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viability of radiation, neutron, explosives, and special materials, detection systems
and cause the containers to be manually interrogated which results in negative
impacts to the flow of commerce.

Therefore a need exists to overcome the problems with the prior art as
discussed above.

Summary of the Invention

According to one embodiment of the present invention, a multi-stage detection
system and method detecis gamma and neutron radiation providing additional data
capture times when radiclogical materials are detected and a secondary position for
further analysis. The gamma and neutron detectors mounted on the spreader bar of a
gantry crane provide an initial identification of the presence of radiological materials
within a shipping container. The spreader bar typically provides up to 30 seconds of
close proximity for the radiation sensors to analyze the shipping container. The
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FIG 1 is a picture depicting a container in proximty to a crane arm
assenbly (or a spreader bar) with sensors in sensor housings, in

accordancewglzb@ﬂqmg enbodi ment of the present inventionpeyysabdifgessss | S
a sinplified diagramof a secondary radiation verification posi t10n.

FIG 3 is a block diagramillustrating an exanple of a data
collection and analysis system in accordance with one enbodi nent of
the present invention. WD 2008/118219PCM52007/085578 5 FIG 4
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information processing system and software that analyzes the data collected and
identifies the isotopes that are present. The spectral analysis software consists of
more that one method to provide multi-confirmation of the isotopes identified. Should
more than one isotope be present, the system identifies the ratio of each isotope
present. Examples of methods that can be used for spectral analysis such as in the
spectral analysis software according to one embodiment of a container verification
system, include: 1) a Margin Setting method as described in United States Patent No.
6,847,731; and 2) a LINSCAN method (a linear analysis of spectra method) and/or an
Advanced Peak Detection method, as described in U.S. Patent Application No.
11/624,121, filed on January 17, 2007, and entitled “Advanced Pattern Recognition
Systems for Spectral Analysis”, and as will be discussed in more detail below; the
collective entire teachings of which being herein incorporated by reference.

A user interface of the information processing system, according to one
embodiment, provides a graphic view of the radiation spectra detected and the
isotopes identified. The user interface allows a user of the system to view, among
other things, the individual detectors, detector groups, individual sensors, and sensor
groups, individual nodes and a combination of multiple nodes to quickly identify
maintenance conditions, radiation detected, and isotopes identified.

Brief Description of the Drawings
FIG. 1 is a picture depicting a container in proximity to a crane arm assembly
{or a spreader bar) with sensors in sensor housings, in accordance with one
embodiment of the present invention.
FIG. 2 is a simplified diagram of a secondary radiation verification position.
FIG. 3 is a block diagram illustrating an example of a data collection and
analysis system, in accordance with one embodiment of the present invention.
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The data collection system 310 is nodul ar in design and can be used
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described in the mani fest for the particul ar contai ner under
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(1- al pha) ( Pyocessing system that mcludes a computer, memory, storage, and a user interface
314 such a display on a monitor and & keyboard, or other user input/output device. In
this example, the local system 312 also includes a multi-channel analyzer 330 and a
spectral analyzer 340.

The multi-channel analyzer (MCA) 330 comprises a device composed of many
single channel analyzers (SCA). The single channel analyzer interrogates analog
signals received from the individual radiation detectors 301, 302, and determines
whether the specific energy range of the received signal is equal to the range
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the reliability and efficiency of matching acquired spectral image data from the sensor
to spectral image data of each possible isotope to be identified. Once the one or
more possible isotopes are determined present in the radiation detected by the
sensor(s), the information processing system 312 can compare the isotope mix
against possible materials, goods, and/or preducts that may be present in the
container under examination. Additionally, a manifest database 315 includes a
detailed description of the contents of each container that is to be examined. The
manifest 315 can be referred to by the information processing system 312 to
determine whether the possible materials, goods, and/or products, contained in the
container match the expected authorized materials, goods, and/or products,



the collected data. In one exanple, a GPS detector is nmechanically
coupled to the structure supporting the noving sensors, such as the

Crane spreggehosidszio and provides continuous |ocation dgi@Bh7lobdrs
spreader bar) to an information procegsing systemthat is processing

the collected data. The |ocation of the spreader bar, for exanple,
can indicate the type of background environnment that is being
experienced by the sensors at the spreader bar. The GPS detector
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| ocation information and elevation infornmation. Know ng the el evation
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| ocati on i WUERAN BRPALN be, for exanpl e, conpared agai nst an
expect ed nemechestal unélygiesystem 340, according to one embodiment, includes an

information processing system and software that analyzes the data collected and
identifies the isotopes that are present. The spectral analysis software consists of
more that one method to provide multi-confirmation of the isotopes identified. Should
more than one isotope be present, the system identifies the ratio of each isotope
present. Examples of methods that can be used for spectral analysis such as in the
spectral analysis software according to one embodiment of a container contents
verification system, include: 1} a margin setting method as described in United States
Patent No. 6,847,731; and 2) a LINSCAN method (a linear analysis of spectra
method) and/or an Advanced Peak Detection method, as described in U.S. Patent
Application No. 11/624,121, filed on January 17, 2007, and entitled “Advanced
Pattern Recognition Systems for Spectral Analysis”; the collective entire teachings of
which being herein incorporated by reference.

With respect to analysis of collected data pertaining to explosives and/or
special materials, the spectral analyzer 340 and the information processing system
312 compare identified possible explosives and/or special materials to the manifest
315 by converting the stored manifest data relating to the shipping container under
examination to expected explosives and/or radiological materials and then by
comparing the identified possible explosives and/or special materials with the
expected explosives and/or radiological materials. If the system determines that there
is no match to the manifest for the container then the identified possible explosives
and/or special materials are unauthorized. The system can then provide information
to system supervisory personnel to alert them to the alarm condition and to take
appropriate action.

Removal of Background Radiation Effects

Dynamic Background
The background radiation at a seaport and more specifically the changing
background associated with a moving container across land, sea, vessels and at



and background environnments in proximty to the spreader bar. These
expect ed background environnments correspond to background effects
that can, Werofmaibe, be subtracted fromthe coll ect edp@AiPBdRss378
provi de better and nore reliable datasfor analysis |eading to better
and nore reliable radiation detection and isotope identification.
Alternative | ocation detection devices, including nechanical devices
and/ or electrical devices and/or manual data entry, can be used by

the syst emdiffbréﬁtaﬁ&%rﬁb apgééw abaﬁé@afco le'lﬁlﬂl%n@é‘ do C@HfaﬁérPQMédﬁgn bk GoRibad
effects on collecte a. Another use of the elevation infornation

and t he ged@nipeAtON) RELPIMNY [hPRR REPPEMERY OhHNS RSP HERYODr Biseeni§
systemis fatreesed thedughnBe USE ot 4 Haeehis batkyrolH® method used to compensate for
2008/ 11821%'13C1(_:/hléjr%r98 7b/a(():%;;round effects. This method applies continuous background
updates against the main background data. Different weights and intervals can be
varied for the background updates to achieve the appropriate dynamic background for

the specific application. An example formula is provided below, and also shown in

FIG. 9.

Bi (X) = Ai (X) * alpha + Bi-1 (X) * (1-alpha) {1)

Bi (X) = Ai(X) * alpha + Bi -1 (X) * (1 - alpha)
New Dynamic  Snap Shot Learning Previous Differential
Background of Background Rate Background

As shown in FIG. 7, background radiation effects can vary depending on a
varying background environment that can be experienced by the sensors, such as the
sensors located at the spreader bar andf/or sensors located at locations relative to
changing background environments. For example, the sensors at the spreader bar
can be over water, over a ship, high over the ground, low over the ground, or inside
the ship. These different background environments can affect the radiation detection
and isotope identification. Radiation from the sky should typically be predominant and
remain normal during spreader bar movement. Also, sensors at the spreader bar
should typically be protected by the container under examination and the spreader bar
from maost of the background radiation coming from the ground, water, and over the
ship. Accordingly, a new and novel approach to compensate for the changing
background effects applies continuous background updates against the main
background data.

As shown in FIG. 8, the dynamic background is comprised of the primary
background and the incremental background. As radiation data is collected and
processed for analysis, according to one embodiment of the present invention, the
background environment effects can be subtracted from the collected data using
continuous background updates against a main background data. For example,
collected radiation data can be dynamically adjusted according to dynamically



14 effects of devices used to collect the radiation data. For
exanpl e, a neutron pul se may be generated by a neutron pul se device
that is inglowdeshikiiot he sensor system depl oyed at the sgprggsesdeass Or
on the gantry crane to provide an actijze anal ysis whereby gamm

f eedback followi ng the neutron pulse can identify shiel ded
radi ol ogical materials such as highly enriched uranium expl osives or
illicit drugs, inside containers. However, a particular system
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identification. Alternative location detection devices, including mechanical devices
and/or electrical devices and/or manual data entry, can be used by the system to
track changing backgrounds and corresponding background effects on collected data.

Another use of the elevation information and the geographic location
information by an information processing system is for controlling the triggers and



Referring to FIG 4, an exanple of a nulti-node radiation verification
systemincludes nmultiple spreader bar radiation verification systens
(401) and wecos@asMoeradi ati on verification nodes (404),pcEpehad7oftss
center (408), container tracking systgm (410) and CCTV (402) caneras
that are interconnected by a data network(405). In sone cases a
forklift truck is used to nove the containers around the term nal.
The forklift truck (420) is equipped wth a spreader bar and can be
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conpri si ng:
forklift truck (420) is equipped with a spreader bar and can be configured as a

wireless radiation verification node.

Referring to FIG 5, an example of a spreader bar with radiation sensors
installed in the push pull bars is shown. In FIG 5, one or more radiation sensors are
integrated within the push pull bar 501. The radiation sensors are enclosed in a box
with shock absorbing connectors 511. The gamma sensors 512 are shock mounted
within the box on the lower side of the unit. The one or more gamma sensors
comprise sensor resolution of 7% or better at 662kev. The neutron sensors 514 and
the supporting electronics 513 are mounted on the top side of the box. Alternative
mounting arrangements of the one or more radiation sensors, the gamma sensors
512, the neutron sensors 514, and the supporting electronics 513, relative to the push
pull bar 501 should become obvious to those of ordinary skill in the art in view of the
present discussion.

Referring to FIG 6, an example of a spreader bar with radiation sensors
installed in the main unit 601 is shown. In the example of FIG 6, the radiation sensors
are integrated within the main unit 601. The radiation sensors are enclosed in a box
with shock absorbing connectors 611. The gamma sensors 612 are shock mounted
within the box on the lower side of the unit. The neutron sensors 613 and the
supporting electronics 614 are mounted on the top side of the box. Aliernative
mounting arrangements of the one or more radiation sensors, the gamma sensors
612, the neutron sensors 613, and the supporting electronics 614, relative to the main



a radiation sensor system depl oyed on a gantry crane and conpri si ng:
one or nore gamma sensors; and/or one or nore
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and the one or nore solid-state neutrmn sensors being collectively
nmounted on a franme structure mechanically coupled to the gantry crane
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The preferred embodiments of the present invention can be realized in
hardware, software, or a combination of hardware and software. A system according
to a preferred embodiment of the present invention can be realized in a centralized
fashion in one computer system, or in a distributed fashion where different elements
are spread across several interconnected computer systems. Any kind of computer
system - or other apparatus adapted for carrying out the methods described herein -
is suited. A typical combination of hardware and software could be a general purpose
computer system with a computer program that, when being loaded and executed,
controls the computer system such that it carries out the methods described herein.

One embodiment according to present invention can also be embedded in a
computer program product, which comprises all the features enabling the
implementation of the methods described herein, and which - when loaded in a
computer system - is able to carry out these methods. Computer program means or
computer program in the present context mean any expression, in any language,
code or notation, of a set of instructions intended to cause a system having an



by the spectral analysis system where one or nore spectral inmages
stored in the first data storage unit represent each isotope, the
first dat awetossagsipeans bei ng communi cati vel y coupl ed mgtibs20dr®85578
spectral analysis system an i nfformati on processing system
comuni catively coupled with the spectral analysis system for
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cl ose proxmactaplalmtonnam Shl ppi ng container for an extended peri od of
time where addi éi!féEiﬁc'e?ntfo‘ahHéﬁé %ﬁ tﬁer ﬁﬁb‘?] ﬁﬂeSQée% EgclBélﬂfdt hdse

identify the ra gi cal materi al pi ng contal ner
under examhﬁé*ﬂihﬁfdmaﬁ' skithé& masﬁ(wa)fungeratamlthamaa@eﬁ %ns'@emﬁﬂest%ﬁe

of radiatig e@f@bﬁﬁbéln@hfbsw&ﬁ@t@ephﬁﬁg Ugfh e EhIA émewb@r ¥f thadhwdrition,
sensor posi_tion wher Ehe ship ng cont ner is for further

oo DO T Rennerhl thOSPUIBR BraFulbL benpastiaiop slhegibia 18 hgoseaoic

radi ation @ﬁﬁioﬁﬁﬁ@téﬁarmeitfyrmmednhaMedemﬂdétgclem abweeranyingherall such
exam nat | O%pBcha%grrmlss,orrn%dge&on n8nembo men%sI Mthlnr H1e 'scope of the present
invention.

What is claimed is:



8. The systemof claim1l, wherein the one or nore ganma sensors
conprise integrated analog interface and analog to digital converter.
9. The systemof claim1, wherein the one or nore ganm sensors
conpri se sensor resolution of 7% or bet¥&r at 662kev. 10. The system
of claim1l, wherein the one or nore solid state neutron sensors
conprise integrated anal og interface@fMshal og to digital converter.
11. The systemof claim1l, wherein an information processing system
bei ng comuni catively coupled with the digital data collection system
for adj usti ndA oullti-etagedradiationt datectitat and aentifipaticsesystémr compkigingund
radi ation effects fromthe background environnent. 12 . The system of
claim 12, whét BYRIGReE sHRErE HopPYed 06 4.6HaTL piamed i DR o’

adj usts the col | eqdrrbor mdrabhmndlaéssarecandibng to varyi ng background
radi ati on effects. 13. The systemof claim 11, wherein the

i nf or mati on proces¥1ERf HPER SR NSUTHR SEBFITECVEETGIA NKLNB AT Mre
accor di R faBUsb SndPffeGho BRthdra Yo stite Hel FEhschBalYBdiRg cobédotively

expl osi ves, special materi al other materials detection
i dent i f iraunted asya frame stougiuresineghanicaliucouplep td Hee gantsy atame; and that can

o anal s BuRer Bl wPRRTENE % SrbPngENa b ARSI  ont i ner “as a

result of the setdndeny pidision Selistirposiidng tHdt anlosptddeseparate from the

commun Crg}:liia\tligln%e%gg sl'.yesctiertnodépqoeyeodncem (t)ﬁe Sgrrlt?y {:r%%ie?%in ré:omprising one or more
sensors for analyzing radiological materials detected in the shipping container;

a distributed network communicatively coupling the gantry crane radiation
sensor system and the secondary radiation sensor position as individual nodes on a
radiation sensor network;

a first digital data collection system, communicatively coupled with the radiation
sensors deployed on a gantry crane for collection of radiation data from the radiation
sensors on the gantry crane;

a second digital data collection system, communicatively coupled with the
radiation sensors deployed at a secondary radiation verification position for collection
of radiation data from the radiation sensors at the secondary radiation verification
position;

a multi-channel analyzer system, communicatively coupled with the first and
second digital data collection systems, for preparing histograms of the collected
radiation data;

a spectral analysis system, communicatively coupled with the muiti-channel
analyzer system and the first and second digital data collection systems, for receiving
and analyzing the collected radiation data and the histograms to detect radiation and
to identify one or more isotopes associated with the detected radiation using the data
acquired from one or more nodes on the network, wherein radiation data collected
from the radiation sensors deployed on the gantry crane is used in conjunction with
radiation data, if any, collected from radiation sensors deployed at the secondary
radiation verification position for analysis of the shipping container contents;

a first data storage means for storing data representing isotope spectra for use



21 sensors, for collecting received returning signals as a result of

t he neutron pul se; a spectral analysis and information
processi ng system comunicatively coupled with the data collection
system to analyze the collected recei viéd returning signals for
detecting materials in the cavity of the shipping container under

exam nathiyohe wtrtaban@lws isystenhevirreding o rarp? speciel imaaees stosgd i He first

mat er | a'fﬁ\tégﬁg@g@ﬁlﬁﬁ presept, (?g‘ctg%%)goasene st ﬁ%@gtot‘%e ek Mkt @

represen g |pp|ng cortal ner “un
exani natccmrnuhiaatmkaly@oapmwm treasysedbal Boalysisnaystaras i vel y coupl ed

with the spectral anal ysis and i nformati on pr.oce
et a ane Ao O B FaeaInG BV B Gog RN IGs Bk P uER ar e Specral
conpar i nghAgs P8k ffér%d@;@éﬁg MeidRNRiSS bMé%rWéQ§ot§B§§ Al 19RetShAhs

with the menifest rélating to the shipping container under
exam natthepossibiemetenaie or QOO%%thﬁtéh@/ [ereserdr aa@d expl osi ves and/ or

speci al mat er] Qééon%om#tg's?&%gw h&hs Fot?%téﬁHr%D(ﬁ)ét?greB%%ﬂhHg% Maﬂﬁést Jelating

exam nati1 on, sensor conce
group oﬂo&l@@sonmlmmmﬁeéxamumndneam serund d@tmt@'egeqneam bdamg can be

| ocated outside of and in pr. 0.f he sh ont i ner. for
comasnt (RuBUEGAEI SaupBoRvE TR hrtatios ot Bsiet Bl forpation
sensor Cp?Bé@éBirﬁ &gg ehﬁu&aeﬁmm%%@ahrrgqh@ c‘-‘é%@mhed rp;b@ébeé:ma%néls 8f goods
each sensor, urt her conpri sing a second ary radi ati on

sensor pYH theomantfe@ttrelﬁmgd@éh%aogf@p*earatr@ier eyaminaiogrie detemise ifdbere are
depl oyqu A(]ff'ze@tméfe"ﬁ%is {?P&g&ffﬁ&pntaﬁeﬂ%l’tﬁlﬁ tﬁ@?&n@%r%dgp‘é%ﬁﬂ)a’mn.
conpri si ng

out si de o Foxi m cont ai ner
one or nore sensors for anal yzing radi oI ogl cal rrat erials detected in

t he shi ppi ng .cont ai. ner n ein r |on col | ect ed

Fadi at1 G st s RN Fhdreh b ded o Bidbhardis cohflls of the
used i n JeRsdtioRCH rabiokdibalrdiedial ﬂrﬂhiﬁ'ﬁhé shippifd ¥ontadréfing thd s&mtors

radi ati on sensors dep lﬂ%ﬂd at the secondary radiati on sensor position

for analdgpleyeskon Aspspadasibag of e 8PREEY CEft ent s. 15. The syst em of
claim 14, further conprising: a user interface, conmunicatively
coupled with the spectral analysis and information processing system
to preseéht tolhe systemanf dlainst, wheredt adirstgtags ohtadtiatom afalysie consists of the

col |l ecte cely, t ur ni S, . b identifie
possi bl cetbaRLTad RS AdsRePathinng shipring ropipiredfrash SRR Beployed
cont ai neyn anggiatiekportanRt i on, and the systemidentified unauthorized
expl osi ves and/or special materials

4. The system of claim 1, wherein a second stage of radiation analysis consists of

the identification of the radiological material within the shipping container from sensors
deployed on a spreader bar of the gantry crane.

5. The system of claim 1, wherein a second stage of radiation analysis consists of
maintaining sensors deployed on a spreader bar of the gantry crane in close proximity
with the shipping container for an extended period of time where additional data is
collected from the sensors to further identify the radiological material within the

shipping container under examination.

6. The system of claim 1, wherein a second stage of radiation analysis consists of
the use of the secondary radiation sensor position where the shipping container is

moved fo for further analysis.



22 contained within the shipping container under exam nation. 16.
The system of claim 14, wherein the special materials include highly
enriched uranium 17. The system of claim 14, wherein the spectral
anal ysis and information processing sy®®m conpares the identified
possi bl e expl osi ves and/ or special materials to the manifest by
converting the manifest relating to the shipping container under

Chen corfsar i s REP e LR WHER TAdeBon SR QR Ble o ™

mat er i almarWrtdedtdwtr@xmppuag coxpinst wederanadhtnati@tbpkegs@sldemdyed @ a.fork
18. The %g1of claim 14, wherein a sensor systemused for sensing
the cont f the contai ner under exam nation is based on nucl ear
resonance, ganma i mgi ng, and ot her advanced technol ogi es for the
detection and identification of explosives, radiological material,
shielding materials, chem cal, and/or biological materials. 19. The

Trol enented 2‘2“%#”?%%"‘203&3%iﬁﬂd‘f‘wﬁﬁﬁﬁe@?ﬂﬁ#%8&?@%@%&‘*@@%?é%?r%odoﬁ%ws.ede
active daniagysted dnalanpiterfioaand ardlbgak digitiinconbeteances such as highly

enriched uranium explosives and illicit drugs. 20. The system of
claim 14, wherein the neutron pul se generator device is |located in

proxi m tg t 0 phesHyRaRes d%l‘n waﬁe%ﬂfﬁe\’oﬁé éf‘ﬁmﬁé gdniR4 kkhEbrst@mprise
provi de active analysis throu gama fee k from substances inside

shi ppi ngeesat mswﬂ@rh«afcwoang %gnayﬁ@ake\ched urani um expl osi ves, and
illicit drugs. 21. The system of claim 14, wherein an enbedded
processor is used to connect a group of sensors deployed at a

spr eaderibhar Ehwlsywipmasficaigehswhemimthenomabr onse solid stadeneatron sensors

processor e ephedded processar being cpnnectef (.38 sensor

11.  The system of claim 1, wherein an information processing system being
communicatively coupled with the digital data collection system for adjusting collected
radiation data to compensate for background radiation effects from the background
environment.

12.  The system of claim 11, wherein the information processing system
dynamically adjusts the collected radiation data according to varying background
radiation effects.

13.  The system of claim 11, wherein the information processing system adjusts the

collected radiation data according to multiple background radiation effects analysis.

14.  An explosives, special material and other materials detection and identification
system, comprising:

a neutron pulse generator;

one or more radiation sensors to identify gamma or other radiation signals
generated from the materials within a shipping container as a result of the neutron
pulse;

a data collection system, communicatively coupled to the one or more radiation



22. The system of claim 14, wherein an information processing system
bei ng comuni catively coupled with the digital data collection system
for dynamcally adjusting collected radiation data to conpensate for
varyi ng background radiation effects frédm the background environnent.
23. A nmulti-stage radiation detection and identification system

conpr i sigensoss, fadtaelsctng secaived tutning digphtsyasia sest of ibagteution Fuisere
structure and r1,Sing;..one. or npre gamma sensors. and/or . .

one or more <oFPEE BRI R T NI ReF F R Ve R, doX B Pisgfieely
gama semaplead aitH thédatneolictionsgsten,itd-apladize thetollected eaceived bstunting
col l ectivel unted.on the_ at | east gne frane structure that can be
ocat ed S9Rdls T GtegHRD F}?t?ﬁ%%'}ﬁ vty of S gﬁlpﬁwgcmfamﬁépn@%er

exam natd @ inati r LBl et ' e
et od Qoo A e e BB O B Spp &L ealg frerein
| east or@Grane structure, and conprising one or nore sensors for

i vt but och HeftxPRas kAR Rrstdg Sl sPed nd Y B ISR g he
L e T W
le | ect i%p&fgwghlth%éﬁﬁ%' st 9nd infpmagtion PWC@ﬁ%inggdﬁmdﬁeé@ﬁgts%
depl oyedypilydid@nadlinfofAatio? pRodesaig svsférﬁtrurgﬁer}‘fef cgﬁlbbﬁﬁ%iﬂ%‘id@nﬁﬁed

radiation data fromthe radi ation sénsors deployed on the at |east
one frarossitie explosives and/orspasial neatarigistwith the masibestaetatiog te yiae shipping

gg?omnggf&trhé{iﬁék’ Fﬁ@&pé%i%{i& {cpﬁe{e?r%r?é f'fﬂﬂ?r?ed?é %%uﬂﬁf?ﬁng ?e%pﬁ)tsi %eqnd/or
Yy radirati on sensor position for col Fection of radiation data
f r om t hespegil ataterialsarohbained withiretheestippiag containat uratersexasonation,

osition; a.mul ti -channel . anal.yzer ste communi gati vel
Coupl ed wi t h WHETei A Sengncuena iy ioar Toapane)d SUP S Sepepis deploved
for preps higabi @ﬁ@%ﬁf@stﬂfctlﬁﬂé%_ﬁpbé@%ﬁébd‘té@ bi@'tegé@‘f}]v. _oflﬁﬁ.? Lneproximit@to the

spectral anal ysis system communicatively coup
nul t i - cHARRING &RATAJERITTOE gemesntated camntyiticaticnsdoalbs baak in giceatrabiat a

| | ecti , [ M ' || :
Cadi ati dAOSER o sorSor PTG AlE: ERq R hkcieato S PR HTElTE: yoitof ppeh
one or mmEnesol;sutdiuetheasempriaingd with the detected radiation using the

?Zé?a? fgﬂ' é:?adfs%(gqrﬁcgagf é%éiaﬁc?rg ger?sooqepsba lrclant, eatrfse }ové%%(d sé"@aerg{aé ﬁom the group
of sensors deployed on the at least one frame structure that can be located outside of
and in proximity to the shipping container, aﬁd comprising one or more sensors for
analyzing radiological materials detected in the shipping container, and wherein
radiation data collected from radiation sensors deployed on the at least one frame
structure is used in conjunction with radiation data, if any, collected from radiation
sensors deployed at the secondary radiation sensor position for analysis of the

shipping container contents.

15.  The system of claim 14, further comprising:
a user interface, communicatively coupled with the spectral analysis and
information processing system, fo present to a user at least one of
a representation of the collected received returning signals,
the identified possible explosives and/or special materials in the shipping
container under examination, and

the system identified unauthorized explosives and/or special materials



24 fromthe radiation sensors deployed on the at | east one frane
structure is used in conjunction with radiation data, if any,
collected fromradi ati on sensors depl oyed at the secondary radiation
sensor position for analysis of the shi%?pi ng contai ner contents;

a first data storage nmeans for storing data representing isotope
spect r a qostained vilin e sijpeinegontaiaerdndersxendnatiather e one or nore
spectral inmages stored in the first data storage unit represent each
i sotope, the first data storage neans bei ng communi catively coupl ed
wi t h t hel& pectheabsysiaml ofsilsins Y4t wehgrein the spetialmhatenalsi inclupe dighdg engched
system comruni catively coupled with the spectral analysis system
for anal$Y2M¥§"the i dentified one or nore isotopes and to deternine
the possible materials or goods that they represent; and a

second data storage neans for storing data representing a manifest
rel atingl %o tHe sysier efcaimhirbrwissrgin g sractral pralysisad tarmadiodr age

eans bei . ) N . . . ing
oyot em T Hee R HIRiERh LT pr M dehielibdesiis BAIETRES dhdh R N
det er m medtepiatsstolthe manitrst oy coorvedingdbe wnarifash eclatimg feette shépping mgntainer
t he contai per under,. exam nation tq determ,pe if. there are.

unaut norfTSE eHATEIF AT PR ILERTI e B rRIRISHe! Boieur eancuihge:
exanm natdomparity hemeéhribd Sossiié @xbidstedthd/slesiddiali materiald wige tHev e
materials within one or nore contaliners, the nmethod conpri sing:

col | ect igxgecisd exlpsives ahg/osradigipoiaal iateddlsor s situated on at | east
one frame structure |located outside of and in proximty to a
container, at |east one spectral data set representing radiation data
associ atdd wiThe systemorftchinet 4 ambericirs a sensensystemheseddnt aenging es ng

| ocated in.proximty to.the plurality.of .radiation sensors:

cor oot 19SS Mg ¥ohi@ire) SRt ElamingsRhaS RESFY ATk Honance. gamma
secondarigag@its @hdanBéet advarpedaeahtolbgiesishgerdudeatidromsd Remsificstion of
situated on the at | east one frane structure, radiation g?%g)ifrom}he

shi ppi n@PHfiEs srdiolggiralmaterial, shiglding mateeais gehemicsl. 2e ¢lpaiea
radi ati QpafBROrs situated on the at |east one frame structure is
used in conjunction with radiation data, if any, collected from

radi ati on sensors |ocated at the secondary radi ati on sensor position

for analysis LRI ' , 1y
anal yzi ng 't heﬂieo%%g%@gcgp ciélﬂ]gé%gpﬁ%lﬁﬁﬁe é S%@ﬂ%’ﬁlrb&@sa% gegee@&ﬁ%%d’ealls
conj unctimptementedradaintemrated mociold Rithiaca Eensortdystarmdd provide aelivsor S
at the secondary sensor positjion, .assocjated with the. cqontai.ner and.
s pontahas (Noldh SaEHEs FoAditk Sve S UbaanHes SHE: Pe DGy SHHFyA AEmium,
the col | 8&lRvedf ah®ARdit HGsspectral data set, one or nore isotopes
associated wth the contents within the container;
20. The system of claim 14, wherein the neutron pulse generator device is located
in proximity to a spreader bar of a gantry crane or a forklift to provide active analysis
through gamma feedback from substances inside shipping containers such as highly

enriched uranium, explosives, and illicit drugs.

21.  The system of claim 14, wherein an embedded processor is used to connect a
group of sensors deployed at a spreader bar and supports sensor communications to
a central processor, the embedded processor being connected to a sensor interface

unit of each sensor.



25 i dentifying materials associated with one or nore of the

I dentified one or nore isotopes; conparing the material s that
have been identified to at | east one rr%réirfest associated with the
contai ner, wherein the at |east one nm est lists a set of materials
that are declared to be within the container; and ~ stori n% a set
of conpadd-sonl heesyatem ofclaianddywheneln aeinfermalinmparacesaingaystan belithg
associ at ' : i : L.al | Wf i ed
fo at | combhiallay BOTBR I WP GRRLEIAE RO S8l 6P Gy aiialy
nmet hod cidjesdtamigediéctadhedidtiont deda id compengatef for adivirg baclgrosiod sadiation

I ncl ude east one of: a set of ga sensors; and a set of

sol i d- st eﬁ%@%@ﬁe@é&@m@ e%r.on%r@ net hod of claim24, further
conpri si ng: provi ding a set of histograns corresponding to the
at | east one spectral data set, wherein each histogramin the set of

hi st ogr &% r ébrusistagedragiatioardaiectipioand identifiealiorsysiem; semprising:
ot A RO U5 ol oA St el
wi t hi n tdoenprégingi ner, further conpri ses:
one or more gamma sensors; and/or
one or more solid-state neutron sensors, wherein the one or more
gamma sensors and the one or more solid-state neutron sensors being collectively
mounted on the at least one frame structure that can be located outside of and in
proximity to a shipping container under examination;

a secondary radiation sensor position, that is located separate from the
radiation sensor system deployed on the at least one frame structure, and comprising
one or more sensors for analyzing radiological materials detected in the shipping
container,;

a distributed network communicatively coupling the radiation sensor system
and the secondary radiation sensor position as individual nodes on a radiation sensor
network;

a first digital data collection system, communicatively coupled with the radiation
sensors deployed on the at least one frame structure for collection of radiation data
from the radiation sensors deployed on the at least one frame structure;

a second digital data collection system, communicatively coupled with the
radiation sensors deployed at the secondary radiation sensor position for collection of
radiation data from the radiation sensors at the secondary radiation sensor position;

a multi-channel analyzer system, communicatively coupled with the first and
second digital data collection systems, for preparing histograms of the collected
radiation data;

a spectral analysis system, communicatively coupled with the multi-channel
analyzer system and the first and second digital data collection systems, for receiving
and analyzing the collected radiation data and the histograms to detect radiation and
to identify one or more isotopes associated with the detected radiation using the data
acquired from one or more nodes on the network, wherein radiation data collected



conparing each histogramin the set of histograns to a plurality of
spectral inmages, wherein each spectral inage represents an i sotope;
I denti fying, based on the conparing each histogram each of the

plurality of spectral imges that subst@htially matches at | east a

portion of a histogramin the set of histograms; and
i dent i f yTayg thesadia %ﬁ@%@'@@;ﬁ’@egﬁbﬁiea@téﬁa%qw frammeshivicine ds Weedhim

th t
e, ContcSiaigh3Alh ALUA, LS b EolPALPRER BB GRLBRRLB0 B ot ne
| east a seoonhdery radistion snsgr position fhrearsdysie bf thes$imgplalgmon2:8neﬂ'¢m1tents

fur

hod of cl h d f
Comr 1 ses: _cohbiar FRt PRI menpietaHRs bRt RSt Bttty Ypectra for use
pr e- def injepheipRclral mwsus%q&meamé@m@éﬁﬁom Epedttallivages eftfedfin the first

plurality of materials, pluralit oods, 26 and a plurality of
pr oduct at@ﬁﬁlfaﬁﬁémﬂr\'@ﬂﬁﬁsﬁﬂt eaehIS Ehﬁ B@?ﬁﬁ%ﬁﬁ%@g%fﬂ% being

predef i negy t é‘ﬁ@c 1 ng, based on the
compari ng trﬂﬂﬁlcgﬁv Pl ggﬁagn\gmgfhemret{aslgpggg east one material,

good, or pr odammformtioin@bye%m@gystem rwnvoumleatl\sely)boupledordﬂ't thiensprectral

of the (BN PEIEBhaot a8 s lopRd 65k or RRTATBHs 3188 hieffatine

wher ei n the@ospibes hﬁtéﬂal@ﬁﬁbwéd@msftlihéyhfépré%ﬂﬁf be@s: spectral ly
anal yzing radi ation data in the collected at | east one spectrﬁegda a

set over a fregeenddaarieragranaanalysioingdaiadePirsesting&map ing
wher ei n th find BEnRARE A e%nﬁr'iﬁgfna%é‘&ééﬁhodéét% ol REARE BRI 267 O

neutron count corr esponds t o subt ract I N radi ati on ata corr espondl ng
to the cwnmunisatively-codplednigith tlmwlrﬁ@nmtlomrmmemng system, dhne infoamation

the col lp%éggsir% s{lﬁgﬁ{ fuliher f ec%trﬁﬁérin%alth% @e%rmined possible materials or goods

with the manifest relating to the container under examination to determine if there are

unauthorized materials or goods contained within the container under examination.

24. A method for detecting and identifying radicactive materials within one or more
containers, the method comprising:

collecting, by a plurality of radiation sensors situated on at least one frame
structure located outside of and in proximity to a container, at least one spectral data
set representing radiation data associated with the container and its contents, the
container being located in proximity to the plurality of radiation sensors;

collecting, by a plurality of radiation sensors located at a secondary sensor
position separate from the radiations sensors situated on the at least one frame
structure, radiation data from the shipping container, and wherein the radiation data
collected from radiation sensors situated on the at least one frame structure is used in
conjunction with radiation data, if any, collected from radiation sensors located at the
secondary radiation sensor position for analysis of the shipping container contents;

spectrally analyzing the collected at least one spectral data set, in conjunction
with radiation data collected from the radiation sensors at the secondary sensor
position, associated with the container and its contents;

identifying, based on the spectrally analyzing the collected at least one spectral

data set, one or more isotopes associated with the contents within the container;



30. The nethod of claim 24, wherein the identifying one or nore
| sot opes associated with the contents within the container further

conpri ses: spectrally analyzing a spectral inmage in a histogram
representing a conmposite spectral inmag %Associ ated with the contai ner
and the contents within the container; conparing a plurality of

spectral i magdentifging:mptagiols asgesiated itk oneer gywee of Hie ideatiéed ane we more
hi stogrq%togggr ein each spectral image in the plurality of spectral

| mages represents an i sotope; i dentifying, based on the
conmparing, a damgarirgptet materiafathat haoenbeke igéntifiedito yat tdast peetmanhifest

e, L AR Ao U5 ok 30 e B BLIE S, S b

spect r alihhfB@eddd aadt tdeSRREIhIAE cofBdSer Anihe hi stogramresulting in
a remaining spectral image in the histogram and repeating the

conparing, i cERfing Pisey of saampatisen sraultsdn Mepopatte selfapierarisopaesHiss

e U S i A e

r emai ni mnespacifest assvaipted withHbe lkostaiggram is then subtracted from
the remai ning spectral image in the histogram 31. The nethod of
claim 24, further conprising:. 27 before the spectrally

anal yzi rgp. t heTRDetisbdf @hirh ©3SivheRan IRe piurdlity datadiadn sevddrs avdliidd at
one of a plurality of dynam cally changi ng background radiation data

from t hdea¥ian&efed at | east one spectral data set. 32. A method for
dynam cal | y aadisé'ISCSf'édga%ﬁ%eéétrlr 8ls-dafya col lected fromone or nore
ting ang [

cont ai ners for det I'dent’i fying radi oactive materials
t herei n, the as¢tafdalidriatesiaudron sensors.

26. The method of claim 24, further comprising:
providing a set of histograms corresponding to the at least one spectral data
set, wherein each histogram in the set of histograms represents a different spectral

image of radiation associated with the container.

27.  The methaod of claim 26, wherein the identifying one or more isotopes
associated with the contents within the container, further comprises:

comparing each histogram in the set of histograms to a plurality of
spectral images, wherein each spectral image represents an isotope;

identifying, based on the comparing each histogram, each of the plurality of
spectral images that substantially matches at least a portion of a histogram in the set
of histograms; and

identifying one or mare isotopes associated with the contents within the
container, each of the identified isotopes being represented by at least one identified
spectral image that substantially matches at least a portion of a histogram in the sef of

histograms.

28. The method of claim 24, wherein the identifying materials, further comprises:
comparing the identified one or more isotopes to pre-defined one or more

isotopes associated with at least one of a plurality of materials, a plurality of goods,



providing a plurality of dynam cally changi ng background radi ation
data corresponding to different background environnents about the
cont ai ner; collecting, by the plurality of radiation sensors,
at | east one spectral data set represeﬁ¥§ng radi ati on data associ at ed
with the container and its contents, the container being |ocated in
proxi ni t3nd & plurality|af Papdysis.ghat a kitgventaseervprise agngombination of the pre-

dynam cadéf eﬂddr’résérj H'gﬁée&%ﬁ}%ﬁ; F“ﬁaed at | east one spectral data set

according to one of 't y of dynam cally changi ng background
radi ati on datidentfging] based bhdle cbmplasgingntBE jdexttified iometdrendrenisotopalks| @it least

adjusting further conprises; selegting one the pluralit f.

dynan ¢ 115 Melel i GEPb R REPUARcRs IAREPBY Bdbs COFiets oftre dorainer, the at
subt r actieag dﬂeemapém%@@bdmﬁ dPédlidﬁ,ecd?hFﬁﬁhg loreddr rAyRAGH thalidentFieansieer
background radiation data fromthe collected at | east one spectral

dat a setMOre3§otongs. met hod of clai m 32, further conprising:

spectrally analyzing the collected at | east one spectral data set

t hat has been dynam cal ly adj usted,; i dentifying, based on the
spectral29 andie/metigod heclaoh Rdcwadrain the apectoaily apadyim@furthetr zosgirises:

t hat has been _dynam cal]y. adj usted,, one gr e, i sotopes associ.ated
with the contwredaly ERplerdd=dEnERiREs In fle BNl aqERh BRS orEF Mo Ghta set
associ at@er fidy@RyTang®a@den 4w cidentbiié@dd pleetroh JIBhE wWisERNAghe
conparing the materials that have been identified to at |east one

mani f estaNARG 8 K¢ fdiationiate snialicrtad negrrl ReYifN eeuntegsiesprrds to
mani f es"sddt%%ﬂn& rEGhtGh dIB &tAporaY to¥he REtRUSD H-LerBSalitto &b From

cont ai ner;
the radiation data in the collected at least one spectral data set.

30. The method of claim 24, wherein the identifying one or more isotopes
associated with the contents within the container further comprises:

spectrally analyzing a spectral image in a histogram representing a composite
spectral image associated with the container and the contents within the container;

comparing a plurality of spectral images to at least a portion of the spectral
image in the histogram, wherein each spectral image in the plurality of spectral
images represents an isotope;

identifying, based on the comparing, a first spectral image from the plurality of
spectral images that substantially matches at least a portion of the spectral image in
the histogram;

subtracting the identified first spectral image from the spectral image in the
histogram resulting in a remaining spectral image in the histogram; and

repeating the comparing, identifying, and subtracting, for each subsequent
spectral image in the plurality of spectral images, wherein each subsequent spectral
image after being identified in at least a portion of the remaining spectral image in the

histogram, is then subtracted from the remaining spectral image in the histogram.

31.  The method of claim 24, further comprising:



28 storing a set of conparison results in nenory, the set of
conparison results being associated with the conparing the materials
that have been identified to at | east gne mani fest associated with
the container. 35. The nethod of claim32, wherein the different
background environnents conprise at | east one of: water; land; air;

ground; and diafere ibeingiciially analygingdhe gollecied @t lepst speispgchakdata set,

i denti fyd ' t ' it D : Iys

syst em cnaet 8REdrACIIRAES brtynathichPolifiRl pDk Bl rAEEA dold o
si t uat edhercoliecied st teast enerspeeirat daiatsete | ocat ed outside of and in
proximty to a container, wherein the plurality of radiation sensors
are adapted to collect at | east one spectral data set representing

radi ati g datRnRfBEE f@tBhamita AGus@iy spetral daeh coifectadiremt Sne bhfore
container being located in proximty to the plurality of radiation

. \ pr. Uy \ 7 Ly .
sensor s;containersyfos detsstine @ndddenlifysa radiesstive swtenals themin, the metead ed
separ at ecofn?&gg-ltléle plurality of radiation sensors situated on the at

1ng. S
| east one frane structure, and conprising one or nbre sensors for

col | ecti ng r guoEidingna gatralityrod ehyhhmicetly mhiangingdrackigneund radiation data
corresponding to different background environments about the container;
collecting, by the plurality of radiation sensors, at least one spectral data set
representing radiation data associated with the container and its contents, the
container being located in proximity to the plurality of radiation sensors; and
dynamically adjusting the collected at least one spectral data set according to
one of the plurality of dynamically changing background radiation data.

33. The method of claim 32, wherein the dynamically adjusting further comprises:
selecting one of the plurality of dynamically changing background radiation
data; and
subtracting the selected one of the plurality of dynamically changing

background radiation data from the collected at least one spectral data set.

34. The method of claim 32, further comprising:

specitrally analyzing the collected at least one spectral data set that has been
dynamically adjusted;

identifying, based on the spectrally analyzing the collected at least one spectral
data set that has been dynamically adjusted, one or more isotopes associated with the
contents within the container;

identifying materials associated with one or more of the identified one or more
isotopes;

comparing the materials that have been identified to at least one manifest
associated with the container, wherein the at least one manifest lists a set of materials

that are declared to be within the container; and



an information processing system comunicatively coupled to the
plurality of sensors, wherein the information processing systemis
adapted to: spectrally analyze the collected at | east one
spectral data set in conjunction with r4fti ati on dat a, if any,

coll ected fromradiation sensors deployed at the secondary radiation
sensor posi t i BANNG et CAcamparisnn rewiiisdnteemery, Mheiset ef eopmpariaog; results

i denti f : . i ; t
one s pooneRg 8ottt e bormbolnd i hdifald i Hve BiiaBhidditt'at least
associ atee manifestassooiated nsthvhe lwontdiher. cont ai ner ; i dentify
materials associated with one or nore of the identified one or nore

| sot opes; 29 conpare the materials that have been identified

to at |egmt one ARAKGESE clait 32 Ahefeilithd difftee SBHRDARINd ¥Mafcdinteritse
at least one manifest lists a set of materials that are declared to

be wi t hiGPRpiSeaieash@re obnd store a set of comparison results
I n menory, thﬁat%ft of conparison results being associated wth the
conparing the mat'erials that have been identified to at |east one
mani f est assdandited with the container. 37. The system of claim 36,
wherein the information processing systemis further adapted to:
provi de a set@of hi stograns corresponding to the at | east one
spectral dat greghd; aMerei n each histogramin the set of histogram

represents a djfferent spectral inmage of radiation associated with
t he cont ai nerother containers.

36. A system for detecting and identifying radioactive materials within one or more
containers, the system comprising at least:

a plurality of radiation sensors situated on at least one frame structure located
outside of and in proximity to a container, wherein the plurality of radiation sensors are
adapted to collect at least one spectral data set representing radiation data associated
with the container and its contents, the container being located in proximity o the
plurality of radiation sensors;

a secondary radiation sensor position, that is located separate from the plurality
of radiation sensors situated on the at least one frame structure, and comprising one
or more sensors for collecting radiation data from the shipping container;

an information processing system communicatively coupled to the plurality of
sensors, wherein the information processing system is adapted to:

spectrally analyze the collected at least one spectral data set in
conjunction with radiation data, if any, collected from radiation sensors
deployed at the secondary radiation sensor position, associated with the
container and its contents;

identify, based on the spectrally analyzing the collected at least one
spectral data set and radiation data, one or more isotopes associated with the
contents within the container;

identify materials associated with one or more of the identified one or

more isotopes;



38. The system of claim 37, wherein the information processing system
Is further adapted to identify one or nore isotopes associated with

the contents within the container by: conpari ng each histogram
in the set of histograns to a plurali tyz%f spectral inages, wherein
each spectral image represents an isotope; i dentifyi

! PE; . a i ng, based
on the conparing ERPHRdDBERaIRYasdbaAl bave heepidanified jo a?lle@ﬁfs@ﬂe manifest
| mages t hat %&%BE%% ?Jith}thg%gﬁ{b‘?ﬁer%h PR thé aPRIEst BRe Marffdit FUEH Sof
in the set of histograns; an I dentifying one or nore | sotopes
associ at ed wimateriaés thebhaendsclaradhiorbe Withirotheaioméaineraod of t he
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hi st ogram i n rebeitsBéingfadsosiotel Mth the 38mpBitgINE hfiteeblsthal avdSoeen
wherein the information processing systemijs further adapted to

i dentify mat dA¢RiifiedidosideastanamnanifeasspCimtpeWih i EoN@ri fi ed one
or nore isotopes by: conparing the identified one or nore

i sotopes to pre-defined one or nore isotopes associated with at | east
one of @7l urlia system ofetlain 3 swhaergin theainfarnadibngoodsssingdystem is further
pIurMiiﬁgﬁg %&9ducts, that are known to conprise any conbi nati on of
the pre H% one or nore isotopes; and 30 I denti fyi ng,

based on the rowdard 8¢t dfitdstbdenhs tordseareling tathceati Isattaesspadirdl dasi set,
one material, roduct, as_|i kelg bei ngS in the_ content Stra?f

oqQd, . or J [
the contiTein Sagtthigfoaramn (6 sehat Bsioarimygaessests prlirent spectral mage
coNpr i sidigadiBfioRasSBEiS wikthd B6Mbiddred one or nore i sot opes.

38.  The system of claim 37, wherein the information processing system is further
adapted to identify one or more isotopes associated with the contents within the
container by:

comparing each histogram in the set of histograms to a plurality of
spectral images, wherein each spectral image represents an isotope;

identifying, based on the comparing each histogram, each of the plurality of
spectral images that substantially matches at least a portion of a histogram in the set
of histograms; and

identifying one or more isotopes associated with the contents within the
container, each of the identified isotopes being represented by at least one identified
spectral image that substantially matches at least a portion of a histogram in the set of

histograms.

39. The system of claim 36, wherein the information processing system is further
adapted to identify materials associated with one or more of the identified one or more
isotopes by:

comparing the identified one or more isotopes to pre-defined one or more
isotopes associated with at least one of a plurality of materials, a plurality of goods,
and a plurality of products, that are known to comprise any combination of the pre-

defined one or more isotopes; and
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identifying, based on the comparing the identified one or more isotopes, at least
one material, goed, or product, as likely being in the contents of the container, the at
least one material, good, or product, comprising one or more of the identified one or

more isotopes.



