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RADI ATI ON BACKGROUND [0001] The ability to detect the unauthorized
transportation of radioactive nmaterials would be facilitated by a

| ar ge- scal e ngbwad-k79k, r adi ati on sensors. However, the installation of such
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security authorities and di saster recovery agencies. [0003] The ability to
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radi oactive material has increased substantially in the recent past. A

Cener al  Acesusdmpnghetsiviel ipformhpArdn wesentna@at Fiures ldidlogical fimationk,ethaakespal At omi c
Energy Agency's (I KEA) 181 confirned cases of illegal sales of nuclear
mat gri al sbénefits 1299 Brawbaekst of driergeOs ctibiC ardesdustemnivdairaspand hethbddspidabr or
attenpted transfer of nuclear weapons useable material, namely Pu-239 and
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data accumulation point for radiclogical and atmospheric monitoring networks. Radiation
sensing data provided by networked detectors would complement and enrich the radiation
database like RODOS available to security authorities and disaster recovery agencies.

[0003] The ability to detect the unauthorized transportation of radioactive materials
over a wide area is pressing due to the break-up of countries having nuclear weapons and
nuclear reactors. Radioisotope smuggling and black market sales of radioactive material has
increased substantially in the recent past. A General Accounting Office report documents
some of the International Atomic Energy Agency’s (IAEA) 181 confirmed cases of illegal
sales of nuclear material since 1992. Twenty of these incidents involved the transfer or
attempted transfer of nuclear weapons useable material, namely Pu-239 and 20%-90% Highly
Enriched Uranium (HEU). Although the most ominous risk from rogue radiological material

is related to HEU’s use in the construction of a nuclear bomb, HEU could also be used as the

raw material for a Radiological Dispersal Device or “dirty bomb”. Indeed, any radioisotope



WO 2007/ 075181 PCT/ US2006/ 006914 can be used in the construction of a dirty
bonmb. However, sone radi osotopes, for exanple Cs-137, Sr-90, or Co-60 are
nore dangerous than others for this application. For exanple, U 235, due to
its conpar at iyl evel of gamma ray activity, is not nearly as dangerous
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all of the smuggling cases were detected due to police investigations. The clean-up costs

from even this small amoumnt of radioactive material could be tremendous. It is better to
detect the illegal transport of radiological materials and interdict it at an early stage.

[0005] A need exists for detecting the illegal transportation of radioactive material.
There is a need for a cost effective and wide spread network of sensors that can detect
radioactive material, identify its location, and provide an alert when this type of material is
detected.

SUMMARY

[0006] Embodiments of the present invention include a system that includes an
imager with one or more pixels that are capable of interacting with high energy particles and
relaying information with reference to the interaction of the high energy particle with the
pixel while simultaneously obtaining an image. The system may also include at least one

processor that is in communication with the imager, which is able to determine that a pixel or



pi xel s have interacted with one or nore high energy particle. The system may
further include an output device that reports the presence of the high energy
particle. [0007] The inmagers nay be any imager containing a pixilated photon
detector in ; rge coupl ed device (CCD) inmagers, conplenentary netal
oxi de seni co;‘gﬂg{tldgfg”ﬁ CMOS) inmmgers, and i nmagers cont ai ni ng1/US2006/00691%
silicon-germani um gernmanium silicon-on- spphire, indiumgalliumarsenide,
cadm um nmePigls haveanteragtedaathme gempte bigh sresginagisles (e sysiemanay HRRET (§@a¢ | ke, or
conbi nati ons of these inmagers. Security caneras, traffic caneras, transit
camer as, haheutpiEdeviceshabreaarts thiompseree|of the bigh sreE®iRsAicleor traffic caneras, cell
phone caneras, thermal infrared caneras, and any conbi nation of these
caneras may al si0% The dnegert manihe Amreifmager gonpRingp? fdxilated i Riglont Jeshtor The
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stronger than that of anbi en?, background radi ation. This signal may be a

bright spotroie absh®h verfddl bh€ of PRIEIGHERREES BYoridftal dxiERGa:. THIIBWOHESSOr
identifies these dots. Wien a high energy particle strikes a pixel the 3 WO

2007/ 07518 imkgef foUﬁ&Q@@b&%a bfthe source of radioactive source of the high energy particles.

[0008] In certain embodiments, high energy particles detected by the imager or
imagers may be the product of a source of high energy particles which may be the source of
nuclear decay of radioactive material. The source of high energy particles include, but are
not limited to, ambient radiation, radiation from natural sources, radioactive materials,
nuclear devices, dirty bombs and nuclear weapons either before or after detonation or
combinations thereof. The high energy particles detected may preferably be produced from
the nuclear decay of radioactive materials. The source of high energy particles may also be
shielded.

- [0009] The pixels of pixilated photon detector produce a signal when a high energy
particle strikes the pixel, and this signal is generally stronger than that of ambient,
background radiation. This signal may be a bright spot or “dot” on the image created by the

imager. The processor identifies these dots. When a high energy particle strikes a pixel the



charge of the pixel changes nore significantly than when anbi ent ugm st nxes
me, pia causing a dot to formsince the inager reads this change in charge
as a bright spot on the image. The processor of the present invention
identifies dgygq gy the image and conpares themto background. [f the
processor detects the dot in consecutive inmages, a radiatiXn/es806006Pd4 have
occurred. 100101 In one enbodi nent of the present invention, the processor is
abl e to i debarge §f the pixelgheangsn swreofigrificantly due twhee appient; wsng sesses sk pgs t he
source of the radioactive particle. The processor may be a conputer, a video
i mage pr oc&¥EHE 2 dot R fpmhsivge thiimagenasadidbic shpneg intharge as 3 Hoaht sPetPndbfot her
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concurrently obtaining images of the area surrounding a radioactive source.

The i mages o2pd hlmmcteyxmmﬁmeteﬂl h endrfiEpattiEROGK iR e Bih QPdrect or
objects in the inmages may be 4 WD 2007/075181 PCT/ US2006/ 006914
of pixels decreases as the imager is panned and/or tilted away from the source or the source
moves through the imagers field of view. In certain embodiments, the processor is able to
perform a gradient search to determine the maximum flux by driving the movement of one or
more imagers until maximum flux is reached. In yet other embodiment, several imagers
perform a gradient search concurrently. The processor can then reference each imager and
compare the photographic and or video images obtained from the imagers to determine the
likely source of the high energy particles as the area where the images intersect. The imagers
are preferably interconnected.

[0012] The movement of a source of high energy particles may also be determined
over time thereby allowing the movement of the source to be followed. In a prefemred
embodiment of the current invention one or more imagers perform gradient searches while

concurrently obtaining images of the area surrounding a radioactive source. The images and

maximum flux are compared to the images and an object or objects in the images may be



selected as |ikely containing or holding the radi oactive source. The objects
can be any animate or inanimate objects including for exanple, notor

vehi cl es, airplanes trains, subway cars, people, animls, buildings,

veget ati on, xes, bags, handbags bri efcases, mail, and

conbi nat i ons ther eo¥ p1?0013] The i mages obtained by the i nBGHPE2008/0068ht ai n or
illustrate the novenent of objects within the view of the canera. In one
enbodi nent sedctedhe Hkele Sontainingve rtolding the hpdicictive sdtree.MThe dbjeets wee be iaffpges and/ or
i mgers allowi ng the source of the high energy particles to be located. In a
preferred esinewionmmiimata objectsimbludies for exanmled, mntonfehickes, afplanasctraids, fubghy ener gy
particles is nmade. 100141 CQut put devi ces useful in enbodinents of the present
i nventi on kavslpeabie, ammals| wildingsy vigetationaluggrgt, dgxeadiaes hardbagsduisfoasengaail, an | nage
on a nonitor, an audible sound, a telephone call, a radio transm ssion or
mul ti pl es eond combisatess theresf. of t hese. [0015] In further enbodiments of the
present invention, the type of radioactive material or radioisotope that is
produci ng the h[ﬂ@;ﬁl Eheinpgessitained by shedmageremyemisimenibusratg the moyameof and ener gy
of the high energg/ particles may be quantified based in the change in charge
of the pi xebiesis whhipfhectiev pfcthepagierae nleogg embadiment of thapresent iayation @biedthi s
quantification mnay be conpared to a |ibrary of charge changes based on the
type of ra@fedriEtd Wpbverminasesand/opieagere pPRyving @ﬁwéf?e ©oftpe g@temfs:egar%ﬁhf Rsed to
determ ne the anpunt and/or type of radioactive material in the source.
[0016] In @@ﬂqcarﬂh ’ér?dHEfP'ﬁ’\‘éirﬁ“éb°dH§P*eét"isBﬂ detgsription Rblk &pTeet hiehi Beposi ti ve
detection radi oactive material either prior to or follow ng activation of
an alarm s?é‘? Fﬁ‘sf”ﬁg"l?] These and ot her features, aspects, and advantages of
t he (present inv bec & und rstood wWithre 0 the

ol llowi ng. descr B Shoth fesisr e o a; oREEoMFET P Fiie®
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alarm system, a photograpliic or video image, an image on a monitor, an audible sound, a

telephone call, a radio transmission or multiples or combinations of these.

[0015] In further embodiments of the present invention, the type of radioactive
material or radioisotope that is producing the high energy particles can be determined. The
number and energy of the high energy particles may be quantified based in the change in
charge of the pixel with which the high energy particle has interacted. This quantification
may be compared to a library of charge changes based on the type of radioactive material
producing high energy particles and used to determine the amount and/or type of radioactive

( material in the source.

[0016] In certain embodiments, detection may be checked for false positive detection
of radioactive material either prior to or following activation of an alarm system.

[0017] These and other features, aspects, and advantages of the present invention will
become better understood with regard to the following description, appended claims, and

accompanying drawings.



[0018] FIG 1 depicts the pixel coordinates of gamma-ray strikes on the CCD
of a test bed digital video canera. The data are summed over 15 seconds of
video and represent alnost two ganmma-ray hits per second with only 16 C of
radi oact i vi tho&&%?ﬁﬂ 1.5 cmfrom the CCD detector. [00191 FI G 2A shows an
astrononi cal 1 mage froma CCD detector before analysis and VB4t i on of

hi gh energy particles in the inage; FIG 2B illustrates the identification
of signals due to high ener BEFHESCRIBJONAIEHAEEIGY with the pixels. [00201
FIG 3 illustrates the signal that would be expected to be neasured for a f

movi ng sour ce of%U1BId1Gt | depickichanisel aeqadinatRsion gamymy- gy stkesop hafeRphaitt us and
met hods disclosed.. . [00211 FIG 4 illustrates how two separate detectors, for
exanpl e netifB A&l vidss camexy  The datpgp é%‘?m‘éd:ﬂ"ebés&E@Hd%ﬁ‘ggeﬁdﬁngﬁﬁpr?sﬁlﬂi ation
produci ng or high energy particle emtti n% obfj ects . from other ohjects which
are not pr o*’él'ﬂ%‘i‘%tf By GitSRST fesendrtith anlydiddictfirfioariiiRyy logated I-pE I9ME| G
5(A-D) depicts control experinents perforned using a Logitech webcam a CCD
based devi ctbe CeBdptecier: ng 15 seconds of video at 15 frames/s. FIG 5(A) refers
to "Control-I", FIG 5(B) refers to "Control-2", FIG 5 refers.to
"Control -3" and Q1¥} FI& é))\ shovesy 4@y astrqrgmicel,jmage, fropg-a Cﬁ%@?@%gﬁg‘%e@re BnalyAisC)

illustrates results . from.experinents perforne i.th.16 Cs of . radioactive
source mat e e,"“é@“%@cﬂ‘@o@&’g}’ Rereles ‘E%’f TRARS: %3312@1 UStRigy ﬁ?e'l‘—‘lg@“m?
illustrates a, fl o¥v di %ﬁam for the, acaﬂui Siti on .ar]d anal ysis of inmages froma
pi xi | at ed o¥eispdy “eé%E gy ParislesioleraqEneY HP e NEHYy particles enitted from

nucl ear decay i.0gctive teri accqrdi ng_t n.enbodi t. 6 WO
2007/ 075181 Pﬁ?‘{?é@ggfgf go@%’&‘e%oﬁ%‘?{ Bpicvoyd iq’f’legget"%&f%&et%%s‘ﬁ%%ﬁ’r‘ &ition and
anal ysis of _inmages fro ne or_ nore_inmagers capa of detecting,high energy
parti cl es e%o‘fl?éaoufrcreoﬂfnﬁa@@ﬁ%’élas FERRTFI P HEY |rsc1)%3t$}]v§e aﬁ%ﬁﬁg‘#‘c‘l ) dlsmg@g‘%sr ding to
an enbodi rTeE%EC‘lOSGd.

[0021] FIG. 4 illustrates how two separate detectors, for example networked CCD
traffic cameras, can be used to separate radiation producing or high energy particle emitting
objects from other objects which are not producing or carrying harmful radioactive material.

[0022] FIG. 5(A-D) depicts control experiments performed using a Logitech webcam,
a CCD based device, collecting 15 seconds of video at 15 frames/s. FIG. 5(A) refers to

. “Control-1”, FIG. 5(B) refers to “Control-2”, FIG. 5(C) refers to “Control-3” and FIG. 5(D)
refers to “Control-4”.

[0023] FIG. 6 (A-C) illustrates results from experiments performed with 16 pC’s of
radioactive source material, as described in Table 1 and Table 2.

[0024] FIG. 7 illustrates a flow diagram for the acquisition and analysis of images
from a pixilated detector capable of detecting high energy particles emitted from nuclear

decay of radioactive materials according to an embodiment.



[0026] FIG 9 depicts a flow diagramfor the acquisition and anal ysis of

i mages from one or nore i mgers capable of detecting high energy particles
emtted from nucl ear decay of radioactive materials according to an

enbodi nment . [‘98%337,054515 10 depicts a flow diagramillustrating a routine for
acquiring and’ proc ng i mages froma pixilated i mager tBCTHEWPEI0EMH dence
of gamma rays emtted by a material according to an enbodi nent. [0028] FIG
11 depicts a fl ¢uo28li HGr anilusthtes the acquidtion andwhalyses divitnagaopenni iongoamdre anal yzi ng
imges froma pixilated imager to |ocate evidence of gamma rays emtted by a
mat eri al acioepds gatloofxisteetiipddgmenrty pir6O&Fmitkd@ontl Rickkepdectysofaadidagiivedi agr am
illustrating a routine for analyzing imges froma pixilated imager to

| ocat e evi deatenirlsgccqdingrte angmbodimenttt ed by a material according to an

enbodi ment. [0030] FIG 13 depicts a flow diagramillustrating a routine for
provi di ng a war H0026] FI6: 9 dbpietsra flow diagmmrforghe scqwsmtioniandenalysis efrivkages &eindi ng
tracking of the source and or further analysis for determning the |ocation,
novement, oenetoy pereainagesciiapablegyt detpdting higly enscrgyrpesiclea eritiedifrom audesr décayoft o an

embodi ment. [0031) FIG 14 illustrates a non-limting exanple of an apparatus
for det ect i rdioacjugmmatcnalgascerding toc efbedimentnat eri al utilizing a pixilated
detector. [0032] FIG_ 15 schematically illustrates one or nore fixed or

nobi | e det ect or $0022LEIR. 1Qafapisisea dlovhgipeamnillugmting aneptne Hn asewang g hi gh
energy photons froma radioactive material according to an enbodinent. 7 WO
2007/ 075181 PPETingsrpes e 9 pixilated imagpr leyatejqgidagee; of |Igammp At $Mited YWrfages from
a detector wthout gamma ray detections, and FIG 16(B) with gamma ray

det ecti ons Bateyighpecardinede pephodiiede white circles). DETAI LED DESCRI PTI ON

[003(41 Bef ore t he gresent conpositions and_net hods are described, it is to be
L [0028] FIG. 11 depicts a flow diagram illustrating a routine for acquiring and

analyzing images from a pixilated imager to locate evidence of gamma rays emitted by a
material according to an embodiment.

[0029] FIG. 12 depicts a flow diagram illustrating a routine for analyzing images
from a pixilated imager to locate evidence of gamma rays emitted by a material according to
an embodiment.

[0030] FIG. 13 depicts a flow diagram illustrating a routine for providing a waming
or alarm to a user or command center and providing tracking of the source and or further
analysis for determining the location, movement, or type of radiation emitting source material
according to an embodiment,

[0031] FIG. 14 illustrates a non-limiting example of an apparatus for detecting
gamma rays emitted from a material utilizing a pixilated detector.

[0032] FIG. 15 schematically illustrates one or more fixed or mobile detectors, each
capable of movement or translation detecting high energy photons from a radioactive material

according to an embodiment.



understood that this invention is not limted to the particular conpositions,
nmet hodol ogi es or protocols described, as these nay vary. It is also to be
understood that the term nology used in the description is for the purpose
of descri bi ngwhpﬁ Farti cul ar versions or enbodinments only, and is not
intended to |ITMm 07°ﬁ§8%cope of the present conpositions anBCHESNNO@6HI ch
will be limted only by the appended clains. [00351 It nust also be noted
that as used hefgesd) A 160A)t MBstARE €NE @flagel FodB 2 BOGtorSWtRHA PambRr AF " ",

"an", and "the" include plural reference unless the context clearly dictates
ot herwi se. Jelbitfons,lafd FIGX 86(B) ®Rith fAMA AP B&ectibnsAs WHiR MRk (@¥ide Whitélcifekpr ence to
one or nore gamma rays and equi val ents thereof known to those skilled in the
art, and so forth. Unless def DEgdl®HDBESERPTION | technical and scientific
ternms used herein have the same neanings as comonly understood by one of
ordi nary skill {[0834]iksfae tthe ptesdnd eginpasitionsrechodthodmare deatribed.aitsis go rhel ar or

equi val ent to those described herein can be used in the practice or testing
of enbodi newdestodd thitghipmeendian is nov Bmitedan thetpamicyrrebmpositibnsipnditodslogideari ces, and
materials are now described. Al publications nmentioned herein are

i ncor por at emtotbgplsrdefombert eethessiatdyivary. Ihierled to be yndegstded thad Asttermirgblagy used admi ssi on
that the invention is not entitled to antedate such disclosure by virtue of
prior i nveninitndes{rip@eis foOthei purmbe’ ofodescriypgi thnpdrtioptar yersions phembodiments
subsequent |y described event or circunstance may or may not occur, and that
t he descri penlrand is@piigtended e limitdhs soppreaidhe tresentepmpesitinne endsmethetlsiwhishances
where it does not. [00371 Pixilated i mage detectors, such as charge-coupl ed
(CCD) devi cwil bgfignite yethetrparded peimsl  oxi de semi conduct or (CMOS) devi ces,
may utilize a light-sensitive 8 WO 20071075181 PCT/ US2006/ 006914 pi xi | at ed
chi p' contai ni ngllg)éﬂiléméruéﬁ%be Refed thaps vsed berentaad i dher appendgd chims i ana vi deo
i mages. Wil e these pixilated chips have been effectively used to create
convent i onafingulEDoaaY aGVER : andrihes dnclude piirabisfeppacenlesaths gorext sleylyidigiajes ¢ o

hi gh-energy particles and may be used as detectors for astrophysical sources
of X-rays a rga?mé[huajgr, ex&]'ng]et Eeffersnce B2 “gamma ray” is a reference to one of more

gamma rays and equivalents thereof known to those skilled in the art, and so forth. Unless
defined otherwise, all technical and scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art. Although any methods and
materials similar or equivalent to those described herein can be used in the practice or testing
of embodiments of the present invention, the preferred methods, devices, and materials are
now described. All publications mentioned herein are incorporated by reference. Nothing
herein is to be construed as an admission that the invention is not entitled to antedate such
disclosure by virtue of prior invention.

{0036] "Optionat" or "optionally" means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where the
event occurs and instances where it does not.

[0037] Pixilated image detectors, such as charge-coupled (CCD) devices and

complementary metal oxide semiconductor (CMOS) devices, may utilize a light-sensitive



manmogr aphy, and for high-energy physics experinents at particle

accel erators. [00381 Pixilated chips nay be used in a variety of inmage
detectors including but not Ilimted to still or video caneras, canera
phones, webcay®) 20ft6/5@FE. Security caneras, traffic caner r.an

conbi nati on of these. These inmage detectors may be easy toggg&szq”@é?fﬂ“y
available, directly digitize data, interface with conputers easily, have
except i onalPPHEEA chi coakming spispnduciyfymitsrigleto AteampeRh 418 c¥HoHEE48  phot on
ener gy, high eneg articles anpd nma rays. emtted from squrces of

r adi oact i ve™MA#fe F?h%@ﬁﬂ"éedpﬂlﬂ?ﬁ Bﬁ",gea{’d‘é{‘rﬁfféc Vel usest to crgalg £ ORYEPERR S§Pt icle

trik [ in the Iight-, it i xi.lated.chip, elect
e BTN SRR s SR a8 5 B o
PrOPOr ) On ol S o SLu BRSSO 5k RS B TR e o
t ithin the aff . Di xel || owi t h det ' | i ght
O S R LT AR5 paRRE Rl Cet e e |1
ticl taticolik i gh . 4
i xel's [ si ze 10838 BAIRAs 5k 8 bka SSarth] o gheRRk oot ihdnte o, 00
dentificatd g . ent _ . .
B e S e R
oy ) ' . .
O S veHBGREL! ) Skl Ply BES 108 IliSlen G U ki WPRD
l'i ght - sensi dlv!aiYa%]elohﬁ‘éch%&ﬂizQ bR SintertA3Ath Dmphiers @hsily! KlvE eRcepforl GlaREHT O
el enent unit ce for” converting el ectromagnetic “radiation to signal

el ecfrons byndidiRy,PBRt RAeesmliM'd fnedf fa8dnse %h&o%rﬁ@%eﬁigma&gﬁpmmemd col | ected

and rmay depend upon the nunber of pixels and/or the anopunt of charge the

pi xel s cangflathaysldttédOf s sbiddts Of radioR@ivt infatéhiAl Wiidnl a Hidiond gRhm€kay®y depend
upon the dopant and 9 WD 2007/075181 PCTI US2006/ 006914 concentrati on and
that differgg elefg9gaBisienfilkees PREIGH &% 1EBYsehetiveSDdlated chip] ¢180troiEmalORbRY
profiles to optimze a sensing operation for a particular energy of

el ect r omagnigiol the Echdacdibh Biind of BueGiterdl Pfoviding arh¥@é 6r pAshtibleprapdptidnyie tisel | | con
substrate, however other options may al so be wused, such as, p on p'

subst r at es, nuibepamdrengrgy of paticled sidenbadd trddsabdnGtoothe pixel. | Thos,. hifher edeegy,

photons may produce larger numbers of counts within the affected pixels allowing the
processor to determine light versus shadow and the color of the light. However in the case of
a high energy particle or gamma ray, static-like bright spots usually 1, 2 or 4 pixels in size
may be created on the resulting image allowing for the identification of high energy particles
and potentially radioactive material. Furthermore, the brightness of the spots may depend
upon the energy of the particle that strikes the pixel. As such, the type of radioactive material
may also be determined using devices containing light-sensitive pixilated chips.

[0039] A “pixel” refers to a detector element unit cell for converting electromagnetic
radiation to signal electrons by the photoelectric effect. The generated charge may be
collected and may depend upon the number of pixels and/or the amount of charge the pixels

can hold. The formation of a particular well for a pixel may depend upon the dopant and



ot her sem conductor substrates, for exanple, silicon-germani um gernmani um
silicon-on- sapphire, and/or galliumarseni de substrates, anobng nany ot hers
may be used. It should be understood that pixels nmay be aligned in an MN

array access i w and colum select circuitry. [004 ti.ng
SWoUdd7RgsgPW Fﬁ%?ﬁh@@ﬁ%ri g
;

radi oactive material may involve sorting through environne

data for the effects of high energy particles, neutrons, or gamm rays (y's)
enmitted frenroHaionyydthy T SEOATFSIHE 1echBigues By & PO tlpfuler uEIEWr decay
may generally involve the ejection of an_al pha partjcle (Helium nucleus) or
bet a parti cPaAleBioNPHpES 2 §nsiia operstion fong particuishenergy of glegiqmagaetisradigiioney
(MIlion Electron Volts = 1,6 x 10. ﬁ ergs). Gamma ray phatons r]ay al so be
em tted froPHosEResTRCPReIS™aY S H P s SHicam Sty bewsyer oReTIPPEARSBY 447 ¥he range

s onent e H P AL St SHFEELE P gh Ay BEc SPh RS e VB y ot
dgat ector technol ogi e 3 go 4%% sTRe éret hféd ihor detecti ngg thﬁwgrselsen_cgq of
si gnal s chaf'a¥t °§P‘?8t° fs‘(’)tﬁ For¥ PPk FHE ETE 95 R | SR Wt BT s

conposed of icall sulll ni fi cant

st.eps. en,.it is.determined that a statis
i ncrease i nsag?}{ﬁl%a@d%\g gglrﬁuq"ﬁr&?j‘é‘%&lbs Pgh PIRIE MY SRR YR i#égou of hi gh
energy particles.striki et ctor‘}’f . .25% nor ckground),
For' o sufr tdERg TeE R0 el 08 RGeS i B MpR: Grovy G0 ¥d R BI0 BRGSCTDOND -
“radiation g SNt o8By be taking place. A radiation event may refer to an
. . eXeh ITCUNTY. . . . .
i ncrease in e a ent level of radiation that is deened to be in excess of

nor mal St ati ot Giteof buehR i8NSl 4842 ddy 1090 LS ofluch UBDI,AY a0 event

measured by a detecl _ eterm ned hazar ert ma
oot RPN GRS PUGR s EI he PG
T R e
LS BRAASTT U B R At e o1
of the CamMeEfroy in excess of one MeV (Million Electron Volts = 1.6 x 10 ergs). Gamma ray photons
may also be emitted from the nucleus during spontaneous decay, with energy in the range of
about 10 KeV to several MeV, depending on the isotope and decay mode. The measurement
of each photon’s energy may be performed using a variety of detector technologies.
[0041] The method for detecting the presence of signals characteristic of photons
striking the pixilated detector is composed of steps. When it is determined that a statistically
( significant increase in signal in an image or pixel has occurred as the result of high energy
particles striking the detector (e.g. 25% above normal background), for a sufficiently long
amount of time (e.g. for 3 or 4 images in a row), a “radiation event” may be taking place. A
radiation event may refer to an increase in the ambient level of radiation that is deemed to be
in excess of normal statistical fluctuations.

[0042) If the counts or identity of an event measured by a detector is determined to be

hazardous, an alert may be initiated by communicating relevant information to a network-
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may be used to approxinmate the |location of a source or radioactive material.
In addition, the position of one or nore fixed caneras may be included in
calculations to triangulate the |ocation of the radioactive material. [0043]
I n one enmbodiwghhe7d75ist e case of two-dinensional radiatiop,|ocation
conputer or processor may use the information received froﬂ?yﬂg 8?’005%‘%
caneras including canera |ocation and i nage data to conpute radiation

intensity, d¥@Enieyery LrHoNIHY:ofdvipged cPTIAnG, FARIFqlt GOOTERARAY tASTYRFT APt ¢%i mat e

osition, nbi nation of these e |l ocatjion of the ation for a
gmall sour d%‘“i“&% h‘i"‘?‘idi'“é& Wbﬁa’%ﬁrlﬁ%?lﬁlp%ﬁuﬁﬁv i ihe fagera; srﬁéfg‘g{]vé% furt her
refined or tr cked wi.th subse rom:t ca The extent of a
plume of r FE?HWS? "?rﬁ‘ﬂ’ﬁlpg“r Btﬁ“P‘naaésa“gS{H‘a%éﬁﬁf%g‘?me t he

ff t t du € dt
Comres sl e & qa%éﬁ?r«ftﬁﬁé‘w%%wﬁ%? LBERE I ARelns
th st _obt . tl t b
a convent | JHEM® ﬁ%‘?‘{%appg%g‘ﬂ“g?‘g R T ra‘e%mvem%%f’ Shsidion Lo
may al so be u F:ﬁrn of r?e T RGHC u( ca?ne?z}sang' edel%EJa %gl%?lﬁtzoﬂgrgg( %ﬁﬁ%ﬁaté h%r ative

progr essi orf oagh™t ¥4 error conve be used.

Al so, a grlgglnglgsﬁﬁeelg‘?lgna\;%}{?%_used to opti m ze the position of a sour ce.

The net hod hree di rensions to select a point x, y, z as

the best esti m:ﬁ 48] Int &} eﬁaﬂ;@hlﬂ:@ﬁt lui{'ﬂle 894 %Pttwédlmﬁﬁtgﬂappadiaﬂoﬁ cGtfondiaMeNSi ONS.

[0044] Pixilated i nmage etectors that can produce charge carriers in response

to inter aeéog@{?tex‘%rtp%céss&}%% B inf L LR L Give@ frbih Gheor Hdke pa?ne}h%%lutd %pr ovi de

radi oactiv tectors Pi xilated 1 nmage detector-equi pped caneras have becone

ubi q@i t ous £Qkr,S6GHEN b infabPBRd To &%ute rsdlmaﬁlais WP hackily Ppl UBZ2RA4006914

traffic nonitoring. Non-limting exanples of such inmage déetectors may include
CCD and  CMgktie2 B8thite dnipprefiind@ pBEior ¥t syl BAbRRLH ol théseO IThEMRbRIJ @ Caner as
that utilized these | magi ng processors. These detection devices may
typically bediagnor & afalpdtrci el @thy bk apffodmaed GomtihiGASmeRs hd fuafie, When
conbined with firmvare or software, nmay be used to

refined or tracked with subsequent images from the cameras. The extent of a plume of

radiation may be monitored based on images and counts from the cameras. Any of several
different optimization procedures may be used to optimize the position of an identified
radiation source. In one embodiment, the processor may first obtain a rough estimate of the
object’s location by a conventional method such as triangulation. Other optimization
approaches may also be used. For example, a standard technique, such as an iterative
progression through trial and error to converge to the maximum, may be used. Also, a
gradient search may be used to optimize the position of a source. The method may be
extended to three dimensions to select a point x, y, z as the best estimate of the radioactive
object's location in three dimensions.

[0044] Pixilated image detectors that can produce charge camiers in response to
interaction with a photon or energetic particle may be used to provide radioactive detectors.

Pixilated image detector-equipped cameras have become ubiquitous for security, transit and
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det erm ne whether one or nore pixels have a charge or vol tage corresponding
to a high energy particle or ganma ray interaction and to detect anbient
radi ati on and radi oactive mterials, the amount and type of material that is

emtting hig rticles and the novenent of a radi nateri a
r\wﬁr}ﬁﬁ%)f?l@f i i {? %@ifé?)o %Pgléxarrpl e,

that is the source o he detected high energy particles.

when the detector is near (e.g., less than 100 neters for energ of about 3
MeV or | essJyeffc mepitesing: iNeg-lijiinecexampleoel wetp BHrar Aefoqiere mey Jeelydp %}emﬂat e of
gamma rays striking the pixilated image detector may result, Because the
level of babMSotadTas indyditg B-cxEmEsHFS o mowmn&d@ﬁ%rgv thatwifiged eses quar e

inch), the presence of s quantltles of radjoactive i al y be found
usi ng pi xi | SEEALIHUGEPS: nﬁﬁé" E%"é?@fb BB fereaily, sﬁetWP‘Ffﬁng J %4 | nferred

fromthe brightne of the n the tern el the charge or

vol t age froI P 03?5%‘1“5 (ﬁﬁﬂ’t?r%lﬂé( Wﬁ%‘ﬁﬁ%ﬂl“qﬁ‘?ﬁgﬁ‘% !ﬁr\e”lfg%’dbedfs‘?qag’t ly. gThe
th th f t hat t th

| nf o mat | on BTERY ﬁrf egﬂe 'c»%wérﬁ‘em‘f{ef”“%'zf%]? Piredah r@f&%ﬁi“e’%ﬁgﬂ@ﬁw r?nigese

and position_ of

oot Dot e P, SaIe T B TR & dot ARl Pafor ?‘ﬁ\ée‘ﬁ‘i‘%‘i‘: B of the

canera, the_t arure cal e nd t he . 47) In a
o tor i ng. EBRTRGUrS P apd 85 o8 Flleidnat 3 Eple T AL et g M e

S arrpl ing. Th ASveident &Tr?&({a@?&%a@éﬁﬁﬁxm thTas g}éla [)Fthg‘de%cgadth?#a}-‘%ﬁ? Ecst he

envi ronnment or an roma canera or or. In a fast

survey _conf i QUniispPo: LY B belBFis G4 QU1 hsxplo%%a‘tagf&@%@ﬁonti nuous

sanpling from one nore 1’ mages taken on | 'onger intérvals than

that cdescri Q?&i)oﬁ‘t' SER0LE ?ess)%%amcﬁ@?sﬁérgi P sﬂDQIh%Jﬁ%{LQQ/:Q%%é‘of %aQrQn ] The

sensitivity of the imager to dif ent high ‘ener phot ons may et erm ned

usi ng count rdyE‘fsExidEEtthéjPlxﬁB‘tgd GRdde eRLtbORa @ésé‘ltf TREBOUR PRIk bRk enpirical
experiments. "For exanple, an imager may be exposed to a series or known

radi oact i ve radiRbieis IV Bo.g.,5410RodhEs/seldnd Per sliafedifch),Bhe prédndt it shitfqlahtiRs ot @ known

di stance. The charge or
radioactive miaterial may be found using pixilated imagers. The charge of a pixel in an

imager may be inferred from the brightness of the pixel in the image. Alternatively, the
charge or voltage from the pixel during the readout process may be used directly. The imager
may then relate this information to a processor that interprets the information and sounds an
alarm.

[0046] In addition to sending the images and position of the CCD or CMOS imager,
the imager unit may also be configured to transmit encoded information, such as the
orientation of the camera, the temperature of the location, the time and the like.

[0047} In a monitoring configuration, the system or apparatus may perform
continuous sampling. The system or apparatus may acquire a digital image of the
environment or an object from a digital camera or digital detector. In a fast survey
configuration, the system may be configured to perform non-continuous sampling from one

or more images taken on demand or at longer intervals than that described elsewhere.
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bri ght ness, frequency of counts, and ratio of intensities (charge or
brightness) may be determ ned. This information nay be used to calculate the
ener gi es of ganna rays detected by the imager. [0049] Sinmulations using the
"MCNP"  sof t wagg) &@ﬂﬁ devel oped by the D agnostics Applications G oup of
Los Al anps hbtlonal (Los Al anps National Laboratory R@E3ﬂ§”mﬂ&m23363 S
(1995)) may be used to show that the detectors and system described can
provi de st ati st ij@B] 'Yhes segrititityC af thedagart foodisferefit Righ etergy gihgenOimay aei oacti ve
species. Experinmental results confirmng the utility of this nodel are

i Il ustrat eddétgiminsdiogggsafuni infordstioaahd chliGiabal datHfiorabdthGasieling antl Frhpirsaing 1- 10 C
sanples as shown in FIG 1. [0050] Ganma rays nay be emtted by radi oi sotopes
at speci fi cexpadngise sFérhexamplecan infagerandyebd eippedab at degesesri krvivn gadieactieus'
internal structure. A gamma ray detector able to determ ne the energy of

i ndi vi dual phietiadn sudreey Cotdie Uea36r Bi-21d nadrilicdikars aknp e distafise. tThe chyrgeor of

nucl eus that emtted the radiation. This type of spectroscopy is simlar to
optical spbughtiossc &pguengy phaeuntshendietiecfiintensified (Fleheget ¢1f brightriessh Ty Yeust a few
features is sufficient to characterize the source of radiation. \Wereas
optical speéeterygnedpYhisrinformptiarmayderrstio palcudatethy erprgipdofeanie rays detectesol | ect i on
of numerous photons at each discrete wavel ength, gamma rays have so nuch
ener gy |nd|bY@ﬂEW%V' t hat each gamm ray photon that |nteracts with a

pixilated imge detector may |lead to a statisticall nificant data
feature. The uml@ﬂi@l S@W@Pg@s Jieg t e mMENGarmefiversy 82 %ﬂet etploapebriya theadi oact i ve
mat eri al be used to differentiate fal se detection fromreal detection.

13 WO 2007/ %&CSP@WHS%@G%@{MS 1458m951 N&HO’@héraay(lé’bé%!frP%ﬁﬂqﬁféﬂm‘gamm rays
t | d. f th

L 2;@5@ e 0T il S LR B Sl L
lib | d d t t
From 1 i vi OEEOeR <G Gpude B eBPeb AR PUD A AugroF dETE miipstve © SPect

cross-correl ation .t echni ich.is a.techni often. use conpari ng
spectra h aVIIﬁ(S]e éxpenmen x’esu s confirming the vty %yethls mocﬂzl are dllustrated n

successfully detected Cobalt-60 and Cesium-137 using 1-10 pC samples as shown in FIG. 1.
[0050]) Gamma rays may be emitted by radioisotopes at specific energies that are
characteristic of the emitting nucleus’ internal structure. A gamma ray detector able to
determine the energy of individual photons may, therefore, unambiguously identify the type
of nucleus that emitted the radiation. This type of spectroscopy is similar to optical
spectroscopy in that the detection and identification of just a few features is sufficient to
( characterize the source of radiation. Whereas optical spectroscopy may often be photon
starved and require the collection of numerous photons at each discrete wavelength, gamma
rays have so much energy individually, that each gamma ray photon that interacts with a
pixilated image detector may lead to a statistically significant data feature. The unique
energy spectrum of gamma rays emitied from a radioactive material may be used to

differentiate false detection from real detection.
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multiple lines; a variety of matching algorithns for spectral and tine-series
applications; Principal Conponent Analysis; conbinations of these; or

conbi nati ons that include any of these. Therefore, analysis software may be
devel oped th this brightness of the spot, determnes the energy
spect rum of ta\%’gqg@r%?lglg e and conpares this information to BCVEPHPYRN9 Y pectr a
to allow the identification of the particular radioi sotopes emtting high
energy parti cl é9511Treersudyt spactomméy gammastayb stokich pixels g ias hmeagemmey rigy s
emtted, for exanple, by Co- 60, as conpared to Cs-137. Subsequent inmages may
be anal yzedolﬁ%neﬁggwédnt enabyginf afr the timage. r Radioisotopd idenbifiqagiem tvia igaramp-o¥, or the
counts or identity of the nmaterial obtained fromone inmager nmay be conpared
to other ne®ePsEBY &Y oRvolveoTaiespick rlibrarh dookawps| qogPeisoRsy @angl jdeeQMRPEIPR @t or . | f
the energy spectrumfromnultiple detected ganma rays matches a harnf ul
nmaterial a BOENH SAeFUURARLR specs e indiidysbisotapss. o The e of poraparigon msy pdidenpt e of
the statistical significance of_ each indjvidual anma ray photon, nay be

obt ai ned bythe gRtsEPTHRN techpifies VhiCh isaiedhpiare ¢fisa uirddwcPrpPanfisRectmBavVing: f ect t hat
a single optical photon has _on the detector. The numher of el ectrons counted
per phot on™R¥ple daFeAd2BFHY l?St“f‘?tcﬁ‘H'@ "gﬁ‘i’é‘ﬁw frBT speRel At PEetnes P?Bﬁlfﬁ“%?ﬁd t he
instrument's.gain, typically expressed el ectrons per. ADU (.anal og/ digital
unit). A bl -%lpf’lggcfmpﬁ\ﬂl%‘l‘ &?alﬁé‘\‘licﬁﬁg‘&am@?ﬁg?’es&@rwng ns bl?abéﬂfb'é? a??'n"tgver age,
3.1 photo-electrons_in a partjicular pixel for a Kodak F: 1001E (a

par t§oul ar - 1Etel BB SR o R e LA PEA A AR P EIERE 3 Dea

initial estimte ma that a 200 a ray would.yield 3.1 e-/ADU *
200, 000 oV 19o% degttiee i eithy RRER: oF MedPORE. “ESRBOLF M5 mRE S on of t he
ga ray' s..ener y.he. 1 0071075181, PCT/ US2006/ 006914, transferred
To The b xi TEREaEH B oI h RO e Of PNl GO RS Tagae bep sl e

transter Of pRROn SAINLE R0 BRSIRTRLE o JERIBY RRNY, prOdUCEd |1

a U238 decay wll " p ce-- ons counts”) a 1.001 MeV

y -ray wll 6(9599&%3&%999—]3'E0%ts§1gel;[lt/ﬁﬁ§%s &H%E@%as%e@e&“@%fﬂitm t of

counts for détecting a ganma ray as ergy deposition in the

silicon pari.q@f of lﬂ@id%%{zﬁoﬂ,r &neouktb'sr lgérfﬁbzl (ﬁhﬁ%a&iﬁgfbbﬁk‘r}eti 59m one imager

may be compared to other nearby detectors to confirm the results of the first detector. If the
energy spectrum from multiple detected gamma rays matches a harmful material a warning
may be issued.

[0052] More specifically, an estimate of the statistical significance of each individual
gamma ray photon may be obtained by comparing its interaction with the detector with the
effect that a single optical photon has on the detector. The number of electrons counted per
photon may depend on both the energy of the incident photon and the instrument’s gain,
typically expressed as electrons per ADU (analog/digital unit). A blue-light photon having 4
eV of energy will produce, on average, 3.1 photo-electrons in a particular pixel for a Kodak
KAF-1001E CCD (a particular model CCD used in high-end digital image applications). An
initial estimate may be that a 200 KeV gamma ray would yield 3.1 e-/ADU * 200,000 eV / 4

eV = 165,000 photo-electrons. However, only a portion of the gamma ray’s energy may be
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likely that the netal |eads, SiQ2 covering, doping inpurities or other
factors may nodify or enhance the transfer of energy into the pixilated
chip. These counts may permt firmvare or software to be used to identify

t he one or I | ocations at which the high energy S
deposi ted bgg’g(gﬂg)%gﬁ%l nunber of counts over a threshol d. WB{GE’%G’%\%UMS (
or the nunber of photoel ectrons produced by a gamma ray, or a val ue

pr opor t i onatransfgrredtp she pimiated blep. b A CHIR niddel sgindatiges sy spegestibet thertpgsiered by t he
one or nore pixels in the detector due to the gamma ray. 100531 Wen

anal yzi ng nefteseignlisssignificant. Jior exaniplg, lay766 KelV mheton produded inpdh-g8: desaypuil i cl es
fromone or nore radi oactive sources, the system and nmethods may be used to
anal yze or predice maf® phdtesldcaans| (“esfunisAdivbileca (108! A ¢ ernyi willt predusat~2p40al based
on the anmpbunt of signal received fromthe CCD or CMOS detectors. Variations
i n the anouspuntandhesy pumbers maylbe adevwey dimitsefispentssfor détecdingl iz iggnme ey aintbent s and
types of material in which the emtters are present or dispersed in, the
geonet ri ¢ dinglnds éngraly slapasition i theesilicon parh of hepybrer atge of ithyrixilgtedt dhip. sy d& em and
detectors may be used to characterize these features of the source. [0054

Si nul at i onslikely thet theymetal N SiQp ¢avernge dorarsdimguritics pr other factgre magmodduipt rat e
arising fromvarious shiel ded radi oi sotopes were performed and it was

det erm ned ¢rthance ghe tanter o ersggyoiptorfhg Pikdatedsdip. (THeshEPHEsTRayPerRit FENYaIP Plet y of
radi oactive materials. Contributions to saqurce shielding are possible, and
the si mul at FUTST e GRicio 9N B8RS AT 8106 FRE! 15819 o PO G Figh “0Bhi ' t he
radi oactive source, two sheets of 1/8" thick steel, toQ represent a vehicle

or a cont ai FEMaTay Y@s dpatiief Based, arths numberof grunisoxgr @ thieshold. (Ths tetel couts v e
estipate of detector 5 WD 2007/075181 PCTI US2006/ 006914 wraow) ana a
vanabor e oi sPafit8usher ofpiiptoeierirons RHguced Dy ag2BTRJ3Y: fR S Vﬁ‘B?)BWH""ﬂEfE?ﬂtJ Mt eri al ,

type and anmouni, distance, geonetry and shiel ding. Even when.the gbsol ute
nurmber of gﬁﬁﬁé" l?aé";‘?lsmg]?tcg&‘lggﬂr‘i" 5%241“{3?? yiﬂ??(ﬂ"?/f’%ﬁ%ff’ p’d‘gﬁf&&f’ ICHHE achi eve
very high significance because of their high energy and the spectral

si gnature of° The&&" %% ma rays unique to the isotope.

{0053] When analyzing materials which potentially emit detectable energetic particles
from one or more radioactive sources, the system and methods may be used to analyze or
estimate the level of radioactive sources in the material based on the amount of signal
received from the CCD or CMOS detectors. Variations in the amount and type of radicactive
sources, shielding, the amounts and types of material in which the emitters are present or
dispersed in, the geometric distribution of emitters in a sample, versions of the system and
detectors may be used to characterize these features of the source.

[0054] Simulations using the “MCNP” software package for the expected count rate
arising from various shielded radioisotopes were performed and it was determined that a
CCD detector may be used to monitor a large variety of radioactive materials. Contributions
to source shielding are possible, and the simulatioﬁs included: Imm lead shielding, self-
attenuation within the radioactive source, two sheets of 1/8” thick steel, to represent a vehicle

or a container’s body panels, and a sheet of plate glass (conservative estimate of detector
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100551 It is reasonable to expect that the lower |imt of precision for
determ ning the energy of a gamma ray that interacts with the i mager woul d
be the Signal-to-Noise Ratio (SNR) of the counts for individual detections.
Thi's preci si pproxi mately equal to the square-r f the counts
associ at ed q?ﬂ%&?ﬁ?@ual gama ray hits on the |ight- sen%&ijp 06/, The
energy precision may be witten as the uncertainty in energy (AE) d|V|ded by
t he Ener gy“mEew) 6‘?‘}/ AEF’E“D‘QZB‘F“‘%"Frﬁ"CFE“Py Py 84y §‘t3’a’t“f°§1”iyc'§“y AY}I?““ upon

2(#counts) 112/ (# count = #counts)1n 10056 ise ma i cal resul t
fromthree E’B'ﬁigﬂe?pe 8 d"‘BERt iptancey BHTEEY 23 rsk‘]]dﬂ’ﬁ‘r rg‘ﬁ"f' ‘Xl?fﬁ ﬂqgtgst:l i cal
uncertainty of

th ts th hot
e pr cdom nafery e FR Bl R R B B B8 anE it *° ™
pixilated i.mage de ector ontroII t fzsaillay{u ﬁmse ery lLow | evel of
noi se. [005?’%’" rRe 'ﬁﬁsgr‘? 3’ rg&éﬁ 5@%& AEGET © peci 17t val ue,

usual l'y an§se as, t he nunber of electrons per plxel per second, on
aver age, e ﬁhfgfe ( during an "exposure" or inage integration

period. Dark Cur[g&% P reasp W e?%e%{jﬁq tl%wr gﬁ\% d%‘pergc?m%%o}[!\@e?erglf fin lf!hght or

gamma rays that ns es fare chip. The

rate of ol g Bl SRS el P BF ma%ﬁ‘?t“%“ﬁc%d}’%@%@{°§%%‘§?a§ e
where the r g#ﬁ%?r&?&e cou?n‘{égﬁ&k %dQ%HB d?teit%s eﬁﬁﬁré&?&& %ﬁ?eoaéPr%%c&&?ely%%%l t%he. chi p.

The effect current upon ore ility to

detect ganmmg,er, a§e-}(‘.{h{$}tﬁ§cohﬁt§ Lsk&m?e%rmﬁxtlﬁélhﬁﬁ'b?kam i ifag]'hhs &?mQH@ﬁ-'smsﬁwe may be

|nS|gn|f|cant ort integration timnes caneras |1 n

xanpl 6, on B g"%? PRER o E  PE ﬁ"%’if“?%‘*%né?per

second, the ark urr o eve chipis vvarm may be negligible
conpar ed toEd g;;’poerg ed Fﬁ)lrjs a]é’gl&sfonsp ?)tﬁ%ands of counts per gamma ray. This

det orm nat fon.  enabl | ng- URBrRRRTT DRl FPELE POUIT adi oact i ve sour ce”

) g a r t radloactlve source
despite ambi ent {039&] %}ollsgnmg\ynt)%{}:gﬂy resf?lt from three sources: read-out electronics, dark
current, and statistical uncertainty of the source counts themselves (shot-noise). Read-out
noise may be predominantly determined by the quality of the electronics. Modern pixilated
image detectors and controllers typically have a very low level of noise.

{0057] Dark current may be a CCD or CMOS imager chip specific value, usually
expressed as the number of electrons per pixel per second, on average, which accumulate
during an “exposure” or image integration period. Dark current counts may accumulate
regardless of whether light or gamma rays that are transparent to the electrodes are hitting the
chip. The total of such counts may depend upon the rate and total integration time. The 1ate
of accumulation may depend strongly on the CCD or CMOS temperature, where the rate may
roughly double for each increase of 6-10° C of the chip. The effect of dark current upon

image quality, and therefore the ability to detect gamma rays with as little computational

effort as possible, may be insignificant for short integration times with modern cameras in
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environment. While changes in tenperature may be used to nodify or detect

anbi ent noise for a CCD or CMOS i mager, unlike Ge based sensors, the CCD or
CMOS detectors do not need to be cooled to detect high energy particles.
10058] ShOt'”ﬂbﬁﬁn%R% generate the nost significant source of noise for
security caneras. &E cal cul ati ons suggest that a | M\VPERES2WA6AN6M4d be
expected to have an wuncertainty in the energy determ nation of approximtely
1/ (2000) "' / Zoed RpfR 2By besiiy B/ detedtaxpior atampie, e asudee spatdns weh @vwraniveaweasur ed
counts for a | ower-energy gamma ray photon from Cesium 137 to be about 200
count's, wi trémghly liortp 2D ddmenpeestcandathe datk currdng ¢yen whepthe chipscwping mfegdeur e.  Si nce
nost radi oi sotopes that emt gamma rays have nultiple energies, the unique
spectral finagligitds éamparedyo e eppeotsd hyndeeds tovtheusonids lof chvatspegamma Yt Thiat es.

100591 Variation in the nunber of gamma rays that strike the detector may be
el i mi nat ed largd mignalt mey sesureapxcplienh oelpting Sldtistiae and @idoin easrey détermingHen, det ect or
may al so be used to account for these variations. 100601 FIG 2B illustrates
t hat ast r orfashliag Recyeste identidication of rdicaddiversquage degrile gabientiagiatien inflielcalo i sol at e,
anal yze and/ or quantify detector signals which arise in digital ipage data
from hi gh- én‘éfqulewamlé chapges pilsmnemtrnway Pypred dunedify of detetiapbientiwise g |
circled dots nag result from high energy ganma rays striking the detector
whi | e the Ifer3eCBror §MOS pree. wike B8 based pansors, by Clxaree GM{S é“é?"g%i? d3 3tget for
this image. It would be reasonable to expect that a source of radioactive
mat eri al  erfPedtP Rgcenisgrio dsiest bgh prareyPattigles woul d produce i mages with spots
simlar 17 WO 2007/0Q75181 PCT/ US2006/ 006914 . to the small cjrcled dots and
may be used to HEPHShotnokengys generals fhe moghy sigpificapt paveresf 1osE 18F ¥ nown or

unknown radi oacti ve terial. 100611 i.ng. one or re pi xel based detectors

Capabl 6 of HBPET( MagH Ao SURSED 1 B Mh SRRt PEVRAE CRRFES © By

radi oactive source.epgitting detectabl e energetic 4 Cl ma observed,

The i ght- s"@ﬁ?'iai“?yvg’ ieﬁeﬂﬁgtdﬁieﬂm?ﬁ?@n ﬂ?’ﬁf‘&ﬁ*eiyn%@a et & @%’2 r?éf%/ Yeneral |y
d

be in the formof a thin square. \Wen the in uare i s positiqn
p er p en dl CulLéa_\E;?rf/tory measuremen%s show the measureé COUH{S r}‘IOI‘ a lsogler-energy galpxma ray pnoton

from Cesium-137 to be about 200 counts, with an implied uncertainty of ~7% per
spectroscopic feature. Since most radioisotopes that emit gamma rays have multiple
energies, the unique spectral fingerprint may be preserved, even with these error estimates.

[00539] Variation in the number of gamma rays that strike the detector may be
eliminated using statistical methods, and the use of more than one detector may also be used
to account for these variations.

[0060]) FIG. 2B iilustrates that astronomical sofiware or other similar software may be
used to isolate, analyze and/or quantify detector signals which arise in digital image data
from high-energy particles striking the light-sensitive chip. The small circled dots may result
from high energy gamma rays striking the detector while the large bright spots may be stars
that were the actual target for this image. It would be reasonable to expect that a source of

radioactive material emitting high energy particles would produce images with spots similar
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to the source of the Iight or high energy particles, the probability of the
photon or high energy particle striking a pixel within the chip may be
maxi m zed. This phenonmenon is referred to as nmaximum flux. The probability

of a photon I rgy particle striking a pixel within_the chip my
decrease as ?ﬂgqg@;t}?%gnoves through the field of view of Fﬁ@ﬁ@f’@@ﬁg‘f‘.

Therefore, as the source of high energy particles noves through the field of
vi ew of a stoghé gnallgiikiedl dotednd maygbe wed tocketort, WSWILY, Bh@r @pnuty ke sowrpbera of hi gh
energy particles striking the light- sensitive chip may increase over tine as
t he source Heavmtoninksown padiopetivdimetstialr position (time = 0) in regard to the
chip and may decrease until the source has left the detector's field of view
(time = 20). 100@2hUsngi sie| at adore npigd  Brsee (detsptorshsapable efyistsetmgorndrovi ng may
also be utilized to identify the source_ of photons or high energy particles.
Movenent of cheragierizieg eferzce etigles, pimoving sdidactiye pafice gnitting dptectiPlmensteetia ot at i ng
along a vertical axis, and tilting, rotating along.a horizontal axis, may be
abl e to per P8tigiesanayrbebesiveds dae Hght-sepsisivegyp Wilin dherpbyilated dmagsdstegior may
horizontally or_vertically until maximum flux is determned. In this way, one
or nore pi geertiebe infhgglond et abingaversrelyhindshinssguargis Ppioned BRPBRICHIA K t he
novenent of the photons or high ene%?y particl es sgﬁ]g‘rce. 100@%1 Buses,
ferries, tr#hesousartBe gk pshiehenergy paricles, B sppBrtiley ahife PRSOL SBGPPEH out fitt ed
with security caneras, whjch. be used to detect. radi oacti.vity. . Such
caner as. may PHHSOTES 0BRSHD 6 £ T PF BEBEURH OGBS PhToTENR® HEESH g
detectors. In an enhodinent, the metal sides of the.cameras nay, nqt be

si gni fi cant PV"W'&‘RW&“"T ﬁg‘?‘PrP‘?‘?é’chtyoﬁc?g?tg’? o &ffg)é\PifH‘cgiﬁgﬁ{“PﬁéPl} 1e"”g‘lm a single
detegtor may, provide jnportani informatiqgn about radi oactive material,
even‘nore i o‘ih??af“ia%ﬁle% et °of°é‘ir°ﬁéﬂ°‘iﬁhgl?{°‘¥8d¥? iﬁﬁﬁa?fa&'@?’e tth‘? getﬁ?(g' used

t oget her and. their_ outputs e, conbi ned. Co er oqr may .be, used to
ntegrate dRENGE Bbe Fbishol bpn PP gPE berblt R R RS osed
system and S e hetwor ki det ect.Ql,S eras 4.0 ¢l _proximty
to one anot %gﬁlagﬁﬁgﬁéﬁtecg \5§eﬁtﬁ£§.e gs,otsgnumener gfthléh en%gy%%%%le@‘&nfung fhe %th

sensitive chip may increase over time as the source maintains a perpendicular position (time
= 0) in regard to the chip and may decrease until the source has left the detector’s field of
view (time = * 20).

{0062] A pixilated image detector that is capable of moving may also be utilized to
identify the source of photons or high energy particles. Movement of a detector, such as but
not limited to, being panned, rotating along a vertical axis, and tiling, rotating along a
horizontal axis, may be able to perform a gradient search, whereby the camera is rotated
horizontally or vertically until maximum flux is determined. In this way, one or more
pixilated image detectors may identify the location or track the movement of the photons or
high energy particles source.

[0063] Buses, ferries, trains, patrol cars, or oﬁer transport vehicles are often outfitted

with security cameras, which may be used to detect radioactivity. Such cameras may also
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t he di scl osed system and nmet hods may be the ability to network existing
detectors or caneras in close proximty to one another. Many different

t opol ogi es of networks of nonitoring ( stations nay be used. For exanple, in
one version, n%’ll ti@l e nonitoring stations may be established by usi ng t he
exi sting secO¥P PGy as. 1t a radioactive source were t FHEURLSEH past

t hese detectors, separate "radiation events" may be detected at each i nmager
or canera. seiveas nevinghdete®rs. phisscampedimenty the nped pides einidlé oamerss may BotWet h
radiation emtting material noving near an imger nay be expected to show a
radi ati on peigrifichrgly tlcker than thetefmas.i os may apply for people on a train

pl atform buses on the road, or vehicular traffic at a bridge/tunnel. Were
mul tipl e det ect H1064lakichoigh the vseiofh siygle detagiemanprovide importantinforyetignalie®inabl e t o
expect each to have a tinme-series response simlar in shape to that shown in
FI G 3, buta hdivictive aihtpriad, evpn moieinfomation may keroblajneft when additions] dgtecterepléndi ng on
the notion, speed, and position of the source wth respect to the inmager.

[ 0065] By n e¢hen gnd their gutputs pig cambinide Copprier RIpRIAMS P’é!:gi’ B§d &¥ integfatevehi cl e or
individual carrying a material that emts high energy particles |ike gamma
rays from athe pepHt S sevasaligiseters. P adyantegsiof the) disslesed Aystem gghmethods m¥ded r oad
or urban settings it mm not be possible initially to uniquely identify a
vehicle or We'}eg’(ﬂfi?“%deéf’&f{’ﬁ @ cameTas ip GlossaE By 9rone ppothespHpethe gduntaginfoact i ve
material, nornal traffic shear and m xing nmay separate the carrier 19 WO
2007/ 07518 1 POV DT GO8 SEhod ey e oD 1o BeHaNKE P HPE JSRSIR R S Hier

vehi cl es ano peaestpans mar are nmuny c¢oustucrcu, patential carriers. [0066)
In gener al , Mt9RSF ETHFRHYIOLI RS BOETa nMERIBEFH depolpgies r‘i? SpRerks (4 SROHOMMEC o
package, suitcase, etc.) in the field of view of the detector. However, when
t he {r adi oactiftipEs may ?ngha%"rte?‘%{%‘f’é’a OBy VISR TR 5‘8“'?"6‘"% ﬁ@“?{ﬁi’fay\(l:i%rrer a, it

el R SR D bbby Tl K BRLS5E SHRSORL S
20108t v SOURE S i A et o e, AR B 1
specific Objl" %ﬁlts, buses, passenger cars, people and/or animals with radiation emitting material moving
near an imager may be expected to show a radiation profile. Similar scenarios may apply for
people on a train platform, buses on the road, or vehicular traffic at a bridge/tunnel. Where
multiple detectors are in proximity to one another, it may be reasonable to expect each to
have a time-series response similar in shape to that shown in FIG. 3, but having different
intensities or lack of symmetry, depending on the motion, speed, and position of the source
with respect to the imager.

[0065] By networking the detectors, the speed and direction of the vehicle or
individual carrying a material that emits high energy particles like gamma rays from a
radioactive source may be determiined. Although in crowded road or urban settings it may

not be possible initially to uniquely identify a vehicle or person, a carrier, in possession or

transporting a radioactive material, normal traffic shear and mixing may separate the carrier
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containing or carrying the radi oactive source nmay becone better constrained.
Sequential detections by a series of caneras nay help to elimnate the

i nnocent bystanders or vehicles fromthose being identified as the source of
t he radloactnws &%ﬁfl These sequential detections may_al so serve to
significantly ré elinminate fal se-positive detecti on8CT/IBHBF06HEG  4A
and FIG 4B |IIustrates the state of the traffic at two arbitrary tine
periods (A)ofaadipa¢tBy mareriph fierk thehemyphielen and WEYFRmBRFAA A ERIALY bes 882 t hat are
detected by CCD or CMOS detector 416A; detector 420A is illustrated not

det ecti ng IPol§AtidpREYy particles enmitted by the track source 412. The
detection of high energy partlcles 422 by detector 416A may trigger an alert
that can be useg’ Ig i egpeaal, H’é’tee’éﬁlbrbem%ﬂ*’é} e Ppkre ot dytersst @ SEher in the
direction of the truck Det ector 416A may be panned in &he directjon of the
source of tHAEkeRs §HCaSGefig) nghs fisld P*é‘é‘e‘lifﬁﬂ’éﬁi“ﬁt‘é‘d Higweyer, wRemo adipagtive ok t he
source of the hﬁ% nerg¥ partlcl%ﬁ In FIG 4ﬁg detector 416B nd 420B
have both BEERE F5EYeEs eg to {5 ¥t camerpy if jtkely i l1fls?§“’ the pRgipal; or 4168
detects hi gh ener articles 426 and det ector 420? det ect hlg ener gy
particles £YBOWAM g lgets PRl GYSSPATKAEES AiHcassoaigl M Joglopges §|‘P ‘?‘f@l ronnent ,

th t f t wor ked I

T Bt MO, SRS 25 S L BB BB, 880 b " o
tt hi hot t hat be detected, E |, . | t

ST ond "B B e R oL

d dto h t It t t

Stat | on °aﬁt?'¥1§ﬁ2°aagwaﬁ @s??d&%gﬁx‘é&ov%a T B RO S e used to

Pr OV(I de an delec R ?Qtsen% bf Obg; atsla9r?1e,1§r}o mmgtg ?h% ﬁ\%%enqtﬁ%%pﬂdeljs el et%%?eg

confi dence 1 n warnt ngs or

deci si ons. M GNP oS tddftheh N %u%ge@%ﬁdﬁ%c@@ SRUBIAO TheGOGIGHS el IS i

many stations, securl y caneras may appear anc

radi oact | Vede?e%‘c{?g%ay Eq&%'fb %%ctaﬁg}ljeaﬁe oﬂegfngﬁ Or tﬁo’%ﬁfg@h&ectni?ns“”' quely

identify the Individu or source responsi etector signal. [0069]

The pixil ated i {ggf 8! £ LAY F1cBAnEBE e ing HaBR Y RO LR SRRESY figt ecti on

periods (A) and (B). A truck 412 may emit high energy particles 422 that are detected by

CCD or CMOS detector 416A; detector 420A is illustrated not detecting high energy
particles emitted by the truck source 412. The detection of high energy particles 422 by
detector 416A may trigger an alert that can be used to signal detector 420A to be moved by a
controller in the direction of the truck. Detector 416A may be panned in the direction of the
source of the high energy particles 422 emitted by truck 412 to track the source of the high
energy particles. In FIG. 4B, detectors 416B and 420B have both been moved relative to
their positions in FIG. 4A. Detector 416B detects high energy particles 426 and detector
420B detects high energy particles 428 emitted by moving source 412.

[0068] In a transit environment, the importance of networked cameras is likely to
yield even faster, more robust identification of a source of material or an object responsible

for emitting high energy photons that can be detected. For example, typical metro stations
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may contribute to a node in a network of radiation nonitoring sites. Such
caneras can sanple their local radiation environnment. Any increase in
radi oactivity may be identified, verified, and communicated to the rel evant

energency re ter or centers. The identity of the radioi sotope(s) by
the system a?ﬁ@zﬁgﬁi may al so be conmunicated. If a IarPd%r-"és@&qﬁ@“‘rs‘éfease of

radi oactivity occurred, whatever the cause, functioning nodes may

comuni cat eandisenilenfacidines ageotesigned yo hayy el Ieasptvo isecutifysgmeriscabledp vigwiteggeiireg  and
forecasting of the spread of radioactive debris. The | arge-scale nonitoring
of radi oact #tationy Sarifangbusrdetectippaiby these\CCTheryCNIRS prmvrecasvijay be 8§54 éeRiovide a0r ansit  or
other security systens are installed, such as the Federal H ghway

Admi ni st r at innertant jcappheration anidsiected redintiopt atrpdsy epnfidencg Hpnaemipes eneletsn070] The
pi xilated i mage detection systemmay further include alert propagation and
command andiseusttand ridip swlsegfasticaldacisions | Metsovaa singe Bigee 459 radistien gsedisgor s may be
gathered and transmtted to appropriate destinations for action or storage.
Mul ti- jurieadFetealain seciayess, sfoupycpaeponay dorct S sudden owsearige” it acr oss
facility, local, state, and/or, federal areas of responsibility. nmay be

faci | it at edradigagtivg soufpgn Hefuch CHRAHM, [ty bp aessislede Bagtely ideptify He individ¥ak o enabl e
users to view video franmes and updated alert data in real-tinme on standard
PCs and wi r & ewse wipopsitle foafadetedorgisitleces. These systenms may be depl oyed 21
WO 2007/ 075181 PCTl US20061006914 ubi quitously with support for |egacy

i nfrastructure ti8068hThe pixilpted dmagg detectossosei or dpgh <oeTgy Fhvten ensray Jegictian (0071)

Referring to FIG 9, a nethod for detecting gamm, radiation is described. In

step 908, amECEPBIOUMOS PofR HRENPTE OF FEEATORROnigGE SBFS af Ar @B 6Fune, or
AL RISONCIE T ESE S A LT LT,
Th Uhe | magE I, SRGSRITERR P PRESEVE SHEHE) ARGRE Y BocoRital J¥od for
et er mi ned. “PB1S ohite SRaRIePRR R B BTN HEE mEhib (HENTIREE ) be
anal yzed t 0la(lq‘lgeeis%{]gi rerkease;[ QF radioactivity occurred, whatever the cause, functioning nodes may
communicate the ambient activity level, permitting the rapid mapping and forecasting of the
spread of radioactive debris. The large-scale monitoring of radioactivity and alert capability
may be more wide-spread as transit or other security systems are installed, such as the
Federal Highway Administration’s implementation of an intelligent highway system.

{0070] The pixilated image detection system may further include alert propagation
and command and control protocols. Data collected by one or more detectors may be
gathered and fransmitted to appropriate destinations for action or storage. Multi-
jurisdictional concepts of operations for situations that cut across facility, local, state, and/or
federal areas of responsibility may be facilitated in this manner, Common Internet protocols

may be used to enable users to view video frames and updated alert data in real-time on

standard PCs and wireless mobile handheld devices. These systems may be deployed
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bri ghtness of the pixels. The image nmay be anal yzed for objects imged by the
i mger and artifacts due to ganma rays. In step 932, a determ nation nay be
made as to whether artifacts in the imge fromganmma rays interacting with
the detector are present. If no artifacts are produced from ganma ray

i nteracti on, MOWM07YGEIStne nay continue to step 944 and a detraspoiadsonan may be
made as to whether to continue inmage collection. |If artifacts are produced
from gama ' ' t ' ' i Rc wher e

ddi 1 onar "ol SHAEIEOR Lo e} BHAABMIRY oA L RHB I he RN

det er m nat LjQR.-ARY be nade as to whether the artifacts persist in the imge.
If the artifacts do not persist, the routine may return to step 908. If

artifacts persig§ra) ReMRMBHIAIG DA mERSIRr Adldtind\BinfinLi8diREnas dsBybedem | SSued. In
step 928, intensive nonitoring may be.initiated. This may include a gradi ent

search of LERORSa COBorANES Bfideb! AHLDllect¥Pinsdd bR atfa, VIMBEES o1 Ednfdiafibher
caneras, scanning or panning caneras, issuing additional alerts, and/or

ot her act s of gbjdctie M ki 910 8nySREH GRroy[PRRiERE, sith@s pdfimh ofy6 Fonit e aitagbipdi nent  of

a nmethod for processing inages taken by a still or video imager. In step

1008, the idmaaivt hakrd, GRRERRs Hdsed Raf QHNEHE §HagePorfonk iok thord SikéPin thor furt her
processing and input into nenory in step 1012. The inage pixels nay be

eval uat ed ufdgBdcredtiag @h affiice il @6 tifagaNdn CRPOEE, itEOMfgt Eomi thelindghi acbs i n the
i mge fromgama 22 WO 2007/075181 PCT/ US2006/ 006914 rays in step 1016. A

det er m nat iafilyz6@for fr€ifab® GeminighehéBy partcled 0 Farexifiplyyiie thirgéMapbed@terpinéseu al | t he
tests that would indicate that a ganma ray was detected. |If such tests are

not passedfor ihdieidiud pixeRi ofethe HMdge endér athe dthape . mayf beSaralyzéde st Set@mehssed, the
| ocation of the pixel nmay be marked or indicated and the pixel count nay be
i nc{eased ibfigitesPof kR Hxeld hEherignge ayied antlfyed fohidiechdmaped vy aliecithagef and
determ nation as to whether all the pixels in the i mage have been eval uated
may be per fagifBdiue o $amma k832 . Inl ftepaghd] &ideremhingtion ahay Yectimdenast © Jlettey al uat ed,
such pixels my be evaluated. O herw se, a determ nation may be nade in step
1036 as t o amifietshierthe anmge Faimrpanimy saysvwinteadie edthetle idetedtdreare peegas. If io ganma rays
were detected, a warning may be issued in step 1040. Otherw se, the routine
may ter m nattdactrare hhedupedron garpe mpinteretion, the routine may continue to step 944 and a

determination may be made as to whether to continue image collection. If artifacts are

produced from gamma ray interaction, the routine may continue with step 920 where

additional images or frames of the area may be taken. In step 924, a determination may be

made as to whether the artifacts persist in the image. If the artifacts do not persist, the routine

may return to step 908. If artifacts persist, a warning that gamima rays were detected may be

issued. In step 928, intensive monitoring may be initiated. This may include a gradient

search of images that have artifacts, evaluation of images from other cameras, scanning or

panning cameras, issuing additional alerts, and/or other acts to identify the source.

[0072] FIG. 10 refers to an embodiment of a method for processing images taken by a
still or video imager. In step 1008, the image from a camera may be converted to a file

format for further processing and input into memory in step 1012. The image pixels may be

evaluated using one or more tests and comparisons to find artifacts in the image from gamma
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eval uated. [0073] FIG 11 is an enbodinent of a nethod for the detection of
gamma rays using a CCD or CMOS imager. In step 1104, a user may request an
i mge or continuous imging of an area or objects by the i mager may occur.
The i mager data in step 1108 and analyze 1112 the inmge for
bri ght ness WB?@Q}O‘?‘%&% ge. A determination may be made asP¢HUSIHPGPORYA hi gh
energy photons or ganma rays were detected in the image. |If not, a

det er mi nat i 7ays insipp bl Spetddeteaminaipnipythin arade W SEEE A PFUATEC HORJUAT UICTONe} PrigFES Oor t O
stop the image collection. This determ nation in 1124 may be continued until
a user i npuall thestesty that wepld indjsate gt 4 gxsmagy orat detectef. [ yeh tevtepig poigneedns or
gamma rays are detected, further inmage analysis_ nay_ be fperf,ormed in step
1120. Once ‘hpaext pirgemanty graluated s eushirds ae afngedy His 19cauen 9idhe pixel paydy, a
determ nation_as to_whether to continue the inage collection nay be made in
step 1124 mprsestzor indigsted 2pd fig Pixg! qopmt may e mereaged il dipmEie. Jhe BexbRiRFRAYf or

anal ysis of an_i ma?e i,s illustrated. The method may.incl.ude fl agging the

i mage as on@ePePwiugteda Ardetramagen avto whethen gl the rrgs Jethe dmags haxe bg, " 1204.

Next, a determnation in_step 1208 as .to. whether_ a sufficient unber of
i mages have®'Bd W&B%Bﬂf%?‘ﬂ&é%&?gd IEMtW?I@NCMW%tW?MT »$¥A an al arm

23 WO 2007/ 075181 PCT/ US20061006914 alert he i d. | t, th
io:rager may Tiéezsrfﬁ’l‘yr]?fcet"%’é\atf‘{‘u L@%%‘S?’fgye%n@gﬁg‘a beﬁydédﬁﬁ%ﬂsﬁ)g a“f’P?%l‘& g’ The ierrage
b | d f tifacts.d i t hat .h i nt ted with th
e e e A B SR BB LB, 1,
detected in.t I [ f. . d t.ed he i b
flagged as & Gurbat Aom 10RY copermimefeiouiBd e idmingis S ot nond Mhass RSt e 1

not, a det ervn]'ugtgé_i on may then be made in step 1224 as to whether to continue

I mage col | e€flon. If so, the routine may return to step 1204. [00751 An

‘iéa”pv\l,]gr gf aﬁ Zfi‘i“r?qg] f;l?{ ! 91%'39%ﬁ%ﬂd%@&a%e%o@f&rtheade%%oﬂ og E‘julnjnb‘r%&! \?sﬁngcl. in FlG
. quest ed, e routine may provi a warning indication
in step 1308¢p or cMOS imager. In step 1104, a user may request an image or continuous imaging of
an area or objects by the imager may occur. The imager may collect data in step 1108 and
analyze 1112 the image for brightness or pixel charge. A determination may be made as to
whether high energy photons or gamma rays were detected in the image. If not, a
determination may be made as to whether to continue acquiring images or to stop the image
collection. This determination in 1124 may be continued until a user input is made to stop
collecting data. If high energy photons or gamma rays are detected, further image analysis
may be performed in step 1120. Once the image analysis is complete and the results
retumned, a determination as to whether to continue the image collection may be made in step
1124,
[0074] Referring to FIG, 12, an embodiment of 2 method for analysis of an image is
illustrated. The method may include flagging the image as one where a gamma ray detection

event was detected in step 1204. Next, a determination in step 1208 as to whether a sufficient

number of images have been flagged for detected radiation may be made. If so, an alarm or
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A determ nation as to whether to performadditional imge analysis or scans
may be made in step 1312. If additional analysis is requested, additional

i mges nay be obtained, a gradient search of the inage, or analysis of

mul tiple images to identify the source, or analysis and conparison of inages
from nmul ti pl ewoebentross, or scanning a detector(s), other apphXSlosoosdfs 2
conbi nation of these may be perforned in step 1316. A determnation may be
made based : ' f er to

conti nue th%%%§%£€d' ?ffﬁog’ot?g&aé%%@%gl s‘?r‘%@“ E]]ieﬁgbe%zé?o e%ﬁggr(lgn Xa%’?h}up I'onal

i mages and Mfﬂé?@kl’xﬁiﬁ Ye BGa120A Rk Dot b t@%%rrs?gﬁg? Ot HEerdTRY Wi M nat e.

[0076) FIG ustrtatés a non-lirmting ex an apparatus for

detecting gamhRel ?‘])ﬁssit&?g%,eéjdétér&malﬂ?x{e@gﬁﬁé a,hdélh;sithivaieﬁ,gr Banthay@lved detector.

The apparatus may inclu a contro 1420 that may receive Information or
i mages fr oM (g irEt fhagdt BamiR Yays RO he iRALd M& E%ﬁcdad@q dER¥idAPt | ORa| ly

be used to control the novenent or the position of the detector 1408.

recei ver 1404qRMe)P@ 04 8R0S Ruiiftidy cbftibs. UE hbtOldetdrRinhil e thénWe nfille in The

receiver may include, but is not IN'lmted to, a keyboard, cable, radi o waves,

or a Cconpufigy 1224\ad fodMeet totdontihe4miRYecolhRtisks € sb,Ghé RAfinctRd PretdRORp, OF
instructions to another 24 WD 2007/075181 PCTNS2006/ 006914 renotely | ocated

station usigscabl es, phone lines, radio waves, or other mnethods of
comuni cation. [0077] The systemillustrated in FIG 14 may include a central

processing unit ((0PRUAn exhthpQ dTa\dREDd G6H desddmp ah Mg Sl 10 iiludtidtedIFIG.,
read-only nmenory (ROM or any suitable electronic storage nmedi um contai ni ng

Processor - exeConheddarfaldriSt fedGdsted) the RitheGinlyiphdvitfel aOmiN@intieion iR §tefOIBOBCCESS
menory (RAM), and a data bus of any suitable configuration. The controller
may (ecei VeAskwgidhasiol st mdethad tb @erformadditichaMint gednalytix 61 Sarmdyrbemadm pi xi | at ed
i mger or detector sensors coupled to caneras or stand al one detectors,
and/ or as pae 1302, H additional snalysif iscrequenal sdéditivgalimbges indy Ge nbtyinkk a gead@nt 0 cont r ol
t he operation and/or notion of the sensors, a view taken by the sensors,
and/ or accegarchofithe utnpget of mfalysimf mmitiptedmages fto dlmiififeheswneer & analysis and

comparison of images from multiple detectors, or scanning a detector(s), other analysis, or a

combination of these may be performed in step 1316. A determination may be made based

on the analysis and results from step 1316 as to whether to continue the analysis. If so, step

1316 may be repeated and additional images and or analysis may be obtained. If not, the

routine may terminate.

[0076) FIG. 14 illustrates a non-limiting example of an apparatus for detecting

gamma rays emitted from a material utilizing a pixilated detector. The apparatus may include

a controller 1420 that may receive information or images from a detector 1408, may

implement instructions, and may optionally be used to control the movement or the position

of the detector 1408. A receiver 1404 may be used to input instructions to the controller.

The receiver may include, but is not limited to, a keyboard, cable, radio waves, or a

computer. A transmitter 1424 may be used to send data, images, or instructions to another
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detectors. The controller may be connected to an input device 1404, such as a
keyboard. The <controller may perform data analysis or send information from
detectors to a central processing unit 1404. Information fromthe sensors

may be provided directly to a receiving station or throu jtter
1424 in a knSXWREHABL. "[0078] FIG 15 schematically ill ugﬁpﬂ{sé@%@ﬁsgh r nore

fi xed 1524, novabl e 1504 and 1556, or nobile 1552 detectors, each having a
CCD or CMOSenletelyclbouted1§4Bn wing eabids, plompdinks radio detves; tar nghdii gethaisesfgy phot ons
froma radioactive material source 1520, which may be encased in a shielding
cont ai ner 1®i@nniggoh. of detectors 1504, 1524,- 1552, and 1556 nmay conmunicate
the inmages to a receiver by cables or tel ephone |lines 1536, 1540, 1564 or by
radi o waves 154800771 he systeai lostrated4u Fichy4 ey ingluée 4 eeotal pisegingiunti (GPlonput er or
other control and analysis system 1560. [0079] Canera phone and. ot her

port abl e delA26aving emreepeadipt énpuBSRMt porty, @Gad-PElY memory lﬂBOgﬁrﬁf iagyrseigebleor r enot e
pl acement and interconnection with a network of other sensors. These devices
may be sol afleqjenie stomes racding doptaiping greeqgsor-gxedie destrugtionh cang edalipsetioni n t he
event that one or nore energetic particles are detected. Portions of a

net wor k of YRAieBJENYPR-aceess W%dw\g%mma {atathuysh eysyuitetdo sonfigpsglioneThect | vat ed
to detect enerqeti c particles when one or nore pnmary detectors, senses
energetic pemiplier way 15eeivesignaln Spwi aowncly phindividvrb pisels auiram fe @ideted aged ener gy
wi ndows or above a threshold amount. The_ activated network nmay nonitor the
movenent of O% J§iC0F SSPTOBFOIRIFE oS EIERe Ohtitnd afoRe detectyn 3B/ PP F M2t opes are
easier to detect than others. The calculations and,  exapples in the

di scl osure AhePresssg upihl 430 sy be yied dnconpehihe operatien apdfoppotian "I%ﬂ}eée’lﬂ?rfffai cul't to
detect, and serve as a guide to the applicabi]ity of radiation detection
systlems bas®8" diken S?éﬁli‘ecg?ﬁiﬂﬁ%ta@ oFyATcERt; 23f 50“03]'\%?’@"‘?\47'?5’“0‘8&% o, (SIEEYE by a

HEARNERT R N I M AR IR R SRS
cal cul ati Ongonggl?e(r: ln?a§/e]§ie OIexrrl ed.apa grga?yspsagregen Qnt%}rmzaggﬂ ﬁtopne destgc%rg% a central
processing unit 1404. Information from the sensors may be provided directly to a receiving
station or through a transmitter 1424 in a known manner.
[0078] FIG. 15 schematically illustrates one or more fixed 1524, movable 1504 and
1556, or mobile 1552 detectors, each having a CCD or CMOS detector 1508, and each
capable of detecting high energy photons from a radioactive material source 1520, which may
be encased in a shielding container 1516. Each of detectors 1504, 1524, 1552, and 1556 may
communicate the images to a receiver by cables or telephone lines 1536, 1540, 1564 or by
radio waves 1548, The receiver 1544 may be interfaced 1568 with a computer or other
contrel and analysis system 1560.
[0079] Camera phone and other portable devices, for example 1552 in FIG, 15, may
be configured for remote placement and interconnection with a network of other sensors,

These devices may be solar powered and may be designed to connect to the network in the

event that one or more energetic particles are detected. Portions of a network of detectors
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met hods, and apparatus may be used for the detection of high energy photons
fromany radioactive material that undergoes nucl ear decay. These CCD and
CMOS i mager devi ces have a |inear response to the incident photon energy.
Wil e U 235 ‘Hgﬁﬂ as an exanple of a materi al that roduces detectable
hi gh energy p ot ons clains and disclosure are not TA§2006/00¢ AL
particul ar radioactive material, (00811 Instructions or programs, whi ch may
be in firnmmeebé eaivpted &r dedecbgreagric poticlesawhecbnp ©r mereeprtthary idetecioly semdvsar e devi ce
(as a read-only nenory)), EPROM or software, may include various routines

t hat i denti énergetidpotidet lnpying cawgier withiy dne ot mereepredetpymivpd exerginwiokdows hie det ect ed
radi oactivity. These prograns nmay al so include the capability to accept and
anal yze dat abofve @nthreghpdd emprant.woFHeeastivhtegli neiwvork amayr monitor gheenoyement jdfiheed al ert s,
and use network infrastructure to coordinate detections fromnultiple

det ectors. vémsqtmsowntamalsyst emfor detecting and identifying radioactive
material with pixilated imagers may be used to forman inexpensive, dense
network of radi 48988hSeret edioispiopesue asier de deteqt hanntherr Kherggiculgops ynd
continuous real-tine detection and tracking of radioactive sources over a

wi de ar ea afrdmples ipethe disclagme agdpsed 8 1823 5pelicuspmernd 06w is e dificul dhnent s,
such as hi ghways, tactones, crries, nospirais, oner insntunons, ano otncr
urban or r ufieifct] BE FETVEHS 2 qumaz)ﬂveFeﬂph@)aampéradﬁm deectig Syptems B387k Pon of a
typi cal astronom cal . . The spots that result from high-energy
particl es, ‘?ﬁ“é“cﬁ%yg‘““&ﬁb\”gﬁﬁi t}}ea‘d’i%‘éd’E‘idb‘%"ds’Hu? ®BYO mgiignigahePFehYS st ri ki ng
t he CCD durlng the exposure nf“a be identified using an automati

i dent i fi cat POROTHIMBYOaHE SHERgYsC s'i}/“s’c“é‘ﬁ?’}‘rﬁ?mﬁéf"fy(ﬂr?f}“%‘g'?y the ﬁ‘é"r?ed%frﬁ&'f‘?%‘at i on once
t he etectl ramsters are

det](ce ti 03 c é}fei pmples andy °i”’:ﬂj° "}08‘:@%}%2%‘}“%'?’\%8%?1&’%{ 2% %BDVS%’% y be
o ot her Syetets sulrih '@rvaﬁﬁa%%i’%ewq T 5 fteei i ek PP o & (Ui ng

the sane sett,in

and routine®d9 ﬁgg'f)ﬂa\ﬁg?] ?%‘%ﬁé{fc era%‘ﬂ‘icfg%:a §%geﬂ g%@z?#'%%%{?) eyidt ruetions

have a linear response to the incident photon energy. While U-235 may be used as an
example of a material that produces detectable high energy photons, the claims and disclosure
are not limited to any particular radioactive material,

[0081] Instructions or programs, which may be in firmware (computer programs
contained permanently in a hardware device (as a read-only memory)), EPROM, or software,
may include various routines that identify radioisotopes according to the energy spectrum of
the detected radioactivity. These programs may alsc include the capability to accept and
analyze data from remote networked digital cameras, issue distributed alerts, and use network
infrastructure to coordinate detections from multiple detectors. Versions of the system for
detecting and identifying radioactive material with pixilated imagers may be used to form an
inexpensive, dense network of radiation detectors. Such a detector network may supply

continuous real-time detection and tracking of radioactive sources over a wide area and range
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statistical significance of each peak pixel output conpared to the anbient

noi se. The routines nay begin with a scan through the inmage data, | ooking
for very high count-rate pixels. The routines may further include conparing
hi gh count-rate pixel peaks to neighboring pixels wusing statistical tests.
The statisti @Q 2°F7é(§7§’sslrray i ncl ude ni ni num threshol ds, m nPAEMSPUFPWE (peak
to nei ghbor), use of detector and el ectronics characteristics, or

conbi nat i orfsnofonmests,ssuch arclighiiansy ACkRESS CIUEE, tofMRiscerhertipsapsontn dnqywyr ans may be
used to provide detection probabilities wth |ow fal se-positive outcones.
Addi t i onal urbdnedt kisalderdtiangnpar i sons of the detector signal nay be used to
further suppress spurious alerts. [0084] Potential sources of false-positive

out comes i ncl ud¥I8Blatd grampirl FIG dihashpwna portiessefi actymies) astommmipal GGRYHRAgei ncr eases
due to rain washing fromthe air naturally occurring decay, products of
Radon- 222, Thg; spps that pepult fre hisberaergy partiglpl cOFEC s Anbisnt RAIOIDYC BQUEE:S |
Background activity may usually be very low, as is the system noi se, so
det ect i on B SpBHA raYs;s msé}mQ?égfiqrvs thespesuss may\pepentificdoisisgirB AEMAict h a very
hi gh degree of statistical . confidence. Data screening tests of infornmation
recei ved fideifigaios progran. aHus wsie mey PREgrmyeal tigp igntibegan enes fhipidetection
PCTI US2006/ 006914 used to mnim ze fal se-positive outcones. inese may nmcnae
tests for REFHHENE &5 e S fy the prifoppineef (o light detartign sharagtesiigicwitlg thene si gnal
in nmultiple exposures. In additionf a vehicle or persgn carrying nucl ear
materi al neRFECH BYBRCIER A BYabs BROBIENCa et EXRR WSO caliEh Oy ng
detecti on may cl earl%_identi fy a bona fide source, ans ma% not arise from
backgr oundP™PYAF SIMGH IS EhWhniofier siyems Ysing ot Perilic DPEOL AP TAY T ¢ f act .
Finally, a large radiation releas y vield . distributed, persistent
activity otb¥et ??ém?éﬁﬁ"@ﬁob‘f”ﬂb?f‘fye"cf?’°'[‘%%’3‘%0? #°¥ncl usi on, a system and net hod
for the detecti d identification of radioactive isatopes may include an
appar at us base(ﬁ(?déﬁfi SITHCHPTE SRGTGRYETSE ™ E‘é’ﬁrf’ 8‘?&{1'1’?’3{“1%' & ug tt%ﬁﬁerﬂ’m?t Sgr aphi ¢ or
vi deo inmages. of . abj.ects and,sinultaneously detect hj.gh ener articles
Uhat i nt or SRiston REr PoeL PRI cratpote fL P T hEaree. e uBihr at ue: may
use OCD and, QVOS RS Shn WTBYE e 1TRE R ROBSE RY vO) oigMSHSuE a0t by i 0i tal
detectors

routines may further include comparing high count-rate pixel peaks to neighboring pixels

using statistical tests. The statistical tests may include minimum thresholds, minimum ratios

(peak to neighbor), use of detector and electronics characteristics, or combinations of tests

including these. Statistical tests and pfograms may be used to provide detection probabilities

with low false-positive outcomes. Additional checks and comparisons. of the detector signal

may be used to further suppress spurious alerts.

[0084] Potential sources of false-positive outcomes include background radiation,

Cosmic Rays (CRs), sudden increases due to rain washing from the air naturally occurring

decay products of Radon-222, Bismuth-214 and Lead-214, and the decay of Ra-222 itself.

Background activity may usually be very low, as is the system noise, so detection of bona

fide radioactive sources may be accomplished with a very high degree of statistical

confidence. Data screening tests of information received from detectors and cameras may be
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el ectro-magnetic radiation and charged particles, may, in addition to
detecting light, detect energetic particles and hi gh-energy photons emtted
fromradi oactive isotopes. The inages fromthe one or nore CCD or CMOS
imgers may be transferred to a conputer using a frame grabber or inmaging
board connect¥8 2707518k exanple, a cable or a PCl bus to aPPFESEEWF4 | nages
may al so be transferred using infrared data transfer, radi o waves, or other
el ect r omagneed ¢ naveRe tEtEchosInvE ONEPINSs. c abdse May enciuge sests Theaprapgesnesnyt be st or ed
on a disk for retrieval and further analysis; the inmages nmay be stored in a
conpr essed flasacted spectrngngepersistenercad dhessignelyin paltiplgsrppswids. ol afddjtion, @ velidelerced frane
rates. Image data fromthe imagers may be sent to acquisition equi pnment and
then to t hePw®nFapying audegignaeiasl pee seer pRY BERNY cwBhpR anatheindSwhiter di gi t al
or anal og data mani pul ati on and anal ysis machinery. An analysis of inmage
data transf @wadeltchfm maseclensly idenily apenidide sovge. andanayyet st frem) berkergurdd t o
detect the presence of radioactivity. 100861 An analysis of the _inages from
one i mager Fdiptiohe cEBYRTAY e AT Y oXfiehlopdl autiationarfest. thivally ot 1aeee rafiation ielsaftager s t o
determne if a fal se-positive conclusion has occurred. 28 WO 2007/075181
PCT/ US2006/ Besydd distgbuledpersisizatagvityionethe regionaifested- o det ect gammma rays
detected by the lust inmager. and ne energies and ratjo of energies detected
shoul d be si ni| 4P083hE sARGIuEEN. AotYFEP gd g forsthg dptegtiop And AdrtifigEet ohased
tests to verify the gersi stence and/ or consjstency of the ragi oactivity

measur ed. THEFGRGIPBRESIPDHBEN G BPHpubPasghin & FEHC ALY to gamma
SRR AL ERE AL TN NN RN
2000 SRR o ot AP P S S PR 78] SRR i g
SN R SRR E R AR (R
| nvention | %]e(r:'{r%tmag%&icbrgdigneosnta{nid %ﬂzxergedbﬁémtcgg n?a@?lqp alid%ﬁio}x Q(? Eetgcglné %\é\fit, (%w LEI

energetic particles and high-energy photons emitted from radioactive isotopes. The images

from the one or more CCD or CMOS imagers may be transferred to a computer using a frame

grabber or imaging board connected by, for example, a cable or a PCI bus to a processor.

Images may also be transferred using infrared data transfer, radio waves, or other

electromagnetic waves used in communication devices. The images may be stored on a disk

for retrieval and further analysis; the images may be stored in a compressed format. Image

sequences may be captured at full or reduced frame rates. Image data from the imagers may

be sent to acquisition equipment and then to the data processing equipment, including

computers and other digital or analog data manipulation and analysis machinery, An analysis

of image data transferred from the above components of the system may be used to detect the

presence of radioactivity.

[0086] An analysis of the images from one imager may be compared to analyzed

images from other nearby imagers to determine if a false-positive conclusion has occurred.
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[0088) This exanple illustrates the ability of an inmager to detect high
energy particles and illustrates the sensitivity of the detector. [0089) The
functionality and sensitivity of the various imgers to detect ganma rays

(still and vi de03 fromdifferent manufacturers were perfornmed. In each
experiment, the2%4MF4hs were operated, without modificatiRFEUS2A6486%4 ng t o
their standard directions. Exposures were alternately nmade with and w t hout
radi oact i veNaady ermerhs steald tehablectardetea ghyoaly rays Ghtectedreg e trakmagenandioelit a near by
source served as control experiments. In general, it was expected that very
f ew of the enepies ehd estioeofi energiesi detegted siwhtdubed sidiilep kad) mah ebespaipkredivxieg - scal e (
dots caused by radiation strikkes on the detector, It is also reasonable to
expect sonestatigfigal awd logiebased destd yo aetify GF nersistinpegod/of donvstangy |ofdthe r anes,
exposures or collectively data) to contain such artifacts. [0090) In one
series of |edienctitiormeasused. sThedoagtion afipt spotsecbrighhipets Mramhimage tuprtedampa Logi t ech,
specifically, the Quickcamfor Notebook Pro was used. That canmera contains a
1280 x 960 Tpysxslittedieomyiteteinl sqpr@ef radivactiviomyterial may be seedveithdhe Imagesef tests, an
A ynmpus 29 WO 2007/075181 PCT1US2006/ 006914 Canedia C-700 digital still
camera, whiablecie drthaintigers fielbd viewtto troatiippesiiion o5 the radpeetiyity camer as wer e

exposed, without nodifjcations, to small, unregul ated radioactive sources.
When exposed t ol00BHs¥argws gspests of gabrdimenthylisclpped oVl he dbustsates| wih gfereaeetted as very
small, distinct white dots, [0091] Wen collecting radiation sensitivity
data, thredhs follpyiag ppyimiting cxaepless dbe apples befgw arermergly sepresgiiative obthe (2) 5 C
Cesium 137 and (3) 10 C Cesium 137 were used. These sources \were ordered

fr om Spect r¥Af hatdeRigpiesto thefeachigg ofthgpregertdryention, andheRTPisRh MYPREGRIT Ples

provi des calibrated, radi ati on sources for experinmental |aboratory work. The
Cobdl t - 60 S'B8f LEnghk] bxhpemapesmeufolow. vey and 1. 33 MeV ganma rays. These
energetic rays are very penetrati %wtgl only half of such ganmma rays being
absorbed after traversing 11 MPLE ]

[0088] This example illustrates the ability of an imager to detect high energy particles
and illustrates the sensitivity of the detector.

[0089] The functionality and sensitivity of the various imagers to detect gamma rays
(still and video) from different manufacturers were performed. In each experiment, the
cameras were operated, without modifications, according to their standard directions.
Exposures were alternately made with and without radioactive material near the camera body.
The images taken without a nearby source served as control experiments. In general, it was
expected that very few of the control experiment images should display the small pixel-scale
dots caused by radiation strikes on the detector. It is also reasonable to expect some, but not
necessarily all, of the images (also called frames, exposures or collectively data) to contain
such artifacts.

[0090] In one series of laboratory tests, a digital video camera manufactured by
Logitech, specifically, the Quickcam for Notebook Pro was used. That camera contains a

1280 x 960 pixel Charge-Coupled Device (CCD). In a second series of tests, an Olympus
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mm of | ead. Cesium 137 emits 0.66 MeV gamma rays, which are about half as
penetrating as are those from Co-60. Half of Cesium 137's ganma rays
penetrate 5.5 mmof |ead. The fact that gamma-rays pass through significant
anounts of | 2@2’]"%' tﬂli ng makes it very wunlikely that radioactive sources
| ar ge enough Ager ous coul d be surrounded by enoudtFEVi2R06480688¢ ¢ o
avoid detection, if the systemsensitivity is |arge enough. Prelimnary
resul ts of eaiial CI00 Wigidl 8tilllicaficts SAchviodRink 2f1600 x 1300 VOD2R&sed SB8h
PCT/ US2006/ 006914 Tabl e 1 Source Radi oi sotope Calibrated Nom nal Ganma-ray
Bet a Lead Ceairdfetas wWiddTBgiosele viithidut Ynddaions, ab &hgl, tleemlatedhiafibsbing ssudde€ Level
per per energy required from Spectrum second (keV) (keV) to bl ock Quantex
Techni ques Wabi effosddetogthése sdarcas, gheRi rdybeveye suCosssibly détegral ad véoplabil,- 60 1 C
37,000 1173.2 317.9 11 mm 700 pR 1332.5 2 Cesium 137 5 C 185,000 32 511.6
5.5 nm 661digintdwidtedo8. Cesi um 137 10 C 370,000 32 511.6 5.5 nm 661.6 1173.2
[0092] In order to assess the ultimte sensitivity of the nethod,
Gei ger - Mul | er cdn9EWherdalecimg radiatal denxsitivitg datmdiaee mdiomtiae soprdegi@er Tabkl
conditions as possible to the Logitech webcam CCD data. The detector chosen
was a Quart &x(iudel CReBS0,1?2) SpdWesichuseandyP) QuaC Cesium-1RU epieased. Tiesedet ect or' s
cali bration has been verified to be correct to within 10% accuracy at
Br ookhaven sdiats ovesl oderbd D Syectrlii eTedrii@et, Olhc.WaiS Oplo Riligep M dpetrami mat el y
1.5 cmfromthe sources, with

Techniques provides calibrated radiation sources for experimental laboratory work. The

Cobalt-60 source emits powerful 1.17 MeV and 1.33 MeV gamma rays. These energetic rays
(’ are very penetrating, with only half of such gamma rays being absorbed after traversing 11
mm of lead. Cesium-137 emits 0.66 MeV gamma rays, which are about half as penetrating
as are those from Co-60. Half of Cesium-137’s gamma rays penetrate 5.5 mm of lead. The
fact that gamma-rays pass through significant amounts of lead shielding makes it very
unlikely that radioactive sources large enough to be dangerous could be surrounded by
enough shielding to avoid detection, if the system sensitivity is large enough. Preliminary

results of sensitivity are discussed vide infra.
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a 1J16th inch thick piece of acrylic plastic in between the source and
detector. The plastic was wused to provide nom nally equivalent shielding to
that of the webcam cover. Normal operation for the Quartex detector is to
collect data for 31 to 33 seconds and then indicate the hourly radiation
exposure | ev¥O 2007/415181 0- Roent gen/ hour. The resul ti ng counPCTAS060WPge over
a 6- mnute sanpling period is shown in Table 1 for the Cobalt-60 sanple. The
ot her sources overloaded the detector, and no reliable count rates were

obt ai nedlabl®DO93] Results for systenlsen5|t|V|ty The Ciynpus canera was used

s
gama-r in one of énglng !rgco%é fﬁeg res. glf 507/ 075181
PCT/ U82006/ 006914 cont g

a.

v
VeRHer i %1 “i‘k‘/‘f‘g\ﬂ T 1h
no evi dence of a gamma- e%‘%gg(r:; is?ﬁ?ng V(\H}Q ggnél@ [ lﬁvér : %ﬂéngir\e/ewas
h

C
experinents wilth the Logi‘f ‘\R}%lpcam werle perforned th £ PET dii gi t al
still danera. |In each of 9EA&SEEDLEam experinments, {data “col |l € |for 15

seconds, at 15 franes per second, to prioduce novi es cOfi sed of
approxijnatel y 1225 frane Controll _expedinments we dlifirst Wth the

camer a slurrourI(‘F@Halb?O | edd & i cks | 3RQ02 odh&H2Zwi t 1} 3479t pilk B 4c00eRoth. The
second |series|of tests e identlical ., dxXé3bh# that the|Cobalt-l60 and|the two
Cesi um 1837 souyiCegsmvidie |5l @Ced nedXB5,000 t|lF@ webcam51The |OHimm series of tests
had theg canena uncovered, ained|at the |&8lkbi ng qflliha [l aboratlory, wijth no
radi oactd ve di| $esinmal3ny; lt)hm | ead70,00€kK 3aver the secaéens.svam rienoved,| but the
side briicks were still ijn place. |{The firal6iseri eg1103.2ttests usled t hejsane
set-up as the previous series, bui for the inclusion of the two Cesium 137
soufces. Details concerning the first two. series of tests are di scussed bel ow

and sumari zgdogzmm 3B} & #sesk QRORlimbRECseAQINITOHT B RRAHIIE GeipeL PRBESiRfep! four
15-second video clips representing 996 individual data franmes, each 66.7 ns

in duratj %eréc&l@cﬁh uﬂcier faQHEarl?”@e'hﬂ@ﬁl 'cSnd?@Jnts a6 b&sﬁier tb Iﬂ’f‘eidﬁﬂeéﬂ\ﬁebc%ﬂw re

detected (see FIG D) fof pixel [ocations). These were presunmably due to
data. The detector chosen was a Quartex model RDR901, manufactured by Quarta in Russia.

ust w : et Tt e rear
JS| de of Q"ﬁf"‘% a, S Uﬂéﬁﬁﬁﬂst nﬁﬁh‘i‘ gﬂﬂmér\%fw)%égﬁy” af T @%S%QM)

The detector’s calibration has been verified to be correct to within 10% accuracy at Brookhaven

National Laboratory. The detector was positioned approximately 1.5 cm from the sources, with

a 1/16th inch thick piece of acrylic plastic in between the source and detector. The plastic was

used to provide nominally equivalent shielding to that of the webcam cover. Normal operation

for the Quartex detector is to collect data for 31 to 33 seconds and then indicate the hourly

( radiation exposure level in micro-Roentgen/hour. The resulting count rate average over a 6-

minute sampling period is shown in Table 1 for the Cobalt-60 sample. The other sources
overloaded the detector, and no reliable count rates were obtained.

[0093] Results for system sensitivity. The Olympus camera was used just with source

#1. With the 1 pC Cobalt disk lying flat against the rear side of the camera, flush against its

LCD view panel, there was one (1) gamma-ray hit in one of ten 0.5 second exposures. In 44
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cosmi c-ray inpacts, or nearby radioactive decay of a naturally occurring

el ement such as Radon or its decay products, or sone other anbient source of
background radi ati on. None of the four counts occurred closer than a few
seconds to the others. This tenporal gap between counts, and or a mninum
count -rate, YOO 75i8kd as criteria to trigger an al ert aP@rAkwesesspart of a
fal se- al arm suppression strategy. [0096] FIG 6 (A-C) show three sequences

of i mag Whi : j t ces. The
o equono SRR SRS Sl MBREATE 3B Rl widl &rlefic A LuaBRiRRY BrBORA RS 5,
PCTI USZQIDtg/ 931%9%4 detected 126 energetic particle strikes on the CCD anpbng
the 773°1R8rVidbal frames. The count rate varied between 1.6 counts/sec and

3.5 counts/s [L00971 An estimate of,the statistical significapnce of these
det ecti ons c@ﬁgﬂé&ﬂﬁcféteflﬂve ExpsBments Wit e tFiPew%qca?l%ergg? oé?ﬁegglag Mr ni ng
device for_ radiation or_for detectjon of anmbient radiqQactivity. Consider
separ at Bieyligigbstlhamera. Sk fa of %&H@i"iaﬁbﬁ‘ﬂ’gmﬁﬁv?’ﬁ@taW% fipled {0 15 segRy's: 49
counts (FIG 6B) and 53 counts (FIG 6C). The effective background radiation
| evel wakslS framespedetandple npfhice mavisscompasrd (fappogimatelydes fsmeec 69a%0lof dat a
in FIG 5. Since radioactive decays follow Poisson distributions, and the
nunber efpeciognts vepeperfiamed Sest with thyr caspera suuanded by lead bmeskeand apsiered with at he
significance of the detections using Gaussian statistics argunents nay be
made. Theckaplpekoslbiimat Bhelseeondreesest @fi tasty wiere itibrdicalp asagpetienths Gobalt-6@ asdjthmr e- r oot
of the neasurenent, or: 4.9, 7, and 7.3 counts, respectively for Source-1,
Sour ce- Byo @lesluhold7cwuites weteeslacedadenes theobdbearas UlHesthind sgrdet. & tessihads fle5- sec,
497 counts/ 15-see, and 537.3 counts/15- sec. The first value is a few

st andar dafl@y naédvered, aiviRY af BRMellg JTithelabéridny abitheso radioatttvenfischatty; tehat t he
webtam may have slid slightly toward the sources after the first experinent;

if SO, %eadbHAOSVRthONREa wds AW btk 186 686! BlicksOFerd BiA1 MaNAcA! ITRB fiaisehaed. The
significance of the detections, expressed in nmultiples of their respective

T IS A i oS gl g o R el et v 00501
sources. Details concerning the first two series of tests are discussed below and summarized in
Table 2.

[0095] The control experiments consisted of four 15-second video clips representing 996

individual data frames, each 66.7 ms in duration. A total of four energetic particle strikes on the

CCD were detected (see FIG. 5 (A-D) for pixel locaﬁoﬁs). These were presumably due to

cosmic-ray impacts, or nearby radioactive decay of a naturally occurring element such as Radon

( or its decay products, or some other ambient source of background radiation. None of the four

counts occurred closer than a few seconds to the others. This temporal gap between counts, and

or a minimum count-rate, can be used as criteria to trigger an alert and also as part of a false-
alarm suppression sirategy.

[0096] FIG. 6 (A-C) show three sequences of images taken while the webcam sat atop

the three radioactive sources. The sequences were each 15 seconds long. This configuration
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"Source-1" experinment is (24-1)/4.9= 4.7a. The correspondi ng val ues for
"Source-2" and "Source-3" are 6.9a and 7.1l1la, respectively. In these
experinments, it was known that there really was a radioactive source near by,
but that will not always be the case. It would be useful to know the

| i kel i hood f WO WBYHSIBA| se- negative and fal se-positive res®CraS200e/0eetser mi ne
the fal se-negative results, the probability that instead of recovering the

expect ed, nu of cqunts, a nunber, c e 33 Q07/Q75181

SO s OIS FRR 484 fherE it B ARRER S e ¢OD BmCBE 145,74 IEpRu tifes: The o Bhual
t hose recorded, in TabI€ 2, ??he d&;Slobabi ity that a statistical anomaly woul
produce TAtervaTIedReuerD: ¢ eruptsffeqand ) CWRS{SEH by eval uating the Gaussian
Probability Distribution. This can be done for a value equivalent to what
woul d be condPWdl éa sibmetn of te statisticyt signticanss Rfothpser dedectigng ea@ bergiade unber
of gamma rays detected" (called "nean value" in equation below, using the
1- a val wederstind thepabisabithe yytem as a vargipageviea fpr srdiqtign sefor dateetinn afambjent
ackground val ue - nmeanvalue s 2;r ~2( v ) [0099] For Source-1, this

pr obabi | iadipadtizitpb Gansifleri sapar @ely Gidthrdediso@er]r exper2menisl hSing 24 c@mis (FIGs64pr e t han
an order of magnitude |ower. The systenml s sensitivity therefore makes it very
robust a4paconats (FHb.seBNagatl ventseF bt &C). | Tie effdctivé hackgivond rdiatiadiletel onsi s at

| east as intense as the very |ow |laboratory conditions, the count rate wl|
be hi gh peeuweb td be ifpkexina@Biae (i udunter ep¥ebndsaof daradh BHE.13, \SinGauddiesctive | | most
i kely be near a detector for an extended tine, or else pass by multiple

det ect or gecayshBII&H Pofisort BRtribhfidnsOindthe SluMBerfofSRMAE Pet Satf Q&M i6 TRAN IRl 20, r educed
by the nunber of 15 second periods spent near a detector. [00100] To

cal cul at @xlcN&rihaes 6¢ O 3ighiftandd o2 B ebectidns Jsh‘% GRIGaPAMRLLOR WA rF be USEd,
exceépt the background rate and nmean value definitions are reversed, and the

- . h t h 1 ) - .

bor v ospolithrye By itely o, ShecfnlRE Y RERUE of B palibfior 7 g
imately 1 : ds, th [ [ ill fined f

R CVRNG YL 8 kR RN R

fix

o)
d

These values yield results of 24+4.9 counts/15-sec, 49+7 counts/15-sec, and 53+7.3 counts/15-
sec. The first value is a few standard deviations away from the other two values, it is possible
that the webcam may have slid slightly toward the sources after the first experiment; if so, a
translation of ~7 mm would account for the variation observed. The significance of the
detections, expressed in multiples of their respective 1-c uncertainties, is:
significance = (value — background)/uncertainty
(\ [0098] The resulting significance of the detection of the radioactive source for the
“Source-1” expeniment is (24-1)/4.9= 4.7c. The corresponding values for “Source-2” and
“Source-3” are 6.9¢ and 7.1c, respectively. In these experiments, it was known that there really
was a radioactive source nearby, but that will not always be the case. It would be useful to know
the likelihood for both false-negative and false-positive results. To determine the false-negative

results, the probability that instead of recovering the expected number of counts, a number close
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it firmy. However, a rough order of magnitude estimate for the 1-a,
uncertainty would be tI count (the square-root of 1). Using a value of | for
a neans that a false-positive alert at the |evel of Source-1 would be a 25-a
occurrence, i.e. a formal probablility c1016. Additional analysis 34 WO
2007/ 075181 PORKISBE/ 006914 of the fal se-positive al er pcraseosasha nmade
with nore extensive determ nation of the background rate and its variance.
The | ow background rate.al.so. h s to ensure that real alert e, handl ed
Aot opt B SRR BUE IS Pdacti i s, 0al atote Beofsf b SRl 2R8I £ <
Experiment Total # of Total nunber Nunber of Average, Series soyrc

i ndi vi d@Ebatiktythatnd statisticab anemaly GUeRl¢ progues @ falsepegatiye r%sb%éﬂﬁ%gﬁtgg b¥hi ch per
(C) frames gamma-rays second_were detected Control-1 0 224 0 0 0.0 Control-2
0 224 3ewlgtng teohrisgipn Prapabity Pistritytion. Ehist Gap|hesdage foya yale gguiyalemdor ce- 1 16
225 24 20 1.6 Source-2 16 223 49 36 3.3 Source-3 16 225 53 41 3.5 100101]
Expect edvh woudd beensisidesed mprmad for bpakgseundnes copwatsd Se thedJotpl sumbsrod cammanent s
using results of l|laboratory detections. The Federation of American Scientists
per f or meays detectedye(callell “madan whlae'! mneuitibnadeieg suditgethk ilke vyluesrpHds pobabilityi ous
dirty bonb scenarios. The results of their detailed investigations can be
found org:the FAS website (FAS Public Interest Report 55, N 2, 2002). One of
t hese case studies considered the case of a 10,000 Curie source of

Cobal t-60. Such a source is 109 tinme _(n(%re active than the 1% i Cesium
2

sour ce argophBili®y SfifAIRS negative = 1 ex ackground value - mean value
oy

o2z

( [0099] For Source-1, this probability is about 1 in 100,000, for Source-2 and Source-3 it
is more than an order of magnitude lower. The system’s sensitivity therefore makes it very
robust against false-negative results, i.e., if the ambient radiation is at least as intense as the very
low laboratory conditions, the count rate will be high enough to make a detection. Moreover, a
radioactive source will most likely be near a detector for an extended time, or else pass by
multiple detectors. Therefore, the risk of missing a source is correspondingly reduced by the
number of 15 second periods spent near a detector.

[00100] To calculate the false-positive probability, the same equation would be
used, except the background rate and mean value definitions are reversed, and the 1-¢ now
corresponds to that of the background count rate, which is correspondingly lower. For the
extremely low background rate observed, approximately 1 count per 15-seconds, the variance is
ill defined from a Gaussian statistics perspective; a much longer exposure would be needed to fix
1t firmly. However, a rough order of magnitude estimate for the 1-c, uncertainty would be +1
count (the square-root of 1). Using a value of 1 for 6 means that a false-positive alert at the level
of Source-1 would be a 25-¢ occurrence, i.e. a formal probablility <107'®. Additional analysis
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nore active than the I G Cobalt source. In a prelimnary calculation the
source geonetry or self-shielding were not changed. As di stance between
source and detector increases, the main effect is a fall-off of intensity
that is proportional to the square of the distance between source and
detector. ThEORYBEHBbry detections took place with a 1.5PECHUSI08EMNE. Wt h
t he above 35 WD 2007/075181 PCT/1JS2006/ 006914 assunptions, for a source

1010 ti gEfe ggei'%a&&e Mt £ali@ﬂagg§ mgg@é;@itﬁ %@Q aﬁﬂgﬁbeaet&r&%amme%ac@?&ﬁ@t i on

could be ma en it cm= neters avvay, | e a source
109 tipgs ’&q{s%ﬂ%} le"%\é'%{b%aﬁgr fg %1g9t69éﬂsxre‘¥ﬂ£ reRt eE'OWever
air-attenuation . beconmes I mpor tant I stances greater t an roug y 100

net ers int air becopes an i nportant conponent of the shiel ding
cal cul a?qp(gqua{egi, ﬂ‘@gosttf{émﬁ%?fnemegf‘s i st ances exceed the distance over which
air-attenuation beconmes inportant, a conservative estimate for an effective
range for thpaujeiqumrﬂoqnneguushese condi ti ons would be several hundred

nmeters, howe i'ém Ggeat 'ﬁ““c‘? ar-e “M' ble !*crncu?v gl oser

separ at i ons| EXpegfiegh g T°t§¥ ghATof 1 adi QR EYRT yf Nuwheg of pe é@'fréﬁ‘i éd, or a less
active sour ¢8&8ul d bpSYELe Erléjél" dlﬁ(AI\ Wfogléﬂm?ﬁ‘?s pr i¢ exarrpl e

i lustrates|the use of 2AVEECHVEEe ovDs (& ctgd | Whigheo cambP¥ to det ect
ganma-rays from a rad| 640t i y&amster i 4L|. [ 00103]| SeRE Y| Ecorb or CMOS

i magers may|be used tp sanplle a regign or obj edY@eﬂ?Fe‘itbe environment to
determne if—radioactive materials are present.| An image fromeach of the
canmer as may | Canteolilhe "harge at eaclzdpi xel det &|m ned usitg t hedDmager's

har dwar e t o[ deredct Xel s Wth hrgiyjcharge caused by WSQ o€l e&z ons generate
by gamma raySOUH' Prnat|vpp ___the*f'mage may B anal yzed fisin df tvare or
fir re froQohthd- 3cam=ra 00 |a centxal| processarf connect@d to “obe camera to
detect ga acts_TThedatgsrgmature [of —a gamnm ray_poy i ncl ude
one or nore @&%?‘ ing Rilgh chat®dd or brightless abovj a_batkdround or

t hreshol d I(ggﬁlce_lThe change, brighisness and dgrjequency ¢f |t he pigxel s struck
by the gamme—rays—em-ttedinom—a—Sodrce—or—tadioactve—mter+al—i s expected
to be greatefowRA the chdfge or b#33dhtness 4| the 36 33

Source-3 16 225 53 41 3.5

[00101] Expected field sensitivity for imagers may be based upon scaling
arguments using results of laboratory detections. The Federation of American Scientists
performed a number of calculations to assess the likely impact of various dirty bomb scenarios.
The results of their detailed investigations can be found on the FAS website (FAS Public Interest

( Report 55, N.2, 2002). One of these case studies considered the case of a 10,000 Curie source of
Cobalt-60. Such a source is 10° times more active than the 10 uCi Cesium source and 10'° times
more active than the 1 pCi Cobalt source. In a preliminary calculation the source geometry or
self-shielding were not changed. As distance between source and detector increases, the main
effect is a fall-off of intensity that is proportional to the square of the distance between source

and detector. The laboratory detections took place with a 1.5 cm distance. With the above
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sane pixels interacting with anbient |ight or background radiation. 36 WO
2007/ 075181 PCT1US2006/ 006914 100104] Software may be used to evaluate the
i mges froman i nager and conduct a series of steps to reduce/elimnate

fal se-positi 308 These steps may include acquiring §§¥H7. I mages;
calibrating the c?e{ozsé’tnor; conparison of the inmge and detec eagzh‘l%gﬂkgé?\er ay

particles with inages from ot her nearby caneras; conparing the counts to a

t hr eshol gsumgtivmpafor s0sovede 1018 tingke nhort Yachie thae canEIoPxIt-60 sotieegaomparalyls
detected with a library of known radioactive isotopes to determne if a

mat ch i sqeaqEsh bbeid bassaABNHeR @t 10 NG 0B KOY.2 cin FRURD héters dQlag Whilkea bdurde®
radi oactive source is noving and if the detected high energy particles

correspofed thokd Sctive RSN the AetceBBlORLGRT 470 ridi@s iaWag e, HeWevdh YaiCatdhhdiahi on of
t hese acts. [00105] Where high energy particles above a predeternlned | evel

are det F%:‘S:g.gé ?nspsu;a Fdi?t"an&eg%&‘%&r {Haf P8 T0RERES at WAL afbelntdslai MBY

[
opti ona to system operators’or others if there Is a persistent,
statistical ly sianifi Ladlon arkifact. or.si g re
o el o orhomiyc ikt A8 e Bl RaicRabin” St 8 oHaRhM HidbynfBERRY o) ¢
hi gh ener. articles abqve edeterm ned | evel and/or.freguenc are
et oct ectHnte ek oD S HRE ok bEfoEeE B P SRse e PR o el an e
performed to r recisely |locate the rce oy, radi.oactive material and
dent | 1 yrPEstoE SirssidioropicchetecRaifigns Weullh bt severaLingred facteran b ey SyECAEy e
coordinated to triangulate the radiation source location to_ a small vol unme
and to i TABBERAEE RYSEDIG | Alargatiyelyy & GlasFTsSPaBHIOns. detHionsst SRl radipaetiviby ¥evldn and
identity of the detected radioactive source may be dissem nated to system
oper at or e éatectad e alepsactivpeparcs gowld be detected AVPLE 3 1001071 One non-liniting
way of checking the pixels or image froman imager is to evaluate the four
cl osest pixels (4CP) in digital incg@ANKLE2 |f the pixel or inmge data point
under consideration is (X, Y), then the 4CP are: (X+1,Y), (X_Y+l), (X-1,VY),

and (X Y-1). [PA02]37 is prophetic example illustrates the use of a CCD or CMOS camera or
video camera to detect gamma-rays from a radioactive material.

[00103] One or more CCD or CMOS imagers may be used to sample a region or
objects in the environment to determine if radioactive materials are present. An image from each
of the cameras may have the charge at each pixel determined using the imager’s hardware to
detect pixels with high charge caused by photoelectrons generate by gamima rays. Alternatively,
the image may be analyzed using software or firmware from the camera or a central processor

( connected to the camera to detect gamma-ray artifacts. The data signature of a gamma ray may
include one or more pixels having high charge or brightness above a background or threshold
level. The charge, brightness and frequency of the pixels struck by the gamma rays emitted from
a source or radioactive material is expected to be greater than the charge or brightness for the

same pixels interacting with ambient light or background radiation.
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WO 2007/ 075181 PCT/ US2006/ 006914 | ocal background val ue of the inmager can be
taken as the average of the eight pixels corresponding to (X-2,Y-2), KY-2),
(X+2,Y-2), (X-2,Y), (X+2,Y), (X 2,Y+2), (X Y+2), (X+2,Y+2); alternatively if
a known reference object is in the field, it nay be set to be the background
and the aver a‘ﬁ@zwf‘)i’gﬂ@ pi xel s or data points correspondi ngPETUSHes/@Iiect set
to the background. 101001 In one node of operation as illustrated in FIG 7,

di gi tal i gital.vid t ak nj ct 704 ' th
tep the di gNBRU mage oo ik iy SRR @ o BN ER0R sty o Hpdesf e oo
trik d |
StUri1 Kes .a na\égiaalsois

b hed f | fi.c .signat . of -
el ude AR Shotpt G BSpkey g 3150 S AR ot e e R ool
f d, the. test, b ted with the, ailabl e i 18), ,
of hor vi SHSGRKTAEY FArETE R HESiPs FRERSoG PLAY ises gy dUAUE) Beh PR cat os

bona fide detection of radioactivity, alerts or warnings maybe |ssued,

i nt ensi VRATRPPS POt HERgh TR other t ReathYCamERes: FRIRATIRG, thie CORMH dR ¢ tthigsholt: o
second stage nonitor for inter-canmera coordination 722, [0101) Additional

fal se po¥imparison efsthe idepty efdherpresy phde-sapmangyedetpeied With & ibrayfd@evson
(726), in which it is determined if the sane pixel(s) is (are) detecting high
count ratiesctiveriggopestterdeiemige . if 'aHoatclpiisk possible; iafsefnblingl ohe obancre pmegdsdm nay
usually be calibrated by one of several comon techniques. [0102) Intensive
noni t or i digermine if dieu cdiqaetivieosaviraeg isa ngpviangi amdt ifs éer détedtal ihighn endrgy padictes

(730), identify specific radioisotope(s) (734), and/or issue a warning (742).
Anal ysi scofespoilditd fHe@novaerittos theddiebEin thdithagy, St i cunthixynen af these dee. t rack and to
identify the source of radioactivity (738). [0103) The functions of the
software or flopT0sgr e f Wherdhih Rh&EY ParticIee abdVRICreddi@ind 16Vl iatcddetécii@Ena or

pi xdl data froman imager chip having one or nore pixels are shown in FIG 8.

o oduct ST 3h NS08 0T e EeT) LROBba) OEaTh Pk aae Ve ey arn decay
(ener get hGer NG ok Ghes iPREre SONTPRsiEiY SaratishilallyAHnPh AR S @bt STPIrE Fa Al rSiHafirdiRT DY,
one or more pixels or images that correspond to a radioactive matenal.
[00106] Where high energy particles above a predetermined level and/or frequency
are detected, an intensive study of the images or pixels from the cameras can be performed to
more precisely locate the source or radioactive material and identify its composition. Optionally,

cameras detecting gamma rays may be coordinated to triangulate the radiation source location to

a small volume and to improve specificity of radioisotope identification. The location and

( identity of the detected radioactive source may be disseminated to system operators or others in
updated alerts.
EXAMPLE 3
[00107] One non-limiting way of checking the pixels or image from an imager is

to evaluate the four closest pixels (4CP) in digital image data. If the pixel or image data point

under consideration is (X,Y), then the 4CP are: (X+1,Y), (X,Y+1), (X-1,Y), and (X,Y-1). The
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sone of the decay products nmay penetrate the canera body and strike the
digital detector, <creating artifacts in the inmge 808. [0104) |Images from a
digital canera may be analyzed for the presence of artifacts 812. If no

evi dence of %ﬁ?i Agisiaqi ty is detected, image collection nq*hﬁﬁﬂ&kaghpo4. | f
evi dence of ra oact|V|ty IS detected optionally repeat e anal'ysis on one
or nore additional frames 816. The repeated anal yses may serve as a

f al se- potdli vekgonek valié6of THeeinzaged wan deofakénr anethe ravgrape ofcthnt ¢ightepixelmti | a
sufficient nunber of franmes show a radioactive nmaterial is present (evidence
per si st Sgortgibnding foh€Xa,YQ),nK,Ve)] ¢Xe2,Yvd), (MtEY), a{X+42; ) eN-2,e2h,den¥e2), or

radi oactive nmaterial does not persist); for exanple the counts, inage

bri ght negs+2,v+2)¢ liddr@fively iBiaXiglosmOkfekdiCe obREEH iAltke fisld)fi whL ot syt focdeotie a
threshol d 820). Were the evidence does not persist, image collection may

cont i nuepRRgrouddddBthe laberbftCofitit $BRESr dafa poifts ese&g&m% o thedbREd R tPMESI ST S,
an alert or warning may be issued by the system 824 he detectors may
performbﬁks{g\gﬁd(e nonitoring by a gradient search to identify a detected
source, not necessarily initially within inmgelvideo frame 828. Optionally,

mul t i pl e_.a! eg/]ﬁf%g‘% oggmaﬂ%fyoé idiPast dfl@s?ﬂétﬁﬁ%?f(ggnﬁ H%Xaltc%gﬁfﬂgél&?v éo

radi oacti vit are ere al éert ssem nat ed 832.

Thi f L d I I it

o | o R B g5 S AL S I RISy, 2
/vid 804. T d f d

E L A KR R et

e B TSEAT e 15 1Bt Bk el S el

energetic partlcles fromradi oactive decays. Gamma rays |in . particular are the
nost | i kB1RY be Ereaed Wiy thamesisyalaylesmage G Lebweﬁe@ee@faam% RYXBIRASE et OF
and interact with it in such a way as to be detectable. The detectors

mani f est (718hi 1§ egdensp ﬁtiﬂl/mdgpaﬁeeacawd%/de dstegifonto sadifaci ity alarts plovaramBEmaY bee ganma
rays enter the canmera. The physical size (e.g. in square inches) of the

det ect or jsseeddiniensiveimguiterimgandydetizitiated) andrdata day be tramsmitted to a second stage

monitor for inter-camera coordination 722.

f0101] Additional false positive tests, for example image-to-image “hot pixel”
comparison (726), in which it is determined if the same pixel(s) is (are) detecting high count
rates image after image. “Hot pixels,” if found to be a problem, may usually be calibrated by
one of several common techniques.

[0102] Intensive monitoring may include performing a gradient search to identify source
(730) , identify specific radioisotope(s) (734}, and/or issue a wamning (742). Analysis of multiple
alerts enables the system and operators to track and to identify the source of radioactivity (738).

[0103] The functions of the software or firmware for interpreting the images from a
digital camera or pixel data from an imager chip having one or more pixels are shown in FIG. 8.

Data from the imager is collected 804. Digital cameras are sensitive to decay products of
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the solid angl e subtended by the detector, froma radi oactive source's
perspective. A larger solid angle may produce a higher rate of gama rays
interacting with the detector. A radioactive source having a higher degree
of activity ¢ decays per second) may produce a hi f gamma
rays inter act‘?ﬂgeovzn 1§% he detector. The data from each cane P@Qﬁ%l}ﬁ@gm?
transmtted to a conputer where the analysis is perfornmed. The transm ssion
maybe vi mdmactbie neterinds (energeticqartices et gaomegrags)i df rmdicgidabmasnadhamocarbyt not
limted to, radio waves. At | ater stages of the detection and anal ysis
process, sdnfsoftiesdecsysprodaets mappartraethe camene bady amiystiiie thedigitaieldiettor, provi de
greater detail. [0107] Digital caneras are sensitive to decay products of
radi oact pégtingnitefidt@inthe iRi@®o8Cc particles and gamma-rays 808. |f

radi ol ogi cal materials are proxi mate, some of the decay products wll

penetrate thee@arAgREdm aaekital dahk@ hdieedndllyiall foflfhk prdsétce ofirfifikisBy2.arti facts
inthe imge. In images collected fromthe detector, the absence of gama

rays mylfﬂfg%@fd@&e'o@‘?ﬂﬁ&cuW)F1@9&3&&4}5&% elcbfckisn Eiafco%tﬁmé\sm NBgGdeRE oflat a with

gama ray detections may have whit ecks [0108] The anal ysis

procedur gid?oégum% é?ec{(éq," Eﬁ ﬁffe@%d& ?1@ agél&?% ésft?J) A E'?]cge additidraRan&®16, S€cond),

on denan e canera can supply inmmges

and/ or t conput e r_co ters.ca I ci sions
made at 2 B cagéﬁ)lfna@i% m@'n%p‘%éléﬁilr%yﬂ&?(? %geé'egtlp hg" rng)“cfﬂefS fsm%ﬁlaﬁgggjﬁgte’%cti on
and rate. 0109 | verted.to.a file tormat, suitable for
Furt hor - BrtiReeling A g e iR ofdfeteg pio% & Flig P oot i G oRs  or
file into a suitable format are, knovvnlnthe ar.t 0 20071075

PCTI US2008FieislZa0r therg 1§ pRjadigactisr apinmal WWE(FYIQFBOB orgRGPAi¥HMELHR ed%S% ot her
simiar progranms. An inmage may be read into nenory. A search may be

per f or medOtTsish; £ exapRle qOB’éiks image brightngss; ?@W!%@Ré’”ﬁ%ﬁf%éﬂ‘a&%éﬁ ganma rays
hit and interact with the dlgital detector. A conbination of algorithms nmay
be used eensistentybelgwmhreshajd B20)s Wheredhe svidsgee dops @ot perasisimage esflleetina mayi t

fl ecks maybe used to determ ne the energy of the ganma ray hits, and energy
rati os f oentinhe8Mi.ts may

[0105] If the evidence for the presence of radiation persists, an alert or wamning may be
issued by the system 824. The detectors may perform intensive monitoring by a gradient search
to identify a detected source, not necessarily initially within image/video frame 828. Optionally,
multiple alerts may be analyzed to track and identify the source of radioactivity. As data are
gathered, further alerts may be disseminated 832. This information may include alerts collected

( from other digital cameras 806.

[0106] In FIG. 8, digital images are collected from one or more cameras/video cameras
804. The cameras may be used for security purposes and may be networked to an operation
center. These digital cameras may be used to work as radiation detectors whether or not they are
utilized for video security monitoring. The detectors (e.g. CCD, CMOS, etc.) are sensitive to

energetic particles from radioactive decays. Gamma rays in particular are the most likely to both

39



al so be determ ned. For exanple, the program "BCLEAN', which is a conponent
of the "Figaro" software package devel oped by Keith Shortridge, the contents
of which are incorporated herein by reference in their entirety, includes
routi nes that ed on CCD inmges to detect and re ad |ines and
cosm c ray a????ggpgn?fon1an astronom cal inmage. These rgﬁ¥ﬁﬂg@%§Wﬂ"4

nodi fications of it may be used to detect gamma ray artifacts or hits in an

i mage oreah gteaiedor apiawmct with dnin sfch anway mmtpebefdetentableCThe dete@MdManiteser .

Rat her than renoving themfromthe inmage, the routines may be used to

i dent i f ythia sabsitihiy @gérdlesvaf thadingtion fiyrs whidktthsgantheradyh entemthg eameri.0IE0] Tn an
enbodi nent, a variety of pixel intensity ratios may be cal cul ated and used

t 0 i dentphirgicabiite @R insqairainhps) ak dd deterrge afikiad angelar orienpdtion) Ray dedrmirey
correspond to gamma rays. These pixels may be flagged and eval uated by ot her

tests. [tRelsblifi ahgle AibteRTEDBY B AbtectEl GO dradiBictive sctifce’ B @H ey, Relafpéatdkdt ed
based on a set of user or systemconstants. For exanple, C(I), C(2), C(3)

and C( 4)anBR¥naNPrddRed a Bghdriad of SShARYS intdrathih it ihd @&EorOA ABb&GENSt ants are
al so possible). A set of one of nore’tests to evaluate pixels in an inmage

el : e . . q oo
ot er m i e PRI EU Bt oAl £ bR MM B! S RRTPEN R, oot
ol . i _ Y . . q . : th
Phe averasg! giriph 25 s o 6 GE B Th oy B At By B bR Y, 112
t th t f.t.h CP 2) tinm that 41 2007/ 075181

BT UsodbaromRaS b BF Saleis s parmel ntd FhaisR g B s Hag e PR of ¢ han
th f th > b 3), ti N t. of fhat ; oth
Loct mAPRPRLERS pOhar sk S POTAN T o BB &t e elete ol b Cal Cul ot e
to assess the general shape of the peak in the image. Aratio may be
const r ucdetsgtigy and apHBsILRIRE 155 theFesits fromm o mpge %%%%Yawoaﬁlqeﬁéoy 4CP) | (the
average of the 4CP mnus the |ocal background average)]. The nethod nay

det er ni rigoyife greater dstelpe ratio is greater than C(4). [0112] Pixels that pass

a nunber of these tests nmay be considered to be evidence of a )
[0107] Digital cameras are sensitive to decay products of radioactive materials energetic

particles and gamma-rays 808. Ifradiological materials are proximate, some of the decay
products will penetrate the camera body and strike the digital detector, creating artifacts in the
image. Inimages collected from the detector, the absence of gamma rays may produce images
without white flecks FIG. 16 A; images or data with gamma ray detections may have white
flecks FIG 16 B.

( {0108] The analysis procedure 812 may be run at specified intervals (e.g., 3 times per

| second), on demand (e.g., click for analysis), as fast as the camera can supply images and/or the
computer or computers can analyze them, or other modes. Decisions made at steps 824, 828, and
832 may influence the mode for image selection and rate.

[0109] Each image may be converted to a file format suitable for further processing (e.g.

FITS, SDF etc.). Suitable programs to transfer a file into a suitable format are known in the art
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gama ray. For exanple, a pixel that has passed the first five tests, and
optionally, the sixth may be considered to be a possible gamma-ray
detection, and in the flow control of FIG 8, control would flowto 816. If
no pixels pass all tests, the inage is deened to be free of gamma rays; the
procedure mawwbhenneqapsi der the next inmage 804. [0113] If ob@MSe @ ©
detected in an i nage 816, the nethod nay be used to determ ne oW many ti nes
gamma rays are detected in the next user definable period. The period nmay be
based orind inelndd Sraphic Gonxertes by Ahprstenheinkp er ethenpimilar pregiyns. Aodvagearmydeor 1 to
about 15 franes, or an anount of tinme, which may be from about 0.5 to about
30 seconesl intormdnragyn Alsernth thay oe pafromed diothissmegrite lockl fohthggthiteHisekser and | onger
times are possible. If user detected ganma rays are present in the user

def i nablpeodueed whknggachntatreysthtirand hatkelet wittethe digtialdietebor. Accambpimti8a 6f f r anes, the
detection maybe considered to be a persistent, bona fide detection, rather
than t r algirigiiis mfyOhesRed toAbtkd] gahlifa Y Hhen Bfimggeaniheidyssigelf artvddtedizeks mage nmay
al so be used to determne the veracity of the detection. The user can

conf i gungay drausey®ideiinife theRAERy b MEREmARA YAy 18tsf Sk ersh 24tios F6rtRe hilyashol d

nunber of gamma-ray detections. For exanple, the threshold nmay be 1-2

gamma- I 3¥s AdRleehhilfs HP bxAnie the 5&9%&&"%Lm's%cﬂiigb%mﬁdheﬁtrbf%ﬂeea wi th nore
ambi ent radi ation 42 WD 2007/°075181 PCT/ US20061006914 or at very high

al titudem: i ;@%r i : . ri and control of
t he sysﬁgé?ggﬁﬁ?%%&g%%éB ?Bﬁ%{Mﬁ%ﬁgH?%gng%ﬂ%ﬁ%ﬁ%ﬁ%ﬁ?@?@hﬁgi continue. Al
rel evanj[ingoat (%atg?ffergg P& lrecf\ec:}gr?c% iﬁi %'rce?l re r,"l ¢ utde dro\ﬁ{iﬁies %l?a(% %ag bé %S&l on ypt ed) .
connect i B ¥GHE" Ao rng sta 1B or FEher TFaview &n possi bre security

operatians. [0115] If the activity detected i.n an inage does not repeat, or
Gocs, ot PEStIR PR st PEORG i 1 gt ECShcragar TP &7 SRR Gl PPE*T bgged, and
contr ol Pﬂ%}é be,re%{gﬁg@gt 0. St apdar d, dat %B%ém | ection act.faCSO4 .808, and 812.

[0116] G OuiRes catigps LAY PgYeedie SEert AMPA KR aY Fr?éb’és B\ uat i on
may be Jinterpreted as a radiation event, and trigger defined alerts 824
i ncl udi r’i@aé'fz)%rraaﬂtg?d eprgpeRfation of an image from a CCD or CMOS imager. Rather than

rays that strike the imager.

[0110] In an embodiment, a variety of pixel intensity ratios may be calculated and used
to identify extremely sharp-peaked image features or pixels that may correspond to gamma rays.
These pixels may be flagged and evaluated by other tests.

[0111] In an embodiment, every pixel in an image may be evaluated based on a set of
user or system constants. For example, C(1), C(2), C(3) and C(4) may be user defined constants
(although fewer or more constants are also possible). A set of one or more tests to evaluate
pixels in an image may include: determining if a pixel data value is greater than iero;
determining if a pixel data value is greater than each of the four closest pixels (4CP) in the
1mage; determining if a pixel data value is greater than the average of the 4CP by C(1) counts;

determining if a pixel data value is greater than the average of the 4CP by C(2) times that
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conput er - based alarm networked alerts, conbinations of these and ot her
alerts. In addition to the alerts, an intensive nonitoring node may be
activated for the camera that was responsible for detecting the radiation
event 828. O s, for exanpl e nearby caneras, may j a
faster data ng?%gﬁgﬁg@analysis node to inprove the chancé@ggﬁg%@%ﬁgﬁfng a
radi oactive source. If nore than one canera detects radiation, those

i ndependeetags] dbesinda st Apiyelldatacamedd gradterdhihIBe afethpt 6f theAOPIBI (@) il t or i ng
828 may have various outcones including verification that the radioactive

source ithe ﬁ?xbﬂe'ro&%@ﬂgaﬂibe@d@&&ﬂﬂérW@fsﬁnéy@@me fored! @ptibRdyDé sitpBpéirBmPreeci se
| ocation of the radioactive source, and identification of the specific type

of radi qﬁiﬁ&thpﬁlateh%a&ss néraP@shd d\Re Stak GCth RRage! ATafbRAGHEVItY is made,

subsequent” anal yses may update the current status, wthout having to

reval | d%ﬁs&u%d%k@{ht&clfsﬁal B&Ik%jaﬁfe%ﬂﬁé( t%%‘- Sgk%gage‘éf’ﬁ;ghgg?/ {Zﬁ% g?ag GEymEacperify

that the source i resent an use 1ent search in

comput e pr i Ve AR RRERAR TR ARdRER Sl f RL R RRRA Bae 0 O P

orient atg%ln %th respect to the radioactive 43 WO 2007/075181
PCTI US2d % 914 source. As a canera is noved to align its detector nore

nearly perpe 8 L)ar to the source,_the count rate i ncrease. _Conversely,
when T he. camdL3) Eels i pe s 30MPE SHthG ook 156 e SCRASTAP BC CUAGRERF Eo 1o ¢ he
radi oactive source, the gamma r aig count. rate may decrease. In this way, a
gr adi ent8aEEE 8K RenFXpEplsct piveltkal hes nassed thyfirstiyedepite And eptionalyp the spxtingiay
conputer-controlled search (grid, raster, spiral, or other?. I n one
i mpl enerheaopsidered tothea pgesalle samme-ay detectiem@hd 1 theflew sontead ghFIG- &t eoneks up
(ave(r agi ng over a user-definable nunber of franmes (for exanple 3-5 franmes), a
new gr adveuid flewae 816. thyo piagls passiail Hestshthe ipegeringéemerite beifiee ofcgamma rdesf thei ng t he
search pattern's new origin. Wen a global maxi mumis reached, the detector
may ei t heocederepumdyrihénnupnsidéritiae npxt inapedddls, or directly away fromthe
radi oactive source. In many cases, the canera's position may nake it
extremely di f{b1130lif gabroria raysat detectedind ifphgcsld, the netndaiaytthesal pasictmiaas (e. g.
on the roof of a train station, or floating in md-air a short distance above
a hi ghwepow mhifP@8&s gfnma rays are detected in the next user definable period. The period may be

based on a number of frames, which may be from 1 to about 1000 fames or 1 to about 15 frames,

or an amount of time, which may be from about 0.5 to about 30 seconds, or from about 1 to

about 10 seconds, although shorter and longer times are possible. If user detected gamma rays

are present in the user definable period and the threshold is exceeded, for example 3-5 frames,

( the detection may be considered to be a persistent, bona fide detection, rather than transient
noise.
[0114] The number of gamma rays detected per image may also be used to determine the
veracity of the detection. The user can configure the system to ignore frames having fewer than

some threshold number of gamma-ray detections. For example, the threshold may be 1-2

gamma-ray detections per image, but might be set higher in an area with more ambient radiation
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physi cal objects detected by the imger nmay be used to help determ ne and
resol ve uncertainties in source |ocation. The digital canera data inmages of
physi cal objects may be used to neasure the apparent angul ar size of
identifiable features so as to nmake estimates of radi oactive source
strength. FoWQX4HHISE! if a car is identified as the sour PETHS2M600914 y, t he
car's distance fromthe canera inmager may be determ ned based upon its

apPar ety AN Rl 288 2ADelssinl ARSI n L en o an 43 rEleODOTL 1T €

relationship culfate ance an own ‘sensitlvi

conpared to determ if the data a el f-consj.stent.. 101 The .ener

Conbal ¢ ey S Bl s but UHF SR Rl el Bl SRR e ALl Ahe BRSARTLYY
determning,the location within,the detegtor and the ti.ne of detection. The
Coont eRck ko il ot ool (. Rn G ER B hme i b et Ml BE et 1 g

ray energy. Every radiQisotgope may have a uni que spectrum of ganma-ray

ener gi e@fﬁ?%%lﬁ”eﬁi’éri’f’sséﬁle PosRItY QRFIGYONE4 WO 2007/ 075181 PCT/ US2006/ 006914
deposited, plus a conparison to a library of energies may perm:t

det er m nat i olf185] Hithe aspeiey datested iman inagedegsaot epeat, ar deesriof jeapmihefleresiokbr t ed.
[0121] Multiple cameras may detect a specific radioactive source. The data

f r om eaddvel, twrdstazmaytlye, bptionaliy, Joggel, afhedntrobmay be rebyndddo stapdardidated to carry out
an intensive search 828 to identify the specific isotope and to performits
own gr adokastiors ady 804, 8@y agd®dd. ni ng the i mage analysis results from each
canmera, additional information on the source may be obtained. |nmages from
each canera [(HY6PPersistedt sbarc@aif igamninaaaygbaskidontphebaritlage Aahadommaaber a reports
a nost probable direction fromits gradient search, these vectors nay be

expect edntéPreiddneé QlrfiBatidn@vert dnd &rigdeN @ fhed bRAs 82 iNEl8dihPBpdtathf Aaef)t caneras are
posi(tioned in different locations, the resulting triangulation may

faci I t ab@pHeUbA6ed AR hkNdrita ik tS] e (RERY aldtibr altrts NI ARAARE to Where it
is not possible for the data froma single canera to adequately determ ne a

source tllnf‘ﬂél'{s', intehB§e fdMitct R e ?%dif% ab@atddt6r ROLSGa Bt adQR0LbIIhY MY be

added to e alert information. 22] The coordination of detector data

from Var(iief%}:‘tﬁagi HEGS] aﬁoﬁ@%nfiéﬁp dlﬁér%eﬁs,rfgf example nearby cameras, may be put into a

faster data taking and analysis mode to improve the chances of detecting a radioactive source. If
more than one camera detects radiation, those independent detections may be coordinated 832.

. [0117] Intensive monitoring 828 may have various outcomes including verification that
the radioactive source is still near an approximate location, extraction of a more precise location
of the radioactive source, and identification of the specific type of radio-isotope.

( [0118] Once a positive detection or radioactivity is made, subsequent analyses may
update the current status, without having to revalidate the alert for persistency. These updates
may.be used to verify that the source is still present and may be used for the gradient search in
section 828.

[0119] Some cameras may be moved by a remote operator, and/or by computer control.

These cameras may be panned and filted to alter their orientation with respect to the radioactive
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determ nation of radioisotope identity by conparing nore data to the library
val ues. A higher significance or confidence in ganma rays identified in an
i mge may be obtained by conbining analysis results fromone or nore
caneras. The_revised estinmate of radioactive source properties may be
reported vi aMOROHE systens. EXAVPLE 4 [0123] The | aboP&TAIS§006RIs8H4i ment s
performed with small radioactive sources confirm that imgers based on CCD
or CMOS platforns are sensjtive 1o, energetic particle jinpagts. nt r ol

oxper | M- (ASS RIpes FOp RS0 gl ER L ARLET PR DN pergensialérts Tegush R na e

fal se-positive alerts fron1o?currin . For.sych ,a falsg alarmto happen, t he
backgr ofRH FRER B IBEAFRFCh S0BVErRs v Bheyhd GmeTe 1rmed pef pebeh B deiggeymore

i nexplicably increase by roughly a factor of 20 to 50 and stay that way for
seconds edgrtyase totyagiopstive seHce thergammagay eREratemaddrcEsase dp Wi WaY-2, Sinil arly,
the detections made in the |aboratory experinents resulted in significant
det ect i endientsearplomay ba perfagmed githep by thegamergioperatoy er By 2 Qﬁmmriwn‘mﬂegour ces. The
risk of fal se-negatives (m ssed sources) is expected to be small for

r adi oac téawh (gud) rases, spirala osithe). | Inlost implementgtionsé fite gradi¢nd istaschy, bachaime the

Radi oactive sources that have a disintegration rate of a few thousand

Curi es, comnfkegoet ap (Perping ghertaaisgrrdefiastle sursles of frinied (vreatmpledrfragaict ed to
be detectable at ranges of at least a fewto several hundred neters, and
possi bl ¥ newwfadichtdehRB inayhepia MdihBe ARCMatiBRMIRUhER R dsfiMif theRehrct he ai r- gap
attenuation and the inverse- square fall-off. ]10124] The effect of geonetric

fores hOEEt?eﬁi’BQew Slgglﬁ.i Weheh RQ1dE0HBGIERL i$ RhéHd ARTHQetér thiLeithdEbSsdiRingat angl es
ot her than perpendicular to the source allow for a gradient searchto be

execute gtrai % lgt]céaveg(?s‘,) Sxeﬂl'Hcﬁ?! ?\tklll% ftlﬁ[rflﬁ%g_% E‘dﬁ?&t z.sl ﬂf(an‘}%shéf itﬁe)@a}ngra_bl)_f o made

acrbss_ ar pan- t (or a ude- azi nut orientations.

or obabl 200 BT EBels L At RrBbilbl e, il i e el bR EC

1 voul e RS BT R aeleiR st pan g AFE% Bokee BETERY. PSS! dee of

a caner %hyslic%fjo (J:ei:crt]sgdetteru]:?ed%etﬁé iim%ger may be used to help determine and resolve uncertainties
in source location. The digital camera data images of physical objects may be used to measure
the apparent angular size of identifiable features so as to make estimates of radioactive source
strength. For example, if a car is identified as the source of activity, the car’s distance from the
camera imager may be determined based upon its apparent angular size and its known length,
height, etc. using trigonometric relationships. The calculated distance and the known sensitivity

( may be compared to determine if the data are self-consistent.
[0120] The energy deposited by the gamma ray in the detector may be measured in

addition to determining the location within the detector and the time of detection. The amount of

energy deposited into the detector increases with increasing gamma ray energy. Every

radioisotope may have a unique spectrum of gamma-ray energies. Measurement of the energy
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of location to the range along a vector. This outconme would occur, for
exanple, with a canera nounted high on a pole; the radioactive source could
not reasonably be expected to be hanging in md-air nearby. In other

i nst ances, SW(?&(HW&:H” one or nore sides of the canera "}?ﬁf%@@ﬁ?@ﬁo

attenuate the ganma rays to differentiate radi oactive sou
Alternatively or additionally, data from nearby caneras maybe used to

determ r&%&slftsd, a@iatea:;i(akw@nrtawa@ of%eReHRE mal pEdtit @lernAtatidPo2 (e (it 181
PCTI US2006/ 006914 EXAMPLE 5 )0125) Radon, a decay product of radium 226

em ts an,@hiphipd it ALRit Aty R YeRHed. gamma rays (Ra-219) when it decays.
Lead, bisnuth and thallium decay daughter nuclides of Ra-226 can emt gamm

rays and may &6’1‘%1 RRMifIOC I%rgsf %ﬁ%@g%ﬁﬁﬁ?%&c%e RAARN ThE Qf]ta foxAHBl &, the

bi snut h-214 daughter "nuc 26 emts gamua rays wth maln energy
peaks of 609 keV, TRy LS isifldv s radon
decay pr%ﬁ%@?’?fb} méa%%grﬁ%%g%}%anégr@ﬁ%‘??%gq gs ed {"% %é]?tg}é%‘; g%ﬁair} its
decay pr.qducts in vari et f ett.j ngs. The. inmager, may .he aced in or near
an ar ea B gipli SRy Bidp porToranls Ve SR RSO PEP BB TS
control. The data from the inmager., . pe apal yzed for high enerqy gamma ray
parti cl edalygs prylts “iﬁga"ﬁ‘lfémieﬁ‘eg‘ﬁnﬂ%;g]éﬁgnﬂ%}’r?ﬂ thg 50(959%?@’9'?%’ allﬂ-?%t ested area.
Al ternatively, the capacitor connected to the MOSFET a%rrcgl ifier that converts
the si graiegestianyeach Gamenampryderused lorerfonhpgadientsparsls A6 S2HCARCIREFPOERAr ge as
each pixel is read. A charge or voltage above a given threshold may be used
t o i ndi camesproheblpdisectiae &our itggradient seayed, theserieptorsaamobecripodediofpeeergen the area
being tested. EXAMPLE 6 101261 In one exanple of an inmager detector, the
si gnal gewadas sidglepreah Singe theatiffercitsanbras are pesitionedfin didfersmt foagtions,itheé ngi ng upon
silitcon/silicon dioxide CCDs. A prelimnary study of the ganma ray
i nt er act tesultirgridargntigy moy fasli thiecourcelbcatiSh SeMAin S{ch ahd neaythelpsin watancesder t aken
and it was found that these devices were capabl e of successfully detecting
| ead- shi ehdeld ismtlpessibid fopee.data from a single camera to adequately determine a source

location. The revised location for the source of radioactivity may be added to the alert

information.

[0122] The coordination of detector data from various imagers may also permit a re-

determination of radioisotope identity by comparing more data to the library values. A higher

significance or confidence in gamma rays identified in an image may be obtained by combining

analysis results from one or more cameras. The revised estimate of radioactive source properties

( may be reported via the alert systems.
EXAMPLE 4
[0123] The laboratory experiments performed with small radioactive sources confirm
that imagers based on CCD or CMOS platforms are sensitive to energetic particle impacts.

Control experiments verify that the procedures implemented essentially eliminate false-positive

alerts from occurring. For such a false alarm to happen, the background rate would have to
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Model s of two different geonetries, representing the extrenes likely to be
found in realistic field operations were studied. One nodel involved thin

sl abs of source material, mnimzing gamma ray self-absorption; the other
nodel was a g&hﬁﬁhspistribution t hat maxi m zes ganmma ray_self- absorption.
The sl ab nodel results supported nuch hi gher detection rat TURNGUNIEs and
47 WD 2007/ 075181 PCT/ US2006/ 006914 confi dence-1evels, but even the

spheri C%exﬁﬁ@ﬂﬁin&%%'b&rb Bl BELAH 2 155502 SayPthatPaylBPsABAR! Thli St ances.

[0127] Although the présent ‘i nvention has beeri described in considerable

det ai | 'réﬂ}bilﬁ)‘?éfs%@?gfoﬁfﬂon?&r %%i&ix?g:%)girﬁili %‘i’mﬁﬁa}ﬁg{é’%%ﬁoﬁsﬁﬁéaﬁ% theOt her

ver si ons are possi erefore, spirit scope of the appended

cont at natb P berRfe ShEP i fo Ao M AR ACE LBCTRER R (LT 20

detectin i gh ener art.icles nprising, .at .| east.one pixilated.|mger
navi no. Aoy e R bR chs R e Ry S Grider st Besp e PRl e et

| east one light sensitive pixjlated imager is configured to praoduce a

di gi t al ¥ fefioastiygganrces °§ia§1%? Selytoremrerathgpab tietoRaTRERHVGRou 6 i B ve
positioned to allow high energy particles froman anbient environpent to

stri ke tafisiptegption w@isfiadey thoypand (arigy sepplps latge enqughito prssendp Seuayghrepty

communi cation with the at |east one pixilated imager, said at |east one

pr ocessacire paerted wdisaisicatable ateneestaf agleasha feyr to spvesal undred metess, andpassiblynt er act ed
with at | east one high energy particle and generating an output signal in

r esponsendch furthes, depending upon ¢heplegeek of shicding) dhesair-papeateoeatignwid theatvetseast one

hi gh energy particle in real tine. 2. The systemof claim1, wherein the at
Ieait orsgugrt fdll-affed i mager is selected frompixilated photon detectors,
charge coupl ed device (CCD) imagers, conplenentary netal oxide sem conductor
(CMOS) i magere124nmie effdct 6DgeogR Tt OIcsiBIteGig FedaéiHgtherojeedsohid-anglp phihe e,

i ndiumgal | i um arseni de, cadm umnercury-telluride, or galliumarsenide

subst r at ftéefnhedngics Sthet g férfendiiithr EOHDESURe! ANBW fHNLEREent search to be
executed. This procedure allows for measurements of activity to be made across a range of pan-
tilt (or altitnde-azimuth) orientations. The comparison of measured levels with pointing
direction provides a most probable direction vector that points along the line from the current
location of the source through the camera’s detector. In many installations, it would be
impossible for a radioactive source to be on one of the sides of a camera, reducing the question
of location to the range along a vector. This outcome would occur, for example, with a camera

( mounted high on a pole; the radioactive source could not reasonably be expected to be hanging

in mid-air nearby. In other instances, shielding on one or more sides of the camera may be used
to attenuate the gamma rays to differentiate radioactive source location. Alternatively or
additionally, data from nearby cameras may be used to determine the radioactive material source

location.
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3. The systemof claim1l, wherein the at |east one high energy particle
detected by the processor conprises the product of a source of high energy
particles wherein the source of high energy particles conprises a source of

nucl ear decaxyﬁgmﬁﬁﬁhgpctive material. 4. The system of legﬂwgﬁW%@%%ﬁin t he

source of the high energy particle is selected from anbi en

radi ati on fromnatural sources, radioactive materials, nuclear devices, dirty
bonbs and nucl ear weapons either IEXAMPLBS after detonation, and

conbi nati ons thereof. 5. The systemof claim3, wherein the source is

shi el ded. 6. [Dh25)Redommdeayqiraduat df radibmr226 emiaehalpha paméclo aed mey emite pi xel s
produce a signal when the at |east one high energy particle strikes the one
or nore pintah fays Ra-TIewhysit dssagf. Léad) bivhyth ahdthelliomtdeeaysdayphter mslies@for t i onal
to the energy of high energy particles that strike the pixel. 8 The system

of cl ai TRE-228681 @hingdntifa Blygaa miysbeise@RORIerthhd helpredend¥f oflFa@k@r Pstnd radi at i on.
9. The systemof claim1, further conprising an output device, wherein the

out put  dednGfe, AlibSRMAN.S1 PRgREr MRYiRe SORS W Endh} dafRBGa RO fifh dnbgpbdle at
| east one pixilated i mager, wherein said dots correspond with each of the

one or ngf]ﬁ)ﬂeg’hl,%\?ﬁeﬁbf ah@t YEELEP gﬂﬁ??&a&yﬁ%ﬁ%@% @ggﬁfﬁe@ﬁs} Poagh2iAn 1,

wherein the at f€ast one proocesso yi'ng a source of the
at Ieastc%ﬁe j e ] al m: erein the
at | east oneo%bglaﬁ g@%g%ﬁggée?éegéﬁg?éﬁ ﬁjaéqsn ;Bgr?ts ?‘%&%@%&Sﬁ%ﬁb%%?ﬁf , Wherein
panni ng ¢ rises. rotati boyt a vertical axis an erei n.tiltin
Conpr 1 SeSetis, 35 trSioet PetRG in B el o B LSl Dol RIE, igding ifeq
wherein the at | east an j xi l at.ed j mager prqvides i s, 13. The system of
ol ai m 1, U BroNep Aol Chedare Emghe R ar ey ey sedoaeR C Y PR Baour |ty
camér as, traffic caneras, transit caneras, CCD, CMOS caneras, .mpbile | aw
enf or cen@@fticlegigfstermine thejidentifand rnumber of counthinthelested prea, Alferatiels dhegng
conmbi nations thereof. 14. The §Iyst emof claiml, wherein the system conprises
a pl ur al ceRpeiddr cppnerted todhe MR dTsamgpldier tiaksoayatsdha densl chaags toyoBigedpndhe at ed
i magers are interconnected. )

imager may be measured for charge as each pixel is read. A charge or voltage above a given

threshold may be used to indicate the presence of gamma rays from a radioactive source in the

area being tested.

EXAMPLE 6
[0126] In one example of an imager detector, the signal generated by the detector is the

result of gamma rayé impinging upon silicon/silicon dioxide CCDs., A preliminary study of the

gamma ray interaction and energy deposition into Si/Si0; CCD detectors was undertaken and it

was found that these devices were capable of successfully detecting lead-shielded radioisotopes.

Models of two different geometries, representing the extremes likely to be found in realistic field

operations were studied. One model involved thin slabs of source material, minimizing gamma

ray self-absorption; the other model was a spherical distribution that maximizes gamma ray self-

absorption. The slab model results supported much higher detection rates, distances and
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15. The systemof claim1l, wherein the at | east one pixilated inmager is

positioned to nonitor objects, wherein said objects are selected from

ani mate and i nani mate objects, notor vehicles, airplanes, trains, subway

cars, peopl e,.w@nspmbs§s; bui |l di ngs, vegetation, |uggage, box m%&?oowu

handbags, briefcases, mail, and conbi nations thereof. 16. e system of claim

15, wherein the at |least one pixilated imger is positioned to nonitor

not i on Ofonfiidicedevefs, bl @vélth€§therical fnoddiB festlY i RMBcAbleGlgabiNal 20-10E®Hmeilen t he

processor is selected froma conputer, a video i mage processor and

conbi nat j;elscek hereof . 18. The systemof claiml, further conprising an output

devi ce selected froman alarmsystem a photographic or video inmage; an

i mge on a nonitor; an audi ble sound; a tel ephone call, a radio transm ssion

and conbi nations thereof. 19. The systemof claim11, further conprising an

out put devi cegk4,C I ] 150 | ea . i d out put
qox i&é AHgHeH @g%&&% }’]Mg%{,\hogafhgé ﬁéen de&%%&} tBndidcrnie i whil

devi ce being or ectiron o east one high
energy particle. 20. The systemof claiml, wherein the .output signal is
Cranom LRLGe 5 serepairema SO et Sne Bt put b B hlrefrd Woner oi n
source of ,the at |east one _hjgh ener rticle is qutside a_ field of view
of the aiP“Fte’&éFc%ﬁe?ﬁieﬁ??e&#%{fq?l}?éé%‘?“% bt be fted %@e AFSSFPqmAn) ?PrFiidi’r"?‘{]er
conprising a processor nodule configured to determ ne a nunber of pixels

t hat haveeTsiprsgogained wWighindhs |seecificaligast one hi gh energy particle and an energy
of the at |east one high energy particle, a type of a source of the at |east
one high energy particle or an anount of a source of the at | east one high
energy particle. 23. The systemof claim1l, wherein the at |east one

pi xisl ated imager is conpletely covered, partially covered or reversibly
covéred. 50 24. A nethod for detecting high energy particles conprising:
collecting data fromone or nore pixilated inmage detectors configured to
produce a digital still imge, a digital video inmage, or a conbination

t hereof positioned to allow high energy particles froman anbi ent environnent
to
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strike the light sensitive pixilated chip, each pixilated inmager having a

| ight sensitive pixilated chip conprising pixels for creating a digital
still image, a digital video imge or a conbination thereof; identifying
fromthe collected data at | east one pixel that has interacted with at | east
one high energy particle in real tinme; and detecting a source of the at

| east one high energy particle. 25. The nethod of claim24, wherein the one
or nore pixilated imgers are selected froma charge coupled device (CCD), a
conpl ementary netal oxide sem conductor (CMOS) device, and
silicon-germani um gernmani um silicon-on-sapphire, indiumgalliumarsenide,
cadm um ﬂﬁ&ﬁ% Xmg%fgurlde or galliumarsenide substrate devices, and

conbi nati Ons t REreof. 26. The method of cIa|n124 wherein the source of the

at | east pone hlg1 aﬁ %ﬁt article co ri ses, qloactlve nqifrlal

radi oi sot bpesyal Fig &%ert%f%ﬁd SETIDDE E FASHORS PIE N F o AEST HayingHer
conpri si nlgeh@qﬁpaﬁlﬁw? Pgted chipaogwprise pinsighereip theri deast ong lighb saBRiNe Pisiatether eof
produced Wiaeer is pran mqudéaﬂoctyﬁ@a digitel stitlimega etdigitel videe irpagetorjagambingtien hi gh
ener gy pahencef sitid8ed Mradlomehibldnengy paradles 20m afi ambleat emoropmiesi togtrikettes ngni ng a
nunber of sepsitied gixildted cipyva leashdrerpaadessdr Wi domminidatian twiththe bi lgist enepigilatpdir ti cl e
and an enigfagyt, SHid t1€as@bnd ﬁféss@ﬂ%ldﬁ @Patdnef diyectin@bhd 61 BoreditlPdadiave he
source, OftepdetcAVRAtYt 18st & @6 agdnbRtiAR an birfpued gl #N@Epdnke tochar ge.
29. The gl bRy Ghorkplel t%évha H'iﬂrél%&emm%i Rhd Indhi H'ehé 2RRIeAh rPfifedi 9i t al

still images, one o] nDre |g|ta VI deo 1 nmages o Ination thereof from
t he one I xkl.ated |
furt her °5 FE RS, VR g’r}s i TR0 ? {5918 Mifleq on
the i mage Feé%’ argé‘rﬁé ) Ity c mam?a}arﬁm P00 checki ng
for fal seS*gBem Q N"é)arﬁebgf angl SH lﬁ’ﬁ ECERENYY: FAPED M SUISOU-OHPPREE:nod of
cl ai m 24, mriwfrrmékure W%vg@né@eafwgelhwdamgﬁﬂwwswée gibstrate eqntziRB hi gh
ener gy pam&ggqs,eandgodl@u@@p@qjt e®8f. The nethod of claim 32, wherein the alert is
selected froman audible alert, a visual alert or a
3. The system of claim 1, wherein the at least one high energy particle detected by the processor
comprises the product of a source of high energy particles wherein the source of high energy
particles comprises a source of nuclear decay of radioactive material.

4. The system of claim 3, wherein the source of the high energy particle is selected from ambient
radiation, radiation from natural sources, radioactive materials, nuclear devices, dirty bombs and
nuclear weapons either before or after detonation, and combinations thereof.

5. The system of claim 3, wherein the source is shielded.

6. The system of claim 1, wherein each of the one or more pixels produce a signal when the at
least one high energy particle strikes the one or more pixels.

7. The system of claim 6, wherein the signal is proportional to the energy of high energy
particles that strike the pixe).

8. The system of claim 6, wherein the signal is stronger than that of background radiation.
9. The systemn of claim 1, further comprising an output device, wherein the output device
displays one or more dots on an image acquired from the at least one pixilated imager, wherein

said dots correspond with each of the one or more high energy particles detected.

10. The system of claim 1, wherein the at least one processor is capable of identifying a source of
the at least one high energy particle.
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conmbi nation thereof. 34. The nethod of claim 24, further conprising tracking
the source of the at |east one high ,energy particle, wherein tracking
conprises continuously noving at | east one of the one or nore pixilated

i mge detectors such that at |east one high energy particle interacts with at
| east one pixel of the at |east one continuously noving pixilated i mage
detector. 51 35. The nethod of claim 34, wherein tracking further conprises
determ ning a maxi mum flux, wherein the maxinmum flux is a position where at
| east one pixel of the at |east one continuously noving pixilated inage
detector has a maxi nmum probability of interacting with at |east one_ high
ener gy paklt iTbe &ystessof cfpign hevhiverdn 8ie at leastang pixilaied impger AR, Bl harrPMbIRtiGE cur
when t he thergel, whersy] manv@gr@pmrlaqsedtatlcmtwuisvg@pqi@mma@duh@eretlmtlttme cgoprisse of
the at | eastingaeouhadhrismgalgyisparticle. 37. The nethod of claim 35, further
conprising performng a gradient search wherein the gradient search

conpr i ses|Rdhélsfsteigot diginat, Wieash t}thQléﬁ@trﬁn'efé)mld&HYmﬁgbﬂpB@uNsxmlagésed I mager
detector until maximum flux is achieved. 3 The met hod of clalm 35, wherein
tracking fﬁ@h@?fste%’gp Ihi B 1Pk HeNRTdaBi%bnk 1@ ed TR Eer iPietdch tt?cg'n sé@ﬂ%

det ect or S, IO (ke aghel S LK. B! COR 2ty e B ehBeialy

|ndependen
nore pi xiYa 51%% lré‘@ge 8@?%%‘1 ﬁ}eémalt‘f‘f]g’ﬁgﬂi”a?ff‘w‘ Cogl?él?attllo%&l&feo ‘he source of
t he at Ieast one high energy particle wusing the p05|t|on of each of two or
mor e pi xi 1atl8e sysHay el deinbbivoies elaﬁﬁ%ﬂgem@m&ﬁsmﬁwrﬁllww Poel¢ed igeetts #34 ng an
obj ect cowpareigispig plurelity ofi pixélatsd impgerdire injercpmieetedi gi tal still inmges, one or
nore digital video inages or conbination thereof wherein the object
cor r esponts T systamt of daigt 1, voreeeiatieaat dvasteme ipixofatedimageras posithmed tadingnital stil |
i mages, Ostgedds, witeretn shiotijedts aredelectedrig@sanithate afdrinh figiateosb)édis heodr. veBidles,The
et hod  of aig)idie N t@hs, §%Wa?%ﬁrscmprel &rhiphg lsClibasi Rl bt | veget@tion, ¢ gOMex&Y, bght spot on
the one Oﬁandﬂﬂseori@fcgisé@}naﬁtéﬂd confHRG®dns PBRePI nmore digital video inmages or a
conbi nati on thereof corresponding to the position of the source.

16. The system of claim 15, wherein the at least one pixilated imager is positioned to monitor

motion or mixitig of the objects.

17. The system of claim 1, wherein the processor is selected from a computer, a video image
processor and combinations thereof.

18. The system of claim I, further comprising an output device selected from an alarm system; a
photographic or video image; an image on a monitor; an audible sound; a telephone call, a radio
transmission and combinations thereof.

19. The system of claim 1, further comprising an output device in communication with the at
least one processor, said output device being capable of reporting the detection of the at least one
high energy particle.

20. The system of claim 1, wherein the output signal is transmitted via a secure communication.

21. The system of claim 1, wherein a source of the at least one high energy particle is outside a
field of view of the at least one pixilated imager.

22. The system of claim 1, further comprising a processor module configured to determine a
number of pixels that have interacted with the at least one high energy particle and an energy of
the at least one high energy particle, a type of a source of the at least one high energy particle or
an amount of a source of the at least one high energy particle.

23. The system of claim 1, wherein the at least one pixilated imager is completely covered,
partially covered or reversibly covered.
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40. The nethod of claim 38, further conprising displaying the at |east one
area on the one or nore digital still inages, one or nore digital video

i mges or a conbination thereof to determine a position of the source. 41.
The nethod of claim 38, wherein the at | east one area appears on one or nore
consecutive digital still imges, one or nore consecutive digital video

i mages or a conbination thereof. 42. The nethod of claim38, further
conprising nmonitoring a position of the at |east one area on each of one or
nore consecutive digital still imges, one or nore consecutive digital video
i mages or24a AdeetBphiaridstecting high eneran putielas camprising: seiacking daia fromerpsningel of

cl ai m 24, pitilatechisrage dateetioss aegfigered iaprduderagligived stolf imageea gigitdl vadesdmaga ge a

det ect or sqomnatiog tleaadf pofitivinal tbwlowhighomergyipertichkisdtbm amgebidet epsironment to

i ndependesntikeythe tiphitesenditige piriigtedchipaeh piixJattdimadet hdvinghmpgs semsieveqixitiade

di gital vingeeompraaasyieéls foreedutihgaldigml ithenrgé, of digifml vRRe msde drhotibhatpn NOr €
pi xi | at edther@@g QledBhyeed BEH. théﬂémreeﬂea d8AGNIedt ohOBixeNBatQas TRERCH Githat lefdt bhd

| mges, B Ofer Db G Fel (iMbdR deflBGIES, Q@ QU A SR rﬁégf&f%ﬁg’ey BRI | ses

at | east o trlangulatlng a position of the source east

one high |n 05|t|on re pixilated
i mge det ?égﬁl gmdlorfl '&%ﬁ ﬁt n&?{aplxdlsﬁﬁl Zgrésﬁargfgfﬁégﬁomg por |on
of the at® a@'&sﬂpu ares PéP‘f‘? Htaafms%% e%ﬁ‘_ﬂ' feviey

one or mo¥ °“OHC§P?‘§vaB‘H§B“I“Hhé igoPn-5apNbiFR A MogR] ‘HB'raéSSf“ Pricdmiyet . 52 44
The met howeishrycElwide2ar gl livmisesenide sphstgicrlgviges andvambigationb thegivfness of the at
| east one pixel. 45. The nmethod of claim44, further conprising utilizing

t he bri ghtth&e ntethodeatfetamn?d, wherkmabt saune ofdlfe atdeastorisarigloénepdyxelticle hat have

i nt er act ecbnwirisks 4 fdicattiveastrignadhigopenad gympaitidsltigredn energy of the at

| east one high energy particle; a type of the source; or an anopunt of the
source. 481 ThE&eRIdIdh 2! Rirtke2bmpMRRizRuinidiRgANBafte iFRAS @'vélt&g“et&q I magers
are conpl a{atm\fﬁér&ﬂf %afaé& WAk GRS t%qe el BRI Pl 469Y £R8% neﬂlé,h A

systen1f0{ Leghdd energy particles tonprising: one or nore pixilated
i mge ar's each haV|ng a light sensitive pixilated chip wherein the one

or nore | ﬁ&g tFhe: met Soldtolf\(:Falm 27, further comprising determining a number of pixels that have
interacted with at least one high energy particle and an energy of the at least one high energy
particle, a type of the source, or an amount of the source based on the quantified change in
charge.

29. The method of claim 24, further comprising acquiring one or more digital still images, one or
more digital video images or a combination thereof from the one or more pixilated image
detectors.

30. The method of claim 29, further comprising visually determining a position of the source
based on the image acquired.

31. The method of claim 24, further comprising checking for false positive detection of a high
energy particle.

32. The method of claim 24, further comprising generating an alert when the at least one high
energy particle is detected.

33. The method of claim 32, wherein the alert is selected from an audible alert, a visual alert or a
combination thereof.

34, The method of claim 24, further comprising tracking the source of the at least one high
energy particle, wherein tracking comprises continuously moving at least one of the one or more
pixilated image detectors such that at least one high energy particle interacts with at least one
pixel of the at least one continuously moving pixilated image detector.
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pi xi | ated i mage detectors are configured to produce a digital still imge, a
digital, video image or a conbination thereof positioned to allow high energy
particles froman anbient environnment to strike the Iight sensitive

pi xi | ated chip; one or nore processors; and a processor readabl e storage

medi um cont ai ning one or nore instructions for detecting a high energy
particle including instructions for: scanning inmage data fromthe one or
nore pixilated i mge detectors, identifying one or nore high count-rate

pi xel s, q:ﬁantlfyl n an output for the one or nore high count-rate pixels,

i dent i fyittg TBnactpd gbelain pirvheseintrekie e fushrisomnrises dierpdning a areimen Tekceeded
a user déhqrmdletrhaxe@hm Bux iaadosidine whetieny easting nivel ofthe atdpash gee eaptinkraisbine or
nmor e hi gmaooumpixrlate imigealetsctor hat a masimueapiebabibty of xueadéad whleatisast onbefigned

t hr eshol cene&® paiek:. syst em of cl aim 47, wherein the processor readabl e storage
medi um further contains one or nore instructions for converting i nage data

from the NEhOmHOE Bf Bliadth B &L @KbréiTRGEMAGMBA fAIxSocchiivthed tAON g EerS Hive pRdiBtel O
scanni ng.. f;? 4, %noﬁmarermtﬁé‘so%&'m@at 1SR IhiLH AEr Q" artRlje. MO € i NStructi ons

for quanti g an out put for one or nore hidgh‘count-rate pixels
conpr i Se Hngy o IRHSe LA 1aﬁn59%n9ns L D) 09 e AR LADNGRS:ih g, Lhe one
f ﬁ& SYLVINGF sl th
o more 1B ?fué?%r%%oww afﬁ}ﬁtlwg sy '%ﬂﬁtﬁ% GBS xel s ¢ hat

have r eactfEgiBEnENBERE e Bux Séf lﬁ\éqdr ned t hr eshol d out put i ncl udes

determning if the output of the one or nore high count-rate pixels is one or
more of : I dhe method aficlaire B8, whareiattraeking Snthgncasepras: coprdognéng fwarprgore

nei ghbor i mgjilgédielage defeetatsemov ngracnofabevags mdre pnelatd imape detetérghbor i ng

pi xel s byindepeaduntlgpfonomderitlyraebieoind magiredh €lux fiveactant v evagemofe pixitatalr nor e

nei ghbor i i@ gPtietedtors Pyiangulagiy AefsittAadf tHy eake bfthéal lasttonsBishtdnergayereie of the
one or Ws%gtﬂ@b@lmrdf%@c}%f%@o%rn@d}gp&ﬁl%a%aﬁe%&cﬁﬁs é\)&ﬁfg&ﬁ@n@imﬁﬂ?ﬂ@i nor e
nei ghbor i pg iplpelis lgeé{%%h ri ﬂ%'tﬂ'ées@u rd of dr'@dntgitﬂies%llltd% aMRfge oot
of {he 2yl | DS A8 O cREiRadl p&fmgem Hiaca u%bﬁ R Of

cl ecnglt l% dq

hi gh coun? ‘5 O“B aCh Pft Fﬁg? OH?\E)/) & q"%’}fﬁ ﬁtllg”%afg Seb?t’:]eeede f”lnﬁ eci%% h?g;ﬁol d
out put i nEIMhy

E}}fﬁqu. ng a nunber of times a high count-rate pi xel has

reached or exceeded user defined o ] ) )
39. The method of claim 38, further comprising displaying at least one bright spot on the one or

more digital still images, one or more digital video images or a combination thereof
corresponding to the position of the source.

40. The method of claim 38, further comprising displaying the at least one area on the one or
more digital still images, one or more digital video images or a combination thereof to determine
a position of the source.

41. The method of claim 38, wherein the at least one area appears on one or more consecutive
digital still images, one or more consecutive digital video images or a combination thereof.

42. The method of claim 38, further comprising monitoring a position of the at least one area on
each of one or more consecutive digital still images, one or more consecutive digital video
images or a combination to track movement of the source.

43. The method of claim 24, further comprising: coordinating two or more pixilated image
detectors; moving each of the two or more pixilated image detectors independently; obtaining
one or more digital still images, one or more digital video images or a combination thereof from
each of the two or more pixilated image detectors, wherein each of the one or more digital still
images, one or more digital video images or a combination thereof comprises at least one area;
triangulating a position of the source of the at least one high energy particle using the position of
each of two or more pixilated image detectors during the maximum flux; and identifying at least
a portion of the at least one area, wherein each of one or more digital still images, one or more
digital video images or a combination thereof intersect.
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t hreshol d out put over a specified paranmeter, wherein the specified paraneter
conprises a nunber of franes, a user defined tinme period or a conbination

t hereof.. 53 52. The system of claim.47, wherein the one or nore instructions
for quantifying an output of one or nore high count-rate pixels conprise one
or nore instructions for determ ning an energy spectrumfor the output of
the one or nore high count-rate pixels. 53. The systemof claim52, wherein
the one or nore instructions for determ ning an energy spectrumfor the

out put of the one or nore high count-rate pixels conprises one or nore

I nstructions for: conparing the energy spectrum of the one or nore high
count-rate pixels with a lurality of energy spectra in a library of ener
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at has reached'or €xcee ecaethe user eﬁ)nesd threshold.

48. The system of claim 47, wherein the processor readable storage medium further contains one
or more instructions for converting image data from the one or more pixilated image detectors
into a format suitable for scanning.

49. The system of claim 47, wherein the one or more instructions for quantifying an output for
the one or more high count-rate pixels comprise one or more instructions for determining a
brightness for the one or more high count-rate pixels.

50. The system of claim 47, wherein the one or more instructions for identifying one or more
high count-rate pixels that have reached or exceeded a user defined threshold output includes
determining if the output of the one or more high count-rate pixels is one or more of: greater than
zero, greater than an output of one or more neighboring pixels, greater than an average of one or
more neighboring pixels by a user defined threshold, greater than an average of one or more
neighboring pixels by a user defined threshold value times the average of the one or more
neighboring pixels, and greater than an average of one or more neighboring pixels by a user
defined threshold value times the square root of the average of the one or more neighboring
pixels.

51. The system of claim 47, wherein the one or more instructions for identifying one or more
high count-rate pixels that have reached or exceeded a user defined threshold output include
quantifying a number of times a high count-rate pixel has reached or exceeded user defined
threshold output over a specified parameter, wherein the specified parameter comprises a number
of frames, a user defined time period or a combination thereof.
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destination for action or storage. 57. The system of claimb55, wherein the
one or nore instructions for integrating-an output from nultiple inage
detectors conprise one or nore instructions for conparing i mges fromthe
multiple detectors. 58. The system of claim47, wherein the one or nore
I nstructions for generating the signal conprise one or nore instructions for
generating an audi ble signal. 59. The system of claim47, wherein the one or
nore instructions for generating the signal conprise one or nore
i nstructions for generating a visual signal. 60. The system of claim 47,
wherein the one or nore progranmm ng instructions for generating the signal
conpri se 8nEhtyysiey & GRiBt7aMREISH the 8RS YIcNPIs ABStRUSHORS dRieuanti YN Efeo Ut Abr e
i mages. 98¢ or Mhwe higlh caumt-odte pixglsreoriprisepnerasinkore instrpetivne Sy cletermmigrneenstgsr age
medi um f $pe¢dimm o titeaiutmit ofithe coe onmpee higlstaunctatopigelsor repeating t he
I nstructions. 54 62. The systemof claim47, wherein the one or nore
pi xi | at ed3i TROSKENAS AN, eheleyh 1h0¥RE SlnorefadtiucBdAsfoLdQhBMin@tn ERy gy Si bl y
covered. sB&trum for the output of the one or more high count-rate pixels comprises one or more
instructions for: comparing the energy spectrum of the one or more high count-rate pixels with a
plurality of energy spectra in a library of energy spectra for known radioisotopes, matching the
energy spectrum of the one or more high count-rate pixels with an energy spectrum for a known
radioisotope, and identifying a type of radioisotope that comprises a source of high energy
particles that have interacted with the one or more high count-rate pixels to produce the energy
spectrum of the one or more high count-rate pixels.

54. The system of claim 52, wherein the one or more instructions for determining an energy
spectrum for the output of the one or more high count-rate pixels comprises one or more
instructions for: comparing the energy spectrum of the one or more high count-rate pixels with a
plurality of energy spectra in a library of energy spectra for known radioisotopes, matching the
energy spectrum of the one or more high count-rate pixels with an energy spectrum for a known
radioisotope, identifying one or more high count-rate pixels for which no match to an energy
spectrum of a known radioisotope is found, and eliminating one or more high count-rate pixels
for which no match to an energy spectrum of a known radioisotope is found.

55. The system of claim 47, wherein the processor readable storage medium further contains one
or more instructions for integrating an output from multiple image detectors.

56. The system of claim 55, wherein the one or more instructions for integrating an output from

multiple image detectors comprises one or more instructions for: gathering image data from the

multiple image detectors, and transmitting the image data from the multiple image detectors to a
destination for action or storage.

57. The system of claim 55, wherein the one or more instructions for integrating an output from
multiple image detectors comprise one or more instructions for comparing images from the

multiple detectors.

58. The system of claim 47, wherein the one or more instructions for generating the signal
comprise one or more instructions for generating an audible signal.

59. The system of claim 47, wherein the one or more instructions for generating the signal
comprise one or more instructions for generating a visual signal.

60. The system of claim 47, wherein the one or more programming instructions for generating
the signal comprise one or more programming instructions for generating one or more images.

61. The system of claim 47, wherein the processor readable storage medium further contains one
or more instructions for repeating the instructions.
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62. The system of claim 47, wherein the one or more pixilated imagers are completely covered,
partially covered or reversibly covered.
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