0 3 OCT 2005 WO 02/082125 PCT/ US02/ 10229 -1 X-RAY | NSPECTI ON SYSTEM
BACKGROUND 1. Field of the Invention 5 The invention rel a@gsqé.‘omray
i nspection systens for exam nation of itenms such as baggag ages.

Mor e spevo bi/szaizksy, the invention relates to an X-ray | NpEEEEIAP2205Y St €M and
met hod, that utilizes X-ray radiation nodified by the item unéj I nspecti on

to detect for exanple, weapons, drugﬁ expl osi ves, or other contraband.
10 2. Discussion of Related Art X-ray pDaggage inspection systens--t-ypically
operate by exposing an item of baggage to X—ra radi ati on and detectin
the X-ray radiation that i sXtRAXJNSEERTION § br scatterﬁwmmmﬂmmmu
exam ned baggage. Sone systens have used a si ngI e Vview sour

arrangenent, while others have used dual view or nulti-view arramngewents.
15 The single or dual view syste®ACKGROUNBcan baggage as it noves on a

conveyor, .u irl1 an _or scanning pencil beamof X-ray radiation in a
fixed geoﬁ?ﬁf—y%ﬁ-?—h\% systems such as Conputed Tonography (CT)
systens usual | YheihémionréatdSd X-fié}nmgfecﬁ&ﬁy‘s@ﬂﬁrﬂr cﬁﬁ-ﬂﬂzﬁg ’Otf?tQIQS Q‘tlic%cess data

correspondi ng to absarptigon of th ray radiation erent 'scan
ang| espt 025 RABBRRS QT agkages; N@éﬁmmﬂy,dhwnvtmme‘ebfeSttMen Kagyageectid At

al rports, sy HRAGHAHS, 't Qve ek ¥rap re%:e‘tgﬂ rﬁo&f?gd t())ytgglét\éhg 5%1{6‘,%&3%?&%‘3 er of

| evel s of “i nspection. one” syst such
as at a dfaw}efpe@(an‘@ﬂ@map@p,gtmga, epqﬂcfslixgps Jcﬁ@ﬁdnagarabaﬁd hour. The |evel one
system may be located at a first inspection station and may inspect all
baggage. The | evel one systemmay rapidly scan baggage usi ng sone

det ecta om.mtsbmwmh@gglatea@{i m nat e non-suspi ci ous 25 baggage. This
met hodol ogy determ ne a property of materials within the baggage, such
as, for exarrpma% Ta agrdpspeption syptewss fypecally eperatsiiyexposingan itom ofrmy enpl oy

Conpt de
t egﬁ n?g ues. g%?etg g@f“r%’%dlaﬂowbgg? Bigt ? H%ajr(ce}a% Pa[&Yat ea}rlag gp%{"h mtltrte?ctéml’*g]‘ ected) by
a | evel oiécatesaddmmithe examiped bnggag@ﬂ%me m%ns have used a single view source

detector arrangement, while others have used dual view or multi-view arrangements.

15 The single or dual view systems usually scan baggage as it moves on a conveyor, usinga
fan or scanning pencil beam of X-ray radiation in a fixed geometry. Multi-view systems -
such as Computed Tomography (CT) systems usually perform a 360° scan of stationary
baggage, and process data corresponding to absorption of the X-ray radiation from
different scan angles to reconstruct a three-dimensional image of the baggage.

20 At airports, the baggage inspection procedure may be divided into a number of
levels of inspection. A level one system may process baggage rapidly, such as at a
targeted rate of approximately 1500 bags per hour. The level one system may be located
at a first inspection station and may inspect all baggage. The level one system may
rapidly scan baggage using some detection methodology, to eliminate non-suspicious

25  baggage. This methodology may determine a property of materials within the baggage,
such as, for example, mass density, or effective atomic number, or may employ Compton
X-ray scatter, ion mass spectroscopy, or other detection techniques. The number of bags
that are not cleared (that are rejected) by a level one system may range from 10% - 50%
of the total number of bags, depending on the detection methodology and threat

30 thresholds used in the particular system.

In a multi-level system, the bags rejected by the levei one system may be
automatically sent to a level two area where an operator may visually inspect an X-ray

image of the bag. The operator may search the image of the bag for characteristic
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of the total nunber of bags, depending on the detection nethodol ogy and
threat 30 thresholds used in the particular system In a nmulti-Ievel

system the bags rejected by the | evel one system may be auﬁgrum'i omb ! v
sent to a level two area where an operator may visually inspect an X-ray

| mage of the bag. The operator may search the image of the bag for
characteristic 0 3 OCT 2005 2 objects, such as weapons, wires, explosives,
etc., and nmay attenpt to determ ne whet her a suspi ci ous,_ obj ect Wltﬁhl n the
bag rray be gdjeas, ekbbasedpams, wirss, ckplpDHvrs, Yhrafnel mphategpe %%Am%ﬁwee Efel two

station may_ g ear nﬁgct&lﬁ ?"E‘EE"‘ bggleyg bg&%ﬁg@qbgagssshagaemﬁwmrng

baggage nay"3RiCIEYs P exarrp . % of the initial
stream andgtrmyveﬂiWstﬁ@&ﬁmﬁpclmlm&lbutmeﬁ of ﬁspeettbd)bﬂ%t Ahe pmaimpg t he | evel
three station, the ba [ I ce,
than a |eveh’asaﬁeﬂg%‘?%m”&{gﬁé@fﬂé%”é' t%/ 0650; im&m %‘@?? 9% %@t dol ogy

to the Igvebe ﬁﬁﬁu%ﬁ&@remﬁpﬁﬁﬁmhﬁmwaﬂhd levélthreé]stamnl, thebeg triaytbedevi ce
maybe a CT scanner. CT_  scanners Ha” éucceseful i.n |denF| fying
expl osi ves inppscted vathYowprARSPERHD °'6§ GRSt A MBYUSE R o ge

anount. Theg; %eﬁpmbnmmoagmgy{ﬁheleeelrm;ssyﬂaﬁsl ty of t he exam ned obj ect.
The CT scanner be set up to conmnuni cat with B’F ¢F[evel ‘E[T systemin
Yor & h

order to |nterr®%ﬁ‘#aﬁl?£°d%f@|lﬁ‘%&5fﬁ‘éﬁ?ﬁmlﬂn "&fF&H‘ FHERT: Mhat was

identifiedj %mcf—me Qamlpxu&hﬁﬁhwm!enwag%mbams 1hﬁwyedgwﬁa taeexmemescan be
expensi ve an

scannerlf s %?B@F@%EUIEFS% agga lﬁ&?@\%“;&gg“ﬁ; %&p&%zﬁénaségmg The

prescanner q,beg r t@dp dabifer By b isetaip t@Iomﬁﬁmreaﬂen@ﬂmﬂwvemw- based
upon prescan data, se ecte ocatlons for CT scanni ngs a@ i dent,i fied and

CT scanni ngystemin duder kkiatermgate B ERWIASADIRCE BIFoRioR &f jniFest edicl oses
a CT obj eCthﬁﬁgﬁ@I ral] 1%?&:{&(&g£t%a ﬁﬁ%&‘&}’@ﬁ" sPdr¥is dRtibé Spefilive 4@ sidwagage

t hrough the antry syst syst em accumnul at es scanned dat a
cor r espondi ng t(Qr@rmpl!@fgéwmstﬁﬁaFb’siFFTeWEI"GF‘Sta}féT pagBeea dedissipsed m PS conveyed

to an ‘31 e%te%?h% dﬁ B 4155 t%tpégehgﬁg{a Tﬁ@ér‘ewaa&e?ﬁs &se@tdﬂe&s?dettue &th&int bbotri on

vmthln he "scanned ’Cr dSs-sec I mges of ?é}ql? the density
i nf or mat i orscanmingrequicad -tbﬁswwlpﬂ’gﬂceb?%ﬁ@ewfi W%P%ﬂa P& wanaipg froof

i nterest . Aggokdh ik b2 sBERAYTRRlerBkd o BA0sH AR 166480A PRUBRAANNI N W Lh &
discloses a CT object detector including a conveyor provided for moving luggage through
the CT gantry system. The CT system accumulates scanned data corresponding to cross-

20 - sectional views of the luggage, which is conveyed to an object detection system that
calculates the density distribution within the scanned cross-sectional images of the
luggage, the density information being used to identify objects with a target density of
interest. According to Peschmann, a prescan step such as prescanning with a line
scanner, is uscd to expedite the operation of the CT object detector by identifying those

25  regions of the luggage which should be CT scanncd and those regions which may be
disrcparded. Peschmann discloses that the object detection system includes 2 workstation
where an operator can look at the accumulated CT cross-sectional images on a monitor.
The workstation is preferably provided with a standard Ethernet network conncction that
may be used to transmit the images to a remote display station, or to an c¢xpert operator

30 whocan sequentially look at images from any number of mspectwn systems Peachmann

further discloses that once CT scanning data has been accumulated, target objects within
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scanner, is used to expedite the operation of the CT object detector by

I dentifying those 25 regions of the |uggage which should be CT scanned and
those regions which may be disregarded. Peschmann di scl oses gHacTt 65

obj ect detection systemincludes a worksjation where an operator can | ook
at the accumul ated CT cross-sectional images on a nonitor. The workstation
Is preferably provided with a standard Et hernet network connection that

may be used t tansm | LBk vOmi an
exper't oper BT SEAR S e A Sctrh 8 Por oETS iR aphA) bEin e 27,
i nspect i on sk eBEch diek pdptamfoundinthe CT irdigedt givesan identifping aumbeszrathe ng dat a

has been accunul ated, target objects, withi NDE 0 2005 3
the CT i mag&lPsang B ‘é"’&ﬂ?’? ﬁéff’%dsf%ﬁhlﬁhréaogd ?P%E?ﬁgg\}ﬁ%%jﬁ%&ey? ?%:oa densi ty
within a preseinpledFiSregibacd) &1 aftarcf theaegidm wnd (3)nhd mess CActordipg tos gi ven an
i denti fying nun‘ger and the follown 'bnformati n.i s stored tfcor t hat
region: §1) PW@@%%&FWQF%@%WW}@“@%@I gg}snbverpge{x%?emgﬁo hémp%g?on; (2)
_tge area OI g&-gﬁyg@giie&é%sarm& do&%dmeomsﬂcpﬁﬁ?ﬁmbﬂ?emg& oE’ﬁe?hmlni aL ter
identificatioh Of target objects, a verificati e apt.i ona e
enpl oyed tovﬁﬁqaéa%@eﬂg Wé%@ﬁ%oéﬁﬁ’@‘“‘?&ﬁmpwgg‘? ﬁ‘?ﬁ%ﬁ%"%&ttﬂﬁw get
obj ects. Thig offrhdtbreiks E’dhe%ﬁo?nﬁix@%tﬂefl&%u%jecf,@_ﬁingﬁmh&gy COVetd foRg t he
c

shape of the object against a |ist of aracteristics corresponding to the
target obj ecomparispmagainshknesyredugd enersypignstures for Regshohirbor fapENAO% nown dual

ener gy fégng%.g&ﬁ, fog%yh%g%t‘gpﬁ?%ﬁ&{’ for innocuous 10 objections, or by

using texture inftormati on. Anot er exanple of a device that nay be used as
a | evel three deAnetherexampleiofs devigsthetanay baysed 2t lswel thisadepetiomdericgt em such
as that desgt] [ ks %ﬁiﬁ"ﬁ' , dBRFB I U PIte . ed by

ref er ence. é%yggg#ﬁ%@ggﬁ@ t rséséégg@%c%%%éy&t%éﬁ%ﬂ?o cl ear ngess t han
hal f of t he5,64%,293, bericin inddporatep by raferemUeus, approxi mately 0.05% - 0. 25% of
t he baggage may : elopilidl;s ar ea
may be defi ned a@grggcéé)%blpﬁvgﬁ%ﬁ%g‘?@?ﬂ?ﬁ%t%/\natb% lfbagﬁng\%gle:ﬁ v?hjc ltmaly

of ten bEs di infpectsl Thus, fapprewimmtsly 086%010.35%% nbthe baggspdinay nedddo bagentéyabe
confiscated a |t %,%gﬂ ' e ) ' of the
flight tha?lef'%gmﬁ%géga' V\K/;{s.ég%lof%rce%p%)an. 2 IF%%@&E@%@@E@@%%’E %g%lh%grfor m
adequat el y, owneeyvehicls may often be difenltf dfrecongiiationis not possible, the bag may be

confiscated and additional problems may arise, such as, termination of the flight that the-

bag was to be on.
20 While the above system can perform adequately, there is still a need for a device
~ that may be used, for example, as a Jevel three device that can reliably detect various
explosives and other contraband having different shapes and locations in the item under

inspection.

25 SUMMARY OF THE INVENTION
One embodiment is directed toward an X-ray inspection system comprising an
X-ray source located at an inspection region that exposes an item under inspection to X-
ray radiation and an X-ray detector located at the inspection region that detects X-ray
radiation as modified by the item undcr inspection, and that {8 constructed and arranged
30 tobe movablc in a first dimension and a second dimension. The system further
comprises & controller coupled to each of the X-ray source, the X-ray detector, that
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that may be used, for exanple, as a level three device that can reliably
detect various explosives and ot her contraband having different shapes and
| ocations in the itemunder inspection. 25 SUMVARY OF THE | NVENTI ON One
enbodi nent is directed toward an X-ray inspection system condl3 SiClg2005
X-ray source |ocated at an inspection rggion that exposes an item under

I nspection to X- ray radiation and an X-ray detector |ocated at the

i nspection region that detects X-ray radiation as nodified by the item
under i nspeottirainmozsmert lvfithei X-rayodetdcton in the fiastdndisecand)ditheddotsp adiba novabl e i n

first di ' | [ Th f, furth '
cont 1ol | or TEOHPEerplrada 2 Rkt B B SRen 010 e psi e Selibn HrmloR. ¢t
AVENDED SHEioh e X-@5 005, t4 pasoeisithd detevdvie [ffornation, A8 to‘promide $gicesdear i n t he

first and second di gensions, and a. Rro es‘;gr coupled, to the controller
that is coMHPTRANGR {Be Pl FEogariented i thehing Xray sopree iscgpstrusted and oy

P
det ect o5, Eﬁu{ﬁle@?d?ﬁémb%_léjﬁt:ﬁ%fﬂia firft deh B onOthe s83Hld RndERY 8§ « RIiRF €SSEd
i nf or mati on, e systemis characterized in that the X-ray source Is

const r uct egimsagion, &ad thepatroller ip alsependiguedity ceptipl grovement pf the X-tiyrsenssicon, t he
second di NpOFHOK. Is ') ' : ol l | o]
configured toﬂ‘ggn‘t?gr@#geé%g?mg?ﬁ?ﬁfe&%?gsg&)u cﬁgggﬁ%tdﬁg@f%édet ector,
i ndependendiffgrept digsstibnm thpreyide p pluglity pf oy viswarof tierisot undersingredtiondadf f er ent
directions,, g%%%ﬁ%ﬁ#%ﬁhﬂc%@fw af@y Vviews of the item under

i nspection at “varying exam nation angles of the X-ray radiation. 10

Accor dlthg to ardtcrrdingterragiherembodimentcthe cordtoller isiaddisioutillyicomghirsd wonf i gur ed

to contro = « el .third, di mension,so as to
b ovi de. varpERiEETeRlen? br S iy e E b Bisa My et 14 BT Ve
oper at or ilavals 6fzoem ofdaprdeeseedtinfomaticnao tlwm;m?itmm:fadehe system al so
conprises an o Aenly i 1:.CO ed 1o the controller and the
processor, tha!t%g;cs P iag%tﬁé%&g%%?g’%eesyf%q HEq FURRTsEHE & Tan oper at or
i nput, t o ipterfadedenupled tb thetoontrollerand the pravessonnhatdd domfighred eovetdigd nNoOvement
of any cof 'EE% - I urce. the X-ray.detector and the conveyor, and that
is c%)irsﬁ i gur eaa< ng%%'éééi:%f e r%tﬂlémfﬁt;)(tcc’epéas/‘@%a ﬁgﬁfﬁﬁﬁﬁtﬁﬂaw Whge irconkal
pr ocessed mavementaifiany of the Xarayapence,tins X-ray detector and the conveyor, and that is
configured to receive the processed information and present the processed information ta

an operator.
According to another embodiment, the processor is additionally configured to
20  process the plurality of X-ray views to create a tiled scout view of the item under
ingpection and to provide the tiled scout view to the operator interface.

According to another embodiment, the processor is further configured to receive
information about the jtem under inspection from a remote inspection device, and to
locate a region of interest in the item under inspection based on the information received,

25 A further embodiment is directed toward a high resolution X-ray inspection
system comprising a high resolution X-ray source located at an inspection region that
exposes an item under inspection to X-ray radiation. The high resolution source has a
focal spot size that is less than approximately 100um, and is constructed and arranged to
be movable in any of the first dimension, a sccond dimension, and a third dimensjon.

30  The system further comprises an X-ray detector located at the inspection region that
detects X-ray radiation as modified by the itemn under inspection, and that is constructed
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Accordi ng to anot her enbodi nent, the processor is additionally configured
to 20 process the plurality of X-ray views to create a tiled scout view of
the itemunder inspection and to provide the tiled scout vi e t{l@thﬁﬂs
operator interface. According to another enbodi nent, the processor 1S
further configured to receive informejion about the itemunder inspcction
froma renote inspection device, and to |ocate a region of interest in the
i tem under inspection based on the information received. 25 A further

enbodi nengp g ﬁﬁﬁ' 486 be shovan inlthe fitgimeraionlant tiesedondaymensipeand Hn  system
conprising a high resolution X-r sour cated a In tion region
Chat  expemmssllem The SMNGES coRIPGIA BEh ot B9 KT yowss L R apY i

resol ution saur in SHeZfrst did lsedond ldfRdsiohs) and povementat el y
100m and°°P§°§c?&°§?&g§&dgéhé;%§§%$®g%g?ii -_1?8 . be novabl es' n, any of. the first

n
di mensi onef the Xerepdeteatomin s fngt angdrpgcondidimengions bR $819 BPLeFF8NEPEESN f ur t her

conprises an X-ray.det ; b | Ked dexettbnto detects
-ray racﬁra‘f‘is%%t@mn%&iﬁg\%:g%db@gt i%@%&?ﬁ%@bﬁiﬂﬁ?g@ﬁon,yand that is

const r uctecehbEdDEEcSBinERDrMatorOET Lavevide prgessd igHgaatiane be novabl e in the
first dinensio nd the,secpond. di ] . : controller
is coupled to ‘g%@??' Sth?ﬂg‘eSf g&%%@?ﬁ i It.l;lglm)g(d ?gl)? eftl%%%doi?fm ?iv?]-tg%ncont rols
movenent Rfray feteds, HtineRod extnprisinguetsfof exgosingdn siemdan X-riiyredietion foom and

movenent _ of” the X-.ray, detegtor in.the fir S | ensjons. The
syst em f ﬂtf%ﬂ%niﬁt?%‘ég T8y gy A8 P}?&ﬁ"f@gg‘&"n‘%ﬁ’g&g ggintr% p@ecei ve
det ecfgi ONyekdafop! prodessifly infétiatibe prévidayt byl etiecXrmy detdotor tppweiis prackhssedet ect i on

i nformation, and to, proyvjde rocesscfd i nf or i%gmémothherctegggﬂgi ment is

di r ect ed infomaaliprasRARIABAINERNT POPETY REPrIANGH: ARG SYstem the

met hod C%rdégleﬂo@%tﬁpﬂe% @tpeﬁhaﬁnggxeixw stoorcxixtaéwfadiragdimmsimm an

X-ray source, detecting the X-r Jadiation, .as i fi e item wt

an X-ray @é3@@4"@5@81‘?“&“6&E&qsﬁg%i‘{ﬂ“otf’%ﬁydﬁmﬁ ? m%&@h”%qyt" ﬁ%ésQ?Orngy det ect or

to provi Qﬁdﬁf&@%ﬁlﬁ@ﬂ-m& REteétaR independeindty @i thy Kctay gourdes irpanyest tteeefitzi nf or nat i on.
o}

The neth I's characterized in, that th t hod,.conpri ses ,acts of noving

t he X5r aylimennicneand thegegonskdigepsion o %F%&?%ﬁy ragigfion aégeﬁlﬁ%{%?ﬁensi on to
expose t he dibamed & 1S préad febaicksd Riformafibnaal pluslitylofeahihationsangleand novi ng
the X-ra élletector, i 'ndependently of the X—_rg% sour ce, indfn% of the first
15 di mensi on dnethehembedipaet OMPEAL; 39, PFG diterdace RS InEopRIgd [OXP ot i on at a

pluralit ¥:oﬂtfrnller and the processor, and is configured to receive instructions from an operator
input, to provide the instructions to the controller to control the movement of eny of the

20  X-ray source, the X-ray detector and the conveyor, and is configured to present the
processed information to an operator,

According to enother embodiment, the method further compriscs an act of moving
the X-ray source in a third dimension so a5 to provide varying levels of zoom of the
processed information to the operator interface.

25 According to another embodiment, the act of processing the information
coroprises creating a tiled scout view of the item from X-ray images obtained at each the
plurality of positions, and whercin the act of providing the processed information
comprises providing the tiled scout view to the operator interface.

According to another embodiment, the method further comprising acts of

30 receiving, from a remote inspection davice, information ebout the item and locating a

region of interest in the item based on the information received.
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positions, so as to provide the processed information at a plurality of
exam nation angles. Another enbodi nent conprises an operator interface
that is coupled to the controller and the processor, and is configured to
receive instructions froman operator input, to provide the0B8ndtTr 28bi ons
to the controller to control the novenent of any of the 20 X-ray source,
the X-ray detector and the conveyor, and_|s configured to present the
processed information to an operator. Acﬂirding t o anot her enbodi nent, the
nmet hod further conprises an act of noving the X-ray source in a third

di nrension so as to provide varying levels of zoomof the processed

information to the operator interface. 25 According to another enbodi nent,
the act of processinether ¢mebddiment irdlireded toaamatirqdnd inspeciing rnitemwith R &-rgx out
view of the i f .Gl ' i | | Ly of
positions, a er{o%%%s%%g%Eﬁgﬁﬁ%%gﬁﬁﬁg‘rﬁg%(ﬁeﬁg ir#%%rrg’ti on
conpri ses pr odetaitingthe Keray rddistions sonedi §edehy theitermwith pe Keray detéotir cprbesesing
According 40 ; fvhRd! ty Qo vid grbt 9@.;‘1 ' cts of 30
receivi ng,%r%ﬁﬁgéggéﬁot e ?Ir?gg{elc}ﬂn tgﬁ cg’?o il%[ or m%stcl&_on aagtl%)gltl. e itemand
locating a rpsgviding te prosessedinformptionh Ihp metho Ssther comprites 2kt pHIAYiDg the
et Vel of VRIHBRamk bRl ofy Sielainltorihl ABQRD A BBRE B nlcell 361 O 1 ©
n X em co f

i
a nethod of inspecting ah itemwt, 2 -ray _sys conpri ses acts o
exposi ng an immemdiadonat g plurslity pEpopigians mowing the)X-rayydetsotgr inany ofthe 8t i ng t he
X-ray radi atigderdinMBink sQenddimchfiod oAt thd X 34y Pfaik@oh 48 bREANRY of PrOCESSI NQ
S information provided by the X-ray detector toe provide processed
information, and providing the processed information. The nmethod further
conprises acts of nmoving the X-ray source in any of a first dinension and
a second dinension to expose the itemto X- ray radiation at a plurality of
positions, noving the X-ray detector in any of the first dinension and the
second dinmension to detect the X-ray radiation at it plurality of AVMENDED
SHEET 0 3 OCT 2005 WO 02/082125 PCT/ US02/ 10229 -6
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positions, and noving the X-ray source in a third dinmension so as to
provide varying |levels of zoom of the processed information. Aﬁg&(her
enbodiment is directed to a nmethod of inspecting an itemwit@& 20&‘-3/
system confPi®i0%42%cts of exposing an itemto X-ray radi atRGIUSRBM29N
X-ray source 5 having a focal spot size of |ess than approxi mately
100[er]m detecting the X-ray radiation ag nodified by the itemw th an
X-ray detector, processing information provided by the X-ray detector to

PLOvi e br ocopstbns thAiBADRe XIG sOLLRth bl LifEnRRTBEL BE5000E Salhng TV "9

the X-ray source in an rirst dinension and a secon o]
expose the ileesls pbzoent efithe prdcessédinfamatiompl ural ity of positions, and novi ng
the X-ray detector,] Q.,any of.a.fir di rensi gn and a second di nensi on
to detect the X- ra'?‘/ﬁéhé%fi]egfblogﬁneé‘i ls?“ﬁf‘ﬁ‘?k??’gﬁﬁ OBHESP“FPB&%‘.‘_“BRIVEF*’”X'W}_’
DESCRI PTI ON Gystéir-coRpMiniRtsTore xpesamaiach ROX 52 MidReisn froMfUrCR-ray Softed €i n

I ncorporated b ,reffggnce, .are not 15 intended to be drawn to scale. In
the drawi Ags,ha¥HeR §Potsige of leshthan ppprogiaataly: 100nra.sletsotieithe Sheay riadiation
i11ustrated i3 neifiQsy th HemSHt /1 X8 e i - ided Y

pur poses of clari tl;/, not every corrpoﬁ%ﬁe:tg&rr%ry&lggysf%é@%’ﬁ%@&&?‘adggﬁwng.
In the drawi’Rgay deee@r tp prayiderprodessedtinfatmasionoThe matddi futtiear@bmiprisgaets

system of th rt: 20.Fl G | S schematjc illustration of an
X-ray i nspecfirl1 %‘ﬁhé@gl%e'%yag&‘;“&? &?Wﬂ'qfcz? #Bﬁteﬁmg?%%%ﬁefo‘ﬁl NN WRKPSEE ar e
di agrams il ubd jtahitny-rayegiatiohat a phraitflof geitions, AAE b virddNARLAY AStedldf in
characteristics ?f a Bl gh resolution X-ray source that may be used in the
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component that is illustrated in various figures is represented by a like numeral. For
purposes of clarity, not every component may be labeled in every drawing. In the
drawings:
FIG. 1 is an illustration of a multi-level inspection system of the related art:
20 FIG. 2 is a schematic illustration of an X-ray inspection system according to one
embodiment;
FIGS. 3a and 3b are diagrams illustrating image clarity and focal length
advantages and characteristics of a high resolution X-ray source that may be used in the
X-ray inspection system of FIG. 2;
25 FIG. 4a is a perspective view of an exemplary embodiment of an X-ray detector
that may be used in the X-ray inspection system of FIG. 2;
FIG. 4b is a top plan view of the exemplary X-ray detector of FIG. 4a;
FIG. 5 is a block diagram of one embodiment of a controller and operator
interface that may be used in the X-ray inspection system of FIG. 2;
30 FIG. 6 is a schematic representation of movement of one or both of the X-ray

source and X-ray detector to create a tiled scout view that may be provided by the system
of FIG. 2;
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DETAILED DESCRIPTION
In general, the X-ray inspection system disclosed herein can be used to detect
different types of contraband (for example, weapons, drugs, money, plastic explosives,
or other types of explosives) that may be present in items such as baggage or packages,
20 by detecting X-ray radiation transmitted through and/or scattered from the item.
However, it is to be appreciated that the X-ray inspection system is not so limited, and
may be used in a number of ways, such as, non-destructive testing of parts, and the like.
Referring to FIG. 1, there is illustrated a multi-level inspection system 10 as is
known in the related art. It includes a first inspection device 12, which may be, for
25  example, a level one or level two X-ray inspection system, which examines items being
transported on a conveyor 14. When the inspection device 12 examines an item 16 and
determines that the item is free of any questionable regions of interest that could contain,
for example, contraband such as drugs or explosives, the item (for example, items 16a,
16b), may be automatically directed by an item director 20 in communication with the
30  inspection device 12, to proceed further along conveyor 14. If inspection device 12
detects a questionable region of interest within an item 16, the item director 20 may
direct item 16c along conveyor 14b to an X-ray inspection system 18, which may be, for

example, a level three X-ray inspection system, such as the X-ray inspection system
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cont r ol rmvew fela ?S{?ﬁ.& :%Pz?tap f%ﬁpe %sogﬁe 28 An X-ray detector 30 may be -

located at the inspection region 26 to detect X-ray radiation either transmitted through, or
scattered by, the item under inspection 16. In the embodiment illustrated in FIG. 2, the
X-ray detector 30 may be located at an opposite side of the cohveyor 14 from the X-ray

20 source 28, to detect attenuation of the X-ray radiation transmitted by the X-ray source 28
through the item under inspection 16.

The conveyor 14,.the X-ray source 28, and the X-ray detector 30 may be coupled
to controller 40, which may independently control movement of the X-ray source 28, by
a control signal on line 27, in any and all of a first (x), second (y), and third (z)

25  dimension, may independently control movement of the X-ray detector 30, by a control
signal on line 29, in any and all of the first (x) and second (y) dimensions, and may
independently control movement of the conveyor 14 in the first (x) dimension in
response to a control signal on line 25. The controller 40 may also control the times at
which the X-ray source 28 emits X-ray radiation. The controller 40 may further be

30 configured to receive detection information from the X-fay detector 30 on line 35, to
process the detection information, and to provide processed information. It is to be
appreciated that although one embodiment of a system for measuring an item under

inspection is illustrated in Fig. 2, various alterations and modifications readily apparent
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facility and the internet that the renote
It is to be appreciated that the network connection can be any communication network,

such as, an intranet within an airport facility and the internet, and that the remote
inspection device 104 can be any remote device such as an operator interface remote

20 from the system 24 but within the airport facility or an operator interface at another
airport facility.

| According to one embodiment of the X-ray inspection system 24, the controller

14 may comprise any of a central processing unit 42, a data interface 44, a control
interface 46, and a display interface 48. The operator interface 50 may comprise

25  operator controls 52 and a display 54. The central processing unit 42 may be coupled to
the operator controls 52 so that by manipulating the operator controls 52 an operator can
provide input signals to the central processing unit 42. The central processing unit 42
may also be coupled to the control interface 46, which in turn may be coupled to
actuators (not illustrated) associated with the X-ray source 28, the X-ray detector 30, and

30 the conveyor 14. Control signals may be sent from the central processing unit 42
through the control interface 46 to the actuators via control signals on lines 27, 29 and 25
to respectively control movement of the X-ray source 28, the X-ray detector 30, and the

conveyor 14. The central processing unit 42 may also be coupled to a data interface 44.
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source having a focal spot size 56 less than approximately 100pum. In another

embodiment, the high resolution X-ray source may have a focal spot size 56 that is less
than approximately 20um. In yet a another embodiment, the high resolution X-ray

20 source may have a focal spot size less than approximately 12pm. The high resolution X-
ray source may be used in conjunction with a high resolution X-ray detector to provide a
high resolution X-ray inspection system. FIGS. 3a and 3b illustrate two advantages and
characteristics of a micro-focus X-ray source 28 as compared to a conventional X-ray
source 36.

25 FIG. 3a illustrates an effect on clarity of an X-ray image using a high-resolution
X-ray source 28 that has a small focal spot 56 (for example, less than 100um), as
opposed to a conventional X-ray source 36 that has a focal spot 58 size of approximately
300pum. The magnification and resolution of an X-ray image 38 provided by an X-ray
source may be determined, at least in part, by the focal spot size of the X-ray source. As

30 shown in FIG. 3a, a smaller focal spot size 56 can result in a higher resolution, clearer
image 38 of an item 16 than can be obtained when the item 16 is exposed by a

conventional X-ray source 36 having a larger focal spot size 58, where the sources are
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ray source 28 discussed above, the microfocus X-ray source 28 can also provide greater

magnification images of the item 16. As shown in FIG. 3b the micro-focus X-ray source
28 can provide an image 72 that may be of significantly greater magnification than image

20 70 produced by the conventional source 36 at the same distance from the source.

According to the embodiments that have been described infra, the X-ray source

28 (see FIG. 2) may be a single energy X-ray source. According to another embodiment,
the X-ray source may be a dual energy X-ray source. A dual-energy X-ray source may
produce high energy X-ray radiation and low energy X-ray radiation. A dual-energy X-

25  ray source, X-ray inspection system and methodology using the dual energy X-ray
source, is disclosed in U.S. Patent No. 5,319,547 (the ‘547 patent), which is incorporated
herein by reference. It is to be appreciated that the dual-energy X-ray source and system
of the ‘547 patent can be modified as described herein to provide an X-ray system and
methodology at dual energy levels. |

30 FIGS. 4a and 4b illustrate, in perspective and plan view, an embodiment of the X-
ray detector 30 that may be used in the X-ray system (see FIG. 2). The X-ray detector 30
may be a radiation image detector such as a PerkinElmer RID 1640. The X-ray detector
30 may be a flat panel sensor 74 fabricated using thin film technology including
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the amor phoug nitiddtioh Wil AHAPLHRASSK-ray source, such as disclosed above, where the source

may frequently emit high-energy and low energy X-ray radiation.,

FIG. 5 illustrates an embodiment of the controller 40 and operator interface 50

20  (see FIG. 2). In this embodiment, operator interface 50 may comprise a joystick 78
coupled the controller 40 via lines 84. In an alternative embodiment, the joystick 78 may
ultimately be coupled to controller 40 through computer 80 via line 83. The controller
40 may also be coupled to linear actuators 82a-c and may effect movement of any one of
the X-ray source, the X-ray detector, and the conveyor in any of the first, second and

25  third dimensions. By manipulating the joystick 78, the operator may provide the control
signals over lines 84 to controller 40, which can activate the linear actuators 82a-c to
move the conveyor to move the item under inspection in the x dimension, to move the X-
ray source in any of the x, y and z dimensions, and/or to move the X-ray detector in the x
and y dimensions to the desired position. It is to be appreciated that although there is

30 illustrated one actuator for each dimension (X, y, z) to control movement of each of the
X-ray source, the X-ray detector and the conveyor, there may be provided more than one

separate actuator for each dimension and for each device to be moved by the actuators.
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enbodi mentthe dystemadiiig. @ the coxtbolleny0 nageove theKeapeburo$28 and the X-ray
detector 30 independently of each other to provide a plurality of X-ray views of the item
under inspection at varying examination angles of the X-ray radiation that are provided
20 by independent location of the X-ray source and the X-ray detector. In particular, the X-
ray source and the X-ray detector can be moved independently to measure the item under
inspection at numerous angles and along a plurality of planes or slices created by the
independent locations of the source and detector.
FIG. 7 illustrates an example of movement of any or both of the X-ray source
25 and/or the X-ray detector of FIG. 2, when the item under inspection is moving, to create
atiled scout view. It is to be appreciated that in one embodiment during the inspection
procéss, the conveyor 14 may continue to move the item under inspection through the
region of inspection, such as, at a reduced speed, and that this movement of the item may
be accounted for in the tiling process. FIG. 7 illustrates a plurality of measurements that
30 can be used to create the tiled scout view if the item is moving during the inspection
process. A tiled row of a composite image can be constructed by taking a first 2/3 of a
first frame 90 and a last 2/3 of a last frame 94 to form the left and right edges of a portion

of the tiled scout view, and taking a middle third of each intermediate frame 92 to create
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20 interest. The zoomed image may be obtained'by moving the X-ray source closer to the
item under inspection. The operator may then inspect the region of interest in greater
detail. The operator may also bring the tiled scout view back to the main display area
100 by manipulating an appropriate control on the operator interface. Various statistics
and information regarding the system may also be displayed in a display area 102. For

25  example, display area 102 may display information such as online/offline status of
screening devices, operator workload, number 0f bags screened per hour, percentage of
bags rejected, etc. It is to be appreciated that another embodiment of an operator
interface that may be used in the X-ray system is described in detail in US Patent No.
5,870,449, which is incorporated herein by reference.

30 Referring to FIGS. 9a and 9b, there are illustrated examples of X-ray images that
may be provided by the X-ray inspection system of FIG. 2. FIG. 9a, illustrates an
example image of a region of interest within an item under inspection. Referring to FIG.

9a, it is illustrated that a suspect device containing wires has been detected. Fig 9b
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appropriate control on the operat or 'nierface. Various statl st and
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appr eci at e»(\j/it}tl Qﬁgmgg%%o% {he%grggtgllrﬁgétlogfdewce ?&F toalocate the region of interest in
the item under inspection. However, it is to be appreciated that the item may shift in
20  orientation during its move from the remote inspection device to the present inspection
region, and therefore it may not be straightforWard for the operator to locate the region of
interest in the tiled scout view. Therefore, the controller 40 may also be configured to
automatically compare the image obtained from the remote inspection device with the
tiled scout view to locate the region of interest.
25 Referring to FIG. 10, there is illustrated one embodiment of a process for locating
a region of interest in the tiled scout view based on a previously located region of interest
from a remote inspection device. The item may be imaged at, for example, a first level
(step 110). The item may then be conveyed to, for example, a second level (step 112) at
which may be located the X-ray inspection system 24 (see FIG. 2), and imaged by the X-
30  ray inspection system (step 114). This imaging may produce a tiled scout view of the
item. The controller may locate a region of interest in the image provided by the first

level inspection device (step 116). However, the item may have been translated, rotated,



interface that may be used in the X-ray systemis described in detail in US
Patent No. 5,870,449, which is incorporated herein by reference. 30
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I nspection. However, it is,to be appreciated that the itemmmay shiff in 20
orientation %gﬁﬁﬁnﬁ@”%v‘ét legst fvg ﬁg“‘?‘?jrﬁ?i'gs AX B& UE9HA refe |e(fgt¥’f‘8“f"q’FL
present iifspaeaidiidn if 8@ixodimeAdish 186 @EA! ahd thredElduBRl pdifits pidyedled &y war d for
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Therefore, tAditienaily stsolve tpslation ofitheitera inctha trdjmension. gHowever, additional -
fiducial points such as up to twenty fiducial points, may be located in the image and used
to ensure that at least some of these fiducial points may be located in the tiled scout view
(some fiducial points that may be located in the image may be obscured in the tiled scout

20  view). Once .he at least two fiducial points have been located in the image, the
controller may define a geometric relationship, such as, for example, a distance between
the fiducial points (step 118). The controller may locate the corresponding two fiducial
points in the tiled scout view of the item, and may resolve the fiducial point relationships
between the image and the tiled scout view (step 124) to reconcile the image provided by

25 the remote inspection with the tiled scout view, and to locate the region of interest in the
tiled scout view.

In an altenative embodiment, steps 116 and 118 may be performed by a remote
processor associated with the remote inspection device. According to such embodiment,
the remote processor may create a list of fiducial data, such as, for example, the

30 relationships between the fiducial points in the image of the item (step 120), and may
transmit the data to the X-ray inspection system disclosed herein (step 122).

The controller may position the X-ray source, the X-ray detector, and/or the

conveyor to position the item and to inspect the region of interest (step 126). According
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energy sensitive detector 106a that detects X-ray radiation in a predetermined energy

window that is scattered by the item under inspection. It is to be appreciated that some
components of Fig. 11 are illustrated with the same reference numerals as the

20  corresponding components of the system of Fig. 2, and that the operation of the
components has already been discussed infra with respect to Fig. 2 and is therefore not
repeated in this discussion of the embodiment of Fig. 11. The energy sensitive detector
106a may be configured to provide the coherent scatter information to the controller 40
via line 31, which may process the information and perform coherent X-ray scatter

25  analysis. A coherent X-ray scatter analysis may measure additional properties of
materials of the region of interest within the item under inspection, which may aid an
operator or the system in making a decision on whether or not the item under inspection
can be cleared. According to one embodiment, the X-réy scatter detector 106a may be
disposed in the inspection region 26 so as to detect X-ray radiation back-scattered by the

30 item. Alternatively, the X-ray scatter detector 1062 may be disposed at the inspection
region 26 at a different location so as to detect X-ray radiation scattered by the item
under inspection at a selected angle. According to yet another embodiment, the X-ray

inspection system may comprise two or more X-ray scatter detectors 106a, 106b
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conveyor 14, and therefore the itemunder inspection 16, as needed for the
furt her rexerence. . E

In another embodiment, the X-ray inspection system 24, 24' may also be used in
conjunction with a computed tomographic (CT) scanner 108 (See Fig. 11). The CT
scanner 108 may be used to provide information about the three-dimensional spatial

20  configuration of materials within the item under inspection, but typically takes a long
time to process each CT scan, and is therefore not ideally suited to many applications
that require efficient, real-time scanning of the item (such as, baggage inspection at
airports). Coupling the CT scanner 108 with the X-ray inspection system 24 may
increase the efficiency of the item inspection. For example, the X-ray inspection system

25 24 may be used to identify a region of interest in the item under inspection that warrémts
a further, more detailed inspection by the CT scanner 108. Positional information
regarding the location of the region of interest in the item may be provided by the
controller 40 of the X-ray inspection system 24 to the CT scanner 108, which may then
perform a CT scan on the identified region of interest. Since this region of interest is

30  typically significantly smaller than the whole item under inspection, the time required for
the CT scan may be reduced, thereby making the combined X-ray inspection system 24,

24’ and CT scanner feasible for use in the above-mentioned types of applications.



i nspection. This additional inspection may be done, for exanple, if an
operator cannot 15 clear an item based on the X-ray inmag a‘#@nmReferri ng
to FIG 11, this enbodi nent of the system may further coﬁﬁr e ener gy
sensi ti vwodengaedr 106a that detects X-ray radiation i n BCpUSA0E29M ned
energy w ndow that is scattered by the itemunder inspection. It is to be
appreci ated that sonme conponents of Fi 9. 11 are illustrated wth the sane
ref erence nunerals as the 20 correspondli ng conponents of the system of Fig.

2, and that the operation .of ,the .conmponents has. alre been di.scussed
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back-scattered by the 30 item Alternatively, t scatter detector

106a nmay be di spdb¥yandisgusseddnirhagerding fp oneembadimentathe X-gryfinspeetian | ocat i on
so as to t ' adi at | i nykhnspection at
2 sl oot od 2ag % 2hatey AL ARSEARCHRL RN M (AT, 2ha FREL) P

i nspectd oncogples tmsystymdco apeiveoek swah asrfonexample, ity Inseraét] 2 focalatrenateowark106a,

106b WO 02/ 082125 -18 03 2005 . PCT/ USQ2/ 1022 i.sposed at different
| ocati ons ¥t p[ukﬁc felPpaRg ?%%3?860 g%?p@%‘“aalgdlg’&t g’é?@é?"‘i‘-’&ﬁ’ﬁ“‘r i ation
scattered @htrdlilérfrﬁdyﬂﬁtcoﬁﬂﬁlheé tdprotide tHel RO 4 e hforMais; shdihs XRkdyer nat i vel y,
the X-ray source 28 and the X-ray detector 30 of the X-ray inspection

system 24 FageHtd aetaieePrBoriaterigei U (el dd ardgaseiye ApHYCtinsaiosr the 5
regi on of &0LB{RSbperdtQf inf¥ AP 64, vidife ﬁ&%?lpﬂ.e’f'higge &Ql?ov&?ﬁjr'egéiﬁﬁg to

suitably position and control rnovement of any of the X-ray source 28, the
X-ray thet eemote operainrgitor view datawoe yroages gbtamedby dhe $psteint, éorptedsee oo dipent tther m t he

Conput ed Liﬁ‘é‘p‘é&?&ﬁ?r@&s,%? ﬁ)ni'deﬁtﬁfyiit%mts %hat need be inspected when they arrive at the
remote location. Examples of remote operators may include a local police bomb squad,
or a customs official at an airport destination of the item under inspection.

Having thus described several illustrative embodiments, various alterations,

20  modifications and improvements will readily occur to those skilled in the art. Such
alterations, modifications, and improvements are intended to be within the spirit and
scope of the invention. Accordingly, the foregoing description is by way of example

only and is not intended as limiting.




be understood that Conputed Lam nography is a measurenent techni que and
process for neasuring detailed X-ray inmages of one or nore predeterm ned
pl anar sections of an 10 item under inspection, while not fgﬁgs i_ng on

i mges of other planes with the nmneasurenent. A Conputed Lan d@ﬁé%ﬁﬁ scan
may provide a better inage of the item and renove clutter either
underlying or overlying a region of interest, thereby enabling an operator
to nore clearly see the region of interegb inthe imge. It is to be
appreciated that the systemof Fig. 11 Can be adopted to performa
conput ed Lam nography scan by, 15 for exanple, using the process of U S.
Patent No. 5,490, 218 herein incorporated by reference. |In another

enbodi ment, the X-ray inspection system 24, 24' may al so be used in
conjunction with a conputed tonographi LA scanner 108 (See Fig. 11). The
CT scanner 108 nmay be used_to provide inf tion agbout  the
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may increase the ficj ency g; t he, item i nspection F‘Br exanmp] e, the X-ray
i nspecti on syst effR25myAEeler () 196ateA 1408 IPRTYOpyeRleT @) B d5tects ArEBWest in the
i tem under B8RS dsoibdifivdiby Ry itamiufier Msjetidn(@6), antiha | deinstinlced nfap@deion by
the CT scanne% 108 Positiopal Information regar,di ng the location of the

regi on of i rip&pToFalemafyst GmepnsenAnge SEcoBd MR t he control ler 40 of the
X-ray inspection asystialler @) taupledeo €AEh sfthn Xemy 3di8ce (AB) amld theely-réyhdetectrer f or m a

CT scan gn t dentjfied regio i nterest .S nce. this region of, interest
s 300y iy e Gk Bl Roh SRl peh R cR R M S ARhigbE | on.
the tinme reamdred for the CT scan may be reduced, thereby naking the
conbined X-ray i LO ; : r_f ihle for use
in the above- rren{a%goﬁg%oﬁ @%‘z‘g"%@g%"g%? f%ngr:ép%rgggmgg gﬁ%ﬁﬁ@@egé Pg2125
PCT/ US02/ 10320rmstidn fitor the Kerap detegipm B8 totreeressithe damgctibn itfiermatien, cod to

enbodi ment s . X- i ?Hﬁ%{.' system di scl osed herein, the item under
i nspection ﬁgi/w%%étgééggecg ransﬂ?lgir;l’r ed to a renote location for further

i nspect ilén, shourkmrastitized igrtbat equi pment be required for the _
the X-ray source (28) is constructed and arranged to be movable in any of the first

dimension, the second dimension and a third dimension;
the controller (40) is configured to control movement of the X-ray source (28) in the
first dimension and the second dimension; and
20 the controller (40) is alsa configured to control movement of the X-ray source (28)
and the X-ray detector (30) independently of each other in any of collinear directions and
different directions to provide a plurality of X-ray views of the item under inspection (16) at
varying examination angles of the X-ray radiation.

25 2 The X-ray inspection system (24) as claimed in claim 1, wherein the
controller (40) is additionally configured to control movement of the X-ray sourcs (28) in

the third dimension so as to provide varying levels of zoom of tho processed information.

3. The X-ray inspection system (24) as claimed in either one of clajms |
30 and 2, further comprising an operator interface (50), coupled to the controller (40) and the
processor (42), that {s configured to receive instructions from an operator input, to provide



i nspection. However, it should be appreciated that with the system

di scl osed herein this 5 should not be necessary since the X-ray i nspection
systemis intended to provide detailed inages that are suffjci

detect any contraband under nost circunstances, and is al so0 %gﬁ? ﬂﬁ)ed to
perform nost additional scanning (if necessary) at the same | ocation.

was di scussed infra, according to one enbggl ment, the X-ray inspecti on
system 24, 24' may include a network conné&cCtion 34 (see FIG 2 and FIG 11)
that 10 couples the systemto a network such as, for exanple, the Internet,
a local area network, or a public telephone network. It is to be
appreciated that for this enbodinent, the controller may be configured to
provi de the f

provi de the, AAPRERSA SRR Whas d E e FURPor OB BUBLE ||
renot e oper at(@¥) and ther X-gasedetenter (39 and that is senfigured daurceatyyd andiepirerk thal | ows, for
exanpl e, \rfeggggs%dgg 191Jit%antoger¥i!o?w data or inages obtained by the
system to oversee or direct I nspection process, or to identify itens
that need be inspected when they arrive at the renote |ocation. Exanples
of remotesopgfators may iRglidey es,&ceﬁalsyeem(ﬁeabemea%agmz%e?mgla':h%tm
official at an airport destination of tem under i nspect’i on Vi n
thus descri b@ocsesoriia) isicpaiigaradaq Progess HISGUNTRH PEX-TamYiPwL 1 CEFlatﬂeﬂrtdFCI WSt 20
modi fi cati ongyRngk thdRRURIER M5 fectbd (165, €adi | y occur to those skilled in the
art. Such alterations, nodifications, and inprovenents are intended to be
within the spirit and scope of the invention. Accordingly, the foregoing
description iss by way of W&ﬁmﬁ%dﬁ@ﬂﬂml(ﬂ)@@mﬁﬂ%ﬁﬁp&%@%vﬂel-é*?x{h'ong 03
OCT 2005 20 CLAIMS 1., An X-r egx |nsE§gt| on s stem (2 &gt hat exam nes an

i tem unddP i REj5EEET G is crdiETeE T L SPR el am etz itemm updss frspeghien
system conprim)ng: an X-ray source (28) located at the inspection region
(26) that exposes the itemunder 5 inspection (16) to X-ray radiation; an
X-ray detector (30) |located at the inspection region (26) that detects
X-ray r adldasj gn as nodi f iedXpay xﬁépecﬂohemtuﬁ@oasﬂﬁﬁxe@m @ﬂm(zﬂ%ergmet hat di S
constructed and arr noya n sion,and a secon

di mensi on; ap@B‘ﬁF‘r‘r&%gf P"(%Ef)co T r?c(?lvéé'ga "WOT ﬁbémgéqegvné‘ﬁﬁﬁ’éfgpf%? and

t he X-ray5 de(lérfroin s remote inspection device (104) and to locate a region of interest in the item

under inspection (16) based on the information received.

7. The X-ray inspection system (24) as claimed in claim 6, wherein the
information about the item under inspection (16) comprises an image, and the processor (42)

20  is further configured to compare at least two fiducial points in the image with at least two
corresponding fiducial points in the tiled scout view and to align the image and the tiled
scout view to locate the region of interest in the tiled scout view,

3. The X-ray inspection system (24) as claimed in claim 6, wherein the

25  controller (40) is further configured to automatically position the X-ray source (28) and the
X-ray detector (30) for a further inspection of the region of interest in the itern under
inspection (16), in response to the information received by the processor (42).

9. The ¥-ray inspection system (24) as claimed in claim 8, further
30  comprising an cnergy sensitive detector (106a) coupled to the processor (42), that detects
X-ray radiation in a predetermined energy window that is scattered by the item under



10 (30), that controls novenent of the X-ray detector (30) in the first and
second di nensions; and a processor (42) coupled to the controller that is
configured to receive detection information fromthe X-ray det%ﬁﬁohn£30),
to process the detection information, and to provide proces§@@
information; 15 characterized in that the X-ray source (2S) is constructed
and arranged to be novable in any of the first dinension, the second

di rension and a third di mension; the cggtroller (40) is configured to
control novenent of the X-ray source (28) in the first dinension and the
second di mension; and 20 the controller (40) is also configured to control
novenent of the X-ray source (28) and the X-ray detector (30)

i ndependently of each other in any of collinear directions and different

directions to pr gl\[‘/j_i)’d&‘g1 Q%I%If%’{ fi‘l'gig%“@{’ﬁ (é%j gén{.go}qng\g@oﬁgre,ﬁ B&uttet Biray BfkdYysis of

i nspect i oHSPeEEYR m na es of the X-ray radiation. 25
2. The X- iaYtef r\ﬁﬁacﬁmd@aﬁ@ygﬁpm (24) as clainmed in claim1, wherein the
controller ?4 I's additionally configured to control novenent of the X-ray
source (29) in the third dinension so as to provide varying |evels of zoom
ol ai med § i ther ' or °r'“?“"f"ﬁy"’@”°1°“b§%%‘“§“§”“?"’“?‘*"‘"‘“Weﬁ(- w0 as t
clainmed in“either one of clains an ur : rator
i nt erfapecogxsﬁr)sinscﬁﬁmwwfl(}ﬁ)tcﬁ%mé‘ﬁﬁ'?F“E)qﬁ‘réar“gfélt?)m%ﬁqﬁ % ﬁ%ﬂ%@@%@%@ﬂ?ﬁ t hat
is confi gg{tggf*sﬁd{,&q@;cx@g {HR $rispéttion edptord @a)aah whpreinthoconmofiat (40) & fprteari de 0
3 OCT 200 e Instructions tqQ the con{r | 1er $49%n519 &ontrol t he
movenent oéafigngeddé contesl movapent 5 tReSOnYey 8y 13&5“??18 SV 8% ect or (30), and
that is configured to receive and to present the processed infornmation to
an operator. 5 4. The X-ray inspection s\ m (24) .as _cl ai in claiml,
wherein the processor Tha )ravwemﬂvaﬁ%m‘*g%é%%%‘éﬂffﬁlé“Effﬁa&ﬁ‘ty of X-ray
views 10 create a +SR6UB22) HesP¥hsD¥e th fite: donaBllerd®rani neypded toche (16) . 5,
The leayc?ﬂ%'bséncgta%%}}léaggcsteﬁ]ﬂ?ﬁ) Sgs cl ai in.claim4, wherein the 10

( ) H,E thirae \ .
Pr ocessor cépvayori(s4)s tuf inguesshe ¢a5Veyas 4143 1 e st ey vi ew of an entire
item under inspection (16).

12. The X-ray inspection system (24) as claimed in claim 1, wherein the
X-ray source (28) is constructed and arranged to sxpose the item under inspection (16) with

15 acone-shaped beam of X-ray radiation.

13. The X-ray inspection system (24) as claimed in claim 12, wherein the
X-ray source (28) has a focal spot (56) size of less than100pm, so as to provide a high
resolution X-ray inspection system.

20
14. The X-ray inspection system (24) as claimed in claim 1, wherein the

X-ray detector (30) comprises a two-dimensional amorphous silicon X-ray detector array.

15, The X-ray inspection system (24) as claimed in claim 2, further

25  comprising a plurality of linear actuators (824, 82b, 82c) responsive to the cox'm-oller (40)
and coupled to each of the X-ray source (28) and the X-ray detector (30), that move the
X-ray source (28) in any of the first, second and third dimensions, and move the X-ray

detector (30) in any of the first and second dimensions.



6. The X-ray inspection system (24) as claimed in claim4, wherein the
processor (42) is further configured to receive informati on about the item
under inspection 15 (16) froma renote inspection device (1%% ogﬂmo

| ocate a region of interest in the item under inspection ( on the
information received. 7. rho X-ray inspection system (24) as clained in
claim6, wherein the information about the item under inspection (16)
conprises an inage, and the processor (43) 20 is further configured to
conpare at least two fiducial points in the inage with at |east two
correspondi ng fiducial points in the tiled scout view and to align the
image and the tiled scout viewto |locate the region of interest in the
tiled scout view, 8. The X-ray Inspection system (24) as clained in claim

6, whereinjghe 25 cont gk ikefy(miBbction s§itérh () of SRin<@Un OMirh 0, WhereinEhé cal | y
position the X-ray source (28) and the X—rat¥l detector (30

) for a further
i nspect i onXotfay serscs @) eemprises i felsaerey sourprothat saits o epergy ‘iﬂéé’fﬁ%ﬂ?“(f’i‘é) ., in
response tg Lokormatiianor ecei ved by the processor (42). 9. The X-ray
i nspecti onﬂlg}rsé?eeljﬁ??gﬂa?qadsl clnai med in claim@8, further 30 conprising an
energy sensitive detector (106a) coupled to the processor (42), that
detectss Xjjay radiati ognl &gy Msﬁeﬁihﬁey&a@eh:z?afex%ewf«i@smm i§akhekdin et t er ed
by the 1temunder 03 2005 22" i nspection (16), and wherein the processor
(42) per f opesessor(df)ds epnfigviodte deterning gn affiestiye ptomig numphes of & @membwﬁm
i nspection : . . o j oYa s j [ | ai m
1, further mé}tg)gnupngi?rslfgr% gtéaﬁcg% gjh/%ra%?%iﬁ' conzﬁﬁg%tgog\%r?g §}é§%re ?r\]ﬁg%" 'EJ gth%rmve
t he item ukighendrgy Keay raiintios@pd a measunesd dtteneatiodithrongti themate thabvect i on
region (26 and wherei.n the controller (40) is further configured to
control rm%iecF@}r??m e %gg%'onveyor (14) in the first dinmension. 11. The X-ray
i nspectd on system (24) as clainmed in claim110, farther 10 conprising a

| i t yat 82 i to th
| inear actygtor (822) " #RPRIs) Mokl Buenl & ek dPuaalY BRNALRR (0 the
X-ray i nspsatroler (4§)ds ErthePeonfigared tarepeatedinmobatheXraywherce (28) rhd theXXrayy

(16) i SetisTor QA YFERAARE Bh BRI LOoRBAR Rkt LRy "oPect! O

i nspect i ormeassterreny fa)e idem chdar insgedtion€1®i m 12, wherein the

. 15
19. The X-ray inspection system (24) as claimed in claim 1, wherein the
processor (40) is coupled to a network and is configured to provide the processcd
information to a remote operator interface (50) via the network.

20 20. The X-ray inspection system (24) as claimed in claim 19, wherein the
network comprises any onc of the Internct, a public telephone network and a local arca
network.

21, The X-ray inspection system (24) as claimed in claim 1, further

2S5 comprising a device, responsive to the processor (42), that rotates the jtem under inspection

(16) to provide up to a 360 degree rotation of the item under inspection (16).

30



X-ray source (28) has a focal spot (56) size of less than 100[err]m so as
to provide a high resolution X-ray inspection system 20 14. The X-ray

i nspection system (24) as clainmed in claim 1, wherein the ggrgnf @@bect or
(30) conprises a two-dinensional anorphous silicon X-ray detector array.

15. The X-ray inspection system (24) as clained in claim2. further 25
conprising a plurality of linear actuators (82a, 82b, 82c) responsive to
the controller (40) and coupled to each4of the X-ray source (28) and the
X-ray detector (30), that nove the X-ray source (28) in any of the first,
second and third dinensions, and nove the X-ray detector (30) in any of
the first and second dinensions. 0 3 OCT 2005 23 16. The X-ray inspection
system (24) as clained in claiml1l, wherein the X-ray source (28) conprises
a dual -energy source that emts |ow energy X-ray radiation and high energy
X-ray radiation, 5 17. The X-ray inspection system (24) as clained in claim
16, wherein the processor (40) is configured to deternine gn effective
atom ¢ nuaber of a rrat eFheak-row inppagtion syatem @M agsipdmed insaim 4, ®I6), based
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ocessor net wor k
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operator ipterface a rhe net . 20 20. The X-ray inspection system
(24) 38 cl"é‘? B“tl‘ﬂe‘gfi’a&"renoi'gat"\‘;\ﬂ’é?gq Wgolli network conprises any one of the

Internet, a public tel ephone network and a | ocal area

23, The X-ray inspection system (24) as claimed in claim 22, wherein the
15  processor (42) is further configured to receive information about the item under inspection
(16) from a remote inspection device (104) and to locatc a region of interest in the item

under inspection (16) based on the information received,

24. The X-ray inspection system (24) as claimed in claim 1, wherein the
20 © X-ray source (28) includes a high resolution X-ray source having a focal spot (56) size that
is less thap 100pm.

25. The X-ray inspection system (24) as claimed in claim 24, wherein the
X-ray detector (30) comprises a two-dimensional amorphous silicon high resolution X.ray
25  detector array having 1024x1024 pixels.

26. A method of inspecting an jtem (16) with an X-ray system (24), the
method comprising acts of:
exposing the item (16) to X-ray radiation from an X-ray sourcs (28);
30 detecting the X-ray radiation modified by the item (16) with an X-ray detector (30);



network. 21. The X-ray inspection system (24) as clainmed in claiml1,
further 25 conprising a device, responsive to the processor (42@, bgﬂt
rotates the itemunder inspection (16) to provide up to a 360 @g
rotation of the itemunder inspection (16). 30 0 3 OCT 2005 24 22. The
X-ray inspection system (24) as clained in claim2, further conprising an
operator interface (50), coupled to the controller (40) and the processor
(42), 5 that is configured to receive instructions froman operator input,
to provide the instructions to the cont#dller (40) to control the novenent
of any of the X-ray source (28) and the X-ray detector (30), and that is
configured to receive and to present the processed information to an
operator; and wherein the processor (42) is further configured to process

the plurality of X—r i e to create. a-til co view qf the item
under i nspecti oRTCEBNE 1§ %&"’PV\%"WSVFE@% W@’é@yt eﬁ‘:&tﬂr étc%fﬂpr\‘ﬂ" WP foé:effsﬁé
oper at or i RiRfhafs (50) 23. The X-ray i nspection system (24) as clainmed in
claim 22, wherein the 15 ocessqr 2) ,is further configured to receive

i nformati on aboGhﬂﬁﬁmﬁﬁmﬁﬁh@éfﬂ“@ﬁ%@éﬁﬁﬁﬂei’ ) froma renpte inspection

devi ce (104) an ggt,@ ao&@agezeﬁm% bﬂ&ﬁf&&ﬁnénﬂoﬁhﬁ‘dh&&ﬁhd BinstRkion to

i nspection (16) on t e information received. 24. The X-ray inspection
system 624)=xwe(diﬂatmﬂﬁi)w7é-lf@)i raslintionater riwslityiof positions: sady ay sour ce (28)
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is less than 105'l X-ra nspection stem as calrre Inclaim
24, wherei first Idenen?&mna;ad thet secandditi@0jondo #pﬁectsthesxaax wdwapmmplwélty efror phous
silicon hi g)k(l r uagngg X-ray 25 detector array having 1024x1024 pi xel s.

26. A netho o inspecfing an item (16) with an X-ray system (24), the

met hod conprising acts of. exposing the item (16) to X-ray radiation from

Tem (18) “@th an X1 ay e PEURE Pishety St SEh Ay BRI LA bithrbovkal®
the X-ray source (28) in a third dimension so as to provide varying levels of zoom of the

processed information.

28. The method as claimed in claim 26, further comprising an act of moving

15 theitem (16) with a conveyor (14), in the first dimension to & region of inspection (26).

29. The method as claimed in claim 26, further comprising an act of
providing the processed information at the plurality of examination angles to an operator
interface (50).

20
0. The method as claimed in claim 29, wherein the act of processing the

informstion comprises creating a tiled scout view of the item (16) from X-ray images

obtained at each of the plurality of positions,

25 3l The method as claimed in ¢laim 30,wherein the act of providing the

processed information comprises providing the tiled scout view to an operator interface (50).

32. The method as claimed in claim 30, wherein the act of creatiné the tiled
scout view comprises creating a tiled scout view of an entire item under inspection (16).
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processing i nformation provided by the X-ray detector (30) to provide
processed information; characterized in that the nethod conprises_acts of
noving the X-ray source (28) in any of a first dinension and a 83c
dinmension to 5 expose the item(16) to X-ray radiation at a plurality of
positions; and noving the X-ray detector (30), independently of the X-ray
source (28), in any of the first dinension and the second dinension to
detect the X-ray radiation at a plurality of exam nation angles. 10 27.
The method as clainmed in claim26, further conprising an act of noving the
X-ray source (28) in a third dinension so as to provide varying | evels of
zoom of the processed information. 28. The nethod as clainmed in claim 26,
further conprising an act of noving 15 the item (16) with a conveyor (14).
in the firsi3. di mension tTheansthg mrelarhed mdaimt 300 furth2bomp?Ring B ofet hod as

clainmed in claim?26 ther co isin t' 0 provi di ng the rocessed
i nformation at Wé”ﬁ!&#@ﬁaﬁmg@r@ﬁ%ﬁﬁw WB?la@ﬁb’i“é@mﬁﬁmhﬂwBb Fatemy (16); and
interface (50). Itk rok Ei JTeitBet iR heGled (T81bdstd @A&'emfaﬁmatmﬁ@é&mat he act

of processing t orfrati on conprises creating a til scout view of the
item (16) from X-ray i nmages obta| ned at each of the pI urallty of

posit1 0pS. 25 31. The maiorlyns Shaldefolih Shahei0n MIShSkAaLhR AL Of

provi di-hg thé processe 'on CoOnprises provi |ng scout
vi ew t 0 anceppniszs en imageant dlweact 6fipcatiag thetrhgionef intaleshin thé e ii6)i comgirizésm 30,
wherein the ac{e of creating the tiled scout view conprises creating a
tiled scouf®PEw of an entire item under i nspection (16). .30 03 OCT 2005

26 33. The net hmdat&x:‘glﬁlﬂadimgehﬂegstﬁzbdmicaﬁm[j;bmtsher conprising acts of,
receiving froma renote qaﬁectl qQn device (104) informtjon about the item
(16); and | ocaloPRifie4n theilehseont YiRy 8t least twocqrrraponding fidpsial pris®d on t he

i nfornpgion recgighfih the tiled scout view with the image based on a location of the fiducial
points; and
locating the region of interest in the tiled scout view bascd on a location of the region

of interest in the image,

15 35, The method as claimed in claim 33 further comprising an act of
automatically positioning the X-ray sourca (28) and the X-ray detector (30) for a further

inspection of the region of interest, in response to the information received.

3. The method as claimed in claim 26, wherein the act of exposing the item
20  (16) to X-ray radiation comprises an act of exposing the item (16) to a cone-shaped beam of
Xaray radiation.

37. The method es claimed in claim 26, wherein the act of exposing the itern
(16) to X-ray radiation comprises exposing the item to X-ray radiation from an X-ray source
25  (28) having a focal spot (56) size of less than 100um.

. The method as claimed in claim 26, wherein the act of exposing the item
(16) to X-ray radiation comprises exposing the item to high cnergy X-ray radiation and
cxposing the item to low energy X-ray radiation.
30



5 34. The nethod as claimin claim33, wherein the information received
conprises an inmage and the act of |ocating the region of interest in the
item (16) conprises acts o locating in the imge at |east two fiducial
points; locating in the tiled scout view at |east two corresgﬁ db[g,g
fiducial points; 10 aligning the tiled scout viewwth the i ge aggﬁ on a
| ocation of the fiducial points; and locating the region of interest in
the tiled scout view based on a |ocation of the region of interest in the
i mge, 15 35. The nethod as clainmed in cla m33,further conprising an act
of automatically positioning the X-ray source (28) and the X-ray detector
(30) for a further inspection of the region of interest, in response to
the information received. 36. The nethod as clained in claim26, wherein
the act of exposing the item 20 (16) to X-ray radiation conprises an act
of exposing {he item (16 gﬁ};@g a : b A< L 7.
The net hod ajg'cl ai med in)-rg%g}e%wg%,%r ereiﬁ(rélﬂ'ltﬂﬁej@é’al‘vglzw'11(5)1?‘< I%e%géfﬂgg@e{shzggﬁegm
(16) to X-r infongedioncomprigsanpri ses exposing the itemto X-ray radiation from

an X-ray source _25 (.28 Vi %ﬁ! ) S f.less than 100m
38. The net hod ag’eéﬁ“&i’]ﬁéﬁ?ﬁh%ﬁgﬁ?ﬁ ) aﬁgg{éﬁr%ﬁ&rﬁ;@faﬁgp, exposing the item
(16) to X-ray rafieaturing aceuwpd edensatiorpufshalgwt Xeray tadintibny dadlgh energy X-ray
radi ati op and exposi.ng the itemto.l ow ene -ray.r.adiatiop.. ,30.0 3 OCT
2005 27 39 The HRRTEE et g R fic VRS L harar Y Bedldspfiey pised on
processi ng thedirstiand escond etenuatdnpr i ses: neasuring a first attenuation of the
hi gh energy X-ray radiation; neasuring a second attenuation of the |ow

X-ray radiation; and 5 determ ning an effective atom c nunber of a naterial
within the igem (16) basgHe method bhelaimed st claintl H@EdeRdn kB dfincome tH9. The

method as Ck?r:ay?oduréen(zgi ?ﬂd%gv%g &'fe] ?(r-realyrg!ettegt%r ?3%5 gor%ris%?éﬁe?\%dltngovmg the

10 X-ray source (28) and the X-ray detector (30) in a predetermined manner so as to perform a

Computed Laminography measurement of the item (16).

4. The method as claimed in claim 26, further comprising acts of:
detecting with an energy sensitive detector, X-ray radiation scattered by the item 16);
15 and
performing a coherent scatter X-ray analysis of the item (16).
42, The method as claimed in claim 26,further comprising an act of
providing the processed information to a remote operatdr interface (50).
20
43, The method as claimed in claim 26, further comprising an act of rotating
the item (16) up to 360 degrees,
25

b, The method as claimed in claim 26, further comprising an act of

providing the processed information to an operator interface (50).
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X-ray source (28) and noving the X-ray detector (30) conprise repeatedly
nmovi ng the 10 X-ray source (28) and the X-ray detector (30) in a

predet erm ned manner so as to performa Conputed Lam nography measurenent
of the item (16). 41. 15 and The nethod as clained in claim26Q3f0CT 12005
conprising acts of. detecting with an energy sensitive detector, X-ray

radi ati on scattered by the item 16); perform ng a coherent scatter X-ray
analysis of the item (16). 42. The nmethod as clained in claim26, further
conprising an act of providing the pro@gssed information to a renote
operator interface (50). 20 43. The nethod as clained in claim26, further
conprising an act of rotating the item (16) up to 3 60 degrees. 25 44. The
met hod as clainmed in claim26, further conprising an act of providing the
processed information to an operator interface (50). 30 2005 28 45. The

met hod as 45 ai med i n cl Themzthodehelrined it kizina b, vwlfergin deastifipgotessing the

i nfornmation_.conpri ses ¢reatin +tiled scout,,vi.ew of e it from X-ray

i mges obt H‘If?fégg%’? compItYs erater%eaatﬂF%chmege,w 8%“&6@%?%?{]“&6‘8%%@&’@%%% act
of provi di gghbbhtheplatiity SEFPositidray axit i on conprises providing the tiled 5

scout view 10 15 \ . . . ;4 .
wherein the act of providing the processed information comprises providing the tiled

5  scout view.
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