllally fi berboard (NMDF)

Zto’i‘"ggﬁd g.gémﬂli’ﬁt |r\%; @ﬁmﬂf %ﬁéimfd@&é?cla wéld%e V%Ql st%ps of 10,

20f300mahi gh density poI ypropyl ene (HDPP) which is nore

r obust s siml ar r ptj,on .

or asi §: EENKTR TN FRnden wed s 20mBY of R, B it umpg t o ke
bem& I1501% oft dtedl SAU‘SQ%@F h&R &t 300mMrdFisee! 8ffrdhdN the kite. The

above the nounting plate to give a second test of the-

thighgpess pﬁptgeldmg]é rheanqyp(prb abay f1 andrjghout 300mm, in increments of

250l & &ei lene plastic (Delrin(r)) and MDF are
Ccro sed wedges separated by the 10nm steel of the
nmo FESTHY mSQRéMINMI@y%BEWMdiI@ﬁtPWTBG QBIECTD Five plastlcs with

r..thi.s co S I
b Sl BB OB B BERETBEEAT 3 5% PERTU D s o
1020, 40 In@h, THeé a9 tbeinlere ttharﬁﬁvetpiast%'BMﬂilégsha)gl)e wedges overlapping
t est vvlgé‘ eval uat e the performance of X-ray systems
coppingtion pHMEQIIRTEr capability. The US Nati onal

I ngd FI%&E@M @hd ﬁrgh?é1 ¢S iR Kb1dEia RO b@Ppyrti for AERpEY tides of a forklift
atte In&hﬁ' define an industry standard for testin %d
arg dearbevlsrb hets a5¢ in eachecasq prhagonalmayrs of haden 5@ thah a forklift may

ap r¥>§é {H% tgé%m? @orﬁaﬁ'ont-rgllﬂﬁerssﬁ&ngal?&k'lﬁ HEdr eﬁ’t ﬁ@ltﬂles into the

Vi ew sy5iens, S a nore orma
hokmse&gntfaatshows afdiggremanf AUJ82 skewing@38wni $fack efinlates below the test

kltg ! S1s magl %L Take& %) to ?861 8( c)

Figure 16 shows a raw image of AUS1 and AUS2 taken in an X-ray tunnel of 6

MeV (single energy, single view with nominal penetration of 280mm steel: tunnel size
3.3m by 4.5m) showing the raw data from which assessment of the tunnel is derived.
Figs. 17 and 18 shows the same image following adjustment using suitable software in
order to enhance particular features. It should be noted that in reality Figures 17 and 18
are in colour (not visible in the figures of this specification) which would further highlight
features of the image. This illustrate the utility of software tools for enhancing a raw
image so as to better visualise features of the image. These tools are required and should
be provided by the manufacturer. Although not a primary function of the test standards, it
is clear that they may also be used to evaluate the capability of viewing software
provided.

Fig. 19 shows two scoring sheets suitable for determining a test score for AUS1 and
AUS?2 respectively.

Summary of testing



are phot ographs of various elenments of the proposed
ANSI 42.46 standard test piece. This test piece is of
wo 2emnswss n usef ul ness and has avail abl e a r esP€T/aU2aH9/000820
nunber of tests when conpared with the test piece of
the present invention. It is4also difficult to
usebecause it is cunbersone and nore does not have a -
wedge based construction, thus maki ng penetration
t eShe téstowerexmaqy foy thi hérizontal and geitisahvieys of ke ApskeV system,

ystem al | ows f the .orientin f oRj .
ol SO e Doy RS FRUT Ao eyl bEE I BMET: iflle view
comBingte&&antiRaioANSdtent est pi ece. The adj ustnment steps are

much coarser than for the ANSTO AUSI test piece. The
ANdr all¢asesim i s not configured to exanine dual view
sy Stae&?ﬁ 1ﬁﬂéa<:1atafls€t\ﬂ/fd%0m@@trbmllﬂdnym Sire HAesy Qullilyemdes eContrast
most of ¢t he arge tunnel systens in use in Australia
ar e Sensitivity, end syatariatsedisqrimipafinn, eastbe acAairgdmitmoplygne pass of the
test, [ ! ISE, | al beam syst ens.
The A/Xﬁ%ﬁ 6%/%?%%&3%%‘%?{%@%% g{epjgzg}{ é};agﬁﬁg’n of the X-ray
be amumdpiealsebrr canbegefdratgd wit¢haindaates Slidyverathperformance of the
arrom#sh%ggd test object is nmade up of 50nm t hi ck
pl at¥LCHUNGETIEY  The thi ckness of each of the screen

PeR&AIRE dafi béTREBsured foNBoRaSistehtzewhieh ioperateoat leds than 450 keV. The
meani ngful penetration test accept

d h t . .. o
sysieme im e insprion:el BeAHSTREAN HTRmeSEryite 0fgyich this js gpplicable
caﬁbég&wﬁ}{,léfeq&c%?@?gﬂggpk pl aced behind the steel can

Q. c)).

e seen This is neanjngful_if one is

c offthercoagparative perdorimanse of the ayterns isshpwainEabled; but it

is not helpful if the concernis with X-ray inmaging.

Because one is interested in what material m ght be
TdWé BT oinpaaced ovauilipecfoemantotheisystemsdested | eft in

the beamto enabl e sone software mani pul ati on of the

M - - - L\ . ',-\n
i mage. Thus a nore+relevanrt—definitio htrbe—that

||||L|un nn;glll T cTiat

MSAE&@M@‘-’I&JI@ERS@%TEM een nmatlevigw at whi ch @ SCIORE
object with a |thickness 10% of the screen nat ?{I al can
be seen. and Have at least twn grey scales of Hfage

pmani pul ati on on&,"pﬁ"lgl\’e For X-F RhrRaY ONar&L of rerE,leV or

Hess—th N AUSHtest—pirecg cam be used T

450 keV VERTICAL 80

A 6 MeV HORIZONTAL 72

The performance of the 450 keV vertical view is superior to the other systems
tested. Although the 6 MeV system has scored the same as the 450 keV horizontal view
it has achieved this without the benefit of materials discrimination capability.

As well, comparisons of performance between individual tests can be readily
undertaken. '

Conclusions

The ANSTO AUSI1 Test Piece can be used successfully for the comparative testing
of X-ray examination systems. In its present form it is suited for the testing of systems
with X-ray energies in the range 160 keV to 2.5 MeV, and tunnel sizes in the range
1300mm X 1300mm to 2500mm X 2500mm, i.e. the testing of pallet search systems and
small container search systems.

It is capable of testing:




penetration tests. For exanple, if the manufacturer's
specification were to be 90mm of steel, the 40mm st eel
W@ h@eotsieds front of the 80mm section of the st ePCHAUY®9/000820
used for the Contrast Resoluytion (Test 3) should be
clearly visible, since this 3axceeds the requirenments
for visibility given in the definition (33% and two
grey scales). The ANSTO AUSI test piece does not have
t4e wirggedolutionyinefr t esting penetration in X-ray systens

of hﬁa%t@éaqﬁggg%ér ange above 450keV. A conpanion test

pl ece en devel oped to enabl e penetration
teesConirast Shesitivityge 1 to 6 MeV. For systens which can

det ect backscattered radi at] n arrow shaped t est
obj E?Ctrfgeﬂ‘ﬁé’fﬁ}fsg?nsf@“;ﬁ%g%é%&‘g%ﬁfront of one only of
tdheNherpisbaetimshigiohs on the side facing the incident

X-ray beam To do this al| the plates have to be
It nanbR esedfpiothe tosling pyptams ws!lagfﬁi GAETIdSteCtoRt r ast t he

ANZTQ, fidRnal Sl oF SiRBlaf 5821 h) the! AGSTOAAPY1! Tt Piesd AVIS2 was

wedge In front at the steel sheet, affording the ‘
comsprpotet uaiengblo penateation gnd tvareabynidle teselutiom éOfbglc thesdlassesepf pallet
stem o o f f t hi cknesses of scattering
an‘?rg?négllngl)g.rg}eAé’?agv\%P%?Jna&ggﬁsbi ency in the conventi onal
metTesd voére amde weimd Danl Vaest iPaljeti SeardhaSystém (wbjicdc operates at 450

der .i nvestigati I. t i. f th I
e gt 50 1B B S S BRER B e T e
pice® Wa8 daRifeddoals t& %%P@sﬂ&_aﬂxﬁas?_éﬁ@ bf Xeray shisteri peefotmariee as possible
conceal ed by objects which [ie between the sourc

d.
in ppe past efcthe test Pifcs thropelk thenkyray Syyem, eqsistent ity be Tequirement
th @%rn@tsﬁﬁg e PSRRI M5 sBdn@Rrd Q?EﬂZiogﬁmbﬁhi M0@ndn) and pass

 steel sheet and the Delrin(r) step wedge.
thrhgh amexanenagion ortel of 1 00nmoydaedmme one anot her, so

th hgs p?eggg(?&%‘gg[e%g gystem is tested for its

res ganic materials both in front of, and
behi nsinglelveiresolutiorcin sit,eel sheet. The ANSTO AUS|

Sy o d0ce o AL L ORSRe AL BP0t
W ld  ghiipsCRhsivvitPeECHeagi ration test) is

e materials discrimination. It could, as well, test for penetration for the 450 keV

system.

A separate test piece (AUS 2) has been designed to enable the testing of wire
bundle resolution behind various thicknesses of steel, penetration for systems operating
above 450 keV and materials discrimination for a wide range of organic materials, with
and without screening by steel.

The test piece performed as designed, and the required comprehensive data on
system performance was acquired in just one pass per view of the test piece through the
X-ray examination systems. A scheme for recording the data from these tests, similar in
nature to that for cabinet systems (tunnel sizes less than 100mm x 100mm) using the
ASTM F 792 — 01E2 test suitcase, has been devised.

Advantages of the test device of the present invention include:

e it may be capable of conducting a complete set of radiography tests as described

by, for example, ASTM small case standard: being based on a recognized

standard there are no concerns regarding validity of tests;



however contenpl ated by the present invention. Both

the proposed ANSI system and the ANSTO system neasure
wWowee/158sol ution in air (ANSTO Test 1, Figure F@I/AUB®PA00820

contain a test for Image Quality Index (Fig 7b and

Fig. 8(c)). For this, the ANSTO AUSI test is Test 2.

The ANSI test requires a series of passes of the test

pi ece through the X-ray system so that the visjbil

. ! . y
of *t hieighirpteswidinwhish 198 saiibeereriosmad dyp de cHPtIe gle selector,
thi Ck&@% c%tlst}&ﬁoﬁtaﬁtﬁ%orﬁﬂi@‘é&%truzﬁbrﬁ coul d take as many
as ten sses through the system 1I'n contrast the IQ )
cam babiligt ¢o mippdyl woogiisade|sjandardsnigroshen parge @ingenhef entries

ANST USI t ' t hr he t .
t est F%gs@géélgdoggggﬁga&ég}g v%l‘ehsf’ g ‘%F %]Oﬁgirlgsf!tﬁg% rotating test
Sensi plates biyd weige ANSTFGRUtBRSnd est pi ece does (Test 3).

The types, of X-ray exam natiop systens curyentl

s UBpolcHGi B0y FRrsHIGhTafo Tk 1 BREacare feelomspart prdse.
in Table 2. The two systens evaluated in this study
are shown in bold in the table. Table 2. X-ray

exam nation systenms currently in service at Australian
Custons and Border Protection Service Facilities. 1.
This systemis used for pallet search at the
Australian Custons and Border Protection Facility in
Adel aide, and is a 2.5 MeV system 2. This systemis
integrated a conposite system 3. Penetration is .
usually stated in ternms of what thickness of steel the
X-rays can penetrate. According to convention,

contrast resolution is neasured by addi ng bl ocks of
steel to the penetration test piece, and determ ning
when this can just be observed. 4. Contrast resolution
is determ ned by neasuring the anount of steel added
to a steel plate required to just observe the added
plate. Usually this is the best figure for the range
of thicknesses used: the |ower the value the better
the performance. 5. 1Q is determ ned by neasuring the
di aneter of a steel wire attached to a steel plate
required to just observe the added plate. Usually this
Is the best figure for the range of thicknesses used:
the lower the value the better the perfornmance. 6. For
all the X-ray systens, perfornance agai nst the ASTM
standard suitcase (ASTM F 792-0 1E2) has been

eval uated, and this forns the basis for objective
conparison of the performance of the systens.



7. Quantitative materials discrimnation is possible
only for nmultiple view dual energy systens. Note: it
WO 200053688 a user to define what score is consiBEF/ati2i08/000820
be acceptabl e. The two systens under eval uati on .
i ncl uded a 450 keV dual view’dual energy and a 6 MeV
single energy single view These are two conpletely
di fferent systens, with different exam nation roles.
AMYEKoAgh the test piece is designed primarily for

hot on encrGRAY FRANTHESIION SPSrfy beeReCits
consi der ed ANSITO STANPARDETESTPIEGE ¥BERSION 2f t he
test piece in higher energy nmachi nes operating at

GI\Ih\/\ | preparing-th ‘p,;_gg,g_f_g,r_ﬁxam nati-on it
FA'E? SalCIXDELO ﬁl hENéREfl ' nﬁkt&ﬂugf t he yigdi an|  angLEoF
-ray begmto the horigontal |[so that the| test objeft
can be sgt to beNmmma tvev)t [ PISTBUHIBATION QEAINGLE/DUAL) [ BEAMTO
Unfortunately mpnuf acturers have notkéva h fit to

ida hic & ook vy E?ALI’ |NIE§ A HORIZONTAL
pt-ovi-de—tthi-s—hforratton—to—t AS—a

consequence thelincorrect guess was nade for the

horizontal view of the 450 keV system (18, rather than
23). This caused sone artefacts due to the inclined

TERRI SRERE VisiBiS Tk &g Peam t hrough the step wedge to
occur. The vertical view for this systemis true

vertical (90 to the horizoptal). In the event the
nmedi ah beam was |i ncl i hed upwar d$ %X 19., Onge the test
had% Fas%ed tﬁroug t he -ray'systen1the |nagé

en be anallysed psing|the ilmage |proces$si ng 9
re priovi dgd by fhe manufag¢turer| Each

TOTAL

1 thpodpo Ar
cturer has—its—powi—spftwate—andthete—are

i cant| di fflerences between|manuflacturers as| far

as ease of use 15 concerned. For the systens tested
here the procedure was to enlarge the imge (usually
Eéf‘ fs?ﬁﬂ{[fénﬁﬁmﬁ?s‘ﬁﬁ SHHET (i(?lﬁor ded. At this
age |n ornmati1on concerning matefials discrimnation
is available as well (Test 4). Then the contrast too

in the softare was slopy vdried 0 as tlo revepl the
W%S i r]10 8 6 5 4 3.2 1.6 09 TOTAL

DIAMETER : 9

(mm)

THICKNESS
STEEL

(mm)

10

20

30

40

50

60

70

IQI for maximum steel sheet thickness =




the 1Q test (Test 2) for successive thicknesses in

the step wedge.

This gave informati on on contrast

wWae09i153698 t y and penetration (for systens for RMil/ab2a0p@00820

maxi mum X-ray energy was | es
time (Test3).

As

wel |,

addi 3

3

onal

i nf or mat

i on on

material s discrinination (Test 4) was acquired.

t han 450keV) at the sane

Subsequent

TofaBRMSEX A) was creat ed

tothe tests anm eval uation Score sheet

The performances of the two

views were evaluated. Fig. 9(a) shows the initia
i mge of the test piece.
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Materials discrimination questions follow on separate sheet.




This indicates that the m ninum contrast sensitivity
at 80mm steel is 0.063. The 450 keV specification is

WO 2009t1fess ecogni ti on of a 100mmthick | ead bl oRKRI/BERI0ALH00820
90mm of steel sheets. In this case the systemis
recogni zi ng 30nm of st eel béfli nd 90mm of ~ st eel pl at es.
Apart from successfully identifying the Delrin(r) step
wedge as organic, and verifying the nunber of steps in
the wedge (Test 4.1) no further information is

rt ] ' tohi est
e MTRRPH s gy HifrSipers 0F By ke s labe]
i mmge of the test piece. Because no machi ne recorded
i mages are available this imge is a _photograph of the
TERE A DCIIMIRE HONPF ORGANIE FROM ORGANIFMATERIALS ¢ he

smallest is 0.9mm, and the materials discrimnation

Software has fdentified the Delrin(r) step wedge as|
Is 1@ B @rnce of (bt fr@ni¢ ivds (PAIN® & MDF)different foym tie@preganiciteyd? { he | mage) TOTAL

and the fact that there are four distinct thicknesses n

of —organtecaterta——As—wett,—the Tmage of —tte
Delrin(r) step wedge can be seen. To uncover the w tes

and pl ates obscured by the steel step wedges of Tests
— 2 and-3 the contrast topl—of the+Hrage—processi-hg

paGkage was usgd. A typical inprpved image is shown in

FIrg. 1Ip(b). Thg change In visibi|ity of {jhe wres|as a
pERIN® | pn ofo wedge t2mi ckhess4q Tesf 2 I Q)|) can be| TOTAL
clearly seen. IIn regard|to Test P, all tHhe seven wires,

THIPKNERR i bl e at [the third step (4pmm). Thils corresponds
t@ama M nimum | Q@ of 0.06.For Test 3, behijnd the

maxi mum st eel tfhi ckness|(80mm) afl five plates can be

L seen. The 2. 5 nm plateis barelywsible(2-5m)—TFhis
Jespondg to la C§,of 0.03,for BOmmystedl . The 450 rtoraL
‘keV specificatijon is fof the recpgnition jof a 100mm
THICKNESS | ead Dbl oclk s

(mm)

TOTAL OF DISCIMINATED STEPS (/9) =

4.2 IDENTIFICATION OF THICKNESS STEPS IN CROSSED MDF & DELRIN® STEP

WEDGES

(NOTE 1. A 10mm steel sheet separates the Delrin® and the MDF stepwedges)
(NOTE 2. This, and test 4.1, are also tests of backscatter performance if the test piece is used in a system with backscatter

detectors)

MDF THICKNESS 5 10 20 40 80 TOTALS
(mm) /5
DELRIN®
THICKNESS

(mm)

10




behi nd 90nm of steel sheets. In this case the system

i's recognizing 30mm of steel behind 90mm of stee
wQ@vasiesApart from successfully identifying tPer/AU2009/000820

Delrin(r) step wedge as organlc and verifying the

nunber of steps in the medgé (Test 4.1) the imge al so

show the existence of the Delrin(r) step medge (Flg

1ota)y)—pone—evipence TS [@ppar entTof anm o ect—behind

theo Delrin(r) step wedge,| and in tact, thrlee steps]of

the MDF ywedge cah be seen (Test 4]2). The |score she¢et

f ol t hi sitest isgi-veniA-ANNEX-BR2—The tdst—pieeetwas—

sefpin position |n the exam natiop tunnel |of the 6] MV

X-Tay exam nation system (6NEV, single horizont al

| TOTAL®RPISGRIMSATERSTEPS (B g, 1 1(a). In this systemthe
source and detector systens nove, and the object under
exatfat+on—tefratns—stat+onary—The—angteof thetest

pi ece was set to 18 to the horizontal so that the face
of the test piece can be as close as possible to
orthogonal to the nedi an beamof the X-ray fan. It
shoul d be noted that the test piece nay be noved
Vertically so that all the detectors of 1nterest may
OVERARL; EOTARWE source "sweet spot" may be tested or
found. Fig. 1l (b) shows the initial imge of the test
piece. This inmage is the actual inage recorded by the
X-ray system the inmages were photographs of the
noni tor screen. Only four of the wires in air (Test 1)
are visible (dianeter 5mm. There is no nmaterials
di scrim nation software capability, but the system has
the fact that the object is a step wedge, of |ower
attenuating power that steel step wedge, and possibly

is organic. As well, the image of the Delrin(r) step
wedge can be seen. Sinply altering the brightness
cursor gives Fig.l I(c). In this imge the wires can

be seen behind the step wedge (Test 2, 1Q). The sixth
wire (dianeter 4mm) can be seen behind a 20mm

t hi ckness of steel. The fifth wire (dianeter 5mm) can
just be seen behind



a thickness of 50mm The mininumIQ for a wedge
t hi ckness of 50mmis 0.10. For Test 3, behind the
Woreooonsesst eel t hi ckness (80mm) all five pl at eBCT/AN219€/000820
seen with clarity. The systemis not near its
penetration limt (280mm of 4t eel ). The 6 MeV system
specification is for the recognition of a 100mmthi ck
steel bar behind 280nm of steel sheets. In this case
ANNEX®HBkEkt em has no troubl e recogni zi ng 30nm of st eel
behi nd 90 f I NE$‘; ' does
not have %‘gﬁ@?&‘? @i’??&éna |%ﬁﬁ%§§mﬁ?§@n cannot
successf ul | XNSTEnSTANDARDDEESTRIECEVERSION2 as
organic but it does identify the nunber of steps in
—+t-he wedge—{Test—4-1)-—Theiragge—alse—showthe

MaRUASEGRRY RbpeLe sBahL | [NEpkcet ;pmﬂﬁ&gﬁs( Ei 9. U ) - [SORLE oF

evi dence |i s appjarent of an oRj ect behind the Delrijn(r)
step weddge, and| NYMHBEBCt , VeYir ¢ PISCRBENATEIN | GRIGNTIUARe(d g BEAM TO

can be sgen (Test 4.2)| The sco&gALshlgglgéY?)for this t eS{orizoNTAL
s—girven T ANNEX-B3—fhetegt prece was[ ot desi gned
to g est ghokwn jenergi es oeseatjer tiwam 2. 5| MeWuadhe 25

conparatively poor performance on Tests 1 and 2 is
related to the small scattering crosssection (or

TeEET ReMREREIBRITEIN gafef ficient) of the steel at 6 MeV.
Figs. 12 and 13 show suitable X-ray tunnels in which

various the test pieces of the present invention nay
uspd. Altest [pi ecel such|as, AUSI, and/ or AUSZ, |hayj np
. . 3.2, g .6’ . TOTAL
gﬁlﬁenm dhs abscsaut 125x1 50Tm4|s suitible for uge In
piaMeees Unnel |of Fi|g. 12, whefeas a |larger test pidce, 9
such ps AU$4, iq suitjable tor uge in the ténnel |of
—i3—THre—X—fays—tsed—f—thertunrnel—arerconmanty
generptgd by s Ili near| agcel ersat ar £LI NAG) . | Hopever x 9
AUS4 may al so be used for testing of other systens,
for exanpl e gamma-ray based systems as well as any
TESY S WIRCisti BAPBERIRSs ST ST dofh ays of conpar abl e
ener gl es. e tunnel has a detector array on the
opposite side of the tunnel to the X-ray source for
det ect|i ng} X{rays which havse passed thggugh tlpe turggel, TOTAL
MF opti Bnalll y*through the’itemto | > ' '
DIAMETER 19
(mm)
THICKNESS
STEEL
(mm)
10 X X X X X X X 7
20 X X X X X X X 7
30 X X X X X X X . 7
40 X X X X X X X 7
50 X X X X X X 6
60
70

1QI for maximum steel sheet thickness = 0.064




be tested (for exanple the test device of the

invention). In sonme cases the source will provide
wo00a4155668 a single energy. In other cases thePGUAUmwoooszo

may be capabl e of sw tching between different

energies. It may be capabl e 48f swi t chi ng on a regular

basis. Such switching enables determ nation of density

andfor—at—teast—partial—TdentiTficatiom of materiatrs in
toab@ssycsiay beam Fig. 14 shows a photograph of AUSI, a

test piece according to the invention. Tests in AUSI
are: TESTI: wre resolution in air TEST 2 : | MAGE

TESIAORTRANPEENSITRVITY (Usf @FEEL PRATESSIEEN TAROSGHNHESTSTEEL)
wedge TEST 3: CONTRAST SENSI TIVITY (CS): plates to be

det ect ed hehind st ppdenn TEST 4 - MATERLALS

| IM_NATIzg\I: dentifiqatiqp of | orggnic |mategial | i Nyoysy
air TEST 5: netration tlests for|< 450 kgV. Pl ates$
TAmyNide gdded to ¢change the step thicknesses if /5
required. TEST 4|may al sq be used|as a bagkscatter

SH—ARgte—atdiustrent—+—AYSH+sT+HA—therenrents—of 12

Argk®es.|Fi g. 15 shows a photograph of AUSZ, anot hef
test pigce accordling to tlhe invention. Tests in AUS2
afTEEL TEST 1: RESQOLUTION aof wire blndles in air. TEST
2 RESC]_UTIC]\I of [wWw re bundl es behind a steel step

vveoge wWifth—steps|of 10, 40, 30 mm| TEST 3. PENETRAJTON
t hroough |steeX - 50mmxof SteelXin the hapel of % kifle 5

ot A F B + Lot +

[}
behi nd 160mm of $teel. AUS2 may have yp to 300pm of
st ¥l A froht—el—thE kitle—The—thickfiessjof—steet ey
t

besbet wgen apout |100gm arld abput B0O0mgy inl i ncxenents s

ot
60 X X X X X 5
70 X X X X X 5
80 X X X X 4

CS for minimum plate thickness = 0.063

TOTAL (25) =24

PENETRATION (mm of steel) =90

Materials discrimination questions follow on separate sheet.




25mm (see Fig. 15a). TEST 4: DI SCRI M NATI ON BETWEEN
PLASTI C OBJECTS. Five plastics with different
WeGoeasics®e el ectron densities are nmade in the POF/AUR{09/4000820
step wedge with steps of 10, 20, 40 nm There may be
nore than five plastics, or 4t”hey may be wedged
over | appi ng conbi nation of two or nore. In Figure 14
and Figure 15 the holes in the support for accepting
tines of a forklift are clearly visible. There are in

el MATPETR TREPRN A BB MR G o LRING D

back in order to fit the tines into the holes. Fig.
15a shows a di agram of AUS2 show ng 235mm st ack of

TESY 41 BISGRIMINATION QBRORGRMGFRENM; INORGANIEMATERIALY, t o
300mm Figure 16 shows a raw i mage of AUSI and AUS2

taken T an X-ray tunnel of ©6 VeV (Single energy,
Is th§ dppegpla@e of hevgaid iterls RDING & ADF)PiEn et fromtthe pereagif ite@BO0MM St eel | TOTAL

tunnel size 3.3m by 4. Sn) showi ng the raw data from . ,

—whteh—assesstent—of—the—tumet—rs dertved.—Frygs. 17
and 18 shows the sane i mage foll ow ng adj ustment us|fng 2

suitable software in order to enhance particul ar
feat joul-d—be poted that—n+eality-Fgures
&a@nd 18 are ifn col our|(not visjible in the figures of
thr s speci ficatjion) whi ¢ woul d [fur t her hi ghli ght
pfLee®uries o the i mage. This4i| | ustraie the utility ofoTaL
ware tool s |for enhapcing a rjaw i mage [so as to
THEENESSr | vi sual i de features of thel i mage. These tools
&h® reguired and shoul d|be provided by the
manuf acturer. Al though npot a prijmary fungtion of {he

| test standardsl it X¥s clearXhat! they may—also—belused
typreval uate the caggbility of view ng sof|t warg TOTAL
prOV|ded. Fig. |19 shows|two scorj ng sheet|s suitable

THIGKNESSef er mi ni ng a test $core for| AUSI and AUS2 /5

r.(lgns;)pect ively.

TOTAL OF DISCIMINATED STEPS (/9)=3

4.2 IDENTIFICATION OF THICKNESS STEPS IN CROSSED MDF & DELRIN® STEP WEDGES

(NOTE 1. A 10mm steel sheet separates the Delrin® and the MDF stepwedges)
(NOTE 2. This, and test 4.1, are also tests of backscatter performance if the test piece is used in a system with backscatter

detectors)

MDF THICKNESS 5 10 20 40 80 TOTALS
(mm) /5
DELRIN®
THICKNESS
(mm)
10 0
20 0




Summary of testingThe tests were nmade for the

hori zontal and vertical views of the 450 keV system
waelo@b/159668v, dual energy X-ray pall et exam nat i BPOT/AY3102M00820

and the 6MeV, single view container exam nation

system In all cases: a conplete data set for wire

resolution in air, Image Quality Index, Contrast

acquirediwith only one pdss of the ANSTO AUSI test 0

SensitTvity, and[ materi al[s discrlTlnatloné?an be

pi ece thfough the X-ray gystem @ nunerical score can

tod h S H + + o A v £ o
be—genrerated—whteh—intreates—the—o6verat-t—performance

rofdL oF BRCRMINAGED HHBkk@sn 1St . Penetration can be neasured

for those systens which operate at [ess than 450 keV.

The systens in the inventory of the Australian Custons
SerV|ce for which this is appllcable can be seen by
referenceto Tabte 2 —The Lunpdrdllve perror mance of

OVERADISTOTAL s Bhldfin in Table 3. Table 3 Conparative

overal | performance of the systens tested The
performance of the 450 keV vertical viewis superior
to the other systens tested. Although the 6 MeV system
has scored the same as the 450 keV horizontal viewit
has achieved this without the benefit of materials

di scrimnation capability. As well, conparisons of
per f ormance between individual tests can be readily
undert aken. Concl usi ons The ANSTO AUSI Test Piece can
be used successfully for the conparative testing of
X-ray exam nation systens. In its present formit is
suited for the testing of systems with X-ray energies
in the range 160 keV to 2.5 MeV, and tunnel sizes in
the range




1300mm X 1300mm to 2500mm X 2500mm i.e. the testing
of pallet search systens and small contai ner search
wWeEhas®ss It i s capable of testing: wre resol PCT/Am2G00/000820
air Imge Quality Index Contrast Sensitivity
Penetration (for systens | €2 than 450 keV) Materials
Discrimnation. It may be used for the testing systens
with back scatter detectors. An additional unit of
ANNEX|BX size to the ANSTO AUSI Test Piece AUS2 was
constructe ' l e
resol uti onStf or ‘a Mlﬁﬁ %@Y%?EEQ?FQK% wggnt ai ner
X-ray exanm ANSTONSTANDRARD TEST PIRCHEVERHON2ng Dual
View Pal |l et Search System (which operates at 450 ke\/)

and t+ hao Nyl e \f ew—Cont Lnar Ca ol Cuct apa .d-\
oo T TC Tyt TV OOt u.l IICI ucal L,ll Yy S[UTTTI \v 11} L,II
MARPRCRIER |20tk ME \driarl NEENEREY (P ARFERVAS dIeS| gned SO asNGLE oF

to test ds many| aspectfs of X{ray system jperformance as
possi bl e [i n one| NEMEEROf MY t| PIHCRPIATION hEHGHRPUARE BEAMTO

X-ray sygtem cpnsistent wth phe Lpgybrement that| ifig onraL

test—piege tould—be T Ted qQn a standard pai et .
(1200mMm X 1200nM and passot hr oughuaan exiam @ik on 90

portal of 1300nm x 1300nm The test piece contained
tests for: single wire resolution in air, wre

TESE$OWIRE 9isIBANIrPEN alieel pl ates (1 mage Quality | ndex
(1Q)), contrast sensitivity (CS), and materials

discrimnation 1t could as well test for
Repet Fatjon for jthe 450 key system, 24 16 09 TOTAL
DIAMETER | 9
(mm)
X X X X X X X X X 9

WIRE 10 8 6 5 4 3.2 1.6 0.9 TOTAL
DIAMETER 9
(mm)
THICKNESS
STEEL
(mm)
10 X X X X X X X 7
20 X X X X X X X 7
30 X X X X X X X 7
40 X X X X X X X 7
50 X X X X X X ] 6
60
70

1QI for maximum steel sheet thickness = 0.06




A separate test piece (AUS 2) has been designed to
enabl e the testing of wire bundl e resol ution behind

wo 20000085858 hi cknesses of steel,

penetration forPCAU018/000820

operati ng above 450 keV and materials discrimnation
for a wide range of organic4ﬁaterials, wi th and

W t hout screening by steel.

The test piece perforned

as—designed,

and the required conprenensi ve data on

Tosysisprm per f ormance was acquired in just opne pass per

view of the test piece through the X-ray exam nation

systens. A schene for

recording the data fromthese

TESE S ICONTRASTISENSITIVIEM (OSE(STEEL PBA TESSEENDHROUGH)SHERTS TEEL)
(tunnel sizes Iess than 100mm x 100mm) using the ASTM

_E 792 -
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WEDGES OF DELRIN(r) & MNDF)

CS for minimum plate thickness = 0.0

| SCRI M NATI CRl_(S

TOTAL (25) =25

PENETRATION (mm of steel) =90

Materials discrimination questions follow on separate sheet.




TEST 4.1 DI SCRI M NATI ON OF ORGANI C FROM
| NORGANI CVATERI ALS | s the appearance of the organic
WO e@aaseERI rin(r) & MDF) different fromthe i nBCADRM®I/ 000820
itens? TOTAL /2 4.2 | DENTI FI, CATI ON OF THI CKNESS STEPS
I N CROSSED MDF & DELRIN(r) &TEP EDGES ( NOTE 1. A
10mm st eel sheet separates the Delrin(r) and the NDF
st epwedges) (NOTE 2. This, and test 4.1, are also
tests of backscatter performance if the test piece is

ey R A B SRS RS R Bl S RE ERP AR

ANSTO STANDARD TEST PI ECE VERSION 2 TEST 1. WRE

VISIBILITY IN AlR TEST 2. VI Sl T STEEL
e} EERICRPAEONDF DR R SR P RN s R 2
PLATES SEEN THROUGH SHEET STEEL) Material s
discrimnation questions follow on separate sheet. TEST
Is thdappehAFEIRIhre@ni e SCRIrND KPATY @fpr (W IPEDe WEBAESmA- DE|R| N( | ) TOTAL
& MDF) TEST 4.1 DI SCRI M NATI ON OF ORGANI C FROM n
—BNCRGANFCMATERIACS 5 the appearance of the organi c
itens (Delrin(r) & MDF) different fromthe inorganit 2
items? TOTAL /2 4.2 | DENTIFI CATI ON OF THI CKNESS STEPS

CRO Jim [ms EFD \WCEDCES [ N | i |
FN-CRGSSED-MBF&—BELRHNH—STEPMEBGES {(—TNOTET+—FH

AQmn st eel sheet separates the Delrin(r) [and the WVDF
St epweldges) ( E 2. Thls, and tlest 4.1, |lare al so
pEigdN®s pf bHcksqatteé? petforfPance i f ¥he tlest piece iPTAL
T"%%E. h a systgmwith backscattefr detectqrsOVERALL
= 72/ 110ANNEX B2 X- RAY EXAM NATI ON|SYSTEM
SLOHRECARD ANST() STANDARD TEST PIECE VERSIION 2 TEST 1
W RE VM SI BIXLI TY | NXAI R

X X 4
MDF 5 10 20 40 80 TOTAL
THICKNESS 5

(mm)

TOTAL OF DISCIMINATED STEPS (/9) =3

4.2 IDENTIFICATION OF THICKNESS STEPS IN CROSSED MDF & DELRIN® STEP WEDGES

(NOTE 1. A 10mm steel sheet separates the Delrin® and the MDF stepwedges)

(NOTE 2. This, and test 4.1, are also tests of backscatter performance if the test piece is used in a system with backscatter

detectors)

MDF THICKNESS 5 10 20 40 80 TOTALS

(mm) /5

DELRIN®
THICKNESS

(mm)

10 X X X 3

20 X X X 3




TEST 2. WRE VI SIBILITY BEHESG STEEL SHEET (1 Q) TEST
3. CONTRAST SENSITIMI TY (CS) (STEEL PLATES SEEN

WA RQUWEAdSSSHEET STEEL) Material s di scri m nati onPCT/AU2009/000820

questions foll ow on separate _sheet. TEST 4. MATERI ALS
DI SCRI M NATI ON ( STEP WEDGES “8F DELRIN(r) & MDF) TEST
4.1 DI SCRI M NATI ON OF ORGANI C FROM | NORGANI CVATERI ALS

I's—the appearancg of the [organic jtens (DgIrin(r) &
MDK) different fromthe ilnorganicliteds? TOTAIX/2 4 22

| DENTI FI CATI ON OF THI CKNESS STEPS| | N CR(BCED &

D [ sl a2 4 N
PDERRI N STEPWEDEES{—NOFE—+—A et—sheet

ToBERAbREAMNARED FEpsibopl{ 9 and the MDF stepwedges) (NOTE

2. This, and test 4.1, are also tests of backscatter
nprfnrrmnr‘p if the t est piece is used in

backscatter det ectors)O\/ERALL TOTAL = 80/ 110ANNEX B3
X- RAY EXAM NATI ON SYSTEM SCORECARD ANSTO STANDARD TEST
OVERASELVEQIAIN=B0THET 1. WIRE VISIBILITY IN AIR TEST 2.
WIRE VI SI BI LI TY BEH NG STEEL SHEET (1 Q) TEST 3.
CONTRAST SENSITIVITY (CS) (STEEL PLATES SEEN THROUGH
SHEET STEEL) Materials discrimnation questions follow
on separate sheet. TEST 4. MATERI ALS DI SCRI M NATI ON
(STEP WEDGES OF DELRIN(r) & MDF) TEST 4.1
DI SCRI M NATI ON OF ORGANI C FROM | NORGANI CVATERI ALS | s
t he appearance of the organic itens (Delrin(r) & MDF)
different fromthe inorganic itens? TOTAL /2 0 4.2
| DENTI FI CATI ON OF THI CKNESS STEPS | N CROSSED MDF &
DELRI N(r) STEP WEDGES ( NOTE 1. A 10mm steel sheet
separates the Delrin(r) and the MDF stepwedges) (NOTE
2. This, and test 4.1, are also tests of backscatter
performance if the test piece is used in a systemwth
backscatter detectorsOVERALL TOTAL = 72/110 A further
test piece, AUS4, was built and designed specifically
for screening




shi ppi ng containers. Its size, configuration and

intention were designed for this purpose. AUSI and
WORIBY/15588%cri bed above) were designed for a neRCT/AUS102/600820

tunnel, i.e. about 1000-1 300mmin w dth and height.

They may be used in |arger é‘f)sterrs, for exanple Xray

tunnel s suitable for scanning shipping containers,

with a few i nconveni ences. Thus the smaller size of
ANNEX B eces AUSI and AUS2 woul d requi re themto be

el evated i I ' Eidf{, ol e
array of dgggﬁﬁgaﬂg%é@%g 1‘ por |onR\mereof.
Al so physi cCANST(O SEANDARD ’DES’I:‘EPEIE&]EEVMW smal | er
and are therefore nore difficult to assess. AU

cohsists of two nr'ai or—modul e designs—i-r—addi-tion—to

|||||| 97 LA [ A%
MA@ﬁlt AcPhiak! yMblﬂﬁl u@hlﬁﬂL NENERGY [0 RafiatiQack | V&SP Ur CeSaNGLE OF
e design US4 was| a product of two problenms with
scal i ng test pi |eS@BERY. &g er| DINCRMIBATIONGNSWAVE A LS|t e BEAM TO
i nvol ved |prohi bj ts use of a si(ggALeENﬁly&)em HORIZONTAL
cofseguetittyAgSA—conprises gt teast (HrEee separatelry
t rapsportjabke npdul es.| b. ¢t hg f actoNehat } hesis@anner 19

system has two maj or functions in inmaging cargo: -

spectroscopi ¢ conponent using dual energy for materi al
TEST $CWIRE RiBAiTy #0don- spect roscopi ¢ (energy and

I ntensity) conponent used for penetration and

resolution., Dual energy capability ln these test the:

sourck altérnatds beteen ht | edst, two separate engy g
Y®el 5 (% g. ’betvvegn 3 gnd 6MeV) . 3Iéy co?rga |ﬁt§ ’
piderect ed sijgnal § from thesg two|energy levels, data 9

y TOTAL

D
concefning|the naturel of the intlervenjng materi gl s may
) ght 31 ned— Fhis—econpar-sor—and—dervatior—of—the

data, | mgy he @cgonglishgd by negns of| a conputer| or 4

other data processing device coupled to a detector or
det ect or array of the X-ray tunnel. Such data includes

TEg%gswi]&n M PEbhNG ST smiigh. comonly known as

I cator of
WIRE 10 8 6 5 4 3.2 1.6 0.9 TOTAL
DIAMETER 9
(mm)
THICKNESS
STEEL
(mm)
10 X X X X X X 6
20 X X X X X X 6
30 X X X X X X . 6
40 X X X X X X 6
50 X X X X X 5
60
70

1QI for maximum steel sheet thickness = 0.10




the nature of the intervening material). Density and
average atom c conposition (Zeff) nmay be tested using
w@b@stisssover | appi ng wedges. I n these wedges apCt/ausi09/000820
two separate thicknesses of ﬁlastic are provided, so
as to all ow data to be obtairded for penetrationt hr ough
those different thicknesses. These allow Zeff to be
evaluated in increnents of Zeff irom about 6 to about
TOThB (45)HPPS operation does not require the exam nation of
many detectors to neasure - it is only necessary to
provide a | arge neani ngful inmage. Large nunbers of
TES'ES. €UNIRA S TEENSDITV VTYUEST(STRER EhA ERSSEEM THRO DS HEHRETETEEL)
i mage of the whole container and its contents, are not
___neededrmlhe—eveLaLLfnunb r—of—det-pet-ors—i-s—of—course
d by thegsX-ray tynnel| usgg (ip pagticular fpy the yoraL
etector array of the turjnel), however theg nunber of

TdekBEssorls used re¢l ates tq the nunper of degtectors /5
Iec§ted such that the rellevant poftion of |the test
pteceTHtervenesbetween the X-Tay Source [and the

Tdrkeekor|s, and therefore |relates (o the silze, design
and/or qgrientati on of thg test piece. As described
ali8¥e change in the LINAQ (linear accel ergtor X-ray
sQuhce) lenergy, firomfor lexanple #MeV to 6MeV, changes
the spedirum and|affects |[the dual [energy rlesponse of
the systlem Single eXergy caphbility Penetlrati¥n ig g 5 |
neasurenent pbtailned fron1thexhig1er gnergy pogtion of
A-Iay spectrum—f{he X-r1ay[ Source (tube or [CINAC)
preduces a spectijum lxy a |Brensstrahl uixg priocess. wijth.- s
t he shorftest frequency (highest of maxi mun energy)
| befhg edqual ¥o t+ atFba—vottade—Thus 2 fot >

eanple 2MeVyi s prodyced by 2x W accelxerat) ng yol tgge. s

An adequate nunmbgr of detlectors should be used to get

a good neasuxenent, t¥hat lis, Xhe penefXratibbn n¥ddule in 3
Juse |ntervenes betmeen the det ect or array and the

fi—that—the—>%1 aysS fromthe—source

oWkl BjLpass through the nodul e i npact on the adequate

nunber of detectors (i.e. the penetration nodule is of
PENETRATION @yiof steih 72120 o g

this). Acritical paraneter is the provision of a

| arge, clear

Materials discrimination questions follow on separate sheet.




I mage of a stee

obj ect behi nd 300mm of st eel

(maxi num) . This is achieved by providing a wedge which
W0 souditaggehal | y arranged,

conpression effects.
(whi ch may al so be neasured
inthe image (if

b.

S0 as to:
nea

a.

rat

M ni m sePCTAY2009/000820
re the i mage aspect
y counting step artefacts
requi red) to neasure data gathering

io

frequency). The resolution nodule in AUS4 may be a
conposite of AUSI and 2 resol ution nodul es, described
v k’@\« ' B F DERRIRS aAibANged
TE?EQ'SIEI\I}g?a e g.C ﬂf%%N%%r 7 %I}éFé?bsegrrents to ﬁ | | ow

for fan beam curvature and detector geonetry

oSt TR bl a Bl b BpEBNE RRD: Blornesd ity ™ ©'

preferably be tested to ensure uniform perfornance of

rran

the system so the test piece is arced. Each segmen
Is thygppeatyuce §f el epairitiny (Pdrip® & ADEYdifferenblrqmahsépoegc kel e i nto a

desired orientation). They nay be rotatable so as t

D

TOTAL

2

achireve TTage proj ectiom onto at
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TOTAL OF DISCIMINATED STEPS (/9)=4

4.2 IDENTIFICATION OF THICKNESS STEPS IN CROSSED MDF & DELRIN® STEP WEDGES

(NOTE 1. A 10mm steel sheet separates the Delrin® and the MDF stepwedges)

(NOTE 2. This, and test 4.1, are also tests of backscatter performance if the test piece is used in a system with backscatter

detectors)

MDF THICKNESS 5 10 20 40 80 TOTALS
(mm) 5
DELRIN®
THICKNESS
(mm)
10 X X X 3
20 X X X 3




source may be located in one or nore (e.g. 2, 3, 4 or

5) spot sources, commonly on a wall (preferably inside
wod)sshs t he cont ai ner. These spot sources naRCHAU2009/000820

| ocated al ong a verti cal SS They may be spaced

equi di stantly. There may fo exanpl e be 3 spot

sources, one at the top of the container, one m dway

Up the cpntai ner| and one [at the Bpttom of [t he
containey. This prrangenent may be us&d wiith at| 2

radi oactijve sources, incliuding Cs; 13¢. An altgrnative,

ar B-oa B H o ] £ [ H et by
a1 arnygcem At—tSs—a corunmor—tnet=a II UdltlT Vv SUUl L,

TOTNLDP DROKNINATED iBesazoalel Of the container. This may be

convenient for K-40, which is | ess expensive and is
freel Vi avail abl i i

be di sposed on a wall of the container and the vessel

filled with the radi oactive source to formthe col um.
O\BRAXLILNEOTHe=t736k10npdul es of AUS4 may be | ocated, or

may be | ocatable, in a shipping container, optionally

nodi fi ed. The container nay be the sane size as a

st andiatler stestppiecsy AURY awaerbuile.apd designed dspedifizally dort screening

(6m ing container. It y._be about .4m high, .|t
shigyaiplysBhiaBt s S SpiEuration Ay ipERuft St e dled S burpose.
Aws)ld hid ARIS20(dcéRibel abEW) tvidre @esi for Saemé@lﬁhﬂﬁﬁéTBﬂﬁICIQflé about

ortions of the netal wal|s of tgle cont al ner

100 894ram ip @dmﬂl@tt%ﬁa@w e Greg) sty for Shaftple X-

ra)‘3 Ll céultfbl@ bt ?éﬁ ﬁ)%)irfg é(ﬁltaflﬁérs e%ﬁﬂm fw inconveniences. Thus
ycar bonat e. | CI en th s may be plastic

thet hmallcrresm of itest mm¢s U8 i aaid dU%rwwmateg@ﬁe et tasbe elevated
I t

1ncr§%18errtgl%han %Y&fg OtB %&V{g)'hteh\%e‘gﬁ{’lﬁr ks h!)is det gg{g{s??p\%a Lfb%faﬁﬁal portion

therbdth Mghplt)l%wally shesettest picees ned sormwhae smatléri andesetherefore more

bst ant.i al | ffect, t,h trati .
ol g Bt B G55 iSSP 8 ponaty
indliMdif% ond\bieh8RSradibgctivelsburcss.commonl y only a few
mllirmetres about 2 to 5mm EICK Shi

cordhgideaien oﬁ(}y@% Wasta R odust RH Ve pre, mszﬁltlbmﬁa@ tq%b@pces
a. 1N %?feéi‘ayl eeh Ct it afdand o? "‘sﬁt‘eeﬁI OfRvolved epoRbits f hadt lRCK, sflngle system,

‘ree ube or platform (these aredescribed
coeseqnpitb/ @US4 comprises at least three separately transportable modules.

b. the fact that the scanner system has two major functions in imaging cargo:

- spectroscopic component using dual energy for material discrimination, and

- non-spectroscopic (energy and intensity) component used for penetration and

resolution.

Dual energy capability

In these test, the source alternates between at least two separate energy levels (e.g.
between 3 and 6MeV). By comparing detected signals from these two energy levels, data
concerning the nature of the intervening materials may be obtained. This comparison, and
derivation of the data, may be accomplished by means of a computer or other data
processing device coupled to a detector or detector array of the X-ray tunnel. Such data
includes density and effective atomic number, commonly known as Zeff (an indicator of
the nature of the intervening material). Density and average atomic composition (Zeff)
may be tested using plastic overlapping wedges. In these wedges at least two separate

thicknesses of plastic are provided, so as to allow data to be obtained for penetration




http://en.w ki pedi a. rg/w ki/Internodal freight
shi ppi ng contai ner the contents of which are
w0 ponpwsat ed herein by crossreference). | n orBEr/AU2000000820
suitable for use in an X-ray_tunnel capable of
scanni ng a standard shi ppin 3container, the test
nodul es shoul d preferably be capable of fitting inside

a standard shi ppi ng contai ner_ The¥ may have a_ maxi mum
thrpeghyhose fiffesens thigknessefoJihese Bligw detfalgobp cvalyated i increments of
2ty by gk [, gt SR onon of man
detBct@ry toemepsusbo it islordy ngcedsary 1 provids; a large nieaningful image. Large
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and/or orientation to achieve this). A critical parameter is the provision of a large, clear

image of a steel object behind 300mm of steel (maximum). This is achieved by providing
a wedge which is diagonally érranged, so as to:

a.  minimise image compression effects.

b.  measure the image aspect ratio (which may also be measured by counting step

artefacts in the image (if required) to measure data gathering frequency).

The resolution module in AUS4 may be a composite of AUS1 and 2 resolution
modules, described above and shown in Figs. 14 and 15. It may be arranged in several
(eg 3,4,5,6,7 or 8) s\egments to allow for fan beam curvature and detector geometry
arrangement. All the detectors of the X-ray system, or as many thereof as practically
possible, should preferably be tested to ensure uniform performance of the system, so the
test piece is arced. Each segment may be independently rotatable (and lockable into a
desired orientation). They may be rotatable so as to achieve image projection onto all

detectors, or so as to maximise the number of detectors tested.
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AUS4 is | ocated enabling accurate assessnent of
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container, optionally modified. The container may be the same size as a standard shipping

container, e.g. a standard 20 foot (6m) shipping container. It may be about 2.4m high. It
may be about 2.4m wide. It may be about 6m long. The modification to the container
comprise replacement of some portions of the metal walls of the container by a material
that is more transparent to X-rays, e.g. plastic. A suitable plastic is for example
polycarbonate. Sufficient of the walls may be plastic that resolution and material
discrimination modules will be viewed though plastic walls. The penetration module may
also be viewed through a plastic wall, although this is not essential, since a thin metal
wall would not substantially affect the penetration test (as the actual test piece is
commonly over 100mm thick, whereas the wall is commonly only a few millimetres, e.g.
about 2 to Smm thick. Shipping containers come in two common sizes, 20 and 40 foot.

They may be standard one door, opentop, flatrack, reefer, highcube or platform (these are



of this test device.Cains: 1. A test device for

assessing the detection capability of an X-ray system
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used in a test selected fromtests 1 to 9 as defined
abgut 4481 (higlpoFhus the test module, or test device, should have a maximum width of

less than or equal to about 3.2m, or about 3, 2.8, 2.6 or 2.4m. It should have a maximum

height of less than or equal to about 4.5m, or about 4, 3.5 or 3m. Each dimension should
be sufficiently large that a usable image may be obtained in suitable X-ray tunnels. Thus
the minimum dimension (height, width, independently) may be about 2, 2.5 or 3m.

The container may have regions for training and scenario testing. There may be a
training/scenario testing region on either side of the other modules (materials
discrimination, penetration, resolution etc.). This may house modules for training
operators to recognise banned items when viewing a scan of the container. Suitable
modules may for example contain contraband, guns or other weapons. In some
embodiments, the container is supplied with a standard test/scenario module, containing
items which are generally banned. A separate discretionary test/scenario module may be
supplied which may be filled or partially filled by a user with site specific banned items.
Thus in a particular country, items may be banned which are allowed in other countries.
These items may be loaded into the discretionary test/scenario module. .

Fig. 20 shows a suitable container which may be used either in conjunction with,
or as a component of, a test device for a container sized X-ray system. The container of
Fig. 20 has double doors for easy access to areas either side of test pieces centrally placed
therein. Figs. 21 and 22 show different diagrammatic views of the container, illustrating

the location of test modules therein. Fig. 23 shows a cross-section of the container,



8. The test device of claim7 wherein the device is

capabl e of being used in all of tests 1 to 9 as
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17. The test device of any one of clains 1 to 16 said

devi ce being useful for assessing the performnce or
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160keV to about 450keV. 18. The test device of any one

of clainms 1 to 16 said devi & bei ng useful for
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6.  The test device of claim 5 comprising a test module capable of being used in a
test of wire resolution in air, a test module capable of being used in a test of wire
resolution between steel, a test module capable of being used in a test of contrast
sensitivity and a test module capable of being used in a test of materials discrimination.

7.  The test device of any one of claims 1 to 6 wherein said test module, or at
least one of said test modules, is capable of being used in a test selected from tests 1 to 9
as defined in ASTM F792 —01.

8.  The test device of claim 7 wherein the device is capable of being used in all of
tests 1 to 9 as defined in ASTM F792 - 01.

9.  The test device of any one of claims 1 to 8, said device being of a size such
that it is capable of passing through an examination tunnel of dimension 1300mm x
1300mm.

10. The test device of claim 9 which is of sufficient size that it is incapable of
being used in an examination tunnel of less than about 1m x 1m.

11. The test device of any one of claims 1 to 10, said device being of a size such

that it is capable of being mounted on a standard 1200mm x 1200mm pallet.



2006. 25. The test device of any one of clainms 19 to

24 wherein the test device conprises at |east two
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device of claim25 wherein the test nodul es are each
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17. The test device of any one of claims 1 td 16 said device being useful for
assessing the performance or detection capability of an X-ray system of about 160keV to
about 450keV.

18. The test device of any one of claims 1 to 16 said device being useful for
assessing the performance or detection capability of an X-ray system of about 1IMeV to
about 10MeV.

19. The test device of any one of claims 1 to 18 wherein the tunnel size is
sufficiently large to scan a standard shipping container.

20. The test device of claim 19, said device comprising a modified shipping
container which has the same external dimensions as a standard shipping container, said
support and at least one test module being disposed within the modified shipping
container.

21. The test device of claim 20 wherein the modified shipping container
comprises double doors at either end for inserting or removing the at least one test module
into or from said container.

22. The test device of claim 20 or 21 wherein the modified shipping container has
at least a portion of its walls made of a plastic that is substantially transparent to X-rays,
whereby, in use, X-rays passing from an X-ray source through at least one of the test

modules passes through said plastic in order to reach an X-ray detector.



| at chi ng nmechanismto | ock the support, and the nethod
additionally conprises |ocking the support by neans of
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o(gerati on of the operation of the X-ray system using
200%¢ aggregate score. 34. The nethod of claim 33

whesei heakd M@Gﬁtah{l‘%rﬁ‘)@f)ﬂaﬁﬁ§ 190¢h g wWherelredtle test device
results to obtain the sing regate score. 35. The
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conmput er . or assessing t tection
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detecti on capabili 37. The nethod of claim 36

mdmem@ﬂ}’ﬂmablésmoé sicad qrigntadienr di ng to claim 20. 38.
tu(sj‘éggf gp{egg)tgefsé’g\é'ssceg 1@%% Qétgcgiotnocaigyilign &f ah }@-Irév g%te]'n with a
large tunnel size, said method comprising:
e passing a test device according to any one of claims 1 to 28 through an
examination tunnel of said X-ray system so as to expose the test module(s) to X-
rays from said system; and .
e detecting X-rays, if any, that pass through the test module(s), using the X-ray
system so as to generate an image;
e determining one or more test results from the image; and
e assessing the operation of the X-ray system using the test result(s).

30. The method of claim 29 wherein the stand of the test device comprises a
rotatable holder for holding the support, and the method comprises varying the angle of
the support to the predetermined angle using the rotatable holder.

31. The method of claim 30 wherein the test device additionally comprises a
latching mechanism to lock the support, and the method additionally comprises locking
the support by means of the latching mechanism so as to maintain the at least one test
module at the predetermined angle

32. The method of any one of claims 29 to 31 wherein if the X-ray system is a

single view X-ray system the test device is passed through the tunnel exactly once, and if
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e passing a test device according to any one of claims 1 to 28 through a radiation
portal, said test device comprising a radioactive source;
e determining whether a radiation detector of said portal can detect said radioactive
source; and
e using said determining to assess said detection capability.
37. The method of claim 36 wherein the test device is according to claim 20.
38. Use of a test device according to any one of claims 1 to 28 for assessing the
detection capability of an X-ray system having a large tunnel size.
39. Use of a test device according to any one of claims 1 to 28 for use in the
method of any one of claims 29 to 35. .
40. Use of a test device according to claim 20 for use in the method of claim 37.
41. A method of scanning an object using an X-ray system having a medium or
large tunnel, said method comprising:
assessing the detection capability of an X-ray system according to the method of
any one of claims 29 to 35;
if necessary, adjusting the X-ray system so as to improve its detection cepability;
and
passing said object through said tunnel and scanning the object as it passes through
said tunnel.
42. The method of claim 41 comprising forming an image of the scanned object
and determining from said image the presence or absence of a certain class of object in

the scanned object.
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43. A system for scanning an object comprising:

an X-ray system having a medium or large tunnel, and having the capacity to form
an image of a object scanned thereby; and

a test device according to any one of claims 1 to 28.

44. The system of claim 43 comprising a computer having software loaded
thereon, said software being capable of enhancing a raw image obtained by said X-ray

system of said scanned object so as to form the image.



