DUAL ENERGY RADI ATI ON SCANNI NG OF OBJECTS Rel at ed

Applications [0001] The present application clains the
wheowshs43snf Provi si onal Pat ent Application No.PCT/US2005/006809

60/ 549,093, filed on March 1, 2004 and Provi siona

Pat ent Application No. 60/568,541, filed on May 5,

2004, DUAIHENFRGY RADEATIONtSCANDINGhOF OBIELT'S

present invention and are incor porated by reference

herein. Field of theRI nvent i 0002] Radi ati on

scanni ng of objects, e objects such as

cargo containers, to identify contraband. Background

[0001] Of th®el pregai é}fphﬁﬁﬂﬁ%laﬁﬂéﬂ itled ibemefitSoft Drowasibiyal UBHtehti Application
t he non-’i nvasi ve inspection of caontents Qf obj

No. 60/5490R8 ,afsled Qg @é@@h 152 and Erevisgaad atesh APBITEIOR: DI568,541, filed
on May g’%&%’r ngl saé% a%r%neg ?@{hgfﬁmgl:le%do%bu' %Jnrfgs ti& and are 1ncorporated

or exanpl e.
byrekngb@h@@ﬁiraband may |nclude hi dden guns, kni ves,
expl osi ve devi ces, Ilegal drags and weapons of mass
destruction, such a Ve “dirty"

radi oacti ve bonb, for exanple. One comon i nspection

[0002] SYSt Q{lelaglo‘ﬁ dchfifin® Pﬂg@&s ﬂi‘élﬁ‘dhﬁ 138 OB} sudPadd@rgo containers, to

i nspéct I's passed bétweéen a s atronary source o
1dent1fyc<aﬂtahamdnn such as X-ray radi ation, and a stationary

detector. The rad'hation [ £ |limted into a fan beam
or a penci | bean1—ﬁ%ﬁﬁqggihlih%#%ﬁ¥§g%d t hrough the
object is attenuated to varying degrees by the
[0003] CONt &tiBatioh 18 cainhfMlintdeann dfe ddneinvasiveiniguetios oficontents of objects,

MR AT TR
airports, Ic%?ﬁoe te értlcgpul?lﬂc Lgl‘g@‘?eggr £yl exﬁ%gf o%lé%h&aﬂ)a[ﬂagﬁ% fcldde@idden guns,

generated ft
knives, é:piddeed dedfices, Tilleghlizgess asd Weapidme of Irtaqssa de&tlruz’ema rsdch as a nuclear or a
varyi ng densities of the contents. [0004

“diry” 10 i8ArONRAhB GO EXnEHle. Qe SORBIPAIBERORAR Lo ine scanner, where

the obies 3P BF] PR A DO RGP h SaRu B ol oy Sy o X

radiatiors,@ut @etativyialyedetecsau the rmlat&mneummdmg) 2 fpal heainogy, a pencil beam.

Radlatm]:g,]gt?qi}%ﬁ?@‘tqciaan?tﬁ?gthe a SO @ﬁt gl?%%%gge‘@%? g n?lg gﬁ@énts The

aﬁenuatfb%npf RieeliRpReLs @tﬁ@ndu%ﬁgﬁ“ ﬂh@] Rebisy Dahe asat&ddly @hrough which the
contai ners. Standard cargo containers are typical

2Q
radiation HeBmf pmses oﬁlﬂle( Barismittad radistisme iss leteged dad Mpayrada. ;{adlographlc

images ggtﬁgegg%lg fq 3]3% 0 eeﬁt gm\#y Chgeéel?gléaaedt érclg tcﬁ&‘?) THe! ilnages show the

shape, spﬂe%élvhiﬂn ﬁerﬁit%%?tlﬁfcohtéﬂ@age or Ot her Car 90 to be
tored i'n the bodyof an airpl ane, range in size

[0004] ( | engThe stasiog Aty svurgq rof taﬂ@ﬁlpab‘éﬁ?fl 1315ax00211m$en ISpegHpR System  is
typlcall}g a’ source of X-ray radiation of about 160 KeV to about 450 KeV. The X-ray source

may be a source of Bremsstrahlung radiation, for example. The X-ray source in this energy
range may be an X-ray tube. X-ray radiation of 450 KeV will not completely penetrate large
objects such as cargo containers. Standard cargo containers are typically 20 - 50 feet long (6.1 -
15.2 meters), 8 feet high (2.4 meters), and 6-9 feet wide (1.8 - 2.7 meters). Air cargo containers,

which are used to contain a plurality of pieces of luggage or other cargo to be stored in the body



0.53 x 0.53 neters) up to about 240 x 118 x 96 inches
(6.1 x 3.0 x 2.4 neters). Large collections of
wW@bj0sns4352 such as many pi eces of |uggage, nmay BCEUS1H65/006809
supported on a pallet. Pallets, which may have
supporting side walls, may be of conparable sizes as
of an alrﬁl%ﬁ@,%@}ﬂfhh’gé e kige @Eﬁgﬂi§ﬁe1@lﬁt tidth fomm dboat @ﬁx 21 x 21 inches (0.89 x

conveyance" enconpasses carg alner

0.53 x 05 OTE SN A OREILTE SR 08 HORBUnS X HABPAMTE a haee collections
¢ iPAllets, which
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may hav@ whbpc;mﬂg gidb wrallsl sy derdf @umpaﬂabbaalzassastchgosmmggmrﬁ gndpise of the

contraband across borders and. hy 8at1|n | arge cargo
term “capgRABYSYIEES . CRSRMPASES $889 genteingrsppd palletson car go
[0005] . Cont AVREE $hd Eﬁlﬂgél nd 8f L&, léﬁbltoﬁl@e@bﬁ& &thd?YcoR@abardr @nto planes in
pect ed. poi nt “Terror", U.S. News and Wor] d
carry- onFEtagm amd inlepgagarhas been 2064 knpwn5@gop(g)@7@1]cem ahgss PBbYgized but also

serious ﬁgee&l ﬂﬂ%ggﬁﬁ}ngagfm cggtr?%?lgracr sgggcgrﬁ&lgo%?d o b§x%a‘?51'noﬁrge cargo

conveyah@e’sr 'Gﬁl& V9-20% SX@RBTIasiIn Eigd eaitaifens lresgHt hatheniyitddeStates by
muggl ed in cargo conveyances and smal |l er_obje :é%
boat areRandp@ﬁdu {iehedkipaisit dreator e, U-Bi &WSeandaWd)ﬂdeP\PP?fé ebruary 11, 2002,
5. materials that nmay be used to manufacture atomc
p. devi ces, may al so be simlarly snuggled in such
[0006] ©ODj eCAtS)mlEbsﬁlbh endT‘Bdlﬁy ibatnbs,” sihith e auwcaventinm@Be;plosion to disperse

urani um 233, and ut oni unt 239 nde o fission.b
radioactiganaiemaloves bPide %rr&w P ARIPIeS L G 7 STess B GEp o smuggled

in cargo n(%&l%}}aﬁlzec‘s iRy bbRets! ar&ﬁ;a@ﬁ‘iféilfﬁsmﬁ&lﬂe s BE | adld ertile materials

ergo fission by capture of fast neut r ons,
that ma}SblffiﬁlsedSo nraanfaumréz 3®miEdeicdsemmp aksp ibalsimitary $reuggled in such obJects

converted. into fiss mat er i h f
Fissle QU e o 1 PR b oSS o fsion
by the cggtu‘fé) Pf" £iod (t!}@ﬁﬂalphéﬁtﬂﬁ' UTsdorable ifetidifidddde tisdile materlals and

e converted into urani um 233.
materialsithai 1na13ah1hé¢rgblf§510heby aapﬂurﬁerftfaq;tenqmgp@qmsalph@ﬁélramum-238 Fertile

referred to rein as ‘nucl.ear te (.08
material G PF CGRTSTEA B0 apiocPa Wab® (LIS SF el gy lagrpal) neutron.
Uramurfi\Q§8 g 'eQﬁﬁbleV thafedeCddn@bided bR plutdiium@39beT hmmjn&aBZ for example,
mat eri al s), by manual inspection of the coPtents

may beomnecntqd e hraniua-233r gBissionatig.ahwde, pad frl %F@Wﬂﬁg fre Teferred to

L.dentification of radioactive materials
heremaﬁn%“%%lné%? ahevi ces by passive inspection systens,

[0007] SUCh Rienfisatidhaif naclegiedetitesmucishi matetialst axd rad®active materials (that
difficult. For exanple, .the radi Elon det ect or %
may notssRuclesh e abngbBIBANH IBPSGPTY|] . FOntER OF A QRIEEaFuch as 2 cargo

conveyagi%g efl @l %eff?ot o 1ﬁ§11 ké’e d%ﬁﬁcﬁfb‘ﬂeyﬁ FadidddBYe 3pAGIAs and nuclear

ey emt. ding materi al,

devices Ebty(ﬁassiﬁe inlspemtmhe;ysic:ms LNugls hea radwtlopaldt@mruwhﬂaﬁasmr,sl@ dijéicult. For
used to block the esc

pe q i ation vent
examplt e atfighon fiesdatRont reateithaphsd bl 8 phPg. ' Shoe nuciear
materiaBUGb tfisically2 e} l%?vgever, they absorb most of the photons they emit. Shielding

material, such as iron, lead, tungsten, or palladium may also be used to block the escape of
radiation, preventing its detection. In addition, certain fissile materials, such as uranium-233,

uranium-235, and plutonium-239 while radioactive, have exceedingly long half-lives (on the



urani um 235, and pl utoni um 239 whil e radioactive, have
exceedingly long half-lives (on theorder of 104-108
W@ e@s®3435The count rate from spont aneous decayBCT/082005/006809
such material is so |low, that passive detection is not
reliable. Also, a relatively small anount of
order of 1681 ¥achisy.e Thateurit aite fayn fontaneaisatbcayst for such hateygd is so low, that

e easengise bt s STl o ot o o
located {.VEtﬁﬁEB o ca[fgé( cQﬁve;y@ﬂééli a6 24b IR Ul 6 d@ing6ish Biclear devices and

standard” X-ray scanning. [0008] The information that

nuclear mageriaks filemi othet ddmseitemsahatanay balcosteinsdsvithisithepbiegeby standard
contents of objects by X-ray scanning nay be enhanced

X-ray sSqgiiige yse of radiation beams with energy spectra

[0008] havi Nhe! WlodhdtioRr @t nRie beYdeeined abbits tHepakeriah @ogipesilion of the
that interact differently with the contents of the .

contentsobf eljects DyeXitay spaming maysbaranhapred by dhe vae st radighion beams with

exanple,. two X i . .
corey GERUBob o 5eb SR PO SRSt it
with theGfonfentdorahiel oBjeMy Dlie hitethalon iviatdriag dapsnatet. Xaragample, two X-ray
radi ati on beans with peak engrgies of 6

: _MeV and .9 MeV, .
beams Wil pREEEY SRECa TRY beArowdesybyod Y ﬁ%%?ﬁgwgyeﬁéﬁ?je@ﬂﬁg gytehtials of 6
i 1 | Rt ] t ies of 6 MeV
M an e el L S Bt s o i
and 9 MeVdtspéaivelyy eFormaat Xahy thean Ispyew ayeak RowergynofXor MgV, the X-ray

oS LR BT P oyt TR B oo
over mog?‘&etﬁat@g@&?umAFB?Eﬁ K2y Jeb Halv RS hdak @eefoFdifat MRV or higher, more

etected at two energy endpoints may be indicative of )
pair prodneticat Bninducedrb€pmpth sdatieming aksp ditkes Hrlageg h Anwkationot the transmitted

. . radiati,on beam passes. .Al t hough .pai r,.pr fi .St
ol A5 R G Rl PR B, SEUBL bR b of e
materialpgﬁ@ RERK B89h8ihESH el R8&Re dAIthAMBPaitploduldbe starts at 1.022

524,133, for exanple, discloses scanning systens
MeV, Chuptdnascgideroigj predamisaten uasl Highar paak energiet #sitredhes- or on

a vehj [ n.one i t '
A
objects bittasifieigdRlid b BBitathe b 6n avéldelebdaone dinbodiment eso batibmayy sources
adj acent sides of the freight and the f ﬁn beélr,rs arfe b Th
of X-rap eadiafingi @apaevides caeh cwitHBE 2 beawy et 5peflymaet dup gy fan beam. The

sources g%%@acggce%ﬁ %ia%se(gf tﬁg @%ﬁ%hg grrng gféitf\a/tz B%ngp?are fi’b@ﬂ&ﬁ@i@ﬁidﬁ f each other. A

reig ation transmtted
stationatyh detegior ahey fis ébqhdd opposaeldadti snrcei-anagppaite sidesrpfdghe freight, to

e ! e TS e S B S, SRS it
energie%é%g%}hﬁteded}e%&hes%ufge. 10?@%&&?9 i® sPniffoalYBY Higher RBarl8RUother. For

o of “the nmean nunber of X-rays detected at each
examplenerrpiescoftipdeY dmd I e 6dle¥cmay barusad. & ratiovpbithe mgan number of

ruy S95 0o L B B e 5o R or by
individia @itectoys 8f FRARrA! AHSeMMARE ind 06 p5&BONE IaNwok upt fadle to identify a

ratio. The material content of the freight is there_bﬁ/ )
mean atomic number corresponding to the ratio. The material content of the freight is thereby

determined.



determ ned. [ 0010] A further conplication with X-ray
scanning is that neasurenents of radiation after
WO paosiosussi on wi th the object under inspection BECEUS2005/006809
statistical. The accuracy of a neasurenent of X-ray
radi ation transmtted through an object is limted by
[0010] the nurftreiier afonpiliobioms witeH -y snahmng lire thee amcaseements @%radlatlon

after 1nt%<ggog}?x§1ﬁl!éﬂ1egolbgesclt faﬁé Stg%{?cﬁ%?ﬁel 33;15{1%;13 ?g? ayc%yfuép %ta measurement
of X-ra}p{ddﬂti%h R nsARAIHhESTRIAL ar §hjdESis ARikidbyR (e Ainb@! dfephdions used to
[ ot of the cluster of neasurenents typically forns a
make the neastEbmeits &y Wbul tas omtingig rsy%emmesedf@ @@@P]@n egi§d measurements
i ndi vi

dt h
of the SPGB ARG 1 SuakhoLeren DRl i s L8R s gean value. A

plot of 4B ichist@Nof YdaB@efents SEPicallpt fodhb G5 “hormél r diytribationii egrve.  The
with a nmonochromatic X-ray beam_ the percent ag r
is ﬁ)élp@n curve) is

dispersiasf of Hhe wed\lymuehmaagurpmeefﬁe(tbq)maﬁm PHdke BYrPe
characteli ooc{ é)% %gslgagrlgafgggﬁgﬁéen ph@%ﬁg zPogfs'ie)ﬁ dﬁtetiﬁggcg 35'%%&9’ &c&ning with a

monochﬁ)tr@dﬁéax-da}dseéin@tth@ peﬂdé@tﬁ@eﬁ&e@r afitle tmsmemelmtawomn‘ (1) divided by the
measurenent increases. Wile qtlhe nunber of

square reief efthe guphsr Werbofrns éiﬁt:?@@db?" ‘llﬁiYee YRG™ Wé géﬁ MRG photons are
detected! F}fePstanﬁlﬁrd' Rt rd?eljeé(seg gﬁd 8F theasateP¥ént Rreases. While the

rate -ray scanni ng SySt em
number b6 phcﬁnmqlﬂt@:,ted 11nay be urmeaseqb bﬁ hioeeasmgtth@ sepningriime, it is generally not

acceptalgg:tg glto% St nrlﬁ{elog)cjtg t)g%ea? 3 6%’ %gglal g §s§s g’i" oIf*“or example, it is

unaccepBbldth the %uﬁ‘&{tqﬁﬁk&%la% 1P apaERaRy SclbpaR @eghgle ld)@@a@@ @hveyances
airports e accuracy of a scanning system

through pesk DnbprderSJ atén tdel‘ay the mceeamsmf pagseoperasbags and lHagagepgt airports.

h
oo 1P B e BTN e e

uraniund, B8 dXaBDR) efiyHe dhaaRtsiFed B ats cadenivagn ey &n Espevificitybe Sensitivity
|dent|f|ed X\s stemw th gh sensitivity wll

is the ptrcd:@hthtf yhatohe pmsaecepg% A n(l PoPFER COPYIARGS Wilkhegidentified. A

system (ths E&?pr esgwfr?o\%{l e%@i n?nt?lh ﬁlﬁ\ﬁﬁ\é{/sstcéﬁr]eg\ntegﬁh}lﬁ@ﬁlon of the

presencé 8NGiabiuvi)tand fEwyrEie negznﬁzee aaBstdsdatitibn i tsanivey) thess alsystem with

th ff t
low senpfyiiho LoDV GSpraiA ScnsAag MPLISS Rt Tk G150GS i (he e of flse

f thGatieRaédsieyof :
posmve ’h@]%uc?h{ag’gl ¢ gﬁ%?%gﬁg)t/’%t e%%&ﬁl%ﬁyé?%%%}s a{/ﬁ? delnt ity St e0 accuracy, is
the protabindet die seamnngl Bystem amﬁq:rqn;:r]gadwrmfﬁ rlimea,bséme exampig. in a cargo

ey B S SRS Ly ST B e e
(1dent1ﬁ|%9@6@é’mﬁ§1uﬂﬂﬁrh éair%d) SoRlaic 8RRt is ddd PResantyHBALsYMEM with low

ow specificity 012] The collection of i nsuffici ent
specificthot ons may result in neasurenent distributions with
ousz) b2 95758 2RSS RO G B G HE R Bppy gutions

with larB¥ §fah@Rd defiaflbid. I TRULik@TbaLiohs ot RfiterialosF 1htw@atmeln aguranium, may
materials. Therefore, it may not be

therefore overlap the distributions of other, non-threatening materials. Therefore, it may not be

clear whether a particular measurement is indicative of a material of interest or not, resulting in

false positives. Practical, efficient, and non-intrusive methods and systems for detection of



cl ear whether a particular neasurenent is indicative
of a material of interest or not, resulting in false
wWEowsNs46s. Practical, efficient, and non-i ntrRGI/Us2005/006809
nmet hods and systens for detection ofnuclear nmaterials
hi dden i nside cargo conveyances and ot her objects,
nuclear mateHalihidden iasideicangy convayastds| dnd riglectedbjecu ity higher goguracy, are
vention [0013] Fissionable, fissile, and fertile
terials ("nuclear material s") have high atomc
nunbers (Z). For eiafiRady offfiTnvBatii® an atom ¢ nunber
("Z") of 92 and plutonrumhas an atom c nunber of 94.
Speci al Nuclear Mterial ("SNMs"), which nore readi lﬁ’- .
[0013] undergssidnable; Sissiten and derkiley metesials| Enpelea malegalsy)y have High atomic
defined b e S I oTPIN 1o o] LY ﬁq;frg ' ;
numbersi @1 Bﬁ’é 9 %ﬁ%%mutjarrr}]ﬁmurlﬂ g%?‘ﬁ%&oi@g ang%r% [ umzz%{r(?glﬁ{ecguum has an
atomic nubbeP6f D401Sppeial Niicledraviateril2(ZSNMs), 2ghich Revte ozectily wadergo fission

terials, tain_of whi h | ic . .

ot i AL U X e DUl L O ion o e
i - ' f e’ RiAirhy233 or -235.

patoui 295, 65 G0, AAGA, 427 40 o

er material’s, such as |ead .
RadioacfivsB2)erials ngsdinnf (Zidtdnay have [pever attinin ruzzbee than myelear materials

ot S50 e T T S A6 o U PEEPAE i s
number g{&g%ﬁg%%é%ﬂ%q@ﬁ (29323 Gun Al (7471} hAd paIgRkisn (BRIGN Treay which is a

I pped I'n cargo conveyances, have even | ower
main maériatiic 2 mejtratysof indpsirial goedsathinped dis carge cprvayansasaitqoyirast, has an

. conpos f carbon (Z=6), nitroge =7 ). .
o BB AR G A R S5 B pmences
have evat IRErSatoRiPREhB&EE! A @fculthifl icoydnire predomintunty ohppased of carbon
to classify the objects as high ato

(26, wittogem QT had Gt GoCh ThIEFBRrO fCaD: aTOCBe: peen lower atomic
numbersrv‘\rﬁag%gdi%gh [ %tgtglle %gl\ge%&g{f ?X&Rﬂ&g %&%GF%I G HP RS S50499s high atomic

n accordance " wth _

number SHRQHH SBAE Sapbe b hacleavankiion Oectokjithit other ehjents aelotjgets buried
scanni ng the object with radiati on beans havi ng

undergrepridfaaie Qewléélaﬁ,""%luch as di fferent energy

endpoj,n el | ' bf A Hvehiibn,’ AfioBfecPis examined b
[0014] ey e?ﬁe%écg{&%ﬁéq%@n e@%@@éﬁégg and det er rr?’ni ng(]) %Nhet her Y
scanning lige objeet withorydistionsheamvdtasingadifiesont egergiesasesh gs different energy

e oS 2Bl B PSS STLAET PO AR g dtemining

&ﬁ{) GONMEN ANES1 Betlic snab&YerefnsiPtiantaspredetermined
Whethellr@% oggcg?ea 1gr&St han 1MV, ' or exarﬁjlge. Thger ener gy P
ro

atomic mudpai based, rh Yedseindpave ¥nahel fEckpw, bisehmslyehe ap@go conveyance

function. may be rati o bet the radjati :
o R R S s YSHE 0 s 385 S
be 9 MdB ah®5 WL @ drok @xABPI8T MTHe Fuiictioh 3RGNBSS kad Bedlvben the Taijtion detected
Materi al having an atom c nunber greater than the .
at the two edetgyrandpeiatsafoneamplerbSuch & ratq i jedRiradotoiereingg a transmission

ratio (“%&Wﬁa@%ﬁ%ﬁé%&a Elr? a.o?rllic g&r‘ﬁ'ﬁ‘w&a’tel}- i fthd ﬁltedsf:lléﬂﬁﬁlb&’ Btomic number

is referred to as high atomic number material (‘HANM™). The first function may be compared

still nee

to a second function that is based, at least in part, on the predetermined atomic number, to make
the determination. The second function may be a threshold, for example. The threshold may be

based, at least in part, on a ratio (also a TR) derived from scanning a test material having the



to a second function that is based, at least in part,
on the predeterm ned atom c nunber, to nmake the
wa@ledososd3sat i on. The second function may be a tPCEERIDE)06809
for exanple. The threshold may be based, at least in
part, on a ratio (also a TR) derived from scanni ng a
predeterrhi®ed afBRbie udbeRaati thy shine pwe datrgy randpeintst dori @(ampdﬂaeﬂ“he threshold
at the same two energ% endpai nts, for exa

may be thrtkashatibstadybibe PrRdeicERIISH) HEEEY Wy na0ph gg‘éfé’#‘mbﬁ%a"f standard
SNt il 2FRBHAE Densiti d specifi

dev1at10n(§ wﬁ% e n@?‘pﬁ’{ %ﬁt dg{dn%wi%?h%f 1st gﬁd ard %Ines\ll |1 Vé?l Egln sSpecl ity

of the syWeinl tﬁﬁéaélgft intdpposiendikdcitions. yF@rﬂXawée; iifdredsing e number of standard

o P L RESELAE SR Ty
decrease tHF s%ﬁl\hﬁfe d%&%ﬁélﬁg G Mete(ﬁﬁ)‘ﬁrcﬁ‘a@l!l&ﬁosﬁthﬁ:sn US@BBEﬁcﬁnfy and sensitivity

Se posifives, but it may al so decrease the
need to ‘tsdmkarmdnnwpartieldalemlm@ﬂqnhe detection of true

[0015] ggf g:ﬁ%\éggq ﬂ gxlg{ﬂ{l Clgt b%&m I%\Zla él %#feﬂ?%ﬁ%%n%ﬁm@%f examining an

object 1@@1@&65@”@&11&1515{; @Ba@ﬁﬁgoﬁllﬂfﬁn}blumﬂmt bé pk)m/amtofoan object with a first
hod of exam ning _an obj ect di s¢l osed conpr.i | Bg ai

radlatlonslafamtmgﬁrét enearey é@tﬁqt}ngyﬂrétfm%Pi’lP o Igeraghiop sy d st radiation

n UbyEdaahindY, ﬁ@gc d plurality of

el R T8 iy g s s

portionsf off He ba;éctatmﬂnn abmnnd/\nradiamdne beam sandp deteating )%e@fnd radlatlon after

interactifyy of b3 830081 Totip Rea; Withdne,sred HBibRoL aRfER" The method
further Jo%?ﬂrﬁgé %Qlcﬁﬁﬁgk afﬂijatﬂ)eﬁcﬁ%teér{‘ A6 dr Hid it i1adiaBbi @hd the second

eraction o e second radiation beamw th the
rad1at1or§ gootstrgspoudihg tﬁ)tstcefndmacdmdopm‘tloﬂﬂﬁ@méqtthmgrWh@her the contents of

the objefiat st B 5 FORREISE e GREITC PUMER ra) e A abfifo number

greater tgﬁ{ 4 ?feﬂ%ﬂhﬁﬁdfa'tdlﬁi% RAheSBAOM ht RAES inqast, aid comparison of each ratio
etefm ni ng whether the contents of the object at

with a tHreshsld. potential |y conpri ses a high atom c nunber

mat er.i al ing ap atomc g, ect 1
b e
disclose@ %o&;ﬁﬁfﬂgaﬁdeﬁﬁl f&f sangifg raptleast i Ibd’rtlen tofirams bigiedt. af] A1 éjpd second

I n accordance wth anot her enbod

radlatm@ﬁmrgws ndVems qig pravided far detreecady HpR ik Fhrfr'gfs Q?FLSGFBPd radiation
energle nnL grg%tﬁo% GRS 3 (Pogéctt' s R cgmdféﬁhgaé fifdcfish oRMBe radiation

I'ON €energl es. ans are provided for
detectedjﬁttﬁ@ fFir@Gndadtaid anergits hinbmkanssfor dngrmaion whethar Hiei Qh]eCt at least
energi es, after |ntera tion MA t he ob ect

potentiallsi| OMRAIEH &12%1 RiGFHE AOGT SUARA) DI B P0G B YL ereHier than a
predete%‘;J ?ec{ Aihdc AR ﬁer taﬁ %Eﬁh?{ta&gth%@tﬂﬁlohoére also provided.

erm ni ng e obj at | east potentially
[0017] COerr]inS&iﬁ:ofdagbe atithni celatedizarbodement alsysiemi f@g eApmbHRE PR object is

d1sclose§é§)ng§>rrlsg{geq@cé§és( toga T 3 ornesgﬁ}cl%ﬁg] s?%g%tta]]tegsﬁ] a po ?f an object at first

and sec@ﬁrifégija@ign 05191% 4l Aﬂleﬁﬁ%‘ﬁé GRReRr W f)(ﬁkltﬂ)rfeﬂhafdetéct radiation at the first
| ment system for exam ning an o J,leCt i's

and secahidsmtinsion energivs; aften dntetactierwith Srecotjesdi At ilesst UBTEESIY is coupled
to the detectgr aIl‘he pg)%tess%r solgr%lgroalqm?gd 3 Q:af?:uia?eczri fitHctibh oF the radiation detected at

the first and second energies and determine whether the object at least potentially comprises high



and second radi ation energies. At |east one detector
is positioned to detect radiation at the first and
w@emonghssadi ati on energies, after interaction RET/OS100&006809

obj ect. At |east one processor is coupled to the
detector. The processor is programmed to calcul ate a

atomic rfunibet ieiteril hahag raadtitedicommlest @odagat than a peedeiaraineglngiomic number
second ener and det ermi ne whet her the object at

based, at lgagt in prst: @Ht %1 U8/ npri ses hi ghatoni ¢ nunber materi al

[0018] havi nlgleat@nﬁt“i’ﬁﬁlﬁtl&}i‘ @H&?y’g r&elsab dhadbrdy Rhedeletiktd BLehe radiation

at om ¢ nunber based | east in part, on the
beam. Fhernaiaoterisfi® 0m§]beThe enegmendprditaarinsak @p,@rg@yyf thesbeamy, fppexample.

he g D5 PSDESTELD b b5 TSR B58TeaS of e beam.

Other cHaRRtGa@énstoTehd@RMFy b0the BXAA RIS beTised raad\teﬁt i on energy
may al so refer to an average or nom naI val ue of the
energy of the b&axief Dyseriptiomeaf thedawings ons of t he

energy of the beam may be used as vveII Bri ef
Descrg.pt{.0 ?atio%a’%mévrh d 5 MeV
o011 075511808 b sty L PR it  eploa s e

asa fun&ldﬁﬁﬂ taasmitfed nadibtion atf9 Meldln ﬁmatvtaedtyrczfahnmmaim at 9 I\/EV,

f [ 0020] Fi.g.,1hb.sh
ooz01 50r ¢ 6 i SVt Bbeel Lo iashhor e B AR g ey o5 v
through'é{%‘{ec%%fg P/%X;dac&firtsu%ﬁec@ome‘aee of iron adjacent to a

ece 0O Fig. Ic shows five curves
[0021] r epr eRignl ashores fife K:altwes)sem¢ses‘ﬁahw¢ af Eﬂdloﬁr@ﬁsbfufllelﬁfﬂfit@e%ﬂmmems of

nsm tte
it o, LBENEAEE Bvaet § Yoo of BB IR OB o e
through'f@én%ﬁb@h?ater{a@sozz] Fig. 2is a schematl c repr esent ation
of an exanple of a portion of an X—ray I nage 0

[0022] c ar goFigoPisey sehematip oemsientatign o an §xampleph ﬁrﬂoétl%’f OfaeHl X-ray image
¢ ‘}%’ of values of X-ray radiation of 9 MeV
0 acafW% 4¥8d through a portion of a cargo conveyance,

[0023] at @ Plgus & dri dkagfpl®bK& Grayl SX0AMkes bf Frrag radiation ebMelVetransmitted
of an array of val ues of X—raé I‘(%dl ation of 5 MeV
throughtar poatéen @ﬁae@rgmewgﬁanq@eatﬁdﬂwa Y dPxels car go

[0024] [ Conve 3% 5 e )?h%p? 8¢ m‘?&neﬁr & ALRS 'o%" X-l% ri¥@dSof § WRRBdransmitted

|s an e array o nsm ssi on
throughrtﬁé b@&oﬂ off ke’ c)arg‘ocxronae@noel pf Bifg. 6,4 alphan]ntymf yéteds;based

on the X-ray radia rreasur in Fi »
[0025] accor Bigneds it Xample o 38 K0 &FWW@SS&W@%’? ggrRi égn%fl group of
A 0f afd BtiMeetok@ince with
rosultenf kel Whskd aﬁ%‘%%?nﬁ*&%ﬁ% L e e with an
embodlmnecrﬁth@mvelﬁtﬁlﬁ)ﬂ] Fig. 6b | s a flow chart of an

[0026] exan‘pi:ieg. .1:1 1saa ow gharI 0{ an amp e o%’adet &{ For ca?c%a%ﬁl OfRs for use in

embodiments of the invention;

[0027] Fig. 6b is a flow chart of an example of a method for adjusting detected radiation
through a dense region of an image for background;

[0028] Fig. 7 is a bar chart of the minimum number of low TR pixels required to achieve
a 1 in 10,000 false alarm rate for various sizes of examination windows and various standard

deviations, in an embodiment of the invention;



t hrough a dense region of an inmage for background;
[0028] Fig. 7 is a bar chart of the m ni num nunber of
WO ows/08I3pt xel s required to achieve a 1 in 10, OPOI/U8108%006809
alarmrate for various sizes of exam nation w ndows
and various standard deviations, in an enbodi nent of
[0029] the Figenis anflp@O2ledrt feif gan 8xamspla 6f ew ‘ehaminagipn gwindow test,” in

exanpl e of . an "exapination wi ndow test," in accordance
accordawtvf%tﬁse@%@&?%ﬂﬁ@f Fig. 7; [0030] Fig. 9is a flow
[0030] Char tri®fo &na epaBiRt Of ard eRBAHIO bfTaOMeBbe \fopRFidifig an output of an

~ output”of an exam nation to an operator, in accordance
examinafipi ko @nbpediton i sccofdanhe withearhodisrenty @ihe jnvenion;10 is a

flow.ch . of -an gx e of a."conti gu t.ests | .
[0031] accorPg%‘ﬁ_ﬁalsvﬁ #ﬂwaﬁjgfa"‘rq:gr arb%ag&ﬁlcr:réﬁta 8? Htjtlé%tyi t%%é}]ﬁ %éra]?rdance with
another &80 BInef & thd tavestidy exanpl e of an array of TRs for a

group_of PI'Xel S representing a _portion of a car, .
[0032] cont digelt! if ar eyamplerrietmhaatrehtlRsgior tah%mPPl\Pglﬁl%gﬁ representing a
portion &f%a%%ox&%ng%{l%gfqrﬁsgg{:%r aﬁ%gﬁtévio? het e&fgﬁggdi ment of
[0033] Fig. Hig; 1 8084bwrilgrt df3ar sxampilé ofvacihaatdix ¢fst,8in egxeoranse with the

.of a nethod for calculating thresholds, in accordance
embodimgntief §#g-dhbodi nent of the invention; [0035] Fig. 14 is
[0o34) 2 f! ‘%’i’gcgﬁga ﬁgwﬂ&ha?ﬁé‘ffﬁl Exfipl@ ofataatlod #r stk Gréholds, in

t hresh 1 ased on the conten%s of a cargo conveyance,
accordamde weitlc an elabodiment ¢f theotvestiomgnbodi nent of the

i nvent.ion . [0036]  Fig. 15a is an ex L e of . nd
[0035] £ of gé&gnf‘h’rsr?g a Cgﬁﬁtggtanfeé?mﬁﬁcqr}ér‘a?ﬁﬁg? z?ﬁ Saell'a:é ;[IHF%L L}:]Sh()ld based

J

on the chhtBnts SPR chrdo ¥BnRNaAR, &h AcorRAéhRith BRsthactniydiraxarsfthegvention;
an object tor nuClear materials; [0038] Fig. 16 is

a .
[0036] fr ontFigi K ishn gxaaplgof e ceathadiyr syamiaigmna eirduclpar materials;
i npl ni..enbodi nent.s of t i QN ]anFl
oos) | P! SFEOHGPIORTLIBANE ity MRS KAk SRRElacF e e mucea
materialgi M I ar to the systemof Fig. 15, show ng two adjacent
sources of X-ray radiation; [0040] Fig. 18 is a .
[0038] schenkigi &6 iper EPRcYiPYeol # €aF29f SCAPERE &Y SIS RIg2terupg tyimplement
.SYyst em;t . i mpl ement enbodi nents of the
embom@%’\%ﬁﬁhgﬁ;%egnl X{ 0041] Fig. 19 is a rear view of the
[0039] syst eRigof7 fsistop WEew DES poitivhiodia cafgotdeanring §ystave dimilar to the system
. Enbodi ments [0042] In accgrdance with enbodi ments of
of Fig. k5 shqwipg hivp 8@ acent SOHEES I d# B Ransni ssi on

[0040] Fig. 18 is a schematic, perspective view of another X-ray scanning system that

may implement embodiments of the invention; and
[0041] Fig. 19 is a rear view of the system of Fig. 18.

Description of the Preferred Embodiments

[0042] In accordance with embodiments of the invention, a function of the transmission
or attenuation of radiation through an object at two different energies is used to classify the
object or items or regions within the object as a high atomic number material (“HANM?), which
may be a nuclear material or shielding for such material. The function may be a ratio. The ratio
or other such function may be compared to the same function of transmission or attenuation of

radiation at the same two energies through a test material of known atomic number. Material



or attenuation of radiation through an object at two
different energies is used to classify the object or
WO e@a®84362 r egi ons wWithin the object as a hi gh BEDOE05/006809
nunber material ("HANM), which may be a nucl ear
material or shielding for such material. The function
may be ciagmﬂml & HANM. if Theasrahigbenatomit emb@nrcthanahﬁq%ﬁlaﬁﬁwl The test
same functi o

material g}atyctﬁ[g%r %%teglgl ng{g a8 tocﬂjilc é}‘m}bﬁé ﬁ]esgfth tag %@I@ﬁ'nﬁﬂlbgf of a material

of conceld) PR sttmAtefib] 1B} BE iran, fof exangiiel Eh@ Bbjecﬂ‘rnﬁﬂobt a cargo conveyance,
Mat eri al may be classjfied as HANM it hasahlgm
for example rilsonimndseprdaneawith smbedimeniy ‘éfrthé anemﬂ%n»tté% fletermination may be
Yof ' with an atom c nunber
nmdeu)ggg %E%F%o '%P%#¥% nuﬁ%er ‘of a material of concern.
[0043] The Hﬁﬁlthaﬁahetdxmb nima)beb@‘ZI’) of 6. meceebypwpl teminen ghgecanveyance
may be a cargo convey for

comprls%\er@aramine@ewm%ﬁer&%aﬂ# %néc & Furé e?ﬁl élmnu ’6&%’1 t:hﬁepresen"e of any
material q}%fﬁg"g{r{w?gkﬂgoﬁlﬂ dlbgrg a&lch(fh flegispRfbudeat @ethefefore sufficient to

0043] Iron has an atom c
screen forlFEXNMSs, ZVijhoat 1®at1f3a1g1 tlee pyxpnculat material (altheughathgb is an option).

con conprise iron and er _nmat er.i al
While sgfr@n.'}ékalﬂh(ﬁﬁg@% qoésl%e tnl"iﬁlﬁali Ianlierl % en%q Eg%lﬁ%re%é(}%%y such as lead
(Pb, Z~ Lg@ 297@)1 A0 B senut (B 7935 afn@y bdared renshield nuclear
Spl ous i s therefore sufficiént to screen for

materlaIHANN/Rre wbhetr¢fom, alsd enspicetynaigrials. eTb%lpteﬁ%flﬂe@if lqga’rgrgam dIANMs in cargo

alth h that is an.o
Conveyapeesy i fasets ad \?{% %c\f I aergrpr ﬁﬁ/gﬁe A |1ﬁ&g1ﬁed ona
ma.mfest(i%b thezcﬁgd cortvePaitk e ISilG W (AZs 74%7), dodeshingplethas fffidicaZ $8dstrial, and

be used to shield nuclear materjals, and

photographecr wiesr &f sibiles is kainpsippadsion el legitmpte pressit shailg pe identified on

o man 5, LR D BRI

transm1s|sﬁ>|ﬂ§1hhél l(sEtibean an I‘iliﬁﬁl%ef eGhedkﬂ’fg ﬂlh(mamffegloamlonma}]arinmecting an X-ray
Silver (Ag, , for

image of {hg ggqg]oacponvgyﬁglcg, H’@)%YOQW%W volljiS égentlﬁ?atgliqcs‘lneﬂlei HANM 75 2 nuclear
materlali %é %%ﬁmgf tgé cé §Qfa Fgﬁ&lﬁv&s es, it should be

e nmani I'n addition, nuclear _ .
[0044] nat erTa Herﬁalysttam thixtstaing of & hresthi§simibooushr difiart wtqnlal:si gt different

_transm ns. and. shapes i i mage. ecki n
cnesiespaPER s Lot By TR se SIS B e g onete
were SC&]%ICQOW&H P ERAN %eﬁﬁé’ h&ﬁﬁ% %ﬂnﬁ&l Cén@rgléiﬁ‘@f QMWt(hﬁBSL@éd half value
HANM as a nucl ear erial, decreasing the

layer (“HWdi"Yldnifeinches, 2 $ecrppaid 5\dsY @5544]04T1§10b@m3r@t%)t eThe radiation

t hat oS of ns nthro )
beam Wﬁét@?‘f@?@ At i I\H ir”éeﬁ}ion§n glpaqle%ccglga%? és?(’%?aa%% from, Varian Medical
Systemsoflndmlbaqas i2oS CREfIMINMhataaP bt S0 aln AtrHMd\easd 415udeve, The M9 may
nd tungsten were scanned with radiati on beans havin

be sw1tqho¢hfmai ormenaggeendpoirg toenothereanstayemdnaint: Haghwnmply @*’F‘S 3 scanned at
one enefga/ eml‘glggmé é%a' ncggﬁ%céedr, %g ?1‘@1 R %%S(S%\# Pgw second energy

endpoin@BndvBathi vt ddl’l@éif:d [Radiéion mﬁﬁhﬁﬂeétﬂa‘buglﬁemﬂ salbipde fvao rhatected by a
Vari an Medi cal Systens, |nc. F QI Califor

Paxsoaniih 03 gxdninire P ACA8) Bedusi ey ahous iy MRS fionindle source,

positioned along a central axis of the source. The electronics portion of the detector was covered

by lead. For the 8.5 MeV data acquisition, the detector was run at 300 pulses per second “pps™)



be switched from one energy endpoint to another energy
endpoi nt. Each sanpl e was scanned at one energy end
w@oioans43sat a was col | ected, and then the sanplBCTES2005/006809
scanned at the second energy endpoint and data was
coll ected. Radiation transmtted through each sanple
and the dUBStdIevBaURAL DY fearkamee seuoni (4PSY. Faddie b Mebdadeacquisition, the
(&dO scintillator about two net g% fr&x t he SQUI e, ed
source Wagd1R iabrae PR A the EetptiPRaRKIs2f Mhe a3 s Vg summed over
128 fr electronics portion of the detector was covered by
A*%ad. For the 8.5 MeV data acqui sition, the detector
[0045] was tSamplds @Dthepinbs elsademdsiveithdf (vapipag Ylaknassrs were individually

pccs SR Gt B e B8 BB RO Gl P O o

amounts< raRBfis30H. HIE 8 Qeifd, tWaImaLES aére Ichised aﬂﬂl@td)ﬁ&gesnv format.
were sunmmred over 128 frames. [ 0045]  Sanpl es

Each imagomas Inezamahmddtol wepbfc@fdete&w}mg %f%lklﬁ@sé@‘l W@Feél In addition,

s s S R B LSER 552 00 Pk ngen o

were selﬁkeftél? pbdted aERUOLSadf Alsh aseﬁipiessnlfmﬂtqﬂe materidls s/aregble(;ed one behind
two | mages were acquired and stored in lef Iv placed
another, Ekapig thwgg@ctwalsofﬁm e Bor Sxamplss fungstengind Jeadotg,s Sopaately place

non-uniformties, and stored. In addition, sanples of
behmdlﬁ)nfferent materials were pl aced next to each ot her .

[0046] For @@@hﬁhﬁgetwasgﬁbmsednl@y Imml,mmagegep@asanelayd@mda@g in Java, a

t to lead. Al | t
e o i SIS 50 PSR A s
for exaﬁpﬁ@m Otr@f 1§1§§9}B¥@oes§u%’%9ﬁﬁ$ﬁe ARdwheRGhWeR€ cogR ety as well. A

ehin ron 046] Each inage was g)@ocessed by
histogratmefperkgidmneftiatepesd o6 31$ lm@eams mngdsa@ fixedylpgationgin each image and

freewar r |l e
e s g d e el R A T 2 o R AR e v rconte
In some c%ese YR tRo RiBRht ARGRISPNES Phkd @eﬁiotfot ossh @ﬂi@ﬁ,owgldnn of interest
he art could be used, as well. A histogram

had to hee@hoem by hiand.einsiced of bum MAdge %cwa@wé%g cagoaa ofetfpe sample
scannedoag%a%h %&gé{f}? %s?eﬁ% na ?etg d e%%%ﬁa/r{ﬁégaxﬁgd ARG tha ]gcator in Imagel

romthe region o
enabled'tlﬁﬁl%&@cﬁin ﬁdﬂfe%t[@@ﬁdﬂﬁ‘dlosd n some cases, when two
different materials were placed next to eac oth

[0047] r egi oRke emergnfitapanissinndor enchamagp 36 Wpﬁaqﬁid 1Yidihg g histogram
mean Oggh%‘?{%%s(@ﬁ éstgé}gglc@%ﬁ SPORGLAG hogRt éaﬁféseﬂ?:frg}t Q@thout the sample

energi es-were not, therefore,
present, e airhlitd) theSiumage. Alraiabf die énedgc aranﬂmmnomm‘fg&j MeV to 4.5 MeV

enabl ed the_location to be at
were therrgalesiaipdgnd Fogpsisiio o HRORoRaR S Vas B st
[0048] di vi dTlF@re%uﬂé %%B%H‘lﬂ?@ 12/ whiBR id ABEGhRY the fa*u%tdf%@ﬁhnsmlssmn
an 1 mage at the Same energy W thout the sanple
of a radwttb&édehm lhalfmg)a maiiizd ehérgy iof@gdeV Ao the fransphissioe ObA é@cgg,tlon beam

transm ssi ons MeV_were .t h
i S S D POl T A BN g 55 v
along MK Ali$ 0 ThEGPRURUs semi-logarithmic. Curve A is a guide to the eye connecting
calculated ratios at different transmissions, which correspond to different thicknesses of the
sample, for iron. Curve B connects calculated ratios at different transmissions for lead. Curve C

connects calculated ratios at different transmissions for lucite. Point D shows the ratio for iron

10



[0048] The results are shown in Fig. la, whichis a
graph of the ratio of the transm ssion of a radiation
whe@sodsyli ng a nom nal energy of 9 MeV to the PCT/US2005/006809
transm ssion of a radiation beam having a nom nal
energy of 4.5 MeV, along the Y axis, versus the
next to tungstsmn RoiintrE ahoss SheMistido fat dend neixé tX ivpni sPoIMhE skowg|tke ratio for

s G 5 i oy LG 5 43 ) o o

Point G"sl‘i(ﬁﬁbs‘ﬁﬁbsrﬁﬂl@ﬂﬁ 1.5%HcBBs @rlrﬁﬁ'?@muﬁg@teﬁl Heh@ideinches (76.2 mm) of iron
hi cknesses of the sa or iron. Curve B connec

in a dlffwntmmm?e PointtH dowsy theytrice fasriinghean 26250 RS @raérbeh@écﬁ inches of
uon(76 C connects calculated ratios at different
PAféni ssions for lucite. Point D shows the ratio for
[0049] | I ONIMEH¢L culrGest 4HAGSIiA in Ped. 11k show/poed stperatiat between magails at low
next to iron. P0|nt Fsho the ratio for, tr rrig.si.on.
transmissigno (jah 1atenpations (ggw., 1le%$.) rbcf 11,1(5} ah Bsef eﬁﬁyS istinguished at
[ h r 0
vansni 507 0B B0 R 7, Rl GUANDAS Ba[ i  f igin.
p0s1t10nr‘0’f)th@6unVB$)WlﬂhrreEpedt fof exchruther showes thavithet rakos fowsatetials decrease as

ratio for 3|nche 76. 2 d
the atomg TRRGRY (opEEasESi i GGG TRy B8y JFriefoey B SRFfTCd as HANM
based 01'1: 't}% ratifs ?&Q%@(c? Q@RS RAN b ?ﬁhﬁﬁtt%%sﬁ&h% r@tloStodd ratiesf iron, for
ransm ssi on gh attenuation). Ilron, |ead, and

exampld ulti i elotmiythbtathcl caavetsycqug:ge rig 0B tplete Atangmisaion (X&ild afsapproached

separsPp 3k Sl BT A5 BOuRER VD G0, LG v i

greater HERBGCSS pROtORS BreOldigHted BRIBhck @ lebd 8catt,] idSarf 6ptimized system, for
materi als decrease as the atom c nunber increases, in

example.hi s exanple. Materials may therefore be classifi ed as
HANM .on t
ouso) Eonm PR 78 el FL 870, S BRI Blndiiio g .5 sV and
transmufsﬂfn l@%afSpMiaV |through rBoinehlest (‘V@t2 inhe efusteels (mmr)vai]g@n‘asto 1.5 inches
ete transm.ssion (X=I) roached, Separation
(38.1 mpoaF isads SHHBIOp Hacknersss Arerbes 0 THY R FREAIS R G (b gane through
f
ot 33, PO AN 0Py 3R 0P e REEPL BRI SRR g s bt of
lead. blmat steelz €idoryy mice hgadf harveexlamplthe s@me&ﬂﬂergy trangrhissign zat 8.5 MeV, as
surface pl ot nsm,ssi on

measurggl by e getgpgr-t ’?gc;]a rogtgiegwlgrg aﬁltlg %ng t‘[gﬁgrﬂu%%m[eﬁ Lin ee&ch surface is
due to %T‘%i(ﬁs@%amar gﬁoﬁst &€ lihd 5@ mARBReN Theltvio inlaoeds (¥ be readily

D fferent thicknesses are used so that
distinguished t beamssei #heirorativasare heparaied tshmeanyhstendard ndﬁVéﬂfthaF .s. Where the

transmigg({r{ isglﬁw\lqr 3Le :sﬁgd%lrﬁgggiqitiéns: Evzli bg]tlarét%egh gzﬁ{og 111 Aeloser together,
and mofel SoBRikti @A Atmcglaa«fﬁl}@gwuld beregaired.ener gy

transm ssion at 8. V, as neasured by the detector.
[0051] The rht ithss eap@urgmgndwubﬂ ehovsi fthersertce e thodgieniosswere close
togetheli, ﬁ%unrgng %%%ga[eﬂ;%cm %vh?cthaaec% éés?t!hg @fﬂoﬂ{'ﬂt% 8% icMent radiation.

In addifi@Rdchtver diat haraetsdeddarideha s cton efficiemdyi WSS zkwe Fig. 1c shows five

separated by many standard devi atjons. t}f‘
curves depicting simulafed ratios of radiation transmitted through 1ve (5) different materials at 9

MeV to transmitted energy at 5 MeV, as a function of the energy transmitted at 9 MeV, based on

a simulation without these problems. The detector comprises 30 mm cadmium tungstiate

11



transm ssion is |lower, the standard deviations wll be
| arger, the ratios will be closer together, and nore
waophiosssrat ed statistical analysis woul d be reCUUS®AS/006809
[0051] In the experinent described above, the source
and the detector were close together, requiring a wde
(CAWO04).abh tiei sinulatiom) scattirobasdeduedsths sptmse and tles detegionvere further apart
i nci.dent radiation. |In addition, .,scatter .not
and (@bl hicBen 5 cREPRRE s Snt B e B\l die YRS grerp rater (0,
aluminuf) 968, IraMRnt Whd 881ddePindidafd. ThELLAks grerstidotiter@han in the test above,
radiation transmtted through five (5) different, L
and converge g fprsmission MeYMe) incagssed t Asabavisefigyigh attenuggion of ghe incident

. .afunction of .the ener ransm. it .
rdiatiof (ol sy 8y RSt porb b P e Il g fherials. The
separatiGf) MVHIGE SinS@as®d a8 difdrisfiésivig detidb s C@iBApatidm ihtreases), shows a

sinmul ation, scatter was reduced, the source and the

dependenige ep pinmigemeber Imedditem the mHa deaisatre 24 o RIPRKG umber increases,
. . r o C , . E I 1‘%
in s GO SAAPR LB By NG BB B s cnny,
then theirfiid ea@tRldncrEixe as dlie/atemar surshayddreases.han in t he test

above nd convggge as tran rcn si,on at

[0052]  ncr eWdbeut being Bpvied topnyp L iltoi% btl\g/ﬁé/‘feﬁlethat the relationship

betweed A& 9%%1?} ah B habidic (haMbdr ' ROSR £8kOthe diffe@difial ®ffects of Compton
signifticant separation anong the different naterials.

Scatterifiiend prinpadiicion atditferehhencegiese sWith low atynicgsingier materials (such as

. decreases (atten ' LNGr D S h a .
a2 SSTUE, M P6! S5, GRS EPRRIER 48 cominan
mechan{sBatdi SNk ferBesRAED b9 NES.e Eomiptont RhSeriigadiabe. thé low B®mic number

ratio was cal cul ated by dividing the | ower ener

b
materialstie sehtggrdowenengygy phhtoms: swehragt MeXophatons @ @a@ggﬁsf%te than they
t.he atom c .nunber incr 52).: W4 i .
s 3 R R B PR SEpach Ohi R BeLae

radiatioh [F6r To®) @bi BlnPerb@bERR. tHoe highei atoatiel ntuhdermmaturials, such as silver
nunber results fromthe differential effec

f
(Z=47) endycaiurBd 4D PRl RIABUGHAR CapTes dERPYPT & dig gnsupy photons, thus
reducinglqlgér’n girt]%ﬁ] Ipyzdltdnignf)%ea{lﬁ{gti%n %?Eﬁ%fatlﬁq% %5:5?'5 %Eﬁmﬁ?éégs‘gl?a?lges in energy

ohof transmitted
at

and wat er ), O
transmi$3061 renltimgdh b alearnhy flatcurieastmeigydransmssivarinerass. hi gh

energies, such as 9 MV. t scatteri ayses the
[0053] | ow attbkigs: HuAB rlcné’ltvgrppa(lgg’ngﬁgéc é’i’c}il%br %P%\riﬂ? %é%gﬁtg?'/tomlc number
among ?ﬁ%&@corﬁlﬂﬁﬂlﬁ%uﬁd Me ValB QoRPSpandds, & MledNBra fedt hatdial calculated

ey scatter higher energy photons, such as 9 MeV | )
ratios lgshcthamshe matibodf irerc ischslamtivh of thae prssafce tafzn sritariad daving an atomic

radi atjon .for | ow.atom,c,numer. erials. Far_ hi r .
number GRERE RS ARLRPEIED, OB § 22 ool comprise
iron and bRl MR BAREORh alRhit nRhdbErAbisARar oS e The prasvide offanyhigaterial with

hi gh energy photons, thus reducing the ratio. In

an atomaglimberrgreatérehamirpmts; theraferet HEPICHIUS0 i s | ess sensitive
to changes in, en tr m i J is
R

materials026 &inte?), Fh@giffekene dotvdet thd fatibs Cut differenZmatyialsvdecehses. While
he hi ghest atom c nunber anong materials co

as t . nmonl
Figs. Letasdnks shavicatraier dBaragesfbycen e O feladifforeas plements and Substances
as energrgﬁ {rgﬂs'rrﬁgsimlc fi‘éc‘fégsgst &gr thicker objects), it is noted that as the energy transmission

gets smaller, fewer photons per pixel may be detected. This may increase the error margin of the
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ratios less than the ratio of iron is indicative of
the presence of a material having an atom c nunber
w@e@aneest han iron. As di scussed above, typi caPCT/US2U85/006809

in a cargo conveyance conprise iron and ot her
materials with atom c nunbers | ess than jiron.

measurefr eafncdeaseasingy that @cu@lcymtﬂi ayhigh onw@rlﬁbn‘@&y d?reeéitlﬁ?rentlated
t ha [N LS S O S.

Embodifye? ob bt B Aol 13 MhE bRy eppotatlicma. |

[0055] | ncr qaml@mﬁoddhﬁeﬂtatoﬁrth@bﬁesa{telnt/dfntmnetl‘)e reldtltenshlp between
di fference between the ratiogs for different nater ia
the ratioge{ciFangmissiong atenpatipn ofjrgdighien fhrougivpympid sy 8f two different energies
and the Q‘ lémflce B]%H?&Sotj‘%ﬁé RERRial ﬁ%sé?t(d @Sednfihe %E%%f %Bbﬁl:teeﬁ%ys@potentlally
ances as ener ransni ssi on decreases
contamstrhateiiﬁs havipg atos)ic numbexs grmtﬁcthamaprealstenhmeé Rty number which is

BPUETT o8 G A S RN

is select&h&ﬁﬁﬁ E@EANRE By bE§ DLERS rﬁQteflEleor%ﬁfélHi% Yor ﬂu'@le‘df‘in@férlal

materials may be differentiated. Enbodi nents of
[0056] pr esdnt orieneremifilgramolgecinis scamnedhwith ait dsastiave, dlfferent X-ray energy

statistical | es of, e
disteibuyrg gy WEERE PHHDEATHGRR! PRETER OV EYORT T oUPREah Hflgeferred to as
endpomfs%r' RaR fenérigRiS @ fipliy Frend é&&ﬁétﬁbu@cﬁthhaﬂ 186y Bé ussd 1nclude 5 MeV
hrough a material "at two fferent energies and t

and 9 Mo HNeW #nBOMoV - 1eS Meorachl S Ms s Eee taéla@@p&anﬁméted through the
object aﬁ@%&%ﬁ ?ﬂf?&ﬁ%\%nglgg%' @Hﬁél@%ﬁ% g%@@& bg !?t}éctgp Elteﬂfeﬁt% of a detector array.

Radlatldhrlﬁﬁﬁbﬁb FenRebcaidairicactn eiidr gy end(\:bomh aftar mtrakmnﬁtted thrinegh the air
hi gh atom c nunber materia

just befcgp @Gé’lbiqcﬁ?ﬁéﬁ the gspectivg ﬁ%‘@?thns <81 g@‘f @@n%e’tfﬂ%?set idrormalization.
r 1

e H

beam psthaﬂhftﬁ@hvm)drhomt of dﬁsbbjbm) fiohint ftler XatayXsouage @nerdgyector element. A

o B 12 RBB LSS S B TR et b 0

0 DRk, @8%@11% rE6EL Eé\é i sfu'rf%b'é bPﬂfé detector array,
“pixel. Eh@ naf%glga[}ﬁ%&%? ncl ude 5 arc\)ézav and © ]%t V and 9 Y
which nmr\be Aatcbr Suivield, fom@xdiBplveas isknewnan |t1m albnEturhamseh meye @lorreSPOHd to

on r A RS 5B SR R i i n ot

but is nétGLEEEY indEMimERE bPtheQRedERYindbRionD thedBk €16 hRg cdiregmld to pixels
energy end point after being transmtted through the

of the imadge. | ust before an object enters the respective
radi a n _bea for -for e, I
[0057] Nor B {3 getgé?&q%cglﬁ’%lé% Iato #f’el tsvllcpo d ég%gcl é&%} Eﬁ]dpomts for

correspéiﬁli@g?f)&hoﬁé @ffpﬁdélsf S GRlcvbsed:. aﬁb@tespancﬁhgihgomobe atppatshresult from
through portions of the object, fromthe X:ray so

the same @r Fubsewiallyrthe sepe heam Aaft Byeish the obect nSincadhaohigR s typically

being mro&%i; ?c[f%g ateﬁdgaélgg %@%ﬁ%@f@& @5@ (e eYb &ﬁ%lf??%r@gxgg oans‘ﬁg t distance

betweert §camhingost thepfnst and secondcaievgyn gndqmnr[tstc eCcor[‘espmdlng pixels may not,
det ect or array, whi ch nmay be flat or c rved

thereforg, as-gsreved diom SagHB i FRC IFaMAAH ¢ RO ﬁ%@veyance Preferably
pixels agé’ ChESR8E 14 %eOQS?Q%oH&ng” dehRet REp &'u%f%@&fﬁ IS’Jth§ #fough the cargo

tector arra elis generated whi ch 1I's an
conveyampt iovarlap by at least one-half, although that is not required. For example, the pixels

DL
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but is not required in enbodi nrents of the present
i nvention, the pixels may correspond to pixels of the
WO pwges43fD057] A function of the detected radi BET/U82084/006809
the two different energy endpoints for corresponding
portions or pixels is calculated. "Correspondi ng"
may oveflap by dess th:arn 1pa1f< eItsmHéaswpparenfdmthcbﬂe skilled iprthe art that in certain cases,
st antr

s 23 TR B L0 SRR R RO B0 il may b

proximafe®d ie@dH SeD@AMIA HEEW glxersarreaaooth&ﬁ) an@hk&Thot RyrIge
nmoved a slight distance between scanning at the fir

[0058] and m@msewea@yeethq Beickhon maod?ereee\@@ epngihg @%atwetected at
the hlghggtteﬂerttggrer fgﬁf %uc ik S% h’gﬁvéé{,dg ﬂ}g?&a ¥ &éﬂ%tédagpﬂgel%(per energy

endpoin@{gicE oS 5AGE Y] droviee vered, rfes panmbley” Sufcht:h&’hﬂlo is referred to as a
respective beam paths through the cargo conye

a
transmisgipa rratarp( BR Tpealnlagnbe 10, O1ig) XA teRsitied T Tpigtion detected at
| exa r
e e S RS Sl B8RRI o € cnerey
endpoin@fol atﬂm&’ahtyrbfwo[’rtemdmdﬁgmls sTRb fashe ﬁoﬂrwsn@eg pixelsy refgrred to as
and, specifjcity nay be tol erated, correspondi n%zgr xel

fesultalﬁaylxﬁlé” foisheresls om@é&’ﬁ toPrsPntedasnith 25Y OF pi R g numbers

(correspgxgrﬁ %% ﬁﬁrr)a?@:ﬂ %s%%‘f’emfth Asdshfons L PaBbctiR rgélﬁfaﬁﬁﬁﬁgls Instead
ction may be a rati o between t

of measurinhi mtliation dehsuiseidnandiptien dtaghatioremay §y n@a@lyod ard pseddm the ratio.

Other ﬁ@ﬁgown& Band?f{ ne o i]gl ¢ Iegrgwg ! &5 %?}gr{}%tgg c arrésxgyg# function may be

used, suEl aﬁrﬁlrﬁﬁo %H%eﬁ H)"ﬂ‘ﬂhb Qnéigy rd@fe@feﬂeﬂ al frsBénedgy Eﬂd}ﬁﬁmsiﬂu@fhe energy
ratio ("TR'). To calculate the TR in one exanp

detectedt atam seront expergydendpon, st %)ctile ¢neigytdréedirdy nfeﬂlee’fﬁréﬁ gerey endpoint
Qi n L vided d t
minus SRk S SRR, PR el haion
9 MeV € Qkfctfedqadiation Bt 3MsV) Eﬁetédﬁ&’d tadfationrat QSMeVd-r d@gected radiation at 5
pixels, referred to as "resul tant pixels" or just
MeV), OQWi@@I'@rsarray be represented as an array or a matrix of
numbegs d Pixals e Wirhhred with
00591 71053 ERE SN0 Rk B Al ARSEph b Y vt
second Rincti@abased g o tasl rﬁiteﬂaﬂ Hanigsthe pmdetormmdlammro mumber (above which

ST T G T
Whetheracﬁ%( FRE hdef cﬁf%h@ﬂ% resptRE{! 1RO sBBUA B BRI ThE ¥6ddnd Furfbtion may be

bet ween: e energy detected at a first
a threshoid rfg>y exaohpi, rundpthﬂscrtttm)ne mrygl;e oihiether glie SR as gbevsngr below the

s 5 RSB0 S S RS BuEh 5L okl R s of e
transmn%&f:%gatﬁ)ﬂ@ raglfhee Qﬁﬁ@ 't\% enéﬂggr@nﬁﬁémvsﬁisﬂﬁ, udedeyetleedstem to scan an
radi at1 on at V + det ed radi ation at

object updert mspeedon,af@r the lonultiint lemb\r)fihqj@ﬁe@@@ﬁlar aéilafﬁv:%%rﬂtaﬁlxsls may be

analyzefli/%{/ érﬁaglgﬂcalfyh%u\fg ‘[“?0[9628 tr%rsrlr1 ft Di xe are conqtrl)}% d fo characterize

the test }fﬁéc@ d’réi%ﬁa(blfsd the! BﬁérhngR&§ adjuetad dyt aesintetgml airi min-ih&giah gumber of

redet erm ned atoni ¢ nunber (above wh H
standard dev1at10ns of the TRs, to achieve a desire sens1t1v1ty and specificity. It is also

preferred to calculate the average TR for different thicknesses of the test piece. Since

transmission varies with thickness, particular thresholds may thereby be calculated and used for
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materials are considered to be HANM. Potential HANM
are identified based, at least in part, on whether the
wWaRwsoess2 criterion with respect to the secondPCT/US2005/006809
function. The second function nmay be a threshold, for
exanpl e, and the criterion may be whether the TR is
part1cula e emissiobebdoangd ef anmm defEh‘edtah eadihwkel. iy ttaesmlsswn at the

ighr LS eTSS Rl TR, 2018 AR Ehhikbig ienbfion a 5

MeVma%r%Q%bH‘Hﬁst@éd IS used by the systemto scan an object
under inspection, for the resultant pixels of the test

[0060] rmat erRreferably,|the testinateniel hsisselatomigynumbes saua) se gt grcatgr than known
the hlghﬁ,tgatcl SI | Calli%g lé{{:%elpﬁar‘pger glg{égni?gg?o?ﬁ éllél %a%?&acﬁ{fé(ﬁ{a’génals such as
uramumF(ZeQEf &l plutonfien @7e9H0ere UR paticaliy usticedhn bycaasb thley egm ahdergo self-
or _non-integral nunber of st andar d deviations of th
sustalmmgvéssmrbrea@mr@v eThe waismaistials dipssiorey Praferahly kasew 4tPRig lgﬂmber less
9 t _
than the Gat? I %%]rfiﬁ)?rhﬂ;fi\&rﬁfelfsugg SAgfrﬁ tﬁ)H!i@tclﬁO\teh zeéagv@'—%g? et-LrLt%sfté?lr (Z=74), and

b1smuthtqg&851m@3a1§tn of @bh&sn Wetdusé lnhleglkmeys pr ysad ttd shiedd radioactive material.
eshol ds may thereby. be cal cuI ated and, us

More prp iy A1he ashister i i EerogiiS B AL QBT 1945 G WagsieRy 1t is even
more prgi%fr&‘l" hiad! tl‘%tteﬁ%‘feherﬁé%gl iro 32326)" %EH i$ %ﬁé’lﬂgﬁés‘c Eﬂ@)?m@ h8MBér material

ol nt be used to select the
commoﬁlyl If@.!:’ddﬂh «targ'ﬂwnw}mnsm adileggage 11581gmﬁcam>qub@t1tm§e &opper (Z=29) and

ket (gR3h8 b 90t OB i 5 by 841 e caro

conveyaat& B Sthe ALRAI dbjd! @Bﬁﬁlnﬁ fagAGARPA FRbRuckR i IAngy bEQetermined based
exanpl e, radi oactive materials, such as uranium (Z=92) .

on a maa,rfdst gowthe waxgm qoRzeyENCe, afpeemng},g rthencqy thyeshodsh based on a test piece of a

s, S5 T5BYy SRD B RaP B SHRL LIPS} B s i

atomic RambeR REPM tHemBRkerladsS 6F chﬂd&:rﬁ heayatbe niged ninntier awdllysis of cargo
urani um As nentioned above | ead (Z=82), tungsten

conveyangesreppiaizing apiieHes &02 83y "sHe al so of concern because

[0061] ° heye'frl?%felgglt ?n% é @e Of a?df'lﬁ ﬁ*\é)?}éé?%{oeﬂhb rest & indicative

pr ef as an atomc
of whetheiriier atbﬁ‘ﬁ(s nhﬂﬁﬁr bﬁ m@smfenal tin ithe eulmmenof ¢hepplbjletr rexdrsed by the
that the test material be iron

- ' =26), [ [ h
radiation bega dt abave e delohiher ohte sataal egrh?d%f’rtﬁ%ﬁ a i a3 pgere the TR
is calcuféﬁe‘&@cﬁ?@ﬁ%?@ﬂu& 4oy ﬂ%%] én? éﬂ%@l foly %%ﬁue%@"&drfésﬁ&ldmg low energy

and nic Wwhi ch have atomn c
pixel, ifithetER §s tdsoskart thei thresholdpthenltho vblemes gthversed thivethe apdjation beams

conveyance or ot her suc ect contai.ns a ul.t ur al
resling S SOveh Ty B PR S HERU A I et FBHF e number
than thd ?}H L&? o?%eg%sf; 9&%@%&‘5@ qdé‘nﬁﬁe@)é@@@'l&st hRfRfertial HANM. Materials
based on a test piece of pl astic, such

as
below tha;tcaltdml(cnymrdner Bedl elassifiod asrm)yl MNMe&n therqaﬁe V\&]g{pp@p TR is calculated

oy a1 B T PRty e i

the TR &NAbaS tﬁamhecmfegﬁolqoméﬁmﬁﬁ@msma@rwd@ the rracﬁwﬂldmuseains resulting
goods, as well. [0061] The result of the conparison

in thosq hixelFRitdpast peteptinlly somprismateriab bavng a ighercatemis mémber than the
material of the test piece and is identified as at least a potential HANM. It is noted that in

accordance with these embodiments of the invention, it is not necessary to identify the atomic
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of whether the atom c nunber of the material in the
vol unme of the object traversed by the radiati on beam
WO 200808362 or bel ow that of the material of theP@EES$2005/006809
piece. In the case where the TR is cal cul ated by
di viding a value of a high energy pixel by a value of
number af ¢iog nmsqwmhdalﬂ@ugb\xhaine ragyopsionehs i knevwe ihe ert) eHsS. Patent No.

the thre hen th vol v e
5,524,133 0P R e STEc 8 it SR SERRbGL AL BLA° oty Bfimique for
1dent1fy1l5’l§ta‘i‘ﬁ?ﬂieéuijl bdo¥nié QiBibes 85 niEdrfd ibasedn@Y b Eti@ of DOPS radiatith Cletected at
unber than the nmaterial of the test piece and is

each enqrgbent ified as at least a potential HANM Materials

bel o f re Cl j £ - .
o062 2o O RIS DA S Pl ST e Mo 40, o
item 410/ ahdecletted pixpls, encudivg @]lmlahb@/pixhb ApBUE, Gf asd H. The plxel A lies
correspondl ng high_energy pixel, if the TRis reat

within ngifere HES-t HHEs RETUB HReAvItHR o GRATY « A <amiio aindow W,

d1scussedEiﬂ'd%{aﬁl BEATBILERS ! NEhel & sn%et ﬁpﬂ‘ﬁ@ ﬁme’fseﬁﬁ y @epdiRPSH the size and/or
tia ycorrprlse material havi ahlgher atom c

number Bﬂdéiea‘toﬁ dlameiith eomptiging tie dn:tectdmlmmtg mtegmloamjnep,stc The smallest

identified as at | eas otenti.al
pixel SRR PITSOERY Hah ek (K HoUEMEHIS A RONT o drlefil Sleifents. In one

exampleI méesnie' Hacih Heté&of‘ﬁ&m@ﬁ%ﬁ%ﬁéﬁ’p&@l ik d8Minh &Y0.3 &4,
om cnunber of the material, although that is an
[0063] opt | d[ﬁ theauadlagok heam uised torseamthe, catgogonpgxa@g@ 1Qis a vertical fan beam,

rie 2 5530 SRR e e el L0 T g amensins

scanmn%ﬁ By PleQiltifig Mo SéanffngBé @higslcobinsatcnIfahe aidigticf beam is a cone
radi ati on det ect ed at each energ [0062] Fig. 2
beam, Fig. ?ars repmgentmveoof ane of hesp twp- de@p@%ore% SO éreas resulting from
ﬁ&?t aal rg)lcnch;L ) Cé e 405, an item 410, and sel ected
scanmn% S g?yglngwlustratwe pixels A, B, F, G and
[0064] H Thehepivxiaks Af ltheSranbrhitied radiietion emeé@B. at TthesepandelothBr pixels are
lies within the item 410. An exam nati on ndow W
stored 2 %q)@sl@dmmos@p&al SQRBIIGH, SYFIEMa [ PIOFTHIE Phé EHOE%SS%“P such as a
computégh GiRI X8l e Jf‘%gggp Bn bPgn %ﬁ}ﬁ QofHdREsn Sergy detected at
£ eEtor el 8nehts c rising t etector, imaging
a plurality bé gixalsifonratiatien of OdVie Vensmidet elsrpugn a@brtmnzcﬁ aneAygo conveyance.

Fig. 4 158%{ r@;ﬁs pqg C@lf tg,?pg?{@gon hlegmd?}ye 5%1 10 qﬁa cgq%rzae’cncg)fn%g%o&ﬁmg pixels for

radlatloﬁ g%lg&fl%? BB B the Rt LR P S bt 5 M&r’ thr&WBI4he corré$Ponding portion

t he radi ation beam used to scan the cargo
of a cargonueyegaee. TOr esamaplecattd MaV, ﬂmmomalmedﬁraglsmﬂtqufadlatlon detected at

e i PSSR b SRS BB R e - 24

10°. Sﬁl@ec' U Hé&%&&@ﬁ% ¢ aahihgtel Qﬂl&tﬁfnge&e ®P ﬂiéeééﬁ{éccﬁ‘deﬂ &f thignitude (107),
radiation beamis a cone beam Fig.

2
that term épomited hateatter. dfigohis aorexampls ctfwomaymﬁ ﬂiecﬁahdulaé@h“ﬁm frg the same

S resultin nn 90,..¢
portion PSR EVRPIEE EnG TF AR £ B Fa AR DAL & iéuling from
d1v1d1néj@1te%fu%%f 3t (s %%%Qh@ RElue LR @i leidiag ﬁ TR 6f B8, i8$hown. A resultant
arrays in nemory of a scanning Systemfor pr ocessi Nng
pixel typjcadlyphascersssame sige lndsstmpe as the initial pixels. All of these values are

hypothetical.
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conputer. Fig. 3 is an exanple of a portion of an
array of values of radiation energy detected at a
w@bwsagdssy of pixels for radiation of 9 MeV treCEFOE100806809
through a portion of a cargo conveyance. Fig. 4 is an
exanpl e of a corresponding array for radiatiaon
[0065] det edlimdaais edilowehponaf g piavenls dfop melhpdt§dinfor calculating and

analyzmg I:Ilﬁgsug%{ %1]%3 l%:eglr oﬁeiglggl%t § ﬁa%ﬁfgﬂ?&"g@ngg faﬁnﬁeraftscaﬁmg‘@g system. In this
exampleCRMEMNSGLis dEREte@nOFMEY asd al®d MRV, for laq)h[rahtlyajf |cz>Hdspond1ng pixels,
transmtted radi ati on detected at the

in Steps $1 grd 882, Bsmastyelyndn Stemald: theedis &n %911 6??“&%@ ] g falculated
by d1v1d{ gdhlg 'rrrll%%t%%u?(d tra %teé’ ﬁﬁ(dé%tgono t %Veataa 1xr i g‘?ﬁ@é@ﬁr@d @fansmitted
rad1at10ﬂTz&Q5nMeUCte a(cb&eﬁjondtﬂgqﬂxeﬂﬁasmhbwnomﬁg éd A enmerftrequltarm; rgxel is then

et o e BB SO e S oA ROt
for comﬁﬁ%oé willh ?heTﬁ‘}RO(f)f ﬁlerﬁﬁl‘éhi g&tel B ¥Rlferbbly Qltkicdighséd OMthe detected

ing the value of by the value of X'
transmls(smnéh) opk elf dhen gnfzxgyr RndlfOthS,Sm $t§p $ASWAt may rhssiscesgaty to calculate an

apphcabfenﬁ':gqsgp]}élgl? c# tgflng ﬁg gféd gg?sﬁ}ggdga?ssfgW§u§S%dttﬂﬁher below. In

Step 80@%19%91%&’61&1313 Ha%zﬁcﬁ] thel ddtecfd thamsmidslopvt 9aviEVoTlt Ay be based on the
éxanpl e of a nethod 800 for calcul ating and anal yzi 2%

detected TResmfrsionrmgy MeV i mﬁmreﬂteewle&te@dmh@@ I} Yisgragplodsi

scanni n tem l
[0066] ot egtf ggthg%{ ﬁ%t %Wetgﬁ%le{ht%r g{ém ghre X pflﬂi:egﬁlltd?l@ pixf%l A is below the
threshol§ @F USSPANLicpB1pi F2he@, 2.5 s Bhethan AL, dﬂd c@ffition is satisfied. Resultant
resp ectlveléq In Step 803, the TRs for each I‘GISﬁ 1%y a1
pixel A maXethewf@rec SN0 bigheonlwldﬁ ngatied” ppagaicatial HANM by flagging
its place 1nqgéa gllé%j}; ?ijf agi E}{i ISP : gltt Fég%eghew' 1 3/ él\clg gxtfﬂ%ghe} B resultant pixel A

is the la@’opfxelstbohéi Iaﬁ@y:mdg(éﬁ St@SSZ(h ofiince rihdse gre GtheApowts nbe analyzed, the
. resul tant pix

et ST PLLE) IS L5 BB i
and the 4664 SntiddebNT &I]%é}oﬂhg oBIpuk? 'Tﬁ@rc'oﬁﬂﬂbte% bialy 41 of @ TRs of all the

e current pixel is preferably sel'ected based on the
pixels, ﬂhet entlisbnt il 820 bacamesotee ob ththsumart pixebidfhs kst pixel.  The

s s S B I F  BSG R P A 308 g, e

Scanmn% &shol ds, as is discussed further, below. In Step
8, this sel ection is based on the detected .
[0067] t r ansHis iroughgut of assanning sysipnbmal sducrgpsed iy cpdegtingsp prescan

by knowrh ?qcﬁﬁ%ﬁ%ﬁﬂ%ﬁémﬁgyb \%@ep %O@%Tct claﬁtagdsslt Gt &gxn%%{ cfnei'?@@ lr(%lons that
warrant \Phehdr@kambRitidR Of sof bRe 6tifnoeNdS the sests dmt:rlbncb(lﬁrelﬁ may be conducted.
bel ow the threshold of 4.35, jn Step 810. Since

If not, the shjechaay pagsthreughsthe sHRem; Withqud faher SRABINANRRS fﬁhﬁam?scan may
compns@ lﬁggrlg)é ? fﬂ%ydbgcgg{ltﬁf Ol atlﬁﬁkl%ﬂg WF% ohB®f Bie*&Glerd ysendpomts Use of

gging its p ace'in
the lowdrit@eqyreddpsifit fatdigtion bearn s IS’embreﬂ bbcalst itiis gérvenily more sensmve The
det erm ned whet her, the resul tant pixel A js. the
results mpax be apalyzsd fahlé?ldiﬁi‘é’a aﬁFWa@PB (9T FapSTuSHIRR M iGpLiveE oglaé’OSSlble suspect

malterlalot § Tﬁgg’% 8& Qﬁlkaﬁlaﬁ@ d Peo u}%ﬁ}ﬁlgctﬁé‘ ditbéied rddPatidlor contrast with a

e net ns to Step 805 to sel ect
threshold fwwaﬂn}ﬂel [ihagesamayt ysgenerated and visually exammed as well.
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and the nethod continues. After the conputer has
conpl eted analysis of the TRs of all the pixels, the
w@ediog43en in Step 820 becones true as the curPE&nUS2005/006809
pi xel is the last pixel. The processing steps of the
met hod 800 may be conducted by a processor, such as a
[0068] Cor‘r'plA eradiaifont Heasic gt nigtesseptiogn a{lOGBWMrhwﬂl typically intercept

ks, Sy SGa L FAGH T R 058 0 B o s
behind ﬂ@ﬂw_’l‘@{/l 1R LRigeity SRINpRLISitP BEtHRIscARMify Q}%ﬂﬁﬁ 10@ Qia(?ft& improved

that warrant further exam nation. |If so, one

by normelizing fort the taclimeend elethic Haspestad FyNNeby: W@léfd:alcrl%atmg the TR of
t he abj t

each pl%eg rqf Hh rsuSéa)?g SC%{%W e%?hzld%cp é@tﬁgﬁ tfélré;%aaé’cﬁipﬁ{ﬁ Yﬂa‘ieﬂ&y based on the

transmitied&-agiaties tof \Whé Backgi@gidahiterialbasinhb &hanmntdﬂleradfanbn efor a comblned
energﬁ/\ﬂen poi nts. Use of the | ower energ endg&ian‘g .

suspected gd @ﬁdﬂ@ﬁh&m@‘b mataial egcpwag e Jame Cage hetial §7Sed on image
: a

rocesBSFITERE L TR ESUM 5, B B APl Rt of dope o

indicativeosfsd pos3itde $PM mmy be |1d&nt1ﬂ§d Wﬂthrm,spm tol teebackground. Such dense
autonatlcallﬁ by co ar| g efected radiation ar i

regions @, PadqSIHER 18 3 RFEGHOPH e BRIty BRE Exerisdact By 4fche enerey

endpom&e §§ H%E@%e%'&goxyé sygbd Yhe@fﬁfﬂtﬂ@&i ra’ﬂ%atiﬁﬁ' for [e@&ﬁﬁﬂxeﬁthrough a dense

iat1on beam path 1 ntercepti ng an HANM wi |
region rhzyjp ibe afalopléted byahmdmgoﬁ)@krgamm@d reliasionaef angpeqi thepugh the dense

o 5 2L B TR B B b e TR

each p1%?elﬁ'tﬁé CiehYe ®dgib @na?cﬂﬁﬁltfégcaﬁ&iﬂéteml%@ﬂlvmiﬂg hike iatjusted ethnsmitted
by normalizing for the background the suspected

radiationd/gtivpdyensegaeatpeiny, %dﬂ&%ﬁﬁdﬁb@’e& he TR of each pixel of
a suspect,ed NM errbe
o061 2, SSBEHEE AN EIBARY S ID o AR HE O s tor i e

region aRA EkeOsARUBRDUAB! BE kiak o8t Hableprbiiradis Préferbly seiticadd snmh flmt the area of
a conbi ned suspected HANM and backgr ound ter
the baclgowpsyisrRpach edseie oA MpEIHE OBIES 6l BRE ¢ area of the dense

region. % %ﬁg %?élmﬁl L gﬁ{é@e&&ﬁﬁwg r&f@@(nsdcﬂ ds e %oun% ﬁ‘)SS centimeters of the

poundari es ense regl
contentd Iildleadt Id\ﬂecﬁxfn @utsm%tﬁal bouﬂdhihksrmﬁ the dedmteg‘imredmay the considered

SISk | RS NG S e Bl LB ot
matherx%caq’ ri}ﬁrhégl tcﬁqh@ TR Y tﬁ‘é"gll%@!s Th@nin@$hé bﬁdgﬁﬁﬁld atM@edian may also

transmtted radi ati on for eachiglxel t hr ough
be used afol ersreplee gvom anmylatxingsahasubeadefinedyareting e migolhef the dense region,

diati ixel. th
L R IR N
the dené%%ﬁxgﬁ BYNko FibixEdB &k e RMLTiBYH &) SR xamplel e addduhtofior eedprecision of

pi xel in the dense region may then be cal cul ated by
determmumguthn axpct heurdiiry of 8¢ densmzagian: e§he aertingy vdieh m@&@ﬁcompass the

same ar?aoa tg% 8us&38§18[g$§%\f1 a3 dfgﬁs g(gl{%lsd% dqg %%:{(Sor a]%a%g) ggc]ktgk F]éﬁiﬁénal

[0070] Val uebigf 6 i heekimsie of & PebibdadHd thhltembﬁbk gxauted, byt énprocessor such

size of the background is preferably sel ected s¥
as a comhuter,tth caditst detspted radiation through suspect dense regions of an object, for the

background for the dense regions. A dense region of an object is identified, in Step 855. The

dense region may be identified in a prescan of the object at one of the energy endpoints, for
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t he background is about equal to or is the sane order
of magni tude as the area of the dense region. In one
wWe@x@spses52 a predeterm ned area, such as the supeDUSZDDFIE6809
T 1to 5 centinmeters of the contents in each direction
out si de the boundaries of the dense region, may be
examplec OTilsd Heureldrieaok greodmxsle megier a@l detngnciRinSteph860. Image processing
background nateri al

b
techniayegHEhER TeERIEnGARL VRkh Bre Welbkaqii ot ﬁ%r?}ﬁ& E? gs¢dy, for;epgample.

[0071] the bﬁfek BHRURRnG dTensRh@vrepRy i8li8ntiRdUELHepf88D, and the average
anple. Two annular rings nay be defi ned around t he

transmlqslomeﬂhmu@h thtréadieground etyeanh, erfewy emmtels detreminady il Step 864, as
d1scussefi|_?g)%86un éetscfte Hgdlg@?\‘i gor %aé‘fztl?lg cisegugear%ﬁrg \Lﬁlefpmcludes

backgroBRE R1dHar Bt b&iin Jall, BX&iNake, byt meamagﬁ dét@btetl hted1at1on transmitted
i mprecision of determ ning the exact boundary

through ¢ backesgiingia at Tach qasEY renfppinivin cem¥lp- erds rfﬁ%gfs 1St‘i#€ transmitted

tioiof 853568 B8 sTAERGD Ao ot BRI Bt o

the beaXgailp! eThef mathwdt inayl tB&aD pideadd maﬂtdpeS(Bx of g dabto aalculate TRs for

rocessor, such as a cogfuteh 0 %ﬂSt det ect e &
resultan gigels o et fense gﬁglggsl:&é opdhg g2 %cg%t ranmisgionsy,fog gorresponding
pixels, afnﬁrto g&ﬁ%{@ Wth?é%ﬁoﬁi@e dense regions. A dense

ect I's 1dentified, in Step 855. The
[0072] dens eTltee@nsmnvrmymb epéaificityi ¢fi thel deuarralnph@stiahaéwﬂﬂ?eplxel is at least

t at ener end ai nts,. f.or
potentio sathesT R FMMIBHER op 2 SHAReo e RS TRofo afolas may
not be S&8cichf®&ep zﬁ’ﬁ@ﬁlﬁﬁ% ﬁl@catn@ﬁshmmlméﬁtﬁ hofahe invention seek to further
segnent at i on which are well known in the art, may be

1mproveu‘éle apedificitye alahpemsltn@iwoj;flt]usﬂq@rmg@ngn by facteasing, gaedgwgr@r of pixels

on is identified, in St 6

analyzef.; oh <GSt oty BT RE B QAT ot B, Fifher analyoe the
resultan® a&aﬁn ot danéevethithé\@sbodimess @lﬂth%ﬁﬂverﬁ@nﬁdl@@ﬂbétﬁﬁblow

above. The detected radiation_for each pixel of the

dense region, whildte Examingtien Y¥aderolesd al ong t he beam

path, is di vi ded by the average detected radiation

trans e
0073 5y U A GO T v
thresholda@l@w TR pheld” bl@:od’amed ineqyigcoupatg elépixeksnm\glyg enptpdntq:nmlned area,

wi t hout the effect of the bacgg&gund al o g t he, beam be a 3 1
referredfaieR AN FHETHE BV GGt HEKPPRELodAe FRTBPBHOR Y ey be a 3 pixe
x 3 p1x§%rbgj1§%ll>§9' h%@ mHREx BP 1x(31%3fb‘rte§£1{1 Ri Xglosx 9fpitdhexslemagon window

ased on the ca cul at ed transm ssions for

W is shownrme§ 0 2dilfi thephwebes ,of a]nﬂjlomT}&@myéﬂ'm the exarmmation window exceeds a

e S5 000%, ASCEANTE SRR b PSP P e e

TR of af%9§t SRck Ahihys/plaglt h%lde\(ﬁ‘ s&ﬁld@fﬂ deidybia.sid wanddvin 9126 and the minimum
npari son of individual TRs to threshol ds_ may

numbersfiéw diRepielsdo bpapnsidercdp tlap@lmayabq hesen wbd@atﬁbw@bébﬂlty that a
non-HAg\ﬂﬁ Iglgﬁ n{n; St'lnf}?;e ea(tocfritgrgctg? gtr ox\ﬁ?m%é}eoﬁ Bﬁfegéﬂcféh{ ¥xamination

Ion Dy I ncre

windowis'8 aAWBI&t (IHide ﬁ@hﬁv@ﬁbmmdnot/khﬁxfem&ﬁm pixels) hlaamgaat least one
conput ef, of the scanning system may furt ter anga %’
pixel belows the threshold, is less than a desired sensitivity and speciticity. Seléction of the size

of the examination window and the number of the standard deviations to be subtracted from the
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resultant data in accordance with the enbodi nents of
the invention, described below. The Exam nati on W ndow
wae®b/08438%3] | n one enbodi nent of the inventi oPCT/UR®05/006809
nunber of pixels having TRs bel ow the threshold ("I ow
TR pi xel s") contained in a grouping of pixels having a
average [TRedEtier tektn@atesinkm, caeflae rikel threshadl nbassdwinrthe ifoowing statistical
_wi_ndow, .i s_exani ne The exam natj on_w,hdow nay be a 3
analysmpiTﬁwe%t isyeffried|to @3 g@e ﬁ#@&a}nawgwm‘i?&i it rix of ypi xel s,

for eppnpletf the &atnifatRin Rind§waay \@rie8font 16 dBY\6rdd-Sectional area of
[0074] shown i n Fi 9. 2. If1 ailhe nlﬂlrrber of thegl&f ow TR pixels in

the smaflbet BANM naft caocem Hpovthe scawdeg aystere deteddiptied HAANMe s typically

t.he NM i s considered to.be. pre ) .
smugelof 4B HAVE LGP TRCof 15 PungIBoaTRoh af e Y AR, fuare fiting
within aOfro§d f3€lah &f dieyi sphéreNShncet fhe Wihd6ho Wizl 126, bean cthbkem, one chooses a

m ni num nunber of | ow TR pi xels to be consi

red . )
threshold hvabuet andag riainOseEMbICof el holw ghe @aﬁhq%f ;th%tﬁgtfogld will be
.. nQn- M I i ' '
oo PO IR SGL b el BEUL 8 Bl Sk e munbe
of standaidd&RSTEE MherehgREoMe obatilitySifaa eespomsetinomi a &g JHANM decreases.

S T R A S
meet thé Fiet%ﬁfonsétrﬁ&i @5@&1@%}5@%%@%&&%@%&% RAHHIRs analyzed is
0 e standar 0

eviations t subtracted from .
less thart hdesned dglse AR fate.hAntexampleaifeniaateptable fall soularmeratehig less than 1 in

th haold is.b d t he foll.ow tatistical
100. Loy dita LOpfisprgsied Lerotan 18 D00 BbiPeERitnar i on
[0075] x ﬂgol\ﬂ drRSdxampl D 443t é)-f&% oFlidoR 19kcdnned axeisamkitad energy endpoints

ow may cofrespond to the cross-sectional area of
that wilt breussrdd beatcatgaNMnyeyansat by that srame J0aanise siviemg pskimeasured at

.can detect.. HANM i s .typi.cal | [ p
cac pif bG8 R L SO 25 R0 FoPbaoh vae
(integer SRR ANl Augbet) bhitindur€ dewstiGiB Welow thef avehale BRIvE e test object,
Once the w ndow size has been chosen, onewﬁgoo es .a
there wilhbees prsibabilisy per pikel ‘2" rthatiangingle mesaremenisyitbs lose gy the average

. th hr eshgl d [ g ' . i t due to th
TR minfey gk EVEEIGHEoE R At ho JRUARAPAAREADAS and not due to the
presencé BOEIAINNIE oaftis ENa pitdicars ebainedf thetedna prababiiiy 40T thatexactly “n” of
i ncreases, the probability of a resp efroma{.

] ) SPO r.ue e s
these pirglswilcer ek dhe threshpld alshsiug t%lﬁ@“ﬁti“ﬁi? ﬁb‘ﬁq‘lﬁﬁ?ﬁf?er Bj5 probability is
. AC R : fhe probability that a non- HANM wi | |
glvenbﬁ@%ﬁ@%@%@?@@??%’ criterion tinmes the nunber of

i ndependent examnation w dows ,anal yzed is |ess than

a desired fal sengﬁ%\lrlﬂ? Fmpe A e of an

acceptable false alarmrate i$ less than 1 in 100.

Less than 1 in 1,000 is preferred. Less than 1 in

10,000 is nore preferred. [0075] In one exanple,
[0076] t est Phepobebility 6f everysewasied Oaicomé@athéfef% b@n%%?@&}ated- Those

low TR%E)%@%%}?{ Ravk @8&&%%! sRAl %Qbiii&rﬁg)%[%ﬁ‘fiﬁg g&tiﬁ@é&l‘ﬂ?{ﬁ’é@?ﬁrefere have

same scanning system asure
a high piokgbilitysofbeing dered IANMe naiy bendeptifilienA fakesalareneate, “Pg”, for a
of the TR for iron. For eﬁCE Yaljllﬁ ) . g
given situation is set and the probability of all the low TR pixels that would seem not to indicate
the presence of a high atomic number material is evaluated. These probabilities are added until

the difference between the sum and unity is less than Pg. This sum of probabilities corresponds
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(i nteger or non-integer nunber) of standard deviations

bel ow t he average TR of the test object,
that a singl e nmeaRCT/EH®NE/006809
be | ess than the average TR minus that given

w@2@sokabl | ity pe
will

r pixel "p"

there will be

val ue of standard deviations due to statistical )
to the nufbec bfilti PRpiealsithabwillibe fale fdséives.edanoember ¢fARm TR pixels above

that corresp@n{mgpm&%l er 2

thre S
[0077] pro b?g? :e?%r;lﬁlllesébs

Prﬁlexanlne
ipatey icqresones
o8 at@xai ﬁ’

I'ven e

bi nom al di

gf ‘?3{”5& F@N\/@r

kb Stviridly dddus tiedhohnequal b the average

a probability
be bel ow t he

stribution

TR for 1{0®Oﬁ6ﬂus Tiwe S]@md@ékdemaﬂynfef Tb%ﬂly pERabEite RebDRELibL & giel is below

the thresixBE{ﬁQ/ee tgﬁ%

uIa

g}l%tﬁ %Zb%\’ -&Iﬁe

f"OCCurri

St 5

ﬁéréﬁébﬁhtgfh%/l‘@)aXF seeing n

pixels b&é@tthe?&ﬂééﬁblﬂ}{n thglx Dhﬁh&(ﬁxﬁ) Idae kastetisichll f@immtloham lity

Plnﬂ atrue HANM may be identified—Afalse—alarm
rate for a gi ven SP(hl-]iﬂ |on IS set agdnt BEProbabilities
proba'?blllty of all the lo Rplxelstwat woul d seem
not—to i ndicate the presence of —a hi ghjat om ¢ nunber
mateii al i s evalluated. TH&385@robabilities are 8dH58
until the differlence between the sumand unity is |less

than Pfa. This s
nurrbér of |ow TR

nunber i ndicates

ties cor
be fi

t.hat

um of pr

pi xel s tocgg?éév:

al se posi

responds

bdrae

h
AM-TR plvolc above—that

the presgpge20f a truf

n

”

ANy roaomnanas
€orfesponat1g

HANM [ O0FATBI7

For exanple, assune a 9 x 9 pixel w ndow and a
threshold equal fo the average TR for iron mnuis \g%
standard devi atipns. TherQ{lf 9pr obabi l ity per &8
that a pixel is belowthe threshold du¢ tao ctmuqf.pal
fl uct‘yatl ons is p=0.02275, ig € probabi ity P(n/)ogd3
seeing n plxels bel ow the threshold in{the 9 x 9
wH-rdew-due—to—stattstiecal—ftuctuations s [00781 The
probapility P(n/B 1) that0.6Rgat (8) pixels will OfB894

found below the fhreshold due to a stafistical
fTuctuation 1s 0] 0004. Th of probabilitiesgxt
ei ght6 (8) pixelsiwll $9§H§] bel ow the thr eshgré;};a}(ﬁJe

to statistical f

Hrfuaflnn is 09000

Therefore
k]

+ hnr

is a in 10, 000
pi xel s are found

chance tHap2pf eight

bel ow the threshol d, i

<

8) or nDIPP994
t is due to a

LAY A YZ

+ - - 1 £ 1
StdatTrstTldl I'TUcC

HANMS8 This is the

vation and not to the
fal se nef@bhve or fal
n wi ndow, based on ei(

presSence of
se al ar mO:QH2P

ht (8) or nore

Pf per exam nati

pi xel's. The prob

ability that nine (9)

or

more | ow TR

[0078] Pi xel Bhep@bhbitty Ra(E1) thof emht(8apixets wal bef found belowdhe fyeshold due

| ess than the fal karmr
to a statisipal Raeagion 1s 4REPES Jhe Siipe
below tﬁé "f’hrgéholld3 aﬁe td éﬁtlg‘tlﬁ
I Xel's need to be f

aEvibses Tt igh? e Bl e found

all ﬂ%@tu@@&a 1s|06l99w nttqaweg&’eeﬂlei?e @ra 1 in 10,000
oun

In an

chance ﬂmamﬁ dflghil (¢f) ommoi@vplxcflfs)@ﬁgfouﬁddaelow itlee ﬁ)r@aplde fitaistdugfto a statistical

ni rru nurrb

ﬂuctuatlé)gmngl\;g)t 1o

per exaﬁﬁt?a%n Qlin83RMHAR
one chooses a

G HeFHC08

er o

H'd?lne

rel atively

BHANAL RS b 15 e b

hin@oWe mad skandand webdbality ahst nine (9) or
| arge nunber of standard
more loWe'DR abietrare (18 tspultrof %?tatlfﬁ?@ﬂl ﬂmloél is fethan

false alarm rate Pg,
varl ous

kg falseiadpym rate P, of

w ndow size may be rel atively uninportant because the

m ni mum
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nunber of pixels required to indicate HANM at that
false alarmrate Pfa changes by only a small ampunt (a
wo e@sosom of a pixel). If one uses a fairly snmedT/US2005/006809

s nunmber of standard devi ati ons, such as 1, then the

m ni mum nunber required to indicate the presence of
1 in 10,06@\Nivthik cRapplet iTheteforef @l whicat afalse alhem Pite Pi.oofdessdhanl }in 10,000,

per windg g gloincton Sf hhe LSXall At on. W NdOW, 21284 586n window,
[0079] St am 9 id %“Ha?%hﬁ‘f‘of #é nRhiRld nBhder SOBW ER p‘i)&‘:lé féghﬁéﬁ ® achieve

alse alarmrate Pfa of 1 in
alin I\NQ(}@ ﬁaises alar® rate Pexfoni vadiows sizee ofzwap‘im@os;l Wrtrélows and standard

red 0080] T am nat i,ans n
de"latlor@n eﬂJ Ifeh"}éJ Sat @é?laﬁo%%)iﬁrg BERE o osv%‘d?rgl é&%&{%tse(grod gpore), for
example ”ﬁ&sgyganﬁﬁatMmcﬁJw si28 ah4}e be \Welatively Si@hp@tanti bedawe the minimum
detect smaller nmasses. As di scussed above, in thi

number efpixelsyrequigdsio dndieate FLANM At that falggyalagn e g@tc p%geézw only a small
amount gﬁfs "??SIPB OR?VI{I?IE gtec{ne s@éj? ﬁ@érpﬁﬁ nﬁ:g%gfe( ?f'gsot?i?dsatE% ﬁgw&t‘?(;ns such as

1, then H6\thiairh @A St rragiird tb r1ﬁ<ﬂlibﬁth ehﬁpmsatgxe OFFHANM hw at gesticular false
obj ect may be 2 or 2.5, for exa 2.5 standard

alarm rotgel 5 ¢ GHYY AHanE TnGKOB OF S ?ng%éonpw&,dé’%%z%f g Sxample, with a

| | Q | 87 ficlte HANM

9x9 LR, W D6BRNHIRH SOifal b bl

with the falsd garxans Ratofdninad ijﬂN Watt amﬁyc Bendttiz vsiofew tsezst 24 pixels are
for determ ning whether an HANMis present, or it may

requiredpe ysed in conjunction wth other exam natl on

[0080] © echnjgUes inﬁﬁ!)ﬁ’sdﬂnﬁg bt REnAICRRA oRERAG IRASS RhmiddEion window, to
i nvention scussed el ow. 0081] The entire object

detect lamgsr thesses aferPéﬁMbyﬂnélaadniazn wgh anstellerivvindosntovdetierdwmaller masses.

across.the TRs he obj ect X
s el e Bt Bt Sou O uRRIRES b Y Bl P ass. T
smaller %Hﬁl%watﬁaﬂf Be 8 3GO8 BfRkrig ffort k. eWlth asid 3 nherfix ry admber of standard

opposi te corner, one um of pi xel s at :
dewaﬂo@mmq@mfm tmme@geﬁrﬁtth%wsw%w %v‘éa xRl AL2.5
standardsgevd%ﬁ)n%? Vl\{g%(& Xx3e Sétrﬁ{)]qhé %‘Fc[%ﬁ&%r&f’( g pixcls beRy ?ﬁbet eshold would
indicate HANBD Rithze tjalw‘lﬁosﬁth% raadfyls irﬁl@,ﬁ@ﬁ; astshowalih th@ The exammatmn
possi bl e exam nati on w ndows f t he have bee
WmeWéwé ez e, tho oo fesf foraisteaRinng ¥ hefhergn ﬁgﬁ\é ABRESEE Tgpay be used
in conj N8 & X3 rb%ﬁéro&a%lﬂgtfb‘i‘f [eRRbiqueluihQ18diAR Shat dtRE Bhbddifents of the
%na go scanni ng system fhe car ¢ go conveéyance i s
mventmﬁldlchasgeacH)eIo@v two X-ray radi at i on bearrs each with a
fferent energy endpoi nt

h as
[0081] The Hef SIS it BAE e rSaimiRER Y H’&H}%ﬁn ?@HBE&O& ‘gﬁl\é"w moved
across tjﬂé( TRIGE AR 8%}@{ t §hr 'e%ﬁ%l@qﬂeoﬁuﬂ&ow mlafeb& pb&floned starting in one
onveyance. éxanpl e of a cargo scanfing systemt hat
locatlongra;phbe ip a@greemot thet abjéatyrnd rtient mpédstocthel oppasite corner, one column of

enmbodi s of th
pixels at a tlome uLsequent‘iy, G%hel Q>\</aenr111tnlat?cl)1n {Ar%ndé)lxzvsgnl?'a?f e mgsedo Yown by one row of

pixels and then across the TRs, one column of pixels at a time. The pixels in each window are
analyzed and the analysis ends when all the possible examination windows of the object have

been analyzed.
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[0083] Fig. 8 is an exanple of a nethod 900 that may
be executed by a processor, such as a conputer, for
wex@spsss2to i npl enent the exam nati on w ndow PEBUS2005/006809
After calculation of the TRs of the resultant pixels,
in the nethod 800 of Fig. 6a (and optionally in
[0082] conj UACdn exarplehoft e implchedtalb aff thei epambimtionf window test, during

MR ZOW (T SETTIER PR
beams, GEALRREY @RQLh (% : e%ys gﬁﬁﬁ)%r%ds&h&ﬁlat 9iNIe Pt i YR V. TiTBe radiation at

conputer 1denti er of the |ow TR (marked)
each radpitiosleadpaint i electdibyat datectan afidoimterpetiot with gExargmepnveyance. An

coppares it with a predetermned nunber, .in
examplorHL 8 e ST B LT T8 PHREGRES? &t Applefabiity and otter
embodirH&t§6MhB ek AR & difdusk@Mbeldw.pi Xel s that can be fal se
positives (a pixel having a | ow TR even though_the

g h
[0083] pi xelFigs8 isoan exanpplpuf 2 matbiest 9Qthihat mag decreewpd by idggcessor, such

as . di scussed, above, [ S L fulati £ih

os  confiuch REEREREIET REFTarRi oS kb AT chfglation of the

TRs of % a8gltent §iR884h thé nicliedr8oold Figfoal (amd FfRiqrialiglis cosjunction with the
reater than or equal_ to the prﬁget er.m _ned nunber,

method gﬁ@ gf Bie. éh)? f@raep@@@b ﬁbee%mercsg @?p‘aﬁ%li GOPSeLs :Iug@n&(amination
window;r 4! ﬁéﬁétﬁ X§ P‘f&{tﬂ%s(}e%itﬁ? At BNMed fixell GPSRED10! FThe computer

e nu er o plxeS|nthe e>_<am_nat|on
identifiesiandmvber of kieskwt TRA(ntahled paistiathe eradhinatidiewindow, s Step 912, and

det erm ned. whethey the curyent. exam nation .wW hdow i s .
compargsiibWith S(PredcASHTAT B rd&o{m%l%@“&rﬂf %‘H}@?Cﬂn%?“‘é% is the highest
statisﬁc%ﬁgdeé%:&ﬁﬁéi m@bé}%aom&k FXATHRA LA, Pl R tives @efe‘vﬁbi&éﬁ&ving alow

um of pixels to the |eft one row of pixels,
TR evendthongh dlse pigpl Bprat andJANY)c oader thecselesterbopnditionsnes discussed above.

exam pation w ndow, i.n .St 10. Then u
Compuglgref e 4PNttty e Sion Safdt S O RS Ty yampte
[0084] abovers FbGuiRicRQHf IBROTRENxAS i¥ GRARK alatViok feqaalstoaibk gredetermined
exam nation w ndow, different nunber of standard, X
numbergdavarge obthe eaigo dpmverprgercopeapatng tp tegilov ABepixelsis ¢lagsified as an
curd.en Xgm nati on w S i . .
raa S0 AT RPN, 8 500 b SR Rl s s
the predSte@RiBAtunROSBlis Betgrmided svhatheet@rmienvéxamimeidrowirdd® is the last
~that may be_executed, b% the_ processor, such as a
examingfipmovindew te be gnalipredy in Hep P2%ul ts of the analysis to
the t S SR 1 f 186 Bt
0055 e BHEEARE lnitof v E ARG, LALAR AUt 0 Bt e o
of pixelXduwim)aki approfiriattows cohsthuch amevbevrraft examiediopi wisdsw, in Step 910.
Then thg ég%ﬁ:ﬁqgh%qgggﬁ%ilégg gt%lgs tg?th% E]gat f e. ;g%g] rclﬁg%cr g&bygaﬁhgsmethod 900
may belr% s Righe Fmglfler"ﬁ{ahﬁﬁatﬁh&%ﬁ@w,l bifRRht tufibRPOf Gfafadr8rdeviations
t'Ran or equal to the predeterm ned nunber in any .
and differeatpredétenmined ndmiver. t H¢hepruocessomiptivaseiadowds thedpst gripdow to be
nd di spl.ays a nessage "No .HANM ., If the nunber of
analyzeaaqwﬂp'gili Toé’lqeﬁ%‘&ﬁ? BRARARO B W ndow i s greater
[0086] : han theoRt sdekanpb Red nRtEI50 thixdindy BEesRatedbyatie peiressor, such

o Step 980 to di SFI ay a nessage "HANM Found, " for )
as a compatap ke disphysharesuits ntjthelaalypie tarthsropeentemed the cargo scanning system

100. In Step 960, the processor checks whether there are any examination windows with a

number of marked pixels greater than or equal to the predetermined number, as determined in
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presence of a high atom c nunber material in the cargo
conveyance. The processor may al so display the inmages
w@Rooshes3sxam nati on wi ndow or wi ndows show ng PEEUS2005/006809
presence of an HANM in Step 990. An entire inmage
i ncludi ng the wi ndows nmay be displayed i nstead of or
Step 915aiff(1hﬁ maittod q00e fOrrmcgm@leofIf ttiremwi et ofisnarked piekls, lf[amsrs]not greater
| f the output indic s that HANM i s present
than or eqya} 4B PHAFICTHEATAPIRS By B RGP HE TR - Sgpessoprocesds

to Step 9?91%@ %ﬁsgfa% a PR gAg‘Nd: SMIEVANCE thBhutbet hFClieskell Pixels in any

term ne whet her NM has been properly decl ared and
examinatien mondoav ishgreater tkmmahemwdetmymgé mmbepNRe Brecepsr pioceeds to Step

0 o BERNES Pt AT TR BN ALY o
presenceOb¥ 4 RRhM@RBIiEAimbdRateANMnTRY c@fg@ocdﬁ@eﬂnbadl"[qutrbmsor may also

material for nmedical use, which shoul d be decl ared
display the emmquébq exapiaatpeViden orayindews shoyriag thepresench ﬁa HANM,

in Step %@gg’ureqﬁlagé AEFRAR n%tﬁe%i@?é@?ﬁﬁ%}f%@@héﬂl%' 1n§€éH“5‘f &along with

cargeo tconveya hemat'i cal anal ysi s
the image$ of@@&ﬂdﬁ@d{ﬁlhswellncl udi ng other tests discussed
nua

he d/ th { d
oo "o i e Ay LS UL o s s
options. {_&} k/l&gm&)%s RE flah 85 d?(‘)? th chitp SoHRBRAIEMInEY BReEHRk&S to determine
N may - bé r em)veJ r

omthe area and dealt with in
whether &Ml\/ﬁhmlmemprbpeklyodmlmcbm meta tire@a&Thel HANM reayt hruan HANM

but not Eé?ﬂ‘}mggﬁ cat Il;\é rge%ﬁjtgxl?)gee S?esnscifvﬁlé g%rmn?l% tri lﬂirplg%@lggl use, which

should Hékmﬁ}fﬁfed ohnfthd ﬁfanff@s@ I ghe HANM hayp bISE 86 bgadibddiivangaterial for medical
resent (based on the prescan, for exanple), the

use, whx_aheshamld berdeglased on theomauiéast. a The ADRIALOF ma’c}ye%ﬁ‘? Batise Ahes ?.Panmﬂg unit

e i b R PPl e B 50s) g andop e

analys1589p st @ent indlitBngraithe dieSth QlistRigsedehaoind Lmitifat, thb heperator may
TRs recal cul ated, and then anal yzed as descri bed

conductzbmanual |msnemm Pfé,t@t Gargo ARITVEEMISHN, A SAEOgFonyFYange fyifjae inspection

ot h I r. g
v 1o BRERRATE bS5 LRIl g S pd BRS04 it i
accordaﬁ@hbvﬁﬁkﬁ@lwnpfmeedlﬁégo conveyance may be 'passed. " The
Contiquity Test [0089] Chce first E lﬁee
[0088] rroct | Rghe MatpHb i Il ipgisATwOF Befseivacy o Fiandl i §ep cpnveyance
may be cgﬁﬁc‘fe‘iéd I ‘6&159‘ ’L#EQnsﬁe?ﬁOI’P XABRE G, ifaRObP&htoraMll tsBspects HANM are

rease er "of resultant pixels analyzedis to
present &ﬂaaéd/ ae tHehﬁewan,eifor sxamyle), dhereperatbomay stitlicbpduysit eahanual inspection.

Also, if g];)qnt | 8%%0 m?lg gﬁ ng{si(rﬁléu%eﬂsﬁ rc%l%),}ﬁ@q{ge e\%nt ﬂqe cafc%tlatlton of TRs in the
method r%ﬁ)ul)it 2 e )El?é i 85@ SndyBe Thaduckdd, ard mcmaleylated and then

ecreases the standard devi at i on%0 of the neasur enment
analyze&easadswmbed atovenrié HANM ys stlhmot geownrany on Rib|ofjthe the Pthef tests

descrlbqgh mAr‘i’éI%ﬂ} r Ejgtgth%lvlv%uic’n exaljt %; eoeaéoiau&@&.t ShePthe operator is

satisfied, the cargo conveyance may be “passed.”

The Contiguity Test

[0089] Once a first resultant pixel meeting the test criterion is found (as described with

respect to Fig. 6a, for example), another way to increase the number of resultant pixels analyzed
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pi xel s surrounding the first pixel also effectively
i ncreases the nunber of photons contributing to a
waledososdssat i on. | f the area of the conti guous PCRESR05/606809
greater than or equal to a predeterm ned area, the
identification of HANM has greater sensitivity an
is to analypedief pis¢lisenviranmantdetidentifn pixelsreoptguas ¢o that §Pﬁ‘?bﬂ’é‘3 also meet the

upi ng _havi.n n
st crtdBoft B NARE R PRRTo PR 0T B SR ARk RGses th statstical
accuracyb@eé‘reﬁé'e@ SBe Stafddre Ql@’t./laﬁble)aoﬂ)ﬂi‘le tdi@tsﬁﬁﬁiehﬁgiechﬂwm axa;matfl kely that
0

roduci ng a sel f-sustaining nuclear reac
the first pixghis art phan BADME opigungs N%er Pé Ef‘e‘\lﬂ% afAnalyzing
ixels sufl bk [k BhstoAScdrtributing ¢
pixels syfig Bﬁ %m%%? ag}S%(g&efalg&%i?%gl?g él ona egr}‘glfé of ? COMHDULDg 10
a determ$itioh e It tirpied ef mecmnmms ng&eihs JS(yneater tbdn Dheq;ml to a predetermined

aren, thecSaRU PR AN YA et e sonsi By 6, Spepgiers A & defermination
based or% iiﬁgl% z)r?}%l 3pe ﬁﬁmp}ﬁ%qg Qi o182 lfébsxtﬁhﬁ tHaRedBirkifbd area.

['er “or er ‘areas may be used as well. The
[0090] ar ea Tie piedetemmined)acaasmpy Xel & crmse—deqtmnalb@rearpftiﬂié ssidlgst HANM

uare. | f c u xels ¢ H
capeble §f ofp i & F RN IBIEHGIRT FTNG obGStBPin Qsags dhby be 2025
cm?, whithSs ftl%"ﬁl‘éa ot ek ah MBIMnh $ ﬁ@shdﬂu% dehfs%lz‘H 1s|r61ﬁr6§entat1ve of a
potentially present. In one exanple, plxels sharln
cross-segtiga] arsaoh t}aassnwl]pst)@@her@ eapempasping @ sqrprerd p:h@e gneréﬁlqps The size
of the aF By B Leiiipeds o o Rl B (S gD Bl Yiscussed

above, Wigdré b TR piiels’ ﬁ@ﬁh&rﬁetQ)JSOt}ﬁﬁymbEeru&eldrgemﬁamah nmgzybe used as well.
i ncl ude pixels sharing a vertex, for exanple. This
The arezoofifbelporiiEnions Pirple Refatitted theshaps a4 ¥t as t he

[0091] | g? Rtllf %#h{%uohﬁ}ﬁxds %ﬂé'aﬁ%e&p?éﬁg %ntd}eeqﬁ Pt% the predetermined

ieve e nore r e Ie,
area are Foind; hl@diﬁaﬂTHm\M is onsidbesetd mesatviedst pofeHiR] pl‘éSéglt 1 ohe example,

pixels s@@zgﬁlgg sgékpaﬁ ggltxgo%@ﬁg O%Qtfel?ﬁ @rl@épf gﬁe:%(ﬂ%%tgﬁge% to%e contiguous,
while pl%%% O§hg1|q{1é ¥nlyes Verték, rgﬁ%llf v\ﬂ g leXeF ahd Gedr8Gord.A UlFfePb@Riefinition of

'S determ ne er there are additiona
“contiguvas’k emhypbe( aised, cwhich guay sndladet hixelseshacing ch prmstet, ,for rpxample.  This

Step 102Q. Plxelsmtear .are c ,d
embodimet RS LBV df PG LG PO THE S0l ol B P baged on the

area, ratﬂ%lxtﬁén t%fﬁi&)le lig @elflévreatto bR HeBidble Phut8hageWh®se ddRsidered as well.

ove eshol I's reached in every direction.
[0092] Al gor]r"lghhelsfamexamplc ofrangtbpd 180G%thakingy ke evgrufes Rynaprocessor, such

here. are r ke e
o corfe, B Bk R ARG B S RaPlAAShFSRRILONE S 18y 0r0. 1
determiftedN WhetheH $hetB e chdpitieahis ma&ddopiﬁafsedbnhgu@ls to the selected pixel, in
predeterm ned area, such as the area of the spalle

Step lozammwemst;zg ewAy a0cheskerbandyarsmikaterbineelf dlrpﬁlqnﬁ.fgom the selected
marked pH%eTp&gﬁkg gl%pl )?gp%%d” unxrfcﬁlt(%p % 1;- gﬁov%rt?.gegg&\’lf §RLall¥ed in every

d1rect101F1)r Aflgifrﬂhhy feteuel aaheds dry vmhlumbwmgn ml&rek'ed pi xels, for
le. If each pixel is 0.5 cm

t.h
[0093] coyor Bdherp cemiarkeh s RoMERREo P e S RpEkea iR ol g1z Of the
area of thi SoRligiflus MaFRRMBxd18isFdothpared th A prEXASHRlifed 4r8a, 384tRAs the area of the

smallest HANM the system 100 is designed to detect, in this example a 20.25 cm?, in Step 1030.
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20.25 cm (4.5 cmx 4.5 cm. Wile in the exanple the
area is a square, that is not required. If the
w@ediogd3en in Step 1030 is satisfied, the areaPCf/Us1ve5/006809
conti guous nmarked pixels is marked as an HANM in Step
1040. Optionally, an inmage of this area may be
The areagenercdtbydhé ararkidspikely “4aunmnlabgrintSten 1§00 dgreferatiydetermined by

. are overed by th ke i xels_.is | t hgn t he
countingJpgied BHTHH AR SFBIFIe- Hecok SR 0| T BES il BB seyesed by 81
contiguo'g?nﬁﬂf x818 ceAeRAf s RILEDM Al shoSkeid 1@58). fobkaiiple, is equal to

t her eps 1040 or 1050, it is determ ned whet her .
20.25 cn’H{diseem s ahomie Wit inetbie pkarale thy eodes square taptdpnot required. If

060. J.f an ked pixel is,. i .
e condh 50 S0 PR G B s B FF LI R S SRt o o
HANM, Gh ép PO4e! ©ptionillyg e@sisnagt Enthisheed afaghi e gencrateSfapdisplay to an
1060 woul d not be satisfied and the conputer provides
operatoran out put to the operator, in Step 1070. It is noted
t hat ce indj vi XAl - .
0094) 107 E55 A0 AL L B, ROEL Gy SuP UK s, i
area of %Hjéllﬁ:ﬁﬁ snatledd pigeigHs intarked abejconTinaecd HANM, Shefterd 00XD. magter either
e limted to selecting a marked, pixel that. is no .
Steps 108rar BSCh fpriovicsBIPATRPREE s 8h0her S8-Hap b to process, in
| L oo hiiteathikd i Al hid thd #efhddSL000 i ted.
Step 1063)h2}° %fgra ﬁr%avlr’ E{é}(}& egﬁdpi{éél? lﬂ%?&géa?f EH %%ﬁp\é\mg?’evi o&sl f mar ked 1s.repea ©
If there @t @@.otlh@qRGdls Therocssttheutheycondision mmtepd 008 ebudd neidegatisfied and

in conjunction W th other exaninatiaon-.technigques P
e compet VRS SRR 1 Bt once an ndividu
ixel i b i R fed "RY¥a,F RSREAhd: (bt RetiRytapllyzed by this process
puwl153%55F§gdgﬁggﬁgggcri€ed a%ove m@t% respect tou?ﬁz Y p_
(althoughxtamiyn he). SPhenéfiacto BitepddHl 0 njaydsdjmitgrhioyselegting panarked pixel that is not
envi ronent .of a suspe es L .0ixek | ..
prt o EBEATRBTFRRE Ao SRAPL I, KB Bk 81 Bmin it
there is ARG 1OFkad pikalchbt peg Bf b prdviduisiyaharkb@areaxanpl e, certain
nont hreatening materials (non-HANMS), such as. .
[0095] agri cThe enndiguin ders mayele Bedalone efciseoniunsiton with ghpr;examination
.y, fo i t oAl ohSn N
etuioF 09 DR 000 AR i e bty rspond
to the odlﬁit?frbﬁﬁfd;@? ﬂEfcri%e@ alydvesvidt iefl?]éod: ajt thie p&atrr_nina;eimy wirkioev test.
contiguity test may inprove the s i stical accuracy
[0096] of "t hRNREEE W IOAMBRLT BAPSF ESUILEY PRI S RO bedl vhere only a

limited gﬁﬁﬁﬁér & n%l%‘?&%i 8@% ibB Qle{e@?%’dra@@.héﬁ ﬁgﬁlt#’ﬁ e e Fok '%%;12 e, certain non-

nvironment of the pixe as well. € Matrix
threaten{rR097leribls @ontHENMsjudh me apricultsall goads, pax bk yenr dense. Low TR

pixels n%ggnggq%&gd ] 2 d ahg)ﬂé}g{h:e %@t%%%@ot%%&}\éﬁ%o%ﬁs% ﬁ (51%162 Wotfransmission
through#ltfhede nibaﬁeﬁa@ Catke®H ﬂﬁi%l’f QitisE¥ATRARuUratihe ThE Qbﬁ’ti%‘{ﬁﬁy tB® may improve
ormed about a suspect pixel or a pluralit

o .
the statijtioaip bogsaayayf bihpr datérdetation b@ﬁ@dnplas@eféﬂuredty kadighiopept @ pixel by

considegs {HargRGPRfENes Pufe FBVirutiepl SEREERT Fagllh © 1o
The Matrix Test

[0097] In another embodiment, resultant pixels are grouped and a function of the TRs in
the group is analyzed. The function may be an average or median of the TRs in the group, for

example. The group may be formed about a suspect pixel or a plurality of groupings may be
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[0098] The item410 in Fig. 2 is an exanple of another
itemw thin the cargo conveyance 10. The pixel Bis a
WO ow50835and t heref ore suspect pixel, wthin tPEr/US®O5/006809

410. The 3 x 3 pixel matrix B3 in Fig. 2 is an exanple

of a grouping, "constructed" around the pixel B. Fig. )
providedith dénsompassxedhiie epixsdls. afihagroapingfmayhee FReatfisy fog epamplieonhis test is

of .t he cargo conveyange 10, showing the | ow TR pi xel B
thereforeawger{q%éo%g}q %n%r’o‘x %he average TR, for exanpl e, Ioof t he

[0098] MBUT iPheBRr 816 @ Figl 25 SMnmplesagoni@r itb@ visin@he &aghconveyance
pi xel in the matrix. The average TR is then conpare

1S . d o
10. Thet pixeltid is tiave AR, and therefore suppech pexel.svikindhe itga 410. The 3 x 3 pixel

. hl' h d y l"ANM b | | ¢ EE 1 n 1 1
s R S P Y LEREAE S5 LA MRS GLSERLAMI i 1 i
exampleXoflnParxs of it I'TRs B3 anpurtikeolthedatgo doteayancy 18, showing the low TR

. potential HANM having a cross-secti ogg.l ar ea .of _ at
pixel B pagdhe BN Bp: 5L Amavctass I RnforiRampie SUHbF doaisadB] s galgnlated by

ingOfRaf) sl fR! Bdnfas e 38n Yompared to th
averagmgt ﬁg?ﬁs{%gﬁ %g}r%c@ ?%lnﬁlo tﬁgtr?r aggfngjg iégﬁsﬁgf t hen pi g(ng Iaufse 0 e
threshold.nIft the anatigé 6. be] &0 98 thidsholds HANM invayl beacangidateg tofhayébeen found.
TR for the 3 x 3 matrix is three,tines gr er_t.han cr
In one erHaPIS, whrE the Ao bIE P Ay B E RS TRIFLPRRGCT R g © identify
a potentla HANR I filg 2 FoBESecliBhal Gred@T af IR BbBRY1. §@1S€1.5 cm. The threshold
unnecessary, costly, time consum ng, and di sruptive

used in iths pemparisonciay e sstactgl ased epathe @verageiori ehey such function of the
.confif ti.oeg . W th even greater accuracy, is

transmisgons gt Ly RX %F’a%ﬁg&‘ B&fore a definitive finding is

[0099] TRAGafifiRE] Adt@rRlyXsH thB TR FaNGs 3t R 3amatiANM thr&0ffie} gleater than the
further inprove the accuracy of the determ pation (to

statistical acewagr of the ER £avthedndizidu ]anTRfm}gel{ aﬁ“@"ér fa})qu Rogitiyes may cause

after the 3 x 3 | X ] XA .eve r
s b e S g BEARLOE PR LY 8 comerancs
additionah eTirinatibh OwitB cvef grésger abduratys ippedferabhl ypbtaimedtbefre a definitive
centered around the same selected | ow TR pi xel B.

finding forpade Bttbe reret Boelongs i HANYx 5 and 7 x 7 pi xel
<$ %%lrtﬁ@yi ?o&o&%tic%é:?ggf H{eésﬁﬁéﬂqiﬁﬁti(ﬁﬁ(tl@@ehrea%hﬁle standard

mat r i
[00100] ; 1 he l'arger matrix pend on the size of

size O

deviatiohorilirgaBobjoctsenfied ¢l 3 ki3edatands exeanised,encfven hargpi mealrik, such as a
.The 9 x 9 pixel matrix B9, ntai ns.ei ght.y-o

B SRR TN T e R——

around {HR&adRt Ll e{aﬂgw_?glécﬁixé’mﬁt Oer FARIVhASicEY, 88ENAs SANS and 7 x 7 pixel

average o of the pixels of the |arger natrix
matrices, snayebe catseucidinssad onks welly Thersiver efthe dargpiematrix may depend on

. threshold. If hqth.the average TRs of. the fi .
e sin B B 9 be PO R RS, ARGl Fe 3 PRl mtee B0
containd @¥h&FoRd é&‘ditibﬁaldﬁil&%ﬁi pRels Wit damecoBb@ingory itdedgermination of

torepresent an HANM In this exanple, the 3 x 3 pixel
whetherFAANM, isgrepamby Adeayerageiof e TREefthe piels ¢frihe farger matrix is generated

. potential HA 0se pr.es I g verifj.ednw
and is GRUGH Opmphrctionte By B0 P05l Rieforiper FRf'ol the first and second
matriceBrd BOHLXL khel RgedHOdd, Vihik Scug@nf IoWERR pikdl| is addterhtiged onithTé&en more
pi xel s have been processed. Miltiple ) . .
confidence to represent an M. In this example, the 3 x 3 pixel matrix B3 provides a first
identification of a potential HANM, whose presence is verified with greater confidence by the

9 x 9 pixel matrix B9.
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overlapping 3 x 3 matrices, as well as overlapping 9 x
9 matrices, may be constructed across an array. Fig. 2
wGe bwassan addi tional 3 x 3 matrix B4, for exanptBPS2005/006809
whi ch overlaps the matrix B3. [00102] In anot her
exanple, if the detector elenents are 1.5 cmx 1.5 cm
[00101] and dhgianelysisicoatimess linl a:liﬂhealoﬁr TR pixsisdeave fhgen procarsadl.d Multiple

overlappérllge?rgﬁtamﬁglcgs fs éﬁqq]a%gg\feeﬁgégpg( I 9 p&agﬁéég rg%g %8 cgﬁstrugged across an
array. F@ )E%llo%s 4P adiiti6hal BBE 3 inatrNOBY FoPexangsleliwidch boerkips dfmﬁmlx B3.

.5 c¢cm cube of HANM or HANM covering_an area
[00102] 20 251n @nothpx)@maqle Af ghe degeciay ehm%t%ﬁﬁﬁl le> gm g 1r?e<tfﬁ @ad a pixel size
is 1.5 Cl%%%‘g { 1X<gg1¥1laﬁ,§(l gz)(()ﬁ u&fc% ass arl 9{(@ ;_8121:%:‘!%6’ oisi"l%ml@is fF the detector
element stamhﬁand ihe ptet elze 34 08 dng a04Bpireh x4 D pixeLmatrf wenld be required to

executing the nmethod 800 in F 6a t j f d
encompiPd1 67 SR AT HPRBTs0r AN seYSgian s o, "

[ n’pl t
[00103], elﬂg{q‘li 1% g{ﬂﬁgﬁn R g%%c%%d gffiﬁﬁg}laﬁﬁa)e?@g%ggtrer@;br}{}@ﬁ@&ssor such
as a compiltéfed) imiplahentshes ﬁiaem:x adt. Tonthist eeqam:pldg she el $igsnisTRS cm x 0.5 cm.

s ot i I D SO, B s i

optlonalﬂ} 51%1& i tp!le?nerfﬁ‘ﬁ% $he U6A1BHty (18R Carléxthmpld bf WHithIs%o%]lﬁ the method
en HANM enconpasSsi ng an area of 0.5 cm X

1000 of@mg 1ana;|cmmg erarkgdopixelip satpesedive Stegel PR flbe lq)\ﬁél"l},ﬁltxﬂ 3 within the
ot 4§ Fi B se it A eSS AT 5 BN ke piset B i

constrdc[h‘%ll"’\(béélﬁ% PiHXBI Stepi1M15tt6 RdehliZd HANME ehicSm@Xﬁmg & atehef 0.5 cm x
average TR for the matrix B3 is 2.7. It is then

0.5 cm, dledblrg’nrned whet her the average TR of the matrix B3 is
or04! "B ey 88 M8 OB R Pl g e s
the mat6RBY Addodividing aiat sfirhas. thE mumber af mdividtal tficelsrinrStep BR0. In this

N TR TR T A
of the IBA’[%&%'B% %:Bé’dlogetlh o%i%tgﬁ)q?iﬁ | Wh@r{hfe'@ﬁolfiEIﬁtthfsr@Jample is 3.9.

In this exa for an
Since 2 HANMsethamm%;She CltglChthﬂT ssstidedt iIhmaneansghatd e magl?cﬁﬁiepresents an
5 cmand | ar

Fan i S 06 o TRt A e oo o e

may be 2h ?Bxﬁﬂ{%sed D18y Qﬁﬁ' RS £3F Bat ﬁkelsf_? Asd 4 lo4h TR. and
specificity to a finding off HANM by the 3 x 3 pi xel

[00105]mat 1 i b thﬂwemq:rl@lfer oft FANMexgompassing B8Yrass-seetinml piga of 4.5 cm x

4.5 cm %r&f}]eme&tae% ﬁga\é{elré 152-'?-? fp%# aﬁ%ﬁfscn%%{réﬁecﬁge &ed a@émd the pixel B in

Step 1130 '{H%%\%ngﬂeﬁ‘l@r Snitivety Gindl ispleiiidity t8l1 firidieg OﬂH‘ANMdey the 3 x 3 pixel
i ndi vi dual pi xel s). In this exa the TR for P
matrix. b exatmie 0bh IR Ymatrix BY 1szslmwnsngp 18i e @ygrage hEsiop ghe matrix BY

is calcug?@ylgﬁt hf} ﬁ'tlehiﬁg c1:rg ﬁ{reglge)tltn%pﬁ)t %‘é %ff.@fl][e'dcﬁld the sum 1s d1v1ded by 81

(the nmﬁgeﬂ <$f fnbivedial ?)ﬁi%ﬁ;) gnealie rexzirhple the €TR; @t the trhateik B9 of Flg 11 s 2.9.

probability of the accuracy
Since nine (9) times as many pixels are con51dered the statistical probability of the accuracy of

the TR for the matrix B9 is three times greater than the statistical probability of the accuracy of
TR of the matrix B3. The TR of the matrix B9 is compared to the threshold, in Step 1138. Itis
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TR of the matrix B3. The TR of the matrix B9 is

conpared to the threshold, in Step 1138. It isthen
waledsnsisned whet her the average TR i s | ess t haPCT/0i82005/006809

threshold, in Step 1138. If so, then it is confirmed

that the current marked pixel corresponds to an HANM .
then detdrmiiBtdephatherthe avarageaTRiigless thde ghectresholdesPtep il 88 Hifg, then it is

i B TG e b T LB S 14800 e

degree of REnsitdaty &Y diReifieityelSince RO MeLthah 3. Bithy cdddifion Bimete It is then
there are other marked pixels to be anal

. ) yzed, the ..
determined rvdicthies ithe pixeldd issthe last metkedipiveel ftprbyrer BY Siend 45 Rings there are

1105, .and th 0.1 S:..repea h
over kB, e TBARRAS AP GEPBP A e i s o
Step 110394nd &%Sraéthmlldﬂ)ﬁstép’eetsﬂltfd)ﬁhe héemdrkel pixglel B i s not
irmed as an

f HANM | n St 1140 dth t.hod . .
i SO TS0 a0 L Sep 1140 o Ch LSt s
confirmdd’f Ga}ﬁ%ARfM% g‘%eg quéllq%géfg‘% REHEd ?ro@é@ds@@ &kepZEdS, Ad\@scussed above.

condition In cones true and an output is
After allpheTRdead allothe herlaplegiatlo pre aiakyzehahatonditieryin Sepdadd becomes true

o n S P SRSGHSE0 TR SEBBE fp acsres

QedBLI th thd SSiniABOonl wiaAbWhskst.a cube of HANM with sides
abovewgtp %fsrf’g cm sucywmas an urani um cube, behind a 20

cm._ .
[00107]t hi cKit shbaegedthat thermattintess mayplentifyigecui of HANNs withgigles of 4.5
be perfornmed al one. qr 4 _conjuncit A a :
o s B AL 0B STt Ml b i o
may be gél‘l‘gé!ﬂaédrhlbﬁheoﬁhtoon EtiGX @il sy orfalltdfehabeer ofstst descritiedrherein, or

I's less than the predetermned size of the. .
other testsnkiayui tiy thesart. df@cexasenle.alfothe, atep Qfotheqitpgitifels less than the

identifie S an.. . e | ¢ dosit bd bad&fied
predeterﬁ“’&% §er o%s AAN lgm%érélgﬁés%e%orvgl tlto\‘éljegigt rslléto?é %ln ied as
HANM B)hharaast bR conMagiliad d danpareusHANVeheasgo aseaveylaigess of an SNM
and conbined into a single object |ar .eegl?%?h to biect 1
may be SOwEalod 18 PICHEEPTS: GHER CORYCYARFCRARRY ORI, it 3 pg| object large
! gL . c9 Paed thd pRde@ithingd size could also
enough goo(ﬁ%satlﬁl e%ungﬁgr n%lld%tgorn't agmtéltlwlzlosél?agﬁet erm ngd gr ea of .Sizﬁe
be used ¢@ALUFHI Bontte Skermmymblderithienthi frretdtdpminaderemol thg copigguity test may
..using a matrix snmaller than.the predeterm ned area of
be idenfified AunitegBREY: FELUSTGIb I SHEIFT KAroUE POlEapged area of the
contigu%‘f i VRN RO sl B tRingehsedith eRf@aR IbRSER tphddls Ithaeas less that
redetermned size of the contiguity test, only | ow TR
the preduiteraiisednsive phtite afntignity bystamlyytava(ld pixglsrnatipart of an object greater

san 0L RSB e 1 B8 el oD S AEE A0 B Y} it o
required's noted that for smaller itenms, where only a small

matrix (such as the 3 x 3 pixel matrix B3) enconpasses
[00108]enough istnotad thatfartsmalier itemss whereernly &1 ALl mahes fspch gg the 3x3

: itemas an HANM the.i Ll cat | O, 08
pixel mﬁélxrnfé?) SB1°8 PR3 fen?%%hg(gfﬁ{rrg%lﬁgeag ?%Sgg%ﬁg@gm se m.?@l} ]f:lg e as an
HANMPHegabihtaicatiee of HANEE gy noBye ah esldblr as if latef mafrices heeralso used.

exam nati on, such as conductj n%uzthe . .
Such potential identification may, however, justify Turther examination, such as conducting the

other tests described herein or known in the art, checking the manifest, and/or conducting a

manual examination. It is also noted that an average or other such function of the TRs of
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ot her tests described herein or known in the art,
checking the mani fest, and/or conducting a nanual
wex@sisussi on. It is also noted that an aver agePCr/UsS10h&006809
such function of the TRs of groupi ngs other than a
matrix may be conpared to a threshold to determ ne )
groupingafodien drantaheagixauay bycinspaed togathresholddn determine pydther sy grouping

s at leas] HRRYSGIARMa 1t ogane 48 B P85 Ba pTAe G regions dentified n
a prescaR U NERLERE Bbvd. NTLEIBASRIaF 0 ORe MBYschegidafhaete asfined as discussed
P
i scussed above, the TRs of the pixels of the dense
above, thresGRo0f teypikds af theadsase reging maebeagesragrdl, andiheravgrags compared to
the hr hqg t hreshol d. Threshold Cal cul ati on [00109] As
¢ resiP’Seussed above, the threshold for separating an HANM
froma non-HANM i s mheéshoRbCylcaBitionl at ed for each
scanni ng system Threshold cal cul ation may take pl ace

when a cargo scanni syst i s perjodical .
[00109] cal | e sSerboy el OO 1 peaing i1 IANM Egpp g pReHANM is
preferabgleédtl&ﬁge%g&r @eﬁ:hqbfcaﬁﬁf?%g}étéih.t YRR oRPEAESI At Mlag Qiket fl8ce when a

ystem e

di scussed above, the threshold may _
cargo scateting syistemnl isyyermdinally ngitaateés Therealenlation dependgy impart, on the desired

tom.c .nunber | ess than the | owest.. atom,c,nu [

cenee OBt B st 2D S SR b may v

determirRAByI5@RnRAg Mdst nkfertsd Bdving HCABMEAHGADEORYE HRARCEHS lowest atomic
Prefierabl y,” the test piece also has an atom c nunber

number gf e anaserialefreoneeradsish asoratipm) af thegamswal ensigien @ will be used to
materials, to,ayxoi.d false LthV nic

scan cargq ﬁBléYeng eseg%rﬁ%qr%bgy,o@e ;tersé %ger%g él'(l]soflzasst dd n%t?glrn?gm;ﬁ%r g@%r than or

equal to[tRR1FQonihen hESkatilé ateerils e haditl Yalbapositivas yirag nickel, and copper
t hi ckness, so that thresholds nmay be cal cul ated at

are exangiil¢s efinupfierred sgs matesiabn t hr ough the test piece. The

00110 . > FUCES: Tikee P@ﬁﬁg%g,: 139aPe: 5 sianeshapedat fiREsholds may be

exanple. S may correspond to the
calculat@Xaliffe@dnt aagenisdiod thansi ths kaatipicoé. The ¢yt piskemay be wedge shaped
materials and HANMs. Threshol ds cal cul at ed, a

h
or step fhapash dAT APl eSS tHEKPCRES BBY SRFERP e’ i‘}ée: SXpected range of

transmissonk & Qccg?ﬁbieeﬂla{e?iafse% EBOUMVR X GhSesREME NGilculated at the different
COrrespondi ng transm ssions. The test piece may have a

thicknessés mkypdesusod wWitlntheabsiutritdrimappdicd bowesultont pirels fhoving corresponding

.exanple. The.transnission.at either ener endpai nt
tansmisgigps b et PifeE TOREIRESE THEES PO OPCH U400 D CpaLt 400 mum, for
example>! Q‘EQ 3 HsHBNIoAL At0ftHeS eh@bF Chap@sk TRk BeheselRSIfahe aes piece is step

each step. |If the test piece 1s wedge shaped, the

shaped, sheasidadatd dleviation ga chlsuleteidcior shee @R @eropRea¢th plspg it she test piece is

tjcul hi f i .

wedse 304, 8 Rplilh 0535 ¥ RS 0TRGNP MRl o

portion bk ,%a‘%@ ahedQV B @Blunmsusiedhts widynge axanforaatiothickness. This
C

an object to interpolate between neasured
standard devishiors &t esdl dweng axaminatien af 8RrQRieS|ta 1BEIRAAR between measured

.cal cul a r i .
oSS ED G P THRLR BERREL B DE BRABIE08 et pie
AlternatifRiy Whechltulaeg nirsstioddclosst ethe sedsurbditrandnsission may be used, but that

may not be as precise.

[00111] The TRs are calculated, summed, and averaged, at each thickness. As is known in

the art, the probability that a measurement is a statistical variation of a measured quantity, such
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may not be as precise. [00111] The TRs are cal cul at ed,
summed, and averaged, at each thickness. As is known
WO pooshgi3sz t, the probability that a neasur enmenPCT/ESH05/006809
statistical variation of a neasured quantity, suchas
TR, is a function of the distance between the
as TR, @&ra thimméion cofnthandisthn¢ehbetsliesn itheh anithoretiof medre of the distribution of the

neasur e ts and the measurenment 5! i Qn.
measurcleGa (1S HHLSPBE! | Ceaiar dTHBVERERha, e in standard
devlatloﬁ’i oﬁ%lﬁréﬁa%ﬁlt?ésear@%%%ﬁdm fhble@kﬁrﬂsaﬁn@eﬂrlﬁlo\mﬂ In the art. For
known in the art. For exanple, a neasurenent that i

'S
examplet A msmmm@hdt id divea standasd fevdatianserom thesrithmetipgan of a plurality

of meas%rle %"ﬂa? Fy Lgfa @g@@;pr% fl o??)%r%bao%%trllﬁlagl QaQi'a%.ﬁ;H This probability

is the f@l@@ Q@eﬁiﬂ kdty, Whidhhén fidb Se&ar&bhrm tAatie, 104\000:h Theretfbr&s to reduce the

le is 13 in 10, 000., Therefore,
probabﬂﬁb’db%tbﬁhp 1 Tt e RiSoTo G 1 G SOt F DR mpphabili of
C: [ [
i ey T o SR ARSI btegha M. colltion of i
threshold) & <aeh eleitlatkss.orThe halwaéfcsﬂdmlarcbdle\mdtldnh aisedh m?e!finﬂ a indgger, in this

h thi Th |
e e ek e e b PN 55 A Bonf viaion s
preferabg\pgseg% @&Slrthmﬁﬂ&g as 2.5, for exanple. The sane

ard deviation is preferably used at each
[00112]t hi cKFieashieydo1diffrelb senshivityeand sfietifisitne dilerent velpe yf standard

N

piece, af &8h bR AATLG sRKERRRSastiRIRA 6l tradbmithd radiatiopiragde fdm an HANM
ach given that any gi ven neasurenent of t ransm t

or a non&&‘rxHM dhe rmgnb@e off rstndad derngiionp 1@ bsoTbiasRs from hETR of a tow
atomic ?mbeﬁlénzgcf ri tl?g t?%?ﬁoe\éélﬁ% Yed! aestlr%fl k’?ﬁlaﬁiﬂ@?aéﬁgegﬁ %gfa(rg%ﬂtable number
of false %Bﬁl%’ﬁalﬂi it fiepdtibal aRgexhepls subteietiag et atahdand udebiations from

al se positives and false n ative r exa
the TR gﬁbﬂcrva@tmmg N H@ieawb P TERIER 2578 (O BIFE R OTRE Bt nessibly an
unaccepftz% L, SLORLE oF YHRE e BRERE aA? WRtiBnd e sbtive '1f‘ azﬁézﬁeﬂ Qdmber of false
Se positives Bu pOSSI y an unaccepf '€ nunber of
positivek ahebdRiAhted cthen Asmapnbi knactestagy ®, také into goesidemntion the standard
nunber of false positives may be tolerated, then it
deviatioggy not be necessary to take into consideration the
[00113]St andgrifle ﬂ@éhﬁ&ﬁl@ﬂt atlR9 ﬂnjgﬁlar dder dé)hﬁldi‘)%ﬁﬁ 44 8RR Bt the Reasurement
gher energy endpoint Is divi t he neasur enent
at the mv(artehagy endpoiet) tregythe stdpdsird deviatiens atreh slb;f,tamda”mn the average TR of

e et S 5 S B B O 15 B SR B Bsrement

the higlf? dRSigH tentiSoidlt, ¥h&l @&lubof tsﬁﬁdéﬁf&&i%vfaﬁﬂﬂlis aﬁideﬂ he tiy mﬂge TR of the
ener gy endpoi nt, the value of standard devi ations

test pieaeldetihe opedific awerhegeof Tsanstard Kevipdens piilkdetermige the sensitivity and

i tﬁ %Ifl c .nhunber of standard deviations will determ ne
specificity OT NEFFEMS| ty and specificity of the systens.

[00114] Fig. 13 depicts an example of a method 1200 that may be implemented by a

processor, such as a computer, to calculate the thresholds. A test piece is scanned by the cargo

scanning system with radiation having a first, high energy endpoint, such as 9 MeV, ata plurality

31



[00114] Fig. 13 depicts an exanple of a nethod 1200
that may be inplenented by a processor, such as a
w@eoops43s2 to cal cul ate the threshol ds. A testPEi/E8™05/606809
scanned by the cargo scanning systemvvith radi ati on
having a first, high energy endpoint, such as 9 MYV,
of thicknasses, 1p|&mm12110y dthetrhdistioressmsitiehthgiugh thotest pigpris detected for each

pixel, al?ﬂ’e‘f‘éﬁ |Sa g‘i\rg]ﬂé %}%g &te % oﬁllj‘%ée‘# a?i%é}/l §§tf¥gtli gﬁ%gc anni ng

[00115] MBY b@eCRBdpicéets Blen SscMmédl Withla sdcbsd @@cﬂatu{rﬂﬁéal:ﬁ]ha‘ﬂmg a second
test piece is then scanned with a second r

energy ebdpaintlass than thedeslomerarndggingriaplornt Mes: SFadfpdion transmitted
d V, t

avone " OSEOR REBABs, 1SRR B  5 s of i

correspolﬁliimgaiol the pikels hifcRepsEXS, iis Stai é@I@ad Ther TRsplouredultagt pixels are

i xel s correspondln t.o the pi f 210
ety s SRR 0y B L MBI P e o Ppbfrdiaion
¥{§I & at 9
measurep/e %Xé\gwe}g,tléré;ﬁeég tte %Ig%g{n?cgirl] Preagur edéll}la{1 E%) MeV (or
[00116]V| ce ’Mer stapddrdr devieiono of ebporattivtegedbi TR 45 deteri@ingd, in Step 1240.

M T T T
use in ﬁ‘{t]@rg %ﬁﬁi% dc%’t%é”etn' Qélcﬁlﬁteﬁaﬂl‘fé%&&ddt{rﬁfg h&igal TRRadire@ask.  Standard

of the test piece for use in interpolating
deviatioh etapdercakcalated accexingioght &IW@ﬁijfwglaact ual
measur enents. Standard de may be cal cul at ed
according to the foll ow i ba: where x, is the
neasured attenuated radi Sn for a pixel i, X is the
measur ed attenuated

ari thmetic mean (average)-
radiation for all the pi els “Wwhich is calcul at ed

according to the fornmula x and N is the nunber of

where xPisX¥Bd Sreadied Michublel wsdiatdd fo@ agpigdin) 2 is thberistimetitamedan (average) of
devi ation of the test neasurenments of transmtt

the meapured att¢romtedgadiationfoarddhe pixsls, whieh ipe#lgplatef ae¢ gP’ééP the formula
y methods may be used with different distributions of
th he rreasur ed attenuat ed radiation. [00117] The average

X == st W, #Eandahd deviation of
=SS o e B Rlo SR ) BHOARRRLR SR, A andet cviaion o

t hi ckness in Step 1260. Preferabl t he thr esRoI ds el hod
the test mgasuremerig olﬁyragqullgtgd it a’qqubls&@]gu tprbeaQ e er statlstlca methods

may be hgequc‘k,(]ﬁ ¢ gfe qnt hﬂ? ﬁu%%h; Bf @g Endé%lg@g gf\‘;l a%ﬂ:ﬁquﬁf

Mher o tions éepen dent
[00117]upon Theatesdd "Bﬁs setiri TRy it aachnliclapses afei @ildwated, in Stap1250. The

T N T T T
by adjugt?r{rgr &%pag}é?a'ﬁ 1 ral’f"@ac.’dg% ﬁﬁ%&@s% e Stéﬁgﬁ@c’e%}ﬂ%'uﬁégﬁp 8r non-integral

ness e test piec dat abase™ of
numbertdfr mﬁl@fdidevﬁtmns,edepmdmt ypo0 18 Hesisidrmgnsitivity ead @p@plﬁcny, in Step

o et e A < 0
assoc1aﬁ@% f -E)Bdﬁlf t?at?@h‘ﬁss%n@ an@reedaiadistidiidng féled¥BttBickness of the
cube o ag

I cul fural goods, which may have a TR of
test plewbm‘lﬁttabﬁse nﬁlgnrdsbolds fibi @Lﬂmple Si nce an HLANM ypi cal | y has

[00118]ﬁ3n€te 1615 at eS gélldt Qa%gd on the' Ent/el}gée ’H{ rPﬁo > m%é‘l{‘}n%y be about 4.5, to

differentiate a 4.5 cm x 4.5 cm HANM, which may have a TR of about 2.5, embedded within a
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agricultural goods than the atom c nunber of iron, it
is easier to differentiate an HANM from agri cul tural
w@omdss43bman fromiron with the required degreeP@f/US2005/006809
statistical accuracy. To inprove sensitivity and
specificity of the identification of HANM threshql ds
2 meter g of eggellbralapoda ydiclomay hevea diRepl 2bovt 71Hay éaflb‘agcuh Since an
nveyvance bein Th r
M. BN R 8 AR A e AR oy e hgh® BARHEE of typica

agricultukd1€&0bBs ‘tﬁanatﬂé i a€dthic Utfuddbed @@ dxs)n, firis @agient ©r dhﬂerentlate an HANM from
representative of agricultural goods, suc

agricultupalgnope thn Spmeron Vit throragyired drerge OF ﬁ?#lﬁtﬂﬁ?g apgjgacy. To improve
sens1t1v1t§{ae[n%ssq)%|:$?cnt %%&?@fﬁf&{lﬁ&%%gﬁ? %\/[ QRrelholt BB tRlelbcted based on

may be uSed, for
the cont@x@@pliee cagd &sthgnan@abﬁﬁg \eaammeg tThecé(fnms §f itsis known that a cargo

MNNCCE T WG L
represen%.lfﬁlg S8 %gﬂ&l%ﬂgél éb%ﬁs 's‘ﬂcﬁ Re a HIABL R WL, hRgbe 1921;@@ $n determmlng the

SCuUss ve, The cal cul'ated threshol ds may al so
thresholdtinsteal ofi thee ?ﬂﬁt@fbmonbﬂmh sedhoptesialse Lugiée (Rhot Rglrin (R) may be

used, forgedcgg‘ga ng 68%5!1 %}e%%gf i)s(/?rér}} 1c@?s% ﬁ"?ﬁg{éif g?l'fl ugéc{'j‘ %%’ aﬁgvgssed above. The
calculatéﬂ"tﬂfe%ﬁ&lﬁs AfaytdlR KeAdteRd G0 theadsditase BfrdsRoldy ﬁbﬂ Ltsblne the examination
hrough the custons manifest, for examle. (El cal

techmquna discassed fabowel (ihet erdoulatee phtesksldo e aleg be hSéOfé g database of
anc decl ar es
thresholgiquf%ﬁ Bg g}bogpgalglr ls{eg ex&?ﬁ?rﬁaﬁgfl t&gﬁfij}?g% @ﬁg@uas%%cf;aboga ch
[00119]aS aEuffitieht idforgaas abdmnie a@drtﬂdfrﬁsi ofothéscargd cconveyance may be
00120] Fig. 14 is an exanple of a netho

d
availables Bireegh the cHptenk anapifsss &1 FATPlRe M}S@C%me%f%ﬁ%ﬁ@%y the shipper or
C d gt t
over 535S P ol L0 OOt bkt n
cargo coﬁﬁéyﬁna@tsuéleds goivdiuyrai gocﬂsemaﬂlﬁ@ﬁureldfgopﬂs ¢tes, then

ootz PSS Ba5ed o 0 . L SELES o et n e st

contentsscfelcﬁ?édeﬁ tﬁ? nfalfedtNT8e ARInHestli@ cRRLES BRAddtananal HES Bﬁgb Benveyance
ontents o e cargo conveyance 104, in Step 1610.

104 confﬁhfs mhmffsdmﬂedgonw ih8teb d§@ﬂ it d@fpﬁp’éqen ahresh ased on iron and the

instead, If the manifest_.does |nd
aetcted G5, e TR, o RSP o PR Sa as c be us
in analyg ?%@c@ﬁ&'nw e rcaiéfbecdﬁ%}ydcn@&loil NGl SRHes10. hahetthesholds may be
go conveyance contains ricul tural goods, in Step
based 011 6agper lof nigkel gagtcads r{émhqima st Hoesynas 48¢digate hat the cargo conveyance
ricultu ods. i
conain B oS0 FPHFEE SOelEh A5 R A BN At e e
conveyafn@@ Roftall3r £5ialtaral @bods; ¢ Qllil Stép E(ﬁlsecIiEﬂ ddes, fherm fBdshold based on
he nmet hod 1600 nay be inplenented by an_qperato
agrlcultmrell oadsni saloqieiPouEe ROATDE Mooy ey ﬁﬁc@rwﬂaeyance If it
ecl & tqr n p whi
s FRECHTpes SESER' B oIV P SPPIONT ISR o L0 may b
impleméhi€d bgsdnSoteator irdyéelvial oy enanfegprior ées cargo s:unireyaaceabemg inspected.

mhe oo b s BT SAeoce Fo ASR G 18 b ot i e s

describs BREE- N%J)@e@gor,—r §&th as a computer, may implement the method 1600, if the

manifest has been electronically entered, for example.
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[00121] Ot her X-ray scanning and/ or anal ysis
t echni ques nay be used in conjunction with the
wQ@r@aps432 r el at ed techni ques descri bed above, POI/US2005/006809

further increase the accuracy of the concl usion that

t he suspect pixel or pixels are HANM and to reduce

the false alarmrate. Theldagdiest above det erm ne

whet her any material within a cargo conveyance is

classjfiabl e as HANM HANM -b n [q: R :
[00121] ppt eﬁﬂé T X% 45apRLg 2d/of F’%%ﬁlse{,é%%‘}lq%esﬁp?f% rﬁrgetde1 Picgw)u?cuon with
the grou?_h&nl?é 828 NEBhbud UERriBEL B0V {oe fird@nt inbicast thd lceuracy of the
I gh degree of ‘sensitivity and specificity. qu]‘
conclusiefi Setidwetispisd pixel or aixclmare 3EANM, @nd e GeAusgghe falge alarm rate. The

urani um 23 re._ex -fissi i.al .
et ol B0 oy ARL L Pl PR EpPARI il oo AN
An HANNanhy Bt 238ucldae mhatbkal fisonables fissitd, wi dettilanateria)38e presence of
. whi ch is convertible i ntg pl utgni um 239%}}£gnd o As di d
which neaglortp Jie sptificthwith # dighofieasrd PhERRSTIREY dpdhRSGHicHs, As discusse
ELAAL 534 Bk AR | oS uldifim 105 CakeCogirhley nsiCHGAle materials.
above, [ séllﬁlo%gt’hgfrilltéoliq er s@gr%}dr]é%er re?g?o as Spe%li al Nucl ear
Fissionablet @iicaial {dcHdes fiysileShiuterialse andinraniving23@ef i Festile pypaterials include

. U. S, Nucl ear Regul at or nm Ssj,0n i ncl c .
wraniom33; DA SRR 248 PLEPP oo APL AR Frpigh is convertile
into uraﬁiﬁﬂlt-?%‘? S MR HE9i1R 3Ratefialy tRaY HORe23adilyNUAdeas ¥Bibarthal sthers are

emt del ayed neutrons due to beta decay after fission

referred 06 ab ISpeciahdokclear dbateriads SNV 0s UM arx-cugrgnily dplggdohy the U.S.
sufficj ent. ener

f 1-2 af t OSHI « . in th
Nucese g4 Corabis S b BT Sp RO By wffeniched in e
isotopesShiiuARd Y 8 WRBHEMIIS. Ni6le@! arfeB ahitdllayeédeutrons due to beta
neutrons may be used to identify the pr e%gnce o£ .
decay afterclisseon efathsir milclel @uses/ g exrastieoiesXriay radatipn ef suffjcient energy,
nd counted by a neutron det.ector. . ++ delaved
12 us RGO ol R PL R e CUBEL b e SHRURLE do ot cmit sl
neutrons, 3R $edsedddofTaBla R BRI 8 YmAE GUi used tb ddémifycie presence of nuclear
phot ofi ssion in nuclear materials, referred t t

as e
materialph Beleyied sieuhony may i detectasy anshesiugteddape RgYtremh 8?tﬁ¢et°f’ 1 example.
material. Table ... i iifies fission thresholds for
Neutronsdgieé‘f{ﬂr%ﬁreeqlsé’ﬁé%flsfyﬂ@eg%:é&%%t ed based on nass excess

[00122]Val UEBhd @fiiniriemS ehetgy adquitedmantisducEhphotefissicex e swiclear materials,
| ues were obtained from Nucl Cards,

X o
refertedido g 1B Bt HGHYNADES 57 ORFS9 Ln ERAGE é’flg% majerigl, Tpble I identifies

oo 5 S AT P L, el b st

clementb.t The madseskcesavalbet Werruditaiaed fmime Nuglegr Avallet Cards, available from

non- nucl ear material s | so produce oneuir .
NNDC Rrachbivea hAbO QBof gk 195 (4 GUFBR Ly ot Lo Sk el e Cards s
availablé'a{t Wiy %H@Bh{)%bv/\gﬂ@%t% 1SHE- D QS BT It 3 petclatlatdyoth Rficlear materials

mat e e contaln

rral's n er and the conponents of the 15
and non¥aucksar seariElngay wisbgmdie phetonewamavithie atviereshos! pegiod (107 sec)
for photoneytron em ssion for ihe sel ect . :
of expori &1 RainE TRt oo B O ARG AL PG At St B e sapjeiner and
th rr{ﬁybﬁéﬁtgr of UL @@rschii dr@N T2BIMI stRwslths tiksivbdds, foatphotoneutron

€0 ttp: //0+2. lan/ govl dal?gaﬂot onucl ear . ht ml . Phot of i ssi gn

emissionrfar b selsnedmusteatiataterials, as sisllr i PhptenguftPRpia WisRigned from
T-2 Nu\é?eralr eItn}lor?nfatigrtlh érv1scg,u rL%gsAlamos, at http://+2.lan/gov/data/photonuclear.html.
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known to those skilled in the art. Table | [00123]
Since the fission thresholds for all nuclear materials
wa@e@siosusshe range of from about 5.0 MeV to aboRET/BSB05/006809

MeV, scanning a nuclear material with X-ray radiation

of at |east about 5.8 MeV will induce photofission and
Photofissiehaanddplngercians dam & hiss vedlilyedvailable strorhnc verety naf other sources

ener gy, .above the threshold i ncreases the nunber of
knowntaé'il%%]&ﬂﬁ@mhs%that will be emitted, facilitating

detection. 9 MeV may be ugggeras in the exanples,

above. Preferably, the del ayed neutrons are detected

when the X-ray beamis off and after photoneutron

em ssi on has ceasBe233l n |adBi2i%n,| bd238 s |i Mha:23R r ay Pu-239

hotons t.hat may.interfer .t h.go [ th ed
MMe al s—ggﬁ%*o—li%r eﬁ%‘ﬁ—%hotf 1_- CO%@% exarrp#le'@fh"[jees 8‘1¥101 Threshold

Photonéﬁfbﬂﬁgﬁ? Rfe\operatsgns to dgt3éct del gyed neutr@as due 5.6
to photdfission is now described.| First, at time t=0

PhotofiSsén (ya) ME¥ct r on birist gf 95MeV el ectskbns ptrikes a 5.4

target generating X-ray photons.l as—is—knrowr—n+th

L]

art. These X- ray photons are collimted and projected

ont o i | DSREALHAD are iR SFaREL HORom about
001 2?’]bur stgfl ;8/63{}1%3‘15?@{}?‘1%%?% t:‘dg\%ﬁ ?nu(%:lg%secorllds?reTypi cgl : om abot
5.0 MeVab ubsutf 18 MW, qahsiag i wlichean netdyis] watnX2a@-radistions of Aft least about

1.0-2.0 s after. X-ra hot on duct i ds, . .
s e o e S L BB e Wiy moreasing e
energy %g(!tw%y &d t'ﬂ?ééh?lﬁnﬁlcferag’é@ BROL bR S OfelhybdNH&GItRAE that will be emitted,

ertals, 1f present. The acquisition tinme period rmg
facilitatingstetacionnOiMeVeayp bé mednhein theexamplesettiyer dhefstably, the delayed

LR AN T —
additior% %?QH@_‘LM, St-r&PYhAEnsPihaPmbl Ynterferdtwith dBiMtinghBe deldy¢dneutrons are

efection systtem nay be turned on after each high
also notgmesegly burst, here 9 MeV, for exanple. In another

exanpl.e, the. neytron detectors t.ur 0 y
[00124] ¢ ¢ o A ?ﬁnﬂﬁlieq% ?esgguqnﬁ%ioc:fgépeeéaac{ & tgozsi](%?%l gel s Agrons due to
photofisfonHANMvidasaibedr Fayt, of tihe$0 §eandn geotBInsburstudly s Vaddotons strikes
scanni ng at both energy endpoints, TR calcul ation, a

nd .
a targetaperieyating Jfray plotprs @b i known i G sls ebhesp Svayy, Phsiaisgre collimated
and pro@%%hgofntosg £330 rcgﬁwg%ﬁceﬁ?rg/ﬂef FhsAabY 2 §fle ERLEEN bg%% ’Ey;:ﬁ)gcally lasts a few

argo conveyance o) Oor- a suspect area

microse@8A@0 THAVAWANES foAtRusNactvidil afe bayele 28-4.63u! tant.0-2.0 ps after
pi xel or a group of resultant pixels wth TRs bel ovz/1

X-ray Dhotont hrodyefisid endsndi bewtTongdateriion BRI, SBEChsdeqi Ap defegt delayed
one._ex t.he | i.flcati t iod last

neurn 5 PRI Bl 15 S0P K9 . 5 SHEBAGR i my s

up untibGegpi@biien the aswl ¢lagrdniburkics abewittorig. sehntoathettiuget, typically about

2.5-5.0 s LiseRondls (o6 e HETS Do e PHInBTnddRERcney D a4 qdMEV of at 5 MeV.
The ne&tpc%qqchétéﬁioﬁlysystreﬁl Hl%ﬁ’ Yot d et ie leaci M B erREFIEbuBU BbRAY MeV, for
material |s-present.

example. In another example, the neutron detectors are turned on only after a TR pixel test

indicates the possible presence of HANM in an array of resultant pixels (such as after scanning at

both energy endpoints, TR calculation, and analysis of the results, as discussed above).
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[00126] Detection of any del ayed neutrons indicates
that nuclear materials are present within the cargo
weovseyassre. The general |ocation of such nuclBEr/US2005/006809
materials may al so be identified, as is known in the
art. In addition, the identity of the nucl ear materi al
[00125] rmy Peotissipmiesalis miay reranakyredifor ap gntize G ERCHYRIEICe OF only for a
d neutrons _gener ed b |ndu0|n
suspect %Rifvé’@é © e 8P’é¥ﬁyg’b%eak ‘i‘?&y 40 %Q‘Sl%ﬁ 3’%&? bl dgroup of
resultant}%&15 Mth THE G3Yw tlféetﬁr&HMdbﬁldeaﬁﬁQ ith-e d{ANM mes e prekent. In one
ranges, each corresponding to a particul ar ngcle £
examplenﬁleeﬁ¢félﬁca‘@@1npﬁfhe§@ﬁpe(§i areR anaychauperdsonsitiviy AnE sDgLligity that is not
scepia  SrBRBERL PR B 52 SO SHISE, ARNAESIOR LR ey b analyoed
if HANMtS 1(&hﬁfﬂ:d3wﬁ’th@h&fe?ﬁep’tﬂﬂabeﬁsith@ty%ﬂapadﬁn@uttm deternina twhether SNM

and neutron _detection technology are known in the art.
or otherg;@éearfn@q:teréglmegenﬁsam Gozani, Active Non-

Dest r MRS hAl i felélﬁltrﬂlé?&?dl re present
[00126] Techr?{:Tgt édti\f)ﬁl nf 0|yy a%llé}(’)% er%nggh%l% 1), pp. © Saep
within th®@az0] cdvaejranct:h eThe (gﬂﬁerahktcab@n ofisticka nngl@alematerlals may also be

material, sych as an SN par

ent
1dent1ﬁeﬂoé%1ﬂ§ OWR 1 the &1t apbé‘ ﬂ(}’e n@ Nty ‘?;Fe@lgs%uﬁieg/ar (nlaao(r"rlal may be
deterrrnr%)cﬁanﬁlxﬁenrﬁ&{té?lr SohitdTRRUR umBEP BF tdef gedl SeR@bihOEemAIted by inducing
otofission reaction nay be induced at the
photofispienkn SNMeatodﬁfptmt pealsericogics pad gy dslaygd ewtgens’ decay times may be

orgamzeggpg'lgfpﬁlégixarggé%lgg 1 Ihéq%grr'\e/g%/ d 15&1 PR CulJrHuéletdpfnr %ﬁf&? 38 omparison

of the dél%@feuﬁ‘fm BRUrR Y E theidct BBing @&wﬂf\&iﬂ@dleb@/ramgéﬁ eafabhis icdemgification of
facilitating neutron detection. The hig

a partlculatdmaﬂéra@ mdtieriah (e itp atopie wEbE) pyReal- §§1§aﬁei%y@d§’8E}F% cgynting and

he_sane ssour ce e -

neutron gﬁtg?tb‘ifl tg%lglrc))o(?qt aéf‘g QF%W% grg?{ %}teSSerfag)'r ?Iéélg egsgkgGé)Q% ‘A ctive Non
Destructi® P@dly$is08F NatlegioMbgaialn @\Tﬁtﬁt&lah diethraogye hiforndatimor Semrrce 1981),

of an object is scanned by radiation having a | ow
pp- 173@f%r gy endpoint, such as 5 MeV, for exanple, in Step

1710. t £ ent at a
onn2 {20 TR OL 8o s PHAF 090 4 kol ot i 9 s
part1cula&bloe9:tﬁon mﬁﬁmmn eﬁgw ddnveymhicatis cuecm&mwn{foa elamplee rb@fcgs‘/ a manual

.endpoi nt, such J

S n St
inspectif, SuBpReE) bR OB SRR ARPToE 'é’edB?‘é"&? e S © gl ranee of
photoﬁs%ﬁ ne}_%ﬁ 0P Huble@P $nRridlf) Co@REGL 1 3 MR VDEId NS PRWL T amgs third scan
bject traversed by a radiation beamat each
perforrnedidt diei hlgh@fmmrgynlevelﬁmaxmmmhe nujrber RE delaykbneuwrenp eg&mrated by

oo, B B EIERER e BrB0 FRR ST SRR RIS BaPbe pvia by

a separatd %ﬁ%@&%@éﬁrﬁé"@u?d&hé ailated PadigeiiEat tﬁ'ékﬁhétcaﬁfgyr@dpﬁmts
cycle between 5 MeV and 9 MeV radi ation beans

[00128]suf f | Ellgehia isuab exargpleppfxe maethest ¥ Yt doracandpeting 5??: n%ﬂi’é’é‘ test. A
portion 8%) au é’ %: s%g { % &2 OPa‘&%%ﬁ@g n%_l%fé)@f%%egg)% Qn%o%umdas 5 MeV, for

exampl@?ﬁ'S&’heﬁﬁﬂZIOI mﬁiﬁmnllz%tec%ﬁ%faﬂ adtyractsomwith dlonplsjesteimaBitep 1720. A
of the
corresponding portion of the object is scanned with radiation having a high energy endpoint,

such as 9 MeV, in Step 1730, and radiation is detected after interaction with the object, in Step
1740. The portions of the object may be the portions of the object traversed by a radiation beam
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tests, discussed above. HANM i dentification for one
pai r of correspondi ng portions may be perforned

W@ 00sk8435EN0Ugh t 0 deci de whether to turn on tPEI/US2005/006809
neutron detector system Alternatively, the presence

of one pixel indicative of the presence of an HANM o
at each rafliatichfeindpeint. Mmmpbs ifghg eadéationdicemtis iethe shaneeot 2 fan beam, then

ce, of S
each portg%%f f?lF 8P3[e§7t ]iS ’_@{:c r glf;]%es 0 ql% J)l{] ﬁcq t%@&?é& fé%‘gtg%’trvgqulanon beams.
The scan@R@MBay ERYe Bavsen SOMEW aiid 9MeV rddiveionehetime nntild suffivient number of
system [00130] If HANMis not suspected t
pixels conGRMDRISIEROTT] 808 ecalleqed BrCoaBHEE cbUie IbBndPUSRbabove or other
obj ect. [00131] IfHANM is suspected, in Step 1746,
then a neutron detection systemis activated, in Step
[00129] 1750 Thégeslilscits sﬁﬂyadmovm Stetphb744e uTho ana:lpslemayocwrsgrsaeeqw of the
is preferabl cti 2.0 nms.after scan
tests, dqugq;zre) ¢ iaRoyeh| é—%@lﬂ%.bci/e@jl gq,tggl fo[r Wfé’é‘]‘r { celgespﬂlécﬁng %o?tlon% may be
tfge h&eYs ' QRS & ahsledfiond deteftor system.
performe%[ {We&o}wﬁ ‘33 Hgﬁgéaﬁ%(lgﬁt i ndi cati ve of the presence y
Altemat1®élyd ﬁiea;yteshnne lﬂ)f bnm piriek inglicivel of the presimsp of ARGIANM gpe sufficient
t ho s, repeat ed f.or orth f
number 6’5j Ieg"?ls Ip 1°f‘Wée é?fltq“‘? éjp ISP Pfhaé’s?g)gg]gle%glnnedc %ﬂeﬁ Sehgﬁmy and
speciﬁciﬁ“hp%coh[bﬂb@ itV theObsth Bsdrdded WhBvd, Inse bagk aféﬁkfa?t)&ﬂﬂof the neutron
e

utrons may al so be provided. [00133] The nucl ear
detectioﬁesstermay be conducted if the presence of HANM or

rial is su tanoth i
ootsn et SRS st -HE35%L 88 BH860 1204 CLMEfed Fatmoter porin
Oftheo]j]ébtt he art. For exanple, a dual ener gy ratio test as

described in U S. Patent No. 5, 133,

ich i i

(00131) ncorlp BiANMdis syspeedriarier hitte rlwn wtrsew%ﬁmﬁ:%é&m is activated,
t d t

in Step fjﬁ) nt&so¥81 ESt%kéesg% Bfocr(e)ck:/%yﬂ* oﬁgl‘g%(g%/ %E%gu%tg?ﬁg?n?hgfég%b%lgt activated

1.0-2.0 @aﬁe@@&innﬁ%tﬁfﬂ’tMaW(m trdxainpi) andsar t i cul ar nucl ear
mat eri al

S. Patent No. 5,524,133 is d scr ed
[00132] nor e Itié tieh detepmined veiwdlier slelnyad newEms AT s@cﬁgyl bééep 1760. If so,
an Outplftolpg uctg%g?f' &16%? €e7g’t4délgye tdn’feug(%%%‘ é&gpr%zﬁlgd Gy .‘ﬁbﬂ 173@AaIf not, the

con 1y one
method @760 B)repedeiiofon another Imi'tld)n offthe objxict.i Hlth¢ estire objectBassbeen scanned,
may i nvol ve autonmatic analﬁals of results

then an uipuEndisAlYe @ e BRluEHE dsicchasleysdeytians mAg aliy 0 bR prgvided.
[00133]t est m?él?a? t%sg %%9 ct8d ﬁfet'he %ré‘é@ﬁlééaéf HASRE GF nBélear material

i f an objec 's found cannot
is suspettdé afief argdothOO@8dinckiding thé tbestssd@ﬂrﬂ@daa’opwe and othersdertopep in the art.

1800. first test is con uct d, on east [
For exagmlep gglaleel@ergy gatig kst 1381 st ed[ it g\ﬁéhb%tg{l P]%] ﬁggﬁrlgg, which is
1ncorpo:{l¥é‘ti| ﬁf RE ItRleih, Sm&} HeChkusild ARG ﬁ)dgrehﬁmﬁtrﬂja id82@y the actual

remal ni'ng portions of the object need to_be
materla]t mﬁtﬁﬂ oft the obtchdd determinmes whethst & alg i@ at|lpast peteafiaily gontains a

i 55y B DS AR S5 BL BN LT  lfye. seka

dual end?8y BsPMa§i®d conducted in Step 1744 in the method 1700 of Fig. 15a, for example A

test may be conducted at only one energy endpoint, as well. The initial test or tests may involve

tests.

automatic analysis of results and/or visual analysis of one or more images. The nuclear test may

also be conducted after a manual inspection, if an object that is found cannot be identified.
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[00135] If nuclear material is suspected, the object
is scanned at sufficient energy to induce del ayed
wWoewsnet3sy in Step 1830, in order to conduct aPCIUE®aF/006809
test. A radiation beamw th an energy endpoint of at
| east 5.8 MeV may be used. The detection of del ayed
[00134] neut Fipnd 5bds th enampkemfeadmeﬂmd 38eQ ASHAG! tdst laj@dnd}l@tdd on at least a

eutrons .are det t e hen
porton o 4 OpEEsif St Dals Pobe S HBUPALRELF RS FBRADE o ot tuspectod
in Step 1@2@ SENER, PreMHDlRAPorliBAsSS tA objectiicl itél 86 testdd, ﬁteefﬁethod returns to
1860. 1f° no del'ayed neutrons are detected in

Step 181085Dthe ehidne dbiest iras besa seamad 8 Quiputiedicatiye®fthe 1§elaﬁf suspicion the
Z Ig ortlﬁ_g tr%e(fﬁl ect. If the entire object

presence;pl JUg& 83?1 B ARG del ayed neutrons detected, a

[00135] sui t @Phﬁcl@éﬁ PateriaB)s Bespected) thedobjet iwedchnnekf atasdﬁiglhnt energy to

nough enerqy is used in the first test in Stlg%% b th
induce delngsi pau tioRs: 1ASHeTbES He earder i coBANS adEleasiest A dadjation beam wi
Aoy 1 AlutAs is th
o snrs SRR HATS L OBV, BL el S kgt e
checked, #iPSEpEBUO0 eﬂb@l@laljfé@hﬁuwdnstdre detevted; inofitepAl &Sonﬂ@ycnn output of the

s b R AR LSS oG SR LS o S
1860. If;rg;“%e@%gﬁqggtraﬂsdaé Aelrati ﬁ%tegs%@o g t}geoxﬁu@%arretﬁmtts Step 1810 to

e a mechani cal riven conveyor belt
scan anotlteapkrtmn ofglohelrjectallf the dnﬂu@eﬂbj qcbhasehesn s¢apincd ﬁ%hmtéielay g neutrons

detected,Bqt g}fé@f o&_ﬁg&{ég 6 %8¢ glgprw/}ec%t 'S a {'jlﬁdt gg 5951?%1 e::%gr%' is used in the first
test in St%g ¥ &Y aRGEit 484G hot BB hedediangto@inkiactXgo1830 r ound t he

urcé 2060 and the detector 2070. The conveyor system
2020 extends through SeremingSystems he shiel ding wall s

080 r.the.en

003612550 8 A TSSO SHAL bl 80 posrm
to 1mple%ﬂ’t/ EX86dient6r e neNEbn. S)A%cﬁﬁe?&Z@/steh’( 202hswpports and conveys a
shi el ded tunnel 2100. The tunnel 00 has ag{ﬂl rst 060 and
cargo copvebage 2040 thyaueh thesscapmng syitram 1 Q(i,z tweey i KiFap SPuicR V00 and a
of K

oo g e 04 201 1 BES o hgospy o o o
or mechB@E4I; e@vereyilene fR0A@mipte. t Tie Hetp sowre 206@lire@y @ radition beam R

the radi ati on beam R intercepts the conv
of Brempef e wgcX1RE re@ﬁwy &W@gé%thé B EPIVES B AL Vo Sppg e walls 2080

surround® tﬂga%o%ﬂe dédqgﬁd &t&%?@t tﬁﬁ@@&ﬂv@?oloiysfeﬁij D620 eRtends through
e used for t e t or track. If the conveyor

opemngsylsttlﬁm;}ﬁélﬂﬁlgcwaﬁs rze&@ to elldwerfer the ey andyexie opihyyfagge conveyance
anong the plurality of rollers,where necessary. A
2040. i ndow may al so be provided in the structure

[00137]3 Uppofﬁé &Qgéa QSn\%@fEH@eV?RﬂOSB{ S8y EDBY thd Eorves@ssatesh 2020 through a

i mat or not “shown) may be provi ded between the
shlelded:mngtd 2460y égkmmenezmoo el aifiret windewt 2l 0z2ad@ sesopq gandow 2120 to

ttered radiation f ach
llow fkcfs agtores PE g0 M bEARL o el §E i kee 2060 to the careo
conveyd& 12020 Hd £bBf &R 8826 WoURKANEE 2840 @0 the detector array 2070. If the

radiation beam R intercepts the conveyor system 2040 and the conveyor system 2020 is a belt or

track, a material that causes low attenuation of radiation may be used for the belt or track. If the

conveyor system 2020 comprises rollers, a gap may be provided among the plurality of rollers,
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or the entire cargo conveyance again. As discussed
further below, the cargo conveyance 2040 nay be
WO pooadssased with nmultiple energies by rapidy PYDUE2995/006809
= the source 2060 between two energy endpoints as the
cargo conveyance 104 is being conveyed through the

where nE&adaRy. NG\ Wih&ov?@ﬁz@r aksobe pooidediinghd wouerdieanmpbrting the conveyor
sources, for exa

[00138] A coI | i mat or
system 2320 Afi Srepqssyt h@nﬁﬁaats!fs {nog shoyay I%% epr%éﬁé O"ﬂ%een the cargo
I t d
conversf g QeGS0 S0 kst . e
The con2860 sysudm 2620 emiyrtedeséragbto examimeas pontion of theaearge am‘@yance 2040

a. cone beam The sl.ot pay. hav erti,cal .arc ran
or the e, R1ERLONYFEEACY ABRIBr b FISeih 6 bGP a8 b R gance 2040
may be i'i’rka;l‘dlecﬁetd' Wih nfu@ip1B %ﬁ%f@\b?rr}g%é FEhnglthndufce 060 Q)efvv&mtwo energy
out 5 degrees to abou egrees to define a cone
endpomtseaanhe éavgo eouaephise IHels Heivg avayeyeaaropehdie wnapiag ungs2000 or by
i mg OO 39 . %E deteclor 2070 is electrically
providing iyjga f P8essor 2160, which is coupl ed

[00138]to a Al b&m]f@ycrmae extEhas fromaBe pidefas m-ragfkaﬁroem@ﬁm Fhs collimator
anal og-to-digital conversion and d|g| é%f

2140 incdesteg ersbavi (=0t shewhkshapedhie qoHimaie ﬂaer-ral\ ‘iﬂ%&’é’é 3 @gé%ray source
t
2060 s GELBERE FE RS ) SERLBEFLAK BRP! PR 0y f e  verica

arc rangSpUfr6:8 1843GRan 1 ldegette abaut Sardegec® ﬂﬂ@e;ﬁrtemavcrunwlefwm rbeam having an
system 2020, the inmge processor 2160,

?nd the “E fa%/ ]
arc 6 angxmmgfmmeeaopuba degreenioetboph® freseede drines cawa exampe.
ts ar shown, to sinplify the Figure.
The SIOt'fﬂe@'tbarVSS egglilapfﬁ’(fg‘geq%/ be programed to inplement any
[00139]or a'TheOiﬂet&di@r LEHI & deaﬂealbe@b@tedvte anTheager mroesssar 2160, which is
may provide sonme or all qf processin

coupledftg r?c‘ﬂl”P‘Idﬁlé 2680t Hehe; igage Pé?‘@é%%s?épb QYWIISWW%(’%WedlgItaI conversion
and dlnggl n;%S e%gﬂlg %%Pr%hénéh | fnl ﬁ’i@airt pA°ﬁ1%%§é%6§ $fEh as a computer

ers-m rovi as well. The i mge
2200, ipelostasAayr cﬁlj)&@], totéhﬁl cmmowﬂae o@ﬁ;@nommxﬂ onh er dnes| Q;fythQ 28y source

o, e SH3G S SREE e TR0, o
display 91‘%@1 elfiEn SN ELEthe FRYceBRr LD IhRRITRE édinsdtlehid@ir€not shown, to

ardware to conduct any or all of the tests
simplifydibe @lgdne drlaaomeessomzmenwbnmsrantm@ qgrlamleam@t #asy op@ll of the tests

descrlbeél-rqi)@v?t %%&o%‘ésgﬂgfbe@%% OVK{:GSS%IE}O??ﬂréﬁh%It ée ré)g ﬁ%rz%i)gﬁjons of the

image ;ﬁ'@éés%? 2@6@et\7ﬁﬁleo<5negﬁﬂ)aélssor_rm0(i§) Shdvay radﬂit@ﬁab;ﬁrotéseors or computers
detector 2070 may depend on the shape of

may be podvideda e tvetladihet inage rsegesRr 2160, thy aﬁa\!ﬁp@teE 220Q pad the display 2180
may be. ?@é@%@gﬁé?%ﬁﬁ%c@% rerllti};mtIﬁg E‘%ﬁ% p?oéeg% PR méy be part of the

or array

computét, @i &Il MITHeS bélﬁp@teﬁ b tee pmgramﬁmd@hmcsbﬁwa&l emdot bardware to
If the collimated radiation beamis a cone,be

COHdUCTana@r ) afrethe ltéStﬁ)ﬂeé‘Pﬁlbﬂ’QI akoyke HeQRP qxprglp&eettzlgt]arpgrams may be
implem§ t&?ﬁu&?%xgﬁfﬁgpléc\ﬁﬁ%% :Sggﬁgi; g@%ﬁatggtﬁ%ﬁﬂ ASICP06r 4 8ple.

conpri r ows o det’ect or
[00140]e! eneThs defEbidr dOT@ah®yr be a detector array. The configuration of the detector
2070 may depend on the shape of the collimated radiation beam R. For example, if the radiation

beam R is collimated into a fan beam, a one-dimensional detector array 2040 may be provided,
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array 2040 may conprise a plurality of nodul es of
detectors, each conprising one or nore rows of
wa@leasn84362 el enment s supported in a housing, as PGI/KIFI006809
in the art. The detector or detector array may be
straight or L-shaped. A horizontal arm 2070a of an
comprisihg @hsiye rale b€ dewctoaclementss 1§ tteveoliimatef aadiation beadi ¢p a cone beam,

i 2 SSegedierts by EASE S b e AR5 A AR L imension

detector taﬁg?l 2046 %Smﬁggg TRy RenPRsididcemedwatoraickdvsreldtedts.Cathe detector
tion di ati on beam R woul d intercept nore of

array 20401 map@pinpoist alpleality 20 hoeduiasddhtscipes, eacla¢orpRisingAne or more rows

o e e e B9 EL S Fu PR YRR ORI o

array mdBé ki ?Hﬁoﬂﬁts‘ﬁﬁﬁ&f Al h@¥zoafMRfh 1070 Ioﬁ@hgla-@ha’ped detector array is
scintillators, as is known in the art.

shown in pheg@@ratle F(gjd@@f)lg sk& discpysad b@lgwﬁﬁl)so 5@0\@@@@ L-%ped detector. If an
L- shapetgglggg Lor (1§ rlrl)Se 1{19@{{:‘ ol?i's ﬂlé‘ic/ gg\frégéb%? gﬁa:yne% ?F%’HO% Ithg%wer vertical

position, S8 kiEion Beam R Radubd Altéroept Gadre 6 thei Iwrizomiy] airs 20Tk and the vertical
used. &OOl 2] Neutron detectors 2072, 2074, 2076, and

portion 2078 oAk dsiestr P maydihPBed at nultiple |ocations
[00141] ar oung, 1 &?ec?&rﬂﬁgqﬂéyo be og)['lotro cfé?e'i:ﬁ)‘ftsutcﬁ @s Aot dHSde deﬁector array

whichare emtte I ca ylna di rections.
compnsm@utrfoogandetsantlﬁatofso7az isaimdyen soptherared Ggdmiven guugstase (CAWO4)

f | Th de t 20 ™
b S TS Rp) BT M, s Pon

detectord NPl PR AR V%HQR ‘Méd%jﬂ Byst&'il@ THOPRAlo ROt CaNifdRhial Ay also be used.
detector 2070 or by a vértical armof an L-shaped

[00142] det edﬂmro(nsdee@omaawz TR 40 40760 andl 2058t aie wfqahlﬁyp%%tloned at

d
RN G T
1sotrop1&aﬂ?‘ﬁﬁ>ﬁ@ln&i§‘ecagﬂ§3 Thé (ﬂéﬁ]@&n d&ectBEeROT0Mmasl %emppmsed by the source, for

2078 ma %/Ogl ndrical proportional count 8
example. | (The chenfron dgtastor HEY may be a%p%eélf by thedgierter gU70. The neutron

oxi nat el
detector%ﬁé iy e Sélyé%%erd 132}5th ngIqQJ pgrtd {hg d%tgfz%g 32?@?153%?3@&1%1 arm of
an L~ sh&;ﬁhl@l%@dtdﬂ(ie% 203640 Urhe(detiron deitecl!of ymsrmap be stpoeted by Theconveyor
. 0er of cadmumis used . to absorb. thermal neutrons
system m’y;

i same ot g Of AP BREDE PARELREIRY Batgogonveyance 2040.
[00143]82?;2?1116! ﬁ&grobﬂdett%_%rg gbyftzb?;'é SIS ﬂe%%hdﬁ@aﬁ%fr@p&ﬁbﬁkﬂ counters filled

etectors. e del ayed
with *Hee utThepsmay davd esefubrenglit eﬁtap;irqxtmath]e' BH25 dan efor orss . with cargo

coners o RS LR oL S5 Sl Sy ST L YL Wi (o

and pol&@cﬂ#p% lag/%ﬂ; tHe la§efof Q:EHrfﬁ'uﬁlV‘iSQfse@ t®abdor® ﬁ!h&fnaﬁﬂeutrons which are
a cargo scanni ng system 2000a, show ng

“slow” adjtmnen{Fastatiutbhoaresbemudiged 06ha, pobedoenedayss heéore belng detected

in the %%e %{ (Srsgg 8! lhg e{ﬂ aV| g%ﬁ{rgllgﬁf gr%rtgergforgecfe%\é&egln%p{?f ¥e detectors.

Su1tablecﬁémﬁy?1| FetdPre ek e Gemﬂ%@clﬂgnmmblesmh@anse&@ Isdippéest deriden, CT,
conveys a cargo conveyance 2040 through

for example

[00144] Fig. 17 is a top view of a portion of an example of a cargo scanning system

2000a, showing two, adjacent radiation sources 2060a, 2060b, each to generate radiation having
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the scanning system 2000a, between the first X-ray
source 2060a and a first detector 2070a, and between
w0 b@ssesend X-ray source 2060b and a second deP@DUS2005/006809
T 2070b. The X-ray sources 2060a and 2060b direct
radi ation beanms R, R2 towards the cargo conveyance
a d1ffereﬁ@ék&rgyThﬁdﬁémtathmentseco&ﬁﬁ&a tavthe systear 2000 af fiig.d6 are commonly

mamterc? RS ST AU o 1 5o SRR v

the scamﬁﬁé; Syt 2806£ %@%eh%ﬁ’é Atk X0rh2BMB20604 bnPa Fiest @e&ctor 2070a, and
rgy endpoint of MeV, fof exanple, or vice-ver

between THeeseXeud¥X-19y§ooes 2Q@ﬁ0@<hm sbco0d dereeipr 2 BHb: tT}@nXdafél?O‘lrces 2060a

ot 2068 A A ), RESBRS R SRS ey o

2060a mwrg&s’éra&@ NrspeidagRAtbeh® RT wilhya At sa-fayaﬁnefgyaqaﬂpomt Df) mMeV, for
each other. They may al so be positioned, one abov. ﬁz %
exampleparitethe Xray soused P ghaenarafe 2 spenckeradigion beg R2 with a second

ur.ce t r. 0By |
oy SRR B ARV A8, PR OSSP i v e
pos1t10ne%pé0tﬁba¥am‘ﬂ© adglei @ith rgspeat & théhamrgabamuivefante 040 1a on the same

neters), the X-ray squrces, 2060a, 206 r ef
oo e S B TR0 RGP AL o e
They m&e}h 8o ankéo 5s1 d%ﬁ one %{%/ B sy, NﬁVﬂ“Bé’h@)@d l{ﬁﬁdln 4 @ystem with two

I scussed above. O her exanples of energy
sources, emda‘oommaﬁmr mwl@emn@ambest Heatoitfgeeondisdt h gr eat er

(001451 and S NBPRGCRED RIS Suapate § Rt et lp feet 15

meters),ttlli@)(rﬁ%yts'bﬁféeg 9660a, QU@Olpﬁre‘fé?ﬁol? eh&iteaadiagbn having edsrgl @ndpoints
east b. X-ray source may be a lipear

greater that ebautalt BeV.s GMJe\éQH@ 9IMﬁ‘dtm@hb¢ ysad, ﬁ@a@xa}@%%l asrdigcgpsed above.

Ot xS ANE) sl A ) AP REA AP L about
feet (1. sl\fﬁé’tbfs?hnéﬁycfet ENVRBV AR MR8 2dA MeV 48 15 MaVi, & éxamfpter In order to

exa In the Varian Llnatron r), 360 ul ses

conduct dhe mmrq@etpsts emﬂﬁthemergmnﬁawn@ lws@-? b 's?t lga S MeV. The Xeray
enin bout 20-30 « »

source 1& hIn.g g%clﬂeéaggr s RO B8 4 u%gn H®° Lﬂrfegf ?St%éﬁl'ggg&‘ (“Linatron®”),

as we

having &8 aﬁ:%&l@fh%h?tﬁo%nﬁﬁpﬁ|a%ra%bﬁfp‘ihatdlbﬁél@r &R, anllabit fibmoveaian Medical

for exanple he source or sources may al so include

Systems¢ Archdtald Al(oCCPQQ“Va@@b é)l, for&(xa(nphz d@)the arian Linatron®, 360 pulses are
pl ut oni um II|

output PEEEEFdy Ny "é 1|ap (gzl?s Bgé)gamgg APglesof about 20-30 degrees, for
example; @{Ebpﬁfn%y QBhRLd x?ay ﬁé’ LR A Wik b e@%?ecﬁ;ﬂ@@tﬁh@@@élerﬁors microtrons

neters),- X-ray tubes en1tt|n? energy in
and bet@¥s, rfan geannely. The sowee ossdirceSmEyerisr igylude IC@K]S)OIH&B\QCaWd cobalt-60

(Co- 60)2&Stcgg%eglyg%{dgaéy?e c%dqgae&rc@% %Bg’sﬂglgnlé gﬁﬁgﬁ?ﬁ&s‘e& 'sources. In
examlmﬁﬁ gﬂgéc%sg ﬁﬁﬁ)‘l gd %@dtﬁele?seﬂfaw abole ¥. fedto(1. £ xatak ), X120 tllﬂjb‘s' emitting

be used, as long as the radiation wl|l
energy lpelmekeﬂémge hna:m@m behesedbjQueteneray glosk AMaNe ang oeprahgye A MeV may

be used Jprc R stpLEXpIRITL 14k carpte SUNE T RE SNy B Bd TBUh encrgics
may als8'Heelb® SERA. anll ¥xa31€.C120nkeih aad d00 keVpmay ibensedfas long as the

t he energy
radiation will penetrate through the object being examined.
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spectrum as described in U S. Patent No. 5,682,411
and U.S. Patent No. 6,438,201 Bl, for exanple, which
w@e@siosus6r por at ed by reference, herein. As despCT/bDsa05/006809
these patents, different portions of the detector
array such as alternate lines, may be nore sensitive
[00146] t O r adiiagleoX-ray beme havinghesioglhencryyemgyoin @By4aijo be used, with a

gl S oSS St L 1, Rk 57 eSS Bt e eners
spectmmibé}tgc%gérgolegtogf £65. MBYerReNG 06D, 41N AU APPhtbREN006,438,201 B1, for

or a Standi ng Wave Particle Beam .
example Awhicherra tmorpdrated byonfeBotcobkarein, Agdascrippd én these patents, different

. assigned to the assigpee. of th ent i t
porions e BB et ) RS Rus e n RS SRR PR AR n o one o
the othex%‘ﬁ@ﬁéy?r ators that may be used in the present invention
are also described in U S Patent No. 6,366,021 Bl,
[00147] U. S. APaingiet radiation, spoo:estbat swithes bstwasat eigresigadpoints may also be
4,382,208, whi.ch ar I j '
wed AdeEerieadte THRsPERE ARG BB ENVSE ApEGRRD OSR/7.212 for o
Standing’ WaSt FReEcl ﬁBeﬁtrﬂAcE&ﬁhmr,lqﬁIleé ohoDctebert I 11004, bhicheisrassigned to the
' energi es using nechani cal , switches, such as rel ays, .
assigneeaAfl the HEpseny pa¥eHPpr Wt@h@ggrpg{%qgs 2y gfgjg -eacesthg{eéx. Other linear

acceleratrs%\f\% tﬂgﬁef?la% agee ug&f)\m'thé\mrés%m A% eiR6E A%e Hiscrestkibd®0n U.S. Patent

I'T'seconds” may be achieved, for exanple, to scan a
No. 6,366{024® I An\8e Patene Ni) 414001650 5akd kS ePaynt Wagh.p82.8@%ewhich are also
) m nutes. [ 00148] | n another . I .the t j .
N N o e

Techni t biv[TBhih 8 $R6FIeh Ahei@fes R GREHANIGAINEMABS SECIC A felagt, and other
e qu P?u@@lagg tract o?@tersz;li I grs. The test n%y be el

types ofcomitiches eshicht asasdi@clgh‘ua@ysvvi@élps,sqrgﬂgnom Switehing sppeds of about 100
millsecieR SRR SR o Sxoripr b S5RT E iy PTG e 2 (Tt meter) tone

in several38uRRBP! i cation”), filed on June 6, 2003, which is
assigned to the assi gnee of the present invention and .
10014811 s | Hoomptheat exaripye, ibe drckpisaion dpirihed ROt B Tn a mobile
escribed.in the '864 l ' ' .
st SESEARSE e, o205 ) G558, QB! BLIRRRRLE, o vl

The testt Iﬁ{l:?esé: ePhductddadtladiighway ieesstoficfoXexayplphdhe systemensypcomprise two
an

: data anal ysis equi pnment. The, te| escopin =T « )
telescopfrayirastordIRENs, 175 ARSTEHGRY (oS SHRRICAOR NEr b@%@p@r Tthe 864
. coO I €5 X ade . I . . .
opteaGTIRES 26070 BLRYEE ShphlEirttocygad sobotiobatimenton
and is iRkpeeRd thyerefaraidedtesein Tie oso examepladdsaribed de tleect8of application, one

et T RS0 (e epated Lo 8RS S BB caric
X-ray ph&Oy Q¥REGE and 9%?&%111}7515 QquipRehtS %QGIQ%KﬂgCtrailers may be driven to an
0

representation of a“perspective view a nobile .
inspectien sitninrgtelepsired; @Borested statehexpanded #dhe gigy and set up for scanning. A

Jication. Th 2302 i i
e B €5y LRGSR B T 3o i o i
moved Acrb&Nthb @RPA%RA teREEhpgPRLctbPBf tHe @Bpdctishapitels in unison, to scan the

cargo conveyance.
[00149] Fig. 18 is a schematic representation of a perspective view of a mobile scanning

system 2300 described in the ‘864 application. The cargo conveyance 2302 is carried by a truck
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phot on detector 2308 conprising a horizontal portion
2308a and a vertical portion 2308b, are al so shown.
wab@soed3escopi ng trail ers supporting the sour CBCRBIRI05/006809
and the detector 2308 are not shown, to sinplify the
figure. One neutron detector 2310 is supported by the
or tractos uaﬂmezmaocfheanmoh% Ofeutittiog acfet bm as Q’gmd agortion of an L-shaped

photon cfpéﬁ? E‘Et%”ﬁg %152{}%5 gltgcﬁlg?l 3{'1] e%ne L Vre%tg::eﬂ Rortlon 2308b, are

also shotRNOMR ﬂelésé:déﬂng #erk Su dﬁpb?ﬁﬁg fh%dsobtbetm&é@ﬂtthé: @letector 2308 are not
portion 230 of the detector. [00150] Fig. 19 is :

shown, toeamp@ésh dreafigurevi One ofeutrpe detpsioa 32808 sEPRATE b éhe source 2306,
amother SR, el 234 g PRI St P gl BEr SR TG e detector 2308,

and ano@ePRaitiondichytor 28e4 ($iomn iarfip.280&bsuppoaedbdy tieewdrtical portion 2308b
detector 2316 nay be placed in a trench T in the
of the dejectRfnd G beneath the position of the cargo conveyance
2302 t I [ i
[00150] 5> eCF"g Zggjretﬁg%&% 1cb\féat ggghe' SRR %ﬁ(ﬂﬂ) albn Bk 1@619 of Fig. 18.
Commoa Rmeniat are monirmbrﬂjn atmbaed, Arhalditbertal oeutcet é@t@or 238111418 supported

by a Veﬂngp]eg%bagg O: tAg%g%tﬁlnglrmg{? er:tat%tglg g% gff g?agg%gglav%gtfgg?l:ﬁeych T in the

ground g%eﬁ&l'ﬂlg ltk%dpc%&o?l dHtR¢ @eﬁgg rcoﬂx‘egf&mt()g rwigh tBE @Bk @R €hailer is parked.

escr ove, progr | ement the tests of
A verticahyetestoa2304amhay lalsoéJEdemsmwmemdhﬁ‘: b apmdigationrhn that case, the

neuro SRL5E PR S S BE PR gty iy e

The det&%&g@B% - DY06 SR B@éodﬂéﬂ @l $probesset eckseap@er ﬁm&\dl and described
next to each other, one to produce a first ener

above, magum@ntgmmnm thdests pBAI &F BF Glithsecmbedimsals described above.
r b
he sofERYg B8] B RIE Tk SRR, AR 00U i e

radiatiof %Eﬁﬁ fHABMnasle. Mued eaurcdsBiay aBbihe ssaokbd @s phidbé next to each other,
00151] Wil e the |nvent|on Is particularly swt d fo
one to preduepiarfiyscenciyy weinliepdsamsangd she o Wal?faa € ﬁ"é’on energy radiation

beam, fb%‘é{%ﬂj@jﬁeq nAﬂ%Y)r B d ‘?l?edfegt)é d@&gl%@ dbdiR rﬁ Be %Jﬂieﬂ'o automatically detect
Obj écts, 'suth as uggage and carry- on ags in airports
HANM&ﬁdnﬁdé&QﬁdtSmalassumhs’s SNM30152] In addition, while an
ay_source .or sources escribed in the exa
[00151]aboveWht‘1ﬁet §dHY@é1°8rlssQ?t§‘i“‘dji§g’n§L§}teﬂr | GRUYPR PRy %rgzeyances for
contrabﬁId rtl?edirf%ht?&} iy Chk f’e%dﬁy taldgﬁe&i% yRdotReM bhfRBtsPORIM & luggage and
afma rays, for exanple. I'n the exanpl es
carry-orabag\sen airpatst andrssapatsi amwdﬂ t he h| gher energy radiation

0015215, Moo TR b ar R0t SRR FESHARER B cxamples
above, thadbibd %oﬁgcew?ﬂéy Frovide vaRPlypes bia8ia6bn,isieh adk Gte delayed neutron
conveyance to yi él'd the TR and the test criterion for

beam omgqmmn@raysaﬂor pdples that the TR is less than the
[00153]t hr esPl lhe exam e\éearbove Sthg?rahangggn of the higher energy radiation (9 MeV,

for example) through the cargo conveyance is divided by the transmission of the lower energy

radiation (5 MeV, for example) through the cargo conveyance to yield the TR and the test
criterion for a potential HANM is that the TR is less than the threshold. However, as mentioned

above, the transmission at the lower energy radiation may be divided by the transmission at the
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above, the transm ssion at the | ower energy radiation
may be divided by the transm ssion at thehigher energy
WO aeb5a8436, i n which case a TR above the t hr eshol/tiS2005/006809

-t woul d be considered to be a potential HANVG in all the

exanpl es, above. In addition, TRs nmay be cal&glate
higher eroezyethdintionaiti whichrease eeHabbntherfbreshld grould defopgigered to be 2
potential 3—; i 1?}2’:'}1; rt]lg aftﬂﬁtﬂfﬁiﬁﬁi }I@ogeg gL yad?{fl%ﬁo }Iﬁtssmagz QR 1AdulBE based on

e art w recogni ze that other

radiation 6HEMEESN TRYeddef falig dnardnks@issivhed o ndeyenidbeidts.
herein wi thout departing fromthe spirit aqﬁ@scope og de t
[00154] t he Pnoofordnarywkiltin the agevillTaeogze that Qe pgnees may be made to

the emboggrhgﬁ%% WORLiBLS nélef %ﬂoﬁtsdeip&rtin 7k RQds it ScPgHoBE R ti@invention,
J €ct, conmprising: scannrng at |east "a portion of an

which is &firedtbyahe tlaims, balodv.second radi ati on energi es, wherein
the first and second radi ati on energies are different;
detecting radiation at the first and second radiation
energies, after interaction with the at |east a
portion of the object; calculating a function of the
radi ati on detected at the first and second energi es;
and determ ni ng whet her the object at | east
potentially conprises high atom c nunber nateri al
havi ng an atom ¢ nunber greater than a predeterm ned
atom ¢ nunber, based, at least in part, on the
function. 2. The nethod of claim1l, wherein the
function is a ratio, the nmethod conpri sing:
calculating the ratio between a function of the
radi ati on detected at the first radiation energy and a
function of the radiation detected at the second
radi ation energy. 3. The nethod of claim11, conprising
determ ni ng whet her the object conprises high atomc
nunber material by: conparing the first function to a
second function, wherein the second function is based,
at least in part, on the predeterm ned atom c nunber.
4. The method of claim1l, wherein the second function
defines a threshold, the nethod conprising: conparing
the first function to the threshold. 5. The nethod of
claim4, wherein the second function is the sane as
the first function, the nethod further conprising:
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cal cul ating the second function based, at least in
part, on detected radiation after scanning a test
wOoriss452 havi ng an atom ¢ nunber equal to thePCT/US2005/006809
predeterm ned atom ¢ nunber, at the first and second
radi ati on energies.6. The nethod of claimb5, wherein
the second function is a threshold, the nethod
conprising calculating the threshold by: calculating a
What i ratiﬁ.b,etween the radi ation detected at the first and
atis dAMSHdSr adi ati ons, after interaction with the test
mat eni al . A/meflod ofekfoingf ancdtgéoy) dompriny: i si ng:
cal culating the function between th _radiz%tiond d radiafi
det ect ed sfanme £t legst gnepréer daréﬁgl‘egf &t Tirptopnd second radiation

energies,é?lgeirr%ip}?@ %}s@ An@cbhe pﬁiﬁfon&?ﬁr&% £EUiffefent;.The net hod of

erern correspon portions of the object
over| ap byletictihgastiatioh fat ¢the Tt ped hesdonst radigiion lenergies, after

. .conprising: detecting.radiation at the first and
lntefaCtl%WHh&heraég?aéf?Bﬂrt@ﬂé’?é}fe J%t er transmi ssion through

the obj ecteaichfhing dTelftasn off 8% aadiRiAY defRcRb) #cthe firbieand second
nmet hod conprising: scanning a first plurality of

energiespordt i ons of an object with a first radiation beamat a
first energy; detecti irst radiati r . : .
i nteracti 6%¥66f‘111%1ﬂ% V\ihle{j‘lg{{ ea()ii)!]eactt iag Le %ﬂ elgdr%el%fa@lﬁ cf)ﬁl@rlf?srgltgh atomic
number Rlatéi Bl h&ﬁn?fan&@drhi'c(iﬂﬁibeﬁ GRJatdr AltnAa peierampied rabdrhicynumiber, based,

portions of the object with a second radiation beam at
at least in pagcamidredwagtign- di fferent than the first enerqgy;

Secort radi Foeodh i B L WhBleth T8 BRoRT Yy 46, the method
comprisi@f ti ons; calculating a ratio between functions of the
first radiation and the Z?econd r adi atiori], ford. 0 detected at th
cor r espondidiylatingsthe gadp Setssn FoBrchon ot th, fdiation detected at the

first radi@B oS %ﬂ%gﬂf 21%% %(\/gtﬁ‘fcﬂgﬁ of Hl@.r&(ﬁ@tﬁ&ﬂﬁﬁeﬁéd 4thBe @RbEEtad@tion energy.

eas y conprises a high atom c nunber )
mat erd.al e maethod af octhion iy ndvenpripiega determinang avhether the object
. predet erm ned_atom c nunber based, at least in part,
comprisgshigh atowys MPEBR BACEA Y ratio with a threshol d. 11.

The met hod,(finaindl e Uikst Fuibctib@fto GOBRVonE | Mfction, wherein the second
function is based, at least in part, on the predetermined atomic number.
4, The method of claim 1, wherein the second function defines a threshold,
the method comprising:
comparing the first function to the threshold.
5. The method of claim 4, wherein the second function is the same as the
first function, the method further comprising:
calculating the second function based, at least in part, on detected
radiation after scanning a test material having an atomic number equal to the predetermined

atomic number, at the first and second radiation energies.
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calculating the threshold, at least in part, by:
scanning at least a portion of a second object

W@ oo9pos4ssng mat eri al having an atom ¢ nunber ePEEIS1005/006809
the predeterm ned atom c nunber, with a third

radi ati on peam at the first energy; det ectl ng thir
radi abi on &bt srethadt ef gleim ow vdrerein dhe seqoad fxaetian ’éna threshold, the

method%ﬂl g% U{%ﬂﬁétﬂeetﬂi%tshcﬂd% rtion of the second object;

sca ortl o of the second object with
af ourt h r esltabiingna bﬁm‘rbéttvebiﬂ ¢hes edltmndnadetsctyd at the first and second
fourth radiation after interaction of the

detectjn
radlatlo?%&%?ﬁ@%ﬁ‘?@ﬂ"@ he oot MAMialhe at | east a portion of
t he s¢condTﬁph§g{0doqlggnﬁql gbllln?#lﬁ a second ratio
Ir

bet ween the functions of radi ati on and the
fourt h radratiletng G, flmhaométhwndfne ahdiation Hetegtedrai the first and
annl the second obj ect

11
second ?Fﬁ%lﬁ’ corgeéﬁ‘%lsﬂt%p l‘r”f‘se%gp bS8 tion of a second

obj ecg. conphé ShétHod ofel A &l “ﬂﬁwlﬁ%oﬁ@sﬁl@m%cp&ﬁﬁﬁﬁbf the object
| ess than an atom ¢ nunber of uranium 13 he net hod

overlap by agleastrhal2, conpri si ng scanning at |least a portion

of a gecon ct IRLiSLD terial having an
atom% nun‘g"}e“?% gns?g Yiran éﬁCOIgBFSlHEnumer of |lead. 14.

The met hoddetkctitlgairadidifon COMPE SikrddJand RO Fadihtidre agibrgies after
portion of a second object chosen fromthe group
transml@é‘ﬁé‘ihé‘tq&hé ®Pieston, copper and nickel. 15. The nethod

of clgym 1 mgﬂ{B%BFéx FRERG!oR Bk E LA Blofiing:

t hreshol d tracting~a pr étermne
st andard d eaamﬂmgcm $irdt rpdnnatitye of onivdls rodt amobj\attew&h ra fitet radiation
determ ned number nmay be an integer or a
beam & SteReEGer . 16. The nethod of claim 10, wherein: the

fir St ener Qé’teﬁ&ggﬁl%ﬂﬂlaﬁdﬁaﬁtérrlﬁteﬁfcﬁ@ﬂ f Qﬂce ‘fgs)f radiation beam with

calculating theratio conprises dividing the first
the firstrpdtialatyi afipoityorishe second r adi ati on; and det er mi ni ng

:32?: i 2:1 Sl g? Satnm%gea osfecctmde pPurgl[t?l (I)% ¥>019t{oncs: Ot ﬁlsepggjeétn %ith a second
radiation beam at a second energy different than the first energy;

detecting second radiation after interaction of the second radiation beam
with the second plurality of portions;

calculating a ratio between functions of the first radiation and the second
radiation, for corresponding first and second portions; and

determining whether the contents of the object at least potentially
comprises a high atomic number material having an atomic number greater than a predetermined
atomic number based, at least in part, on a comparison of each ratio with a threshold.

11.  The method of claim 10, further comprising:
calculating the threshold, at least in part, by:
scanning at least a portion of a second object comprising material having

an atomic number equal to the predetermined atomic number, with a third radiation beam at the

first energy;

46



the object at |east potentially conprises a high
atom c nunber material, if the ratio for a respective

W@ esespendi ng portion is | ess than the threshed™USDHEF/006809
The nmet hod of claim 10, further conprising: selecting

a threshol based. on radiati on detected at at | east
one of thegeft?‘it@lg iz v %f? 1plinh afird ileecier ohdhe thurd radiation beam with

the at leb @@ RifidHoflBe sddoRY phRREY, f Or €xam ning an obj ect,
conprising: neans for scanning at |east a port| on of

an obj ect scanfingst least asputiond of dlé atdond objeet gvits a fourth radiation
beamat\gﬁ e%'orrfdt he? first and second radiation energies are
? srent*®eans for detect i ng radiation at the first

a n d secon ddeft@dﬂingt foQfth Qﬁ&ﬂéﬁb& Sifte irftSactidH 6f At f(ﬁﬂth"‘%atdrhtlon beam
obj ect; neans for calculating a function of

with theraéiéfiaéft 3r prrtigepbthesecond abjrstifandst and second energ | es
and neans e ect t . .
potent i al | éa?%uééjtﬁ{lgi A; égggh‘ﬁ] geﬁum'glz %W? t&}uﬁ%lé? o%f)gﬁ}eat#urg radlatlon and

the fourtharadiatiomn at om c nunber greater than a predeterm ned
atomc nunber, base at least in part, on the
functidon. e mat @ﬁé}ﬁlmdrl BRAIPIThIGaBNIAE ab lspsict portipe of the second
objectc%gﬁggp conprising: at |east one radiation source to
n at |least a portion of an object at first and
second r adsicamiting acleastgi pemuomlsﬁaar eicond bigedticostprisgiaahhtefial having
ﬂ_@f nt. t ha second radi ati on energy;
anatom]a?tmﬁngég 5% n(f'll Qpigm §¥'P YAEYY 0 det ect radiation
at thg. firpie @8%od 8¢ LR 18UAIRhENer gi es, after
interaction wth the object; at |east one processor

coupl ed t cscammng et least @rportndneofa’t secermbobjerteomipoisiegsanaterial having
a function of the

0. [, cul
anatomp: '&*“g%epi) B@Wn@&aéodmﬁtnu%wgy?ﬂegq and second ener gi es;

and diett er NMTheem¥ied BEElafnh @3 AinGitsidt | east potential Iy
conprises high atomc nunber materi al havi ng an atomc

nunber gr e&fEHNg lehdeast gr peftipe rafi ;secoatl ovtiject nehoser from the group

]g&e‘ part, on the function. 20. The
consisti tem o{)pﬂé:?%?&mn Bel wherein the processor is
pr ogridtmredlieanetbad 6£i¢tlaing 18, ﬁlﬁhérfbohqirwﬂ%rbafdu[b@ﬁlg@@th%shold by:

the radiati on detected at the first an
subtracting a predetermined number of standard deviations from the

second ratio, wherein the predetermined number may be an integer or a non-integer.
16. The method of claim 10, wherein:
the first energy is greater than the second energy;
calculating the ratio comprises dividing the first radiation by the second
radiation; and
determining that at least one of the plurality of corresponding portions of
the object at least potentially comprises a high atomic number material, if the ratio for a
respective corresponding portion is less than the threshold.
17. The method of claim 10, further comprising:
selecting a threshold based on radiation detected at at least one of the first

radiation and the second radiation.
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second energies. 21. The systemof claim 19, wherein
the processor is programmed to: conpare the first
wo s t 0 a second function, wherein the sePOntS2005/006809
function is based, at least in part, on the
predeterm ned atom c nunber.22. The systemof claim
21, whérei r‘?x%@np@éézé@é@mg@cﬂmw;@mmwmgo cal cul ate

the secondfd %?&r"&aﬁﬁ% tec?ésé ?ﬁloh”otpﬁ{ -‘oggggat 4" fhd second

and fourthr ati ons canni
radiationehergies) whareinndje finst ahd sécond mﬂiﬁfon&!ﬂleﬁlestaﬁe tifferent;
predeterm ned a%_cg c nunber, hy the first and seco

radi ati on B¥éry et‘?%‘é‘ﬁéé@‘la‘i}%‘l‘ gt theatirsyiggd s“?%‘tnéilﬁagfaﬁon energies,

aﬂerln@}a@h%mm@%gan the processor is further programred
cal cul ate the function of the first and second

r adl at i onsnfeans forplaleukdting\a hcthar obtpondiatign detetted s the first and
d t.he ohject; and determ ne whether the object at
secon FléezS%IFSr? entially conprises high atomc nunber

mat eri al  hahhd fA A BIhiag WHERRS tBE %}e%f af AR Potentially comprises
predeterm ned atom c nunber based, at” |east in part,

high ateypict membemrtesiak having amhaomycs nemberf gishigl thaoa pabdetesinined atomic

nmnbert&{esﬁg’m ?%atsprn afﬁbﬁgﬁ" %gj égt det ect radiation

19. A system for examining an object, the system comprising:
at least one radiation source to scan at least a portion of an object at first
and second radiation energies, wherein the first radiation energy is different than the second
radiation energy;
at least one detector positioned to detect radiation at the first and second
radiation energies, after interaction with the object;
at least one processor coupled to the detector, the at least one processor
being programmed to:
calculate a function of the radiation detected at the first and second
energies; and
determine whether the object at least potentially comprises high atomic
number material having an atomic number greater than a predetermined atomic number based, at
least in part, on the function.
20.  The system of claim 19, wherein the processor is programmed to:
calculate a ratio between functions of the radiation detected at the first and
second energies.
21.  The system of claim 19, wherein the processor is programmed to:
compare the first function to a second function, wherein the second

function is based, at least in part, on the predetermined atomic number.
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22.  The system of claim 21, wherein the processor is programmed to calculate
the second function based, at least in part, on:
third and fourth radiations detected after scanning a material having an
atomic number equal to the predetermined atomic number by the first and second radiation
energies, respectively.
23.  The system of claim 19, wherein the processor is further programmed to:
calculate the function of the first and second radiations for a plurality of
corresponding portions of the object; and
determine whether the object at least potentially comprises high atomic
number material having an atomic number greater than a predetermined atomic number based, at
least in part, on the functions.
24.  The system of claim 19, wherein:
the detector is positioned to detect radiation transmitted through the

object.
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