WO 20091155658PCT/AU2009/000820 1 Imaging Test Piece for Medium and Large Security X-Ray
Scanners Technical Field The present invention relates to an imaging test piece for an x-ray device

for use in caigp.seyeeRRg by X-ray image analysis Background of the Inveptian.eedditidzecently the
specifications provided for X-ray examination systems by suppliers to the tender evaluation process

has been minimal. This information typically includds only: single wire resolution in air (perhaps, 32
American wire gauge (AWG)) penetration of steel (perhaps 90mm for a 450 Iciloelectron volts (key)

system) Reading onwards in the specifications one might find that thg system i able of materials
discrimination a MMMSD@@%&%M%?R% %M@&%&?@%ble this to be
done.  No standard test piece for the evaluBigamwfittisperformance 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 1000nun x 1000mrn, and
operating X-ray energies of around 160keVeebnigshbiehia collected form the examination of an

American Society or Resiie S0 MARURIS (ST 92 E2 sl suigeesdodetgmine

objectively the per grr‘?ﬁance 0 X-ray system. 1"shows the construction of the standard
suitcase, arfgysaaening Ry Fyraviagegares sithe system using a dual energy cabinet X-ray system

operating at 140keV. The function ofgackeRbiied/arighe [agknigaget out in Table 1. Table 1. The
function of each of the tests in the standard suitcase are noted,, TEST COMMENT Cf‘hec for visibility
of wires in air (24 Y388 KERREY 2t SREG %’é’lﬁ?litﬁ’f%’f’”l{ﬁis?oi ey pERRP R pieage (9,5, 15.9,
22.2 mm) 3 fapgiidssasahdinndet wirddation psotesinbiis dedrfoninivirds Witts inéovasimtepichlbundle
being 2,1.6..1.4@1.0 nun) 4 Penetration test (steel stepwedge, lead letters denoting the wedge
thickness in"\?\} efofﬂ'gj.yt155658PCT/AU2009/000820 2 mm) 5 Plastic samples of the same thickness,
which must be disstirglnatisd isprlvtomithairdprsheE SR HEERMS VRS BVSilstic and metal

blocks.Holes Of-diff%i?éi‘ltation of steel (perhaps 90mm for a 450 kiloelectron volts (keV) system)
Reading onwards in the specifications one might find that the system is capable of
materials discrimination and even automatic explosives detection, and that software exists
to enable this to be done.

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. ! 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




diameters and depths in the blocks must be identified. 7 Materials discrimination: the system must
discriminate between plastic and metal objects with the same X-ray attenuation. 8 Materials
discriminatigy, dissr{gaiaation of adjacent organic objects. 9 Materials discgginations sliggrimination of
organic objects behind steel step wedges of thickness, 0, 0.16, 0.32, 9.48 nun A standard score
sheet exists for evaluating the performance of the system (Fig.3), and instructions are given to enable
the score sheet to be filled out.  The performance of this system was evaluated to be 58%. It

performedbatty-ogmrTest-2Test-S;half-of Test 6;-and-did-not- meet-manufacturer's specificatjon for
Test 1 and Test 4! mBTM F 792- 01E2 is a small case designed for small systems (e.g. hand

luggage, ﬂf§0f mAHINES Wil ADBEhRIZSHE BOhEQ0WR KSR} RBY i Bakisall o Ralistand larger

systems. It Is also|difficult to use as it has no angle adjustments to account for scanner contriaction
geometries. EquivaBsB#Ttest abjects and score sheets do-not-exist-for.X-ray-systems-with-tunhel sizes

greater tharg 1200 ma&&%ogmmmaﬂ%ﬁrmnpm@msyﬁtemandam@) Seveabsugiiiesatnave given
to the Australian Gu toms Sen&&gg llectio of rods Sl apfialates Wlth m|n|mal instructjon as to
how thesetare-te-He % IS & S S 4 - i ent, used
for testing @rdual \nemeiwat; emewgmﬁx&megaeIesgzhtemvnﬂtst(lﬂev)xsystwbatvmmm@@m@ pa
Examination Facil Y @5 g%gerqymsﬁe%gﬁ%}tgt%mﬁsate for the fact that the axes of the
horizontal pnd-verticaX= rcty 1S are mcHed at an angle to e norlzontal 10 unoertaKe he CS
(Contrast $&nsitivi ' pliearefad :

vertical plglg stack meaageammmﬂz%aaagrorh@fqruggrlmr&gemmqtaxow the X-ray

system each time fhe plate thicknesses were chane ] The time taken to complete the exanination
procedure was in pyredeepisihickngss, Bl hd M an in Fig.

3 It can be readily seen that the angle guessed for the X-ray beam |ncI|nat|on was too small as
indicates by the b acl%lagta es of the ars w crhec the ates Fig. gag)f ntesrf ren@‘e gn the
plastic pallet on t SPIRE %llrses AFBe se RS We Sondtic Ppenetration
test using t@@@m@%amsgimmmwﬂ&bmebmﬂ?@ @l&ﬁdhﬁt the -vertical" and "horizontal-
beams are at leagt, 83;@?&1&%‘?&&9 xrm&ata%émr@aﬁé%m@aawalﬁe ﬁ%nat atfaaéeparalyattﬂ s

sup

increased, and the ortln%})al et uces artefacts in the image. FI? sﬂ ). The lead block
(100mm x108 ;Fef@ E&Péfiji anslishiel AetRert mTRRGREPSSRaeification fof 788 hardan

advantage ofdaeing able to t||t the test object is to place it on a true perpendlcular intercept ioby the
beam and minimi maccur ies induced by the i in era tlon being 90 to the
beam (i.e. a kind%?flga9 X er r} $RigTE Iﬁ% ‘Fé%’sog“n rggla ere |§agg cﬁog% %st piece for
use in for Xsaysyssmsssititargerdhsietsizedo é@)fgmeawrdﬁ)aﬂnabbmpilgwni rfPk pOBOREA. Object of
the Inventioft 55005l 9 dNeRRRERNGIRVENHOR fadhlpastiealiplisalishe he-ahaveneed.

Summary a broad form of the disclosure there is provided a test device for assessmg the
detection calSABTIRE SPHRCAGRBRRESTE v W YAIGHE Rﬁﬁﬁ@ﬂ%‘f&%@%ﬁf‘&f@\ﬁh@e&%ﬂ?ﬂ?@lﬁélg Lhoport

having at |e§§&£5ﬂ§ﬁﬁ§h@@ﬁﬂi&tﬁﬁﬁéln§%§@@m wherzam&md festooathi|¢paifeateRBritmaicne of said
test modules, is capable ein use in a test for an as the detei:tlonccapablllg/ There may be

of
a set of two t&t?@év? sS¥8th b ?ﬁ&r%rc%?alﬁiésto%hee 1rvesnen iSclostre. ey may N be pre prowded as a
set, or kit. Thetkwidestllevisesvirmy dd ¢ifigrentit hémhmgﬂﬁaﬁlbw @mabt@dﬂ) denducting
the same teql. 1ReVaHidi e:anABIR ALERASUNDAINTRI AL BRIP aF ACL AR, RRARARIG AL

conducting at least one test25 which is capableof beralgbconducted by the other and.each may be

capable of c%)rd&ébtW@”atqé%ls%‘ﬁé}t&tsvm%ﬁq?W’cé{ s Defvgtesmiuttebby hertingt. They

may, (\;vhen b@&%ﬁﬁﬂ%ﬁ@‘a&iﬁt‘?aﬁﬂkﬁﬁeﬂiﬁfﬁﬂ@Gd‘célifﬁ@ﬁiéﬁ%ﬁ%%mﬁf g @hagom?qsa gm:clmaumn of ghe
tests descri I ASTM 01E2. The test device, (or, set of device the osure may be
capable of t& ﬁh@%ﬁ‘%ab??ﬁvéﬁ‘é Al A %5 13%&@[%%5 Bérsgnﬁh??r?a et ?éssg a penetration
test and a resolutibn bagertakdnilse fits §Spaceof Seesiistigsend 3QedInegicQislino ity )fdesissessing
the detection GaRaRUly ofaR KardneRIa MR GR VEAREPERS UL ACYIGe SATNIISHGhea SUPPOTt

capable of ng at least one test module; 4 optlonaII%Ea stand which holds the support at a

predeterminberigngtel warle hEheohisst anvd gt hese hEar Bl & TOUIKEETBI3RR AmspdR;

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.



wherein said test module, or at least one of said test modules, is capable of being used in a test for an
aspect of the detection capability.  The following options may be used in conjunction with the first
aspect, either individually or in any suitable combinatipn. At least one of the test modules may
comprise a wedge construction; e.g. a stepwedge construction. This may enable use of the test device
in a wide range of X-ray tunnels. The test device may be suitable for use with X-ray systems of about

100keV to about 10Me¥h be HhGKESOIANMORS Mareoithadests,ypaybaaneRhthadests defined

in ASTM F 792- 01E2. It may be one aof tests 1to 9 as defined in ASTM F792 -01. The test device may

be capable of b%?ﬁg ﬁssé%ggﬁ a %1}’ tesetg) %f.“ig ﬁnggcae{f?nglg ﬁaﬁs 79 @f.p%%gstgﬁn%%e selected
from the group loénéisting ohwilke desviutidieinathevirezresdlgdesbeiwe emstesdprontigst&ensitivity

and materials discrigingfign.ctheteat deyisemay.campriseaiieastiwe %ﬁhﬂ@%ﬁr&ﬂﬁ@dbeing
capable of testing a diff .any one or more of the tests, may be as defined in

rent test. Each test, or, _
ASTM F 792- Otleﬁ?smogﬁ%eé?ﬁb&‘ﬁfr%’&ntvﬁﬁgﬁaérstaagvi EoH rié@@%@gt%mﬁlgécdﬁﬂﬁiﬁdé? testing
wire resolution araiglade sonrodtile logpabledf testing thitethesbtatiopdietveanrsieal, atéstodule
capable of testmgg&aygﬁaﬁwga&%égﬁe@a@ﬁmgqiﬁ@@@%@f g fmalalial disgrmination. In

S
the present specification, reference to a test as defined in A 92 - 01E2 may be to a test based
on a test in ASFMEPY3- 1§95 s b e difidg raristersrantiieiansah é‘?é’r’ﬁ‘}' 4rd size of a
scanner in whicldthedgstphete ibdesigned tesbebjreds o phe test devicpempaydnalef asizepsuch that it
is capable of passi inati |.of dimension, 13 x 1300mrn. It may be of a
size such t]ﬁat ﬁ?@fﬁ%ﬁﬁ??gﬁ%ﬁ ?sng;%}r%%%ﬂi)ﬁr% %ﬂsﬁté%g ard 120 ndl? ﬁe%r&%r%%%ﬁﬁeoﬁ angrlp he stand
may comprise 8%JtaRHI8 HellebBrHbRIinMe s ppeHassaeio i Blwmeasiésttignihed angle to be
varied. It may comprisera laichioag mechantismn tlack the-sUpReIES:as Wi aintaithe atigast one
test module at the %r%qe%t gl?@)%%ﬁ%@?ﬁm T&?Gtest module(s) or one or more components thereof
may be removabierom the support. 5 The tes S) may be conducted on the test device using a
single pass of the test device through an éxbiesiafdhednnentiome X-ray system in the case where the
X-ray system is a single:Niaw; sy Seh P VSIS W0, PRESES MOV RSN exainationitunnel of the
X-ray system in the case where the X-ray system).is dual view system. The test device may be
useful for assessing the performance or detectio 'ng'%Wty of an X-ray system of about 100keV to
about 450keV, or of Eboitd0kev od GbolitcldeV turofapouideleVeso ddvaat O MeMsing lthsome
embodiments the dupnelsizsiis sHificiently laas:te srant-standard Aioping Gentainghsi his case the

device may comprise a modified shipping container. The modified shipping container may have the

same external SHRRSRSIEN LB 45885 ARG P SRP BSOS th BT s9Te CBHEBYEAA deat RS HE #est module
may be disposéchswitinin d¢feand odifiedbehippiisgeepaiizindrbdihe matlified shipbing:coptainel tray
comprise doublglagts akapmEndnak AR POASE & ALERIE0L GBI IBREING Afe QGG the at

least one test module into or from said container. The modified s_hup)glng confainer has at least a
portion of at led¥E5AE YSpRSHAIY 1L oPReREehitdessh pldstthmBrod et dstasriamitrihsparent to
X-rays. The poditierenay hetsuabstldatidasuse; e rapshdassngdiotingholsiay QU CEhlreughat least
one of the test gj%e RAS Eh-r ug aid plastic in order to reach an X-ray.detector. In this context,
"walls" also incﬁjgges tf% fﬁ)(%e{ﬁ% cel ?n%n% ts%ét%)cr%%%eﬁeﬁ%g?%%tﬁeﬁO?f{l%e 35\?3:%3%6{);1 %ct)er%prise a

collection &F on&lB¢ibranede MdutiesWATCEARY [BetaBlevitpirhanstippivigdonediperdestisnally a

modified shippig&entainesasideseibad-ahove oAs.aithanaliemativesdhe magdulas maybe located,
or locatable, on a yehicle, e.g. a truck, which is. of sufficient size to pass through the tunne] of an X-ray
tunnel suitable ]fg?é{e%ﬁr@nlgﬁfhg%s%%agger f\g{&%ﬁ%%%gfﬁ% %%ﬁ%?ﬁ%&sgg b ﬁ"r?étvtSBF%%%FEea%g%‘* %Iditionally

comprise a radiegetirsasthadceforBitidig @tapabiity dha rediativiegortaifortidwation of dhradioactive

substance. Theifaglioaetives0Lres,may somprise RPRRSIMHMR (@RI Gh, caminanlyAxailable as
KC1 chemical,éﬁlthough other salts or compound$ o@ﬂsésium-m may be used, e.g. other halides
romi

of
such as flubrid& - BFoMTAR S TSR SFHIRIFELBE 80T WIB8tEHTes) or caesium-137 (Cs-137). The
activity of potassiumiC: (KrgOdspectatdrdiqpdisdsium is 88t18c+ike0i7 DByide(SamabSsBngGieen S.,
Beddoe A.H. "The. 45 agiivivplenearamataotassi iy Siysa Mad <Bipk0R {1997} 404-413).

The test device for use with a tunnel of size sufficiently large to scan a standard shipping container
may comprise at I&asf (HRES AN QERRKI RS ARAE (& HIbBGAYS They may each independently be
selected from the group consisting of a materials 6 discrimination module, a resolution module and a
penetration module. The penetration and material discrimination modules may each, independently,
comprise a plurality of independently rotatable elements. Each of these elements may be in the form of
a wedge comprising a plurality of plates (e.g. metal plates) so as to form a device capable of
presenting 5a number of discrete different thicknesses to X-rays passing therethrough. Each of the
rotatable elements may independently lockable into a desired orientation.  In an embodiment of the
disclosure a test device is provided for assessing the detection capability of an X-ray system with a
large tunnel size, said device comprising: a support capable of holding at least one test module; to a

stand which holds the support at a predetermined angle to the horizontal; a rotatable holder for
holdina the cirinnort ecn ac t0 eanable the nredetermined anadle to he varied: and at leact nne tact



30In 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: a
modified shippinggonriawer having the same external dimensions as a stanaagd:ssgposgocontainer; 7
a penetration module comprising a plurality of independently rotatable metal wedges which are
lockable into a desired orientation; a material discfmination module; a resolution module; and 5
optionally a source of radioactivity; said penetration module, material discrimination module and
resolution module being independently transpqrtaple, and wherein the penetration modulg, the
material discrirﬁiné’ﬂ?@ﬁ‘?ﬁ%&ﬁe%’éﬂtﬁ‘é’l‘g& SR odtiR%h 4t ifapPég%?%,r?ﬁgesoﬁlrlgee ogora%?oactivity,

are disposed insideosiishtelpdifted shipping container, and wherein at least a o portion of at least one

(optionally_morg) oftt}légsw(%lléstggtsaé% lﬁg%ain%ﬁg E;PL% &rg'%tt@at is substa_ntiall_y trgn_spa_rent to X-rays
such that, in use, )%-rays passmgn?rom an X-ray source through the material discrimination module
pass throughlsaeinsisticshrardeletoretichshpnk ohsaidcrstmodules, is crretde R bedppiest tha disclosure

a method istpsrtqy)ixdggafg;qgfsggﬁgragt{;ggoqggﬁ@m},%apability of an X-ray system with a large tunnel
size, said method comprising: passing a test device according to the ﬂéﬁ%ﬁped of tFe d[hsclosure

through an examistiéARIFIRE BPUCRY %% PeyRtedh B CRUIHP EigIb I Hh MdRiEts) 6 X orays from
said systemianadually detactinosXtsalscfriystthat pass through the test module(s), using the X-ray

20system £ as 1@ SRS AL L AMAITost moBHE R AMRRE Ol iSsdiscliom g image: and

assessing the ope oh -ray system using the test tesul ~The following options may be
used in conjemtiedewithntaiseorithisspercrdtie bsadilidedrytalericady auidssapehtfinatdh. 25In the

event that the test dayice CHRRESER:# betalrhiteldaklanioiding Hersmpraribbie rosteudtimnay

comprise varying the angle of the support to the predetermined angle using the rotatable holder. In the
event that tH&usE dsive additionally comprises a latching mechanism to lock the support, the method
may additionally qees@Ieekibgdbe mupnaTtHaytase ansyobthméattiingestedtimid in G Ed4E maintain

the at least test 30 jpodule at the pre rmin le. T aryi -may be
conducted bge%r"eaétg}ﬁ#\%n%%%gfl 85\#&% ﬁ%ﬁghaﬁ%qtﬁ%gelp ﬁﬁg%‘z&%ngggg{%%%ﬂg&ggsmg the

device throughythe tapatdle « beMpasedtirealling testahyoRebiefiors MetSTiVh Y be st TBSults for

tests 1 to 9 asdgfined LASIMoAIRe Db cTREMIMAYCHAPHIRIAREOMMR! Qviapisoaltioall, of a
materials discrimination test, a penetration test and a resoH;tion test.. ,gé[he X-E%é/vaystem is a single
1

view X-ray SyatuanHerdsCaRURSE MRASIELS b BtERBlSy AR EIRRI L X ARG, Hh th8 % ray
system is dughyiene yistem. the test dedidesmayibbepassepaticoofjtetiegundiéfeeoatiytiisdh  The
test device may comprise at least two test modules, eac iNg: f1gstir i t test. The
step of asselsd narrﬁ %%%ogrfggrgéé?tggg I%% t‘ﬁ‘é"’tg’é’taﬁegﬁ tlg#%ga sing e?a?g‘?eg@l;tgégggé?gnd
assessing thenbpéimtiohtls the dperativmpfitee Kirstymodulaeantelsing BiEnghitys¥doreitThe step of
aggregating may compsisa2dsinoidhs testdesulis R abiain taaxing e-a0aredaiRoaees eagimtestep of

aggregating the test results may be performed on a computer.  In an empodiment a ngethlod is
provided for s<8sngy AAERYeCIRANERSALARY of alfSt-rAPePe SAEMNF PArg SN ST &8 8Ad
method comgiisingindBapassing privshigdasatonldifertadbecfitstaspekifvktha ASINEE@Hrough an

Cyetom: and UL P A AT Foes T anei e o b B BT e 0
as to generatecamminfiagdif2fedete imimieng ot oianof @ sssnresintsviiehthsdaphaigse dndesi@gsksing the
operation of&pggg—sr@a( system using the test result(s);
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.



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 twicgg2hinasmetger embodiment a method is provided for assessipgithartieteriers capability of
an X-ray system with a large tunnel size, said method comprising: passing a test device according to
the first aspect of the disclosure through an examirtation tunnel of said X-ray system so as to expose
the test module(s) to X-rays from said system; and 30 detecting X-rays, if any, that pass through the
test module(s), using the X-ray system so as tq generate an image; determinj t legst two test
results from the ilT&des SHPR QA RIS FERT %§?§tiﬂf8‘8°s‘i‘ﬁ‘é’|%%a?ja eg%?gsgﬁgg?t% (? “Y°° assessing
the operatiahrofighend peiatination thenéiraf/ by Stery usinenthe tggregarbaeche; Xvereirstéthis X-ray
system is a single view X-ray system the t ce. ] ?gcimr ly-ence and if
the X-ray sfs%% fs'th tﬁﬁfg\% S%/%%n m(,’rtk]?gn?g;t'zg §§/%§’eé?s§§§§ e th%ét%ﬁ{%ﬁg%%g%fgéﬁf twice. In
either of thehothstembodivnesre viheradbe Pesansyveany Bié BeThdrEMereof, may be test results for

tests Ito 9 as defifed iy ASEM FdPBe Azl for allcasthi thasrer-phie distiasut bgygbiftprovided the
use of a test device according tqg the first aspect for, asses?)ligﬁ(e he (;Pger$tlon cbf %Eg(-ray S %tem having
a large tunrf & &S esusiers | ob BPOVIALPHSY Qe8P aRPENA R LIRRAMN S HHRY st Rect for use
in the methadefthe segend asRACto Bhete iSMESS. provided the test device according to the first aspect
when used for assessing the operation -Fay. e | Si en used in
the method of chnsggrgrc?deéng%%%{p e Irt1g é %cglrjért?;i gé%ééi% (r)g?Ll tﬂ%\{g%ggﬁ)is% e t%]éjlerir%‘vgil.ls1 p%(i\%%g\g% method
for assessirgyifngetentidrecdpabilitgast AhaderirennporRAMRTe Jrps dieth shishe s aattiEhod
comprising: TRasaigrRdSFisaMIES ARENG IRt joHhR fifs! asheckiBion dirradalian periatisaid test
device comprising a radioactive source; deteimining whether rgdlatlogg tector, of iﬁjd ortal can
detect said PRHBRERANEIRFT ! BARRSHI UL A FRREARTFR) Bodulemey by BBy, I
an embodimgsdithe thipehgizentaiauffiTienthidaifeltakipping stemdard siippingngemteirkutie this case,
the test device may comprise a,modified shipping.cantai ' :t]zl'] ﬂ? I jmensions
asa standa?%osfﬁi%%?ﬁﬁ %}g)éﬁtgfnaetrrgol%ée Iégusp 1'oQ'rtagr(el‘g%gtr I%a%? %\gg{ tgest1 o&g lﬁ%@%@%ﬁ%é&g&{g within
the modifiedshipgimpdoletaitrenr fromsaidecosisina. thbearigdifisdighipning genteinarthat #grst as

defined aboye,farassessingeie dateeliphonanabilityey’ an Xsraxsy i hayingplgatannel size.

In another aspect, there is provided the use of a test device as defined above fgr use. in the method as
defined abotbstantigily Fﬂ?ﬁ%@ﬁé&%ﬁﬁ@y&%ﬁﬂ%‘?ﬁéﬁj@ﬁmﬁgi'f‘ﬁ Métifod FFLLRARME an object
using an X-mynsystardyavng atnesitint dsdsroestunihel tsamiodelioghcotmpriginspid sdessing the

detection ca(g‘ggrilig_?éaa X-re&/_g stem &8?.0{19‘B%st%&*}‘{%#ﬂat@%ﬁs"&ﬁ‘sgﬁﬁgl%ﬁ asReRlod Ond The
g o

method may comprise the step of forming an image of the scanned object and determining from said
image the prefimgcefdhalsontrincof Altemativadlashofevpecmanisesersmad-elifstion of ong ersixth

aspect of the, disGlasUIEHNEL GV I QYIORE R ENSIEMIIPE SERPHBAARIE SR iSingdifiedn X-ray

system having a medium or large tunnel, and having the capacity to form an imgge of a ohject

scanned theYdBingnEPRIARTTRR/iEeSSTRET ARG the hyBrligh2liemapys, D& dpg BMprise a
computer hayingsofivacedbried theckioh, saidalPuskftwiich e bfguifivddiestfeanhmseithgoaglaw image
obtained by said X-r. m_of said scanned object.so as to the i Bri ription of the
Drawings tﬁ,& tb‘re eﬁggsg}/l Z}er;f 5%%%?% 0 ?\beiepg%rseeir%r\l}gﬁtslgaﬁl (\gvgﬁr n%v%b@gg%g%g&%%?aay of an
example only, witFheefest ndevicethpancedditenajiy gcdrapvisy S whdiedpti s sryiiee fOshiSAinh & ASTM F

792 - 01E2 %E%ﬁgﬁ'ﬁgf %‘f‘@%&?ﬁa@@ﬂ%‘&%ﬁ%ﬁf@é&@&l@? 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 +/- .72 Bq/g (Samat
S.B., Green S., Beddoe A.H. “The UK 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



"ASTM suitcase"). Note that an aluminium stepwedge is sited behind the items in TEST 9. 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 20suitcase 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 als@igsflenees thadiest searetbhthedtanning gystencnlhedsystéhe pardosmancd was
evaluated to be 58%, It,performed badly on Test 2, Test. 3, half.25.0f test 6, and di t

man ufacturer‘smsaf)eerg]fic%%%rhmfg?%D(Ialstr?%xﬁlge Test 4. <:ljl'arclllles dlécriﬁ %ﬁﬁ‘g‘%s t%)glr%ﬁ% tgst]!)g%%g}:{g?fentation in
the beam has arisnthsispide Vit RinepBf Beinfagesastirareds iseh&saier thadsiisation of the
standard positigninganc presantationanglg. tecdhe Reanqiring the. avaltiadipm Eigyieshshpws an
ASTM standard score sheet. 30Figure 4 shows adjustment of the rods on a stack,of steel sheets as
part of the 101 B0 TP E EFEAT EF (HE Rt it e it OB AR, S8 B o e s
test for the horiztittbleviewearenshowdsientivetlo redpdlmdioPrisdisibetsiigeosarried on a standard wooden
pallet. 11  Figure § shewsotahanhorizentahyview plthe-piatesin theCGontiast e nsitvilyion
measurement: the Ipun thiclé%glate IS barelg/ visible; b%la.vertic | view of the wires: the 2mm diameter

wire in air is baBIPUBIS T CERTSEHR SABA LAY IR S 81 BIATESS FUPERESm wire can be seen.
Note the interferenceaisutiperirrge! calisedidpatheplastiespakeétion which the test object is mounted; (c)
an image gf a 10051y X00Ru0: AORMIIEA ok belind LAY stgehiyesical view): () a diagram
illustrating the advantage of tilting the test object. = Figure 6 shows (@) the test piece carried on the
tray of a 1 ton utilify, mrﬂ?@@ﬁiﬁﬁ%ﬁ‘ﬁ%‘é}%@@& Hs PRI (e POl RS BT A) R 18 ms with
guasi-horizontal X-rayanediamfdan beams. The median beam is angled at around 20 upwards from the

norizontal. (b) the Jesl,Riges, Al'eL AASAINGINIANG') AL B BER TR PSRN 1138 satiRdest the

performance of the vertical X-ray detection system, which'in this case points vertically downwards.
Figure 7 shows (a) a FRewststheorrontistigé fedfbldct”Th& Mismbers shown in this photograph are
thicknesses or diamatessida wany (b adewnahing teapoidhe tast ohjectdthe aumbdrs2shawn in this
photograph are qgggnessa%%tor diameters in mm.  Figure 8 shows a view of the 1QI and resolution
tests of the pro)f)ose(ﬁIl Riérican National Standards Institute (ANSI) 42.46 X-ray system test;  Figure
9 shows photographis efofadr thrabieflifasihfalget Oy itrelnPEMidRSkiereigp B EG AL PRI a 450
keV system. The Ainth.wirg(diameterQOmmm 628, Ms! beiseehnassan the organic materials in the
Materials Discrimination Test Teglt %)'h%.the tnlmntitor screends(yowing the image of Fig. 9(a) using only
the software contrast1§GIPTE) ey RS Nity'aNd penetration for the horizontal view of a
450 key system; and {d)athe/resjoibdhosTastd(MamiginDidomglinatibn}orizomigure 10 shows
photographs of: (a) the initialimage: a5 theamenitor.sereen farthayasticalylaw.ahiha 459:-key system.
The ninth wire (diameter 0,9inm) can just be seen, as can the organic materials in the Materials
Discrimination Test (P&SP459(BJ4he monitor screen showing the image of Fig. 9(a) using only the
software contrast toolke€amtdabt senmsitevitynathe pepetratiohiforthenderticaleeidviofthel 460 key system
can be seen.  Figurg 41 3hawspRpiegsanhs eh (@)ihe Eﬁ?#l_@ﬁ%@ SeHD RQSiioRInibg.fxaMInation

a

tunnel of the 6 MeV X-ray examination system; (b) the initi |magBe on the monitor screen for the

horizontal View of an SFRPRRSRPSSICATY VS WirBd L fcsBRASRE A eSS W thicknesses:

(c) a monitor image infahizhral the-sieelplaias canshe searnh iR exakigutienl@iskbufslanexample of an

X-ray tunnel in which g {est 'Riﬁ}%%a%‘é%%8%%@?%%%%%&?%&%%‘E&QE%P&JO the invention may be used.
0 | ' (

Figure 13 shows an e%gmpfe an X-ray tunne ich a larger test piece according to the invention
may be used. Thi$ Wﬁ?’ﬁﬂﬁ?&%%?ﬁ%?@%?’ébﬁﬁ?ﬁﬁ@@ﬁRfﬁﬁ@%ﬁ?&?ﬁ%@.%@%ﬁ@ggﬂ)%ﬂl 15 show
photographs ofyAf.andiAS?2 test pieces. Fig. 15a shows a diagram of AUS2, showing 235mm
stack of plates below the test kite - this m taken up tq 300min. . Figur 6 and 17,show
images of Aus1 an\gi%tﬁ‘g& e{a%t%)?ﬁnéeﬁ] t)?j;%r%lsyg/J ﬁ‘ﬁﬁeeis-;i{%@f% @rt e raw i ﬁgé%?eéhoél ﬁ?salbf% is an
adjusted imageof an FigayesiBeshoshaivotiiécrilystegeiiatyerot AUSIrGABIRYS 2qsiRg tiaidame raw
image as in Figgd &bt gliffergnt image processing tools.  Figure 19 shows two scoring sheets
suitable for determining aét%st score for AUS1 and AUSiZ resgectivelxl. di Figure 20 shtow g suitable
container which may B GSEE SithePiReSHfaREHR With 6 382 CEMBoRERT ™S st 480EE or a
container sized X-raysystencontafiggures 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 Im x In. In some contexts herein, the "large" tunnel size has
hean ciribdinzided into "meditim" (commonhy abhoiit 121 2mvy1-1 2m) and "larae" (commonlhyvy areatar than



13 a. to be transportable and capable of being moved around by forklift trucks without the need for
assistance of pallets (i.e it is "forklift ready"), b. such that the system is self-contained (i.e. no pallet is
required), so it can be used as is without arty preparajtion, c. to be capable of being fine timed with
regard to vertical and horizontal test angles to suit any large tunnel X-ray scanner and thus optimise
the angle-dependent tests, mark them and go back to the same settings each time it is used. This is
important because a fagiyaay hayenl dompreiseanpersiibat-ara.teRadestodandiikesamnay have
different angle specifi%agorgs. gb}tlo %185@%@%”%“;9“ glergés up tt%t%oc_)mm and still make the test piece
capable of rotation and- gﬁ(li‘ﬁ-rea%ry ransporP. dIﬂhe 87k'&liltase standard (base plate) is made
of plywood material. SipgityigctitiergunetRS TvEIEstem up in size to suit larger X-ray tunnels would
require a change Qf matgriatisnehtgrefeng a change in the way the standard is constructed and
presented. Also the ASTM ? itcase has nq.facility for angle adjustments without addition of a support
or stand, which wouldHE8G &%%0%%%00 K9 pYVIRed by a user. The present test piece incorporates
that facility as amdntegeahfoatured vkS TdtE 70 RisciitERi doe snodtidesetibesdnaad ressndngtesgelated
inaccuracies thatmay,bginduced. Fhikis akko hRerasedrr akhamemade aistems. Aamalter what

the size of the test piece.iS. The throughput speed achievable using the present test piece is a product

of features desTHBUHEHIRNe MO ARETRE siftehLETs BRdbitedtdr dbeiistiigetndrF tightenergy
X-ray systems,raﬁdamtmﬂdﬂ aectlstodod Buhmanﬂaiiycﬁﬁaﬂ%ippit@ benusedt ot sbarnestdrergies above
450 keV (typicq] of large, syslenlR) Beaaw @B?&%;&I&ﬂg %%?Jﬁ%g%%&ﬁ%‘ﬁ’%'g asiquemall to be

seen or to be adequate. The Scope section of A F tes that thé purpose of the
ASTM case is f3Rean LY FHSATEIRAR Ardy St dhusfiCally heRrs BR ERITEEIRY W8tk V. The
size of the ASTiMmsigiicaseniadien smathandiisnoativsabiatincases whiessctheconveyesds made from
rollers (which a;grgrg%s E:n%oi]p 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) ant: §/pieey armeqh ehdwatisnosrsryioghndneiemtehiragestingibpdgreiich too
high. Consequenthsanibtagextaken abthe A TIMosuileas e usingaigh casrgyskmay tunnel will be
washed out and have poor respll.tjticpn. Additiogl.all 2 QL3 tpe tests %f tE\he ASTM sut'ﬁgas are suitable
14 for large systems gp%bél?ﬁc%tl%sns Withotit odification. Eor tHEss Peasd ss,ctlﬂ%u“g anda sagope of
ASTM F 792- 01E2 defuraisdtonsaficl tirmd Xobinnisieimsmendmenpose tRiteslansiileésstals of the
standard suitcase usipgZ-aMe¥ endidAOkel. It is readily apparent that using 2.5MeV, most resolution
and material discrimination tests are n tvisi&ae\/or abl_e_toée scored. This is due_to the physical size of
the test objects. The MRAGEEREH Uil PAOREY BROWES A Hiofe LBt Hade M dReatg that the

standard suitcase is usefuh foradhe wverpewansystems for which it was designed, but not for larger
andior more powetful fystems onclIGAEVics AkE REGSERLIAYENTQAR comprises a support, e.g. a

frame, having at least one test module mounted thereon. The support may be held by a stand. The
stand, if present, SupAoRS IR MRERHEORHRE RSt IETE e 15 R SPLEM test modules, is
capable of being usethinfaltesitonaivaspest of theddetectionccapabilitythd hectedt medyleifi}may be of
sufficient size q%li‘q%ﬂg? gﬁgr}gg 'Qgh%gﬁrg&éiﬁ%&ystem, e.g. a system having a tunnel of at least

a

about Im x | m or at least about 1300x1300nun or of about 1-1.3mxI1.3m. It may be of sufficient size

and desigifor testintt dAexerayt shatetbetiiet i to6aaraicte sttty iridea Savieldrop thg1E2
standard suitcasgpbirindy bemisufliciensize thatilithunsyitad enfosupper(as inegpakierafileing used)
in a tunnel of less than ahout Im Jtm e of sufficient size .and design that it is capable of
conducting at IEBEE G ot h Ay e T 8 St e BB SRR AT oneeo
but is unsuitablatdingseqameagadiebtiveiiprase d)cmathed st ppiskdonmly sbonrievsking. These
tests may be madifigehdin: the trahpieca ofdasi Hvestioniioisles 1 acsount et thednereased size of the
tunnel to be tested. {s? pr ferred embodimentlst stand a#lows.rot tion andé%rovides a Iatcging

Hiete B

mechanisri to 58 IBEAPDHEENES ahlie’Tat BteSERBRiISH 1881t & Vet M HEfizontal
beam. The seldutiet: ansfiog dre sadhine depegidéntiifhel rétatiorbemesianishingy miownethe support to
be held in predgiermingd, angles,-hhe predetermined angles may be in increments of 0.5, 1, 1.5, 2,
2.5,3,35,4,450r5. 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 parallel 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 15 desired angle may be relative to the support of the test device. The desired angle may
be an angle to a horizontal plane if the rotation is about a horizontal axis. It may be an angle to a
vertical plane in the intended direction of travel of the test device through an X-ray tunnel if the rotation

is about a vertical axis. The desired angle may be about 0 to about 900, or about 0 to 45,0 to 30, O to
20 NDtA 10 20 10 0N A= tA ON &0 tA ON 70t~ ON 2N tA 00 10 16 20 20 tA &N 20 0 AE A tA &N 10 tA



One desirable feature of the test device is its wedge construction. This enables assessment of
penetration of X-rays through different thicknesses of a material in a single pass of the device through
an examination tunnel of an X-ray system. Suitable tgst modules include the following: Wire display
(wire resolution in air) - a number of wires of different thicicnesses. There may be for example about 5
to about 20 wires of different thicknesses, or about 5 to 10, 10 to 20 or 7 to 15 wires, e.g. 5, 6, 7, 8, 9,

10, 11, 12, 13, 14, 19nd Gsl rasils, 19 afy2éhwisemordgindy he, ak angeekinoreielaf thigkness. They
may be straight. They m ?ﬁ ig-2ag. Tt%%y ay be some ather shape. The minimum.wire thickness
ey be about O Eb A S oAb o0 8 o T 2O B 7S E S S UBBR O H690.7. 0.8,
0.9, 1, 1.1, 1.2 magrialsidiscsningtiqnest, 8 perBustiRmicst Thbarrariniomosire thickness may be about 5 to

igoigzggq’gor aZbOOHtlﬁetTgé]iQy ]393@1293 Qr Jn@éﬁé@?ﬁ—ﬁaﬁsi@%ﬂéée ?esz’céxi[%e l@a)lgﬁ %35531%’ &‘]41 15,
, 17,18, 19 or . The wire sizes ma enly distribu etween the minimum and the
e or el SEUNE JANS A O30 e o TR L SRy i B (b bkwoon
steel) - the wiresagdepsorbducabbvk: tmdet Ewicd display) are provided and behind them is a step
wedge. The step wefige paseeaions,of differeat thicknesses.spialile defesiablit.pidhe yires can

be determined through different thicknesses of the wedge. The wedge is commonly made of a metal
for example sté&ihé HiRFINFThidRA et A HRIBG d'AaS ER B RRBReARBY (s 47% B8UH 20mm or
about 5 to 10, 1fida: 20hgie &ggrdbiany @gadbetst Sy heSyRradtnldf, b2, dh8ratibn kG, th6 X318, 19 or
o e e hiekne sa pLING WSHa IR AROLARIR AROULAAA QA AP & (0 40, SO
to 50 or 30 to 40mm, e.g."about20; 25, 30, 35, 40, 45 or 50mm. There may be abouit 3 to about 10
steps, or aboutrssw%ﬁqf%a%%? g bagrpeate 5o Ahssigp pf aeyrsntpedheest T s 78y Bkthe steps
may be evenly ghistiibiseehhaiweanede minimum thickness and the maximum thickness or may be
unevenly distributed between them. In s options this module m combined with the wire
cisplay module, 17 e S e O SF o TR o
testing wire disfStagy sffanvtharlaingipleste sadaaebadamanisiidr measuring 1QI sensitivity).
Contrast sgnsitivity (Gagsimihis Mayieanpiiseraisien WRIGR: GoparnoRlheldRetah:e. thrstealalf is used to
determine the ability of the S}%steur?n}lo de[lec:td -1 intetnsit corgtrasts. TE_{JS{ since fz\év?rtxjggys will
penetrate a thicker re%’%rﬁug? he We(fgé), & comparison Betieern iRteh I?egs&g%%%% o hPough those
different thicknesses provittes saifiaisgreadd the contrast sensitivity. The minimum thickness of the
wedge may be befvegnahputeaRd abaut 20RUnar ARAIESHE & %Q)&gfe’@%%éﬂg #RMMee-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 50 to about PHEHA’ S ShETENE881#%0 to 100 or 60 to 80mm, e.g. about 50, 55, 60, 65,
70, 75, 807285, 90,*95detet8BmmorEhemaariay o ecabout @it thalboags] Grsteps in the wedge, or about 3 to
® 41010 or 3 (0 6,516R% Gl e dpdiufin ofind QA0 SIGRTLRE HEESGLUbesfeps may be evenly

distributed between the minimum thickness and thé maximum thickness or may be unevea%lﬁ
of an

distributed betWaSH thdmPf13m&ta s didBrithihathsir- 8t rMotHiing HrateHaliste W

organic, optiondiiyyblyheetianshatandy (enge aylbit g alyoxynethyienieplastic, seommmandyiegferred to

by its commerc@bﬁ%rlgz)gé%l iﬁé. quﬁgng@ggg&g},w%gverlaPping it. The step wedge may have the
abo ' |

same dimensions as describe ve under "contrast sensitivity". The overlap region magi/_ be used to
determine¥he discriffifatbs Mg Batiicemabgdnicanddtbeameiiatetia deacimsnaegiiibmay be
useful to determna BoatrastisansitivitithsaugitibeQ RN Matetalasisgparate to that through the
metal used above. It may. also be used to determine the performance of a backscatter facility th the
Sy System it presel b e R B X e St 1o CabAE QALY through
an examination tunnet eSO K TE3CORN. 90 5rHeptpritdbe this oAt th&device
should have a maximuy height f gbeut 12e0mm. The maximum height may be about 500 to 1250, or
500 to 1000, 500 to 800, 800 tg 1250, OOOtéB 1250 ot£1_800 t?h100C%mm el? about 5@08?_00, 700, 800,
900, 10001100, T200°5F B O 1y nHE BEFS ATRNSH Wi o8BSt S 0t 12 1950~ 89500 to
1000, 500 to 800, 800 t8ch2 50251008 ter 4280 wra@60 to 1000rnm, e.g. about 500, 600, 700, 800, 900,

1000, 1100, 1200 or 1RROMAJtMaxhavesithanwidihr g.hgight or both that renders the device
unsuitable for use (or incapable of use) in a cavity of Im x 1 m or less. It may have either a width or a

y
height or both thatis A6%32F 4B SHORMISIFA AR ST 880°25068"°4 050, 1100, 1150, 1200 or
1250mm. It may have either a width or a height or both that is about 900 to about 18 1250mm, or
about 950 to 1250, 1000 to 1250, 1100 to 1250, 900 to 1200, 900 to 1100, 900 to 1000, 950 to 1200,
1000 to 1200, 1000 to 1100 or 1100 to 1200mm. At least one of the width or height may be about 900,
950, 1000, 1050, 1100, 1150, 1200 or 1250nun The test device may have a height and width that are
both at least about 10cm smaller than the internal height and internal width respectively of an X-ray
tunnel through which the test device is designed to pass (or in which it is designed to be used), or at
least about 15, 20, 25, 30, 35, 40, 45 or 50cm smaller, or about 10 to about 100cm smaller or about 10
to 50, 10 to 30, 30 to 50, 50 to 100, 40 to 80 or 20 to 40cm smaller, or about 10, 20, 30, 40, 50, 60, 70,

80, 90 or 100cm smaller. In some instances either the width or the height of the test device may be
maore than 100cm ecmallar than the eaorreenondina dimencinon of the Y-rav fiinnel In thice inetanrcre the



used additionally or alternatively to optimise maintenance intervals for the X-ray system or to
determine the need for maintenance thereof. Altegnatively or additionally the results may be used to
compare the performance of different X-ray systems. This may be useful when comparing different
systems prior to purchase. The present specification describes the construction and use of a test
piece according @ ke Prespahinventienfefesiad te Ratsinyasithen ANSE@dest pigee”, or simply
"ANSTO", which may be either ANSTQ AUS1 or ANSTO AUS%). The test gi ce ofépe ref,ent
invention WSS A& S a5 T0 18IS HERY FEH SIS IR P8y Sy St PR SHOMIRRR 8 & BiSSsible in one
pass of theat@stpiecadhf aughthe Xuayssyalenwognsisianrt iithahe ieguirehienighatthedest piece
could be carried aon a standard pallet (1200mm x 1200mm) and pass through an examination portal of
1300mm KE3H0Min. The test piece contained tests for: single wire resolution in air, wire resolution
behind steel platesiftmageQuatitynindine@OBY, eontradts.sensitivity ({CB)ramdrenaterials: discrimination.
A slepara}gst%tﬁgi%gg %%bgﬁ&ge%slir%@m%@@ﬁlﬁ? testing of: wire bundle resolution bfehind
various thicknesses of stee , penetration for systems operating above 450 keV, and materials
discrimination fdra Witfeasasrgeidhodisalaiemabsrizl srovitdhdathe withbu tast feuiniigsydstedt. he The test
piece perf@@ﬁ&t&%&%@éggaﬁg,tﬁéﬁgpmﬁwﬁ% iﬁ%&@%ﬁ%ﬂ#ﬂﬂ\ﬁ% dataonsyster pedermance was

ce

acquired in just one pass per view of the test pie rough the X-ray examination systems. A scheme

for recordfftyiflsd Batestroht thesktesrcceilmaiqrihsditieterth S recadierefeteMbadritgt sizes less
than 100X TQQ@IN)usig e ASENEX2: QiR iestsaiteagr-hashean devisednMajor design

issues which are overcome by the present invention include; Design of test modules which are
sufficientRPEgHIPt ara Ty HERETG At H8 %R [AEas i HA Atfe T alt MEHE IV B8 By SneRrEBikiifts and
sufficientljacge to be clearly visible on the image. Making the tests compact to fit inside the required
cavity. Balancing the rotating test plate so that they can he safely revolved by hand and.not allowing
them to revolvenlglnetlje%ugraelsl?ygc(t)rﬁatr%g I((}alséf{éstlﬁrﬁgt Et ciqs Pé?é“agg.a B]éas@gn Fr%g atﬁgsi}egét%fee%%{gg%o{hat it can sit
on a palletpsballet likaistiercharei (tétal bngeasyedrarns podtinahddyetforsingt structure not to interfere with
images taken in g, yeflical.and nereonial.view, SIPYHINGAeH eonianed scisdhatdges not
require special squppl%g containers andnﬁa?lets or transport and storage. 23~ Because of the
deficiencies of esgstimgitestphoeetiarerrebtest piece was designed by the present inventors. Version 1
of the test pigce yas, SyalUAIEd AL IBAGI &S 3F QRRAIE caQUiR ANSYAIAUID AUl view 2.5
MeV X-ray system. A test piece designed to test the performance of X-ray examination systems
capable of eganifiitigdtlsiraraniglle tsaio i GRF OB evaluated by the inventors.  Tests
were made on {heuakYiew:Rallehsearehs Systamuwhichoparatesal.AbG ey} aps.single View
Container Search System (which operates at 6 MeV). The test piece was designed to achieve the
following Bbjéetfvd FetiisfePOSP BN taRed BRI REN Gehy the RETRISH 93201 Shandard
suitcase t@rheadasn cradpasswipibe teshpiecathrapghta.singlaadiewnX-tay systdmmagthivo passes
through addual \C/iiev\{hs %tem gf_g{o}\{.ide, throu%h use of a standard score sheet, an index which can be
used as a MeSsure of performance ot the X-ray system 3. be able to be mounted on a standard
1200mm x 120Gmne paiiet.4hde abletapass theowghtexaminatioddimmdelsoot dimensionz 1B0O0OmMm x
1300mm gétgz%(yx%}g enoug| atg}p‘%mo%gd 1(]aaz%lmsil aQerg%rﬁggvggg.G. be easy to transport, preferably ina 1
ton utility or van 7. be aB1e to be mo edﬂquicﬁy from storage to machines to be tested using a forklift.
Fig. 6(a) is a pHotogthptrokthdhiors ofdridetebepiecel oriatialtrisg of defines! ity Vehieten The rest piece
is construgtad 1 be able ta he 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 bedfmadfithaspesiasf fedbelarreThracahgiavidsn b ddrinrirnes/ ettt s Fontal in 2
steps. 4 Hged @k akthadoplelt efdhatast ehiaciisiteshhswdre 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, exceftRsth & AR HPaW Y Al LAty 6™ BRIt A BEer BP9 A A & PRflecting the
smaller Xaggyegystems for which the ASTM suitcase is designed.  Below it is Test 2; wire resolution
between steel (.Igl test), in which llf% wires pass dov{vn the mou ting.plate ,%QHUH Hﬂck). Behind the
mounting plate 15 S SEH WS E & sfreaﬁfssyo%efbs,ofé,%]&pﬁ(bvr%lrﬁsr% GRS B A Plates may be added
to the step wedgesiagirsiehsetitsagdrailthickh esbsofitiie: she phjctthisiipsiwiarodalest @incthe 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. 24  To the left of this is Test 3, which is a
test of contrast sensitivity (CS). Mounted on the 10mm thick steel mounting plate is a steel step wedge
made up of 10mm plates, in this case 30, 40, 50, 60, 70mm thick. When the |IOmm thick mounting
plate is added the step wedge has elements of thickness 10, 40, 50, 60, 70, 80mm. Behind the
mounting plate are attached steel plates the thicknesses of which are: 2.5, 5, 10, 20, 40mm (Fig. 7(b)).
This arrangement essentially performs the same function as Test 6 in the ASTM standard suitcase. It
does not, however, test contrast sensitivity for plastics.  Test 4 is a test of materials discrimination,

and evaluates many of the performance qualities tested in Tests 5, 7, 8, and 9 of the ASTM standard
crniteace A Delrin@ oten wedaoe which hace ctence of QO A0 20 10mrn ic moiinted e ac tn nvverhanno



Attached behind the mounting plate is a Medium-density fiberboard (MDF) step wedge which has
steps of thickness, 5, 10, 20, 40, and 80mm. Alternatively the step plate may be made from high
density polypropylene (HDPP), which is more robust than MDF and has similar X-ray absorption
properties. As it happens this is not in its intended position. It is mounted so that it projected 25nmi
above the mounting plate to give a second test of the materials discrimination software.  The
polyoxymethylene piastic {Reinad) ape MR 64 053BehsiepvRdge s saRaaiad bytie: @mm steel
of the mounting plate. .The%%item ou%htt%o be able to re Lstger tl%ig gé)rgll%iré oSISo0 '%%tea es %ntially
organic, and a& Wl SHh B thE S ieB &G Jos RESTIE 56 feealved @ifiar Bt not id@ntical to, ASTM
Test 9). This testwwtdenradurte the performance of X-ray systems with a backscatter capability.  The
US National Institutg forReiense.apeHeshnolaaydRRre$aptin Alte WRUROMe defing uningstry
standard for testing the performance of large tunnel X-ray examination systems (ANSI 42.46). This
standard is’ defifB"'6tf¢ for horizontal view systems, and is a more formal presentation of the ad hoc
tests described above.X¥igs.s8¢&m SiyinancdGiarer pdretagraph smof hariothe ewreristofithe proposed
ANSI 42.46 standar. 5%sftapng%gg %Q&ég%ﬂ%%ga%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 25 because # IESEAFTISERGATE MY HbHEBEE ot have a wedge based construction, thus
making penetration tesissffasexampleydifficut andnangthyaving RefANS! systemtatlows fordhe
orienting of the test object so that it is nermal to.t i t ray, f the
ANSTO test pié%%g.” ﬁég %ﬁfé% a%tlﬁet %ﬁéﬁ?éa%?‘él E}Jié%vcr}(})% s%%%?fﬁ%o%%k%ﬁ\lg% O%@l%%%?piece. The
ANSI system istiBRebaRigeisiaoi e Lamite Hitview systems: dual view compatibility is essential
because most of the large tunnel systeapie siaeptidstalia Bravivglview systems. In contrast, the
ANSTO AUS I test pjece is cqonfigured for in dual beam.systems. . The ANS| system enables the
penetration of the X-rapfebté%er% 895% %?%trr%frt{elee ff—“slanst 1@2’35‘ iaor%(dvge@??lfzhbg g?ﬁgrv%v%g ’%eﬁa%g?nobject is
made up of 50amtirigipiatesvatbsteercidotie kaexsron et e sErRsEplates is 25mm.  In the

past the definition Ofségﬁ@@@myhpﬁmmipﬁd@ﬁm%a@d&y feskmnanuirRatwetsdasseen the
thickness of steel at which a 10 mmébick lead blockfglace behind H]Fﬁ%e h%can be seﬁ?sﬁfig. 5(c)).
cti p

This is meaningftt {FOrEIEBACEMEH With ATERErEB A IaTSHER BrotEchBh bt & hot helpful if the
concern is with9X-ray imaging.  Because one is interested in what material might be being screened,

sufficient intensity myst.heleftin, the hean taenable.somerapiiwaimaninulationshihecimage. Thus a

more relevant definition might be; that thickness of steel screen material at whictgéa steel ﬁ@ect with a
thickness 10% BFHB S SHIFIMETAY B4 He SHEHCRABSAATS LERALG REEFPEYSHIEE SHitdge
manipulation pesisthie.on lake Xy sysBry ofatblikeV or less the ANSTO AUS | test piece can be
used for penetrationgtests. For.sxample, ifihe.manylacliers Speslicaipn.vere toba:smm of steel,

the 40mm steel sheet’in front of the 80mm section of the step wedge used for the Contrast Resolution
(Test 3) shouldoBETHERAY Wsibhe, diseecthisetesdusitngealilibsnierenisrdidlithgileh Rihe
definition (33%pRrEshixvo0te¥hscalesheamlie ANSICALStbdesiopiadaldoesnotshawethe Ttapability of
testing penetration in X-ray systems of in the, ener 1§z ap%%(flgo VA %Q@p%gj[q,,n legt piece
AUS2 has beerﬁyégza\r/r(lart())%teilotqjll?(%_l ena ﬁse%’%?‘f%%%t?%ﬁ ?%%t?%g%% Pa_nge ﬁ{cf)?G iﬁ/lef\:/. " For systems which
can detectzbackécattefedradlistiont dnealBRRERSHE to s sHiEat aD oM M WHidk 38hibed dHinfitnt of one

only of the 25nymsigalskeats ar the sidrfasnathe incidahX fayhaamede do thisadliheplates
have to be rem%\é?d from tlaet rame, exce t ng. gyanZ%Q%é}OSSg?%CSg@&g 098/%%0118I1202§1 In
contrast the AN&TERGSPESEBiSEe {Eiees?z?? places 8 Delfm step wedge I ront at the steel sheet,
affording the oppewumiipofitgstinghthecabifitying the dyatkisoatter system to detect different thicknesses

of scattering materiaig.,r. AW A dgfitieasyindis.eognentional method of back scatter testing is
that the object under investigation is.on the s%me side of the s&eg%scr en as the sougct%ea&g the
e

detector. THis does REFEBAIAT O WHITIAPPERS 9P LRiE2tHe oBfEL IS FOREEAIEE by Objects which
lie between thetsousceharverthel détechorthe tchhisedefiCibaoycsretressed. il e ANSIPOI&US] because
the MDF step wedgs, ligs Rehind:a Yammhigksieql sherl-anddte Pekingd-alepngdar: dibg two
wedges are at orthogonal to one another, so that the backscattered system is tested for its response to
organic material&BHH4 #oReHH B'Sind behind, thelomm thick steel sheet.  The ANSTO AUS1 system
does not carry the proposed ANSI system tests for spatial resolution. A companion test piece (which
will also carry the penetration test) is however contemplated by the present invention.  Both the
proposed ANSI system and the ANSTO system measure wire resolution in air (ANSTO Test 1, Figure
7b).  Both contain a test for Image Quality Index (Fig 7b and Fig. 8(c)). For this, the ANSTO AUS1
test is Test 2. The ANSI test requires a series of passes of the test piece through the X-ray system so
that the visibility of the wires can be determined as a function of the thickness of 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 AUSL1 test piece through the system.  The ANSI test
piece does not contain a test for Contrast Sensitivity. The ANSTO AUS | test piece does (Test 3).

The twvnec nof Yorav evaminatinn cveteame crirrenthvy crinnorted by the Arictralia Crictome <|arvice are
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Figure 5 shows (a) a horizontal view of the plates in the Contrast Sensitivity
measurement: the 1mm thick plate is barely visible; (b) a vertical view of the wires: the
2mm diameter wire in air is barely visible; it cannot be seen behind the steel plates, but
the 3mm wire can be seen. Note the interference in the image caused by the plastic pallet
on which the test object is mounted; (c) an image of a 100mm x100mm x 100mm lead
block behind 180mm steel (vertical view); (d) a diagram illustrating the advantage of
tilting the test object.

- Figure 6 shows (a) the test piece carried on the tray of a 1 ton utility, in its vertical
mode, used for evaluating the performance of X-ray systems with quasi~horizontél X-ray
median fan beams. The median beam is angled at around 20° upwards from the
horizontal. (b) the test piece after passing through a dual beam X-ray System. It was set to
test the performance of the vertical X-ray detection system, which in this case points
vertically downwards.

Figure 7 shows (a) a view of the front of the test object. The numbers shown in this
photograph are thicknesses or diameters in mm. (b) a view of the rear of the test object.
The numbers shown in this photograph are thicknesses or diameters in mm.

Figure 8 shows a view of the IQI and resolution tests of the proposed American
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 systern; and (d).
the response o 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; () a monitor image in which ail the steel plates can be

secn.
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Figure 12 shows an example of an X-ray tunnel in which a test piece of about
1250mmx1250mm according to the invention may be used.

Figure 13 shows an example of an X-ray tunnel in which a larger test piece
according to the invention may be used. This X-ray tunnel is suitable for scanning
shipping containers. ‘

Figures 14 and 15 show photographs of AUS1 and AUS?2 test pieces.

Fig. 15a shows a diagram of AUS2, showing 235mm stack of plates below the test
kite — this may be taken up to 300mm. '

Figures 16 and 17 show images of AUSI and AUS2 taken in an X-ray tunnel ~ Fig.
16 is the raw image, and Fig. 17 is an adjusted image.

Figure 18 shows another adjusted image of AUS1 and AUS2 using the same raw
image as in Fig. 16 but different image processing tools.

Figure 19 shows two scoring sheets suitable for determining a test score for AUSI
and AUS2 respectively.

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 fo 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 “rﬂedium”
{commenly about 1-1.3mx1-1.3'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:



Energy Discrimination (mm steel) Contrast Resolution4 (%) for steel Wire Resolution (min) slot 29
The two systems under evaluation included a 450 key dual view dual energy and a 6 MeV single
energy singkoview13tsese are two completely different systems, with diffeenhezesninason roles.
Although the test piece is designed primarily for pallet/Aircraft ULD examinations in the range of
photon energies from 450IceV to 2.5MeV, it was cbhsidered important to evaluate the ability of the test
piece in higher energy machines operating at 6MeV).  In preparing the test piece for examination it is
necessary to know the inclination of the medjan X-ray beam to the horizontal .so trl(aft the test object
can be set to b nirPaERRe BIaaR FeRAR NS RTRAAY 3%%%%&%2@5‘/%0 See Gﬁ? to provide
this information togheiesbarsadiamendenilendedliviindorktitt gadpy,was made for the horizontal view
of the 450 keV syste #1{% rather than 231. This caysed so re edo:the incli passage of
the X-ray bean? th%é% (teh gta'as%%ld‘aé %1 g%rc{:%&??eﬁwug%eﬁ aﬁve‘?égsv {‘o %@éfﬁgﬁﬁugﬁrticm (90 to
the horizontal). In tésevigmrthanemizanatienm was inclined upwards by 19.  Once the test piece has
passed through, the, Xeray Syaleme RAOR.AEN A0 RYeestAISIAG HoRiTMAadRIQBRRsINg

software provided by the manufacturer. Each manufacturer has, its own sof W%re, agld tfgere are
significant differenkcS eRydareaiAFhEGRY AL R Ad %@BVW\%%B MR e systems
tested here the pregaduremwasdeebizioe the imagstlusgathc dnd tdsresudtSbisTesnpontene recorded.
At this stage information concerning materials discrimination | il Then the
contrast tool in,théggS?P %raeP%%ag%rg%)g %er%lg 'S0 as %grﬁe}lv%%ﬁﬁi\é%i?gﬁn t 1}g(?lgrlﬁt—eﬁgfrs (éll_)rggy 2) for
successive thicknéssesiifftrmtsieglaspdgéicTivagave information on contrast sensitivity and
penetration (forii.sy?éeéﬁ‘&f ?»%Hé@&tﬂo‘ib%eg&a{iwn}%m SRR IS ARtARR FiokeMpaaldhs same time
(Test3). As well, additional information on materials discrimination (Test 4) was acquired. Subsequent
to the tests an evalo@tion gebierkhBdepANRAESPEY - was created. The performances of the two views

were evaluated. ThEias9tR) shieysthadaiial (msgelafdhé tesidpiedeplPecadiseansinabhindyrecorded

images are avajlable this.i e.is a photograph of the mopitor screen. Mair. ts can be

seen due to*5&dth %gg}g&gﬁ%ﬁgﬁ}l@ré‘%&g&%3“%(:{:%5%%%'5& e %?g%@a%gm'?g& Eé%(?rft{%%ss, all the

wires in air afemasitil @it theneliestisitiogan e abichnateridsldisepminstshasdravesentids identified

the De'”““&%%"tﬂ’%‘i&jﬂ? QERANS ffhe WRZ0QOMPIRERPLTIAHEAVAARERARAeH pad at the top
an

centre of the image the fact that there are four distinct thicknesses of organic material.  To

uncover the SHARSStHFBRAY B irrlf M doshednatie Uk Bpidst PEALFE TS BREREfst tool of
the image ppsessinarpaakagmavaadiBgda Ay picabial pfaes iMageisiselvr- i0HY. &E).not The
change in visibility of the wires as a fynctjan of wedge thickn (Test. 241 e seen. For
the maximuifF&E ?t‘?ﬁ(ﬁaﬁigesf“g egglrﬁ'rﬁé)i%?ael agg%r?ﬁisgtst#éaééneaﬁ séeérr@r%e r%}%ﬁgé%)%ﬁ%ﬁ%an QI of
0.064.  Infiegdrddod estdd, Dittmesplatasatins wWhilshesine ehitet Sasp 1Boein) T iesgasEonds to a

minimum CO%@ ASNL0L0 85 pRuEaiBg e anu AR ARl AIRNL Al urer dbg genetiation can
be tested (Fig. 9(c)). This image shows that the second (5mm), third (10mm ,f%urth 20mm), and fifth

] . \ )
(40nun) plates ca BM iFHeHE df BOTHITPD AR PHASA PRI IR RS i Ty €5 iPast

sensitivity at,3@RouRIeekistd BSubstadie ¢ seakeMppediication ferfecdherenegitiabmfat$00NuN thick
lead block behind 90m steel sheets. In this case the system is,regogRizin in.o | behind
90mm of sté%%l%@é‘fapog LHS O oD c‘ég%*“s ucflﬁaé I th)éeflgsre?ﬁle r?r?lr té‘i%’ %%%gég gsgdlﬁrgggnic, and

verifying thetotmbemobiste s indtigeate dje (Repesaying airthSFMBrAfatioR iIE3oviedhrigheig. 9(d)).
The score SE',IS%?J?J 3"1"%%%@%1&?"&@& RANME Blruméri d3fakshans Ahe ipiinkmags dathe test

piece. Beca no machine recorded images are available this image is a photograph of the monitor

screen. Al) tRecvgiesm o 4ndke i ire SiaRcAR T BIHGATS BHaqsmal-ARsiLS RRLRFAR & HbN

software hagjdentifiee:the Beltege: stanasedaemasnsgapibidhareprarit ah thesoprgenimeelfjhe image)

and the fact that there are fqur distinct thicknesses of organic material. As well, the image of the

Delrin(r) steﬁ"\’z?@aﬁé‘%gﬂc‘ﬁé SBBRC™  To uncover the wires and plates obscured by the steel step

wedges of Tests Zanii Sizhelenhitrast techwhibee dfithdrsiore teatsiag hsaickisg anvasingbepass typical

mproved image is shonu Ty 00 vouT. B35 1 il SRty ohasusyonel wedge
can be

thickness (Test 2 (IC be clearly seen. In regard to Test 2, all the seven wires are visible at the
third step (4@eneiyatieRseasTEsSHBNES d1m ANSRIES femsip asg 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



WO 2009/155658PC T/AU2009/000820 31  For Test 3, behind the maximum steel thickness
(80mm) all five plates can be seen. The 2.5 mm plate is barely visible (2.5mm). This corresponds to a
CS of 0.03 fppSomunsstael.  The 450 keV specification is for the recogniigvsobend0@emn thick lead
block behind 90mm of steel sheets. In this case the system is recognizing 30mm of steel behind 90mm
of steel plates.  Apart from successfully identifyiffly the Delrin(r) step wedge as organic, and verifying
the number of steps in the wedge (Test 4.1) the image also show the existence of the Delrin(r) step
wedge (Fig.10(a)). Some evidence is apparent of an object b(?gnd he Delrinﬁg(%) s{ﬁep Ex? (3 and in
fact, three &8 HTESIIBYE REUHeEgHs Y LA ERUiEaonEOL (BRES FERsP TSy Hifs St%/ i% given in
ANNEX B2sdihe tEt pinee nes-sel B2 poditien iin the foxamirdtiohlturinel ofithaitivieV X-ray
examination system (OMay, sindle nkaRntabyien 3 aNaVAAFsIAGalD isgyplen the source
and detector systeftis move, an e object'under examination remains stationary. The angle of the
test piece wasdsytappasnd tub wsbniz drixieS6 masttrrsdhtion pidentatrinbdisccHpBXIeR (€8BS possible

to orthogonglq the medign heamebibe XrrRvdanclichruhiedpiest batibetesbpiese Thay be
moved vertically so that all the detectors of interest may be tested, thg squrce "sweet s dot" may be
tested or follRee takep v 4RkRYs TRR fidRIRATE Biahis f&ﬁgﬁi’e@écﬁﬁﬁgiﬁﬁb\g%%ﬁxg 4ual image
recorded byiheaXeray S¥siEfr the itage poveasie whetag faphshiflinie moniterigoréebutOnly flour of the
wires in air (Test ?.’llgcgre visi‘;,l?le0 dég?xﬂetegeSmm). There is no materials discrimination software
capability, bitne sysqfé?lnoﬁa% e fackthat the object is a step wedge, of lower attenuating power that
steel step wedgeThadipassibfytie ergsmitinvsitien, ehaprisaje2oPRODefiih 2 SESHHdHyi e be seen.
Simply alterfing theBHgHIRASH GHESRIAYSS &gl FAESuppdhimiipaga e pyiessantie semq, hehind the
step wedge (Test 2, 1QI). The sixth wire (diameter 4mm) can pe seen behind a 20m Ehickness of
steel. The fiRsSFAte JRRATE SRS HERPPEL A fifstHE RO GHif ?ﬁ'iéi&?egi ol (S?ﬁ’ir’in?rﬁ]'é Fritfmum 1QI

for a wedgecthisiaesbehpAsaiMiis s for afraspeestBihbeleiackitre caymbiityni steebtnokniss) (80mm) all

five plates can ke seen with clarity. The system.is not near its,p ion limi teel).
The 6 MeV &t ﬁf’?ﬁ%@?ﬁ%&%%hz‘fz gr(fsel%%g%rgtﬁl o ofF %r%éo%nﬁg‘r?t % s’téég'] éa%ﬁ %%E{l%%f%%mm of
steel sheets tntiisafasdetise abpstelmbabmones distet pbout hiARy 30Ammor e abpeHind>90rhm of steel

plates. .WQlﬂ?i#ﬁﬁ?%%%ﬁéﬁ%%%@%@@%?@é@ foB?egﬁH%%ﬁfﬁém%ﬁqg& Rotdavematerials
discrimination capability it cannot successfiffly identify the Dekin(r) step W@%ﬁ;%ef gﬁf rganic but it does

identify the FIHRERSMSIRG S AT WeligddTedl Bhsfrdnuiesst RSB the Delrinn
step wedgedfzigt3(nsSasie Ryidenee iscapitwaftetanetie it hehindl thilSe thuirjisieplwedge, and in
fact, three steps, of the, MDF wedge can be seen.(Test 4.2) Th r ' 1s.given in
ANNEX Bs.h‘e %%%&ep?gégﬁ%%“nté%z&%‘?én% ‘%‘?é%éﬁ bﬁ&%‘}‘ﬁ%ﬁggﬁ %?éé@ééﬁ?%%%{?’ﬁev The

comparativelptismat penfomianceeoralib ofstastsntl ® i8 psidasfined dne vad ScAterim@) Elobubéttion (or
linear absorption;GaeTiGieRD Qf R SRt FrHMeY used) 9% AARIGARSPMLSMERI (I aYiUNnels in

which various the test pieces of the present invention may be used. A test?giece such as AUS | and/or
AUS2, havildieifrissisiBiy hearditedia SaoirshPies ptdhfe RS PR PREIE AR AP BRIl P Suhereas a
larger test pigg@assChias HUBS timselitablecfoestsr im theferned|cofitadinahid tiee étraysalissd in the
tunnel are commonly generated linear accelerator, C). Haowever A e used for
testing of otﬁ%‘?’té% r ggdeefaarkr%igehbn nrlﬁg%%‘/s aEsoe1 (lss%/li%r%essggb\]ﬁgh %saléﬁr?é gs%sa?é)g%?ﬁ?ch
generates gpresersation -tayatbécompierhioke ovizened. amtunhies aleeiferaiaios antyeshihe opposite
side of the tynnel 0. thewX-[ay saiisedolsieiesting oty dishhaveHRassgd dydeRimdunnel, and

optionally through the item to be tested (for example the test device qf the inventioné. In some cases

the source #EbVIE RGASETBTRCi ABRCE MYPa NW%F@SE@S%%%@JPC@%%W%% aB & of

switching bejwegnsdiifpsgnéanataised inglaydag bapaiavhaniftbinpoomintguiandiasis Euach
switching enables determination of density and/or. at least partial identification of materjals in the X-ray
peam.  FIFTABR SIS BB S PaL  Ep  SRt ol o Al e i AUsT
are: TESTI: thiréeséss ThtiootaticaimeTHESIER miyAB SVQUIALIT wi K Eext 0D Betwiesredabermestted
behind step yerae s i SEINTRARE SENSITL e (Gimlonlaley 88 Bbedeieciaghefinchetep wedge
TEST 4. MATERIALS DISCRIMINATION: identification of organic material in air TEST 5: Penetration

tests for < 48boéw hprieialayspEhshsiresiehafyamos erpldedbe intsieH SF 508 PY4 may also
be used as apaglcsaatiacdesbvivaia AN ALk is D eyereepifalédeyrdarndatD
2009/155658PCT/AU2009/000820 33 . Fig. 15 shows a.photogra AUS2. anather test piece
according to P& HeRt SR Feltd iR KIS Ars: %ﬁgﬁ%ﬁggaL%ﬁquo ﬁf?tgfbol?n %%?r? ar.  TEST
2: RESOLUTi@Nabbwiretstimdibswening thatewisteptivedhetwithswpshogel @f 2es8oime The TEST 3:
PENETRATION through steel - 50nun of steel in the shape of a kite behind 160mm of steel. AUS2

may have up to 300mm of steel in front of the kite. The thickness of steel may be between about
100mm and about 300mm, in increments of 25mm (see Fig. 15a),



TEST 4: DISCRIMINATION BETWEEN PLASTIC OBJECTS. Five plastics with different effective
electron densities are made in the form of a step wedge with steps of 10, 20, 40 mm. There may be

more than five plastiesssar they may be wedged overlapping combination sttworesonereze In Figure
14 and Figure 15 the holes in the support for accepting tines of a forklift are clearly visible. There are in
each case orthogonal pairs of holes so that a forkli#may approach the test piece from front, either side
or back in order to fit the tines into the holes. Fig. 15a shows a diagram of AUS2 showing 235mm

stack of plates below the test kite. This may be taken_up to 300mrn. _ Figure 16 shows a.raw image of
AUS1 and Aessedagls manbs selgttm He e BRASY p4ikgILesihgses gﬁgﬁ%ﬁ@%mn%
penetration £Hf @kminsheeldnnnelsiz ef 3BmobyidnSmybehowngitbetehaxdata meybwhictngksessment
of the tunnel is derived. Figs. 17 and 18 shqws ' ' Iy gg.g%ﬁ uging, suitable
software in t(S)raevre ocea’rilj| I?gan%elrbﬁrl |cut%5? gﬁ%ﬁ%&%ﬁ%%%@ﬁ%é%%ﬁ?%%aIity igrgnméisqlgys and 18
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80 A 6 MeV
The test device (or set of devices) described herein may be capable of testing for

one or more, optionally all, of: a materials discrimination test, a penetration 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
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high rate withgvhightesisseandeapacdormeedidpe. (Dl ratatingnandgte Sodeotss, medhe dems@ifction and
forklift ConSt{g%ggEé 2mm, or about 0.5 to 1, 1 to 2 or 0.7 to 1.5mm, e.g. about 0.5, 0.6, 0.7, 0.8, 0.9,
1,1.1,1.2,13, 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.

IO 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 régions 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 50mm,
or about 20 to 40, 30 to 50 or 30 to 40mm, e.g. about 20, 25, 30, 35, 40, 45 or S0mm.
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,



ability to apply recognised standards across a large range of entries (demonstrated 180 keV to 6 MeV)
with equal ease, again due to rotating test plates and wedge construction, and forklift ready
constructionvio 1make b test device easy to transport and use. WO . PCT/AU2009/600820
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wherein a portion has no step wedge behind 1t (that portllgn eng usali__bP ﬁ\)r t%;‘;mg wire

display) and another having the step wedge behind it (for measuring IQI sensitivity}.
Contrast_sensitivity (CS) — this may comprise a step.wedge, commonly of metal, e.g.
steel. It is used to determine the ability of the system to detect X-ray intensity contrasts.
Thus, since fewer X-rays will penetrate a thicker region of the wedge, the comparison
between intensities detected through those different thicknesses provides a measufe of the
contrast sensitivity. The minimum thickness of the wedge may be between about 5 and
about 20mmm 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
50 to about 100mm or about 50 to 80m 70 to 100 or 60 to 80mm, e.g. about 50, 55, 60,
65, 70, 75, 80, 85, 90, 95 or 100mm. There may be about 3 to about 10 steps in the
wedge, 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.

Materjals discrimination — a steel mounting plate has a step wedge of an organic,

optionally polymeric, material (e.g. nylon or polyoxymethylene plastic, commonly
referred to by its commercial name Delrin®) mounted thereon and overlapping it. The ~
step wedge may have the same dimensions as described above under “contrast
sensitivity”. The overlap region may be used to determine the discrimination ability
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 Im or less. It may have either a width or a
height or both that is at least about 900mum, or at least about 950, 1000, 1050, 1100, 1150,
1'2'00 or 1250mm. It may have either a width or a height or both that is about 900 to about
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1250mm, or about 950 to 1250, 1000 to 1250, 1100 to 125G, 900 to 1200, 900 to 1100,
900 to 1000, 950 to 1200, 1000 to 1200, 1000 to 1100 or 1100 to 1200mm. At least one of
the width or height may be about 900, 950, 1000, 1050, 1100, 1150, 1200 or 1250mm.
The test device may have a height and width that are both at least about 10cm smaller
than the internal height and internal width respectively of an X-ray tunne] through which
the test device is designed to pass (or in which it is designed to be used), or at least about
15, 20, 25, 30, 35, 40, 45 or 50cm smaller, or about 10 to about 100cm smaller or about
10 to 50, 10 to 30, 30 to 50, 50 to 100, 40 to 80 or 20 to 40cm smaller, or about 10, 20,
30, 40, 50, 60, 70, 80, 90 or 100cm smaller. In some instances either the width or the
height of the test device may be more than 100cm smaller than the corresponding
dimension of the X-ray tunnel. In this instance, the other of the width or the height may
be about 10 to about 100cm smaller than the corresponding dimension of the X-ray
tunnel. In this context, the height should be taken as the maximum vertical dimension of
the test piece and the width as the maximum horizontal dimension orthogonal to the
intended direction of travel of the test piece through an X-ray tunnel. A typical size would
be height 1200mm or 1250mm and width about 1200mm or 1250mm. The height may be
less than about 2000mm, or less than about 1500mm. The width may be less than about
2000mm, or less than about 1500mm. The height and width may each be between about
1000 and about 2000mm or between about 1000 and 1500mm or between about 1000 and
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 pailet 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. paliet. 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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comprises, or is made from, rectangular pipe (channel) which can accept forklift forks.
Preferably the insertion region is designed so that the forklift forks can be inserted from
either side of the stand (optionally from all four sides thereof). The insertion regions may
be of suitable dimensions to accept a forklift tine. They may be of suitable dimensions
that when the tines of a forklift are properly fitted into two of said regions, the forklift is
capable of raising the device.

The stand may comprise a rotatable holder for holding the support so as to enable
the predetermined angle to be varied, It is preferable that the X-rays incident on the test
device impact the test module(s) approximately normally to the surface of the module(s)
(or to the plane of the support). In order to be able to adjust to different directions of
incident X-rays, it is preferable that the angle of the support be adjustable to achieve this
normality. Thus the rotatable holder may be set to the desired angle. It may be locicable at
the predetermined angle. The predetermined angle may be selected to suit a particular
scanner beam angle or position. In some modes of operation it may be necessary to
conduct preliminary experiments in order to optimize the angle of the support so as to
obtain optimal test results. This may be conducted as part of the test, or it may be
conducted as a separate operation prior to conducting the test.

The test module(s) may be removable from the frame. This enables damaged, worn
or deteriorated test modules o be easily replaced. Also it enables the correct modules for
the desired tests to be used. One of the useful properties of test piece is the ability to be
used such that they do not have to be altered, modified or removed. Wedge designs are
used to achieve this. Thus for example penetration may be tested from 10mm to 300mm
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 mMore 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
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casing at least partially surrounding the support. The casing may be a shell. It may be an
enclosure. It may be openable. It may be substantially transparent to X-rays. It may be
made from a material that is substantially transparent to X-rays.

The test{s) may be conducted using the test device by 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 by using two passes through an examination
tunnel of the X-ray system in the case where the X-ray system is dual view system. In
some instances a single view system may require more than one pass, e.g. 2, 3, 4 or 5
passes. In some instances a dual view system may require more than 2 passes, c.g. 4, 6,8
or 10 passes. The fotal time for the test may be about 2 to about 20 minutes, or about 2 to
10,2 t0 5, 5 to 20, 10 to 20 or 5 to 10 minutes, e.g. about 2, 3,4, 5,6, 7,8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19 or 20 minutes. In some cases performance may be tested at
various location on the conveyor belt of the X-ray tunnel, e.g. close to the source, centre
and far from the source.

The test device may be useful for assessing the performance or detection capability
of an X-ray system of at least about 100keV, or at least about 150, 200, 250, 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,
5.5,6,6.5,7 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 I0MeV. 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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said system. It is preferable that the angle of the support of the test device is such that the
X-rays impact approximately normally (i.c. at right angles) to the test modules in order to
obtain the best test results. The normal detection system and software of the X-ray system
under test is then used to detect any X-rays that pass through the device (i.e. through the
test module or modules) and to generate an image of the module(s). In some cases, in
which the X-ray system is designed to detect backscattered X-rays, these may also be
detected and imaged by the X-ray system. The image is then used to determine one or
more test results. These may for example relate to the minimum contrast determinable by
the system through steel, or through an organic material such as Delrin®. Other test
results may relate to the ability to discriminate between organic materials and metals and
the minimum wire thickness detectable by the system. The test results may then be used
to assess the detection capability or performance of the X-ray system under test. The
results may be used individually in order to assess the individual aspects of the detection
capability, or they may be aggregated into a single aggregate score, or they may be used
for both of these purposes. The aggregation may be performed manually, or may be
performed automatically using a computer or similar device. A simple aggregation may
comprise adding the individual results. Alternatively a more sophisticated algorithm may
be used to obtain the aggregate score. ‘

Thus in a sample method the test piece (or more than one test piece) are transferred
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 resuit. 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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used additionally or alternatively to optimise maintenance intervals for the X-ray system
or to determine the need for maintenance thereof. Altematively or addifionally the results
may be used to compare the performance of different X-ray systems. This may be useful
when comparing different systems prior to purchase. -

The present specification describes the construction and use of a test piece.
according to the present invention (referred to herein as the “ANSTO test piece”, or
simply “ANSTO”, which may be either ANSTO AUST or ANSTO AUS2). The test piece
of the present invention was designed so as to test as many aspects of X-ray system
performance as possible in one pass of the test piece through the X-ray system, consistent
with the requirement that the test piece could be carried on a standard pallet (1200mm x
1200mm) and pass through an examination portal of 1300mm x 1300mm. The test piece
contained tests for: single wire resolution in air, wire resolution behind steel plates (Image
Quality Index (IQI)), contrast sensitivity (CS), and materials discrimination.

A separate test piece 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.

Major design issues which are overcome by the present invention include:

» 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.

s 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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Because of the deficiencies of existing test procedures a test piece was designed by
the present inventors. Version 1 of the test piece was evaluated at the ACS CEF at
Osborne, South Australia using a dual view 2.5 MeV X-ray system. A test piece designed
to test the performance of X-ray examination systems capable of examining standard
pallets and larger objects was evaluated by the inventors.

Tests were made on the Dual View Pallet Search System (which operates at 450
keV) and Single View Container Search System (which operates at 6 MeV).

The test piece was designed to achieve the following objectives: .

1. enable most of the tests performed using the ASTM F 792 — 01E2 standard
suitcase to be made in one pass of the test piece through a single view X-ray
system and two passes through a dual view system

2. provide, through use of a standard score sheet, an index which can be used as a

measure of performance of the X-ray sYstem

be able to be mounted on a standard 1200mm x 1200mm pallet

be able to pass through examination tunnels of dimension 1300mm x 1300mm
be light encugh to be moved easily by manpower

be easy to transport, preferably in a 1 ton utility or van

NS AW

be able to be moved quickly from storage to machines to be tested using a forklift.
Fig. 6(a) is a photc;graph of the front of the test piece on 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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To the left of this is Test 3, which is a test of contrast sensitivity (CS). Mounted on

the 10mm thick steel mounting plate is a steel step wedge made up of 10mm plates, in

| this case 30, 40, 50, 60, 70mm thick. When the 10mm thick mounting plate is added the

step wedge has elements of thickness 10, 40, 50, 60, 70, 80mm. Behind the mounting

plate are attached steel plates the thicknesses of which are: 2.5, 5, 10, 20, 40mm (Fig.

7(b)). This arrangement essentially performs the same function as Test 6 in the’ ASTM
standard suitcase. It does not, however, test contrast sensitivity for plastics.

Test 4 is a test of materials discrimination, and evalvates many of the performance
gualities tested in Tests 5, 7, 8, and 9 of the ASTM standard suitcase. A Delrin® step
wedge which has steps of 80, 40, 20, 10mm is mounted so as to overhang the 10mm steel
mounting plate. This performs three functions:

e It enables the materials discrimination software to determine whether the object is
organic or not (ASTM Test 7).

e [t provides a test of the visibility of steps and interfaces in the plastic (ASTM Test
5).

e It provides a test of the performance of a backscatter X-ray system.

Attached behind the mounting plate is a Medium-density fiberboard (MDF) step
wedge which has steps of thickness, 35, 10, 20, 40, and 80mm. Alternatively the step plate
may be made from high density polypropylene (HDPP), which is more robust than MDF
and has similar X-ray absorption properties. As it happens this is not in its intended
position. It is mounted so that it projected 25mm above the mounting plate to give a
second test of the materials discrimination sofiware.

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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because it is cumbersome and more does not have a wedge based construction, thus
making penetration tests (for example) difficult and lengthy.

The ANSI system allows for the orienting of the test object so that it is normal to
the median beam of the X-ray fan, as does the ANSTO test piece. The adjustmeﬁt steps
are much coarser than for the ANSTO AUSI test piece. The ANSI system is not
configured to examine dual view systems: dual view compatibility is essential because
most of the large tunnel systems in use in Australia are dval view systems. In contrast,
the ANSTO AUS] test piece is configured for use in dual beam systems.

The ANSI system enables the penetration of the X-ray beam to be determined (Figs.
8(a) and 5(b). The arrow-shaped test object is made up of 50mm thick plates of steel.
The thickness of each of the screen plates is 25mm.

In the past the definition of a meaningful penetration test accepted by most
manufacturers has been the thickness of steel at which a 100mm thick lead block placed
behind the steel can be seen (Fig. 5(c)). This is meaningful if one is concerned with
matters of radiation protection, but it is not helpful if the concern is with X-ray imaging,

Because one is interested in what material might be being screened, sufficient
intensity must be left in the beam to enable some software manipulation of the image.
Thus a more relevant definition might be: that thickness of steel screen material at which
a steel object with a thickness 10% of the screen material can be seen, and have at least
two grey scales of image manipulation possible.

For X-ray systems of 450keV 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 AUSTI 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 stee] sheets on the side facing the
incident X-ray beam. -

To do this all the plates have to be removed from the frame, except one.
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In contrast the ANSTO AUS! test piece (Test4) places a Delrin® step wedge in
front at the steel sheet, affording the opportunity of testing the ability of the back scatter
system to detect different thicknesses of scattering materials.

As well, a deficiency in the conventional method of back scafter testing is that the
object under investigation is on the same side of the steel screen as the source and the
detector. This does not conform to what happens in practice: the object is concealed by
objects which lie between the source and the detector. '

This deficiency is redressed in the ANSTO AUSI because the MDF step wedge lies
behind a 10mm thick steel sheet and the Delrin® step wedge. The two wedges are at
orthogonal to one another, so that the backscattered system is tested for its response to
organic materials both in front of, and behind, thelOmm thick steel sheet.

The ANSTO AUSI system does not carry the proposed ANSI system tests for
spatial resolution. A companion test piece (which will also carry the penectration test) is
however contemplated by the present invention. _

Both the proposed ANSI system and the ANSTO system measure wire resolution in
air {ANSTO Test 1, Figure 7b).

Both 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 fest piece
through the X-ray system so that the visibility of the wires can be determined as a
function of the thickness of 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 AUSTI 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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The two systems under evaluation included a 450 keV dual view dual energy and a
6 MeV single energy single view. These are two completely different systems, with
different examination roles. Although the test piece is designed primarily for
pallet/Aircraft ULD examinations in the range of photon energies from 450keV to
2.5MeV, it was considered important to evaluate the ability of the test piece in higher
energy machines operating at 6MeV), A

In preparing the test piece for examination it is necessary to know the inclination of
the median X-ray beam to the horizontal so that the test object can be set to be normal to |
the median beam. Unfortunately manufacturers have not seen fit to provide this
information to their users. As a consequence the incorrect guess was made for the
horizontal view of the 450 keV system (18°, rather than 23°). This caused some artefacts
due to the inclined passage of the X-ray beam through the step wedge to occur. The
vertical view for this system is true vertical (90° to the horizontal). In the event the
median beam was inclined upwards by 19°.

Once the test piece has passed through the X-ray system the image can then be
analysed using the image processing software provided by the manufacturer. Each

-manufacturer has its own software, and there are significant differences between
manufacturers as far as ease of use is concerned.

For the systems tested here the procedure was to enlarge the image (usually X4).
The results of Test 1 were recorded. At this stage information concerning 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
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red part at the top centre of the image) and the fact that there are four distinct thicknesses
of organic material.

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. 9(b).

The change in visibility of the wires as a function of wedge thickness (Test 2 (IQI))
can be clearly seen. For the maximum steel thickness (50mm) wire 6 can just be seen
(3.2mm). This corresponds to an IQI of 0.064.

In regard to Test 3, all the plates are visible at the third step (SOmm)‘. This
corresponds to a minimum contrast sensitivity of 0.05. Pursuing the contrast adjustment
still further the penetration can be tested (Fig. 9(c)). This image shows that the second
(5mm), third (10mm), fourth (20mm), and fifth (40mm) plates can be seen in front of
80mm of steel.

This indicates that the minimum contrast sensitivity at 80mm steel 1s 0.063. -

The 450 keV specification is for the recognition of a 100mm thick lead block
behind 90mm of steel sheets. In this case the system is recognizing 30mm of stee! behind
90mm of steel plates.

Apart from successfully identifying the Delrin® step wedge as organic, 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 Bl.

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.
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For Test 3, behind the maximum steel thickness (80mm) all five plates can be seen.
The 2.5 mm plate is barely visible (2.5mm). This corresponds to a CS of 0.03 for 80mm
steel.

The 450 keV specification is for the recognition of a 100mm thick lead block
behind 90mm of steel sheets. In this case the system is recognizing 30mm of steel behind
90mm of steel plates. _

Apart from successfully identifying the Delrin® step wedge as organic, and
verifying the number of steps in the wedge (Test 4.1) the image also show the existence
of the Delrin® step wedge (Fig.10(a)). Some evidence is apparent of an object behind the
Delrin® step wedge, and in fact, three steps of the MDF wedge can be seen (Test 4.2).

The score sheet for this test is given in ANNEX B2.

The test piece was set in position in the examination tunnel of the 6 MeV X-ray
examination system (6MeV, single horizontal view) as shown in Fig. 11(z). In this
system the source and detector systems move, and the object under examination remains
stationary. The angle of the test piece 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 median beam of the X-ray
fan. It should be noted that 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 5mm) 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.
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Because this system does not have materials discrimination capability it cannot
successfully identify the Delrin® step wedge as organic but it does identify the number of
steps in the wedge (Test 4.1). The image also show the existence of the Delrin® step
wedge (Fig.9(b)). Some evidence is apparent of an object behind the I)elrir}@ step
wedge, and in fact, three steps of the MDF wedge can be seen (Test 4.2) \

The score sheet for this test is given in ANNEX B3.

The test piece was not designed to test photon energies greater than 2.5 MeV. The
comparatively poor performance on Tests 1 and 2 is related to the small scattering
crosssection (or linear absorption coefficient) 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 may be used. A test piece such as AUSI and/or AUS2, having
dimensions about 1250x1250mm, is suitable for use in the tunnel of Fig. 12, whereas a
larger test piece, such as AUS4, is suitable for use in the tunnel of Fig. 13. The X-rays
used in the tunnel are commonly generated by a linear accelerator (LINAC). However
AUS4 may also be used for testing of other systems, for example gamma-ray based
systems as well as any system which generates gamma or X-rays of comparable energies.
The tunnel has a detector array on the opposite side of the tunnel to the X-ray source for
detecting X-rays which have passed through the tunnel, and optionally through the item to
be tested (for example the test device of the invention). In some cases the source will
provide X-rays of a single energy. In other cases the source may be capable of switching
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 AUS], a test piece according to the invention. Tests
in AUST 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 m
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 AUS1 is in increments of 2 degrees.
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Fig. 15 shows a photograph of AUSZ, another test piece according to the invention.
Tests in AUS2 are:

TEST 1: RESOLUTION of wire bundles in air.

TEST 2: RESOLUTION of wire bundles behind a steel step wedge with steps of 10,
20, 30 mm.

TEST 3: PENETRATION through steel - 50mm of steel in the shape of a kite
behind 160mm of steel. AUS2 may have up to 300mm of steel in front of the kite. The
thickness of steel may be between about 100mm and about 300mm, in increments of
25mm (see Fig. 15a}.

TEST 4: DISCRIMINATION BETWEEN PLASTIC OBJECTS. Five plastics with
different effective electron densities are made in the form of a step wedge with steps of
10, 20, 40 mm. There may be more than five plastics, or they may be wedged overlapping
combination of two or more. '

In Figure 14 and Figure 15 the holes in the support for accepting tines of a forklift
are clearly visible. There are in each case orthogonal pairs of holes so that a forklift may
approach the test piece from front, either side or back in order to fit the tines into the
holes. Fig. 15a shows a diagram of AUS2 showing'235mm stack of plates below the test
kite. This may be taken up to 300mm.

Figure 16 shows a raw image of AUSI 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 turmel 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
AUS2 respectively.

Summary of testing
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The tests were made for the horizontal and vertical views of the 450 keV system,
dual view, dual energy X-ray pallet examination system and the 6MeV, single view
container examination system.

In all cases:

¢ a complete data set for wire resolution in air, Image Quality Index, Contrast
Sensitivity, and materials discrimination can be acquired with only one pass of the
ANSTO AUSI test piece through the X-ray system;
e anumerical score can be generated which indicates the overall performance of the
system under test.
Penetration can be measured for those systems which operate at less than 450 keV. The
systems in the inventory of the Australian Customs Service for which this 1s apiﬂicable
can be seen by reference to Table 2.

The comparative performance of the systems is shown in Table 3.

Table 3 Comp:irative overall performance of the systems tested

| MANUFACTURER | SYSTEM VIEW SCORE
/116
D 450 keV HORIZONTAL 72
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 AUS1 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:
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e wire resolution in air
¢ Image Quality Index
e Contrast Sensitivity
e Penetration (for systems less than 450 keV)
e Materials Discrimination.
It may be used for the testing systems with back scatter detectors.

An additional unit of similar size to the ANSTO AUSI Test Piece AUS2 was
constructed to enable penetration and wire bundle resolution for all the classes of pallet
and container X-ray examination systems. '

Tests were made using Dual View Pallet Search System (which operates at 450
keV) and the Single View Container Search System (which operates at 6 MeV). The test
piece was designed so as to test as many aspects of X-ray system performance as possible
in one pass of the test piece through the X-ray system, consistent with the requirement
that the test piece could be carried on a standard pallet (1200mm x 1200mm) and pass
through an examination portal of 1300mm x 1300mm.

The test piece contained tests for:

e single wire resolution in air,

e wire resolution behind steel plates (Image Quality Index (IQD)),

e contrast sensitivity (CS), and

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 mn
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;
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e high rate with which tests can be performed due to a rotating angle selector,
wedge construction and forklift construction;

e ability to apply recognised standards across a large range of entries
(demonstrated 180 keV to 6 MeV) with equal ease, again due to rotating test
plates and wedge construction, and

o forklift ready construction to make the test device easy to transport and use.



(DUAL ENERGY?) VIEW (SINGLE/DUAL) ANGLE OF BEAM TO HORIZONTAL D Mt 0.450 DUAL
DUAL 90 TEST 1. WIRE VISIBILITY INAIRWIRE 108654 3.22.41.6 0.9 TOTAL DIAMETER

(mm) WO 2609/155658 PCT/AU2009/600820

37

ANNEX A
X-RAY EXAMINATION SYSTEM SCORECARD
ANSTO STANDARD TEST PIECE VERSION 2

MANUFACTURER § MODEL SERIAL ENERGY MATERIALS VIEW ANGLE OF

NUMBER {(MeV) DISCRIMINATION | (SENGLE/DUAL) BEAMTO

(DUAL ENERGY?) HORIZONTAL
TEST I. WIRE VISIBILITY IN AIR

WIRE 10 8 6 5 4 32 2.4 L6 0.9 TOTAL
DIAMETER 9

{mm}

TEST 2. WIRE VISIBILITY BEHING STEEL SHEET (IQD)

WIRE 10 8 6 5 4 32 1.6 0.9 TOTAL
DIAMETER M
(mm)
THICKNESS
STEEL
{mm)

10

20

3%

40

50

60

70

1QY for maximum steed sheet thickness =




/9 XxxxxxxxX9 TEST 2. WIRE VISIBILITY BERING STEEL SHEET (IQI) WIRE DIAMETER
(mm)1086543.21.60.9 TOTAL /9 THICKNESS STEEL

WO 2009/155658 PCT/AU2009/000820
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TOTAL {/45) =

TEST 3. CONTRAST SENSITIVITY (CS) (STEEL PLATES SEEN THROUGH SHEET STEEL)

PLATE 25 5 10 20 40 TOTAL
TBICKNESS 5

(mm}

THICKNESS
STEEL

{mn)

10

40

50

60

70

80

CS for minimam plate thickness =

PENETRATION (mm of steel) =

Materials discrimination questions fellow en separate sheet.
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WO 2009/1535658 PCT/AUZ009/000820
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TEST 4. MATERIALS DISCRIMINATION (STEP WEDGES OF DELRIN® & MDF)

TEST 4.1 DISCRIMINATION OF ORGANIC FROM INORGANICMATERIALS

15 the appearance of the organic items (Delrin® & MDF) different from the inorgénic items? TOTAL
2
IN AIR
DELRING® 10 20 40 86 TOTAL
THICKNESS /4
{mm)
MDF 5 10 20 40 ] TOTAL
THICKNESS 3
{mm}

TOTAL OF DISCIMINATED STEPS (/9 =

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

WEDGES

{NGTE 1. A i0mm 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 28 40 80 TOTALS

{mm) 5

DELRINE
THICKNESS

(mam)

10




XXXxXX

A0 X XX XXXX 750ICxxxxx 660

WO 2009/155658

40

PCT/AU2B09/060820

29

40

0

TOTAL OF DISCRIMINATED STEPS (20) =

OVERALL TOTAL =




70 IQI for maximum steel sheet thickness =0.06 WO 2009/155658PCT/AU20091000820 46
TOTAL (/45) = 34 TEST 3. CONTRAST SENSITIVITY (CS) (STEEL PLATES SEEN THROUGH

SHEET STRE) R ALEgTHICKNESS (mm) 2.5 5 10 20 40 TOTAL )5 THIgdgNESSRspbisEl (mm)
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ANNEX Bl
X-RAY EXAMINATION SYSTEM SCORECARD
ANSTO STANDARD TEST PIECE VERSION 2
MANUFACTURER | MOBEL | SERIAL | ENERGY MATERIALS VIEW ANGLE OF
NOUMBER | (MeV) | DISCRIMINATION | (SINGLE/DUAL) BEAM TO
(BUAL ENERGY?) HORIZONTAL
D xvZ 8.450 DUAL DUAL 25
TEST 1. WIRE VISIBILITY IN AIR
WIRE 10 3 6 5 4 32 24 1.6 09 TOTAL
DIAMETER o
{rum)
X X % X X X X X X 9

WIRE 1] 8 6 5 4 32 1.6 0.9 TOTAL
DIAMETER e
(mm)
THICKNESS
STEEL
(rm)
10 X X X X X X X 7
b X X X X X X X 7
30 X X X X X X X .1
40 X X X X X X X 7
50 X X X X X X 6
69
79
IGI for maximum steel sheet thickness = 0.064




IOXX XXX 40X XXXX550 XX XXX560XXXXX

WO 2009/155658 PCT/AUZ009/000820
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TOTAL (145) =34

TEST 3. CONTRAST SENSITIVITY (CS) (STEEL PLATES SEEN THROUGH SHEET STEEL)

PLATE 25 5 i0 20 40 TOTAL
THICKNESS ' I3
{mie)
THICKNESS
STEEL
(snm)
10 X X X X X 5
40 X X X X X 5
56 X X X X X 5
&0 X X X X X 5
70 X X X X X ‘ 5
30 X X X X 4
CS for minimum plate thickness = 0,063
TOTAL (25) = 24
PENETRATION (mm of steel) =90

Materisls diserimination guestions foliow on separate sheet.



570 X X X X X580 XX XXX5CS forimum plate thickness = 0.03 TOTAL (25) = 25 PENETRATION
(mm of steel) = 90 Materials discrimination questions follow on separate sheet. WO

2009/155658R GalAs=42899/000820 47 TEST 4, MATERIALS DISCRIMIN AT &3 6kdddEDGES OF
DELRIN(r) & MDF) TEST 4.1 DISCRIMINATION OF ORGANIC FROM INORGANICMATERIALS Is

the appearance of the organic items (Delrioa & MBE) different from the inorganic items? TOTAL /2 2
IN AIR

TEST 4. MATERIALS DISCRIMINATION (STEP WEDGES OF DELRIN® & MDF)

TEST 4.1 DISCRIMINATION OF ORGANIC FROM INORGANICMATERIALS

Is the appearance of the organic items (Delrin® & MDF) different from the inorganic itermns? TOTAL
- n
2
IN AIR
DELRIN® 10 20 49 80 TOTAL
THICKNESS 4
{mm)
X X X 3
MDF 5 10 20 40 B0 TOTAL
THICKNESS 5
(mm)__
¢
TOTAL OF DISCIMINATED STEPS (9) =3

4.2 IDENTIFICATION OF THICKNESS STEPS IN CROSSED MDF & DELRIN® STEPF 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 backseatter performance if the test piece Is used in 2 system with backscatter

detectors)

MDF THICKNESS 5 1 X 40 80 TOTALS
{mm} /5
BELRING
THICKNESS
{mm)
18 b
2¢ . i)




DELRINtif THICKNESS (mm) 10 20 40 80 TOTAL /4 X X X X 4 MDF THICKNESS (mm) 5 10 20 40
80 TOTAL /5

WO 2009/155658 PCT/ATU2009/080826
44
40 ¢
80 0

TOTAL OF BDISCRIMINATED STEPS (128) =6

OVERALL TOTAL =72/119




0 TOTAL OF DISCIMINATED STEPS (/9) =3 4.2 IDENTIFICATION OF THICKNESS STEPS IN
CROSSED MDF & DELRIN(r) STEP WEDGES ( NOTE I. A IOmm steel sheet separates the Debrin(r)
and the MD;steavwyadgas) (NOTE 2. This, and test 4.1, are also tests of hagkgeatiadgigrmance if

the test piece is used in a system with backscatter MDF THICKNESS (mm) 5 1,0 20 40 80 TOTALS
/5 DELRINO THICKNESS (mm) 10 45

ANNEX B2
X-RAY EXAMINATION SYSTEM SCORECARD
ANSTO STANDARD TEST PIECE VERSION 2
MANUFACTURER | MOBEL | SERIAL | ENERGY MATERIALS VIEW ANGLE OF
NUMBER | (MeV) | DISCRIMINATION | (SINGLEDUAL) | BEAMTO
(DUAL ENERGY?) HORIZONTAL
) xyz 0450 DUAL DUAL 90
TEST 1. WIRE VISIBILITY IN AIR
WIRE 10 8 6 5 4 32 2.4 16 09 | TOTAL
DIAMETER .
{rm)
X X X X X X X X X g

WIRE 10 8 6 5 4 32 1.6 0.9 TOTAL
DIAMETER 9
(mm)
THICKNESS
STEEL
(mm)
10 X X X X X X X 1
2 X X X X X X X 7
3¢ X X X X X X X 7
46 X X X X X X X 7
50 X X X X X X ' 6
60
7
11 for maximum steel sheet thickness = (.06




XXX320 XXX3 WO 20091155658PCT1AU2009100082048 40 X X 80 X X 2 TOTAL OF
DISCRIMINATED STEPS (/20)= 10 .

WG 2009/155658 PCT/AUZGO/000820
46

TOTAL (45} = 34

TEST 3. CONTRAST SENSITIVITY (CS) (STEEL PLATES SEEN THROUGH SHEET STEEL)

PELATE 25 5 10 20 40 TOTAL
THICKNESS 5
()
THICKNESS
STEEL
(mm)
19 X X X X X s
40 X X X X X 5
50 X X X X X 5
60 X X X X X 5
™ X X X X X 5
80 X X X X X -
€S for minimum plate thickness = .03
TOTAL (25) =25
PENETRATION (mm of steel) = 90

Materials discriminatien questions follow on separate sheet.



OVERALL TOTAL =80/110 WO 2009/155658PCT/AU2009/000820 49 ANNEX B3 X-RAY
EXAMINATION SYSTEM SCORECARD ANSTO STANDARD TEST PIECE VERSION 2
MANUFACHYRER INHREL SERIAL NUMBER ENERGY (MeV) MATERIACSADIS@RMAINATION
(DUAL ENERGY?) VIEW (SINGLE/DUAL) ANGLE_OF BEAM TO HORIZONTAL A xyz 6 NONE
SINGLE 19 TEST 1. WIRE VISIBILITY IN AIR WIRE 10 8 6 '

TEST 4. MATERIALS DISCRIMINATION (STEP WEDGES OF DELRIN® & MDY)

TEST 4.1 DISCRIMINATION OF ORGANIC FROM INORGANICMATERIALS

Is the appearance of the organic items (Delrin® & MDF) different from the inerganic items? TOTAL
/2
2
IN AIR
DELRIN® 10 20 40 89 TOTAL
THECKNESS I
(ram)
X X X X 4
MDF 5 LU 20 40 B0 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 i 20 4 80 TOTALS
(mam) 5
DELRING
THICKNESS
{mrm)
10 X X X 3
20 X X x 3




543.22.41.60.9 TOTAL DIAMETER (mm) /19 XX XX 4 TEST 2. WIRE VISIBILITY
BERING STEEL SHEET (I1Ql) WIRE

WO 20059/155658 PCT/AU2009/600820
48
40 X X - 2
&0 X X 2

TOTAL OF DISCRIMINATED STEPS (/20)=10

OVERALL TOTAL = 80/110



DIAMETER (mm) 108654 3.21.6 0.9 TOTAL /9 THICKNESS STEEL (mm) IO X XXX XX

WO 2009/155658 PCT/AU2069/000820
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ANNEX B3 |
X-RAY EXAMINATION SYSTEM SCORECARD
ANSTO STANDARD TEST PIECE VERSION 2

MANUFACTURER | MODEL SERIAL ENERGY MATERIALS VIEW ANGLE OF

NUMBER (MeV} DISCRIMINATION | (SINGLE/DUAL) BEAM TO

(DUAL ENERGY?) HORIZONTAL
A XVE § NONE SINGLE 19
TEST 1. WIRE VISIBILITY IN AIR
WIRE 19 8 6 5 4 3.2 24 1.6 0.9 TOTAL
DIAMETER ' ]
(mm})
X X X X 4

WIRE 10 8 & 5 4 32 L6 0.9 TOTAL
DIAMETER 9
{mm)
THICKNESS
STEEL
(mm)
10 X X X X X X §
28 X X X X X X 6
39 X X X X X X . 6
40 X X X X X X 6
50 X X X X X 5
&0
70
IQ! for maximum steel sheet thickness = (.10




B20 X XX XXX B3DX XX XXX 640xxxxxX 650X

WO 2009/155658 : PCT/AU2009/000820
50

TOTAL (/45) =29

TEST 3. CONTRAST SENSITIVITY (CS) (STEEL PLATES SEEN THROUGH SHEET STEEL)

PLATE 2.5 5 1t 20 40 TOTAL
THIHCKNESS /5
(mm)
THICKNESS
STEEL
{mm)
10 X X X X X 5
49 X X X X X 5
50 X X X X . X -5
60 X X X X X s
0 X X X X X 5
80 X X X X X 5
CS for minimum piate thickness = 0.03
TOTAL (25) =25
PENETRATION (mm of steef) = >120

Materials discrimination questions follew on separate sheet,



Xxxx 560 70 IQI for maximum steel sheet thickness = 0.10 WO
2009/155658PCT/AU2009/000820 50 TOTAL (/45) = 29

WO 2009/155658 PCT/AT2009/000820
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TEST 4. MATERIALS DISCRIMINATION (STEP WEDGES OF DELRIN® & MDF)

TEST 4.1 DISCRIMINATION OF ORGANIC FROM INORGANICMATERIALS

Is the appearance of the erganic items (Delrin® & MDF) different from the inorganic items? TOTAL

2

IN AIR

DELRING
THICKNESS

{ma)

1¢

20

40

86

TOTAL

4

MDF
THICKNESS

(o)

10

20

40

89

TOTAL

5

TOTAL OF DISCIMINATED STEPS (9) =4

4.2 IDENTIFICATION OF THICKNESS STE?S IN CROSSED MDY & DELRIN® STEP WEDGES

{ NOTE 1. A }0mm 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 plece is used in a systemn with backscatter

detectors)
MBF THICKNESS it pal] 40 80 TOTALS
(e} /5
DELRIN®
THICKNESS
{nem)
10 X X X 3
26 X X X 3




TEST 3. CONTRAST SENSITIVITY (CS) (STEEL PLATES SEEN THROUGH SHEET STEEL) PLATE
THICKNESS (mm) 25 s 10 20 40 TOTAL /5 THICKNESS STEEL (mm) IOXX XXX 40X XXX

X WO 2009/155658 PCT/AU2009/000820
52
40 X X 2
80 X X 2

TOTAL OF DISCRIMINATED STEPS (Z0)=1 0

OVERALL TOTAL =72/110

A further test piece, AUS4, was built and designed specifically for screening
shipping containers. Its size, configuration and intention were designed for this purpose.
AUS1 and AUS?2 (described above) were designed for a medium size tunnel, i.e. about
1000-1300mm in width and height. They may be used in larger systems, for example X-
ray tunnels suitable for scanning shipping containers, with a few inconveniences. Thus
the smaller size of test pieces AUS1 and AUS2 would require them to be elevated
incrementally in order to cover the whole array of detectors, or a substantial portion
thereof. Also physically these test pieces are somewhat smaller and are therefore more
difficult to assess. AUS4 consists of two major module designs in addition to optionally
including one or more radioactive sources.

The design of AUS4 was a product of two problems with scaling test pieces:

a. sheer size and amount of steel involved prohibits use of a single system,
consequently AUS4 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 Ieast two separate

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



SEOX XXX XE5B0XXXXX570 XXX XX580XXXXX5CS for minimum plate thickness =
0.03 TOTAL (25) = 25 PENETRATION (mm of steel) = >120

WO 2009/155658 PCT/AUZ009/600820
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through those different thicknesses. These allow Zeff to be evaluated in increments of
Zeff from about 6 to about 13. This operation does not require the examination of many
detectors to measure — it is only necessary to provide a large meaningful image. Large
numbers of detectors, commonly used to achieve a high resolution image of the whole
container and its contents, are not needed. The overall number of detectors is of course
fixed by the X-ray tunnel used (in particular by the detector array of the tunnet), however
the number of detectors used relates to the number of detectors located such that the
relevant portion of the test piece intervenes between the X-ray source and the detectors,
and therefore relates to the size, design and/or orientation of the test piece. As described
above change in the LINAC (linear accelerator X-ray source) energy, from for example
4MeV to 6MeV, changes the spectrum and affects the dual energy response of the system.
Single energy capability |

Penetration is a measurement obtained from the higher energy portion of X-ray
spectrum. The X-ray source (tube or LINAC) produces a spectrum by a Bremsstrahlung
process, with the shortest frequency (highest or maximum energy) being equal to the
acceleration voltage. Thus, for example 2MeV is produced by 2 MV accelerating voltage.
An adequate number of detectors should be used to get a good measurement, that is, the
penetration module in use intervenes between the detector array and the X-ray source
such that the X-rays from the source which pass through the module impact on the
adequate number of detectors (i.e. the penetration module is of sufficient size, design
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
(e.g. 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.



Materials discrimination questions follow on separate sheet. WO 2009/155658PCT/AU2009/000820
51 TEST 4. MATERIALS DISCRIMINATION (STEP WEDGES OF DELRIN(r) & MEW) TEST 4.1
DISCRIMIN&® £2id/3ks§9RGANIC FROM INORGANICMATERIALS s therappaananceogiihe organic
items (Delring 84 MDF) different from the inorganic items? TOTAL /2 0 IN AIR DELRINO1)
THICKNESS (mm) 10 20 40 80 TOTAL /4 X X 4

Radioactive source

AUS4 may also comprise one or more radioactive sources. The source(s) may
comprise Cs-137 or some other radioisotope (for example as listed in the American
National Standard, ANSI N42.35-2006 intended for evaluation and performance
monitoring of radiation detection portals). It (they) may comprise K-40 (for example in
the form of naturally occurring KCI). It (they) may comprise some other radioactive
isotope. Advantages of K-40 are that it is less expensive than Cs-137 or other
radionuclides listed in the ANSI N42.35-2006 and is not regulated in Australia by
ARPANSA (Australian Radiation Protection and Nuclear Safety Agency), and therefore
does not require a licence for use. Inclusion of a radiation source renders the test device
useful for testing a radiation portal as well as for testing an X-ray tunnel. The radioactive
source may be located in one or more (e.g. 2, 3, 4 or 5) spot sources, commonly on a wall
(preferably inside wall) of the container. These spot sources may be located along a
vertical line. They may be spaced equidistantly. There may for example be 3 spot sources,
one at the top of the container, one midway up the container and one at the bottoﬁa of the
container. This arrangement may be used with all radioactive sources, including Cs-137.
An alternative arrangement is a column of the radioactive source, also commonly on a
wall of the container. This may be convenient for K-40, which is less expensive and is
freely available. Thus a tall thin vertical vessel may be disposed on a wall of the container
and the vessel filled with the radioactive source to form the column.
Container

The test modules of AUS4 may be located, or may be locatable, in a shipping
container, optionally modified. The container may be the same size as a standard shipping
container, ¢.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 fransparent to X-rays, e.g plastic. A suitable plastic is for example
polycarbonate. Sufficiént of the walls may be plastic that resolution and matenal
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



X X 4 MDF THICKNESS (mm) 5 10 20 40 80 TOTAL /5 0 TOTAL OF D1SCIMINATED STEPS
(/9) =4 4.2 IDENTIFICATION OF THICKNESS STEPS IN CROSSED MDF & DELRIN (r) STEP
WEDGES N As#hsOmm steel sheet separates the Delring and the MRz stepwadges) (NOTE 2.

This, and test 4.1, are also tests of backscatter pgg)rmance if the test piece is used in a system with
backscatter .....--... - MDF THICKNESS (mm) 5 10°20 40

described for example' at

httn://en. wikipedia.re/wiki/Intermodal _freight shipping_container, the contents of which

are incorporated herein by crossreference).

In order to be suitable for use in an X-ray tunnel capable of scanning a standard
shipping container, the test modules should preferably be capable of fitting inside a
standard shipping container. They may have a maximum height of less than about 2.3m,
or about 2.2, 2.1,2.0, 1.9, 1.8, 1.7, 1.6 or 1.5m, or of about 1.5 to about 2.3m, or about 1.5
to 2, 2 to 2.3 or 1.8 to 2.2m, e.g. about 1.5, 1.6, 1.7, 1.8, 1.9, 2, 2.1, 2.2 or 2.3m. They
may have a maximum width of less than about 2.3m, or about 2.2, 2.1, 2.0,1.9,18, 1.7,
1.6 or 1.5m, or of about 1.5 to about 2.3m, or about 1.5to 2, 2 to 2.3 or 1.8 to 2.2m, e.g.
about 1.5, 1.6, 1.7, 1.8, 1.9, 2, 2.1, 2.2 or 2.3m. They may in combination have a
maximum length of about 1 to about 6m, or about 1 to 3, 3 to 6 or 2 to 5m, e.g. gbout 1,
1.5,2,2.5,3,3.5, 4, 4.5 or 5Sm. The test modules, or the test device, should be capable of
fitting through a maritime container tunnel. These are typically about 3.3m (wide) by
about 4.6m (high). Thus 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 fraining
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,



80 TOTALS /5 DELRINO THICKNESS (mm) 10 XX X320 XXX WO
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showing the location and design of the penetration module which may be used in this
embodiment. In particular it shows the independently rotatable elements of the
penetration module which may be rotated so as to obtain maximum shadowing of
detectors of the X-ray system. Figs. 24 and 25 show further details of the penetration,
resolution and material discrimination modules of the test device. These again show the
penetration module with the independently rotatabie elements, each of which comprises a
wedge of different thicknesses composed of multiple plates. Separate material
discrimination and resolution modules are seen either side of the penetration module. As
can be seen in Fig. 25, these modules are independently movable. Each may be readily
transportable independently of the other. Each may have insertion regions for inserting
forklift forks or tines so that the module is easily transportable using a forklift. These
insertion regions may be as described earlier in connection with AUS1 and AUS2. Figs.
24 and 25 also show a region of the container steel sheeting which will be replaced by
plastic in which AUS4 is located enabling accurate assessment of at least one of the tests

of this test device.
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. further test piece, AUS4, was built and designed specifically for-screening shipping containers. Its size,
configuration and intention were designed for this purpose. AUS | and AUS2 (dgs K@Q{)@B %%%%ere
designed for a medium size tunnel, i.e. about 10005%300mm in width and heighf_J %A %ﬁgd in
larger systems, for example X-ray tunnels suitable for scanning shipping containers, with a few
inconveniences. Thus the smaller size of test pieces AUS1 and AUS2 would require them to be
elevated increﬁ:@mﬁ"ﬂy in order to cover the whole array of detectors, or a substantial portion thereof.

Also physically thesejtest pigeas aracomeNhat %@H&E@ﬁ@ﬁ%ﬁiﬁﬁﬁ?f%ﬁ‘aﬁfﬂgﬁ%&JL%&aSSeSS-

AUS4 consists oé?two or module designs in addition to optignally including oneor more radioactive
sources. The dé &Fﬁ%@ﬁ’é’ﬂﬁgg dtfct SES BRSHTREI#HE8 scaling test pieces:. a. sheer size
and amount of steel msupivead qarahlbits ndding atSteaglesysiamogansequently AUS4 comprises at least
j[hree. separate_ly Qanaq%ggﬁg @Q%’Aﬁﬁebmgfﬁtf (’5 th égr&e scanner system hfasltyvo_ major functlons in
imaging cargo: spectroscopic component using Gal energﬁ ot ‘material discrimination, and
non-spectroscopit (eh Ahicinfenidstyhe srmportertt v seel fterménmtratide anthedsefiztionl, Dual energy
capability Inthese gﬁgt t rate eperqy levels (e.g.
between 3 and GMe\ﬁI&iéB%ggfkﬁgg%ﬁlg iﬁﬁ%ﬁé?&wg%?fmﬂﬁﬁ%%gﬁ%ﬁ%ﬁﬁ%&%&% concerning
the nature of the intéﬁ%ﬁéﬁﬁ‘?ﬁ%ﬁ@%ﬁp@é YWisthed. This comparison, and derivation of the data,
‘may be accomyiisticbdiy text anitit cocampaties iy (3ot eataidnaes SinGEIeVIcs sayRled.to a detector
or detector areay, rx‘@%/?gé{‘@fe .eSAJe h ata includes density and effective atomic number,
commonly known as ef?n(a indicator of the nature ofthe intervening material). Density and average
atomic composition &eff) may trsttdeviet wlisdpiindtivbvenagplng@rgel tha thesmadaltges at least
two separate fuglRsseveiplastiaagaovided, so as to allow data to be obtained for penetration 53
through those differgi;t thicknesses, These allow Zeff to be evaluated in increments of Zeff from about

60 about 13. This operatidhaBEsHSicretlfehd Sxsiind orhereinahy et sslectodimasure - it is
only necessarth¢grravicmdistiigefnaaniagilitiotegeait. axge RudIRgss BERRISCIQLS: commanly used to
achieve a hig@eﬁﬁw&oa%drpnaa%%agt e whole c%ntainer and its contents, are not needed. The overall
number of detectors IS of course fixe @Eft’ﬁlgg?-ray tunnel used (in particular by the detector array of
the tunnel), howeverkhe nifabtesbieiatectd daiwed colapeisite tidasmberiedidetdatessdadated such that

the relevant pestignoahihe teshRisesNE Vet Aeineen the X-ray source and the detectors, and
therefore relates to the size de;;gn and/or orientation of the test piece. As described above change in

the LINAC (linear acReleratgiot et o) LBty CoHBRR BIE T pROdWR wEps ive\bebkmangess the

spectrum ancaéibits: test dfialirnesglutienrianse otdhaRynieBapailg ey 8BRIY:EaRRRILY: of Penetration
isa measurerpent 9 ined-from the. higher ener ortion of X-ray spectrum. The X-ray source (tube
or LINAC) producé_s%ﬁé%oe% r%gr%eglf/ a é?e&r%es%rr%%gﬁlr%c%ar%gsg , Hsfgdcs‘ﬂdwﬁgft HRUERRY (highest or
maximum enéfEFitheingragual testhmadeleleratiahle oifadeiBhmsedonexamale aMeMisrqpioduced by 2
MV acceleratigigo-ypiimeB-An adequate number of detectors should be used to get a good
measurement, that is, the pg%netration,module in use intervenes between the detector array and the

X-ray source such trat the Y5458 AEHPI BB GABaS d thrSughesin madurstifyast on the

adequate nurakrerobiidsectins diesbilie; pepatabiotsnotiste 1900 sdfficiert size sdesignoand/or

orientation to 6—)1chieve 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

arranged, so as to: &- minirfiethviadmvicompragsiomreedfocksinty. mensurehtheimrgAasREGE ratio (which

may also be mgaBi e unequslg.aSPadieals i almpges{igpiiier) 1g measure data gathering
[ [ te or AUS

frequency). he resolution module in AUS4 may be a composi and 2 resolution modules,
described above and-showrPfiesigievioe of guusone wbgiaims i imgesni devies aktaonts, 425, 6, 7 or 8)
segments 1o atiokv fitfan eapably e padng deiaER’ Heemal-AHAHEC Y} Alihgdgtectors of the
X-ray_systemif?aé@!smrln}?rﬂo ereof as practically possible, should preferably be tested to ensure uniform
performance ot the Systém, So the test piece is arced. Each segment may be independently rotatable
(and lockable into a Yesire@heriesttatidey of birmwitelr i atxiEfisRsite aehigveitvagelprojection onto
all detectors, Inisetheq [ ors fested. WO .
2009/155658gCT/A 2009/0%%%8_20 52% %ﬁ%%gﬁéﬁ%fﬁgg a{)%ﬁl&xm% also comprise one or more
radioactive sources.[he sObFdetsiisriey ebamyrrre obcidmot ohesthivisalivisgope ¢z example as
listed in the AmparicaniNa ianaliSEBSRLANRIINGZ 38:2006 inteared ﬁ%@ff&kﬁ&e and performance
monitoring of radiation detection portals). It (they) may comprise K-40 (for example in the form of _
naturally occurring KCI). It (they) may comprise some other radioactive isotope. Advantages of K-40
are that it is less expensive than Cs-137 or omnegg ﬁgnuclide‘s listed in the ANSI N42.35-2006 and is
not regulated in Australia by ARPANSA (Austrqﬁi'@]@ {Hiation Protection and Nuclear Safety Agency),

- and therefore does not require a licence for use. Inclusion of a radiation source renders the test device

useful for testing a radiation portal as well as for testing an X-ray tunnel. The radioactive source may
he lnecated in one or Mmorea fe A 2 2 A nr B ennt enrircee eommonhyy on a wall (nrefarahlhvy incide wall)




—-Gontainer  The test modules-of AUS4 may be located;-or-may be locatable;-in-a-shipping 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 bg@?&%&@g}o\fy&%n
may be about 6m long. The modification to the coggainer comprise replacemeplof SoMes| ﬂgtjgﬁ% 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 modulés willke vistvedvikeugh plaistic Waksdifmaibnetratipisingoduliitdymlso be

viewed through.a E@ﬁﬂl ! IS, t jal; si i al wall w not
“substantially %%ect the ggr@#ﬁ)gn%ygb g&%&%ﬁsﬂ% IgigcgeF %%cg}ngr%rg%yr%?/e?&i&m% thick,
whereas the REH$EEBRRABREIONlY a few millimetres, e.g. about 2 to 5mm thick. Shipping containers
come in two commorpsizesdQeanibdidefaphn] ik PrayhRSiandardpaedans ([ apepiaRefigtrack, reefer,
highcube or pla@%s&gre WO 2009/155658PCT/AU2009/000820 55 describedforexampleat
http://en.wikige e FARBIE ARt shinping_container, the contents of which are incorporated
herein by crossrefer&hce).The tasordertooemsutable thaitse] inal? Xvhapeiv trelegpahie B scanning a
standard shippi tainer, the test mo s.should: pr ferab}ky be capable of fitting inside a standard
shipping cont‘%ﬁgﬁg%ﬁ%%a@%a%% %asr%ﬁ#ﬁ%% e?arlgl ‘ot les& than about 2. mn,}%nrggggu ©.2,2.1, 2.0,

1.9, 1.8, 1.7, Xeayrsysem by Spabsutbsecheooer. syster sbosing’s ey Xump §yeet. 810 2.2m, e.g.
about 1.5, 1-%&1&@:%3&383 &rgulixh%@e%ﬁiémoa b8y haveamexipum widh ofless than about

2.3m, or abogﬁ{%.z 2.1,2.0,1.9,1.8, 1.7, 1.6 or 1.5m, or of about 1.5 to about 2.3m, or about 1.5 to 2,
2 t0 2.3 or 1.8M T SEGRIBSHHIVEMISE R 1.8 1.9, 2, 2.1, 2.2 or 2.3m. They may in combination
have a maximum ledgth offabattt itoiabofiGnurerciadaiink 103, 13 fefiai=Rite belae @eapout 1, 1.5, 2,

2.5, 3,35, 4,45 or5m. The test modules he.test device, s uld}{;);e ca %Ple of fitting through a
maritime conérngsrsﬁjgﬁlﬁgl. féenare %igtal ;?%B%cl)%x% §B§’r%6 ‘[(Ivl?/[%ae 6§'/1a Baa]t% r%m(holgh .Dﬁ]us the test

module, or te$P@kesice, abrutiidMaYe a maximum width of less than or equal to about 3.2m, or about 3,
2.8, 2.6 or 2.4m. It should frRyQea wmm eﬂmwwwgm'&&@&%é%ﬁ%ﬁ about 4, 3.5
n ain :

or 3m. Each dimension should be sufficiently large that a_usable image may be obtained in suitable
X-ray tunnels oF REESHRE RGP RS B rFRtTERR, Q@Qﬁh’;ﬁﬁ’d%éﬁd%m)sﬁﬁméfm 2,2.5 or 3m.
The containel §0hy\havebsagiatk4Ur training and scenario testing. There may be a training/scenario
testing region on either sidg of the pther modules (materials discrimination, penetration, resolution
etc.). This ma hous?eg 'mo(cjfﬁlikgst oﬁ%&%ﬁn%g%%%gﬁ%%&sogﬁ%é%%%é%i%ﬁ%%é‘ﬁe wing a scan
of the contairér. Sersbie o ety or aeieiie conedivitontrab Aty sysscor ofharomeapons. In
some embodipanisethg,eontager 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 partidily filleRFH§Sad7EER WhATSHECS RGBS AR d Rathereipniis MRy FBedtar country,
items may besh&nriediyniaipe arecal awaddarohéyrdat vttiesndhese items may be loaded into the
discretionary test/scgiarioodule- oo, E1020. 80152 slipble containeruhich may e, ysed ether in
conjunction with, or as a component of, a test devicé for a container az%%ay system. The container

of Fig. 20 haskippisig eswrinesrvdtsl brscls wemn satenithaliviehsionsest pigieedardsiighynglaced therein.
Figs. 21 and gsnghaw, diffarenbaia0 R mAtc. ey obthe.comiginginllvalialing edacafion of test
modules therein. Fig, 23 shows a cross-section of the container, 56 Showing the location and design
“of the penetréﬂWPﬁé&@@WﬁiE?PFﬁ'&ﬁrbe used in this embodiment. In particular it shows the
independently rotataile elathenis atthe pEniialion wagwie whishamahaimmteddamasto obtain

maximum shadgygj’ Socfi ‘Q@t{%c‘go‘r)%s ofttgl%é-rg[}f %%enrpé .igssb 24 and.25 &ghowlfurtper details of the
penetration, resofution an ma?erlaﬁdlscnmlngtion Moduies Of the tese e?/iété.e?ﬁe%%eafagin show the

penetration roetbite th ch&dnueé neigaliyrotatable elements, each of which comprises a wedge of
different thicknessesgompgged.of pultipleplates PERarate Wk&sgmgg ggg esolution
[ ; INes

modules are seen_ either side of the penetration module. As can be seen in Fig. 2 modules are

independent/§IEiRmB I BaEairRhg BEream innelsrarie pige plrdieriiptostrebsiensiatiach may have
insertion regigassfariases ingardifiders ar liReXsashaidiadmeakiniseasiiransaerable using a
forklift. These {'qserttion regions m%’%g as desc%gd arliﬁ: ip con,necgon with AUS | and AUS2. Figs.
24 and 25 aldh SROW R 1Rgioh ST RO THIRAHEFS SR AR IPRIF BTSSRl By Piastic in which
AUS4 is locatieteeimabling accurate assessment of at least one of the tests of this test device.
PCT/AU2009/000820 57Received 23 April 2010 Claims: 1. A test device for assessing the
detection capability of an X-ray system with a medium or large tunnel size, said device comprising: a
support capable of holding at least one test module; at least one test module mounted on the support;
and a stand which holds the support at a pre‘glz%tsggggggeq angle to the horizontal, said stand comprising
a rotatable holder for holding the support so asﬁtg;@ﬂggle the predetermined angle to be varied;
wherein said test module, or at least one of said test modules, is capable of being used in a test for an

aspect of the detection capability. 2. The test device of claim 1 wherein at least one of the test
maodiileae comnricace a wedade conctriictinn 2 The tect dAeviice of claim 1 ar claim 2 wherein the tect




- b8Received 23 -April 2010-- .- 11. The test-device of claim 10 additionally comprising-afatehing - - - - -
. mechanism to lock the support so as to maintain the at least one test module at the predetermined

angle.” .~ 12. The test device of any one of claims | to 11 wherein the test m %R@[ 20
removable from the support. 13. The test devigg of any one of claims 1.%&‘.‘\/}4 ezrﬁ%) 'ezfﬁ%t(s)
can be conducted using a single pass of the test device through an examination tunnel or'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 tunrigl. of tHigessiydsyisteshdmytbaccalel aithe ey tae2 X adiiitiRyalitnésrptisingew system.

14. The test deyice of any one fq!g!'![ﬁ to 13..said device.being useful for assessing.the
performanceqc?rx? et%%%fo%xclz%%aﬁﬁty 0 En oz 3%" slf}gfe(r}n gf%%%aﬁofgoﬁiﬁj%ra%%%ﬁ%\ﬂeﬁﬁ 15. The
test device ofraipastiacoubaRes-1 to 14 said device being useful for assessing the performance or
detection capability § an Xerausysiamohebarh &@%&é&%ﬂ@%%%\émmé%%gﬁ@t device of

~any one of Sims 1 to 14 said device being useful for assessing the performance or detection capability
-~ of an X-ray sPS¥ERTERaHb GRANNEY Y ShEUEIMRR Ot the rpdiofsplopes it da ANSINRS ST claims 110
16 wherein thEptdinnel size is sufficiently large to scan a standard shipping container. 18. The test
device of claim 17, said deyjce, c rising a modified shipping container which has the, same external
dimensions as a Staar?dardegﬁ?ptgfﬁg %:)‘gﬁ?a#lgxrl? saig gﬁﬁﬁp%%%a%%tgt%a hE E‘Bgttﬁ%éﬁYécﬁeing
disposed witripnpsissiodiftast shipbidrpoohrdlnenovabla@stineddst.device of claim 18 wherein the
modified shipping cegtainefcomprises;dopledagrsat @H&%ﬁ?rﬂé%ﬁsf?fgmﬁagfm@{éﬁg the at least
one test module into or from said container. 20. The test device of olefin 18 or 19 wherein the
modified shipPRFRPTSIerterded: A posIPorREsiFEng Mhde BrisTAlSHsHRRIBai®stantially
transparent tensdidysa velsligioy, itbtisle aXd ieyenpaasingdiaraian X-ray source through at least one of

; the test modules passes through said plastic in qrder,to reach an X-ray detector. )

' PCT/AU2009/0008 59Rhg§eei%esfj%§l%p?ﬁ ""5611’605 W]i“f?‘?h%eté’gf‘%%'ﬂ‘ﬂ)é& Wg SREBRSRiIms 17 to 20
additionally cemiprisibyod irslsiradiutysotatebiforitestinig a capability of a radiation portal for detection of -
a radioactive subsiagge. 7 22.ThEEsteauiee #f AR TuACIe N6 agieaslis saycce comprises

: . RS

potassium-40, caesium-137 or at least one of the radioisotopes listed in ANSI N42.35-2006. 23.
The test devigdepsndsiideskebinina s desped FHERAEMRe test device comprises at least two
independently movaiyie test meehdesior assidinkherdestdeniseabaiaity 38 wherely thestast modules ar
each independ%ﬁgﬁeleet%en%lfrom th% %gtﬂ dconsistin of a-materials discrimination module, a -
resolution module aner a peneﬁ%ﬁbsr?mo tie. TSR test device of claim 24 wherein the
penetration modele povmgise st pleviktyaonitep éndantprotafaieieiemiEntds thro@éh Ehe test device -
of claim 25 wherein %ﬁﬂi@:i@i?tﬂﬂ@ﬁag@aﬂmﬁiﬁﬂg%%ﬂ?&%Q%@%‘ﬁti dﬁlgﬁi{gd orientation.
27. A method for assessing the detection capability of an X-ray system with a large tunnel size, said
method comprising: XpEESiHg™ 18 F&FRe®bcording to any one of claims 1 to 26 through an
examination tunrel dksaithXXawgy dfemy shaisnieLrposehtie: st manidals el -ayxfem said
- system; and detecting, X-rays, if any, that pass through the test module(s), using the X-ray system so
as to generate an irrslrc[l%t‘(aél;Il é%%rtr%%%%%en%ﬁ(ﬁn fore test results from the image; and assessing the
operation of the X-ragtsysining mingthetetsstesailts from thagmfpe andthod of claim 27 wherein the
" stand of the test geyj j : ﬁqlgem q!gﬁgg' qsﬁjgw nd the method
comprises varying tﬁﬁ%ﬁ%%ﬁ%ﬁ%@%&% the ré%%%ﬁminedtﬁgn le using’s?he rotatable holder.
29. The method of cHim 28 HeFIAGREHRER 3y rﬂ%ﬁrﬁﬁéﬁmﬁﬁé&hanism to
lock the supposbiataBiéhpimethntaldditi anatipsem RHgek: asking hiensHBROHRLIERMmPEthe latching
%ermined angle 30. The

mechanism so.as to maintain the at least one test module at the pre

method of an@fgﬁ%sgpg?gfr%?sﬁﬁﬁrg Wﬁﬂ?gi elﬁ]%sygrﬁ?gﬁgﬁ%gg ﬁ'lgle view X-ray system thr test
device is passed thiZfugh tmmmmmwmﬁwmmwm&mm@mmpﬁmmo once,

and if the X-ray 3ugiGm 2. dnat it ¥eie MG ssh dauicals RasRaclioudiPedunneLexactly twice. -

locking the support by means of the latching mechanism so as to maintain the at least

one test module at the predetermined angle
30.  The method of any one of claims 27 to 29 wherein if the X-ray system
is a single view X-ray system the test device is passed through the tunnel exactly
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31. The method of any one of claims 27 to 30 wherein the test device comprises at least two test
. modules, each being capable of being used in a different test and the step of assessing comprises

aggregating the test results into a single aggregate score.and assessing the o 8‘?(]{,!&5’28& 8%ation
of the X-ray system using the aggregate score. 32. The method of claimk’iq Wherein sai

: . \ _ : . gcerve @én 010
aggregating comprises adding the test results to og?am the single aggregate score. . The
method of claim 31 or claim 32 wherein the step of aggregating the test results is performed on a

computer. o4, AndiftheXfmtyagseasingihleviiatestianmcapabitideota kastiaiianipenial with a large

tunnel size, sﬁﬂﬂw&%j%ggising: passing a test device according to any one of claims | to 26
through a radiation portal, said test device comprising a radioactive source; determining whether a

radiation detector of #aid pdhtareethodesd anyanneaeficdietine 88 irca) awlerasings st distérmining to
assess said dgigehoRCanalllibdo esShodiesMaiiedHClaimingé Yhrig e 1esh dexice is according

to claim 20. 36. Use of a test device according to any one of chtimc'1 to .26 for assessing the
detection capSSHIRPHIER FePag st SRS AP LS FesTrRaersithe testIpsuliscimpaasingievice
according to agyrepaioiciaing biceRnfothuspdrutia 6TaH0shelany sNBORCEsRAtastE  38. Use
of a test deviqgeaccogdiﬁgstgo%laim 18 for use in the method of claim 35. 39. A method of scanning
an object using aar'%%r%y sys{e'm having a medium or large tunnel, said method comprising:

assessing the detecidn capapititgtsfdan Xirimp S\isteheratcerdingetoi ngethoobidcamdding of claims 27

to 33; if ”%WY@S&%‘%&M%&@&@X@%&Q&%@ improve its detection capability; and

passing said object through said tunnel and scanning the object as it passes through said tunnel.
PCT/AU2009/000828°61RdEE7siRod aripbm £ or %@mr Re Whesiutoe StamPBogmeaptiring forming an

image of the shatsnettobiett prfbadeie oninvagafier.said image the presence or absence of a certain
;class of object in thejﬁcannﬁd chje 41, A sy rscanningq; an ohject comprising;  an X-ray

m t‘for 5 \%?%
‘system having a medium or IEFgE Fui e P S Tt A ERB SR R R ATahaye dbject

scanned theretith altatgs tustd sidesaidaonetind comprsmge of claims 1 to 26. 42. The system of
claim 41 comprisig g SemRIET NaNAR SERYAIRISAJEH 15iPep. SR oM yeLR helng Gapable of
enhancing a raw image optained by said X-ray system of said scanned object so-as t6 form the image.
‘ . radiation portal, said test device comprising a radioactive source;
o defermining whether a radistion detector of said porial can detect said.
radicactive source; and '
e using said determining to assess said detection capahiiiiy.
35.  The method of claim 34 wherein the test device is according to claim
20. o |
36, Use of a test device according to any ome of claims 1 to 26 for
assessing the detection capability of an X-ray system baving a larpe tunne] size.
37.  Use of a test device according to any one of claims 1 t0 26 for use in
the method of any one of claims 27 to 33, o
. 38,  Use of a test device according to claim 18 for use in the meﬂzéd of
claim 35. '
35. A method of scanning an object using an X-ray sjwstcm having 2 -
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 27 to 33;
if necessary, adjusting the X-ray sysiem so as to improve ifs detection .
capability; and
passing said object through said funnel and -scanning the object as it passes
through said tunnel.
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40, " The method of claim 39 comprising forming an image of the scanned
object and detennin@ng from said image the presence or absence of a certain class of
object in the scammed object. | |

| 41. A system for scanning an object comprising: _
an X—my systém having a medivm or large tunnel, and havirig the ca;ﬁacity to’
form an image of a object scanned thereby; and
a test device according to any one of claims 1 to 26.
42.  The system of claim 41 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 s0 as to form the image.
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