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Rel ated Applications [0001] The present application clains the benefit of
Provi si onal Patent Application No. 60/549,093, filed on March 1, 2004 and
Provi si onal wieedoesds4#sppl i cation No. 60/568,541, filed onpMivsmespbidd: Which
are assigned to the assignee of the present invention and are I ncorporated
by reference herein. Field of the Invention [0002] Radiation scanni ng of

obj ects, i ncl udi NODUNIJENERGVIRABLCTION SCANNING URORIEETS 0 i dentify
contraband. Background of the Invention [0003] Radiation is comonly used in

t he non-invasive inspection of contents of objects, such as |uggage, bags,
bri ef cases, cargo containers, aﬁﬂiﬂﬂiémpﬁﬁﬁﬂﬁé identify hidden contraband at
ai rports, seaports, and public buildings, for exanple. The contraband may

i ncl ude gyosipen gurte prdseitVasplicicR! Slfimsethe SHEneRIS of PrdvBdahal PGS ApplidatidRapons
of mass _destruction, such as _a nuclear or a _"dirty" radioactive bonb, for
exanpl e Nochp¥545:983p filed paddarch 412004 ané Ryavisional Ratent dpakension Noh 60/568.54k il ect
to be i t ' e ' d .2t h as
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is attenuated to varyi ng degrees, e _contents. The attenuation of the
radiation is a function of the iéaéﬁigﬁéﬁxﬁﬁﬂﬂnaterials t hr ough which the
radi ati on beam passes. The transnmitted radiation is detected and neasured.
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i nspection. The images show the shape, size and varying densities of the
cont ent &enfifysontrabpad st ati onary source of radiation used in a conmmon

i nspection systemis typical hXc!%r&&H&q%@fm)éﬁﬁ@]y radi ati on of about 160 KeV

to about 450 KeV. The X-ray s ce of Brensstrahl ung
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“dirty” radioactive bomb, for example. One common inspection system is a line scanner, where

the object to be inspected is passed between a stationary source of radiation, such as X-ray
radiation, and a stationary detector. The radiation is collimated into a fan beam or a pencil beam.
Radiation transmitted through the object is attenuated to varying degrees by the contents. The
attenuation of the radiation is a function of the density of the materials through which the
radiation beam passes. The transmitted radiation is detected and measured. Radiographic
images of the confents of the object may be generated for inspection. The images show the
shape, size and varying densities of the contents.

[0004] The stationary source of radiation used in a common inspection system is
fypically a source of X-ray radiation of about 160 KeV to about 450 KeV. The X-ray source
may be a source of Bremsstrahlung radiation, for example. The X-ray source in this energy
range may be an X-ray tube. X-ray radiation of 450 KeV will not completely penetrate large '
dbjects such as cargo containers. Standard cargo containers are typically 20 - 50 feet long (6.1 -
15.2 meters), 8 feet high (2.4 meters), and 6-9 feet wide (1.8 - 2.7 meters). Air cargo containers,

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



of an airplane, may range in size (length, height, width) fromabout 35 x 21
X 21 inches (0.89 x 0.53 x 0.53 neters) up to about 240 x 118 x 96 i nches
(6.1 x 3.0 x 2.4 nmeters). Large collections of objects, such as many pieces
of luggage, wayonsls@ashe supported on a pallet. Pallets, WirgRaigdRdsiAve
supporti-ng side malls, may be of conparable Ssi zes as cargo containers and
use of the term "cargo conveyance enconpasses cargo contai ners and
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fissile pwperials by the capture of a slow (thermal) neutron. Urani um 238,
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may be converted into uranium-233. Fissionable, fissile, and fertile material are referred to

herein as “nuclear material.”

[0007] Identification of nuclear devices, nuclear materials, and radioactive materials (that
may not be nuclear materials), by manual inspection of the contents of an object, such as a cargo
conveyance, is too slow for regular use. Identification of radioactive materials and nuclear
devices by passive inspection systems, such as a radiation detector, while faster, is difficult. For
example, the radiation detector may be positioned along a path of an object. Since nuclear
maierials are typically dense, however, they absorb most of the phofons they emit. Shielding
material, such as iron, lead, tungsten, or palladium may also be used to block the escape of
radiation, preventing its detection. In addition, certain fissile materials, such as uranium-233,

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



2 WD 2005/ 084352 PCTI US2005/006809 order of 104-1 Gs years). The count rate
from spont aneous decays for such material is so |low, that passive detection
is not reliable. Also, a relatively snmall anount of radioactive nmaterial nmay
be | ocat edy@héddiosusse | arge cargo conveyance. It is al so gy hfsb(ﬁ%)oﬁﬁs&
di stingui sh nucl ear devices and nuclear materials from ot ense itens

that nay be contained wthin the object by standard X-ray scanning. [0008)
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objects such as freight in a container or on a vehicle. In one embodiment, two stationary sources

of X-ray radiation are provided, each emiiting a beam that is collimated into a fan beam. The
sources facing adjacent sides of the freight and the fan beams are perpendicular to each other. A
stationary detector array is located opposite each source, on opposite sides of the freight, to
receive radiation transmitted through the freight. In addition, X-ray radiation of two different
energies are emitted by each source. One energy is significantly higher than the other. For
example, energies of 1 MeV and 5 or 6 MeV may be used. A ratio of the mean number of
X-rays detected at each energy endpoint by the detector array as a whole for each slice or by the
individual detectors of the array is determined and compared to a look up té.ble to identify a
mean atomic number corresponding to the ratio. The material content of the freight is thereby

determined.



determ ned. 3 WD 2005/ 084352 PCTI US2005/ 006809 [0010] A further
conplication with X-ray scanning is that neasurenents of radiation after
interaction with the object under inspection are statistical. The accuracy
of a nmeasupwgympisssh X-ray radiation transmitted thr Ougpcﬁﬂsﬁ[?é/d%%éogi S
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such asysemmwiimhighagensitivity will identify more true positives (correct identification of the

presence of uranium) and fewer false negatives; (missed detection of uranium) than a system with
low sensitivity. .However, increased sensitivity may result in an increase in the number of false
positives, which may not be acceptable. Speciﬁcity, which is a statistical measure of accuracy, is
the probability that the scanning system will properly identify the absence of uranjum in a cargo
conveyance, for example. A system with high specificity will identify fewer false positives
(identification of uranium in a cargo conveyance when it is not present), than a system with low
specificity.

[0012] The collection of insufficient photons may result in measurement distributions
with large standard deviations. The distributions for materials of interest, such as uranium, may
therefore overlap the distributions of other, non-threatening materials. Therefore, it may not be
clear whether a particular measurement is indicative of a material of interest or not, resulting in

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



therefore overlap the distributions of other, non-threatening materials.
Therefore, it nmay not be clear whether a particular neasurenent is
indicative of a material of interest or not, resulting in false positives.

Practical , whf e and non-intrusive methods and systeng for detection of
4 WD-2005/ 084352 PCIT US2005/ 006809 nucl ear material s hi HROFY car go
conveyances and ot her objects, with higher accuracy, are still needed.
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[0014] In accordance with embodiments of the invention, an object is examined by
scanning the object with radiation beams having different energies, such as different energy
endpoints, calculating a function of the radiation detected at the two energies, and determining
whether the object comprises a material having an atomic number greater than a predetermined
atomic number based, at least in part, on the function. The object may be a cargo conveyance
and both energy endpoints may be greater than 1 MeV, for example. The energy endpoints may
be 9 MeV and 5 MeV, for example. The function may be a ratio between the radiation detected
at the two energy endpoints, for example. Such a ratio is referred to herein as a transmission
ratio (“TR”)., Material having an atomic number greater than the predetermined atomic number
 is referred to as high atomic number material (“HANM”). The first function may be compared
to a second function that is based, at least in part, on the predetermined atomic number, to make
the determination. The second function may be a threshold, for example. The threshold may be

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



ratio ("TR'). Material having an atom c nunber greater than the
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w t h t hegipRiugedholdveans for cal culating a function of the radiation detected
at the first and second energies and neans for determ ning whether the

obj ect HW0lfleast Ipcresrdange yith gapherserabadigentas shstemnionisaamipingesn abiettaVi ng an

atom ¢ guAbes e%fn%?itsﬁé HhOFR By scanning at 1east a portion of an object at first and second

radiation energies. Means are provided for detecting radiation at the first and second radiation

energies, after interaction with the object. Means for caleulating a function of the radiation
detected at the first and second energies and means for determining whether the object at least
potentially comprises high atomic number material having an atomic number greater than a
predetermined atomic number, based, at least 1n part, on the function, are also provided.

[0017] In accordance with a related embodirﬁent, a system for examining an object is
disclosed comprising at least one radiation source to scan at least a portion of an object at first
and second radiation energies. At least one detector is positioned to detect radiation at the first
and second radiation energies, after interaction with the object. At least one processor is coupled
to the detector. The processor is programmed to calculéte a function of the radiation detected at

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



predeterm ned atom ¢ nunber, based, at least in part, on the function, are
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[0023] Fig. 3 is an example of an array of values of X-ray radiation of 9 MeV.transmitted
through a portion of a cargo conveyance, at a plurality of pixels;

[0024] Fig. 4 is an example of an array of values of X-ray radiation of 5 MeV transmitted
through the portion of the cargo conveyance of Fig. 6, at a plurality of pixels;

[0025] Fig. 5 is an example of an array of transmission ratios (“*TRs™) for a group of
resultant pixels based on the X-ray radiation measured in Figs. 3 and 4, in accordance with an
embodiment of the invention;

[0026] Fig. 6a is a flow chart of an example of a method for calculating TRs for use in
embodiments of the invention;

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

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

deviations, in an embodiment of the invention;



enbodi mrent of the invention; [0026] Fig. 6a is a flow chart of an exanple of
a nethod for calculating TRs for use in enbodinents of the invention;
[0027] Fig. 6b is a flow chart of an exanple of a nethod for adjusti ng

det ect ed r awlpabosmBsssi hrough a dense region of an inmage fgys ﬁl%%dg%
[0028}- Fig. 7 is a bar chart of the m ni num nunber of |ow pI xe S reqw red

to achieve a | in 10,000 false alarmrate for various sizes of exam nation
wi ndows[papej vari @ig. SS&saadﬂds\d chafv o hh Gikamplenof Bn ERRadingBR vihddvgedtnvi@nt i on;
7 WO 2005/ 084352 P 05/ 00 809 [0029f Fig. 8 is a flow chart of an

exanpl edsgprigpee-vahy ﬁ P eWi?f O% Best," in accordance with the enbodi ment
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pi xel s ﬁmﬂieeembbdmgma)fﬂmmémnpf a cargo container, for use in enbodi ments
of the jnvention;_[0033 i.s a flow chart of an anple of g "matrix
test," 1043 cordaFr’ré ]w}s]t %@p]f%ﬁs&a.%w J#S?fpgagmup Pﬁe%t&"f S TEpIgSenying ps g
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accordance with an embodi ment of the invention;, [0035] Fig. 14 is a flow
chart of003H examfiie ¥isa flewisbart pben seirenle of g “matrhy gstivindacserdante with thee

cont ent nveyance, in accordance with another enbodi nent of the
mvenu%%ggd]’?arg%?%ﬁﬁ 15a is an exanple of a nmethod for exam ning an

obj ect fo@s4)nucl eemg et éra fibw chatft @0 3d lexdrhle of 2lmdtBodafor @xlrulatify GHreshbids hiar

met hod for exam n ob Jec fqr nyclear materials; [0038] Fig. 16 is a
front viERrdgRee theyaYegHE%r ogr anmed to | rrpl ement  enbodi ment s
of the [UBS?]nt i on; F1§ Oﬁﬁgla fﬁiv@che&ﬂof ah éiaﬁlﬁﬁ df laGHetRd for RAB Y, BlesRol8 BLER
scanning systemsimlar to the system of Fig. 15 show ng two adjacent
sour cesomthexontgnts phelparge eanveyance, in accordance with another embodiment of the invention;

[0036] Fig. 15a is an example of a method for examining an object for nuclear materials;

[0037] Fig. 15b is an example of another method for examining an object for nuclear

materials;

[0038] Fig. 16 is a front view of a cargo scanning system programmed to implement

embodiments of the invention;

[0039] Fig. 17 is a top view of a portion of a cargo scanning system similar to the system
of Fig. 15, showing two adjacent sources of X-ray radiation;

[0040] Fig. 18 is a schematic, perspective view of another X-ray scanning system that
may implement embodiments of the invention; and

[0041] Fig. 19 is a rear view of the system of Fig. 18.
Description of the Preferred Emhodiments

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

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



[0040] Fig. 18 is a schematic, perspective view of another X-ray scanning
system that may inplement embodi ments of the invention; and [0041] Fig. 19
is a rear view of the systemof Fig. 18. Description of the Preferred
Enbodi ment s wi@idd9s43sa accordance with enbodi nents of thep tﬂ’tﬁ%ﬁé@@sgga
function of the transm ssion or attenuation of radiation through an object
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material, decreasmg the incidence of false positives.

[0044] To demonstrate that ratios of transmission through different materials at different

energies enables c]_assiﬁcﬁtion of mateﬁals as HANM, samples of iron, lead, lucite, and tungsten
wére scanned with radiation beams having nominal energies of 9 MeV (measured half value
layer (“HVL™) 1.16 inches, 2.95 ¢m) :and 5 MeV (HVL 1.04 inches, 2.64 cm). The radiation
beam was provided by an M9 Linatron® linear accelerator, available from Varian Medical
Systems, Inc., Palo Alto, California, that was set to run at 8.5 MeV and 4.5 MeV. The M9 may
be switched from one energy endpoint to another energy endpoint. Each sample was scanned at
one energy end point, data was collected, and then the sample was scanned at the second energy
endpoint and data was collecied. Radiation transmitted through each sample was detected by a
Paxscan® 4030 gadolinium oxide (GdO) scintillator aboui two metets from the source,
positioned along a central axis of the source, The electronics portion of the detector was covered

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



[ 0044] To denonstrate that ratios of transm ssion through different
materials at different energies enables classification of materials as
HANM sanpl es of iron, lead, Lucite, and tungsten were scanned with
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("HVL") 1.16 inches, 2.95 cm and 5 MeV (HVL 1.04 inches%ﬁ%%@%sldghe

radi ati on beam was provided by an M@ Linatron(r) |inear accelerator,

avai | abl j ' 3 L, £.or al: at
oo sor £ o Qs Al WK S B GRond v Ty LS Yo 80 i,
ener gy esaipesi wes o ai 200 mps apdh eheggetentatprdsitun aE3 dps. s The imagea svese anmmed aver one
ener gy eﬂggrﬂa%&t, data was collected, and then the sanple was scanned at the
second e gy éndpoi nt and data was coll ected. Radiation transmtted

Egrj(());Jgh ¢o0ab] sarrpl&mgﬂes cdetircired 14, ?.nd B&&ﬁﬁ%ﬁ%né@ﬁ&u@@@@!&@é éﬂﬁﬂiﬁaﬁﬂ@
scipti)]ator out two ters fromthe source,, positigned along a
central Q{E‘F@J E?tw‘???ea’@oiﬂué‘@. aﬁﬁ“’e@%‘?ﬁ@o% Fant dhicksesios gegied an ghffraat
covered e t b oS frd : (g n at
500  pul 5 albulieaCabBiasloft For 2adt NnfR) SRl Mauloatnl St L it B
det ect or Eaghsimagn veas nprifalizedrie sopeet for defeaion tidnpeiformitizs, ardestdred. Nevidditivn

acqui sition..t SO ce run_at 200 s and the detector, was run.at 3

f ps, Thesﬁnﬁ%%se%e%gérg s]ﬁ%tr%m@% OVaY pﬁ erB”W E’Dn%agﬁ 0%54%}” gpéwlg,stu%gs rai”fogn,

| ead, aneyetelepdreteRiplacad YiexiGo 1dAdC k&S S@Splavaifemiligle viatdild Were plaas®endivhiMden

t he source and _the detector. The different thicknesses resulted in different
anmount s ' étothsrealang the dpetion of thesbeams Jigp pramnle,dunsteg aad Jeed avese srppratsly Rlacpd

stored i Rewhd/ird0r mat. Each inmage was normalized to correct for detector
non-uniformties, and stored. In addition, sanples of different materials
were pl afdéhext tKachduagowhe processed by dmpged, inaga gstcessingiand amlysisvierieva, a

0| | d to. lead. Al | i pl i
o hced o BRPREHE Aelie SR g Wiland R A HPbt e R i Atsesilc
t ungst enf@ngtaingR0 O iBRAPRESHgBoR%EE ke i thé ketncould 84 @ked-as vdllrage was

processed by | maged, , inmage processing and analysis_in Java, .a freeware

pr ogr am &isiBraghelca regiom efiaterst oldmagnwes @ g2 fixed) logatign in each image and
http://rgh.d i Labadrias; ' iljggig EAGESS re
known i nﬁ?&&%ﬁ&g@ﬁ%&&%ﬁlﬁt&%?%gﬁ%{épﬂle‘%ﬁd%ﬁﬁh ggr mﬁ(?? lia r%é#%%r%g b

i nt er est Irofonzncasesp gdendso diffaentavhterialaweéne plated nextttd encli othem cdgionswdéntenest  t he

nmean and, s dard deviatipon of t data col.l,ected frqm the reqi of
i nt er est h@\iﬁ’gber @Pﬁ%gﬁ.ﬁmﬁﬁng e cHsBERn etweéﬁ@ﬁ@,géﬂ?aﬂﬁﬁﬁqgfﬁlgﬁ MREr e
pl aced ngaghnddOatdReerRtIe wefcQit,Merefdte, ieRictly @Rd same. A location indicator in Imagel

 enabled the location to be at least very close.

[0047] The energy transmission for each image was computed by dividing a histogram
mean of the image by a histogram mean of an image at the same energy without the sample
present, to normalize the image. A ratio of'‘the energy transmissions at 8.5 MeV to 4.5 MeV
- were then calculated and recorded. The transrfnission at 8.5 MeV was also recorded.
[0048] The results are shown in Fig, 1a, which is a graph of the ratio of the transmission
of a radiation beam having a nominal energy of 9 MeV 1o the transmission of a radiation beam
baving a nominal energy of 4.5 MeV, along the Y axis, versus the transmission at 8.5 MeV,
along the X axis, The X axis is semi-logarithmic. Curve A is a guide to the eye connecting
calculated ratios at different transmissions, which correspond to different thicknesses of the
sample, for iron, Curve B connects calculated ratios at different transmissions for lead. Curve C

connects calculated ratios at different transmissions for lucite. Point D shows the ratio for iron
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had to be chosen by hand, instead of by a macro. The correspondi ng | ocations
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both materials, Portion I of the image is that of steel (iron) and portion J of the image is that of

lead. The steel (iron) and lead have about the same energy transmission at 8.5 MeV, as
measured by the detector. The ratios are signif;icaﬁtly different. The roughness in cach surface is
due to statistical variations in the ratio measurement. The two materials may be readily
distinguished because their ratios are separated by many standard deviations. Where the
transmission is lower, the standard deviations will be larger, the ratios will be closer together,
and more sophisticated statistical analysis would be required.

[0051] In the experiment described above, the source and the detector were close
together,' requiring a wide radiation beam, which decreases the uniformity of incident radiation.
In addition, scatter was not reduced and the detector efficiency was low. Fig. 1c shows five
curves depicting simulated ratios of radiation transmitted through five (5) different materials at 9
MeV to transmifted energy at 5 MeV, as a function of the energy transmitted at 9 MeV, based on

a simulation without these problems. The detector comprises 30 mm cadmium tungstiate
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[0050] Fig. Ibis a surface plot of a ratio i mage between transm ssion at
8.5 MV and transmission at 4.5 MeV through 3 inches (76.2 mm of steel
(iron) adjacent to 1.5 inches (38.1 mm) of lead. Different thicknesses are
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di ff er gptnivei@hpial ¥ @b ralg) Wfsv%ﬁém&t&ﬁwaﬁwm@ms &Y en %y'\@é/,hi%ér hefgynction

of the energy transmtted a MeV, based on a sinulafion w thout these
pr obl ertben thi tatigevandd weressprpsrthesdomBoumberiadienssn t ungstiate 11 WD 2005/ 054352

PCT/ 11 / 0068Q: ot | atdon. .scatt.er e .t he
sour ceﬁéﬁgﬁt he de lg%:otglgfgé%éﬁemﬂegrté E@rﬁézggﬁfgg dl%)g% 1€1§,§bgtl§vefggﬁet§%gegz§1%g P
c?)rrpar dedtweent the raitd uad thesltc)éniatmmﬁal . er Témltmﬁoﬁ[d itlgld ﬂii?}@éxﬂial/\l&ﬁéd&ts (dfmb)n;zptorrl1

al um n i fon, ,urani um ,an d, as jndicated. The curves are snoot her

t han i%ﬁ@% PEIS HIRCUCHOH Y d%%m@_reg%t_g&g- W@@m AApisumbeyptovals \BR 88 es. As
above, ,aa&mahﬁh@melaﬂ&tvva%} 1,0, e @A) QQZLQ)J @6inploh OfdaftdBil {s" B SIBhFReN) -
there is significant separation among the different materials. The

separ atmenhangimiat high soerges.cmcnes § Mays iEasptomsaeningeruses(the lavnaiamicommber

I ncreas . 0 nden n.atqm c ol n .14 on,. the ratio
decr eas@%&éaslg P%\é\é%ggrolr%gvgp %ﬂ%ﬁ%&’ﬁ?tﬁg% égé‘gnegs, > M%P%‘?tgmefg%éber Ir?te tdriaéCI t;] I 0 was
cal cul aa“cﬂfbé hyghei h’iie(ﬂg}ngadtdﬁﬁ, bWs_%MeV%o’nbﬁs_, tvh@cﬂlir@ftefe[sglggg?m {/C\Jyf tfahﬁiﬁtt‘ebdl_e
ratio wo i pcrease as the atom,c nunber increases, ) t hout, bei ng
i ni t ed® %ﬂ%@f&v?ﬁoem gpmberappigrials.; Forshigher inlopue npreaer BRETA e ahEkep
bet veenzHyp) gl iithiBfdz-09), 38 PrénRHIPEsELRMolA dHREIdHColidy! HoRfs! by
effects of "Conpton catt'ering and pair production at different energies.
W t h | owdueingnthe rafiprbler addfiosy Hhel eriptioof the ratil igriess wensithee1®) changpsvimerarey H20, H
(2 1) t:(r)auglﬁl:sgi})h,’res%ﬂﬂpgtigg n%&r%} ﬁgtrcluﬂ% a's gnetrgftrgn%ﬂﬁsrs]%ﬂtmcreases.

- [0053] In Figs. la and lc, if iron (Fe, Z=26), which has the highest atomic number

among materials commonly found in cargo conveyances, is used as a test material, calculated

ratios less than the ratio of iron is indicative of the presence of a material having an atomic
. number greater than iron. As discussed above, typical items in a cargo conveyance comprise
iron and other materials with atomic numbers less than iron. The presence of any material with
an atomic number greater than iron is, ﬂierefore, suspicious,
[0054] Figs. 1la and lc also show that as the energy transmission increases (because the
materials are thinner), the difference between the ratios for different materials decreases. While
Figs. la and 1o show greater differences between the ratios for different elements and substances
as energy transmission decreases (for thicker objects), it is noted that as the energy transmission

gets smaller, fewer photons per pixel majr be detected. This may increase the error margin of the
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mechani sm at hi gh energies, such as 9 MeV. Conpton scattering causes the | ow
atom c nunber materials to scatter |ower energy photons, such as 5 MeV
photons, at a higher rate than they scatter higher energy photons, such as

9 MeV phot ang 20080885 | ncreases the ratio of transm ttedpiardh@bhfBof OF | ow
atom ¢ nunber materials. For higher atom c nunber materials, such as silver

(Z=47) and uranium (Z=92), pair production causes renoval of the high energy
phot onsmedshted  rativg udécngsing e theatab@uradyn waithd ivhich), méitegaly amagt bondifferehti@ed.at i 0
is less_sensitive.to changes i.n ener I){_%éransm' Ssi on, raﬁsulting in a nearly

flat cupybodiwents of fhs pressptdpyenton,arep QROiSY ¢ SfatipliraRly gs . 1a and 1c, i f
iron (Fpes3=26) , mhixeRplkasf eRBolBRGSIr tAS P&t TVERRSN, ARSI Heftedn

comonly found in cargo conveyances, Is used as a test material, calcul ated
ratios thegaio ofdransmissiontor etteruatipmof radiationi thseughveemateriehat typ skiffrens epergies

mat er | Alad Y ABICRAR T e AR Ts Q8 S BANLLRL /bl SRS ERADAYS,
typical I'tens 1n a cargo conveyance conprise Iron an er meteriars with
at omi ¢ ¢ondiesrmatkdas havigatomanounibess greaaahacs pledaayningt somil numbeh widch it omi ¢

nunber gregter, than iton is, therefore, I.ciQus. [.0054] Figs. la and |c
al so sh S‘aﬁt&f{ toybe ¢ g Va %Wgéi(oﬁxmgrﬁeﬁg%?r @B&’!ﬁ'&iag’ﬁﬁc oEher i al s
ar e t hi gRgEedted $d1Ratdhé HANM Hfay R MRBRar Aftedid bk aﬁelhﬁfg 16} 4 hiR R naltRBE" | 2l S

decreases. Wiile Figs. la and |Ic show greater differences between the
ratios [0886]di f f erlBriinecixanpler en shisckishisenned asith aklea dmgydifferwnt Mres ieoergy

decr easgs,.. t hi ' . It h a e: r NSl SSi on
got o ordirigitne ol Pt BRARCdTtrenl bahlinddoeReb W1 Sitchte IS et I0RT 2° e
error nadgointsadr pelle enetZiedNE24000 0 4Rbdy FTHikifions a0 668 @ usabashxled MeaVi o,
decr easi ac ' ' terials be differentiafed.

embod naaMsT, FRE AL e apesieon Bl el Pib6 rediefonoraipilizadindtien e

stati st pi5edt kythe bOQ @iterdrd et APBUAPSInG is HIERREIB detectir elddtenky TR Rlectod ¥RHY. | ON,
the rel ati onship between the ratio of transm ssion or attenuation of

radi at i Bedistinngughalse hedetested atoach srergy endepaing afien beigs smnsmaitiad threught therais
number _ﬁl%tl t}e?o% gﬁ%g{&@ém&% tha %%%eétﬁ;qu&igﬁcm[ B%%m‘“‘f‘o'% R ;?pro? Pﬂs eﬁtnoﬁﬁaﬁzgﬁéﬁ.
y S 'ng a et's’ g an” a

pot ent i contai ns mat eri a avin om ¢ num reat'er
pr edet eNainedidatiindior air mandaessionBioptona. Eachndsteteoretbnicnt beeivediadiatiad alohg anunber

material (" '). The predeternm ned atomic_nunber is selected so that the
HANM mavagb@%%rp?ﬁg’?‘é r"? a‘ﬁe ghreety if@FHE]W‘FgXTrBY SQUIRR, &9 éa_et‘?Fé‘tre&‘Flﬁ?‘?t' 0056]
I n one GxpEbEef R rARiRA rdnSmika AR bl B phifaSito VRt iLfcfiMed o bRY

ener gy q’lﬁ'st ri butions or spectra having different naxi mum energy |evels,
whi ch i ‘pixdl 8 oTheefusfaeemay ¢omesporshigpdl ertaspadirof ggeateidng sygfass of thealeisclos awdy, ener gy

di stribyii.g %ytb%%at oF meeed, ?(?re&aringfél YAS kRoME N the art. Each pixel may correspond to

one or more detector elements of the detector array. If an image is generated, which is an option

but is not required in embodiments of the present invention, the pixels may correspond to pixels
of the image.

[0057] A function of the detected radiation at the two different energy endpoints for
corresponding portions or pixels is calculated. “Corresponding” portions or pixels result from
the same or substantially the same beam path through the object. Since the objeot is typically
being moved across a radiation beam during scanﬁing,-the object may be moved a slight distance
between scanning at the first and second energy endpoints. Corresponding pixels may not,
therefore, be derived from exactly the same beam path through the cargo conveyance. Preferably
pixels are considered to be “corresponding” if their respective beam paths through the cargo

conveyance overlap by at least one-half, although that is not required. For example, the pixels
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and 9 MeV, 1 MeV and 9 MeV, and 5 MeV and 15 MeV. The radiation transmtted
through the object at the two different energy endpoints is neasured by
detector elenents of a detector array. Radiation may al so be detected at
each ener gywwenehspgizsy after being transmitted through tReraishashibsde Pefore
an object enters the respective radi ati on beam for exanple, ?or use in
normal i zation. Normalization for air transmssion is optional. Each

det ect ohaebeilep by 166 GaneRIft dehvial beodppaleAtg tose REABH RAHB aHhAUS berRRX Edsey)s Of
the object, fromthe X-ray source to a detector elenent. A projection of

the radiuglissnif (lpssnasmitivey andosngeibision mayahe feleratedy Rogrespogding apigels jmay Be er r ed
to as iR achlc rt of a receiving
R R A BT R TR BRLRCl Lo

surfac for exanple, as
i s knowi058] t he aystdiscEsssH abbves kherfuyction may hecrrdtio betwene therradiptien ditactedtadr

el ement f .the detector. array. kf i e |s. generated, ich is an option
but is tﬁg?nghga 8??@1 o Oé%@%%%’ é\/{%\?} ?Dﬁg&‘ﬁrrg‘ilgﬁ?nl f\?%tﬁ‘?iaf)\rﬁ@e foﬁvgr 5P%eEY s may
cor r es paidgoitip (fuck &lss5 MEV)! e vider9&sa, [8Peximplef UBGEH anratib fhefeietiast &da
radiation at the two different ener endpoi nts for correspondi ng portions
or pi xelrapsmissignraip QTRJ Ff&’?flﬁ“@%}fﬁ%%@'0%6mﬂﬁsﬁ@5nﬁ%@éﬁ§m?%@ﬂtwqdra@m t he
same or L3l . haa : : 1h | n 13

obj ect | glﬂ? p?c%gier% éﬁggﬁﬁbqﬁg\g‘%‘%ﬂa@r @%ﬁg&%@#&%ﬁ%ﬂﬁ%&%ﬁ?%ﬁ ra [ I%NB {s; ggénrﬁfng,

t he objedpointfpr belurality of eorsdspotingipizdlantis fob thevmerespmdingi pixpla referel thias st and

de i nt.s., Co di ' t . theref
dor ved PPUHLRIRT oP it R RBR e Bt e PR HES s goRBbRy B Bielc
Pr ef er afbirespphdifyd t the eative)gssladtediwith thepositions eSRadiiNoreshltant piRtls. R&RAECti Ve

beam pat hs t hrough the cargo,

conveyance overlap by at

| east ane-hal f,

al t houg®f TRepgErmegaiation Eansmission,

tadiatien aftegnationypay bemegsyred and ygodinths 1 352

PCTI US ﬁg@ﬁgg r YFrS38m 5\_?{1{"“ : | to
t hose g@@l‘@{ ed In t%%r?géﬁ h%sf@?lﬁ 1Eﬂzéerrtal ‘%llag%lse , egllﬁ‘%:ﬁéﬁdg}s&?e? ﬁf@@é}ﬁfgg quFt ivity
and spewsed,i suth gs asaticblbetwedne I thednergy detestod atia figst postel sndpointqdus e erérgnt e t o

e o scorgtid Maotrdot R ifici fud Bl S50 beRRtn BER BRL R st 0

det ect eglinab thetdnerghi e ted i Gedibc@idBRSigh enditeh IAStHr Woklds, aletbciet @adi@ibtnalti on
detected. at_the | ower ,e_neragy endpoi nt (such as 5 Nev , .or vice_ versa, for
exanpl & M&Ych detestad rastiation 2 SdYe ol (dstested gadintionatd MeVon detagtedsradiatipn pt 5 1o

Ry ngiggga_one exanple, transmitted radiation detected at the

cal cul afevyt he
hi gher ene?’gywen point is divided by transmtted radi ation detected at a

| oner €j§859ly endpeinbbdifrentsaofihainwdrtivy, thé TRe of ssplteand pixglspirc edmparédRsith ar t he
corres ps%ggﬁdnﬁngio)ﬁ%lagéd 5nez];, test r%.gte%izﬁ haa%ing the predetermined atomic number (above which
materials are considered to be HHANM). Potential I-IANM are identified based, at least in part, on
whether the TRs meet criterion with respect to the second function. The second function may be
a threshold, for example, and the criterion may;be whether the TR is above or below the
threshold. The threshold may be determined bjr calculating an average of the TRs of the
transmitted radiations at the same two energy endpoints as is used by the system to scan an
object under inspection, for the resultant pixels of _:the test material. All resultant pixels may be
analyzed or a statistically sufficient number of resultant pixels may be analyzed to characterize
the test piece. Preferably, the average TR is adjusted by an integral or non-integral number of
standard deviations of the TRs, to achieve a desired sensitivity and specificity. It is also
preferred to calculate the average TR for different ‘thicknesses of the test piece. Since

transmission varies with thickness, particular thresholds may thereby be calculated and used for
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"resul tant pixels" or just pixels, nmay be represented as an array or a
matri x of nunbers (corresponding to the ratios) associated with the
positions of respective resultant pixels. Instead of nmeasuring radiation

t r ansmi WO UB435Hi ati on attenuati on nay be nmeasur edrandsussaisém t he ratio.
O her functions may be used, as well. For exanple, an asymmetric paraneter
function may be used, such as a ratio between: 1) the energy detected at a
first energy endpoint plus the energy detected at a second energy endpoi nt,
and 2) pattisulsrtengyisgdenscortragear rahemissions deteatestay padhripadi fhe tradsmissionatthener gy

detectgd.a ] nek, endpoint., | ey wor.ds etected radiation
at o nusphentily SR b S, S tp Pof o BB Tub BB b5y |

det ect edeV mdy bd used, iadtead. MeV), or vice-versa. [0059] In enbodi nents of the
invention, the TRs of resultant pixels are conpared with a second function

based ¢b06d]t est m&grbngaghehastgm@rhhﬁsmﬁ@ﬁﬁﬁ@m%lw @lwﬂrcgre%gamﬁhf(ago\ée \M;i ch
materi al s..are consi dere 0 NM . ,Potenti a Mare idenfifi ased,
T b b pihest AR b o aoe ol matbials SHE Beariyle TRORASE FAREISETEh £ ¢ b

second uritivgh (7492) AkIHIAESHURMLZ=OG hrk O pi¥ioLlR Qoncdrr BEAEE Ghey cah BAdeepeaREl €, and
the criteri o% may be whet hcetr the TR IIJS above or below the _threshold. The

t hr esh@Petaiping fisdonpgsedions.ndbe K5t waedal; Beelon. arefunbly havan plomitcnuprass [56s t he
transm Eal. S j 4t i t he
ot om it SREEHEARE of bndfn > ASochbheB ML AR Srnfilerd FBOGDY LPO
t est nitismitta(Z=83) krerabseudft comterpibeedus: they may be ansad toz shield radiosstiet msteridal | y

suffici,ent n r,of, resultant pixels be analyzed tp characterize the
Dot i PR 168 b Rt Baftodt s P o BRI B

non- i ntiggre Qisfmgﬂrﬂﬁf th_elge_st ﬁhﬁﬁﬁ?&d&d@fﬁy,ixﬂﬁﬂl i@ﬁmthmg,e&amn“le Qun.ﬁﬁélinfh‘ﬂeﬁiaﬁ desired
sensitivit specificity. It ig also, preferred tqQ calcu e e, aver age
TR for CBP’P%E& PRGN PR B ?sﬂ“a@lgﬁ%g?tm %3@%@“%?@335- t%ﬁ%’%’ vari es

with t fﬂi&d&ﬁgg@s ReidH Baeaktoblt REHBISSIotR (HAE BRY all 1eahey! afask angh used for

14 WO 20051 )84):%52 I ' CT11JS20051006809 particul'ar transm ssions or range of
t r ans ni*oBYEYFSe ge pthen sgh abicetzontaiss agricultupkpredustss wwhish imay hetdeterpinedbager  ener gy

ot 5 N Sy B ol YorByddSe ol Gl i HEsbSHERUR dhg dibbt AP, 201 20
at onmi c plastihsucheny Latite®onDeltin®amay bt hed Irbrg coprgh eckebdranther mutenisbhadfig
(2205) et GG o 128 dh el of ReERotms P dBHb Po sl o g can
under gaof®yinceStontaiing agichitasl @ody, ewili.ons. The test material, therefore,
Prefer 4Bbet) "2° AheTeal oF the Comperistn oF the TR of the pixels to the threshold is indicative.
of whether the atomic number of the material in the volume of the object traversed by the
radiation beam is abov or below that of the material of the test piece. In the case where the TR
is caloulated by dividing a value of a high energy pixel by a value of a cotresponding 1§u& energy
pixel, if the TR is less than the threshold, then the volumes traversed by the radiation beams
resulting in those pixels at least potentially comprises material having a higher atomic nomber
than the material of the test piece and is identified as at least & potential HANM hliéij:erials
below that atomic number are classified as non-HANM. In the case where the TR is cdk:n:ﬂated
by diviciing the value of a Jow energy pixel by the value of a corresponding high enqrgy p1‘xe,1, if
the TR is greater than the threshold, then the volumes traversed by the radiation beams 1 s'ultmg
in those pixels at least potentially comprise material having a higher atomic number jchén 1the
materal of the test picce and is identified s at least a potential HANM. It is noted that in
accordance with these emboditnents of the invention, it is not necessary to idenﬁﬂr thc atomic

=l
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than the atom c nunber of uranium As nentioned above, lead (Z 82), tungsten
(Z=74), and bisnuth (Z-83) are also of concern because they nay be used to
shield radioactive material. WMre preferably, the test material therefore
has an at onyg 2m0sfkes2 | ess than tungsten. It is even nor, that the
test material be iron (Z---26), which is the highest at cﬁn@%ﬁ%ﬁe@%mterial
comonly found in cargo conveyances and |uggage in significant quantities.
Copper funBkf)ofahiel mapiriak elithbrghe fhht i 6RIAAUE iRIRIVINE i (HEDAE.S 1£50PRedtNA.T ON,
may al so _be used. If the cargo conveyance or other such object contains
agri cul £:0213% g8 sermpleymihegh i lispussefo plavei desstibess aqduab engravaterhmigue fasr t he
car go_ CRRNGHAIGL 50 BtofiE B t%a hdatRASEY. b ddi iy Of 2
pl astic, su hgasnﬂe ucfiot e(r o?r @?%ﬁ?lr Eﬁsn% (ti)lae useg.ﬁ?rrgcﬁg&?o%eg%?efa Eﬁi ckel
or ot heeachwnergy.al s having atom c nunbers |less than the materials of concern

may be int Lysis O rgo. caonveyances contajni.ng agri tural
goods, @ggr]el . 166’?1&% aﬁ%g’%eefsou?ct?a‘ @%"l%‘g‘n“éﬁﬁﬁgﬂ%’ %ceocronta”gng-ﬁl g?m tg’ﬁ i xel s
to the ithindsbeind stBcted gixelt inctudingf ilvketine pixeRA, B, €, aid e Thefpiteha 1wt eri al
in the vo ,urr&l of the obﬂ_hgct, traversed by the radiation beamis, above_ or

bel ow t WHRiDofe ¥rzn 495 o fhg) Pigel B Hiss widhin she dem 416 ¢ Ae exprainglinsy windgw ¥, i s
cal cul a i dfagli : aid i

corres p%ﬂ'}sﬁ% J"Flod\\/é\;mgr?eglr;bg‘;hf?l ly%Fgg?%'fTﬁ%&T%}?ésg gisgsrﬁ%h% ?ﬁgﬁt #géﬁg&dﬁﬂ t hen
t he vol oureberof detestoraderhants dompristtigahé dateche ainmgingdsteppiiomting, ¢th oke smalledts at

| east potentially conprises nmat.erial having a higher oni c. . nunber. than the
o | apg ey oG RABEE  FREIF deBrian Bfmnd 7 plbR b R SRR [ oo Ao
Mat er i abgmphs; ti@veideltfeach defdctor BIeFRAT andleelChiRglSd 0.5 eth :80.5Ra)- HANM I n the case
where the TR is calculated by dividing the value of a | ow ener gl xel by
the val 63 a cdf theapdainmbpaiy gRrd tavsag he sarep épnveypnce JQds memalgfy% g28% t han
t he thrashel; : I : I : | atk: : I ting
-t hosEipo e araepEACol 8 Rmalibr WF o attalt b Ryt SLYCH, BEC HORS-bIY

at oni ¢ soantieg atrimsresuliing fromreatmingithe chrgo lventeyadcepil te mdidtios béateistd ¢aned as

at leasi a tential HAN It. is noted that in,accordance with thes

arboa ks e 7 FaSprtritivn oF G0 4 oG RdReRionel FEORE A SO ¢ 15
WO 20054d3B4iap theRarbo dSrRG@idd08309 nunber of the material, although that is
an option, as is known in the art. U.S. Patent No, 5,524,133, for_exanple,

whi ch i 088k cus s ebheardues, ot dranpaiited radiationefitpeisd elotiess qud ofhsr pixelfediei fyi ng
amean ghafs Qb ggé@gngl&@to%* 4 HanBBFSYstOR Rr RodoSitf b d BoctRE, JhdPhs o

detected at eac
. computer. Fig. 3 is an example of a portion of an array of values of radiation energy detected at

a plurality of pixels for radiation of 9 MeV transmitted through a portion of a cargo conveyance.
Fig. 4 is an example of a corresponding array for radiation detected at corresponding pixels for
radiation transmitted through the cargo conveyance at 5 MeV through the corresponding portion
of a cargo conveyance. For example, af' 9 MeV, the normalized transmitted radiation detected at
the pixel X is 5.9 x 10 and at 5 MeV, the transmi:ﬂed radiation detected at the pixel X' is24x
103, Since all measurements of transmitted radiaﬁon are of the same order of magnitude (10),
that term is omitted hereafter. Fig. 5 is an example ofan array of the calculated TRs for the same
portion of the cargo conveyance as Figs. 3 and 4. The TR of a resultant pixel A resulting from
dividing the value of X (5.9) by the value of X' (2.4) yielding a TR of 2.5, is shown. A resultant
pixel typically bas the same size and shape as the initial pixels. All of these values are
hypothetical.
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[0062] Fig. 2 is an image 10 of a portion of cargo conveyance containing an
Item 405, an item 410, and selected pixels, including illustrative pixels
A B, F, G and H The pixel Alies wthin the item 405. The pixel B lies
wi thin the wHegsshsdds: An exam nation wi ndow W di scusseq, ﬁgﬁ%@bés%})el ow, is
al so shown. The size of the pixels may depend on the size’a nber of
detector elenents conprising the detector, imaging integration time, etc.
The smejobesit  pi Reg. Gal iéea rf&swahm rsRo l&ﬂmﬁﬁle ofSh HdtRod! B0 Cof reaRURNBR tan@F
nunber of det eﬁéﬁor el e In one exanple, the size of each detector

el enent AEHATEaHES Bk @y ; @P?We)@ @t‘?}n@’f‘l‘ﬁm[ bp@s X3y f%BmP&GY%%morlnﬁb’ﬁm used
to scang 1&&51%1@%@)&@@&%&1% mvaan&%fé & fob apwﬂmfcfﬁeg ixels

representalveo a conbination of a plurality o | acent Ve rt| dne
di mensi mr&tﬂ?s Sé)éalnd |86é r&meawlsr elubtep ﬂ@3 ftheo®iRs barmménrpseltat paebae @@lmﬂagednce

If the C entati v ne or
nor e tvx??fJl % | ona scaﬁ ”Kgﬂrrggggﬁgtlﬁ ?ﬁeXgatPrpé’fﬁ %ggli ﬁﬁeﬁaretdheaném g
Cﬁnveyaﬂadﬁtldlﬂat 5[101@%% a“&bﬂespahdi@gplgél , bfishotwhan Bip. 51 @dcurrsi ﬁ'smlﬁmt pietlastied at

t hese an stored as arrays I.n nenp cannl ng system
for pr 0’%?2@ &@"W Yﬁlspﬁnog‘%&% In diyfs pragaple, thec’i?ﬁ‘ﬂ@flb?mellﬂg& SeéecFeé thessheld] e of
a portiQp cBinp ﬁ{‘soﬁ%ﬁi’ﬂiéfTKQJf‘{Eé citbork Hillepid PREAAAY 9¥ledtEd Bl brithe Rt al i1y

of pixels for radiation of 9 MeV tra mtt t hrough a portion of a cargo
convey amaemissiohgt one jof therenssgyngiidpoiots, m Step B@&p&m:tsn be aegcasary &y caladatation
R 1 R R R
convey atep 80§ aliis exlactioinds based 9n m\ﬂetécltual trupEniibiod atl9 Manshinidyetst basetl e 1he n

detecte th I 10 a the t d di ati
et oot e bt s WD, Bl M el bSetraba g o o "
transi foes] 1 ad 3 isQferlcferRinddheRR TaeOlTE8F g oufHBid b dubtls, ke 33 beloRmE term

is omt hereafter. Fig. I's an exanple of an array of the calculated TRs
for thethgahald opdi36; wrStey SImeSmeﬁ@é ig pay/tpmAGE, this einddion 3s satidfier. Reseltak of a

resul t ant er sul,tin d| VI .ng t he,val ue ,of. t.he val ue
oro% ! Bt B, GpicERe S ASABRE T el Db kB A ForHial AR by Boghilg | 14 o8
the sangs glhdkcinaldarfdyodlFigsal iii@temsts aﬂt ipthye@ernAhdd whethdreberevaltanepixelr £

hypot heti cal. 16 WO 2005/084352 PCT/ US2005/ 006809 . [0Q651 Fig ais
f1 owchaistthe faspixeldiars wadrzed YR B 0Binee fhesk pie athari g lh ribe awiwyéa% TRs

that may,nlgioh TPLGBRALERM A gttﬂé% gﬁlréﬁrn@)fo S&g@ﬁ% sae&%&apﬁ;gﬁof Ghalydgs, t i S

exanpl e, transmssion I's detecte at 9 MV fo urality of
corres panddﬂm gngthodetantinues.  After the computer has completed analysis of the TRs of all the

pixels, the condition in Step 820 becomes true as the current pixel is the last pixel. The

—

processing steps of the method 800 may be conducted by a processor, such as a computer, of the
scanning system, |

[0067] The throughput of a scanning system may be increased by conducting a prescan
by known technigues to determine whether the object contains one or more dense regions that
warrant further examination. If so, one or more of the tests described herein may be conducted.
If not, the object may pass through the system without further examination. The prescan may
comprise scanning the object with a radiation beam having one of the energy endpoints. Use of
the lower energy endpoint radiation beam is preferred because it is generally more sensitive. The
results may be analyzed for radiation attenuation or transmission indicative of a possible suspect
material. This may be done automatically by comparing the detected radiation or contrast with a

threshold, for example, Images may be generated and visually examined, as well.
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in Steps 801 and 802, respectively. In Step 803, the TRs for each resultant
pi xel are calculated by dividing the neasured transmtted radiation at 9
MeV at a pixel by the neasured transmitted radiation at 5 MeV at a
correspondi ng pixel, as shown in Fig. 5. A current resultant pixel is then
sel ected fovoazmsbssszs, in Step 805. In this exanple, theckgRSMolaiabooPi Xel A
Is selected. A threshold for conparison with the TR of the current pixel is
preferably sel ected based on the detected transm ssion at one of the energy
endpoi rfoee8li n St ép lﬁﬁﬁtioﬂtbamy 11mﬂ1 nmtee@ang/ ir0 HANMI &g @Aplcaﬁppiﬂtﬁ&l@t
threshqud base ,, 0N |.g{ ol at red threshom(fj1 %e& cussed further,
bel ow. §%? Hal§ of msHuiARr Oé’éf P’t‘dﬁé"ﬁﬁ@%l on at
9 MeV. Hehmﬁ&h/e H@NMSwﬂe %sﬁmyaﬁ@;esﬁegy 6f1ﬁ@§6&11§§1%%?st@ﬂ1 190 MY beliRpioRad- The

selected threshold in this exanplée is is then det Drm ned
whet herbyneemalizing for the bagkgrognd p @alsmmtﬂb Ayisspasetelypelaulating thecBRof d of

4.35, id) . %IQ‘I Se |sf|ed

Resul tan?]?tp%{éig’%gf%é}?&t ere ordeﬁe% e %ﬁ%ﬁbaﬁg@ﬂop I'xée éra!lolpas&ﬁ ga&l

pot ent |tednsnﬁuuﬂﬂrﬁ1iaﬁdna@igﬂlﬂ gaacltgr&mdl materidl rant Hke aamsmittaf rdaiaywn @or a icombinep 8 15.

It |sthend her t sul t ant |er he_| ast pixel to be
anal yz &P WEE%WS%WQQ’W& O P%BS e%pﬁ aﬁ%ﬁeai’é‘dmag‘he

condi t |p25beb§ng1&t:h1ﬁéﬁ§ds%b®ﬂ @msb &hesu@feamgnfeﬁﬁaﬂém $hé Boéfdsﬁe@&‘?deh& gioﬁ@t a

new pi xel for analysis, ~and the nethod continues. After the conp
conpl etiagicaiivgiof 8ingsybleHRaNYRmay o Adentifipd withireepeet, tothe baskaround. o.Suq:hqd@zsep 820

becomes, n%&ﬁseg&g b%hﬁeﬁt dd®il a %&é‘s@én b%ﬂ{eg@odéc?%teg% $&kmine) %t oBE %‘E"tﬁé' gft eps

of the e conduct ed roce such ‘as a conp
the scadpaintg, ayd;‘scemsed[aﬂﬁﬁéf] Thire tltehrammgitpdtradxamm fraach pg;els';hsmgm amqnsdae

I ncreased b nducti.n pr.esc n chni es 1 et er mi ne whet her
he. objBER AN, B FHUCUAR Jo HHoREetn dbaranies ralerhn O faird fShe Hefens

exam nak#ienby te thlsmPRE rafiatiitEBrofh thb Badk@fdusid R S4dh dpefhyRaasdikt. MY TREfor
conducted. _1f not, the object may pass fhrough t he systen1mnthout further

exani naeFlbpixelri ther dense regiay mayoteen ibs calsulaiadi by dividing he ediugipd fragsmitied at i on
beam h%&?%on@'&teea%eﬁé} 5@39% a%'&%&?és&%é‘a ovelse of the Iower energy endpoint

radi ati on beam s preferr 'ecause I's ‘'general l.y nore sensitive. The
resul t J0e be ababydeedo have ¢mnpavableostatmhbairwalra@;muoﬂ1et'ﬁ’mnduessﬁrdina demeé cat i ve

Phe” doBEPRE B ARy E 5t PEE DigkerPd N GREY S SRt fhas -
nay be ge B&fkg%cﬂﬁd andbotit Teadll t6 RN MeNRthe F8erH tagnithd¥Ves M%Q%ﬂwdense

PCTI US2005/ 006809 [0068] A radi ation beam tE)at h Tntercepting an HANM wi | |
t ypi calmegiofninegngesgample, a predetermined area, such as the surrounding 1 to 5 centimeters of the

contents in each direction outside the boundaries of the dense region, may be considered

background material, The TR of the background material may be an average or other
mathematical function of the TRs of the pixels forming the background. The median may also
be used, for example. Two annular rings may be defined around the pixels of the dense region,
for example. The annular ring closest to the dense region may be separated from the boundary of
the dense region by 2 to 3 pixels in each direction, for example, to account for the imprecision of
determining the exact boundary of the dense region. The next ring, which may encompass the
same area as the suspect HANM, may be considered to encompass background material.

[0070] Fig. 6b is an example of a method 850 that may be executed by a processor, such
as 4 computer, to adjust detected radiation through suspect dense regions of an object, for the
background for the dense regions. A dense region of an object is identified, in Step 855. The

dense region may be identified in a prescan of the object at one of the energy endpoints, for
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"background” material, such as agricultural materials or manufactured goods
in front of and/or behind the HANM The sensitivity and specificity of the
scanni ng system 100 may be inproved by nornmalizing for the background of

t he suspectaslooBvbszy separately calculating the TR of peaefdbeRbe0f @
suspect ed HANM enbedded wi thin the background material, based on tl(ﬁ’e
transmtted radiation of the background material and the transmtted

radi at ixambler Fhecubdaid of s past eehid M daRemidas kar Stem 60 IRAIAproQRGHPYI NG
t he sane beam path. Based on inpge processi,n%}et echni ques known in the art,

such asCRBEL SUTY 48 TeeRentatinm, Hakkhiaeswalk knoumda eyt Br9y Dejuses, Eacxyrler a
possi bl @oriNM Meyrhb Sakidediidd dSfhe ehdd EOR ¢ de ﬂé%ti;db?n @Wz?%me gdlense

regions may be identified in a prescan bj ect b g exam ned, "at one
of the teansiipyion dirapgh theshackground etisssboenatgy\aadpdinieis déterntinedy SmiStapefb4; asli at i on

for eac L.xel ro Se.. Legi.on . | cyl at ed .b vy di t he

t ransm‘é}fcg%géggg&a%fi gﬁgo tegggirgglfl{l?lﬂfo&@fﬁ %gﬁigfagﬁjsee e“rs‘céé?% ’b‘gl“flhém’ﬂ%es

EI' rR a][lsm' tﬁdck@ﬁuimldhlahg aie bﬁmglghh,tisedibiaed(@yahamgeﬁge Qi%téh’lcedml%.dgﬂom gﬂﬁgjﬁﬂ_&d The
or . eac ixel in e dense regi on . ma en_be cal cul ate y dividing

the ad jfbgquglaﬂfer %&L(&ﬁow ot qaalaiea%rgzsﬁggpgenteécﬁteaﬁéggﬁsﬁaﬂ%# Ftt eé@nmteﬂssed

above. : j ' ' TR

val ues %g@@h%ﬂtg%ﬁng@ferg Eedg?ll %%&glnééﬁt%e @ﬁbﬂﬁ%ﬁ%&@yg@ﬁgﬁ%%@ﬁ%r ound

i s prefibe Moy st eche thethashmapdhent procerdda Sép 80hef Fag ki tuealcilate dRsufor equal

to or is th rder, of magnitu as th I f t.he depse reqgion. In
e ex s GRF A el MR B oR Pod BRRLEE hbarbillSoo Rt Gopbgehdhy

genti nqiiﬁqslaaﬁaitotdomgamhé E‘Rgsot'hgesﬁadhkdi rec'éli on outs: de Lhe bou?daLi es of the
ense regjion, m e consi dered _backgr.ou mat eri al . e TR .of .the
bac_kgro@ﬁ’éﬁrmteri P SRR 224 B "é‘@’é’%g?e %ﬂaﬂﬂﬁﬁ?ﬁ‘éﬁl?‘?ﬁp%ﬂﬁ%ﬁlﬁﬁt of the
TRs of ﬁ&&ﬁ@ﬂ%ﬁh&laﬁ\%r JHRHARNRL Pﬁ%gﬁ gh@ @Glmpémﬁn BPMMTE?E@%{%H&d%@F’ for

exanpl e. Two "annul ar rings nmay be defined around the piXx t he dense

r egi on, notfher suéficieng | fer paticulannpplivationsn gEmbodissnistef thhdnvenion seegiofurthey be

ed f he. f. .d .J edi \ . | Sp i h
G et B3R SSaRY AAE ncflvier of B BEBEERR ) iReAibEnd bR G ARRIESC T
exact hoihgal y Aoprotdseory eidieas € gomputer] D€ thesdanding Gysioyhimtdy fiathecandyypaks t he

sanme area _as [he suspect HANM nmay be consjdered, t o, enconpass background
mat er i dfesuliapilats in pecer B@Bewaﬂléhf:%&%m@tscﬂft%ﬁlﬁﬁ?W& ‘#ﬁ@rﬂfqg@lef%y be execut ed

by a processor, such as a @ﬂ{)é%{{' inatiod Wikl d tected radiation through
suspect dense regions of an o jecaﬁln?'oo?ﬂ?ﬂdedb%gc ground for the dense
regions. A dense region of an object is identified, in Step 855. The dense

regi on [#8%]be i démong erabodiment qfithe inapntion, thh avwbpreed pisels badnnTRs helowribe gy
endpoi n&fe’shc}cl&) r(“lov1?8TR pixels”) contained in a grouping of pixels having a predetermined area,

referred to as an examination window, is exafxrxined. The examination window may be a 3 pixel
x 3 pixel or 9 pixel x 9 pixel matrix of pixeLs:, for example, A 9 x 9 pixel examination window
W is shown in Fig. 2. If the number of the low TR pixels in the examination window exceeds a
predetermined number, then HANM is considered to be present. The threshold value (average
TR. of a test piece minus/plus a value of stanciard deviations), the window size, and the minimum
number of low TR pixels to be considered a threat may be chosen such that the probability that a
non-HANM would meet the threat criterion, times the number of independent examination
windows in an object (independent windows do not share common pixels) having at least one
pixel below the threshold, is less than a desired sensitivity and specificity. Selection of the size

of the examination window and the number .of the standard deviations to be subtracted from the
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WO 2005/ 084352 PCT/ US2005/ 006809 exanpl e. The boundaries of the dense
region are determned, in Step 860. |Imge processing techniques, such as
segnentation, which are well known in the art, nay be used, for exanple.

[0071] The W@Qh@m@mg of the dense region is |dent| fied, and
the average transm ssion through the background at eachd(%ﬁgoéme%g%m nt is

determ ned, in Step 864, as discussed above. The detected radiation for

each pi éx%lrag@fTR las tﬁéet@ﬁ%ﬁtﬁﬂél%’cal’&ﬂa?é‘thb NI is BR6K 0h TN Eh IR sthilBiceam

path, is divid by the aver age detected radiation transmtted  through the
backgr OMSISatThﬁé@ﬂﬁlsetﬁiﬂflgslt@&ﬂmbﬁmnﬂmmﬂmomt The result is the

transm radi o 0 o nt t hout
the. of t 8079 " 7Pl of Ine R HERD T iR ot S bl SOEARD el

pr oceedthicosnitliest H@NMfofFaogserﬁathaDﬂxeaéoanﬂlﬁg eysTdE canrdetace s UHANM 1p|tygﬁ¢a$lyof t he
dense re i 0 d on the c ted trapsm sgi ons for C rrespondl

pi xel s, I‘ngmc,tg"nﬁlﬁlf’%o RSP eleﬁ?r%’é‘mﬂnd@ma?‘@étﬁ'] eﬁ]i‘S TGHY iSEyars a&ménd

speci fi Githih HrobdgecHEl Bf Eﬂaﬂ%ﬂe%‘ ORdd (1R WiRWowW BizR 48 lhedrS cldseh, 8RR chooses a
pot enti al I% i ndi cative of an HANM based on the conparison of individual TRs

tE ?m t g_r e old valie andoa npjainsum fiugiben of pwlsdwﬂctw dhel threshpld| thetifi foned will be .
conai 1 Etspief a et PAEALRE ARSRbILS ol Bevie I B ch BECRBPE ol Bl

?nal Kzedf stérlldard)deﬁaﬁins nidnfki@eﬁﬁhegpmmli@&if a ﬁ:fspdrise fﬁ)@lﬁﬁrtrmagH&QO:rBMS. f
urt ner n e .t resul tan at I N acc nce the e nt, 0
the i nvlﬁ% ﬁ%%-ﬁoléég PN} Ry G a’ﬁh&’ P“W\gh’é'wh%%ﬂw‘f 3@&&% one

embodi ngiakt @ d&t@&ldnrbY@é?fthﬁmesttﬁ@ nfBRES nﬂzfe éﬂdéﬁﬂ ckaRi4ibE vﬁﬁéova&ilﬁwzém
t hreshol d éngm R pi xels™) contained in a groupi ng of pixels having a

pr edet eless ad¢setad falseatlaymy rate. tAn erample afeaniosatablerfalse plaonrate is lessdbdnried. The
exam na X 9 pixel matrix
of pi xeﬁg(j,?qfegj‘? &gﬁgﬁ%@?&% pgetgrrgd féss Fhéléjelllrrl)nﬁ?(ig qlgn o%e ﬁ%fzf%edéw s shown in Fig.
2. |If t[o878p rrber Tafont brarhply a {%sqopmd of itom i§ h@nﬂecbaﬂﬂmsanmm aaeyy endpeinds a

predeterm n er then HANMis ¢ i dered to,be prese The threshol d
val ue (Q’\?&Wﬁg t‘bﬁcmé cergetc%veaewﬁﬁﬁ@r i?ﬂ?s?c%}“% stegy- eaﬂ%greasurede

devi at | gp)pixel REcoMTEIRW S be G iftidferddft Mid3uBhiEht FFHAD R ©F bR WFbReR Bl tO De
consi der ed a threat may be choseh such that the probability that a non-HANM

woul d néstegering nohrigeger amninber) iof wianddrdwsviations helobethe everagr ERexfdamtestenbigst,nat i on
d bj e d dent. d h
at | oastieBlh B4 ERbgu R RRC B 1Bl B8 AR Ui L FET RS Bk o1

and speTRfrhigid that ghedreailiest sfafndirﬂ dediatichs doé to Sistowd Mucahiiens anil notalve anthet he

nunber of the standard deV| atlons to be suptracted from
presence of HANM. After “N” pixels are examined, there is aprobabﬂ?ty “i’” tehat exactly “n” o

these pixels will be below the threshold, also due to statistical fluctuations. This probab111ty is

given by the binomial distribution:

PN = g )™

[0076] The probability of every expected outcome can therefore be calculated. Those
low TR pixels that have some very small probability of occurring statistically, and therefore have
a high probability of being a true HANM, may be identified. A false alarm rate, “P”, for a
given situation is set and the probability of all the low TR pixels that would seem not to indicate
the presence of a high atomic number material is evaluated. These probabilities are added until

the difference between the sum and unity is less than Pg. This sum of probabilities corresponds
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19 WD 2005/ 084352 PCT/ US2005/ 006809 average TR of the test material to
calculate the threshold is based on the follow ng statistical analysis.
This test is referred to as "the exam nation wi ndow test " [0074] The size
of the examyoabéswadsish Ndow may correspond to the cross-s of the
smal 1 est- HANM of concern that the scanning system can dgféeé&}wwgs
typically snmuggled in the shape of a sphere. The exam nati on wi ndow may be

the | ar @asé maabiio Idvw TRIpigkls that \hmrbeafarsé 9831VeS.C An® Bubeit &fabwsmm&as abhige the
wi ndow si ze has been chosen, one chooses a threshold value and a m ni num

number et goreEoadisg mymberadicalren rasenceaf atpe HANM: wi I | be consi dered a
t hreat. f er abl i oas the
nunber [‘ﬂ?ﬂstand Bﬁd g 13?%%“#1‘@@?32’% gg’?@iq’“@?ﬁ %Irdo ﬁgésfx?@r&g?rkgtlﬁéég%ég e from
a true HANM idecmins éwo staﬁﬂmdtdhweMI Thamn therpirobability pesbizel thate: pikede helswch

that th it on- HANM wi | e e Jdet.ect crlterlon
times tﬁ’g%ﬁﬁﬁﬁ)g ‘?¥9 ﬁ‘&@%‘@%ﬁ%ﬁ%ﬁ?ﬁmtd Q%ﬁgn rL1[dh8 bﬁ%&ﬁ%?&?{&i) SESPIE D an 4
desi r edpiials Selow th thrdsRolE in he S mddwaduedd stantiedtfAvtatiblise alarmrate is
less than1.in 100 less than | in 1 000 is nraf rred._ less than 1 .in

10, 000{is nore pref erred. [Q075] In pﬂﬁgﬁxarrpl e, a teg@,mqurrgbgfgmﬁerson is
scannefd at the same two enerjgy endpoi t hat wi be used to scan cargo

conveydamnces by that Same scanming SyStem  The TR easured at”_eactrpixal is
consi dered to be (an i ndependent neasQr1868nt of the TR for Q.#8%0) For eagh
value | (integer or non-jnteder nunber) of standard devi atLons belgw th
average TR of thel test objeqt ther be a probabilit pi xel "ip
t hat al|single nmeasurenent willl be Iess an the aver age m nus t hat [gi ven
val ue pf—standard——devi-attrong—due—to——stat+st+ecat—f}uctuatt+ons—and—rot—dyge to
the pfesence of HANM Afterl "N' pix6l2323re exam hed, ther®e7187 a probahbility
"P" that exactly "n" of -thgse pixels will be belpw the threshold, al sd due
to statistical fluctuations. This pqu Ebllty is |given byorﬁ%%pbl nom al
distripution: P (nI N =nlf (NN ? .1 [0076] robabi ity of

every xnected outeconp can-t hnr A‘F or-e- hn__ml_gul at-el U\ACL IJJ\I\I 'I:Q ni SLQI S

FAPCTTCTCU UUT oTUnmc—SarT ¢ LA v =y E v a v | T

that have sone very small prlobabilitgogb7occurri ng statistg.ese@dy, and
t heref pre have a hi gh probgbility of being a truge HANM may be identi fi ed.

A false alarmrate, "Pra", flor a giryen_situation/is set aﬁ the probahility
of all|the | ow TR pi xel s that woul d 8&€f#not to ihdi cate resence of a

hi gh atom c_nunber material lis evaluated. These p

, —-

unti | 6 0.0080 0.9974
7 . 0.0020 0.9994
8 0.0004 0.9999

[0078] The probability P(n/81) that eight (8) pixels will be found below the threshold due

to a statistical fluctuation is 0.0004, The sum of probabilities that eight (8) pixels will be found
below the threshold due to statistical fluctuation is 0.9999. Therefore, there is a 1 in 10,000
chance that if eight (8) or more pixels are found below the threshold, it is due to a statistical
fluctuation and not to the presence of HANM. This is the false negative or false alarm rate Pg,
per examination window, based on eight (8) or more pixels. The probability that nine (9) or

more low TR. pixels are the result of a statistical fluctnation is less than the false alarm rate Py, of
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the difference between the sumand unity is less than Pfa. This sum of
probabilities corresponds 20 WD 2005/ 084352 PCT/ US20051006609 to the nunber
of low TR pixels that will be false positives. Any nunber of |ow TR pixels
above thatwgaigspsaendi ng nunber indicates the pr esencel,%tr l?ﬂé}d(?ﬁszM
[0077] For exanple, assune a 9 x 9 pixel w ndow and a thres equal to the
~average TR for iron mnus tw standard deviations. Then the probabl lity per

pi xel tmtmeuommiuse EOWherkfife, Tt&‘é&%%@b@al@ﬁmﬁ?rﬁé%bﬁe luﬁ etﬁ)t i ons
OW t r

i s p=0.02275. The probabiljt &m of seeing n pixels eshol d
in the @t yimlow Hea® cimore plngéarfl lpwélTR needde bfafquuﬂam &nst:xamnw(tm gijdosum of

Pr obabl 2923 47 0.1669
0. 8865 Wé 0757}% éé%%b?géh%ﬁ%ﬁ% u‘%"é'fﬁingﬁ‘% ‘gd%‘t‘.i'fg( %‘3“9}“‘8‘%’&@‘%‘? 9994
g 0]; 000&181119919@1)0[ £se83laith eater Pp dilni vartoys Bized 81 kkambatios iviihtows indstaaddaad wi | |

e foun | ow jhe threshold. due, to a atigstical f]luctuation is 0.0004.
The surffea’rﬂ%wsob Lne; ghogses; 3, Flatielylarge uﬂihe&@ §taa§qrfl JS&‘a‘F‘B‘Eﬁw OILBPHY Phe

t hr es halydm@iee HeOexahrhdtivh| &ﬁhova's‘rh.‘ét Mag; be Relbbvely ARARorARCh&hMcOthe iR S @ 1
in 10,000 chance that if eight (8) or nore pixels are found bel ow the

thres hdmilbel? of pixclgtpguired tp kndigate at thfat Epdse ddarivonatelrichrogest by artiea pmeldence

of HAN nation
i nclow, LG fReby'Seh BpaH. APORILE Py SuEpRuRL e Bhenl deyighifls, RUBT 57

mor e | obytfdR the mimnum @uinher regsindd toahdﬁatstthﬁ pekencalof fHANMuata pattitidarl faBe t han
t he faI e alarmrat a of 21 WO 2 051084352 PCT/ 1J820Q5/ 0068(}9 1Lin

10, 000, AT 1ok B 152 e Sromgs BRIt The SXREIRAEDR nAOY Si0a FRF RRATRHIG B B | ess
than 1 9938at00 YinddRe glzwaﬁ@%taﬁdaﬂnde%a%n F GixBls%Ps Peqifirbd) t@nﬁﬂ;\é&e@\wd to

be found in an exam nation wi ndow. [0079] Fig. 7 is a bar chart of the
m ni munwiiu thsefelso plarpwatePepoti bin 10,69l Weth ano8 achinsirix window size, 24 pixels are

required.

[0080] Two examinations may be conducted, one with a larger examination window, to
detect larger masses of HANM, and another with a smaller window, to detect smaller masses.
As discussed above, in this system, a 9 x 9 matrix may be used to detect larger masses. The
 smaller window may be a 3 x 3 matrix, for example. With a 3 x 3 matrix, the number of standard
: deviations subtracted from the average TR of the test object may be 2 or 2.5, for example. At2.5
standard deviations and a 3 x 3 matrix, the presence of 3 pixels below the threshold would
indicate HANM with a false positive rate of 1 in 10,000, as shown in Fig. 7. The examination
window test may be the sole test for determining whether an HANM is present, or it may be used
in conjunction with other examination techniques, including the other embodiments of the
invention discussed below.
[0081] The entire object may be examined by analyzing an examination window moved
across the TRs of the object. For example, the window may be positioned starting in one
location, such as in a comner of the object, and then moved to the opposite corner, one column of
pixels at a time. Subsequently, the examination window may be moved down by one row of
pixels and then across the TRs, one column of pixels at a time, The pixels in each window are
analyzed and the analysis ends when all the possible examination windows of the object have

been analyzed.
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alin 10,000 false alarmrate Pfa for various sizes of exam nation w ndows
and standard deviations. |If one chooses a relatively |arge nunber of
standard deviations (3 or nmore), for exanple, the exam nation w ndow size

may be rel atwgedog/osasnport ant because the m ni num nunbelpc@fushoXBlssos’ €aUi red
to indicate HANM at that false alarmrate Pfa changes by only a sma(f
amopunt (a fraction of a pixel). If one uses a fairly small nunber of

st andar djods3]i at i ofg anS&GMEAS of hn ﬁﬂ})@dﬁl&mﬁﬁoﬂ‘dﬂlﬂﬂl@kﬂﬂﬁﬁﬁén RAAAW @dt, tRiring
i ndi cate the presence of HANM at particular false alarmrate Pmis a

fairly sonegatignp Wét"iﬂaﬁ S%mwyé%mme GORYEHENSHisTubiectedde twx Xripy eadiafjorh a

9 x 9 ey, [ ed to
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M G pp iy s EhERG TR AR bP ot dn ieimon, Hif Gha TR

di scusse&n‘@dal@ﬂ@ts&mhéﬁivsnmﬁga{gbus@e&g%ﬁ matri x may be used to det ect |arger
masses. The  smaller window may be a 3 x 3 matrix, for exanple. Wth a 3 x 3

matrix, OBIhunbeFisS isensdample of amethod 900 thetynanbe WwWéWtWOWWa%h TR of

t he test teBR% I éggﬁ? t ns
and a 3 xso%l’ trix, ' ?’mn?plgecgen@emfe?{%@pl xe a;ﬁo%%%%vwfhgtstzﬁfr%e{g{#f%ﬁ& QfﬂgQ
i ndi cat eTRRMhakashltant padelsenpthe imethvosl 808t0§ Figf. 64 (and opfoadly, inaenjshaion w1th teg. 7.

The exam.n he  sol e t est or det ni n her an
A o b REb of BIEHS, foF BB 1BE cdiSiud ReiFek £ Bbvel B4 SRR A fon

t echni quﬁﬁadowpﬁich ds AP & I9emfiRke CerdrBD st o the Scleéied gﬁcel IR BesH 919 ’Fliesﬁ)tiﬁﬁlfé@

bel ow. [0081] The entire obj ect ma be exam ned by anal yzing_ an exam nation

wi ndow nig¢ esaétueéer ofi{be Tow T (magked) pixels in thesxamingtion windome inpStea 8.8 be
oo d
posi 'On&gnto {tﬁ’w a bitdOBEmink @GR n s%éctﬁdisam ea%tg%g@éd gﬁm%é}ﬁ@gtﬁﬁém an

t hen nove e opposite corner, one col Ui
Subs equesittistiallyietepnanei natmbanoﬁ/]nwdﬂt/\pmtdythb’ecanm dalsaipositivey (piseliaving t lowpi xel s

and t hen cros e one col f pixels at ti The ..pi xel.s,.in each
wi ndow at & ® @P@E@eé’ﬁ@ {50 %‘?ﬁ@t‘@ ‘é‘ﬁiﬂ’éﬁ'\ﬁﬁﬁﬁaﬁﬁ?l"(’?cﬁﬁmﬁoﬁgﬁ ussed 2 hat i on
wi ndows gbm %th@tldhbjfﬂféthfhauﬁd 1@@&1&6&@&?6@1&%&@&9&5{&1&@3@2 for example.

PCT/ US2005/ 006809 0082] I n an exanple of an inplenmentation of the

exami nat [0884lwi ndowf theseumbrrqfnlgw EBem%ﬁia tSngredter ﬁ@n@ér@@als@athmm@jle?ym% t he
cargo Copyined Hnrda ofHO| Jcﬁ%& %gn\;egrmgé%o%eéi)sﬂdlﬁgiw @BE 130 TR pixels is classified as an

HANM, in Step 920. If the number of the low TR pixels in the examination window is less than

the predetermined number, it is determined whether the current examination window is the last
examination window to be analyzed, in Step 925.

[0085) If noft, the examination window is shifted one column of pixels to the left one row
of pixels down, as appropriate, to construct a new current examination window, in Step 910.
Then the computer repeats all the steps of the method 900, as described above. The method 900
may be repeated with a smaller examination window, different number of standard deviations
and different predetermined number. If the current examination window is the last window to be
analyzed, an output is provided to an operator, in Step 930.

[0086] Fig. 9 is an example of a method 950 that may be executed by the processor, such
as a computer, to display the results of the analysis to the operator of the cargo scanning system
100. In Step 960, the processor checks whether there are any examination windows with a

number of marked pixels greater than or equal to the predetermined number, as determined in
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beans, each with a different energy endpoint, such as at 9 MeV and 5 MeV.
The radi ation at each radiation endpoint is detected by a detector after
interaction with the cargo conveyance. An exanple of a cargo scanning

system t hat wayolses4s09r anmed to i npl enent this and ot her ' ts of
the invention is discussed below, [0083] Fig. 8 is an exg%ﬁgg@ghg%%et hod
900 that may be executed by a processor, such as a conputer, for exanple,
to inpl esremy1s dftheRthiod 300 Ofdr vkAMbIY (B4 nurfibdr OF nadted\Windlé, oPayf id 4t gredfRs Of
the resultant pixels, in the nmethod 800 of Fig. 6a (and optionally in
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above. &gy ihe imegss of theirsammation girfopcorgaadews,Bawing tha sresprte il anHANM,

respect ; ' fLOL . ' S
O oot or T B0- 2ok (R} LRI Iding iRl mby B BIRGLA Bon Bt ST
conveyartbeinages ekthowitidoysias wdle | ow TR pixels is classified as an HANM in
Step 92 t he er. of. the | gw I.xels in the exam nation wi ndow is
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925. [0085] If_not, the exam nation wi ndow is shifted one colum of ﬁi xel s

to the |eisthesFlaNMbas beeproperly deslared and ia Befraolreaht The HANM My becan

current an j: DRV | é%ﬁr@ _ . t he
st eps oflﬁlﬁlﬁe}i ﬂeﬁa%drll%gu %%%?ﬁggl’ gtgscrl leeg a oa\’?-egﬂ€ h%pﬁlet 0 %18{616&1?7%&% %)’Z‘V]rﬁléﬂbeat ed
with a sihetldde idsatifiedhen the manifestoWhe HANMmeayt alsoheizaradiohctiteanatenial fatanddidal ons

and differen}%i ﬁred?&dﬁrai ed nuﬁer. .,Lft_t e curctent exan natiﬁm w ndow. s the
last wi ndBwWYEgh sieuld,pe, ?Fiaéﬁ‘,i ORI | S"EA YA SQ fAY5E APS s Hiuky o
930. [ 00B@lthdpdcesSori t6 paffolx abditionsdisc tof ek &bkd EdrabyaRy ah@oematheiattaby t he

processor, such as a conputer, to display the results of the analysis to

t he operanglypis AT mpwsuemegls, dedwding ptley Jeshndiseursed harey, endeothe tqpsrait gBd% s or
e r _ . 3 S - . e
el s Ghaii delhCindfdtuate BEATAPIOE e Q1Y bobyal B BopdtRdlel

23 i due to the suspected presence of HANM may be removed from the area and dealt with in

accordance with kmown procedures.

[0088] If the output is not indicative of the presence of HANM, the cargo conveyance
may be considered to “pass” the inspection. However, if the operator still suspects HANM are
present (based on the prescan, for example), the operator may still conduct a manual inspection.
Also, if the method 850 of Fig. 6b was not used in éonjilnction with the calculation of TRs in the
method 800 of Fig. 6a, the method 850 may be conducted, the TRs recalculated, and then
analyzed as described above. If HANM is still not shown, any or all of the the other tests
described herein, or other tests known in the art, may be conducted. Once the operator is
satisfied, the cargo conveyance may be “passed.”

The Contiguity Test

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

respect to Fig. 6a, for example), another way to increase the number of resultant pixels analyzed

24



WO 2005/ 084352 PCTI 11S2005/ 006809 Step 915 of the nmethod 900, for exanple.

I f the nunber of marked pixels, if any, is not greater than or equal to the
predet er mi ned nunber in any exam nation wi ndow, the processor proceeds to
Step 970 angygli@Bbays a nessage "No HANM " | f the nurrberl,efrmg%w&g @i xels in
any exam nation windowis greater than the predeterm ned nunbe #Re
processor proceeds to Step 980 to display a nessage "HANM Found, " for
exanpl e s fofunslyzd the tpixells eivronpRitioQderiBy bikels cOIRIENCO thit pixdd tabaldd REkahUTber
material in the cargo conveyance. The processor nmay al so display the inmages
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t he pro%g%ggﬁlgﬁé %ei?l%%ﬁ)trrna%(ﬂ&t [ ongﬁl%%égfr%i){%sg of the %&%ﬁgﬁnﬁéﬁe}yance and/ or
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Convey Dot bisfuhit el andating Ll Teadisdo. parreaE: fr o tayapat 2l

pr esencenf wiehild M8 YrdaefRen®yvack 5@m idutredl £ sqaRflofd@al dize/k épréRntafi@eer dance
wi th known procedur es.fé}%ﬁ?088! If the output is not indicative, of the

pr esenc ETasF-Seghirm! argaco o FpBgre sBeomNaEsng e saugTesQidhese dirpensiong.s $he sire

£
I nspecti Me | ' e r based
on the [())(rP@lsecgﬁwagrbeeiéﬂp'%d%ﬁg&%%?j%a’ltﬂ%)érd ﬁngégs ﬁ W%I @%ﬁcﬁgéﬁﬁgﬁua ec(

i nspect iabove, whemolowi TR triveelnae oatk&6)0 QtherFnpllebbr Iagger mrdas nsaycbe wsed @amjwelict i on
with the,cal cul.ation.of TRs in the ,nethod 800.of Fig. 6a, the nmethod 850
may be g%’ﬁ?r{?étoé ,ecpﬁggupﬁgpﬁngggpgﬁogpgg} g PPﬂjé?lsqL'ﬁ‘FFgl yzed as descri bed
above. I[§o9tf\NM i sisddntibudi@ tpielONdveridd in Bea Bhdated fthdnh® dqas! ©tthe predesingined
descri bed herein, or other tests known in the art, nmay be conducted. Once

t he opermtgadgie foyndgthen ax HadNMtin eonsiglerpd te bp gblpan detertigiiberesash s eene exgmple,

Sr) I”E ie? ;“ ?}:éé}sls“ﬁ%n%%?%% sudfe s i?gifédalr% 4& bl P! X Ghe SBRSHbRY § BEcdrfiBhous,

while pixels sharing only a vertex, such as pixels F and G, are not. A different definition of

“contiguous” may be used, which may include pixels sharing a vertex, for example. This
embodiment of the invention is referred to as the “contiguity test.” Comparison based on the
area, rather than shape, is believed to be more reliable, but shape may be considered as well.
[0092] Fig. 10 is an example of a method 1000 that may be executed by a processor, such
as a computer, to implement the contiguity test. A marked pixel is selected, in Step 1010. Itis
determined whether there are additional marked pixels contiguous to the selected pixel, in
Step 1020. Pixels in the array are checked and accumulated in all directions from the selected
marked pixel until a first “unmarked” pixel (whose TR is above threshold) is reached in every
direction. Algorithms for such analysis are well known in the art.

[0093] If there are marked pixels contiguous to the selected marked pixel, the size of the
area of the contiguous marked pixels is compared to a predetermined area, such as the area of the
smallest HANM the system 100 is designed to detect, in this example a 20.25 cr?, in Step 1030.
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respect to Fig. 6a, for exanple), another way to increase the nunber of
resul tant pixels analyzed 24 WO 2005/084352 PCT/ US2005/006809 is to anal yze
the pixel's environnent to identify pixels contiguous to that pixel that

al so neet tReg 2008684351 terion. Analyzing the environnent ngl‘mé%%/ t“; st
resul tant pixel increases the statistical accuracy (decreases RE3E: andar d
devi ation) of the neasurenents because it is nore likely that the first

pi xel i srraakds Blerdd b i¥\hbifked pikbis FHQR Mubte®!is S&P%@bﬁg fé"i‘érﬁbl?fdeé
Anal yzing pixels surrounding the first pixel also ef gctlve y 1 ncreases the
nunber coupgtiked pixels; Butexpigpleo If eac @ixet is haenon 0.5dm, tthe agr eavasdd b8l

b e \ ; . "
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cr 055- 5 dbt PEREIORR SIFPIV3D RE S i arrppbine s THKEH BHEIE gasked os an
sel f - SuSANN, 39 SHHC1038! OFRailR un FHlipe OF WP lafon hide bBBRHRY HEddNar B af M2,

which is the area’of a 4.5 cmX 4.5 cm square. A'square of this size Is
repr esermpataiofe of a cross-sectional area of the snallest sphere

enconpasg) a sq t i 1. Q The size f 1 ar.ea, na e
determ ?@gﬂ@y count §§‘9 Jr?a“r"&g’%gé’?éﬁ %‘%kf @giemgtlgbesg%a,n tﬁf B;eﬁgtg?mag%%r&éstg%
above, wieref ddpwediRnpikeé lpixely 8 makédas JncohiigiedSHANMY inOStep d3er Afeeéithermy be
used as The ' be in the shape of

1. of .the cant i xel d
a squar eé.c‘\gﬂsd@@(l]"flw%égﬁﬂgg%ﬂgmgﬂgg‘@h%ﬁ%g@@r%: I)ﬁfgmzﬂlrég?’éaégo EB‘FEFO PHERSSoAD equal
to the rmgﬁﬁrs@.r 7 4 ne®mAkeH Fixd1Gt botddnBstéh tIONMJ emx%ld%b@gs fefealfl, at

| east potentially present. In one exampi e, pixels sharing an edge, such as
a pi xel I&harecwangpthet pisels o Piogessdherathe comlitiirdierSéep 1050breorddnetibgsaiisied awhi | e

Ger i it 13pCpe i 1Bt 95 ool S A i et Bl B il g
vertex, gl iexyanpifea Céami@sl;emﬁ&db \ n%éﬁ, iofnﬁédﬁﬁoﬂ B&’Q’ﬂﬁ:li@hrhnia@zﬁd?b?rtai@%rbﬁsﬁs t he
"contiguity test " ari son based on the  area, rather than shape, is

bel | evedatiougRlmmpdes hatore SpO10 s be Hayion o selfvinga peaked i i is 10b.002)
Fig. 10 4o 4 h 0 : sor,
Such adS B3 SATRF BN L 30 1000 )t SRRELENES ) SelnRg PIRRES

sel ect edl_lerem-@b&prl_naﬂcedpimln@paﬂefapmdymekdde_reat here are additional

oy allOBheciced THR ORI Pt e e ioss ol PECt pORePB Rt Sabaot " |
mar ked pichalquen)indiuding theSdthérehibabineelts eyt @dschibddaseeid RThs opbraiee rﬂaﬂr?bﬁd d is

reached in-every direction. A glg)rj.i thns for such anal ysis_are we nown in
t he art .tothe output provided, as described above with respect to the examination window test.

[0096] Analyzing the environment of a suspect resultant pixel is also useful where only a
limited number of photons may be detected at each reSultant pixel. For example, certain non-
threatening materials (non-HANMS), such as agricultural goods, may be very dense. Low TR
pixels may be found even though the material is not an HANM, because of the low transmission
through the dense material causes a high statistical inaccuracy. The configuity test may improve
the statistical accuracy of the determination based on measured radiation at a pixel by
considering the radiation detected in the environment of the pixel, as well.
The Matrix Test

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

example. The group may be formed about a suspect pixel or a plurality of groupings may be
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[00931 If there are marked pixels contiguous to the sel ected nmarked pixel,
the size of the area of the contiguous marked pixels is conpared to a
predeterm ned area, such as the area of the smallest HANMthe system 100 is
desi gned t ay@efoSedsasi N this exanple a 20.25 cne, in Ste WO
20051084352 PCT/ US2005/ 006809 The area covered by the %gffﬂggﬂﬂf{}’@%
"accunul ated” in Step 1030, is preferably determ ned by counting marked
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the ar bl 2 SUYREL SemiAIBlin b SAH ) : ﬁ‘ﬂﬂ b1 ' 1030
i s sat ?@??ﬁd t he ar e%l‘t(} l{lﬁzg?:g%ff“l{ guogg:edrar\amrl{)ﬁel%“%%e S ?%Eﬁagﬁéé}wgia%a%.

HANM i 1. Sthepitdd B0is aGowi TRadrdytherafore smpet pixel, Withimthedtennyl heTlgehe s apbxetl f or
di splay_ta . gperator. [0Q941 If the area covered t he rke I xels i
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it is determ ned whether there is another narked pixel to process, in Step
1060. |Bixeld3 agd goymaixidd Jihgaverage IR Ecgteéapphnofsﬁ@pmamd? inenleulasedidy hod
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byt i SR etncpte. it S B Sy R s el et B s ok iR g
t o sel egpdibiBiaPHABIME BaliRE ¥ eosk-Bettiohd af8 of atledst atfut B SREEY i S, YTHREEIbIAT ea.

Step 1060 may be simlarly limted to determ ning whether there is another

mar ked e dr theoromparisonymay sy sslectadshagedvan Medaverags. of] ofbosjuchanetiontalghe t y
t est m&‘mﬁ@ﬁ%ﬁ{j%ﬁh@@%@gnm#ﬁ%umt lon with other exam nation techniques,
e ot her odi ment s

i ncl udi-ng {'ests descri bed herein. The operator may
r espond0099) The estatistiqalitacquracy ofethe TS fdabe Bixb2 dnatin ve theed timee greater than thde

i nat | i ndow t est .. [.0096] .Anal.yzi t of, ©
ooul ¢ tgsRa BREY A2 TRt e RSP IPY T ST SRRt BROFSHS ey
be det egingsbsiky, eat I\;é,r i tabmiiglaind diSthpteaimpstiofest e cAP-cohtdyardecni Ng

materials (non-HANVs), such as agricul tural goods, ma%i be very dense. Low TR

pi xel s additiopd qopfirmatiope Withhoiep Breates apeirasyi 8 Preforably obfainedivford e defisitivef t he
| ow traﬁ?ﬂﬁ%hﬁ eﬂﬁ?@é@%&h%loﬁ%@ﬁﬁmm. al causes a high statistical

| naccuracy e con test “may inprove the statistical accuracy of the
det er m [j08100pn baFedfuethemimarovectheraactiratyi afrthaidetarminxiddn (ty decrease the standard

deviation) for larger objects, after the 3 x 3 matrix is examined, an even larger matrix, such as a

9 x 9 pixel matrix B9, which is also shown in Fig. 2 and Fig. 11, is preferably created, centered
around the same selected low TR pixel B, Other size matrices, such as 5 x 5 and 7x 7 pixel
matrices, may be constructed, instead or as well. The size of the larger matrix may depend on
the size of the items to be identified and the size of the pixels. The 9x 9 pixel matrix B9
contains eighty-one additional adjacent pixels with data contributing to the determination of
whether HANM is present. An average of the TRs of the pixels of the larger matrix is generated
and is similarly compared to the threshold. If both the average TRs of the first and second
matrices are below the threshold, the current low TR pixel is determined with even more
confidence to represent an HANM. In this example, the 3 x 3 pixel matrix B3 provides a first
identification of a potential HANM, whose presence is verified with greater confidence by the
9 x 9 pixel matrix B9.
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considering the radiation detected in the environment of the pixel, as well.
The Matrix Test [0097] In another enbodi nent, resultant pixels are grouped
and a function of the TRs in the group is analyzed. The function may be an
average or wediesmsedszt he TRs in the group, for exanple. (.Ill?ﬁszg&%\f@ gy be
formed about a suspect pixel or a plurality of groupings nmay be 8 WO
2005/ 084352 PCT/ US2005/ 006809 provided to enconpass all the pixels. The
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det er mi fHeonstouetqd” dsegdtig.cld3.cntStep Btlantvadentifyl BMANAIiepempassing an geaa of 1] Seun ¥,
after tr@ﬁ 3 X agatrlx I s exam ned, an even larger matrix, such as a 9 x 9
pi xel % &hich is al so shown in Fig. 2 and Fig. 11, is preferably

creat ed[poae4t er edIheaervewgé TR r S Raibe B3Gs t@n lceuldiB ibyeumBhinfHeeineSTREin
matrices, such as 5 x 5, and 7 x 7 pixel matrices,_ nay be constructed,

i nst eadthsrmafEx B gud dFﬁ’émglth@ m b}ﬁéhel ryvgher obindividualirelse pediap d0. t Whilsi ze of
the ite g)ganﬁﬁe,l?ﬁe HRERE TR £ 1 Wladil$355 29, f istlh dbetfied wWHbbhe? the ateRb&BR

mat ri x
of the matrix B3 is below the threshold, in Step 1125, The threshold in this example is 3.9.

Since 2.7 is less than 3.9, the condition is satisfied. This means that the matrix B3 represents an

HANM with an accuracy of three times that of the accuracy of the initial suspicion that pixel B
may be an HANM based solely on the fact that pixel B had a low TR.

[00105] In this example, for an HANM encorpassing a cross-sectional area of 4.5 cm x
4.5 cm and larger, a 9 x 9 matrix B9 is also preferab’ly constructed centered around the pixel B in
Step 1130, to provide greater sensitivity and specificity to a finding of HANM by the 3 x 3 pixel
matrix. An example of 29 x 9 matrix BY is shown in Fig. 12. The average TR for the mairix B9
is calculated in Step 1135. The TRs in the matrix B9 are summed and the sum is divided by 81
(the number of individual pixels). In this example, the TR for the matrix B9 of Fig. 11 is 2.9,
Since nine (9) times as many pixels are considered, the statistical probability of the accuracy of
the TR for the matrix B9 is three times greater than the statistical probability of the accuracy of
TR of the matrix B3. The TR of the matrix B9 is compared to the threshold, in Step 1138, Itis
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contai ns eighty-one additional adjacent pixels with data contributing to the
determ nation of whether HANMis present. An average of the TRs of the
pixels of the larger matrix is generated and is simlarly conpared to the

t hr eshOY@ 2094848t h t he average TRs of the first and(zestmgmusat ri ces are

bel ow the threshold, the current Iow TR pixel is determned with even nore
confidence to represent an HANM In this exanple, the 3 x 3 pixel matrix B3
provides a first identification of a potential HANM whose presence is
verified with greater confidence by the 9 x 9 pixel matrix B9. 27 WD

2005/ 08 . ' [ il all th
| ow TR é‘%ﬁf‘g&‘%\/g’g‘gﬁe"gﬁg%?%g‘gégég’q%?ﬁ%ﬁ%&@@@ :S%Bg%lig%2%1¥%| ri 2es, t ag
wel | as confismbchibati theyougrent 19arkiesk piket ewresprads thon HAMM,rin Stepd 140 mith s higher arr ay.

Fig 2 . i 1 . X BBk fpr, e, i ver| aps the
mat ri x Wﬁ%@% F‘?\(pﬁg%?ﬁgf Sﬁ?@?ﬁ%lléegéss%ntsh%ﬁﬁgéggﬁo%me%n%%ttgmare 1.5 cm
X 1.5 cricwmined whicther hepixed B if the lastmarked pixeBlo analyzp,in Step FidtS: iSincebetedreenconpass a
4.5 cmc f .2l e t 1. .} .C e pi xel size
is 0.1 @#}P g |xel4°xbet4 H&gc{éﬁﬁéng@‘rdfngn\f\gﬁ dsalggﬁegbéﬁi %@W&m@n%onpass a
4.5 cm Gidpd 10, atdAMivmetbed HOMIWreresied fortfe vaxt mmked pifel.20. 25 cm [001031 Fig. 12

Is an e e of i . a pr ssor, such as
a conpuﬁ@r],m]to [ %ﬁﬁeﬁ%ﬁgﬁg@ﬁ%ﬁﬁﬁltﬁéﬁ%ﬁﬁ%@% ee{,ﬁx‘%iﬁglsﬁf) el sizeis
0.5 cm xoffirfedanan HANM in $tzmetid0 ambthé methodgirivects 8081ep hl4b] a3 disBesdlabovdent i fy and
mark | o | t.i onal | ft i ] ' tiguity
oot ar B tp REpras B RauBPU R poknfid B ohilBioR TESGH Tl oaubOlly O (U, oy
mar ked pind el ottt sgireaded do the vpdsitap The OperatE mey|resporiRopheaitpuBasdesdnibed t he

object 410 ip.Fl Q. 2,1 I f,or. exanple. A 3x3 matrix-B3 centered
around t Vegg%é?sgﬁt%sthé%%%%ﬁo%&@‘?dggmg%see Fig. 11), in Step 1115, to

i dent i f y{00ABRM en&ﬁnﬁksﬂ@tmmmmwim»mmwm@damfw. [ 00104]

The aver tLl i . . S nine TRs
" the Aamehss ik offh Shiba 0 ch B iPoaiithot Bulber RIS HE, "0 o
i n St ep nig2e pedformedalone @ianmijimetidnvethome veadiof TR dtipr testyalemeibedbereBBof s 2. 7. |t
IS then [J her, the aver.ag of ~the.nat.] 4S | ow t he
t hres holog'f%% ?"ﬁg‘s@%’“ﬁ%" a"it‘ne ?rherxglglﬁlg‘l ]S- tgér?mfeﬁio t@eﬁgﬁ%ﬁéﬁ fiss?&gs Sshmbt% nce 2.7 is
| ess t hgmedatelyingihszecainitie tomiguitys testa tisabied dbovehit svaublns hehidentifibbanat ri x B3
represe | CCMI a f ee tinmes that. of th curacy of
the ini WE’PE%Hﬂgﬁ"\éoﬁn#‘ﬁ%@b@fﬁ“@%ﬁ@%@%ﬁﬂ%@@ﬁ“@ﬁ@§N§f~. the fact
t hat pi xedy 48 shmggled inowe DRmore cargo convsyances and combined into a single object large

enough fo sustain a nuclear reaction. An HANM smaller than the predetermined size could also

be used in a “dirty” bomb. Iters smaller than the predetermined area of the contiguity test may

be identificd by the matrix fost using a matrix smaller than the predetermined area of the

contiguity test. When the matrix test is being used to examine low TR pixels in areas less

than the predetermined seize of the contiguity test, only low TR pixels not part of an object
greater than the predetermined size need to be selected for analysis by the matrix test, But: that is
not required. |

[00108] It is noted that for smaller items, where only a small ratrix (such as the 3x 3
pixel matrix B3) encompasses enough of an item to at least potentially identify the item as an
HANM, the identification of HANM may not be as reliable as if larger matrices are also used.
Such potential identification may, however, justify further examination, such as conducting the
other tests deseribed herein or known In the art, checking the manifest, and/or- cbnducﬁng a
manual examination. [ is also noted that an average or other such function of the TRS of
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[ 001051 In this exanple, for an HANM enconpassi ng a cross-sectional area of
4.5 cmx 4.5 cmand larger, a 9 x 9 matrix B9 is also preferably
constructed centered around the pixel Bin Step 1130, to provide greater
sensi tivitywosdsghaes ficity to a finding of HANM by the | xel matrix.
An exanple of a 9 x 9 matrix B9 is showm in Fig. 12. Thlééwgégg@)é@?{ for the
matrix B9 is calculated in Step 1135. The TRs in the matrix B9 are sumred
and th b 8the kil chabyx By bé b&R) a?wm%rmﬁéhohmid&ééﬁaﬁi W e grduhiddi S
exanpl g}-&u;éir?eg TR for the matr?rx B9 % Fig. 11 1is 2.9. §i nce ni_r?egr(%lﬁ%]i mes
as manys #ilsast poteptially SHNMe rka exarhple ghegioyping aayhesha bénse regiarfs identified fur acy

of the T [ ' BQ. i ee t. reater _than.the,stagtistical
pr Obabi%|plr$§'/ of® Pﬁgusg%&c%ﬂrog%y %(1)1% EO‘EIDEE%?S c%fk?gee%ﬁlg? fe?gmgsrpayrﬁ%d egfas ﬁ#%us rix B9
I s conpbsedthie dRshof thdipeself dhe denscSiegion hiayhe dveraped, add tWQvArdge odlpdiedHo3 5 2

PC ‘/USZO%SII;)P? 809 then determ ned whether the average lit is |less than the
t hr eshd® LS tep 1138. If so, then it is confirnmed that the current

mar ked pi xel corresponds to anpEANNbId CwichSiRont 140, W th a higher degree of
sensitivity and specificity. Si nceh@. 9@}§I Leosn; than 3.9, the condition is

met, It is then determ ned whether the pixel Bis the |ast marked pixel to

anal yzd00108] st epAs dissusss] sghayethe theesheld font separating deld ADIM &iom 2 rorbdAMNMsy zed,

t he congict | ' | sfied.: pt Q 05, .and the
ot hod PIEL cau BAbCE dofitiod Mol PRcl) PRl sl fe it RS
mat ri X c@@o beannidp shaam i paivdidally tdlibestin| The chleaiatibh Gepeinds; in Fari, on fiRtdesigenf i r med
as an NMip Step. 114 an%_t.he t hod procegds t tep 1145, cs1 di scussed
above. . . > :

b eguFy of seRpviLy andsaeceficicy Tor e &Y Tiethi At tﬁ%@éﬁeg PEe é‘i‘FaﬂWB@ npgyehe

condi 1 iggRrhifedbf Boakhhfhz £9G0 Wferial HSinA R afdfhi® Wik I E{aﬂﬁé%g)%ehoa%ﬂﬁ: .

operator. The operator may respond to the output as descri | above with
r es pecnumben ¢fe waigrieleft Jopeemi(susb ws teasium)]ad Gieosainel twoj enetgigsi aswall behvaed tohe

matri x _tes ' Lf Vp.2eC f it h, si des, of 4 C s an
U i v el Souk b, YR Reiater o bt GRS iF oy Rugbhertiard fidh 85, 1
test rgyal bethpeof anwaon allowsbl® materials o) avoidt ful3e pusitivesarlyon) hicktl| awf cdpber ot her

tests descri bed Per%ip’g, or other tests known in the art. For exanple, if
the ar 8% ¥pmpleg of prafereed dest malegdls. t han the predeternined size of the

cont i gy est, Tl ' y\%,&%: i L4f 4 NM by
t hat tﬂql?m]ltt co'gﬁéd%%lttji%ﬁ%gbpgagﬁggn%&grous ¢ gs\féggﬁ?ma%ﬁég%%gsra yo j ects
of an Shivhlawdyt differmtitrghsadsdion thromgly theriest piecar §he tohpiescameyr be wadgecshagridned
into a single object |ar ough,to sustain a nucgleap reaction. An NM
sral | 0% (SN SHARE: ({0 FERIPIR ek sHAARGEES| 2% CHETET  Gothe; FPEEdHRES Ofhon.
| tenms $@ERdrhifiodshe aé&ﬁtaﬁreeﬁhﬁfeﬁélﬁi AAIANRE, OThidiRolg® NHhaicalatddy att B8 t diffevént

thicknesses may be used with the test criteria épplied_ to resultant pixels having corresponding

transmissions. The test piece may have a thickness of from about 1 mm to about 400 mm, for
example. The transmission at either energy endpoint may be used. If the test piece is step
shaﬁed, the standard deviation is calculated for the TRs across each step. If the test piecf-: is
wedge shaped, the standard deviation is calculated for TRs through a particular thickness of a
portion of the wedge. One or a few columns of data may be used for each thickness. This
standard deviation is used during examination of an object to interpolate between measured
transmissions, to calculate a threshold between calculated thresholds based on the test piece.
Alternatively, the calculated threshold closest to the measured fransmission may be used, but that
may not be as precise.

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

the art, the probability that a measurement is a statistical variation of a measured quantity, such
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be identified by the matrix test using a matrix smaller than the
predeterm ned area of the contiguity test. Wien the matrix test is being
used to examne low TR pixels in areas |ess than the predeterm ned sei ze of

the conti gwd Yod@sisz only | ow TR pixels not part of an ghi ter than
the predetermned size need to be selected for analysi SP@G%#?%S/@%@?I X test,

but that is not required. ]1]00108] It is noted that for smaller itens, Wnere _

onl'y a a3MeR,|is MRfubtfor SE: a8t=hOe betwlerSthePirtBhetiPhieh B3he GRS %ﬁh@nough
of an itemto at least potentially identify the itemas an HANM

i dent i frhesswPBents fandinti magsurement dn agiestioni adlhés distange |isrmeasured inj sietyiaedr e al so
used. ot Y, u

exam ne?\['é %%noﬂ% §‘IE}:th @J og%bg ﬁ%st %Iﬁg%}%’ %eg&dwﬁﬁ%wg{é%%/gfed‘e‘)g}ci%&é {nh@%ﬁl F?r known

i Nt he eaamplechmedsnremenhthatizrnhike stindadd dédvintionoframahé agthmeticareuabfl £plarilinat i on.
It is also noted that _ an oth .such f.upnctiop of e TRs of 29 WO
2005/ 0S4 BEISUERRS @%’beo%égéﬁg@f’g%l ‘H{%é? a’f‘ﬁ%{ Yeriaton, bBE‘? onpar ed
to a thsepd@liek hardlebe! Wk N‘%@%&aﬁﬁl@ 9NIGURI 1j000.S Pilerd 8RS ko RAfuBOAA! | Y

HANM For exanpl e, the grouping be the dense regions identified in a

pr es carprobebiligy nﬂwe'HRab@\mhsm vswmarfutb@a@ﬁaltm 8ns §.00d3 ipeebahitiyy bl

defi ne No p re| n may
be. aver SR ReRkE iffhis SRR hel il g exloleblnk Bt 1y e ARG 2

fCaI cul ahdestivld, Qﬂmlih&kn?kssdgllﬁ&aﬁwaﬁ@}aﬁdarﬂ hlfewhﬂimﬁaigedi thayte Gepesgal imghian HANM
roma non M s referaply cal cul ated for each,  scanni ng system

Thr esh@ﬁamelaHAgm Hp rP%?OQ’%% @av@@smegprﬁxmeeipga“ gé%rwﬁq@da%&wow

peri odlﬁ@ge}aylyqﬁédgreggmcﬁ&g cal cul ati on depends, in part, on the desired
degree "of sensitivit specificity for the system As discussed above,

the thrl6@&dal d mafo lﬁszledetaech fferent sdnyitivity amd specificiipse diffierent valuehof stangazth

t t { { t

(such” 48VRGH RS PRt e W B it ST ey ot oftle B80T o0
convey gieesat elbefiemabitany tgh%ntn&&ﬁuréth&@ ef fBmitidsadiatied @AY e RUNRAHANPAL er
than or equal to that of conmon allowable materials, to avoid false

posi t i V& N gANM; thg gumbsp @f @@aﬁ@# deglations,¢q ks %%)traﬂ%rf@%meeﬁli it low
mat eri gl lh [nlglgx%éx%até% ik &8l Fct@ g%@%gl%ggdybam-%e BethREY it 9odePia
S at e t

that thre erent transm ssion tﬁroug the
t est piofdalse p’dsﬁ:wbeand &lmgaﬂwsb@m@;@l&; saptesstting eight sfpnddnd dexdstiohs froexanpl e.

The t h'tﬁek‘fﬁso %ﬁow a¥on(1:i8 rnqn% Qorrx]lgte}‘l wouﬁd resv?l(ta %} gego r((%nfgfée %I)sitives but possibly an

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

positives may be tolerated, then it may not be necessary to take into consideration the standard
deviation.

[00];13] If the measurement at the higher energy endpoint is divided by the measurement
at the lower energy endpoint, then the standard deviations are subtracted from the average TR of
the test piece. If the measurement at the lower energy endpoint is divided by the measurement at
the higher energy endpoint, the valﬁe of standard deviations is added to the average TR of the
test piece. The specific number of standard deviations will determine the sensitivity and
specificity of the systems.

[00114] Fig. 13 depicts an example of a method 1200 that may be implemented by a
processor, such as a computer, to calculate the thresholds. A test piece is scanned by the cargo

scanning system with radiation having a first, high energy endpoint, such as 9 MeV, at a plurality
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transm ssions of acceptable materials and HANMs. Threshol ds cal cul ated at
t he dwgﬁeo @é t hi cknesses may be used with the test criteria applled to
resul 0% s havi ng correspondi ng transm ssi onFECHHRPHUESW ece nay
have a thickness of fromabout 1 nmto about 400 nm for exanple. The
transm ssion at either energy endpoint nmay be used. If the test piece is
step shaped, the standard deviation is calculated for the TRs across each

st ep. of thickmessespist Stpp K& iThe radéatig treheaptel] thtough Hredestipiece Wdsteeted bt cach

cal cul [ portion of the
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cl osesfrolgh tHectesepigty eﬂtliar plﬂtﬁdﬂt;s%fqmcmyseb% ld%&dtedtrdf at PataliyTey ppels be as

preci se. E>Oﬁénﬁl£‘3ﬁﬁ re cal cul ated, sumed, and_ averaged, at each

t hi ckfe@gespo oW‘F'Fr? Step 1210, in(Sep $320pa8hs (TR5 for Jesuliantapissls affent is a
st at | $hicGlRted b an§iniie Ak AR 54 8 8k 2

PCT/ U%ZOOS/ 00 80%%%% 'S @%@Pon of ét 3%?‘;&% bet ween @he

ar i t hvesepgedh@SMeY (arrvicediersn) fobtheicomespondingpixels disBtep ARHL. s and the measurenent
i n quegdden. Thy C SuL e t tio h

pr obagﬁj’rlﬁres a?% g@%@s‘%giaa%@b és&}a w?rgﬁgg dd nown ﬂe A {%é’ rﬁ“. For
exanprmfmbrypmammmaemmwmmmmmmmmmm tesn pidve far i t hmet i c
mean of a plura me hout 0013 pr obahj lity, of being
a st atfsttdy L?F‘P%ﬁ%ﬁ““ﬁ??él‘%ﬁ‘éﬁ&??f%ﬂ? measuRgraenis. 2% ¥a8%hi ch in
this mmmﬁhd@lmmﬁ%&ﬁ&ngMEﬁmmmmﬂﬂduce the probability that the
TR is a statistical variation of the actual TRwith a 0.0013 probability of
being incorrect, in this exanple t (E Aandard deviations are selected for
the cal culation of the threshold, *igd h t hi ckness. The val ue of standard
devi ati ons used may be an int eg%?,—"ilzvq-rrr-s, exanple, 3, or it may be a
non-integer, such as 2.5, for exanpl he sane standard deviation is
preferably used at each thickness. [00112] To achieve a different

E ensi ﬁw? m;mf nﬁﬂﬁﬁ‘:&t 'ﬁlfdmhﬁam ﬁd@%&ﬁ 1}9& {e? e}/mm:&fwﬂr@ﬂ&aﬁ&n (ﬁkeyaga} &fon fs {rﬁy
e subtracte romthe aver ge 0 e lowatomc n o] e
t est &‘E@‘i’ﬂ oAl %9%%*@@%&%%@@0%3 Ione 1

r adi atlom may be froman HANM or a non-HANM the nunber of standard

devi ati opgxt o be subtracted fromthe TR of a low atomc nunber material is

sel ectmﬁu,MW%@m& bEFixB8] BNHS NS edimphs GRNiaEAE JRWERG of

the test measurements of transmitted radiation is caloulated to be 0.2. Other statistical methods
may be used with different distributions of the measured attenuated radiation,

[00117] The average TRs of the TRs at each thickness are calculated, in Step 1250, The
threshold is caleulated at each thickness in Step 1260. Preferably, the thresholds are calculated
by adjusting the average TR at each thickness of the test piece by an integral ot non-integral
number of standard deviations, dependent vpon the desired sensitivity and specificity, in Step
1250. The calculated thresholds are stored, in Step 1270, The thresholds may be stored in
association with corresponding transmissions and standard deviations for each thickness of the
test piece in a database of thresholds, for example.

[00118]  Using a threshold based on the average TR of iron, which may be about 4.5, to
differentiate a 4.5 cm x 4.5 cm HANM, which may have a TR of about 2.5, embedded within a
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of false positives and fal se negatives. For exanple, subtracting eight
standard deviations from the TR of a | ow atom ¢ nunber material would
result in zero (0) false positives but possibly an wunacceptabl e nunber of

fal se negatwggssnésssirenti oned above, if a greater nunberpQfydbakifisP0Si tives
may be tolerated, then it nmay not be necessary to take |nto con5| 3erat|on

the standard deviation. [00113] If the neasurenent at the higher energy -
endpoi 11 meter clibei cfagridulttuidl @oodsastiich ARiythaveh TRIE dboueT, neayehiegliffiealip 8indt ant hen
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is added to the average TR of the test piece. The specific number of
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100115 1thieskold, dsste eﬁ&xeu’ﬁlpﬁmnmaﬁmduqh mhterials.cloaniig (R&@nr élelmn(lb)elany bavi ng a

second M=l L h dpoi. h_as.> MY,
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cal cul atee,lauqyys éirsweﬁqh@ P¥ee i hasalsvlated dhuesholds: may, alse e perdain o dyapseplt he

transm | t he

corr esp%&nggor%sa%lkggg ﬂé@he %ﬁ@%%&%z% l %%H?L%f&%ﬁlg stdgsﬁg%rg% %OQ’\EH ation of the
cal cul ai08tI9TRs i Sufladtient ninfreuhatiom aBDlEpth&ZommentsPnﬁftm abﬂgy canveyasib@a makgyr e

devi ati gQn.,i ted far h Ti;ts at each th t.he. t i ece for
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following formula: M DX, -R2 S=7r
cargo conveyance, such as agricultural goods manufactured goods, ete.

[00120] Fig. 14 is an example of a method 1600 to select a threshold based on the type of

contents declared in the manifest. The manifest is checked to determine if the cargo conveyance

-

104 contains manufactured goods, in Step 1605. If it does, then thresholds based on iron and the
detected transmission, as discussed above, for example, are selected as the thresholds to be used
in analyzing the contents of the cargo conveyance 104, in Step 1610. The thresholds may be
based on copper or nickel, instead. If the manifest does not indicate that the cargo conveyance
contains manufactured goods, it is determined whether the manifest indicates that the cargo
conveyance contains agricultural goods, in Step 1615, If it does, then a threshold based on
agricultural goods is selected for use in analyzing the contents of the cargo conveyance. If it
does not, then a threshold for iron is selected, in Step 1610. The method 1600 may be
implemented by an operator reviewing a manifest for the cargo conveyance being inspected.
The operator may then input which threshold, or groups of thresholds, are to be used in the tests
described above. A processor, such as a computer, may implement the method 1600, if the

manifest has been electronically entered, for example.
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N1 where x, is the nmeasured attenuated radiation for a pixel 4 2 is the
arithnetic nean (average) of the neasured attenuated radiation for all the
pi xel s, which is calculated according to the formula xt IN and Nis the
nunber of piweheoswkiasi his illustrative exanple, the stan%lﬁjsg&]\g’{ggﬁtg@on of
the test nmeasurenents of transmtted radiation is cal cul ate 0 . 2.

O her statistical nethods may be used with different distributions of the
measured attenuated radiation. [00l{leadiesfiVerage TRs of the TRs at each

t hi ckness are calculated, in Step 1250. The threshold is calculated at each

thickness in Step 12660. Preferably, the thresholds are calcul ated by
adj ust i n§01HE ave Ol Xrrayacartingandorepplzss teghnigyrs mayhe Yyspd Becopiungiion witkgr al

or non-i : r : j.al ian t desi red
Sener i vk Hhne RABRE tolinidlel WREhell o, @7 RraRERABORE wEPRRAAS 8L 2
stored, d¢onclgsioptieP 6. suffret pixckesipikels ancdyARM, std tekduce thadslee alatm cate. WiThé
correspondi tr,ansm ssi.ops and st andapd devi ations for. eac e of
The bt Ak WRRSINE Sinala: AR S8y fEres b aYanes e Tore bl HERR, °,
t hr eshol gn baedd iy bhe micReagaiehin @EHssibhddie, fskiles br falichaateBal)ttheél peserice of
differentjate a 4.5 cmx,.4.5 cm HANM_ whi ch may, have a TR of abouf 2.5
enbedded™iiFl Ressdo bsidegtifiedowity addgl degrey obRNsHIVED GO SPecifigitver As dhwused

agricult &gﬁqﬁ] i | e ]Bnﬁ&n- YA b t £k 1.5l NCe
an HANI\#{O?/%i cally %3;32 @ﬁtogtﬁ%ﬁlmbg%nﬁ%er t a? ??;Er ¥ urt %@?esf ?%%S%%éeq%g?%jr%lsg
nunber ofissignableainaterigls i inclutiel risssile adsiatshamd titenien-888.c Rertitee matefialsr imoludet i s
easier to diffegrentiate an HANM.fro agriGHl tural .go than fromiron with
The 1 equitmatmgagy BhichaS ephvaruir da HheodifholY: st RopfSoe2. bBRG: slGMesta
speci fi Cintoym@hiuklB 3l desdih ifisaild fitetihls idivhort ReaBIRaldsrodBsske B8l eGtRtrdased

on the contents of the _cargo cor)vey‘gnce”belﬁdexam ned. Therefore, if it is
known t higfergd da g SpeddnVesiens Matetiale ATAMEYr iSNME greasuriatin slefingdebyrtheql.S.
agricul t ] Il tatiye. LG :
stch as S 880 CoffRidlh Hholud THRARA, Bbifh 212, W hlidit) Uil dpes

i nst ead isdtopds andiRmwi238 ramuraniuot-285  Buclbarmasterialalemit delayedeneiRpnodueDil bétm ( R)
may be sed, . f £exa e. Atest piece of varyjing thickness i.s. preferably
and,© asSegm e i SH et el G 52 Piatowh o S reclion 8F suTiebdsre i 1
the dat ahasg afifr ddpb@Rd Usds khGhin S fhelaft, (e N RN AlteriR SN A YRS diiseussed
above. The cal cul ated thresholds may al so be stored in a database of

t hr eshol nrutrby thespresance lod dplayaghineyfrons| rayebe esainionidenidly the ghesenpgeef tickeussed
above.

=

materials., Delayed neutrons may be detected and counted by a neutron detector, for example.
Neutron detectors are discussed further, below.

[00122] The minimum energy required to induce photofission in nuclear materials,
referred to as the photofission or fission threshold, depends on the material. Table I identifies
fission thresholds for selected elements, calculated based on mass excess values for the selected
clements. The mass excess values were obtained from Nuclear Wallet Cérds, a\failable from
NNDC Brookhaven Laboratory, January, 1985. A current edition of the Nuclear Wallet Cards is
available at www.nndc.bnl.gov/wallet/wallet-2000.pdf. It is noted that both'nucl§ar maferials
and non-nuclear materials may also produce photoneutrons within a very short _'pericé)d (10" sec)
of exposure to X-ray radiation. Photoneutrons are absorbed by the materials in the éontainer and
the components of the X-ray scanning system. Table I shows the threshqlds for photoneutron
emission for the selected nuclear materials, as well. The photoneutron data was obtained from
T-2 Nuclear Information Service, Los Alamos, at http:/+2.lan/gov/data/photonuclear.himl.
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[00119] Sufficient information about the contents of the cargo conveyance
may be avail able through the custons manifest, for exanple. A typica
mani fest filed by the shipper or owner of the cargo conveyance decl ares the

type of goowe2608@4438 € supposed to be shipped in the CcapgRissRIYRYANCE. such
as agricul tural goods, manufactured goods, etc. [00120] Fig. 14/ IS an

exanpl e of a nethod 1600 to select a threshold based on the type of

cont ent BhaleRssidh egldi photdhGutb@N HAR S§ alsd NBadiBNiveRSHle iiont howkRe, bPotel Sdumdege | f

t he cargo conveyance 104 contains manufactured goods, in Step 1605. If it
does, t tathose giilked iBdbedton iron and the detected transnission, as

di scussed above, for exanple, are sekggted as the thresholds to be used in
anal yzing the contents of the cargo conveyance 104, in Step 1610. The
thresholds may be based on copper or _nickel, instead. |f the manifest does

not indicate that the cargo dBE3¥%ygnc®-238ont ai H238anyf &t-23%d | gRuel39 if is

det er mi| ned..whether the manifest, i.ndi cates. h t he *ro conyeyan
cont ai ns a@@gm%ooasﬁ?wepi%%ﬁ I @F@%@\;,ﬂgﬁ%ﬂ M&gl 0
based Opho@fitoHs fydhAMegodds 1537 sellect gd Ton usgiin anal gaing[thesgontents
of thel|cargo conveyance. Iif it dogs not, tﬁ\ﬁn a threshol d foJ iron is

sel ect ¢@hotofissBina(p,f)] BALY. TWe méthod [1606.8may {be S8npl ﬁFmenﬁ.Qd b% ani.éper pt or
revi ewi-pg—a—rari-fest—For—t ~——The—oper at or
may then input which threshold, or groups of thresholds, are to be used in

the t esgmz escriged ROAMTon treBhAGERP A nucldss thaFiaR SFOMRKE Ringe BB¥orh ARGE TNt
the method 1600, if the manifest has been electronically entered, for

exanpl e3.03deV\ty 20 SEHRY?2 seaningspusia ool wit 3f-tyrratietion pdatileast ariter
X-ray s ' : ' i qu e d_in.conj Lon,w th
the or ot ey i e oBORRIE b BRI TRY o ¥RR e R Y
accur acgnepfy bbvve thenklksimildindréiaés theemsntep of tdefayud neatfori thel wilibe dridtidd, and

to reducge_the fal se al ate, The tests above determ ne whether  an
mat er i afecifiating fegetion P8y, b dsed &s 1y the sxample, abose. Rférablwharésmeﬁay be
a nucl e I LB SH Thehih IS 1 ial esence
o "y UG e ot WAGH BRI el bt nd dfer pRbARroe il nhs o, T

speci f i additjon, by thl§ HivesKedy phdtonethatmay interfe2d @ith gounting thend2laged sauitons are

urani um,233 .are exanples of fissile materials. Fissionable nmaterials

i ncl udealf;?g%tipfeée terials and uranium238. Fertile nmaterials include

ur ani unfeddB] Whi cAn ieRaripIBVER & i Rbgencd lof dpbrationy tonde@det délagbdt hatdiodindddde whi ch
is convertible _into uranium233. Certain fissile materials that nore

readil yplmﬁ@tgs,m@g ignoyedespribada Aitst phiiae Fsec, an electron burst of 9 MeV electrons strikes

a target, generating X-ray photons, as is known in the art. These X-ray photons are collimated

ha..carao-lcanvavan haina - lnenoct ad
LILA >3 AT u—v COUOTIV \./j_m_r\l W\’HW‘- o A

cToCTTTIgT—t

and projected onto a cargo conveyance under inspection. The electron burst typically lasts a few
microseconds. Typical values for the pulse width are between 2.0-4.5 ps. At 1.0-2.0 ps after
X-ray photon production ends, a neutron detection system is switched on to detect delayed
neutrons from photofission in nuclear materials, if preseﬂf. The acquisition time period may last
up until the point when the next electron burst is about to be sent to the target, typically about
2.5-5.0 milliseconds (“ms”) after time t=0. This second burst may be at 9 MeV or at 5 MeV.
The neutron detection system may be tutned on after each high energy burst, here 9 MeV, for
example. In another example, the neutron detectors ai:e turned on only after a TR pixel test
indicates the possible presence of HANM in an array of resultant pixels (such as after scanning at

both energy endpoints, TR calculation, and analysis of the results, as discussed above).
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referred to as Special Nuclear Materials ("SNMs"). SNV are currently
defined by the U S. Nuclear Regulatory Comm ssion to include plutonium
urani um 233, or uraniumenriched in the isotopes uranium 233 or

ur ani um 235wd\eseassymateri als emt del ayed neutrons d“eP&?/Ugﬁﬁ)f}ooﬁﬁﬁcay
after fission of their nuclei caused by exposure to X-ray radiation of
sufficient energy, 1-2.tsafter exposure, as is known in the art. Since

non- nucligg@rs)rat er Prétsfistipniodulie Mdy HéehalyLd foPHEfRE SaIF& benRyaReRe Bnldffode! ayed
neutrons may be u &lcgi to identify the presence of nuclear materials. Del ayed

neut r on$USPES Hed CRERP WRYCYEBERt SoSUsRech axve JRaYohe & ETRHRYPIXT. o 2oxawpPe.
Neut r on .d&i:8a kel MR THsSKURS A MM&%@W&H@W&% PlofinflU T BRET O
ertals, réfertre

r equi reé to induce photofission in nucl ear to as the
phot of i sxiropleghe fidentifieation lof dlxhuispict drep ey haye a tsersitivity enid apecifieityl that is not

identifies i ssion.threshol ds f sel,ected el enents, cal cul ated based, on
mass ex éggegta\f?%"r Erg)gmf%g fl{,rﬂagr EE1% t O FOBP LIPS Pﬁaﬁﬁ?ﬁ’é’sfeﬂf{%é%’ “er e
obt ai nedf HADINMI NUide@Hied With &1 accaitside saiditivitp Bhdspetifioity, WNAEleBhine WirtheNSNM

Laboratory, January, 1985. A current edition of the Nuclear Wallet Cards is
avai | abIOéO%TWﬁtjﬁﬁh%@%]riFPﬁéWwal | et/wal | et-2000.pdf. It is noted that both

nucl ear a{ﬁiﬁtzﬁ | al SDef%@ﬁ’od“Qf‘%af&gg{:@ge’d H&ﬁu%ﬁé FealRMn! ﬁ&leﬁ&%ﬁ%ﬂé}%ﬂf rons

Wi t hin very short period see of exposure to I on.
Phot onewtithim ¢heacarga losuveyanteby Thé gematiciocation ofnsuchencizat aiateialsamdy aisoebe

ot oncalsRet s b B BR T Sur HEHERR. A5 R, S B GRS
phot onegefephined@t EMREmeRbRCHEAs ©bF AMhunibe? &ﬂuadlaﬁﬂtdrﬁn&@ﬁﬁé%ﬁgcgggvm&m%os

Al ampos, at http://+2.1 anéj%év/ dat a/ phat onucl ear . , 05/ 0843
PCT/ US2pbsiobisssgniy SNV abditlerant peakrrneristand dhn ddayed aeutrons’ deagy tinesganay e

i | abl f, ' [ . il | '
ot rasrenfBTEAY Sl kngs, QT haas i SRR LIRS GB I el [
Thr esholofl tiEhlebybdheltbh casti of the Thjcet brihgitestBth with ties¢ rangss ¢mbled ideiificalioof. 3
6.1 6.4 5.6, Photafissi,on ), MV 5. .8.5.8 5.0.5. 00123]..Si th
fission® %B eﬁl‘r?ﬁsﬁl‘tgqularl((m%%?;@%?‘ﬂ%‘?ea' SR%?ngnTen‘?ellaﬁ'ggrnﬁ{%‘g‘ Sli P?é)g'? bou'ta
5.0 MeVnk@r@h@idctidn &cm)vog\:}e@alam‘minah@ be! Say, forRkanple] Tiwhi Goémi, ActivaMoat i on

of at |least apout 5.8 MeV will| induce_photofission and delayed neutrons in
al | sucPasaedive fralysinel MasleargMefesials (National Technology Information” Service 1981),

pp. 173-205.

[00127) If further confirmation that a nuclear material, such as an SNM, is present at a

particular location within a cargo conveyance is necessary (for example, before a manual
inspection is performed), another pliotoﬂssioﬁ reaction may be induced at the peak range of
photofission energy of nuclear materials, between 13 MeV and 15 MeV. This third scan
performed at the higher energy level_= maximizes the number of delayed neutrons generated by
photofission, facilitating neutron det@cﬁon. The ljigh energy radiation beam may be provided by
a separate source or the same source tjhat generates radiation at the other energy endpoints.

[00128] Fig. 15a is an example of a method 1700 for conducting the neutron test. A
portion of an object is scanned by rédiaﬁon having a low energy endpoint, such as 5 MeV, for
example, in Step 1710. Radiation is detected after interaction with the object, in Step 1720. A
corresponding portion of the object is scanned with radiation having a high energy endpoint,
such as 9 MeV, in Step 1730, and radiation is detected after interaction with the object, in Step
1740. The portions of the object may be the portions of the object traversed by a radiation beam
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energy above the threshold increases the nunber of del ayed neutrons that
will be emtted, facilitating detection. 9 MeV nay be used, as in the
exanpl es, above. Preferably, the delayed neutrons are detected when the
X-ray beam iwohisnayish af t er phot oneutron emi ssion has ce?&ﬁgm‘k g di tion,
by this-time, X-ray photons that may interfere with coun Al ayed
neutrons are also not present. [00124] An exanple of a sequence of

oper at i Qi gach@adigi@cindpsthRVRs cRanHIE, AN the %tﬁatio% beA® Rtfth§ SHapb of & fdﬁ%ﬂeﬁ&![ i bed.
First, at tine t=0 sec, an electron burst of 9 MeV electrons strikes a

target, egenRariien ?tfgthﬁoblﬁ‘}t ip Hstshiemor shises of thawehipet trAversed byrthe twihadiatisn pegys.

phot ons #ﬁ}d 93@9 o086
i nspect .12{1 e lﬂ? t’ron burst typltagg Iy ‘f)aa?tagl%% angv%ﬁrtﬁ)ér%{gfsf@ée%ﬁ%ﬁhﬁbefypl cal
val ues fpixels towvenng ssuflicicataren aze balleoed to &unGuet obe sf thAtests. discBs®d abafetoe btheX- r ay

phot on qrﬁguction ends, a neutron detection systemis switched on to detect
del ayed utrons from photofission in nuclear materials, if present. The

acqui si t{pere9) i Me [TaE r@EItEa ddbized, UR Sk 1')44t hﬂlmiantmswﬁ@ﬁ c&hgls%eahsr dflRgtron

burst is about to be sent to the target ypi cal | y "about
m |1 sedesisliscoussad apover ¢ BANM identiBgation fos b O6MCP tﬂ@rrssponﬁwgu@ﬂmns gnaele or at

5 MeV. d

bur st , nggﬂiwﬁpg%h@aﬁgl e. Fﬁ%ﬁg I'hlgéra t{é%%% tel{én E&& nrel(titg@on ecfgfsgy
are tur nécermtively) ﬂteqfresenceaoﬂdﬁemlm lindientivve of tidipresens: dfhen HADBM ot @ spfﬁem’nce of
HANM | 1 ant I

cndpol niSTFRCE A SV b Peres oban: HANMSHH & Sauref; SeriedBabove)
35 WO 2%@1@@%%&%@%&@@5@%&3&@9&3§3vepﬁ&§r(ﬁah&5ﬁ&ﬂaﬁ&§b'f e d¥aiorbe

anal yzed for an entire cargo conveyance or only for a suspect area of the
cargo colsieetiemeystema suspect ar ea may be a resultant pixel or a group of

resul tar[b?ﬂor)el s WﬁRN-ﬁe‘cfs ayigeéem | %}I{ﬁétﬁ%tﬁdd ’ﬂ)ﬂhg?etgneﬁgd t{} arm

present exanple cat’ion o the suspec
sensi ti wfthe abjedt.speci fi CI ty that [ s not acceptable, pronpting furt her

<71 coniRR " (R AN Bespiabeg. 8 146: B Rneeoplereien Btk & seettin no

whet her joNik;, ar50t hak dlht‘iﬂs&ﬁr aBRE € tHeAheuitdn PAASA0h - syEt@Qll?s%re%mﬁ?tdcﬁﬂat&i any
del ayed neutrons indicates that nuclear materials are preSent within the

cargo cdrﬁféﬁamcaﬁersﬁhmmgaléthﬂeVl(uﬁhme&mptb)mﬂsh nucl ear nmaterials nmay al so be

i denti fi s is_knogwn in the art ti th | t nuclear

nat er i allﬁﬁ%ﬁ g]?et’ﬁ ‘# f}%@ﬁ’é‘}%ﬁ?& Yé%fc’?ﬁﬁl%?’gs ol %gte ﬁ’ble‘ éé‘fﬁ ?@r

neut r onngR[RH i’ﬁ(ﬁ‘éﬁtlbé’ of ﬁﬁ'-‘ﬁ'bé%ﬂce of delayed neutrons is provided, in Step 1770. If not, the
method 1700 is repeated for another portion of the object. If the entire object has been scanned,

ave a

then an output indicative of the failure to detect deiayed Ifleutrons may also be provided.

[.0‘0133] The nuclear test may be cOnductedf»i'f thef presence of HANM or nuclear material
is suspected after any other test, including the tests 'descfribed above and others known in the art.
For example, a dual energy ratio test, as described itl U.S. Patent No. 5,524,133, which is
incorporated by reference hetein, may be conducted fll'St to preliminarily identify the actual
material content of the object, to determine whether t_he object at least potentially contains a
particular nuclear material. U.S, Patent No. 5,524,133 ie described in more detail, above, Sucha
dual energy test may be conducted in Step 1744 in the method 1700 of Fig. 15a, for example. A
test may be conducted at only one energy endpoint, as well. The initial test or tests may involve
automatic analysis of results and/or visnal analysis of one or more images. The nuclear test may

also be conducted after a manual inspection, if an object that is found cannot be identified.
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photofission in SNVMs at different peak energies and the del ayed neutrons’

decay be organized in five or six ranges, each corresponding to a
parti c‘fj?r‘ﬁ‘%{?%&%ar material . Conparison of the del afEd/UHaeRs08680¢0unt of the

obj ect being tested with these ranges enables identification of a

particul ar nuclear material (and its atom c nunber). Real -tine del ayed
neutron counting and neutron detection technology are known in the art.
See, for exanple, Tsahi Gozani, Active Non- Destructive Analysis of Nucl ear

Mat er i Nat i I hnol I t ' 981 . 173- 205.
100127 I0FHIt o AP 15535 AR bl dhacood IRHCECh ket 4 ebicu Bl oxt sty 1
pr esenportitn af anpsbjéctdulSiep I PIOALTE Btha deMrinieddff@desd PRMEIAREQ 1ot ABEEIFRT Y
(for exanpl before_a mapnyal inspection is performegc)l, anot her

phot of %@Pﬁf‘%ﬂei‘éﬁ%# TREIRE portieRser the owert npehie Yedagied.che msfod setnmsiten
ener gysgh 1 BHE | 18 fe oMRHOHj 8l has B ed: dn Yedfuf fitichive Githe Tadk b blpltbrfia "
perforned at the higher “energy level maxi mzes the nunber of defaye

Eeu%romﬂmdﬁpbﬁ;mtemb' bépﬁ)ivmad. faci Idi Lati ng neutron detection. t;I}'he

igh e radiation beam may be proyided .8 _separate source or e sane
sourceﬂli‘ﬁﬁiﬁ1 gene![?ﬂlg Tgtatey d?\sgstpg?tﬁae/ "g?ﬁg}e%%i‘f‘ef‘wgﬁcfﬁéﬁ?ﬁf ol SRAB B Fig.
15a i sindficeaiobiyed Bertfons, IAESLEP R/ briiGiito ARRIYCE hiieak Bt N&Uhdigior R with
portion of an object is scanned by radiation having a | ow energy endpoint,
such aan epergsiendpeint obatdegst 8.8 MaVanapberwsed. The detagtionof| delaed seutins i thew

i nteragt.i Wi &t ohye RO i . e ' rL1.0 t he
obj ect Elllagﬁésﬁéyénﬁ%g fv%a%’ h Wr@%%“’a’f"? gﬁ%\g ia#g&%“ntiégﬁﬁgﬁe@r S%@f%gﬁng@‘,%ﬁsﬁctﬁé as 9
I\/EV, i resiitscinditABR, ofathel idﬁﬂifamiimmﬁ meq?emieemfbmfcl&r mamgl é&ﬁiﬂ&kﬂew Sk ef )
object, . in.Ste 1740. . The portions | ect e the portjons of the
obj ect Wdroa\;g?%aﬁawnﬁuﬁ%q E.@?G%@M@BE%’M%W rF'fG’FJ‘SGS _ 1'/388@%09 at
each r ggh ahdthét pRRIAUIHhe ofjk. BPBRIBLRe objbcthASbERGbained An® RS BelaYed AedifoRs Shape

of a fan beam "then each™portion of the object is the slice o0r slices of

t he obfleested; pavitablecentpgt maebe providediiaatielln IHe hiph enoughectseginisivaeyd imdle Bist| e

cover: Reria MR AR ot e 301 BLGRBE PR SR B (o0 Thertesre P
di scussed above ‘or ot her te_sts.;s@ﬂﬁi;?%]ygﬂm results are analyzed, in Step
1744. The_anal ysi,s ity conprjse any of th tests,  di scusszesﬁaabove.

i dent i F0&38li on” HS8 16vE adent visw efnresampla of ARFep SPATMESY Rl WE@M

At o e B O R gl B Sk ot

HANM o¢argo emivéyaneee2i40 through the scanning system2000, between an X-ray source 2060 and a
detector 2070. The conveyor system 2020 may be a mechanically driven conveyor belt, a track
or mechanically driven rollers, for example. The X-ray source 2060 directs a radiation beam R
0f=B.reﬁi&sh:ahlmg X-ray radiation towards the cargo conveyance 2040, Shielding walls 2080
surround the source 2060 and the detector 2070, The conveyor system 2020 extends through
openings in the shielding walls 2080 to allow for the entry and exit of the vargo conveyance
2040.
[00137] The cargo conveyance 2040 is conveyed by the comveyor system 2020 through a
shielded tunnel 2100, The tunnel 2100 has a first window 2110 and a second window 2120 to
allow for the passage of the X.ray radiation beam R from the X-ray source 2060 to the cargo
conveyance 2040 and from the cargo conveyance 2040 to the detector aray 2070, If the
radiation beam R intercepts the conveyor system 2020 and the conveyor system 2020 is a belt or
track, & material that causes low attenuation of radiation may be used for the belt or track, If the
conveyor system 2020 comprises rollers, a gap may be provided among the phmality of rollers,
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nunber of pixels indicative of the presence of an HANMw th a desired
sensyﬁg@gﬁ%‘sgd specificity in accordance with the tests descri bed above,
may Yation of the neutron detection systREA/USDHOYOBEN f HANM i s
not suspected, then the nethod 1700 is repeated for another portion of the
object. [00131] If HANMis suspected, in Step 1746, then a neutron detection
systemis activated, in Step 1750. As discussed above, the neutron

det ewhére messpsarpm A svipdesw emagb blso det provitled| in theOst@icQurs sapparting thenconvgyat 9 MeV

in thi . ds. 1321 11 is then determ ther del ayed
neut DO ADB-ETRERRY: | OO ARGt Spomal B Gt PRIERS 3 t e
presg be QefebdR 2076 1PbIOVE Statlercil 'i'adgitﬁﬂl fdhGeadiing '@k delebRy. et hod

1700 is repeated for another portion of the object. If the entire object has
beenTareaRveer systera 2020 maytheueversd to sxmpie gporiien eHihe gaigotconverees 28| ayed

neut O., i . 40 Al ‘ cted" if
e o8 o6 A udiFrRlnEe ERH. A5 (liinted Hiftodd SE1E7 nd BB TBYvalin 0RO

t estmay be indiiatgl whie ntudiple epagize b eshidip eydingrtbe shres 3060imdRedmiwiolepenyt . For
exanpl e,, a dual ener@g ratio test, as described in U S  Patent No.

5, 520ndpaigts FATER #eSolodIs feing cpEys SN SeRnniRg w2000 04 byt ed

firs m‘irﬁit&r 1.0 i ‘\ﬁ:%hd ' he actual material content of the object,
to term n@o\%ea?ﬂjg?bt e’g‘%jtéécc IJIae'f | east potentially contains a particular
nucl [di38fat er i Akollia®r 2240 extendiofrorh H2vhd 1F thel X-raje sowddd2060i Thewolingtdrai | |
abov Such, a | energy.tesi may. b opducted in.Step 1744 in the nmethod
7002140 igted aafpt Thos sl ppied 1 Soliomie (R e e e e ook WiE%ener gy
endpmﬂmtmoaasaeg@éd_shagaesubﬁlhﬁ i 2 fPbeafl or'aRDn® bERY. TRY lo¥ ﬁmqﬂﬂ%@mrﬁ@manal ysi s
of results and/or visual analysis of one or nore inmages. The nuclear test
may agirengingfiondessdhad] degree tonahram G0 Megressde defiona verticahfapdjeethayingani s f ound
cannot be . identified, 37 2005/ 094352, PCTI| 5/006809 [DP01341 .Fig. |Sb
is aﬂc@xﬂlﬂﬂ%_ 0 ghofy, degIEFRFO 2ROyt ﬁeﬁegﬁs{%g‘%%ﬁmﬁ‘ﬁ Eﬂnﬁ'i%r gfanile st o
porty m@ heRB Rtk shdpBs, B Wy 1810, 1t is then determned if nuclear

mat e??ﬂfl&ifs at Ijgastsgdgg%%t%%d, in Step 1820. If not, if renmining portions
of t 813 ect Theedbitasorb2) Meistedabiridally couplodtc meimages progesser @p601 8bich isf t he
entire ohject,has anned, an out i ndi cative of th ack of

cuspr Pl Braeitire ST 156 bes olberii 2o, sotplt Vol tisial fiudion |

nucl 8a7 digRAISIbedssihs coHPBRGIS ths ik RBORRIIE Fie kb, JCPAIREEOR! sl ki Cé@RRNGNEr gy to
I nduce deél ayed. neutrons, in Step 1830, in order to conduct a nucl ear test,
A r a208% isotletidenilywwonpled to and conitols the operation of one or more of the X-ray source

2060, the 'd_etcctor array 2070, the conveyor system-2020, the image processor 2160, and the display 2180.

Connectiops between the image processor 2160 and all the components are not shown, to
simplify the Figure. The processor 2200 may be programmed to implement any or all of the fests

deseribed above. The processor 2200 may provide some or all of the processing functions of the
image processor 2160. While one processor 2200 i3 shﬂwn, additional processors or computers
may be provided, as well. The image processor 2160, the computer 2200 and the display 2180
may be a‘l_'r;;nged and connected dlﬂ’emntly The image processor 2160 may be part of the
computer, for example. The computer may be programmed in software and/or hardware to
conduct any ot all of the tests described above. In one example, the programs may be
implementd& through an Application. Specific Integrated Circuit (ASIC) for example.

[60140) ' The detector 2070 may be a detector array., The configuration of the defector
2070 may depend on the shape of the collimated radiation beam R. For example, if the radiation

beam R is collimated into a fan beam, a one-dimensional detector array 2070 may be provided,
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an energy endpoint of at |east 5.8 MeV may be used. The detection of del ayed
neut (, f%’é%‘% en checked, in Step 1840. If delayed neutrons are detected,
in S’E‘;etg "t hen an output of the results indi calEH/ESHUSPIGE0Y
identification of the presence of nuclear nmaterial is provided, in Step
1.860. If no delayed neutrons are detected in Step 1850, then the nethod
returns to Step 1810 to scan another portion of the object. If the entire
obj ect has been scanned and not del aéed neutrons _detected, a suitable

out (ReMpsEREFesingls yowed detestopsloments 1 the epllinoted, sadiatinny bgam 15 aieane heamy he
first j St : i Y, t . p 1830.
Scan#%?%sﬁ@%%lﬂ%gs GB?ageamQWS%m#eeiggﬁ%ﬂg%lﬁfgo
Z c andetastpr axray Himﬁﬁﬁ%rizqmglgmmmfﬁﬂe adjgsehirmh@ DRt ReTROM TR e @éte&&f‘mzfg% e ?L i on. ]
c or syst.em sypports and conveys a cargo conveyance roug
th e%ﬁgﬁmﬁﬁ%‘g?iﬁ %‘ﬁﬂ@g@ O%Hg{%é ﬁ?%eq@rﬁé’?"lt%ﬂm%’émg@@@ opmgregowgdet ect or 2070.
The faleueioerelsyskempioded by Hoasige, MBGH &ANMR I Shetdrt, v The GlRRCRY @F dBRLbr a track
or nechani _cgl :g% ,gﬂl Veﬂg{ ol lers, for exanple. 'Ir;ge X-ray source 2050 directs a
r adi 2¥aY JAaYH Be Firaight oF Lshacds ob honizeniplgeme 2040a dmafrﬁﬁw' od slidact amag itar go
CONVAYAAGE nRAESn iRl g | bss I | ‘ pd, t he
ot SRSHSE gl 10RIGE 16 B 43, BeueRBlhol ol e} B LOBHbREadit. TPt T
shi dl-diapgd detebtor 20 860t im Eigl 36y thersoutve 2060 ryayabel pesitionaif att & doweargotiambnveyance
2040. [001371 .The car conveyance 2040 .i.s .conveyed by Ihe canveyor system
2020°P 108, B Fad e ot NP R Cotece 1 oo SFRRERISCAED K708 2 19 GHAH pow
211Choish 2070800 dtebtP 20708y b sheHet,OW fOr the passage of the X-ray

radiation beam R fromthe X-ray source 2060 to the cargo _conveyance 2040

and LIt he ddedisteston 28V may trGuthotay datestatetnsl wo o rhotodjodRaipEotor prrahe

2020 i ngcpesple” bR, b APRHRY R oY g < CLAalE et FERVEWS" Sve e
r adi rtitiatofPiaP be Wl fooixatrpte. DAkdorslions kiichn (d5) ddiectoreOfeh e PasSah®m 2020
conprises rollers, a _gap nmay, be provided armﬁa%et‘he" pl | ural ity of rollers,

38 \@WS&@&E@SMW i @Oﬁ)@%@n IR Peloddioe Cabifosnia,may aladhe H‘%‘ al so be
Do) B B S AR AR SAANCE YRR Rifonkd o
conveykiplee Rgdfiomsn drouit thetmedovoRRiner to deteot khe aeutrensp dwhiabli e | omitted om
D RUTBiFY i% Ab Eispirsc o yoR datsadY 2D e D8 AEPIERG G O Tey Bhoe
agai Geanffe. ATRE WeiBsh BHEHBLDONE LAY be RPpEASDBy TRNUEHABE 20704 he neutron

detector 2676 may be suppotted by the ﬁppm‘ portion ofthe detector 2070 or by a vertical arm of

an L-shaped detector (see 2076a), The .ﬁeutxon.,detéutdxj’ 207B may be supported by the COnveyor

gystem 2020 or some other part of the sc_anning system, below the cargo conveyance 2040.

[00143] The neutron detectors 2@?2~2078 may be cyi‘indricnal proportional counters filled

with *He. They may have useful lengths of appréﬁimﬁtﬂly 15-25 cm for use with cargo

conveyances 2040, for example. In one example, the:cﬂunters are covered with cadmium (Cd)

and polyethylene layers. The layer of cadmium is uéi@d to absorb thermal neutrons which are

“slow” neutrons. Fast neutrons are thermalized in the polyethylene layer before being detected

in the *He detectors. Only the delayed neutrons are therefore detected in the *He detectors.

Suitable neutron detectors are commercially available from Canberra Industries, Meriden, CT,

for example.
{00144] Fig. 17 is a top view of a portion of an example of a cargo scanning system
2000a, showing two, adjacent radiation soutces 2060a, 2060b, each to generate radiation having

40



may be irradiated with nultiple energies by rapidly cycling the source 2060
between two energy endpoints as the cargo conveyance 204o0i s bei ng conveyed,
t hrough the scanning unit 2000 or by providing two adjacent sources, for
exanpl e. [ S@Ligsdosdsxol | i mator 2140 extends fromthe endp m&%ﬁ !36-6§09y source
2060. The collimator 2140 includes a slot (not shown) shape ?o collimte
the X-ray beamemtted by the X-ray source 2060 into a desired shape, such
as intg dafféran dReAN éidpding OBRIRARomkhh & BE PRIV & HENG H@lcomnRhE
ranging fromless than | degree to about 50 degrees to define a vertical fan
beam haWPbRIehnTheasenvey o RysieE YRR gupnodiand eenvers & ejge canveyanst0 fisoephyr ees

to defi otel 1 t Sy i8S

wel |- oTa PR SRaET00k HeofaTR, froy X3P S0l 20K SHEH Bl SREicP IRE ane

pr oces betwe@1 o seasind Shraysourme AP6dartda seatidstzteaior 2080b. ThecXirapgemqes G0&MmS Or
2160 co ' .anal ag-to-di gital.conversion and digital procgssin

conpon 5566552’“?@ rﬂcﬁg@ﬁpok?qqmg IL’%’ g??‘.’w 8%&88@5% B?I}Veé‘ﬂ%ﬁ 2Q%O'a PE #iree2200,

i s el egbgiaGady yenSRuPA ekt raliAide B R Oith b FRstORedy ey dpinfos MBY, §o0f the
X-ray source 060, the detector array 2070, thé conveyor system 2020, the

i mage prastiesad thel Koray seurce Besthi mwl egnemie secomd rasintiondivamRd withre sependi mage
. oSt W a |
proces éﬂé@géﬁ%gglg gf §evt 16¢ &@Igﬂg;ge“m‘qggl%?-gérg% “ﬁ&e il}gy@ourée% 2%1?4311@ é’otﬁhg EEe ' gure

The proce may Be pr enent” any or a ests
descri peditigied et . thd semprangleswith 2206 twvathe pracgo cavegawe 2940 aintl @f tHeh@me

P s hoRAbalAp Ehe eyt wopeitsly BARGH Bk iosehy SR GAFE S0 G The
| Mage TheF ams MHlso2BS PositidiRdCRRTHBLRE 11 @BerdNH it Beliclied RhatYin 2l §tentBNthDEvo

arranged ‘and connected differently. The i mage processor 2160 may be part of
thg/ c&?@%eﬂs‘}&f@ic@;@ng@ybﬁ@ammém@ou to 9 separgsammed i n softvvar:a

and/ or (hangwar e | . 4 &l n one
exanpl gﬂﬁ? e prog(?g)ﬁa%ﬁamg&%%we 8‘?7413%%4 ggxa}%ﬁg %ﬁ%%ﬁiﬁgﬁnﬁg Lllt?rjl@ég(%gi fic

| nt egr afeeetls)Qhe Glidy {0AfsleCR060ar 2@50bmtlerablyOfthd@le ritiaticre hedhmene?$7éndpaintsbe a

detector array., The [ o) 1he detecfar 2070 may, depe on the
shape Sfeaﬁeﬁg]%&bp‘il%@g‘g{rggﬁ% F“Efﬂg r FRaR0 ?‘ﬁg‘?(ram?e’ g \é{sﬁ‘é"g?‘gg?"é{?'i on
beam Rdﬂ%r%%ﬁle%ig&ek éhd iﬁﬁrfmb%é@ccﬁw%g&g%%/ R | ORRIh BRhBEHAN Bt 8y 2070

may be provided, 3 2005x" 084252 PCT/ US2 809 conmprising a single
row of fate(le meterslinsheder 5 MelVi anditMe¥l indaMsY anddiSaMe¥niaseuample. In edaetobeam

such as ric .pyramdal ne he t t raf, a two
ai monor SR (Y BPRpL B O SEsnGRr AR pdlp S Robt Uy, TN BB

det ect gsured QiFRMBeSa 1R SRbRkE sidh &Ya Linatron® Linear Accelerator (“Linatron®”),

o having an accelerating potential at an appropriate level or levels, available from Varian Medical

. Systems, Inc., Palo Alto, CA (“Varian”), for example. In the Varian Linatron®, 360 pulses are

g
-

o output per second. The Varian Linatron® has an opening émgle of about 20-30 degrees, for

o exaﬁzple’. Other X-ray sources may be used .aswell, such as electrostatic accelerators, microtrons

| :5 and:betatrons,- for example. The source or sources may also ii101ude carbon-12 (C-12), cobalt-60

: " (Co-60), plutonium-beryllium (Pu-Be), and/or ameﬂcium-ber&IIium (Am-Be) based sources. In

exafnining objects bavirig 2 width less than about 5 feet (1.5 meters), X-ray tubes emitting

energy in the keV range may also be used. One energy below 1 MeV and one above 1 MeV may

be used for such smaller objects. For example, 600 keV and 5 MeV may be used, Both energies

may also be below 1 MeV. For exam'ple,. 120 keV and 200 keV may be used, as long as the
radiation will penetrate through the object being examined,
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2070 may conprise a plurality of nodul es of detectors, each conprising one
or nore rows of detector elenents supported in a housing, as is known in the
art. The detector or detector array may be straight or L-shaped. A

hori zont al was 26ké®a of an L-shaped detector may is sh | omin
Fig. 16.  Fig. 19, discussed below, also shows an L-shapgﬁﬂgg%}’g%?'g%g If an
L-shaped detector is used in Fig. 16, the source 2060 nay be positioned at a

lover yguigical RAHigd KOpayttREm A Ng d Sikld eRFb<e j f the
hori zo\r[1; al ]ar m 207Q§1and a%’he verti géal éiﬁgport ion 2 70h% ﬂé ?Eﬁgggﬁégﬁ?%om
nmay be sipBl§repgigy spomitive fetquier afeaycletsoparately Gletest/bigh aad dowtrorticgetof gheosnergyuch as
a phot qgl : C 14§ } 1€ aS6LNLI {4.a i nown
"t e S S5 URERBEq B8 PABG Soo e L M .52 PR Nl 8208 Fpt
exanpl exanfplerypiicu sresintorpanateldfyi efedaice diorris, Asulekcrived RPaxifssapdients, different or s

avai l abl e, from Varian Medical Systens, Inc., Palo Alto, Caljfornia, may al so
be. use@omopDRho fotkelon areay <k ataligmatc i maybrmors gowsitivs g asktion af gie or

pref er gl othepepdry.oned at  nultiple locations around the cargo container to
detect the neutrons, which are emtted isotropically in all directions. The

neut r oi0M4Tlect or Axinede sedjatina soupnechatevitshest besweasuensegy ersipointscmaplatso behe

t t . 7 : t
ot cct aps S BbSipfid! 6f LD SSHBPAE) B bl ' € AL oS0 A SI BRI TG o
by a v&tdniling| WavePaticleBeat: Abeentod dliatbm October!, 2MD8awhickHe amsaticd an et ect or

2078 may, be sypported by, the conyeyar syst 2020 or sone other part of the l
Scanni AIESE (QlniheLBICEER!{ RECTHal G6Y b ritReyReed 24 eeterepe B ThO e e |
det ect QEclepidd- AR’ Shafedie RS Yh iR hidsat RVARSH td:ONAMo QORAbET $n ik egtentM th
"He. They may have uSeful lengths of approximately 15-25 cmfor use with

cargo Noohd6aMAgBE, UeuPaicnt NooA 400650, 2 (b fe Patxainbin oh 342008 sehighesre. aksoe
. b € cus dice
SO s dssllokl 6 LT e @ oB) G0N SR, BBl Ghrorlld8 ARl RAAT U 1S

are t gdlecfmﬁq'[wEﬂJriswlitchihﬁ bpgﬂeyﬁtemtgiemmiﬁmewhabieﬂmvﬁ‘tched, sgchdstrelayseand dthert he
311e detectqrs, On e Jayed neutrons are therefaore detected in the 3He
det ect GHES © SgﬁF]?eébg‘@ﬁln%fﬁ@nXtﬂﬁtsg’&tg%eﬁsa"&rl"ém@@rmg}”gf’]%ipg fP%R%iO& égf“g 0 m
Can ber ?:ﬁlliké&éidés_t thhFBe a&ﬁ‘év'e@,%r eﬁﬂzple, fPdcaX ééIEJJ éonvk%ﬂeé‘ib £t %.1 i!n%teks? 1éhgt OP

view of a portion of an exanple of a cargo scanning system 2000a, show ng
two, adiseyemlmingtisati on sources 2060x, 2060b, each to generate radiation

o 0 0 20055 R ROR AR RR o, A AL
system for real-time inspection of the cargo conveyances carried by trucks and tractor trailers.
The test may be conducted at a highway rest stop, for example. The system may comprise two
telescopic tractor trailers, as described in U.S. Application No. 10/455,864 (“the ‘864
application”), filed on June 6, 2003, which-is assigned to the assignee of the present invention
and is incorporated by reference herein. In one example described in the *864 application, one
telescopic tractor carries the X-ray source or sources. The other telescopic trailor carries the
X-ray photon detector and data analysié equipment. The telescoping trailers may be driven to an
inspection site in a telescoped, compressed étate, expanded at the site, and set up for scanning. A
truck to be inspected may then park between the trailers. The source and the detector are then
moved across the expanded telescoping section of the respective trailers in unison, to scan the
cargo conveyance.

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

system 2300 described in the ‘864 application. The cargo conveyance 2302 is carried by a truck
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nunbered The conveyor system 2020 supports and conveys a cargo conveyance
2040 W he scanni ng system 2000a, between the first X-ray source
2060a afi ¥ st detector 2070a, and between t he BEUESHOOWYY source 2060b
and a second detector 2070b. The X-ray sources 2060a and 2060b direct

radi ati on beans R, R2 towards the cargo conveyance 2040 The X-ray source

2060a e first atl t Xara ne

endp® W?f%m? BGMr%ﬂ ﬁ@’%%#@h g 6f Ml 5%9? rate a
sec Oﬂsbwmdaaéwpmﬂsemﬁm h'hoﬁmcﬁﬂﬂ%mﬁl‘ﬁ)%)ﬁn@@'?&h@&l ich Mg, hRr

exanpl e,  or vice-versa. The X-ray sources 2060a and 2060b are p05|t|oned at

t he WaorBhaiy| The felasconing iratlers @umo&nwa%@oweﬁ@é%mww&m arhuotsane
hor | | t ed
o SHtAlE to By 10 Beutiy OBE AdIEES By 23 ACERbohE1 By BB%ONEE 26600 |

I s baddtiser ewutkdradeiectorr2 sl esappurtelt Wyvidhoriomtal periion 2408& abﬂxmnmamans ,may be
exam ngd i.n abqut onds 451 To cargo gon nces
20402HEZACHG 5%%%%&%&32& 6“6&;% lsrséﬁﬂ?wfe%xbé’ E%? CW%X?;Y
sour gehe dB6@as, 2060b prefer ably generate radi ati on havi ng energy endp0| nts

greater than about 1 MeV. 5 MeV and 9 MeV may be used, for exan‘E
di scﬂlﬂdé&l abov%g 1%0istrerear sehepiatic visw ofitse gystem @360 slongfline 1hiof lg;:ﬂ/%yances

vev, Coihol simtent € Btpre Y RSttt pncdigh) ahufiSh Gebighadl4 SsmaedfR, ron °
test py @nerﬁtfal hiHe 2808, O WP P abikch faesls 2316h8apbe IphaRl iR aSudll.T BhgheX-ray

source ma be a linear acce|lerator, such as a Linatron(r) Linear Accel erator

(" Li geound G hepeath therpapition of theewee eenyeyange gad% whemthedrue, mraﬂiaﬁﬁrdsw&?% | evel
or |A\/\%l't$0al aétédtbﬁhh?alfsé BB NS, hdhoVWBCth GRY 86§¥L 0,1;‘;% tcE fh Alto, CA

geYaé%% forzsgf%%elw%?ﬁ(gan an are ., out put

6&?‘“‘%

degrmde&@érs 28HRURB LS uﬁyhﬁrcd&p[eam%qstﬁmmmm utés Qe sﬁtﬁ:\rﬂ\@hd dea’éﬂsé&i as
el ectrostatic accelerators, mcrotrons and betatrons, for exggg) The

sour dhever progiamaisy teviypleraentithe Ksticofay s ell1of the emhodimes descgbed glmyes0) |

P our B SOREE 2506 1) 64 bl S0 ek UdRREEL Mell oo v B3
et efadiationCbedis, fobeangit.t Twtsouedts ey disb b stalled sraplgeedimt & emhhghegsed. One
energy below 1 MeV and one, above 1 MV may be used for such snaller

ob J e@stesto prefuce g dirsh eeergyodiation heen snd thy 19 Produiee) & SpRang SORREY GRESHONY Ry al so

o SO e LAl Bk ity e o 11

2005HASRE ad MEElddr TR ] £) GO S SNMs,
[0015%] While the invention is particularly suited for scanning carge conveyances for
contraband, the invention may be readily adapted to: scan other objects, such as luggage and

carry-on bags in aitports and seaports, as well.

[00152] In addition, while an X.ay source or sources are described in the examples
above, the source or sources may provide other types of radiation, such as a time delayed neutron
beam or gamima rays, for examhple..

[00153] In the examples above, the transmission of the higher energy radiation (9 MeV,
for example) through the cargo conveyance is divided by the transmission of the lower energy
radiation (5 MeV, for example) through the cargo conveyance to yield the TR and fbe test
criterion for a potential HANM is that the TR is less than the threshold. However, as mentioned
above, the transmission at the lower enetgy radiation may be divided by the fransmission at the
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[ 00146] A single X-ray beam having a single energy endpoint may al so be
used, with a single energy sensitive detector array to separately detect
hi gh and | ow portions of the energy spectrum as described in U S Patent
No. 5, 682, fid20056k4842S. Patent No. 6,438,201 131, for ef@?@%ﬁm/MQ&)h are

i ncorporated by reference, herein. As described in these pa 20 i fferent
portions of the detector array such as alternate |ines, may be nore

segsi th’g@ertmeﬂ’g&dhdxﬁﬁ@ﬂ mfvvtﬁxﬂﬁcasﬁ a TRebolkehthe tlﬂmibgiywoﬁlﬁw&hsxﬂemﬂ rmgbe a N
radi atio at t ches, between_ener. ndpoi nt s used. A
descri B‘f@gﬁ?ﬁ‘m HW% exypples aﬁ?ﬁ‘{ﬁ bln P&h%ﬁﬁ ‘ir‘.)$ ‘fg?'ﬁeﬁld’

107957 yaaibdionh Q&enaauo%hﬁaéamrym@on%kmﬁhﬁn ﬁ%ﬁéﬁvﬁ?&ﬁl@réﬁdﬂémtsf iled on Cctober

1, 2004, which is assigned to assignee of the present inventor and is

i ncor p0as4d by Qmst efrasd blnrthe axt tvéHl r¢qoa1@a¢ thatiethey ehangesrmayt bramadeslp be

o, 366, 9 PP BERE Ueslbed Moty WAL R PESk Bt opf B BmetBin 1 c,

ar e al shichdsdifmadtly the ddimsdekivgnee of the present invention and are

i ncorporated by reference herein. Techniques for switching between energies
usi ng nmechani cal switches, such as relays, and other types of swtches,
such as solid state switches, are known. Sw tching speeds of about 100
mlliseconds nay be achieved, for exanple, to scan a cargo conveyance 20
feet (6.1 neters) long in several mnutes. [00148] In another exanple, the
t echni ques descri bed above may be used in a nobile systemfor real-tinme.

i nspection of the cargo conveyances carried by trucks and tractor trailers.
The test may be conducted at a highway rest stop, for exanple. The system
may conprise two telescopic tractor trailers, as described in U S.
Application No. 10/455,864 ("the '864 application”), filed on June 6, 2003,
which is assigned to the assignee of the present invention and is

i ncorporated by reference herein. In one exanple described in the '864
application, one telescopic tractor carries the X-ray source or sources.
The other telescopic trailor carries the X-ray photon detector and data
anal ysi s equi pnent. The telescoping trailers may be driven to an inspection
site in a tel escoped, conpressed state, expanded at the site, and set up for
scanning. A truck to be inspected may then park between the trailers. The
source and the detector are then noved across the expanded tel escoping
section of .the respective trailers in unison, to scan the cargo conveyance.
j 00149] Fig. 18 is a schematic representation of a perspective view of a
nobi |l e scanning system 2300 described in the 864 application. The cargo
conveyance 2302 is carried by a truck
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42 ' WO 2005f 4E4352 PMUS2005/ 006809 or tractor trailer 2304. The source 2306
emtting a fan beam 2307 and a portion of an L-shaped photon detector 2308
conprising a horizontal portion 2308a and a vertical portion 2308b, are

al so shown. The telescoping trailers supporting the source 2306 and the
detector 2308 are not shown, to sinplify the figure, One neutron detector
2310 is supported by the source 2306, another neutron detector 2312 is
supported by a horizontal portion 2308a of the detector 2308, and anot her
neutronggte Lior %314 (shown in Fig, 19) is supported by the vertical
portion n%# Yhe detector. [00i58] Fig. 19 is a rear schematic view of
the system 2300 ?Iong Iineﬂf9-19 of Fig. .18. Conmon el enents are comonly
nunber ed. An additi onAImetRef pisramatiagaebiect CeMPEis®gnported by a verti cal .
arm 2308b. Another neutron detector 2316 may be placed in a trench T in the
ground G beneath the prasning ehleast aphrionaf gwokjesiabfitshamd 2BORI mtliation he truck or
trailer is parked. A vertical detector may al so be used, as shown in the

" 864 appdrgeatwicrein tie firsiedndcasad ridigtionenengies atkadiffedenr, 2314 may be supported
at or near the top of the vertical detector, for exanple. The detectors

2308 - 2316 may be cognb@mglfiiiodl 0 IRIH an SecoRI Pl flon B3RO WReANd descri bed
above, programmed to inplenent the tests of any or all of "the enbodi nents

descri Ve ree: e a single source producing

alter ngﬁgﬁg%%vhgﬁgleggmﬁ@%éﬁﬁati on beans, for exanple. Two sources
may al so° be stacked or, _pl.aced. next each.ot her e to produce a first
energy radi ation bean?aéﬂgat{qg@dfﬁflﬁ@fl ({f%’e P@ﬁ%‘lfb < ecgeélcagﬂlf %ﬁteeﬁlﬁ)?e"roﬁl i ation
beam for example. Any or all of the tests described above may be used to
aut omatPe8l*fyAdet ect HANM and nucl ear materials, such as SNVs. [00151]
While the invention is particularly suited for scanni ng cargo conveyances
for contraband, the detereriningwhethpr the objsaldit lepstguigntieldly camprisenhigh latomiobj ect s,
such as luggage and carry-on bags in airports and seaports, as well.

[ 00152 humbemadatetidl hayingtah bondo neimber\greanutitd arededitiniies atmgichamber, badd, n t he
exanpl es above, the source or sources may provide other types of radiation,

such agt RadtlifBartl@h MeRin&igypt ron  beam or gamma rays, for exanple.. [001531 In
t he exanpl es above, the transm ssion of the higher energy radiation (9 MV,

f I th h [ I M - 1 SSi f
Lhe Towsr eher gy= rad B TRere! FRGY Y2 gy ik Mty Mo IR e =<' on ©

conveyance .t.,o yield the TIC and the test
comprising:

calculating the ratio between a function of the radiation detected at the
first radiation energy and a function of the radiation detected at the second radiation energy.
3. The method of claim 1, comprising determining whether the object
comprises high atomic number material by:
comparing the first function to a second function, wherein the second
function is based, at least in part, on the predetermined atomic number.
4, The method of claim 3, wherein the second function defines a threshold,
the method comprising:
comparing the first function to the threshold.
5. The method of claim 4, wherein the second function is the same as the

first function, the method further comprising:
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criterion for a potential HANMis that the TR is |ess than the threshold.
However, as nentioned above, the transm ssion at the | ower energy radiation
may be divided by the transm ssion at the 43 WO 2005/ 084352

PCT/ US2005/ 006809 hi gher energy radiation, in which case a TR above the

t hreshol d woul d be considered to be a potential HANM in all the exanples,
above. In addition, TRs may be cal cul ated based on radiation attenuation

i nstead of radiation transm ssion at the two energy endpoints. [00154] One
of ordinary skill in the. art will recogni ze that, other changes may be nade
to the enbodinents d%ﬁ@?t%wﬁﬁcg?‘ﬁfuﬂﬁﬂwecﬂéﬂﬁﬁFWWPBH%‘FFF@“spi rit and
scope of the invention, which is defined by the clains, below 44 Wat is
cl ai medadigtionpftepscapning @ test matesial having aamtasip aembercegrpltp shanyedesermingdng at

| east a portion of an object at first and second radiation energies,

wher ei ntanhie nimber atdhelfiseaohatcomidiadintiancrergesgi es are different; detecting
radi ation at the first and second radiation energies, after interaction
with the at |easb. a pUhé metho@bf tlain SbiiREEn tieacatldahdtdnas 4 thasshbidnthef t he
radi ation detected at the first and second energies; and determ ning

whet hendiifl QRippising@hichaasy tRWreEHo\Bby:Y conprises high atom c nunber

mat eri al having an atom c nhunber gredter than a predeterm ned atom ¢ nunber,
based, at least inp t Wola . f i wherein
the function is a rat ?%%‘ﬂ%t&% an%ﬁ%éﬁ%%ﬂo&r%ﬁdéhﬁéﬁgtggﬁ ggf%f’ i%ﬁsgt%b%%é% é‘!i o]
between a functjon of the .radiatjon detected at the first radiation energy
and a Fﬁcﬂ?ﬂqn&ﬁ‘f@fmﬁ%ct\oad’flﬁ‘ttgﬁwsﬂa't‘t@{f@ed at the second radiation energy. 3.
The method of claim11, conprising determ ning whether the object conprises
hi gh atonic nunbdr nmibe mgthogef claigmbagompgisinge first function to a second
function, wherein the second function is based, at least in part, on the
predet erm ned aton c calcdiging the fufingomisttwesh thé radiatiomd&ectedh etrtbe first el second
function defines a threshol d,

second energies, for corresponding portions of the object.

8. The method of claim 7, wherein corresponding portions of the object
overlap by at least half,
9. The method of claim 1, comprising:

detecting radiation at the first and second radiation energies after

transmission through the object.
- 10. A method of examining an object, the method comprising:

scanning a first plurality of portions of an object with a first radiation
beam at a first energy;

detecting first radiation after interaction of the first radiation beam with
the first plurality of portions;

scanning a second plurality of portions of the object with a second
radiation beam at a second energy different than the first energy;

detecting second radiation after interaction of the second radiation beam

with the second plurality of portions; -
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the nethod conprising: conparing the first function to the threshold. 5. The
met hod of claim4, wherein the second function is the sane as the first
function, the method further conprising: 45 calculating the second function
based, at least in part, on detected radiation after scanning a test

mat eri al having an atom c nunber equal to the predeterm ned atom c nunber,
at the first and second radi ation energies. 6. The nethod of claimb5,
wherein the second function is a threshold, the nethod conprising
calculating the threshold by: calculating a ratio between the radiation
detected at the first secon rad| |ons t in eractlo w th the
test material. 7. The® aralr%lﬁ?m](? aorFtd%P fun tb‘??ﬁr"?&'l %St rﬁéif“té?ﬂ and; H‘QSEPW@
function, between the radi ati on detect ed at the first and second energies,
for corpdatimntor serrespprdins brshand seeonstipogiians; @d The nethod of claim 7, wherein
correspondi ng portions of the object overlap by at least half. 9. The

met hod of claim1, codgeingiingwhetheetheiconfentadf tht iobjectzt leakiepdténtistly and second
radi ati on energies after transm ssion through the object. 10. A nmethod of
exan nicogpaises alhigicstomichminiet hatdriabigeingsingomis aamben@eded thisd pretietemdihddy of
portions of an object with a first radiation beamat a first energy;

det ect iafifhit hivdber AL 1845t & 81, oh RLEMB& ISR BF Sich AR Jvitﬁ §Tthrés‘1‘1€lcfit ion beamw th
the first plurality of portions; scannlng a second plurality of portions of

the object with g;secep me{h%gloﬁlla e%mﬁgﬁﬁﬁé’-”q energy different than

the first energy,; ‘detec secon gﬁ’?ﬁ I on interaction of the second
ati o betveen funct ?o%ilg%%ﬁf °Edﬂ*?$s59ﬁraf§¥aa SR The second
scanning at least a portion of a second object comprising material having
an atomic number equal to the predetermined atomic number, with a third radiation beam at the
first energy;
detecting third radiation after interaction of the third radiation beam with
the at least a portion of the secqnd object;
scanning at least a portion of the second object with a fourth radiation
beam at the second energy;
detecting fourth radiation after interaction of the fourth radiation beam
with the at least a portion of the second object; and
calculating a second ratio between the functions of the third radiation and
the fourth radiation.
12.  The method of claim 11, wherein scanning at least a portion of the second
object comprises:
scanning at least a portion of a second object comprising a material having
an atomic number less than an atomic number of uranium.

13.  The method of claim 12, comprising:
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. nunber less than an a

radi ati on, for corresponding first and second portions; and determ ning
whet her the contents of the object at |east potentially conprises a high
atom ¢ nunber material having an atom ¢ nunber greater than a predeterm ned
atom ¢ nunber based, at least in part, on a conparison of each ratio with a
threshold. 11. The nethod of claim 10, further conprising: calculating the
threshold, at .least in part, by: scanning at |east a portion of a second
obj ect conprising material having an atom c nunber equal to the '
predeterm ned atom c nunher, with a Ihi%d radia%jon beam at the. first
energy; detecting t hi Fg™MAPHFAHA PaFHon of f secapd ebietfomprisig ampateripl baving: i on
beamwith the at | east a portjion of the second object; scanning at |east a
por t i 0N gtomie,pumbcr dery thamjae@tonpic mpmierfleadn r adi ati on beam at the second
energy; detecting fourth radiation after interaction of the fourth radiation
beam with the al4l ea¥he method of dainoi3,chmpysivgnd obj ect; and cal cul ating a
second ratio between the functions of the third radiation and the fourth
radi ation. 12. The neidantingbt ledstia Fodibn ofh eécehd objeervhbsted fadm tieagéupa porti on
of the second object conprises: scanning at |east a portion of a second

obj ect o5 SF N8n, RoPpdrahd Alckflavi ng  an atom ¢ nunber less than an atomc
nunber of uranium 13. The nethod of claim 12, conprising: 47 scanning at

| east a portion gf a speandoabt iy £OHRS bAGLAIPLALIAlRYiBdLo @By al o C

om ¢ nunber of ’lI'ead. 3,

conprising: scanning at | east a rti.on of a second opject chosen fromthe

]gr O;JE consi sting of T grl?tiltgoadﬁ. ?ﬁe(%%ftﬁ'dfh mﬁi“ﬁ‘?}éﬁ?%f&“ﬁ?ﬁﬁi{ek@g‘?ﬁﬂ?%ﬁ aim 11,
urther conprising calculating the resho )y:  subtracting

pr edet &£4ANA&ionWhersin the pedeisaained punhesMaybs ap Igpger KE2 NQREKRESTr at i 0, wherein

the predeterm ned nunber nmay be an integer or a non-integer.
16.  The method of claim 10, wherein:

the first energy is greater than the second energy;
calculating the ratio comprises dividing the first radiation by the second
radiation; and
determining that at least one of the plurality of corresponding portions of
the object at least potentially comprises a high atomic number material, if the ratio for a
respective corresponding portion is less than the threshold.
17.  The method of claim 10, further comprising:
selecting a threshold based on radiation detected at at least one of the first
radiation and the second radiation.
18. A system for examining an object, comprising:
means for scanning at least a portion of an object at first and second
radiation energies, wherein the first and second radiation energies are different;
means for detecting radiation at the first and second radiation energies,

after interaction with the object;
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16. The method of claim 10, wherein: the first energy is greater than the
second energy; calculating the ratio conprises dividing the first radiation
by the second radiation; and determning that at |east one of the plurality
of corresponding portions of the object at |east potentially conprises a

hi gh atom ¢ nunber material, if the ratio for a respective corresponding
portion is less than the threshold. 17. The nethod of claim 10, further
conprising: selecting a threshold based on radi ation detected at at |east
one of the first radiation and the second radiation. 18 A systen1for

exam ni ng an obj ect, ng: neans for anni.n orti on of an
object at first and sg‘(‘?g%cfjo %‘gﬂ%ﬂ”ig@&s’é‘ﬁ@f“@ R’/Wg‘?“e‘s tF}ler tt3d second
radi ati on energies are different; nmeans for detectlng radl ation at the first
and sec&eroid epeRigsiadd ener gi es, after interaction with the obj ect; 48 neans
for calculating a function of the radiation detected at the first and

second energi es; and meamdof deterdenieg mhathogthwhbjettet ldabigpotdniielty campriseast
potentially conprises high atom c nunber nmaterial having an atonm ¢ nunber

gr eat ethighiéiniz ndfdeeiheterihinesingtaa Mdinic AWABE greddd IR a preddt@asihed dloiiRr t, on the
function. 19. A system for exam ning an object, the system conprising: at

| east qumbeAdhRl] #NaSQHPER, dfthe BRG], | east a port| on of an object at first
and second fadi ation energl es, wherein the first radiation energy is

di fferent than thg sego gi[e rt&dé)%{ﬂ l?ﬁ%%g&g%{ th@éygt&?ﬁ&aﬁpﬁ det ect or

positioned to det ect | ati on Secon a%l ation energies,
after interaction vmth the obj

at | east on rocessor, coupled o the
detector, the at |easft lﬁéoﬁ%g@g%?our%éi’ﬁﬁ“ﬁrt f?@gé‘rﬁ?étb‘mc‘g @ﬁr ({{r

function of the radiation detected at the first and second energies; and
and second radiation energies, wherein the first radiation energy is different than the second

radiation energy;
at least one detector positioned to detect radiation at the first and second
radiation energies, after interaction with the object;
at least one processor coupled to the detector, the at least one processor
being programmed to:
calculate a function of the radiation detected at the first and second
energies; and
determine whether the object at least potentially comprises high atomic
number material having an atomic number greater than a predetermined atomic number based, at
least in part, on the function.
20.  The system of claim 19, wherein the processor is programmed to:
calculate a ratio between functions of the radiation detected at the first and
second energies.
21.  The system of claim 19, wherein the processor is programmed to:
compare the first function to a second function, wherein the second

function is based, at least in part, on the predetermined atomic number.
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determ ne whether the object at |east potentially conprises high atomc
nunber material having an atom c nunber greater than a predeterm ned atomc
nunber based, at |least in part, on the function. 20. The systemof claim
19, wherein the processor is progranmed to: calculate a ratio between
functions of the radiation detected at the first and second energies. 21.
The system of claim 19, wherein the processor is programmed to: conpare the
first function to a second function, wherein the second function is based,
at least in part,_ on Ir e predeterm ned atom c nunber,. 49 22. The system of
claim 21, wherei #the Ewg@gls claig 7 WlFra e ProGeER I8 Brogrammedio calulsid
function based, at least in part, on: third and fourth radi ati ons detected
af t er dheasspondfuactiontbasqdant lpastiogrtasn: at omi ¢ nunmber equal to the

predeterm ned atom ¢ nunber by the first and second radiati on energies,
respectively. 23. Thethiigsiné fowth radiafions Hetectath eftai soartnirey pmareisblawvinganf ur t her
programmed to: calculate functions of the first and second radiations for a

r espectatonfic nihbérdqhdlto e predet@mpRadiohtic RAMbérdyh&first BRI RBbRCAIIaBHH det ermi ne
whet her the object at |east potentially conprom ses high atom c nunber

mat er i aheBRYIBGedivef. OM C Nunber greater than a predeterm ned atom ¢ nunber
based, at - [east I1n-part on the functions. 24. The systemof claim 19,

wherein: the detggtor sitd one o,detect radiatian transmtted through
the Cobject. 25 2k met Moy GM G ioh§neiif ppesBn it AR iAol o
| east a portion of an agghect at, first and seconﬂ r(gdi, ation ener,‘g‘eit es,
wherein the first andXet¥ndumcHansafihsmi APHANNS R AGEPECHS ect i ng
radiation at the first and second radi ation energies, after interaction
wit h t [pdurality péestesporsing pastonsfof theeobist;@sd: cal cul ating a function of the
radi ati on detected at the first and second energies;

determine whether the object at least potentially compromises high atomic

number material having an atomic number greater than a predetermined atomic number based, at
least in part on the functions.
24.  The system of claim 19, wherein:
the detector is positioned to detect radiation transmitted through the
object.
25. A method of examining an object, comprising:
scanning at least a portion of an object at first and second radiation
energies, wherein the first and second radiation energies are different;
detecting radiation at the first and second radiation energics, after
interaction with the at least a portion of the object;
calculating a function of the radiation detected at the first and second
energies;
comparing the function to a threshold value between acceptable and

unacceptable material; and
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conparing the function to a threshold val ue between acceptabl e and
unacceptable material; and 50 determ ning whet her the object at | east
potentially conprises unacceptable material, based, at least in part, on

t he conparison. 26. A nethod of exam ning an object, conprising: scanning at
| east a portion of an object by a first radiation beamhaving a first
energy, at an angle with respect to the object; scanning the at |east a
portion of the object by a second radi ati on beam having a second energy
different than the first energy, .at substantially the sane_angle with
respect to the obj ecteleBIREE Wh5thenle abicetnt laastngtentially comprises BeaskePtabidi at i on
energies, after interaction with the at |east a portion of the object;

cal cul aateitgl. basednaftlpashingrart; pretheggmpeatison. det ected at the first and second
energi es; and determ ni ng whether the object at |east potentially conprises
high atom ¢ nunB&r nAtmethed offeerainiingan attj@icomprisingsr greater than a
predeterm ned atom ¢ nunber, based, at least in part, on the function. 27.

The method of clai m 2&angiAFBN lesst B gortieATPaE bbjectbha firstadibesh blnphdvigashol d
val ue between hi gh atom c nunber material having an atom c nunber "greater

than t heRE&HE e LA b with QhEct R HRGhjeafid | ow atom ¢ nunmber material having
er

an atomc nu not- greater than the predeterm ned atonic nunber; and

detorm g vhet e i i i P SR EELBIV LY QTR R 2
potent ihgxlfiln a Second ier?e?'gy Qift%?enﬂh%m e ﬁrgtuerﬁgl%ry, atméflt?srtaim%ilal'ly 1;5h%: same angle with
respect to the object;
detecting radiation at the first and second radiation energies, after
interaction with the at least a portion of the obj éct;
calculating a function of the radiation detected at the first and second
energies; and
determining whether the object at least potentially comprises hiégh atomic
number material having an atomic number greater than a predetermined atomic numbér, based,
at least in part, on the function.
27.  The method of claim 25, comprising:
comparing the function to a threshold value between high atomic number
material having an atomic number greater than the préedetermined atomic number and low atomic
number material having an atomic number not greater than the predetermined atomic number;
and
determining whether the object at least potentially comprises unacceptable

material, based, at least in part, on whether the object at least potentially comprises high atomic

number material.
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