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s desttuctive capabi n c ear wea
that could kill mllions of people and destroy | arge

pack GrouSH QR ikaRARRERRT © 557 2 nanarul of nati ons,

generally aligned within a bipolar world order,
. engaged in the proliferation of these weapons,
Field ofthednventibhy i ncreased the destructive capability of
each warhead and refined delivery systens capable o f
| aunchi ng a near instantaneous annihilative force with
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the equal ly destructive response which woul d ensue,

usi n heseweapons prevented their very use. This
Mgl%@@e&étﬁ-gﬁ mutual | y assured destruction provided the
delicate balance in the bipolar alignment of world
order that, irrespective of the ever-increasing
In the pastgWotld FaroHl erve skpbﬂittcwﬁscfsstered anshxelo ved svithiuemenv-ironment

dominated by tfhe treme\l\ﬁgtllsddes?vetrlve capa § ity of nuclear weapons that could kill millions

of people and destroy large metropolitan areas in a single, momentary event. For several decades
after 1945, a handful of nations, generally aligned within a bipolar world order, engaged in the
proliferation of these weapons, contimually increased the destructive capability of each. warhead
and refined delivery systems capable ©f launching a near instantaneous annihilative force with

unprecedented stealth and accuracy.

Yet, despite the unprecedented military power ever possessed by a single nation. state, the
sheer imagnitude of the mutual destruction that would result from the initiation of an attack by

one state upon another, and the equally destructive response which would ensue, using these



Presently, however, that delicate bal ance has been
| ost. The c apse of bipolarity and the energence of
wani@goksndty have resulted in the emergence of PCO®SE005/026097
nations and terrorists as the primary threat t o world
order. Rogue nations generally conprise snall
weapons prevegutadithéiniveinysest Thiscondent of avegually hesnredd debiopaipn provided the
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the world's blagkzmarket.t Pape 81 pessessiagc 8f arelga weaneas citfacr agreht needs a method
. | ave b*een subject to increased nonitoring
of delivery to C%Q%g%%%@i ngent security measures t o mnimze the
chancel s of weapons delivery. However, the magnitude
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. digruption and instabilit l.d, nonet hel ess achi ev .
atack by wsing; e ipyBOn RN BPR it oo P R ety cctivery
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are not-inspected in any way. The sane Is true of the
the terrorist evernrif oo urttier striappnstgere evestideiverednnual |y brought into
trie United States across its borders wth Canada and
Mexi co. This lack of inspection extends in v n greater

One of PEAC BAI@ G@fispoRt HREhARMESs FAh8irhéde®h global economy is containerized

shipping. Through seaports and border crossings, shipping containers freely move in and ouxt of

the nations of thre world with little or no inspection of their contents. FFor example, as of Februtaary
2004, the United States Government admits that ninety-five percent {95%) of the some 30,000
shipping contaimers that enter U.S. ports every day are not inspected in any way. The sanxe is
true of the millions of shipping containers annually brought into thxe United States across its

borders with Canada and Mexico.



shi ppi ng contai ners that nove in and out of the ports,
and over the roads and rails, of the nations of the
worod7dogaery year. It has now been cl early recegmiuzems/ 026097
that rogue nations or terrorists could potentially
deliver a nucl ear weapon by stealtiti in a shipping
container destined for a particul ar popul ation center.
. e-nay to.preve t he deliver a nucl ear weapon by
his 1agl B ' Bptctiol Gt Rlscln FySf gty p@icemtaRtigiou dbg yiome 200 million
shipping contaifés RRiah ghodeHh ahd 8t 85thit pdPRY @8d LYEOE Rofs!a R rdilR€of the nations
maj or transit points, that is at each highway entrance
of the world eveydyeeat 1t haohers been dgwwgecmmmamwguseapom or Butorists could

potentially deh#r&rag ‘iﬁ%fe% %ﬁ éﬂhgﬂ ¥ sYe lt?p fxp éﬂp%@&&ﬂ]ﬂ?% St 0:1:’%' Iga¥tlculm

population centthe af or ementi oned d| sruption and instabili ty, t her eby
achieving the very goal of the terrorists.
Accordingly, there has been devel oped vari ous mnet hods
Ony 6’;91%9@15%9%
e oplE Cattons oFo I% ﬂ%ﬁﬁg%% V‘}egﬁ{)ﬁg?’ns\gfgg}ll\?g%o&] %'Sf?guy inspect

each and everyfslh;ppmgsqmtamer EISflt sivivesi theowginalbof diesmajor tbansi@pdints, that is at
a.. Active versus

tr t ld trad
each highway Glz33%¢ arB e PPl ioetoht, ALERT 1) 2P0 o A e rinvasive
inspections aredf61 JERMomichINE KDk, t NKRER hrlé(;}%u?)iﬁiﬂ&?ﬁnucrvg&ﬁasleesﬂft in the

nucl ear energy or through the spread o
aforementioneddisgmption Wdcmﬁ‘ﬂabﬂﬂ, othereby pkbslvn% tler vy @onl aif e derrorists.
d As is ,
Accordingly, eAEbITBELY B Hiond il oS o dppuibinaprisclosed in the 154
and '307 Apphdaadne,t fop Ialteﬂhtlﬁe rdgiiavasie 068 WeslE) inbRictifh &Cdlﬁppxﬁg Ettainers
staple atonic nuclei or as a consequence of
at the ma;ortra%d?@g;lts? werd gade.and conpri ses al pha paati cl es,
nucl eons (protons and neutrons), electrons and gamm
rays. This radiation can be detected through active or
a. fdbat versey Basive Systbrosehhd Ndethdds described in the ' 154
and ' 307 Applications, ganma rays e aitted by
radi oactive or fissile material in a shipping
A nucleSOREAPHL whdReiD@esiifks ‘Ebe@esmﬁyvcﬁfdugﬁ Sthé KPS sfve release of nuclear
radi ati on detection devi ces. 1S al so wel
energy or thm‘tgheﬂm sprehd tofrrsglaan meatenial bedcwemmb axplloseveo force, contams a

wioacive o JTELL SYRUE. 81 3 Bobodl BREALSRLLR, B2 pGiReBos sgussion o

radiation. This ea(ﬁatloﬁafdeuﬂﬁelﬁbr directiNE tftRA uﬁ?tdbl@l%@@fhﬁtﬂﬁ%lﬁpbr as a consequence
etecting neutrons, U S. Patent No. 5,680,4

of a nuclear rea(:’u@g|§ Rpd, compriges alpha pariicies, niileons dpro@pgs@nd mutrons), electrons
and gamma ray§r.] gﬁg &ﬁlaglgyé)cgn Bo Hétg&eq thf@% a&c i 9 or gae% ive S Sge%ssax?%x)uethods.

ation
in nost schenes, the pI acenent of tI i e suspect

b h d _the
o BRI 035 RO to0D L SO, AL
fissile material ﬁffﬁnéﬁl %ﬂafddﬁﬁlﬁé}ecaﬁ% RtecREE by %gﬂous R@?%S&ﬁ%ﬂlatmn detection:

Single Phot oneut ron Probe "An
devices. It is also vvell known in the art that neutrons emitted by radioactive or fissile material in.

a shipping containe¥ can be detected by various radiation detection devices. See, e. g., Perkins et
al., Method and apparatus for detecting neutroms, U.S. Patent No. 5,680,423 ("Perkins et al.").

Active radiation detection involves (1) a source of radiation, e.g., X-rays or neutrons; (2) a

radiation detection device; and, (3) in most schemes, the placement of the suspect container (or
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System for Contraband Detection and Identification,
U S. Patent No. 5,838,759. In the active system or
worbdTods218 he source of radiation illum nates OPCITAIS2005/026097
focused at the container either to (1) cause a shadow
o f the shipping container contents to be cast on the
target object) bediwteen o sdumee ami tie dieteatiors-desjcesin the pagirefthy fadRgibA @hianating

or (2) cause .the target objects in the container to .
from the sourcey; \'P’%%?-E-’ d%ﬁ‘@?tei“{z p@QEIS%B?%‘JE‘i ébqtewmnclffow eApf frRay Imaging
System for Con€fibaad FsbtditiohddkRGAR  onl N85 Panf 'F{o!. '32?3 £7%9. In the active

fundanental problemw th the known active,
system or methordrihe souese wé redistéian imisstasersis dociised whiddscotftamer either to (1)

ragdjati.on. source that illyun nates IS focused upgn
cause a shadow KFShEMABRF e WBhpbts ThORE Pn e (fectOtBE G HRIRal xoray
or tomography inedgifidlt of (2)Ra0 the digetRILTIBES N the'contsihd@it8 oivB di6theBpes of
l.Lication: "Active detection systens (1) produce

" .o A
radiation which ﬁgé)?heﬁldeﬁtﬂdéﬁtbﬁdﬁ‘ﬁ@%hus are not suitable for the
wor k environment; (2) can danage certain types of
cargo carried in containers such as photographic film
There is @) inhegut fimdamemphpablean sitaclee bedwe edtivieh @10naiivasiv® Betection

systems and megfd,” 187 Tidiaton Sops it Alrainaten or b dogse BB depcontainer
gives off radiatd6f OGWRRRH A% ity hiyendlP itétpéﬁsﬂl@cd?ﬂeﬂfog@ftyt h%]éé 9{&;&/%&;@?&11&3 307

o crane." Passive detection systens, as of i
Application: "Agtive detsetion systéras (Dbprodude 'Tedmfulppdiation Andsthud araabt suitable

rely upg n ource of .radi atipn, but instead assess
for the work enyfohuRE 1T (i, BABREEclsibohe: of fureg il G 5RORNES such as
photographic filh@d33réquiireSP S€fab4iOnOdpacd HedWeslLtiRGhBRtioN s HES §hd BRdetector
therein, an unexpected spectrum or ener coul d be

into which space;, theginspectadifoatainer maust bepaaged; and (fLare Wefficadinto) aveemimadate on
the hoist attac | PR %ﬁh&%ﬁ td on. b. Shiel ded and Unshi el ded
ucl ear apons An unsni el ded nucl ear weapon in a
shi ppi ng contai ner can be detected by many ganmaray

. nd peutron detegtion systens and thods. As pointed

Passive cigjectian siemsy 8% ORfF BB FAPHPICL R th6 14 anel S Appkeations, do

not rely upon arkSdobrcd 6 1981t St GhstaRURLRE h%ﬁﬁteﬂ@ﬁ il %nttaﬁn&et;fl%ﬁiance
_the presence of  i1onizing radiation. st nodern,

upon the radiatiquasprctrant eringtgyodetetitde cAisaleseriheddaberein, ahaeexpected spectrum or

scintillator,s to detect the count and ener aof the
energy could be 385010 jarfe? ik ol R Fudthes 8 M6 pr St e Sheneron
are used to detect the presence of neutrons. For an
xanpl e of detection of unshielded radiation, "portal
b. dedypngd UnshicldediNaeleaWiapeos or s nounted on a
squared-off A-franme structure, A shipping container is
driven through the portal nonitor. TJie container
An unshichdedeinyclen vespom iroa ghipping tynthinet ben bodétaict@by many gamma-
ectors ang t hey, detect the presence of _the

det S h
ray and ne“tropa_ﬂ?tﬁf‘il% Systems r ik mthede g ddniopishiobt o et 18k and 307
Applications, asSHr§SdsOrHA 11 GR{Pet-MudtiBNEBUfifeks were available to detect the presence of

ionizing radiation. Most modern, passive radiation detection devices utili=ze scintillators to detect

the count and energy of the gamma rays. Among other things, gas filled chambers are used to
detect the presence of peutrons. For an example of detection of unshielded radiation, "portal
monitors" are radiation detectors mounted on a squared-off A-frame structure, A shipping
container is driven through the portal monitor. The container thereby comes into proximity to the

radiation detectors and they detect the presence of the radiation by virtue of the gamma-ray

-4.



However, as al so pointed out in the '154 and ' 307
Applications, it is well knowin the art that matter
weigmidhsxant |y attenuates gamma rays. For exanmpCE&USRons/026097
to three inches of |ead surrounding, for exanple,
forty (40) pounds of highly enriched uranium ("HEU")
and/or neutron enfikdidnsa oS theasdntaimdry attenuate the garnma-ray
em ssions of the HEU Any rogue nation or terrorist
cl ever and resourceful enough to acquire a nucl ear
However V%ﬁ%%‘&n Pbﬂltécpgutf fnltRé 'l@haéﬁ‘d wolZl AjpiRwtiéRat ifeeResbwidthe art
ver 1t by stealth is to shield it.
that matter 51gmﬁoml3q Letteligtes tgamma exrst sFer axaupleotwo rier dhree m@ltqmt% lead

saronmain, 1r RAPE 380 SorBES TRl LR 3RS 9 o

entirely attenuate’ tﬁéjgﬁ'rhﬁﬁlr%hélﬁisgioﬁg of i< HE. AQRGghd mldm”pﬁtdmmt tbeer and

quantities ‘of radi oactive or _fissi teri
resourceful enouglhfoppEaeired mpglentewea@gmﬂlp st p M\{]}%ﬂﬂ\’b%‘tﬁt tﬂe Best way to
deliver it by steafﬁl {cg p%@/ g:u d oﬂs n“; eﬁﬁ Rh&Ste 5%2 an cpfoers ro'v@ ?ﬁgtl'l&ﬁ; and

rov net h appar a
apparatus for pas§ﬁ§ ab¥einasive Im@ad:t\tm ofh Shn@pingtm)mﬁmarh thapiwil deimtathn gresence
hat will detect the, presenc ati S N9e qil
of radiation Shlfﬁémgrmte%%lné‘éf&eﬁ .lw&qrmle?? BI‘E‘a&d{e\ %néaé 15¢ ¢ Hissile
or fISSI|e material in a shipping
materlalmashlpi)gi%tcg?frf]téirn\é? is a further object of the present
i nvention that such inspection be perforned "on the
fly. " A ' to the present invention, the presence
SUMMARY O%Tﬁ%ﬂﬁlﬁﬁi@ﬁt el ding material concealing
illegitimate content in a container is detected by
obt ai ni ng ea.ch of measured gaa i nmaray dat
Accordmgb’ammedn obisct of thiaprase b AVEREOR &h PEVHiS Su fproved methods
al | ng tf.oe measy ﬁigr AR deRet th
and apparatus f%x ﬁﬁéed g Ey ™ a}!r;&(lﬁ%ﬁg?gsn %@Qgﬁgr ei %cha anomal yc ©

presence of radﬁﬁ%ﬂ"@!ﬁ'elﬂb% fagsil edncéﬁlmganﬂpd;rhﬂssd)dp equaﬂlhtldawd' radioagiive or
ind cum

t he presenc ch terial shield
fissile material m@cshlppanmm%fg Rdhte rt eA Oﬁ’é%‘( rr?éheo?retsﬁﬁ B}VSEQ that such

\6%3 ™ hat conventi onal devi ces, which detect
mspecuonbepe{fﬁre spon ane Uis ganma-ray and neutron enissions froma

container, are configured such Chat a conparison of a
rati o of the spont eou enl ssi ons p :
Accordinga{q ol RIRTRE BYET ena]?rggenges éé?’(g ‘el%éoﬁﬁfgg ng material
concealing 111esn1 il CoRfenf W A egnt'aﬁfépﬁc Hb&@teﬂ@bﬁtmingtdaﬁz}suﬁmemmal garmma-

ruly non i1nvasive and passive. The separate source of
ray data and meamdanbmmom datadtord éksi ¢%‘Ia§1%e@§1u§lénpaéﬁﬁ rlegngasured gamma-ray

be h
and neutron datanﬁc‘%gﬁ ot ga%ﬂla‘?lﬁga r R g{ﬁ'\gfl P%ﬁ k?{%llﬂllher adi at %%ﬁweem the

measured data dndGhe!OéfHctédr dits is GRmdichen be thaprderce taf” sectenmteriashislding
in the contai ner.
such illegitimate conterxt.

A feature of the present invention is that conventional devices, which detect the
spontaneous gamma-rayy and neutron emissions from a container, are configured such that a
comparison of a ratio of the spontaneous emissions to an expected ratio advantage-ously
eliminates a separate source of radiation during inspection such that the system is truly non-
invasive and passive. The separate source of radiation is not desirable because, among other

things, it may be harm#ful to human beings and thus unacceptable in the work environment- The
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Anot her feature in one particular enbodi nent of the
present invention is that such inspection nmay be
woeod7onsms "on the fly" while the container i SPOEIUSZ05/026097

noved, for exanple being | oaded or unl oaded froma

contai ner ship or container rail car. This "on the
radiation, including/X-razpsecan afo bhbarprfektersd the centenionin ddwantageous! v

all ows for rigorous inspections of the coxitainers

whil e sinultaneously elimnating the disruption and

Another | ﬁ@ﬁlﬂb']&ﬂ bite tpaaticusdtCEmbdHRIEM Sof ISP PEdsb AN iRt ich MR that such
W se entail. These and other objectsS, advantages and

inspection may bepirfiranecdfon fhe f&f bﬂn thersyenteingn lw%dung mevedydor @admhsjp being

s o s BBORER ABEER K MLl ) oo

present mventlcEn‘mdvhmngeusm eadldmdon [ Ten sy MY nﬂb}b&ﬁoﬂﬂ tdf ihBecontainers while

. ttached! WI ng an ded. dai ps, BRIEF
simultaneously %Eg@ﬁlqgg g @%AW‘ oS 1t§|t§at spchglggrcp@rlgsfgégpppénay other

wise entail. view of a h0| st attachrrent of a container crane
engagi ng a shi pping container; Fig. 2 is another
perspective view of the hoist attachnent of Fig. 1

showi ng.a plurality of usi ngs ed t hereto bet
These ari) e il Seintentes”tnd PR o B TR o BoWAIL bgeome
readily apparen®idtHosd HANIBMIR thé aBRHHR- & Atud M@ AGWHR! 1§€§&r1pt10n of the
systemto collect ganmaray and neutron dat a;

Exemplary Prefarr@ﬁ Hephadirenss weniraad i gromiunotignsyih she @ﬁmm &re‘d'mg and
n accordance with the principles of the present
appendedClaun%nveml on; Fig. 5is a flowchart of a process to
devel op t he ori gi nal background fingerprint of the

ne Fi . 6 is a flowchart of a

BRIEFDESCR&?E&‘S d%of&‘@ﬁ%w pon fingerprint database of

Fig. 4,Fig, 7 is a flowchart of a process to devel op

the mani fest fingerprint database of Fig. 4, Fig. 8 is

Fig. 1 is apétspectihavievosf ahgistatteslaxtent dfa ebutpireherahasypmatingma shipping

day background fingerprint database of Fig. 4; and
Fig. 9is aflowcliart of a process inplenented in
accordance with the principles of the present

. . invention. DESCRI PTI ON CF THEE EXEMPLARY PREFERRED
Fig. 2 is pyptloyn peagpestive view of the hoist attachment of Fig. 1 showing a plurality of

container;

housings added thereto between the spreader bars of the hoist attachment;

Fig. 3 is a block diagram of a gamma-ray and neutron detector system to collect gamma-

ray and neutron data;

Fig. 4 is a diagram of a terminal operating system constructed in accoxdance with the

principles of the present invention;

Fig. 5 is a flow chart of a process to develop the original background fingerprint of the

container of Fig. 1;

Fig. 6 is a flow chart of a process to develop the weapon fingerprint database of Fig. 4;



Referring nowto Fig.'s 1-2, there is shown a hoi st
attachnment 10 and a container 12 being carried by the
woaioostiBachnent 10 in a conventional nmanner. PTNAIS2005/026097
hoi st attachment 10 is of the type typically used with
a container crane, although any type of hoi st
Fig. 7 isa flow lchmenof avpyochss tasievklo Prbe heindfestfirgrefiin datdlhst oS Fig. 4;
adapted to carry at |east one housing 14. Wth further
reference to Fig. 3, the housing 14 includes therein
Fig. 8 i9h hatNer i i
B L BTUCRy RUARIBE U Pectioh Bl TR P fingerprin
database of Figcdramdr ci al |y avail able scintillation type detector.
The ganma-ray detector 16 and the neutron detector 18
are disposed in the housing 14 to be proximl the
Fig. 9 ivariopi abartlel apRitesBlathdaved MeaddsidhcdivitAGHEE  inciPles of the
) .and further arranged therein to detect respectively
present mventigly. cj e ganma-ray and neutron emi ssions fromthe
contai ner 12 when so engaged. The hoi st attacfctnent
10 may further include additional housings 20, 22,
DESCRIPTION OF B E EXBMAIARYAREFIRREDEMBOBDIMENSDSi ncl ude
at | east one gamma-ray detector 16 and neutron
detector 18. The nunber of all such housings may be
Referring@loReioe Fridase ld Kdi K i
o R rrena i o Ry AAENALR )68 Sophiifer €2 being
carried by the heasttattherbmenp 10/4h aeromaeritioshal madwen. fibethioidt ettbwhsient 1€ of the

. used..each hausi ng ne not contain.both th anma- r
type typically jgF St ANl Indl3i601Eh HENE: Br POl st aReiTaaY B uscd.
"The hoist attachd@ind 10 Vi @dapled deLas) ASast cheliciaRRt14 or detecting both

types of em ssions fromthe container 12. The housing
14-, along with the further housings 20, 22 may be

. ' ' n f] t.he..hoi.st, attachnent
with fufh 38R aeof b0 B, O lnd RERhET BPIOCHBRGT bt foded AT Hhtpmanray
detector 16 andca idasi one nenaos doectlr 18} Eachotahicki thlly 8e b ebxrafeecially available
otillati tR’g mddle with forty and forty ];‘LF‘\e/e f oot _extensions,
scintillation typg Klefeetons- nﬁhagawagﬁ-m detestar 10 5ad thenewranietegigr d8ae disposed
in the housing Bth BOPbkiaRA thd\QtRhingS1 S %'ibx@éngag@d Bg&'ﬁe 14St aRactffient 10 and
pl aced within the spreader bars of the extensions. In
further arranged)dhaseinl to aletagf féspeatnelynting ganvha-rayusnch gsuteome ephissiens from the
W th det eg(iors therein such that the range of the

container 12Wh§8t8%8{1§a§ eaches the entire area of the container. As
\ al so seen in Fig. 3, each of the gamma-ray detector 16

and tihe neutron detector 18 may further be o
The hoighaitaphamenyy 10oway irther ineludy pfuiéhtmnah hogsipgst 2Qe2dnsimilar to

housing 14, eaééIo %]f;rewrﬂc_i:cg fxfl%] %\fjsjgi @g@lldéé %? ? lg%gi’A%%e? é%%ffn%gr%f %eﬁacl\{([;”ra‘_lgoa%p‘neutmn
detector 18. THemumtramdL4ll sasinhgusinkh enay thelscloofedareéd amshegl @Fitetiadas the size
or type of eithegnao%&?{etgf ggglgef iléllgtlc %ﬁgc%rlﬁgl:le’cdl(§ gr %hef Icgns‘t;ingrog.enXlt%Pnaaltively, when
multiple housing are used, each housing need not contain both the gamma-ray detector 16 and the
neutron detector 18 as long as both types of detectors are present for detecting both types of

emissions from the container 12.

The housing 14, along with the further housings 20, 22 may be placed in different
locations on the hoist attachment 10 depending on its configuration. For example, on a container

crane hoist attachment with a tub area in the middle with forty and forty five foot extensions, the

7.



as a PC. Typically, the gamma-ray detector 16 the
neutron detector 18 and each anal yzer 23 are di sposed
waoizodrionszihe housi ng 18. The housing 14, and anyCT/US2005/026097
addi ti onal housi ngs such as the housings 20, 22, are
nmounted to the hoist attachnment 10 and have the
housing 14 may deplevediyndieheath die 46 aréAemdeidditonati B8t sudh @&he housings
23 nounted therein in a manner such the

each apal yzer
20, 22, placed Gin T, SRigHdsE hgrS b they FREtHBITP orl iR on. weTiaieat number of
housings are plR8&IWAPAINEALrLheRit sheheh 3 fanles VrahEGht i
Y pm.schani cal shock induced in the gi‘%oi s%leeget %%ﬁgkmreenat(:hiﬁhe entire
area of the conig@ingdnt ai ner cranes of ie type that include a machinery
room the first conputer 24a may preferably be
di sposed wi thin such machinery room Known wire or

As alsoWeeg e FBigl B! e4dASLtheddathiNaOM! eddiC N6 bARYIE R ulioh Hetector 18
onputer 24a can read the dafa at the output of eac

C
may further be gpemtiyely caplahto Garimut ofie mspediverone®f andti-teanmelianadyrer 23,

o cxample o €400 /8 B8 AAPEGHANEL Ko ALY B oL ShBcom e

output of each gymityyar R3ymayrbe spensively dooplariodlfine dbivehtieHhE&d BPer 24a, such
fromthe container 12. The data devel oped by the gai
asaPC. ma-ray detector 16 and the neutron detector 18 may be
a neasure of one o f either, or both of, (1) the count
of the gamm rays and neutrons emanating fromthe
Typicallyo theagammarRiy detectoP]6,tthe sndrogydatedtot I® agelneuehranglyzer 23 are

. -1 eut rons.emapating fr the contajner 12. \Wen

disposed. withiy e RS T80 A PRERE A AmE 0 BEHRehoRP Y HBSIChas the

housings 20, 22, & rhbYmfed (0ahé 8Bt AR 190HHIaN YheAGinRflLfay (1@ 16, the
the neutron detector 18 is preferably obtai ned when

neutron detectarhts aaeh egcheanalyzer $3emg Byereineinh imanneer tsuch rthetgamma-ray

deestor 16,the s TG40 £ 6 8 RDAE S P gLy PR i
shock induced eaché hespatiativrerani).y 285 2dutainéicgdhek oft {id tehed tHdt 286ude a

. sxich _data. The gzi/lgiti zed ganmm-ray . _and neutron data
machinery rooyy fi £1xsh Campiies evfasmay goreieraliivn b shisnosed myithinesydhy machinery

rom, Kaown SR G PAS LA e b b TROGE Kby can

the data at the oggpwbaf pchacklysat23on eni ssions will hereinafter be
respectively referred to as the gamm-ray fingerprint
and neutron fingerprint, which nay also be

The garfighhr@Gt dMettir 16f fid 8 AQIRSn lddgecidraf ald %kgectively operative to

fingerprint” or sinply tihe "fingerprint" of the

develop gammacpitdgitaand meutmp date from: thesdeteited geniniarray hemisstonsmpd detected

- r -1he,g - I fi;ngerprint and the
neteomemissicf 3Ry T P 12 OBl e NASY L RIS decor 16and
the neutron detécneUBr emytterpiehsire ofdte oife@hen o BothBEY(13HBe cbent of the gamma

repr esent ed, as lal spectr urq spect rogram or
rays and neutrogﬁ gmpgpﬁpm the container 12, and (2) the energy of the gamma rays and

neutrons emanating from the container 12. When data collection and measurement is being

Q

o

performed “on the fly,>” the data from the gamma-ray detector 16 and the neutron detector 18 is
preferably obtained when the container 12 is engaged by the hoist attachment 10.

The collected annd measured data from the gamma-ray detector 16 and neutron detector 18
may be applied to each respective analyzer 23, which in turn digitizes such data. The digitized
gamma-ray and neutron data from each analyzer 34 is in turn applied to the first computer 24a at

-8-



Wth further reference to Fig. 4, there is shown a
bl ock diagramo f a term nal operating system (TQOS)
wa@3ponwsxk may include, inter alia, a second PCT/US2005/026097
conventional conputer 24b. The second conputer 24b is
in communication with the first conputer 24a through
which such dath o wmworaeiy etorwl r €he digitnzedvdata ddvaloped ﬁiolnhdlhg Idetdﬁ;eed gamma—

first. co ut 24a he_sec nd conp r, 24b
ray and neutrg STUSTIONGCY Tk A gPERG bl JPHANY SPREBp o> A Shooma-ray
fingerprint andllﬁ:ﬁﬁ‘&ﬁ dihderpAft, WRGEH RRY Yal 56 BB lleblitely steatdeto é‘d ﬂiée'radlatlon
used for data collection and the second conput

fingerprint" or SlmQIY mec'fﬁnmypnm péftley eomingr lé’nquﬁ@aﬂy,dhnosess@qudom the art
may also referd ! ana n ag ﬁﬁ#&% i RL S lﬁ:' Heﬁ%naﬁhgé?#ﬂﬁlt ﬂfe l%?nma—ray

ranes i n operation
template” or "h@lqmrp&eﬁ%@he CONARY rfﬁrgemramemnalsaV& tré;ﬁem\m‘tedlassa spectrum,
conmput er 24a, each in comunication with a single
spectrogram or $peiegréphput er 24b. The TOS 25 fturther includes an
i nput device 26 operatively connected to the second
conputer 24b, through a know wire or wreless
With furtheerefaeence sodiigt Aahera is shomimai bkxckldingmmtchﬁ adermimpheperating

s (109) 5, SBEH, 1557 oL SRR O0BE R SHOFREL 88, e

second computgleﬂl?Fs 3R cHﬁMmﬁﬁ&Hﬁh%tﬁ Yhogirst conpiaat 2@%&0&2& k@awel wired or
manual entry of the container 1D a known radio

wireless netwotk énicsenosdtln ¢ tfirstr gomyuatey @da mad theesoag cemmputer 24b may be
n1tt ca r
th same devicl, BB oY s PR RFRPLS 240 30 6BY Bl AB et RibEP TobPor e contaer
crane is used @P@Etékt&ﬂédﬁoﬁ%ﬁ&h& edednd Ebmpats X, edighuimery thtbeforr baat any
known optical device for, scanning.a b qr ot her
location, used ftdateamnalygisciBorbermers, sigrea Hwical | port s m&mﬁﬁ?ﬂé}m cranes
! $tRlonifuter 24a,
i peraon, o RS 5 S50 SBRRASAR, oy HERPRY P A e 2t
each in commuaitatitys peith acinglayecbad kgnpumet I4bnger pri nt dat abase 34.
The bel ow descri bed content of each of these databases
may be locally scored externally at or internally in
The TOS95SRGURG ﬁlem%; ah 3R d&viceVze b@@ﬂaﬁvél? doltEneBRZORMthe second
conputer 24b through a connection over | ocal o r
computer 24bintengly em kpobi Wireoor pritelesse mferfaes; ksuth eﬂ@e@o gentainer ID of the

t 4h d
container 12 GOt i gpEnsaih D s pefT Bk hindnf 3038h Be EEAME 6 thd'sccond
computer 24b.24he ihfilk ROEE hﬁyt&b 1dEBCbe aechnvehtiveet lasyboard for manual

processes to construct e aforerrentloned dat abases
entry of the @smﬂalmrs Shhg kewwasdigns CHNERIS §@§Slafttea FReChVEls PRiT Wherein the
¥ 6§ th
it eS8 LB, 1y 3l 1 Sl L8 55 pocivr
operatively comm:mdab the Seeomi cahputer 24bpoea (kﬁoWh@phoalldywmg for scanning a bar
uses: [ kelg ]%gnt ai ns an unshi el ded nucl ear

code or other %ﬁ%é‘f‘ﬁlwlﬁ ﬁaltb%\?‘?éﬁa (2) "likely lias the
contents said to be in it by the

The TOS further includes a manifest database 28, a weapon fingerprint database 30, a
manifest fingerprint database 32, and an inspectiomn day background fingerprint database 34. The
below described content of each of these databases may be locally stored externally at or
internally in the secomed computer 24b, or available to the second cormputer 24b through a

connection over a local or wide area public or private network.



mani fest,"” indicated at 40; (3) "likely contains
radi ati on shielding material that shields a nuclear
worapmogidi ndi cated at 42; (4) "lilcely contai RET/US2005/026097
legitimate contents that are different than those
listed on the manifest" indicated at 44; and, (5)
The second eompntes 2dhkinolwdes a cutnpttreteatablo medives 86sih avhishssoftware,

whens cxcowcd FEAESEESHASERAS, He Loum ol PHIER.LSadebl e Fessades ooy

processes to conkitectIBE AfterA@RHBA&T d#dbases had Utsd B ARIHIMS lahd Pisoesses of the
alarns or other audible or visual stinmuli. If no

present invention.| Degeribedein exeatesdetail belowowiren thet ¢antainen B isdreineg, inspected

] C 4 . be. aper a Y .
the result of Suc%gﬁsgrggt?ogpgﬁ nte §£P€? ? Féﬁge%/tgﬁlfg‘gm%hbé geﬁi ki st “%ilgt SpgiELs an
unshielded nucleaB weaporpt éldacatet yat 38a)i fliksly ®lagche omvtents ishid t0rbe in it by the
abgse )gpj ntai ned by custons .authoritiges

. .. d th
manifest," mdw%i # a1l pikedy gontping la&leﬂﬁzlwdi%amaieﬂahﬂﬁbﬂg%ld% nuclear
wos s i y its . ' t ae '
weapon, indicaé8iH AERY) 4B edrding WiciRhle cBen PRl B JBREY fhhose
lisled on the manife® indicaed Oiltl4241| and, <fip fiednteadtst unkriogvnl), Elﬁldid"atslt allrlmﬁlﬁli dhese
snases ey be ol 5T e TR R R S, e o

display connected@¥iik §cbnd B& nigitdieHbSLRNRSN IRRG LGS BArBR or othesr audible or

. ... pre-notification requirenments for trucks, planes or
visual stimuli. If g¢ [iMegifdmnte mgtariad iUfiiund dn gheatcontaimrel 20118 secost omenputer 24b
requl r a | electronic file identify
may” also be op Brtdrgé%@o% g%a%e%p%%%%%gégrpﬁ{:%gé@ its Container |ID and
eacrr itemof the contents ttierein by a standardi zed
mrpdity | D or so-called rroni zed, Tari ff Code
The man e%trﬁeta})a%&% ds prq-ﬁ?@%ﬁumﬁ%ﬁwles&mms o4tdafabase maintained
/ i : ; .
by customs auth$MOHeAEMhid Al bhrafd U8 Sorolind Mt traspdri¥!6é BHe A 12 and
its contents. Thénapifedtvelestramiic dile bw/ eaeh shippog tecohtaimet isvBeSéntlyt mxquired to be

. ccordi nqgl s best seen.in Fi t he i fes
electronically sufFiigsh i e UL S ChieHms KB b oaplat Gmatn Magitest Systom”
("AMS") at least OB RURChefdre RBHLBREE afd RRAGSE dbi7 SHipS VTR 5y the RI38led States.

for each itemof the contents listed in the manifest

There are also preawsificetionr eaquitements Her Quoks. planes Or 30ils bpuid fo the United

states. The U063 RN o 00 BRRE FhTESp TR e 121

at least its Contaiied MDodrdi ca€B R@ATITdhé Yohtbhtk Gheffs by 4 amdirdizdECommodity ID
contents for such other containers cross-referenced
or so-called Harppmyzed Tarihf &Cade 41K TCh npmbers o \HT G avmbersgnay he easbat the
. y i nt .d i 4N pr.j .
Harmonized Talf'88hedlis 7ol 308 05° THeBEHom TriRP; LOHMLANTE P fdihie o
http:/www.usitceopiwais/eportsd atcawB&s3.hisa.ni | ar to tile container 12, is
first obtained. Alternatively, the original background
fingerprint may be obtai ned, for exanple, by averaging

Accordingly, 8§ b8t Rédn BATKEUAUNRe LlaREBEP GhiabaRiPEdRAS fRMcBaker TD
enpty test contarner in a series of enpty test

50 of the containgyi2adndegagh standardized commodity ID 52;; for each item oF the contents
listed in the manifest cross-referenced to the Container ID 50. It is to be undersstood that the

manifest database 28 may also the container ID for other containers with each standardized

commodity ID for each item of the contents for such other containers cross-referenced thereto.

Preferably, in the construction of the weapon finger print database 30 and the manifest

-10 -



Wth reference to Fig. 5, there is showm a flow
cfaart 54 of an exenplary preferred nmethod and process
woOaowos21m t he origi nal background fingerprint POT/USE®S/026097
enpty test container. As indicated at step 56, a
neutron detector, each

. a sray detector. and
fingerprint dat@'32) &Y o SBrRL backetind PPN of anGmARY tesheomedaropimilar to
h iner HBti i el : :
the container HE!S R oBtind®S PAfkhREY, @ﬁé’g&%ﬂgﬁ%{%&fr i dg@%ﬁpﬂt may be

. neutron data fromthe detecte ray
obtained, for eyananie.obls aaregaging tanoprigimak badkagroemd nfingenpyifitr obtmiked from each
container. An analyzer simlar to the
emptyteswongn"é: ;nzaer?e%%’f |egrfl}?t|y§t‘§s§°f’ﬂt§m§%ﬁnm-ray data and neutron
data for the enpty test container into both a

. ?arrma-rgyfin erprint and a neutron fingerprint, as
With refesepcedp &g o3, thereds spwing floweghan S4tdfan eyemplary preferred method

i i At r ' rofint fo he enpt.
o prcss (DB G LARGRSA AN O U ol P SRber.
indicated at stepS6, a gamtraeray dgectat amba ket defochGeeRhisithBar 18 HeQamma-ray
detector 16 an g aH dsettor f FophSy erveion gamew-ra s wied neutron data
from the detect@dl bfid Bathe/RRF kAL AANAY fhIGQERT elggaﬂ rréa]l%lsg%\%g B@Qﬁ%’t]ﬂg %om the

t he weapon finger .g"il nt dat abase
ermpty test contagnest rArcansdlyz@esionilar Ity the ansbyppen23 idigjtizespthe phmeagh-ahpsiata and
[ S nstruycted fromplaci ng a sanpl e of a known
neuton datn (04 B EHHETRLOTRLRGH 19, AugIRLE PheSrbT AN o neutron
fingerprint, as phditfred umstémtss. t e €5 60C MR Yahftha-240 fﬁ?&gﬁﬁf BEd i neutron
] glaernrm-ray and neutron fingerprints for The test
fingerprint for thegmpyfest Gputaineh aresthen|temporardy rstored doss kgl use ey the original
back fi PN ' | f -k dan ous .
ackground fingirpfinlel 6y HIP afAITR P I et 00 Mok SR i Borinss of the other
test containers inghé sexiesf test containers nmay be used, wnerein each of
the test containers contains a different sanple from
each other of the test csnta iers, such that for each
With thé 3BPIral BR& HBlRd Faghd ' h | oAl i
el B Shid g rpRARIALIAR: bebh obishitct MEWABEan finger prin
database 30 mpy mpsv dei eonstiattehe Gendraltyy tha gesapoinfinge print database 30 is

comnstructed ﬁongfpg%éﬁgli% rlgl]; eﬁ)rfg:lgqe?mtmg l;ghéﬁrgglé F%@g;%ﬁ@&g&g”g@gf@gg{%gu or
plutonium, intotthe t€s00&taLIr drldCoBIRIARRNHE icRBSMAIHLY andHeRRES EndGphtis for the
a

] indicated at step 64, the gamma-ray detector an
test-container Vg theovmple dbergin. Jihefsempl ynaph alsozinelude eombimstio tisoof known,

. . A oLj.ai nd_fingerprint and further
dnngerous s BBARL 0. 5P RU AR, PORSHRIL ) ARSI onilel YV SE vca
wherein each afethel togt @armainerayofitaing f et rmplatibo @Bk bBRsr of the test

. detected and gat hered t he gamya-ray em ssions and X
coxntamers, suc g‘%‘tf‘:’s ﬁacmagggler%lemﬁtfmeprmvwﬁéae@ﬁm@b mehgteaipy the pair of
finge rintsisﬂé&ﬁﬂag.ﬁﬂg% ¢ ' | yzer simlar to

£eip 0t hg anal e;yier eg‘)rg{; g????gggltﬁh%hggﬁgrgﬁﬁgy data and
neutron data fi>r the sanple containing test container

With co'n&rtnglmg % erende ﬂ)aﬁg."é, a%elfel ig gs?:{cf)v{rlll r;lt ﬂggvdch%rtn %5 torfoann exemplary

preferred method and process to construct the weapon fingerprint database 30. As indicated at

step 64, the gamma-ray detector and a neutron detector, preferably the same ones wsed to obtain
the original background fingerprint and further preferably in the same environment ., respectively
develop gamma-ray data and neutron data from the detected and gathered the gamma-ray

emissions and neutron emissions emanating from the test container with the sample placed

-11-



fingerprint, as indicated at step 66, to obtain
un-normal i zed weapon fingerprints of the sanple
woani7anseipg test container. At step 68, the PCT/US2005/026097
un-normal i zed weapon fingerprints are; normalized by
. subtracting the original |rackground ganma-ray and
therein. The angdyper shamilan ¢ ther imalyeef 33 dighitizes she gamtmaime dathrand tbetron data

up- ized ma- r. neutron weapon .
for the sample} S RhERL G5 cHREMR G, S0Fy 3° ettty Bréerei and a neutron
fingerprint, as indicamti aestefaiB o bBMIR G NBLHAlCEd WRAPON fhEAPRHY 'o@gﬁe sample
. . for the sanple. Accordingly, the pair of normalize
containing test eogReLE At dep 68, the ansiewprkizad weapan fingerpriosrre wdrmdiized by

R o e R N —

from the un-nomewlidzel ganimakray ahd encoran paRapsm Q’Bigéif‘(irmts dbthinear at 3tbp 66 to
obtain th as_indicated at step 70. Each, pair _of the nornalized
am. the noTmMgHEAGEATNNAIRY 400 IEHtPB WedRRBdineerpiis fithe samplp. Aeeordingly,
the pair of no i 5 RICE ' e iati
P o o R e F, B CE Bl Bk BF M il pgiation
of the test contajnen gpmpredther¢fiomhi ch event the identity of the sanple
is also stored in the weapon fingerprirrt database 30.
When a series of test containers is used, wherein each
The nothesived OMeapoie firRfraitd taR Hhdr e NorPMP!iRo w&ﬁiﬁ fingerprint
performance of the normalizing step 68, the origi nafn
database 30, as wdicateck atstep d0.n Eaeh pair pitbk ghamadized ggrompriantsd freutran weapon
: j ' I.n t. ri.es are.subtracted.
fngrprins e 3! AL REL L6 ShoSOORRET 10 RS B5 DRI S8k e
particular normdliznd)evepapont fngebprérit niadwhich @ vieht thepideiitit¢ Wi dlie AR B850 stored
in th Alter.nat'v%IP%/, he origi bnal gamma-ray and neutron
n the weapon figgerprih datp rprints obtained as an average of all
such fingerprints fromeach test container in the
series may be subtracted, respectively, from each
When a geries orffrtelsi contginarses uagd, avivereén tadntescambaindricogaaips iandifferent
further. al ternaté'gv ways, to construct the

. There may b
sample, in the petfirieiiae, oF the nopafisfug, S 56, the,prigipah aFBmartay and neutron
background fingbaFiras I Y adpttio@bit fe8h chritARy IhithE Seids 42NIRERAYSd from the un-
i radi oactive materials may be readily available from
normalized garrwmaycalgfbamté@ Yeanerafingenarinicoiaine®dipn tippart dcular container.

: sS] t e Comm ssi on .or .be
Atermtively, EFRUCRaRind S B0 TSI LGOI ThUSRRl FhlaRh oo
average of all sechdfilnpeaprantk afbbe eichcbiC dWoatater i gay BEA MmafBibel Bftracted,

. be used to popul.ate the weapon fingerprint database 30
respectively, frog) ey W-DPBERIARE EUICE2Y REhBRUIERN BeRpoRifgePBENnt <
obt ai ned by the nethods and processes described for
the flowbtart 62. As above with the original
There magp bi dowthed altemgtivgwiays o hawistractthe rweaporifingetpriftedatabase 30.

mani festfingerprint. database 32 may al so nqw be |
For example, th BilnZhia A Ao fTIEFTPTINS GfAPPULES PRSI Fterials may be

readily available from public sources such as the Nuiclear Regulatory Commission or the Atomic

Energy Commission or mmay be calculated using cormputer simulation and modeling. The readily
available or calculated fingerprints may then be used to populate the weapon fingerprint database
30 alone or together writh the normalized fingerprints obtained by the methods and processes
described for the flowchart 62.

As above with the original background fingerprints having been obtaireed, the manifest
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dat abase 3 2 is constructed from placing an item of
known |l egitimate contents into the test contai ner and
woho@iogng t he gamma-ray and neutron fingerpri RCS/US2005/026097
the test container with the itemtherein. The various
itenms of knoxvn legitimate contents are those
fingerprint databalsen B2 fineyl alsp powt dred aenstootado diGepetailg ntheperanifest efingegrint

aaatuse 32 5 BEnSREILE R v ORI IR DER A b B L e
container and 0B WLEhBRITRY dnd hEARIMNiALSpLhS frThe iR cofAdler with the
Ti rade Comm ssion's Harnoni zed Tariff Schedul e

item therein. Thg, ptieusi iteras ofinopwp/logHimate eentgey Avitkgseridpwifies) by a standard
e f
commodicy 1D Bf MR U By ckFEA3H™ Cloabdd? ol e B, hics such as, for
example, the coﬁtféﬁtsﬁim with Qlibﬁlaa%ooaatddi ﬁ:ﬁmf]r&ialﬁtyimh&hé UJfS? BagrhatidrbETrade
t etest ont ai continujng reference to
Commission's Hpignonyzed; gfi Sg@ﬁbfﬁm aﬁa\%&ma& it/ qusgﬁg%%w dieports/
¢ .
arelw3653 . o R A e S e B TR b st
containers contagamdifieeont datee fisomasadh athee of tlertesteatdivers. pr ef er abl y
the same ones used to obtain the original background
fingerprint and further preferably in the same

With coftivlih® ?eRRince (¢ HIRC 7, UBEX HahOhaP: FREWECHaRY 72 JF Band&&mp ary
neutron data fromthe detected and gat hered t he

preferred methodandeproesss tncarstram thotandfostriggemringsdanbase rian_a%s gicated at
step 74, the garrénon{;%e}; {i'se $IS Zmd eﬁjtrggrdew aﬁl@?eréﬁl h%f %n r{eg qﬁ?%cgto obtain

P DT tNerer SI m

the original bacloground GhgetPrie gidt Ifﬂl&liertﬂrefe%ﬂm ﬂﬁysaiﬁé anviRshment] fegpectively
data for the legitimte item containing test container

develop gamma-fayadafat #1dy n@lﬁ% ‘iiaé? fremgtepdetatted nand gatharedthe gamma-ray

emissions and Helif}9f 'eMlilshins égﬁaﬂz{’( ﬁbﬁfitﬁ% eSt ERtaller WAt hfomeq{e% of legitirmate

uxi-normali zed ganmmd-ray an neutron mani
contents placed thenejar pyi artadyzef sivhilad ’e:g]he iangly eeri ZBeitgthdS&hﬂ galgmaesy data and

neutron daata for; (e Dl €6mPER e teSeePIga Bl S0M fepi-tay fingerprint

and a neutron Bhg&‘tpﬁﬁi HBARatedY ANdep 6! 1O HURAE KHh-2RRalizddI8iRaRh$ and
he 't est container fromthe ixn-normalized

neutron manifest fingerpriats ofrbe hgmmatﬁ ﬁqmcpe‘@@mng tegercpntames. ddtstapntfdtbe un-

normizet s SRt o ARG 39 AR, SAMBREN, BBy o

neutron backgro@dofistiepstints férhhen CHsﬂEbhtéﬁiér Foh ﬂtﬁshnf-md‘rﬁﬁihﬂéd gh@nfadtly and
the legitimate item have_any influence of 1;he
neutron manifegi,BReRTBINE tained | ghstsp T4 éowmm F APHBR I%eéng%rala-ray and

N r
neutron maanifeft BhErhTs BF e RegRinAE HofE | ARSEALAIR M EAT mpn fost
fingerprints for thadegitivdate aitenal haVesangrpnﬁ?mwnemdf ﬁadbaqd(gbmnchbdd;atmn of the test
r.Q ef erenced to the Commodity ID 52 for sucii
contamerremovp@éﬁﬁr é@@ordl ngly, as best seen in Fig. 4B, the
mani f est database 32 contains a list of

The normalized manifest fingexrprints can then be stored in the manifest fingerprint
database 32, as indicated at step 80, and each preferably cross-referenced to the Commodity~ ID
52 for such item. Accordingly, as best seen in Fig. 4B, the manifest database 32 contains a list of
the standardized Commodity ID 52, of each item, for which normalized gamma-ray and neutron
manifest fingerprints have been obtained as described above, stored along with its respective
normalized manifest fingerprints 8114.
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the standardi zed Commodity ID 52 n of each item for

whi ch nornxal i zed ganma-ray and neutron manif est
woOiogaogrBnt s have been obtai ned as descri bed abows2005/026097

stored along with its respective normalized manifest

fingerprints 8li.n.\Wen a series of test containers is

used, wherein each test container contains a different

It el ' f or man f_the nornal.izi
W skER TRt b 0 AL 08Pt il p 0 LR W
legitimate item, backgr parfisinfahogef pthenhdrmidlizing BRp U8 RS ofigBhl gamma-ray ared
container in the series are subtracted fro-tn the
neutron backgroygad rings 9t @W‘ﬂ%yteﬁtn@qﬁ%‘ﬂ%rr’éﬁhﬁaﬁrﬁésﬁe subtracted froxn

e sl REERE 0 o PR e AL LM ) 4Pt
container. Altertpatikelyy thenuridinal ganpnianty apdtreutred badk groumdefigg@epririts ablainesd

o s o Stk BRI B b SRS 83 LS et Rt
respectively, ﬁ'on%i%a@ﬁ riBhdrARS zEPIIR Ay HeaHbh fAn TR ﬁﬁé?x’gﬂnsat e

ingerprint. It should & noted that the va
of the known legitimte contents sonetinmes will (1)

et B0 e SRR S e M Rl Cobel e i

(1) not emit anyt NgANMat yayerar gtroinst ke (P dmdY i BRndfe badldse@Rl t4difion (ie.,
and., perha thrqough matter), o r both. 1n such
e

. ( S, IrQ !
decrease the integagen rfaaré)tftbé Grditagn s ifrRRiseR inte 4Rt Peeliapsr thrrughy wsiter), or

i i j: f i |
both. I such v P QORIALI LA WAy b Sl G o o
such item will Toeclggsotied its rgregpromiing Tovigingdr gahinae thyg arnBeuti@y  badkgroumd
. neutrqn nifest fingerprint of each item gf known
fingerprint. The | efrlFd EoPiy112F DEGR Mook TTEGEPHat SF FRajatar of knovw
legitimate contaitdt &6nteht MBS BE abYebdtfvelidiieseRcRrka ti&et%)iffe ence frogl the
) correspondi’ng original ganma-ray or neutfon backgroun
corresponding origingbggminatray bt nsioon backgsoursefingstpint.nat there is a
formula for the attenuati on of gamma rays axid
neutrons in matter. The fornmula will permt
It should adilsé Mepadte® tharfthéree isTanfofaslk for MBS beniAtidO bf @Bmiiaelys and
wherei n the process of flowhart 72 has not been

neutrons in matteyer {he fammula willperiarbanticipation ohihe grantest fingemnint for an item

. ; i i 0 . -
wiren the procSBONE ol PEn St AR ABROTA! UHRAC Kb R pgpation.
is known: (1) theetliciateas ned cosistansy; ofnte é(ﬁ))eaihére hW@lﬂ;ﬂ(Z)ﬁﬂfé &ﬁel&gys and

. f the radi ati on bei.ng.attenuated., The thi ess_.an _
consistency of tBg CqTEHBRC GOMPIS SRnIPh e B0 A6 STerayt af b grdiaipn being

attenuated. The WRRkIBiPaR SNty o QLQWWE@%{?E}QQ SR ReAS TR ship's
. the thickness and consistency of the cargo content of
manifest should ehutai infpinjiononttel therthickmesst drsl comsistencydofthercgrgooéontent of
. . the radjatjaon being.attenuated is.kncryn.through the
the shipping confyefiet,” gt 8 el ARG EneEEY BE B, PRiAHCH B pMIRLed i known
through the use cfemGhifeton ﬁg}aﬁdo&@bun@ﬁh Wprihh GestHERE Giin@didely below.
ganma-ray and neutron background fingerprints are
obt ai ned

The inspection day gamma-ray and neutron background fingerprints are obtairmed
similarly as described above with respeck to the original backgrowund fingerprints. Whereas “the
original background fingerprints are obtained to remove the influence of the backgrovand
radiation of the test container from the above described weapon: fingerprints and the manifest

fingerprints, the inspection day background fingerprints are obtained from one or more test
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simlarly as described above with respect to the
ori gi nal background fingerprints. Wereas -the
wonogiogdiz background fingerprints are obtai nedPCD/US2005/026097
renmove the influence of the background radiati on of
) the test container fromthe above descri bed weapon
containers preferaly oy thasamea skay A theahgrembelomr wgserphedninspectibe of the container

12 to ooy BSPRENLRL SRS SRR, LORRAL BHE By PSHARESs som o

gamma-ray abmeuttay fisgeprintieobidihel dwnddashebiach ioTSPRCEOMANGF 12. The
container 12 to renove the I nfluence of the

. . t hi . !
inspection. dayy, JatipgeRpRIS greaplo sed: rasn herginkglowsdeseried; ke detect the
rese £ shigfiiH@ nlagofi2C ! i ! m
presetiee & I ns pectai oln 0‘1("hct@%gfn g gﬂ?%tlﬁ%‘fé %Q#ﬁelﬁi ns%dglgﬁl%;&d ay
background fingerprints are al so used, as hereinbel ow
cri.bed ect the presence o>f shjeldin

de .to det g .
AccordiFig: iTPRUNE A5t rpIPaRY T FHaESHO dACSSRH pgrgeTprits  are
ferably ob bi : ' ' i
preferably obt#£A¢d asing Fthelgarmﬁ%gﬁhﬂé\@% Jetebths E’S%ﬂcpﬂleds%}ﬁer i ag@’%ector 18 as

. and neutron background finge rprints are p
will be used foshelater ingnedtign t ¢b theaermtajaemi. r Ahode skitledrin theart wikkrecognize

. r t or.18 as wll be used.f the l.ater . .
tht the constifi@AP o fdhcra) ot REVRE inbloctip ey RS mpla i ifegrorint i
primarily devaopediiftdm rischgound ghimd-hg GaBKibhd FFm IRIBoLRY 20d dassing
t he inspection day ganmma-ray background

f e
upward throughy the dest iney JOyyardethe |gpnumeasEyo geteciaroth, 7ad hataba d constituent

tron data oS M Bish&t¥i | id PARS
rutron data of MRS Sy ] SR NEARIER oPEFH e ogs om
neutron emnissides eoming H®m thed skipatndt becksaatstad fanh thewést wonfhided @fward the
t i.Aspection neut ron. hackground fingerpring is .
neutron detectds 1% G eclth Y IE KPR BRI SH e CofPrL B msingle
empty test corthifie bY a2RticPdEKSAPLY €8 CohfafRtd N WhRK | ga{mrn -
P toward the neutrc_)ltr%lﬁ et ect gr. a16. The msp%%tﬁf ?ﬁéﬁ ay a-ray and
neutron fingerpsidk fir alirsych toryainnrs in thesasiesre avepagedne dthareise aom-bined.
single enpty test container or a series of enpty test
contai ners in which event the garnrna-ray and neutron
With refdareger torHigit8; tHepe i8khowh @ Tlov0elaat 182/ SY dnlbxbhidlas ¢ plef&¥@H8nethod
aver.aged or otherwi se coirtbined. Wth reference to
and process to pbain ghe ingpgciion «agh gamma-reY i autrongbackgroand dingerpizinty of the
t ; Al NgRr tain ' t.i-on
cmpy st cofLET 80 BLREY A0 0ch 00 SRS bRl i PORRTLIRL ncuton
detector 18 respetivaiyt devadet geontmaimerdatdsniingicogbaddas fiérapth84Aletdoted and
-ray detector 16 and tli.e neutron detecgtor

18
gathered the GANBERY \FEMSPIOTS, g DA SIS LCTRMPUG UTPEn tigargmpty test

container. The 4RI 4230 PrIE dy A HRERGLE ‘é[ef:?'?qoﬂ 3BTHRA"tHY nEiftoir .tkfé@ecttor 18

. and neutron em ssions enanating omthe enpty tes
digitizes the gaguna-tayndata arfheeudtnon datarfopthe copy desttcntaier gatorbatlr @2 yzamma-ray

. etector. 16 t he .neut.ron detector 18 digitizes the
fingerprint and%al}?rr%gg?g‘a@ﬁgga dmﬂ E’rﬁ“@ﬁ%&? “for the enpty test
container into both a gamma-ray fingerprint and a

neutron fingerprint, a s indicated at_ step 86.
At step 88, the gamma-ray fingerprint and the neutron fingerprint for the empty test

="

container are then temporarily stored for later use as the inespection day gamma-ray amd neutron
background fingerprints, or for averaging with the inspection background fingerprints of the
other test containers in the series. Im any event, the resultant inspection day fingerprints to be

used are preferably stored in the inspection day background fingerprint database 34.

-15-



At step 88, the gamma-ray fingerprint and the neutron
fingerprint for the enpty test container are then
woeopgmosxdl y stored for |later use as the inspeeCTws2ay26097
gamma-ray a nd neutron background fingerprints, or for
. averaging with the inspection background fingerprints
With the gliovetiesaitiedrdatabases baning heers construbie dsaid pepuldted riyspection of

b o 12545 TR, LB s o B
involve four sepaft& GEasNdiHoudlo By ionk SRHRDARSR Rdy Vbt Nudh eoyal?cgé’l? ox in any

L. ..descri bed databases havi ng been constructed "an
combination withy apy, loftthel othen diseet tests asd whanycordeni nGencrallyrthesbdests may be

. i N ion of the> container 12.
referred to o a QGG KRE o SRR, frst R REEK Sl fadb 0BPR BT, g, gifvatence
radiation test. any one of the tests may be used by itself oir in any

conmbi nation xvith any of the other three tests and in
any order. Generally these tests may be referred to as
] { act . b o
With xofeftE Ao R % PeTP oo v g iyl 90 B e Bl Bfrrea
methods and propesses to fispect She chrataindrsl 3 hsing the fdmnabeve nBnfomd telfs. In a

pretered emboct B Bl BT e e BB b e s ner 12
is engaged by thd BsiktSattacBm@ntPTOChREK &t BEpesticiEMtho Edntdndl ?ztszﬁgierformed non-

. . i nvention, these tests are perforned while

invasively and "opdhg 8yfler 12 is engaged by the hoist attachment 10
such that inspection of the container 12 is perforned
noni nvasively and "on the fly." In each of these test,

In each off@seitest) myaRwed limtatay dath MRPG¥ASREINRUOAMaMAd Sbfined
t he gammaa-ray detector 16 and the neutron

bt d
by the gamma-rggtcggc%?r % aDQ e neubenedetesion 8y @ indieated b ribo92  As
hereinabove descHBEE thidibashiidl ﬁaﬂ? e BRL R0 RY eB%ﬁéflnaéo??xt B?th%@missions
of t ting Tromthe

. energy or count e em ssSi ons ena
emanating from the rvoataier 102 andimdaymyscabs digikzedi i €he @dalyyert 282t0 de~velop the

sumnasey SRR bR SRt e BT HL55 Bl ignes

gama.rayandnémoﬁ:ﬁﬁge}bﬂﬁﬂ’& gamma-ray and neutron fingerprints. In
anot her “enbodi nent of the present invention, it is

preferable that the container fingerprints b e

0 [ i ndi cated at .step 94. T rformthe .
In anotheg oér%*%gg}tg og t% ]%‘lf ppgg,entt Wé’eﬁ%%frlgy pﬁ?tgw%ffeﬁ‘?afo ©  contamer
fingerprints be nofisglizet) & indicatdeR el Gxepi0g. e @Rk, nd‘i’?daﬁﬁing%fe%e%, the
retrieved fromthe inspection day fl.ngerprlnt dat abase
gamma-ray and neuiren inspecsion dayrmackespuad dinggerints svhbighmaichewetriovedh fipm the
. G . - 0 )
inspestin ey SYNRGAIPAAARL: S9TR AN (5 HLBRLOMRE ) il g e
normalized Samnebtayi andtieatron contiinad{iggemmnts aptadied he peiformae biisiep 92 to
obtain the normalgzleagg%elt-?zttyséndlIieﬁjt%l{] gcgnr%!mlarz dge%grri]:;a?sl. nﬁ‘run-normalized container
fingerprints are used, then the weapon fingerprint database 30 and the manifest fingerprint

database 32 also should contain their respective un-normalized fimgerprints described above.

The weapon test may be first performed. In the weapon test, the normalized container
gamma-ray and neutron fingerprints obtained at step 94 are comprared, as indicated at step 96, to
the gamma-ray and neutron weapon fingerprints, or to each pair of gamma-ray and neutron
fingerprints.. in the weapon fingerprint clatabase 30. A decision Is then made at step 8 whether
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fingerprints are used, then the weapon fingerprint
dat abase 30 and the mani fest fingerprint database 32
wabhew/mémsl d contain their respective un-nor maPCTA82005/026097
fingerprints descri bed abk>ve. The veapon test may be
first perforrred In the weapon test, the normalized
the container fingayprintscheusistiendly r myateln dinpicener of \Afeapsgar ﬁngerpsmsmlalhn edveapon

ngrpi: ot S0 s BV kil 0 SR B e,

YES path is take&ﬁﬂtd theistatad 39 gﬁg]am) ay retienkd NeUihdiondd éilgﬁé}m()@t B the k&sult of
on fi n%er print dat abase 30. A decision s then

the decision at ﬁfﬁe&%@ggq Bpt ddigadenant matehs theiN@rpathnisetaken gnd another test
performed. heuristically match any one of weapo>n fingerprints in

t he weapon fingerprint database 30. If the result of
the decision at step 98 indicates a heuristic match,

The manifg 05 35 beah s ST B ain BF GpiBY Lt Lo e ptabp.se 28 is
queried, as mdléa&ﬁi Qef{hZShQﬁ 3hel céh?&ne%sﬂfj 96 DA cbﬁ%;ﬁéli f’% i magm ?Lé list of

t eNOB is taken and anot her test
standardized compmailfted StSQsQrossatpfwnned(to therdootained . 11 (50tﬁ)eeamﬂnmﬂthet:ontents

on the manifest o he ol T oEfcre) F AHRaRE o b P Bt sPiempent catabase

32 is queried usibgrdagh Rekietall édihtaihieﬁ D 30 frbhthe PharfiFedt ARtbaded8 to retrieve the
coommodity IDs 52 cross-referenced to the container ID

fingerprint for eagh efdhe dgpw voich has been erass-reffrenerd karpcleeemmonity B0 52 used
I t ”
in the query. - THO MG i CFRrindS piad R bE tofindid 1o MR iEported
gamma-ray and nettroncfumdrprims of ther cdrithihér 2.o0m t he mani f est dat abase
28 to retrieve the fingerprint for each of the itens
whi ch has been cross-referenced t o each commodity ID
Continuiny ithS@E rhdhifelret ShY nomﬁhie%t EdnBMiRdr i %E?ﬁrig@@ﬁt%b&t at step
may then be conbined to formulate "purp
94 are comparedg asnimlicatgd at embQG; withfthe garmorted fmgdrpmm dcwibped*uatrs1ep 104.

A deisin i 1l A R0 Mk GBS SRR 55l

purported ﬁngerpﬂfmarﬁ' dhe Asuit deitdRt &Risidn 8¢ &Bp l@s%d\iuaté% 4 h&mstlc match, the
ported fingerprints devel oped at step 104,

YES path is takeaemdsth@ atatus 40HEig-ndliis refurrpde ps B atmd ahsteptiAB. Furthermore, at
[ I

step 110, thes cerﬁﬁ@ﬁt@ *?ﬁg;ﬁr@girslk n%ds ﬁqﬂé %%git?)g} éti]%td%#s‘fcﬁ]&hsge& 08 dﬁcs not
indicate any mateh, thd& BM) 418 is naklers aind anatheetest pdrfoememt.ch, the YES path

is taken and the status 40 (Fig. 4) is returned, as

i ndicated at step 110. Furthernore, at step 110, the

The b f a8 d. f
o LackGRUUA 8 51 Fly AL RIS I ol RRLGEA fubbeion s,

the measured gammy dite aNd)nmSmre:(t nelakrnnd%tad)bmedeat steps32 are compared as

indicatd at. sl 10 Ekoor RF aBEFSRERYT S A S Sk, SRR o Breforea
embodiment of MRAPHELH GRFHOK A6 Q%ﬁlednﬂoﬂieﬁféué@ﬂstﬁﬁé'ﬁtr Simfdl@y data and

obtai ned_at step 92 are conpared,_ as
neutron data of the inspection day gamnma-ray and neutron fingerprints in the inspection day

fingerprint database 34 or in temporary storage. A decision is then made at step 114 whether the
measured gamma-ray and neutron data is anomalous to the expected gamma-ray and neutron
data. Ifthe result of the decision at step 114 indicates an anonnaly, there is an indicamm of the
presence of radiation shielding material concealing illegitimate contents in the container 12.
Accordinglys, the YES path is takenand the status 42 (Fig. 4) is returned, as indicated at step 116.
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indicated at step 112, to expected gamma-ray data and
neutron data, which in a preferred enbodi nent of the
wonrew@g218nvention i s obtained fromthe constPCUAIS2005/026097
gamma-ray data and neutron data of the inspection day
ganma-ray and neutron fingerprints in the inspection
If the result of thayleélslng extpstem i 14 dbedastendidate mriynanemig) e WG ipak Bge takdn and
another test be ﬁlec @I on is then made at step 114 whtether the
P red gamma-ray and neutron data is anomal ous to
the expected gamma-ray and neutron data. If the result
of the decision at step 114 indicates an anonaly,
In one emhedimant odithe prisentuinvattionhthe @nezmaiyes ufdwzmd whearthe measured

gy it SO B FROGSRLR ok B B S

gamma-ray bachgduhdh €inglenpint £l {(Hei Beasted ieutednl dBRis s&ﬁstblﬁiﬁllﬁtg%hter than
step 116.1f the result of the decision at step 114

at

the constituent peygronata f dhe inseecsion darawuiron haskeqong é‘mgexp@nta thermse if
t raned, .|

ot e e AR G LB i

respective const:tuamgannhgaayrmd alyutnim dath of &m:h&i@ed:mcai day b&kgrotimn fih@print,

ent data of . the inspection day
for example the aﬁﬂﬁ}d @ﬁ@a rﬂ”%“?gy%’é‘ digatedyr ed

neut ron dat ais subst antl aI I y greater than the
constituent neutron data o f the inspection day
If the container 33 caitigs alldegifimatpeequtdnty, . ﬂlammsmed@amrm-bay tantieutron

deta e nsSERRYEY ARSI L U 5USRA Sk rom

each other sucl3haTethe ashanﬂn@@ﬂﬂlegmﬁ&t@ cOhiteilt EbdcbERS ubpiet. da¥rrespective of
background fin print, fi>r exanple the deviation

whether the legﬁémf@ CPPESIBS t eaany slegificast sgEMmemSHar yemtson sources such as
stmoke detectord &dbﬁéﬁ %%1 xtxfatet Hl?llegfrag ggb%&rg} as 918{ gicﬁ%lgta%ng a %cagl? ggmma
ray or neutron iwercesn shectomaminelay2 geouid-passy umpbcnentlfyomedﬁ’feﬁmiisl@ Wedtformed

. not so substanti.ally. V|ate,fr each her, such that
maanifest test abOKg dSHeFEIeH nGUBRATY. (16414 FHUEESE It eniaiped 8 agurce of
gamma-ray or AdUtRIPEREENEnLEW) %h? GinshilRlcd CRddifTRER EMERNSSich illegitimate

include any significant gsnma-ray or neutron sources

source would haye bhendetentadebytide acapostest sboviredescrbéd. i mat e radi ati on
sources or d o not include any significant gamraray or
neutron sources, the container 12 woul d pass

Howevet, 16 pRcilicogitiaté B@nt@ﬁtel‘s ishiétdey 19 IrhoTatBa sHié[thﬁgeﬁﬁafe?faL such as
above described. Simlarl y, I f the container

lead or wncretec@@tlapk@fp@dss@mm raanoreally pasype gamaed ﬂ:agughthﬁemm@mer 12
d 4
toward the gamBAS UFRSGbE 10 PV oL BABLSLEE ARSI THE pBRTAEN gy

data of the conﬂahmr leamn lbeesubsadmnley Gessaharbetle ddnvsitvet, gdiimaRiay data of the

itinma cont e s shi el d% g radi ati on shiel ding
inspection day n%?t ‘S‘T‘y H?m’éonc HrtgeTmGre, (SgER gPduibe neutrons
emanating ﬁ’omgg%]'grln%gér! %oﬂ@hﬂWﬂ'l YaRthisigh Ih& RURIEin AR 4428 be detected by

the neutron detector 18 and the shielding material will cause the background meutrons will be
backscattered in greater naambers toward the neutron detector 18. Accordinglsy, the measured
neutron data of the container 12 will be substantially higher than the constituent neutron data of
the inspection day neutrom background fingerprint. This inverse divergence or ratio of the
measured gamma-ray data to the constituent inspection clay gamma-ray data anrad the measured

rnieutron data to the constittzent inspection day neutron data is, in one embodimemt of the present
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toward the gamm-ray detector 16 will be suppressed.
Accordi ngly, the neasiared ganma-ray data of the
woaoi7anseas 12 will be substantially | ess than PO®US2005/026097
constituent ganma-ray data of the inspection day
gamma-ray background fingerprint. Furthernore, sone
invention, the indifum it nthet commneninpatemilfyrooontains egdibtiom tideld g @Mterial that

| ] S rou t he shi el mat erl al and be
shields ﬂlegltlm\é% %‘H’?@g’ qf @aﬁv&nmatgp%l& p nygleaiweanog. shi el di ng
material w I | cause the background neutrons will be

backscattered in greater nunbers toward the neutron
It shouldjbe pdeastaml that sbihds pajhtyintthe: openatione thene bas beendiatdeterfnination

et sl SRSt BB TSk oD oL on

mnanifest; or, (ﬂetaﬁiaaﬁnbaﬁfém’lﬂgl ehatérid) 0 eIidnet of thedel foteAtiAr ®Btemts have been
i,vergence, or ratio of the neasured gamma-ray data to

determined to bF fpthe gRRERINGR fher) the peaserviinstap agd shacartificalets candswuse
nmeasured neutron data to the constituent inspection
day neutron data is, in one enbodineait of the
The finglrtestenttheey eqaivalencd beliativei st hiat tlieheqxﬁmiéraierladléﬂ’on test the
shj el di ng materl al th

container fingefpEin] YAATHHL G HrmIBeiE SHTRRICCL ST HISBIEoeh B | 9e to the entire
contents of the ﬂi&hﬂést ﬁh%rﬁrnﬁ D820, V‘R@@Q&mﬁ §s B8R lx&teféle be ﬁtgg qgm%er the

hat at i's point in the operation, ere
container ﬁngeraemrhmwmtmﬂy whatethany ﬁmwmmp gcthecomifish fngarpritiidatbase 32.

e st o Y LS 15RO e ER i S35 8 o

status 44 (Fig. @mn@ﬁeﬂh%ﬁdmteﬁr&tls@b 1gentexrts have been determ ned
to be in the container, then the process can stop and

the certificate 48 can issue. The final test is trie

{ e
e oS HAL CRRIGAAL B 92 ftney A SPRIRIERO ke
and the status %t@gg 912 B eturnefaasdddicaied andiemi 24l Onesp@siblkli>dequétieaction
tents of the mani fest fing E}gprl nt dat abase

affer a retum of3Be SERb 45 BIPEE H5ckoTHARS 12 $95¥p° Ipsatiom aichier form a manual

inspection of th€ &Mt&h&er fingerprints heur stically match any
fingerprint: in the manifest fingerprint database 32.

I f the result of the decision at step 120 indicates a
uristic mat ath is taken t he stat
In the it b0 bE Mg, Soelie omhenfiscad i sl Wi advise
container shippdrd@hdt @Sthé cohtaidee 1deehRiiRTadostRe ratbrislo ﬁswﬂl%.ltomatlcally be
i ndi cate any match, the NO path is taken and the
physically inspegtest befoue loding. Micg versq,cinthecerdingsy icatfse af dysianesss logitimate

S fler return o
stippers will s (SRR P 0URR, O6E'00) g L SEUERy Wipmen
contains radioadtive atat@riabmdl will hesdpre-lowdingaphysicgidaspeoriont t he

container . In the ordinary course of business,
shi ppi ng conpani es and their agents will advise
There hf3WRERHOSErB RRSIEbSVEA] ndve] ﬁl&‘ﬂﬂ& %P@éteétﬁgcr&g%@io% or radiation
radi oactive material, 1t wll autonmatica
shielding material in containers. Those skilled in the a.rt may now make numerous uses of, and

departures from, the hereinabove described embodiments without departing frosm the inventive
principles disclosed herein. Accordingly, the present invention is to be defined solely by the
lawfully permissible scope of the appended Claims.

DEFINITION OF CERTAIN WORDS, TERMS OR PHRASES USED
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physical ly inspected before | oading. Vice versa, in

the ordinary course of business, legitinmate shippers
waoizbd7/0agbid se t he shi ppi ng conmpany or agent thaPCTsR05/026097

particul ar contai ner shipnment contains radioactive

material and will need pre-|oadi ng physical

i nspecti on. There has been descri bed herei nabove a

" . novel, meth det. i.n d| at,l,on or fadiation .
Contairdf AL HIC i s NS Wb rL PERs g2ny, Kipd of a
receptacle, suchaista bay, 0a6rRdan, Bﬂj@fﬁuﬂnUE%a@hal HE18 QP ARAEES A "shipping
from the herei nabove described enbodi nents w t hout

container” is a cpufRar; Higt fag beem étanéﬁiéﬁ@d {eer sifiqientphed and sedapsgding shipping

and handling. Iﬁ‘ﬁ[@ daf&:? oef déhgﬁll%f% Ir..e g %p %f}oﬁlggf%?ngca' it 9 cglfdes, but is

not limited to, truble traipeees) eheitbafd, azrﬁ‘mghfﬁﬁ&ﬂ@f@&g@%g% ﬂdel‘hk\éﬂ?DS,
TERMS OR PHRASES USED"Cont ai ner. " As used in this
witten description, "container” neans any kind of a
" eC ahf Of. =£aMm
DigtionFRphaet iy {FHEHB8 e i 202 e A snsog
data into digital §mt ai ner” is a container that has been standardi zed
for efficient Iand and ocean-going shi ppi ng and
handling. In FIG 1 and 2, a "shipping container" 12
"DigitizedSgahiAdhray’ &ﬁﬂ“‘alﬁ&eﬁsedllﬁQh@ OFittddUdestSptist, digiffde8adrPma-ray
truck trailers, railcars, airfreight contai ners
data means any mgayEesaIeaher ragerd ¢ﬁ@mmwgst ¢maisted byxomattesdhat has Tesn digitized.
witten description, "to digitize" neans to transform
anal og data into di gital form "Digitized gamma-ray
"DigitizedahautroRsdats e d Asnudeldi & ihis wisittenl @Rscrippionp digitdicsd tiet@dn data
ganma-ray data neans any surenment_ or record_of
means any measjtament r(&{rgwéﬂf@satrw ‘?ﬁ%ﬂgé % makterahich banbegngigitized.
"Digitized neutron data.” As used in this witten
description, digitized neutron data neans any
"Energy nEeashraammnta roy."r As osail infthin ewritton slemniptibn,d'ehgxgyabf erch gamma

ray means th Y60 APPSR Bt i RE Bhoin 555 Bl ML Hred by
matter, in generfRAR@ HRmattRans ddie:tepahia eadiatidie il paARIular OfFor example, as
radi ation a s the ganma ray stogs or i s absorbed by

gamma rays pasfiliroezh 4 wcg@neménde (Xab dleﬁB}Ctﬁatt @pn@rg}atof gacheticsh gma ray is

ot vy oS 00 2LE 0B, | TREEHLEY! e S5 RUETRL fe BFRRAB Sich «

photomultiplier eletgy akl aand iswchn gﬂé&t’fﬁceﬂamginﬁl abEgr Q@éhb)/st&h@ ddedctor like
re-radi ated" in_the visual

Cadmium Tellugsé é{:Fh:ﬁ)V\ﬁ“% tgggl?]iﬂ%étyo‘?ﬁﬂrg}’pﬁ ahsoghadeby Llivqamdr then released
directly as an eli:cﬁ{l@s%'g%l g%lte _Idl dcrali g%ﬂ%ﬂﬁgé’éthq% ﬁﬁleétmﬁéﬁmg%g ‘r?& ttl‘Per energy

of the gamma ragtbsor bed by CdTe and then released directly as an
el ectric signal. The electrical signal strength is
directly proportional to the energy

"Energy of each. neutron." As used in this wrritten description, "energy of each neutron”

means the energy of the deposit of radiation as the neutron stops, is absorbed by or passes
through matter, in general, and by matter that detects neutrons, in particular. For example, as
neutrons pass through a detector tube filled with gas, say BF3 or Helium-3, the alpha particle
carries away the bulk of the energy and produces secondary ionizations in the gas. The jonizing
radiations generate a pulse of the same height. Gas-filled detectors operated at lower voltage

ranges turn the tube imto an "ionization chamber” or "proportional counter,” where there is a
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of the gamma ray. "Energy of each neutron."” As used in
this witten description, "energy o f each neutron”
woreTaosne energy of tbe deposit of radiati on BETHUSRM@S/026097
neutron stops, is absorbed by or passes through
. . matter, in general, and by matter that detects
relationship betivegn thres engrgy pefr thecionizing Fparticleaam] the asergpudf ahs mudkss The

. . Jthrough. detector tube filled with say BF3, ar
slectrcal signal|sffeRAAY's BeEF PhondtliSgl i BF sty o 36 o Biybosh coun
and energy levels dafBeeRed@iedand produces secondary ionizations in the
gias. The ionizing radiations generate a pul se of the
same height. Gas-filled detectors operated at | ower
" V. &S 1 he: - "1 ORI ion .
Gamme Ry (RESGrRAN" "4 U 26 W ch R SeuBion, P by, fngerprin
means gatheredaarell ditgritinsdiganived-rayedatt t émitestefioyh afconbifner.ONICONAgre, "neutron

Sngrion BB, R R e B St S ke o
"radiation finge@P&i9Y vitlich ﬂﬁe&ﬁugéﬁ&eén%gggﬁgiﬁ%ﬁhpﬁ?ﬁﬁh aﬂﬁe} %Bﬁkg& from a

. _l'evel s can be recorded. -ray fingerpri
container and inggdes bwth igamma-aytand rdetoon fitgapring. "Ryaliaion- fiagerprints may be

rpreseted as §1sPRERFL Mo RS, 2GRS S So B TR et 1o
gamma-ray, neutiofl 6€ radiafibn "HHGPrifBans aihersd ndeotlhthliiARFh "templates.”
neutron data emtted froma cont’ainer; or "radiation
fingerprint” which neans gathered and digitized
" . I at .oy dat 1.t L I nC iner..and-incl.udes..
Heuristop FAGH O7\ P BElEly WM CRTDALNE 0 Nt P iRt o
heuristically mafchharsuisitotcompaie fRaterisps Ldigitied dag, deieasiae thbir similarity with a
ram or spectrograph. Mydernly, some scientists

. spectro d
high degree of qegfug.yt ReteteAdiFing 38 xash nytch. of "depdsiic match” is the resuit of

heuristically mafchin@g€r prints" as ganma-ray, neutron or radiation

enpl ates." "Heuristically match" or "To
heuristically match." As used in this witten
" .. descriptiqn,, "to heyristically match" means to conpaje
iegitinglf Pty 1Asaysgoin 2y Ysiten destiahtifm, oifgitpate contbnt means

the impermissitfié Bbh@éntt ¥f Wdibackivli @ {TA8NE GRatefialC 8F abdi¥inh i thet ARY not be
requiring an exact match. A "heuristic match” is theé
lawfully transportedul t of heuristically matching. "Illegitimte
content." As used in this "witten description,
“illegitimate content” neans the inpernissible
"Intensitg airr tonint @ff thedsqaacsd ofetly ghhfisd Irgysmaberingdnsify df gamma-ray
contain not be | awfu] | y,transport_ec?

o " " r that m 1 : “ns -
emissions" or "inighya oF g@lna}a-r@&ﬁyafa- oA Hiedsigihis drifen drecriptiion, "infprsity of the

fﬂl " ﬂ%' tnyn . - N i i " S S| .

souss ofthe w4 ST, B9, SRLCORY, B gl U ey

data" means the' nlbies iorycouhit bfidewoied c gamina tays ganittad ibgyes Hasticular radioactive
terial pe t' tensity of gamma-ray em ssions” or "intensity of

material per unt rtma@r ay

"Intensity or count of the source of the neutrons" or "intensity of mentron emissions" or
"intensity of neutron data." As used in this weritten description, "intensity of the source of the
neutrons” or "intensity” of neutron emissions" ox "intensity of neutron data" imeans the number or

count of detected neutrons emitted by a particular radioactive material per unit of time.

"Legitimate comtent." As used in this written description, "legitimate content” means the
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data" neans the nunber or count of detected gama rays
emtted by a particular radioactive material per unit
wohodzin®13" | ntensity or count of the source of PCHAIS2005/026097
neutrons” or "intensity of neutron em ssions" or
"intensity of neutron data.” As used in this witten
contents of a cogtatagr thati way beilawRidittapspbrtiele source of the neutrons”
or "intensity of neutron em ssions” or "intensity of
neutron data" neans the nunber or count of detected
"Neutron €ltigepfisateMAd edd iy s Rafitteh WeddripiRal 2 28dudSn %&&Eﬂrﬁk" means
.per unit of time. "Legitimate content." As used’|
gathered and digitized ygutree daeaseitted fioom 2 cdngajnet fampare figamutharen fisgerprint”

: n t C Loer.that . e lawmfully . v qras
which means SolIEENAE Gelach FAMEIAS A BB i 528 Miaidkri py "radition
fingerprint” whivh ticens dmslearedtand Ndigitiz&detsidinont dng fiftéd WrofLASntainer and

ered and digitized neutron data emtted froma

. ath % é}l}
includes both gEFRRARY, A RE39R fEngemg indien -Fadjatiqn {irgespritis sqm be wepresented as
$ #m G dingidel it Lihed

@ spctrm, syl A, % i B OTRRRAN, 1A Ty newon
or radiation "fingetpmistsy Aheamsaanay, g0 areddiatioh dtengriatekat a eni tt ed

fioma container and includes both ganma-ray and

neutron fingerprints. Radiation fingerprints may be

"Spectrog@Rh es A @bed$n #hi§ ReRtdY rﬂesérlﬂﬁﬁin% O§HeR b SrafP€ wildall 23R phic or
. Moderaly, sonme scientists refer to gama-ray, neutron

photographic represeigtianiafie spactrgar pAbnused in thisgaritten desgripten, "spectograph,”

" " adj.at.i -t enp|. at "o'Spectrggram 'y s used in this
spectrum an%ri %I? Ié{ﬁ %ﬁclr :T%%el o%’?‘nbngggc rogﬁ%ﬁ?uﬁga CCIOFABM c SByctra or
spectrograms capltetdigilaped onlceppass ricakite®. of a spectrum As used in
this witten description, "spectrograph,” "spectruni
and "spectrogram are synonynous. Digitized
) 1 B PGt - . X .
Spect e o ey e in YRR MG AR B L spectyopraphically
analyze" means 4mahalyze; Jatasrepwesehtediast dispesteodrtmn descri ption,
"spectrographically anal yze" neans to anal yze data
represented as a spectrogram "Substantially | ower

"Substarita®lf 16Wri thaRAES ipedtivin BGEHRYAFNH MPLFRFThNE - Asﬁgﬁg in this

!
. . used in this witten description, "substantially
written descriptioma fsubsgantiadlydowien shagjnehtnskeptivarday hackgropraidnfingerpeinty means

t e that one, cqou reasonabl y.concl ude. .
lower to the ex{eﬁﬁ@a% h’gleggﬁﬂ’rg}%%y %%bé{} e%‘f‘?%%dedg\# g'ée FUNPAT R, rqeﬁﬁcqmn deice is
gathering shielded badkgeduhad gigmerng dgarma- ray data. "Substantially hig

ier than the inspection day background fingerprint.”

As used in this witten description, "substantially
" : Is 210 r genpr .
Substartiall) Hig ol the {SRED B fey] PR SRS ITARsBA in this
written descriptivan tsubsttartially Higleerribant the ipeeain duy biekgoendfingerprint” means

higher to the extent that one could reasonably conclude that the neutron detection device is

gathering neutrons from @ radioactive source and neutrons backscattered £rom material designed

to shield gamma rays.
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gat hering neutrons from radi oactive source and
neutrons backscattered fiom material designed to
weho@wldsgamma rays. TOE CLAI M5 What i s cl ai med aeTiisen05/026097
invention is: 1. A nmethod to determ ne the presence of
radi ati on shielding material concealing illegitimte
THE CLAIMScontent in a container conprising steps of: obtaining
each of neasured gamma-ray data and neasured neutron
data from said container; and conparing each of said
What is d1Biasdla8 EhgdAt@tioalds-dat a and sai d neasured neutron data
to a respective one of expected gamma-ray data and
expect ed neutron data V\,herei n an anomal y betvveen said
e 9an ron d | ted .
L. gal r ur(lia&r’ ay Lir'meﬁé% %sé}l 3? rgggﬁ&? ﬁ&e&‘ﬁl}ﬁ E‘@f concealing
illegitimate contpiitcia @ RofrtaiheSed Hpridh e Etbﬁ o$h| el ding said content. 2. A
. method a s set forth in Caim1l wherein said expected
obtaining, £y spagiedngtnmenayAats andJueasisdneeyiaafedatayfrom said
container; and and neutron data. 3. A nethod a s set forth in Caim?2
wherei n sai d background ganma-ray data and said
comparuf@cacg rodU said meedsuoaal gaiMa—rayederte spé chidvmbasuread peatronrdata to a

r ound data and ins tion, day
respective one %‘% Ff?zfg SRR T A 400 FXPRCIRE RYEOR i aYheishy n, apomaly
between said m@sﬁﬂemg&rﬂiﬁ[ﬁy rhnﬁ@ieﬁtrbfﬂ YReS ah@RafdBkpRael gﬁﬂﬁ'ﬁg—ray and neutron
gammaray data’ and said inspection day background
data is an indicupeefithopresenge af said omterial abildingfsakh eoméait.i nspect i on day
background fingerprints obtained for said container. 5
A nethod a s set forth in Claim3 wierein said

2. Aatigitiel ya € xdtsfosthvih llaiiil dvieasH seid GqevRd gaituﬁalray laid neutron
sybstantially |ess than said inspection day background

data is backgrougd gammasya aRdnakend#a neasured neutron data is
substantially greater than inspection day background
neutron data. 6. A nethod a s set forth in Caim?2
3. Anethodiars seti fbrthnion@laym éxiz\dtesemkmnl bavkgrovedsgameha-ray data and

dat a subs nt.i al | S fr m sai d
said background e Alte ek Gty inSneclioh Gy karaund FEBRBaY fotp and

mspectwndaybﬁél@&ﬁﬁih&hﬁdndété}creases from sai d back-ground neutron
data. 7. A nethod as set forth in Claim1l wherein said

garrma ray data and said neutrondata are a selected

tive unt of. sai amma SSi io
4 ATEERGEHP LR CRIEE Thstin SR ndRETG Y ve 0
ray data and saldaﬂéiﬁcﬂiah &1y bavkgrsund Heus Rl daa Urs @Bnfifiehtd @TSstored inspection
day background fingerprinyts obtained for said container.

5. A method as set forth in Claim 3 whierein said anomaly exists when said measured
gamma-ray data is substantially less than said inspection day background gamma-ray data and

said measured neutron data is substantially greater than inspection day background neutron data.
6. A method as set forth in Claim 2 wherein said anomaly exists when said measured
gamma-ray data substantially decreases from said expected gamma-ray data and said measured

neutron data substantially increases from said back-ground neutron data.

7. A method as set forth in Claim 1 wherein said gamma-ray data and said neutron
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8. A nethod as set forth in Caimlwherein each of
sai d neasured gamma-ray data, said neasured neutron
wdabv@/osasd expected gamma-ray data and sai d eROE@SE®S/026097
neutron data is digitized data. 9. A nethod a s set
forth in aim1l wherein said obtaining step is
data are a selectedr fegpavgiventnd of sadalnt ofitssiid eganisa-emg agisdioys andiaait neutron

attachnent., said hoist. attach i ncludin
exnissions and aniGFiy HEs 0 EA BTG SISO S G SRS SPstpahged
prOX| rral to said container to dewel op said neasured
-ray data and said neasured neutron data from

8. Admtb@d ad sghfarth ma@laémlswhﬁmn gach okbsaid owaswiedsgagmma-ray data,

sait messurd oEIFHAFR MEEMARSH BORALAT NSRS RO oo g

digitized data. forth in Caim9 wherein said hoist attachnment further
i ncludes a housing in which said ganma-ray detector
and said neutron detector are disposed, said housing

- r ) -
O AR a3t Tt BP IR XSS QRO LA R PerRimed while
said container 1sad:ﬂggudﬁrﬂ3yt a hbist attacimhémgdsaidheist aftachinient including 4 Gamma-ray
i d h0|s att.ac further
dletector and a ngiiSon, SRF S AR HToXRI. Fo St fy PP %@i%a@ﬂ ppasured
gamma-ray data &3 ShidBASILHAY [HANIR-daR V&l aete&éd %@ﬂnﬁla%?%%ﬁglo% bhd B8utron
data. 12. A nmethod a s set forth in Caim1l further
emissions emangiiig o gaidh eostager ovherat saidi pgntainer s engragedi Prakaid hoist
attachment said indicum 13. A nethod s set forth in CQaim1l
’ wherei n sai d neasured gamm-ray and neasured neutron
dat a bei ng subst anti ally commensurate with said
expect ed ga and sai d expected neutron data is

10.  Agpethodas it é’ﬁrt bﬂ@?e\ﬁt@r%n spidghaisttipehmagnt Bither jncludes a
¥s|
housing in whicl? 3 gERlHeal A detcbhy du SRTR Wk lok BREIS: S PR, geid housing
isolating said gapmesmyc detettor aud stidomeutio e deienwr fadre maehaciat shddknmduced in
illegitimate content in a container, said code
sa1dho1stattach1pﬁ:m1 enmenting procedures of:obtaining each o f neasured
gamma-ray data and neasured neutron data fromsaid

cont ai ner; and conParlng each o f said neasured
11. Agaeth@d myse@l dorth inglaimi 1 wﬁws@nesaldwhmtramcu@)u@t tfarther includes

an analyzer dlsp?]s a g cgg?xggl% gq, ggﬁt?zem eﬁmoﬁg%@ eature 'égrnarﬁg-rg})f( gt%t eg said.

measured neutron data.

12, A method as set forth in Claim 1 further comprising the step of returning a status
to signal said indicum.

13. A method as set forth in Claim 1 wherein said measured gannma-ray and measured
neutron data being substantially commensurate with said expected gamma—ray and said expectecl

neutron data is an indicurm of the presence of legitimate content in said container.

14. A computer readable medium containing executable code operable to detect the
presence of radiation shielding material concealing illegitimate content in a container, said code

implementing procedures of*
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bet ween sai d neasured ganma-ray and neutron data and
sai d expected gamma-ray and neutron data is an indicum
wohod7vesnsesence of said material shielding sapdT/US2005/026097
content. 15. A conputer readable nmediumas set forth
in Claim1l4 wherein said expected gamm-ray and
obtainingn eashr oif theasured gravharayu clhtysanda measurad coentroty clatad ditoan. said
16. A conputer readable nmediumas set forth in Caim
15 wherei n said background gamma-ray data and said
comparin@a@ly CUsHid Ateasied gdainta-2a¢ dats BT baid &hdasired PAGktke data to a
. day background gamm-ray data and inspection day
respective one qf@Npge brth gemaarayndaiatend expeced gapinen dafeewhrgneia an anomaly
between said medEkd Bcmathy L4 iubch £ T ot DGR Bnacray and neutron
data is an indicumand flec presenciayf dabkingteniahshiehdihg esiddahienar e
constituents of stored inspection day background
fingerprints obtained for said container. 18. A

15. ACQHRRE 5B nRdiRE MR&Sfod if Vihith 19 V%aiédﬂl 18id expected

container; and

wherein sald anomal y exists when said neasure
gamma-ray and ngafron-daty isdhackgiound ghmtartraynhnd ne¢wss dadtmn sai d
i nspection day background gamma-ray data and said
measured neutron data is substantially greater than
16. Al bt @enddblé Madike AURSE RAE LOT At BS whireif GaIBACI@ ound
readabl e mediumas set forth in Caim15 wherein sai
gamma-ray data sand said bagkgroundvnerirem it shatestaspertiyalyniispesiiomaday background
! I | d expected ganma-ra
gamma-ray data %ﬁ%&éﬁéﬂ@%{% g@%&ﬁ@g%ﬁwﬁoﬁ%at a g ubst antg ially d
i ncreases from said background neutron data. 20. A
conmput er abl e, nmedi um d ai

17.  ARQEPBERT waied G AR &Y Sﬂa?%f@ﬁﬁcggqr«ﬁ%n‘%ﬁwa rﬁ»%]%%rgspsﬂéon day
background gamfhad8l CEdt8 dnd gaa%ﬁégexﬁomsﬁa?n Sﬁhﬁ‘he&fo(ﬁascgdtxﬂ HE BBt Hdhts of

em ssions and sai d neutroh e I ons an n energy o
stored inspectionsday dbagdgnaundafingenprirgs obtainertifos said coataimesn eni ssi ons.

21. A conputer readable nediumas set forth in Caim

14 wiierein each of saidneasured gamma-ray data, said

18.  ArRapwitetlrdagable dddahas safoHLMRChaing d 6 G¥ein 'savd Sddialy exists
and sai d expected neutron data is digitized data. 22.

when said measyred gagumertay slathnisl wibsaniighy desssthan fsaid: inspagtigmaglay background

f ol : Calni on i : . C
gamma-ray data iy Sofd %80 SRLBLTHPH SR (oBp BN FRGHcP Ve, Gpikeiop v
background neutgdridaganent incl udi ng a gamma-ray- detector and a

neutron detector arranged proximal to said container

to devel op said neasured gamma-ray data and said

19.  ATRADUEHrAAME Mbdildh 3s SEOMALRAShER 193MBRIRYsaid anomaly exists

when said measured gaxmma-ray data substantiallyr decreases from said expected gamma-ray data

and said measured neutron data substantially increases from said background meutron data.

20. A computer readable medium as set forth in Claim 14 wherein said gamma-ray
data and said neutron data are a selected respective one of a count of said gamma-ray emissions
and said neutron emissions and an energy of said gamma-ray emissions and said neutron

emissions.

21. A computer readable medium as set forth in Claim 14 wherein each of said
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em ssi ons and neutron em ssions emanating from said
contai ner when id container is engaged by said hoi st
wabt@mosmat . 23. A conputer readabl e medi um asPEEUS2005/026097
forth in Cdaim22 wh™erein said hoist attachnent
further includes a housing in which said ganma-ray
measured gamnieray cage, amdi mgisered agtirom defea, seidoexmeced djaspusedy detd and said
said garnma-ray detector and said
eXpedeImmuog§%%#£Qh @?%@gfron1nechanlcal shock induced in said
hoi st attachnent 24. A conputer readable nmediumas s
t forth in Caim23 w xerein said h0|st at t achnent

22. A compraterredablemedinnbgnaey arrthdp Sdeise &4 wherein salisbelstringng step

t d
s poromed i el 4R, Shg B TSR A SRR il B o
including a ganuaaslraymcksecﬁ;m arfdoa tnhutron Gtectorldrrdnget] Imoxmﬂrm issiidh gohﬂahler to

develop said mESTR v (HEN St IPEUrSL S Spth fod) sfeted gamma

ray emissions d&ﬂeﬁ&tﬁoﬁ Arflis B RS BB Aat 8RB h 34 ARBnfIRRT Wik 8 %Qﬁtamer is
data bei ng substantially commensurate w th sai

engaged by saiddwojse staghgentia- ray and sai d expected neutron data is
an indi cumof the presence of legitimte content in
said container. 27. An apparatus to determ ne the

23, AroesgRGer Geadal ahdddimsHy ebdi foathr ak atlain ad2 Qﬂﬂé&@i |28 hoist
|IIeg|t| mat e content in a container co risi ng.

attachment furthermiggludes acheusing imhich send rgpmmerac Fectoésq&@étsavbuyutron
K y

detector are dlslgdr?]sgﬂ %%guﬁroeugm%%@b&?%e %ﬁn}g‘ ggl g fég%)%{gglﬁ ﬁéirﬁ ngﬁl%gn detector

from mechanicat shopkit exlucqabinadaldchdist auacl‘pneﬁt each of said neasured
gamma-ray data and said nmeasured neutron data to a
respecti ve one of expected ganma-ray data and expected

24.  AQUHSer abAMMK Ghatiidl ANQER! HorfeiNaCRins DA fl viseRi &did hoist

gaol fra-ray and neutron data and sal d expecte

attachment furtherninesludgs andamdynrer c;hsmaeda us said howing o ofigkiee each of said

e o i d _mat Id| ng said content. 28.
measured ganmﬁﬁa%%gg %%galggle%qre 8?1{ an‘ a| m 27 wherein said
expected gamma-ray and neutron data is background
ganma-ray and neutron data. 29. An apparatus as set
25. A eHEPULGY rea%ﬁhiﬁ medigpeissich iorthdn Clainy d  dwdhey smraprisipe the step
. Qg%ground neutron data are respectively

ofreunnmgast.gtﬁ%g)e%%‘i%n day ackground ganmma-ray data and

i nspection day background neutron dat a.

26. A computer readable medium as set forth in Claim 14 wheredn said measured
gamma-ray and measwured neutron data being substantially commensurate with said expected
gamma-ray and said expected neutron data is an indicum of the presence of leg itimate content in

said container.,

27.  Anapparatus to determine the presence of radiation shielding mxaterial concealing
illegitimate content in a container comprising:

a gamma-ray detector and a neutron detector respectively operable €0 obtain each of
measured gamma-ray data and measured neutron data from said container; and

a computer operable to compare each of said measured gamma-ray data and said

measured neutron data to a respective one of expected gamma-ray data and exp-ected neutron data
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30. An apparatus as set forth in Caim?29 further
conprising an inspection day background fingerprint
wdat@masxa3 cont ai ni ng i nspecti on day backgr oundPCT/US2005/026097
fingerprints obtained for said container, said
i nspection day background gamma-ray data and said
wherein an anomaigppetween sy heslugd quanshnieridyr and dadteorbditagand said expected

constituents of . stor i nspecti gn .day background
gamma-ay and gy G A 1 GIEDIRG e PHRSRPGS OL B4 Bfaterdy HeHingsaidpontent
29 wherein said anomaly exi sts when said neasured
gamma-ray data is substantially |less than said
28.  Anmppecatusrasdsey foebkigrClamh ganwhenciy saldtexpectdd sgamma-ray and

. asured neutron data.is stantially greater than
neutron data is DKGSIAEY GO/ APRGPHINE Bt ron dat a. 32 An
apparatus as set forth in Caim 28 wherein said

anomal y exists _when sajid neasured ganmma-ray data
29.  AggpRPEbs as is¢t fosdy addaisns 28 whergin saiderckaigundngammayay data
: ' u t i al l
and said backerd{Rl @i Bofy FESREN 1S AR By SHEREAIM Ypnbgaray dat
and inspection dayddakcdcbrasndadutfomrddm.i n Cl ai m 11 wherein said gamma-ray
dat and said neutron data are a sel ected respective
one of a count o f said gamma-ray em ssions and said
30. ARUHPRRSMS SHORFIATM CRANANSS Wirthlr 86 (IR B¥pecti
e%ﬁ?si gtns and sald neutron em ssi grns. grdi ap]%aprezg%larsl day
background fingerpringtdatabash comtaifing nsRIctivieday hackgoiundf firpaiparintSashiziaed for

. . a -ray..data, sai.d neasured neutron data, .sai.d .
said container, S Apspp¥tiany i, Raokimquind earomp ey Jale 10 srick ipspegtion, day
background neutioh d@li Helrpesbridatudnts 3P stohed PRI HSayHackBlouhQr fikbdrprints.
d ai m 27 erein said container is engaged by a
hoi stattachnent, said a gamma-ray detector and neutron
C [ r. [ i st nt. .
31 ARRRREEs 48’ B0 6% i Tt 57 sPhebh i BT Rhigpsophen said
measured gammgmjmi}atzg)s ddkandslly kel thae é@idriﬁ%i)eﬁﬁcbﬁ day batkigarofind Pamma-ray
) et ected gamma-ray eni ssions and neutron em ssions
data and said mgapyps; %%‘3%% a5 quistaratialie ereatenthan, insneeiigny dgy background
neutron data.  €ndaged by said hoist attachnment;. 36. An apparatus as
set forth in Claim35 further conprising a liousing in
whi ch said gamma-ray detector and said neutron

detector are di se sai g, hausi.ng bgei n arried b .
2. ALGPAORS St TR CIat P3O iEn SeHOPERI Fests When said
measured gammd-FAY} ¥aba SsthrRY RcéoNssieiBat Qlid JRpechdl Far®lLF9Ndata and said
detector from mechani cal shock induced In said’lioist

measured neutropdatar sithstantially increpseffpam said backgreand ngugtenidertdl ai m 36
further conprising an anal yzer disposed in said
housing to digitize each of said neasured ganma-ray
33. Adaithodngt seifctiaClaire @ edicfan ssidtgdmma-ray data and said neutron

data are a selected respective one of a count ©of said gamma-ray emissions and said neutron

emissions and an enexrgy of said gamma-ray emissions and said neutron emissions.

34.  An apparatus as set forth in Claism 27 wherein each of said me-asured gamma-ray
data, said measured neutron data, said expected gamma-ray data and said expected neutron data
is digitized data.

35.  Anapparatus as set forth in Clainn 27 wherein said container is engaged by a hoist
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3S. An apparatus as set forth in Caim27 wherein said
conputer is further operative to return a status to
weigmaksxai d i ndi cum 39. An apparatus as set POTUS2008/026097
Cl aim 27 wherein said nmeasured gamma-ray and neasured
neutron data being substantially commensurate with
attachment, said sagrhnexpeey ebitagtorandr ay renttos adedectorp beihg domeiddr by wdat doist

attachment proxigl] cft, SHUAFHERIST 0 SRVFIH HOH. BleePepSeRPHa T2y daia and said
measured neutror @AtR TN deRicted Q&tﬁﬁﬂﬁ? &mfssioht @8 teiRbE &Qfgsgﬁ& emanating
. . conprising steps of: obfaining each of neasure
from said containeyatvhensaid evataincarisienge gdrtisaid boisioattadhmentt.r om sai d
contai ner to obtain respective one of a container
gamma-ray fingerprint and a contai ner neutron
36.  Anfdpyg@rafsiadtsef RithSal Claa@ RifitHer c6RPPiISI] 20h6a6As ¢ whidisaid
cont ai ner, ganmma-ray fingerprint and sard contarl ner .
gamma-ray detectp A ppifl i neyiep detrctor B Aippesad. wid hoysing deing caried by said

hoist attachment BA' Eo%t%d ﬁlé?@ﬁ’@lﬁntogl?gg%re ;ﬁd ggﬁgﬁag-l% ic@te@t‘&? Cz%xd\g%?%lglﬁtmn

neutron fingerprint tic na

detector from mechawdcalshoa mducagbimyaidr hyist attgdnpni.nt and sai d
contai ner neutron fingerprint and one of said pairs of
sai d weapon ganmma ray fingerprint and said weapon

37. An'HPPArHRR iSRRI intlaish 36 fﬁlﬂ@rcckiﬁlé)?i‘silnéﬁdr? ra},féﬁl%\%/ﬁk??p&gd in

) i"egitimate content; and conparin
said housing to digitiz¢ ¢acHiof saidandassmi gapnesany dakfand|shidgn¢ astatd neatrinedeta.
is null, each of said neasured ganma-ray data and said
nmeasured neutron data to a respective one of expected

38.  AnggbpRatudasdet torel indCIRIRELY Ghoiéit shidcodiueVid AfrBieR opbrative
nqQmal y between sai d neasured ganmaray and neutron

a
to return a status tg signaligidkadiguakpect ed gamma-ray and neutron data is
an indicumof t he presence of radiation shielding
mat erial concealing said illegitinmate content. 41. A
39. Annppacitesasedt footht in ClainCl2gi whéRird waid haca asPrdasim@ray and

measured neu&ont@%ﬁga}ggé Sol,&gti%.gt% q%gltnia?e%ggqa\é\p{e \%%E ggqul egcggf;&%rdir%ma-ray and said
expected neutron SAQHRRA h&cuAYT (Behds MREPOMPRINALO Eoﬁtérggﬁr sﬁ'icg g&mgﬁé{.‘ g

stored in sald weapon fingerprint database.
method as set forth in Caim4 1 wherein for each one

of said pairs of said apon. gamua ray fi rpri nt and
0. A BeBlEoPohtelipech CIHGER PhA daptoiRE A AR ptont
comprising steps dfAcl udes the steps of: devel opi ng gama ray data a d
.. nheutron data froma test container containing a sanple
obtaining gach pHgueRsHsdi sammpvEYEater prd -‘measured neutron data from said

container to obtain & respective one of a contaimier gamma-ray fingerprint zind a container neutron
fingerprint for said container;

comparing each of said container gazmma-ray fingerprint and said container neutron
fingerprint to each ©ne of a plurality of pairs of a weapon gamma ray fingerprint and a weapon
neutron fingerprint wherein a heuristic match between said container gamyma-ray fingerprint and
said container neutzon fingerprint and one of said pairs of said weapon gamma ray fingerprint
and said weapon neutron fingerprint is an indicum of said presence of illeggitimate content; and

comparing, in the event said indicum of said presence of illegitimate content is null, each
of said measured gamma-ray data and said measured neutron data to a respective one of expected

gamma-ray data and expected neutron data wherein an anomaly between said measured gamma-
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digitizing said data to devel op said one of said pairs
of said weapon gamma ray fingerprint and said weapon
woeout7rose18i ngerprint; and storing said one of Baras2005/026097
pairs of said weapon gamma ray fingerprint and said
weapon neutron fingerprint in said weapons fingerprint
ray and neutrondadaibsnd. sad expeqriedhgampm-reptankdonautrcdn dAtaiisnad2indicum of the
.wWherej.n, sai d one.of said pai.. ossref renced to
presence of radiali5h ShifiR MR Rand@ine iR Meeipl EobEpinace, 44
method as set forth i n Caim42 further conprising
the step of nornmalizing said one of said pairs of said

41, Avengibad gasrafortyin Glaer 69|fh’tt %rmpl@awn@ethp@tﬁpneﬁnmmuctmg a

weapon fingerpri Prggtraﬁﬁéggga&d ﬁor rrsgrf@atl he S?S’n %%uélﬁoféyﬁtlg Eﬂcﬁ se}ld weapon

neutron fingerpr feivieding sto gedia Rmiel M&ﬁp@kﬁﬁﬁgﬁpﬂntwﬁtram. dat a f r om an
enpty test container; digitizing said data fromsaid
enpty container to devel op a background ganma-ray
42. Al HEGRbE s et % ArPREHE PURhRGH DR %Jc;ln&fer B A1l padd 3>f said
subtractl ng sai d background ganma-ray fingerprint an
weapon gammasahyl fegekppimtuadl nsud rweapbibngetoni fingkrprint ssaidl opestpating step

. amma ray fingerprint and said weapon neutron
mcmdesmesm}%&ggrpri nt in each one of said pairs. 46. A nethod as

developiBglgahn@hi t6 ddtDastiaiciirdf datld frbi@ra 18R TRHtBINBH céitinfisaPsadiple of
conmparing: eachof said container gama-ray fingerpri nt
a known radioacgiig wafetiakont ai ner neutron fingerprint respectively to
P r fing n d rport ed
digitiing] S48 PR 6 SRCRSR: g GPSE bR Tof St BRAAE] poppa rav
fingerprint and s¥d tveapon acutRin fHapemringyanti nger print and said
cont ai ner ut,ron f|n erprlnt and sai d_purported
storing Sglam@r ysaﬂf RYES p‘? ?ﬁl mpga.gamm PRy tigeReint e said weapon
ﬁ}% t said container contains
neutronﬁngerplflhf‘&fs{aﬁfa\tvgépggﬁt Hra#tge]égsured data conparing step
be| ng perforned in the event said indi cum of said

4. AREEPE oot By G RO Theers B Pt A SHE PR gy oross-

referenced to saﬁsaﬂ@l@ﬁﬂbﬁﬂv@aﬁﬂﬁﬁg%}p&ﬂt&%ﬁ& with a container ID
of said container to obtain each cormodity ID of each

item purported to be in said container; and querying a

44 ATHRLEEDs (TR R Claif A 0RRG AR L Al AR hthing said
one of said pairs¢ eﬂ%md Weﬁpé:Dgaxﬁmﬁr@L&ﬁ:rgﬁﬁxed a8 gald sweypdr Agrropriingerpain
sal

45. A method as set forth in Claim 44 wherein saicd normalizing step includes the
steps of:

developing gamma ray data and neutron data from an empoty test container;

digitizing said data from said empty container to devzelop a background gamma-ray
fingerprint and a background neutror fingerprint; and

subtracting said background gamma-ray fingerprint and said background newitron
fingerprint frorm said weapon gamma ray fingerprint and said weapon neutron fingerprint in each

one of said pairs.

46. A method as set forth in Claim 40 further comprising the step of comparing each
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purported neutron fingerprint being conbined from each
of said ganma-ray fingerprint and said neutron
woiogaogmant for each commodity I D 48. A met hedTas$005/026097
set forth in Claim47 wherein said manifest dadtabase
is a mnifest electronic file maintained t"y custons
of said containeyganuma-tay Jingegrint matl seid er@uiaimep mentron ﬁngepprmt gospsatiyely to a
net hod  a set f

purported et R dnd ciogp it et ol et ISP 8 doristi math

between said contBfef Pahithaday S@rm5 ndAsdigtdoathim® ettroh FahFerbfint and said
Claim 49 wherein each commodity ID said

purported gammagyfast fRgSTPTHT @pépsaxdr@rra@é@dtn?@t@p egrint de ¢ diqugn that said

container contaﬁ@%%mﬁn% ggglkt@nﬁ gﬁlﬁﬁ%éﬁﬁl%{@cérﬁ%@ sIt%Sl% Lﬁggffe?fo?ﬁ%d in the

event said indicaing fishidi paeeseadeto tagitintate cdnmehbxs mdli d mani f est gamma
ray fingerpriait and said manifest neutron fingerprint
for said item and storing said mani fest ganma ray
47. A oRARISIL Bl RS if bl WRIARL AEIIAR dEJEBE R Nt 1
sald manitest fingerprint dat aba thod as
querying @it nfapife st idatablasé rWIEIOaVWCG:L@mrsHD obfnmdfmtalgarmg oligin each

. fin rint _an neutron fingerprint is
cormodity ID ¢4 BEE 1P} Bhefled 10 b° LR Smiaies 56D 1 o Som o
querymg tae Maade st ﬁl?ge?@%taéatﬁlﬁhef Qbhﬁmjﬂg @ aaMnROral i rfidpRfprint and a
npri Slg@n%pt he step of normali zi ng sai d mani fest gammma

neutron ﬁngerpmy y'lor wgePpeemmodiiy E)a.salf#anmstp restpRTey Emgerprintnend said
purported neutr§§ n%@%ﬁg%ﬁﬁéﬁhnﬁeg g&) cﬁ’lo gp 35%“1“%%% e?’glgg#gint and said

neutronﬁngerpﬂﬂff%ﬂeidi}(cdﬂh&chﬁydl)aemron data froman enpty test
container; digitizing said data fromsaid enpty
contai ner to devel op a background gamma-ray
[
e T g A s hdRaCUBEthe (PR Ropnifest
electronic file neditdinbd &g custions amlhbntm fi teyminal bperator o raidgpor compsny.
gamma ray fingerprint and said mani fest neutron
fingerprint . 54. A nethod as set forth in Caim40
49. A WhdtheT aS@BPfore RACIRRA MR IFuFhE coRbasif® Meak &S lof constructing said
gamma-ray fingerprint and said container neutron
mamfestﬁngemrinngbtapﬁsm to devel op respectively a nornalized
contai ner gamma-ray fingerprint and a normalized
cont ai ner neutron fingerprint.
50. A method as set forth in Claicn 49 wherein for each commodity ID said

comstructing step includes the steps of:

developing gamma ray data and neutron data from a test container containing an item of
known legitimate contents;

digitizing said data to develop said manifest gamma ray fingerprimt and said manifest
neutron fingerprint for said item; and

storing said manifest gamma ray fingerprint and said manifest neutron fingerprint in said

manifest fingerprint database.

51. A method as set forth in Claim 50 wherein said manifest gamma ray fingerprint

and said manifest neutronn fingerprint is cross-referenced to said commodity ID for said item.
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55. A nethod as set forth in Caimb54 wherein said
normal i zing step inclucles the steps of: devel opi ng
wqgamTwoszdy data and neutron data from an eanpt pCTa@$2005/026097
container on the clay said container is to b e
i nspected; digitizing said data fromsaid enpty
52. Acpathadmerset @rtge'v Ellapmad) fundee eamnpil singythe stapgrfoenaalizin g said

manifest ganma 337 FRgh i, PRI et efRel SRRFRLED, 6 nopecti on

day background gamma-ray fingerprint and said
i nsghecti on day hackground neutron fingerprint from

53.  Acpiethodont satnferthda nfdaimny 2t wheeinpsaie: nompplizingystep includes the

steps of: contai ner neutron fingerprint.

developing gamma ray data and neutron data from an emapty test container;

digitizing said data from said ermpty container to develop a background gamzxma-ray
fingerprint and a background neutron fingerprint; and

subtracting said background gainma-ray fingerprint and said background reutron

fingerprint from said manifest gamma ray fingerprint and said nnanifest neutron fingerprint .

54. A method as set forth in Claim 40 further comprising normalizing said co-ntainer
gamma-ray fingerprint and said container neutron fingerprint to develop respectively a

normalized container gamma-ray fingerprint and a normalized container neutron fingerprirat.

55. A method as set forth in Claim 54 wherein said normalizing step includes the
steps of:

developing gamma ray data and neutron data from an exnpty test container on the day said
container is to be inspected;

digitizinng said data from said emapty container to develop an inspection day baclkkground
gamma-ray fingerprint and an inspection day background neutron fingerprint; and

subtracting said inspection day background gamma-rary fingerprint and said inspection
day background neutron fingerprint fromx said container gamma ray fingerprint and said container

neutron fingerprint.

-31-



