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radiation detector, while faster, is difficult. For example the radiation detector may
be positioned along a path of an object. Since nuclear materials are typically dense,
however, 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,



preventing its detection. In addition, certain fissile

mat eri al s, such as urani um 233, urani um 235, and
W@Rwsosdssm 239 whil e radi oactive, have exceedi Pgl/ys10051006808

hal f-1ives (on the order of 104-108 years). The count

r atu?anfu{n?m§ RAA ﬁ)ﬁ%%ﬁ’@@ﬁﬂé rf RachYE ma@érg‘c%écﬁ%w %rx%chalf lives

| ow, that passi det ection is not rel

r el(er theetrgersafal0f - larrmarﬁ dhe repgntomtst from spantengods dﬁ@ys @ such

I S
ai PR {8 b B el RUBRIOR0 UG BN, e BpRfhcly smal
rratamowaﬂ of rach@mtlm maprrrd erg dei loentel wikin arage bergo ootahmed. It is
d anni n [000

The 0 ¢ (%lédrgﬁ% ? Jd%f: 1%%1?3}[1 n%%ﬁglr G vgcerslangéquglé 1%1afteﬁals rféé)g]erglihgﬁ dense

C Olitpms itHat ouay bé Cdﬂtﬂl@dmﬂ’lﬁﬂﬂls objectakyj seandardtxl-réy scaxymng.

sc i,ng may nc t.he use | eans.

o TSRS, oo T PRSI ot ot st BE T S ion of
endpotdiitaits pdtiecatsr Xirgs jcatiliak majfc & a&iancﬁﬂdflf}eﬂle isd yf radiation
Wi t he, contents of the object. e interactio

e B R e wgé%ﬁl&?%?mmgxev Pk Rk fergios) that
enefigicts PERtdhay RFth BR nevisded thy oletRy mumfeea&uwn ti material
accel erating potentials of 6 MW and 9 W or hi

ghe
whidgPengeite AR EXamPIes (WO XdPh PERRS B’é‘ﬁr?éleWtSHe%@dRa}’ be provided by

ene{-ghyesoutfes %lmbéécél&qtlﬁ%( b/@tyntlilﬁ%@%cw @hd -9 ©PV cMigher, which
X-ray beam havi n energy of 6 MeV, the X-ra

Y
2@ BB YR |Rdgica eI e rpa@lmeyel}ggﬁsc%& ofeV and 9 MeV,
scatdesiveg. FOP&L X-rbysbéaﬁlt haV i RAk lenBEPIHE VAN (RYRIray radiation

nost of that spectrum For &n ray eam having a peak
ene‘rla;be eftergratgp yagily by §hwpton rreatéeringi I hptiec@l get e pagr production

e SR GRG0 514 ALSRahAShgR B ol iy o
endipghien norevpair fredictioh s anduvel. o oripten atatiriing dwrtabwssolwb A ratio
t heﬁ%t Earn;sarg ttFé Ir']ad%ltl%l élfgclﬁg gatt;r eh& gly B@%t{’ﬁ@h%@%%%ﬁ%e of the
Sc atdnét innmbers eﬁ&mMraj; thusigihl wlmlclg ey ragiatién B gasess. aklthough

hed 000971 . U. 5,524,133 . vy
L SR ROty et Tz Ve R CoFiord e ypd Bhigp el higher

su@hal@&efgﬁ@la@‘nteadheda cont ai ner or on a vehicle. In one

ar 0T el O BRI Peh b3S Al ir ates v seems for

I nti@g@objadts beans fréat ﬁ%oﬁﬁSnefr&tﬁiloﬁg vHjcRC EMtons ied®sdigfent, two
the freight and f(glhe fan _beans are ({} pendi cul ar tg .
eaéﬁ“%‘?%‘é sourgess pla Xr1gy, s3djatigns Fet PVidee fpch S1iing g geam that is

OpFé@ﬁﬂn{a%deiﬁféha BABESE, TROsRRRAThIIR 8djA@at Glled Sthe frelght and the
freight, to receive radiation transnmtted through t

f r datyheams ¢re pgependigar tR-ceely ofhsai A iSBHORRY [RiSCar PiaY éﬁq%ocated
enehehsRs ehSofidt toﬁx%‘ﬂp@ﬁe SREN oSO e fiht, B FecBRE rr&ﬂatio% transmitted

significantly higher” than the other. For exanple
enéhrgvésthefre@hwév additions Soray gaietiometwioedifferent enprgiestargenitted

g%cm c@ UBREen %{ £ & ficgrﬁé)eﬁ gﬁ % CHn&h eﬁ&yexample

ol nt he det e ray or eac
sI ien@gios 05)1 Mee andldlor|6dMaV rdey betueeds Afratihef drermgan mumber of

det}élja% r(]lgtgct@&] gt Qa%ﬂ%ﬁ‘ér&q eﬁd%)o%ltl b%/oﬁie detector array as a whole for each

slice or by the individual detectors of the array is determined and compared to a look

up table to identify a mean atomic number corresponding to the ratio. The material

content of the freight is thereby determined.



up table to identify a nean atom c nunber
corresponding to the ratio. The material content of
wo b@sosssght is thereby determ ned.[0010] A f upeh©g2005/006808
conpl ication with X-ray scanning is that measurenents
6051@1 at | onA%lttl?err cb E)ﬁéaﬁ?ﬁ'v@& leair1 s&;ﬁﬂm%% @k AdGEments of
pec ion are statistica e accuracy of a _
rre a@m@nearfter dhtepectieny withdthat pljectt yrslas ispeddignt #1e otigfistieat.  The
obj . e g .
rral?g&l%%g %ﬁé g{ga%uggn%% 01t Jé ?a})q}élqg“?gn ‘&fans?rnﬁ%dgtlﬂgougf; glg 8?111(8“ is limited
noibgdhe mumbee rAptpitans uE@bte aake theasasuement, s ofelltal éntsias're system

quantlt typi cal a cluster. of neasu
vartist 4 BAE Kool hidh GF o TRENUHAT Spicay view o
e ahistee € mherstrypetavalues faoousl a memr vatbe.di Stplotbof itlentluster of

curve. The dj si.on of, the i Vi dual neasur nt s
SO b RALY P nonge, P cubE oyt dipdision of the
C hal{cﬁﬁﬁ@il ne@ghrdiyents (SHeanidir f tﬁeﬂmrﬁial Qigtrlbhﬁcbm@lr{;@I@ Sl@facterized
tIStICSIn X-ray scanning.with a nmono omati Cc
%é{y 8 ATy ARVIEhc ert*dige TOIFR SBEISHAe! m@ég@m sofding with o

I S p8chrdmatt W- ﬁi@dbéam the eadénrage rRk &f ttfehﬁleﬁumm@dhtsoﬁs one

phot ons detecte excl usi ve of s sten1n0|se

phébotigdesd by ta@fé@@feeraot qffihe bRl &F Bheiens detscise %‘E&S@fﬁ@ééystem
anGofsble AC HHrdGYohs IRAGMK IR Mhe IsREARASRIiatiMideBrehRS and the
nunber of photons detected nmay be increased by

i N@PEASY (98 MAqRUreBeH ARCARASes] nWhilp the) munghen of ahcptynﬁw@ﬁtected may be
ac

X ?Igo;i;éag%&a mfngléeﬁéslg%\’%htee E]@arﬁlﬁ’lgoﬂﬁﬂp Rb'ts ée@@ﬁll?éoﬁz#g%ﬁgkél%t@go Islovv the
i n thrheghputrratered a fpidebKphnsrenniog sysgtrm f Faanampledié isaypagdeptable in

pagsa &onv t
0SR20 TSI LS PALIS 5 gt B e
I udiyegsh mits ar berders,sor t¢ 04yl {he Fhieerding of passengér’ ssbage amhluggpge at
systerﬁseekl ng to identify a material, such as
ur SPUR for exanple, may b e characterized by its
" sqOMil] i vi t yTheadvduradysof aspomiifig s,ystem seelag s0 identify y maierial, such

th habi | t th th of _
Py B RPeyith ey T BioRtrated SOk P end i

hi gbpesigiony’t i Setrismvi/b_l/ lid the @eoabilyy ﬂﬁ[ éhet ﬁrb@n@ﬂsﬂ ki@ in a cargo
(correct | de‘nijl 4}? on of the ence .of urfugi

andOFEvEIce pall e i a@fim VeSSt SBRILEBR Y IBrVEf identily more true
ur pkitds é&d?ﬁaﬁt RefIRARIN IR pleNCS smhﬁmmb hyd feRVENRMmegatives
i ncreased sensitivi t may result in an i ncrease 1 n t he

nuiBisedsietectipref %@gw ek S Hithegy Frapitigiy. However, increased

aCGERIARY GrayIBRME if laf lifcYeasdMH B nufhber St f@isk EBélﬁ@s which may not

nmeasur e of accur ac%y is the probability

scanmosePiahjat ebregificity.ppbishr isya daistieal ymﬁfh"éreaﬁg dfewagys is the

ur %b‘dﬁﬂl h&t tﬁ@srcglﬂm‘fgos@gt%%%ﬁ roé 1&%@@th@ abBn&YSHueiRium in a
specificity " wll y fever false

po§m1gp \ﬁe@veyard:enfqr fekagaplé.on s»fstem a/rlihmmh spegificily gall identify fewer

c OI}M?BV ggslqt?\’ %d’énfﬂflcghilb Q)? I’QIII.ISI%G ect |a1(;3érz|l)a l’f’%ﬁis ¥ %ﬂew itt hs not

| ow sp e col ficient
photasers), thay arsgserh withhowsms ifroiprent
[0012] The collection of insufficient photons may result in measurement

distributions with large standard deviations. The distributions for materials of
interest, such as uranium, may therefore overlap the distributions of other, non-
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partipelan Rartigiorfithe Abjest. erMe achyface sudmse detadtnrs ﬁcreferrgqh fhas a

aspiRe1deFRidiBhs m'ayg bé ed18114RE bl e raiatiBh ¥8lected BUERN 'eﬁél*‘éy, for
may be cal cul ated between radi ati on detected at each

eseweponding pixels.r Eopewanding pixekimsefembly ewpon iy gy lqgstxeegalf,
Ph&f tﬁﬁtqpﬁc}f r%;\ﬁﬁ&jh aPhe%fOJ@&tlcgnecﬁstﬁe &?ﬁ:sﬂb@lldfn? s cS {he strface is

not require jection of the correspon
pirfetresd tops Gregulifentd nmﬁla@emsmmds erred to as "r esul t ant"

[ or | Resyl ' i
PHUARE " BRI KPRl ok P ST o
ofindiatiict ANNh HAKB a5 thecisav@aed eggionobihet blgedb Betimpioe the

i npr thsc'f'tadse"'t.ft .
coRertigy aHS eAREvisARK e 0P B HR HAS s Brsebolspmppiment of
I theeinténtion amy#zcﬁfﬁbﬁtfttgp@rﬁf rbsug&fﬁt pitel rgemphﬁgenh diffxreht ways.
rOU|ns,|n ren S. ro n

otuRge e e dhted st i cispre dp BRIt bl et e
t Rakts TRekes chhﬂoh)e%f a plurd1e io® Bloupi@ks hap IbeIfedmddito @hcompass all
gr oupi . ngs (i fornmed to enc&%ngﬁss all pixels in an
aPFay 10 %qlrfqypﬂ\@d}uélg{egtsm fgeop cted. [0017] In

af[mvpl ance [ dcBordincg @i axeahbodiméM €ofl ¥ EALdn@iBn, & method of
nmet hod. of exam ning contents of an object is _di 'scl osed

c GRRINIR Sententn fhranePiget fsdisaiesed P%&nsa?g feaningfiest porjippsof the

a objebtSkitl A%irRrARMiRRE A atirki én%ﬁgyed?ﬁr&‘lecﬁﬂg ﬁgs%trﬁﬁitioﬁgaﬁer
first radiation after interaction of first

r &deragtionrrfgba frshirediationebepiy with dlegr firsy rPS’rUOFFre Thetmestiod further
f USﬁlE‘x‘fsres scanning second portions of the object with a second radiation beam and

detecting second radiation after interaction of the second radiation beam with the
second portions. The method continues by calculating first functions of the radiation

detected at the first and second energies for corresponding first and second pixels and



conpri ses scanni ng second portions of the object with

a second radi ati on beam and detecting second radiation
wW@Raos108438t er acti on of the second radi ati on beaPr€TUBs1905/006808

t he second portions. The nethod continues by

;?lgtfdr?gﬁ%'fﬂ& ﬁlﬁ&i%hs éfw&lhfaﬁﬂlsof‘%t)rréslﬂ%cﬁ@jﬂ)ﬁ(telsCIHtoda%qe%@ttcﬁlg group.

irst and second ener gl es for correspon I ng

fi e raethods derthed qompeises eatrptionsi srgond rignctianbasedren B first
a I o4 0

gr %ﬂéﬁ@#& fyatqgahsg g&; i tgﬁglrg ﬂg‘gﬂp‘#’ % g}(eiga?l th@ aatt Il%@tssne gﬁ%up and
secdoﬂqrjmﬁmgot/hedwr tlzes elejead rat ddast ﬁqtmallsf eongping rrmt@ial &pving a high
l e |
| e§§o§n1(g ﬁﬁerg@érr re%terl & 8@)% er%]l‘n#l%d e?[g Elb% lﬁséa{;gt l@é%st 1ntpart on
I ealsetsepruﬂefmﬁqtlah bf/theaﬂbwmmgmtperl aI haV| ng a h| gh

ﬁbz@é&, nggts)e CPI'adfllgr : ng? p L 1§1oedr m%Hteda rantegwd of examining

f unoiitelan oddn diHjl@t atdidcknsd ccmnﬁlsglgecannmé @fldbject with ﬁrst and second
accordance Wt enbodi

at
o SR et i and bt e 1 oy (EpEEiod fither comprises

C ORipfettigNGirst BRNBdcBH ddliadidh @@hsmitted t}frdnfgﬂi tleNebjek otk first and
radi at | on beang, at first and, second energies, as

abdteond thEsiret hamethpd Hisp ceyyrs Welyitug ey {etyreqn functions
ancf HRCARCrat REbR b PRinktiche Dtet Bebnk AL IS FreaBPbLE bluddlity of
the first and second energies, The nethod then
comeitheleorsgpaading dirgtand geqond pixslsied weamsrthen ispestiye gtios in an
thepdy r3tpfigfs 3k An@nNd vl obeGen@hg tBeHhe e&gﬁﬂn’c pixels. The
radi ati on for each of a plurality of pairs_ of
compegndothercpopprises conpatieg: e desprotiet sattardwith orthreghaldénat is a
r e‘cfaﬁﬁt)lll Y%E ar;ﬂédeﬂﬁ‘lgiﬂad AbnAE L& o sbl%l:t'?ﬂ P sta(ﬂ% examination
colums corresponding to fhe resul tant p xe

metindbw eamprisingeqipriity of rysmpd pplmgns blerespespiwe tatips  The method
rat.j '

or eaﬁ@élg:\émgg ec%te}rﬁfélﬁ%%g&iﬁ% négl'e)tﬁé o‘rg%ctgaetl lye[éf tﬂo?él‘ltl?ﬁ}( Z3on’c?ms material
ex aaving i Giomic niowberc grepter iam gheaprpﬂanwrailmctd/ atomie oumbcanlnhsed at

columms of res tive I tlos 18 od conti nues
de tl%aistrhn r]ﬂ)ﬁﬁ,gow%?l% N p{eh %ﬂn%d ?umhl%er ct1v rat os Iy ?acg ¥%f the at
congadt o1t exmhinbiia] whdvwnmeetingaticenios w’thn‘bafecgfoethé m’spctchadﬂ ratios

t he edet er ned c nunper. base at least in
paraflg{thhrﬁﬁ’anésrgr%a eﬁ%&‘j‘é’tpéerd% @eﬁﬂﬁﬁj@ﬁ of respective
ratjoea9] i n eamh adorddnee awtvmh eathed Nelakd adnibatingmt, Wan deutod of
?gt%%%glgg%géqnt FF@er !cs? gﬁ \é\%:ﬁ) eat %pcglcca?sg(gtvgpreeer;%%pgl%teétvg also scanned,
Pr @sRitRh I MRsktdilFHBeS are [RIONRE] hill RGP A0 @ahMkHIN, as above. The
anot her rel ated enbodi ment, a nmethod of exam ning

coredipdoptinugh by gfosping Plurplicy Pgéeé‘tltaW?‘@iSnca&‘r\ﬂ@é’BF @dpnction of

I's 1R PRioS GRNAE GroubRP! ad %hl}')a?ln h& ®liRfon " Rith @8 fr&hold. The
cal cul ated and conpared o a threshold, as above. The

me tprdpdclipiibar womprissy defesuiping gvhathel the a‘PJP‘PS/athaSF pafentially contains
pi )ﬁ%{téral ‘ﬁQVlﬁ | ﬁltaltd?lgic ehufrrfb@ﬁgf‘e%tg aranttﬁl? pf'@tﬁ'téti’ﬁggﬁ Jt(;}ﬁ‘ic number

groupl ng, and conparing nction _ .
t hibessHottdeastTingarteeththd comparkser otibepimiciers ol Begridsmitiige grouping
wh bject at |east potentially contains
%?ﬂga}f E%lavdlong an atom c nunber greater than the
pr ¢00Er i nebh atomdapceuwitieranother related embodiment, a system for

examining contents of an object is disclosed comprising at least one radiation source

to scan at least a portion of an object with first and second radiation beams at first and



based, at least in part, on the conparison of the
function of the ratios of the grouping to the

wao boosskssd. [ 0020] I n accordance with anot her PEI/EBmAS/006808
enbodi ment, a system for exam ning contents of an
Objs&ohd kadlidtion Qh&?i@g SORRE bid! 3ot is g%?i%n&f‘t% deftdt I%Hiaﬁéh at the
source to scan at least a portion an object wt
f i Aisst aad eend oldiatien p@ﬁrgl@ﬁnaftﬁeamtsramonf Witbtthawbﬁéboﬁd least one

e St tect
ol RrsBE i REbRA TS ek TR e IR @8, Bocostor iy programmged to

r a@alaulat@ Hirgrfengdioas ofitht eadidtion detacied afrthevifirst antl seasinf euergies, for
At e 0] S p Cl0
2t PR BCREE Sonk LTS, ot dGBRERTY pilBfly of
fi rcetreshomting plIXSlS afito tah @astanie @toupnamﬂedakmﬂiael agecdridefuh¢tiontof the

an ond en or. corresponding first a

s e avtions S S i X o i I BB s gy ol et one
Corp['cR;SQOflﬁl ﬂ]@h@lpﬁ@rﬁnmﬁd ® @terﬂnﬁﬁsﬁhedﬁe tiy objpct aateast potentlally
cal cul at a]} nct | on é irst. functions

t h&OHPiF dvig 9t08’f‘° |5’iu Pls Mg avine F‘é%‘?mﬁngurﬁ]?%u%reatﬁrh than a
at priesim@BCaBMACARSRE bhsed,fatilcadien pft, @@ theWeBbnd Gunction of the at
det erm ne whether the object at |east potentially
con??si € &f¥Sh at oni ¢ nunber material having an atonic

nupE) 9r eat Sincd AR RleRfiRAGILI T ARD REQUEE SUMRBlear materials
based, at least in part, on the second function of the

at (fssipgablen &ssjleoap fertitrn ppferiad) niseok Heryi déght icPReeat| Bnweld be
theqpy n%%@&ﬁeco Qbondiie b gak sﬁ@ffﬁﬁl'lyahélggédl $Si Qﬁ’saﬁlhrﬁ@)se, if a first test

fissi fertile material) i's of very high concern, )
it nwb@rrezs ﬂb@t miblean matsioli s atoleasb pefigntially present. In accordance with
Sp%ﬁbttnér dé’%hé&{ og glgglﬂlotlo{he fphﬁ;’s&cg & Qigﬁ ed 'ngutFong 'arfélt scanning at
I ndi cat es nucl ear materi al

potsefﬁ‘meaﬂy high reeergms may tpe aged 60 deteroananif amtah:@t metenablp gontained
of o} r n f I

ar ot BRERL Bcoh U RRRERITE i (AUF G BB or other
useghtst oTlcetedanr neatdrial anap be lackpeciniaNecleal Ma&rlabﬁ‘salﬂ\ﬁt),dwhlch is

W thin obj ect., .l ' th

140y LB BEL67 e 1, SRS B U, RLE ptoniom,
e tueniiv@h-2 83 Yor hﬁarﬁurﬁf&ﬁﬁdzlﬂﬂ iM\the lisadpedMataaiumi238 'oBNknjum-235. In
\g;;j)a? glf(%p ur p gt Sl”ileglﬁ‘gllf g\gtgﬁb¥ ¢ heBﬁ: ﬁ?]bqﬁwg%,{ ﬁ‘a a first test at least

ur Epﬁieﬁtﬁlgﬁaentlﬁés the riisetEe efunlmm in the isotopes
uranium 233 or ur%nl un, In aqne

exampl e,, del ayed
ned?®Bh det el ac6ordines aeeﬁ%mb@&lmeﬁﬁ o e inyentigya method of

Ie%ﬁam@ﬁfgeasﬁta&t& Yofl dgnbbiédt €5 HiB@oLRH € SANHRsiA @ﬁdﬁé@m@ﬂ a first
[0022] 1n accordance with anot her enbodiment of th

i nesbingion of aneehiesd apd chseking #orhe defastion of dnlaysd n@kb‘j“é’ét if the

IS fisGhARRHS QML Mg %F@H et & Bkés%ﬁt eX88 hahd o ‘fhrther

of ‘an object and checking for the detection of del ayed

negpmprises dpterminmgwhedter 8 shicefaonigins inHelicermaisriglHagsed, at least in

su thod further
?g?ﬁingg@%%%@%dhﬁﬁﬁnﬁga ed-ﬁgﬁeﬁgbj ect contains

nudO(Qé} mat elnj azkondanse dvithanotheraambodiment of the invention, a method of

examining contents of an object is disclosed comprising determining whether an

object at least potentially contains material having an atomic number greater than a
predetermined number and, if so, determining whether the object contains nuclear

material.



part, on the check for detection of delayed neutrons.
[0023] In accordance with another enbodi nent of the

WO noosfg436n, a net hod of exam ning contents of PET/0B}06%006808
is disclosed conprising determ ning whet her an obj ect

at [4@apt pPot BrHctaitinke GaRtafbtAS dioBinleat o @i ilEnAsN, a system for
atom ¢ _nunber greater than a predeterm ned number. and,

i f e¥gninggrconientohgn oitient fredisdlased eppreisinec¥rieast pre idiatiQnagource,
nataq{rhta&ete{cgg%&hetle& BB HARRE EheVit UidhsPERE fRFceSIHRP %téﬁcﬁfon with

of he i nvention, a system for exam ni ng contents of

an ﬂ@o?w angd agseasail defediorcie Wstertyientionst Theaystemfarther comprises at

r agi gt | hﬁ’é‘ gr%% s6Ccoupleli! foSthe IRl aﬁd%o&f&l def&ibls, " 3flk ?&dc@&or is

fromt east ne source ter Interaction

t h@rqm}memcd topproceas dase Goml thiefiest dedectardo di@teemmenﬁtlnﬁ robjest at least
h e o) r

Co p%}{%hm({nﬁg ﬁsf s]%% e%PIEB{?@e%g o%gfgét?oif Er%‘éé%%ﬁc? detector to

pr detessioe whsthgrtb@olacmwwms rpnbem&emit a fromthe first

de r to eter ne | a
CotBisTn | o BEETRRE s shidfer EeBmett of i Shvsnsian o sypigm for
f r erarhintgenend oflat @géwis ctmlcdeﬂ emiprisi giwhednk dor sciming at least a

obJeIcntansncIea 0025] 1.n accordance. .
o PRTioAGE AL PO BB TRt SSPg MeHiw bisreish kgl SR fiston
ex bRy Iilsgdl(ﬂ@fmethbifs tRf seedhdabdigtiin dn‘c’rg@ﬂ STheoSBtm fulf't:herf comprises
I si_ng .means r .scanni ng at ast a portl on _of. an
Jr;‘g’@ s der f‘FfF%%nganlaE%‘b (ﬂgat"?%&? é‘?‘? Loftt gPeend RAiBHsy after
t hentbrabtsdn widihdbbjea, ﬁﬁl@ﬁ@)ﬁs fo¢ detebtin@R0trohd) aVied3€or determining
second radi ation energy. The system furt her conpri ses

rream@thﬁb theqeiyest @f ﬂf@strmnaallbb FORBY Batsrial heviae pp atqmig fymber

%ﬁﬂ r HRR Aple@RAS MRl tdImit RLAbA TN anéaE't h2rtoBi @fetradiation
means for detecti ng neutrons. Means for

an
detdetepted phire i tand seqopé cassgiecby te firstadatectust isrplsoaprpyided. The
co BAEP o BE/EE! &htalrd el

2 BRI RS BB SHMEP S S5ER, Ehhisilclear
on mdbfanai batedital bpast depaetc oredntarectimnst frgon shte samjldsbtmﬁ)d
en lsfs by e I ”
Syigdeinfal <o il;%e terrh S‘gasd1&1?}(851{%l %ﬁér R cFe% % 319 eHérgy \Aﬂfr?ﬁer}l—sﬁg of the
t headidsjoadtearno ﬁiha clmacmnxstuemay bmt}e renagy baémniut atpedleastgy of the
i[ 36’5%}“ ff’ﬁ geQ%ngl% :na ﬁlee & edla;{f g f éer%%nr&ageal 2 elf%gerrgo ?aglt aglac:ra%e or nommal
c haniae tof thiesdnergy @ff tltehlﬁ:amadbtaén charabedmtiohbef the energy of the beam
char a ter| t|c y be the energy endpoint or peak
ené‘?‘a@’j’edﬁse ﬁ%w am for exanple. The radiation energy
may al so refer to BrieRDescripeion bf leMraalingal ue of the
ener gy of t he beam OOher characterizations of the

b b d L. Brief . .
e ltBhii on B RS “ranl Hgecp o EF ool lagiajon gho vev
of an®addy\esentusctioh offrmmliﬁetltrﬁﬂatfoadt aMoV fait a SarfeB\Ofamutkrials;

50%0;813; Ia e{ gD]F nwgfg F%F‘agg 1% rg’gosro% Ira%tsﬂn réd %}.dlatlorl\l/%t 9 MeV

to transmitted radiation at 5 MeV, through a piece of iron adjacent to a piece of lead;

[0029] Fig. 1c shows five curves representative of ratios of simulated
measurements of transmitted radiation at 9 MeV to 5 MeV as a function of

transmitted radiation at 9 MeV, through identified materials;



[0028] Fig. Ib shows a surface plot of ratios of
transmtted radiation at 9 MeV to transmtted

WO ags@as43eon at 5 MeV, through a piece of iron aPfHUSIW5/006808
to a piece of lead; [0029] Fig. Ic shows five curves

| SBIP 241, 2% § BB Slep B ERSH (TRRMIE TS of o
of X—raarmsmetdfeetaltgadpmeyme,at 9 MeV, through identified
t[ l s; [ 01938% is an%xa\% é §f %}arga&%g%alugs Jr8R ¥a§sf§(¥1£tﬁ)‘ﬁl oY Mev

of an xanple
c angosnditier/thycmpl e pox[u@ﬁ) 84 C£g(gcon3eylaﬁceaﬂt aq)haa’mb/ ef piikelsgn

arr, f values, of X-ra dlat i 0 9 V _
CrAMSAP1  ea HRrban <senide b Sty 2L viliry Eifvagiain o s Mev

at t@ngdhittéAthirdughahe porkien of tHeCAsd] conv@yanck dfSFigre, akaml@lity of

of an array of values of X-ray radiation of 5 MeV

tr&REK t t ed t hrough the portion of the cargo

comneugpnce ofigFs g arﬁexaaipleaofmllturalyldfxraﬁimlpglmﬁ}aﬁos (“@R33] for a
Fig. 5is an exan‘?Ie of an array of transm

r af R of resritant pixsls basesh ey ihe 6% -raygg(ﬂ}ptgcglﬁpe%prgé |11§F1‘gg[§eand 4, in

oN 2t Redaticd With bipdthBddiRéht BBAS vegtidn? Figs. 3 and 4, in
accordance with an enbodi nent of the inventi on; [0034]

Fi 40034k is aFigi @wis @rfiam chgrt ofan example ef s methodde u%mg TRs

calggylsaty &&oﬁﬁ%en@s‘%fftﬁésiﬁvénﬂor?”md' ments of the
invention; [O 8 6b 1S a flow chart of an
ov

ex dﬂﬂ&ﬁb of &F lae@h iscr tlow abyruist and @saémlee@lf & mgthad ito adjust detected
thr.oy %E%rgsglsaedeﬁggﬂe On 8{1 nQEag{@}?ﬁa roBﬁiC kground;

[0(5q art ni frum nurrber of

I O\M)OBR] pi er Bigrkiywi hae@hatt@f dehhiginguna ndmbar of BODR phxalsseequired
al 35 gghfe%,g lfi19 :10 8@ fapgglaﬁn ftefo Q(Iar‘ta’o)ﬁg g]z&aotf n,geﬁln HﬁtﬁqW(%ows and
and” various s ati o I'n d

t hevatiows stahdapd deiidY, Jin & gnbdament af the mMemtmar t of an

b e L N e R R e

chaii fccofdasue vﬁﬁﬁﬁ@b@b@ﬁm&tﬂﬂh@o’d for pr ovi di ng an

i 1003800 bt & TP HHGoimEVRhEh S0 oba M. of g ddge o

f 1 @wtpahaf hn OdxadinaEisRRP hﬁ: opérat@r 1ﬁ%&dr@aulbé with€sibodinidits of the
accor dance wi t h anot her enbodi nent of the invention;

[ 00%ENI% 9. 11 is an exanple of an array of TRs for a

gr geuzep f Pimel sorigpy ﬁ@@néﬁaﬁgoiaa@%am@e 3 a FcEARGQ test,” in
container, for use in enbodiments of the invention;
[ oeacp}dapf;@wﬁh@qﬂser smpodisent ih the infentien; exanpl e of a

(ﬁﬂ) testpig. hD @GROSEABRCoM Rrh P& reROM B Rtoupf of pixels
F| d.

representlng a portion of a cargo container, for use in embodiments of the invention;

[0041] Fig. 12 is a flow chart of an example of a “matrix test,” in accordance
with the embodiment of Fig. 11;

[0042] Fig. 13 is a flow chart of an example of a method for calculating
thresholds, in accordance with an embodiment of the invention;

[0043] Fig. 14 is a flow chart of an example of a method for selecting a
threshold based on the contents of a cargo conveyance, in accordance with another

embodiment of the invention;

10



[0042] Fig. 13 is a flow chart of an exanple of a
nmet hod for cal culating thresholds, in accordance with
waeoosiosdi nent of the invention; [0043] Fig. 1HCT/FSH05/006808
flow chart of an exanple of a nethod for selecting a
thigyalip! d baged san bh it %@tasméiﬁodafo? BANRMENIAE For the
I n"accordance w th anot her enbodi nent of
i nyessericonof] oodderr \ptgrialg, 5 a@;:oaian@(afﬁbl @O@ﬁr apmh@fimmt of the
foEan L. ning an object for the presence of nuclear
material'é, in accordance w th another enbodi nent of
t h§0G4Rl ent i offig. {S(DCMEI} exingle dfbiother methed avpikamiping an object for
anqgt he rreth d ni. .
or éhseplresencef* l(é%rr 1%)(1%{151 b ?ccopdﬁgcz%cnggtfrl gﬁ@e} Q}SP%dment of the
andﬁvlaeuiorenbodl rrent of the invention; [0046] Fig. 16 is

Vi e r.go Scann stem rammed t
P8Ry enbiBai i BB TERES, Sk AR Wrgahed to
|S1rﬁplEmBnt\ehﬁ'y\odmfenaom&fetu:chﬂtuﬁf a car%o scanni ng 3ystem
to t stemaf F owi ng two a
solludl of B Fadmtry ot Epeimaplrrges Fanite SR SHar o

sc h@"@ﬁtbﬁ,ofﬁg" $NEREWME twd f1paceiit sameéshﬂb(-ﬁéyrrauatﬁﬁﬁnm ng
system that nay inplenent enbodi ments of th

i nVAMB] on:  dig- {80(54:g]sc}pmﬁtlc 1R§TSpectiye Vieyy o@lag%hgf Xy scanning

SY S fHat fih®impiSnedPe66diREAOBr 18E inVaRioRY Slier r ed
Enbodi nents [0050] |n accordance with enbodi ments of
t hé004l ent i orig- ¥ iF arear visw bthershiger PEFiISM &si on or

attenuation of madiafddabs iy ﬂ%ﬂ:?re%'hﬁbdcﬁﬁ;‘ent@t two
di fferent energires Ts uUse assi € obj ect or
|terrs or ons within the object asah h atom ¢

I mat egﬁnaqcc?rdpmmljh eWRdétﬁelma9f the 1BVeR{jem gy function of the

rrattl%ﬁdnﬁ|5,516if orSAMeBhahbA 91 fa@fatl%ﬁ%d%ﬁtaﬁ Q)bj%!:t at T8 afkpmt ERRsies is
may be a ratio. The ratio or other such function ma

be ugasnivaslesify ghe pljedt sovdtems rmatrpgipnsowithin 4hes APisdi asrp bl@x atomic
at qlﬁlﬂHﬁ‘t ﬂl&@ﬂéﬁf “IrlﬁfiIM‘? : mcl?hk% IB@ a%@i@artﬁ’l\ﬁeﬁﬂ Gk glluglﬁmg for such

t hr ough a test mater own atom ¢ nunb
Mamntqral Ry festioh agayi d @datios FNNEip for jothen &QChaleiP@(hlemaY be

at %gﬁlﬁarP&altﬁg Bfinl? nEtﬂ)‘ﬁ otf(?rﬁﬁﬁnq?sﬁo%hdr%{tenulp& (t)ferﬁtﬁla on at the same

any nater an atom Cc nu
| eswo tehergiet hlfroagho mmt mumdmi 06 khowen e@iés nanbeyf Matw@lr may be

The, t e.iron,.for . .ex he. o t
cla%sﬁs ed %?%&ggf‘hf 6th% ak‘h n%her at]ol’mc number ﬁxnr? h& tesImatenQi Cfile test
aC malteilﬁhmey e ady matbdd IW‘I’(hmh&tdnﬁc tnhﬂbelr hege thiah de, atctnlne number of a

ERETN TN LT, ERERRT VTR N —

NURRQL donveyand {36 exapipl&e AlyRi @adccortiaitd with @ambadigents of the
invention, the determination may be made to a desired degree of statistical
confidence.
[0051] Iron has an atomic number (“Z”) of 26. Since typical items in a cargo
conveyance comprise iron and other materials with atomic numbers less than iron, the
presence of any material having an atomic number greater than iron is suspicious. It
is therefore sufficient to screen for HANMSs, without identifying the particular
material (although that is an option). While some HANM may not be nuclear

materials, non-nuclear HANMSs, such as lead (Pb, Z=82), tungsten (W, Z=74), and
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conveyance conprise iron and other materials with
atom ¢ nunbers less than iron, the presence of any
wOoris/s451 havi ng an atom ¢ nunber greater thanPCT/OR2005006808
suspicious. It is therefore sufficient to screen for
"'AIHanutﬂ"F] ihouss) B del fs¥d ROshidie nﬁ’cﬁéa'f G Rls, BRE @rE'tﬁérefore also
(al t hough that 'i s an opti on). e somre HANM nay
be smpeﬂem’cempén eFhieairesenqgeif J«rgu@naégHAMI(w cawna@an@aand the
( Pl %é@ & Wesdr £ b 4ifedd for th
lge use ‘{%;H%h%g}n% ﬁ%c‘%‘éa}?&yrﬁg@ggpa , d@alm i3 for the
t h@m@b oroayeyahso Silvpedts, Aedor Il examplee hpy ea@émele industrial, and

%hgﬂogaél% MSI% esgveg;ci‘%gegn %fe?ﬁaf?]ﬁ %%hgﬁ%t&rFES bLJéést(?c sihg‘uld be

| deddntlﬁecbdn tﬂﬂ: @anifesi. fIasatldlhom mbkamatglmalamyvlmjdlstngulshed from

it el s B RERTR Sued R G0 Srepgng e pites

Sglaﬂ@ &&uilgir 1n§pt@f|:ng ﬁgKtr?y‘IHﬁ@e ld)fd&:,dcargo aimoegladcdmay thereby avoid
'etleot ifest. In addit
rmednttratva e GNP e R oA AR B e f i

tr@agim,@y ons and shapes in an i mage. Checking the
mani f est and_visually inspectin

an X-ra
calfB2t onv ey At demprsiiate Haat &ips /% Brapmishisy %ﬁualagﬁfmnbfnateﬂals

t hgt HAMnaen@ oY ChdRk cIBifdakith of HREHBRSITIANNE sam les of iron,
i nci dence of ?al se positives. [0052] To denonstra

t hagady yeitey gn%fungst@h\gw seappsd Wiy Bdighondbeames hayipg nominal energies
Mateli Ly @eadhdd BRI Oahué? &?Eﬁ(“ﬁifﬂf’f‘ q ti's%cﬁék a§ §5 Elh)? Qﬁd 9"MeV

of rmterlals as HANM iron, lead, luclit

andHVhng&t mahese? .64 eoh nﬂ@dawﬁnqm heamuvaetsmwwahmnﬁ\é% M@tron@

noﬁ{}%ﬁlac@eﬂ?%tgf IBI)IC%‘ Megarfa ?gy%g ¢a lPH% "%)l%y Bhlifornia,

| nd:ltvesvas 26t mmjat 8&1‘46‘1’ aud ét5|Mc1V bé@an&snammmeuecbﬁrom one
Vat ﬁ’%ﬁir ﬁ@%})[:ng% gég% ot %‘%?gfy e%&&o% Elal‘,l?%[‘n}p?ev@?é%%n%d af fE energy

t hatd pamt sleta was colievteds arfgl. tEeri\&k/s:mmde Ha sddbh/ad af hlee slvgondwyxergy

o aRBolt o ok B SR ReRRAE Fellimili s AR LG wes

pOIdﬁlfectedi ava Bﬁﬂ&aﬁ@ldog@ gﬁﬂbhmaﬂldoﬁédw(m}dtﬂj chﬁmﬂbleabbﬁlstwo meters
t the co energ n an

o o TOBE e SOt eaip ST lor e h ol B St 2o Joh Sledpics portion

vva$>f det ®edcrr vid cavé?@d(EyCﬁﬁk( r For4t98@ 50veN |ditai ddgiisiior] €he detector
(&O) scintillator about two neters fromthe source,

poSYaP rgh Rl 09I RYGS BercespnA 4Tppayiaad dre qefretas ofs den AT frimes per

el gedoh@ '@‘Ff}@?]pp&t then, S(Me\t’ Bfta d8JuREHIA! theRSuEOWAE RM Y00 pps and

| ead. For t data acquisition, the detector
wadhedetector wag 0111p'<1§ I3§@95 The imaget Befg Spmpsd oyer 4 frames.

det[@fsggr WaSSa[rHﬁlesan TneSirdd], APRS aH&rluc?n%CQPan{zm%pﬁm)mesgégrwere

t he dat'a acqui si tion, the source was run at
20@14@w§uaélwcp1@q¢é bettese thersowees and; ﬁhea‘ﬂet@tqrpsThemﬁerpmfetg@Enesses

V\errgsuﬁ%ﬁggigglffg}r’]e f Fﬂlgﬁlt; Bf"?ﬁﬁmls{sggsgﬁo = Eﬁéﬁ?l@f%hﬁlages were

iron, ucite of varying t es wer
i ndeariingd and stoysH dic oty foemaeBarhtimegswasmoemalivdd tdweprrect for detector

detngﬁ—ﬁlgf’form-me%, gﬁdf sft&E(? N,y atdgftlsg,rk?iﬁlﬁl%g’ of different materials were placed

next to each other. For example, tungsten and iron were separately placed next to

lead. Also, samples of multiple materials were placed one behind another, along the
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resulted in different amounts of transm ssion. For
each sanple, two inmages were acquired and stored in
WO 2003/08435mat . Each i nage was normal i zed to corP€rUS1005/006808
detector non-uniformties, and stored. In addition,
S apRb&Rn A il JehiB! EHE ex'iﬁltpfér hiabsten\RidGcdd &€ depaidly plAced behind
each other. For exanple, tungsten and iron were
sep®Rat el y pl aced next to | ead. Al so, sanpl es of
Muliddsa) e Mot £ich i A LpBLAGRD I BL AR FOAUHE and anal
al c[)n !hedl recctl ongo % beam FO|g ggél e, ts{}ﬁgan gnalysis
andﬂ evrd anfpevase wmgaqnelayaltﬂbh@c&dmb@huM@lqnalohlstﬂmesﬁ]Health at
gﬁgl/ﬁﬁlﬁql‘?fo%?%&glﬁ%ﬁé& RY diiB9Gdce odr&?egﬁn §oﬁ%€e%én89n in the
ySI'S | ava, a freeware p gram avai | abl
f r erh dohkl Béavsed vl welhsAj histogsmaoff thiesdgidn eft interest of an image was
htt 0 I '
or o esl{ed %P a f Q{dﬁo&ltlon% acfl Jiréaﬁge aﬁé th%‘?égg gﬁ? at%%?ct %éé’%,ﬁglg gf the
yveldhta céllénted ﬁ:gn ahe wfiohhod 1nte1gstamre)fredordeér ds tsoroé casns, when two

t d tl . i
o aTore BnaSe PR B Bt 665 oD ey R b BYR chosen
colbly deiid thstead o lt}hzemﬁ@ ¢! Dhe @irrebptn@ing $dca@isef tecangle seanned at

In sonme cases, t different materjals

ol BB e Bl Metstier e BLFoamer & iuon didicuny ip gage)
be egdudsERe Rattansbe iincdseady €lbsepy a nacro. The

corresgondl ng | ocations of the sanple scanned at both

s wer Eengereytiasmiyp for el magetras comppted Ry dividing a
| 0@1?5%%9&?11 infeh 6RHRNmkge by BIR Rle8fl of B irh &2k RNsal@ energy
be at ast very close. [005 The energy transm ssion
f owithgeth thersggerlovasesseimsat rumphzedihgi imags: a fhirdticogF dhe energy
MegAnQhisdifl iMBIRIY tR 4ty 1\%@9%@1@1 HERARRAIRE dniBQEr@ld. The
the sane energy wthout the sanple present, to
noftieadniissdon #&.5 Mayeas Alse crdedf the ener gy
tr ssi ong .
cal'cul at ed anﬁé@%%ﬁgﬁﬁgﬁgé%@g?sﬁ%%% Hgf gqel\r/%t\l? of the
vadrapdngissiore of rad eadliatiod O8in Tindng es ndmimabieserghefind iMeV to the
Fi gx‘anén%’ssﬂi‘pbtcep adﬁtlgn gga?rf Hav% 4 Hgm{r]lglt én% gg?/ otlépse MeV along the Y
transm ssion of a n e
enaekigy vefsu tlie!b‘ttansnntsi’cm br erSSMB‘é,S lahmg othe aXr :aﬂh at ThenX axis is
beam hav nm nal .ener | ong the Y .
e O, pETVRE Jf Bobi, RLin e Colte g Tighig faios a
ax id#fferchit @radsndixdichs) Whisk ﬂbrrésp@ﬁll’ totdifférent thicknessed of theaample, for

0108, ERrvell bR ST filoca B SR R itirad, e ©

t hicelRes &ﬁ&u@fedtrﬁtﬁ)ssﬂlmﬁf@entftﬁuhsmﬁﬁﬂns fod isite B FO@I MR GliBvs the
calculated ratios at different transm ssions for |e

ad.
Curdfie for gmAexd o tungiicn, | Ryt F shaws e raio fordsad gt i iron. Point F

tr 3RS &2l @RS [dr0kankMEhibe thiBRINY. 5@1&1@9‘(@ tAg ro@tthx%stfeﬁ’ "'vehind
iron next to tungsten. Point E shows the ra

| eddnehex (7& DMy o, irquej ReintG shews thenatip £py . Sﬂ@ﬁhes (38.1 mm) of
t r %ﬁl%gﬂeﬁ' $LIAAG & lﬂ{cﬁé‘sg(b6 3. %} m%ﬁm(a?’cﬁffére%a%g f’b‘iﬂgﬁtsﬁ&ws the

hind 3 inches é Iron. Point G sh
r aﬁt@ o} inghes (V4 h‘@‘g) 0@ Irad helmrg 3 imehes of iron (76.2 mm)

[0057] The curves and points in Fig. la show good separation between

materials at low transmission (high attenuation). Iron, lead, and lucite may be clearly
distinguished at transmissions of about 0.1 and less, as can tungsten and lead behind

iron. In addition, the position of the curves with respect to each other shows that the
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tungsten behind 3 inches (76.2 nm of ironin a
different image. Point H shows the ratio for 3 inches
w@ Z®sa8437) of | ead behind 3 inches of iron (76PCI/IRI005/006808
[0057] The curves and points in Fig. Ia show good
SeRMAL fop %Q@ﬁé’ﬁ@ %@cr%‘e ea(s' eS at@ﬁn Aaiber alﬁ&%s%§ I QN tﬁ(sh e@hple.

attenuation). Iron, and lucite may

di Materipls mhiethesfore ba ﬁklﬁﬁlfé%il aSHEASM babrshan tbe 1at@ﬁ1 ﬁorlee@smaterlal
as |

e S Bag) 1 SRLARa PR A, o B B
showyes hmvetgepeasaxoméeteﬁ traname$séomi @h:l) ote@ppe@@shechs Seaeation could

at %%q%blg%%g{er lﬂ&[ rﬁ%? %trénamgsgloﬁhw Weég%iog{%t, %ﬁt‘\j\é&i, ¥a greater

r atnumberf afrphetonk anateealctedlandud[érecls ryxa seaston it an aptimized system, for
resgectll ve ratio to a ratio of iron, for exanple. It

i s “Hoted that the curves conver ge as conpl ete

t r 406581 ssi onFigX#b )is iassuafapy pc véd rafieimagt be&wean tbitbmission at

2t et Bregrngetngt 4 £ eV, TiPhat & VR DB B ot iron

ar edfednted €9 indhes Uselrxﬁmo of leass ]ﬁﬁ&&ﬁt&ﬁlckﬂe@seaﬁre used so that the
optim zed sy st% for exanpl e. g{ 58%

surﬂraa%w%%wa%f ¢ g thrgughnhode mekrigiee Olftlroaﬁ%t@sm@ﬁe iy that of
8. 5;,teM?Moh ardd RGN S8t 188 irfdgeds MatiMeadt NTHRUGHR] Gronh Qﬁhe§ad have

of steel (iron) adjacent to 1.5 inches

mnab@ft thegagne enefgyeiragmission @k §69YeY asreeagiyed) by dha ctor The
t N@ar}ds ARS Bhmifib Ay WGerbite ﬁ@%@ﬁés@%ga&ﬁ%ﬁﬁaﬁg Qlﬁé ?d statistical
Portion | of the image Is that” of steel (iron)

porverigiong irpthe raiie measyremient. tThattwe fnafesialy mayHe rsacblefl dlstmgulshed

i K h e
{1 02 Uit SR BEC S ARR D EmBRTRGRASA Qeviegions, | Where the
Théransision Brlewsi theistandad deyiatiin frall balargeritbe raiog wikk ds closer

t

' n tc?%f%ﬁ{% %H%%lgge sro lﬁlé’[ﬂC?%df%t@i{cgﬂnﬁ%@éﬁog E:Irea g s in
r edﬂﬂﬂ9]/ di st Inn@alesﬁmnindnedemﬂlsedt dveve, theal;dum% adeahe detector were
se ed.. by nmany sta
© T ORSENEE gy R MO fadieif b, ek, PR Sest BE apiforguiy of
I aﬁlgh;ﬁient tddeatioat iIoadditidd, slbz&teﬁ was et teﬁ(j;&tl hed theadEiedmraﬁmency
sophi sticate tatlstlca Si,s
OB I RErs BRL TS ERTes SR uamARY oS e eli Egimited

an Ghrblieh G6ed €0 ldiffersie rn@t@la@ssﬁ % PRV @fanshi@E bfidrfiPatds WMelE as a
%ﬂatl on _beam which decreabses the uni form }aﬁ of |
nelpR of the sheregntransiiticd At YRY. bessd o8 timulafigy without these

f e GesbRin AN dhé kiBteblet @6hpYises 30 lﬁine%)hu)ﬁﬁstuﬂg@ﬂ‘éte RCaWO0[)C In the
shows five curves depicting sinulated ratios of

r adivatation. sealprswRY teéacefihﬂls Fg¥es ek thesletegior pespeofrther apart and
mat(fﬁ{o'uﬁi§ nﬁ@ersg YRYmb&ed AR Mchib P HRNEY TﬂE n?atéYEt}é wél'é water

function of ‘the energy transmtted at MeV, based
on (B2 plwmdRynd TR PFAGH, még@ldp 8 ndéastsed. ﬂi@ qetes @repmoother

1§ iR tth abBle Ca%q %ﬁ%}é ucfé tran. élﬂgs?%(a%%) 1ncrel1% ﬁ? above, at

sunu ation, scatter was e source an
dethight atenuasion ¢futhe heqald@q!saadlatamd(I(J‘attmnsmmﬁombett@rs)ls aignificant

\‘;\g{l@%h‘%ﬂnté}néﬁe tRC Rl ent G¥AteriafPOVhhe JIGralBY, SivhRh SinlESs as

transmission decreases (attenuation increases), shows a dependence on atomic

number. In addition, the ratio decreases as the atomic number increases, in this
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(H2O, alum num iron, uranium and gold, as
i ndi cated. The curves are snoother than in the test

W@bw3ms43and converge as transm ssion at 9 MeV PCT/US2005/006808

increases. As above, at high attenuation of the
| nelgend. TAdaftio %a@léAWutafeﬁmﬁﬁhﬁnﬁle 16W&T &relsy by the higher
significant separation anong 'the different materi‘als.
Thenesgy, deatthengtio weldhindrenss asahesomic mupkasinFisasedn
de es ( r
on OPBETS LoWLEOHHhRAARINE 357 Bl FNEG, RERIRERE Bt te
t heelattonship batwebethd retioerad gl atomia hirslest apyulte fronf thehdifferential
ra I Yy el €

t nefed AECORREH e ool Bt G BEEX, Wi ow
t hetoatio mumbau magrialsnGnaase salun{lﬁlﬁﬁ QZ=W)t éralutvateei (BigO, H (Z=1),
limted.ta an i.cul.ar theor it ved that
tnd ZERn: ot BoRkt iR anihe HERRaYt mbdrpSprf Mol bucn s
nueaMdsV.r Esmbtos stéatering Cemsdithd ewesndrhialnumbéranitsrias to scatter lower

t on catter n roduct t di f
engﬁ’f‘g@ég i fuinds SN BhdioRn & & Siahel 1ol R dhSl,SBter higher
al efdrgy phétdrs, sioh and Mﬁ; @h(géﬂﬂ thdﬂ ﬁereltt]s)as e faﬁﬂ8?1f)transm1tted
fon sc tterln is the nant. nec anlsmat |
en%t@g Oriawogg GUIRRSY magesialse SR @g%&rta@mlﬁa%'aqﬁg@éﬂtahewch

| ovs afivmi(g=4m rﬂﬁﬁrurﬁ’ﬁﬁrﬁr@abﬁ b&ir §Fcﬁﬁétﬁ>ﬁ daQ¥¥8 lre@BRI @Y the high
phot ons, such _as hot ons, at, a gher rate than

t heyerae Bhatens. g Ff‘é‘ﬂmé& éhegytmp hitagfigion, stb% Herizgion Oﬁ/ev ratio is less

Phe&ifife tdl"gﬂaﬁges' iR Gh&EY BanshilBioh kiRt 1ntarrﬁ9§'ﬂ_'ﬂﬁtt &ﬁ‘ve as energy

radiation for |ow at6m c number materials or hi gher

at fansnigpigniaereasas. erials, such as silver (Z=47) and

ur gﬁwﬂ‘ (Z= 9{%)131 sti‘b cﬁ’ﬁQ% %g Sﬁe, Gﬁ%ﬁ%ﬁ&ﬂﬂé’saﬂh A ghbfGtomic
ergy ph ot ons, thus reddci'ng the ratio Fn

ad dumb@mmqn!gsnaﬁamalapommouiy fourg mawigy ¢omvevaseessisnsed iave test

to mcalﬁe?ﬁg %g’l{sﬁlgteg pa%{ongesg Eh%gﬁ{yr?f?d ginlron 1@%&1&&1@9 of l.rﬂe @resence of a

nearly ftlat curve as energy transm sSion I ncr

[ OBBidrial havig)sn atomiamdmber, gredteri tham irpke Ade:ﬁcﬁl);sedvd’mpv;d; typical

has _t he hi%hest at omi ¢ _nunber angngl grial s, comm le

f olfRE® Th? SHPYEOLSHRISY SHERLS Tog afid e ’§‘a 5“? 8§Vt‘ A Ruthbers
maless thah jron.alTheip@bende bBdnyasatdrias &ith Baatoitkenuralier @reafer than iron
iron i ndi cat.ive of the presence of a materi al

S
hal’ H’@reg(ﬁe 2PN ™hunber greater than iron. As
di ge06gped abiyela tayi@ilcadlsol sheWsthitNasXh€ aﬁ@gy CRNHEIYAGRL Brcreases

COTRE b P ot Db G-t o BT B rern
at Ak cFiaRUARRAsT! EWhRE Fﬁé@a]ﬁl AdOTE blfow LR HFfefonces between the
suspj ci ous, [0062] Figs. la and Ic also show that as

t hEatien ef?rggllfﬁewahgmgﬁs d’ﬁ‘d SHbStagSSeds PrISERYAlGSMESsion decreases (for

MetgileRbBedd)eit s oRathdt as i %néig}fl T8RS RN Rels WRElert fé@/er photons
ratios for different material 8 decreases. Wi le Figs

| apairidxql nay g wWetgetedt Ehis nay fiecrense the cpyer wangin efithe Pﬂﬁ{lﬁut%l ratio,

el ST I R Y2 R s

nothedreshattineegtiohacceuns fieyyhet nodsysisfassiatosticallgt s smal | er,

f eW63Ph0t Oi examples of embodiments of the present invention, the relationship
between the ratio of transmission or attenuation of radiation through a material at two
different energies and the atomic number of the material is used to determine whether

an object at least potentially contains materials having atomic numbers greater than a
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per pixel may be detected. This may increase the error
mar gi n of the neasured ratio, decreasing the accuracy
wowdok/osdssch materials may be differentiated. PCT/US2005/006808
Enbodi nents of the present invention account for the
nOn%ﬁ%et@‘ﬁlﬁrﬁ:d z&brﬁiclh Siniieal Wyich [i0 @6mdidekd wgmzd mlgh afomic number
enbodi resent jnyenti.on, e.relations
gt L HAND o T sk ramned MG Hushee i SR By el the
r agABM iy bB b ﬁhkgéhr ehaboRi Bdri shielditg foMOmebidat ﬁlraeﬁbl e n ergies
and the atom c nunber of the material, is used

det'8¢4i ne whePhReFxaEple B @bjPctds sqaBREs Wilibidpast qu yfferent X-ray

Coaiegg ViSstTRBA] & Pedid\iabitlg ARG mAIREAT SneBfyeRT, whithfs also
apredét erm ned atom c nunmber, which is consjderéd to

bereerisfl ghasendreiats o Rerkrengegicss Eapmples-pigpersy digiebutions that may
pfﬁedﬁsfe& ﬂelﬁlféo!s M9 NERET M %ﬁb 9%1%@' A 3 Qf% & €15 Mev.

be a nucl ear rraterla di ng
nuElneeladlahm trarisaitted[ e thlerobmeatélmwm gifferent @t@f&’(ﬁtﬂdp@ms is
Scﬁgﬁﬁ% td@te@t‘br élgﬁgﬁt Bf’\é) éi’écftd‘r%frg? ]f{éhgt?o\ﬁ rﬁg}ez{l&)ybe detected at
ons spec av n f
eneacly enérgy ehd pomh aﬁcehr bemgaﬁirmmrteﬂ dhrough the anSJuehbﬁmrp rah object

o R SIBMLEY ARTRLSErpLoT SARILEY LAt Mg

l\/ENom&aﬂ‘ldatE»n MoY/ am &aﬂé’mMﬁﬂ 1sTh1ﬁ10|naid | ﬁach) rdetec’@n siantehe teceives

t hr h the o a er e [

i foh 207 ReR ot st Bes g b EPEe, FET 5 ray source toa
ded@mc@relamdnayA B@phcabn Oﬂth&’&ydlaﬂlcﬁlmrhﬁmﬁiﬁiaﬂér%deaalﬁ besa path,
ener ter hei ﬁ;ans itted throu

o e b SAT 1 ey (7 Bt E LSRR Tak GUEEPY o ol or a par

I a6 Alebin® Qdfice bOthe GXHRH Rray/ WiichimGy bé fIRC: aived, dor &XBmple,
Normal i zation for air transmssion_is optional. Each

detsds KBPWR e Al Faehpiiel N3y eorrasnonsh taPRsey TOons daleeipmgipments

t hde%l& BetB6 dntaps 104n ihfAge RYeRGhted, WA i BB offtidrEbut JHHE EQuired
to a detector elenent. A projection of the radiation

t rl@rﬁgrrhositr@mswfdh@gpr@m inyentipnpte pixelnmay gorsaspendde pixels of the
relfnx,ea% ed to as a "pixel." The surface may correspond

to a or a part of a receiving surface of the

de[0@65]or ar wayfuno&mn cH traydetestefl] wliation grthedwof Gfferent energy

J)lﬁts éo‘f‘reﬁ%ﬁor rﬁ&h & Ixel';aﬁhca%lffeﬁcl:d ma‘§Co|y]respond1ng

spon to o re etector élenents of
dem(m:cbrrsror piredsyresultf frem tharge drsubramginkiy the, samhibedm ipath dirough

gfllgig gﬁjtept.m&flc% o Bbjec? %’fyé%gll ' Qen?ganﬁ%&gedn%pos? a?%d {tp)ﬁ beam durmg

of scailmng, lli’wgcfbjecﬁ ey b¢ nxévédmsitghomstatﬁcetuamwmsmhmg at the ﬁrst and
radi_at

t t
corb AL e sl Baltsb KL S RLT e PR, Be bihed rom
C@{abtt}s ﬂmmimagaeamqﬁth mmghrthalcm%b &oﬁﬁ@uﬂrl]de f Preferdbhepixels are
tantl a ahe eam pat t
objgsifere f%@sa‘f?{éesmsﬁ DR echedve, o frhs g de cargo

aC(Edh$§yaﬁcef adtlad bpht 18eaohSbdlf, AGhGGR Mkt ﬁwnottrétﬁm@m Béitexample,
ved a S|I i stance between scannin

at. the
%Plxﬁ Ay Veiiap Bt f»sgg d Wt”sbe pprERipdnse fglled in the art
pl thef H M Bdses, tsHEH @ O Rss B&sHiOf) MR shEity may be tolerated,

corresponding pixels may be proximate to each other (within a few pixels of each

other) and need not overlap.
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exactly the same beam path through the cargo
conveyance. Preferably pixels are considered to be

wo ecasoespondi ng” i f their respective beam pat hBCT/HSZH0EH06808
the cargo conveyance overlap by at |east one-half,
al MP“ t haAs H1§cu@§gd ab&eH 'tl{eel?nctloﬁ Ena?)ﬁélmjaﬁo bét@l@enoﬂhé eddation
may overlap by | ess than apparent to
t h@stected it thebigher ankrgy gndpoitidsuch s eéﬁq\é)u 'cmd dhestadiationddtected at
as A C am
N oltﬁee]; lo%vglsd&m %gréﬁh C;FI)IYt (%Pf:h%@g I\ghgf) bi{ {Ilgé éf*s 3 )g:?ﬁrrg]?le Such a ratio
eaghrefirtedrto (awatttamsmasmrewtpl (XER. oTo e@@ﬂatottﬂeeTB nannle example,
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Wheh H&erlB QheTﬂgst' pciec%bqu@fel‘% bﬁllec%lWelraEteTRrﬁ g&]ﬁ&édjby i fhtegral or

t hreshol d may determ ne cal culating an average
of nppréntepry ngmb@frfé” standaid ﬁ¢\t1=tt@d5 platie ARp.de achagve pidesirpd wensitivity
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transmlssmns detected at each pixel. The transmission at the higher energy endpoint,

here 9 MeV, may be used to select the threshold. The transmission at 5 MeV may be

used, instead.
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characterize the test piece. Preferably, the average
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f dndlpﬁé/e@éw@@th@bﬁh@ @mé @umpegrof ébmmpﬂeeal in ffevejume of the obJect
t
L&gas’?%?&r §§, @9?"%’[@? R?ﬁ ?s%kg{/%' @gao léé'% ﬁhgzﬁdtéhal §Hﬁ£‘te§t~°‘plece
m Iok@ caeer wberh dre T&tsmalcala@drba\dm@nm walie ohahigh ﬁsergxeslsel by a
&;?rteg ongmg lc%v egegg)ﬁg x@l [P *Pﬁ 1y§e§9thag tlILe %{esholtil then
yS|s 0 argocconve e€s’ contalning agricu
gdhd solvames vwivlersecﬂ 0o 6P r'ﬂinetlcmehctﬂnts ohultihg it (thqisarpleﬂm at)ﬂeast

th shal d ti
wtrGtp Y oo ) ube S piePa it Bpiler (R i inleRale e
V(Ibsﬂ piecobnd i édentifi@lds at leastarpedtidl AN, MNatedd]s beﬂmb ﬂ’ﬁlﬂhtomlc

o BeY i g s TORAFANVh R < PRIt A fysaleulated by

di aividing Qhe-?lva\llﬁl m 1% ededdly gkeessetmlyrallae %¥eh c&yesgoﬁd%{guﬂgtoénergy
a Qorr ondi | ow e nergy pi xe| tilhe TR i s

¢ HRAFFl4 e Hﬁ%%aeater i3 114 espo fhea the é(@@%eédrawgr%ey the

I 3giialidnOBtame A8¥B1te Stihbidgxd1DatlRESt&tHBY §0[ﬁ}%1‘151€ @@%drial having
potentially conprises material having a h er_atomc

nifgter eleghic Ryeberiion theanaterfal pHbe teéfsnle%a@é is grifipd as at leasta
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invention, it is not necessary to identify the atomic number of the material, although

that is an option, as is known in the art. U.S. Patent No. 5,524,133, for example,
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nunber are classified as non-HANM In the case where

the TR is calculated by dividing the value of a | ow
wep@sgg43pi xel by the value of a correspondi ng PETIS2005/006808
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cafiger efoniantadred )f:ﬂ@t tegmiig omgjited hgiepfies. dfig-2 is an example of an
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system. In this example, transmission is detected at 5 MeV and at 9 MeV for a
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order of magnitude (10 3), that termis omtted

hereafter. Fig. 5 is an exanple of an array of the
w@alosusased TRs for the sane portion of the caP@DUS2005/006808

conveyance as Figs. 3 and 4. The TR of a resultant
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less than.4 s caondition is satisf t
p )?8?(}1 S%Phgeiroekeé:f)rél?s bréle zfrs1 pﬁ\ﬁwenfhpelxél 19 t}uB ?e%y E{%p The
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det®8PR e 8" WhE&S B?gfﬁ%m}esultant pi xel Ais the |ast
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of dﬁqiqub%éerﬁpmysbe oRducish dif Pl 1S Piast B @935 E@BM system
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examined, as well.

20



descri bed herein may be conducted. If not, the object
may pass through the system w thout further
we@siosssi on. The prescan nmay conpri se scanni nBCT/H82005/006808
object with a radiati on beam havi ng one of the energy
engesnt s.  Us @addftioh Bath QWA inRRGHEH: ANFARIMILvill BghicAlly Hlercept
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r ealeAne SRS bYenidihs b hljuded BRGARdOfadlallnOR) &Eh energy
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ea xel tirg e [
i 03P %% iR Jo B Ao0RGaA 00, PIRBY aords) U Sl for
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h di d
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a pr determ ned ar
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[0078] Fig. 6b is an example of a method 850 that may be executed by a
processor, such as a computer, to adjust detected radiation through suspect dense

regions of an object, for the background of the dense regions. A dense region of an
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Two annul ar rings nmay be defined around the pixels of
the dense region, for exanple. The annular ring
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i den den

| dBnei B s STRLR O ARETGDUTOA R SHaY BRSL phe dense

enedodin, thiholhﬂhﬁes B‘aﬂfgr@)ﬁa Fﬁﬂﬂl@ thd b€and @hlﬁ,d ardieided by theeaverage

dense region are dete . mage .
pr Beleded Fylatiar ﬁﬁpﬁ%@fft the B@gw@ﬁf B © S pdgpiat, in
Weklep8BOWThE Restit €5 e ttraniﬁﬁﬁecbﬁdiéﬁ&ﬁj of fiRIdef%ARPi0R at each energy
[0078 The background of the dense region

i d é?ﬂppmf@athwhthgﬁ@i?t glhthe b%e#arw%ala%ﬁhsew 'P%rhs Aheyehad may

t hiRH GhockfietobRGK 863084119; &h 168 8A5IABTRY Yoﬁ@gﬂl@hﬂ"ﬁlxé@ of the dense
deternmined, in Step 864, as discussed above.

detagiancrasqdaan the Peéwlqt%#traélaeﬁmgwfer cqsreanﬂémaéﬁ@és a@gp Gpmpare

V\hlﬂfezm nshidgsigbackground al ong the beam path, is
di vi 5 the average detected radiation transmtted

t hit988h t he Brckepitbiindnd specifigithokthe defgrneinatisoithat a [ow TR pixel
St ?90 &%@d@t pc;lt_éh%aflﬁ ﬁ'}ﬂkctat&e ftatﬁeHAW&[& b ﬂlerc%m aﬁ%o&[bf?{wdéwdual

ense re each energy endpol nt,
ef ﬂ“Bs to th[reshbllds bag kgt teusudficadnd fig patteulae apphpatdms FEndbodiments of
hod t hen [ ¢ ed to Ste 803 | 6a t .

% Sulaee QFRsseefkoE r esu ant o pi xe PG ctltﬁegnad b ReRtviy; g, this
basletelmnmtiohe)ymad:xeasi@tthd nﬁmmmm&:lmmly&m A processor, such as a
correspondj i xels, and t 0 re the TRs .
¢ hPRERTIRt B sate eraneRrf g aH e Sei i ypcgprdance
t hevitd @lieaaniBodatidn@y bfttkahventib) destRbdd betdw.i s at | east
potentially indicatjve of an HANM based on the

conpari son of indi vihtEramination, Windowelestys may not be
sufficient for particular applications. Enbodi nents of

t hg)(isn}/ent i R oBe einbdsdimf:m;trott‘lﬂ&rln'vembﬁmbe mhﬁba € pixklstiatifg TRs

DR Wt Byt PS55I o0, B L0 SPeL001e

copRrudételinin@f atele r&&asdNiongs &y%xamnmyn fvlzih&d’be,r 1saébailnﬁlieﬂ The
the resultant data in accord nce W E; enb dInEn:P,
of SXARUNFLIR PP My BS & B Ry X BtiEshor ﬂi’@‘e ArRxEl Mg of pixels,

W rdewanigist Al 908 bixel SkapiRtieMRedbweRts Sowhhe Figwemth@ﬁhmber
t he nunber_of pixels having TRs bel ow the threshold

(" PhteTRVpTR @P@lsyn csnexamingbion windoyt Sieprda g Rrpdgiedned number,
haw{eRF18NM is considered to be present. The threshold value (average TR of a test
piece minus/plus a value of standard deviations), the window size, and the minimum
number of low TR pixels to be considered a threat may be chosen such that the
probability that a non-HANM would meet the threat criterion, times the number of

independent examination windows in an object (independent windows do not share
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predeterm ned area, referred to as an exam nation
w ndow, is exam ned. The exam nation wi ndow nay be a 3
W@R00sl084858 pi xel or 9 pixel x 9 pixel matrix OPCPUKBINT)06808

for exanple. A 9 x 9 pixel exam nation w ndow Wis
%%n{oﬂ p@e?s thII\}\%fi %&E‘? oﬂénggrbe?Jw H& hlleg}WIdT% %Efﬁh%a'd@sired
he examna ow exc et erm’ ned nunber,

t hscnsHA(NMané speoifitge Seldction ddehqomecsewhe e¥nainationewinddve and the

\Cl)?lnue bl dartéagtgr\llcllaé g%vrlé o‘ﬁ? ?aneo u%‘t"rgctgﬁ ﬁgﬁ‘l/ tﬂé H§%§% ’gﬁ%‘f" the test

m maaterial toucabaiatcothe Ithrwhm ipbased sn tle ﬂobowmgsuaﬂﬂmelchnalysis. This

t hreat e chosen such tha Lprobability that a
notes ?ﬂ&l{f?ﬁeﬁ%‘go&s SFXWEE&{OH 1i‘jf"g[teri on, times the

n uges2] of i ntigpsinelen ttheew&mlmbn GVindldwn GimpaScoirﬂésp&)ﬂd @btk tross-
(i ndeé)? rldent ndO\i\% ng shar ec i xel s) havin

at Spioas! argaeof the supaliggt °P’ﬁ‘i‘38§ Sqagning systqn, can dptect.
desiAeKY i§ §psally Mhigsleang t}&ﬂiﬁﬁdefdf@lsﬁhbre Sﬂieeeammau@f winfiéw may
size of the exam nation w ndow and th%anunber of the

st RAdbe Bragehaauare SHwe Wit a<1ast section QF thebsRbetse Qs thigwindow
TRspk hﬁbﬁeeﬁ eRdseTBhE Eh@sestﬁhﬁ%&@bﬁﬁ@arﬁimnﬁlhﬁlﬁﬁ B@hBerics leels

base on e foll ow ng statistical analysis. This

te
e belarihe thiosbeld gkt Moy e cap s ghio o HeRsy Distrably, he smallest
[ OQ%%J‘I&I‘I Ia@wéﬁoqﬁs eflOSEIID ﬁec%ffs%rﬂs rﬂ% ﬁLfPﬁbe%f] Q%af@&’ewatlons mcereasces,

correspond he crosssectional area of the small est

HARD cfobeluhtmfna trerponsehions cativg TNy sdesrpasean ‘Heet Begshold and
m’ﬂ%fﬂ’f‘urﬁ Xl?llﬂﬁeqlalré/ c glcﬁ qhdb t B ﬂ'@b?}hﬂg Eha? fa &nﬁ-ﬁ@l@ﬂ/lewill meet
The exam nati on W ndow hma the largest square

f | tthe rlﬂgter(Inh criterdore tioss &lecttuntbnr off infependghexamin@ine windows

| a e 0 e
 Doah RS} e I REER AR N BIRESS & sy e
t haldrﬂnrreishmllaﬂs tHaatl inf 1000 Uress thiah 11 ibd,000ns ipokdareed. dess than 1 in
g@@ho Pr ef er the smal |l est standard deviation is

bse‘E%fu%e %Y% the nunber of standard deviations

| ngoEs3yes, tineong rthﬁlblb | d eyt p@a‘ce af rrens iECSBaﬁhe(ﬁ atothe gardid W@ energy
HANM, decr hr eshol '

ase
SRR TR P LEe (o I BB aES Py eyes By ths A RARGOP g pystem.

e gthe U nd@ufdtdt @BcHCHiké19E bRidetedRS bt A 1ﬁu¢paﬁ16ntqﬁeasurement of
[ ndependent exam nation w ndovvs anal yzed is less th

a disilRedort Hps e Baravarh rafus, (RS XU npneintpgera Aumber) of “Standard

ac GePhaksvef ﬁfé ALRAEOTRASEthE Fest 86;8ctt DR ill Be A%babmty per
Less than 1 in 000 is preferred. Less than in

10 p@@b“p”sth@%@rseg&ﬁrefaém@am Wil hg 3gss thgn &?@V@%&%ﬁmumas that given

[uBlof Sndafd aJV%OhSSdL§Q§ BRGGicAAdREH SRR h¥HRRE id¥resence
en poi nts that WI I'l' be used to scan carg@ﬂconveyances

by of BetNMa dftes (i nixplg atpyesemined. Tthere TR prebabilite AP athateerestly “n”
p' X¢ Ithésc%_&&?l@ %19 B %gloépthp hr ofdn ?@(p QOO HESS WG R Yns. This

or tron. For eac | nt'eger or
nom)mhabél@els givembye the b@fonmlalmta:udmdew ations bel ow t he
average TR of the test object, there will be a
probability per piXxB{n|N)= pé(lngj)é‘“rreasur enment
will be less than the aver®@8—TX ninus that given

[0084] The probability of every expected outcome can therefore be calculated.
Those low TR pixels that have some very small probability of occurring statistically,

and therefore have a high probability of being a true HANM, may be identified. A
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val ue of standard devi ati ons due to statistical
fluctuations and not due to the presence of HANM
W@ Rdosn843Bl' pi xel s are exam ned, there is a probebiUb100§5006808
"P" that exactly "n" of these pixels will be belowthe
p b t t: [
fafsp 5@&@94@ PR 3% e sgruédo% ib 4 bifiPthe bloiitildrali the ITNIR
pl{«ﬂ@ﬁlﬂ] waild smmm hndtoy-tedhe ememye eb@leigh atgmicinwhee mesanial
is tebaﬁ{leﬁécp r ’Fhegﬁgzﬁ)?ll&ﬁ% tag d?ddgg gﬁtﬁ &Yffgan& B(e%lvg‘en tﬂ@gunl;' NF
occurri
urmtyaﬁ less ﬁh@mPfla yThla mtn toh probﬁblhtms lvavespands |tcg thepmotbalb®ﬂ lowylR
pl?(eeﬁ Eﬁat n\%fll bet: rful(s)e pgsttl 3 Sen Sbe | %Ieg %k IfllS g’lé}tlpgn%egss eaRg il
copresioabing mhmbﬁfmch&dtesttlli@rb@maﬂapnuxélAs\IMhat woul d seem

to indicate,the ence qf .a, hi om nunper
e ot B SBGe ARuBE EHRE G il A b SR e
av'dﬁlgb |T§tf e 11@hfnﬁ1ﬁﬁseﬁﬁﬁstbﬁlbwb blaltlﬁﬁ STHen ahél probhbilityi er lpBsb
t han, Pf. . Th sum., o obabi ||t correspot
thaf mBie! isbelo ﬂlrsﬁhfz@# Suerth spatisiicn) fysapigps s ppﬁgﬁﬁ%eipe
pr&sh\blmy PREN) 6f sebBWn TikdN Kb tiRIRSoldRALhE 9KIEFRABRIdRE to
nber |nd| cates the presence of a true HANM [0085]

Stqi@Flcaéﬁa?FB‘I‘t@nS Bssume a 9 x 9 pixel wndow and a

threshotd equal to the average TR for {rpn mno
st andar dNdevi ati ons| Then t R&I&Yobabil ity pe?rurbiOQBFObab”'t'eS

that a pi xel is bhellow the threshold due lto statistical

fluctuatpons is p=0 02275. phegsprobability P(n/ Np 1&k0
seeing n pixels belpw the threshold in the 9 x 9

W ndow due to statistical tluctuations I]s: [UUSbb l'}
probabi I 'ty P(n/81)| that ei 8#P2¢8) pixells will b84474

fluctuatpon is O. 0064. The gwpef probabjliti es plva7

eight (8) pixels wi|l be found bel ow the threshold due

tfo statigtical flucfuation iI.s 9999. Thlerefore, _t e
is alif 10,000 chiance thap1689e| ght (8) or rmrgé%%%

LA/ A

statistigal fluctuation andoge7to the presence 0f9623
HANM This is the fial se negative or false alarmrate

nivels ara found ha n\Alfha fhraehnlrl -t |e PIIIQ t o2
rJl N OoT J AT O T OourTnra \w A | u’ T C

Pfa per exam nation| w ndow, on eight (8) or
pi xel s. The probabi]i ty thap%é?ge (9) or| nore | 0\9/%2

Ara thao Za H H Al

alc ot £ ot 1
'JI /\Cl o Al T LIIC ICOU l. UI (o8 Ol. U.l.lol.l \/U.I ||uu|. uﬂ.l.l UII —[O

| ess thaB the fal sel alarmraes®fa of 1 |in 10, 000,9974
this exanple. Therefore, to achieve a false alarmrate

Pfa of less than 1 jn 10, 00Q, r window then 9

nore pixels with a |ow TR n ‘(98560 be found in ano_‘H994
t he m ni Bum nunber of | ow TROOD&el s required to 0.9999
achieve a 1 in 10,000 false alarmrate a for various

si zes of exam nation w ndows and standard devi ati ons.
[00§6]one cHboprababilityeP@isily thay eighir G pixalspeill bef foyndabelaw dhe
thggﬁ/dé@hﬁeot%‘c‘a sga:t)fls{i)c.r (!t& ron 150(5 Pma lee Sam to? Erogglﬁmlég%dt %%ht

W n relatively uni nmportant ecause
(8)r'pmeks1milrhsmﬂoemd bﬁflO\plth@thsesh@q wine edstatistical dluctiagor-HIENM 299.
Therefore, there is a 1 in 10,000 chance that if eight (8) or more pixels are found
below the threshold, it is due to a statistical fluctuation and not to the presence of

HANM. This is the false negative or false alarm rate Py, per examination window,
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that false alarmrate Pf3 changes by only a small
anount (a fraction of a pixel). If one uses a fairly
wa@epablos4sanber of standard devi ations, such as BCT/UREN5/006808
the m ni num nunber required to indicate the presence
rt. a
¢ all &F@’A @;l{ erlgqtgé‘)fc{lr rl]igdtlllé el]:s) T fl?eﬁ)réﬂéa%gﬁi/ 1212% rﬁng@r}‘ of 01% low TR pixels
Forareilmmtsldt ofp tstatistiogl Ruuatian is bcswﬁhwmldw &lsz elanmdatb Pfa of 1 in

sta d. devi gt 1 on, [ re. requ d to,in

L Bt

W t 10,309, 8en<w&dnm thiex Swrndares p$§teisew1t]24 lpw XER fedl ®© be found in an
g&ﬁ@dh %8% Two exam nations may be conduct ed,

one Wt e RS ger exam nation wi ndow, to detect |arger

masf9eg7jof HARM. 7dna barvhhdef theintikimamsiwadbeesf MNVHERDerIts @equired

det ect snal er SES, di sed, above,

O b ameme] B WIRRDER: ohl M RS Seeettctpafigien windows

nHSﬁﬂlSstaﬁBaﬁl gemhtionk. \éﬁfllﬁﬁ%ﬂm%sﬁhﬁrﬁatﬁngly Bur hﬁﬂn&g 618 Etandard

exa e. mat ri x, the nunber of standar
\/?E{ %sqm?rs)e? FXFPBY e gxamipstiogavindovs ize mayhedelatively

ObJ ©fithpdTRyt B&adseOthe &1ﬁmuﬁpﬁur@@@b&els%qﬁre§ t& tnﬁf'@?er HANM at

deV|at|ons and a 3 x 3 matrix, the presence of

pi xBrtdalseplaim ratrPa shaagesdy enlcuiell qnwueb&aefrapwmﬂ/a pikely If one

f al L?S@S RO@irky MRall AhRbLGT oflstédaat%lodegglgonsa%&p Qavp 'tH?en thQ minimum
. he exam nati on wi ndow test ma he 801 e

f orntm&eereﬁwmdﬁg indestarthe peasencRfAA: afeas,leemtlculasrfalsq alamyrate Py

be ;u 1 Q&R i a

teéhﬁ%%ﬁ%sr |ncﬁgg d?ﬂFﬁ%&gPﬁgr e od?%gnF@‘oPmPﬁ witha 9x9

| nviegitik ovindews siresad beltandard [®088dn, Pepisels iare r@jn}red:tto indicate
.ned . hy zin on

rmve c?@gg ﬁ“‘égl Eé 0 %t ae(gfo ?legi’(@d&rzgﬁ tiefgngg €, Vgﬁx window

MAnm@MQ%Hdemepagnmdoned starting in one Iocatlon

su in a.corner.of. ec t he
ndBod] (0 rRE ARkl Bl B EShcaf bub B, e mination
Su b&ﬁdm@,rtbldﬁtect laegee xraugsen @f IHOANMY) ﬁdlCaMOﬂiBywﬁtﬁ andadr diniaw, to
i Xe| s,.and then acr.qss the .
o BB AriloPa Rt PAS R el R R HES Syl & D10 matefy may be used
WI rd @étcay Rrgdh aiay%ed T&B dmhie vAR@W fla§ beNRAS xviheatrl Fortdk@mple.
5\?] I e exam nat W{)nd WS g the object have been
navifs @ ?d@%}‘ f YKL r%fie‘aﬁlqnﬁﬁw&ﬁ?ﬁﬁfl dioppihe gyerage
t hel“lEéSﬁtﬁb Fe3t bttt Wah Bew o est for Eiaiphg 264 RbARRI @fviatiB®s and a 3
cargo scanni ng system .the cargo conveyance is

suly ekl the PEsRgcR-of 4 pixelsdelow thethirshold woulddindigate FLAANM with a

di frhigs poMitivRNEIDE 1eﬂd1lfmjo@t as SAUWA 1@§1§a’§ PhdBVMnARion VMS%W test

The radiation at each radi ati on endpoint iIs detect

by meayde the sele tegk fos determiping ghieber an HLANMhis nresenfoor it may be used

cony gyrﬁﬁlfbﬁon %h%géppia‘ﬁn tloﬁ‘te%fi‘ﬂl s, J6AN cgh%ﬂ)h DU EbdAREnts of

may be“progranmed to | enment I’s an

enﬂbﬁhﬁ@ﬁpgd0$u$ﬁbhﬂmwent|on i s di scussed below

Loqg@gé Elt g q %})}é Zenﬁl% 83590?%% 83 eﬁalﬁ}:ﬁ'eg %‘} gna?yz'ingagn "8 ¥mination
window moved across the TRs of the object. For example, the window may be

positioned starting in one location, such as in a corner of the object, and then moved
to the opposite corner, one column of pixels at a time. Subsequently, the examination

window may be moved down by one row of pixels and then across the TRs, one
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processor, such as a conputer, for exanple, to
i npl emrent the exam nation wi ndow test. After
w@ ad0s0886i on of the TRs of the resultant pixel BCT/UR20051606808
nmet hod 800 of Fig. 6a (and optionally in conjunction
Wi F b
conauplorFEiAEH a8 nedifhie B B b P FER Rlafoed I e oty
WI nddwwhemuarﬂhhaposalb& exalﬁmaadnrwmdomﬁﬂa’rcdaglecahmmtbeemmalyzed

r@l@&)i"g £ pit )I,(]gql :iitbiel\ypaﬂ% n‘%glo e-lr_lbe%gggpg%fl Aleteﬁgrgnen%lon wmsclow test,
ex dotimabpeoationd crfdba/vcargm scahiipg Syksim, a}mjcacgﬁfmwe?nbd iswlibjbcted to
t d nb St 5. The et ernne

o R TS o s ok i Sy FRetPoerey Ep g by s MoV

of ah®WME&/ piThelrsdidtivatat eah fadiatical @ﬂpcﬁﬁﬁistdletée&d (b&t apdexRtor after
havi n% a low TR even t hough the is not an HAN
undUFragYRn With theCREROSORYEYAIGS ma es‘tfd’s‘?é%j) SeBRRjRg system that

Cowtlﬁat p1@Bradfmddn® ﬁd@[&féﬁphﬁls bl S&CEnREmrd bNE invention is
below, wth respect to Fig. 13, for exanple. [0092] If

t h&isaesserkbelow- | ow TR pi xels is greater than or equal

t 0[§gdq] pr edebgr i@ AWABPRN of aaﬁleﬁ{oﬁa%gfthﬁthﬁlaS;afegé%ecuted by a
Conveyance correspondl n to the low TR pI xel IS

cl REWPIPBFUEs ap CRNNNED ifor Semplegoimplemeng @ermqmmatlm window
t h@es{ %‘g&%aﬂi X of flllet o@fﬁ%s@lﬁgﬂt %&eg"‘eﬂlqg(\-fvlﬂeﬁlgh 88 of Fig. 6a

than t pre eterm ne nunb termn
whéarideeptionallyc i c@mnc@mammaﬂw mthmrﬁ:s@v@f Bigt b, lfersgxample, the

ex%%?&% gaec\% Q%(i)%l afld ans?llﬁgljs %ﬁ%@mhﬂ?@ gﬁ) d%%ﬁ su%hog g ]9 X9

natton W ndow is s one’co
of rrmtmelcsnltemdt dbeut élfetsebmed rpowi ah Sépx@l0s dTbevepmpger identifies a

t
o RABRE el BN B e S BN o SERI L Y Pt ana
st epmparés it Iméthl’airbumbrﬁﬁﬁd nasbeemStedHEd. &lhe\pecdefEhﬁmed number is
et 908 T85! SHEBLed WLl o, ST SSEMAStOn

di fpﬁﬁﬁﬁr@t(a pixetietviies IR AR evea eiough fhetphel GOk emHANM), under the

exaglﬁﬁt {:or} w,gq%yvcglg%sstpg eagﬁlﬁvaeztp%qnaiw nugaglvc\)/nt eg'sg nl%ol% is gescrlbed
93 Qurti2P BAbw vk re@pécStoel?fig axafpbenile. @ Met hod 950 t hat
may be executed processor, such as a_conputer,

t o l9%hI ay t Het hﬁe@wtteg q§f loyh ER apixely I Lreatert tan peiasplofe the

of ptdABtefRNEP nSHRBR U e SHIhEMIPDnvdyancd @RreGRRdink REthe low TR
processor checks whet her there are any exam natfon

wi BEEhds wlassified as AN imdier &80. pif st @Irgqeé af &e len R pikels in
eqyql eﬁaﬁnﬁaﬂﬁn p\rvﬁg&’v 6§ M0&fh ng%édet&ﬁfnggtrﬁ?{ﬂeﬂ 66l id Betermined

Step 9 of the nethod 900, for exanple e nunber
of whaihkle@hep pbtréftné ,expingfign wiedopots the elasteexantizationrwigdaralto be

to r ned nunber in any exam nation w ndow,
aﬁafzgge@;%gé e‘gpjlrg]oceeds to Step 970 and di splays a

rre&%l@h 'No HakMthe ¢xfamitmgion wirslow is Shifted bn@lchum& lo§ pixals to the
or SAERRTAEL AR ROR s o L b s LB g pginacion
98@vindow, in Step 910. Then the computer repeats all the steps of the method 900, as
described above. The method 900 may be repeated with a smaller examination
window, different number of standard deviations and different predetermined number.
If the current examination window is the last window to be analyzed, an output is

provided to an operator, in Step 930.
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di spl ay a nessage "HANM Found," for exanple, thus

alerting the operator to the presence of a high atomc
woeooses43nat erial in the cargo conveyance. The PCDUSHSH006808

may al so display the inages of the exam nati on w ndow

or rghgyfons shomqg fih 0 ' &hted by th

990[10{)% entire iqrwmge %ﬁ%ﬁ%%ﬁ@&?n%ﬁ’a@e %e oc by e

di spbeeysed, sunls aeadoroputer toadisphay the resultshad thenanglysis ¢ therpgerator of

Wi || ] L ndi

i o SSaole'syphR 183, 1h bich 080, e Ridbest I OhEAS ShelnpPdhere are

optangrsamifetiorewadpivewith a mambdéred mafled pixels gremtey than or equal to the

conveyance e checked t.0 t ' whet NM

P o PrEl BTl SR Ry SR 91 Th0 e Mo 2o T Mampte. 1
HANM n@ibdref ararkddNAdiy if ang] is ot @ekit@ahin arequatte theglredetermined
for exampl e, such as silver _for industri al i cal,.

Lo R S RRBE FindlFt e BipceRot otestior et 570k disptays
FWWn\;l?ygeﬁh\ﬁﬁIm;Né\m” rlagiectlﬁlﬁﬂobl\/(ﬁ‘ mkﬁr pigdls ﬁl}?ﬂhy B%ﬂliﬁéﬂon window
use, i ch.shou e decl ared on_ the manifest. The

opeP HHHE il M Breg%ferggnﬁdh%u@@&m? RGOGHOF PERTEedsHa Step 980 to
Pr afi§¥s0h mddsdae Hmardint b Foebxanid) thidtal@iing AR SRFAE to the

conveyance_and/ or nmat hemati cal anal ysis of
e a4 EReBTRet & high mEqniig inHe bes AEprial di the (@reeQa¥yandse r e processor

andf gy alksh AiPRET BE nadBRYor RN SbplinAioHBNHA w P SRERMWsARoRng the

the cargo conveyance. A cargg conveyance failing

i nsipesenceorf apBANYLtim Stey P9Pe Ancatifgrimggniveluding tienvindeyys may be

be 4: | ' rdance

o ARG LAO0LL G o R ey LD 0

i ndi08%dli ve oflf tmmlmiléé@'m@s dhat HMNNM isingesenty ghe operator may then
C o V . .II [1] M .
LGEIO TGHE TOLELRAES, TS ot N PESHA s
pr eshecked (th dstednion whbtherpil ANYAIMs Heenr pegrertypdee)aredtand is not a threat.

iO]E) %tew é‘ag/gqlgl In . %%ﬁt&@)t \elln\gg&ﬁalloc{i{/eﬂ 13’1%%1(}1%1:,] 90@'ex'§‘|mf)’lce),’ such as
conyilerciotr duwtrithort hedicad st hwichahowddl bd Rientified drethmedanifelt. The

80 i g. ba, the, nethod 8530 e .condycte the
TraRunhiiiehP e o TRt e 55 Deti SRE i nppula BE dectared
abotethe nfantANMTIWG opérhdot maphlss B theasddnnlg @i andfthd Frecessor to
t he ot her égst despriged herein, or ot&ertggts known .

| n RN AASITRRA) SEAn O 94 HercBo SeRieyoR &N pomabypateal analysis of
sat h&dshRphentsNEndd @A oBRPEYANGuNIBY hoRin, PASsRthe opbRtor may
Contiguity Test [0097] Once a first resultant pixe

meetonfst @heanual inseqetipl of By GRREOTOORTAEs AE¥EPicpRYPYHICe Hailing
r esp@febtidOdie @ thOuspb@Ed BB 87 HARM WS beWeMob &l from the area

i ncrease the nunber of resultant Slxels analyzed is to
anaingAgali with i sesprdgncervitly ke mrocedresdent i fy pi xel s

Conjgpéous t g¢ m&a&utﬂitxiﬁ ot BRfcat@eSor ﬁﬁ@g)frestnn:% Jr&IANM, the cargo
I e environnent of t

criterifon. Analyzing t _ _ that firs _
r esegivesancepngebe ¢ansidensd éos“passd thetinspiestiane dfowggeruif drgyoperator still

(degeasaalip ol BUSAT 08 AHL Gl RIS

becsgl%}%e it 1s ﬁorég ?fi ay t(hlg% ?’ em&f rf(gr{&g@%?’ {lsg%grt may

of still conduct a manual inspection. Also, if the method 850 of Fig. 6b was not used in
conjunction with the calculation of TRs in the method 800 of Fig. 6a, the method 850
may be conducted, the TRs recalculated, and then analyzed as described above. If

HANM is still not shown, any or all of the the other tests described herein, or other
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an HANM i f contiguous pixels are also part of an HANM

Anal yzi ng pixels surrounding the first pixel also
W@Rd0s08435el y i ncreases the nunber of photons PCT/US2005/006808

contributing to a determination. If the area of the

COnbdtPLRien B e laft, ity Be@Bh@Ictell N ahcl khePoPéadtor i@ satisfied, the cargo

predeterm ned area, the identification of HANM has

gr é@ﬁ%@yﬂg@r@ﬁ‘}tb%pﬁﬁseénd specificity than a

det erm nation based on armidguity ¥6dt Of @ grouping

havi ng an area | ess than the predeterm ned area.

[0098!1% The predeterm ned _area nay be a cross-sectio

ar JA0KH t he Isf %8st WM%&W&%I%CCSP% gheo dst eritgrign is B (as
sel descibal Wlﬂﬁ' r%e&%@ FRAG, rf@lae%ﬁlhﬁl@) ah:&ﬁer%'w kiRreatd¥Be number of
areamay be . which is the area of a 4.5 cm x
aemlﬁa@tqglaplé anﬂy@%aﬁr t© @tfabtzmtbe PixeBs |egwm§1meé% écmd&tlﬁﬂiYeplxels
of c%nﬁ%&)%@ 1o fial g&@ﬂhataé'ls‘?ﬂn%ft tl{eht t SARLbES WnSIRRARE he environment
enconpassi ng uar e of es nenS|ons he si ze of
t heofeth@eﬁrntalgﬁsmi@ntiemelr mcrgasgs Eiy: tasighical ageumaey Kdebrgsisssethe standard
(Se
S 3000 e i SRR AL il o
be ans HANM ifiedantigiicue rax@a am‘ alsdnepariocvﬁ amgy UPANSMp| >ée1a13/zmg pixels
Qgﬁdfrgﬁg%rgg the ﬁﬁrgte gvezpeﬁsoo eft%ct%gfgfaqn%reag O%n%l {au%beorr of photons
ethtribotmgm) md@ﬂeﬁmmn ﬁ‘dhameaofathe ccﬁmgnehs }mhaésms greater than or

HANM i.s caonsj dered.to b rese

[ S e Rl afe B Herioloe BORENM frneler 38Ry ang
pi @bmﬁn@n’tﬁaﬁlambtéﬁhmbhdmba%cgon 2 single @ixedoiISA gmuﬁldg havilyean area
conti uoui mﬁlle els sharing only a vertex, such

as B?S ?—'p‘ﬁ et aée’arlot A different definition of

" CqUbIgIUOUS” THBYprédRtcriRidd ath intehy HEBY crofCdetiitaParé£bSthe smallest
sharing a vertex, far exanple, This enbodi nent of the

VAN fRPFBle of Piodpeipe § 6 st RN THBle IGHLPY fesample, the area

Corpay bsom2¥ %ﬁl@ Cy9iBh ime B8 a4 é}ﬁe\ 48R sah@fee A dqBare of this

believed to be nore reliable, but shape %

c orfégede repdesgatatied of a frospigefjoned gyea afghe §ma1ffﬁs sp&ﬁﬁﬂeéc%mpaamng a
{Q%jre T390k %eﬁ%ﬁsbeﬂﬁxﬁi‘e% e B¥adnd) BE Qétéﬁl{medsl%p Bounting

computer, to | nplenent e conti guity test

rrarrk@r&ect)p%els i SselSeapt S, Flm66t®1§U$©¢©b0Wet where 10W TR pixels are

det t r

Oet RSO iNel R STl DOt YA Pt or

in ctohbglmus ayaehme&hmbkwhampaoﬁwmmt ed in all

?: £@§§d]82ia]; rkemm%tp %o \A}is]ocgger kedm%l %at#mhgllé ﬁ)? eal)lal to the

is Iframdrmuheﬂrarcmvae ﬁowld;taert aroHANAM gmunmhmd fobe guedst potentially

anal ysi re well known in the art. 0101]. If.there. .

o vrk o e isreroRt g bl fp Shise sk Bk bR el H

pi mg 2 taktﬁcdﬂsiﬂ@redftotH&&:oﬁﬁ@x%quwlﬁlenXEﬂmﬁHaQtﬂg)Uﬁlyrmt‘/dﬂeﬂ such as

pi xe s caopmpared t ermned area, ,such a

Pheaslek gl QRES St £ dBENIARRITHG: Oy CoRsAIRE Gy be tsed, which

deshghpdiute pielseBhring Nvdrkk Sfo $aMPIE Phid OmB&IiGE# of ke invention

Step 1030, The area cover ed by the marked pixels
1FsJ referred to as the “contiguity test.” %Iomparlson based gn the area rather than

shape, is believed to be more reliable, but shape may be considered as well.
[00100] Fig. 10 is an example of a method 1000 that may be executed by a

processor, such as a computer, to implement the contiguity test. A marked pixel is
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"accunul ated” in Step 1030, is preferably determ ned
by counting nmarked pixels, for exanple. If each pixel

w0 2008/08436m x 0.5 cm the area covered by 81 coPCT/gSImNT006808
mar ked pi xel s centered around the pixel A shown in

Fi Qeleén%d fif fsuﬁ}éf’dm' Q¢ id &t&ﬂlﬂféh vtflféth%p tere £8%dlifiomal SBREd pixels

i n the exarrp areals a square
t hapntigloumto the galested pvqek in ﬁ@pd@m Pixgls inihespregy arpglecked and

Sataka.\%{ug%e% %h%ﬁﬁ%ﬁo&f ecsg%g‘ﬂe@ @H&d:@%{ Fﬁgtllf%ln : r;glmln%ked”
of pidel §wlagsedl Rrigyativwe glgnﬁlphio aglreadreddi §p¢ra}dllﬁétlcmn Algogthms for

ope tQ 010 rea covered by the marked
%?%analgs% rew%LkA&V lgﬁiﬁ?aétdeterm ned area, the area

of [mmoa]: ent Ifehéredrepnatbdpixels vantigedusas thenetpated mmelebd pixel, the

50. Af h
1 o1 ot srate Bk ke I R st area
t O sptho£ELBS arda i FheendREHANM the syaem €00 ﬁﬁ?dds%dedatoXckl:ect $n this

L TR N T ———

t heacduhRIgQNdh Stepn 080, iSprierddIp etevanihddl deouhmgsmﬂks& pigéls, for
and the conputer FTOVIdeS an output tot er at

in eg@@gle 1@)f7e@ch pixel is Oy Oprent tharea %Yexieﬁg)p/\;{ &agﬂguous marked

pl $pleld c%nfé?erdtar&fndah@%ﬁém}@b}ﬁ)lv\hﬁ iTRik 8 dopé:Rehpld, is dy8fdo D@5 cm?
be further anal t hi $rocess (al though it may

be)4.5 Fhex 56, \&b@pmquw the arep i 3 ¥atep thabls et Iieﬁlgred If
a gcﬁﬁ{htmn 1?1I StE[b ?(530' i§ sDRIfeRALL aRh ¥ tﬁ’é @éﬂtfgu&lsymﬂﬁ&kﬁ' dels is

area. Step 1 may S|mlarlyl|m ed
detrearkgdnphgn M@N%rmt $iep L0405 Sndensdy, marﬂn@f i héy angpmay be

pa:%fené%ﬁte&‘fd?rd?sya%éhél peR4sed area. [00103] The

I gurt Pe"lsed al one or in conj uncti on
W t[mmher eXethe agt icoreraddntthe quded pixeblislisnian He podpiermined

errtglcr)ecalll ntarse t & 21(% %%f %{arlg:%d lelé % rfna lIJ(lle ad Qlﬁ%ﬁtf'g{qemw, in
r espoh fhe odf Brovi ge descli above
Wi tStepr Hﬁpe Gitfter oithdn @tc@x &M(h«a‘t 1056, 1Wsnidt¢vmine¢ wheth@Qth@d fs another

BT b RO GJEDL SRR EFHL ATt o

mayl e, ddttee inethodtl 06@ &hrepeasad| tIﬁﬂierepar&( ab otHEo plxebsam‘pioeess then
cer non-t ng .materi al n such as

ag rtéeciﬂnfiﬁ‘roalm SE’B 3@8%9‘%8 Qob@l’?tlﬁ%ﬁ %gg%f el‘p‘? rggﬁess an output
Mayto e biaier, @Y Stept TGt shidtedbthey drk ah Sndl@lﬂuélrplidm‘dl\ﬁaﬁ of a

because of the Iom1transn1SS|on throu dense
matPETiRshcRaded atean] g‘ﬁe‘%ﬁ%tt'%es@”fﬂ&eéla“?lﬁ fi}efyproqqﬁ%(although it

CORfidyaié) t Yhéefke, HRp 1619%%&1%&8&@5&&%@ alm AL RE Yhat is not
of the determ nati on based on neasured radiation at

pi »ert oby rEieyshiemprkgd aree PieailAe) BaY e sigtipdy lipted Ffédetg’mmmg
e n\(il}fe%m}e Rbndth& n?elrl%é?ll 1xe§§ot"iﬁl~tlof a}ﬁﬁm‘i@ﬁ/ b afkeliSBda.

[ 00105] I'n another enb ment resul tant pixels are
gr dO®p@d] and 3he wartiguim t@‘i’f mayeberpeed; ahonehes igreoupynption with other

?E Zelxéﬁﬁﬁl%lorir g'é‘hlfléf&g,t 1h&ﬂdlﬂgﬂle%%e? BmBYGMESS 1l dRD b8 hLin. The

operator may respond to the output provided, as described above with respect to the
examination window test.

[00104] Analyzing the environment of a suspect resultant pixel is also useful
where only a limited number of photons may be detected at each resultant pixel. For

example, certain non-threatening materials (non-HANMSs), such as agricultural goods,
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TRs in the group, for exanple. The group may be forned
about a suspect pixel or a plurality of groupi ngs may

wheoosiosssstded t o enconpass all the pixels. The BCDURLNH006808
may be a matrix, for exanple. This test is therefore

refers ‘t?edve‘i'fdé}ﬁet 6w ’ﬂ@%&élﬁ n{agsb% fourld QLR ﬁﬂou%r e ilﬁa?épaﬂi]sQlot an

in FIg. IS an exa other itemw
carlsNyh rb@@ylam ok tlIEUOWTll‘@SlplSileh tigopgh ﬁleld@wematelaai@auses a high

th %{a?fsﬁ?cra nt%yc%lpa%%t T@lkz %E&tlgguﬂ% rte!gjc Irﬁa#1 nﬁeg(r%eeﬁk As‘t%ﬁsﬁcl?h%cxﬁa&& of the

gf dﬂmm@@tldm bmrsd rqnanasuredrr@djmbnt en plleeby Bonsiegng i sadiation
deécgghntggf%agon%n?‘é’ftﬁ Xefi atStWeR%]I for a portion of the

cargo SHowW ow TR pi xel B and

the matrix BS The averagﬂxematriydresexan'pl e, of the

matrix B3 is cal cul ated by averagi ng the TRs of each

pi t he rd X. e [ .

P T095T 1y o HDRigeAe el BYEE B! Bink B b By TRE S Bihcron of
t hrties Bk dh thielidvpn|syunddgzed o The dﬁﬂrcedn my baae aiwegt cfronndmhn of the

< SR RuE o B3Rl e N B 67 e 15 LT bubAS piket o

potpturhlitst| of FANiE \thaygbeaprordss 1 etdonpagl aliashe pixefs. dlhe groupmg

| east about 1.5 c hre hol.d used.in .
cormp RedgRAtHy P et i A D Fedfe e hin =

ot fes10sych f oREitt@N10fin FRe2 iy aNGinps ﬁrhfﬁomér ﬁéﬁewﬂhﬁﬁ&hé;cargo
in the matrjx. [00107 The statistj cal accuracy of th

€,
TR PBYeYeRE H)-x The pigiet Pudis jaslophFReanq 1gwicse suipest Riffknwithin the

t hatei Al StTHeas x3CpubRaman BBNG Fig. bofs dhexdniiflé \Wrdd@kouping,
|l ow TR pi xel. Since false positives may cause

unneewiyelry’ argist thy pixe] Be FitoAS dndthexamplecptangrapef e TRs for a
| NS &ﬂh@éaré@ @orﬁz@§&@e ¢OUEYRBGR loRdPR tpix@ﬂﬁland the matrix B3.

conflrnatlon even greater accuracy
pr diheraapiage TRt @ir ﬁéaanpj@fqﬁ fhe matris B35 calowated hﬁdmgagil@ the TRs of

ma%g%ﬁ P&El 1‘hhrﬁe Hfaﬁﬁ!e ﬁebaq'le&gg ¥ Rf {Q tlﬁéﬁ WMed[tQ %qu]es -[)(Pd If the

furt rove accur a erm nati on
decwveageist lhaéovs ttlmwtiianShloldLeHAHM ony beoonsidereeto lolyp é)cwrsfound In

f i X .LS. i d .
58Iy TRS B 5 IR OR
S hodﬂ‘ntufjna potgntia? HANM Baging 4 &ross- secpm&tﬂ ercabf at lcasiedmetdl, 5 cmx 1.5

center me selected |0
S 3 f Mot s o SaREh iy o Yorlel bt o e difage or
na)otl’&e seadiIfhiidtion tof the ttaﬂﬁﬁleaa@ig@lf theixa ih: theTlh?rls qu e of
rx.m en nthe.s e.o0 the, it
o TaeHer . he shaT SrERER0 e e Tt s R iy 1 TS times
pl YeedatdFahdnl the BAtiGRAL RbiScyedfahd TRr‘fBr e dmcﬁw@mhovauike}ﬁ@mt Since

pixels with data contributing t he .det er mi nati on aqf
hdEiFR POSAKR Pgaypfaé'g%ﬁwnecwa%eqoa e 1998SURRES: of N H@ruptwe

Pi X&dpscth biehd @a%srcdmwahe@ | RIJIRALT r@PmAN, Ivfith even greater
Si mIarI conpared to the threshold. |f both the

av éﬁ@gécymsprs rabfeoltpined beferg & defitiyeriindingcis anage dhap dheguirel B

thecidacephalmanife current |ow TR pixel is determ ned
Wi th even nore confidence to represent an HANM In
t hil808hnpl eTotfghe improve the accuracy of the determination (to decrease the

standard deviation) for larger objects, after the 3 x 3 matrix is examined, an even
larger matrix, such as a 9 x 9 pixel matrix B9, which is also shown in Fig.2 and

Fig. 11, is preferably created, centered around the same selected low TR pixel B.

30



x 3 pixel matrix B3 provides a first identification of

a potential HANM whose presence is verified with
w@e@anesconfi dence by the 9 x 9 pixel matrix BOTI/US2005/006808

[00109] The analysis continues until all the [ow TR

Pi X&ihs: gy ﬁlat}ﬁ:@ 9%19%?%5@ ? -andYM § P lp%(epﬁﬁt{rkcgp %§9b§ ce(nséucted

matrices, as we as overl appil ng matrice
be ingeask eruas vesd. él&meszs Oérﬁheelatgalymatﬁmgnayzdeﬁm the size of the items

ad dcbtb 1F1g’d %nd?’thggitlé g?th?%)b\f%g ThFWEﬁﬁl I}MH'& %9 ﬁontams ]plghty-

over |l a St matri x n an er exa
th e(m@t @démt)mfl adjacent pixslsawith datd conmributibg %o e @Mnmamm(ﬁl whether

SIZ a,3 . x. 3 pixel tr| onpass .
ANR s Breie, Sl Vet ok So, TG o i BHEE (AR TREG i i
an (eehérategiaxélis Smierly sorfipatedcto)thathddshqlid x & bcxh 145 apem@ TRs of the

of AR R0, RGPt SPEAvERoD: T oyt [Gh Lk pvel i

Fi gletcl@ired vwith evxampteconfidencaed lRpesehi QOHANM. HBdtisk@ample, the 3

exec ted by a process uch,as,.a conputer, t

ot el PREXRRS PrVItst I OEcataR oot @otepfel FEARM, whose
SI Zpﬁedeﬁceois Ser®fiBdévith Sre&BR coﬁﬁae%e By @e Yt mlgxém@amsegh od
800 in Fig. 6a to identify and nmark | ow HANM p
and98H% onal ITpe gpalesis ?%ﬁpwatt 3lighe }?é" “é%mxplg ﬂtawybepegtocessed
an Mﬁ&g&l SvePhppitld R 3 MaBlREWMAs waltdaeoveﬁaﬂaﬂ% d@@qnaeﬁces may be

a current marked pixel is selected, in ep

1105>nstrméed| a6TRSTR Prave| Fig 2uihors an advlitions) B8 mptox Bﬁ for grample,
2. WEcREIEGEEMe nlff BXAMPI - A3 X 3 malri X B3 .
centered around the pixel Bis "constructed" (see Fig.
11)[0011r01 St ep I adher egarnplent ihedetepinielemedssipradsy ¢y xdi cm and a

I ]
538 30 5, A R bR 30 g oo
S uriﬁlthngddtettmrmlemEnTRSO il et drel ﬁratpme}(SI%ISa(hU culj w“dipgl x 45 pixel
eti?i% n'@o%ﬁd l;el}g 1regqg E:nct(())%‘té)asrgdal 4y § grlrjl%l I?Mé H??\ﬁ\ff covering

average
B3 dnar&o?fzolzﬁcrrs then det er mi ned vvhet her the aver age

B3 is b | th St
114B0uge TR AT ah e S gl TZOGiHGt maf b ¢Bouged by a
i S pressdrhaich 3s 9, ccﬁﬁ}ﬁttd?ofd)dirﬁpl@lﬁbnt sheshtrisfte®.d.In Hhik @xample, the

h
an sl eieye B Sy 00 RIS o hesho AUac Et 6 fpedenity

| Ni dntl @harls wmmm pmet arfd dtﬁbndﬂyrﬁ&k‘r iﬂ@l@&nhﬁgdmebaﬁeﬁl test, an
t hat pixel B had low TR [00 j,

fglqilﬁ% %ggf;\qg?h];gcsil%\f/n ghthpmthc@nl@gﬂ-ﬁggg }](é aacurrer[tt marke pixel is

cr Q;%ﬁ:cﬁ@cfn' gegl 1105 eamaf It FRCPXX B- @ﬂﬁmtﬁétebjleﬁrmr in Big.2, is
9 X matrix is also preferably constructed

cerﬁ?@ﬁ'@e for sl 1 3 i Seaptrin B3pegeisd atopgd thetnixeh Biy i astructed”
gr ,q\ieéeeﬁlgs @ns'nt 'SYe?tl 191% APRE HATY erdeBm rrgTsémg%%ea%f 0.5 cm x

pi xel matrix. An exa
mat@-§ Sthi‘:)ldllﬁgSIhovm in Fig. 12. The average TR for the

”Ht[bbﬁz?g s Tﬁ@la%'fhget £R fbﬂh§tr1‘€a'9rl>}%§§s th-gH Qalculated by summing the

nine TRs in the matrix B3 and dividing that sum by the number of individual pixels,

in Step 1120. In this example, the average TR for the matrix B3 is 2.7. It is then
determined whether the average TR of the matrix B3 is below the threshold, in
Step 1125. The threshold in this example is 3.9. Since 2.7 is less than 3.9, the

condition is satisfied. This means that the matrix B3 represents an HANM with an

31



TRs in the matrix B9 are sunmed and the sumis divided

by 81 (the nunber of individual pixels). In this
wezaspsssithe TR for the matrix B9 of Fig. 11 PGI/RSHN5/006808

Since nine (9) tinmes as many pixels are consi dered,

t hacarlyidftthrea tinRs akabf the taycupdcy tdfeheaimitiat asyicioh thd1@ixtRB may

for th trix B9 I mes . greater an the

L O e e AR aseaisalahyont 9 Bt i BIRd o iGR of t he
mi‘{001>13F3 ThethkRxaiple®r bR HANM l3ﬁcd aSIMPAErD8k- sIe@ndnBEarea of
threshold, in Stil 113 It i.s_then %Eaggned whet

t hé->8Fe K 4oeonrrngd rg%ségt"ﬁdﬁat’flﬁ BotipAlse R ly ﬁorgfr%ey centered

113&und fins Brxef-]@QH Stdp 11%0 CRNfrbYiaE réatéatsedshﬁltgs Bl %gémﬁcny to a
mar ked pi xel corresponds to an in

wi frdigg it dhaNMy by ithee3 &3 pEplsmetriyi t@n SW@%@E? Pix mgtrix BY is
Si @ﬁ(ﬁwgmgﬁlgslzl efR 4/BaPe hR%@r ﬁgﬁlaﬁﬁﬂfj@ {BSI cgﬁufaﬁd'ﬁ?gte{) h§35. The

ist ermi ned whét her the pixe

marlRednphs enatid Bdnae ypame rpnditeg sum 45 divgledcy 8héthe ngméer of
t
0 h‘f‘tﬁwﬁ@ﬂ?) }jsﬁ’ ﬁﬁ‘!h?s éxglﬁlgg, AL FRYBE e ntl%t%‘e %9 ??gg Plglr%g.%. Since

not satis e net returns to )
t h@imE(@}mdeslaBOl@anysnxeéqwat@dldm@d, thésfatistinal prodorkiity qiitheeiccuracy

E gg% gl}%]ﬂi {’1 m@ﬁx(ﬁb 1% Bl?ee%{ géea?% ﬂlla% he Etatis? §a§[@ do%gtﬂhtg of the

res
HAIhIMu'racyStfe’DR]ﬁf&ﬁe auredirixt Bé NnEleh TR cpfriheemﬂtsx B IStoempared to the

1145 Af t L1..th

o RO LED TPEE A BSareriee Rt Ve NV raetarEls s fin he
bedlasah®ld, i ﬁt@;ﬂﬂ 3an Mubpthien iitSisproafiingkeldthtiotht lv@rrent marked pixel
operator.. The oper. ton respond t he, out pyt as
doSERT RIS oUE TN H (e opedt o ithe Bigheh deaice ol SRR and
t especifid@d911Sihcd 2.91i6 1&%@ lheRVES thhabndifid Babdti Nt iseBbn BBYrmined

denti f b f HANM wi t h d f 4.
Qn%&e%ﬁry @%pgvil}b@ is prerion alageé@l%'}ﬁf Hebe.dh §@P(Tl‘&r‘r $1P%?rfﬁere are

f otiRX AHARleR. pl@lgetor&t dnhyzdde He oﬁﬁdin&?lsﬁﬁﬁ fainRy 1dl @Bo feturns
in conjunction wth any or all of the other tests

d edepiepd40handihs meébodoltlﬂ% is reregted furibownest matkadpixek . For
exagphey | T iMge "I‘R%'f tl@m&tﬁ? BoLieMR4dR thad thedReshdld r{hénl'%ﬁe pixel

predet erm ned size contugU|t test, discussed

ab®vie nOt ¢onfjomedias st HﬁbTM npe?ﬁm y dmééheanethm\wpwd& taatep 1145,
tegl d1 g«? YbeSt %Jﬁgrn Q@I\ﬁ @lﬁyg bR Yke Fﬂ\% NWX&rana@%ed the

severa jeC S O e smugg I N one or
o cenditeim Hemv é%ﬁabmmesamb andrﬁm gvdgitt |ml>r©wéedst0rfg¢ eperator. The

obj rgtoL rg oHg t%es s e eg Lol € a&fi Q eé/'\nto the
rr sk RS FRSHET, b UEHR, B Nl i 3Psdy

e pre rmned sl ze cou
usedmmm&xﬁdwnﬂy%tamnb Itens smal |l er than t he

PCIABET 7"l R0 B P B e T eR G pgpovt v
t hatles bE4,lSrc&1d,e§uelﬂ % ae draahmﬁcﬁe bdrlﬁnd:m at)lcguthto}t shekt of iron, for
When t t est b t TR

o1 £R1uPle, B i € oy s et of e b AR R gy or all of
t heheCORdr teits HasctiBat her€l) of di@wiekis owalif thirodrt. PRdrtexabiplanif the
object%%reater t han t he gredetern1ned ize

eed to, be
sePEet ¥dtheotera Ay ysilesspfan fre efetprmipeds size 5lrthe feaptiguly test
NOYist@Eek &iRfre, it would not be identified as an HANM by that test. It could still be

a dangerous HANM, however, as several objects of an SNM may be smuggled in one

or more cargo conveyances and combined into a single object large enough to sustain

a nuclear reaction. An HANM smaller than the predetermined size could also be used
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[00116] It is noted that for smaller itens, where only

a small matrix (such as the 3 x 3 pixel nmatrix B3)
wep@spasses enough of an itemto at | east potPCI/USI00§5006808

identify the itemas an HANM the identification of

HANM aBilfrty1Obort¥e  &8mbE Skl [ tRarbe ipfedb@fnfiféd A4 bf AR TRty test
al so use Such potenti al |dent|f|cat|on ma however,

j ush®r he fdeniified biéﬂsmmﬁ%%% Usigg @pmatsix silierciam ghemiedetermined

ot heLa bEMEToAEREE (BT WRHEIE niiKROVE befhghR&d & éxamlne low TR
checki ng the manifest, and/or conducting ®a nanual

exdkelaf aisas less thet espedriirmined Isige oftheagentigyiey tst, enldew TR

S ucﬂ'fxeflyﬁ]&[ );J grbf Qfx ob 'a& egg r%angcﬁé)féigﬂ&o%%ir%tdr%%re nEgliaﬂa b@ selected for

V)

matri X nmay be conpar to a term ne
\/\heﬁnthSIStbhehegnduprtwg bikthattis hgasquirpdt enti al | y HANM For
t he |o
mhf% ik Igfs%%?éggg%{tn%y SIBﬁ é:ﬁ‘ gtglﬁg:‘g%?e 81%3 Qﬂsﬁ]l matrix (such as
bouh@I arx 333)17@1 niduax B3 secangyswe ensughbe deftemead addeast potentially

d f ot ' t he nse ..
O ST R B SR A 505t o
10t hef ldegee hatticks afd IaBS h@éﬁld S'ig:hlcmteatuhldﬂer{tiﬁeétﬂ)ﬁ] m#AS however justify
e thresho

di scussed above f e atln

fr oﬁﬁgerr%ﬁmi%{m iSECH TG ‘éﬁS‘P%%P t??se S‘F’fbt?Je H1 S Wown in

3}({:]&5@ laRgcliBing Ahe ﬁ'ﬁﬁﬂ?&hdnd/oﬁ abidibinig 0 ?aﬁw dxad{RatddnaCR is also
en 0 scanni n syste S perioalc

cam%fi%a@e n WFéa%?a%%h%{ﬁu% %@B@h aﬁt e.TRSp%flr %’roulaﬁgst fher than a

deshaad n@@%e%nﬂfare&&@ SithreMiold/todREbrBRe Gitetifel the ck@pinigNeat least
system di scussed above, the threshold nay be

154 etratfm’ﬂﬁ% HAWNM ¢ Epmesagple, thegroupinganayde thea@fmsareawns identified in
at oy EsAH MRHisch &SP abdVaN ThE Bodn@W&S lof HeUhse IQQEHI‘P flay ‘BE dé&fined as

material of concern (such as uraniun) at thé same two

eneliggugssd g8ovg the Bis efsbelpixels o€ the densegesien Wﬁﬁﬁm@@sged and the

Pr@ﬁ@f%@kﬁnzﬁ&ﬁn%ﬁ?&«ﬁhﬁ&e al so has an atom c nunber

greate A or equaf to that of common all owabl e

materials, to avoi d fal Eleregodd Calcalatiohr on, ni ckel, and

copper are exanples of preferred test naterials

20l 093 7The LgS GeBLE MRS Al ai%@ i¥b G HANM fr

thﬂfﬁ so%Fﬁ§?k$%resgdl S may0 e cal ﬂ{ F g om 4

di frfoefféthM tsamﬁmablsn wlsutated doidach keantiag sy-‘%ﬁnec@hresméi calculation

te e )

Sha n_ap 't&% e t b gﬂ\;}%g% 9 JEQH&% séezﬁ gﬁ cﬁ)‘é{f&ﬁ%ﬁlg éa(ﬁ)rated The
ex plalmbtdon depads fin pargy IOB Iﬂlegbslmdsiegxfee af:s;eaptlallty ad spec1ﬁc1ty for the
I's, N d | at ed t,h

ar 1 8 AF et o b R B RERE Be fed feae Scanning @ e

25cr ithaetiad hampg B altotndc men;hﬂlr taanthapiheddbeeshavimitgnumber of a materlal of

corre transnj ssi ons. he te

i ORRB R5ish e RSB i S e S S0 B0 VS P © o
ex ajds'g{/@/anaéhe Pllrfiafaﬁm $ifd 8t éceedldohiels aarmrﬂﬁt @ﬁﬂ)ﬁﬂgﬁiter than or
ma us . t he est S S a e

s A comrn: ASR AP B s 1 vench B PRSI lcon, nickel,

eacid sbgfer atelexhmiples wre@fr@&@sﬂrﬁatmqbge Shaped the
st andard deviation is cal cul ated for TRs .thr

30, arlPOH8] ar t Aibe ﬁpé@éec%ﬂ)rgerﬁlblytqa%ﬁ varying thlckness goh that thresholds

may be calculated at different transmission through the test piece. The test piece may
be wedge shaped or step shaped, for example. The thicknesses may correspond to the

expected range of transmissions of acceptable materials and HANMs. Thresholds
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of the wedge. One or a few colums of data may be used
for each thickness. This standard deviation is used
walewosogedskani nati on of an object to interpol at BCHES20eE006808
nmeasured transm ssions, to calculate a threshold
betyefitef 3k (fﬁg EI’i'ﬁ%fé:nE ﬁﬁ&é@s‘%&d&a? Be ngecp{?vltﬁ tiﬁ‘e %e@tsérltﬁ‘lae%hed to
Alternatively, the calculated threshold closest to the
mesesultand nixels davisgicorrespayding tgnwwissionst ifh%ntestm}FCﬁ dhaypkave a

as [ 0 -
an JEGELEGr bR Wb | HHP 1 SouPh i R Aple, SHOTtamision a
ar te;thdrrmle;gwcﬁmdmlht gy bhatsedn Heths vese m@n@ ig selashaped the standard
i.stica r asur n
%eYlgtl()é‘l i ﬁﬁlgl?latgg E‘or}&ﬂei ’E}f{s %crér%a%%es? e:ﬁ’v@ ttést %ﬁ:ce i %dgae shaped,
ar ithdwimidax deemtionfs dalmelathdfbrrTMrdugh o bartiwgar thickness of a portion

rements and th asure estl .
di §? cRCqes scffrae lg?%fn(g%ﬁ%f P?eg ! eaglﬁcr:]lﬂamess' This
Er ehakdrt Idezﬁﬁo@ﬁﬁufwmmg edamimatiab bESn abﬁctalroem’mqidlate between
nown in the art. For ex | e, asur enent 't hat
¢ hEs e RS Ger SRR Bifs ?ﬂgﬁswe?rhﬁwﬁ%eﬁ@a%@fis based
a phunaltést pikkk. NERGHAREBN % GaclAbD treshold. 6k& to the measured
probabi | ity of belnqgf statistical variation. This

pré‘lﬁ%linlsﬁl?lymﬁéb? Hesds bht ghat mpy poh hee BIECiifi ch in this

|191 IS 13nhdé TRA QreQdRulallde RAREE and ek DU R eddA@hickness. As
probabl y that the TRis a statistical variation of

t hés mqvmam thR affi the nol@bity thapp sesapiremeny int sighistiggl variation of a
' n?ﬁéraﬁlﬁ&i quirfity, th% %X 18 fubRR o?{tﬁ@ﬂl@fagcedﬁe‘ﬁb&tn' tRE §r1thmetlc
are selected for the calculation of the threshold,

eactean of &@@@gbutmm@_f\ﬂaﬂ measpemsatanuhihg n@?@wr%wﬁn@qm@@ This
na)ﬁls@ 2 hOsGAE F]n sthrdd ttcﬂie% REAMRLE prdba b‘?lgtléstare@i‘reps%dﬂltables

on-1nteger, such as 5.5, Por exanp? e sane

st andl aredwdb\knaWn om thesarpr Epeexabiple, useehsaemenicthat is three standard
;hgi(e:\iﬁg ons frln %Zoa]nﬂgx??t]?:crge %;/8‘[;/ glpqllll‘afl r(gnﬁle%ﬁ{ég{e“svﬂag Yabout a

specifici 't eren
deLomt B (pmbalmwy bEbednghd statidtieal variethort HEhimpebagkty TRtheffalse alarm

the | ow.atonj,c nunb test . pi o
cadtogl VBN s SHRFEGE Tar b DreetEreo P B o Bl
r adnl%@TRQ]? af'@atls’g&al Slﬁlgziﬁo@rbf HiNBd L Tg{ with -SHN)NB frbigability of being
number of . st andar viations .t be subt

{ hanepRReGh I HARPIREe SUNGE SHALBRT B° 3 EGL B pltion of

achheugesBoldest éRH thigkiRES ETREVNBE Bf aBndRET &emiaai@hg uSYdriagy be an
of false 05|t|ves and, fal se negatives. For

npl e,
s uBRIPSEEs mﬁ@s SKYRPIe st KR EAPY lafe%m% InisREn ych s @ﬁe ?Grﬁxmpls- The

| oot Qidhdard HERAonBpreckdly VoY bbb thitlihedsn zero (0)
fal se positives but possibly an unacceptabl e nunber of

f all8®28bgat | Fegchigge hoHtare sensiydy end .Specaﬁcg%%udtfferent value of
NUERAHarA [detiRiGR Rl suMBRIRERE tHe Al &h 8 Bl of $hB &8 hibmiBmber

not be necessary to take into consideration the
st arpteriad ofidha test Riece, pOeRER g}venfthzttra@y B8 URessEpmeggtofttrpasmitted

hi ggtﬁéth%r}ﬁé e SOHRAEEN SOr q'n\éh hE Iﬁﬁmgﬁ‘gtglégiﬁﬁg?@ Heviations

energy en 0|nt e st
d evo he¢ suhtiactad &osuthe rTBcnf@dow mmlc hembm eradqyial PReloéted toeachieve a

t esdtempedeo ?ancé Eetwagn IF Qt%é'ﬁt%@ BhmBlr otfl?aﬁse,l }%’Q’W%?Qﬁf ke negatives.

For example, subtracting eight standard deviations from the TR of a low atomic

number material would result in zero (0) false positives but possibly an unacceptable

number of false negatives. As mentioned above, if a greater number of false positives

34



endpoint is divided by the neasurenent at the higher

energy endpoint, the value of standard deviations is
w@odasas4361 t he average TR of the test piece. ThECT/US2005/006808

speci fic nunber of standard deviations will determ ne

t h%a?%stbltefa‘t’édt bﬁeﬁ‘ ROnSPRA bE h@ée‘ééér}pﬂ‘o tﬁ@n@&hﬁﬁ&aﬂon the standard

[001 13 depi ¢ts an exanple of a nethod 1200
thd@wwmylbe |nplenented by a processor, such as a

imtzgf FORL GhbairEmdd S Y ﬁ%ﬁ&l Qérgy’%rfd?&ht Ri §i6i8ed By the

nned by t e cargo scanni ng system w adi at1on
ha\meiaglramént rsthe lciweg lenezgie ergipoiah i thn staglarhdeziptionsivies subtracted
ralift T

oL P A B e KBRS 1 BhEBoARAR, T tover enery

detead:iioaid' i divideddly tpe xr&iasuriahcﬁm at theStighpr @4y erBlpaimhithegvalue of

i A A T A A e

b eafsthedard @b\@tﬁ)ﬁ@@i’]ﬂdeﬁiﬁﬁ@)th@ﬁdﬁﬁi/im addespscifidigrof tHeaystems.

r ergy Int, such 5 MV, t he .
radfbeEn ¥ ERe T fanti whp ol atancibis PP dial gy bp rpplemented
p| B ad lpidéeééf)r tshelc K asemutes, etaale thothreshpldsir a’l Itds}/ plece is
of pixels corresponding to the &ixels of Step %
St &gAnRSD By trp SarERSCRYING SXSTAM XA frielipy hayiae @alts ighpgrerey

by eﬂapeuﬁl 82ht8® MERNSN pluRGity @ﬂﬂhﬂ:khé%@es”ﬁfist@ﬁ e.@hoat TiQ: radiation
MeV by e transmitted radi ati on measured at

vi é@nwﬁe%)thmwh theetesioPieess o AdPqigs firxeach pixeh eﬁqeiﬁ Sgep 1210.
12%@81’1&1%%]])8 %ﬁ@u&&ﬁ&@@@v @i?s\('lﬁétéa‘an of the cal culated

termned, in ep 40. Preferably, the
st 49H2BH devThe fesipipes léélie@cﬁcmne@i viigra gesendriadiation bagphaving a
t hi t t
ot el SRerdy ohdfiuk A8 BuCE (reoling chibdifl RIR% SNER and the
e asdiatemerensmitSt drdeghdthd dest aietoat theplubdity af diskngsees is detected
ac d
nefaﬂgljd z élg a%)?oeifﬂgelge gdr%egﬁq)r{d?ngf 3" ?@#&els \A’Pg{e 1&‘0 11’?‘ S{egq%ZO The
ar iTiRsfet iesultmaplxélaamrcag:ebatedfbytdnﬁdmg dmjrzmdmateﬁ eerdlmioe dneasured
rad

carb e R e dieasm R P e Hoied LS eV P vics e for he

neas&&@cmﬁhgp@émhﬁ8&@n280ed radiation is calculated to

i AVU2ER i Db R SN Bt i Se Loy TR iy defprmined. i

r a@té}il?ﬂﬂ PR&1IAY, hbataMedagrialibs iOfcalciRtedRor alie E‘R@ hlt each
t hi ckness are calculated in Step 1250. The thr

i s tRglmesy af & S5t BiSEh TRk Rier qlﬁtﬁﬁe‘ift‘fi%ocak’“?atg& thresholds

Pr ef,ah@Rétdal Iﬁéaeurtsiﬁém hgtaflgardldevie@dnCih? b€ dalb)atédl hdédidinddto the

t he averag R at each thickness of the test piece by
ﬁb<nwe@<amu non-integral nunber of standard

deV|at|ons dependent upon t ed sensitivity and

specificity in Step 1250. (:¢akyul ated threshol ds

are stored, in Step 1270, T eithresholds may be stored

in association with corresppndiig triansmi ssi ons and

standard devi ations for each thickness of the test

i ece a dat.abase . . . . .
P %ere X; 18 Iche measured attenuated radiation for a pixel 7, x is the arithmetic mean

(average) of the measured attenuated radiation for all the pixels, which is calculated
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of thresholds, for exanple. [00126] Using a threshold

based on the average TR of iron which may be about
wd2®5/0805di fferentiate a 4.5 cm x 4.5 cm HANM P@hiU81905/006808

may have a TR of about 2.5, enbedded within a 2 neter

cube of agricul tural ods, which may have a TR of

about 7, may be diffi % . Since an HANM typically has

an aaboaling touhetamuld at-Hs—f ard Méy thé hombdrh€ padeBimile this illustrative

nunber of typi cal agri dil tural goods than the atonic

NUERAKpIOf the s@Rdarll ldeigtiPSH ®E tdsP nidhul SRRt éﬁ?ﬁsﬁﬁteh’%ﬁon is
fromagricultural goods than fromiron with t

r eqUiFated dtegbeel8f thh@ru stetigtiepl anethadacpay T |uﬁq51r ik different
SeBi%{rfbhﬁbﬁé’%ﬂpgm%@sﬁfédfa'tteﬁth edqul%tib‘:ﬁ i dentification of

hr es ds may be selected based on the contents
of [Q(H§5]c ar goTho Avessgsnidts dfcthe d Re e siabctbickmase pesf aghoulateds in Step

k Ot
5, TR SRR O SRR A3 gy, e
rrattecshalkls rae@ pelsdntbdttbwwfdjwﬁn@ grel aylatagel R atg@ohi shlclsmwoihﬁae test
t hB}ee E’ﬁ’ ém 1nte aﬁe 8Idh0 n%(eigreﬁ r o{] dtarGJ @1 atlogs de%endent upon

or o
matler deairesd sd:mﬁivﬁty a@ER)sp@:ﬁﬁdﬁE'l ﬁn Btep R)250ra)7l"hb&al¢ﬁkatéd thiesholds are

exanpl.e. C ing . thickness i

o PRt b 4210 PLE Gl Bttt S SattoR yyitycgpgesponding
t heesshadsdonsnaiy stdndard RiRviati@isedr eathtthickibad aibie @esbbiece a database
thrgﬁggéaﬁ for use in the grouping rel ated techni ques

di § dsfeveemplsn127] Sufficient information about

t heooageyt ent sueﬁlghmeﬂ@[ms@@mmav&@g&m/obmam&aﬁ 8e about
througg the customs mani fest, for exanple. At

o) Bt ERTarEiatety 4.5 1581 % Hi o HAN Mo Which T899 e 2 bk Ghabout 2.5,

co @fﬁﬁ&ﬁ@& Qmﬁfﬁ’?h Qﬁl’?‘e‘éertcﬁl?e 6%@ﬁcnﬁfura€l Qe6E, WhRh nfySave a TR of about
supposed to be shi pped he cargo conveyance, such

as 7a@py ba|difficult. §oeean Haﬁi}Mfta@p@Hye@Sga@@a@mc@P@bF@@&tzs]ﬁJﬂher
Fi gomkffe h&n@P n%@%ﬁyﬁéal Q%ﬁ@ﬁtﬁ %3&19 Qha'il‘%hesﬁl)ﬁfbtnuﬁlber of iron,

t hreshol d based on th tents declared i n
t hé ipreasiefrdg ﬁlffeTﬂélamm HféléiM fremigeiewienl goodpethay fivm dropfwith the

t h?e§tﬁ§£c9§%%gé‘8f¥téﬁk%‘éﬁgag§hr£ he?ﬁd {?z%pr g@eﬂééﬁgﬁ% | il dﬁ)&ﬁﬁ&ty of the

ir mnuﬁmittoheafd[éAHM etdreshczldﬁsmas sheosn ectad bdsegdcars thedcontents of the

abge\(rgo 8c§r9vrey§rhc§ 'Hémig ﬁexe?r{ﬁﬁ 83’ glglﬁ {e f 1¥ i ks rl]clge}m}vrrl] Qha'gf\'g %‘gjc? ch)nQ/eyance

co nmegdmﬂagldﬂléral gcmodSI thp TRGthgrl&'lhmrztl lroedshot al mafealyl Ibpresentatlve

based on.copper ,or ni ckel nstea t.he

oo aE SeriRiRA B0 ool B R e R S0 ey iR o (S Rpaining the
rraﬁufsasltiy mgbag@@d& TI?]bf hs?] dﬁbﬁhémuﬁﬁ daa%ﬁtshEﬁcﬂef(R) or Delrin (R)
mani f es ndj cates .that the car conveyance, co

agMa E’Ft‘lfFQal % séaeple, stapye fg"aerFg Fftlélké‘S%gslS Pf @gbléé used, as
t hgp&akeddd a&ﬂ&edl“mcaﬂ@ﬂdt&ilﬂiréﬁl@l'ds @Q9Adsd Be §©teAChaBe HMhbase of
use in analyzing the contents of the cargo conveyance.

| f threshelds £0rr+t§ﬁ in fthﬁ &rpuping pelated tachniflyss discysged 2bo¥e ect ed,

| n[geuen 16108uiﬁ€§nﬁ@fdﬁﬁ§t1&%uﬂﬁ¥ cORertdPH tﬁ@@d?&@@on%’ya%& may
operator reviewing a manifest for the cargo
be available through the customs manifest, for example. A typical manifest filed by

the shipper or owner of the cargo conveyance declares the type of goods that are
supposed to be shipped in the cargo conveyance, such as agricultural goods,

manufactured goods, etc.
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conveyance bei ng i nspected. The operator may then

i nput which threshold, or groups of thresholds, are to
wheoasedsi n the tests described above. A pr oceB&DIS2005/006808

such as a conputer, may inplenment the nmethod 1600, if

thpomasy f eSt]]HEaﬁl R68 %Xﬁjngg bf Qﬁ{eﬁfb’dl %088 &i&da tr&hold based on

exanpl e. ear Test 129] her X-ray scanni ng
anthe arpecafapyisits dedend nqt@emaﬁﬁsst b@hm@e@qu S@mﬁk@m@tdetﬂﬁmme if
Wi {hP %ﬁ) cgﬁ\% QﬁCQQOﬁ %bﬁgﬁgmﬁﬁﬁg&hlgg ocgeﬁcsrt gpﬁ%ami’&oes then
er | crease the accurac t e co sion
t hthireshdids hasgieon ipinxaid the @ﬁte@@qutrmsgn?,qm;\/las ghsgussed above, for
r t
BB U VIR AT T8 651 RO B AR
cl essi ﬁom&ﬂymcaslaﬂAMNSteArMMNMhﬁmhreﬁ@l@ mae(c bedmsed on copper or

mat.er i al S nabl f,i ssi ' | al .
i lnatred *BeBE Rufess o il G t FadB Rl contains
hi ghndagued gbdsdnii determined avigitepee hatkdsy indAstes that the cargo

di scussed above, ur.anj um 235, .pl.utani um. 239, an
ar SRS SO0 RS ARERMEY 5o RSP S of fiajegS oo o threshold
Fi bsb®bahkacumitigbadsss is¢ledtétifdr kst dnelyria elid édnsengndf the cargo
urani um 238. Fertile naterlaIsB#Fclude ur. ani um

whPRINCY e/ AP 1t 8 tyPREkhiof Mo dyselegings i Sizp 1610. The

t hkeihdat148¢ maFM'ﬂk GRplethehiRd ¥§ lah lopérBtok EEv%vHﬁ%aB ind4RHe8 For the cargo
Certain fissi Ferla | s that nore readi under

f | eQveyanch hping fsapcedar heopprator éaﬂﬂaﬁnagp%p@&héhreﬁ&wgql &R groups
UNBBth'rﬁhad(s ;§N\/§ bl) usct\ip t}ﬁrt@st§ HEdchd Xbo‘i’f@f 'A‘El%c&‘éoﬂ B&h as a

S. Nucl ear ul atory Conm ssion to include
pI mrmmt@mnaurlm QQ@ meshod, ¢4} ifnthe mpanéfae hap heqmelectronically
SQhORE SroHE g{%p}ZBB or uranium 235. Nuclear materials
en1t el aye eutrons due to beta decay after fission
of their nuclei caused by Nugkagdest t 0 X-ray radiation
of sufficient energy, 1-2 nms after exposure, as

s m‘i’%@éﬁ in tHfep r)&-raysbd’éﬁﬁng ORd/AY CAn8Bkis r@élﬁﬁdu@i $ndObQsed in

emt ayed neutrons, the presence of del
nemmm@mmythube aeoupling gelpigd frehiguastissqsibed elmve f@fﬁlrther increase

54 SREy %E ltl%' (‘?‘oncggloﬂx the H&SEQ& %#{Qﬂ%r ‘Pxefgea{rg (H&IQM and to
an r,

count neut ron detect or exanpl e.
Ne tedneenthe éalemlm rage. €Tl tsgsislyyd detgrmine whethet any, material within a

00130]. Th d
Lhoz%r%? L:onvee [ qg gﬁrglﬁ&% & %ﬁUI” goxi IEISC}?Z]%\#[ . egclfe a nuclfiaﬁ material

88T ON T’ RudT ear fra rlals
phdissionslse,offssibe, o |fsmleomatbhztl)3 slmopndsende pEwtish maectshe be identified

material., Ta nt fi i t resh

celabechieh Kartenob s rbl i i S siTa o Praees e Banium235,
Valbllll&ﬁlllirﬁﬂ?,Q hend elkaﬁlmm‘rd%?lmmrﬁples'l— o€ fiseides nexeaiadss Fissionable
val ues, [ e, obt ed fram Nugl ear, va et .ds . .
1B A RS, BFSORR A n TRRE £t%r y oty gipials include
198Bniufh 08, fﬁlﬂbh edcédvenib® intdglubbitheano Vigld ®brigzarnds, which is

Y S i e MR S ol ey o Sl ndero

NORsHMEHHRR HIRRE teldiPed B Ys 8hétiul NuCRHCHIalRAAE FFENNIENSNMSs are
wthin a very short period
currently definéd by the U.S. Nuclear Regulatory Commission to include plutonium,
uranium-233, or uranium enriched in the isotopes uranium-233 or uranium-235.
Nuclear materials emit delayed neutrons due to beta decay after fission of their nuclei

caused by exposure to X-ray radiation of sufficient energy, 1-2 ps after exposure, as is
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(10~15sec) of exposure to X-ray radiation.

Phot oneutrons are absorbed by the materials in the
w@oemsas4ssr and the conmponents of the X-ray scapti/ng2005/006808

system Table | shows the thresholds for photoneutron

EMRORh 8 ard h§in§§|1ﬁ>ﬁlrﬁgle£luﬁht%ﬁﬁls Qi%tlﬁft'eﬂhﬁ del@?ed“ﬁ‘éu'trons the

The phot oneutron data was obtained from T-2 Nucl ear

| npreseres o6 rdelaed, ngutronsoman| benpsed tot identify the presence of nuclear

ht @Qteﬁél?zD%Pa?écg&Ylgt%ﬂg ﬁ{a@%@tcﬁfé%h %g(! chfnda b}P 2y g{:ﬁfdnsd%’ce%r for

ot oneut'r on al so rea avai’l e froma
Va¢XaGW dﬂeuwméﬁeéwm&élsm@m&mf@ntm skilled in the

f(ro bl € lThl;eolgﬁi fHumSleH&' @#edst%' %{huh? rp?] H)?ilsggn fiﬁ) Muclear
al nu Iear materials are rom about

5. MafvbMs,trofearbdtotas Shepllm&ﬁsswa)n fissign @rasmitle@peMtoartheamaterial
W X= . e t

nj(ij“%l)é% 1 1cﬂe¥1? f’éss oré ntﬂg:ﬁ%olgs for %glgétﬁcggl??%rﬁtg cSaI(M? Y?&%Aséc}] on mass
naémssalames forchiecsabiongl dlérmersn eTlgq/mads @xeesh haﬂuemwele h)btadled from

encigy et Cof gt eo BB BRIy Rrodk apudgstoss.

i NAt heurgst@npddition aldv ethe Pr Hhigleabl Wallehe Gwdlsayed avallable at

neutrons red cted n the X-ray beamis o

TP BB Sl S B Radt baaledrat PR Ser BAcrals nd
bynddinfldat ﬂﬁ\téﬁars aap oOpS diida adhotem¥utidhs B itieh & Wry Rhort period
counting the del ayed neutrons are _al so not prese

[ OODAD1Onet cxpmIce tof Xaek atflilivae. BROBHANRDT GFR 2piprbed by the

def@kliad el A¥Qenmaek 5&9@16 db8pdRnRPHRI X 38} QAnhiAg system. Table I
accordance with an enbodi nrent of the invention i's now

deshomisiieaithrasheldy for photopensron-emission fopthesplseted gHolpasmaterials, as
of wgll Mpi ﬁio%%ﬁtﬁ)ﬂsdaﬂ Waé(@(ﬁalﬂecf 264 qt 2 NUQR& 1RfkB&ki JefMce, Los

photons, ‘as Is known in e art hese X-ray photons

ar Alagwls) atdmddﬂéardgpv/é@t@’ph@m@bmhtml c ahgelistiery ey plzatoneutron
u ngaqg 1sI ans%r}ggcfllkgpall#lﬂeefﬁ% %C\;a[‘l k?ld{h%} otuﬁ&ls %ﬁ{)\w t(J 1."1313 SSkﬁlled in
few mcrose se w

ar thebet ween 2.0-4.5 ns. At 1 O 2.0ns after X-ray

phot on producti on ends, neutr.gn detection systemis
switched on to detect deI aye ed feut rons from

photofission in nuclear materials, if present. The

acqui sition time perli@_ma/ | G285 up| uli-238 t he B2 Pu-239

t P Fnt rac I e! e | #hreshbgf“cllr @%ou% ;?g?# Sﬁgltbesﬁo?d Threshold

U7

U)

Pl{otafeubm@f(t/ﬁy Mdvms t=05.7Thi § sexdnd [ur st1 may| be6at 9 5.6
MeV _or _at Me\, I

The peutron detect]
Ph%@ﬁﬁé@néhf)@ﬂﬁ‘ér each Hilgh enerdy¥ bur st ,S-Q:era 9 NV, 5.4

for—exanpte—tmanother exanpte,—the meutTon detectors
are turned on only after a TR pixel test indicates the
poéﬂﬂilbl]e pr Sendlee GfsiciiMshoidafor all nagleayfmateréald arart the range of

eI N t{ouy %EPR@IS Xatf ! ef; u%%ag]%qu sac'énqtlar)loﬁtsg n%%fea?%naterlal with X-ray

3i i |'Cufatt o’ "and Gia
r emdialtﬁn ofist ldassahtﬁﬂédfi MBUV\QJ)I. induce photofission and delayed neutrons in
all such materials. Increasing the energy above the threshold increases the number of
delayed neutrons that will be emitted, facilitating detection. 9 MeV may be used, as
in the examples, above. Preferably, the delayed neutrons are detected when the X-ray

beam is off and after photoneutron emission has ceased. In addition, by this time,
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[00133] Photofission results may be anal yzed for an
entire cargo conveyance or only for a suspect area of

WO b@s50843§D conveyance. A suspect area nmay be aPCT/US2005/006808
resultant pixel or a group of resultant pixels with
TR%-\QﬁltprOﬁSh&la{ B8 S i re Witd! OREAARONE Qﬁtayﬂf‘lﬂ%tm € also not
present. In one exanple, the identification of the
sugpeat. area nmay have a sensitivity and specificity

th ks hot ac { i '

ansA o0 ABFERRIREHE, oS IPLE Hitridhl loncs A nokfhns due
i f ta-phNidfisson theastoridaeat with im embaitnenstod Hecnwantion tis naw gescribed.
and. speci ficity, to determn her. SNM or ot her .
R S e b o8 SRt 2R ok SRl es § Wl pgperating
deXayie phovend, rasris kinodinciat the airthaThesa CX-esyr phetbeyr el ®llansged and
present wthin the cargo caonveyance. The ner al .

o B S Al SrRCRatre bR RRT GOy ne G Of it typically last
i dgmév bii@6sec@fls] Typraalid e Pulse Wilthaadbétwetn 2100E5 ps. At

identity of the nuclear material may be determ ned.
Ex p&r2-Giesafter Xcigti mhetogfpredugtiprhends.cf neylpa getectipa sy stemds switched

g??? F e Hé’lgeheﬁqlléﬁ{rgtgs RO8 &)ggﬂltoﬂszsiicglgi]nin%clg%at@ﬁals, if present. The

erent peak energies a ayed neutrons '
deeegpisttionggnerpgriddemey dashiup eitil thef pojns wlrensthg nesinglesiron burst is

ea rre i n [ L] .
CohafRLAESEPUC 0418, RRAIL Sl QUFh AR £ ) per ime
beitlg Thisseeshdiutdh mdydset Odigé sr atrfaldle¥s Thdartirdn deddctiomsystem
of a particul ar, nucl.ear, materjal, {(and ..t tom. c
PSS E i BB b o REES M TG &Rt tn another
negkdnipie, det editrbn deteenat agyedoreoklnpafar 4 MR pikelatedt indicates the

See, r exanpl Isahi Gozani, Active Non-Destructive,
oG RLprE gt ANl 2 PO Ry U Ay Scanning a
| nheh Nekbig Nendp6iMisC ETRL 8ENlatidih - and 73aBER. off tHe1RBIts| fas discussed

further confirmation that a nuclear material, such as
and *is present at a particular location within a

caf@e33|onveyhieeissidn RAGRSHA Ve ddaBize£FRRR bftire QEFF@ lcBnw@yance or
manual ‘i nspection i s perforned), another photofission

r eQRlyiforre srapech arep mfitbe errae conveY ek Ar spRst gfea may be a resultant

Dhgfxelf bS8 iRip SITEEOItAf pRUG! RRE TIRIRIWR R HR&hYREhdidting that
MeV and 15 MV, This third scan perfornmed at the

hi GHeM arprrbgypressul Inend enample, theeideniifisationot desuspeef area may
ne P "l .

no O st B o S Sl g 1
be amathey exteplh phatofiesion eseltssoa eeanelyzedhid FaN¥ is ddentiied with an

th r . i i r

o nabe e Bl ERIAAH RO, R WERRL BN or other nuctear

17 @tefialis pesmhtict i Nng t he neutron test, in accordance

Wi e e i pent .. A rtion of an,objegt. is,scanned

o 101815, oo R st by BRbi b Fn A BRES ot hiSE FARS s are

Me Yresdno withahpbago iconvslyeqre 1 The geadliladation of suctietveleaadaterials

after jnteraction with the object, in.Step 172

o oL alBRERERBET o i Pppvncin S5 oo adfiiob e ity dhgne nuctear

I aglatihioMayn BY Hétemainbd. g Bxgniegial eadipobNi nusbébfailayed neutrons
generated by inducing photofission in SNMs at different peak energies and the

delayed neutrons’ decay times may be organized in five or six ranges, each

corresponding to a particular nuclear material. Comparison of the delayed neutron
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9 MV, in Step 1730, and radiation is detected after

interaction wwth the object, in Step 1740. The
w@orosioessst of the object nmay be the portions of P€TES2005/006808

obj ect traversed by a radi ati on beam at each radi ation

e n g@ﬁ’l’t Bf the E@Ect%ﬁ'@}l:s@ed With 1B& é@g@k 2hdvn 1@§ﬁ‘1ﬁhét§)n' dt atpBRicular

pe of a beam then eac Ogortl on jeCt
| sm@qi@r atesial (ndsity gemicorumbes). oRpaddimet deé%@dg@utr@ycqméng and

o0 AR GERED O The EARATR PRI KeLE] Bl T Gosan,

nuﬁrbﬁve dfonpleustlvmv@rail}rsgs af sNfdleari dntersaleaNatienal Technology
co t the tests di scussed above
orkng?r aﬁo %rtvég ?g@ ]ri%%'gés results are anal yzed, in

St gm135444 '[[hefurdmlopﬁﬁsnam;x tioay rep ncSenr am@temﬂ fueh dsemt SNV, is

di scus a ntification
OPFRER B PR, Lriie G p a8 b Bkl io PeePaner mote
t obglei slanadnell figpedtion tibi rparfornddh eanveist ][[Ihﬁtdﬁeileﬁ:tréﬂctlon may be
ystem tive resence one pi xel
OB 4 S peRR gy 6 ahen Gion aoras g T A Bt been 1
n UVRST arfdlf 15Me@| SThif eidachy er@rmbdat me BHRE Sn@éy RRelHAMNizes
with a desired sensitivity and apem iclty i

ac Uy BURGEE. Q4 HFIeY9Hk NS SragEef Do paafe\ﬁéswwcwug% neutron
acHt¥afoh OThe highNg el bdigorBdaChbP Be P IRMby[LRDASE sbiirce or
HANM i s not suspected, then the nmethod 1700 is
r eﬁ’@é{”@@ squste thiteeRepiehpdiationatdhe other coBiLY Epdpaige:39]
&‘M i's SLF?I 88566 an leRampIERE 4 4&hod bﬁﬂ) R)r Q@hﬁurcﬁﬁlg the neutron
t|on s s emis activated, in Step
d| %ﬁasg@dc o Withh ene embedimentet A craréen 9§@tlecﬂchs is scanned by
pr [ t C t
@d?&lil |1§§é)£6awn'p gt)g} glimrg[ %ﬂé&}ggq\de§ f'?)?% Qgpl@, 1n%tep 1710.
deRedlamcmeld dethathafterdatemptah weluthemb&ca nreS‘@ptl é%ﬁ ed] cofrgsponding
c
850)% ?51? gp 5‘6 og]e?trl(sj ﬁ&rl]més)&J %ﬁ%%&}d rt}gh ?19\;1}1%5 h%fhles?gr%y %F&Eo%ﬂ Stch as
t hé i (54 hnCBtdp7 OTB0L s:nd eqiationds ietectad aftéreintapativn ovithothe tobﬁ:ct in

D10 g0 TSR0 e HEE oy e POGOG0 i Oy dyagrond by 2
ne tidifios bmyat&b&orahaupﬁ endpdind. Fdr@RAAALE, if theaadimtichetram is in the
w th an er enb?% ment, the nucl.ear

t
e AL Dt Do o T BRI e Pk Ol of e object

| S trawesfRe Glyale ffd RIdialioY bBARE T TheeShanihd Blay @iyElg beiv@eh EMEV and
descri bed above and gt hers known in the art.  For

ex M \eradiatign hranahhtyp uiqigt puaper of prepkseqveriega spfficient area

U. §e cBBécRAAtto Bbhdubs AT ddestdlictbsel ShoveR bRRYF B&E@|d by
ref erence herein, may be conducted first to

pr 810037 Inar i | Sheireraws preyangliaeda iy Sien 1 Hdt dhe apalydnmay corprise any

ther BRI 84S, didcuQedebEsdT AANMIGIREECARE BPILRE bailor |c@ﬁ‘§sﬁaond1ng
potential 'y contains a particular nuclear materi al

U. Bortipag max bfr\lgerf%“nsm,u b angughetocderide avicthenis wiren _éhel neutron
Sy A S e G T b e o
f oan EbAdYl e 2 st\fﬁcggtt nnmjperb@" pixels indicative of the presence of an HANM
with a desired sensitivity and specificity in accordance with the tests described above,
may cause activation of the neutron detection system.
[00138] If HANM is not suspected, then the method 1700 is repeated for

another portion of the object.
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conducted at only one energy endpoint, as well. The
initial test or tests may involve automatic anal ysis
wW@R00se8435t s and/ or vi sual anal ysis of one or nPCEUS2005/006808
inages The nuclear test may al so be conducted after a
i ns b t
[ der}t i f Ped Ollédngusﬁ&téa ine%%p |ll;}%ar$h§lx£a9 Hmc&%%n System
rretsh@y@vatsmomu Step dd - damc@swaehl brivs, éxmtrne rﬂetecmn system is

ob Flsétfetrglbeff gctg?teﬁ 9 ?g}“{gﬁse:ﬁep scam%l a? 9 gli Vagnlri) %ﬁ%ex%n p&r)]eé C cgar

rm[(mnﬂ(ﬁl i s Iatis thelaﬂétemuﬁerale@haﬁer delayet epuit&R0are Idktettod,, 1n Step
ni n orti ons of .the object .need to be teste

t nTETBu o eb T NG g TR ot ARE Ry EnD B fgded. i

hastepgeno.s tavpate metho® UYL réphtedafot Mieotedr poRtton! dfalle object. If

suspi ci.on the presence of nuclear nmaterial

pr B¥i it ohjess hassheen soanped, Euep aapupyapd %tlvgl&fﬁé%?aélare to detect

th&el%d%ﬁtrd&n%@@[&%@'g Rbidgegf ficient energy to induce
del ayed neutrons, in Step 1830, in order to conduct a

null0d4Hl ¢ estIn acprdencst Widh aphen wMbRdigent e gycleatfst may be
of c@lﬁu&t@@ﬁtthé gf%sé\ﬂ%é/ ofrﬁ)&NlF)? oyﬁ’ﬁgear-mﬁet%ﬁ i ng&@ecpﬁfter any other

del ayed neutrons is then checked, in
detealy éxgluding the fests dfw@rlb@t erb@vee@nd pthelsﬂ@pwm%@e arh efpr grample, a

OUH telﬁi‘%;s Dgid ?e%, I 4sS dFé&HbéﬁaﬁﬁVG §fP&tQﬁpNger5td5fé 1%5“ \Wch is

e pr ence 0 nucl ear materi al
St eporpsﬁtl}sd byf refmend%hqyle,dnanelw cankiciad Sddtte pteélmmamlﬁtdeptlfy the

it i car

L5800 S G R] NFAC ST BeBhfe YR OnE i o e

hasotbtﬁaﬂiysmmma epatllcnlat ndrééamyfmitemlaht rIdnSs Pd’@hted‘{ced 524133 is
out

bt oS B G5 QR el kb 5 el ey B e e,
t hedsnduttedtmySIBptl 74zlemnl&cmstﬁad WO(DOEElgdLBat foBterpmAB3Q\ test may be

Scannj n stens [ 00144 ig. 16 t
o 0% R Y BB LR ety et BE0HS i dhst it iy Thvotve
i n@ﬁt&mzogﬁmmo bMRBdIS @g/ot ResubaNUe4lydioBf ofle @@ NG AMmages. The
syst em supports  an nveys car nveyance
zoﬂ%ﬁ?ﬂﬁ fstgRy elebesoadinisdg %sf a?cwpeﬂg@fl & ogjRetydat i found
sog&@g“&gagﬁg@g a detector 2070 The conveyor system

may be a nechanically driven conveéor be

trH@M%;lr nedH&niLals| dp eapiplenok @ methed 18gP I@wﬁ%ﬁ@cem@ this

X- E@YoBRALAIC A BRPRsGL ERAtRePor Adbat b POrtBR¥MRoBict, in Step 1810.
Brensstrahl ung X-ray radiation towards the cargo

coﬁvéf‘}@h@étemgd if gh¢ledr dnatgyiahisl ﬁtsle@t)sﬁp%ﬂ dupgpt1§e0. If not, if
ggﬁgﬁé’ﬁbdofttﬁé%bj%%{ 64 bt 4y, tﬂ—@ﬁethFY&ﬁﬁﬂE to> ?é‘ﬂo If

hrough™ openi ngs I n t’he shielding wa
208@ mbrea¢kumhﬁs)been lseanpert, 2y outnit dndicatiyé of the leel gf)susmcwn the

ﬁ%é?éﬁ%%ﬁn&?eépma&%ln g]beyb%lcfe%rgo conveyance 2040 is

veyed e convey ystem 2020 t hrough a
sh[(wﬂéﬂid t urilﬁeiuclzamﬁateﬂ'dies tsuspreeted? fi@0otject ia stammed at sufficient
nge?gvgl t%]ir} uce Iagla}%d neutrons, in Step 1830, in order to conduct a nuclear test. A
radiation beam with an energy endpoint of at least 5.8 MeV may be used. The
detection of delayed neutrons is then checked, in Step 1840. If delayed neutrons are
detected, in Step 1850, then an output of the results indicative of the identification of

the presence of nuclear material is provided, in Step 1860. If no delayed neutrons are
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second w ndow 2120 to allow for the passage of the
X-ray radiation beam R fromthe X-ray source 2060 to
W b@so843§0 conveyance 2040 and fromthe cargo PCT/US2005/006808
conveyance 2040 to the detector array 2070. If the
ra t 4
andh Rl SREATSY AL G RAGH3 fiifs KT IOMD S KO brtion of
ITHﬂBI’Oﬂ)_Ebt tihtie en‘an@snb;ect Imwbaelt s:anu&tdl and nof delzeid atutoms dafgcted, a
be r. the belt nveyor. t.
2038 aglgr%lt%uglé’%yP Plioglrd E a gap I’rc‘r%lEll eno veing}éga I%ﬁ%eﬁdg e firs
t heestah Stepl 1819 tieh it by mbc nedeedaey mema&saswp 1830 ndow
may al so be provided ingthe. st ture supporting the
conveyor system 2020, 1S°WHE%§%ﬁ%§/‘“ Col | i mators (not
shponi4may Irg. pGQs/hcﬁeﬂt etveren dxamplbacsfgﬁrgbosmmmgl §y&tem 2000

2040 and the detector 2070 to scattered

r aBiOgrARedrtp P lcRSRtFRY %%P f%% t“B’Pmlth eﬁccBHYFéf% Fystem 2020
SY sipR 6t A0 c oMy s chrgy Q&E@aﬁ& 48 thidvagk tlﬂ’DMahﬂﬁg @fstem 100,
the cargo conveyance 2040 or the entire carg

c oPRIESEeX Agaioyrce R0 prdq, é%t@aoxf HWPnehe wevwor Pifiem 2020 may
CapgQ kQRMRAAD Q@w&%&l th:% hrtfaeﬁlo@tn%éhmémgrmivteh Rbiers, for
energies by rapid Cé@ he source 2060 between
t werasg: g@heéfrwcspmcg 2 dnf?étS@ara@eﬂ@bWey% REBrepgatrahdung X-ray
be}aﬂ&t 6@ W@sdt g %n@é}%néé:m nghﬁémlﬁg %99502@8’0 Q))fround the
provi |ng two adjacent sources, for exa
cobdureea?p0 and4ipe e‘-b@teeﬁod 2070 orhhe heonweydr O‘B’Swm e20>°<0 rfa@ends through
[ d
nobheS s e HRSAE AIEADED (i) BF B Tt Bl e carso
t heonxeyanye 3@dr ce 2060 into a desired shape, such as
f an amor a cone I na

t |1call arc rang- conv 7 o Ikiggé;}stcﬁ y%d g& (\'?]][}eeéelontO %%gggsaﬁm 2020
SOtmmeaemiéldaedjﬂlhnwlezmo v ditei tomel 2400 hesim fivstvwingowr21d0cand a
g an

9, 255 A0 EROHL 2 LSS50 80 R SRR o

ot Kedy sb@pe 2060t el dargo[ dRkdybhcel De40deide &b@r the Q;Efgol @nveyance

el ectrically coupled [ ma rocess 2160

" S0kt B abiscir Bren b o Toetnlige Br s, 1S saprevor
C OBjRtdnS 0o tRYcdrRebr steth 2@@@&/@& 54:19 Br @mk dlnwtér@h that causes
processi ng conponents, as IS kno

pr beaigpation of £ Fizgon n@bhﬁ&ﬁ@rf"%‘i’@ @elt 3 “%‘er df Fheccaweyor system

Coy@ioe&rﬂ ANUGOH E| Bayt BEpOPRIERLBA: Ble ARG of THSs, wh
of the X-p?igy sourceéa% a(gt e det ect ogr aerrayl 0040 t%gv o

coR&eEsrery- JY Stimleramgpalsq bpepﬁor-fﬁlgé i the siryetpie spppptingfhg conveyor
t h sty Eb@? ﬁ%&%@ rtﬁkﬁl‘f&éx{aﬁs(él%?&ﬁéﬁ@ﬂ lﬁaﬁb@m‘mé @ftween the

and cofrponent s ar showi, to sinplify
t hearE<D ganveyarh 208P cndsthordezem0 2069 theblpelo geattared cradigtion from

' npéa S%'ihe %?({r a’hle Qofnvé (? g&é&%d&@sﬁﬁg}l P@ q%\%ps%}i Qo &Qﬁme a

proces provi
pr pordiss iofi ghef cargad |cmyafce t2ﬁéO |omstg@ ephire cCREEOCONTEBMCE again. As

defsgusgel?iefur%eg%%lso tl}ezczo% co%v a%“ 204‘3&%&# b& ﬂi%ldia]teid Wq}h multiple

processors or conp provi , as well. e

I magegipy by egsdly cycling the source 2060 between two energy endpoints as the
cargo conveyance 104 is being conveyed through the scanning unit 2000 or by
providing two adjacent sources, for example.
[00146] A collimator 2140 extends from the end of the X-ray source 2060. The

collimator 2140 includes a slot (not shown) shaped to collimate the X-ray beam
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2160, the conputer 2200 and the display 2180 may be
arranged and connected differently. The inmage

w@r@sesser 2160 may be part of the conputer, fBPET/US2005/006808
exanpl e. The conputer may be progranmed in software
an% eg %2“( - Qy E(ﬁﬂ&%ﬁ Gito %.Q?ésﬁ%rd sﬂ{;ﬂe Qfict ReintP5 bR beam or a
descri abov n one exa granms nmay
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be a two dinensi onal detector array conpri sing
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nodul es of detectors, each conprising one or nore’rows
of celwerartspsicra 2624s ﬁtesm@gmpr@eqsw 216, anch thesdispday 2$0j §onnections
oML o lr DSy i ELRLEL RO Ty e
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T R T W8 N T M —

SCIThé tdrh@it@iSay R ;ﬁogrﬁmiﬁe@mmaie%d/a{) ﬂlarcﬁ&géﬂo;%hduct any or all
e use or

tungst at e scintillators nma
ex8 eetestwf\?ﬁéﬂgbogm TR GRS . Bt BERERES mayche iggplemented
Paiﬁ?&%ﬁ(ah 'ﬂppﬂ&iﬁ%ﬁ S@é&ﬁcﬁl‘ﬁﬁ:@ia@é&' Grchi @A\Si@rfoﬁékahﬁw C al

ens, |Inc. Pal o Al California, may al so

us&914§100156§hel@£ﬂ°¥% %%Qeméxs ) a§et26?12arr2b7l he 2@1’7@%&9& of the

203§e&6ﬁ2@f0%§§ ﬁ eld Fbﬂsthé 'sﬁ%{f)‘éd)f&%ﬁe B3l it AR PraldR6sdh ibesiS R. For
around the cargo container to detect the neutrons,

mhﬁwréﬁ df dheiredigton besnrBps eellimgied inte iy fag eaay jaqms- -dingppsional
NeyLL QL gﬁ‘g%%‘ﬁ [inaﬁ%%Qere b@on@#ﬂﬂ@ gggﬁ%&vfﬁ% RRHoF Blements.

for exanp eutron
s upiptbe celdimatedtdiatitet keamois a2@nNe beapnesuab Las ramrasmtr@mcolvyramldal

g&ewﬁyang OtPgu&%Pe% IVrea ra ym% B UPRGE & ehklg l %et%gog‘ array 2040

ect or Ical armo
d etmprmng(%e)r mb?ﬁaqlacemfmwsl efidatetor cbemmm r T&Odé&cmnyxrrbﬁ 2040

orted.b the 0 te %éor some ot her
p a 2y SompList aspclgrﬁ ﬁﬁ/ g (%1% es ﬂ%, 3&660?16 rg]?ré%ng one Of more rows
c onf/dytantares]éhihb. supported in a housing, as is known in the art. The detector or
detector array may be straight or L-shaped. A horizontal arm 2070a of an L-shaped
detector array is shown in phantom in Fig. 16. Fig. 19, discussed below, also shows

an L-shaped detector. If an L-shaped detector is used in Fig. 16, the source 2060 may
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[00151] The neutron detectors 2072-2078 may be

cylindrical proportional counters filled with 3He.
wab@g/oseyl have useful | engths of approxi mat el ypABUSH0OHMN6808

for use with cargo conveyances 2040, for exanple. In

o . .

( O SRR 0ol QAR AE RURHRS SR KU ooyt more

usefcthe boridestat brm AEHOrand the vertisalspoinre HO79b of 'ty dgfgctor 2070 may

ne?etsrgﬂgr. Fast neutrons are thermalized in the

po gt ylene | ayer before being detected in the 3He

delo6t49rs. Qikeydetehr A6Thyey basuphaos dateetor, iruele fag ragphotodiode

detected in the .3He.det ect [ ug r .
et 8ratad SO BobE ORLRR, i ER FR G 8 ar, Cadnium
| naygdtate 66d WY scttgitiatoSTnayf lerused dopeeamjl© 0 Ab®fpheug silitah (aSi)
is.atop view of .a portion o f xanpl.e a_car go
scastistatt Lo PLRo e skt o Fo Rl ool Sl oe..
S opd16 @dto 2048 Fannial D@D blso Bawsbd.t 0 generate radi ati on

havi ng a different enerqgy dpai nt . ement ommon_t

t h0&Yt em OByt dqi‘?cﬁ’.“g 12@9§r ggt‘gnﬁtgﬁ‘]l;’y aﬂ(ﬂrrgogﬁe&?e 'ﬂ’i%fgrably
COPOsRIGAEd B Su@iple? RR&ichs RRAKA Sheadtlgs @OMRYST ® GA6@ahe neutrons,
conv,egance 2040 through the scanni %gesystem 2000

bemilishiire eitied fsptropisaliiyn 3l diresiopnd Ao HHHroR Jefeler 2072 may be

def265@¢d HOHhERourdd) ForRREMBRN ThB fedRSPdecXor 24 SR KeCsupported
206%% and "a seg%nd %Iet elgf%r 2078b. Theex-ray sour cespp

2080 #headriecra e 0d The dreuireiudeieqtes e €amay Re supgoried by i upper
thEo 88 §PmE ?Qﬁé@c&aﬂﬁ@ ofBAP ver%i_aﬁ al)fﬁle)?g\? tiﬁéﬁgﬁéf% RELHRR (B YL0764a).

ge erate a first radiat’on eam I rst X—ray
en&hgyeusnd ploteator 3785mayeke suppertadirihiceconyayar sysenx2924 or some

0 e. .20 . t foadd R2
o PhEGaa IR FRAHRINET, 1R108, BECRROERARNGAE PO RETT TS
or [00il5H- ver Skhe MdwtroX-deteptos0 20722078060 ban¢dyoBBbl araportional
osition t. i .
CorubbSnBleti ria iy TREMSs ol foAaBEbE phlplitfcif 805 om
mafor luee withedligatcahweyades2Oditfot exaopleraln de examplas the counters are

t f h ot . Th | iti d
b he T Fga (8 id paF TR BRER. ey of BRARS used

t Wiy fheothaRgmabnefions vidth srofdlavnadutrony. Bast axaronsach thermalized
about 30 tp 60 seconds. [00153] .To,exam.ne cargo,

co 59 Bole ylzlemleyqﬁg%gwg})e iFih b B RRGifon 3l ths delayed
f eﬁ%u’a(oill?J ?relmé@foﬁé detédﬁﬂdi_?i-tli@%ﬁesﬁdﬂéo_@(ﬁ‘é. 2sle nBﬁl;ﬁﬁbd detectors are
preferably generate radiation having ener endpoi nts

Or AT AVABBGIOR (Bt E e YR INE G Iy BETREed,

f ofoogxAP! e, Figs| 7di 45 588 ARPRLoIBNER QAP LES cBifgo scanning
energy endpoi nts_for ‘cargo conveyances having a w dth

gr exvstear 20Atm HBYinE 5V cadfacent madighiqns seyrepth 00Pe 2008% each to

angen%rd}@yddi%q l‘ﬁvg{?\é tdrehP NBY ch@oiRX aRRIRAts! Ebnh&Lko the

to conduct the neufron test, one of the energy
enslpstintn 280 eddBigt ¥ bie enmmedy mumbgrele Vv Thy eonyeyogsystem 2020

0 [ .
oML OB O PSS A At o 2
anbetweai ﬁleailﬁliShg-IthSantﬂ' &@GOgtaném ﬁtpp defseton2870agvrd between the
| e\s/e%loﬁd Xgr\e/lﬁa} Isglﬁcl% §Of>fOro A y%édoﬂ@ d%&&c %70b. The X-ray sources 2060a

and 2060b direct radiation beams R1, R2 towards the cargo conveyance 2040. The

X-ray source 2060a may generate a first radiation beam R1 with a first X-ray energy

endpoint of 5 MeV, for example, and the X-ray source 2060b may generate a second
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Systens, Inc., Palo Alto, CA ("Varian"), for exanple.

In the Varian Linatron(r), 360 pul ses are output per
wa@ewsishdsiThe Varian Linatron(r) has an openi ngP@nybmon06808

about 20-30 degrees, for exanple. Qther X-ray sources

”aYadpd%oHSt%gmaﬁZ Wl o SUGH é‘tﬁzr%Je@ﬁii o2& HCOMeV, for example, or

accel erators, mcrotrons and tatrons, for exarrpl e.
Th sicgyanseeTlhe X-soimogkses 290 mwwh elen@sitiongdys theisame angle with

AR IR A U LA A i, s o
sounmecbatelyradgxmcmrnga)dm Setoatsd hizavi ﬁnrgnaavh ethér. IB@S mayzalso be

b 855:-,“0%;25 %eé ab(o%e éle F r ﬁ ls %%e\;e@%aaa H?ﬁgys?épn %th rﬂge ‘F&J%e%ya 40-

fange may
1|\/l§d¢$t amrﬂialmmaalbewmrﬂméebﬁiamy 3béo essedoridsr such smal | er

F
BolERer gi & Sy s cersSaa St Al ot gt g oo
ke‘§/ fagtd(120MeksY tha K-t sm)ﬁﬁds ZGﬂ)aJ poEbagrefenebly @echieaite oadiation

bl SR ShiraxEiar BB AT ey s> SEHE LHE gy be usea

enﬂcﬂoéxﬁinpl'ai}ds alsSIQs&leabd)‘?ved Othért Ekampiels NGl éneifyeé@ipoints for cargo

sensitive detector, array to separately detect h

| ofPTHSYACET IRV EE %mét%e%ﬁfé}/egymgﬂg@#é? s e lf“g‘@ge eq’ and
U. S MRAtR0ts NV and 68RIe¥] ToraRsinple SIn BRiee i ch@uct the neutron test,
6, 438, 701 Bl, for exarrpf which are incorporated by

r ePet efifbeencraeapppintagecds e B daasi 8 MisYa el hsat -8t spurce’may be a
di {;h.&f %QcteleiQﬁ&I LS %fléﬁ:ﬂﬁméeﬂlﬁ% %ccé\@fa%f GLnlré@), havmg an

alternate I nes, € nore sensitive to I‘adlatIO
oneconalreratthg pouetmi amnmpggppp@e 1@5! orAewilsm gvzelabbcﬁrcm iVerian Medlcal

o B SR SIS IR R, o
f Oiiides! dte Lutput fOPBdcbR@t TROVMNGan ﬂrﬁéﬁ?cﬁ@ RdLard G;]Benéhg angle of about

St andi ng Wave Particle Beam Accel erator, fi
Oc 2688 rdegrees dou exaile h Qtler 5savgsrsares dnidh ge ased gh é@ﬂoﬁuch as

t Ne1cPE &8RR T ackdlM&BEsO rml%goﬂssaﬂ@%fﬁ%rs atf&de%ﬁieef e Nécflrce or
herein. Other |inear accelerators goabe used in

t heoyseasgudit alsipelids emben-E &89, Q@’@Erﬁob@ﬂ) plutgnium-beryllium

o AR By S L 0 Wiy R0y s
t ohatieg avgdilyfesethof alpchl@ 5 @e@é]eﬁmeterﬂ),e)ﬁ-trmowbgmqnmng energy in the
Isn% %ﬁ%tng g/tak?s)é ﬁeqfng e@ﬁc?e&%egownliﬁw lafily! ?I? Illﬁ)rve 1 MeV may

ween energl es chanical swtches
subh uwi foels@&ﬁmaﬂﬂdobmctsermr;epaspbf 60ke\E laed 5 Me¥ hnea/sbe used.

ab?ﬁ& efstlta%tieer%nrsﬁ\glv: I'gg Be o%rleM ‘goﬁmr eﬁ(amefec li]i@ge\?gnedeﬂ% k%V may be

acon exa
t 0 ussdlass lang:artg@radlamayalrpmet%&b theaph {he. obj emebemlgexahmmg

ral nut 156} I.n ano er _exa

toliET 05 ghatfefouamaRoTe e e tae e Fhetr BBy also be
Sy&ﬁeﬁl[‘fwfitﬁra sﬁrﬁg@é edelrggﬁsghﬂﬁ%edﬂtdcﬂﬂ afthy td1€epamnadp detect high and low
conveyanc carrie truck n ctor tr e
ThEOHBES of g SHE Bieiet.et Brerie cﬂfng‘ﬁ aﬁeetswosf@& Iiigpa us.
eX ARhEN.. 16163 8303 IRINfd ek a R PRPHhRE afeMAcHPbREEM fference, herein.
tractor tralle rs, as described in U S. Applicatiaon

As described in these patents, different portions of the detector array such as alternate

lines, may be more sensitive to radiation of one or the other energy.
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No. 10/455,864 ("the '864 application"), filed on June
6, 2003, which is assigned to the assignee of the
w@e@smes3si nventi on and i s incorporated by r ef ePENUS2005/006808
herein In one exanpl e described in the ' 864
tion, . '

SORMER, | O0 g PaEl vRURRABE, WaP Hh el iloditnl g ofabdlits may
caalso bs usdie X-despyiptibovDHa suﬁtﬂb@ciourceamd hstabmctamaU)Ss i Application
equi p ORj; I rai
anNop R a1g G SlRTRERV I et B ABHI0 ol BfEn Rrober 1,
ex pequ ediichtis ﬁsisgnai toahe @signaadl thqoprésent mmmman@ is 1ﬁc<bnpuxaled by

e migecteg then gark e{vveegt gtraller
Th ée Yo E Ahd {hﬁ’é RFAE AEEiSrAtals that AN Oqrd & JERseent jpyention
ex@ﬁﬂed@ddds&hlﬁﬂﬁﬁ)m] S\ Pase No06, 364,011\, ﬂESﬂQﬁdﬂt\l\&) 4,400,650, and

[ b ot o TS0 os, s oearseribapr Lo presen

PEeiBRn| ¥Rl e McBiipoftddDBY | refefnad MG, S)’I%Elﬁﬁ&u%?)%r switching
described in the ' §)64 applicatjon. The car

coReR¥Geh ceergigp Dsing raechpien) sytchest P‘Efé‘kaso’felatyﬁ’a%‘%do pther types of

U1 8dkéHes, 230 as Iche SAY rs@ecl?es Ofe &b, rseltamﬁgrgpé@e@mf?a%@& 100
and a portion of an L-shaped photon detector 2308

comitlipesonds masher achisiedIfoemplsntoxsaBa caae cenverree 24| feet (6.1
po;l{e}e%? 16308 Beve RiRke’0 Shown. The tel escoping

trai S supporting the source 2306 and the detector
230W15¢]e notlneih@bm exawplsi theltechpiquésedesdriped abovermeay be used in a

gﬁ gltohﬁ%‘ sARLEGT Rl Antd %s%&tlgﬁg %’tﬂ% Is:aﬁgou%}’)lgéijtagcﬁ g%&hg& b9 ks and

neutron det ect
ho trhczamttralersp olhieitesh 128 08 aomfucteth et g bighwayorest2898 for example. The

an r neutr tect.o sho e
su Fpgsge%% % OmPI‘ISBQWO Qegesc%;flc lirac% Iﬁgebs\é&;escr%beg hrgU S1 Apph%atlon
delNec1(455 2{6@(11158]’8@ eg)plldaﬁon S), ﬁled ea Murseat) 2068, ivchiah Bvassifzned to

DS ok et S ant Dl Meafportiisls Rbagnop BTyl one

detesipk d@3dided & thel pREAr i@@cﬁ&naon&&ks®§ie tedctor 2331@82& the X-ray
Anot her neutr o detector 23 16 (1ya ced .in
P eHES H%

t r EMEFF o SOHCthe l{fr%lﬁﬁﬁdeléc%‘ﬁ &al qyolypongn flgfgetor and

C aHge afAVNENRRBENE 3D 8l gf@raﬂérb' alay (BE dtivé fo&h ihSpection site
parked. A vertical detector 2304 nmay, al so be used, as

shdwm tslgscensd: cagppessgshitateatxpied phthe ﬁge and $gt up fog Scanning. A

neuhEoR vdahPedias may?sthéﬁl ERYbeRRe S HRRAI1LSE dTﬁé soifceR8a@rthd B8&ector
top of the vertical Pector for exanple

fafoe
defBchegr moyaiparass zlmepﬁwd fielessoripg exgtion ofthg rré%’é%“s‘{?r trgjlers in

CORRGE Lo &8n BRAUD, B cGfsEr | bed above, programmed to
i mpl emént the tests of any or all of the enbodinents

deﬂlﬂrlﬁ”ﬂed abFaeel8 iThechsowtic epregdativnpf b perapestivgtiew of a mobile
Ja'ﬁﬁing E?%éﬁ lsérﬁ;%@ & ﬂhP 986%_?%1 caﬁ&{j "ﬁae'\éﬁ o%ofn@%yagce 2302

I ati OI‘ exanpl e sources
st wcctaetmbdolvy prtraele dr tracter tradloe 280 oThesouras 806 emyttiog Lic angbeam

dicatipn n d .
|t SIELBIAoh P a0 ?o&reﬁgtggz%@ o
of pbdtien Q&(ﬂasand a&certlcbb[mbradﬂoi’/.’éwhwe blso sl®eah. t’lihe telescoping trailers
aUt omﬂ}tgfn(gzﬁhcla )éoquet S§66 an N eadegec% %ggflare no wn Sto 51um%lillfy the

ﬁgure. One neutron detector 2310 is supported by the source 2306, another neutron

detector 2312 is supported by a horizontal portion 2308a of the detector 2308, and
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[00159] While the invention is particularly suited for
scanni ng cargo conveyances for contraband, the
WO pws08436n nay be readily adapted to scan ot hePCT/US2005/006808
obj ects, such as |uggage and carry on bags in airports
ang, AR ROt defltof8s 14 %S{l g:] c&qbﬁdrﬁﬁ oy WY e‘?tlé‘ﬂ é)ortion
X-ray source or sources are de ed in the exanp
ab@%bo{fﬁ@ds‘wmoce or sources rray prow de ot her types
atio r
gal0SIZ, ¢ g 930 iy Eninf G OHEC oML IR0 oRERTR10-15 of
aangew t @emmom Rleniests ramomﬁnonlymumbgmér Aermédlgynai adiitedn datector

o ST LU BRSO BRI 16
r agiacdd iam ¢éinchElVin thergraxa @beneath ieopiesition el thrabeggo conveyance

o AR R b el Frrer el R g brco e used

t haestvoindin thb\l\&illeﬁppheﬁlomi‘ Th itigx steaﬂﬁ\/rﬁzutrbl’ﬂ detector 23 14 may be

transm ssion at .the r en iatio be
di wp@@'aef%r Of P fhﬂé?&ﬂﬁo heyestrahtcldetps f?rr aﬁarpTee :@ryeglytectors 2308 -
r agi @t m@y bel dBupBd & aGRS&sRr DRcapUE éshﬁlotvhraﬁﬁ%k@hbed above

woul d be considered to be a potential HANM in all_th

ex Bipgragynedfp gpplement thaiigsts pigmy o ofthy erséodelarléa fleserdged above.

baggd s@ficd @ws%a@ Be atsﬁrﬁgwaﬁrc@rbrbmmg%e&auﬁgdwv 8Ad 5 MeV

transm ssion at the two energy endpoints. [00162] One

of Xolian rasatipn bkamsr, forexgrple o wo \murres MRy e be stackpsk or galpred next

C hﬁﬁ&l@ﬁ’ 0 09@’[{?}9&0% 9 ﬂr&%n&%’&%aff@@ﬁé&n{jﬁﬁcﬁé Ql‘?lgr to produce a

herein w t hout departing f he spirit and scope of

t heecond erergyoradiatipi béeni, Sorkeinpled Any artadl oflthe fests described above
l-n(%ﬁ’b%!\k}?etd b §ut811n ?dét? ¢ FEANM AR RibteRXRMEH 9SNNS,

contents an o fie et Rod €o nprising: scanning

fi [QﬂﬂS?jort | dﬁhlle)fthe hawveltjoec is vpratthularlyr swted r &mti atanoimg  cargo

mat a fi eraqy, dete tin i rst..rad

o PO e i onfghe e G Py b E BB soapeother

f i bSjectpendth Bhsggagd@idearypn bagadi aigposts aifid :a:hpdr’sa&‘tweﬂl

por.ti of the first di atj on beamt hr ou

DOMOIEH, ©onitd witfofinhlf af QPP B RE R o o figpribed in the

Pi ¥EiInflesHba) tHRGoHeE Gﬂﬂ)uﬂ:@s’ fnbpp@vide otheetypdy fehdiamion)) sech as a

second %aqiatron beam at a secpnd eng%gy di fferent

t hHRedRBY$4 eytronbRapIyy SaRa &S EEB®GNd  r adi at i on

af feaneint er agthOskatiples ABove £H6 Renshaghicat dfake Kgieeddrd radiation
t he second porti.ons, wher el n projectjons of at |east a

pofA M6, Br exampledhioheh the airae FoCYBsHISIRAIdY thekspsmission of

POfHel IBRer 9&};31 ﬁdfﬁﬁ&??i Rlev, 48fdxREplEEHRAGHI M cﬁgg @Bveyance to
a

pi xel s; calculating first functlons of the radiation
devislt the/ TRtangd ghe test exjterion 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 higher energy radiation, in which
case a TR above the threshold would be considered to be a potential HANM,, in all the
examples, above. In addition, TRs may be calculated based on radiation attenuation
instead of radiation transmission at the two energy endpoints.

[00162] One of ordinary skill in the art will recognize that other changes may
be made to the embodiments described herein without departing from the spirit and

scope of the invention, which is defined by the claims, below.
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and second energies, for corresponding first and
second pixels; grouping first functions of a plurality

wo@Roosos438spondi ng pixels into at | east one gr oRQT/US2005/006808

5

10

15

20

25

30

35

cal cul ating a second function based on the first
functions Ofwﬁhjéﬁ%ﬁk gertain of the plurality of

pi xel s in the at easg one group; and determ ning

whet her the bbj et nethddeefs exapotieg tcostehty ofoant abjess, the method
mat eri al. having a high atom c nunber greater than a
pré%%P%ﬁ%%ned atom ¢ nunber, based, at |east in part,

on the second f uncdnning fodt poltnadf the abjectomich g fiesti padiafion beam
The nthod of claim1l, further conprising: conparing

t h&' 3154 & hct i ons to a criterion based, at |east in
part, on the predetétids fMiedradiacich afierliftRelctiofof @ic irSt radiation
ca culatin% Bhe second Bunctiqn;,mherein calculati?%

t hBeabe AHiqme fi¥ pagtipnss Wheela proietions Q€ @t gastyd, pprtiop of thp first
fi ksfiation BEdnh RSugAREIN JostidnDEnts b détedtdrOefing -reswﬁivmshgisiels;

of claim2, conprising: grouping first functions o .
correspondi ng pi X¥eAnIng second portiens of e abisxtawithasscapy radiation
W BapNahAstRd eﬁer%{/ a#RlBf Mhied i?dt &frgsal cul ating the
second function counting a number of first

functions within %ﬁ@lr@xa@m@tra@ﬁm A winteragtioneef thengecond
cr L QR c .

o IR Beard D b AR e pf & Bt a poton of
at tHeesgsondpratligtion héany threnghaaeks pertini.ginta g oletestonudebioe respective
nagg%b@#kdg. The nethod ofclaim 3, wherein: the

predet efm ned nunber is based, at least in part, on a

pr edet er mi ned f alcgleulpiigy fiisty finctixne of Bhe ftiatione tittededodt the first
claim?2 QNPLi S Ng:  ar oypi first functions of

contd sconEenEioscton Bnrbiets e ad ebond SRR e

criterion; cal culgaduping fas fane@mnodf b Ipburgity whicogespamithg pixels
coqgarHQ%tthe area with a predetermned area to

dely # KB WFAAE the object at |east potentially
contains a high ahlodlktnguisdedd filétehi taked én thEHest Maichiond of at

of claim.2, erein the at. | east one grouping defines
ot IFeerrig et %%Xﬁm_t@eaé et ope BeetP e s an
average, the net hens@MRr WBIRG the object at least potentially contains

material having a high atomic number greater than a predetermined atomic number,

based, at least in part, on the second function of the at least one group.
2. The method of claim 1, further comprising:
comparing the first functions to a criterion based, at least in
part, on the predetermined atomic number, prior to calculating the second function;
wherein calculating the second function is based, at least in
part, on the first functions meeting the criterion.
3. The method of claim 2, comprising:
grouping first functions of corresponding pixels into at least
one examination window having a predetermined size;
calculating the second function by counting a number of first

functions within the examination window that meet the criterion; and
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cal cul ating an average of the first functions for the
plurality of corresponding pixels within the at | east

WwWor@s08L36i x; and conparing the average to the BCT/US2008006808

5

10

to determ ne whether the object at |east potentially
contains a hi g ghaflne KBS hAlNAL o freddBEniRS Afitber to
of claim®6, wherein conparing t first functions to

t hdeteniinee wihetherc thepetijese gt lwmqmtwgy toeatainp ras high (atentic ormber
to Aidilr eshold. 8. The nmethod of claim?7, further
conprising: calculating the threshol d, at | east in

part, by: sdanni ﬂ“geatethbéaétlalalho‘rherem of a second

obj ect conpri sing nat avi

equal to the pr e%‘e rre%t%%me%t ralgn%tsgdﬂa% IF%mﬁtﬁ?ﬂi' g @
r agtedé¢teratinddefalne pdsitivieeaté.i r st ener gy; detecting third

radi ation after i ter cg Q the third radiation

beam wi th thRe at g ?W%HO%P Y% second obj ect ;
scanni ng at | eastgroalpmgrfir:*.tcﬁincciénstdfeomgﬁaemw:oﬁ’espeﬁdmg\pikhls that
a fourﬁh radi ati on beam at the second energy;

deEENGG M t h radi ation after interaction of the

fourth radi ati on c&l@@mr}glg&lfargahﬁt@tgr&ﬁﬂfgﬁ ard portion of
the second obj ect; andcal cul atin first functiaon

5o0f the radiati onCoEPEREHe Frea WE tahPhedeterinedogipg fp determine

engheh&She &JecIQﬁea{@f)&%laﬁfr c&iteﬁhﬁ Hgh ¥ORESivhbeCRARRANY
at least a por i on of second % ect Corrprl Ses:

scanni ng at 8 eastlha I{%h‘ﬁ eh cleim 2, é’é‘@ﬁ%l thgppledepst one grouping
EOHHHe?aF Gy BRE ‘?ﬁdtx"i‘)t aH@\ﬂl@ Gedid %Woﬁ 15‘ Lé'ﬁbgsferdggsﬁle method

han an atom ¢ nunber of uranium he met hod
cl edmpr®ingconpri si ng: scanni ng at Ieast a portion of a

p0sS€cond obj ect Cowgﬁlgtltlr%mnaav %%Bf @b rd?f%‘éf% Ho o@ﬁhﬁ?hﬁ'ahty of

25

30

35

nunmber | ess than C nufiber o
netéroupaiing|piiets Within templeps ongmatsizoandi ng at | east a

por 1 on o SSC U BLSRL o ENGE I LATRALS SRR e
of objketiantedsd potewtivly icontaigs a Bighanigmaibel eagtiala porti on
of a second 7ObJ e%e SR o%lc?a%npé %v?lte}efn' comparing the first functions
to the criterion comprises:
comparing the first function to a threshold.
8. The method of claim 7, 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;
detecting third radiation after interaction of the third radiation
beam with the at least a portion of the second object;
scanning at least a portion of the second object with a fourth
radiation beam at the second energy;
detecting fourth radiation after interaction of the fourth

radiation beam with the at least a portion of the second object; and
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13. The nmethod of claim@8, conprising: scanning a
plurality of objects conprising a plurality of
waledobesent materials to calculate a plurality BET/US2005/006808
threshol ds and selecting a threshold for use in the
criterion based, Sk i
> contents of the o ul‘lﬂ?% %ﬁ fﬂ%@ﬁéfr@?hoc}w? cﬁﬁﬁﬁ C%%Qted at the
V\hté\rrélamdfmli'theﬁ@rgst ener gy is greater than the second
ener gy, cal gul at e fi.r fun tiaon ¢ e
dividing thé fir afept Oéit"ufc%ﬁa PRtB AR 435 goytion of
anﬂiesmnmslgecndbmgrmsxel S neeti ng the criterion have
first functions |ess. thazri P es%ol d. 15. b'Thte .
met hod of cl ai m 2°"M&%i'H" ?’ﬁ’é? g2 87‘?8?‘339 oEt PRgIsIng a
10 t hanteiiflhasiag an dtoﬁfkemglyber 34 thatl At dtdigic d@béd dfsitantuanct i on

conpri ses d| | di di ation by the second
radi ation; d c ?€’§g’8 fﬁ@m‘pﬁ?‘é‘}’%“%tl ng the
criterion have fisanhin %L%Q&dspﬁlfpoﬁfoﬁadfea[ séddadd objet comprising a

t hreshol d. 16. The nethod of claim 1, conprising:
detaieriplhgving an pfopis nymaber loss tan apptorpis@uaberideadadi at i on
by detector 1§l emaRt geffod dr APt dmpriviis €i n first
radi ati on and second radi ati on detecte é@@%&a singl e
15 det ector el ement sefapingas legstfaj nogon g s¢ igst R@Sen from the
%Bﬁﬁ&dn\éﬁh ¥g offfan, A}gepsﬁm&epfcl ai m 16, wherein:
ectlons esu in first and second pixels are
der| ved frorm2pr ojTécmedeOfﬂﬁlaulghcml‘tSmgns of the
obj ect that overl t f
met hod of claim 1 %Pg%t ellre gsgon%?ﬂﬂg‘?n%?i Y2 041§ Obl&? comprising
t hplesteol d based on radi ation det ected at at Ieast one
of the first radiati Q second radiation. 19.
The net hod 01’3 cl ﬁﬁwnf 0? ? 11> COnpri o ng: detecting
del ayed neut r ons sédnningea ofijuelity of obpatsthmirfsmg al plyrality of
cont.ai ns sai.d nmaterial ; det e whet her the
madigiereat mf“ﬁ“%ﬁ&q c@iﬁ”iaﬁﬁ %Wag Oggg g](’l east in part,

on whet her del ayeéledtinigta threshodd €ordsé (ﬁct}erriterion based, at least in

20

part, on the expected contents of the object.
25 14, The method of claim 2, wherein:
the first energy is greater than the second energy;
calculating the first function comprises dividing the first
radiation by the second radiation; and
corresponding pixels meeting the criterion have first functions
30 less than the threshold.
15. The method of claim 2, wherein:
the first energy is less than the second energy;
calculating the first function comprises dividing the first
radiation by the second radiation; and
35 corresponding pixels meeting the criterion have first functions

greater than the threshold.
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20. A nethod of exam ning contents of an object, the

nmet hod conprising: scanning first portions of the
wWoRkjosos43ni th a first radiation beam at a firstPEneEsLYs/006808

detecting first radiation after transm ssion of the

sfirst radiation bRRM&EHKYIREERIN Neofipfisihg:por ti ons,
wherein projections of at |east a ortlon of the first

radi ati on beam t Hictatre @afirst rapiagen ﬁ@rtb? ghgoncisdligtien by detector

detRefeRs of daEkA6r r espective first pixels; scanning
second portions Of the object with a second radi ation

beam at a second Vreifirst udietien andgeenud srtiationdieteeted by a single
r e3uklhNGed: fif D 53 QPorfef &eli“% \/ﬁ’g&% radiation

beamthr ougilﬁt e second portl erein projections
10of at |east H. porTheomﬁﬂoqufh@nsé@oﬂﬁrearadl ation beam

through each secgﬂgea%pt 1e88ltin Ol Rerhnd S 36k Blcets U deiGed from

respective secon I'Xe uIa ing ra
f upctjéctinss thfough pontlonsctf theaﬂby eat thatrovaniap Hyuat ddastoms-half. t h e

second radi atj on of ral ity.of pairs of
correspondi ngé i rlg © T o0 seS%%‘glgf:‘“ﬁ%ﬁr §om ns"hg pair of
correspondi ng pi xelestingestitesihaldbasad an raeﬁaﬂiohalatecqed Atedt least one

havi e J.es ,ve ra X torlng the respective
rat’%g‘g ﬁir?q %??’F‘B the SRG9P Eﬁat‘i‘é Tows and col ums

cor respondi ngp.t o Tﬂaend;t]leﬁwft;aﬁﬁ 1,|f1h1>ﬂ$ér3conq3@1@m§r| ng the
respective ratios wt t hreshol d { s af

of a predeterni ne‘lﬂ*teﬁt‘%ﬁﬁlamn‘ﬂaeélfmn% bth @‘Gt bﬂ@taﬂt%?aé'ég?tem‘auy
ON@o¥iaididaRRaMhiidow conprising a plurality of rovvs

and col ums of respect ive ratios; determ ning wheth

the object at | esisterpiingvhesher jhecmpierislrs nielas majerial based, at

20N aYda8Gn Pt nQMebhel HARRE nBiftRAS &E dbi@Ba.t he predeterm ned
atom c nunber based, at |east in part, on whether a

pr edet er m nedd-nurdeanethgd p%@ts@@mngeconmm@f pih obigeth tsf method
the g P ifast one exam nati on wi ndows neeting criterion

wi th espect to the respective ratios and the

threshold, is grewtwing firarpostiqns ol Sreebjrchwih adirgardiatipn beam

Th cl aim 20, wherein the predeterm ned
% gﬁ}sp&%féfée at least in part, on a predeterm ned

25f aI se p05| tive r aiemcti@ﬁrsﬂ tadiatiet hiva tahsmpisadmp2Me first radiation
E:e?nh %f t?le %Ff"st portlon e?erln nl%_]ec? ons ofn alg?e st Cor rrﬁ&P SP %% first

toa SI ze tterra capa SUS
nueddédion beam through each first portion, onto a detector, dcﬁne respectlve first

pixels;
scanning second portions of the object with a second radiation
30 beam at a second energy;
detecting second radiation resulting from transmission of the
second radiation beam through the second portions, wherein projections of at least a
portion of the second radiation beam through each second portion, onto a detector,
define respective second pixels;
35 calculating ratios between functions of the first radiation and
functions of the second radiation for each of a plurality of pairs of corresponding first
and second pixels, each pair of corresponding pixels resulting in a resultant pixel

having the respective ratio;
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reaction. 23. The nethod of claim 20, wherein:

correspondi ng first and second pixels are derived from
w@e@sesL3sons t hrough portions of the object ovReT/apWOFE6808

by at |east one-half. 24. A nethod of exam ning

scontents of an 0BjARE thel R MBINAHoL BRI AfdySbmpPRRAR bR and
first portions of the object with a first radiation

beeatimes epriesposding frethe yesultat Bikeliing first radiation
resulting fromt E?l??a[sifltnﬁsﬂhQ r}.e%;ecﬁxf&s\%aftM Shit AR that is a

beam t hr ough the | ortions, erein projections
of fungiéorf afapredetgtniaed eam betir ough each first

port i o.n, onto a ge%c%ﬁ%%t’ leQ?t.f .bﬁ]ee e glﬁﬁﬁﬁéﬂ Wﬁnédv& SctO{nﬁrising a
pi xel s; scanni ng second portions 0 e object w a

10 s eploratity cfotows amircobeammofitesgectiwomatics; ener gy; det ecti ng
second radiation resulting fromtransmssigon of . .
second radi at i ond%tgrar\nrhmtnﬁr ofél}?rt ® oglé:’cc:toﬁtd?efa)%r 0?%1%%1?}? contains

whanetial pavijgeat htonsc afimbdregreaarotheh tledpratdtemilpdastomic number
t hy ough each second rtion, onto.a detector, defi.ne.
- ot ot At g g SR PEdGSTTrEd AHgBp T sneqey piin cach
f usiC tHeomis leaft drkeefantindtionl eviaddved nicatiha tcifiomneth respect to the
functigns of %ge Sﬁcolgoi det ect eﬁ radi ation, for a

15 | t5sRachys rafies gugithesthesshald: isarprisdhang predelsrmined numbeng
pi xel s, eaclpipai ITh@inetdH lof SRMMAD,NGhadéix @leSprei@idrmingd n@mber is
resul tant pixel havi %g the respective ratio; conparing

t heaspaf last imppart, A a predetpymingd falsq BPSEINRI'E: a t hr eshol d

that is a functi qfe HetRdVretheoMwAB_ihe e of WE&hmination
identifying at | east one group of contiguous resultant

pi WEIdewnprsEssponds; e @t §ivce of atmegerisieapalie of ja egli-wtaipingpnuclear
20" eRR&E,. t 0 the threshol d; conparing an area covered by

each of the at |east one group with a predetermnm ned

area; and déBer mThéngth&ﬁe?ﬁ@imZQa@héﬁ@i@ct at | east

nurbor oreator t Perp Rl HhlC and SO B IR, Nerved from
bap®itctiats threagt partiongaf the objecttdverlapogriy a¢ bapané-bdf. 25.
The, et o, o 15Tty 7S ol 5GBS L PARECB
25 capalprisingf a sel f - sustai ni ng nucl ear reaction.
scanning first portions of the object with a first radiation beam
at a first energy;
detecting first radiation resulting from transmission of the first
radiation beam through the first portions, wherein projections of the first radiation
30 beam through each first portion, onto a detector, define respective first pixels;
scanning second portions of the object with a second radiation
beam at a second energy;
detecting second radiation resulting from transmission of the
second radiation beam through the second portions, wherein projections of the second
35 radiation beam through each second portion, onto a detector, define respective second
pixels;
calculating ratios between functions of the first detected

radiation and functions of the second detected radiation, for a plurality of pairs of
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26. The nethod of claim 24, further conprising:
calculating an average ratio of a plurality of

W@ usiogsous pi xel s; conparing the average to tP€T/US2005/006808
t hreshol d; and determ ni ng whet her the object at |east

SPOE&{’ésbéﬂdhﬁg £RNhR §RontBpiREls, Adackh PHik B cafespdrItigCpiR§TaSining a
greater than the predeterm ned atom c nunber based, at

|eéf@?ltqnﬁplgfslrhaVlnsﬁhqlﬁ@e%ﬁﬁ%rrqason 27. The method of

claim 24, wherei Qom?&i{ﬂget%QQﬁQJsrfgr fHerr§§ult§1ﬁ%1§§§ M a threshold
pi xel s overlap b | east onehal f of their respective

ar &utis afgnction afe h@éet@ffm@,dalﬁﬁnﬁp ﬁgmb%ht ents of an
obj ect, the met .h?ﬁen(ﬁ S egg g&ﬁ; pOod ot gﬁ&usﬂ?ﬁhﬂa{ﬁnﬁimls

of the object w I'T st
10 e nehgse; respettevstrating nidet @@rltcram Valtth mpepfete @hetthm}wﬂd* om

transm ssion of flvﬁl%lpgtjh{ Sin £r§9 ?\He%nb}p %H]otf%eo&glgas{ Hﬁe group

first portions, proj ections
pomiitharprafktetthined arestand adi at i on beam t hr ough each f| rst
portion, onto a dde

ect or spective firs .

el o sonnni ng Eletn ey RS g oy pongains o
s ecmmhar Agliigd hontdda nmmbexagmaeloﬂﬂn elne p@ﬁetelmhmdt attngic number

a diation rgl5 %:agfromtransmssion of the
se %sr‘? aF il PYh BEETC W SOYRMAL second porti ons,
wherein projxcti oms @bthad dfe@sin a4pwnbﬂemn tief piehﬁermmed area
second radi ation 03 a\? m t hr ough each secg 0
onCHTEPRE de £ g12e U gl atomigppmbey alsie BW@ |a§eff-sustalnlng
cahgdlbatkdabgod. at i 0s between functions of the first
detected radi ati on and functions of the second

detected radiat i de medrodof plaim b iferghepsorpriising: of

pocorrespondi ng fi rgfcu@ith 680 ALY 6 £ pluRB oRehtzudls pixels;
correspondi ng pixels resulting in a respective

resul tant pixel wamipﬁrglgttheaweéaepémhpt}eesmlﬁ:@d conpari ng
the ratios of th%e{eﬁﬁl ga&}fle‘c rxﬁle Sb c{ lat zl’eagth nufr%‘Lg rc_ontams

vvhlchlsafunctlono redeterm edaom
gr mpnrlng havigg ar atdmiy nombcrest@attlaﬂlan pliex pledetemzhasiudtamicngumber

T
25whet her t he 2hj ecliheatetlod @ tlajpol4 mhemlid:y cont ai ns
corresponding first and second pixels overlap by at least one-
half of their respective areas.
28. A method of examining contents of an object, the method
comprising:
30 scanning first portions of the object with a first radiation beam
at a first energy;
detecting first radiation resulting from transmission of the first
radiation beam through the first portions, wherein projections of at least a portion of
the first radiation beam through each first portion, onto a detector, define respective
35  first pixels;

scanning second portions of the object with a second radiation

beam at a second energy;
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materi al having an atom c nunber greater than the

predeterm ned atom ¢ nunber based, at |least in part,
woroosiogt3second conpari son. 29. The net hod of cPEi/IsR85/006808

wherein the function is an average or a nedi an. 30.

sThe method of cl i@ sebstd QLGP PRIkiAL Tbm SBABEIIAATof the
a resultant pixel having a ratio neeting a criterion

wi s¢popdHslation beam Huowahthesespril peronsh bRy rIojegtings of at least a

gr i e L ' | byt

2P SO Blialch BlarPirkle i RebRERSRLY, hid fBctector

gr deffiengspedtivesbamnd bixels; of conti guous resul tant pixels

into a matrix ce el . resyl t

pi xel . 32. The ng%ﬁgﬁg%gpgﬁéihggTﬁlFﬁ%%ﬁ%%c%d%%rﬁ%?ﬁgﬁdbd
10 c akalidtiah iang fancsienoofitha\sesoad elewtted heliatmn] &g of poradity of pairs of

second Lri t he second matrix bei ng centered, about .

¢ nEoEop Ba ot e SR PP e il BieRg R E i3 fng i o
fi rSpedtiit fesxltant pinpldaying the hespseweratioaver age Wi th t he
threshol d; and determni whet her the object at,|east
potential |y conprif®8dg ﬁ?dﬂmﬁt%ﬁh e PORL 2R A fhreshold
bas@gbh iah flneasd ofiapr@Rfckminédatbie mabend and third

conpari sons. 33. The et hod of cl ai m 28, vlner ein:
I5correspondi ng fi rEQupiiec el af prUBnsPixslE derived from

proj ections througRuRfidd RRsicalof tReattRjo e gMPidgaPPI NY
by at |east one-half of their respective areas. 34.

The nethod of cl &Pmpade thihbpgion wikehpteesbeldr idned ar ea

corresponds to a RieARinffe FhdhGNhatdRfEce ahrRepotBRiafy | @htains
capabl e of a self-sustaining nuclear reaction. 35. A

sy staganal bavies anistinig neohetegreaethap the pjedetermipgoatginig apber
20 C ORIl Sde st iﬁ‘ga&,%?l%ﬁe s%&gld%&%@dsb n source to scan at
| east a portion of an object wth first and second
radi ati on behs dkhefmetisnd ofisthing @8owbereiadhafuingion is an average or
en%rngeidga%, respectively, wherein the first radiation
energy 1S different than the second radiati on energy;
30.  The method of claim 28, further comprising:

selecting a resultant pixel having a ratio meeting a criterion
25  with respect to the ratio and the threshold; and
grouping the plurality of pixels with respect to the selected
pixel.
31.  The method of claim 30, wherein:
grouping the plurality of contiguous resultant pixels into a
30  matrix centered about the selected resultant pixel.
32.  The method of claim 31, further comprising:
calculating a second average of the ratios for a second matrix,
the second matrix being centered about the selected resultant pixel and being larger
than the first matrix;
35 comparing the second average with the threshold; and
determining whether the object at least potentially comprises a
high atomic number material based, at least in part, on the second and third

comparisons.
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at | east one detector positioned to detect radiation
at the first and second radi ati on energies after

WO 208084361 on with the object, wherein projectiPOEUSI005006808
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| east a portion of the first and second radiation

beanms through eaghe pehbd Sfc1AM B, Wi&eRet ector, define
respective first and second pixels; at |east one
processor coupl eeoriespandingd dirsic st seeqid Rixelse gy dgriged from
pr . . B .
FURSEPaRt GRhPRRRTGY ST onE oRPBpLE oF sl 1gaf qnohalt of thei
seceoprdtieameagi es, for corresponding first and second

pi xels; gr oul), f! r[‘ﬁ% nfleLﬂﬁb?it LPILE ir8f2 , Qhé‘f@iﬂl Jch%yprgﬁetermined area
correspondi ng’ pi xel s" 1 nto at Y'€ast one group,

c ataruek@ings #o 8 eizonfla fhighcatoic minbehmaferinistapible of b oel§-susfaining
t he cﬁ)l uralt%é?y of pixels in the at |east one group; and
det'EH K&Vt her t he obj ect at |east potentially

cont ai ns hi @3. at ansystenu ifire exandhieg i cahtehiavoingn ahjeetf dhe system
nunber. greater than a predeterm ned atom c nunber
ba%@&ﬁ“sg’tg'l east in part, on the second function of the

at | east one gr odpleast@ne Thdatinsioareeab sehmibtneddd,a portion of an
wherei n the at | east og_e .processor_is further

pr ORJFCA i TEsh ande Bspn wdiatan Pegnay atfiyafcandgigeondgradiation energies,

Cr jekdcliPdly, DAsedn tRt firkteadihtidm eyt is AFfdr&if? tRmeHEe bRt AGRtion
atom c nunber, prior to calculating the second

f upittg¥n; and cal cul ate the second functi on based, at

least in part, op fohdtShe fdbiRehi PEHidNBE kS B&tedtNBdiation at the first
criterion.37. The system of claim 36, wherein the at

| eanst seernsl pdigdansenengics sftpr inisrastiorowith dhe apjestprhereinsprojections of
fungLdspp ﬁorﬂgn Sﬂg% %ﬁﬁ&ﬂds’e%d%&i&l HeRthQthdduch €8HpoRR onto the

exam natlon w ndow having a predeterm ned si ze;
catletedtert definleespentivefirsf amdcse¢and pbsglscount i ng a nunber of

first funct ' ons. \Qf fel\%t% é@ﬁ)cgﬁ@Qoﬂﬁfehqg tﬁ@i cﬂ: %r,ﬂﬂé@t& least one
meet the criterion; and onmpare the counted nunber to
a proeckstréreimgpesgrammizbto: t 0 det er mi ne whet her t he obj ect

ot Least potent sl SRt s Atof AR £ BHIE e i n
pr memceéﬂﬁgi@dfon ucbrhzegoridmgtfastetdd sebnd piéslt; in pa.r t, on a
predeterm ned f algic’o%p %?ssfifttltilc¥ignsr c%l aeplurality of corresponding pixels into
at least one group;

calculate a second function of the first functions of the plurality
of pixels in the at least one group; and

determine whether the object at least potentially contains high
atomic number material having an atomic number greater than a predetermined
atomic number based, at least in part, on the second function of the at least one group.

36.  The system of claim 35, wherein the at least one processor is

further programmed to:

compare the first functions to a criterion based, at least in part
on the predetermined atomic number, prior to calculating the second function; and

calculate the second function based, at least in part, on first

functions meeting the criterion.

55



39. The systemof claim 36, wherein the at | east one
processor is programed to: group first functions of
W@ omvsiogious correspondi ng pi xel s that neet thePCT/US2005/006808
criterion; calculate an area of the grouping; and
sconpare the sgreaTqf sfdien OF R 98, Whdrdln IePitQERE B hB&Gsor is
area to determ ne whether the object at | east
popregtapaiddyoicont ai ns a high atom c nunber material.
40. The system of o3} @fetioh 6F Erbspdindlpitdi@ o @Mast one
groupi ng defines~at” I east one natrix and the second
f uereiiigtion svizdovwahazinggeredetseniaed sisast one processor
bei ng_pr ogr amed o}y € 3 ULARF AR:iBY B ABEnly & bl 5f first
functions for the plurality of correspon m& pi xel's
10w filnitiorts néthirt the exestinasios wimtomi that nagetithe orifodiom ahdhe
average of the at_|east, one tri th Lterio
et er i ne. whet e TRES S S il fo 5 frefidficg Mhnltlr 1o
codétarintise avhbthghthat ahjéce ah lenbte poterittally icahtaind Ja. hipheatayst mmber
of c] ailm 36, wherein the at |east one processor is
f uP¥IFER" pr ogr ammed to: conpare the first functions to

the criteri @3. COMps ksteigofldiAr3gsWidrein42. The system of
claim4l, wherein the at |east o rocessor. is

e .
I5¢ urther programmitf Prydetergyip BWEQ?rhig farede A PPt Y gy, on @

at ple@@srmihdd fRIBS positRB ratet ect ed radi ation after scanning
a Pest mat eri al  havi n% an _atom c nunmher eq(ual to the
a

pr edet er mi néd- at GHf &Y Eflaing 364 whergin the ateast gg piegessor is

r agiogtahibagper gi es. 43. The system of claim 42,

wherein the at |east one processor is further =

progranmed to: sereuptiinat funetionn sif Foptéguopss eorpaspepding pixels that
20Cr L&thOGithaged, at least in part, on expected

contents of the object. 44. A nethod of exam ning

contents of an olsgledste an hesa pethh gtbupivepndsi ng:

coniucti g, 2 1) ¢ Sy BRI b PSR s
determine whether the object at least potentially contains a high atomic number
material.

25 40.  The system of claim 36, wherein the at least one grouping
defines at least one matrix and the second function is an average, the at least one
processor being programmed to:

calculate an average of the first functions for the plurality of
corresponding pixels within the at least one matrix; and

30 compare the average of the at least one matrix to the criterion to

determine whether the object at least potentially contains a high atomic number

material.
41.  The system of claim 36, wherein the at least one processor is
further programmed to:
35 compare the first functions to the criterion comprising a
threshold.
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exam nation indicates that suspect material is
present; and determ ni ng whet her the object contains

woeesesesstat eri al based, at |east in part, on P¢EUSINEHH06808

5

10
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for detection of delayed neutrons. 45. The net hod of

claim 44, compri sihpg; st&ﬁ%@ |61aﬂ19 4fl Okhdrig tHehelehdt @Re Blocessor is
del ayed neut rons, Y first exam nation

i nﬁ%lﬂ’ﬁtﬁf%@mﬁt@dé@spect rrat erl aI is present. 46. The
method of claim %élculﬁ@”ﬂ%'tﬁfeﬁ\ﬂyld %?&Hn' ﬂ@eatsth% ?9&6811'1 etected

with radiation prior to checki e detection o
deraaiwldn rediet rsoanging47 . teshigatenia] H@dmef ol glamidgunkieeregiial: to the

SCRAL OGRS WL B OB AHLRG LELL T o1

m na I'Si ng:
scannl ng thet3at ITdaasystanmﬁptalrmﬁZ,othrha tbﬁbptelcast \wh¢ processor is
gm%tel on rg.lfnmaetd (I)east 5.8 MeV, prior to checking for
h& TSt HeFPERCS O del ayed neutrons. 49. The nethod of
cI ai m 48, furt herelegnhiesioiyfor sedmacrigribimbasad, ak asgtin part, on
portlo of .the EA ct wth second radiation of at
| e&8 ec 4c e{}ats%fﬁ @H‘%ékl ng for the detection of

del ayed neut4'r40nsA anthadeb L Exntining cohietsest irhebjedy @t method
contai ns nucl ear material based, at |least in part, on
St hEOBREHHHA check for the detection of del ayed

neutrons. 50. The coRfudBAL OfirsEdxamifadén off dardb
conprising: identjfyi ng a nuclear materia W|th| n the

obj ect based, at chesking fos thadetection et delawadengutgps: of the first

dekyeifat D8 W di QRS tha? guspg-c!? GrafBBhNe Pre@int;Gh@i M 44, further
conprising; scanning at |east a portion of the obj ect

with radiation hagiergingenhetier &pebigyt;coriainn Andiepr ataterial based,
| e35ika 1 fit (')ﬂjt'ﬂ Qlflecktféar &?Eﬁ&ltof%l%ibdtﬂﬁgﬁ&{' on having a

secon ergy of “at | eas e second ener gy
bei ng gr eat ef5. t h&"rhenw@hdilmfsltalneﬁblcgyprlm ecting

radiation after ggan v ik dgégc,eclofrllo'f%{alafﬁfsﬂegtﬁons 8nly if the first

detecting radiation a er - scannin
enexagyinatin dndj¢ages Kian suspeat ntateeialois esmmd:e of del ayed
neutrons af t&r SG38 rr}lleﬂ%d of claim 44, comprising:
scanning the object with radiation prior to checking for the
detection of delayed neutrons.
47. The method of claim 46, wherein:
scanning the object with radiation during the first examination.
48.  The method of claim 46, comprising:
scanning the at least a portion of the object with radiation of at least 5.8 MeV, prior to
checking for the detection of delayed neutrons.
49.  The method of claim 48, further comprising:
scanning the at least a portion of the object with second
radiation of at least 13 MeV; and
checking for the detection of delayed neutrons; and

determining whether the object contains nuclear material based,

at least in part, on the second check for the detection of delayed neutrons.
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the object at the second energy. 52. The nethod of
claimb51, conprising: periodically scanning at the

wo e0ssenatd second energi es, detecting radi ati oPCHUS100&006808

5

10

15

first and second scans, and checking for the detection
of del ayed neytrOfig.metdd o-flaﬁmri@fl (H06heP EorfipridD: 51
conpri sing determ ning whet her suspect nmat eri aI S
present by: det erifdntifyieg emaelersmmat¢renl sifhacthe abjecebased, at least
potngpg 4 8lLly contains material having an atom c nunber
greater than the predetermn ned nunber based, at |east
in part, on the gbhadstéctign of defdyed mgutoraast a porti on of
the object at,th f|r d, se en ies. .54. The
met hod of cl é\ll m5 n116"%“)tdaé’r%rc laér%%%rqg%her%rg%“ﬁl%l ating a
functl on of the rmhnatgl ab feasted @etieacbfabe object withatdiativel having a

gor%d energi es; and determ ni ng whet her the object at

3 B%%ntl al | y contains material having an atom c

nunrber greater t rsaﬁnnﬁdgeat prastceotion dfelmb asn;adm eﬁthba&adm Having a
| east i n part nmet hod  of
o arons SnBiE A pE feattons MESE b Siearb RHcER vl Brege dhagy the first
th%nérgygl ation detected at the first and second

energies; identif ing a material within the object,
based at |east i rficfFsiiRg radiationadter seeningpfdh %ﬁ’@&%}efﬁj for

the detection of dekayadsaeylienSahiing ehd 4BId b and
material is a suspect naterial e met hod of

cl ai m 44, wher ei rfhetkingn{es Iﬂ@?al?reﬁﬁ&t?‘?eﬁ’f delayed ngutrppsaafier epaning
of 1 dhﬁ&péﬂ{ﬂg sedbRitink@y 233, urani um enriched in

urani um 233, and urani umenriched in uranium 235. 57.

The net hod of%l alThemthQMpbirmﬂ,tch@pmlngt exam nation

20C0Npr i ses a manu thc\lﬂgﬁl?"Eh 1 p{% fﬂptj Al tsecoﬁg eneI%\gs detecting

25

30

35

met hod of claim rst exam nat
complidteesat the first and second scans, and checking for the detection of delayed

neutrons.
53. The method of claim 51, comprising determining whether
suspect material is present by:
determining whether the object at least potentially contains
material having an atomic number greater than the predetermined number based, at
least in part, on the scanning of the at least a portion of the object at the first and
second energies.
54.  The method of claim 53, further comprising:
calculating a function of the radiation detected at the first and
second energies; and
determining whether the object at least potentially contains
material having an atomic number greater than the predetermined number based, at
least in part, on the function.
55.  The method of claim 53, further comprising:
calculating a ratio of the radiation detected at the first and
second energies; identifying a material within the object, based

at least in part, on the ratio;
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scanni ng the object; generating an inage; and

anal yzing the imge. 59. A nethod of exam ning
w@omses3st of an obj ect, the nethod conpri si ng: PCT/US2005/006808

det erm ni ng whet her an object at |east potentially
scoptpins material having an atom c nunber greater than

a predeterm ned nunber; and, if so, determning o

whet her the obj echeckingtfon the detaetionnt detay ek neyfronsgif thefigentified

met hod of clai m §9,..£pAPri sing determ ni ng whet her the

obj ect contains nuclear material by: scanning the

obp ewspeatintateriglif f i ci ent radi ati on to cause generation

of del ayed utr ' t S rfai s
R g S e o Ly PR R
10 neute ofi plut@iium,Thanivet-233d vodniwh sinricled, incompinins233g:and uranivm

scanni ng. t he .obj.ect with radiation of at |east 5.8
I\/E?f.m%?gm'l"ﬁ%m%'tzﬁ d of claim60, further conprising:
scanni ng first pdhtnetsdof clhiredpbjheein:wi th a first
radi ati on beam at, a first ener gy, detectin

, first ..
radi ation after im0 &FShcEPBRagT CRRPHIS st “?338?1!% CXgining the
begpesti th the first portions, wherein projections of

at least a portigon of the first radiatiqon beam t hrough .
15each porti orﬁg'ontTé‘eam&@ch?florC?a“He in@etr?égpg’@t"\l}sé ‘F’faf“grfatlon
pi ¥&hgrissganni ng second portions of the object with a

second radi ati on beam at a second energy different
than the first edemgipg thierbiscti ng second radi ati on

after interactioneffafdien$fsRNshd adi ati on beam with
the second portions, wherein projections of at |east a

portion of the segumeng@airagcon beam t hrough each
ppPOrtion, ontg a % B of ?)@aﬁﬂiﬁﬁﬁ%rc%ﬁtfa?&:dfv& S6EANGhe method

pi xel s; calculating first functions o he radiation

det:@upréaaihgt the first and second energies, for .
Funct: on of a pluFariiy SRR, BLE8ES: nOLAMObARul, Sootane
at nlaeaial having agraguge noaber gheatet thgn a pedetomanédmmtbtiegrand, if so,
based on t he First Lunet I e Ptfh af). (lztecgst%ingg{lctlgair rr]na?efrial.
the plurality of d%fe%llngjglvﬁl ?]ﬁe SPFESSTORE group; and
25 60.  The method of claim 59, comprising determining whether the
object contains nuclear material by:
scanning the object with sufficient radiation to cause generation
of delayed neutrons in at least certain nuclear materials; and
checking for the detection of delayed neutrons.
30 61.  The method of claim 60, comprising:
scanning the object with radiation of at least 5.8 MeV.
62.  The method of claim 60, further comprising:
scanning first portions of the object with a first radiation beam
at a first energy;
35 detecting first radiation after interaction of the first radiation
beam with the first portions, wherein projections of at least a portion of the first

radiation beam through each portion, onto a detector, define respective first pixels;
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determ ni ng whet her the object at |east potentially
contains material having a high atom c nunber greater

WO b@s/0s43pr edet er mi ned atom ¢ nunber, based, atPCEHES1005/6006808
part, on the second function of the at |east one

sgroup. 63. The meidheis@écofd pbribifiof the!bbib& withoARicbid Rdiation
conparing the first functions to a criterion based, at

| ebegm atjg Sprond encsgy differept thandhefist #NSEEYat omi ¢ nunber

prior to cal cul aykpbinegceRC PRtht{oH NGkdr OMteriliSh €M the second
cal cul ating the second function is based, at |east in

paradiation bedwe with the scoomtcnariénns, Wessein mepiedtient pf atdeasb portion of
64theTsQ§0nHEr5$19tgono£eaﬁJ ﬂl'ngfgﬁ%achcgée}fi{)ﬂ, HnftPa PP REnd kdspdctive

functions of correspondirng pi s’'into at l|east one
10 exseowbmbpikeadsy wi ndow havi ng a predeterm ned si ze;

cal cul ating the sgeond S MACkhARDYe SRUALLAG BeylIPR o first

of first functions w i exam nation wn t
meaid sebendenergies,i foncorasmbndiogfiest amigpetdnd pxelsat ed nunber

to a predeterm ned nu r. £ o determne wh . .
obj ect at | east ﬁﬁ%ugﬁltgnﬁgftlénc&%ﬁ 8{ he ﬂléalﬁ?’ g)%%gl{reosh‘u&é%mg pixels
nﬁmﬁei’cléﬁét(ﬂfeig&tup; 65. The net hod of claim64, wherein:
the predeterm ned nunber is base t least i.n_ part.

150n a predetern né@c‘ﬁéﬁl@ea ??8%‘}dta$‘9°giopg’ta§e.d Fpthe i ’%%%1%500 fat
of 1et@$t@bﬂfai§ 3 thé Qmwlitﬁdaﬂ'tﬂkelgﬁ ﬂtélpiit regshtfohe gloupamdt i ons of
conti guous correspondi ng pi xels, that neet the . .
criterion; cal cul 4FCHYNER ‘?él?eélfr dghe © Ctg'f“oifﬁ§tn1§‘),telﬁﬁﬁy contains
CORfARKhNEhvidYE R AtoMit RuBbd? 'R el 'dd@ér@anddtatomic number,
determ ne whether the object at |east potentially

c o hesad.rik leastin BT o1 Hivi second fmetionfiths 3tdgast @if 89HRe et hod

200f cl ai m 66,g3nhergi i ehdf ofblaes furBEcdRishighg defi nes
at least one matrix and the second function is an

average, the net seapeinephe dirigunctiansifl acrigoarbagsie plalgast in
of L %nftl’lé(;ﬁ'gdeftéllﬁ]ﬁ{ep Wshid ﬂ{nllqﬂeyﬁri&g{)‘r: Ldidthe@he second function;

cofréspondi ng pi Xxel s Wt e east one matrix; = |
and conparing t hevlewdin ageulatingtthe seqond dincsigntip based, at least in

oo TR e ey 220t poLent Ll
250f cl ai m 63, 64nherihemetodpéclaing6d, hemprisied: f uncti ons
grouping first functions of corresponding pixels into at least
one examination window having a predetermined size;
calculating the second function by counting a number of first
functions within the examination window that meet the criterion; and
30 comparing the counted number to a predetermined number to
determine whether the object at least potentially contains a high atomic number
material.
65. The method of claim 64, wherein:
the predetermined number is based, at least in part, on a
35  predetermined false positive rate.
66.  The method of claim 63, comprising:

grouping first functions of contiguous corresponding pixels that

meet the criterion;
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to the criterion conprises: conparing the first
function to a threshold. 69. The nethod of cl ai m 68,

WO eoosloge3sconpri sing: cal cul ati ng the threshol dPCHUS2005/006808
|l east in part, by: scanning at |east a portion of a
ssecond obj ect conpdkkiRgaARELEH B BRMhHGn@N atomic
nunber equal to the predeterm ned atom c nunber, wth
a third radi ati orcopwaringthe #rea fWithse pessleteryinediareacipi drgprmine
t hi i eRtHe Bbiebih RhLtSbichtMIf Bhhin® R hith aldific hi¥hbd material.
racri[' atkl{eonebejaem w&t%w%tﬁela ) eagt a%%grti on o? the .
second obj ec67. scHEeninpigodtof |ckiimt66a whereirl 8i¢ afleashene grouping
se o it T our jakion b e
ocHBHCR) ek, i Hadh B 1B Bt LR R Bherkil? the method

10i ntcemposingn of the fourth radiation beamw th the at
| east a portion of,t second qbj.ect . cal cul.ating..
the first functi o cuPepdEF PRl ol b R i iRy of
t hicoctespoddihppikelb withiarthe &deast/dde mblvéx; amd hod of cl ai m 68,

conprising: scanning at least a rti.on. of secon
obj ect conpri si ngcoﬁﬂ’ﬁﬂ?gegﬁf’ éYer‘f'ﬁ?\}gﬂﬁc lﬁerlﬁf’&r&eéer fyapether the
| eshjdch@NeadtpotentisiiyCeontaird@rmhidf atdrid AumBdr. madergy.st em f or

exam ni ng contents of an opject, the system, )

conpri si ng: % | ed$t™ ﬁ%d 9};{54“8tq3o}‘{g%r8‘ﬂ}r08€kpa%flﬂ“’ih? §iyst functions

dett@q{eq,ﬁtari@nd@{l@q:ges:r adiation fromthe at | east one

source after interaction with the object;a second

detector to det ectompatits BRsTst fnciendee tyfgiobh ocessor

coupled to the fiTiRimansh SREANESIBLRG CORprisitdie at

| east one processor bein prgit%garmed to: process data

fromthe first detéstang the thiesheldnptdeast in refebYobj ect at

20l east potential | ysc&xﬁﬁﬁga'apq’ea&u§ pﬁ)‘fﬁonnﬁf &l ibnd %ngct comprising
process data fromthe second detector to deternine _

wherdierial hindng i} demicoimbsl paahiodhepiedetenmirddzgtomiz aumper, with a

SYShMiRtoPKaM RupGuGaALent s of an object, the system

conprising: neans for scafning at |east a portion of

an obj ect at fi r sdeteating third radiation after interaction of the third radiation

15

beam with the at least a portion of the second object;
25 scanning at least a portion of the second object with a fourth
radiation beam at the second energy;
detecting fourth radiation after interaction of the fourth
radiation beam with the at least a portion of the second object; and
calculating the first function of the radiation detected at the
30  third and fourth energies.
70.  The method of claim 68, comprising:
scanning at least a portion of a second object comprising a
material having an atomic number less than an atomic number of lead.
71. A system for examining contents of an object, the system
35  comprising:
at least one radiation source;
a first detector to detect radiation from the at least one source

after interaction with the object;
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second radi ation energies, wherein the first radiation

energy is different than the second radiati on energy;
wore@n®sf3or det ecting radi ati on photons at the PCT/BE520851006808

second radi ations, after interaction with the object;
5means for det ect iangconduttectistp deeansut@rs; det er m ni ng

whet her the objec | east tentl 0

mat eri al havi ng a?%le&ftc?ﬁf BIOA, é’rou}élF@ﬁ%F %fﬁtl Aﬁecond detectors,
pr @tel Rasfione Prodésedh indpidesmbased, at | east | n part

on the radiation deteq%%g at tQ@ rfiarst an 9

energi es by the ffsss Hye:tirst teﬁ@é?% ‘anmel the object at

detQEtPotnifyddataRsudpes nihbdrﬁptan&ont ai ns nucl ear

10][nra g renr It ﬁle g :i ggd gaéqclgganta tl‘roqn ?h%rstecon?i rgletcéc{ilttof'jl ‘cor dee(t:eerrln\l/n%dwhether the
object contains nuclear material.

72. A system for examining contents of an object, the system
comprising:
means for scanning at least a portion of an object at first and

15 second radiation energies, wherein the first radiation energy is different than the

second radiation energy;

means for detecting radiation photons at the first and second
radiations, after interaction with the object;

means for detecting neutrons;

20 means for determining whether the object at least potentially
contains material having an atomic number greater than a predetermined atomic
number based, at least in part, on the radiation detected at the first and second
energies by the first detector; and

means for determining whether the object contains nuclear

25  material based, at least in part, on data received from the second detector.
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